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filing date of United States Provisional Patent
Application Serial No. 60/914,677, filed April 27,
2007. STATEMENT OF GOVERNMENT | NTEREST This invention
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potential to produce abundant quantities of

reconbi nant pepti des. However, bacteria are often
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t Gxihmhntayd @himal therapeutics, with varying degrees of success. One goal in
creating expression systems for the production of heterologous peptides is to provide
broad based, flexible, efficient, economic, and practical platforms and methods that
can be utilized in commercial, therapeutic, and vaccine applications. For example,
the production of certain polypeptides, it would be desirable to provide an
expression system capable of producing, in an efficient and inexpensive manner,
large quantities of soluble, desirable products in vivo in order to eliminate or reduce
downstream reassembly costs.

Currently, bacteria are the most widely used expression system for the

production of recombinant peptides because of their potential to produce abundant
quantities of recombinant peptides. However, bacteria are often limited in their

capacities to produce certain types of peptides, requiring the use of alternative, and

more expensive, expression systems. For example, bacterial systems are restricted



such peptides to the bacteria, often leading to the

death of the cell upon the expression of the peptide.
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Vi tbareRBad fbciedlodl tAS efiredsit ﬁ%s%ﬁﬁﬁl? oN @itussk tihh Belt ALt is not a
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25  the biochemistry of the virus and the biochemistry of the cell, thereby 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 capsid proteins or the
RNA contained within the capsids are from a non-yeast virus species of Nodaviridae

30  or Bromoviridae. This approach, however, does not overcome the potential

regulatory hurdles that are associated with protein production in replicative viruses.
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effective i nmune response than denatured proteins or
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Researchers have shown that particular wild-type (“wt”) viral capsid proteins
without recombinant polypeptide inserts can be transgenically expressed in
non-tropic enterobacteria. Researchers have also shown that these capsid proteins
can be assembled, both in vivo and in vitro, to form VLPs. See, for example, S.J.

30  Shire et al., Biochemistry 29(21):5119-26 (29 May 1990) (in vitro assembly of
virus-like particles from helical tobacco mosaic virus capsid proteins expressed in E.

coli); X. Zhao et al., Virology 207(2):486-94 (10 Mar 1995) (in vitro assembly of



coli); X Zhao et al., Virology 207(2):486-94 (10 Mar
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proteins expressed in E. coli); Y. Stramet al., Virus
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vivo. The production of higher yields of soluble VLPs can allow for a reduction in
processing steps due to the decreased need to solubilize, denature, renature, properly
refold and assemble previously insoluble VLPs. Increased yields of soluble,

assembled VLPs in vivo can thus make the manufacturing process more efficient.
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embodiment, the hydrophilicity-optimized capsud protein is derived from an
icosahedral virus. In one embodiment, the icosahedral virus is CCMV. In one
embodiment, the viral capsid protein is derived from SEQ ID NO:1.

In other embodiments, the present invention provides an isolated nucleic acid
construct encoding a viral capsid protein, wherein the nucleic acid construct contains
an engineered restriction site encoding an area of hydrophilicity of at least 50%.

The engineered restriction site provides an insertion site for a peptide of interest,
allowing the production of viral capsid protein-peptide fusion peptides (CP-peptide

fusions) that can self-assemble into soluble VLPs. In some embodiments, the
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pepti des (CP-peptide fusions) that can self-assenbl e
into soluble VLPs. In sonme enhpdi nents, therestriction
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hydrophilic amino acid to the N- or C- terminus of the peptide, wherein the amino

acid is selected from an amino acid having a hydrophilicity value of greater than one
(1), as determined by a modified Roseman hydrophobicity scale (Table 1). In
additional embodiments, the hydrophilicty-optimized amino acid sequence is
selected from the group consisting of SEQ ID NOS:7, 9, 11, 12, 13 and 14.

The present invention further includes bacterial cells comprising nucleic acid

constructs engineered to optimize the hydrophilicity of a viral capsid protein (CP) or
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sequence is selected fromthe group consisting of SEQ
ID NOS: 7, 9, 11, 12, 13 and 14. The present invention
further includes bacterial celys conprising nucleic
acid constructs engineered to optim ze the
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optim z 1 FliGents 441 éfﬁ\/lrxﬁé SéfL;?EQW@ ép'éxﬁ'éwpéllaﬁﬁld useful

of pepti noner e Particles
hofek eﬁ}ﬁﬂsson & rgcqmlﬁsmﬁdﬁnﬁuad’sbmkmccmﬂ Ihsst CAUﬁd ethe @@MV CP has

target pe I.nsert co |ng sequence ("1") is
n%‘g hyérﬂg?lpﬁlﬁé(’ptfrﬂ’tz 6% he viral capsi d codi ng

sequenced, ZQHugtrdt& FQRBSHE Y& ;Brﬂ&lc@loh%‘f ?Biktid%aﬁ&ndﬂld’rél in

capsid gene ("rCP"), which, part of a vector, is

t r Yiras$- Mkvdthrildts)(“wﬂé’”h nslnose e¢lls agd Pesysiomonadihess el i desired

[ g%?grsr?}b Iﬁﬂéﬁsggqggtnciog e slgaucaxﬁ “I’ {1@ r?se 15'? eaﬁﬁggfﬁj \ﬁpal capsid

Ca&ﬁing sdgdée (TOP)\h Bsmmeung hu@donaﬁmt wrmh:apad geme (“rCP”)
peptide inserts ("I") expressed in external .| oop(s)

t hwhs:hp@i Rirt fjagyectr; ¥suiggsipgpeding dehenereflgnd ﬁﬁwéﬁéfl.t‘a ﬁOfm
g%argxh%n%g gltd En? nTh\.léhg are! tﬁerr' Emﬁl%h $ forfir YLPs containing up

pept | Insert 1s a
m«l{d 180B1CPs &acﬂf Inﬂ’&fe dase (ﬁ’r(OMM)V oThtt HEPSI ewi itledratedt with target

peptide(s), whgse codi ces are i nserted
i nPePtidednsert &1 }:%fwg?saﬁg%oq’ﬁﬁﬁg“@g ?Pc%f ﬂefl ed
constru ?’i(’l}] NG At RECTRHRAR o ploBlictfRSIpép Q&Wﬁuﬁuﬁéﬁ? in VLPs in

Each of e target peptide codi ng sequences i s bounded
by hcndelig egeqlsemrhmsorfad hostl cellv.aflee péntids igsertiy a andtimpre(a trimer is

entslllorvsn)rz)li!%xee(&e%lrgg target 'ﬁ%&ﬁc}e(s), wkose co%mg sequences (“i”) are inserted

{Clté/?orp?itnﬁlzar%ioilcl;upl)es In some

into the viral capsid coding sequence (“CP”) in constructing a recombinant viral
capsid gene (“rCP”). Each of the target peptide coding sequences is bounded by
coding sequences for cleavage sites (“*”) and the entire nucleic acid insert is labeled
wp

FIG. 4 is an image of a SDS-PAGE gel (top) and western blot (bottom)
showing expression of hydrophilicity unoptimized CCMV capsid protein (CP) with
a BamHI restriction site at the position 129 expressed in Pseudomonas fluorescens

separated into soluble and insoluble fractions 24 hours post-induction. The CCMV
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restriction site at the position 129 expressed in
Pseudononasf | uorescens separated i nto sol ubl e and

i nsol ubl e fractions 24 hours ﬁ%st-induction The
CCWecapsid proteins are indicated by arrows. Lane 1 is

a cspsidploadiokeare @ﬁd%a)te;d byameows. i lsan€A B arsingrlgdder (“M”), lane 2 is CP

p I nduction g
P oui iR gn O lang B T8 o Posl gl on, 247

SDS- PAGEGO8 ks shigWeP 8f 8XPSEBAGHePEhowing expression of

hydrophilicity- optgl m zed CCOW capsid proteins in a

Pbe dﬁmhﬁwasﬂpuwa@c@@w%m wriratensyis g Sseudongnag flugrescens
! %g‘bt[iﬂ& Sg(étfi no tOi’ & p@stl tﬂqglPs eﬁo@t—?’n%lugt%n inBflible and insoluble

h)ﬁ%ﬁ&m ITHe SbMIbWE}’dM)QﬁﬁlCI irhi2ps OEMY ehgdid praasias are
i ndi cated by arrow and yielded >2g/L. Lane 1 is a siz

| anttieated bypirow|agd yieddads>%g/le. ab%liledl ﬁraoﬁtlé‘i ladder)Ms), danga | ’d a
f f t bl ot
SO R nr SEL B BB, U1 0, zed o
capsi d FIGOb & atsinidgatof hawsteneblot ghowihg expressaom ef
Pseudonpnasf | uorescens bacterial sy a surfr e
TP AR od AVD s PO b B pEatom o
WES 8. P ?ﬂozeﬂ‘%;bx BhceRAS stlaﬁ‘qu alsh&Rsderds E?gradlent

precipitation and fraction on sucrose density
g r}ayﬂrepmhmﬁhepﬂihﬁecﬂ CélMVdﬂsPSf wcxmlsdhawbé’lf howns [pasicinduction by

S R oAb S e Ra il T g rcion
C §hdm kyeSsi@®m BRIdesth@uddBlediths 1|t§agidafent WEG pek ik Port at ed

VLP fraction (sucrose gradient |oad and top and

bdtydoophdligityomsindlessCEYLY eapsid piateim Whoksedldysate. molegular

s ot RGN el EHO0P BabiP CRRts Rt 1ohdF i B and
f rgditosn R&meqa@sa@ﬁdcuonﬁaemmact erial syst em The

sol ubl e_hydrophilicity-optimzed CCW VI
i sol at G- Fdhi BEBURSHOR @qu%mécgewgylgsﬁ& "Pigegee of soluble

Pr&Gg %

o R B P R G e Ohe Thpocers
hytshcapial $yiseint. y ThnayiblerhgdrdplGOMY-oppmiatd SHOVISI MEPwivete igolated
BanmH restricti nsite at. t osition 129 engi neere
e p"rfé%éonaonﬁf et <0 SRR PECHIF PUAEHT SR TeToAF dysiy
expr&oifthy N Pseudononasf | uorescens. The capsid

protel n-PAl fusion is indicated by arrow.
FIG. 8 is an image of a SDS-PAGE gel showing expression of hydrophilicity

unoptimized CCMYV capsid proteins with a BamHI restriction site at the position 129
engineered to express a protective antigen of anthrax (“PA1”) expressed in
Pseudomonas fluorescens. The capsid protein-PA1 fusion is indicated by arrow. -
CCMV capsid proteins were isolated at 0 and 24 hours post-induction by PEG
precipitation and fractionated on sucrose density gradient. Lane 1 is a size ladder
(“M”). The chimeric coat protein was mostly insoluble.

FIG. 9 is an image of a SDS-PAGE gel showing expression of
hydrophilicity-optimized CCMV capsid proteins engineered to express a protective

antigen of anthrax (“PA1”) expressed in Pseudomonas fluorescens. The capsid



CCW capsid proteins were isolated at 0 and 24 hours
post -i nducti on by PEG precipitation and fractionated
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("M'). The chineric coat protein was nostly insol uble.
FIG 9 is an image of a SDS-PAGE gel show ng
expressi on of hydrophilicity-optimzed CCW capsid

protej ns englneered Lo, express tective a
D AP B AT Blom s axrsuBtr e pEB AR rarhaR ek SRR capsia
}_'??ot&ﬁﬁwepe%&ta@d@' BAl2, f1l885r9m4 Bodr0Pbs At RELBY. BRAOWs a size

drophilicity-optimzed COW capsid proteins were ’
i $zﬁidai é‘(M’O, laBe 2 19a cdBid Iamd:lm@l]’bcsmmlapb‘_s’t ccpmg@mﬂo_no fhe chimeric

size |la r ("M), lane 2 is a capsid
pFB’t‘t&rﬂteWS @?%{Wosgﬁj‘gﬁ $or conparison. The chineric
coat PrEgGel MilnREatePikel Yokt 804 Bydr %}ﬁwﬂ-}ﬁopﬂlﬁl&%& &MY capsid
the cloning of a hydrophilicity-optim zZed CCOW capsid
f lﬁsslompmplp iinte anlme@d@nmmhvemmfnlamnég&@agplpﬁl@& gverlap
usi 1 rl extension ("SCE") - based
t&ép?ﬁ%‘f)géfé%%ﬁ’é%‘éﬁeﬁﬁﬁ? RRYI NG OUT THE | NVENTI ON |t
has been di scovered that the overall arri no acid

conposi tion of a capsid reconblnant % tide is an
i mport ant vaAPRHE® QRt%RBrYéHG%@Ugn EWP ENTION/Lps.

Cp-f l"S'I{)Haspo%Qx&1 'd%gg\fe\%cf {iﬁa@th@'og aﬁ%ﬂ] 1&5]5019 J?%Q&HG&‘SPA Eapsid

resi dues nm d solu
S @b¢dntsinar® Ipo]y@ypthk: is anxhpbredny Vamaiﬂ)dt ubihe prdducnmaeﬁ soduble VLPs.

| o BuaeASPUge W P Sinteb 0t MIoRKBE o RnreY ey sied
f %loﬁibﬂg 11‘?5‘%\%694 Yolut®in %ﬂ‘rﬁ&} bOBoRbleteNBin¥bIBb IR RGB! he

I nse articular strategy for increasing t
hwﬂm@hﬂim@ldf yheo(ﬁPa‘u@m pergidenmpgpmprivei VI salelility Wlthout

o Eorly A Qe assEmblio P b ager R B Padg gf inser
OfOMdﬂﬂc@&‘ sthditegV6r iMYRRARE tHel I6idtphdicid dIadlfkid peptide
peptide that is encoded by a nucleic acid sequence in

t Heclodessneraating die hiydrophilisitioh ehasyhe eapsidi pipieHy Peptde insert, or
%g}?gcgéésl Cfo\égieﬁea?eavﬁamﬁo Q.%{HQO aci ds cont ai ned across

4 area € cal cul ati ons are based

_?_ E ah ngI.‘hef t%] ido;ﬂi)l&ﬁlyajff afptdfeﬁpblqﬁlpgdé thas S&Ineode'ﬁaiyl @enieic acid

e rophilicity of a VLP can be i

4 SREVAICE Thihe SYBHELT ¢an by deferanpscny RO Eiedhe hydepphic values of
od g@ Qﬁuﬂd"ac'icgecoﬂ&%e%' a%rc%g 'a%aﬁﬁ:ﬂﬁtr AHG! wh¥fREY L RalbfMBtions are

ons encode am no acl' ds. For exanple, based on the
c dased ot b avdified Resemad Mnyﬂtuphohumty saie @apkerd)i die éx[ydrophlhcxty of

foc
\L}ig can E)e mncreased by the removal, mutagenesis, or addition of nucleic acid

codons in the nucleic acid construct, wherein the codons encode amino acids. For
example, based on the calculation of the hydrophilicity of a particular focused area,
a nucleic acid construct can be altered in order to increase the hydrophilicity of that
area. If an area has a low hydrophilicity value based on the modified Roseman
hydrophobicity scale, then the codons in the area can be altered to increase the
hydrophilicity of the area.

In one embodiment of the preéent invention, the hydrophilicty value of a
focused area having low hydrophilicity can be increased by removing codons that

have an undesireably low hydrophilicity value based on the modified Roseman



a nucleic acid construct can be altered in order to
i ncrease the hydrophilicity of that area. If an area
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Roseman hydrophobicity scale, then the codons in the
area can be altered to increase the hydrophilicity of
the area. In one enbodi ment 00+t he present invention,
the hydrophilicty value of a focused area having | ow
hjrgdrophaticicy soplecdiable)i hreareakkdornay embodiviengoictbel present

b A L L2
(baklgerkid b%' Eelﬁsﬂsl bddoanratodnd adhiBidtacef oft 1B HydesAicity

i nvention, e hydrophilicity value of a focused area
hawithreg dnoiwo lhyidrhepiigla idghey hydipphicity yplwg datpdiap the modified

et Ty B P eR (e AT ARu T Ehydr ity of
hysiheahireh ehd Ve ietedsedinsaidingordehe niare itdnashe Bod@mnBmcoding

hydrophobicity scale (Table 2). Alternativehé, the .
hyaviepididy with desireablethydippailiciy valusnpcoprding ko g snlifigd

gg‘ggrg) %wgitggca@gggfegﬁn one codons encodi ng am no

esir hydrophilicity val ues according
to the nodified hydrophobicity scale (Table 1). 1.

Det erm_nati gn of Hﬁjrop i.licity It has been found that
VIP solRasempgsionof Wé‘ﬁg\ll%liynfl uenced by the

hydr ophj }dsGeBRFRd At dllﬁﬂgglﬁmiggxg strBe1 Fhnfudat by the

peptides across particular areds. For exanple,
Chyflrophidic gpeipo addsomientofitbe (Beusian peptidst afnops particular areas. -

hydr ophi |.i cj may have |imted solubility. One.. .

r Senebmale b Frupt e BrE el Seoe biiyatiiicity may have
PeRbitdiesoRlbilityt ©mRTbcused fred indliidds teAdea 8f fbiition of a pe%tide of
including thé restriction enzyne site. Increasing the |
hyiatersphinka & virgl capsid fisior, iralyhng BstrpdECURPGNZEME GHes Bigreasing
area .Qvi d e an i ' ' :
BB, 50 £y P UL A58 L0 Kkl Blovid foran

" hiete e hi tHeCyiéd-of pbluble28IcRs praduded éal viver ei n, descri bes
a nucl eic acid construct conprisi ngwg capsi gr otein

(CP) orThepermy Shyshiophlieiiuertippigee As Hied htraPeleecripes  nucleic acid
€Q i bORes (B AR BIsEsh pefid@WhRFdS tHeQucleic
[ ncgﬁgetgggg?lﬂgﬁﬁggrgg%%ﬁ#ci t y( oﬂgj(?gcussedpéglea w thin

t heiddnstrudCRaf binalesigepd, iedginbasé,draitemd o dickdasel the
Roseman . hydr gphobi city scale. (Table 2). A .

O ar B ol A et ey T U Per Rt oh eeRfidgdpsdon o

I &, 6dified RoSimARydPopHobtityistdle @T4méDy. i ed Rosenan

h)e/xgrolpﬁogi city s)glallgﬁval \gle of mz;\bove)‘ 0. 0. _

A “hydrophilic” amino acid, as the term is used herein, refers to an amino .
acid with a modified Roseman hydrophobicity scale value of above 0.0.

The term “hydrophilicity %,” as used herein, refers to a particular amino acid
sequence having the identified percentage of hydrophilic amino acids, wherein a
hydrophilic amino acid has a modified Roseman hydrophobicity scale value of
above 0.0. For example, a focused area of hydrophilicity encoding the amino acids
Arg-Gly-Gly-Arg-Try-Trp could have a hydrophilicity of 66%.

The term “modified Roseman hydrophobicity scale,” as the term is used

herein, refers to hydrophilicity values assigned to amino acids based on the

modification of hydrophobicity data generated by Roseman (Hydrophilicity of polar
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Initially, the Roseman data was listed and scaled from O to 10 with 10 being

the most hydrophilic, and 0 being the most hydrophobic. Because proline is




scale is ordered with the nost hydrophilic am no acids
in a viral capsid protein setting having the hi ghest

WwW@omoi4782 val ue. TABLE 2: Modi fi ed Rosenan PCT/US2008/061683
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hydr ophobi city scalell. Nucleic Acid Constructs The
present invention provides hygpophilicity-optimzed
nucl ei ¢ acid constructs encoding viral capsid proteins

and CP-fusion.peptides. .In vi expression.of. the .

o FEBURRIE Iyt i ot bpssdp Yoo B3R St Pl P18 of protens,
bagt,ehh #he NOBY, B YOy M5, @pslideSwasiplided j@ BaRGES) stine, which agrees
production of sol uble assenbl ed VLPs. The

hyveittotbieidatacgengragssttiynB laekl andiMonlde Addidorabliysdyaiette fct that

B S RS SE RIBIRA 8 Py po

CRyfpuSiE RS, PRRih dRg. BIBY, AAJ9TIS304NJt aaeawvel up bstween serine and
hydrophilicity by nndifiging the area through
addyainewhigupgreesovity ho ihedsyisged d2qodittly angthe Plagk gnd Mould
am_no i d i: ' .

iR B I8 Phr DlPEa’the pawep o ddigphilety based on he
madétfth&d nfRlisenne atids thap heloaintgnl  faind .in flaxibtenteops, such as
enbodi ments of the presenf inpvention, fhe .
hydapmind Riphge. paedsd tgPe gfa_ﬁﬂgaf Sihdhisshoy ¥AylA hgve higher
ngﬁ&%&éﬁc@fﬂa‘ﬂ tﬁ@ﬂ?&éﬁ%ﬁ}bi@ﬁﬁinﬂ%cﬁs.l 0\ WY HhEP Ridtiaeiel ¥rom all of
val ue is I'ncreased by renoving codons encodi ng am no
achelsumbearts thenake thel aiueHfpdmeghoting D1 Fhe sdsubsant sueshifiedsRoseman

val ues of. lLess .than 0.0..] t her.,, enbodi ts _of .the ..
oGP FERE DA PrOHEeATBHPT TBF (3 QAo g hydfophobicity
f aeHR 88 oRIcRA Wt tHenést RYEoBhific afiitb S@MSInraMGtal Bapsidiprotein
| ow hydrophilicity value is increased by renoving
ansetimgdwivi the higbestposiHve3alind 129 insertion sites of
the original CCW coat protein construct by site

di rected nutagenesis or SOE. In an additiona

embodi "TEABLE 21 Modified Reberha Bpdi-aphobidiy scale
hydrophilicity value of an identified area having a

| ow hydrophilicity value can bhe increased by repl acing
a codon encodi ng an pfdgo adi’d of |l ow hydrophilicity
(less than 0.0) with| asp amind.4cid having a higher
hydrophi licity val uef &gy eaterg dhan 0.0).

Alternatively, the h 'uupMiiiily of a focused area

can be increased by ﬁuging gie—er—nor e t han one codons
encodi ng ami no aci ds|. 4% h defi?eahl e hydrophilicity

val ues (greater than|Gl0). IB-4o0ne enbodi nents of the
present invention, a srcleig3idiconstruct is

provi ded wherein anm pgpaci d§having a val ue of above
1.0 in the nodified enan ixyuuﬂhobicity scale are
preferentially used 3.4 nereasethe hydr ophobi city of

a His .
Cys 0.9
Pro 0.8
Ala 0.7
Met 0.0
Val -0.8
Tyr -1.1
Ile -1.6
Leu -1.6
Trp -2.1
Phe 2.4




focused area. In other enbodi nents, am no acids having
a value of above 1.0 in the nodified Roseman

whyawopttebi city scale are added to a focused aPERUB2008/061683
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order to increase the hydrophilicity of the area. In
addi ti onal enbodi nents, am no;acids having a val ue of
above 1.0 in the nDdIerd Roseman hydrophobicity scale

are uti ed to replace or substitute an am no acid
hdlyi ngl\iil fFé‘?ﬁé‘ddi quggtst han
1.0. HyEf'he@%Eﬁ@h&éﬁn@ﬁb&&a&%ﬁmn@@r@ﬁﬂ@&i ARtlSO8Ed

enbodi nen the present invéntion provides isolated
nucﬂlsamuctsammﬂmgmsaquapmé peniciod alm@CB -fusion peptides. In vivo expression

b el Preufie S Rl BB  Pagh Bt spdufpesuts in
C %&Sérﬂﬁaﬁée@tﬁbdhct@n desdIved afJeaiblaVi PO SERERydbphiligitiS optimized
I n some enbodi nents, the optimzed capsid %r otein is

deuclv@dwfd eomsireess ahibe psgsenti invention arigsigned by epalyzing focused

fe gger%? Ig %‘e %aﬁca%%éll\ﬂ%égl or G, ??,E)s%rp}geg)ftﬁh rhngr oﬂ%{ihg g{%as of low

ghotRpRilicith @y Bianhying ilteaea BiraughvddditRes subtec@an &&nnﬂgenems
di amet er i cosahedral viruses with a four-cqonmpone

p&k Partigulas amie, ackisnickiding usk @k BYRIRIGEH B REUTRRAD ajigs based

| R’&ﬁ%h&&gﬁlf{eﬁrRJsngHx] ﬁg@?gﬁﬁéﬁ\[}gﬁaleRM3 codes for a

rotein 1 nvolve ment within plant hosts.
RNA4 ( dn soragemboidimeRiofdbe prescht imemisiNAhShydroplelicity value ofa

RNA4 d f the 20 kDa d
Ao eh S A € PECIE A S DY B P DRrebBFis vapee is
U RerCAMY bg? emoRflg EbddRs egccﬁf‘ﬂjg é’mldorhcﬁﬁeéhﬁm‘f@%jh M hydropkilicity

pr esent entlon provi des nucleic acid constructs
envabdi aughas viluas of:lapﬂsuhdn Pi0otlmiother mépémmmf the pegsent invention,

BB SH uB Bh FRPAGS SR S

Thewe :}Gfdibﬁﬂfcﬁs* vhR8t$ inetdaedl t Itemom@vaxdma agids N®@itidn6B and
site for a peptide of interest, allow ng for the

prigQunsertsm s of thglorigined C@W@p@q MOlsEpEIIaEUSt Py s directed

pe " ptl de fusions") that can sel f-assenbl e
r{gﬁtagqﬁ%mélogg In one enbodi nent, the restriction

lsu te hds aﬁmdameﬁalmfmﬁmﬁdnaplmifkhecprt:genofnvamtidredsath)ﬁwphﬂéxﬁty
east 55% at | east 60% at st . 65% | east .70%
atvait@acsftam@%ﬂ figdl arcadaying o W&} Phplé%@/w%seo ingfgased by

AR OB 00 B

e ruyi aneieo ecidhesingiadtiglom hydrophilisity yatue i(gredtenthan0d))e iAdternatively,
the hydrophilicity of a focused area can be increased by adding one or more than one
codons encoding amino acids with desireable hydrophilicity values (greater than 0.0).

In some embodiments of the present invention, a nucleic acid construct is

provided wherein amino acids having a value of above 1.0 in the modified Roseman
hydrophobicity scale are preferentially used to increase the hydrophobicity of a
focused area. In other embodiments, amino acids having a value of above 1.0 in the
modified Roseman hydrophobicity scale are added to a focused area in order to
increase the hydrophilicity of the area. In additional embodiments, amino acids

having a value of above 1.0 in the modified Roseman hydrophobicity scale are

utilized to replace or substitute an amino acid having a value of less than 1.0.



aci d codons encoding the am no acids Aspartic Acid,
Gutamc Acid, Lysine, and Argi nine (Asp-d u-Lys-Arg).

WO pooofoes782rbodi nent, the engi neered restricti onPGT/US2008/061683
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does not contain codons encoding two or nore

consecutive hydrophobi c am no;acids selected fromthe
group consi sting of Al anine, &henylalanine,

Trypt ophan, Tryptophan, Valine, Leucine, Methionine,

or Proline. See Exanple 2. In one enbodinment, the

hyglr PBMilikie)-bptiRéd OhpedlPr&siEi ction site is contained
m%?%iﬂngca%gﬁg protei% dervived froma CCW capsid

pr ot ei rn spme snwodivhand, thapresephmvention provides isolated nucleic acid
| BORERE e AR R ) B P R 1 hricular
| Q@fbddunéitUhe hydiophidicity-oplifize@roapdd FrREiS is deriviedrfican bor
choosing restriction sites for introducing a clonin

siieesaheriral \oowy I 6498¢ empediments. the opEmizsde<aptif protaidy ip g@f:ived

1 Casirichi . .

iSRRI HOR CEME, BB LaRaRRaRE md oAThERE ypsid

;:q&s&tr%iengﬁye%ﬁﬁ@ml%% lﬂD(N(b:dm sites shou! d be absent |
rom t he Pseudononasf| uorescens expressi.on_ vector;

3) the FEMY s msrﬁg%q dhg WBRviTYS, ggﬁ}ﬁ‘Bfﬂﬁ &162%'&0%@%5@%6?? n

I foRRNGTiR rﬁré’ﬁS—Qg‘nﬁfdigﬁn%@a @ eARUA REuiR M iane b Xomponent,

Leucine. In a genera odinent, the restriction site
i meeitive sensshoogld-strandddeR WA eadme aBNA T atdoRNWE aode fhenreplicase

S L A PR o Rl AL gl ose
| SONRUGH Bb el RNiANRrived BhPRNAE), NONEdRI AL Nebdes for the 20

exanples of restrictions sites chosen are: blunt-end

c UiRaeapsisiprpteis(“&PE). ; E@h odivhpatticle gprtgins upie e 18fcppies of
a [ do br cutters such as Bgill,

ngM\s/p g Sﬁsljslg\é?a%%?%mel and Xbal. Am no acid

sequencia ik eBNirkdnt0he paiséitigvendion paridasemsleaf acid constructs
hydr ophobi city (underlined): nstvgtgklt, raqrraaark

nkenepding gy isal Gapsidauginy MaickeihgyY 18 AR GRIOE 1B SRNRS AR a

kv [ LiS : : : t

¢ SRl R e BRI B QU B MW b oPRIERY oL PO, The
aadrighgdredwedttietiahsiteptrovidetsdnt jnvertiGiSEE@ foDalgeptide) of iAwres

aci.d sequence of i ginal . CCW. CP: . nst vgt gkl.t i

r aﬂﬂm\%\?ﬁz %%P%@F?%{Pégéf&?%ﬁpa@ﬁmﬁ%qg%\é%?3‘;}51%‘%/9?8&‘1&% ca
aa@@'?‘-’ﬁegﬁﬂe lsidrRMahsicaR kBIKAsdewble Mk Vh1GHIE RE_PSS Th i CVt
et gt t aaasf gval avadns kdvvaanype afkgitleql tadltiyl

S
s aahbasljorent, thel resteerianpsitefhasl e appay! hglQphilicigpopyt least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, or at least

85%. In one embodiment, the engineered restriction site has an area of
hydrophilicity of 100%.

In one embodiment, the engineered restriction site is comprised of nucleic
acid codons encoding the amino acids Aspartic Acid, Glutamic Acid, Lysine, and
Arginine (Asp-Glu-Lys-Arg). In one embodiment, the engineered restriction site
does not contain codons encoding two or more consecutive hydrophobic amino acids
selected from the group consisting of Alanine, Phenylalanine, Tryptophan,
Tryptophan, Valine, Leucine, Methionine, or Proline. See Example 2. In one

embodiment, the hydrophilicity-optimized restriction site is contained within a



Nucl ei ¢ acid sequence of hydrophilicity optimm zed
CCW CP for cloning into P.fl uorescens expression

wQ e@vot478zodon optim zed for P.fluorescens). C@CI/EBI998/061683
Spel restriction site, ribosonme binding site, CP open
reading frame (ORF), two stopjgodons, and Xhol
restriction site: CI:‘ACTAGTAGG&GGTAACTTATGTCGACC

O L e
AR O Y G B R I o v

ACOATCABETFEORT AAGCARTTNETCEAGCGAACGCAACAAGC

reseoAC LR R U R PR o

5 CATRAEGRANGE G CONBECRRAT ARTAGTAA
GTATCCTGAGGCCT TOAAGGGOATC‘ACCCT GGAGOAGCT
ACEERERCHTEATENT e drae teoTersemedmsrepecCAdl) CP open
A R LR O AR A e b s e e
NG ed cin crels usmgeren eEplraﬁsiditydﬂfcamh and ) thy respidtion e itGENn
codon optlmze for ressngrf |1n PfI oreds ES
(e QR O ino acid Isoleucine followe eucine. Ina

10 %WMG@TM@@M ble into t
% COAGCCTGTTATCGTCGAGCOAATCGCCT able into two

WWW@@AWM@M@MTMWWWI%

CGT GT GOGCGAT TCAG. ..
e A B R L pimicng
C%I% @@Fﬁ%ﬁ@@@@@m&ﬁ%@%@ﬁgﬁ@@%ﬁm @% 3’ overhang

CGGAAACCCAGACGACT GCGGBCCGCATCGT TCCAAGT
G@&M@@@@M@¢M@A@Mﬂ@&ﬁ@@p@@m@rmﬂrészm BspEl,
(O0CAT CACCCT GGAGCAGCT GACGBOCGACCTGAC

CEECCECGT TGACCGAGGGCGATGTGATCGT GC

ACCT C%WMWGF CORRIBABTTOCTSEd AGGEO6

GITTATTGATAATAG (SEQ I D NO 41
hydrophobicity (underlined): mstvgtgklt ragrraaark nkrntrvvgp vivepiasgq

15

graikawtgy svskwtasca aaeawraaaa kvtsaitisl pnelssernk glkvgrvllw Igllpsvsgt
vkscvtetqt taaasfqval avadngilsk dvvaamypea fkgitleqlt adltiylyss aaltegdviv
20  hlevehvrpt fddsftpvy (SEQ ID NO:1).

Amino acid sequence of original CCMV CP: mstvgtgklt raqrraaark
nkrntrvvqp vivepiasgq gkaikawtgy svskwtasca aaeakvtsai tislpnelss ernkglkvgr
vllwlgllps vsgtvkscvt etqttaaasf qvalavadns kdvvaamype afkgitleql tadltiylys
saaltegdvi vhlevehvrp tfddsftpvy (SEQ ID NO:2).

25 Nucleic acid sequence of hydrophilicity optimimized CCMV CP for cloning
into P. fluorescens expression vector (codon optimized for P. fluorescens). Contains
Spel restriction site, ribosome binding site, CP open reading frame (ORF), two stop
codons, and Xhol restriction site: GGACTAGTAGGAGGTAACTTATGTCGACC
GTGGGTACTGGGAAATTGACTCGGGCACAACGTCGTGCTGCGGCCCGTA

30 AGAATAAGCGCAAAACCCGCGTCGTCCAGCCTGTTATCGTCGAGCCAAT
CGCCTCGGGGCAAGGGAAAGCCATCAAGGCATGGACCGGGTACTCGGTG
AGCAAATGGACCGCGTCGTGCGCGGCAGCCGAGGCCAAAGTGACGAGC



Variant of hydrophilicity and codon-optim zed nucl eic
aci d sequence of CCW CP:

WOTGAGIAET GT TGGCACTGGTAAATTGACTCGGGCCCAGCGT  PCT/US2008/061683
CGT GCCGCCGCT CGCAAGAATAAGCGGAAGACCCGCGT GGTCCAACCT G
TGATCGT GGAGCCCAT CGCCT CCGECCAGIGT AAAGCGATCAAAGCCTG
GACGGGGTACAGT GTCAGCAAAT GGA TCGTGCGCTGCCGECGGEAG

COEAGTRARS ARGARER SR ek

CGEAACAAGC

GT&W W@@T@@@@@@@WGAGCGTG
CACGACCACGECAGCCGCT TOGT TOCAAGT GROGCT GBCCGT CGOCGATA
ATTCCRGSATG TG T SCIUS BT G TAZNOGGACEETTT NARCGATTBCOG CCG

AT ARG A A B A e AcGTOOT

5 GWWW@EWWW%WGﬁ@A@CTG

NO 5). Codon- (Etl m zed nucl ei ¢ aci d sequence of

CAIC&GECGWT éCGAT@T(\CQmT&QEQC&C&@Q?@ﬁQQWA IGAGG

e@ﬁ@ﬁgﬁ@@b@g@%@ﬁ%& O FERRRALEIE LB ITTCOA

WWWWTGATAATAGCTCGAGGC (SEQ ID NO:3).
GACT CGGEGCACAACGT CGTGCTGCGGECCCGTAAGAAT AAGCGCAAAACC

WMWWWMQ%M@AM%

10

A A q
RCACGGGGCAAG

G%@ WW@A&@E@&TGGA@G
CAAGGGCATCACCCTGGAGCAGCTGACGGCCGACCTGA

15 AR TR B R REERE ogrocar

C@@ﬁérr@bfr@}coltGPG&U&U@GMCT@KJTCCCGAGCGTCTCCGGCACCGTGAA
GTCGTGCGTGACGGAAACCCAGACGACTGCGGCCGCATCGTTCCAAGTG
GCGCTCGCCGTGGCCGATAACAGCAAGGACGTGGTGGCCGCTATGTATC
CTGAGGCCTTCAAGGGCATCACCCTGGAGCAGCTGACGGCCGACCTGAC

20 GATCTACCTGTACTCCTCGGCCGCGTTGACCGAGGGCGATGTGATCGTGC
ACCTCGAAGTTGAACACGTGCGCCCGACTTTCGACGATTCCTTTACCCCG
GTTTATTGATAATAG (SEQ ID NO:4).

Variant of hydrophilicity and codon-optimized nucleic acid sequence of
CCMV CP: ATGAGTACTGTTGGCACTGGTAAATTGACTCGGGCCCAGCGT

25 CGTGCCGCCGCTCGCAAGAATAAGCGGAAGACCCGCGTGGTCCAACCTG
TGATCGTGGAGCCCATCGCCTCCGGCCAGGGTAAAGCGATCAAAGCCTG
GACGGGGTACAGTGTCAGCAAATGGACGGCTTCGTGCGCTGCCGCGGAG
GCCAAGGTCACGTCCGCTATCACCATTTCCCTGCCCAACGAGCTGAGCA
GCGAGCGCAATAAGCAACTGAAGGTCGGCCGGGTCCTGCTGTGGCTGGG

30 GTTGTTGCCTAGCGTGTCGGGCACCGTGAAGTCGTGCGTCACCGAAACC
CAGACCACGGCAGCCGCTTCGTTCCAAGTGGCGCTGGCCGTCGCCGATA
ATTCCAAGGATGTCGTCGCGGCCATGTACCCGGAGGCTTTTAAGGGCAT




(CCW) capsid protein (CP) for expression in
Pseudonmonasf | uor escens:

WAT@AGIAEY GT TGCECACT GGTAAAT TGACT CGEECCCAGCGT CGTRCIZGS2008/061683
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CCGCTCGCAAGAAT AAGCGGAAGACCCGCGT GGTCCAACCTGTGATCGT
GGAGCCCAT CGECCT CCGECCAGGGT AAAGEEAT CAAAGCCT GGACGEEEG
TACAGT GTCAGCAAATGGACGGCTTCGTG GCCGCGGAGGCCAAGG

TCACGI CCGCTATCACCATTTCCCTGCCCAACGA!
MW@W%@%@ TCGTCGG

AR TR SR TGN AGPOG AACACGT
GGCGCT ECCGT CCOCGATAAT TCCAAG
S OOREGEITATAETCATIATAG (SEQ
GACCGCCGACCT GACT ATCT ACCT CTATTCGTCGCCTGCCTTGACTG
A ROGTGAT CGT GCATTTGGAAGT CGAACACGT COGTCCTA
CCFTTGQ%%%%‘{J@W@ @Qﬁ@?&%—fﬁﬁ«pea Chlorotlc Mottle Virus

Hydr ophi li ci opti m zed fusi on pe In an
aI(CéiiMm capeld@mt@m (I tfordxpréssioprie getmio

nm@hﬂzpqmscens (coding

‘p iR B RhAd tﬂ?@%@@% AT ETARAACCERRG BT FEEAAATT

IO@AC‘I’@G@@CR@SMEGW@GEFCKUHQSSK}IDQGJGTA&\CD&AWM%CGCAAAACC
inserted into a viral Sld g rotein shoul d

O ROG T CECTTT S R TP Cegp T e GEGGEAAGGGA
|
ConSgp%”fcQI\GId@A?E}gﬁ\\%E‘GGW%%@Q&?E%@%@A@%{E}‘%?A%CGCGTC

I's” 'provi de erern
| BEGCGCGGCASCRGAGGCTCARASET GAEGHGICGRUATCACC ARCAGCTTG

PR BB S bsarcare
T@@WG@@/@TTh@}dU@TG@FI*dG@GAm@DC@@cGW&@@T@’AAGTCG

a Ing extra amno aclds, subtracting amno acid
m1@@GW@AG@GMAA@C€AﬁA@G&Qﬂﬁﬁﬁ§GﬁG@AT§GﬁiQQMAﬁTGGCGC

PR ARERL ARF e ARcBR et S rRaTceTon

of GGRE TTEVEAG GHT A TOR COTSEGE G AGMRRTTHA CRBONE ADATGARTGATC
by renoving amino acids at position 63 and 129

| IACETET AT TEETECAMCEHTT CEARCEEAA T BT GTGCACCT

a&g@%&fﬁﬁ%@%@?ﬁ’t}[@ﬁfé, . SM% R TeCFrThecceeoTTT

hwdrpghﬂuhcrAgyoptln1zed by addi ng one or nore am no
acids to the or G termnus of the peptide havin

modi f i e%oql?ééﬁ)ﬁ*ﬁfﬁz‘%ﬁ/’éﬂcéfbﬁ abfl spqupneeel Copafenl grotigrMgf Nirus
t Q%N}Vs)wds{h I?rBte?IJ; E@)'}@I éﬁﬁessmn in Pseudomonas fluorescens:

ATGAGTACTGTTGGCACTGGTAAATTGACTCGGGCCCAGCGTCGTGCCG
CCGCTCGCAAGAATAAGCGGAAGACCCGCGTGGTCCAACCTGTGATCGT
GGAGCCCATCGCCTCCGGCCAGGGTAAAGCGATCAAAGCCTGGACGGGG
TACAGTGTCAGCAAATGGACGGCTTCGTGCGCTGCCGCGGAGGCCAAGG
TCACGTCCGCTATCACCATTTCCCTGCCCAACGAGCTGAGCAGCGAGCGC
AATAAGCAACTGAAGGTCGGCCGGGTCCTGCTGTGGCTGGGGTTGTTGC
CTAGCGTGTCGGGCACCGTGAAGTCGTGCGTCACCGAAACCCAGACCAC
GGCAGCCGCTTCGTTCCAAGTGGCGCTGGCCGTCGCCGATAATTCCAAG
GATGTCGTCGCGGCCATGTACCCGGAGGCTTTTAAGGGCATCACCCTGG
AACAATTGACCGCCGACCTGACTATCTACCTCTATTCGTCGGCTGCCTTG



enbodi nent, the inserted peptide can be optim zed by
renovi ng one or nore amno acids fromthe N or C

W@ etosionT82 havi ng a nodi fi ed Roseman hydr ophobi BET/S2008/061683
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value of less than 0.0. Alternatively, the inserted
peptide can be optim zed by r Iaci ng one or nore

am no acids with an am no aci g having a gr eater vaI ue
than said one or nore am no acids on the nodif

ReSEF A G o PR Ebi @A §ECéfé%ﬂ?éTTiTﬁ“ICaA/bQFTQ%AQACGTCCGTCCTA

a%@%ﬁjﬁ}&gm @ﬁ%‘ﬁ&ﬁ%@@%@?ﬁﬂ%@hgyw or

C termnus of the peptide. Alternatively, the
Inserted peptide is opt| m zed by addi ng am no aci ds
wikhidrepdiilis - ecdoC B fusion ppideS or G terminus of the

peptidg, gﬁ Elt&ﬂﬁtl@é@%dﬁgﬁv of e e%‘?ﬁxﬁv‘éﬂu&‘? ptide is

optim ze y renovi ng am no aC| a val ue of |ess
t hytrophilicity @ptibtigedMructeic £2id bmslnunus areo;ﬁrotfhﬂed pe@idineCPhieptide

|t t nbqd
OB o By UIPREE PRI bS HEFHS G5 B DBRP dhpsvgied into
a‘iﬂg‘il &%\ﬂbd ot%nhéhg)tlﬁfha\(@l d%hﬁﬁl@ g'mq{ feh & AbBASTHIRNIn one

icity scale. I'n one enbodi nent, the peptide
C &mlimdmemt ofiileguietoyt maditivg, anutlewsicidowastandt iopravidgd wherein

e e eI AR Bl e prie o

C‘att%ﬁxram;'wépﬂmc@f sttt 1dast 3% Bane idsBeedydhtidpRhd 4 BidrvpRilicity of
the peptide. Alternatively, the nucleic acid construct

c dessbileancifb ribe hpdrophiligity aiay bg imperes By laidingyexp amyne eads,
c e?HBlBg ttilg.g?lpﬁj{llj 5 Iacgcrl]s or gfter%gitﬁ? nSCle{C@%ldqggg%g IO?I @Xlgllil%é Qfﬂmo

acr 0ss FNSert re

f alcid ig bakt fgerbd@f@ynihd actldﬁbvﬁth\lﬁndh@ Ifa\azﬁrabla hyﬁapbﬂhcny value.
focused area of hydrophilicity. .In one enbodi t he
hydr op Hmapeﬁh@yeréb@dlwate?f thpinyPRiQ) theonserisddieaude cdn be Modified

n LB r%%n%ggl % 31115{)’ $tifQad ﬁbsRLoﬂgﬂ%%q 1"‘2@' rt'i(ﬁ§§1{ek of {tRMriginal

oni ng ol ogy. e Tusi on can be,
f C(ECM(\amzit groteif cansimqubyl siee dinodli mgtagexreexsomsmhnt

ggpgr’gp Iraé‘gg‘i%ge ﬁﬂgﬁ’s Wlé:%{‘? ¥ eﬁﬁéﬁ Caﬁé}éﬂp’g&q @écniy Optlmlzed
C onadd pgtr Wt dhedbriyste aRihd AGdS - RONL B} Ze tbrinsRi el gYptide having a

otein by restriction digest-based cloning
menbditied B@yemamhybmoépm@(ﬁpaﬁg ryekie of jgeeater than 1.0. In an alternative

hydrléc?fgml 1C teyﬁs%FtS(% peétec% oy g 1§1§Z|erd]g) Iglégi)gfn Sg‘;e Or more amino

t ehnatés Yhe Nher Cugtaimhue aivike a nﬁ@ﬁﬁ@i@m&@n Ifdraphobicity value

>9 ulSsr;(il?ane(? 8 o%tréxgna?lvgl?/?tc})lgtl)lllsg?tgctl pggl epc%)tble %gtn%g]z%d%y replacing
one or more amino acids with an amino acid having a greater value than said one or
more amino acids on the modified Roseman hydrophobicity scale.

In a particular embodiment, the inserted peptide is optimized by adding
amino acids with values above 1.0 to the N- or C- terminus of the peptide.
Alternatively, the inserted peptide is optimized by adding amino acids with values
above 0.0 to the N- or C- terminus of the peptide. In one embodiment, the inserted

peptide is optimized by removing amino acids with a value of less than 0.0 from the

N- or C- terminus of the peptide. In an alternative embodiment, the inserted peptide



hydrophilicity-optim zed icosahedral capsid protein
wherein a reconbi nant pol ypeptide is fused wth a

Wog@woptBl i city- optim zed i cosahedral capsid pPOI/ERI908961683
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PCR- based technology. In certain exanples, the

PCR-based technol ogy is splicing by overlap extension

("SOE"), as illustrated in FI-&- 10. The basic

procedure of SCE is described by Horton et al. (1989)
Em«gammecd by rdpydein ghrgenias awdt\h@m an pihinopsid lygving a higher value on

strl enz i€cing by overla
g‘%‘ﬁg Ro é‘ngﬁf%ﬁ%e"é’é‘f 8IC USg Patent No. 5,023, 171
t 0 Ho ¢h oA¢ emBE&Endeht, @hd’ﬁ}pﬁ@é’ chiPbe pirhiz6@bY wadibhAk least one
y

nol ecul es by first a ing them by nmeans of

p@nymaacaé scletied frornetée EfBRLOPRER)S s AParisAcidClamic Acid,

Rab AR R BRRAECE R B T AT SO BT Rropniticity

CQfplesyBptitiar y sequences. Wien the tmo PCR products are
m xed, denatured, and reanneal ed, e§3|ngle étranded

DNA st rdiramativaly, thy Tusleicafid F%‘?‘?’érﬁpa‘fa? SHERIGERIES L pttain a
O?ﬁh{opﬁggﬁg%}tlﬂﬁmlj Q&l&ehf%lgll] oftC FoPSx R glﬁﬁéd’ﬁﬁépﬁé&ﬁmon

I'on of e annea area
p@hy be bpseped dues ammdenu dggorsby pmdeﬂnm amrengj Steatcgy that
whi ch the origin I cul e lce eth
AP G ot TAOSFERE 2L P BBREE o ik rpdinent, the

ﬁ%ﬂfﬂgﬁﬁﬂcl QJﬂuﬂYi‘zé?QCPf}‘ﬁ&Eitn' AMintefesenReRe hele fllls”érplstﬂi‘é’duced using
ca protein by adding, rermwn%h or aterln? am no
e or

aaesigction dlgatmestdrql@ttln@ meéwziy}m}'s fusion eanebe, for example, of a

enbodi nent, the h il |

o RRataes gosricnr o PR A bRl afy hydRhBNuD SRbRd
C QRSsah&UrAIcap S PPotal, %e&fn wa&eﬁlronﬁab;bcﬁylbepﬁﬁe phiubécwitl a
In certain enbodi nents, the restriction site is

altydraphilisityrenvivieed! 1s9sahadrabeapsisi yolgin Ry repistipn digsst-ased
the ca r in and peptide insert. In certain
eﬁg%BPgéﬁﬁgg'%ﬁg restriction enzyne site is altered or
r enovednBynei ehﬁ)odirhﬁﬁi ekt hydregdhiesi-sptinized CPawbtkin of interest
sequence of CCW CP h an_insert  of e-1 from.
 rclranacid rsiarss PRREIH BB BC ‘?ee@,eahgﬁe%y i ihf‘sﬁ%wrﬁl G be, for
igified
e e PO e
hyidrdegiili¢io-optinigedBosahedrad cagisid protedr whergitka recombingny p

RGeS AR U OF b TP DL gPu TR0 SRR by Ry by

aVIa@ﬁ &héﬁb&@@?'lﬁ%@%’@@@@h& PRRMB:é@@EY PRS0y is splicing

fkgitleglt adltiylyss aaltegdviv hlevehvr Rt fddsftpvy ¢

( SEQ@VeDapex@nsion (“SOE”), as illustrated in FIG. 10. The basic procedure o
SOE is described by Horton et al. (1989) “Engineering hybrid genes without the use
of restriction enzymes: Gene splicing by overlap extension,” Gene 77:61-68; and
US Patent No. 5,023,171 to Ho et al. SOE is a method for joining two DNA
molecules by first amplifying them by means of polymerase chain reactions (PCR)
carried out on each molecule using oligonucleotide primers designed so that the ends
of the resultant PCR products contain complementary sequences. When the two
PCR products are mixed, denatured, and reannealed, the single-stranded DNA

strands having the complementary sequences at their 3' ends anneal and then act as

primers for each other. Extension of the annealed area by DNA polymerase



Am no acid sequence of hydrophilicity optimzed CCOW

CP with an insert of Me-1 frominfluenza virus. Me-1
wW@riono148: d sequence i s shown in capital | ettePCI/US2008/061683

Percent (% hydrophilicity is 78% nstvgtgklt

raqrraaark nkrntrvvgp vivepi aéeq grai kawt gy svskw asca

aaea kvtsaitisl pnelssernk gl kRvgrvllw I gllpsvsgt

vkscvtet gt taaasfqval avadn ) ) .

s S quTE TR EOREADSS MRt caite M yhishhsedignd inelegles are

aql .1 vl al tegdviv hl evehvrpt fddsftpv SEQ I D

hl%bf}éféétﬁgr]&%% aci d sequence of CCWwW CP Wlptﬁ San i nsert

of PAl AddiomaiiyhhaxuclEecRAtoraniaeanbe dpsmiuee fickowing insertion

shown in capital letters. ng rlined resi dﬁldes. wer e

1, C U N
i pdaeptidanigsthe GRRNGBrOAHB RY 28Ry EFEIHL PR NS BEER AFIdS In
5 ( (;({916 nxaiaBh %ﬁ%ﬁé dte! Sn bhe cABLYHBK e BRAGFRBALKof a CP-fusion

nkrntrvvgp Vvivepl asgq grai kawt gy svskvit asca adeaw aaaa
k\epadd ¢l bepnekssdbykembkngrautitrictigl ¢npsmegite parieining apnino

t aaasf gqval avadn gil RKKRSTSAGPTVP, P .Sk . .
P AR Bote RGN hEPPRBEI | 1 ol ReBaeT Y B BBt is
f dghSFddRy Yerh SRQ ByRn e &lesisAllieP theddifn SEGERAEEA Pfotein and peptide
hydrophilicity optimzed CCW CP with an insert_of PAIp
f riosertarinieedain elfhedipmints thengstaiciion swgmerdte is altesebojremeved by
.~ Capital letters. Percent (% hydrophilicity is 90:
10 t@éﬁrg&ﬁeg n}“g%ﬁeing%sar k nkrntrvvgp vivepi asgq grai kawm gy

svskwt ag@hoAaeBsdqubisri dfiCEMNNEP SE eI dkinsgrkofgvi2é-1rom influenza
I gl | psvsgt vkscvtetqt taaasfqval avadn . )
- SPYINSR SRR FIONERSepDsRok IngRppHaltsEs  YRdsdinedresidues

adl ti ' | : e e
vy Yetiied B LRGN el NS RO ORGPt Gy FiicBhiciy s
01;] 6P Adsth srgRit aafrianack. nkTiitevvidpd i eapiasgq aciilhvagy sreshoeascs
shown in capital letters. Underlined resjdu

15 T R S A e SV B g avacn
(¢ néi}L@kaxw@Tﬁmﬁwa@@ﬁb_swvgwng;kg&lvgmﬁﬁ% FRABEN! adltiylyss
nKTTtrvvgp vivepi asgq grai kawrgy svskwtasca aaeaw aaaa
k vdadtagdviig hlepeleirpsiddskpvyl (BEG I N@:6)gl | psvsgt vkscvt et gt

t aaasfqyal. avadn qil Fl DEKKYNDKLPL Y bl - .
cvvaany SEIG Kt T RS A PISpRYL S LR PR SbaHOl iy fnser
f dgtaiib @\ rdnPER ez dNGrus1 Wi2e-Aahiifo a6l HeRALLEIN §ROWH in capital
hydr ophi I'i ci t8‘/7-90pt| mzed CCOW CP with an insert of PA4

20 f rlgteranPhicent. (%Dre drmiliiyris 7 % dsbesieldhtarasark BEEROVAP
2Rl e Bl A B v
S vl tase taaastgeal kividedrSLE TEMEI R MNBEWGGIRCDS S Dsr sk
! gclhlvggr\rlxsygéa f\lliiélstﬁa\(/ﬂtt %Eil(t]itylyss aaltegdviv hlevehvrpt fddsftpvy (SEQ ID NO:7).
Amino acid sequence of CCMV CP with an insert of PA1 from anthrax. The
25 PA1 amino acid sequence is shown in capital letters. Underlined residues were
identified as focused areas of hydrophobicity. Percent (%) hydrophilicity is 77:
mstvgtgklt raqrraaark nkrntrvvgp vivepiasgq graikawtgy svskwtasca aacawraaaa
kvtsaitis] pnelssernk glkvgrvllw Igllpsvsgt vkscvtetqt taaasfqval avadn
gilSNSRKKRSTSAGPTVPDRDNDGIPD gil sk dvvaamypea fkgitleqlt adltiylyss
30 aaltegdviv hlevehvrpt fddsftpvy (SEQ ID NO:8).
Amino acid sequence of hydrophilicity optimized CCMV CP with an insert

of PA1 from anthrax. The PA1 amino acid sequence is shown in capital letters.



t aaasfqval avadn sr RQDGKTFI DFKKYNDKLPLYI SNPNsr sk
dvvaanypea fkgitleglt adltiylyss aaltegdviv hlevehvrpt

wo da9f148y (SEQ ID NO 11). Am no acid sequenckCDS2008/061683
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hydrophilicity optimzed CCW CP containing an Me-1
i nsert produced using SCE (Me-1 am no acid sequence
shown in capital letters): nmstlgtgklt raqrraaark
nkrntrvvgp vivepi asgq grai kam gy svskwt asca aaea

kPél%&l]icltt(i%): hyﬂngiélﬂ&éuyrik%{l ksgrzudklvwatpghdaps vlegtry vis eiv epiesgq

t aaasf gva vadn SLLTEVETPI RN SDs k

e e s e R L
g g?%fh%g!@ad&%)sa\xs%mms@sA@W@@U{ﬁmmﬁg K10 BV daliipky

Imze CP containing a PAl insert produced

ukgide SCEIGPNs miteadyinbledelvapiiddeipyHOWR IThNOaP) t al

letters):. metvgtgklt r rntryv VARV =Te]

or ai ket BPogs i ts R EEATRT Iy eGP L4 R AR fex. The
QIPMVGYnb Weldle hR$4s B sheaGH tadial 1d@aadimietincd\raddues were
SNSRKKRSTSAGPTVPDRDNDG PD sk dvvaanypea fkgitleqglt

zilgdelntiﬁlegj' s f@&fﬁt;e?gmﬂ of hiyfeopbakieisy. Peraartd H iy dropylictsy fgpl:

| o ael astey N

L LRGP REPHRNGE  Rra Y GBlel PSranaa
( R/ckékaﬁm'k 1®6intt @leguene eglifsosgn vkseveag thalsfdvel dvads) :

o RIS K FHaER KN PLTSREN B 4 By e Bayss
| gl f ayad
Mﬁ%@%&%ﬁ@iﬁ@%@@k@%ﬁ?k@é@%@‘ﬁ& fkgitleqlt

adl ti ylAmmoarid egdetice ofhgdreplilipity bpidwizeg GCNSECY withNe insert
o SR ARy g T A BT LS Sy GPldl teters
atgachedr | Rydrbshilsie) Bi70: &drehisiaaHRRGSark ARARIWIGP Vhepiasgq

capsi d protein-recombi nant po 1épepti de fusion peptide.
Arzraipew iyl sesloy tastataremk visaitislipnrisspenk alkagylipplghpsysgt vkscvtetqt

configuratiqn i ' rdBt4

¢ Rlsfhl bl sHEQHRIC D K ARG ARSI 3R A Bibbnypea
atﬂ(?i@l@@l@ adlfiylyRe aslegavivies el egpu el fp ep(SH@ID D¥O:at).i on

of tThe host cell, the regulatory el enents (9 8 rect. .

t he exphady asid gHquenes of MG@EB@‘CBV opHmased & .ha’IIQ’n g containing an
fer t.atio . 7 i .of . .
SO TS U3 SR CRERSERO Rt B8 copi
havers): hhghgtigkl edgrohagirmantctigprvivapiasgg graikawtgy svskwtasca aaea

kvtsaitisl pnelssernk glkvgrvllw Igllpsvsgt vkscvtetqt taaasfqval avadn
SLLTEVETPIRNEWGCRCNDSSDsk dvvaamypea fkgitleqlt adltiylyss aaltegdviv
hlevehvrpt fddsftpvy (SEQ ID NO:12).

Amino acid sequence of hydrophilicity optimized CCMV CP containing a
PA1 insert produced using SOE (PA1 amino acid sequence shown in capital
letters): mstvgtgklt ragrraaark nkrntrvvgp vivepiasgq graikawtgy svskwtasca aaea
kvtsaitis] pnelssernk qlkvgrvllw Igllpsvsgt vkscvtetqt taaasfqval avadn
SNSRKKRSTSAGPTVPDRDNDGIPD sk dvvaamypea fkgitleqglt adltiylyss
aaltegdviv hlevehvrpt fddsftpvy (SEQ ID NO:13).

Amino acid sequence of hydrophilicity optimized CCMV CP containing a
PA4 insert produced using SOE (PA4 amino acid sequence shown in capital letters):

mstvgtgklt ragrraaark nkrntrvvgp vivepiasgq graikawtgy svskwtasca aaea kvtsaitis]



maxi m ze efficiency of the expression system The
pronoter initiates transcription and is generally

w@oewpoi4serd 10- 100 nucl eoti des upstream of t hePCT/HBO3B61683
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binding site. Ideally, a pronoter will be strong
enough to allow for reconbi na% pol ypepti de

accumul ati on of around 50% of“the total cellular
protein of the host cell, subject to tight regulation,
apekssik glkyandlw lgippeasikseriglat tasasfgedl avadie pr oot er s

S SN S S
Exaned®sv Blevampraadsfipys ¢SEQILNObI4. pronmot ers and

t hei r subsequent inducers include lac (IPTG, |acUVbs
(EPTG, tac (IPTG, trc (IPTG, Psyn (IPTGQG, trp

(t t an starvation), araBAD (1-arabinose), |ppa
};ﬁ’%%O%;Ppp-l ac (I1PTG, phoA (phosphate starvation),

recA ( ;rlaldnd iesibodiaging )the pudéic @oi:drmhardot yicludes b piomoter sequence
(glucose starvatjon), tet tretrac‘)r/ g) cadA, (pH),
nmpe{a&ha@i;a@b%toctbﬁ amlsnsag segence RRGHIE LRICARSY o 42

o@ﬁpl‘%c§ntng HH?I!'OI%H fille h%lc%ppe@lde TAn Qﬁbf@dttachment or linkage

fduct | on ac” oper at or T3 | ac operat or
_( | 1BfEE) to a“ﬁscbaﬁgtupmramwhlch F!l‘EG)rqnsmmptgmnle@m gny4ranslational

fect M P [ kyl -
nAFBIBERE LTSS S pBRRY FUKYE i S e asgenpe & that by
( Sa%'tlbﬁ BF Be@obt ceﬁngle\[é’%lﬁtgisyeg@fﬁ)mts SR dirdc® Fhetdk gi’@@h@n of the
S.C. Makrides (1996 crobiol. Rev. 60:512-

quu@canﬁlr$r®t I\/Hkrl des (1998) TI BTECH 16 54-60; R C

St even tru r
Sanche ?“F?o ﬁEP o %0 l{}gtﬂﬁ‘g n%? SQJTZ!S@% eti c R reemhmant
of pdNpptpat Qgﬁﬂuc‘éd As eudedTeaRsvest ligh svehsf Fodwaioaliy St to

for Industrial and Environnental Methodes, in Mnual
of mpxignias ¢ffiglenqy ofrthe LEPIEHNOLI§eH or{}gfowﬁg}ogéym(%tes transcription

Deeﬂﬁl' i gg@éq%lijy n%os%\ﬁ' %SI% I)@G%u):legﬂ% %st?éjang %Pt%%)nb()ﬁ%% binding

Press, wei zer, Vectors
exgitee SSeaﬂlgr e£ppmayanes! wnirong choughmaallbw fn‘DIﬂCOmblI@Bhleypeptlde

d t j [ .
o GeGaoP ) v SUBTRIES Ry S0 Bl LR et
W S =1ed n Bacteria,
ﬂl%ﬂ}/g%e%llljatg)? Bi ol ogiﬁéﬁgngpgﬁggﬁzgﬁg%}%({] Wl kerI and

R Rapl Blys prodIgrs ppad in 26c@dance gGd) the “Pl‘féelﬂdy‘mm@@ dhaste

Cheni.str r Vi
e e PmTe o6 FePte b mstial” BRBhGEs PEYfio) Bsca
seina6éiBR fRamberrd ald theis tutsedlent Biduddrs mob,eieusceQPm) lacUV5
control expression of the transgene encodin

t aBEO) o BB BRIV EC) FondIFLBuD SRR arihiane @aBAD

or % Q\? ri)éf?(%%ﬁ_ﬂ&? Z{P;I:)h)p [é)?)%é aﬂ; ,Ah Fﬂ?l%g%hate-rﬁm%n) recA
(nalidixic acid), proU (osmolarity), cst 1 (glucose starvation), tetA (tretracylin),
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, S.C. Makrides (1996) Microbiol.
Rev. 60:512-538; G. Hannig and S.C. Makrides (1998) TIBTECH 16:54-60; R.C.
Stevens (2000) Structures 8, R177-R185; J. Sanchez-Romero and V. De Lorenzo,



than one pronoter is covalently attached to anot her,
whet her the sane or different in sequence, e.g., a

WEaWARI8N t andem pronoter (i nterpronoter hybrPd)/USI008061683
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Pl ac- Pl ac tandem pronoter. Regulated promoters utilize
pronoter regulatory proteins in order to control
transcription of the gene of -%hich the pronoter is a
part. Wiere a reqgul ated pronoter is used, a

C GehesPBig hetgingrod Matngathoggi¢ Rboulypmpnat s&iahaswarBiadtasajyﬁe for

P Sislisiiob g B praarec A Do Bad POl G el Nacrohiojogy and
EBz%Q Ano?cfg;vi‘kob'&n%nﬁeﬁid' Y @*a@{es RIaQY %%»%()Nal@m QASIM Press,

transcri ptl onal aCtI ors repressor
pMéishingson, ©.G.); HEScmmlxerL‘adctmsme ekpress farrdgmigenes had tachriques
rotein

GG SRBEE P RO TIoBG g BPBter K gl Botoe

arn 8. 45503 (Q@bﬁ)hﬁl@mtsm%f mkewlnﬁﬁml "ﬂE@EXprEiserﬁd)ﬂTibrelgn DNA
interact with an effector conpound, i a conp

t waBactexiaris Motlgcuder Biotagy end ﬁmtycfalgém(bt\@élkm el R%ﬂpley, eds.)

cbrigs Pt o Th R R il Br CRER) Gy, CRARACUR! ©

t r anscrA pidnfter' 1R gath® hycle@iledBq@inct bfa gaomeotéhadtive so the
under the control of the pronoter, thereby permttin

orselstied kpeigrialhostrellican alsp bg uspchiosoniTpt exgECsaienphths ﬁﬁaﬂ%geﬂe

initi f

cShsat Sfihd QI% éé@@ﬁi&@eﬁﬁ@% gsa ;(;Fet%gg'?lg| i ﬁd&?ﬁﬂ%% or benzoate
ngéﬁﬁ&ﬁﬁx&@t@ﬁ (Paun,PHiche S’Eandenmdmd&:rs may alde baasé¢d/@ which more

ef

y Cér%&aggxp e ﬁ@f‘g}’ %r %%?gﬁqi%%uﬁ%g?tg?vgggqﬂl% pfdifferent in
efsg QL € %’ MPPAHIC q’btefl 'teﬁﬁleﬁﬁr&ofﬁﬁfé%ntéﬂpﬁo%t&'}iybnﬂi &MPIEB—Plac

ect conpound canbe used throughout the cel
cuhrtdmepmmcﬁea‘r ment atl on, in a particular enbodi rrent in

whi ch u ted IS sed ter gr

desire 2‘{ ?Pﬁ efa gﬁﬁ‘ﬁ @70]8110 RO l%%liyl prBlg’bngr\g% g rfty rtw(?comrc’l
aRPefn@B‘iﬂtﬁ‘)tn%fQﬁJ Q&k%‘f W@ PEbrhGtenid Agrrt OVhére aqugilaee

in order to directly or indirectly result in

exmomgmr amussfl ; www@wprpgw@@tre@éﬁepsgrotesyma%}swe part of an
3Bkt B e BTl BB o) e el Bt

I sbleink, €8NE. c@laaatai»csme beivatoe pentinj Math prosgmumc fRhsly
| ad gene, which is nornally{ a con

e%pﬁ*’é%fﬁwn@bﬁélva‘@ﬁe STESSSPHFO[CARS F@pnsfte &‘ E)IrIB%@Pﬁ g
Pr QL8 2[2:);10 Ii‘at@x'y%ﬁtehﬁ ¢ eEI @(91 NQQ(‘:‘ %P&Eanszhﬂ/ese
rom) ers. ere a pronot er

utnegulmd prbﬂnetelr/gnbrgmeregahmywtbm parrs Iam:lewvami the art.
expressed in the exlpr essi.on S¥ac'{wmhanef}ehe case of, the

lac pr onomSerTEeHIMOTRINIGIRsgnte ctor compound, i.c.,’a

compound that reversibly or irreversibly associates with the regulatory protein, so as
to enable the protein to either release or bind to at least one DNA transcription
regulatory region of the gene that is under the control of the promoter, thereby
permitting or blocking the action of a transcriptase enzyme in initiating transcription
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



(e.g., the tac pronoter) the effector conpound is an
i nducer such as a gratuitous inducer such as | PTG
W@ e@opt4opy| - b- D 1-thi ogal act opyranosi de, al sOPCHUB®A8/061683
"i sopropyl thi ogal actoside”). In a particular
enbodi nent, a lac or tac fam pronDter is utilized
in the present i nventi on, inc ud| ng Plac, Ptac, Ptrc,
Ptacll, PlacUV5, P Pl acUV5, | pp-I ac, nprI\/Hac
Theawsed hEdgboursa afd cide Phesemenetier, IR eRBsiciler eniediment in

ul.at or nments _can I 0
aﬁg?l} I8 lai?ergle il otc'er use% asf{eeg éé%gtzlg)f aglgglﬁef{ﬁ%ﬁﬁ%r cﬂ:nsny of
| Mokide, blckﬁdéss aﬁrﬁaﬁ%primmﬁ@ﬁoﬁd@mﬁoﬁhd &xaldpd e the culture in order
transcriptional enhancer sequences, translatlona

eripdirealy @rdndieasds gesugun EXPISHINRREhE desirediirgeiogene(s).
transl
5 term natbiar oL Phf é%%%‘%seégﬁﬂ%f? A thempbf RUTFELE Sl 8 gone,or
r Qﬁtlkfﬂi\@rtﬁerebﬁgu&mwdacésm lgal® gm afamdlmdja pxtesemequtéaa spstem.
"tags" and %ﬁ? ept| e codi n uences,
[

f Bl aeBe, WaIgh s PERI DA BRI eHpresst EFiC g the Lac
ef)r%%lo?bi'g‘? n ?Laéi E‘)r&éﬁ? ggl’?c%df{dt?g’égt?ﬁ Qlﬁit'ié{a}b ?ggﬁa’tcﬁé %tk gg!s@ Promoters.
StThﬂs Whggi apad @aankyl mometer pobtilizgdi the hee/ gene can also be included and

| ani ne,

p
10 e P o BT b b ierce bt T a6 promglsr faily members
C t'(L: QH@Q@ RiiRbted e Mkddicindohpoanis AYiaHERkEROR! dritditous
gluconotransferase
C'Iiﬁ’dl(dbPSIBshcbedR'ile})xsnampal—ﬁd}ﬂHnggahtp@pyranomde also called
CYLi nsf °r as S rpE or trpLE, avidin,
str %RV ’g Ae 10, T4 gp55, St aphyl ococcal

pr ot ei npA, a?ﬁétﬁﬁteﬁ&ﬁ%ﬁﬁéntpz{ RE Q) facGam$PS prorbleRis tBiZed in the
MBP, gal act ose bi ndlgr&@dorml n, Cal nodul in bi ndin

15 doprasent in@eRtionK8icludin c Ejﬁ@?trcoﬁﬁgg\ll PlarBys, lpgdgapUVS lpp-lac,
ublqg¢%lg£7@gd%y%99§yc A@ one enbodi nent, the

truc urt er conprises a tag
sequence adj acent to the coding sequence for the
reconmbi nant protein or peptide of interest, or a tag
se@tienééemanied to a coding sequence for a viral
capsi d gt ?él#laftdr R0 R bded fh dx fesSBAUG R,
al | ows at1on the protein.
20 sequRdiog laem sbgeacesafSucheleynentignclsde Hpuasreamt hmlted to, for
hexa- hi stidine affin In not di ment
RS TP Aok iRk O e FARUIET sglences, other
ﬂér%ﬁﬂ)lt&s aHi@atE thr%[htﬁhﬁ‘%tﬁ?aﬁl é‘tb}!ﬂ SRS Qftins R tRAMUE@ninators,
h as YFP or anal ogs of such fluorescent
pr dbiedmis regﬁtaeors,agly:castmn@smgw@t@s (jeg seqoenass, suph anrydendide
mée%%ellxce “tags 8nd “tag” peptide coding sequences, which facilitates identification,
25  separation, purification, or isolation of an expressed polypeptide, including His-tag,
Flag-tag, T7-tag, S-tag, HSV-tag, B-tag, Strep-tag, polyarginine, polycysteine,
polyphenylalanine, polyaspartic acid, (Ala-Trp-Trp-Pro)n, thioredoxin,
beta-galactosidase, chloramphenicol acetyltransferase, cyclomaltodextrin
gluconotransferase, CTP:CMP-3-deoxy-D-manno-octulosonate cytidyltransferase,
30  trpE or trpLE, avidin, streptavidin, T7 gene 10, T4 gp55, Staphylococcal protein A,

streptococcal protein G, GST, DHFR, CBP, MBP, galactose binding domain,



known antigen or ligand for a known bindi ng partner
useful for purification. The present invention can

WO p@heoEs2in addition to the capsid protein-reROnNBI9a81061683
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pol ypepti de codi ng sequence, the follow ng regul atory

el enents operably linked thereto: a promoter, a

ri bosone binding site (RBS), 821 ranscr | ption

term nator, translational start and stop signals.

Used nbdRBSsindiap dosaoh GHiPh &S 1f -mnre aempp hfonapve, peplcilsA,

useful .as host cells in expression systens according
&%t%é“rbra@gg?ﬂm ﬁ\%&ti on. Many specific and a variety

of conggRFMEMBESEMCAL, Sh&ARIE a8id gonstida@ﬁﬁth@ﬁ&ﬁﬁff)ﬂi&d aitég

and referenced by D. Frishman et al., Starts of ,

bacqencahdjgeme o the sodinaseqrgnedtor thel teggmbingst psptein or peptide of

conput er predi ctions. e 2 2):257- : o

aieis gor B SlR ATk EE G s Yot P 4ppdBithein.

| dRBthibyiRgens, tBistac Qd0Bscel dlloha ¢biefurdficagenoftds protein. The tag

Bi oinformatics 17(12): 1123-30 (Dec 2001). In

addianen carehq HeRffingy tage seh asywhenabisidmsedtingy tage Iy apefher

€. Q. b e y I Iy 9 ' ST

& HodhHER uf SRR e FEIRERAOR E kR RE e The g

ghyﬁg atsa$e adhduerentfmaerilfisuciued ¥6Piod &FPe quamdezsaff sach

odococcus species and its expression in Escherichia

c dlyoresgept proteing; JBe L capgisee- aRPEUGHO my’zﬁo %H%(%l‘eféﬁe’ ora

R%o%%ﬁg&?molfi %d%’é‘%‘ Rowl i pafXa RS f&f pudichests

vectors, dand translation and transcription elenents,

and ot HBre pteneimventimedanl inglnde, e agideretet the aapsid i on are

described ipn, e.qg..: Patent No. 5,05 94.to d,l
OB pEpBRinaREPb EpepBde SabhE stfiepst JRIphgvine pinloRY
Pal| &REntdNBperablgSihkeBhetedo:RaFTinSieg h ridbsoméBindaigant (RBS), a
4,695, 455 and 4,861,595 to Barnes et al.; US Patent

Ndrand¢riBpnaesninatoGrieppslationgl startgnd sgp smnakn Ul RBSs can be
5,169 760 to W/ e T i id: .
c AL Raip{or e, BT AR R4 Siom oty acconding

| noBEprREcnt GraRalibe BlangXpicifisimin variedy bidaineerisas RBSs tare known,
cell. Cenerally, the reconbi nant e,gﬁ)r essi on_vect %a‘c{cterial

wi ¢-£- fhest dereribed igiand referangpt by.by Fonimaeials SaFaR

ma S. b . i oL i . | )
TR AR TR i, boaty a5
f uBdoOI, andB. EdSuzekfet tlneA prabsbilistic methodifonidentifging start codons in

pronot er derived. from a. highly- ed ne,to, ... .

di hastarial gepomes; Bioigarmgtics 13&1@%&? ﬁgﬁ@fﬁ %@ﬁd‘r In addition, either
SEQHRRGE syth&IRB S Ra§ 6 USeds blotl Ghakedes R @MCEPI0207459
assenbl ed 1 n appropriate phase with translation

i n{synthtiioRBSm Q. dkakiatacet abrPrimajiysitivedre eifrdp hydrptase geduced

he% er oL

ogoys . . . .
rom the AedSotide sequence of a Rhodococcus species and its expression in

Escherichia coli, Eur. J. Biochem. 181(3):563-70 (1989) (native RBS sequence of
AAGGAAG). Further examples of methods, vectors, and translation and
transcription elements, and other elements useful in the present invention are
described in, e.g.: US Patent No. 5,055,294 to Gilroy and US Patent No. 5,128,130
to Gilroy et al.; US Patent No. 5,281,532 to Rammler et al.; US Patent Nos.
4,695,455 and 4,861,595 to Barnes et al.; US Patent No. 4,755,465 to Gray et al.;
and US Patent No. 5,169,760 to Wilcox.



sequence can encode a fusion pol ypeptide including an
N-term nal identification peptide inparting desired

W@b@vats’8r i stics, e.g., stabilization or sinplPET/E82008/061683
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purification of expressed reconbi nant product. Usef ul
expression vectors for use in_expressing capsid
prot ei n-reconbi nant polypeptl g fusion peptides (for
exanple, with P.fluorescens) can be constructed by

i f&starsng a structural DNA sequence encoding a desired

target Ol pﬁe?ct 2'10?(? %q%?rﬁ?ts‘@fh’l ap?esceﬂpﬁliv??tﬁ%péah%% cogtamed in

t oget he rans ron initration

t 8feiofaddpable of gRatsidninenekabilabhdse aell. NGepdralbyg thid feborabinant
functional promoter. The. vector can congrlse one o

Wéf%ﬁ@ﬂ a@ww&én@e@%wgnmfr Tehetigndng AelgFAR)P magkers
e
RS B SRS BIAE SRR b B s cinan
hqsilypeg:‘»tidé fibloa fepddes dfolie presans iroenaon)cnd iarpramoer denneel from a
wi th the present qj@CIosure i nclude various [

eci es
Wil e asps FEshAR AR Safr PR Ll Seqence.
FhcRiralRe nASEhBION BSSHASH S
a?@lek}gegév{gm?w@ﬁecar% ag&g&gg%u for expr essfhag(gﬂwé i
r ecccowhbiinantitigiot aidnerminatimsteqeeices, Oaww@wthehenehég@us
may be nodifie d.us e for e e so
{ engToB P tRege PRI B0 R SaE R SRRk AR (Fndd) fehiication
| nyeentié ar§h’§ BesYR8 kRisicteAGl e, StabilizatInas Hirgplified purification
cosn1ds and phage expression vectors. Exanpl es of
useffeaprqgasedsrmq;nbﬂemt@r@dWhat can be nodified for use on

: Qg e i egﬁye%pgg &Q%b&% N&gyﬁmﬁ%ﬁ@m péz%&gpec[)ﬁlbmam
ptip@flsfan p@ﬁﬁdeﬁ}f& exﬁﬂiﬁkﬁ ®ath Iarfﬂw%ﬁar@) €un baicdrisancted by
exa es can include pALTER-Exl

p BRESTHIE 2 speseRl P EA pequepsaneeding 2 dgﬁgﬁ% tﬁrgebzg}pqupugg fused
P C@ t\’) Fl’ca@s%hﬁf_ﬁf 58&% F\)&éﬁlﬁﬂf&tﬁﬁé@%}i}gﬁn %@Et+e§ixon%I t&ifhtion

p Es’Kgﬂastm qpiefabldfeadipE Ph2@byit) a fETtiada pdgrdter. r Hie Rbgr-epn

ggoégfg*(ﬁp}m Obg%g%- o +(? i?#lf; Zsb{k_g%S’ r{(’ié}}; %&g %ijf)lication to
E&%@lf%(rﬁmteﬂgc'e?@%@(e‘dor aﬁngf agﬁl(aﬁ)e, td%&Ev%Q(nb)lflcatlon within

pET Sb(+), pET-36b(+), pET-37b(+), 38b( +)

p Effie 30k -@J;talpiz'hoslt@ r-myans@gnauqrgmca(cmrdammggwd{rqsym disclosure

P %ﬁ@a (z:u(x E;:I_%B\lﬁﬂgé% E?Er;]reli?’zll E@b)ﬁ%ﬁg E& g?%tlcular the host
p@ﬂ' s31>51n Muégmoﬁmﬁv%cemﬁx 6P, pHATI a11/12,

pHAT20, pHAT- GFPuv, pKK223-3, pLEX, rMAL-c2X,
pMAL - c 2Fectprgpgre Wn in the art as useful for expressing recombinant proteins in

host cells, and any of these may be modified and used for expressing the soluble
fusion products in vivo according to the present invention. Such vectors include, e.g.,
plasmids, cosmids, and phage expression vectors. Examples of useful plasmid
vectors that can be modified for use on the present invention include, but are not
limited to, the expression plasmids pBBRIMCS, pDSK519, pKT240, pML122,
pPS10, RK2, RK6, pRO1600, and RSF1010. Further examples can include
pALTER-Ex1, pALTER-Ex2, pBAD/His, pPBAD/Myc-His, pBAD/glll, pCal-n,
pCal-n-EK, pCal-c, pCal-Kc, pcDNA 2.1, pDUAL, pET-3a-c, pET 9a-d, pET-11a-d,
pET-12a-c, pET-14b, pET15b, pET-16b, pET-17b, pET-19b, pET-20b(+),



PMAL- p2X, pMAL-p2E, pMAL-p2G pProEX HT, pPROLar. A,
pPROTet . E, pQE-9, pQE-16, pQE-30/31/32, pQE-40,

WQBIB0L78pQE- 70, pQE-80/81/82L, pQE-100, pRSETPCHIOS2008/061683
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pSE280, pSE380, pSE420, pThioH s, pTrc99A, pTrcHi s,
pTrcH s2, pTriEx-1, pTriEx-2, _pTrxFus. O her exarrpl es
of such usef ul vectors i ncl ud% those described by,

N. Hayase, in pl. Envir. Mcrobiol.

e@@'q')maz@; HET: samm@amaﬁdw HERAnidcol pPEL-29b(+), pRT-26b(+),

i s N

& @Jgaﬂﬁpmmum BPRITB Sh(PRIpET- :&mm@hfr 3%(5)1 pE$93‘84)5+)

Bagdasari an and

T@&Tc%‘?h(sz PEBHIb(+), pRlirfie:c(8B pET @? q(t)g glgyrﬁp c(@, mETBlue 1,

raEa P R Bl GORRIZK  bBRMiE bRLIRT, pEpCRr

a4, o oG g aisnsoa T
a|pHAT1$F@NePIéI£%2§-3 1141513%4(91)1\4% -C2X, P%gg@)ﬂ%a Pgma 6R&s
LB S A SHE TSR GBS
HyRIE SCHOII6OQBI03 /32, PQIGHAGE- Eﬂg)QENV) PQB: SR 18421,

| o000y PR A ASREGL PSRt v RN TRNRGIT: pTrRpOA gifpHis.

Aatcis2 1o l, diviex- i%ﬁlﬂr)(Fusar@thE’f etdalgiod srkué usdful, veltors
M crobi oI ogy 147(Pt 2):337-44 (Feb 2001). Further

exineipdetosst dasgribesshy, org. v Ne Hoyaset inatppé drnvive Misrsbial. i n

CIDILEIRSR GBS aatPl e PR il 280 D
098908 SGRGPhdrvhd MNCHaLAVRIIED @&AA&HE&JLE@XPRE;SSWN (Oct

V S The expressi on plasmd, i s describ

CT
e.2§00); @PFSCW@FWGE Cawrr. anmul?fow%dZ(ibﬂ?ﬁ PR et 288D %A

55 aggaéagl%ﬁ afid KNP l@ﬁ%’)ﬂdr% Zngégbﬁ%g Wl gﬂﬂzd ok47-67

P (asm)dTRSEha @ annﬂ“EﬂﬁSr W(&bbiwbietthblﬁeb)‘.l’»(ﬁr-& (Mar 1, 1994); LN.

Fé&élf%h@lr% 45 Vo eipis e riOpasce Sl e TR, Tsuda
p%@g"rl 'l\ghrl](gbﬁv@'iﬁ Gehd 1336{@'9) 28792, éDe&QZ 1203pHT Nidto et al., in Gene

rel’ated plasm ds, pMYC1050 and rel at ed
pl 87§ i ES5-4%Sedar k. 1@90) w F)ammnd Mo SutBrep7ingSaneid3):299-306

> eTnRRL E{g,%ggs%ﬁ b 16 SS9 d981): HP. Schweizer

R%%laﬂ Bhared @B 95@2@@)1051@ e\/{u&dﬁaﬁl@yﬁy dNal., in J. Bact.
5,169, 760 to I COX whi ch carrie
172(1) 477-80 (Jan 1990); D.O. Wood et al., mJ Bact 145(3):1448-51 (Mar 1981);
and R. Holtwick et al., in Microbiology 147(Pt 2):337-44 (Feb 2001).
Further examples of expression vectors that can be useful in Pseudomonas
host cells include those listed in the table below as derived from the indicated

replicons.



regul ated tetracycline resistance marker and the
replication and nobilization loci fromthe RSFIA O
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described in US Patent No. 4,680,264 to Puhler et al.
In other enbodi nents, an expr3§_si on plasm d can be
used as the expression vector. "I n another enbodi nent,
RSFI O QO _or a derivative thereof can be useﬁ%as t he
expr es SNONIYBENGEXAMPIS ¢F USERHHeXPRESBISEH WERFORS
pMYC1050 or a derivative thereof, or pMyCl803 or a
derivati ve thereofr—canbe uate&{, as Itre—expressi on
vector. The Ch f%??&ﬁ@?n) pET ex &ébon system
provi des a hi gh prsa@®l of pr ot eipCNB%@@NS10nN.
Expression is induced—fromthe—sirongY-tac—ptonoter.
Thi s systemtake%sgwgnt age of WQF@h activity and
specificity of {the bacteriophagaNiBegifpol ynetase for
hi gh [ evel transcription of the—gene—ef—interest. The
| ac operator I ocated in the pn 8&r region pfovides
tighter regul atfion than traditfi @ﬁ% [ 7-based yectors,
improving plasnid stability and’ celwI viability (F. W
Studier and B. A Mffatt (198MYC1080 ecul ar | Bi ol ogy
189(1):1 13-30;Resenberg,—etrtal-—1987)—Gene1 56(1):
125-35). The T7 %I,?E@Q)slsi on systPM es the T7|pronoter
and T7 RNA pol ymerase (T7 RNAR),yRgs3 hi gh-1evel
transcription of—the-geneof Hnterest—H-gh-level
expressi on can ppR@tMIEved i n | PUEpressi on systens
because the T7 RNAP is nore Rgi ve Than na ive E
coli RNAP and iis _dedicated tolthe transcription of the
gene of interest. Expression of the identified gene

can be .jnduced b rovi di source.,of T7 RNAR.in th .
host celt€ ex‘?ﬁ‘?sélo\égﬁasﬁ’éa’mpi gﬁgﬁfﬁﬁé’&g-n@)’ ‘ Ié?_ngnr%? al., in
COPfochRSH AR SHiNUSH 7N HRE2IDS 05&] 1%9)@n@fbytmﬂ\lérgﬁthd K.
gene. The T7 RNAP gene is under the control of the

UG a D VePacruliAEH: KA B MAdGIEY BgsmRSF I ORmAP

can _be.expressed u j ' . ri

grs B b AT BRRBuARHS L el il B PIRERE R OF.

t | tdrhplal§otdend| degidativiek of RISEDD B), evtictess kaowafin the art, include, e.g.,
reconbi nant protein through the presence of ssgfci fic

c bl Zs plirlgdd, Rtk landgelated pdasmytls, aad eM et EranditRigied

s TR 2o SHRE M UL GR35 e rompson el
desichagd.4. opMiYWd 803 € Plasmid pMtY (@1 808 vedereved fmms therR SF1010-based
| | s. | ] . t BAD

v mISFHT P DR A Roe SHEEERB IR b g gTes o
PrQERLEY thifad)Olidt ROSlahéBhikeAMH REIG1icHESY and mobilization loci

from the RSF1010 plasmid. Other exemplary useful vectors include those described
in US Patent No. 4,680,264 to Puhler et al.

In other embodiments, an expression plasmid can be used as the expression
vector. In another embodiment, RSF1010 or a derivative thereof can be used as the
expression vector. In still another embodiment, pMYC1050 or a derivative thereof,
or pMYC1803 or a derivative thereof, can be used as the expression vector.

The Champion™ pET expression system provides a high level of protein
production. Expression is induced from the strong T7lac promoter. This system

takes advantage of the high activity and specificity of the bacteriophage T7 RNA



regul ated by the product of the araC gene. AraCis a
transcriptional regulator that forns a conplex with

wo 2@pabi’ebse. I n the absence of L-arabi nose, tPET/BsEE8/061683
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di mer bl ocks transcription. For maxi nmum

transcriptional activation two events are required:

(i) L-arabinose binds to Ar aB%l | owi ng transcription

to begin (ii.) The cAWMP activator protein (CAP)-cAW
cpoipherasbifords gl tevtheaﬂ@bwptmmbfshé guleaf egetsstn dihegaopperator

AraC to the correct .l ocation. he .omt er_r.egi g
Tivéies & g gressics feelySRanidst ietist egRUPe LR o iRLT ased
e¥ RN &3 SinPoviflg Elasﬁﬁ’d éta&[l%ﬁdrh%lltvﬁzﬁnlﬁ)t"que!‘)tudﬁ* énd BCA.

expr essi on vecétors have been os)tl m zed for expression

oMcéfdtta(ﬂ%ﬁ)llcl\@éméan Fiolegy d89(1):11ha01 Resepbergoetel. (1887 Gene

(%&8593%9 F o ER LR SR Ly Ealeht wiet B8 7 ikl PRGN
?81 yhRedse OPR RN AP) fRRHighlevd @diteiptioh of the deae an@B&
Brosius (1984) Cene 27(2): 161-72).111. Vir

Céhsh -tevek expegshion TAR bp aedernd in AV epresHon ﬁYﬂt?IE%Ee%aifsﬁhE 7
pﬁi{fﬁ% 1SM %rrhé/tﬁgcﬁ(/é B{E’l\{lla{lyég ol I@N%%dq@&ﬁbm{osthgf

ven &S A e aeld sequence o e capsid
Pt@hkiptibs of tlegehe df ntaest! Bepeayion df the ddentifisd géne can be

viruses classified as havin oS dr al hol
! inshanhy BIOVTBAOPIGE 61T RNAK S e pesietr ThsABYe:
I 58 lsﬁedng%gﬁh%b%q‘@t |Gl h@ﬁ%oﬁ?amlﬂgﬁ @hR¥mosbMia NS of the

In"o nts, the capsid protéin anino aci
SAYURNAPR gene The T2 RMNARgedais rmndd:reh@ e&pmqil opthstle¢ ¥ S promoter,
entities tha r a not er

e s ntge SygBRG IR R R s aisy ATk st
berash®el 8l JehoBT fh@egtapsid pr ot ei ns of icosahedral
viruses. |In one particular enbodinent, the capsid

pr ot ei AhamBAD aspressienipstearaliaws tightlyaoarplef, tirgibleexpression

t
C%&mﬁr e g R e e
f roiiBodé) gl fcefd Aad babindsé (Guitdn, bnzile(d@Bﬂ)JB Baoteplotays .
For exanple, in one enbodinent, the vijrus (s a viru

| r1f78(:1141) 442150 BB AD VEEIoET &F upiqughy,desigaed i gye pfecise control
Q/éf”‘&% LRlonEdetS Zﬁet@fe‘? E"%&gee%p%ssi%ﬁ'fﬁfn? He rﬁ&b%‘e@tors is

UAIFTS arrange cubic
N&lﬁﬂtl‘d&dlac ﬂﬁ&hreEAEI PrOAPE. d§hc pmnhﬁelbsj bbth pqsl,tlvﬁtb’l’and negatlvely

exanpl e W|th3$ub its formn ch trianqular fa
oeETHEbBY dhe POdSHOF M TACGOMEURERT R FOP ARl reefaor that
CGERheES gorﬁ?lgﬁ 'Vch IRERIHERRAL B th¥ @b&cd bf B- Mdsthhé AraC dimer
structure ., bacteriophage 0X174. Many

i ddeckis eﬂnairlpmlonu on:mpsmm;n transcriptional activation two events are
required: (i) L-arabinose binds to AraC allowing transcription to begin. (ii.) The
cAMP activator protein (CAP)-cAMP complex binds to the DNA and stimulates
binding of AraC to the correct location of the promoter region.

The trc expression system allows high-level, regulated expression in E. coli
from the trc promoter. The trc expression vectors have been optimized for
expression of eukaryotic genes in E. coli. The trc promoter is a strong hybrid
promoter derived from the tryptophane (#rp) and lactose (lac) promoters. It is
regulated by the lacO operator and the product of the laclQ gene (J. Brosius (1984)
Gene 27(2):161-72).



contain nore than 60 subunits. Many capsid proteins of
i cosahedral viruses contain an antiparallel,
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has a wedge-shaped bl ock with four beta strands
(designated BI DG on one si de3 nd four (designated

CHEF) on the other. There are”al so two conserved

al pha-hel i ces (designated A and B), one is between

bet aC and betaD, the other between betaE and bet aF.

Enuel o i exit an infected cell w thout

|{Hsi toﬁggalg%é%&?%z?tfggﬁ by extrusion (budding) of the

parti clhetphésonghvéhnneitiaeacpsiddiroteing detivehiromeviruses. In some

particle becones coated in a lipjd envel gpe der.i,ved
F cothoHerp hrarsPish pepiogcll seapcs el Hhe ayjdyprotein is

( c |
Pr%gfs%s d?{g’rﬁ‘@e g%? Bﬁotgﬁé & %&@%% g'itages‘r?ﬁ%g%ssﬂa)ﬁ 1@6@a;iedral
Encytphalpeyli Eeosthedfal mowgtyolceg&csamemde iqasawdyal pmrpier,sometric,
Caspar. (1980) « Q r and A.
K %31(11%%% %dgegb&}tﬁ g I—‘&’r“b’lﬁ% S%Bthewgm%i m, ﬁ‘tgi t%e capsid
2 BrdteinlaminGat R qRinc@ kan 6@1&3@66\@6&&& SPRiddptBieins of entities that
J. E Johnson 199% Proc. "l Acad. ScL USA 93:27; and
J.arg mmimdraépmpgr Ingp@th.er @mggch)neyt thgpgapsigipsptein amino acid

69: 665 Viru Vi al
£ o geh 5o REATG el st SRR RRaE R TRy . tnone
Garicullar ¥nibéBSent ) the capsid'lprodﬁlDMmd dcib egjuedeaian bklselected from
Viruses, i.e., the ssDNA viruses; Goup IIl| Vifruses,
i .the capskkprasRNQfjeqsakesisal pign yupey- Viaies in pocgher gopfiodiment,

Sstﬁaé\l'\af‘xrzgl-"c)apﬁh legﬁgerwcgﬁ%ﬁx? ?ﬁé&gaﬁkﬁ d@g’ﬁ*ﬁ B@Qiﬁfec%ﬁ’suh% F§)\{ams.

Viruses stranded VI ruses;
VIFo¥iek aigple, ini ore.embtodendi/the efmoiscth mmsusbstlowshp mharmnels

SSRNA revers nscr.i.bi Vi r G oup VI
e e, FEergptid P GodbedihT kv i saumcd el Rous
ErABRE! bl dis\UnaHE&Sin 1&%'&1?1&:&51&@%@) syirth&tfl SNatddicosahedral

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
small viral structure is, e.g., bacteriophage @X174. Many icosahedral virus capsids
contain more than 60 subunits. Many capsid proteins of icosahedral viruses contain
an antiparallel, eight-stranded beta-barrel folding motif. The motif has a
Wedge-shaped block with four beta strands (designated BIDG) on one side and four
(designated CHEF) on the other. There are also two conserved alpha-helices
(designated A and B), one is between betaC and betaD, the other between betaE and
betaF.

Enveloped viruses can exit an infected cell without its total destruction by
extrusion (budding) of the particle through the membrane, during which the particle
becomes coated in a lipid envelope derived from the cell membrane (See, e.g.: A.J.
Cann (ed.) (2001) Principles of Molecular Virology (Academic Press); A. Granoff
and R.G. Webster (eds.) (1999) Encyclopedia of Virology (Academic Press); D.L.D.
Caspar (1980) Biophys. J. 32:103; D.L.D. Caspar and A. Klug (1962) Cold Spring
Harbor Symp. Quant. Biol. 27:1; J. Grimes et al. (1988) Nature 395:470; J.E.



Satellite phages and Satellite viruses, excluding
Satellite nucleic acids and Prions. The am no acid
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the capsid proteins of any nmenbers of any of these
taxa. Am no acid sequences fo% capsid proteins of the
nmenbers of these taxa may be lbt ai ned from sources

includin but not limted to, on-lin

" Mmse%ﬁfﬁi&?@ Praehlsahiyad. gk Wél%'%'éﬁ‘éj JhRsqBiEids Speir (1997)
Chi PN P§6§E§‘5 PubMed search facility offered by the
at . ncbi . nl mni h.gov/entrez/

query.fcgi. In one enbodi nent, the capsid protein

am.no acid sequence wll be sel ected fromtaxa nenbers

t &5 e specific for at least one of the follow ng

hosts: i %xoh@ﬁ b FL RGBS fi)’lloﬁfll@g"tta)?a opérfé%sﬂzﬁed -particle

i ncl udi ng al gae, iInvertebrate animals, vertebrate

amennedss, and humans In one enbodi nent, the capsid

protein am uenc be. sel ected from
nmenbers of :[]gu&se g’g\a @iﬁphémt‘g?(a Group |,
Goup I'l, GE iﬂ‘l’n‘us@éqw thd/ssBINAQWRu¥ss; G oup VI I,
Vi r oi ds, and Satellite Viruses, In oneenbodl ment, the

capsi d pr ot éieup il Yoruses. des BuisROVA Wiriseshe sel ect ed
from memer %31% ?lﬂgs ?f %ﬁl:te%ﬁl\ﬁ\egﬁrhboﬁl&(&l \;1%55 %ﬁtg no DNA

specific for SEPIERSt oHe s e Si ve-descri
host types; In a nore specific enmbodinent, the capsid

protein am no acid sequence wl| be sele ted from
menber s of é?‘\f)?ubﬁ’evé'flse@%ﬁh? SR Supstianged apusgsy | v,

Goup VI I, r f
Goup |1, Group Ie\} és%? l\é lﬂ%,sﬁﬁA %g{devlq |Sté’sgw\}/9?ﬁ%rgssSRNA

In anotrhmrseettﬁmdnbragtvuusdse viral capsid proteinis

sel ected frag or u | . The.viral  capsi
protein seq ngt],qgg Q}ég}{u%esdb? i @8 E) I\Y‘é (ST‘H%}H Vi aiik WB{C% e §spNa
tropi ¢ LR {d@arkklibing hiu@le enbodi ment, the cell does

not include viral proteins fromthe part| cul ar

sel ect ed VI redtagirhgss; t han t he desired i cosahedr al
pr ot ei n. r;‘Qne enbqdi ment, the viral capsid can be
derlvedfro 10508 with a tropismto a different

famly of 0r%ll&"ﬂ]a%&amdtgh&lﬁte|v|1rusdsne)aﬂl<iﬁlﬂ§8atelhte nucleic acids
enbodi nent, the viral capsid can be derived froma

Vi rus vﬂnﬁil?f@nﬁropl smto a different genus of organisns

than thgCalih, aélﬁ SBORMPELS BERY ﬁ&gﬂtmn ?b\é' seRkte8 35 the

can be derived awrusvvl tropi to a

didaped @fﬁtelﬁpeﬁa@&nexfnbms @ﬁanys ofsthtdeanxd. hédmiwd 4cid beyuances for

speci fic enbodi nent, \(ll r al (:apS|b gan H% sel ect ed

f r(.‘épﬁlé PIQteins o tfhe@ Q}’t ese taxa may be obtained from sources,
including, but not limited to, e.g.: the on-line “Nucleotide” (Genbank), “Protein,”
and “Structure” sections of the PubMed search facility offered by the NCBI at
http://www.ncbi.nlm.nih.gov/entrez/ query.fcgi.

In one embodiment, the capsid protein amino acid sequence will be selected
from taxa members that are specific for at least one of the following hosts: fungi
including yeasts, plants, protists including algae, invertebrate animals, vertebrate
animals, and humans. In one embodiment, the capsid protein amino acid sequence

will be selected from members of any one of the following taxa: Group I, Group 11,

Group 111, Group IV, Group V, Group VII, Viroids, and Satellite Viruses. In one



hi one enbodi ment, the viral capsid is selected form
an icosahedral virus. The icosahedral virus can be
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Totiviridae, Dicistroviridae, Hepadnaviridae,
Togavi ridi ae, Pol yonaviridi ae,,Nodaviri dae,
Tectiviridae, Leviviridae, g%ow ri dae, Sipoviridae,

Nodavi ri dae, Pi cornoviri dae, rvoviridae,
Cambdinengdbe canstd BROIen HREO aérf@ esa%r@eMlﬁz)e\ﬁFka@é&Om Fpembers

o'? aﬁ%e%mﬁes%@% TR M hrat Ré&ﬁ&’ ence 1&%&%@% gt ed

from ers of any one o e taxa that are specific
f abowd-déserised lanetypkankn zhmste specifio ra:elb@dhmhtnhntapstdwgotem

i cosahedral plant. vjiru ies w|l

plFHEC PR SequeBers™ il %%5%%@&0 ey ne%lfef% gfe aryyoneof Grup fla Group

offr1, §R¥pAfv, [d16uBPVIY 8Nd Skl VERRQK! bf §88.any one of Group II, Group
Rhabdoviridae, "Lut eoviri dae, Nanoviri dae,

PaWt Groupi Vlldmd Sagelljtei Viresesad annﬁm;\i:mhoelaee,nt, the viral capsid

rmavir 0 rosis Vi Satellite,
et bl Resed ROR GNP T T SiRur Mo 7 e
SobenmoviteUssal dapihussield ﬂz@]ﬁend@rcaﬁib@ e ¢d fled al ViR .not fopic to
one enbodi nent the ico edral plant virus species is

a the eait -Inpne @mb@é@mt,rth%c@b@ms aet inghrdejviral protging fzom the

P é)q?mtula? selc e, R%eg)tlﬂgr t!h% g%vdesifgéﬁoséﬂ@gﬁgi,){o'tgﬁl.e In one

FViTF | quivi Tl
QuiiBodithéritSthe Tblagpoid Neg bo desved fiora aSatus Wiitt #tropism to a

SERHG0R Y OF AT i S B GRRSSH P apRiipetethe iyl capsid
SR&fbE 'd@rl%g’ﬁ’grfl EALE 'wﬁmﬂr&%%r{@ drfreBhAfthuy | bf amsms than the

species Is a plant Tnfectious virus species tha
orcells Ixaammhhe:mh@ﬁ;manythemmmp@dman o dervatlfeom a Vlrus ‘with a

Ge Co d Sob
O T T T —

e'ﬁ%@dirﬂ%‘ﬁ%ﬁd chiBe {gasaheema v1ﬁisaﬂ”(}rb5h}?1[1\‘3 species wll
i nfecti ous virus SpECIes t i s or is a

menber IofoneambOéﬁnetnhéh@mi\namlda?esel@mﬁefﬁﬁvlanu@sahedral virus.

BRSSO A PRy IO P i

i nfoemmdmDydzftmzﬁ&@cmpadﬁazatnda@ PogtRividiae, a#ozﬁdmwndme
Conoviridae or Bronoviridae famly. In _a particular

ebedsivitidae; Tearsirdaeelevéipdeqy Mlgrqygwqi%éwprwlﬂﬁ Nestgyaidae,
?hﬁmyr% dIS’ 9\)19929% RO TG N ddeCand § 4 11%6' Vruses.
ano er e nent

e vira cap3|d I's derive rom a
speci eslnaf partiel Breotwdimerd Ade segencd mand)easbactemfmm members of
enbodi rreﬁgmerthe capsi d | erived fro

arfx| ong tgxa thptarg SI},F&I Slah]é:F‘Sté’HB(? l ! %{ %Iléer glrslbo%iment
C 3tﬁ§ ﬁ&sﬁlﬁ:dﬁﬁ [rplaY@erﬂ‘lsr %1@5 FAPBE & Dl Eﬁ@i‘tldﬁ's "Vii‘ﬁs sl%&les that is, or
fa nosaic virus AW") (including AW 1 or
2)15 a\ﬁhﬂ?ﬂber of, any of the Bunyawrzdae Reoviridae, Rhabdoviridae, Luteovzrzdae
Nanoviridae, Partitiviridae, Sequiviridae, Tymoviridae, Ourmiavirus, Tobacco
Necrosis Virus Satellite, Caulimoviridae, Geminiviridae, Comoviridae, Sobemovirus,
Tombusviridae, or Bromoviridae taxa. In one embodiment, the icosahedral plant
virus species is a plant-infectious virus species that is, or is a member of, any of the
Luteoviridae, Nanoviridae, Partitiviridae, Sequiviridae, Tymoviridae, Qurmiavirus,
Tobacco Necrosis Virus Satellite, Caulimoviridae, Geminiviridae, Comoviridae,

Sobemovirus, Tombusviridae, or Bromoviridae taxa. In specific embodiments, the



The icosahedral viral capsid protein of the invention
is non-infective in the host cells described. In one

wepriodi48nt , a soluble virus-like particle ("\VREI/YSmw08/061683
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cage structure can be forned in the host cell during
or after expression of the vi gl capsid protein. In
one enbodi nent, the VLP or caée structure al so

i ncl udes t he proteln or peptid interest, and in a
_péﬁ(tsﬂ hedrad plagh s BH FRSAICS 1y fh%hb‘r‘é‘ eétlﬂ”‘otmﬁéﬁﬁ?lﬁﬁet fis, oris a

: %e%l%??of, aﬁg of Gfeeéac‘bﬁgné%h(?&? Hﬁﬁz@z?‘?]a?f&%n&m\ﬂi& S;I;Dénowrus
expressi gn system typi cal oes not contaln

adoribuonalaey ior Bropaotidan sIntrh(at: patticolur embediments, yheatosahedral

the virus. In a i cal enbodi ment, the expr.ession
PGl ticte &1 OR 8 SHon S A SEG ERAR CErfogember o,
f %5?2 SR o BdNd. KBberkARels AT ML Si-1ie 2B B0 PPRIAP 1Y other
d protein or peptide of interest. The vector
t ypibodinenty desicomhedmbplanter ing dpcm@maill kA # plantainéestiohsy virus

pr ot .the V| c structure
PP et SE S gl rQisiAe i fg jricular
f eapoliiaR, the vﬁﬁl%bma QOd&HvedBoen & EPKIpda MAERI Visus &S Cowpea
shown in FIGS. 2 and 3. In one embodiment, the VLP or
c &deorstie Matile ¥ifupc Irumhfatembeégtlemohe siral| capsid isderived from a
| east. 6 | east.

| fPEGies q etlrlea }é%modzzrrzr%cﬁet ta;% {y%%?lc e}l%%dgtﬁls ,rtg% ?é}%‘icﬂsr}ﬁnved
i ITﬁJnl}I d@ﬂaﬂhrﬁs%@%ﬁ Alﬁlﬁzoﬁ)&pﬁl K Ppycvthadther emiiodnaatstt thJ:G:@ps1d is
at least 170, or at |east 180 ca?3|d proteins.ln
o lsEis o a Toacen proak vexprsAalamostic VipsanMY ) (ncluding
stAMQ,t PBPAM@Z?”M her enbodi ment, the VLP is expressed

the sane geonetry as that frontmhlch the native
V|rus that the capsid sequence is derived. In a
ate enbodi nent, however, the VLP does not have
| dentical geonetry of the native virus. In certain

enbodl nﬁﬁtléosaﬁ&frale\?imﬁtﬁid bidgei bf theliedtibs iMRdMERAVE I the
a particle formed of nultiple capsids, but not form ng

a hmt gelle dt:w@ed/m orecﬁm@xianmtea selublagerusdike petticle GVLES) or

w as 3 viral o t
er‘ﬁ%%?‘j StICIUTE caté 3‘@ g&g}eg R fhegleog{sc PJL%Elgtor éﬂe%&%?és@l ?té)f the viral
1&ap@d protéin. I on3OmbSBmedE the3OLP 42 cageSstruéire 8ldo irfedudes the
57, or 60 capsids can be fornmed. In one enbodi nent, at

| queieineentide pleinteasss ad in aparticyler grPpdigienhthg protgin ghReptide
pr o}

G- BBt LOKBESPIn 3 D8R RIS enf Bl
| rdoes nad colnt}mp adl:htmmal airal paeinsaha aﬁmWenfcatlvmuoif the ern’umobm a

of the VLP. . In certain enbodi rrentls hos (e can
béy% |e1ni1 npgnt %FB%SS&%WIHC ude ost cell and a vector that

codes for one or more viral capsid proteins and an operably linked protein or peptide

of interest. The vector typically does not include additional viral assembly proteins.
In one embodiment, the VLP or cage structure is a multimeric assembly of
capsid proteins, including from three to about 200 or more capsid proteins, as shown
in FIGS. 2 and 3. In one embodiment, the VLP or cage structure includes at least 30,
at least 50, at least 60, at least 90 or at least 120 capsid proteins. In another
embodiment, each VLP or cage structure includes at least 150 capsid proteins, at

least 160, at least 170, or at least 180 capsid proteins.



of the VLP. The host cell can be nodified, for
exanpl e, to include chaperone proteins that pronote

W b@opot7emt i on of VLPs from expressed viral capsi/us2008/061683
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anot her enbodi ment, the host cell can be nodified to
include a repressor protein t34nnre efficiently

regul ate the expression of thé“capsid protein to
pronote regulated formation of the VLPs, The nucleic

aci d séq@enc@be@mt wee VhE ivExpipssedpsinicprabediahstgicture. In

P8 SR Ean, A28 AIEL LI RTA) IO LS8, from which

( Zﬁ)@ﬂﬁtwl: vifas fhat Vid @bsil 3equdfbe ilsQﬁ&)/ed Fora epanpl @nbddimes:,
general classes of nodification are nost typically

gaweicaeieder BEP fpek 1ofibAYe e plakistlaremsHY o Hled?élé%}rys
Trk%ﬁgm%odﬁxﬁé{té Q&Sexaa tlt% &5 ﬁﬂﬁﬁr eﬁ%&l%edtuli‘g gartlcle formed of

interior erior, einte et ween adj acent

S uhwultiplescapsids, ibat msienimhgd ratie¢-ejpe ok eForTaxampbn lamlagésttructure
this, nutagenic priners can b sed to: f‘é‘? alter

i if@s for asdrrakePyids FYEPOIOTRR YeRpTE démS‘&‘?ocage Structures

b'Jf%G&cf 999N 5ys apbacizngo, %SBG Je2b deag (%1 84, 5Kor 60
R thé N termnus wth’acidic glutam ¢ acids

(E&apgﬂasarebeiiwkmﬁzd 2002b) (ii) delete interior residues
fromt N t erm nus resi due

CC\WV, | | -37);
(iii) i é)é‘Ftemé? é‘[fﬁ&té'\ﬁﬂe&ati% Oﬁﬁ%‘?apgﬁpﬁgteﬁl&l %éles aaeaSt one
p rYREPSH (491i8€bt mtcdésetd fik SRTBIRRER, ﬁl@p@(ﬁteﬁtor@)‘epmde is
1987) into a surface exposed | oop; and (iv) nodif

i reereasad witkinseleagtamevitemial g ORIt & 1past ane eytergl &Uﬁféce loop of

[1 :Y}?J nding sites (in CCW, residues 81/148
mits When the VLPs of the present invention may

conpri sig certhirengdithétslth/h@e tely eardtgembdifiet &y impypvahsembly
be used to treat disorders jn a _human or ani gl

padfiteyy LPTrihs hoptell cpp be H%Odiﬁﬂ?i‘e £RTi S¥AMP “b’é‘cg‘g% ghangFone
L;@%ﬁd}%ﬂ LGRS e R m%&%ﬂem frofh aﬁm@e@ﬁrﬁ%ﬁ@&s In

Ient r|3|ngamn|ster|n patient an
ef dredter embadiment, thd hodk Bsll ofn hemaothleé éninclude @meprossor pidkein to

i Mmunogeni ¢ i ons or ktails" can al s
uoBreed e hiee i e SFRghion SBF e Fp R ORRG o regulated
Prt8sddn/ér BE Vi ipgr apeutical I'y beneficial inmmune

response agai nst a nultidude of infectious agents. |V.

Rec onbi Hlaguudet ggidpequence ¢neoding teriiselicapsid prateia or proteins can
es ot el e I

o8t Sl S L RIGOAY LR Yh050. .o

anzgt (ev4eNiang Vel 85t1be9—FlfOSB)3I e exampip thirelegen@rat chises of

| east three, at |east four, at |east five, or at |east

si sogdificaidon are most typically generated for modifying VLP expression and
assembly. These modifications are designed to alter the interior, exterior, or the
interface between adjacent subunits in the assembled protein cage. To accomplish
this, mutagenic primers can be used to: (i) alter the interior surface charge of the
viral nucleic acid binding region by replacing basic residues (e.g., K, R) in the N
terminus with acidic glutamic acids (Douglas et al., 2002b); (ii) delete interior
residues from the N terminus (in CCMV, usually residues 4-37); (iii) insert a cDNA
encoding an 11 amino acid polypeptide cell-targeting sequence (Graf et al., 1987)

into a surface exposed loop; and (iv) modify interactions between viral subunits by

altering the metal binding sites (in CCMV, residues 81/148 mutant).



acids in length. In a separate enbodi nent, the
proteins or peptides are at |east seven am no acids

WO 0099/014TB2 protei ns or peptides can al so be atPCEHES2008/061683
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eight, at least nine, at least ten, at least 11, 12,
13, 14, 15, 16, 17, 18, 19, ﬁg 30, 45, 50, 60, 65,
75, 85, 95, 96, 99 or nore a '%o acids long. In one
enmbodi nent, the proteins or peptides encoded are at
| east X%k the VIdhef drbodient ftventi¢rempy eempriseot theepentdally

Il. conta f
b byt B oh A R bouitEas st i B il ooy Phien:.
aninng, (A€ Pf&ent PivealON EarPbd @seaPoUtealind adiNen (ﬂf(‘dlﬂﬁder(iﬁ a human
about o about 100 amino acids. In another

e mbamnnaé patient Rempriging pAMBHSt s fodke pYitaPhEtedtiymansyat of
ut 14 acids, or fromabout 10 to about
]% rﬁ%ﬁ% %rgseéls mv@np$ ¥ .

om about 10 to about 100 am no

aCI ds. VIp pheuesdeail prepiratidier peqikiades car alps bt asedso administer
operably linked to a viral capsid sequ%gce Wl
c @rwrw Lo Vagsingtihadoveker AGTaEste or Kheraneab giphigpune

ﬁ&t#q?lsgﬁn‘hl d&ne%t%ﬂhf S5 hhaHs. 500 ami no acids. In

not e pepti e can contain up to
about 300 an1no acids, or up to about 250, or up to

ahout to about 180, or up to about 160, or
ugVt o i?fﬁ?f]{n% ¥PIANYES about 140, or up to about

120 Ol bRe Eﬁ’lb@g’i%gnt O cp@irdeéJQr ﬁr@teﬁbﬁl’d&ﬁs]%ralﬂ’i liHked (® a viral
about 90, or up to ab ou? or(;s to about 70, or up

t G:aprd) B¢quedce amtaip at loas b‘@g pn@@o a Jp appthabhernbodimen; the

an1n . :
- BeoRsh AaAte e SR te R e deRl o foRTRLTRRG sy i ast six amino
CaRfdsGn RGHL I 1A aGaparBR eAtbddaasit, the padteine aﬁpep&,deﬁﬁre at least seven
l east, 9, at least 10, at | east 12, at |east 15, at

| eamino 20ids long| dR§Mraisins gF persies capalsgpe ptdgast eight, agleast nine, at
| qgas%te at 1@{“}1?315} g*s 4,@? J[ce%§t18§g9 2, 3be@§tso5§@, &t 75, 85, 95,
., a 85, at

gast eéast ["east

| €65 D9 9B mod athmoSicid QongorIname Iemdlrﬂﬁiﬂ, therpruteincogseptitles
one enbodi nent qf the present invention, the
r sosoddanat lsat ¢pkBt i de contains at | east one nononer

of a degige Qn{}])e B S&dnt Rﬁ@hfoq&n ot e;ﬁﬂie&u/ﬁl%ﬁt%iﬂ §6m 2 to about 300

enbodi nent, reconbl hant po ypeptl de contains nore
t hamno laeldsrmncahwt Soto ahouteZi0rameind arigetor pbputi e, abput 200 amino

cert g nt ol ypep ti,de 0 d of at

COLR B RS B 15) S RRREBLR U SRAPSa gl 1

| eaBthed Qmﬁs&ﬁ{eat Qh@m&r@bls}t)éﬂﬁ@& c6@Bink EroRP o 1§ té Abvued40

as a concataneric peptide to the capsid protein. In

araine jacids, or from about 10 to about 120 amino acids, or from about 10 to about
100 amino acids.

In one embodiment, the peptides or proteins operably linked to a viral capsid
sequence will contain about 500 amino acids. In another embodiment, the peptide
will contain less than 500 amino acids. In yet another embodiment, the peptide can
contain up to about 300 amino acids, or up to about 250, or up to about 200, or up to
about 180, or up to about 160, or up to about 150, or up to about 140, or up to about
120, or up to about 110, or up to about 100, or up to about 90, or up to about 80, or
up to about 70, or up to about 60, or up to about 50, or up to about 40 or up to about

30 amino acids.



enbodi nent, the individual nononmers in the
concataneric peptide can be |inked by cleavable |inker

WO e@honss2 I n still anot her enbodi nent, the recP@bUR20$/061683
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pol ypeptide can be inserted into at |east one surface

| oop of the icosahedral virus-like particle. In one
embodi ment, at |east one monoABr can be inserted in a
surface |l oop of the virus-like particle. The proteins

or peptlhdes embodintest, ¢lst rettrabinantepdl ypeptide fusedheo thieriedsahedral

capsi. ratei ns can a.heteroglo S protein that.,4s
CaEbupah S B fitRe?d RUSRL RGOSR To i aftR] 1.3 east
nats glakdsy g, 4 1M 19)81 RAUTBOSRAEASE S5 A 14a0€4( @t least HIFEat least 50,
proteins or peptides of interest that are fused to the

viat blastc¥bpsi Idagh 001 ailenst 6ant kvest FupclenssBal atpesst Pas least 99, or at
stru al . peptj des; antigenic peptides, toxic
péﬁﬁsf&(g(g?mﬁﬁtq% Scrobi al pepti des, fragments thereof;

pr ecur 9Qlse th®be&@ient 60MBipRathinsertionathy réfonibigant polypeptide

foregoi ng; and/or concatanmers of any of the foregoing.

| FoBaEnsaiRgsl oRsrRonamar o8 a gedishiargehpemide o i a plgernative

re i t ' i . j '

SRIPE: R R otRERE ForkBerfide 8hARR horE JRERYARpomer of a
peaRbiréleGrden peptidie, Tibuérteam emhodintentsi thecpol ypepeadgis:composed of at

bi o-active peptides (i.e., tides that exert,
clIFis £70.65 1B e ufe 8t 10e8745T 5% HaShld e g monomers tha can
gw&g&gg&gﬁ?ﬁnkeﬁra l,QRgEL A c ALPRR ¥R HeQpsill BEdIEAATL @Rother

lon of a biological function or activity in
orentfodaméntothe gidiaidugdnnénomere ingthe camcatanyeriv papfide e4n be linked by
cul.ture tissue, organ., or organelle): catalytic .
e ks B S  RBRR L B bl fpupotoenic
Pefahibd8ssefted thto aPRRNt iofle SurfdtatiodP6Mme ok alidr2 REuHERE pkticle. In
m cro- or nano-structures in which, or in conjunction

wi arie epttiodimenthasyeasepieonaneineraenibgiinsgrted inya surfageilegp of the
ener gy..transduction);and stinulant peptides (e.g.,
péﬁ?ﬁ&gﬂﬂp 3%?ings, col orants, odorants, pheronones,

at t r act By Srotefiat @Ipepiides of ameresethel drafiissd to Bieoriattdpsie proteins
peptides include, but are not limted to,

[ . e.g.: .
i nerrhsadietsralogayt prakedn (hat iy not defiveddrine threyirusdad, optionally, that
al. . ! . . (s, i
B e T
pethhi e Suseé tgthe vimptdpdel protemsoes bec furmkiond pepadas; structural
neurotransnmitters;. receptors;, agoni st and antagaqni st
GBS SRt (o0F BET 1965 e eR PLPABHES TEeents
PEREIAE Drecudddtls theRof;Hahibidions BERly siaRe (Regbing;lafdioe
bi oci dal’, or biostatic peptides, such as peptide )
t osdnastasech ofrangy of medbt@piqge F}{l jode gx)l_bodiment of the present invention,

the recombinant polypeptide 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
activity in or of a biological entity, e.g., an organism, cell, culture, tissue, organ, or
organelle); catalytic peptides; microstructure- and nanostructure-active peptides (i.e.,
peptides that form part of engineered micro- or nano-structures in which, or in

conjunction with which, they perform an activity, e.g., motion, energy transduction);



Structural peptides include, but are not limted to,
e.g.:. peptide aptaners; folding peptides (e.qg.,

wW@epviotes2 pronoting or inducing formation or rRCENS10081061683
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of a physical conformation in another nol ecul e);

adhesi on-pronoti ng peptides (e.g., adhesive peptides,
cel | -adhesi on-pronoti ng pept r?ties) i nterfacial

peptides (e.g., peptide surfactants and emnulsifiers);
narmlrmsxtxﬂmtpuptedea rtid en anpsterflayotings, aplorintse ederaals, pheromones,
pept i desé:g‘t . uctlgﬂg peptides that form part of
et BRI RS et HTeRtSo an ’fepﬁ Vst ructures): and

pre- aCBioVéétin@)epﬁﬁtshﬁ’&tﬁde( Butare nbE@dREd PPk di@sm@ioactive
pre-, pro-, pre-pro-proteins and -pepti des,

| prpidese.g. @mr:w ipeptdsst dlksegeniciedptides, peptle; imgpynogegulators,

gt aaeh ot Bl NERRRR] sRRR 1E8Re bR Epbhcstes.

pﬁéﬁtl‘d@ B5rRdneI SPAGHiAES altid AABCRAR AN S asepiorp| a@phisType 1
ri bosone-inactivatin pept| des; viral cat aI ytic

pgpugm epiatrsaRa RIS (BRINEGH SSFHEHoRUEH dPRilsel and
v {oglfsqlobtr e%’ﬁhesc(% p% t}gu' ChiBERAY, g?bmﬂ?ﬁé F%}tldes such as peptide

BiPhase es; and cat
ﬁﬂix@isla&dahug@@elmh] p@sldes)The pr ote| n or pept| de can

al so be a peptide s
oL 8 e o R e 80 6 RE P8 pramers

p de§ b R&titeRtih@lReng formation or retention of a
hgoqglltng?égtl %fge?é%{égt :pdes 1ant |1bodyg| él)l otypic

dphmnm portfehhatmmnh anethprezppledels} aémsllcglemoéﬂqmmptldes (e.g.,
proti st ant, fun

PR bR e Rt R Petiss e

?éﬁﬂﬁ' shiifaéiAsts BEPEMERHers)T hcrPsiicaird afd n@eptructerecadhitectural

. peptide i munoregul ators or i mmunonodul ators

(ecgpides (iret ,Gﬂtlﬁléiumlspepqlcﬂqséhatégm Rt ohenginggeed micro- or
deR b
pglgrlfqn gtgg ss)s & ére%@ﬁvét%%ﬁﬁanﬁl@go 3&%? %gpti%i@f BFtbrc20h MY, and

I es

apfd- m%ofehﬁgaﬂiﬂnp@tﬁlasi iaens).ructs, e.g., Si ngI e chain

Fv nol ecul es; _anti bod Ilght chai e ules ntlbodX

heavy SatalytiRansides we! I dg vt ﬁpaén%%a Cﬁﬂ’c‘g pYifhng degmqinase
néy%n%%@?éyﬁldﬁscw Qﬁtanﬁh}ﬂgthﬁ/ﬁ? Wi‘it}ﬁbt?s@g 'c%%}ync Cg:clptldes of

CIaléparﬁdthkﬂn,sczﬁbam@Dﬁ&es pziantHF?@e(IDMsﬁmg mlmmmmg peptldes viral

D e reRl i sulEpt e AP RL PiBBr MiRar MRy 2%
C%Ia alﬁfé%?ﬁ@e &SP hifalld ?Rﬁéhéb% peb@&ﬁpﬁﬁﬂ calggarent s;

ti-tu necrosi s factor peptides). The protein or
pemttaltteolmgmepﬂl@@ be an enzyms substrate peptide or an

enzy e il i pR5RA 8 % B a pGRRBEHRapRR oS/ BB Rfles
(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 protein or peptide can also be: peptide immunoregulators or
immunomodulators (e.g., interferons, interleukins, peptide immunodepressants and

immunopotentiators); an antibody peptides (e.g., single chain antibodies; single

chain antibody fragments and constructs, e.g., single chain Fv molecules; antibody



protein kinase substrates and inhibitors,
fl uorescence-resonance-energy transfer-peptide enzyne

wWaewst482s). The protein or peptide can al So PET/U82008/061683
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cell surface receptor peptide |ligand, agonist, and
antagoni st (e.g., caeruleins, dynorphins, orexins,
pituitary adenylate cyclase aé ivating peptides, tunor
necrosi s factor peptides; synthetic peptide, |

adioht dasn makgulshteaibpdshegyy chaipaprlpadesh é@%ﬁélf'?%efbamlbody
erl‘lgﬁg he?wy Qﬁz{lﬁ?x{ol&%}es ﬂggléléhfﬁﬁ hﬁ@oﬂ%&%ﬁﬁ?a d molecules, e.g., a
ng,” €.g.: amny angi ot ensi rady I nins,

caligl, t@mi Bsc:HeaCHiwqemm AtHCM 1 PELy OPRA} oide]-CDR1-FR2 domain;
casonorphlns chol ec stoklnlns % |cotrop|ns and
C@lafqt%{: p@fmdﬁs,r@cma@ ﬁst i :a}_pgher rdiRg RYRUAE(§-8n Peptide aptamers,

or y%%: ﬁulafaﬂgp&@lmupﬁce %ﬁ&lh}?x] I | Cf&eét ©PAaLIBSts: anti-tumor

opol e exen | nufati1 ng
haicomne §actgqbe@ndm§ Tgagmtemsu‘ pghtideagonisodedn enzyme substrate

gl ucagon-Ii ke pep Q ot r opi ns, growt nes
DGR 4% 5P D PR € e bPAIE U Ry A PATEIES,
r;ﬁ&ﬂeﬂlskmzks'eg%srt%s%nh%ﬂl@iﬁ%§ ﬂddﬂés@bﬁﬂezﬂewaﬁ&r BRNES |

anocyte stimulating hornones, nel atonins,
naan@b@mMukgepWMd@@mun@ﬁ}okinins neur onedi ns,
noci ce ost eacal ci ns to [
ocyt oc P#{*f) br&ﬂ’ %ty 4 @%%?Oorr%é/n easCel ugfa 5% ?ecp?]mr geptlde ligand,
Prbact, hhé antﬁg’érﬁéﬂ(@ §,, caale@is| @ﬁlorﬁﬁﬁab@émm pituitary adenylate
sleeg I nduci ng pept i des, sonatonedlns t hy HDPOIetIn
t Hyclopdadiiviaring aemtﬁigs HemabRrsEosIs Fgiop PeRsisiepssynthetic peptide ligands,

ur Otogﬂtss a ar;@gso%?s?sg,p%/ ? &JtﬂE %ﬁiﬂ&&?el R, %‘dgfr?ne paracrlne and

preSS|n I ne, cheno
Vi du@i’driﬁe hoaneéhey] incladingpe.gh Oarmljdnﬁ aredi @ ensdimg baidgikmms calcitonins,
rel ease-inhibiting peptlde (e

cdiafdlew%@rhn?lgp%lﬁ% gs c@g‘ﬁfysécelg{qnﬁ,scomcotropms and
foldri & I%Pﬁ{qu&&@é )})@lﬁe@ Qﬁﬂ?&@ﬁl&&i%h@@&bﬂggerfcﬁ%ﬂﬁss endothelins,

gastric pepti des, gastrin releasing
peqmﬂcepleﬁms,gﬁwythdprre@ps,rexmdleaefomlemmm hagmowes galanins,

hor nbne releaS|n or non

noFhBHe: FErERD g Ao fRna ke spfidiso b fisiPoniat gy ipgrormones
Ewih 1XBloA) lsLRM, RaNi@iR aki@idsNieblhd, lh@@tr(ﬁ;ﬁ@h@frﬁones

noc atins, pancreastatlns prol acti nrel easi ng

pe]ptelnd@@g hprrnbla?ét mnlaﬂ@mggnmlﬁhn&h@mef deelatogins, natriuretic

soma statin n e

RO ThlrPBoyin e PO pERAT doFlcBAR B SRpIANe Bhyofins e,
b%@&wlm pat@hjronEirdaesy plalarophisnpiokssing ublak msceecie)ins,
a peptide toxin, toxin precursor peptide, or toxjn

pe@tf@ts@mbmeipdﬁ uqing RPiflgs, AOBAREHENtyMoROISHRY. goid
tog% &gc g@so tlgfsr@t% s, AfdtBsins| oégoactwe%&@&@an eptides,

pep e that contain no D-am no ac
anddsopret;shﬁ) hmpelda eytokencleomkand, gdokipe, and viroceptor hormone

ot 132?11 %fldg%gl gllnfé p(ég té;:ogcglt,lnctggtl%ftr%%}d Pé?easmg hormones,

cortistatins, folhcle—stlmulatmg -hormone-releasing factors, gastric inhibitory
peptides, gastrin releasing peptides, gonadotropin-releasing hormones, growth
hormone releasing hormones, luteinizing hormone-releasing hormones,
melanotropin-releasing hormones, melanotropin-release inhibiting factors;
nocistatins, pancreastatins, prolactinreleasing peptides, prolactin release-inhibiting

factors; somatostatins; thyrotropin releasing hormones); a peptide neurotransmitter



a D configuration inducing agent (e.g., a peptide
i sonerase(s) or epineras(e) or racemase(s) or

W cansattBhase(s)) that is capable of introduci PQI/ES2008/061683
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D-configuration in an am no acid(s) and/ or by action

of a cyclizing agent (e.g., ﬁeptlde t hi oest erase, or

a peptide |igase such as a tré s-splicing protein or
intein) that is capable of forma cyclic peptide

stor ukxamaleblom@x (g pbpmbd@mp acwlpmldé% nigerofgeing | wéatﬂn@rl’) a

Qrtion

pé’ﬁPtﬂ‘{? toé’éln Oéi“h?’% &urts%wcﬁg 8 I?)fa?rpfl 39&1(% Stgp Tt ?8 s
| Re{HeERners, 8 pep@@RioRN dbhitaid RS DXnfiSo acildar Tbﬂﬁtp@eﬁuﬁﬁ)r peptides
chl orot oxi ns, conotoxins, dendrotoxins, insectotoxins,
m@ﬂ@ he thosnhat pereinge| D-agdep agith 2d/erghpdprs aegidbeen converted by

o(s)tréljagsﬁat1ona[ %f()ﬁtf %Qr? Irlllé(? Q g UCtlbg{I:rTl] S?Ilgﬁﬁ%ﬁéé)tsggil %?]t g% action of
t XD B6nfigurgtidnehandisg hgeok (Sg., T heptitiedta@narase(s) pe ppintheast@ror
al so be: a netabolism__and dlgestlgn rel at ed '

e tide . .
( éaQ}maS%(ﬁbPréé%i@%maﬁ?(ﬁD Bt &y @83y Ri0 ”’;S@&P?lagé g%"jfwéﬂon n
YY, bl 4 '
rsn RS AEBG) SnffEP by d6on T4 L Pk apBiE, aRPAR Blhesterase,
pephipdptidelighse sadhmsi tams-spBtieg pratsip or antein) they js capable of form a
neur opr ot ect ant or nyelination-pronoti ng peptide; an

agyFigRRRtgR SIS t ory peptide (e.g., cell or platel et
aggr egafd;anpd r??f(’i'ekfbbhﬁfns REPbE BRIinedNoH e Ly él@feﬂ@llg@ﬂaﬁ@ﬂ
deposition | bi't or peptides); a joining peptid

( epody- pem@emommpapthwwmna eaKiap dptanides, ofupgatlde toxins

L b0 B DS R PR LG RE B RIS, ESicioxins,

baRadioed a4 thse@plox R Smat@tdxifme frﬁi@t&iﬂl&ie@ﬂzﬂhlaﬂﬁg peptides, saporins,
conant oki ns, contry §Jhans cont ul aki ns, nyelin basic

preraotaxingnddRiEriah exof oK iReTCh A CerASTHE fXdns, ppwlism toxins,

pr 0 P rest can be exogenous to the
(f@%b&3u5x§§]&%§§%§ ec)?Ion;geln Pepti des may be either

nat I ve The msmm@tpapuda caeaismhc:ea frertholisrei andodigéstign-related

sequences nay be ejther native.or s) thetl nucl eoti de

s RFREAE Eag-: CIPIRFYSOKIIN-BIGHAZEMINMBEAUFES: PIBYS Y gpancreatic
gﬁégﬁﬁcs RO b e Xdlﬁa%fdnfﬂ](?dlﬁitm%‘;‘{ﬂmﬁl Cifepﬁﬁ@,@ﬁtracellular

aci ds are enconpassed. The sequences of t nucl ei c

acxhatrmqjepndd e anibodling gelmeselaannm@) a@pdrosmwwé@s

I|ke be. na nmodi f i ednat

LT IEaR e el Degsseaaar i fropghere g bell o

I eibtelet @ are @2tin inlBROIepiBESS aﬁ@ldl@fb&}naﬁbn badRition inhibitor

mut at i on"and/ or reconbi nati on and/ or synthesi s and/ or,

s epaptitlesora jeening pepsids| (ege gardiovasculajpinintgdnayyonsgHass. iga joining

A0S }Qs)t & aor%s%éﬁ]anelags peptide (e.g., agouti-related peptides, amyloid peptides,

bone-related peptides, cell-permeable peptides, conantokins, contryphans,
contulakins, myelin basic protein, and others).

In certain embodiments, the protein or peptide of interest can be exogenous
to the selected viral capsid protein. Peptides may be either native or synthetic in
sequence (and their coding sequences may be either native or synthetic nucleotide
sequences). Thus, for example, native, modified native, and entirely artificial
sequences of amino acids are encompassed. The sequences of the nucleic acid

molecules encoding these amino acid sequences likewise may be native, modified



nucl ei ¢ acid nol ecul es. The codi ng sequence can be a
native codi ng sequence for the target pol ypeptide, if

waeavloatBz, but will nore typically be a codi nBCT/US2008/061683
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sequence that has been selected, inproved, or

optim zed for use in the selegbed expr essi on host

cell: for exanple, by synthesizing the gene to refl ect
the codon use preference of. a host species
erTGHEPABRELSTY THECThORRTE GO EHE oS g By bedhy St of c..
P. dnk WP HR3E ERna ARGl d¥en GRERONRLEHEI&BEMIMjon and/or synthesis
P.fluorescens Is taken into account when desi gni ng
bcnnki/dr helegtigmatthed quptnyed éirg, appbedbpbheinan ogenogpta ah¢ain the
se nce 4 g nic Peptides In one enbodi nent, an

Enfe Bg%F & is produced through expression wth

a VI r al THeARirD RERE Ran BOE naiNd @RIN Lseatick d6r 1 farb&

sel ected fromthose that are antigenic peptides of
huredypeptidant awamlalpJQIMQ*eH ingore gemieadly terpegadérignigquence that has been
|nf ous_agent ar c r I

e oisent o agehp Cor &Rt iR JERREEg Bl Py A Pl for

t hexaitipld)b@ rsmhésaﬁhg) fte g’kﬂd tpaflooghe 6<Sd(ﬁl sapreferenéeofta host
exot oxi ns, endotoxins, et al.) of those agents. The
paﬂpﬁ@g% nincong gamod ey of thsiiBYntighythe BO% Spwew - deeescens,

- dnd’ éhé Q&%nrﬁé(fe}%?me gf B Jluo\ﬁz{c%fﬂ ttakeﬁ\{ht()lﬁlc&mm w. gn dem%nmg

pseu vi rul‘ent, ent. In one enbo
t Hevtlatitel sigarai anpeMel aahd tleaprotadm bapeptidn sepiehopi ¢ am no

aci d sequence fromthe pathogenic agent(s). In another
enbodi nent, the epitopic am no acid sequence can

| ngludeiapegast a portion of a surface protein or
pepti"de of "at | east one such agent. In one enbodi nent,
t he capbl @epnmoélmm&mmgﬂanpewwlﬁi emdud@d ﬁhn@gh@anrd@@on

Vo B A i Seaneielrine pvaeqky B o8Pk EAloR pose that are

V\‘Hrﬁllgeﬁ@%éptlde@ of heskh bi AImMYLPRhegmiPigRasNinciididd ipfetious
di fferent antigenic fe ptides. In a particul ar

endgstisnpaiesies, canegilcellpland aier pethpgenifstentie Sush pathogeHe agents
vapl o ‘ﬁ% %Wl#@\%ll? c@%’%& Gnd ﬁe%ogﬁ‘?ﬁlfg&&&g %E ?%t?)ﬁmg,

Iura romthe sa ogeni c

paffridbmxh@t etedth oflthoea higeafs. &l ha{iathogamt:iagank mage:mhibﬂiany level of
format, the various antigenic peptides sel ect

al Yirg@ncgel @ ey Ry O aepl iHaNG pYrgente PP ylwﬁqnatasg
PalRAARRIG 2 EHeSemgd?iﬁm%afﬁﬁlaﬁtlgérﬁé BERRE cih E&MBRran IPItOpIC

sSubspecl es, I ovars, pat ovars, sSserovars, oOr genovars

fmhheasah&q&nseﬁwslﬁm[ﬂﬁbgeneagﬂs®éckssmdﬁrBhbogmmmnthe

egpliltsopic amino acid sequence can include at least a portion of a surface protein or
peptide of at least one such agent. In one embodiment, the capsid
protein-recombinant polypeptide VLPs can be used as a vaccine in a human or
animal application.

More than one antigenic peptide may be selected, in which case, the resulting

VLPs can present multiple different antigenic peptides. In a particular embodiment
of a multiple antigenic peptide format, the various antigenic peptides can be selected
from a plurality of or from the same pathogenic agent. In a particular embodiment

of a multi-antigenic-peptide format, the various antigenic peptides selected can all

be selected from a plurality of closely related pathogenic agents, for example,



In one enbodi nent, the pathogenic agent(s) can bel ong
to at |l east one of the foll ow ng groups: Bacteria and

woR@oplasa agents including, but not |imted PQI/US2008/061683
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pat hogeni c: Bacillus spp., e.g., Bacillus anthracis;

Bartonella spp., e.g., B. quintana; Brucella spp.;

Bur khol deri a spp., e.g., B. pSeudonall ei;

Campy!l obact er spp d ostridium spp., e.g., C tetani,

C differend strains s@@mceetsl, blogprpz paﬂ@ovgrs s@oVisBran@engvars of the same
ds\égmgsEm (Jd*fsrggp sgaetxﬁﬁf)g?h’e sane %I[ugsa Ent er obact er Spp-

ococcus spp., e.g., E.faecalis,

E. f aeCitiine Eﬁfbb@ll’nhdﬁhltﬁe S@Rogent: @ent(ﬁ ca@ (ble]ong to at least one of the
Franci sell a spp., e. F. tularensis; Haenophilu

sgpllowimegrouns: Baﬁfelrlaé\ﬁé %ycomaé%.aé?l}t&l@bﬁlm& Ubnotsfmmed to,
PR r(r)%?lln%e Ba%l?lgt é g égapdlus !1 Cﬁt ég"i.s' BarPRella ﬁg}g, e.g.,LB.

noc ogenes; HOCOCCI
Nejusisetid;Brapdlia sphh r]ﬁxl@idl@r&mpp,, edy,dd kpaezzckvmalim fpmp,ylobacter

e.g., M leprae, M tubercul Pneunococci , g
D%p@é%@%ﬁgluwngrg tetpgblggzﬂ{yﬁggm gﬁxze %SRP-, e$, C! burnetii,

raSi2n sgg Cé‘% ﬁsﬂaﬁldas Wzteroﬁacgen spp, e, %’N%Z'o%z'ébé Erferococcus
r|c ettsii, Sal nonel aspp,eg,S. typhi;

St@phylgad.bg%an:shs@ Jaecaung,. Esc@erlcahn au)g, .5t g@ﬂz@fmlm Spp.»

| udi.ng, Group. A St rept and
STl o GHEr T oL R s o 2 Al .. c.2. K.
St ﬁrl%mngﬂ%@eéeg%%ﬂa sppk aBkdran sppR- e;g \ﬂ Bidrdcstbfenes;IMeningococci
V.” chol erae; "and Yersinia spp., €.9 F. pestis, Y.

e rner@omichedicng. Namgqm Pivd M(@ra@@lloasg@nti\é;wh@«rtaﬂ@n SpRy -8, M.

arlg@nﬂgh\/}r egcgtgosm EP %%ygggs Iﬁwogg&%r &)ﬁgﬁ?%)uae Pseudomonas

degppateidi 2. ia%rugﬁ;@(ﬂdt R&‘k&ﬁk@a SPIe- egg R@roahbakﬁaﬂsnckettsu, R. typhi,
Cl adospori um spp.; Cocci di odes sp gn tis;
G SGRIAPD~ 1.5, PG5 U G5B Pl £, QTSI iococcus

épﬁ)g i iffel m% ﬁrﬁ%ﬁﬂ%&e@%&q and h%@ﬁgk rggﬂtegtoé%, ef; 8

henc one odi ment ogenic
ageu®)ideal) fyegénesnStaepporndes sprag¥igeltdrpp.; Vilplie odgs, e.g., V.

but is not |Iim.ted to, ho enc Anpebae, i nclu
Ac%hﬁ’t’ff’r%%o?’élﬂa?L esyipe, Spﬁmﬁéb? Méléeg’%q? figag fpngus iR kast
E“%g’ém%%?aué@ But ar® 1ot limfed |EB %Qﬂoﬁm@aﬂt@'n}ﬁﬂhgﬁﬁ OAispbrdiMus spp.;

parvum Cycl ospora spp.
Eanmmaiyctscﬂppon sp. derfeatgdms andidaesppi, ﬁ@ i G albicans;

t di ;
g%f "8‘%@% N ot 3%22%&@6%3539?‘&?%%% %9- e.g. C.
e Beoformdnd] RisRiplasMa Ipp., B8 H.| @A sulBunyuad Sporbihriti SppXe.g.. S.

Toxoplasna spp., e.g., T. gondll and Trypanosoma
sprhenekiig, | T, br ucei. In one enbodi ment, the

pat thef‘ni gne%dﬁrﬁgnfﬁ@ pgﬁlotgérﬂmagexﬁ’@5 &l ﬁé ﬁoﬁgieﬁ}Etist agent that
includes, but is not limited to, pathogenic: Amoebae, including Acanthamoeba spp.,
Amoeba spp., Naegleria spp., Entamoeba spp., e.g., E. histolytica; Cryptosporidium
spp., €.g., C. parvum;, Cyclospora spp.; Encephalitozoon spp., e.g., E. intestinalis;
Enterocytozoon spp.; Giardia spp., e.g., G. lamblia; Isospora spp.; Microsporidium
spp.; Plasmodium spp., e.g., P. falciparum, P. malariae, P. ovale, P. vivax;
Toxoplasma spp., .., T. gondii; and Trypanosoma spp., €.g., T. brucei.

In one embodiment, the pathogenic agent(s) can be from a parasitic agent

(e.g., helminthic parasites) including, but not limited to, pathogenic: Ascaris spp.,



(e.g., helmnthic parasites) including, but not
limted to, pathogenic: Ascaris spp.,e.g., A

WO eombio1482 des; Dracuncul us spp., e.d., D. nedi PENnTENN8/061683
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Onchocerca spp., e.g., O volvulus; Schistosoma spp ;
Trichinella spp., e.g., T. spiralis; and Trichuris

spp., e.g., T. trichiura. | n "Afiot her enbodi nent, the

pat hogeni c agent(s) can be froma viral agent

i recd. udli Ingbriberdess dtrapineutus dpp-oc-2p &t Wesgaigngis; Onchocerca spp., e.g.,
Adenoyi ruses;. Arenaviruses. . S ever Vi :
23T PGS S Gl Aot BB gvo- FRRTEyRIEL At EHOSs spo..
V@QLgytﬁemﬁnLviruses; Cor onavi ruses, Deltaviruses;

Cytonegal ovi ruses, Epstein-Barr viruses, Fbrpes )

viruse Pav@ﬁP%@Pb%ﬁvﬁﬁ%§E§PﬂFEF@W@Eﬂ§6%Fméb@}?“ﬁbﬁﬁﬂagm“
Vi. (S TTTAIPRY ooddidV & €e.g., L

v BB AP LI oA & B DRORSe. Lss
ViHRewsesiiuskle padtiovirssesi Busyesirudasf ¢.gehaamivirusesRift Valley Fever
Lentiviruses, T-Cell L hotropi c viruses, oth .

| SURBRY & opmAYSHIES. RHAEIReSy - Soualaiiies, BRdo/rtapgiruses,
otfhghed UAREs, W A kS BS virkiRh: AMOYAULdsUS 8S EbBlalirusbE d8drBSrg viruses;
viruses, Minps viruses, Parainfluenzaviruses, _
Pridavionses, esesDer@en daiisasi WeseNile Payer owiupass ¥stlow Fever viruses;

B RSt i L RS BB M Sropic vinses, e
RERQhiA Y 58Ses; RoRelk Rithesk OMapi NG aSvirdse bitfed SigSor \Br@es;
Variola viruses, Vaccinia viruses, Parapoxviruses;
Rearampps@druses, g.2;. Messtes virpsps eMumps piingpesy Baginfluenzaviruses,

Rot avi ruses: i.r \ i ruUSes, ..

oA SRR B Sy PABARHIAEE: Contovinses
Rubsishéki¥ ivirusee SEchoivirds SPollonugedisis vitésss ER hinEvicesehaDthei s
viruses, |In one particul ar, enbodi ma\pt,, the antigenic . ]
pelpiPRITEEes: Bexdarese f€d A0 YHECHrGlh NEoNE1SEti tRPgH viguses:
Ca?é(pv?ruggsr, g.g‘.’,'(fdgé/iﬂﬁgg ISy iR RBG Ru s OREMdoVRuses, e.g.,
antigeni c’ peptide

, and an Eastern Equine Encephal itis
Vi Lyssadntseg 8fesculpe Stangiitis virusespamd TogavansesnbgdiRuballg viruses,

the antigenic_peptide is the.anthracis protective
an§‘i“a€’ﬁ Vg"é‘b‘is'r 3@35&"{ ﬂn%ﬁl? YR B he ani no aci d
sequencg, Qfe pakfduld? cMPadikent kile addbedic pePtidé Barbbé ddlected from the

anot her particular enbodi ment, the antigenic peptide |
i sgranp Eessisting of @i ninemeairab peptidey ithackrptgetiyecantigenic

peptide w,th the api no acid,sequ e of S .
ReBE o I P uaE RSB oA Pl e
peghbstBmies aiel mtibost pEgtide iT dxiaairans pdeeciine anidngreptide with
particul ar enmbodi ment, the reconbi nant qpol ygﬁhepti de is

a peperedd theaminogcidsenpencs of REQHBENOSe1 G, 1ihenos 1.1 lnsdll

rm{l‘r?orﬁ?erripﬁrtfcﬁfamemlbgdi%eﬁﬁrtﬁe Bﬂfgtehfclﬂeﬁfide is an Eastern equine

Encephalitis virus antigenic peptide with the amino acid sequence of one of SEQ ID

NOS:20 or 21.
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sequence of SEQ ID NO 22. Nane: Am no acid sequence of
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KFAKKFARPAPRECRIHARR]
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hydr ophi li city-opt

i mzed CP-reconbi nant

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 can 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. Anti-Microbial

Peptides include, e.g.: anti-bacterial peptides such as, e.g., magainins, betadefensins,

some alpha-defensins; cathelicidins; histatins; anti-fungal peptides; antiprotozoal

peptides; synthetic AMPs; peptide antibiotics or the linear or pre-cyclized oligo- or




pol ypeptide. In one specific enbodi nent of the present
i nvention, the Pseudononad cell is Pseudononas

WO basooes8zns. I n one enbodi nent, the cell prodeCBEES2008/061683
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sol ubl e assenbled VLPs in vivo. In one enbodi nent, the
protein or peptide of interest can be a therapeutic
pepti de useful for human and Afi mal treatments. The

i nvention also provides a nethod for producing. a

r ewbyrbeptiglstpopanmg pegreoid etheemubisticaicpliflen (- HIEENEYE peptides,

aci d odi A : ; ‘ &

BTG BP0 o TR s

c ﬁj@@iadddfé&ﬁ@i; Rirucigl Eﬁﬁﬁd’lelrs lgpet;i’ﬁﬁes_mén@i Tm;lﬂ)ita*_di‘edi infbeicsi).nIn one

the expression in the cel rovi des faor _jin vivo .

DTSRGS BT BF andmisetn Pt AN s f1edd3Ag! pepside

yk%ﬁlteQmﬁH@ﬁ@ﬁEQﬁ%ﬂ@@&ﬁSEQ&DQ@?QZ[S a Pseuodnonad and
odi P.

incertain e nts is I"Uor escens. V.
ReconbiNant: Rsendocidnegieted 6isDTAR] piresramtiniicrobial pmtective

further vi d bacteri i S|

i ALY popis T BRIk ERR R AR ERBAF R Ak kP AKKFK
eng KRG A A FAFGEHIH KK PARIGHKK PAKRF ACPAFAS T (SHQPID NO:22).
In one enbodi nent, the bacterial host cell is selected

f r om t hla apecupodinait she regombinanPedppkpngda adh ydepphili¢ity optimized

one epbodi nent, the cell .is, aPseudononas I .
i B RPN & by hisPrT SHARERAE Soh R HERSE T and. in
Cakriaf Mbthhdet oM 163t Gno@hafied (f.0] pilhydutndgeid esaleifopdlery five
pol ypeptides. Cellsfor use in Expressing the VLP .
Tyahinglacigac {repogher eaibodingng tHe scpmbErnt pRJypeptidaspaprisgs 2

AP BFoBR b LR otionEREH B 0% B o MDA Rreceino acia
Miesida¢ &dieeesffottheminstaclk] a Mount ai n Communi ty

1 ) WA st Ly Py oreanisms with a muclec acd

f i i ; e ] .
eﬁ%%g?&rréé %thf(ﬁ@ﬁ{gh ﬁ%g?hcgé’rlﬁé ot h M%droghlmc optifhiZRQ & P-recombinant

can be a nenber of any
sppdiypptidé. Bubacdpecifia cnibedinig of thempréseninwentivey thgrRseudomonad

one of the taxa: .Aci dobacteria, ,Actingbacteira

AR Edonie P RS, Icar Ui gl gl pfiduces soluble
ChassahbRY VLI YRlb0 38 88t 88bodMRAQ BRcHBleidor peptide of interest can
Deferri bacteres, Deinococcus, Dictyoglom,

Fi be aetapenies peptide wiveful fos humgs epdanigial freatments.

Cenmat i Apnadet es, ;Lent | ' ' .

o1 anct oo By Aok Rk R AR ok pARBinp Aecombinan
Theslgpaeids b0 bagt®rdiag a hheleuridembiiag afosionpeptiteeof a
Therrnus (Thermal es), or Verrucom crobia. In . .
enfssamhmrnt Rl YRePEde Aed %hycgpplwagw-eéﬁlm}ma H@Sé‘&aqgal&aﬂﬁﬁ grotein;
?,ya it g{:n gﬁ? gﬁ‘é&i% REQ ARrQh 1RHBFFEsSiohdn tXEYHbNEes for in vivo

production of soluble assembled VLPs and isolating the VLPs. In one embodiment,

the cell is a Pseuodmonad and in certain embodiments is a P. fluorescens.

V.  Recombinant Pseudomonad Cells

The present invention further provides bacterial host cells comprising a
hydrophilicity-optimized nucleic acid construct encoding a viral capsid protein or
CP-peptide fusion. In one embodiment, the bacterial host cell is selected from the

group consisting of a Pseudomonad cell. In one embodiment, the cell is a



The bacterial host can also be a nenber of any species
of Proteobacteria. A proteobacterial host cell can be

w@200bE82 of any one of the taxa Al phaprot eobaCEUB08/061683
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Bet apr ot eobact eri a, Gammapr ot eobacteri a,

Del t apr ot eobacteria, or Epsilonproteobacteria. In
addition, the host can be a rfEfrber of any one of the

taxa Al phapr ot eobact eri a, Betaproteobacteria, or
Gammapmotuesqutmzmsa Inandthar erebdxment, twllspécqf@s Be cells can

prqteobacterjia. In one enho
P?%Q@&Sgd’ﬂ BEAROGH{QE produpiRe e d’&?’?tggfyge%(%ﬁer of any
one of the taxa Aeronpnadal es, Alterononadal es,
Ent er obacteri al , PseudonDnadaI es, or Xant hom)nadal es;
oCelasfmwbeinléfprasnylggbe&’LES of the Enterobacterial es or

e of RRBC gt R AR o B e, BB ol Bty

bgadeEREAr@hedRe 4 @ﬁﬁie}/ oEﬂieQDrﬂDﬁ@UBbdo@ﬂ Baek, ppovided by Dr.
menber of any one of e genera Erwi ni a , Escher] ghl a

|
PE onDn a arf?:opﬁ Elggd;c%lﬁgl fhagfae/ %3 F@%g/lgﬁ)gg e}‘vegs]}ty 2 html.

;ﬁﬂbﬂaa/ed?@(ﬁﬂﬂleﬁﬁ)ﬂﬁdme@ﬁ, cag\ben mémbdreof gapsgecies of eubactena The
seudonpbnas. Ganma Pr ot egbact er | host si ncl.ude . -
mBAY &AR bpf magrEDEE 3BY 0BS oE et cfnw&O‘&a&qula ﬁ&“ﬁ&%@#& Qfuificae,
t RS SRRGUES Cﬁﬁﬁiﬁﬂo@gﬁ?néfdﬁdéoﬁﬁ%ﬂ@% CEHfSgehsigd) @@H&ﬁ&terla

organi sns may sed. Pseudonpnads and cl osel
r @emradacsqsres; |Imnomc¢usd91c@@cém) Firobastdres Famiigutes, Fusobacterla
grou | ude rou Prot eo e
o bredh g ehd rtnorie. KGN B Bl L b alsChideria,
@gﬁ%ﬂﬂ%&@t’fﬁé@mﬁ@&‘aﬁbﬁa&% Tﬁé‘ﬂn&@l@fdbla Mhefadtogae, Thermus
Buchanan and N.E. G bbons (eds. g s Manual of
alirpe wséy A

DéTlearmialeal, iov & eBacherquhla)gyl a egbpcterpl host cell, the

LA A e R o B o
Pr ot eoha;@&ﬁ&tbﬂaﬁw@géa@mso]be amsmbena aﬂj'@emes of Proteobacteria. A

Pr ot eobacteria that woul d be cl SSI fi eg n thi f' )
heseipohgcreeiabiast gl ean BeFrRMEDELS! 30y 589! e [EFRAIPhaproteobacteria,

CIEAS T {ib Gl kéB{AyG {i& ag?algaeaégteahSlgaug)%teaawfaows t hat

Wwer e “previ ous |nt I S sectlon but are no
| AlpgRonprotechacasiat He addinienahdbodcwmbax ,meBnl:@v ohainoneae, the taxa

B e S B SAEERISA S PS8 Rmberr
greclgg?%%&%fmz?proégﬁa&%.t herefrom, \Ahl ch was
In one embodiment of a Gamma Proteobacterial host, the host can be a

member of any one of the taxa Aeromonadales, Alteromonadales, Enterobacteriales,
Pseudomonadales, or Xanthomonadales; or a member of any species of the
Enterobacteriales or Pseudomonadales. In one embodiment, the host cell can be of
the order Enterobacteriales, the host cell will be a member of the family
Enterobacteriaceae, or a member of any one of the genera Erwinia , Escherichia, or
Serratia; or a member of the genus Escherichia. In one embodiment of a host cell of

the order Pseudomonadales, the host cell will be a member of the family

Pseudomonadaceae, even of the genus Pseudomonas. Gamma Proteobacterial hosts



by regroupi ng organi sns belonging to (and previously
call ed species of) the genus Xanthononas, the genus

wa\etodorsns, whi ch was created by regroupi ng OPGEHOBZNE061683
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bel ongi ng to the genus Acetobacter as defined in
Bergey (1974). In addition hosts can include cells
fromthe genus Pseudononas |, ‘Pleudononas enal i a (ATCC
14393), Pseudononas nigrifaciens ;}ATCC 19375), and
Psedddrmnab st st spetien’s s (WATICCa80% 2d mamibers dfabe sprsias

reclassified respectively as Al terononas hal opl anktis,
%955'(‘29’?6%%%%?96?? tiens, and Alteronpnas

putr ef a@ﬂh@ﬁﬁseugb;nbﬂzc@rdrgamﬁngmay BR 6 e asan aBscaddaonsds ams
(ATCC 15668) and Pseudononas testosteroni (ATCC 119

haleseki ielatedowesnics Beluds §irfimé Pa@e@?ﬁﬁﬁa%bc@@mewér%gclude
aqge e giou ngﬁ%&eéb%ﬁ#egﬁ&)gfogg FE_I.W@B\@J&U T ngera described as

s nrgrrtaciens Seudononas
pl ‘@h@ﬂ-ld@gz(tﬁ@ BerdhOBéds hav@odeielny RAL IBaskarfaned N.E. Gibbons

P el et o i Cece s Berehepminy So5a8d Bih g 1974
SURIL QWtiidns HS® ﬂkpﬁ (#,de@ alf frl%l"ee @fh?cltJ@Xb thebdiASEdrBeLe9S

bel'onging to any o I'I'és: Pseudonpnadaceae,
AZ@9DbErt er aceae (nom10ften call ed by the synonym the
" Azot ob, ter

d .
iy s obi Luais) POt DR ARaC Ahe  rodosdrpieRbsiaat
bywbihg b%ﬂh@ﬂ?i@i!l in tMRIHYHAE %@&ﬁt&ﬁ%% the CERAELEHR M the cldsBification.
addition to those genera described herein,fuither

Pr'ﬂteéme\mgezﬂsoancludmauﬁsahm wige qumuﬁly psaified)in dyis section but
oteoba teria Sub Iud p
b a"gf’ 8? QESE, S % gneAZ ovo r%}/uﬁ%r?lgﬁgsa%&%hoﬂ{e%%
Wg@@d@g@ ake&;azmalnys b&ﬁit@izu aarxazfmmr@ammas the genus
rio

gella, and Teredi ni bacter;_ 3)_ Rhi

b mwom (apifihe e Brouties qBRueS IEherohbytiewas created
gtdugkﬂéb&%uﬁgrﬁ% o&cﬁn t&gitxh gv%vug%%%‘ﬁ@%g?%c;ﬁs of) the genus

OCX)@ﬁb@ﬁa&zsf Mgleiyusbf&nﬂmmlﬁzso‘{vhtch @vag @neteal by regrouping organisms
Met hyl gbact er, t cal du om cr

VRS A AR genw{} w@ewr 6%%518? i bRt B hgdy n addition hosts
en&%ﬁ%&ﬁ@é celfs o AR ochif! Pse(iﬁﬁmgft‘ass qi’s%&ﬂ&ﬁoﬁt{ds Q@Rulia (ATCC

Pr ot eobacterl a Subgroup 2.
Pr m%bmgcfanam@l bigrjapen (AIECQ é%?rﬁéohndsl’sm@rg@rw pubefaciens

P OAECCRGT . yPichngd P Bedig R A PSRl LdrBioh ) &

deﬂﬂgﬁhﬁﬂzﬁhlt@#ﬁ@nhh RigePhcibmydiiipA Bétomdnisp iR Pefiicenss Similarly,
al |l deposited at ATCC, excré)t as ot herw se indicated):

Act-o Roendomonys agidenonisdAdiCQ $3068) end Lseidortonar resramproni
Br FA’H}H 1'185&%2% §1)nCe gg I rgélhﬁﬁlfédaas (C]U’;)tamonas 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”). Consequently, in addition to those genera described herein,



Derxia (2); Brucella (4); Agrobacterium (79);
Chel atobacter (2); Ensifer (3); Rhizobium (144);

WG M78Dbi um (24); Bl astononas (1); Sphi ngonPEEES2008/061683

10

15

20

25

30

(27); A caligenes (88); Bordetella (43); Burkholderia
(73); Ralstonia (33); Aci dovorzx (20); Hydrogenophaga
(9); Zoogloea (9); Methyl obactér (2); Methylocal dum (1
at NCI MB); Methyl ococcus (2); Methylom crobium(2);
MEthiydr dhromalsac(egial ¢ wmmgﬁﬂlmwnhma Gram- )Beqtmha@t@ph §eb&r0l1p 17

CaTIoRE Dy tae R MR PRAeHS oF e e OARRRL TGS
Frrapgedonednadadedd fanXQﬂEdﬁHmnﬂi’ehe( 2eiR}a C&tﬁm r&!t:giwap&)aﬁ

(50); and Cceani nonas (4 Iar¥ host ceII speC| es’

ofTC””@'alh(lCl)?r By B&Ie?obw@@e@r p@ﬂs@@gﬁeaas the gieﬁ%m latghgcter,

a Lz[{eﬁzbagtg i) ;%Y}"d g El%%;*zﬁ étgr Ethﬁz?v%)zzobmm
oSl ers o exenp ary’’s

t m@ﬂ M@lﬂﬂmacﬁbepafaemmasvta)a ofAbé gj@mmMsthywbhaml ica
(ATCC 43581); Acetobacter aceti (ATCC 15 32
QMebHesddvsr Methylyansropared A 8ysarcingy aimiiseplaaera.

di m nutég %@@g}%&ﬂ@&)em BRIl ée‘“lcé‘ah%e selqbt@a f{oﬁ?%a%w

and AT rxia gunmosa (ATCC 15994); Brucell
metrbteebaiteria AbGOUPIU'S 6 GramB(- DJPB}tb@aahuatSung@Aﬂ' QCis deflned as the

A ORS RICR S e LA EereT 6B) e RALBHRYSS? Pl
r ma?a@&giﬁﬁéd (b EyL13Rmle, depslirl /Rant Herdimtiditéd in/pht&athesis,
9600)° Ensifer adhaerens (ATCC 332%@23%; Rhi zobi um

| egludrpnsitdral TG, CRce0 a0 athergisp tdigaseshi dridowanis (2NTCC

g%fﬁ%ﬁ%&ﬁéﬁ 29;7,() péﬁ‘n azﬁ%k&c eri(?f)A$éf T(?C M? ?ZQ) Beijerinckia (13);

Al paltoenasiaanad) S4g(r63&2€e:&7r5@79) Bpeldrivalp(DLEELSILS(3);
(ATCC 9797%}4(}Bm<ho| deria cepacia (ATCC 25416)

Rafﬂgmhwra( k@tlt"ihllwéﬂ(r’c@“é?@lﬂ“ﬂm”%q1&!0%%’)@"?0%? 1R

oo’g&o%%'g”r??ﬁ? lg%?gg’?%ﬁ@g 1%%%2;) dgmt(fwﬁ-rﬁgact er g%tAeC lﬂdsovomx

fvé?gg Wg&)wpk@hf@} (%baglzbum_(%é Mlemgg%b(m KB; Medh2dcaldum (1 at
0COCCUS Capsu | :
VEN VB Sedbicipat Gb Medprasohan Chddeiyiongnas®:

0 Oﬁggﬁz&ofs‘@m{m&f MAAGBYph RS, b%b%ﬁascongfomwmg &hec

osphaera hansonii (A Azononas

aghddrebacteT AG4 Y, MI)/rbrw}z(ab HPligeplai(bu g’sgg@pmnas (1,4‘3@):; Francisella

23833),; Azotob r ceum

o Kl acsk St 3oy o Lghr g QF dipas 40

(ATCC 1FR6M) aryRRBUSIRBESS ﬂef@@hmgaﬁotﬂeéﬂ'a@@rib@db@hup 2” include,
Pseudononas fI uor escens (ATCC 35858); Francisella

t ubhw m@tém@mﬁ@@t}@zﬁgﬁywmg bacteria (with'the ATCC or other deposit

numbers of exemplary strain(s) thereof shown in parenthesis): Acidomonas
methanolica (ATCC 43581); Acetobacter aceti (ATCC 15973); Gluconobacter
oxydans (ATCC 19357); Brevundimonas diminuta (ATCC 11568); Beijerinckia
indica (ATCC 9039 and ATCC 19361); Derxia gummosa (ATCC 15994); Brucella
melitensis (ATCC 23456), Brucella abortus (ATCC 23448); Agrobacterium
tumefaciens (ATCC 23308), Agrobacterium radiobacter (ATCC 19358),
Agrobacterium rhizogenes (ATCC 11325); Chelatobacter heinizii (ATCC 29600);
Ensifer adhaerens (ATCC 33212); Rhizobium leguminosarum (ATCC 10004);
Sinorhizobium fredii (ATCC 35423); Blastomonas natatoria (ATCC 35951);



St enot r ophononas mal t ophilia (ATCC 13637); Xanthononas
canpestris (ATCC 33913); and Cceani nonas doudorof fii

W@ 2000C123%2123) . I n anot her enbodi ment, the hostPCEUB20081061683

10

15

20

25

30

be selected from "G an(-) Proteobacteria Subgroup 3."
"Gram(-) Proteobacteria Subgr”%p 3" is defined as the
group of Proteobacteria of the foll ow ng genera:

S SR TO R B S o T GG S3n AoRsHAS aeartia (A BERETS0
BLHA‘/QQI'L g&ﬁéﬁusquAWQ@ﬂAﬁz'z AV AX et st QOrOe PRAYR: Ralstonia

Met hyl obact er; hyl ocal'dum Met hyl ococcus;
MatidhekGriAd] Cébmﬁi]l) Vet dopoormonaigs (MECRY] 1G38); a‘!ydaogenophaga flava

GRS Ffogliera e ool o P RRLE dp e (aTCC

Frey3eRs ahdidilo @ anR Lk FAPR QNONE 1 Xans;NgsmWassccan @Iapsuzams (ATCC
Cceani nonas. | n anot her enbodi nent, the host cell can

b el 6P M. @wlﬁmwbl@m(le YAPL61 f&%ﬁbtf\@fﬁl@l()@aw wepamice (ATCC
%5"(‘)%9)0 g\depz}ri ts%‘%bz% A0 8 (@Eﬁ@b@gﬁ, frz])‘%i&fd)ha%% RsdMEacAaM

group eria ener

Brwwnmomﬂasangk asTO0unI3g); fﬁpfﬂlﬂgﬁmﬂpﬁspall (ATCC 23 833)
Bur khol deri a; Ral stoni a; Aci dovorax;. Hydroge R/P (%
&JQ 2601); Oligella

Ve aeyrbes ﬁé?@fwcwww% 909d); K Hprie etEEy
72%4 ’l% Y9, Qytdgtgpﬁz?ss er%@r’zﬁ%l (%%%2?40}3 Pseudomonas

era Azohonas; Azor I 1'us act e
Cg“ldaredaemw(,AmC g68583 FRB@ud&hmmﬁmnszIeﬁEGCrﬁmm er;

DS A BT L BATRES s arc

S%a@qgﬁqn&m%m%ﬂmdauaep lﬁesbﬁ@@qrm@)Subgroup 5.
G am(~) Proteobacteria Su roug¢ " is defined as the
4

group ofnPmotheobmboedimeat, de hdsecelbandwi selpctgdieama ‘Gram(-)

Ve B EF OB B A gt OGBSO R I FOERIUR . is defined as the

Nb%rbb(ﬂ) OS5 Ploaibaite A 6NBB 365110vAAg lgBher @ Bv&uaadmﬁsmg .0Daobesterium;
Cellvibrio; digella; Pseudornonas; Teredinibacter;

FrRkicokien) Sinoshisplvmne Birormriss; Sehmianmmaasilcaligenes;
Qe

e e e e R L
Pr Megolraidam; 3 Subaroaty; Methﬁozd&%lne;d &Eethyﬂkﬁn@fcﬂup of
Prot eobacteria of fol |

ol Heairomiceia Srmomistias. ABORAS e s0P R S e
ACELRYBN 301 MR PISIORIAGR T AZRIDAASS,; p%%kuu%,or)hl | us;

Azot obacter;
Stenotrophomonas; Xanthomonas;, and Oceanimonas.

In another embodiment, the host cell can be selected from “Gram(-)
Proteobacteria Subgroup 4.” “Gram(-) Proteobacteria Subgroup 4” is defined as the
group of Proteobacteria of the following genera: Brevundimonas; Blastomonas;
Sphingomonas ; Burkholderia; Ralstonia; Acidovorax; Hydrogenophaga;
Methylobacter;, Methylocaldum; Methylococcus; Methylomicrobium;
Methylomonas; Methylosarcina; Methylosphaera; Azomonas; Azorhizophilus;
Azotobacter; Cellvibrio; Oligella; Pseudomonas; Teredinibacter; Francisella ;
Stenotrophomonas; Xanthomonas; and Oceanimonas.

In one embodiment, the host cell is selected from “Gram(-) Proteobacteria

Subgroup 5.” “Gram(-) Proteobacteria Subgroup 5” is defined as the group of



Cellvibrio; Aigella; Pseudononas ; Teredinibacter;
St enot r ophononas; Xant hononas; and Cceani nonas. The

whoav/oteBt can be selected from"Gam(-) Prot ePORUB0$/661683
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Subgroup 7." "Granm(-) Proteobacteria Subgroup 7" is
defined as the group of Prot %gacteri a of the

foll ow ng genera: Azononas; or hi zophi | us;

Azot obacter; Cellvibrio; Adigella; Pseu as ;
Teregphicagtelihe isllanaie SPRoroRed) loRaem dfomascaldne
[ . l I f .
E B ORI ol MDY DR GRS, BRER LM
P\ Bpbartiaerd; dzGubmrso ApoidizopBilwse Azvetaaer; ttedvigriou Pligklla;

Prot epbacterja of.the fol |l ow enera; Brevupdi ponas;

B EC IS T eietenciat I OTREPP RO e SR g grionds: and
A dayiags. Hydrogenophaga; Pseudononas;

St enot r ophononas; Xant hononas; and Cceani nonas. The

host cdlhe hoatncellecas bk ecleetdd fioontGi@mgn(Prytephastaspbiubgerupd.”

Sy, 9." "& -) P bact eri a,Sub o .
d g?ﬂ 5{3{}5’ ggOt?(}PélCtﬁg%B%gp{lg%g ?Se%gglg{i é%a fhgugé r}? (Plingr%teot);ctena of
f Qhd MR G LRI : BABUAMIHNSHAXD BagsionHds \SpIdRgdndinas; Burkholderia;

Ral st oni a; Aci dovor ax; Hydrogenophaga; Pseudononas ;
StReveriaphereraey; Rritiogrenhiars dasnone Arerdizopbilis; dgarobacter;
b Lected. fr,om,” -). R rd 10. "
A R G S e

gnQiphdtonds aind dhaab@idnas.of the fol | owi ng gener a:

Bur khol deri a; Ral stoni a, Pseudononas . ”
St enot riopshsipirlcan b gelrglad RofbraEm(polsgbicissia Subgspn 7.
be: Y =) 7Pt i "

G ey PR s S Bub T AFRRAG) fle oy PORRbIpia of
gribeifollofviiy gérech ast@noms ol zdrhgogeher dzotPlyevato Gelebrip;

St enot r ophonpnas; d Xant hononas. The, host cel | .can be
AT BB P ROt s TPV B S Y PRI o G S menas, and
" @@Mhidorgk ot eobact eri a Subgroup 12" is defined as the

group of Proteobacteria of the foll ow ng lgene(a: .
Bur khol Therticat calladantbsselgctepSioml Sratam(s). Proteebarseria ehgroup 8.

b | d, f. " Or Al ' .
S SeRGITE) el b 3ThaFRR 1 LR} B BURARRY B o
ashé ReloVint BerRta: PRRL SRlIAOLEY; iIBlasebmbmis; Sphihgodovgis; Burkholderia;

genera: Burkhol derj a; Ral stonia; Pseudonobpas ; and
Xahrl Homendsidomaxdsdrogaiophesg Rsgudunasedferqgaghomonas;

Kl s Soor o 14 G-

The host cell can be selected from “Gram(-) Proteobacteria Subgroup 9.”
“Gram(-) Proteobacteria Subgroup 9” is defined as the group of Proteobacteria of
the following genera: Brevundimonas; Burkholderia; Ralstonia; Acidovorax;
Hydrogenophaga; Pseudomonas ; Stenotrophomonas; and Oceanimonas.

The host cell can be selected from “Gram(-) Proteobacteria Subgroup 10.”
“Gram(-) Proteobacteria Subgroup 10” is defined as the group of Proteobacteria of
the following genera: Burkholderia; Ralstonia; Pseudomonas ; Stenotrophomonas;
and Xanthomonas.

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.



Subgroup 14" is defined as the group of Proteobacteria
of the foll ow ng genera: Pseudonpbnas and Xant hononas.

wab@okoes2 cel | can be selected from"Gam(-) PCT/US2008/061683

10

15

20

25

30

Pr ot eobacteria Subgroup 15." "Gran(-) Proteobacteria
Subgroup 15" is defined as the group of Proteobacteria
of the genus Pseudonbnas. Thefost cell can be

seI ected from"Gan(-) Proteobacteria Subgroup 16.

Gr am( T)heFonsxtceﬂbanbe s¢lact8libgmoi{pramg*) Hr@tedledcmﬁ@oﬁl)é?grcmel2 v

TR CR T AN T Y TN 1

e%l?é%hl@wngswn@w () kBE19MR;| RuiR8kRNPRGSbA YIS SEIARRDERSCan be
abi et ani phiTa (ATCC 700689) Pseudononas aer ugl nosa

é A@@gedmm(ﬁrapgéldﬁgmhmerm Seigreyeniss” (‘Biranl-) g@ggbactena
Us
¢ SOMEINBI RS i efeied 1S B Sa gl R RER of B8 RUKAMRE BRere:

53555@)01@%& mnaspfma@aamm A& RGE1DBAhAY.; The host cell can be
Pseudormonas nitroreducens (ATCC 33634) Pseudononas

olselsoist Avom (Gpas- U EpbagrarE et s o Gawm( -2 gF‘?t%‘@’ﬁ‘é@“a
(A1Feiohp4a0)s gdTReH 40 gﬁézgz%sg%ggegg&gg 2 ARCRIAAARS benera:

Pseu nas s ram eudononas
agaeiddmdnst Ghd XoRhdyionds él‘ltbdmsn%l @indealselehtet drom “Gram(-)
Pseudononas al gi novor a;. Pse(; g as ands ﬁ%ni i 15 is defined
pdanigahsiay HOBrem; §>-( 5BriSODaeE SURGRIR 15" is defined as
a HQQFE@%% bRig. eri ncki i (ATCC
é%?%ogalgg (g&r?%%%gg)t?g}}g Pseuréllormnas bor eopol i

( ATCC 3B&8R)s! ceﬁh@udmmbhalsdtﬁroasé@made)d?mtﬁpb%@w qsp 16.”

oGRS BeORIBHAS REIPAR P alc AT Saabyt Srrbfebblreria of

PSELEAORRARS PSUIBHOhADIesicl ATRICHRMWBCCAT Othet AQRHit nbhiBers of
17418, AT 17461); Pseudononasfragi (ATCC 4973),

Pseauiphon skainh m 6 (arendesisdo 889wd0m§é%@fﬁﬁtﬁwhlla (ATCC
Sg@?g?é)e %SEI&IA chas 83 binok? &6?& CP? doRoRad é}-(gggenes

nas COr onar acl ens; ormnas

di taar@e ni giv)] BseuE@aumrmugaShﬁzioaecgmﬁccAB@m)i Piddpmonas
Pseudononasf | ect ens (ATCC 1

ps@uem%@ﬁaééfgﬁokw&r@eudowgo@aaﬂﬁmﬁ@%ééfﬁ%ﬁ1555)
PS%@?MW %9&% l(ﬁTcmq@m%d&%ﬁay Ak GrelifdenSXATCC

ononas ‘extrenoriéntalis; Pseudononas
f | 1868¢ ] FBRsd dAHECORD 88 s (AEECEORN d’selg@ywnd péeudoalcaligenes

Pseudom)n | | banensi s; Pseudono g%% i TCC
D S B RAS g A 8 (RS TRosHaf sbidbronas
HPCP@@T G 38656 PRSEVASNE @il CAHoCersS4 ( AFséudomonas
468 Pseudononas
alcalzphlla Pseudomonas alginovora; Pseudomonas andersonii; Pseudomonas
asplenii (ATCC 23835); Pseudomonas azelaica (ATCC 27162); Pseudomonas
beijerinckii (ATCC 19372); Pseudomonas borealis;, Pseudomonas boreopolis
(ATCC 33662); Pseudomonas brassicacearum; Pseudomonas butanovora (ATCC
43655); Pseudomonas cellulosa (ATCC 55703); Pseudomonas aurantiaca (ATCC
33663); Pseudomonas chlororaphis (ATCC 9446, ATCC 13985, ATCC 17418,
ATCC 17461); Pseudomonas fragi (ATCC 4973); Pseudomonas lundensis (ATCC
49968); Pseudomonas taetrolens (ATCC 4683); Pseudomonas cissicola (ATCC

33616); Pseudomonas coronafaciens; Pseudomonas diterpeniphila; Pseudomonas

elongata (ATCC 10144); Pseudomonas flectens (ATCC 12775); Pseudomonas



orientalis; Pseudononas rhodesi ae; Pseudonpbnas
synxant ha (ATCC 9890); Pseudononas tolaasii (ATCC

w3@3@28)478Pseudononas veronii (ATCC 700474); PspUHUAM0$661683
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frederi ksbergensis; Pseudononas geni cul ata (ATCC
19374); Pseudormnas gi ngeri; Pseudononas graminis;
Pseudononas grinontii; PseudoMonas hal odeni trificans;
Pseudononas halophlla Pseudononas hi bi sci col a (ATCC
1886Fprmbse u’:’dambmsahbvtetmemsﬁ’&;It(ialVT«@@SmédeV Pseudomonas

A SR e G B o N g e

| anGRolak @Afé@%%éﬁ@@ud@?ﬁﬁuﬂ QERR; ms&udgniaaaudmnas
nmar gi nata (ATCC 25417); Pseudononas nephitica

ATCC
3B68EpmoRgeudofi @T@@rﬁ 0087 £ é’aﬁ@iomfrmnwzmiys (ATCC 10844);
?g%ug{égﬁ%{r%%% il L %Jén R %ag ﬁz%oﬂe%) E)ATBEelgSgﬁgﬁggﬁdomonas

Leuddnonhas sycC

P3auaaNRRS 1 fohoius GﬁJdE@a@JEQ&ﬁomBﬁ«ﬁ,@ﬂmM(mCQSDDj;
(ATCC 700476) Pseudononas nopsselii; Pseudogmpé\(sj ]
of’y@ld@&h’ﬁﬂ&h@‘(sﬂf@@c@@ﬁé)& Beadaaapgagront (ATCC 700474);

?1‘%’:’06% %é%s); sz&TgQ.SYSOQ%%&omA’n%?g%HMHﬁﬁ(AH@@ 46374);

S2UdonDbnas reactans® Pseudonmnas
S Pisaiia oy (g d4.6PG) domsrLsdommTEs Ibau«écanwrma ,grzmonm

P%?%%o%gg Iutfl}g&J (AT%C %73; [h %ﬂ#@ﬁ s})ut %eg.isc. /
( 0 16lo }’ a nas niprsclcola
PS&Y @%”Pﬁ&%% %g&éﬁﬂﬁz@s M%J%z? @&3@@146?@)‘3 W@Immas

cari capapayae (ATCC 3 ), Pseudononas cichorii (ATCC
1®85r77);'en®s>erudbmdravsoﬁau gmene@%HéC 0!&@85@)385%@"10%8 kilonensis;

P f
iy o e s g PR AR e R
V'nfdrginfal‘cﬁﬁﬁaf é@_ﬁgﬁﬂsp%)iamgﬁ&uﬂ@mﬁk&S(ATCC 33665); Pseudomonas

t her nocar dovorans (ATCC 35961); Pseudonpnas
t lenitificin (4 §C Wéabd’mnqw peryenerspdATCC 190);

FSEURTTIER ol R IR o P b ARAT S BYRE PRARB monas
g q{kl)iva QAmdgz 194&8}; cﬂsexddafnugm tn@h%ilﬁz—()‘\’l@(bﬂ@%@;tmudomonas
u I ou - r ot e
sen ol ooy g ok SUEGLT P RGP Fet o
fw& Lhs3s 'P&Q&&ﬁ?’? & pﬁ’ﬁg HAOTP0Y833), PeikBIdEad ROSRNs;

ongi ng, e | owi ng Pseudonpbnas speci es:
PS'EMMIM@S smnlm(fﬁoT(ﬂ@dé@OG?sBmldmna@ bylesrivsy iPseudomonas

i o 473 50 Prebdatanac Loy e ares P L HANNaS

gea?r%%rdgh (ATBESIEQAR IS domonas avellanae (ATCC 700331); Pseudomonas
caricapapayae (ATCC 33615); Pseudomonas cichorii (ATCC 10857);
Pseudomonas ficuserectae (ATCC 35104); Pseudomonas fuscovaginae;
Pseudomonas meliae (ATCC 33050); Pseudomonas syringae (ATCC 19310),
Pseudomonas viridiflava (ATCC 13223); Pseudomonas thermocarboxydovorans
(ATCC 35961); Pseudomonas thermotolerans; Pseudomonas thivervalensis;
Pseudomonas vancouverensis (ATCC 700688); Pseudomonas wisconsinensis; and
Pseudomonas xiamenensis.

The host cell can be selected from “Gram(-) Proteobacteria Subgroup 17.”

“Gram(-) Protcobacteria Subgroup 17 is defined as the group of Proteobacteria

known in the art as the “fluorescent Pseudomonads” including those belonging, e.g.,



| i banensi s; Pseudonobnas mandel ii; Pseudonobnas
mar gi nal i s; Pseudononas m gul ae; Pseudonobnas
wore@omoi7ehs; Pseudonpbnas orientalis; PseudonponB&T/US2008/061683
rhodesi ae; Pseudononas synxantha' Pseudononas
tol aasii; and Pseudononas verQq 2 . I'n this enbodi nent,
the host cell can be selectedfrom"G an-)
Pr ot eobacteria Subgroup 18." "Gran(-) Proteobacteria
SGD@?%ﬁ@ﬂofbg"g Psgudetiprrsdpages: Weseyd gugiasazgpformans; Pseudomonas
r)ipne():‘{, %EIMYO%(}H% Cgcﬁ‘ t%@bﬁ(ﬁﬂOlﬁ’f}%O% z?lra, ?’ygldgpl%ﬁ&éal
e speci es séu onmonas fluoreéscens,
i rkﬁcb*éﬁ'zbﬁ@nlfaﬁ@%eb&b@dﬂ@ﬂsmnrﬁ"c@is, PsandvomendsogdsomidiigPseudomonas
(with the ATCC or ot her de§05|t nunber s of eﬁgnﬁlany
stlrbar.nﬁ'e%§ FSBieAg 714 B éeltin mopdidiEias £seidomonas
c [
S | HRYERDRR R B R R Ao BE s %Aﬁ&?gﬁ%ﬁ%f%t%z%?m
aI 1hodesidd; @delalomvars ynauntbinol saudbmofdXTOIRaYiT,308 P seudomonas
Pseudaononas fl uorescens biotype C, also called biovar
3 %f°"Bt-ovar 111 (ATCC 17400):; Pseudononas fl uorescens

bl ot Y pefhis@hihRdGaddt e BbQ\RN cdn BE sddbc@MPfrorh Y Gr&hCE
12983); Pseudononas fl uorescens biotype G also called

b| Rrveobsctena Sitgvaup 18.7 A‘f@@n(ﬂ?m@ebap@éa dohgienn 18” is defined as

pobR GG e B Hetcinuti: SHRT AR BiutPyBesisei B drae

Ss%@éi@sﬂpmofnbﬂ@sr ﬁﬁ&@ﬁ@rzﬁmmgﬂﬂ)s%ﬁbﬁ@ﬁg} nag., to the following
fl uorescens sub@g cellul osa (NCI MB 10462) . The host
cewithaln AJL G ef @@éﬁppﬁléﬁvm@raﬁ{ c?jermlewa@m)éhpyn in

Su eé’a%nq 9 tP eudg7za<)%s )Z (E ?clte%) 9 %rA S%L&QE&) BRvAL! of Biovar I
Red A Re group of strains o Pseudononas
f 1 uores QBB@S)bPSHLMpmoﬁas fAugpadcenschibgpe B, nlao walddd bibva 2 or biovar
biotype is P. fluorescens strain MB101l (see U S. .
15 ol R Ol TSR RSO o> PAREPer Ty biovar 3 or
t h@B@&fm A EX TR pfeu@oﬁ%ds\j‘%'ré’s@eﬁshﬁ&gﬁé Fi &0 called biovar 4
'uorescens strain MB214, constructed By inserting
| nordbiovee INBAQICE mm,s@mudora@utzs(fb@p@m@t@type G, also called biovar

Ot ST SrEER S M P By b pepanones
deﬂt%r@ﬂ)ens PR PSRN mdds [MOF BE&6B PS- SS(WIBEG BAAAY TS #eRROmonas

used in the present invention include Pseudononas
20 f |ﬁmreg@eh§B§(?g‘i; prd et dpyendoiimiesseny use s¢lngsa NCIMB
L%@%&gt ok, having the follow ng ATCC desi gnati ons:
286]; NRRL B-1244; NCIB8865 strain Cd; NC B
8866 st Thd hosPCRl cdni2Rlse] edledCrdnt 468amd-FProl&®adteriNSuiBeroup 19.”

“Gram(-) Proteobacteria Subgroup 19” is defined as the group of all strains of

10

Pseudomonas fluorescens biotype A. A particular strain of this biotype is P.

25  fluorescens strain MB101 (see U.S. Patent No. 5,169,760 to Wilcox), and
derivatives thereof. An example of a derivative thereof is P. fluorescens strain
MB214, constructed by inserting into the MB101 chromosomal asd (aspartate
dehydrogenase gene) locus, a native E. coli Placl-lacl-lacZY A construct (i.e., in
which PlacZ was deleted).

30 Additional P. fluorescens strains that can be used in the present invention
include Pseudomonas fluorescens Migula and Pseudomonas fluorescens Loitokitok,

having the following ATCC designations: [NCIB 8286]; NRRL B-1244; NCIB



8917; LA, NRRL B-1864; pyrrolidine; PW [|ICW 3966;
NCPPB 967; NRRL B-899]; 13475; NCTC 10038; NRRL B-1603

WQ 20090 FE@82A5840]; 52-1C, CCEB 488- A [ BU 140]; QOBEBUSHB88/061683
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[1EM 15/47]; 1AM 1008 [ AHH27]; | AM 1055 [ AHH23]; 1

[1 FO 15842]; 12 [ ATCC 25323; H 11; den Dooren de

Jong 216]; 18 [IFO 15833; WRRE"P-7]; 93 [TR-1Q; 108
[52-22; IFO 1583% 143 [1 FO_15836; T&% 149 l[2-40- 40;

| B015888]CO L ¥CIB $#66308m CP3: 21 [AIE 17458; I5ad6§37: NCIB

1821 apRb R0k PRABHES: ﬂ%é@*ié%%?ﬁiﬁ%@
e N KU BTk IO0, {0 (B0 SOT P2 IBOGISER 455 A
S350 BgaCebh SIaIENIGH ] e 1088 6AHED Y6 1M 1t lppg-231: 1
63?%&%?"@1 L 0REE 20285 Ny 053 pcatl ‘526?%’“?%% 1830 15833,
®12-7];493 [TRCAOA;10B F&2-2381F0, 158]521,8]74}3 [IRRRﬁSB@BﬂU]S 149

pit% ﬁ%%éié%@ﬁf%@ﬁé@é?%@ﬂ? 5 aup) (33005 (W L1 186

[ WE’S@S%W} ﬁ@%ﬁ@@% 126 M‘Sk }\@F[B@ﬂ 1M[|PJ2fs5QQ08] 191
5-06]; A505 5 26

5 (9058 ARG 2@&@231111@41 hnm 1599%52 3 19[6 {@@255}3397 [PI290];

it B2 IpAlo e B sl bl o 1OE e gl 1551 i e

BNos\WCs38¥CT166 BTE92] M@U@Pﬁ&@}ij] 20&@8 721131232[[PJF gzz];tzeﬁm 8491;
CCEB 295%,%; | FO 3903; 10
ExX36dBE B8 867 ByPlintd %é@%l éQWWL& F@@&S&r PJ £3dsNRRL

TSP SRR L S AR P
SGDW-BKaSBIé!mBE:d:EEMe%BI&]nP 26658 (EER MK 2884:(IFOI E365B,

© TN a6 L4t Sl e S Al 305 T s ags EAS 261, B¥: 72;
hyidk REH- b 60 P oRY Nﬁlﬁeﬁﬁ@?{ BePiige: A@%H@lé@%] F 1847

expressing the |so ated nucl’eic acid in the host cell,
WHETKG-KEBIhE 1841 @E3€i98 h NGAIR He586eP17;d-b%i Awd1S 357; iARA2S;

G iRaBRRT koot S (TRl ERbE S erm pagans s,

1013 [ATCC 11251; CCEB 295]; IFO 3903; 1062; or Pf-5.

VL.  Invivo Expression of Soluble Assembled Virus-like Particles in
Pseudomonads
In one aspect, the present invention provides a method for the in vivo
production of soluble assembled recombinant virus-like particles in a host cell
including:
(a) providing a host cell;
(b) providing an isolated nucleic acid encoding a
hydrophilicity-optimized CP-peptide fusion
©) expressing the isolated nucleic acid in the host cell, wherein
the expression in the cell provides for in vivo assembly of the
hydrophilicity-optimized CP-fusion peptide into soluble virus-like particles;

and



and(d) isolat g the virus-like particles. In one

enbodi nent, the nethod can further include: e)
WQ@L®awi41g2 t he fusion peptide product to separ aP€r/UBM08/061683

reconbi nant pol ypeptide fromthe capsid protein. In

one enbodi nent of the pi esc n, invention, the host

cell is a Pseudononad cell and in a particul ar
enbodi nent, | Ps,eg]dom) asf.l ugrescens. In one
enbodi nent, e i8oPhieHEWIT Gt |Pl'ilgl%z§rti cle can be

adm ni Sﬂﬁfn@@n{b‘%dﬂné}féqa@ nREh RN A8 rthe? iRl YRE G RE:avin the fusmn
strategy. A cleavable Iinkage sequence can be inc

begzapedn ptddecttp rsa}baraiarﬂsfl Idccpmbmentrpowptptlth@frﬂmcbﬁbamahprotem In

(H{'f Bl I§19rfelﬂlf|Eg @gﬁppl B}ijl?{glr\’g ot %l} }}ﬂsf %eglalg S(i"éﬁtéq\%n&oaﬂaﬁ cell and in

5 I eRE8NERasUEhb BeRS U8 cldhonds Fhbr&c@B! B ondMBbediment, the
hydroxyl am ne (for asparagine-glycine), 2-Nitro-5-

t huS@legﬁd W@b@ﬁlﬁcg @ﬂléld@.ahd)@@éﬁb@lﬁt@ﬁ@tt@ a }Wﬂéﬁ WWI i a vaccine
§ ifigl';( S%V eggrg(ggeg %%? ZC%\R q%ggcggé gﬁt&g\?g the Vlra]I capsid

a nebleat akNihe dédFRitinand psig ?@m(ﬂen Bxh iples ¢ hgentzwﬂhlaf:&nnl deave such
deS|gned to express a different proteln or peptide
s uHuenreanchiisePBiEs Pridraiad ochemisel ERpEsEEY a5 acids (HCI,

I g the
10 <AL KB e L R R SRR PRRERERT | 'S
c apr ido{3F dtlectyasobemndate go-dodnsnbartzome) z;qnimmtzymesc a@atsu lsuch as
for the present. invention are discuss In.so
aPPRARSES. PHOPHEREN UPYEuC BRI @gisﬁata Y OC@FEal protease.
pr ot ei Npyj fholiee efn‘%&‘i‘n%fnt Sl i acil r\vlﬁ@l@ﬁsr&'sxgned to express a
enbodi ment, the method produces 0.1 to g/L protein
i ndiffieeent pr(mlnfor pcptubl icl1aPs, chmﬁrmm |cmsh¢ SXPrt:sh;ed
15 ge t%)f}l%g @J %th éhegnuc e&}%gc@ %%g(}din%&fe fO%I%IE f%ixoh fe%tld
1.7, 1 @he Bac@ena@ hBst colls, ¥psed pbaing, a8d Mﬁb&&n?pdiyp&)tﬁes useful
2.3, 2.4, 2.5 or nore g/L protein in the form of
s ofauheeprosans inveptighare difsBEEAEPRYE- t he total recombi nant
protein ug I t
In Sonehp r?o%% rﬁlgodtn’?ler?t%hiég gﬁé%huo#t&ogfﬂfét legsglt%)e %’L%r&,/el'n in the
pr fustthcsfdsdlsblavVilPeasdi aabheitenIadiratrothe hﬁ)ﬁ/hodaﬂirodmcei 5% to 10 g/L

about 20% about 25% about _30% abqut 409% 50%
20 asieoen e duer wobe S T gaker g Rernoe BEDRY PasHFes a
O (IR Qo5 a5.8lq {16639'636 lo RIS, Qi@ 10r,qduqed1 4,15 1.6,1.7, 1.8,
Ogl ment s, e total sol ublé VLPs produced can beé
at 1 D261 ormboretthah DO s8ct0gs 41/3.2,2.8,2.4. 23 oifmore gLprot@ingin the
10f09m 0 SORl’blCZQLBS h ()511% e(r)n dlmerltnthg 5tE1 recombinant protein produced

is at least 1.0 or at least 2.0 g/L.. In some embodiments, the amount of VLP protein

25  produced is at least about 5%, about 10%, about 15%, about 20%, about 25%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about
95% or more of total recombinant protein produced.
In subembodiments, the total soluble VLLPs 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
30 embodiments, the amount of VLPs produced as soluble assembled VLPs is at least
about 5%, about 10%, about 15%, about 20%, about 25%, or more of total

recombinant protein produced.



enbodi nents, the anount of VLPs produced as sol ubl e
assenbled VLPs is at |east about 5% about 10% about

wasemp/oaysut 20% about 25% or nore of total PCT/US2008/061683
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reconbi nant protein produced.|n other enbodi nents, the

nmet hod produces reconbi nant pégteln as 5, 10, 15, 20,

25, 30, 40 or 50, 55, 60, 65 or 75 % of total

cell protel n (tcp). "Percent total cell protein”

t he anburthergimbndaments e msdidiRiadyogs faqer RSP SHin 355410, 15,
n fz288re09 «

Qe e e oo BB PR PR ProiclBep). percent ol

wedll pristeonthnis i It}[l: drheuraof prolt¢in ar paptidedu It}a:rhosnt)ﬁk:lasl’tepﬁrcemm of

host cell can have a_reconbi nant gggtide, GPHygﬁgtidev 1

p?&ﬁl%%ﬁe clular prefrnt e istaRinatp PE K R CPEIpEY Y PLgten is we
ni'r/ﬂq%%{l and a cell density of at |east 40 g/L,

en gr own e., within a tenperature range of about
4C to hbmpiimﬁﬁlﬁ‘r embadinshy @)e hostgchicarehade astgrembinani p@mlde
articular e he ex SSIO

o s s ant ATt ot Ot R Ch et aS¥R % Kpand o

}el?&eﬂsﬁ?%? at1¥sk 30 gAn d&kﬁcnﬁb%m @ﬂls\ivithﬁn(afte@beﬂa&ﬁé I*an@@ of about

g

,\ma1mow1|.., terrperatureranglm
aBtuto #out 55%boutlusBy,in p meihers) sadty madiyn nima particalar egbodiment,

Eﬁk? eé(ggﬁias%)lﬂlal Isf% [ menff,ﬁmt \I/é) A eﬁc%%\bgl}a%{ Bleih 8??1(%1)}%1% ekbrtegsrlén level of

e I nve

OB e AR |5|%’tck%ﬁd% cen dbmwyeﬂaetéaarm@m whén glowsiali.alhéthin a
VLPs in a host cell. c)The i ncr eased gvoductlon
aFﬁtH@?fW&tlT@\féngﬁ AR OB 0] A RIeRS b NCBFBIE) BF 2 BuRgriesalts medium

9}1 Fér&eggaygrﬁg’cta;led& a??éas@f@%&g protein produced, or

ram o e i ncreased productlon can
also be an |ncreased | evel of recoverable protein or
epti de, produced per gram of reconbi nant or per gram
0 H6§W0@€WFsprote|n The increased production can

al so bey; g'?ﬁ(etﬁm tﬁé‘;ﬂv@ﬁ‘u&{ oﬁtﬁﬁilﬁﬂ%ﬁ‘& th %@Eas’e@kﬁﬁidu@ﬂ”@h of

i ncreased active or sol ub | evel proteln
i splublecilBxcipraeisst coil. oTherxe@@mﬂnmmucpﬂ@tamrnat@eﬂlw bfél be an

throuh essi.on of .t he tein C '
R s A R
%rarﬁ“bf heaptorS, Tak ih@astd Bdduaiiord @asilsoliian iatreh@ddevel of
at | east 120, at |east 130, at | east 140, at

| @esverpbl, pratem @fm’ﬂi@ @roduced Befegram Al rec&m‘t&aaqt CEIS g_f g of
c |es of & P98 r of, 158 BL hen
e T I N
I es@vaee ththlrievel bhe intydaogl asive op edslhblleasxml of protein.
extracel | ul ar nmedium of the host cell
The improved expression of recombinant protein can be through expression
of the protein encapsulated in VLPs. In certain embodiments, at least 60, at least 70,
at least 80, at least 90, at least 100, at least 110, at least 120, at least 130, at least 140,
at least 150, at least 160, at least 170, or at least 180 copies of a protein or peptide of
interest can be expressed in each VLP. The VLPs can be produced and recovered
from the cytoplasm, periplasm or extracellular medium of the host cell.
The protein or peptide or viral capsid sequence can also include one or more
targeting sequences or sequences to assist purification. These can be an affinity

tagged and can also be targeting sequences directing the assembly of capsid proteins

into a VLP.



The protein or peptide or viral capsid sequence can
al so include one or nore targeting sequences or

wWoewasnTes to assist purification. These can bRCEES2008/061683
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affinity tagged and can al so be targeting sequences

directing the assenbly of capﬁ iLd proteins into a

VLP. Cel| Growth Transformation®f the bacterial host

cells, including Pseudononas host cells, with the

vector(s) may be performed using any transformation

nqﬁquolo y known in the art, and the bacterial host
be transfornmed as intact cells or as

pr ot opl BshSofmhatRn,of ichdstiraghey oy, aslsling Pxediphanys host cells,
transformati on net hodaol ogi es i nclude poration

meY Mot V6i0S) may Be perdpiaeadrispisr api WS ioppraigprgdipdology known
! YRR 28 &ma% erfGPRb 94 Dy b ARG FY RIS Ga! R or as
nent, g., umc I de treat nment

Cqﬁbtloh/g@ts (Le. eﬁlthﬁmg cywplatd)e Exeplark tranvstﬁommitlbn aisethotlologies

the art. As useﬂﬁ@» ein, the term"fernent % i?nﬂ )

| ¢ e BB BRI HSSBIORiSRT S&1 FleRfRYqn BiRigplast Mision, bacterial
etaoﬂlﬁ%taﬁz)ﬁ Ofd IdSv &P kﬁY(ﬁQréﬁﬁgerﬁn@gd bﬂ@ﬁhﬁcﬂl@nc‘l@‘ﬂr@ﬁnent or

ot non-fernentative culture Rodes are enpl oyed

FeCaraYig?+ onatment, loe ofher el kedwatmeshydsge diecart.| n one

enbodi nt he .fe nt a | on di Lm ect ed

from a éeldﬁlgﬁelﬂ,éh% rm, ation dfng[r%gﬁgo%eﬁrébo ments in which

S 6!'1&1%1 f@ﬁlﬂeﬁ‘tatlbﬂi‘ 15%%18@6 z@lﬂ‘@ﬁﬂjoﬁﬁﬁénts Bi Whih oéhel] idnf8tmentative

mediumor a mneral salts nmediumis selected. M neral

s atultgravpdiles aro pmploysd.oF crmantation naay hespeaipamad egmygwale. In one

So%l{;{%(f%é%&%t?th%%%rg?eé tfongrtl&ﬁt?rﬁg‘n flﬂe Fe%%d m g.l’l%?l%g%{’l ‘media,

meginiimal Medid doidaniasraedisue diA THGnbRR) ,emBa&mSenamﬁher a minimal

M ngioli nedium (see, B.D. Davis,and E.S. M ngioli

( 195Gy ¢f aymingEd salgsonediumds selqgigd-ni neral salts used to

make m etk SR Bédﬁ%@hﬁﬁt% 3¢ LG all ARS EnSELERLS goJr:s@mch as,

anong, e.g., potassium phosphates, ammonium sulfate or

ché.gr glﬂleosenagmmg wlglya;drblat}b&wtplfcsmmnmd@l satsdnadiaimelude, e.g.,

m per al scalc:lu bar at e d . .. .
PPt Presgmo g £20; B S Rieiqy medium (e,
Or §ANiTSavil d1dAYS "MVEEBIIG @95@9191"] FacPBPLGIES). ThY RliAEE] salts used to

am no acids, or a yeast extract, is included in a
m mekaiminsadltsgltmpdilianncludrstheseselested fron gmOne, migt Pejgesinm
rce i.s used and t
S Bl A B0 L g AR5 O SR, s e
a”ﬂﬂ{ﬂrzﬂs siohens FhRaMA thISalE, Dormeli anthswifhtes 60inb:8icOpEHr inasgnese,

as the carbon source. In conparison to mneral salts
medidaZingyi Np manmyrggwugieswch as peptone, tryptone, amino acids, or a

yeast extract, is included in a mineral salts medium. Instead, an inorganic nitrogen

source is used and this may be selected from among, €.g., ammonium salts, aqueous
ammonia, and gaseous ammonia. One mineral salts medium will contain glucose as
the carbon source. In comparison to mineral salts media, minimal media can also
contain mineral salts 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 method, which is followed
by a two-phase fed-batch cultivation. After unlimited growth in the batch part,



contain mneral salts and a carbon source, but can be
suppl enmented with, e.g., low levels of am no acids,
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are added at very mnimal |evels. The high cel
density culture can start as bat ch nmet hod, which is
foll owed by a two-phase fed-batch cultivation. Adter
unlimted gromﬁh in the batch part,growh can
camrvbluele eantlled dutduepeortifie g@‘?%‘\htfﬁteroé(fiba B%‘Pd of three
pﬁédb‘?% Q{ esnﬁ %\%lglotﬂplb diGash Emnﬂr& dlf{eaﬁgnérgfselgﬁ%fmld.
ORCENEr At on can 1 RCrease several
dEﬁ@hé&kQﬂs@ﬂ@thmhhmwaﬁpﬁmc@messdmmagmd$ydhéheumbdgby.

D. R b , V. Schul hl
RSPRIEBVAL. Fstre . HOL R0 Fh W b TH9D-
He@lg«v qllb9gpe0%}¥ XelP&’éntsw @ﬁl'{l@!&l&lf of&%‘éﬂ&fdb‘ﬁh&(ﬁl &t%htr?ltksd

controlled IC gro rate, . Biotechnol
19pe2ific g'bwﬂempar’éisﬁ’iomcbyﬂ.tzﬂﬁhb’bé? d| ng to the present

i nventLon can be cul tured any fernentati.on foynat .
For - ox TRR S it et & e prh B i TohtiB0 o A Rittured in
c Qﬁ‘)‘ ek bETIFRAL. @dr%ﬁaﬁﬁf&eﬁatm@)fe&l@at@meﬁﬁQ@nﬁﬁ[&ﬂs Mand
The expression systens accord gn}o the present
|nmﬁnmppm&@m@ﬂaS@fumdﬁvmaybaﬁgg ed bggsiessi on at any

fncglr gl Thi Fx%rg%lsll(gl syégse osfalcfcggrﬁm %itlé e}?llgsaerlllgt}l és—:gtlufn e useful for
se@h$echeemadsain AAny MA@ 2., Velunks ofl $@thenaifidn 1 Thui elg.,
scal e and | arger fermentation vol umes can be used I n

omtcrehissdrAermentitifgesqals gachieqlithsepl igrReriairwlumeymay be
ahov [ n n
'ag (€ add &ﬂngg sCagenarmg ogg@@ig@?ggg@h%; Eﬁ% ﬁeereggza gﬁlbh@
Lletnbbe,meZlQ thé feemsnta@én Lolumesan 5O at ort aose 115tet.i Inear®ther
100 Liters,. 200 Liters, 500 Li %ers ]b 009 Li teré .
2 cobodimeng thc fasmgpfgtion ylpae cip bpabes 40oVe O drtekp 1B ddfers. 15
LILtl fss ?Lﬂeltsh% PIES 85T LV e 1.idds, 190Q%ehy, 200 IL'itb'l!fs' B@D Liters,
ermentation of the transformed host cells is
pér(IOOrlrItmis \RAClOﬁllnteas 6@@@@1&*&4 18,008khigers pepRDOR Litgrs.

surviv of the host h.as a ratu

i hi n 18 HE priaigengr it propes G iR, el ARG Qb e

ThidSsfofm& host Ballsti€ pEForntBdOWiHIn a(té‘rﬂﬁera@ﬁ"@ivﬂnge permitting survival
grow ng"), "culturing" (and "culture"),

foéthﬁémshm”érﬁucb anat 2 Eeperatre withfip fl}%ﬁ@gerfgﬁ a)boutaf?qj@@éout
n_in € t S “ P »
’tmng sivE ?é'?sé ﬁ%f ;tgeﬁe@grﬁg gr%%ﬂ (haﬂﬁ élIg)‘gvl t ng,g ), and

' ‘@Lﬁlf(ﬁ*ﬁtgat(arﬁh‘ cultwdel’)iand afehaﬁmencat’waﬁd fﬁngentd’f“fainmmtmgo as

to about 55C, inclusive. fagdl tion, "growh' is used
t ais¢hbgreintip rqﬁgfchtodp% pgsdlcgléq of the present’ mventlon inherently means

“growth,” “culturing,” and “fermentation,” within a temperature range of about 4°C

h

to about 55°C, inclusive. In addition, “growth” is used to indicate both biological
states of active cell division and/or enlargement, as well as biological states in which
a non-dividing and/or non-enlarging cell is being metabolically sustained, the latter

use of the term “growth” being synonymous with the term “maintenance.”

Isolation of Protein or Peptide of Interest
In certain embodiments, the invention provides a method for improving the

recovery of proteins or peptides of interest by protection of the protein or peptide



states of active cell division and/or enlargenent, as
wel | as biological states in which a non-dividing

war@vot4780n- enl argi ng cell is bei ng nmetabol i caPCTUS2008/061683
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sustained, the latter use of the term"growh" being

synonynous with the term " nmai fenance. " lsol ation of

Protein or Peptide of Interest In certain enbodi ments,
the i nvention ‘gr ovides a nmethod for. inpro

r segive ?§/Pfs‘f31<m tRiEAdINGRESHSY ORI Ion AT IEY %gqqglbl§ viral capsid
%t%t '119 Re,fin E&%ogl%?g bhe QU1 RSP A %g%gﬁa ﬁguﬁ%ﬂ%ﬁsglu% VLPs

rough I nkage and co-eéxpression with a soluble viral
ca;pswd ‘phmh(emmbe teadite s¢parateeirbodhereeit satehe sol ubl e
vi ral d fusi og form sol VLPs. |R Vi

.whi ch
can’ be TOA I CUPRPARGOR o h P s AL uiFgIC ethod

I €h8R58n FRCANINNRMM 6 e NSniplQrher Pemol! AMdedRMotic
suitable method known 1n the art can be enpl oyed.

ExhogH, ben ofg whith (HEWHdusozymeletitidensd ptine tﬁéﬂﬁmw apel{EDTA)

Ot pl T WTR L b Ened AR el SRR SRlidbie

HEpdena Rz Yk R EiMetah Gmﬁh%&ubﬁ@r@tﬂﬁ%ﬂtotlcﬁﬂly -b@bilieing medium
procedures can include an initial disruption in

oSrbewedby seleqtiap ir¢1¢azspm@n%anamh2fr@ medip@- hhresempesitipn of these
¢ PAERR fort HiOB R BB L 19 AGHLAR mIRGaE RIRQBH bl

t hese |Ve ag I'sruptidn
ne{Rods sosett, DT Arsohieation) HEky im&cggpmﬁclfﬁﬂd&dures reported

soni cat.i on) y anong specific. procedur reporte
Met hodé\’lf’%‘P % %é thedEBRNEFY Ofgrf%?@ BAB: gD % t§$ ﬁW’P‘&Fﬁ“ as
t ey ﬁtlgfg A7 8 refi3ic QEHR gfesp&ﬁ’xtlﬁ&lﬁd@ﬁlsf (- &¢dn df8he bacterial cell

parti can |nc I sintegration of the bacteri al
c &yl mbshanieehamaloge. Meeh&agcé dlswmhmrtmaall)dms'olyps th@rgeneratlon of

typi cal l.y .involves eneratl vitations
et Bt GGt SFRoUu G b S osn O R eyt sOMSation,
becg, 1,ndﬁ%mf%@ﬂls%en§6ngrl ndi ng of cell suspension.

soz%rre acts biochemically to hydrolyze the

pept i dodE mﬁomm@og&emlﬁ@llx@ hydyeiyze thiypagtidoglycan backbone
dl f gﬁ o%le whl?. de ﬁtffe?fr:]x? n%dlhbaqﬁ)%s gﬂh'%g?&wﬁ@ﬁ? gzgfee[ﬂ:en used on a

W-de Ta expression systens an

kn@iﬂ@ réiﬂgetdﬂ%xp\[feﬁaon'r{},@temﬁrﬂlaﬁskmfwﬁ i thelanvent i on may
be isolated and purified.to subst antlgc? ({)url ty
st andartha ReleHIsq dais wentinm iy bedsalded anq purificd ta é}l%anhal

b “ﬁungBY bdalTi4r8 Y chBiqudWRR kHER A th {h%ta‘?t &2 BA not limited to,

1
ation, aci d extract| on, anion or ﬁ?l on
exmimanglannshﬂfatmar@graaphyr,ecmhmh acidlektrhgsm, anion or cation exchange

A T RN AR A —

C RSB L @ @FBRIYaf i AERY Ma@RAhY Enickel chromatography, hydroxylapatite
chromatography, reverse phase chromatography, lectin chromatography, preparative
electrophoresis, detergent solubilization, selective precipitation with such substances
as column chromatography, immunopurification methods, and others. For example,
proteins having established molecular adhesion properties can be reversibly fused a
ligand. With the appropriate ligand, the protein can be selectively adsorbed to a
purification column and then freed from the column in a relatively pure form. The
fused protein is then removed by enzymatic activity. In addition, protein can be

purified using immunoaffinity columns or Ni-NTA columns.



chr omat ogr aphy, reverse phase chromatography, lectin
chromat ogr aphy, preparative el ectrophoresis, detergent

wa@odoaloi478zat i on, sel ective precipitation w th BCEES2008/061683
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subst ances as col um chr omat ogr aphy,

i mrunopuri fication methods, and others. For exanple,

protei ns having establi shed mofecul ar adhesi on

properties can be reversibly fused a |ligand. Wth the

appr opmicatceiohiof dredsx prdser dgrrotesi qundwrmchisy stébjemeihfﬁsynown in the

adsor hed .t urlf catlon col umm e

© Re g e B tpples Pt os Bt e i e 18 B GggRehialts, o

pﬁﬁ}rﬁmepﬂe&pﬁtgﬁé}l renmoved by enzymatic activity. In

addi tion, protein can be purified using i mmunoaffinity.

coI urm& hermaleculmav g ghiurfg emupekintnt groteh qapbeaxgst ogselated it
r.otei n. can

db h
a 1&)11? Blcqtcalas ofb gt Si?te g&clln_giser éllzgelésa%é) gﬁrahﬂpa%n tﬁ]ro{xgﬁ m{%ﬁ{branes of

munoassays

b'd@ﬂférbﬂ%(i@@h@ (fAH@SampE, AmToen@p Milifoird ﬁiambl’aneﬂ')‘l eAs a first step,
mol ecul ar wei ght of a reconbi nant protein can be used

t 6he profcan Bux e Gandin bl &r@dsthmuggraéa@r@laraaﬁ ¥ithgigraag size that has
|

o o ShPR o Ll oy AR PN P oy of et

mamrraedje of Ale altfafittsitiontcep thehlbe ybtrafileiretd agaxtstua enecghmane with

be ultrafiltered through a rane with a
D MLLCLLLY SLEd Lo, TEn AT M U0 B PO TSt e
Mol &itliRdnt ﬁdt&ﬂtwﬁfpagéqt%&fgﬁttﬁé Hleﬁfbrz{d%tlﬁtrofiﬁé flltﬂﬂ@ The filtrate

retentate e ul'trafiltration can then

ulcan dfeinl teasheamaggriapk¢d. a menbrane with a rml ecul ar cut

of f greater than the nol u ar_wei roteln

of 1 ot SRl ol i e Bt i pBE R gy basis

t h anBpfrane: duMae e ed, illylifophebicitiantiafifigt ®r ¢igindshdn addition,
be chromat ogr aphed. Récomnbi nant proteins can al so be

s eptibedietraiscd peansianogine can he cougaied waralump majriges and the
]Zc’ Cpfrgtiemg 31%1818 e f@r‘fﬁe h/?i:i %ﬁ thepé’ %ﬁ%@g? gﬂé’a%fgil”léneogﬂpm%é 51[9' fMvill be

PR aHai

PrapheicAstoGaR off @klﬂQHatuﬁailﬁﬁo glﬁplﬁo ke.chmi gorag tarﬁ&@mfmdmt& at any
proteins i munopurifjed. All t hese thod(s wel |,
kri6@ls andh uping eqripment frogn  manydi gfﬁfﬁ&? BapuipguERS(S cia

t gy %HTOWM ographi ¢ techni ques can be perfor rred at

any scal e and using equi pnent from many different

manuf acturers (e.g., Pharmacia Biotech). Active

Prote| i de, Anal ysis Active proteins can have a
sﬁ%‘éi"? ’58&‘?’{'}%"’6#”8 Peast 20% 30% or 40% at

| east 5Q0veR¥feiRlcad A30e PEpeifid RaSky 8PU1eR020%0B0B58 40%, at

that of the native protein or

least 50%, 60%, or 70%, or at least 80%, 90%, or 95% that of the native protein or
peptide that the sequence is derived from. Further, the substrate specificity (Kea
/Km) is optionally substantially similar to the native protein or peptide. Typically,
keat /Km Will be at least 30%, 40%, or 50%, that of the native protein or peptide; or at
least 60%, 70%, 80%, or 90%. Methods of assaying and quantifying measures of
protein and peptide activity and substrate specificity (kca /Km), are well known to
those of skill in the art.

The activity of a recombinant protein or peptide produced in accordance with

the present invention by can be measured by any protein specific conventional or

standard in vitro or in vivo assay known in the art. The activity of the Pseudomonas



pepti de that the sequence is derived from Further,
the substrate specificity (kcat /Km is optionally

weewshaBl al |y simlar to the native protein oPCT/US2008/061683

peptide. Typically, kcat /Kn, will be at |east 30%
40% or 50% that of the nati_zsﬁ. protein or peptide; or
at least 60% 70% 80% or 90 Met hods of assaying

and quantlfyl ng neasures of protein and peptide .
adt @%C@«}reéﬁ@ SUBSTP I CRRICP & b REHES }K’%tﬂe &fiiyity of the
W%Hre nétxﬁn@@ﬁ%?elﬁ’to &térnlind Anker ﬁﬁ@trecoﬁhﬁnzﬁﬁ de&lméxhxblts

i nant” protein or peptide produced

. asumtafamﬁy sinildy or heuipalestenttivity wethe |'10tmv1t>ygemarallfye>bserved in the
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nea dDb t i fi t I
S AR PORe GhayinG FGe wedmyBRIR o fEPdipipns.
The actypgidyvief 01t e rdDRHULHP Bﬁﬁcﬂﬁ QEWBE %ﬁﬁ&@mmﬁa{ﬁrevmusly

protein or peptide can be conpared with the activit
ofestahkished mpespprettimer prptide etapé@d@mwm Alegraptiyehy the acthlty of

L R D5al TSGR 6L BTG by SRR RLL

geupdtaitlayly ehs@ianesusi, Borhparatiad dsvey PithtIR Mutive ppapini dgeptide.
under the sanme or simlar physiological conditions.

TH®T §5aMplEt 40 igfvirgassp ehDE Wedtlo gristraing apy detgetable interaction

t
o TIRBGRL L RaRI SIS psa! S NEE, 2 bAGL B Bl
3cdhzmné yncgﬁubtsheter bmw:aé:ﬁ exgpndsst lmcsrmang and hemTrTéee@mnrbmd
etermined in a sj t aneous, substantia
o AT TR BES A CORPAI AT A UEER o UG JOUEHRB Chibfriciage the

prrﬁéa%h nféﬁt %’le&)tlélﬂﬁctrlggﬁa@@ MRbEferffdn Bades! RUARAAY cQRN

be use eterm ne any detectable interaction
betpeibng, &har@m mbradanttmt}otchme@rn Spétghlhtj/eclmgesaxmtaolgeulgr

L R T R A

beinaesibr ARG LS BGes2 E‘ﬁtﬁﬂ?ﬂ?})&p@diﬂc@nis'sQ}%QuCﬁQﬁELM egshiBtc. In
can include the neasurenent of colorinetric changes,

p ragiditioay @ wionasshigrineyde, bt aregentimited &, lasyegpid datedy physiological
%ﬂ:%{ss of t}ye b al(thldgl%T():}tAsvﬂrg ro¢ gcﬁg Bﬁﬂgﬁ%r u]i';tﬁ%l gk&)lné)%x}{son to

hanges i'n no as nea

Estiotihel efeas anté aatigeprorut btsdpoide g hwd%ht gain, change in
hosphoryl ation abilitjes, antibody %gem fi city assays
s Lréwr@éytm pcea glamge In Blopd cloing dme; GRNESSin g 6\98183%@39% and

Nk Hgﬁctlé}pgﬁgﬁlgFaggeS&)b Jged to, assays to detect

phyS| 0gi ca ect s ot i he Pseudonpnas produced
pr ot ei nGerergibphnyléx wimo coirpeire soay tan bhywided defepaine the active

effects he native 0 t de

e Sh b e s prolgrErBarRisBal D gershiids i glows for

cl PEdrhpBattveBial SR BRSakiRe BIdRdin @k peRidetsoBn@icubh &ctivity is

i nduction of antigenic response.
assayable. Alternatively, the proteins or peptides produced in the present invention
can be assayed for the ability to stimulate or inhibit interaction between the protein
or peptide and a molecule that normally interacts with the protein or peptide, e.g., a
substrate or a component of the signal pathway that the native protein normally
interacts. Such assays can typically include the steps of combining the protein with
a substrate molecule under conditions that allow the protein or peptide to interact

with the target molecule, and detect the biochemical consequence of the interaction

with the protein and the target molecule.



Generally, any in vitro or in vivo assay can be used
to determ ne the active nature of the Pseudonobnas

wW@e@dotes2 r econbi nant protein or peptide that BCT/O8208/061683
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for a conparative analysis to the native protein or
pepti de so | ong as such aCtl\élty i s assayabl e.
Alternatively, the proteins 11 pepti des produced in
the present invention can be assayed for the ability
to stimulate or inhibit interaction between the
protein or peptide and a pRIlgp| st hat normally
interacts with the protein or peptide, e.g., a
sEhsiplal e eniag ebeeesivn pddsniil éorsixgrabiopat hmm:l anidat

the native protein normally intera Such S can

twwlwty Sreimuiae CROTUCEE BRI AP G ONE BteeR

V\% ,f% substrate nol ecul e under conditions that all ow
e pro

otein or peptide to interact with the target
ol ecuCedomad Ijetaptibbicitg obiimided GV €B rmselqutedﬂ:f’ezqmnce was

th t ' it t

et o RabRred £eagieth Sigr SEdPOrE g BBLying e spet
Ple38#li6n El@é r%ﬁfrﬁé@x‘n@ﬁl Qfite COPORRAAA ydr &@ﬂi‘ichbl@ kite/is excised
opti m zed CCW capsi d pr otein in Pseudononasb

uweﬁ aehstﬂ@p@mm@ (Dma Mn@lotﬂaﬂf SpRowite Spel apgihel.z Ehe insert

N@gﬁ purt%%}j’ J(ﬁagérrscgg %% 1,‘%@%@ §t§>'t§€§% rﬁ&%wlz ﬁhﬁg (a medium
5&? >g11 SphidivEth RSF R 106right, BOSOTEe pionthtergasd the ,rr;{BT IORF,

restriction site Is excised out of a&ls‘huté‘t i
pteagmawr(fmmp K323 eRiloPpampeiapay high ihdiggiedyith wrel, Xhol and
T e | sert

g geﬂt) rﬁlkacl%r}%glih\?g%}tytgs% glgg@%r%é%\@(ﬁgﬁf)gﬁg &Q%Jg: D pression
EBSrdeIfoMI]MRm & esidngh Psepiomtonat ﬂaowsm(&TﬁQ IBNO:23).

BTI T2 t f KK223- PL- P : ‘
e HER TGt Sl s b EIRBROTaion PSRt i eh e
Aeals
an ex :o ?ég Lo é’f??ﬁ?ggmﬁl%@fégm@l&kﬁg%‘)ltﬂ &b BIb8pin 6

expression in
Peauseaonaphy ctﬂmasa efibe ¢SEQrhdNDe :p&a)ted dind9 Ghmbsaoplates after

roduct 1s transformed b ectro oratl [
D o B S EhY RRRA e AL i contimed by
( k%grictxoh%ﬁ: A arhdasf S’Jncﬁ%rdff pldsatid @NA"‘lsHI‘atM b e SMofies.

romat ogr aphy The tranformants are pl ated
on M Guwkiseipbajuesceafitvector poowsd bo% withAkKPMy €R insgrted at Spel,

at 300C. The ce of ,the r med

R T R R R

' %@@G?@ddi@T@GA@l@GG@I@G&GAM@C@G@AAAWB@MGAAGC
of vector pDow 169 with CCOW CP inserted at Gp
TGTTCAACGGCGAGAACTTCGGGAAGTTGGTGCTCAAA TCAGCTGACA
CACCACAAAAACAAATGTGGGAGCTGGCTTGCCTGCGATGCAAGCAACT
CGGTTTCTAAGTGATACCGAGTTGATACTATCGCAGGCAAGCCAGCTCCC
ACATTTTTTGCTCACTCTAAAAATCAGGCGATCTCGGCGACGACCGCTGC
CAACGCTTTTGCAGGATCCGCCGCCTGGCTGATCGGCCGGCCGATCACC
AGGTAGTCAGAGCCCGCATCCAGGGCCTGGCGCGGGGTCAGGATACGGC
GCTGGTCATCCTGGGCGCTGCCGGTAGGACGGATACCCGGTGTCACCAG
TTGCAGCGACGGATGTGCGTTTTTCAGGGCCTGGGCTTCCAGGGCTGAGC
ACACCAGGCCGTCGAGGCCGGCTTTCTGCGCCAGGGCTGCCAGGCGCAA

CACTTGCACCTGCGGCTCGATATCCAGGCCAATGCCCGCCAGGTCTTCGC



Xhol sites for expression in Pseudononasfl uorescens
(SEQ I D NO 23):

WEBBFIACET GT CGAAGGGECT GGAGACATTCCCGGAAACGCT GAT QRIS 2008/061683
TGT TCAACGGCGAGAACT TCGCGAAGT TGGT GCTCAAAGT CAGCTGACA
CACCACAAAAACAAAT GT GGGAGCTGGCT GCGATGCAAGCAACT
CGGTTTCTAAGTGATACCGAGT TGATACT. (II%GGJV&£CN13CCC

A&TTTTT'F

RGO T A APRECE U &R ST FORT,
GCTGGTCATCCTGGGCGCTGCCGGTAGGACGGATACCCGGTGTCACCAG

5 %@KWWWEWTCCGCCGCGCA
GCTGCGCTGTTCQAGOACTTCGCGGOAGGCGCTQATQATGCGOA

WW%F@WMG

ACIEETCMIPATACG A GTOREUIT A GACICCACANAKGT REAGREGC TCTCAGGC
AACT GGT CAGCCAGCT T CAGT GCCGGOGT CACGGGT GGEGT AATCCAGEG
CONECAFEATAGERG T EEEAEN

BEGA K ECAR G SFUAGREGCGGGATC

%%@@TCAAGGC

AMATT M@@EGM@UAAM@WKGWHRAA@ATTAATC

G@@K@%%RWWW&%@%&CA@GTCG

WECGATTGCC

TCCGGCCAGGGCAAGGCCATTAAAGCCTGGACGGGCTACAGCGTCAGCA
AATGGACGGCCAGCTGCGCGGCTGCCGAGGCCAAGGTCACCAGTGCGAT
TACGATCAGCCTCCCCAACGAATTGAGCAGCGAGCGGAACAAGCAACTG
AAGGTCGGCCGGGTCCTGCTGTGGCTGGGTCTGCTGCCGAGTGTGTCCG
20 GCACCGTCAAGTCCTGCGTGACGGAAACCCAGACTACCGCGGCAGCTTC
CTTTCAGGTTGCCCTGGCAGTGGCTGATAACTCCAAAGACGTCGTTGCGG
CCATGTACCCAGAGGCCTTCAAGGGCATCACCCTGGAGCAGCTGACCGC
AGACCTGACCATTTATCTCTACAGCAGTGCCGCGCTGACGGAAGGCGAC
GTCATCGTCCATTTGGAAGTGGAACACGTCCGCCCGACGTTCGATGACTC
25 GTTCACTCCGGTGTATTGATAATAGCTCGAGCCCAAAACGAAAGGCTCA
GTCGACAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCT
CCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACGTTGCGAAGCAA
CGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGCATC
AAATTAAGCAGAAGGCCATCCTGACGGATGGCCTTTTTGCGTTTCTACAA
30 ACTCTTTTGGCATATGGGGGATCTGGCTGCAGGAGCAGAAGAGCATACA
TCTGGAAGCAAAGCCAGGAAAGCGGCCTATGGAGCTGTGCGGCAGCGCT
CAGTAGGCAATTTTTCAAAATATTGTTAAGCCTTTTCTGAGCATGGTATT




AAGGT CEECCEEGET CCTCCTGI GECTGEGT CTGCTGCCGAGT GTGT CCG
GCACCGT CAAGT CCT GCGT GACGGAAACCCAGACTACCECGEECAGCTTC
W@TIONEET TGCCCT GGCAGT GCCTGATAACT CCAAAGACGT CGTREZGRR008/061683
CCATGTACCCAGAGGECCT TCAAGGGCAT CACCCT GGAGCAGCTGACCEC
AGACCTGACCATTTATCTCTACAGCAGT G GACGGAAGGCGAC
GICATCGT CCATTTGGAAGT GGAACACGT GETCGNK¥CTC

Gk SeT AT aTTAT

WAWTWWT@WWGCCGCCT
CEEOCCEGAGGEGT GECGGGECAGGACGCCCGCCATAAACT GCCAGGCATC

ARGOBRECCATARGATCAICET. WWXMCGTGCAG

AR AR A B

5 %@Wi@@%@T@@H@?@E@R@H@%@@@W@@G&CAA
ATGGTATTACCAATTAGCAGGAAAATAAGCCATTGAATATAAAAG

ATRRAAR GG R ARTACAS B IECHAEOE PRI GOCACACA

%ﬁ%@%cmw

TAXA AR AR ACEIESCAT XA GACEEEACEACTTEBEACTTGGG
TTCCAGGAACAGCCGGAGCT GCOGT COGCCT TCGGT CTTGGGT TCCGGGEC

CANSEASGABRCAGTIA GG TR QB CAETESA T REGRO TTCCGGGC
15 SRS A S T A AR CR BTG F A RS TGCAGGAT

GCGCAGATCATCAGCGCCCAGCGGCTCCGGGCCGCTGAACTCGATCCGC
TTGCCGTCGCCGTAGTCATACGTCACGTCCAGCTTGCTGCGCTTGCGCTC
GCCCCGCTTGAGGGCACGGAACAGGCCGGGGGCCAGACAGTGCGCCGG
GTCGTGCCGGACGTGGCTGAGGCTGTGCTTGTTCTTAGGCTTCACCACGG
20 GGCACCCCCTTGCTCTTGCGCTGCCTCTCCAGCACGGCGGGCTTGAGCAC
CCCGCCGTCATGCCGCCTGAACCACCGATCAGCGAACGGTGCGCCATAG
TTGGCCTTGCTCACACCGAAGCGGACGAAGAACCGGCGCTGGTCGTCGT
CCACACCCCATTCCTCGGCCTCGGCGCTGGTCATGCTCGACAGGTAGGAC
TGCCAGCGGATGTTATCGACCAGTACCGAGCTGCCCCGGCTGGCCTGCT
25 GCTGGTCGCCTGCGCCCATCATGGCCGCGCCCTTGCTGGCATGGTGCAGG
AACACGATAGAGCACCCGGTATCGGCGGCGATGGCCTCCATGCGACCGA
TGACCTGGGCCATGGGGCCGCTGGCGTTTTCTTCCTCGATGTGGAACCGG
CGCAGCGTGTCCAGCACCATCAGGCGGCGGCCCTCGGCGGCGCGCTTGA
GGCCGTCGAACCACTCCGGGGCCATGATGTTGGGCAGGCTGCCGATCAG
30 CGGCTGGATCAGCAGGCCGTCAGCCACGGCTTGCCGTTCCTCGGCGCTG
AGGTGCGCCCCAAGGGCGTGCAGGCGGTGATGAATGGCGGTGGGCGGG
TCTTCGGCGGGCAGGTAGATCACCGGGCCGGTGGGCAGTTCGCCCACCT



TTGCCGT CGCCGTAGI CATACGT CACGT CCAGCTTGCTGCGCTTGCECTC
GCCCCGCT TGAGGEECACGCGAACAGGECCEEEEECCAGACAGT GCGCCGG

WGSTOFH) QZEECACGT GCCTGAGSCTGT GCT TGT TCT TAGGECT TCACBAIZGRR008/061683

GGCACCCCCTTGCTCTTGCGCT GOCT CTCCAGCACGGECGEGCT TGAGCAC
COOGOOGT CATGCOGCCT GAACCACCGAT CAGCGAACGGT GOGCCATAG
TTGGCCTTGCT CACACCGAAGOGGACGAAGAACCGGOGCT GGT CGTCGT
CCACACCOCAT TCCT CGGCCT CGROGCT GGT CATGCTCGACAGGT AGGAC
TM@@@@H@@@@@@K@W%&W&%GGGCCAG

~ IQ@CGTACCG

’ %GCCTCCTT
¢ %%@@@%E@@@EWW@CCGCCCTG

GCAGGCCGGT GATGAAT GECGGT GEECEEG

GTPAUAEETCGT
eg :{.{; e TICATGCGCTCG

CEARFATTT CEETAMACETACK S AGECAIEEERS ST CATIEGAG TCGCCGG
ACGCCTCCAGAATATTGATAGGCTTATGGGTAGCCATTGATTGCCT

CCTT
TARBGCATGISEI TS TACECAT MEATHECAEATACCERE8eKI TGCCGGG

1o

G@WAK@@M@@@@@MMQ&G@G@G@E@M@GMGCCTTGT
TCTGCTTGICCTTTTGGTCTTTCATATCAGT CACCGAGAAACTTGCCGGG
CXTBRANGIA T ACE aOEAN AR OEATAA

OEFEAESEEEEANEGT CACTTTTG
Cgféee Z@J&AAACCCCC

5-ﬂgig¥ACA%ég%%gﬁmTé%Bg@%gé%%%%¥é$%é TGGCGGGG
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TGCCGGTGCCCGTGCCAGCTCGGCCCGCGCAAGCTGGACGCTGGGCAGA
CCCATGACCTTGCTGACGGTGCGCTCGATGTAATCCGCTTCGTGGCCGGG
CTTGCGCTCTGCCAGCGCTGGGCTGGCCTCGGCCATGGCCTTGCCGATTT
CCTCGGCACTGCGGCCCCGGCTGGCCAGCTTCTGCGCGGCGATAAAGTC
GCACTTGCTGAGGTCATCACCGAAGCGCTTGACCAGCCCGGCCATCTCG
CTGCGGTACTCGTCCAGCGCCGTGCGCCGGTGGCGGCTAAGCTGCCGCT
CGGGCAGTTCGAGGCTGGCCAGCCTGCGGGCCTTCTCCTGCTGCCGCTGG
GCCTGCTCGATCTGCTGGCCAGCCTGCTGCACCAGCGCCGGGCCAGCGG
TGGCGGTCTTGCCCTTGGATTCACGCAGCAGCACCCACGGCTGATAACC
GGCGCGGGTGGTGTGCTTGTCCTTGCGGTTGGTGAAGCCCGCCAAGCGG
CCATAGTGGCGGCTGTCGGCGCTGGCCGGGTCGGCGTCGTACTCGCTGG
CCAGCGTCCGGGCAATCTGCCCCCGAAGTTCACCGCCTGCGGCGTCGGC
CACCTTGACCCATGCCTGATAGTTCTTCGGGCTGGTTTCCACTACCAGGG
CAGGCTCCCGGCCCTCGGCTTTCATGTCATCCAGGTCAAACTCGCTGAGG
TCGTCCACCAGCACCAGACCATGCCGCTCCTGCTCGGCGGGCCTGATATA
CACGTCATTGCCCTGGGCATTCATCCGCTTGAGCCATGGCGTGTTCTGGA
GCACTTCGGCGGCTGACCATTCCCGGTTCATCATCTGGCCGGTGGTGGCG



CACTACATGCTGAAAT CTGGECCCAECCCCT GT CCAT GCCT CECT GECGEEG
TGCCGGET GCCCGT GCCAGCT CEECCCGCGCAAGCT GGACGCT GEGCAGA

WE@BOAVERELT TCCTGACGGT GCCCTCGATGT AATCCGCT TCGT G3CIBGRR008/061683
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CTTGCGCTCTGCCAGCGECT GEECTGECCTCEECCATGECCTTGCCGATTT
CCTCCGECACT CCEECCCCGEECT GECCAGH I CTGOGCEECGATAAAGT C
GCACTTGCTGAGGWCATCACCGAAGCGCT GACCAGCCCGGECCATCTCG

peerYN.uvyenm el N eaixalvarye
CEeaA £ S a SRAAMEETEE TGN FCRPCESECAALCEA AGCGCAG
TGGCGGTCT TGCCCT TGGAT TCACGCAGCAGCACCCACGGCTGATAACC

GCCACHSBrGaIETCOTTEIST ¢TI raGT @GWCAAGAGC

A NN

@ e
Cé@@ﬁﬁ&@@@%ﬁiﬁ@t@%@f@%t@@@@@@@ﬁ@%@@@@l@@@%mcm
CAGGCTCCCGGCCCTCGGCT T TCATGT CATCCAGGT CAAACT CGCT GA

TW@W@W@W@WWTWGGCCAG

?@EM%CCG

x AEAGUIGCCGGGCTTCG
GCCTATGGCCTGCAAAGT CCTGTCGT TCT TCATCGGGCCA
L ST TN Came O o

WWMMW@GTGGTCTA

CGTRAGECCGAG GATCTG

B o

@@WT@@@@@@K@@%AACACCGGG
CTCGTTGATGCCTCTGGATTTCTTCACTCTGTCTATTGCGTTCGTGGT

TTXBFCOSESTAT WW$WNWW@CGGGCGT
A R R C T AP RS BT B R 668e aTcecTea

CGGGTCTGCTCAAGCCATGCCTTGGGCTTGAGCGCTTCGGTCTTCTGTGC
CCCGCCCTTCTCCGGGGTCTTGCCGTTGTACCGCTTGAACCACTGAGCGG
CGGGCCGCTCGATGCCGTCATTGATCCGCTCGGAGATCATCAGGTGGCA
GTGCGGGTTCTCGCCGCCACCGGCATGGATGGCCAGCGTATACGGCAGG
CGCTCGGCACCGGTCAGGTGCTGGGCGAACTCGGACGCCAGCGCCTTCT
GCTGGTCGAGGGTCAGCTCGACCGGCAGGGCAAATTCGACCTCCTTGAA
CAGCCGCCCATTGGCGCGTTCATACAGGTCGGCAGCATCCCAGTAGTCG
GCGGGCCGCTCGACGAACTCCGGCATGTGCCCGGATTCGGCGTGCAAGA
CTTCATCCATGTCGCGGGCATACTTGCCTTCGCGCTGGATGTAGTCGGCC
TTGGCCCTGGCCGATTGGCCGCCCGACCTGCTGCCGGTTTTCGCCGTAAG
GTGATAAATCGCCATGCTGCCTCGCTGTTGCTTTTGCTTTTCGGCTCCATG
CAATGGCCCTCGGAGAGCGCACCGCCCGAAGGGTGGCCGTTAGGCCAGT
TTCTCGAAGAGAAACCGGTAAGTGCGCCCTCCCCTACAAAGTAGGGTCG
GGATTGCCGCCGCTGTGCCTCCATGATAGCCTACGAGACAGCACATTAA
CAATGGGGTGTCAAGATGGTTAAGGGGAGCAACAAGGCGGCGGATCGG
CTGGCCAAGCTCGAAGAACAACGAGCGCGAATCAATGCCGAAATTCAGC
GGGTGCGGGCAAGGGAACAGCAGCAAGAGCGCAAGAACGAAACAAGGC




ATGCCCCGECCTTCCATCTCCACCACGT TCGECCCCAGGT GAACACCGEG
CAGGCGCTCGATGCCCTGCGCCTCAAGT GT TCTGT GGTCAAT GCGEECGT
WEBNGBAZHECCCECT CTAAT GCCCGGT TGECAT GGT CGGCCCAT (AT CRR008/061683
CGGEGTCTGCTCAAGCCATGCCTTGEECT TGAGCGCTTCGGTCTTCTGTGC
CCO3IIHTCTOJIEGHﬂTCCO%§§§$ TGAACCACTGAGCGG
CGGECCCCTCGATGCCGTCATTGAT

GATCATCAGGTGGCA

TR AGCAGCGA

G@%@@%@W@@ﬁ@@ﬁé@@%‘é& @@Fﬂ&ééTTGAACGc

CN3XIIII¥WTGGZIIHTCADNJKIHCGGJKIﬁWCCCA

T

‘:AG‘GATGAGC
ACGCGCC

G@@A@@W@@@éﬁ@@ﬁk}\ GG@NAAG@W@&M@GCGCTC
CAATGGCCCT CGGAGAGCGCACCGCCOGAAGGGT GGOCGT TAGGCCA

TW@G&Q@@N\W@T WWWWTGCCCGCC

(XIHCCG3X1v({EAACNZJKIAAGMXIIAAGMKI%AA

GGCGCAAGG
T G S NCA A ST AN GRS GR ATTATICTTAGAT

W@é&@@% CTGCTGGG

CG3EECA@E¥EmEKEEMENEE@EIﬂG@IEE@MKKﬂNMIE@BACAGTTAT

L R ERAGTACGG

TT@M@W@@W@@A@WNWCGGC
ATAGACCAGCTATCCGGCCTCTTATTGGGCAA

BENGATT GTFMEQ\TAAACACAG

5 AAFE@\ - TEEE&%%%GGCCAGC
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CGGGATCGGGATACTGGTCGTTACCAGAGCCACCGACCCGAGCAAACCC
TTCTCTATCAGATCGTTGACGAGTATTACCCGGCATTCGCTGCGCTTATG
GCAGAGCAGGGAAAGGAATTGCCGGGCTATGTGCAACGGGAATTTGAA
GAATTTCTCCAATGCGGGCGGCTGGAGCATGGCTTTCTACGGGTTCGCTG
CGAGTCTTGCCACGCCGAGCACCTGGTCGCTTTCAGCTGTAAGCGTCGCG
GTTTCTGCCCGAGCTGTGGGGCGCGGCGGATGGCCGAAAGTGCCGCCTT
GCTGGTTGATGAAGTACTGCCTGAACAACCCATGCGTCAGTGGGTGTTG
AGCTTCCCGTTTCAGCTGCGTTTCCTGTTTGGGGTCGTTTGCGGGAAGGG
GCGGAATCCTACGCTAAGGCTTTGGCCAGCGATATTCTCCGGTGAGATTG
ATGTGTTCCCAGGGGATAGGAGAAGTCGCTTGATATCTAGTATGACGTCT
GTCGCACCTGCTTGATCGCGGCCCACCGCGGCGGGAAGCAGGTGCGATT
TTCGCGAAGGCATGCCCGTCACCACGTCGAAAAACAAAATCACCAGATT
CTCCGCCTCTGACAGGCAACCAGTCAGAATGCGATTCACCAAAAAAAAT
ATTAGTTCGATTCAATGGAGGTTCCTTCAGTTTTCTGATGAAGCGCGAAT
ATAGAGAAATATCCCGAATGTGCAGTTAACGAATTCCGGCTGTCCGGCG
TTTTCGTGGAGCCCGAACAGCGAGGCCGAGGGGTCGCCGGTATGCTGCT
GCGGGCGTTGCCGGCGGGTTTATTGCTCGTGATGATCGTCCGACAGATTC



TTTGCAGGT TTGEEEECGT GACAGI TATTGCAGEEGT TCGTGACAGT TAT
TGCAGGEEGEEECGT GACAGT TATTGCAGGEEGT TCGT GACAGT TAGTACGG

W@AEY/GNIEECCACT GGCT GECAAT GT CTAGCAACGGCAGGECAT T TRGEUIS2008/061683
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TGAGGGTAAAAGAACT TTCCGCTAAGCGATAGACT GTATGTAAACACAG
TATTGCAAGGACGCGGAACATGCCTCATGES GGACGGECCAGC
CGGGATCGGGATACT GGTCGT TACCAGA CCGACCCGAGCAAACCC

LTI CTATCAGATOCTT GROGAGT ATTA
CORGIME GO T AT GTAANEEARFTERACT TAATATT

%H@ﬂ%WT%H@M@@@J@%GGGCGG
GICTTGOCACGCCGAGCACCT GGTCGCTTTCAGCT GTAAGCGT

SSACTECCGEICIGTGTTCATC

W@W%%@EW@%W@W&AACGCA
ATGI GT TCCCAGUOGATAGGAGAAGT CGCTTGATATCTAGTATGACGT CT
GrEaes GTTTCCA

AW@@@?TM@@@G@UWW@GWG@@@E@%@TCGTTCG
ATAGAGAAATATCCCGAATGTGCAGI TAACGAATTCCGECTGTI CCEECG
T ORI A A GO E A EEAT T AT OGP AACCAATG

T A R P e

TCAATAIGTCTCEEETGGAET TCATGAICHT GAICCLETAWTRECGECCTTACT

OO GA BT AR BALTACEA TGRS SO A LGS TTCTTGG

TéTTT AAY GQ@%@@W@W@WTGMCGGG
CCT GT CUECGT CACAGCEIECC T GECEEEEECEGT T
‘ NOSTTCCIPBEERCGEGTATAG

15 TR T A L SRR R A AC AT BT e CACG

ATCAGCGAT.

Protein Expression:

Single transformants are inoculated into 50ml M9 Glucose media and grown
overnight. P. fluorescens cultures of 3.0-5.0 OD600 are used to inoculate 200ml
shake flask media. Shake flask cultures are incubated at 30°C with 300rpm shaking
overnight. Overnight cultures of 15.0-20.0 OD600 are induced with 300uM
isopropyl-B-D-thiogalactopyranoside (IPTG).

Example 2: Introduction of restriction sites into loops of codon and hydrophilicity
optimized CCMYV capsid protein

Site-directed mutagenesis reactions are carried out using Quikchange II-XL
(Stratagene, TX) according to manufacturer’s protocol. The P. fluorescens
expression plasmid harboring codon-optimized CCMV-CP (SEQ ID NO:23) serves
as a template. Resulting plasmids with introduced restriction sites are transformed

into P. fluorescens strain DC454 (ApyrF RXF01414 (Isc)::laclgl) by electroporation



AGTAGCTTTAGTGTTTGATCCGCCAAT CCCGATGCCTACAGGAACCAATG
TTCTCGECCTGEECGT GECTCCECCT GATCGGAGCGEEGT TTAACCTACTTC

W@T09/BETSCCCEEEEAT CTCCCGACT CGAACCTACAGT TGT TTCORABUS2008/061683

10

15

20

25

30

GGCCTTTCTCAGCCCGEEGACCGCCGTGT TCCTAGGATGGT TGTTCTTGG
ATCAGACGCTGAGT GCCCTTCAAATCAT CCTGCTCGTGATCGGG
AGT GTCTGGCTGGGCCAACGT TCCAA CTCCTAGGGCGCGTATAG
CTTGCCGGAAGT CGCCT TGACCCGCATGGCATAGGCCTATCGT TTC%CG
ArEaraicatipp §tid Migs Biesin én PreicHyt @ ¢sp 9R4$ BYi as
ard%sérﬁ)%g% E%&#f’eqt‘ o 50m M d ucose nedia and grown

. .

overnig uorescens cultures of 3.0-5.0 OD600 are
used to inoculate 200m shake flask nedi a. Shake flask

cul tures are incubat at 300C with 300rpms in
VR’ e ersHog Bt e9rioh "ﬁ%{?@é%‘% Ae%g’kcfwgﬁé loop:

' nducect@M\h/ﬁfi’&%\-/P' SeRY APWO:D1P-¢ biTegat ecrPME@OBAGRGCGC
(IPTG. Exanple 2: Introduction of restriction sites

i NEGCCANSGOEACKINETandd hydrophilicity optimzed COW

carr;e 4 ?". &S] 9= XL r e;

cane! d PERR e RRRERE SO Y A SR AR Pl &icac
acoerdGor AQeoeui@aturer' s protocol. The

P. fl uorescens expression plasmd harboring

codon-optimzed COW-CP (SEQ I D NO 23) serves as a

t | at Resul tin Lasm ds w t-h i . C . )
 ERvfledro ity 8 -B s Pl MBI Lo ing 07 Loor
strai n CCNBAPYIRYIFFRIEQLALNA:RSK)S - CAOOCGAGTGTGTCCCGAT
el ectroporationafter purification with Mcro Bio-spin

6. CEEGHARCEISASTER 1% performed as described in
Exanpl ecdn PPl BRI $-RISEQ T REpeH! on %A@W%GG@}TGCCCGATC

cutting restriction site At el 1" onto 63 | oop:
COUGHCACARETEGGEAQ B'NC. 24) : 5" -
TGCGCGGCTGCCGAGAGCGC TGCCAAGGTCACCAGT - 3
CCW- Afel -63-R (SEQ I D NGO 25): 5

PGk AFANGF S VG A ENE RS A omsite YRGS 14 loop:
for intfoduction of "3'-overhang-cutti ng restriction
site PVOCMYiig! 1001 4-B6PEQADNNORSY 5102CBGASEACASAGACTAGAT

NEL R ECRCGGCREEHRAET G GTCCCGAT
CCMV-Bgl II-114-R (SEQ ID NO:29): 5' - GGAAGCTGCCGCGGTAGA
TCTAGTCTGGGTTTCCGT - 3'

Primers for introduction of 5'-overhang-cutting restriction site Xbal into 129 loop:
CCMV-Xbal-129-F (SEQ ID NO:30): 5' - GCAGTGGCTGATAACTCAA
GATCCAAAGACGTCGTT - 3’
CCMV-Xbal-129-R (SEQ ID NO:31): 5'- AACGACGTCTTTGGATCTT
GAGTTATCAGCCACTGC - 3’

Primers for introduction of 5'-overhang-cutting restriction site Nhel into 160 loop:
CCMV-Nhel-160-F (SEQ ID NO:32): 5'- CCATTTATCTCTACAGCGCT
AGCAGTGCCGCGCTGACG - 3’
CCMV-Nhel-160-R (SEQ ID NO:33): 5' - CGTCAGCGCGGCACTGCTA
GCGCTGTAGAGATAAATGG -3’



CGGGCACCGTCAAGTICC - 3' CCW-Pvul -102-R (SEQ I D NO 27):
5' - GGACTTGACGGIGCCCGATC GGGACACACTCGECAG - 3' Priners

wo or09jong78Dduct i on of 5' -overhang-cutting restrPCL/UB2908/061683
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site Bglll into 114 | oop: CCW-Bgl |M 14-F (SEQ ID
NO 28): 5' - ACGGAAACCCAGACTAGAT CTACCGCGGCAGCTTCC -
3' CCW-Bgl I1-114-R (SEQ ID KRG 29): 5' -

GGAAGCTGCCGCGGTAGA TCTAGTCTGGGTTTCCGT - 3' Priners for
i ntroduction of 5 -overhang-cutting restriction site

X%&E ﬁ%%ﬁlh%pdwg% wibad C]éﬂ%go Bnd %ésRnWﬁQ%acéne M2e

Copptidtbinked @IhR1 2BEAcDING & cb)ion 51‘1(1 hydrophilicity optimized CCMV
AACGA CTTTGGATCTT GAGITATCAGCCACTGC - 3' Prinmers for
i (PP BEY$Bn of 5'-overhang-cutti ng restriction site
NI)fé f Tﬁ,ﬂk@f} | oop: CCW- Nhel -160-F (SEQ ID NG 32): 5
T ACAGT OO GAGE -3
CCM/ NHgle- 1180t 1Rsf13§@11q@ hy@ve8jappBrg DNA oligonucleotides described

3 ORRCT ARt BRTOGLLk BIBAS AT TONTRS: and expr sas) on

of Flu vacci ne M2e peptide fused to the 129 surface

oop of codon and hydr opll;@kll,gdy()@gb m zed CCW capsi d

o¥d r\'l‘ ai-n-Pant.i rh: t-\lnf

hao
||L||\,o|o, rTTe MmocTt HS—S3 IILIICDI LCU

by olerctipa Mk A90mitetal YOUBREICl eot i des ddIEFNBRSpEIERs

oty t he1ohermeysifieny progr am|dedpdi | ledl Betlow:| *2 rinem| 94°C

L}ﬂtro e olArtsbad, TA) ? R prOdUCt B§ second | 94°C

|
ml PQ
4|r|f|g A Q4I‘|III r\lz/r\ PCR 0 i fiolat g
vUr—C rr \ L] T 1T 1T U
n

e
2@ilagen) 10 Rsd with Xbal (NE8p2 d36&3b’F1F§ed3%éF&P‘i’fi 55°C

mgshng ag;huhqk{rﬁe} kit before ligpting |into Xbal| 1minute | 68°C

Bil rTCt ﬁﬁmﬁgl M P-fiuoresce %teﬁ’)éor Ei§bg leveSIImemute 70°C

|n| Lo om

Eielap| e [P HAFE FrdPNORAymegsst ([SE@)4 [Thé Ovflgat]i dfaintain | 4°C

ek er [DSsul EADS AR ULOYdBLOF [ Opor ation into

“* (from Invitrogen Corp, Carlsga§,4CA)

The PCR product is purified with Qiaquick® PCR purification kit (Qiagen),
digested with Xbal (NEB) and purified again with Qiaquick® kit before ligating into
Xbal restricted CCMV CP P. fluorescens expression vector containing Xbal
restriction site in the 129 loop (from Example 2) with T4 DNA ligase (NEB). The
ligation product is transformed by electroporation into P. fluorescens strain DC454
(ApyrF RXF01414 (Isc)::laclql) after purification with Micro Bio-spin 6
Chromatography columns (Biorad). The tranformants are plated on M9 Glucose
plate (Teknova) after two hours shaking in LB media at 30°C. The plates are
incubated at 30°C for 48 hours. The presence of the insert is confirmed by
restriction digest and sequencing. Protein expression is performed as described in

Example 1.

Amino acid sequence of flu vaccine M2e-1 peptide:

SLLTEVETPIRNEWGCRCNDSSD (SEQ ID NO:34)



(DpyrF RXF01414 (Isc)::laclqgl) after purification wth
M cro Bio-spin 6 Chromatography colums (Biorad). The

wWo e@oot’emant s are plated on M@ G ucose pl ate (AEROB08/061683
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after two hours shaking in LB nedia at 300C. The
plates are incubated at 300C f,gr 48 hours. The
presence of the insert is confirmed by restriction

di gest and seque ing., Protei pression is perforned
al HesPIEEsd |’7ﬁcg%d%&?gqfenﬁd(2’ﬁgéé i'd sequence of flu
vacci n%é@ﬁéﬁ@%@ﬁ@AA@ﬁ@Xﬁ&@@W&féﬁ@ﬁd?é;GGC

NO. 34) Codon-opti m zed nucl ei ¢c acid sequencefor Me-J
AGTUGT GRACTAAAGHT TNEATCCCTANT CRIE3D,
TGCCGGTGCAACGATAGITCCGAC (SEQ I D NGO 35) Priners for
cloning into the restriction site Xbal in the 129

SUrHRGR f4098in Mo HeWlid@ribn (irELb A1 e BB) surface loop
CGTCTAGAAGCTTGITGACTGA AGTTGAAACGCCAATCCGTAATGAATGCGG

M2e- CCNW2@ G-V $E0F| GH@IBNO: 3%@?&@&6@@@&&&%&@/%@(31\

(WWI app%en& on?abased. cl oni ng and

expr esNea CoM K29 ‘RZX(S@@ED MZe3 e G ue TAGRATCGGARCTATCGT
surface Io&g of codon and A}/drophl licity optim zed
CARCAEFSI PRSI EGPA T TEAGEA I Gscens expr essi on

pl asm d har borl ng codon- optl m zed CCW-CP (SEQ I D

NO 23) is used as PCR tenplate. Reaction 1 (see FIG

1®x augds4:p SOE(SpliGag by COMIATD ek tEGRITEMEd KRS BOmAR X pression

P BrvipeyzaH e pensderbesedi i oo R oRCL BRI o

bed above. Step 2:
du@@g@@g&km&a%@waﬁ felidh p

reactions 1 and 2 are used as PCR
t enpl atf&sp_lwoﬁu@@MnFemdSS@amiamﬂmanqﬁmig@dgn apiémized

-”‘WWC@’TSE@ NP Pt femti® 2Bt S s 10
P.uskd p@mesTIbp-CRPNEFSIn@ PCPECTM YV PIPBOFEIR PridfersSpRéacdosl 2 uses
Xhol . The I igation product is transforned hy

el pnerd foPRGEM Vi Rtaﬁd POR-GeMES Eh 8O- ali’ﬁ%waB‘ne%Weqccordmg
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Step 2: Products from reactions 1 and 2 are used as PCR templates.

Coop-CCMV-F and Coop-CCMV-R primers are used to amplify final PCR product.
Final PCR product is then digested by Spel and Xhol and subcloned into P.

fluorescens expression vector pDow1169 at Spel and Xhol. The ligation product is
transformed by electroporation into P. fluorescens strain DC454 after purification
with Micro Bio-spin 6 Chromatography columns (Biorad). The tranformants are
plated on M9 Glucose plate (Teknova) after two hours shaking in LB media at 30°C.
The plates are incubated at 30°C for 48 hours. The presence of the insert is
confirmed by restriction digest and sequencing. Protein expression is carried out as

described in Example 1.

Primers for SOE based M2e-CCMYV fusion:
Coop-CCMV-F (SEQ ID NO:38): 5' -GGACTAGTAGGAGGTAACTTAT
GTCCACTGTCGGCACTGG - 3’



plated on M@ G ucose plate (Teknova) after two hours
shaking in LB nedia at 300C. The plates are incubated
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confirmed by restriction digest and sequenci ng.
Protein expression is carried,gut as described in
Exanple 1. Prinmersfor SCE based M2e- CCMVf usi on:

T CCACKAY B RN BT S BTGB (RS § R 50y B I TAT

@@TQ@%@@G@W&TTAT CAATACACCGGAG - 3
Me- CCW129- SCE- F gSE I D NO 4 6
CAATCCOMARTEMY &29- (SEQ ID NO:40): 5' - CAATCCGTAATGAATGG

TSR G R el aglheay

COCCATAATTRMEUALO-SOE R (SEQ ID NO:41): 5'- CCCCATICATTACGGAT
OBT T IGaA ¢ BEA LA
CAT&QCC@ TT@&/ﬁﬁlTJ S G ARG TgTgudat CCACTGC

fnd expression of Flu vaccine Me-1 peptide in
dual sur ace | oops 63 and 129 on codon and
hydrophilicity optim zed CCOW capsid protein C oning

NG S5 KeFAEROT Qi B Bred HomBer 6H Bgtabol M Vaceine
eXb e HeBRdPIARM ShirliRE lp&ﬁis B39 2@990 vRRbAGH #RIh ilicity

capsid ‘protein gene wth a nmononeric Me-1 fused at

t heptih®igedsUCMEC eapsabprotesn descri bed i n Exanpl es 2 and 3.

The, Afel restriction site is introduced using prinmners
"Rfel -63-F (SEQ I D NO 24) and CCW- Afel -63-R (SEQ

| D NG 28)plunR8ttihgirsstavidngei ARUishtr&dRBed Bitd MRy stirfade loop 63 of
synt hesi ze bl unt-ended M2e-1 DNA fragnent are

Mke P- Brerisscens expressin Rleygiddungnesqdanepéniystd £CMV capsid
¢ g[frg%égggag’?i % %’r:IQmIeHC M ?%us@@?tttyg%?é s@féc&tlo?%élésfnbed in
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or COMY B3 BSEQ TR B ana e A G e (BN 257
LBt qqs xftﬂestlf&ﬁ bgl I%I@V\’Pflfr@%% R{n@EsiRNuROENRBMEL1 DNA

to yreld unt - en
fragment are M2e-1-blunt- For (tcactcttgacagaggtagaaacaccgata cgtaatgaatggggc

SEQ ID NO:42) and M2e-1-blunt-Rev (atctgaagaatcattacaacgacagcccca
ttcattacgtatcgg SEQ ID NO:43).

PCR synthesis is carried out as described but with Pfu Turbo Polymerase in

lieu of Taq Polymerase to create blunt ends. The M2e-1 PCR fragment is then
treated with the Klenow fragment of DNA polymerase I to yield blunt-ended M2e-1
DNA insert. The insert is then ligated into the CCMV CP expression plasmid with
the Afel restriction site in the surface loop 63 after restriction with Afel. The
resulting ligation product is transformed into P. ﬂuérescens strain DC454 (ApyrF
RXF01414 (Isc)::1acIql) by electroporation after purification with Micro Bio-spin 6.
The presence and integrity of the dual inserts are verified by restriction digest and

sequencing. Protein expression is performed as described in Example 1.



DNA insert. The insert is then ligated into the CCOW
CP expression plasmd with the Afel restriction site
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The resulting ligation product is transfornmed into
P. fl uorescens strain DC454 (Dpy_rF RXF01414
(I'sc)::laclqgl) by el ectroporation after purificati on
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anplify out final PCR gr oduct. Final PCR product was
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f lfgﬁ t"}fs].r%g&f’one ﬁ)oogsé@gﬁ/ fé%fi& %rooB %\ﬂﬁ?pneﬂlge E&fe&e & to amplify

Xho n produc transfo
elcﬁcfmaxmmapmmcu nto P.fluorescens strain DC454 after

23{ urme PR Etu s g b ST Rd gyt Bl Sibclgged into P.
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restriction. e enci n rot.ein ression

st Hith MET @ E S hEmayaskekp e lurs FEBFD" 178

S Qlpd AR PINRLS IO (Ql%%slectﬁate (Teknova) after two hours shaking in
LB media at 30°C. The plates were incubated at 30°C for 48 hours. The presence

of the insert was confirmed by restriction digest and sequencing. Protein expression
was performed as described above. Expression of soluble anthrax vaccine peptide

PA1 fused to the CCMV capsid protein in P. fluorescens is shown in FIG. 9.

Example 7: Restriction digestion-based cloning and expression of anthrax vaccine

peptide PA1 fused to codon and hydrophilicity optimized CCMV capsid protein

Peptide sequence of anthrax vaccine peptide PAI:
SNSRKKRSTSAGPTVPDRDNDGIPD (SEQ ID NO:46)



PAl fused to the CCW capsid protein in P.fluorescens
is shown in FIG 9. Exanple 7: Restriction
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vacci ne peptide PAl fused to codon and hydrophilicity
opti m zed CCOW capsid protein,Peptide sequence of

ant hrax vacci ne peptide PA: ~ RKKRSTSAGPTVPDRDNDG PD
(SEQ I D NG 46) Codon- optl m zed nucl ei ¢ acid sequence
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hours. The presence of the insert is confirmed

y
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AW%WW £4aCGEGhenciry. Protein expression is
PAI - 129- Xbal - R (SEQ_I D NO 49) 5 -
crrdvrarGroisateidadaample 1.
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Restriction dlgestl C onlng and expression o
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Codon-optim zed nucl ei c acid sequence of PA4:
CGCCAGGATGGTAAGACGT TCATCGACTTTAAGAAATACAACGAC

Example 8: Restriction digestion-based cloning and expression of anthrax vaccine

peptide PA4 fused to codon and hydrophilicity optimized CCMV capsid protein

Peptide sequence of anthrax vaccine peptide PA4:
RQDGKTFIDFKKYNDKLPLYISNPN (SEQ ID NO:50)

Codon-optimized nucleic acid sequence of PA4:
CGCCAGGATGGTAAGACGTTCATCGACTTTAAGAAATACAACGAC
AAGCTGCCCCTGTATATTTCCAACCCTAAT (SEQ ID NO:51)
The PA4 DNA insert is synthesized by PCR using primers PA4-129-Xbal-F
and PA4-129-Xbal-R using cloning techniques described above. Protein expression

is performed as described above.



AAGCTGCCCCTGTATATTTCCAACCCTAAT (SEQ I D NO 51) The PA4
DNA insert is synthesized by PCR using priners
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techni ques descri bed above. Protein expression is
performed as descri bed above. 540\4 129-Xba F (SEQ I D
NO 52): CTTCTAGACGCCAGGATGGTAA

GACGT TCATCGACT TTAAGAAATACAACGACAAGCT. PA4- 129- Xball -
(SEQ | BA40 23¥baldr i AdRATF AT TEGAAL ACCLCAGG ATSGTAA

THKEAPFERFAEA ?%@Aﬁ?@lﬁéﬁcﬁ%@@f e 9: SCE

based cloning and expression of anthrax vaccine
pept i d&ABARS-KbeldR t(SEQABANOaT): RYTICIpYGAMIITAGGGTTGGAAA
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AGCTGCCCCTGTATATTTCCAACCCTAATTCCAAAGACGTCGITGCGG - 3
PA4-129-SCE-R (SEQ I D NGO 55): 5'
- AaTpRICHIEbATeHTdmiAgand expression of anthrax vaccine peptide PA4
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e | at e. - CCW- F and PA4-129- SCE-R grl nNers were
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ggl‘?gfgﬁb#gp @g@%dﬁ cyc pro oco’rerrg:escr 'EggT?&TAA

ab@'ﬁCG@II@AACG?@TM@dAG’(EZTfGCG@G(H&MT@ASBCXJ@G@‘GECAGG -3
were used as PCRten'pI ates for thlsh\rﬂ%%ctlon
Coop- oSt Bnluarsusst eomeRphFerd Eing sgden-gptimized
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oI at.i on d t

A1 A5 P B BB P i Bacloh e Gt s gpeording
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N CI T M

r esut FibSITPCR pelidgest and sequencing. Protein expressi on

was carried out as described in the Example_ 1.
Final PCR product was then digested by SpeI and Xhol and subcloned into P.

fluorescens expression vector pDow1169 at Spel and Xhol. The ligation product
was transformed by electroporation into P. fluorescens strain DC454 after
purification with Micro Bio-spin 6 Chromatography columns (Biorad). The
tranformants were plated on M9 Glucose plate (Teknova) after two hours shaking in
LB media at 30°C. The plates were incubated at 30°C for 48 hours. The presence
of the insert was confirmed by restriction digest and sequencing. Protein expression

was carried out as described in the Example 1.

Example 10: Expression of codon-unoptimized hydrophilicity-optimized CCMV
coat protein in P. fluorescens

The CCMV coat protein was amplified by PCR from CCMV RNA3 plasmid
(pCC3) using primers CCMV-Spel-For (CTACTAGTAGGAGGTAACTTATGTCT
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hydrophilicity-optimzed CCOW coat protein in
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PCR from COW RNA3 plasm d (pCC3) using primers
CCW- Spel - For (CTACTAGTAGGA CTTATGTCTACAGTCGGA,
SEQ | D NO 56) and CCM/ Xhol (CCGCTCGAGTCATTAA

TACACCGGAGTGA 8 %j CR was_perforned usin
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CP expression plasmd is 'shown in FIG 1. The sol uble,

hydrophilicity optimzed CCOW coat protein was

purlfledb PEG cipitation and su roe depsity .. .

gr adi enkhe( Q@z Pm%ct wis %‘Hbﬁqdﬁﬁ’@%@wm& PB’HECE‘“OH kit (Qiagen),
QPYh @%%H& fikd E%Brb%%?rb@i @g into Xbal
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of the insert was confirmed by restriction digest and sequencing. Protein Expression
was performed as described in Example 1.

The hydrophilicity optimized CCMYV coat protein was mostly soluble (FIG.
5) which is in direct contrast with expression of hydrophilicity unoptimized CCMV
coat proteins (FIG. 4). The hydrophilicity unoptimized CCMV CP expression
plasmid is shown in FIG. 1. The soluble, hydrophilicity optimized CCMV coat
protein was purified by PEG precipitation and sucrose density gradient (see FIG. 6)

and imaged by electron microscopy (see FIG 7).
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GATCC TTAGTAATTCTCGTAAGAAACGTTCTACCTCTGCTGGCCCTACCG
TGCCTGATCGTGATAATGATGGCATTCCTGATG GGATCC TGTCGAAAGA
TGTTGTCGCTGCTATGTACCCCGAGGCGT TTAAGGGTATAACCCTTGAAC
AACTCACCGCGGATTTAACGATCTACTTGTACAGCAGT GCGECTCTCACT
GAEEaUCACGTOATOST COATI TEeAh T aAGEATETEAEAECTADGH P-
CgGD\CGD\CTCTTTCACTCCGGTGTAT (SEQ ID NGO 58). This

EEYGE yi el ded nostly insol ubl e CCOW-PAl proteins
(FI G 8cMmVheo-Bantas Bubes r@@flﬁldrﬁsimv @dgliyghted) flanking a PA1

site-directed nuta eneS|s usi the ri
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codon unopt| m zed, CCW-PAl served as tenpl ate.
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ST TR R rcac
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i nocu ucose nedia and grown
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T R 8 BB ML e o . he
BamHI sites were removed by site-directed mutagenesis using the primers
CCMV-PA1-nobam5-F (GCATTAGCTGTGGCCGACAACAGTAATTCTC
GTAAGAAACG, SEQ ID NO:59) AND CCMV-PAl-nobam5-R
(CGTTTCTTACGAGAATTACTGTTGTCGGC CACAGCTAATGC, SEQ ID
NO:60). Site-directed mutagenesis reactions were carried out using Quikchange
II-XL (Stratagene, TX) according to manufacturer’s protocol. The P. fluorescens
expression plasmid harboring codon-unoptimized, CCMV-PA1 served as template.
Resulting plasmids were transformed into P. fluorescens strain DC454 (ApyrF
RXF01414 (Isc)::lacIql) by electroporation after purification with Micro Bio-spin 6.
The deletion was verified by sequencing. The plasmid then served as template for
the 3’ BamH] deletion using primers CCMV-PA1-nobam3-F (CGTGATAATGAT
GGCATTCCTGATTCGAAAGATGTTGTCGCTGC, SEQ ID NO:61) AND
CCMV-PA1l-nobam3-R (GCAGCGACAACATCTTTCGAATCAGGAAT
GCCATCATTATCACG, SEQ ID NO:62).
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Cultures were harvested at 24 hours post induction.
The sol ubl e CCW-PAl coat protein expression is shown
in FIG 9. Exanple 12: Expreégkon of sol ubl e
codon-unoptim zed CCOW-PA4 in P. fluorescens
CCW129heresuhiag pBantil wae stnifotmahingi P.egoxehidaph D@t ed)

A a”&w&@%@@mgﬂ&mme
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ATTGT AGAACCCAT CCCTTCAGGCCAAGGCAAGECT AT TAAAGCAT GGA
CeBEHTAGABBSPAT CGAAGT GGACCGCCTCTTGT GCGGCTGCCGAAGC

Twwﬁe%%%% ARG AT i and

EAAMMICE A EDTADAGAGASGEAG o inoculate
ACTGCT GCCTCCTTTCAGGTGECATTAGCTGTGECCGACAA
orCARGATeEoAked AT Thrka NaginestaTorftrekgwere

%W%@%WMT SU R s 0-200

T OO THITAACEAT GIAVTSTACABINCTREETCPEAGIGAS(IPTG).
GGCGACGT CATCGT GCATTTGGAGGT TGAGCATGTCAGACCTACGI TTGA

c@u@mwm@w@ﬁr@@&ﬁwrﬁ ROsE BYIEELQTe t TRE soluhdiCRHEY 1RAL coat
agmggk - PA4 prokeins. The BanH sites were
Ehove

I NCrease hydrop lilicity by site-directed
nutagenesis usi ng priners CCW- PA4- nobanb- F

&gﬁ%%spﬂ%ﬁﬁon UHOptlleeg%-E-R%V ?AEB 11'{ P

( L E TGCCATCTTGACGGT TGTCGECCACAGCTAATCGC, SEQ 1D
84 Si te-directed mut agenesi s reacti ons were

car ri eC@VV 108{Rgt IQsi Barifingstrictionksites Shightigljedid]ankjge PA4

gD i EoaBR Ao ACA T RE AR B TOtACAACAAG

RQ?G@TG@}GE@@M@AMAR@@G&AMCT@@TGWG"D@CAA@CTGTT
del eted were transforned into P.fluorescens stra
D@ﬁﬂﬁﬁ@GAACCCATCGCTTCAGGCCAAGGCAAGGCTATTAAAGCATGGA
CCGGTTACAGCGTATCGAAGTGGACCGCCTCTTGTGCGGCTGCCGAAGC
TAAAGTAACCTCGGCTATAACTATCTCTCTCCCTAATGAGCTATCGTCCG
AAAGGAACAAGCAGCTCAAGGTAGGTAGAGTTTTATTATGGCTTGGGTT
GCTTCCCAGTGTTAGTGGCACAGTGAAATCCTGTGTTACAGAGACGCAG
’ ACTACTGCTGCTGCCTCCTTTCAGGTGGCATTAGCTGTGGCCGACAACGG
GATCCGTCAAGATGGCAAAACCTTCATTGATTTCAAAAAGTATAATGAT
AAACTCCCTCTCTATATTTCTAATCCTAATGGGATCCTGTCGAAAGATGT
TGTCGCTGCTATGTACCCCGAGGCGTTTAAGGGTATAACCCTTGAACAAC
TCACCGCGGATTTAACGATCTACTTGTACAGCAGTGCGGCTCTCACTGAG
GGCGACGTCATCGTGCATTTGGAGGTTGAGCATGTCAGACCTACGTTTGA
CGACTCTTTCACTCCGGTGTAT
This construct yielded mostly insoluble CCMV-PA4 proteins. The BamH]1
sites were removed to increase hydrophilicity by site-directed mutagenesis using

primers CCMV-PA4-nobam5-F (GCATTAGCTGTGGCCGACAACCGTC



el ectroporation after purification and then served as
tenplate for the 3' BanH del etion using the priner
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TAATTCGAAAGATGTTGTCGCTGC, SEQ | D NO 65) AND

CCW- PA4- nobanB- R (GCAGCGACAACATCTTTCGAATTAGGA
TTAGAAATATAGAG, SEQ I D NO 66)! 78-The resul ti ng plasmd
was transforned into P.fluorescens DC454 as descri bed
abBVEA TEREC ABNAGCHT GaSEQ éPiNQ ©d) BN €W Aynobam5-R

S PR bR G HO b o R AR C o 0

PR@S: 61 ) WRSdifReddl ut® Sdridbik eactiChd MR Miradd dus uSihiQiBiethange

is: 1. Anethod for the in vivo production of soluble
aﬁsﬁhrt(ﬁédtag@t@o ’rPEﬁ) aestrdipg temanifeetugeirstpretose! ysmngChYEY

ncl u rov a. ho c '
i Egribgtlgg o oa glé% &id g%lg & temglgite %esmlﬂ% ?)Yas%l&gwﬁlq the 5
hBdmn%ém@m@ymmenmczeereqmtsfopmea fito PPARbresi@nt usAinMC454 by
exgxessn ng the isolated nucleic acid in the host cell

Bpporafien @fi@gsrp@éléwwm zﬁldtth@ waYad a5 terpplaiesfor Hie 3’ FamHI

Vi t
R S X P LA AT AR TCC
a%A’B”DCGWAn@GNTG’NEGT@GCHKE BHQ i N&x:65SPANThe net hod

SR S A AR AR A0 PR PARHFA G 2
pﬁqtmmp\ ATQ@A‘G‘%E@WWBGFGS mxing, in vitro: at

| east one rst viral  capsid Tusion peptide conprising
at | eaé[thecrmalltarg plg@mﬂmq@epmsﬁdmnﬁdlm P; flagrdscens D@é‘§ﬂ as

0213 l%gﬁ @g%w r'lgigﬁf @cp lﬁgmqsgfgn? ﬁ% Ey géq%%lp% nE{ It%'g ressmn was

| %ﬁﬁtedqm@ a$&&OABe MinMlanpAd 8] Uhé HedrophifeRy bptenzedWUMESPA4
| east one antigenic peptide insert that is not

prcegm@teimwetm@owygﬁuh}ﬁral capsid fusion peptide. 3.
The nethod of claim2, wherein the viral capsid of the
first and/or



second viral capsid fusion peptides are derived from
the am no acid sequence of an icosahedral virus. 4.
wab@ret’Bod of claim 2, wherein the icosahedr abCTUB29088/061683
is cowpea chlorotic nottle virus.5. The nethod of
claim1, wherein the hydrophilicity-optim zed coat
protein-pcplide is derived frét the anino acid
sequence of an icosahedral virus. 6. The nethod of
claimb5, wherein the icosaHedpBYISvirus is cowea
chlorotic nottle virus. 7. The nethod of claim1,
wherein the hydrophilicity-optim zed coat
PROLRINcIRERIdiigte i1s derived fromSEQ ID NO 1. 8. The
met hod of claim 1, wherein providing an isol ated
nucl ei ¢ acid encodi ng a hydrophilicity-optim zed coat
5 Proteln- pepti de LSk on SOTRL L RE8 ALY diifle ANchBRkat ed
nucl ei ¢ aci d encodi ng a coat ‘protei n peptide having
mpglichiteshn@iragliRe pasicien it hrogesll inchrlifB and 129
insertion sites of the coat protein construct. 9. The
net hod Pegvidingiadost cellher ei n t he i sol at ed nucl eic acid
encodi : ' i ' bR cAC] i
the podrefEah IALEhERERLIRCNANL AR @TpRRICAT  FRystd cou
protei n congirotoimtpepride fosdbrf;i ed via renoval of the
am no acids., 1Q. .-The nethod of, claim?9, rei.n .t he ..
10 ami no Sepesssimble iged g icn Frberi ol wg g pression in
129 i nserti QRe sdif £SvRIGIRITi% i Ba8d UM of ﬁl@%@ﬂﬁghﬂféi?’-optimimd
gl ycine, isoleucine, and |leucine. 11. The nethod o
clai m 8, wheéfRiwiarhgeptidaintp solublervimodikeipsdisles; ashpea
chlorotiﬁ nnﬂble.vigﬂs %ga{ protein. 12. The method of
cl ai m g3 BF NPHEST BY51°%&d nucl eic acid encoding a
coat protein peptide having amno acids in the
position 63 and 129 insertion sites of the coa

| : .coat .
15 prot ei r2-constheupethad ef elaiam i whemsip REPYIding; andgqlaigd nucleic acid

nmut ageneski s, - h i . .0j ..
B e R P
hayivigp:am no acids in the position 63 and 129

insertion sites_of the co } proteLg construct are .

modi i et 1408t oy Tt Yigg! ﬁ@P%@ iRl de BN R 2L gne antigenic

t echnol ogy. idd IR @3&B°d of claim@8, wherein the

i sol at ed nué%%?c ac? " ‘encodi ng a coat protein peptide

20 havi ng afeasoorciedsnd viral leapspd isiangrepde eerdprisigg at least one

insertion sites of Dy . . .
anfigenic peptide insert, wherein the at least one second viral capsid
fusion peptide comprises at least one antigenic peptide insert that is

not present in the first viral capsid fusion peptide.

25 3. The method of claim 2, wherein the viral capsid of the first and/or
second viral capsid fusion peptides are derived from the amino acid sequence of an

icosahedral virus.

4, The method of claim 2, wherein the icosahedral virus is cowpea

30 chlorotic mottle virus.



the coat protein construct are nodified by replacing a
codon encoding an am no acid of |ow hydrophilicity

wWowak/oat18ani no aci d having a hi gher hydrophi | i BE€T/S2008/061683
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val ue. 15. The nethod of claim11, further conprising
cl eaving the fusion peptide QE@Quct to separate the
reconbi nant pol ypeptide fromthe capsid protein. 16.

The nmethod of claim1, wherein the host cell is a .

bact eridal hdde! hod Oflﬁﬁillmhé"’}iﬁé%lﬁé%e %Sfdf%IP}éWHy_I%E“mlzed coat
i : L C , .

VA8 198 O o 3 3R B i e e i

Pseudononad cell. 19. The nethod of claim 18, wherein

the host cell is Pseudononas fl uorescens. 20, A net hod
for théin W\?éﬁiﬁ%@’gﬁ?%?’ ¥heaep i léo%f“i’&é%l”éﬁs 15 cowpea
r ENABke\vidkUs- 11 ke particles in a host cell
|§§%ﬁ‘g tf))’rvcl)w[édi ng a Pseudononas host cell;

providing an isolated nucleic acid encoding a coat

protein peptjide having nodified amn cids in the.

positidn 63 dnefE@é Pﬁ@%’m ?’o‘ﬁhe&wg@e &ﬁgp@%&é'gpummed coat
QERLHS NP deBivii e IEGY)NOgat protein construct.

Egkfor&$§lhydiohﬁiIicity-optinized CP-fusi on pepti de;

expressing the isolated nucleic acid in the

Pseudonpnas -host cell . wherej J 4 I ' S

ol 1 prbv; add s g Ot L SRk prE R i@kl bl ncid

hydeanhi b hodiophipiti-FhaetcRohugbem-papidedasibmtemprises

sol ubl e virus-1ike partjcles; and isolating,thg ) -

vinreigdingia igdated apgsic agil enpp@inga cAYPraeIPeRiids bpving modified

el n.: .G ' f :
G TLRGAR NP BhafSh b by PErOARARSRed it 858 Riin ot
acid encoding a coat protein peptide having am no

acids ipn the_position.63 apd 129 insertion sites .qf .
the coat prot ‘ﬁm%BﬁgfgﬁE?gaW eT R?F@&n%£m§$?%am8enmxhnga
di g _r%@iﬂgélﬁﬁl@ REFIg -amdrd actdEinTBE Podii& 63 hidd MPRsertion sites of
wherel n the isolated nucleic acid encoding a coat
prtb¢ edat ppapini cdesthay iregnedifisd viageaevalwf threarp@eiaciden 63
and 129 insertion sites of the coat protein construct
are nodified using splicing by overlap extension-based

10. The method of claim 9, wherein the amino acids that are removed in

the position 63 and 129 insertion sites comprise arginine, tryptophan, glycine,

isoleucine, and leucine.

11. The method of claim 8, wherein the coat protein comprises a cowpea

chlorotic mottle virus coat protein.

12.  The method of claim 8, wherein the isolated nucleic acid encoding a
coat protein peptide having amino acids in the position 63 and 129 insertion sites of

the coat protein construct are modified by site directed mutagenesis.



technol ogy. 24. The nethod of claim 20, wherein the
i sol ated nucleic acid encoding a coat protein peptide

Wh200/agt782ri no acids in the position 63 and 129PCT/US2008/061683
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15

20

insertion sites of the coat protein construct are

nodi fied via renoval of the agjno acids. 25. A
Pseudononad cell that conprlses sol ubl e assenbl ed
reconb|nant irus-1lj | es de, accordin

to the lfet hddearets ‘Pfrﬁl‘f“% whergg tPollS%})a“ga Ellsi asyf! encoding a
r @GQ?P&QFH}IC mhe H%lﬁ%!ﬁ%m%adcﬁdﬁh% 18i Ao 179 iR ridesites of
nmet h of ¢ a|n1 virus-like particle

¢ dreproias prrogr im nonissokere hadifiddeisingapllidingriyodicHgp exteeaen-based
pr o e|1 yeptide havi ng nodified am no acids in the
pSEPP'8RY63 and 129 insertion sites of a coat protein
construct. 28. The virus-like particle of claim27,

wherein the am no acid sequence is derived fromthe

anmi no d4id s’l&lth@d off claim $.cvlscapiadihaisolpjcdusiclemacidrpecoding a
i 88%8 été?liﬁ»@%\?}?% h%wl mm%l %édycﬁl e ?tfo%' z%n'lae129. 1Psemon sites of

3@he JJAEpMtditl Bohsiiet zﬁaﬁﬁdd@ﬁl@l 19f replaai ﬂg\ aZ&xdonhﬁécﬁixﬂg Iuhﬁmno acid
i sol ated nucleic acid conprise a coat prot eptid

habianghedronklisiey withian anHaeo pgdiheris agaehendy rsghilicity value.
insertion sites of a coat protein construct renoved.
31. The virus-like particle of claim 30, wherein the
am no déi ds 'ItHaahethascboff<ﬂmim/e,cfufthextdmmmissiqdlmixfgathaﬁi@ion

12
g|p§Et:1qr.}:-zper[)1tdllécg F%%gafe?ze %g nitueaqrﬁ 0 nggtlde fligrg ep cap51d protein.
16. The method of claim 1, wherein the host cell is a bacterial host cell.

17. The method of claim 16, wherein the host cell is a Gamma

Proteobacterial host.
18. The method of claim 17, wherein the host cell is a Pseudomonad cell.

19. The method of claim 18, wherein the host cell is Pseudomonas

fluorescens.
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20. A method for the in vivo production of soluble assembled
recombinant virus-like particles in a host cell including:

providing a Pseudomonas host cell;

providing an isolated nucleic acid encoding a coat protein peptide having
modified amino acids in the position 63 and 129 insertion sites of a
Cowpea Chlorotic Mottle Virus (CCMYV) coat protein construct to
form a hydrophilicity-optimized CP-fusion peptide;

expressing the isolated nucleic acid in the Pseudomonas host cell, wherein
the expression in the cell provides for in vivo assembly of the
hydrophilicity-optimized CP-fusion peptide into soluble virus-like
particles; and

isolating the virus-like particles.

21. The method of claim 20, wherein the host cell is Pseudomonas
fluorescens.
22. The method of claim 20, wherein the isolated nucleic acid encoding a

coat protein peptide having amino acids in the position 63 and 129 insertion sites of

the coat protein construct are modified by site directed mutagenesis.

23. The method of claim 20, wherein the isolated nucleic acid encoding a
coat protein peptide having amino acids in the position 63 and 129 insertion sites of
the coat protein construct are modified using splicing by overlap extension-based

technology.

24. The method of claim 20, wherein the isolated nucleic acid encoding a
coat protein peptide having amino acids in the position 63 and 129 insertion sites of

the coat protein construct are modified via removal of the amino acids.

25. A Pseudomonad cell that comprises soluble assembled recombinant

virus-like particles (VLPs) made according to the method of claim 1.
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26. A soluble, assembled recombinant virus-like particle made according
to the method of claim 1.

27. A virus-like particle comprising an isolated nucleic acid encoding a

5  coat protein peptide having modified amino acids in the position 63 and 129

insertion sites of a coat protein construct.

28.  The virus-like particle of claim 27, wherein the amino acid sequence
is derived from the amino acid sequence of an icosahedral virus.
10
29. The virus-like particle of claim 28, wherein the icosahedral virus is

cowpea chlorotic mottle virus.

30.  The virus-like particle of claim 27, wherein the isolated nucleic acid
15  comprise a coat protein peptide having amino acids in the position 63 and 129

insertion sites of a coat protein construct removed.

31. The virus-like particle of claim 30, wherein the amino acids that are
removed in the position 63 and 129 insertion sites comprise arginine, tryptophan,

20  ¢lycine, isoleucine, and leucine.



