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ACKGROUND OF THE INVENTION

[0004] Vaccination can protect individuals and entire populations from infectious agents.
Developing safe and effective vaccines is, however, not always straightforward for a number of
reasons ranging from identification of effective antigens to safety concerns with developed
vaccines. The use of viruses as carriers of foreign peptides has been explored in the field of
composite virus vaccines. Such vaccines are based on chimeric viruses, which are hybrids of
different animal virus components. Usually the major component of such hybrids is derived
from a virus that which is or has been rendered harmless, and the minor component'is a selected
antigenic component of a pathogenic virus. For example, a pox virus such as vaccinia or an

attenuated poliovirus may be used as a vector for immunogenic components of other animal
viruses including human viruses. S
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BRIEF DESCRIPTION OF THE SEQUENCES
SEQ ID NO:1 is the peptide sequence of Epitope PA1 used according to Example 3 of

the present invention.
SEQ ID NO:2 is the peptide sequence of Epitope PA2 used according to Example 3 of

the present invention.
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the present invention. 100231 SEQID NO. 4 is the
pepti de sequence of Epitope PA3E used according to
Exarrpl e 3 of the present invention. 100241 SEQ I D
is the peptide sequence of Epitope PA4 use
‘593%@@?%@”0 Exanpl e 3 of the present |nven'f‘F"8H52°°6/046160
100251 SEQ ID NO 6 is the peptide sequence of Epitope
PA5 used according to Exanple 3 of the present
i nvention. 100261 SEQID NO 7 is the peptide sequence
SEQEH? NEd ipie pgrtisls saeueoeadpifpitope Eﬁar\dmcgacsomno toHxample 3 of
the prefth€RG&Hiohnvention. 100271 SEQ ID NO. 8 is the peptide
se uence of Epitope PA7 used according to Exanple 3 of
D d€ud s llhm?@m'ldﬁ orueri@? EpitGEFAID Wod 9cdogdingte Example 3 of
equence of Epitope PATE used according to
the pres%ﬁ““%%oé the present invention. 100291 SEQ ID
NEQlID |‘8)'5hetlpqupuid¢eses®qc:enﬁ:§pimbe PpituegrbadepglingsedExample 3 of
.ng to Exanple 3 of the present invention.
the pres%ﬁgi%%ug%Q ID NO 11 is the peptide sequence of Epitope
BEQ IB &NOD:40s dredieptifet soqienenpl Epi®poPAStused mprcesting to Example 3 of
the pre E/ent |ton 100311 SEQ ID NO 12 is the peptide sequence
epr%:ln BY1"SPe PA10 used according to Exanple 3 of the -
smunmcbmenw peptide[ LQ3Ade SEEPitdpe IRAGLBed sccohbngedisadple 3 of
equence of Epitope PAll used according to Exanple 3
theprcﬁ"l““"f’?ﬂé °Br esent invention. 100331 SEQ ID NO 14 is the
IS@Q D NGBy aicrpide Ehidnopef Bitcbd PATaded eaording!® Example 3 of
anpl e, 3 of the present invention. [00341 SEQ ID
‘hePre?Q@“I‘BC‘}"é‘“t he peptide sequence of Epitope PA13 used
mglld NG9t Oth feqhiede of tHpRopY BAFRhised AVE@Rdin@ fo Example 3 of
00351 SEQ ID 16 is the peptide sequence of Epitope
thepremmvw@a accor di ng to Exanple 3 of the present

PO N0 00 SE YDAt SR o

the preganpiigeRtionnyent i on. Page 5 of 34 WD 2008/ 085147
% H%Qﬂ‘i’l Ofad Qqude sequence of Epitope PA9 used according to Example 3 of

the present invention.

SEQ ID NO:12 is the peptide sequence of Epitope PA10 used according to Example 3 of
the present invention.

SEQ ID NO:13 is the peptide sequence of Epitope PA11 used according to Example 3 of
the present invention.

SEQ ID NO:14 is the peptide sequence of Epitope PA12 used according to Examplé 3of
the present invention.

SEQ ID NO:15 is the peptide sequence of Epitope PA13 used according to Example 3 of
the present invention.

SEQ ID NO:16 is the peptide sequence of Epitope PA[4 used according to Example 3 of

“the present invention.

SEQ ID NO:17 is the peptide sequence of Epitope PA15 used according to Example 3 of
the present invention.
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[0037.1 SEQ ID NGO 18 is the peptide sequence of

Epi tope PA 16 used according to Exanple 3 of the
present invention. 1003x1 SEQ ID NG 19 is the peptide
SEguencs gf Epi t ope PAl7 used according to %ﬁgi 01616
O 2ORES  esent i nvention. 10039 SEQ 1D NO 2d ﬂ@ 60
pepti de sequence of Epitope PA 18 used according to
Exanple 3 of the present invention. 100401 SEQ ID

accéléj ﬁgt {W'S%Q {j ng’cell quce%)q%Pt.EgAmj P& gécrﬂ:rlﬁgg%toe}:dxampl; 3 of

the prd80vitden8BQ) ID hK)ZZ is the peptlde sequence of Epitope

F TN RN S NN O R

wm;xaequeﬂﬁmomf the protectlve antigen (PA) of the present

a e. 10043/ SEQ ID NGO 24 is the anino
Sﬁﬁeﬁit R ReRR IS BRSO, '%R%‘Oefpf’t‘b%éseﬂ/E%COlewa’Aﬁ’t‘Elﬁle 3of

the prEJERGRIATIbLEN OF THE | NVENTI ON 100441 The present
|nvEpt|og¥mnll now_be described nore fully hereinafter
HLNOy: Ehis dhetRs Pidresea e iR PH BAL 7 B é‘§°°f‘i"ﬂg {ample 3 of
&w;x@ﬁpaqwgmeﬁs of the invention are shown. This invention
ver, nbodi ed in many different forns_and
s ﬁﬁ@ W N2 b tmt@ﬁ‘tﬁéﬂueage o FRIOBRIPAQ) pise accommiBgli Tl 3 of
&win§ﬁht&gmﬁ£nhereln 100451 The present invention rel ates
part to novel vjirus inactivation nmethods for making
n§E& ID piOsA3 isvhe gsinpiagid spattenectfdhe profectiweanggen, gipiaf élie present
: i ke. Methods for virus inactivation are
mmhn%&%g%?%ed herein. The present invention provides
eSEQIRNO:24 is teamivaadidsequdnce f e influepdagmms epifope $2e.
particles and integration of the inactivation step
into the virus particle purification procedure. The
inactivatidhEﬁmﬂﬂﬁUDEéﬁﬂﬁﬂéoNHE:VHEG§VTnH&@EbIe of

: ﬁ'&eg ﬁ% : nrg IIR/GI?IE]C!:HSWII” ngiwdélqur% ore f\ﬂ@dﬁreuﬁ?{@} wi dh refergm,e to the

on can e means an
accongahging &igoieniein witkdedintaidiraanteqi mepe/enhcmpdrayhuwn éﬁhnstmmﬂon may,

derj ved, f at enj he .surface
nowe{5iaht POt i a0 ORFGE: (RS Lt 88 pdage B tmied to te
embolineaiseEBis h&tint he present invention include an

eff|C|ent and scal abl e rocedpre for . ipactivation

viThagEsen FVBRISEIEACY I RIELIP PR p’é‘r‘st‘P%‘t“é%“o(“\ﬂ‘_%‘)dstf?fdt‘ﬁd“g novel

plant vﬁ‘ﬁéﬁhk@ﬁarﬁé{kg fdrk&at Valme9aROIR 1Rl MBRoYY fodSiruSuabtivation are
enbodi nents i ncl ude using an ammoni um sul fate buffer,

descriechdergin. yTha pispeng invgationppigeides gfamplesygh ipatigRtEgsqtachimeric plant
virus p%c#@zgr%/rgég@éltﬁ)q of the inactivation step into the virus particle purification

procedure.  The inactivation method renders the virus incapable of infecting plants.
Embodiments of the present invention can include means and methods to produce a safe vaccine
based on an epitope display of epitopes derived from a pathogenic agent on the surface of
inactivated plant virus-like particles.

Embodiments of the present invention include an efficient and scalable procedure for
inactivation of viruses to produce virus-like particles (VLPs) that lack the full infectious genome
of the virus. Such embodiments include using an ammonium sulfate buffer, generally at pH 9, as
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the initial extraction buffer. Anmoniumsulfate is
regarded as being non-toxic and acceptable by the
regul atory authorities. 10047] Enmbodi nents of the ,
resent invention include viral inactivation wt
‘2%%05%4 ulfate in a pH range of approxi rra't"éT’Vszﬁ“(P“l“’
The viral inactivation can occur through RNA cl eavage
and degradation. The viral particles can becone
perneahiljized allowing for the entrance of amoni um
the m“ﬂﬂé RETICHPmbUfRE GmmpsiunTpdfaterip Fegardedhas Yeinguisattpoia and adgeptable by
the reg@ARNAHRBRAS shoul d be-carried out at pH above 8.0
because at this pH level the virus "swells" which
"Esphodiments of the prgeant inventidauigcludg Yieahiinagti yeine tititangmongfm sulfate
in a pH Bﬁge%ﬁipbro%a?&&'b%s Tht WHHH?J( A cc%? r%ﬁ’l gkﬂvage and
present 1 nvention can SO provi vel
degrad@tilqnus-Thpkwsrqbampc@se@an b@comengermhmhzlauwaltoy\pmg:@rl the entrance of
ammorﬂéxﬁ(?&ds%tg‘{ih \hﬁlrse%érgﬁorem%rl%u%at%%l with (!1 rn%émum 1gns should be carried
particles conprise a prope et
out at gl @4t &i(hwausa:@mlss o i letvhbthpwesemwelmv\emh bcrpens‘loislsdecture thus

rat] inactivation of
allowu'g& F&gﬁ%oﬁ of th% small mnfgules V\éougﬁ) l-{c V"Sf‘f?é‘ff purification
dﬂﬁrpﬂtsbmnlsven'ﬁb3$m aled Ipﬁdr&?derﬂ nbm IRNFe v1msnEkﬁplzﬂ'&ﬂes lacking the

[ d h
o YR DeREAY MR, MrGPLAGE. e RSl e oy

presen@damipetn sul fate at pH 9 and incubated at room

t rature for about 20 hrs.. After the jncubati .
tﬁe{@)"gﬁ?‘ﬂ‘%‘ﬁége e nh B vVEHiog é’n“i‘fq’?f"é"é‘ﬁc?dé dr ‘P‘bm&ﬂgéaﬁ'f’g °§H’&CUV3“°“

of particki’nAta de@MIebﬁtvﬁ?f_lluﬂtthﬁﬁdr rifibRR dpBratibsat Tiese mHh@ng 84fBinclude
conditi ons at not inactivate virus and

instancg$ Wheein leemﬁéfruatlwé@ctpd and bnagenigesbinraB£Xirertiga Muter therein the

buffer W 0.1 ¥ ShidalHl fufaQPpHED Adhdduaieadla: RoRLESPeraufPr ahtfht 20 hrs.
Paramet ers 100511 Enpodi nents of the present invention

After the incahatign,j the: pyHAesRIE PP @gquffggpﬁsztp ﬂi)banfsrp@d (SRRAIOE initiate infection
upon [BLALIA! I The! find BARKGNHAL WOPHDHD! B, noiNfiEAateNDird8nd  higher

lurry i'n an inactivation buffer to degrade
tempengfures |i.e. 8 GrAppedrpdo damagepe Vinys stigctifge resul ting virus
particles. The mlled material' can be further
cI ar|f| ed by centrlfugatl on/filtration prior to
Al g S idifacamepers | on buffer. After the

bat | . artlcl can [

R b5 9 LS8 A SRR e o
material ﬂnemelmztchaiuanams&a inblﬂ)apﬁg tthec mdéllddoslpre én an tiadegivdtioonbuffer to
t he sol utj Buf f er. han and chro -
dograde L GRSEeDREIA YA UNIFGHPHS T RROETE AP OR G . OFAB I materal can
be furthAchatified by reehiri@ipatiS@fliRgon PHEY (AtrRGbatbn df ythe) Miabfivatioh duffer.

the purification procedure, For exanple, in sqne

After the incabRiiogsthe Perisles far be preiPYAICY Rt Mighatnetraspg Gepplarity of

ammoxﬂﬁﬂcs%iﬁte 0 aalef/éllthﬁvﬁaﬁ‘éls '?i?enﬁﬁﬁcle @Wcﬁhtﬁ‘t@'fﬂﬂn R ddiftion. Buffer
colum in 0.7 H4) 2 - Washi ng bound CPW

exchangg tahd @hr@rrmqgm}ghy g@pylusuplﬂ-y §p1 w tpgg'@cryva@pn 3gp.\\bhe inactivation step
can be%rggg/at%; a?élh%f7poﬁlql4ty§?e Q\Wﬁgﬁ%%}oeedure. For example, in some procedures,

the inactivation was integrated into the process in a following manner: CPMYV binding to HIC
column in 0.7 M (NH,);SO, , pH 7 » Washing bound CPMV with 0.7 M (NH4),SO4 , pH 9 P>
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(0053

[0054]
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Elution of CPW with 0.7 M (NH4) 2SO, pH 9. The

follow ng ranges can be utilized: 0.5-1.0 M

(NH.,)2SO»4, pH above 8.0 and tenperature between 10 to

40C, %OQSZ/ Types and Sel ection of Viruses That Can Be

KRB ERHke VLPs (0054i Vaccines of the predérdfUS206/046160

invention can be in the formof antigens and fused to

coat proteins of non-envel oped RNA viruses (+, -,

~and/ or doubl e stranded). Enbodi nents of the present
Elutionpf €RM bwith &Y MrBiHad@OppHt TRNAoNowing emget conge witized: 0.5-1.0 M

| §9SaNe I [ . Jpough cowpea nosai c
(I\IHJ)\ﬁ‘(%Ugni%gS\ge 8'@Lﬁ\%?§%’ﬁﬁ}eér%ﬁe,%ﬁtlRé&n%t&ﬁods of the

piepasand Be ) I iteCanpiiel Used ¢ MEPs si mi | ar

V'vfa&%ggx?ofﬁ% p<?§s@m'n€emi89'£§n RE &6 GHE §5hny bE fdr?%gf fami (YR8 to coar

according to the present invention, are: e 1.
proteifane nédeeroriope GRNAS viFases I(y, -, Gowpedoaid sramied). nbmbedements of the

pesef, 3 SEM SRR 3B AT ENRER RS s, v

PN |00 [V 1 TOSEEN

rus of|
Althowglr ¢tsvpEBSsdio Ivirus i ax e pTiosaihesarn, I thel aethodAbF &k fpeeserosavention can
virus AMV. Alf anpvi rus Bronpviridae. :Brane nosaic ,
e oot S0ty BB L CEP OB 1B el ey Iofgh coring o the
presedf@sehGorSB¥V Sobenovi rus Tonbusviridae virus 100541
The present invention can be applied to any RNA pl ant
virus. To denonstrate this system the plant virus
Tabk@Wpea nosai ¢ conovirus (CPMW/) was chosen. The
NanleNT €€-di mensi onal — sié&dpfmr € of deénas CPW 1's
CowpPEl Gibratid @¥@le VRhs T dePENV Cat 1 ON gbms)ikLS Sul TBBhBviridke
CowiBfhbdafalih@n Wi t houtcghsgr upti on (fxdbhs parti cb@noviridae
“Tomato HdSHy it vikes date, yggwses fromyabudgast Ni NEoARtidae
Alfalth idS.igeRKr a and thrgensubgroup 4nssRNA sat el Bich®viridae

Bror}{i &H&Ec?vihéVe haddt hteﬁl(hllvt ﬁrt i ar Yg@ﬂoﬂﬁigt er na;IYrtorr:xoviridae
SoutithUCtddheSmsolived at hi resol WLohbhvinPme 0 ese
.3ior3tbare | Tsted above in SB¥Ne 1. /00.531 One exenpimipyseadac
group—of —ptant—virrusesfor—use as vectors are those
whose coat proteins have a li-barrel structure. An

adhantege nfermive aaseeodpplicd wsasy RMNA phiav eires. ( 3o ldgmog$trate this
structure.is that the | oops n.the indiyi l . -
systedy PR GrioecBa st bR O BRR AN dFolsd 1y Bfsmensiona
structufeS of tth® TNV {sokedw) pRighi drsws Mydidentifahii@n obf sienesupable for
.ore | oops can be gq}g st.r@t_egé foth e ex retssi on of e lant
modi By HihoId RIS oh hE BB ARBG S (TR Fife BREsERp al ledt nine plan
virus igBeeNirdQRree kMSRHEY DERN A1 e virl &Y inanshaaf ihdine@rtepind quaternary
protein are also possible, such as jnsert IT%%?ef nto the

structyges splgchas dighresobpion. Semerphhiese apslisiedbg yesia

One exemplified group of plant viruses for use as vectors are those whose coat proteins

have a B-barrel structure. An advantage of the use of viruses that have a §-barrel structure is that
the loops between the individual strands of B-sheet provide convenient sites for the insertion of
foreign peptides. Modification of one or more loops can be one strategy for the expression of
foreign peptides in accordance with the present invention. Insertions in other regions of the coat

protein are also possible, such as insertions into the N-terminus and/or C-terminus.

Page 8 of 34




10056)

{0057]
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WD 2008/ 085147 PCT/ US2006/ 046160 / 0056/ Al pl ant

Vi ruses possessing i cosahedral symetry whose

structures have been solved conformto the eight

stranded (3-barrel fold as exenplified by CPW/, and it

VO2BO8T t hat this represents a common st r Y E§2L06046160

all icosahedral viruses. Al such viruses are suitable

for use in this invention for the presentation of

CﬁLekgn peptide sequences, which can occur in the

12dbBENt BETSiR BASSEHE peosaisdEh SXMERHY JYhost SYckiray paveniery $olved
confor@Ng/tRe eightt @faRddaUs barfP S MRkl Fic@Toy NIl Y hitDic NAkely that this

sequences to insert heterol ogous or foreign sequences _
represegfsct CORENN SMeire in @lltiensahedeal videsger All sych Hisesj arg puiria for use in

this inAHHEAGahé PreSQRHRN I doleRnehtidd sehfMLD Wtk tan occur in the loops
transcript and cloned into a vector, then nodified by

betwee fizeclt-strangs endfasriethgiN-prAingegdéartC-lermius.r egi on abl e to
tl\%tﬁ&ﬂtcﬁ. rﬁ&ﬁﬂliﬂgnﬁﬁy\t §e8rkn\%st tG.clH;ertdﬂe%err&gédugng% n sequences are
replication, "particle ?ornatlon, or sturblnf

well kngwfretst thyjaty Gedd@ihBihe GoimbRNAUsggerae ds eoryeedptood fidk-length cDNA

transcr{p?%% cfo%r% tlrﬁg 1, Pelc%rle,t théh rm%sdﬁ?edey ﬁlts]e h egqmlenar‘\nbk% segment in a
I'nfect egurres. el I genomnmes °consi st o t&ho

region ableac wlasteshclsinagtien sithandétyptipg RINA vepliseios epdritie Girmation, or

sizes which are separately encapsidated in

particles of approxinmately 28 nm dianeter.

Tendvivosdsyqoe s godupnafcdt dexsr foeean plam tvimbaaswidcte ptedominantly infect

m ddl.e and hottom (B 0 nent as .a, consequenc
egumely FRE st F0PE ' o BRI EiC PAre BURL o Tve See R of
differe@ G£bs B¥Hich ark REpaRNAg ensaptibiten inhicorparit patielss deippepxkmnavly 28 nm

. as M and B RNA, respectively. Both types.q ticle
diametpr, Jde o (YaehPf eaﬁe%*%}flai wn&mﬁgitfﬁ%ﬁ, m@ﬁ[ffs@ .awg lb8ﬁ*°m (B)
compofibht GO R BRscBRHBe Of thair bakia@fut MR imAdHlbritie Siamdity drAdRehds, the RNAs

coat protein. In addition to the nuc [

eqpr.ot ei n .
within ghe pardglessbeingolRoWinras M gre Bt r&?@ﬁ%&% B0 apes af Aegisioghave an
identicBIRBRIn QnpRYRLY, oRNi@IngioN6@Edpies cadsH AargehVEIT) AR a KRANVVP23)
as top_(T) conmponent. /00591 In the case of the type i
coat prateier Iropdditien ¢ MRy PEUOPERLYR pParticiRap SATRHEY | RISRATHPES contain a

variabl% v of iehg%jé@rdgﬁg-\@ﬁl gs Bakid0@hih Mandwh a% Igg{ & mponent.

ol yadeny ve ‘a smal | protein o .
ok @se bf/the kypakessnbeo of the comayirus growp es/Pea/BpEAIG Yirst(EEMV), it

. st udi es Vi

s knoh 5300 L B8 A RERR BTp b Pl BRESEC T e
linked g6 thejr.5' BahinuRNAsre lirmited €8Nl bavthelmewvirases) suggess thah Higse features

sh 0 si st ,of 3481 and I |

e o0 SOTRE Bt o o M B PR S0k B EPUAV e een
sequent8B3nd LOBNOLBMidt of 348 ISIMNKR, 5389 8B) nucBotitlesRidsudimgnthaipaly (A)
wits o Sar i b B Eopb R Pl S 1 RS RE R Tomh s st
1 g4IHe thme. B RnQf tHedi QEgdAt EIALES beduad thipapl ihdegnthesis and
Ongog%ﬁ Rl\ﬁs rzgre ?‘ngﬁi rned forl i%fe?tio ’

f  whol, 1ts, .
subseqppet ¢leavags ofBaraqprPirOn palypPepLiges- iﬁ?&bgg%aéfﬁ feglé'g?qo %’g?‘i‘%ﬁ“’“ of

i f ARUGRNO0f iNddpbiSdeREeplictiSS inddr6toplasts, though no
Who}eg%ggugltehgq%l%%lﬁﬁg caseBa(Go(I)dbacI:)h et a l l198 ). .This

virus missadeset podyceduhiecasai @pldbashret lor! 9N Ebis eburyaipRoupled with
earlier%\ist&% lcla %g:ggag,egs%tﬁsﬁegethgtoﬁxte RaPhehdls BeCentBRAARH RN, and the
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formation of infectious virus particles is dependent

on the presence of both B and Mviral genomic RNAs

5@06 & An advant age of the Conoviridae is that th

DBt ai ns sixty copies each of 3 di ffé’,CgH{SZ"%/‘NMW

[3-barrels which can be individually manipul ated. Al

other virus famlies and genera |isted above have

sim | ar 3-dinmensional structures but wth a single
f("l'mdfl?lbgf ﬁfe%tg)ubaflxrpmparn(:lpﬁ It Hepepdeng onghe CRRRACE f‘:’érb‘)@kwdeM viral
abmnﬁagpﬂgrelgn i nsert can be made inmedi ately preceding

the proline 23 Prozgz residue in the (3B-RC | oop of

t h8 ashvantagecefp®e dopraytrisien iy Wippdipir cgpsd KoBainPaix BHEOMES, each of 3
differ&in %%n@%%vhét@@ﬁélﬂh\%w%ﬁﬁ?%nlpﬂ}é?erdt hﬂrbtﬁegnl @ ?%nkﬂgs and genera

applied to icosahedral plant viruses (1 ncl udlng
listed glonve dirvd igildi 3-Biarengipnad strugtiresr e Withlacegled yestid- barrel (ln the case
of CPM\'} Uf&% L& l@a%g (&1, anﬁ%n Qgﬁ%e %?Jdgrmgﬁtely\/%\% Sin lhe prolme 23

cant 'sequen€e honol ogy Wt Al n c |g
(Pro’ gem@eemtm §BH3é1 Wwoprpfohe smilt gspsivhpeeein €Y PEY aISee U. S Patent No.
6884%?§ucture i s unknown and a second virus whose crystal
7 Sttructure is known, alignnent of the primary

s Thaiptesene Snwentlién adnl oW bdhappliod & icosuhedrh! pliwe Vimegss(including those
contan%)}lentggﬁg t(l)gﬁrlu%(ureét vﬁx@ﬂds i%sgibstenjétﬂ]résghg\ed ot a/?:te Ee &éteal’mxn\éd Where
sxgmﬁ]:éqalseqmﬁﬁﬂ hoihnlogylaNithirothe catxeproteiraganies HSstkla)stwnh yone virus whose

rotein sequence honol o

erysaf bRl UB 1 fiBoePR RS BreDREY P FE Piat” Bl e iPrsonalignment of

the pritharpBtryctsies udll wll@d ttﬂ“b@ﬁmﬁrﬁfﬂhd’fﬂmpb&lw%dm p-strands to be inferred

[see Dg;ﬁ’jnj tiﬁ W&%‘?Et?dﬁgiﬁdo n%nte Nl dar%’ﬂnﬁtsgfr L &5¥on, where

a vinflehRr mmamnqmloéoat Bevteih Ce@lchen h@ﬁ}olﬁgf efttha@k ViASES Whed crystal
sites. 10062/ CPW and bean pod nottle virus (BPW)
structy Jis begraeigruncd. primeny HEPRS abgnTspimanke uepfy capignction with
approp@dty se%bmdlrﬁﬁncﬁfég Cg' @rdedirl Gaddi @bon b riERRRY biidwl @&eirfination of the
general . MV conprises two subunits, the snall
locaw@fmtl@lhesmme{ L) coat proteins, of whi ch there
a@l\ﬁ@ af® Qéa?\jbogfmcﬁ@& bm%e(@l’w\y)%oggmai me% DFQﬁ&hlgp of BEMV and

pepti de sequences nmay be expressed from either the

 CPM¥nregepy omdpnandare fypioahdf dtelCamairiqee ot gsinersl.on the sane

VW Cor;ig((i)% 41wgp M‘(\nﬁtg‘ ?é prﬂgll WMevfaF#s(L) !::&lt ?Jli'tqgl S, o(() which

mani pula
there f1er68i ogplepebéacti eps; vnoﬁmmmleoﬁeslgofpeptme sRN&nwanmdyéJeLcsgxdssed from
ih Fult Ign'%th cDI}IA ch hes of .both | CPW RNA nol ecul es
eitherhe L gf, 3 PIOAHPOT gt RAP 2 PRSI BTt ™ ®o i nsert

OlCPYIV UChiparite RN A SR emaesere@ codipnitearht @esingnofpaptRNIS virus to

cDNA cl ones of the no rom pl ant RNA_vi ruses ca
expregseloprig PERY dgfe SEPY &Onet 3 b BM%@&M%&WL@FP PRA clones of
both CPEBCRNAUSMoIBABs bR QGMIaBLe AhRAt@n BE @:ﬁhﬁmlaEe@Q@fﬂsehrbl@onucleoude

further aspect of the present invention, cDNA clan
sequepges Cpoadi TENAEPTNE PRt hRIRA clones of the genome from plant RNA viruses can

be used to generate in vitro transcripts that are infectious when inoculated onto plants.
In a further aspect of the present invention, cDNA clones of CPMV RNAs M and B have
been constructed, in which the cDNA clone of the M RNA contains an inserted oligonucleotide
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been constructed, in which the cDNA clone of the M RNA
contains an inserted ol igonucleotide Page 10 ot34 WO
2008/ 085147 PCT/ US2006/ 046160 sequence encodi ng a
W@relg)n pepti de, which nmake use of the cassava vein
HBOEEVMY)  pronot er sequence |inked to PHEUS006/046160
ends of the viral cDNAs to generate infectious
transcripts in the plant. This techni que overcones
some of the problens encountered with the use of
sequence £gReRding f forgigRarcatidl Whichymakousgnef the capspia veib(mospip (CsVMV)
promofdr ! scﬁe%luﬂ%ld’ih@ YSERIs of BRARLI (HRK]L té’bt.ngﬁxﬁ?m&@nous transcnpts in
i ncl ude various bronoviruses, in partf he cowpea
the plapi} Jrhéﬁ teghmpue |0éercvm~usoncecewpe areblere esgobatersdvivithisths  use of
transcifls Bafelddidth 3lird R iSQHOBINO AR BUnRRA! iruldsr US_( SEW) -
RNA segnent tripartite virus can al so be
uQthdr ViE)smnescl@ﬂe wiieh usmdvituses, musetscubr ghetcowpea chlorotic mottle
t r
virus (H(ZIW;JH\% t?euydb%}émfbs& Bﬂc’:agl\/\%lg}ér IEhe b?lglp% ?%&pn r%g'sta{cl vo frus (SBMV) An
RNA ée@ﬁMﬁ) of simmititaveupeukagebe 'uscdl cE)saipe:sIroalsucrha;mfmiswxruses are the

trlpartlte v?rggeﬁ’ﬁﬁeﬂrgr‘f\nag&gh au M/ llarémgln\{(lésgygd a B%I\;Sez}( co pea chlorotic
mottlervemp ECTMWYJ whicH ive pemgedpn ;ndoeamcéna?ca@mdmd ed by
IS 1TOrne rom

¢ BrEape o BN & i e dnfpri eireaeAy SERAENA hb g2, 29 and

2.1 kteregdackiny TBMNo&RNOEIn id eAdtde@ bndsbgebemperIS &Mt thatl ReBAned from

RINAS, R B el e GBSt Bl AR B iy reodRs My RNA

" 1 and ¥ @UQIBR. prddefit. CORse Hred BMWV RAN' b@re@@ﬁﬁrﬁtbl@d&n&ébsﬁlﬂkﬂ Ynto identical

pept.i de |nsert|ons 0068] The coat proteins of
particlay,Bash BFUGIREOUARY S T ATcLeiB o d TP HOABRIEN 2R 46 TR to carry
peptide HtRRLEH. The simlarity of the secondary structural
el enents and their spatial organization is illustrated
i hhe masprofngef YRPIRG ofithg wirgssy idicatefdn Tablggh hgsbpen gpmpared.
The sx?rtllah@eofl {ROR3 ok AR sttuk@irdP B WRRR ahd) ﬁlefr%paﬁfal &%gﬁzatfé)ﬂns *Pl%strated in

used for inserti'on of foreign epito However ,
FIG. 10efdlnitedridate Patenta do: §|§§h62?na&an{éhe Eﬁ thﬁtolrlrsbeé‘fv@en the B-strands
r r
can b RATEE R bE Rkl B CC PRluefl B R0l VRGN, o e
addmmbarmdxposadcbm bicher mtﬁeeunamaltgr @q‘temzhesuvfamsf theevinstand such that

ed. The. rticul | 0o an. b
assemfilce! ey wAn SRguTor w8 RERAY frdhe PR Judprined. The
choiceC Gﬁh paﬂfcﬁlae IldbpScUzh el hadeausthgt ktejwiedgltoé rt]an:ttnmnse of irfdividual coat

each i ndi cat ed 3% the cr. uct u
r

proteig it i SIS YO € e BT P PR reure, such

that aiy fnBerMbrisUge asIBRIPbYinterféte \Aﬁfh&hﬁﬁ aemPBlye Thé endideSHPrdc@ insertion
site can be made, initially, by inspection of the

site cap yhe made; pitiallyy @y SPECHOR ®f byRe j GRysyy gructure, tollowed by in vivo
exper@r??ﬂ%‘ilbﬂrﬁﬂh%ff?fhetoﬁtxﬂnﬁlﬁ@hé fy the optimnumsite. /0069)

ree dinensional structure of a plant virus
c Thush theahmaerilmedsivral sirutesre pba plaetrvirus gan hsexaminpd inggrdeg to identify

poruomg,) %E apcré t elot'?:mt ﬁ\gtt ar@r gn{gﬁia;l%%gécggd ¥n RPARRGuARcet R are therefore

SUrFREE and
potentlally good sites for mscmon The amino acid sequence of the exposed portion of a coat

protein can also be examined for amino acids that break a-helical structures, because these are
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potentially good sites for insertion. The am no acid

sequence of the exposed portion of a coat protein can

al so be exam ned for am no acids that break a- helica

structures, because these are Page | | of 34

MREYERIY7 PCT/ US2006/ 0461611 al so pot ent i A1C|T§PS§‘B’8/84616"

sites for insertion. Exanples of suitable am no acids

are proline and hydroxyproline, which in a

pol ypeptide chain interrupt the a-helix and create a
also pateggitigkigARd sxesplondnseitiont hiexagtplagcfugablpanapr] agidy ajengrajine and

Rl i o
hydro?gpsrgfr?xt@clt oﬁgc‘ﬂ i®h golg;k%ns% grgu O?Fm%?lltlgée’ ﬁshélavln SRl chrr)glgﬁeoap ri Sld kink or bend
in the 5gOqYre] ! \Eﬁb@ﬁrtn@m@t@fmttprtéelppeg@mtattrqumtp@wr amertions.
Lde ARLORIS: Effioalbuni t-type vaccines; that is,

ﬁ%prQ"’ﬁ%gg—aﬁrggé%"represents only a segnent or

ségrmdmntsf ofathe @netscrg envenhign cirs inkludeumethiods lfer ebfimttyipy evaccines;
that is ltlhe] preseﬁf"éd N&s C(’le} %en%)nl aas%cxtagnt orr”; n?&“hl of a%aafnﬁ en tpﬂm known

organi s protern vacti nes becau

uvbek&gkwalSUﬂuwmtmgnahM$mﬂags®eumkemﬂmeWrmh®thﬁ@apnv@fﬁ“hok
proteli::x ra)ac? RS Qcauégatthgﬁllacgyall un%tho%aﬁj %Q%Eat%d;g'glzﬁﬂ'? lﬂncr%ctive process or
pathotogl lo6ths disoasea subunlt vacci ne against the effects of

ﬁﬂ{hpg%n{?Ba | ht!egrgga Inr\}%latll%sc Ig]?:{u?%tg]l }l})ﬁ Iatsu%untxt \ac.cme agamsl

the eﬂf@WcEf&&mtaxS(G@HHm Gitiotciabafittiab Iammmnmm ds:cdmer $E/@(HD No 23, the
mthe so called grotectlv antigen, or Hed

subuf GRS ROt TS Bt e P Lo M TP SIS iy % ol

proteétBe@Atifindor PANThis Hrdtdld iDRSIvh fote cifetipW ig @aisinAlhmaniof 1o anthrax

ant hr ax_vacci ne. ROO? 31 Cani ne parvovirus vacci nes can
and 'Saqhgea%‘efob?aa%é%‘t?m%ef gniyax pagokievel d et al . (2001)

" k| PR ReERIRE RantalsBl RNEroMidedls $26 Ot LatangdieESer al. (2001)
froma Lethal Challenge with Canine Parvovirus

“Inactpsaied Recormpinge Llgy 7GirugnBrotestigRossl Homt a Aethal F_@@'@pg@ Ryijhy Canine

Parv v'ir‘a£ 20kJ 00 | 0. Me K676 ARl NShedVerake Rt @1ddsh S'EMI MRtStedidnhin Mink
w Gener ati on Cani ne Parvovirus Vacci nes Based on

Agal@yn‘tﬂmétfﬁlue%pwfﬁé with NewoRplerinn. EangeeParyoving cYacpiaes Based on
_.ynth]e?ic %Qﬁ\ lcﬁ%zecor-\EPﬁ%rﬁ LRl PRl FQ'BQD???@E?‘? BIRURrI particle-based

vacci ave a rea proven effective against a vira
subupatvaadres KaParalmudyr usjveramﬂfectpfreonmﬁéd wirdl netogen dhargovirus) and

prote%tﬁé ﬁ%lmagshta . eﬂg%al\’\éh%lh entgh%nhme]% (E-nltfécggés %gr?tntTh ﬁ'gcrlc npamcles are

es arc= cur
curretyViRéngp Ipemibeedbyn i cofvped i phantd Fog pifa:mhg v\nhe hplant with pre-engineered

o G R ABER  RETR A b PPl P00 e
and 1683 WrstafceC EThiS resandlid 0@ ahis tige@Rn. of Pinss. r"etw.linfc&tetirplzmt tissue is
system c infection of Iants The i nfected

collegtpdsapd §hg chipiricerirusdparfles Pee Rt PENYpFds? %a\‘%ef* cpgggecines.

Accoﬂfxﬁg X EhBGdiREnts (R UbRLRH in@RAshnl HeGnaR A4REMRARESs o inactivate the
According to enbodi nents of the present invention, it

vaccnoanarbeiaa:dvamnafge"mements fracoyivaamsnighrrotegifiiei ne
© A AL nd AR e Nodk B SIFRI ot Yy S PRAEILVETRM e antigenic

epxtopes that are then used as vaccines but also to particles that display any other useful peptides

such as targeting peptides, antimicrobial peptides, and the like. This technology can be also
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100741 The present inactivation nethods can be applied
not only to particles displaying antigenic epitopes
that are then used as vaccines but also to particles

| ay any ot her useful peptides such as

ﬁgﬂ@%ﬁmiﬁ peptides, antinicrobial peptides, BhHfUpHEs/046160

like. This technol ogy can be also Page 12 of 34 WO

2008/ 085147 PCT/ US2006/ 046160 applied to the wild

_ t§£e or nndified_gartigles that are then used for
applied i, 1he #fild P Riagedited patiqlesubat aipihen jvesst foocavialenplirkage bevarious
moieti®&Ufol tRE BartidiBis8rrAdaC lpelescild hdAcl gl
ot lan ti &Sgl cl rbort ei ns, pfep éigﬁﬁ‘g?g car‘ﬁ&gﬁ’gl}@ﬁ'd ¥ 4 it élggpmmm
peptidesy ¢ bycﬁw&ishpl@ﬁetrwelmcwcl@gehtegtu(rslagdmtsassuﬂh u:srﬁtgcc—sntnt dyeb)
Sa g%% a ar

radloaﬁl}{'ge.g\g'ﬂl"h’e egﬁgtl g}él%éorrp ehéelél&ca%ﬁ% ‘%Cﬁe quex\%ccén r?gsused as
vaccinggs asnwll aaﬁorfdﬂlvaelof ieer gssm;ﬁatetd}@eassoaargétaﬂuesgmhrm the like. This

d, t h be .
oo 1958 S L SPHRR 0 B P SS9 i

nuclcusmds fasexqbrdsgsm of fbl‘eegr@%ncsmmlrﬁj dhdalid ke ifiside (B pAr@Si8s Bk are then

the |ike inside the
ased f?)réi’f’f" @g %ﬁ&i{?f%wﬁ@ﬁ e“‘ii'B %388 ni st rati on and
diatludeir ymerfg mh&na&lyq&pﬁcw &fivgesag@ntan B&Qs%ﬁlacbd}ﬁingdedhe present

) anong, t he rra e e opes .t hat can be used
inventGe ERGERE! PRGTD GO M ERY fortre dre Bt S6slegnd fectera
pathog%ﬁﬁarﬁiuéafne&ﬁ irludidpeth6RPBdrel SnflRhA %h@s&sfehpéﬁtﬂxher alcepiatltis virus,
bacterial pathogens and cancers including those from
B.iantrdféhza virus, eastern equi ne encephalitis virus,
ang Eé,relgmtﬂaba&e SwhidP A Lo hﬁcowrﬁecgmmse;nsmdﬁmsm(&la e.g. WO
nay be r'ncof porated info ﬁlant viruses (see e.g.

92/18638), 8@ bg of highly dieerssitypssgihhsre ay be seme &r@é%nomrheqaéserﬁyhe nature
and snﬂ%ﬁ%réxgﬁbéﬁhé QRBthP EAMSHiE it iPRakaliy Eneon R di9b ??m@ltz The
the foreign peptide and the site at which it is placed
peptidg peqyence shewld noy inlgsfersarith B eaparite of e madified s énessemble when

1 a
culture\%/jfl?&kggt gpgnsg P n@réaﬁ. il tLJgnu f{;%}ggdpg%b@?esga; Fgﬁltdguﬁg i th€fucteic
acid esqodinigfit, sigmifion pepristes er mlclm raiil geruences winbl dre dot ratige to the plant
td 0 [ a [ it ignifi
virus B?elat hs dg Q%E&m%% Sg(ﬂlgh& csag ﬁé %gg@ﬁtgﬁli}g%e%bgedﬁ g?rgx]:)ée%%us or
heterolm@bmweeqmmctheﬂm enh “peptidas mrshﬂtds amal peptdesrandSpafpeptides. The
ces ca escrlbed as exogenous

pepiid} FERER SR e Gat SaRRR et BRI ~pept ) de-

| Modifide sircdpdriicigerndy K&Snﬂiﬂﬁm laypBiptagitaBy usthe pepmiles.iEkamples

|1y contains nore than o acid .residues.
of suclGERHES RPIHROE POTPAIES FaPYTIG] B Rees 1B F PRy vire
bacterfl, 0|fﬁgéa¢a|o|ry AnsRiIUl orR@Pt | #l8BodidsX AiBlugiRg QhtiSdi6Hpic  antibodies;
pepti des are peptide hornones; enzynes; growh

lmmwfcmﬂu%ﬁt@ﬂ a@dmt@}@m o8- pieteranod, inigflpukins, repepiqrsradagsins; and parts

or preéulﬂg?)%fé,ﬂgt g{)ﬁ%g@e %%B& ofﬂgﬂddQOdl es including

anti -1 I'es, ~ I nmunoregul ators and
cAunohg tesbroas gngd oﬁtaoefcem)p@tldﬁ eequpnces presdaiadson plant virus vectors

(in ac%c?&a?lﬁée Q\Jf;t% W%fjbfﬁ é(?l pfoan'rkq?rgée)t ?peaﬁ[ 1££O%Wcsﬁ{a§hegfto Qﬁyantlgemc

or egoi ng es
peptides which are the basis of vaccines, particularly animal (including human) virus and

bacterial vaccines. It should be noted that vaccines may have prophylactic (i.e. disease
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| 0078J Anong the broad range of bioactive peptide
sequences presented on plant virus vectors (in
accordance with WO 92/18618, for exanple) special
ortance attaches to the antigenic peptides
WS”WW@“BQSlS of vaccines, particularly ani (jWﬁb&EAHM6"
(i ncludi ng human) virus and bacteri al vaCC|nes. It
shoul d be noted that vacci nes may have prophyl actic

i..e. diseas g
prcvcg%?lnfgL%Zlaf)ré?ef%ﬁ6(1%0(%5“?%\%8%{"&8 p%lcaﬁ%er g()l‘el)/ C|Cé:ne( dpphcanom an
espec(ﬂl@&&&féutd qﬁtop’epte}elmphlsyﬁém (Dsnsrm Hed. Wam:unsne for such dppllcatlons

i catjons, eci a attractiyve .e

che ariiebie AT Brvre e e b G GuER rpdRRegen o be casity
recogARB bgahé dfune ERGnanbi geimhme BENbdatien @)armom@atedenl obehe coat

“si t ed appro ately on the virus particle. sa as ogh h
proteiapd theyvirug. eggﬁnl“ﬁéﬂ‘eﬁy‘b?ﬂé‘ei“ﬁrﬁﬁw& PR é}ﬁe”tl‘oélr“ @)?é%‘fe that there
are aRYmbIOg B4tiORs O ABdiBXPHRRN I RRESntQhink BE aRQRh defVedlfRinia phthogen,

the virus. Thus, in some enbodinents of the prese L : ¢
e.g8. an gliE VBRS q)rtbap@nﬁmgmoa@d inCREPErygddp @n eéwcge%g%sgfﬂgl Q@ fhe surface o
the c@Rpidi&h %? tHef p1ahe VR, f TRAaddawta }Hoﬂllﬂ“%d fyﬁﬂt finBi gagtickcan be used as

antigen derived froma pat hogen, an_animal viru
the igymupegenisy P@PP‘HGP%@(gén‘aC?‘ﬁ%o$%r@ﬁ‘éﬂbqu’l ﬂaﬂﬁ“f&%pelé@d“ms particles

Q€ Sp anla% ﬁ{é% QkAta®d tof

presegﬁq@nﬁt@&}u@ eﬂ(x_ilaﬁse §§gs ﬁsae?rgﬁ)ﬂ cati 3 té a‘rﬂr b ?usn ddaonent of an
unmpradllangeC eswsay fre delsesipnapd, for w@mpﬂmwa@ findludipgpeAam paigpeens and
dlscag\csvacm ne. Such assenbl ed nodified plant virus

particles presenting antigenic peptides also have

a|dpl ¢rotadiroemss @6 thhereaenti geentione dentizron ¥oRpsenswtivesed and/or
rendeéed noqﬂ‘}if?ﬁ? ﬁg?rﬁamtzﬁmg?%k?eyﬂfeg’awd&ttﬁccsdt%@nsmTthsofhls removes the

pat hogens and
risk dfluﬁmmdsd trdmemited of infeetids diralemtticlesf cven & theyesseplant viruses. This can

t he antigen VLR 'L /
era RO oA BB BEC i HE I B DR s
plant9fafiehR i@ainigRreed J ftiespersohios ammablwam tréneed, rsi g;%tkvfdlmlmshed This
systcgllé H}g%Pyd\feq%sé’tb TCZF zerga{tdgﬁtthe\ﬁlﬁ,edng étgzc o;f:?ﬁl#\?e\éud’eq}\alp ti Jms%ﬁed into the
viral E@eﬂﬁbﬁﬁ&nrﬁﬁx@ fp@ﬁt‘id’ey cGRAIBIAE N 10 ThusSmor henida :amsmas $e osed according
and spread of the plant virus to plants, after it is
to thepigfoRt SWENO8- t o the person or aninal being treated, is
greatly dimnished. This systemis highly versatile

inregard to the size of the foreign peptide that may
beMethody ofeiminisiatidle viral coat protein. Thus

pelglte hggss of Qthi glsﬂ'btﬁgl £ t}?] Qe 3B wfecHMbifartMiAReAEindmcwdd an aerosol
used accor e present invention. [00801
1dm1NBtdtmi‘jls> ofcolsl membgmpsat Hg‘ﬂe\(egogamgu%pth@cgsofolﬁmm1strauon can be used

dm ni trat| on for h [Mgk=Tate YdiloHs _€ANSC), or
4cco %\’ft& € PCSE 18D “0}' a\rchh%r?l @?gcrkireg&e?ggg r?ucodglsrrer?br gﬁes. '
transhlemav,eﬁtranu@ﬂ bObIS] amanrlnsxcbs:omi adm ni strati on can be used

according to the present invention. These include
i njectable adm nistrations (IP, IM SC, or _
t r eRSE S Wi msdsNChia SMUrpldlog®T BHleredflndndi Istargdn ofndntigens / Epitopes

Therein
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100821 Candi date Viruses, Capsid Morphol ogy Thereof,
and Insertion of Antigens / Epitopes Therein Page 14
of 34 WD 2008/085147 PCT/ US2006/ 046160 1008.?1 The
RQJ%H%@%FZt'de segnent that encodes the forelg
pep n be inserted at any suitabl e | ocaffHiyS7Ue/046160
the coat protein of the original virus which does not
interfere with the ability of the virus to replicate
and infect the host, and which allows for proper
PSRty Iuslsotiteoses Feeisént endodes OF fpwenpmm@eammenmed at any
suuabléTR‘thtﬁdnqq e Joldﬁprgérntdfqileeongggp @B@J »L'Mu:h Bges J m e re th thte ability
pl oynucl eotid I nsert
of the gfirugrto grgpliagtsi andl initech thmdao‘coartd pmﬁﬂle‘nlh)WSMG)anddpeRModucnon and
presenttaggrpgiftlrhg ?Epcﬂggrog thd I%Bé‘iqlg&j 'vir S Opaync\{c ’Gene:r?J1 qﬁ’e t eégrépl[o’ynucleotlde
is mseramldsou@earngchraepm @ﬁc& aaﬁlswpp'nmphd: ataepxpteant host or
L dat ed
O eahdc BN G a0 0 B0 456 B BREORT 1 e known to
the artvuntl huis et tlohmochtaszt anmpgmprnstmplanAhdisebnﬂﬂhm\tehy: The RN A EMAbe used in
PS% dent R nerase ronoter can .
encapsigdF ot s %, SN io ke BretnEpP e FH BhoR IO, B MeKag Eanism.
Alterndtivelyj vieal DINA hﬂecpdoa!liﬁ DRasdepenidast Rmﬂ@:&tyhiehﬁg piaMdteRlcin be used to
|t|at ngb%he viral infectign . in

imitiate e RonsF B o oGachVa Wb Pobe Gt o b BAPsersd NA ae then

capabl&Hf ihitiaGng de Wﬂaﬂ iffedtiondn Bhe\pBit Ndst.US May require speci al
conditions f timal infectivity and replication,

i ib P gmiifﬁgo?ﬂ Ez& dhfse skileddmdhe 3t giyen iyirs gnayr requipe special
conditibAsHRs optahd! iftéctiy Qﬁh PRI, R IR SS@E re‘é‘é]ﬁ@ of PnBehdig in cis or

the plant or plant tissue. For exanple
in trans Al o€ thighshowdd bpgserhiben infrsting de @h@bofdﬂdrBWURl\ﬁDrrxmme for
mfectngtyI ot BEMOGE9A Yne MRS BMVIEGKT LA 1s%cész§fg MSrel \fl lﬂg:ctmn
t he necessary host-specificity genes for a given
by a vigig aying Ssmecessar s srenifisdy eerich bwaigives dpstomn mfsmrtq@lrmsstances
allow xpﬁéct?onscﬁ“QMSf’ xy" é"&cm \QH»&& 04 16 W:y)érfgét tfﬁff hodt % mixed

V|ruses ect ba
™YV @érﬂw ‘ﬂmﬁest ‘@B’a’@fﬁ@t bath hatl¢soanghioBivko avesribouizheBMiYoalone does not

infect (({)}%?n&% tag?] bgﬁlgp 1oL g g & i}% - %efecq gﬁaé ggl-{%mlrtgnc t ang af\llxc%Xls (1977)

Phytop6thologv,-67813%- 48?)1)0861 Plants may be transfect ed under

f.eld and/ or e u

iy Gl L ET IR RO BT plsiPine BrERRE Arami ofthe teat
tissue mluamﬂlg required) ori tmcthbtainedrtatplafwcm teEinckuldtetigat tafi @ tlme durmg the

hgro %¥ab Eref rably when p}ants are youn%
growth fy51e, dreffrabiy; whers ANE HArE JOPBE | ST CholSapt ¥ ‘tht%i figtails of
modifid¥€iofMaMill B¢ fafdrs 6NEHER dé?@ﬂﬂ%'d’r\ Chafiiedd RIS ukBGYWBodPEthose

under st ood by those inary skill in the art.

of ordinasy gal 11 he dddi ti on to nodifying the coat protein,
Q4 B@Jlu&wd ﬁQ(lh?yn%eﬁ‘x@%oMot@ﬁn biRSEhfitgtle iBleR ntd}eoc mscned into the

L. OI‘I%I nal viral genoms or expressi on I n the
originap Vig#tgenqine §or axprsbtieteingtn dostipbant.p ToeRgcnélode gﬁfnes for production of

commercially useful peptides, proteins, pharmaceuticals, or any other useful polypeptide in
plants. In general, any heterologous gene whose expression product is functional within the plant
cell can be inserted into the viral expression system described herein.
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commercially useful peptides, proteins,
phar maceutical s, or any other useful polypeptide in
plants. I n general, any heterol ogous gene whose
expression product is functional within the
&Fmggﬁ'ﬁe inserted into the viral expresslorg'qmsz'%/("“’160
descri bed herein. Page 15 of 34 WD 2008/085147
PCT/ US2006/ 046160 ; oOR, el The nodified coat protein
itself can be inserted into a genone of a heterol ogous
vibegodifipd eagpiotaipiteHeap ke t“f‘%i‘ﬁgl“aP @AM ptddiciergiogsus virus. In
order td1endifl %@lﬁ%ﬂﬂsflﬁ:@@}t oprtﬂ:t B0 BB cda‘i p?aé’maclfﬁg R%ay also be
necessary to nodify the transliation initiation ATG
necessgtl @rmédity thp¢rapylitpariaitiacaaf TEreotern forithic ergignl jcgat prgigin if this is

not de?eet‘éde Hr?cgthlsarqu BQ ";]CQCOH;BM h@@ bg%gﬁgﬂdo%etg é&yarm@krhsasm%mw]eoude

suc I go ucl eot 1 de- irected
dlrect@iub@smmmrl dfi the| oat hemnmacqupm@t telln: e@qdjé\n&:es oy nbeansldderd! start
codonh d%let E)n Qwéﬁélb?pfi g?éttdrgg g}% Orxgﬁ“il [Jo@Pl Q! necessary,

dltemzprvo[yemnwe‘@r,neoazgsaer yetamca! el nmtinvehyx,atenml\ar@(pn of thenadgded coat
be retai ned sed t [ | ati
oS0, IFELAPETO b T S SRR BT Wiy g0 v

uumﬂﬁcmdhﬂ@&UﬁnkayﬁQangﬁpmdﬁnmo@uced thereby do not
interfere w.th

C i.n nd cap Sld ormat i .
| Boves s ROLTRF S0M nf PR CRRF st SELER, By include any
dicolydbk af€hoso@ayledv@oussgithts, These of ﬂﬁlpllmhe aawyll as plant cells grown in
‘ dllcokéden us .and nocotyledonous plants, tissues of
suspepyin qhfthsor frmjng § aég 'plant cells grown in suspension
culture or formng a callus. 100941 Further Process
Steps 100911 To produce the nodified plant virus
ESSp@PSpl ant viral nucleic acid can he
m‘?@ intd ek th@ynddmeﬂcpqﬂalﬁc ViRg partieus) tﬁ@blhﬁi&/lﬁﬁﬂlﬂ:ﬁﬂﬂﬂ:x@%lHagnodnfned
for the foreign peptide (such as yir
by intpegciog |aa1uclawﬂ4g eqrenengiscoding 1 B f%etcﬁ Pﬁﬁ?ﬁé‘rc taﬁé‘“ 6[“5‘??{‘ virus or
bactcr\fdl 1l aff %eg?%%mmm paR e bR i@ p&Rale Vi€ @B for the coat protein,
Ing plants or plant cells wth the nodified
infectinigr glhatnat PENG el with Hisamedificroviral fyclsissasifh 2ad harvesling assembled
pamci%? of lh%ln?oﬁiﬂ?gd Gifie. FRdisbiakd v}{'bsre§'§re tﬂ-é?ﬁnéc%%t@& 8 oMifghs & present
en I nactivated according to the present
unennmuentlon 100921 The nucleic aC|d sequence encodi ng
gﬁf%&g?& gﬁl pe uteln %ee\r/]:cc?ddlggy [Blé ﬁc%%;{éx){ P%‘thl; Qsdtzglgﬂ ﬂhtr&ﬁx@ed at the part
of thdi‘pﬁmszﬂds lﬁfoﬁneahatafodftsl’fer moadpoqmimoalqn of The eapproid uktas procedure

can be carried out b ul ation,.of
can b GRS GO FTPBALHESHAGDIR L3 TR OF FCE TP of pruRhagres
the cfe AFManRRINAVLIFEES an aTN/RNAnicrn@ﬂSﬁfhcprhodafled IDeJMquusfunlelzyj pBNared for
is usually repared for |noculat|on

inocultiop PEPIARTLS|Y opAEfeEAY YAPIS plagts: Sgs“f%a‘g‘m? apy ‘épq'c"‘“on stage prior

to th”éﬁ/éﬁl’lé %?talsgﬁlbf%(jetﬂﬁlc%'o@rthe tneditibe viray. \m&tdaﬂ@lgchNA clones of
assenbl ed particles of the nodified vir

RNAAfinuess magyi hﬁaoyﬂtnemm plagnigs sysh tharRiengs Pﬁ%‘é% irglgepatpgotein encoding
seque%%gsa% fﬁ@%oecﬂrelcg Co\gé TS ristni ddiediteDt a pRefor@fact N€in\hd Fhnt host.

oat pro
The foreign peptide is initially expres%ed as part of the capsid protein and is thereby produced as

part of the whole virus particle. The peptide may thus be produced as a conjugate molecule

Page 16 of 34




[0093]

[0094]

{0095]

sequences are fused directly to the transcriptiona
start site of a pronotor active in the plant host.
The foreign peptide is initially expressed as part of

e jd protein and is thereby produced as of
%‘R)ezo\gxﬁ@?ng rus particle. The peptide may thﬁgT’E’ 2006/046160
produced as a conjugate nolecule Page 16 of 34 WO
2008/085147 PCT/ US2006/ 046160 intended for use as

. Alternately, the genetic nodification of the
lme“de\% fPU%SCrr‘éyUHe Aesiaghe the genetn medificgiope ihe virus| maasles dsigned in
order tbl}ﬁrrgﬁsrbl’é%q &eﬁE'ogﬁreﬁr&'ﬁ Lokl [hléSnR@rﬁaL?cjlce bPXhJ Q;gphcanon of
pplication of appropriate agents
appropemeawg@ewmﬁbmﬂﬂ lBaIsq Fleugigp drotri @k eirusTprrdclera Y hisenaydisi sebiebd by
Yamihd 366 08 {
insertiefanih I 56, aBfing M 2060 B IAARE e BoliFR LRI hyaggeis. For
exampb)@anp‘loanas@aquxﬁaam pugigsratisto dlank the msngcrdmenédartdahé peprikle can
t he. pepti de can be released

be rele SQ&f‘bﬁqﬁ% bbsy réag‘ﬁ“??g‘é’tarr“éw{‘) Rt hoa w1 d ac d.
(1!6)6@13( tol pfroducd emodifﬂedpmmsi una avathdrdigidcale, nus Mo nécessary to prepare

aIe t nec ssary re re
ineffecfi ARG DR RERNA rinfesh i tr R Fo dagid. an

initial lbaxtmd'nt ofay\herus&i [r iaftdcplams. the P@hlﬁﬁgj moamedlvl’ﬂuﬁ inAly be amplified in

nocu be used I nf.ect nt the re uItlng
the plapyb i paiEe sl in ! A FrrGuaPHer ke Ry
uthedue@nvﬁwAe,r\DMmsnagrbe\Meaﬂed E%Natlaas 1 OGuk %Bﬁonﬁ@fn a vancty of
subsequent b tches / Q0941 The f gn RNA or
configuigiansJai Pl 1 Tk e BPsgred g% pyad arehe ﬁx'%mawléwad that
codes fBf the @84t fpréein @i O B Subsfi@fio ¥t Pah Of thelex By RQudnds Bfat Bl for the
an addition to the existing nucleic acid that codes
coat prtgin. {This chigice mighsibe deferspingdsingpa by she struetps Pl coppreteigrand the

ecase witl'@hRK addilie ot SPLRBMENL] a'ﬁxtbecrﬁﬂﬁswlfh@ﬁt {hRBerefQ@Akith the capacity of
protein. This choice m be determined in part b

y

the gepqtisall} mpdifinde visys it ésseagle Hiothertiglesja plaws. Pgisemigatigy of the
permisiibie Ghd RAAE AlpPihrial siZeC?|aB8GB0E OF SelG@A BEHTBAE0MS! (RQHJE invention

interference with the capacity of the genetically
may bengsliievedin ach particwlanense rpbebly it sometadditional ienpqsimentation, in the

f S
ight of i e al BB ok NG AR et e R RREL AL thar
replacemenignserio mn scmm/mbmcaschl eved in each parti cuI ar case,
add|t opal tation

ARG o b MaBBEE AN Gh olaB2t oS8 oL PR s “dnpefy giles. s

indicatcmslmvt,smapp@aecs heterotifgbay nundecgidé Isequlehnel hayy irichen those coding for
. replace erts I nstapces.. (00951 . .

amino il PEER etk refibare ki ot o0 Lol RhgiighpRer dbe desiey materal
may beOdepiraed Wit the i@ pirticladt For éxh@ple, A coulddhseat 0d pRPOIES into the

the inserted heterol pgous nucl eotide sequenc

may ,
coat protgia|yone VigEaIsed thr pEricshon ghihg gnodified Patiisledy Forxdmple, affinity
punﬁcaru%aqhdi YieSdeRRYCseB PurllR@tion; &feldMer Bodldbé hPddigadit gebtaé #aBwill be

the desired material may be separated fromthe virus
retame%a?ﬂtth@ pesiclernd wrdigs wccipaione obt @n isHerartivet Roopk plepvags of the

i ptao .t e
peptldc i n%fy d@jatolssgﬁl@tchP ?% r%l@ e in %om Cfaéggrt% relas: @8 geétg{e "é ;1( gor{& in which
it remamﬁ fintamt twhinpumajbr pat éfoke @pgddcl eaved of f af ter

purification; the other could be an antigenic peptide

that wll be
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retained on the particle and used for vaccination. As
an alternative to total cleavage of the peptide, it
may be possible and desirable in sone cases to rel ease
t he tide inaformin which it remains int
Hfﬂg Yfaj or part of the capsid. Page 17 ofcgﬁ} plo46160
2008/ 08147 PCT/ US2006/ 046160 10096/ According to
anot her aspect of the present invention, two different
restriction enzyne sites may be chosen mnthln t he
viecardingitd aishecRreceplcbaincrhiavenar. icot EFfnafig et enzyme
sites nﬁg%tz eh&seRWidid Ee vik@Shakichad Lh’ﬁ%dn'@ tﬁ@&&ﬁﬂ@(e%ln‘d@lﬁ&uulmc acid is
striction enzynmes. Pairs of conplenmentary
restricgljugio g el weropHals r%rrremogywn@s|Pz'lez:10@r9@a>éqlwgmm eligagrepejpies are
syntheQ&p(} I:(‘ch%dwt’“lf:n:é1 tdr&wh? Hﬁl%lv\[lﬁg"l IL Qs Q@bll‘h@$@5$ Q{!eﬂ(&jt ﬂt& n@ virus coat
virus coaf proté&i he ol 1 gonucl eotides termnate in
protelrenﬂhr: whg@hclapledeedmatwtblle anids hwtihe areegampagibleoith the restriction
ot l tm d It
enzymEd TR Bl e R Ml SRR ML B 40T T pocgquee e
in thc|nmr¢dueucpm¢frmmi¢qu@ﬂ sgfuecerneding goi a@rsngem@ ip@dinpgoat protein
ueﬂpr a foreign peptide into the coat protein sequence.
54 [)50971 As used herein, the term"hybrid RNA virus" or
" o diséd eereRNAy iters "hybeifleRN At sirus” e fibpdifiet RNA udrumiefers o
I‘ECOmgglg{lt\e/Vggle%l\%ﬁ] q:liJICwSI 0 o%?rﬁsxenCtllnf)e% OUQIJHQI Qeﬁggﬁggﬁéé‘?aed from an RNA
virus, Saagmegmyﬁmreoadm mﬁeﬂpéar/anaaﬁmgseh a{mg@eptpegededéqcru\gtédrom another

e EBSUEY o SOAER. P LR PN LR i e
RNA ’@E@en&l&oﬁmu‘ag CeRcE@RIab istygendet eietncmluﬁrorw onal RI\A virus, and a
sequences derived fro?1 ne RNA vi \7d? her virus, bacteria, or
P'>1yﬂb<8?%ﬂﬁ‘9 TSI} 195 28 ERYIARR{ 2FUSED éﬂepé'BF fj%rbé rogln‘fnloge s
other Q&%ésdQ"hg edrinvegbdid RmAaﬂﬂbﬂﬂedSr “\hiy btk ymb;qﬁth{d aan (bb used to refer 1o
ther sources. The term "hybrid @H@ virion" Hy id.
the engpgsu@tegé@x’m of sueh xigyseh Ay gréémqldurp A sg%aen$%gltable r recexvmo an
insert éHﬁﬁé galgtlg g@fyﬁh@éot§b‘ Gémtinf 1SS xarfiple OF h gdgiadce\tbfrédponding to
sequence sui‘table for receiving an  inserted d
that op epRINdevievse diteserepesngesuwharpmpeised B fsiion & dReriiEndiF e derive
a.se {Re that of an RNA virus.
ﬁon1fk%g%g%§9§§§§gg%&aﬁ%ﬁ9ﬂﬁ gredeby i nsertion or
otShelr vird sgquenees "kt aa/emmlfrm(mmavp hee Brsiog &f replicability in the host

t ural r
and ag@&b@rﬂf%é tﬁﬁ%?btais)agr mk{]n@num a\f}@g@ ns ]n?aggc%grleﬁféh iY kfs®r in other
cases fn@@ﬂ tbeCsabpliabieyinitrant. en hxasiple dndeplipialion sequiceniont ga@pﬁqqlfem trans is

Determ nants of such fun w
the nqeﬁ fer the presenpe %? Hf‘eproteérg 8%Odﬁ% y éy\gﬁg{a | a%rfagz 1?12)%'}' gcﬁglo BMV
RNAAo ephoRE & Othod. Inewntrﬁ}sa,tdeﬁtﬂmfréﬂlﬂan@ﬂﬁgdalsmns&téhmct;leet inreis (i.e.

h d f h
dlrecé;]ggl;gldg By}@ﬁﬁyg&;wegotgl ah?]\g h?%ﬁagfg&%}i cpeé Flwes Eﬁe machinery

111ducwth(eqm@&9d é&ﬂ;)ﬁRNﬂ s A3t . Addihed @RAMBIS bf raBIfhditions are proteins
eplication signals nust be esent in cis

CﬂCO(thdrtB’C@PMVI RNKé dn tosderigaaliere GPYRY KPR o rﬁp%a}e(()':ﬂ/a host. In contrast,
certamerghlllc%ggrﬁ 91@{1%! AN Pl%%fny?ht klye%?e Qﬂre&r}eluﬂ@@ fib IRNAP derivatives) to

e I nfec cel | s 1 and 2. % %N
allowencpliqatien de“tIA%lng\faumthy(glppg,mmh@em @tiléqeg, & the infected cell y RNAL.

Page 18 of 34




[0099)

{00100}

{00101}

{00102}

[00103]

{00104]

encoded by CPM/ RNAL1 in order to allow CPW RNA2 to
replicate in a host. In contrast, certain replication
signals nust be present in cis (i.e. directly linked

@m@zrlvatlves) to allowreplication of RNA2
2P?Es by the machinery induced in the PRIHEAH046160

cell by RNA 1. Page 18 of 34 WD 2008/ 085147
PCT/U82006/046160 100991 It can al so be desirable
that original viral sequences have suitable sites for
tTheanzdsgibeidesirable thayceigign! iral fratenced loyyowsitable sites for the addition of
ept i I £0 t or. n", .
foreige Bt | {RrSBEAMT Dl HOBEL O ABreodd2S. CRIMRernl O Ghdlkn  and
“heterqi‘moyﬁ UloIrefotepaeto sleegmvwcmoddtszegmems esd stqaﬁmosgqumrsewnces not
in the ?}gémal vnﬂ'u% P1 agL{r!:e ?g%llagéls orel%r{ O ee?earﬁlagouslpegue%tz}na é)o}ygf;peudc refer
herein h:euhe REtigen ot dsmtoaathagwms midedpi thopeal ehgtssivas p&didetftbnt sstefie Such
Foreien’ nm§§ﬁrQ§s le{nfgoduc |qg gtenl S t fone % .
& pgf’)ynuc 485 Jesie éq‘B@h &s f“ﬁﬁ% b8 ?”ﬁ(s 'i’éod‘ PR giyyps rise to
interfelef@a vith thé) @kcegdary Iﬁglct‘ldf)ﬁ?se%ﬁ the drfgﬁrﬁl fv&ﬁEEEilleexWbi h.et,n@e ability to
._hecessar unctions of the original viral sequenges
replicaje ”é‘% %ﬁ% E‘b“it | ngrgteregee P"e?i‘lpfeé%it"g"‘a‘i‘u Oftng gletergloggyst or [‘jjolated”
polynuEl@f)tﬁifeel@ G)ﬂe wmdaxl@ metsﬁat@auy Pregenb @B the 18calib@ iR INOGAHSVhIdH it has
nucl eotide is one which is not

been PH‘&?‘Er vi 965&?@% thenplageanenhelaips SreTOlPEORY PEREISE-cnGodiRg sepments
not mtér?eré"@ﬁh nRRAryHuAGRAS of the bgiR@SirhiaB RntRat the

pl acenent of 't he heterol ogous peptide-encodi ng

skhgriesared nyedsic aoid Eaements ngFd 10t e Beyslly pequming hubmay b modified,
compokifi o Tl nfah ol E@dm%s%%%%e& entQRIRGL tfmeonb 3BtideSholypeptide.

nucl ei ¢ aci d segnents need not be natural y OCCUI‘I‘I ng
The RNAt masngish be rlmdnffqdéry compiripg gis¢rtiansoindrdstesionh unordereto control the
1 1@ P GenS SHTFM ¥ of A I#Jh?ﬁéﬂl%m%lé hgn one peptide /
totatle %ﬁfpebtﬁ% The RNA may al so be modi fied by
cdwbinsrried fpwmr RiNén sequprtesl anagt beongn visaloprdeiral tip qrigit.rasid may

corres;{sﬁliemg técg{l} Ae&?%gligrgaaqq% efhe gk‘cﬁé I)%Ec Bxh%ﬁ%?gﬁé inediilgm sO

long aséq)a arciasa fmuy vkmctncnn bei dlabtlx)translatﬁdl byi the @nans;]atmp raatdmna/yof the
es
rec1p1eBﬁ, %ﬁya P cgperrglss rrecol%lg?(%/ %qw%tqlzem thelr IPunctJ onall os%-raceerajT?% re)gulatory

functions.e i n a formwhich can be dlrectly translated by the

O{ lwa}tglléa%%gggfgﬁt]eg g&% R &U\{f{] sqqiuéngg Io g&snltpﬁeé]%f)n a3'will be evident to

those skillR@tin e, bﬁFfd%‘cﬁﬁgf &propriate @@L spécafigty dndieglic@its. functions. With
(001021 An ant may be infected wth an RNA sequence

approp&ﬁtetqepgrw%n?tiharneukarsyow pigaljemeFay alip be dnfeqterh ap may single cells
and tls§}é'clult€r‘és IThistiReen@iba is nPV1iRt Vo AhP givaPBERRIT | h@stl 8r fPSbf RNA virus.
ecificity and replication functions. Wt

'\g‘}gr@m i“sstendo mrfeetiont inepass indeckien sare%hﬂy@tghcth@rsm $ighe host
orgamsrmx %\?‘o?%b%%)l'e h%ﬁttﬁéj 'cel?ssatngﬁx sﬁé %9'0?@9191 I1r§>cul§f'1(9\ t’l'hﬁséﬁﬁre host

cultures., [ nvent i s not to any given
organisth assl maft bé mféctecal; cd:r;apenssﬁesl%hh\btv targsts:.d fomfm@&ln TPrefetred tissues are
leaf ti n%gstenic i nfection" nmeans infection spread through
cat tsg " system of the host organismto involve nore than

tThe tedd HMgansfecteliteasSigptiedfo e ihgit wadanismovednatincomoratioe of the viral

entire host
sequences of this invention into the cells of the organism in such a way as to be replicated
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organi sm need not be infected; certain tissues can be
targeted for infection. Preferred tissues are | eaf
tissues. (001041 The term "transfected" as applied to

t he host Qr gani sm nmeans i ncorporation of the
§Eﬁﬂ%ﬂ% 38%70f this invention into the cells of %ﬁ@bmmmsmu

organismin such a way as to be replicated Page 19 of
34 WD 2008/ 085147 PCT/ US2006/ 046160 therein. To be
transfected, the organi smneed not be systemcally
therein. nfedeedanstugtedcalre beganisyishendi oall by sysi€achidd. infdomdy byt can be
the. s Lhhe Vi, I S..NQt:
syserjolfy IEQEL, RoRBEHEE %&tﬁ‘*F‘Saﬂ%%@MﬁfHﬁﬁgs PR it grosen
invuubnfectlon of the host organismare well known to the

%fﬁg%n%r 'm%{ tlng m OfrtrEt I?o% roa%ll teuéggkndo\)«rp{oetitg rlea‘ttd any

ion to contact
suttablwmnt&ﬂmpj aatusemi tAhprafes:eﬁ mltdthml toonteantecmtgt d)th;earus nsutp comlact the
se the viru

woundsij p?aﬁtf évdih 3 ﬁ%g%f n&”i%ﬂ?@fmér%ov a} ﬁNt s ofls g%ca%s ¢ the virus to

replicadd @s@iihfetneplanton can utilize plant V|ruses as vector

;%%é%ﬁ%fr;tg:%t %8%%% eéﬁ?ogﬁ%@eutg%g%é@g ev(t:r%tses ast\ﬁactor systems for
produdi€ $&Jtine-likavaidt ot p’oejrpapt@cﬁ:stnﬁ) aaSSlﬂfnﬂﬂhIEd tﬁxfet aspt@ ofahe aresent

mvemkolépagf %ltag[\lA Ve&ﬁjesd %\%‘P LAY g t 6 N Ftﬁecé? al?'lﬁ]% avprrtﬁestgmmed foreign
peptid¥Rep£t Bf thBeodMotbiasf heenms ewnmpveal (erRX & mde bed remmed or rendered

f h f th
oty et BB Pt TP BESE o l{ET b o meae
assemPRf tphRlcRS Ifa flai! ARl didpldisngdh S@biayipagride, ﬁ»(hléﬁhrgmtema] display is
epti de, wherein internal spl a possi b

The
possibjsy: dhe prespyBYSntigihalsg lsetut%etfuﬁfééh%t%ﬁ‘éé“ feqfipps ?‘E‘c"k t he

| RE 861184 hENAparkQHL & AlacAfesaip ptéht ivchthd dah @pay ﬁvhrﬂiﬂgcs over
of vaccines, the present invention can_ have advanta% d
conveptamal vassines Teqasbalant sacsinge Based @B Gismah yifkses £ bapfeda. and peptide

vaccm%g‘?r?c%cf?% 812 IF@%{I Mb(ﬁd&ﬁ&? s, DRGLES hign yRiIdl eflre dfus pamcles are

accl ne ng. I ower productlon costs, as ver
obtainhblg hiroyn afettedaflanty aed m‘p Fispgie prliure progyctigp étepdbﬂ%eﬁﬁém &) 1mpr0ved

SclfCtyf %rsgp Ll UGGk gl lmca?%lg)of ﬁ%tth‘% axlgi éél%n&éﬁln aanQalsp ra98 el Wi not be

I'S necessar af ety, as p ant
able t&/ mntas&emtoawnmlmn fmma,tds ematyfbenlm:f @ot Wit cenvantioapl anddeqopinant animal

not
wros SR PPt Sl e e LA T g e
szoredaﬂad mlaf ¢ §Bds Rahbutdodingpdffecvanas; Y atack nfemnj@)ui@xo@qbt ipopiie to the
stability as conoviruses asﬁ$ur|f|ed

resultigg eSS eAREMISPEPISEY R FoRlfy el Y o | t‘oas??%f @ bartictes;

and SFfsftﬁﬂ&‘ MRBESSowing foRhé lﬂfodﬁ@tl'kjnuﬁ&hlnﬁl’lﬂtc(gfandshg' ipejprtd thenipulation
resulting in increased |nnunogen|0|ty t hus

as cordtastpti ajthigmplegoyseptanhinaiAn Vs URREEEORE t he

ﬁesgl tated D rél?%e P LSS ¥ S8R d alhkOXd 3@d héein eREto at least
ntroduc ion o I'meric genes by in vitro

one. nanlpulatlon as contrasted mnth honol ogous
' ?\qug%nrt]satplat%h]l ler;‘)hé’atu‘é% (pH\ ?Eﬁp}h@eﬂ ons, and publications referred to or

cited herein are incorporated by reference in their entirety to the extent they are not inconsistent
with the explicit teachings of this specification.

Page 20 of 34




[00110/

{00111}

{00112}
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[00108) Unless indicated otherwi se, the terns "a",

"an", and "the" as used herein refer to at |east one.

/ 00109/ Al'l patents, patent applications, provisi onal

ﬁgjo atlons and publlcatlons referred to or cite

P84*% incorporated by reference in thei PCE/HQ"P%‘{*?“”

to the extent they are not inconsistent wth the

explicit teachings of this specification. Page 20 of

}4 l\/\D 2008/ 085147 PCT/ US2006/ 046160 (001101 Fol | owi ng

QloWniIF SS2TRIE af s kite PercpiusEse B rREkctF B e dpentiqmgThese

exampled &hbuly @Bt b@Bonst@ﬁ@s, BxAmp! e8! phretHishe ke EQEWGQH(S&HJ@F' solvent

as limti percent ages are by wei ght” and al |

n
mixturg grpapions ?\‘?W MP'@”’SPBE&Q‘P%WS‘LQP‘@C‘ by vol une unI ess
ot herw se noted: EXAMPLES Exanple 1 - Sunmary of
I nactivation of CPW Particles (00111) Mre than 16
different CPW particl &8XAMELE§i ng different epitopes)

ExamplS| W@Iu{'nh_nﬁﬁ Y thab b MRE of EBVM Wir{ll:'l%s were inactivated

usi n r ocedur e. een isolated from

|Ma@tthzmak6edj fergnt GRMY parifles mwrxymgad@etnttapu@tweasrwﬂbasi wild type
cPmvt g SacHOQERLG LORR | KRLE HasPe L& 681 BEYSinacti

al lsg%%génacgnoéuﬁ %glwgmﬁ%mﬁ% SK&A ? %Ss eé (SSrOIZ{%‘hdeH{%{1 inactivated
virusesgdnd|riin 9n a gelito detemninanif detR oA is dﬂgméecbleteheacimnembz&nads have also
been upclcelq{cﬁ to Flraxgtg Vo t%gl f¥r t'haltabd F e§ (i\'r%,\dlgge 1 (feecrlgxa elsgxlleatf d {n%guqa]ned plants
produced y@al ie&raah. (RH@\ 1E<Dlgtud drofin msctszmeéw&np b&jicleEwasdgeaddd-in every
case testedtsee?‘l I;;gg S[;s of MV | nactivation (001121 A study
Wwas ‘'se gu Fe78PRI%ie whet her 0.8 M anmoni um sul fate

can |nact|vate CPMW/ while preserving its integrity.

E . aJ ium su tg/ was. used as part of the present
ZAUPL e in pH during the

A ORa$ S ayeu t@ammd Wi ©. SW/Irabtﬁn(’ﬁMIm Walkkdlcanah&@vate CPMV
i ncrease the conc:ﬁ Rﬁltl on of frﬁigf{ (001131 The

while SR8 BninfoeBhY ¢ EREAPIIRES SRR WES §59% AxmbA} @hnthe present
purificgtidrf proges@t Iekale MngH @tm@Jch prét@dshwélid peimeaiist O Cirus but would

preserved virus integrity and that the virus
also ‘“Frﬁf‘séé*l‘q sppesptghen ofde Nty at pH 9. The control
eRREOhEBAHLS froRahR S%Wé@@ﬁat 'OVSCMba'f%ﬁrﬁthrﬂ s?af?atérM P ioSandGl pH 7
at 22 and 40C produced fully infective
both atZreiapd 48°C pressivedyiryeintegsityl ang that ﬂhq/oa@stmfccttmy was lost only at pH
f 0
9. Thé 9{9@(&;{1‘ g%ge Ig&fﬂh \gltne m%?zpﬁ/ﬁ?gg% gﬁhilaér?%h L 3O(Pm§4 W8T Y9 and 40°C
produced &gty m@mlvaBMél’ pantaiest d’rtrqne ancJ reeulcﬁr ltavmtfumhmsndltfdaﬁ ghat it is
combi%alrt]igrg%f OEhi}?l o il Ssgltg)aﬁ% g dwlfslgh ésprﬁclaudlig t%?:r rs%l sz{tf&n and
not termclra‘tmt er a:mlmanmrsatfate mloaadiml—tx@aﬁtnédmmemmdﬁwetemaer&ﬂmut on a
ound. in the B{gant lurry was, cau

milled CEIZ 843P Q%l{sggﬁo %prapnaﬁesgpxg H%‘)S}‘ ate c Svéauon andS pﬁgand there was a

concern that a compound in the plant slurry was causing inactivation (e.g. psoralens). To prove

or disprove this, a second study was set up to determine if purified CPMV particles can be
inactivated using combination of ammonium sulfate and pH 9. Various purity grade chemicals
were used to determine if some impurities in the chemicals were responsible for inactivation. An
experimental matrix was set-up and all conditions tested as shown in Tablel. 0.7 M ammonium
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or disprove this, a second study was set up to

determne if purified CPW particles can be

i nacti vated using conbination of ammoni um sul fate and

pH 9. Various purity grade chem cals were used t

d@?@Wﬁ*%@”lf sone inpurities in the chen1caI§K“@P%mmm“““’

responsible for inactivation. An experinental matrix

was set-up and all conditions tested as shown in

Tablel. 0.7 Mammoni um Page 21 of 34 WD 2008/ 085147
sulfatP@TA WSV OG/10UE180! of alnf wtwtiwazsdumedsaso ithal wasaparmicggftion was
poﬁﬂﬁyr re-optimzed process so that an easy integration

was possible. Table 2. An experinental matrix for

(NH4)ZSO4 |nact|vat|on study at 22 C for 20 h. Purity

E&? ’1\‘“%%5”"5” PN *E‘dﬁ“ ‘beﬁﬁ "The
Co N

a \/ na—O0 \
A -

|nact|vat ed CPI\/(VRMWYe the pncentyat '! )28 ,

|nact{@ated--V|fﬁ§“L$ﬁn on 1. ZVQ)agarose gel ﬁd'
stained with Et BRSTAR results QHBM/presence
genani @ RNA | and 2 in the acti¥e virus,

RNA in the inactive virus preparation. The sane

I §RM H}lﬁ:en@a\{% DEEds @PE&H @?%R‘QH‘;)%@JM %ﬁ @Inﬁﬁfvaféﬁ'dmvci&hlle the
vira artlcPes and for the wl type virus. Exanple
0.1 I\/B(NH4()3’$|er P GO dFigire Lesbotis 8&1 A, gxigvéed; fmfl?tvstannémndctwated
virus, ru ln?@t arcLsQ)g%ﬂ'?nd @hé@ﬁ«ﬁlﬁ E%’M/TR@‘FJSM%' ﬁl%wvfr&%nce of CPMV
eered ress peptid derived fromt
gcnor@uccm‘éﬁtll and 2aimtthegeqive VPR, )unqb[d@gr@rleﬁ YA Bagje“pqggve virus preparatlon
ant hr agi r
e PSR e 5, BFORAER IE” B SUBTHFRSE 1 b ey e v
type W@scribed in the -US patents 5,874,087, 5,958,422
and 6,110, 466. The fol | owi ng peptides were expressed:
Tabl e 3. Epitope Peptide sequence SEQ ID NO PAl
ExamdNSRKKERAIsnA @PMWPpRideG: eB id thPAfictivation experiments.
gr%@g&zlf)\éﬁf AR Wgélﬁlsénénee?ecﬁ %o express peptides derived from the

protective antigen (“PA”) protein of Bacillus anthracis. The peptides were expressed on the

large and/or small coat proteins of CPMYV, using the methods described in the -US patents
5,874,087, 5,958,422, and 6,110,466. The following peptides were expressed:

Table 3.

Epitope Peptide sequence SEQ ID NO:
PAL SNSRKKRSTSAGPTVPDRDNDGIPD i
PA2 SPEARHPLVAAYPIVHVDMENIILS 2
PA3 RIFNGKDLNLVERRIAAVNPSDPL 3
FA3E ERITFNGKDLNLVERRIAAVNPSDPL 4
PA4 RQDGKTFIDFKKYNDKLPLYISNPN 5
PAS SDFEKVTGRIDKNVSPEARHP 6
PA6 HVDMENIILSKNEDQSTQNTDSQTR 7
PA7 TDSQTRTISKNTSTSRTHTSEVHGN 8
PATE ETDSQTRTISKNTSTSRTHTSEVHGN 9
PAS HGNAEVHASFFDIGGSVSAGFSNSN 10
PA9 SNSNSSTVAIDHSLSLAGERT 11

Page 22 of 34




[00116]

{00117]

F' ASE ERI | FNGKDLNLVERRI AAVNPSDPL 4 F' A4

RQDCKTFI DFKKYNDKLPLYI SNPN 5 F' A5

BORBISGRY DKNVSPEARHP 6 PA6 HVDMENI | L SKNEDQBGTNSID&DHR 60
7 F A7 TDSQTRTI SKNTSTSRTHTSEVHGN 8 PA7E

ETDSQTRTI SKNTSTSRTHTSEVHGN 9 F' A8

HGNAEVHASFFDI GGSVSAGFSNSN 10 PA9

SNSNSSTVAI DHSLSLAGERT 11 Page 22 of 34 WD 2008/ 085147

Table BCT/ US2006/ 046160 Tabl e 3. Epitope Peptide sequence

EpitofeFQ | Peptide seqiehde ETMGLNTADTARLNANI RSEQ IDRNG 1

PA10 EPTTSEYMEANQABTAKEKENE 13 PA12 |2

PA1l PSKNLEPTFINAGORRQSTRTTRANKENQIPAL3 SEVLPQ QETTARI | FNGKD
PA12 15 PASKNNEGRDANINGBBIFASYMRAMNKLETTK {6 PA 15

PA13 ETTKPEIWL KEROBI PARIANGERIGN 17  PA 1655

PA14 QGKDI NEKDINADERRI WS BBLETYK 7 DRMNI AVGADESVVKEAHRE
PA15 19  PRTSKREMTISGTAGUARIFARNERNI LSG 20 PAL9

PA16 DVLNI GBKRIPEIDENEDYQIE QNIARR) TKENTI [ ;NPSENGDTSTNG KK 22
PA17 ExanphaNNIA VTS VREARRECHT neric (PW Particles in
PA18 Pl ant REVIQESHEELIGNPREIRKILEQM ni @ # seeds from Ferry
PA19 Mor sepMiaNissDROBRIKTHBPK vere germ pated over night
PA20 &l T OPRENGTRGSENGTISTNORK Paper toy\pl s. Germ nat ed

Seeds Were transferredTmto sort———Sevenmr days—post
germ nation the seedlings were inoculated with WI or
Chl rrerl c CPI\N partl cI es. After inoculation, the
pit 4 ¢ ; inphratso per i od of 16
gbl\[/ eealad\flagxzcgrfxﬁg{gq% ds t?A‘% rﬁer?@t('lors];or I'ttl’yl\.lD tgfr) \1/4{6525[ :gre\%%gnmated over
night &tr mnmnteamera&mrpwetopaptlotop{ersl fGﬁ&nmami seEdsawpdeardnsferred into soil.
nactivation [ j.c CPMW Particles.

Ch i
Sevenp‘éﬁ”?fﬁ"é‘a@f”&ﬁ“%‘f"ﬁ‘Hgg{‘{ygg%dve&ﬂf}%ﬂa{?d with n\QT or chimeric CPMV

particles. After inoculation, the plants were grown at 25°C with a photo period of 16 hours light

and 8 hours dark for two to three weeks. The leaves that showed symptoms were harvested and

frozen at -80°C prior to purification.

Example 5 — Inactivation of Chimeric CPMV Particles and Purification of Inactivated Chimeric
CPMV Virus Like Particles

40g of CPMV infected leaf tissue was frozen at -80°C. The frozen leaf tissue was

crushed by hand and poured into a Waring high speed blender, part number 8011S. 120ml of
cold inactivation buffer (0.5M ammonium sulfate, 0.03M Tris base pH 9.00, 0. 2mM PMSF) was
poured onto the crushed leaves. The leaves were ground 2 times for 3 seconds at high speed.
The solution was decanted into a 500m! centrifuge bottle. The blender was washed with 30ml of
cold inactivation buffer and the wash was poured into a 500ml centrifuge bottle. The solution
was centrifuged at 15,000G for 30 minutes to remove the plant cellular debris. The supernatant
was decanted into a graduated cylinder and incubated to inactivate the virus for 20 hours at room

temperature. To precipitate the CPMV virus, cold PEG 6000 solution (20% PEG 6000, 1M
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mas crushed by hand and poured into a Waring high
eed bl ender, part nunmber 8011S. 120ml of COI%W
%6‘E°F/\‘}&o1‘1117on buffer (0.5M anmoni um sul f at e, 2pogp160
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crushed | eaves. The | eaves were ground 2 tines for 3
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NaClpws0@iddad tethe rifeaginbotbiring theThen! FEENcarenasonyastfe #EW G080 with
f - t b er TG
0.2 S Bl o SR dehh PR e AP o RIIES i piare or
hourwasecéMEwmﬁugedmame$5m®@06mfdrnSanﬁ@ut@s“ﬂﬁmﬁéhmﬁérﬂmuwstO
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perceghbuffen tBo §né Yieybrowa tiee P@F@SOIE’GC‘HQYstT'Brfﬁg Liffsopp the bottom of the
chron?ﬁf%%ggi?c &@%&uﬁﬁ@%ﬁpmﬁ @6akBh0 S adTBnt, RAIh cBH{Hﬁ@dﬂ the desired

col um vol une gradi ent_was
virus Hikef particles, 3@aWufifed exobanrgsd iptpl BBY ufferg prZ,ﬁfUé},ngBa 1@%#@3 cutoff

1embrane:S Mlﬂﬂfk?re sﬁ 1 c‘énc%i%i% Ealjl nMM%FCﬂb@%C hIth RBRhPIEE dBRYhen stored

pl orer from Amer sham
at 8(B|©5Th&ewcemi, peph containerbide cle@uet hgickiconfmyapie An SDS-PAGE gel was

prepag%{,r&u Ei‘elt FézéégEG rPrI eqag}&ﬁz‘éflaltoggr»@*i”cquﬁ’%ﬁdar da'nd the AIEC PA7E

were processed using
fracnbhbe TieshH@AdHS wrd ednian lhhtrngmmge4WZf7mBmeSl & Well gel, part

oS35, TR LY BRSSP G B S bRy o o

num&deO@@CGTr@t ge2Glas fuhewigh aevlthgadepi o 2000/ fqneﬂ’icminutes Lane 1

uffer B, and the brown trace.js the nd i
contpid S ek e R HREGGE BB OF ST FHE WAL ariar dbhd Lomamed
the EHRBHIONPEGT BReclpitaet PRBRKhRNWish®agédadnente Mﬁlocholumn Lane 3
contai ned the desired virus |like particles,

contanedf Wi @Mﬁaﬁgéﬁi 4-Breentmps! e fares! PUHFIFWP&7%§?TH§P%CWP°“"‘“% to
the nb&euﬁ Eg 1\%%8‘251?# dl\élnh &%s@d $RiHAr. CPAMee Bt At AtaineBaKd cleaved

l es were then stored at -80
PA7E3par1l‘hles ec&mmdatpe«akeSp@‘minrm tﬂe@ AIRE nepedved particle
contam nate. An SDS- PAGE gel was prepared, with the
PATE PEG precipitate AlEC | oad, WI' CPW st andard, and
Exarigle 6Al BeaRAIbf Inactivated Chimeric CPMV Virus Like Particles — Viral Genomic

RNA Extraction.
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fractions. The SDS- PAGE was ran on an | nvitrogen

Nupage 4-12%Bis-Tris, 12 well gel, part nunber

NP0322 The running buffer was Invitrogen Nupage MES
runni ng buffer, part nunber NP0O002. The gel was

WQ&”W"P%‘ 2 vol tage drop of 200V for 35 ni nut%&’”?ﬁﬁ%é‘”f“"

contai ned 5ul of the Invitrogen SeeBlue Plus2 | adder,

part nunber LC5925. Lane 2 contained the resuspended

Jgg eC| tate PATE t hat s | oaded onto the Al EC

T (RN RNAGCous et Tuaar T 2oy Lastbie SAmeiciint i rsgomic

RNA frbfehéd PEG@lrifkd inddtioste LEPR W aInipl&! €BMYOViRR DRARMAL Bt hf not been
the AlEC peak | that were collected and processed

inactivajegh, Wrused dn @scpirol (e SRR REWwee v thospRIFETesuLts of RNA

macuvaﬁ@ﬁ e 85 PAQDL PAYT INPIAG 2 COKFRSIRO N srhgnptlég iishe 1@&&%)@@% 3 were
Exanple 6 - Anal ysis of Inactivated Chineric

processvi PHias theaethed deselited in thy Exampdef oriihcsimitagaresultsr Ryedaginl 2% E-
Gels frgrﬁglﬁw%g&f paft n\ﬁﬁb%PQ;%bps‘%ﬁlﬁrep&Eé Q§Q\QQ)Q{1&4§1%6€%trai(ted RNA for
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Flgurevala% u’db@dﬂvs elergm'es 3-fevare rlal logdmefin KERRIUSlgadderh parPEGnber
10787- @‘Gr 'IB' %1 Cltaﬁ 1agseﬂll %%Mdéamhce§ is 93 IVMPA9r ULane 3i lS inactivated
‘hact] Vated weré uged'as
PA9. Iamcéns iadﬂef( aicanc vas saivplPed), 1aF¢ gumf gsctdeeP SHovLankd is ladder In

Flgureg g%ﬂe 1 d\s g& q’?’“@dcnj rl.[%% bYsa%c 1{ IE)%% 3 I%P ﬁac g?teE%A]l} Lane 4is
ladder. M@ane S igacoeeBAEZ larsiorig 1dah@dmm¢ade§ asrlladhkd Ianlgiu&s 5, lane 1is
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degradediis iz nnzcmvb!he saxplesaast 1ediceﬁ’édAb5f datectibh @fi - @secat’™ But flll-length CPMV

senomi REE sheplva? F el PPl o R RtHrednd bRl 4

is 1 uI of | adder. Lane 2 is active PA9. Lane 3 |§
Examplgnzla—s k'n},’lﬁ‘éﬁgf hizl)?t%vate a me.nc éRMvrj\ lm&Lljfka}anwleESE ahif_it\{'fq;g SDS-

PAGE. F| gures 4, lane 1 is lul of |adder. Lane 2 IS active
Lane 3 is |nact|vated PA 11. Lane 4 is__| adde

TB‘h%‘a‘Bth"féI& el and large cqah protegns; rere AsseyedvEths DY 8 Aq_Ear%g“" €

6 show; the SDRPNEE gel 6 45 @ A%f @mp&ratutedidillty iaSsay foH PAfS dsaddREmple. The
Lane 2 is active P Eane I s _Inactivated PA18 T%

SDS-PAGE afas gasrrsnandin RMagsaNupagefrl a”éefﬂs iTFis t Revallzeh prts apmber NP0322.
The gel WSt f@ltﬂ% vlo%q/ﬂ&?gf Byvast Qfhindks Ofl"l&icAzﬁﬂﬁgg ‘buffei was Ix&vnrogen

enom ¢ RNAI and det ect
Nupage MESa$ip$ esnmmbuf&r dpantomurmmuéﬂ’gﬁoz nbartei U qeritaned Bl apddhgtrogen

Benchn;%l;c tl.lﬁgﬁé)séal_ﬁ' {n L{b%?rt 'péﬁltng%ggq F@'ﬁ%qg%%9¥ ﬁ.ﬂ%né‘d hﬁctwated

PA1S wdtualpatticleg mcfubhthda asrmhi tcanpekaluw g:e Scdryh. [hand éwnstamed @activated
assayed w.t P

PALS yay ‘%%“ﬂ%ggéhﬁﬁa‘i"ﬁﬁ%ﬁ abf"i“% %O'&g@a@ RgS "agﬁc;s“af's“‘“s

pamcleaihcﬁﬁa'iém:itemd_ he 5 dlSNRYebte iR gladdtion was detbéted. t r ogen
Nupage 4-12% Bis-Tris, 12 well gel, part nunber
NP0322.

Example 8 — Analysis of Inactivated Chimeric CPMV Virus Like Particles ~ Stability by SEC.

The integrity of the assembled virus like particles was assayed using size exclusion
chromatography (SEC). All samples listed in the Example 3 were analyzed using SEC with
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The gel was run with a voltage drop of 150V for 60

m nutes. The running buffer was Invitrogen Nupage MES

SDS running buffer, part nunber NP0002. Lane 1

contai ned 7ul of Invitrogen Benchmark Unstai ned

PYORUPMSIYdder, part nunber 10747-012. Lane ZFCT/US2006/046160

contained inactivated PAIS virus particles incubated
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similar “’dﬁ&[/&s The L 20lBBAtsshwds p ey ated Pajol TakEgk G5000 analytical
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degradati on was det ect ed - Analysis of
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virus Mésl *ﬂ]é’ aQ¥m§1€@CPﬂ-\O 31%@!%% Il'ﬂf‘ed fRIne ofe! cBMrr%f“ﬁth retention time of
assenbl ed virus articles was assayed using size
(4.0 ngr@eusi on  chr orrat ogr aphy (SEC). Al sanples listed in
the Exanple 3 were anal yzed using SEC with Page 25 of
34 V\D 2008/ 08 5147 PCT/ U82006/ 046160 Si m I ar resul ts.
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nperature in r to r.m nat ed ,seeds were
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cpMV ERresid LeReS MBS Badd el iAdcBdavd WIT ioh asineriat €BMaNfarticles were
active WI or chineric CPW particles. After

harvesterhand pipfessed fonwirysi partcle izaladony ABAT lepf Basueway frpzeg at -80C. The
fr ozer? haF ‘ﬁsﬂn@r\b&dcrqued 18 RRHrSdl pdahy ﬁxﬁd a SRy BigHapkedt BEnder, part

t hree weeks "and observed for synptomformation.
numbeY &mtls IlﬁnxdmfaioéumthTmmms@m}bﬂéQ iyt PhEras pougmigato the

crushé)ﬂa @ﬁveé Cﬁfn% erzw V\ngerg 9 oﬁﬁ%’?ﬁgﬂ%ﬁw sec&{d@réf ﬁl&h Qge%ﬁl gﬂggolutlon was

decantedfihoal SC[GJytmaérﬁﬂﬁlgefoottlQPWe bhﬁ@wtwaemaslk_edavésmmimf wbldttwdfer and
W|th|naC|vat or Chl CP artlce

the ikl e 8P e PR B GPTG1 g e Spai P Eletlh 0006 o

30 m#Q@s &f renRAt thel Baiteevas debOg eﬁheﬁtupen&@t@nt ﬂ'eh;eiec:ﬁmmziem a graduated
| eaf tissue was cru hed b d our ' .

cylindggr TA@TesiRiiRespe EEM é%ﬁeFX‘dg’%%t oRaBER" Borh 268 By M Nach

was Rbed Q! He 3GEMathi & hragahe Rithl PESOconQerdalibPMSZ Was: @(Imr\ech 0.2M
onto the 'crushed | eaves. The | eaves were ground

NaClt angetbe fabption wasgsnids maedhilhh S%é@awasweww%ﬂ%wt%@r I'hour on

ice. The virus precipitate solution was then centrifuged at 15,000G for 30 minutes to collect

virus particles in the pellet. The supernatant was poured off and the pellet was immediately
resuspended in PBS buffer, pH 7.4. The samples were assayed for the presence of virus particle
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decanted into a 500nl centrifuge bottle. The bl ender

was washed with 30mL of cold buffer and the wash was

poured into a 500mL centrifuge bottle. The sol uti on

was centrlfuged at 15,000G for 30 mnutes to reno

YRSB(8HE7 cel'l ul ar debris. The supernat ant \/\BQT/USZOW"“““

decanted into a graduated cylinder. To precipitate

the CPW virus, cold PEG 6000 solution (20% PEG 6000,

NaCl ) was added to the supernatant to bring the
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ePOQG fqr 30 minutes to collect virus particles in
pamde% epe&;ﬁce The supernatant was poured off and the

peI et was inmediately resuspended in PBS buffer pH

FGﬁblUﬂiﬂIﬂ@hﬁ)@éGﬂ@@ekszd he@ﬂﬁe&é\ﬁﬁreeTh&sSﬁlﬁrp@A@EcM@Smﬂﬁmo ug
N e 4-12% Bi s- Tr
P“"ﬂefggwfnwﬁbé‘?“&%@z@L*Pﬁi?rssea%ﬂ e el i apeeiggd natvared

CPMV @Al fwitha¥éi4ted pdpldérbnel £ 8djuviein FBS) BHHEO bigb fue 6f RBSadjuvant

I nvi en Nup SDS runni n buf rt numnbe
(R-7T00\ R DRGSR aro e Femafags Maiad) ot e vty Dk he egeple was

used. Total JEURE Icﬁrtakiﬁ’nﬂnﬂifanM G/@8s Yad \h. Tﬁ@ﬁljdcﬂ&k%r Veh R dekliRSrvals.
Cont ai ni ng PA-Epitove. /001221 Female Balb/c mce 7

Wek k itgngsalyetngmutizatione dinpgivaled ¢ GRSV v r JpBPRY offbiianty. was
adminiftbied tols}féstgenzey kridd QCloianﬂﬂEﬂné/@t R @Blwmﬂﬁnlserém two nostrils (50
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nl per parhcRasiid) &@ntr egagai ved| isastivatech GENF\: vathewnrelated ipetidgror only
PBS, pAMY adjuvant in PBS, pH 7.0. 100 I of Ribi adjuvant
(R-700; Ri bi Immunochem Research, Ham |ton, Montana)

dloqssamiplen wegooblaingd |k ¢ry befaipihe fings gdministsationrendz) weeks afier each
s 200 I. The injections were
of the trNg u&@g&eﬂg&ﬂﬁlﬂ {rlﬁg)tng?val s. 1001231 For i ntranasal
|Tr!nnr§wnmaty|q§ the rige gninyzizapnCRNs BRrowdadibelow: adj uvant s,
was adm nistered to anesthetized mce. A total volune
of 100 tl was administered in two nostrils (50 | per

Table #£ach nostril). Control mce received inactivated CPW

Adjuvaht unr el airesinfeapt | de orReuéy PBS, [Dbsé. 0. ! 0012 4flmice

¥eo0d sanpleggmvgre obtainegp 1 day Befoofug/zbpaifirst s
gdgn ni st r gphvpncaiehi 2 weeksiaf t er egelwo ugeobhe two 5
gebsequent pggrgmvgt rationsp 10012513Nrg/semrery of the
KLe | m’rum(gqu;r}\ studi es jns provi gdedokghewu Tabl e 4.

&g; uvant Rout e Dpge # of 3{“0@%/1?5@%1 CPW- PA
3X 100 Bf IN 3xN/A/100 ul 3

Example 11 - Immunization of Non-Human Primates with Inactivated CPMV_Particles

Containing PA Epitopes.

The inactivated CPMV particles containing PA epitopes were tested for their ability to

generate antibody responses (o the co-expressed anthrax peptides when administered to rhesus
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Yes CPW-control |P 3x 100 ug/200 ul 5 Yes PBS, pH
7.0 I P 3xN A/ 200 ul 3 No CPW-PA IN 3x 100 ug/ 100 ul 5
No CPW-control IN 3x 100 ug/100 ul 5 No PBS, pH 7.0
IN3xN/A_/100 ul 3 Exanple 11 - Immunization of _
NN 2R Pri mat es with I nactivated CPWV Par thi(d['83006/046160
Cont ai ni ng PA Epitopes. (001261 The inactivated CPW
particles containing PA epitopes were tested for their
ability to generate antibody responses to the
rmacaques. eRpir arykaysawtrh Paxmpepeidiatawheelabny it dedpasdvated CPMV-PA
pepud@hgo%lét%ctspag@ oné rgf)nk%A’ W 20084082147 wild type CPMV control. Each
PCT/ US2006/ 0-t 6160 rraca ues. Four nonkeys were be
irmmupigimg doscecpnpipied at hmwIﬂarwvswepmﬂetmeturmbqli Voalf & PMV constructs.
The ot TR R uepgt&%étfcg gt.5439d one monkey with the
I'Nact | vat e NV control . Each i mmuni zi ng
dtgﬁbarﬁbigs\l fsmiéchlcﬁweze mynipdred heny ELI pomtsivdeh Ik ptawie apd target.

I\N constr. S Th ni
Three%gcscfngaf atwecrje grawa 1HS}1tepeEM\ on gaéﬁ éqﬁé W?affn da%; Cedlls and
plasmh gﬁrmparbt@dl nmcrmmesemdu Kemmtheusenigsizbd Sonkeys ay@ tWDItChOSCOPCd
PA eln S, & Three tag 5 0 .
on dagg Wn e%arl nEoﬁ1 é%{clﬁv%gf SipﬁmmemTﬁ%a'zn% |a§lrj1 gﬁﬁgmed Che
bronckial kmasramg:% arpll plasmen wercethsephinad dgic aand IgAyaopibedye fiteesd measured in

euis K Sh T TR AR BRI AZRRE e

bronchibl lavape dTiendsuits yephese inéigureThend SHr onch| aI washi ngs
and plasma were thawed and 1gG and |1 gA antibody titers
nmeasured in E LISA assays. High titres of both the
Examb@G 20dmngAiAnédt bodiies wierieadieied 0PV rPaplcss MEonsiging Influenza
bronchi al |avage. The results are shown in Figure 7
Virus Epioge Meg appl e 12 - | muni zation of Mce with
| F@{%El'e\B%itQQ BV Rk ol b e né}emcathmengndsnﬁdrapenmaeanylw.usmo ng
Epi tope We [00128; Fermale Balb/c nmic 27 oldwr?ﬁ
purifig }@é‘t‘@é?dtﬁ MY exnissing Ap iaferTd B?P@QF&! it efEFGC“CF adjuvant.

The sQ e'nf:é R0s1 (NASYE VAR E GERAN BRI @SEOND RO: Rof | 08MAR mice received
ptide We in the presence of adjuvant. The seq%%nc%
maCﬂV%C(BEETVEVEEFPPIRNE@R@}m@(PSEQO! eplkiediuyany In BBt P 00 pl of

c thhixed with 100 pl of
Ribi "{Hﬁ&%f‘aﬁg zd)%gﬂ?l l:_.pjx{e}n"i\g)toW?rf Sggapl%ﬂ?ﬂt:bh g%%tar\lﬂ[:)) I_r}lfi7 | with 10 m
the saglpleoﬁvas Rabi Tetelj whamt fof RUTOGraRirovas 208uio dhe iTRESRSAVER given at
n, Montana) mxed with 100 | of the sanple was
3'Weel}fs‘8t(§.rva otal volume for adninistration was 200 1. The
| FofGdtiaana] Wamenigitioan inattiva@d WeRM Vi cuntiinied gn influenza peptide MZe,

without adjuvants, were administercd to anesthetized mice. A total volume of 100 ul was be
administered in two nostrils (50 pl per each nostril). Control mice received inactivated CPMV
with unrelated peptide or only PBS, pH 7.0.

Blood samples were obtained 1 day before the first administration and 2 weeks after each
of the two subsequent administrations.

The summary of the mice immunization studies is provided below:

Table 6.
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100/ 29; For intranasal inmmunization, inactivated CPW

containing an influenza peptide Me, W thout

WO 20084088187 were adm ni stered to anest heti zedPaT/T&006/046160

total volune of 100 1 was be administered in two

nostrils (50 | per each nostril). Control mce

recei ved inactivated CPW W th unrel ated peptide or
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]tbpjnrﬁmﬁmmix st__adRpitet rati on ddmde2 weeks # of mice

affe&r each CBMY-fBetwo subsBuent adviOoiugoaui ons. 5
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S MV- cont.rol | N. 3x 0O ug/ 100 ul 5 No PBS, pH 7.0
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tion
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the clains to be included therein. Page 29 of 34 .~
meniy WD 2008/ 085147 PCT/ US2006/ 0461611 Caim | A
nmet hod of inactivating a plant % rns conpri sing:
adm ni stering amonium sulfate to plant nateri al
expressing a virus-like particle wherein the plant
material is selected fromthe group consisting of
plants, plant tissue, plant cells and protoplasrs at
a pH above 8.0. incubating the plant material for at
| east ten hours to produce an inactivated virus- |ike
panicle (VLP); and harvesting the inactivated VLP from
the plant material.

Page 29 of 34



2. The nmethod according to Claim1, further conprising
at |l east one foreign peptide incorporated into the
virus. 3. The nmethod according to Claim1, wherein
said virus in a non-envel oped RNA virus. 4. The

VEQ Piogiogtetior ding to Claim 1, wherein said i nd§TusER06446160
VLP presents a heterol ogous bioactive peptide. 5. The
nmet hod according to Claiml, wherein said peptide is
an antigen. 6. The nethod according to Caiml1,
wherein said peptide is an epitope. 7. The nethod
according to Caim1l, whereig,tfRe amoniumsulfate is
adninistered at a concentrafion of O SMto 1.010. 8.
The nethod according to Caim1l, wherein the pHis pH
9.0. 9. Thenwbdhodinaacomgdh ppntvaulloaipmidg: wherein the
pl ant rmterd

Page 30 uf rdop G BEHAR RS U7 Dl TaptRed Ve ria
The nethhen theplosditasial & sckephirom tghgseupi yendding ofrelaipdplant tissue,

con‘prlpﬁﬁ.su_m,mwpmupﬁm d,‘pgmmmygous to a hydr ophob| c

interaction chro ra

ot o 7. et BT U Ik 0 nirkfo o G ey vieus

pH 9, liannhneiluMLﬂgamal d virus with 0.7 M (NH4)2SO4 at

PH 9. 11 iR fFe RGNl Bord e Phitinichsy WheT i n the

virus has a capsid that is icosahedral. 12. The

nmet hod according to Claiml1, wherein the virus is of a

fam | . sel Btridghddraeddrdiig® iAUP LeBeSbprisig a0feast one foreign peptide

Bl;lormvatr(lm(o?h V%Emw ri dae, and Tonbusviridae. 13. The
nefBa s CSr di ingto Caim1l, wherein the virus is of a

genus selected from the group consisting of

Br omD i I USThe GRATRI! deblitding RNOMRY i dAreirf L AARRY 14 ¥ Son-BRdloped RNA

Sobenovirus. 14. The nefhod according to Caim i,

wWHB¥ein the virus is selected fromthe gr oup

consi sting of cowpea nosaic virus, cowpea chlorotic

mot t | Q. vi r‘Hi% m tﬁ)&ag&o}ﬁ gh&é élt;nlt‘rptl yo/hc[ écjrci‘ saldaihicﬂut% VLP presents a

mosai ¢ virus, brome nosdic Virus, sout hern bean

nhssemplegoys bieastivelBptidthe et hod accor d| ng to Caiml,

wherein the virus conprises coat proteins and the

pepti des e antigen fused to the coat, proteins.

e, ot ho e AT T I PR P T & ‘PpieEtte

is selected fromthe group
6. The method acvording to Claim 1, wherein said peptide is an epitope.

7. The metbod according to Claim 1, wherein the ammonium sulfate is administered

at a concentration of 0.5M to 1.0M.
8. The method according to Claim 1, wherein the pH is pH 9.0.
9. The method according to Claim |, wherein the plant mawral is incubated

between 10°C 1o 40°C.

Page 30 of M



consi sting of a peptide hornone, an enzyne, a growth
factor, an antibody, an imunoregulator, and a
cytokine. 17. The nethod according to Caim3, wherein
sai d nmet hod further conprises converting a V|ral RNA
YOAIBE4T nto a full-l1ength cDNA transcri pt, PETERROpR{P46160
said cDNA into a vector, and nodi fying said cDNA by
inserting a foreign DNA segnent in aregion able to
tolerate such insertion w thout disrupting RNA
replication, particle formation, or infectivity. Page

30. of TR méfMiod AO&rAIBR 14 Claik D, u&e%ﬂp@ﬁ@ﬂn@%@ cdBprist ®inding said

met hod according to Caiml, mhereln the fore
plant viuhto HBYqraghoPlsgpigrastion srematpgraphyi ¢algms & %élMng'a)v$@o?h pH 7,
washinf Nfouid QkiRs GRS bt MIGNAS). 90, SuPERI 4, £H dRidUERE ikl Wi 0.7 M
eastern equi ne encephalitis virus, Canine parvovirus,
(NHO:8Qe 2@t | us e, nthracis. 19. A nethod of producing a
non-i nfectious VLP conprising: adm nistering anmoni um
sulfate to plant material selected fromthe group
donsi $he meetrfd pecarding tplGaim tli sdwein pheanirucdhd 9 eapsid that is
icosahddfQt opl asts and lacks at |east a portion of RNA
present in a plant virus at a pH above 8.0; incubating
the plant material for at |east ten hours; and
I'rlgtr \e/e%‘k{: H}%bﬁg@?ﬁg}oﬁ&‘é%}o‘é@%ﬁfrgliv \lsvﬁeﬁ% rrlgc‘télpuab? 89 :| ?amlly selected from
the grou pdrisGabg ofgBro@0viridaey @oniomieldma)IaWdT@nmgvmdh&.P wherein
said vacci ne conprises a plant virus wherein said
virus conprises at |east one foreign peptide
ilBcor mhe ateﬂﬁdialctcmdlhileo Clalig, ahekeinhie viracigiona gdefus selected from

roduced by a netho [ adn1 |ster|n n|um
the groB PAaisEng O BT ot rsales: Daihioran AT ot SUgmovs.
consi sting of plants plant ti ssue, plant cells and
roto ast ve 8. oduce an
ﬁactu% L"ﬁ“or H%lﬁ‘b SE "8@“3& tV R dSesetegieds gm He group

consmdn@a&t cdwga hxmgms ;vira§)teowlpdd ¥RISEdB tndthe virda GbhxtatrehyVhdt virus,
fromthe E@ant mat eri al 21. The vaccine of C aim 20,

alfalfa gegaieyinus, n\?ﬁlpﬂsaéﬁtmﬁéﬂqﬁoe%mt&an BIOPRE Yiusan i nmune
response when said VLP is adm nistered to a mama
22. The vaccine of Caim 20, wherein the vaccine i s _
flér i Abe mefed ageording taelsine f nwhesejnithrevial cepEses tcpy proteins and

the pep‘ﬁhééia?e a,{{%@hﬁg t’?ﬂﬂé’é’daf%r%te r Bacillus anthracis. 23.

he vaccine of O aim2 erein the peptide is an
epltope 24. The vacci ne of Clain123 wherein the

Bl { OB kibufda WLRlinf B BRIET: it BBl Seble is BALARPRN o group

consisting of a peptide hormone, an enzyme, a growth factor, an antibody, an immunoregulator,

and a cytokine.

17.  The method according to Claim 3, wherein said method further comprises
converting a viral RNA sequence into a full-length cDNA transcript, cloning said cDNA into a
vector, and modifying said cDNA by inserting a foreign DNA segment in a region able to
tolerate such insertion without disrupting RNA replication, particle formation, or infectivity.
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Page 32 of 34 WD 2008/ 085147 PCT/ US2006/ 046160 25.

The vaccine of Caim 20, wherein said vaccine is a
subunit vaccine, wherein said peptide is a porti on of

an antigen and said portion is effective as a vaccine.
2%0 20pfe ’gvﬁcm ne of Clpal m 20, wherein said forP&Té%z"“"/"“”’"
peptide conprises SEQ ID NO 23. Page 33 of 34 -1r .
,~du- ft r ciG ,r ks ~C3: -ti.. d14 ' Nu.: f "6.f
..NOJ~ N~ +" Ir LJ .. Y,~ DOWM200P. ST25. t xt
SEQJENCE LI STI NG <110> Rasochova, Lada Phel ps, Jam e

CHheShal R Vi r i .
?é | nacti vat ?do!lr}k&f'ﬁl ¥ egfﬂ‘;'m ‘H‘Sé "50 %?gzllpgggdtgﬁké}g%gd into
the viRatiestléatedy&ositbn g@uB corline 01 a<\2|ﬂu]n:i-t 26infladk2 virlReastern equine

E:lnCCplil_a%l%iS Arrusagarlulnu argntlrlgqu aCd %&*ﬁu ’Ff""/"ﬁ"h’?e{/aﬁs gr ger 1Ar591|6y?_5

Asp Arg Asp Asn Asp GIy IIe Pro Asp 20 25 <210> 2
<%91.1> %eth%%lggxoglﬂngzgggfm eaclggl.llsl \yLSP ?or}rtlpt}{s%(él s <400> 2
administering ammonium sulfate to plant material selected from the group
consisting of plants, plant tissue, plant cells and protoplasts and lacks at least a portion of
RNA present in a plant virus at a pH above 8.0;
incubating the plant material for at least ten hours; and

harvesting the inactivated VLP from the plant material, wherein said VLP is not

capable of replicating.

20. A vaccine comprising a VLP wherein said vaccine comprises a plant virus
wherein said virus comprises at least one foreign peptide incorporated into the virus and the
vaccine is produced by a method comprising administering ammonium sulfate to plant material
selected from the group consisting of plants, plant tissue, plant cells and protoplasts at a pH
above 8.0 to produce an inactivated VLP; incubating the plant material for at least ten hours; and

harvesting the inactivated VLP from the plant material.

21.  The vaccine of Claim 20, wherein the VLP peptide presented elicits an immune

response when said VLP is administered to a mammal.

22. The vaccine of Claim 20, wherein the vaccine is for influenza virus, eastern

equine encephalitis virus, Canine parvovirus, or Bacillus anthracis.
23. The vaccine of Claim 20, wherein the peptide is an epitope.
24.  The vaccine of Claim 23, wherein the epitope is a viral pathogen, a bacterial

pathogen, or cancer.
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Ser Pro Gu Ala Arg His Pro Leu val Ala.Ala Tyr Pro
Ile Val Hs 1 5 10 15 Val Asp net Qu Asn lle Ille
Leu Ser 20 25 <210> 3 <211> 25 <212> PRT <213>

CI||US anthracis <400> 3 Arg Ile Ile Phe Asn g
Fhomobie Tl Acn Lou val Gu Arg Arg 1le 1 srGRusatansic
Ala Ala val Asn Pro Ser Asp Pro Leu 20 25 <210> 4
<211> 26 <212> PRT <213> Bacillus anthracis Page 1
J,N5~.J 4 S, ,,t +h LL DOW 200P. ST25.txt <400> 4
Gu Arg Ile Ile Phe Asn Ay Lys Asp Leu Asn Leu va

1 |l.e Ala Ala ro.ser . .
Rp P {Eline b Ol o 504 9alch ¥ Byl Higeinsaie
peptideBag portios ofzamtanrigan @d said POetiob isAffpc@ensAspeddey Lys Thr
Phe Ile Asp Phe Lys Lys Tyr Asn Asp Lys

26.  The vaccine of Claim 20, wherein said foreign peptide comprises SEQ ID NO:
- 23.
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1510 15 Leu Pro Leu Tyr Ile Ser Asn Pro Asn 20 25
<210> 6 <211> 21 <212> PRT <213> Bacillus anthracis
<400> 6 Ser Asp Phe Gu LYS Val Thr Ay Arg Ile Asp
pegs F o (YBEAS Y WA 8B Pro 1 5 10 15 du Ala Arg His Pro 20
<210> 7 <211> 25 <212> PRT <213> Bacillus anthracis
<400> 7 His Val Asp Met Qu Asn Ile Ile Leu Ser Lys
Asn Qu Asp G@n Ser 1 5 10 15 Thr Gn Asn Thr Asp
Ser An Thr Arg 20 25 <210> 8 <211> 25 <212> PRT
<213> Bacillus anthracis Thr Asp Ser A n Thr
Arg Thr Ile Ser L)ggQUléﬁ& gn%) Ber Arg Page 2 S

N:..e. b .r DONMZ200P. ST25. t xt 15 10 15
<110> Rasochova, Lada
Phelps, Jamie Patrick

<120> Novel Plant virus Particles and Methods of Inactivation Thereof
<130> Dow-200p

<160> 24

<170> PatentIn version 3.3

210> 1

<211> 25

<212> PRT )

<213> Bacillus anthracis

<400> 1

ser Asn Ser Arg gys Lys Arg Ser Thr SSr Ala Gly pro Thr val Pro
1 1 : 1

Asp Arg Asp Asn Asp Gly Ile Pro Asp
20 25

<210> 2

<211> 25

<212> PRT

<213> Bacillus anthracis

<4Q00> 2

ier Pro Glu Ala érg His Pro Leu val Ala Ala Tyr Pro Ile val His
10 15 .

val Asp Met Glu Asn Ile Ile Leu Ser
20 25

<210> 3

<211> 25

<212> PRT

<213> Bacillus anthrac1s

<400> 3
grg Ile Ile phe gsn Gly Lys Asp Leu égn Leu val Glu Arg Arg Ile
15

\

Ala Ala val Asn Pro Ser Asp Pro Leu
20 25

<210> 4

<211> 26

<212> PRT

<213> Bacillus anthracis

Page 1
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Thr His Thr Ser Gu Val Hs Ay Asn 20 25 <210> 9
<211> 26 <212> PRT <213> Bacillus anthracis <400> 9
G u Thr Asp Ser @n Thr Arg Thr Ile Ser Lys Asn Thr
g v - SERLTELSBEEES 10 15 Arg Thr His Thr Ser du Val
Hs Ay Asn 20 25 <210> 10 <211> 25 <212> PRT <213>
Bacillus anthracis <400> 10 Hs Ay Asn Ala G u val
Hs Ala Ser Phe Phe Asp Ile Ay @Ay Ser 1 5 10 15
Val ser Ala Gy Phe Ser Asn ser Asn 20 25 <210> 11
<211> 21 <212> PRT <2133%gBagjobl 4Ssanthracis <400> 11
<408er 4Asn Ser Asn Ser Ser Thr Val Ala Ile Asp H s Ser

G1uLgrUg<§ﬁei Ill'%u helAsE% %10)/ il_'ys Asp Leu ;yan_e% \'?g G;I'JerFQZO <210>
1 1 T 15

Ile Ala Ala val Asn Pro Ser ASp Pro Leu
20 25

<210> S

<211> 25

<212> PRT

<213> Bacillus anthracis
<400> 5

Arg Gln Asp Gly %ys Thr phe Ile Asp Phe Lys Lys Tyr Asn Asp Lys
1 10 15

Leu Pro Leu Tyr Ile Ser Asn Pro Asn
20 25

<210> 6

<211> 21

<212> PRT

<213> Bacillus anthracis
<400> 6

ier Asp pPhe Glu %ys val Thr Gly Arg Ile Asp Lys Asn val Ser Pro
10
Glu Ala Arg His Pro
20

<210> 7

<211> 25

<212> PRT

<213> Bacillus anthracis

<400> 7

His val Asp Met Glu Asn Ile Ile Leu Ser Lys Asn Glu Asp Gln Ser
1 5 10 15

Thr GIn Asn Thr Asp Ser GIn Thr Arg

20 25
<210> 8
<211> 25
<212> PRT
<213> Bacillus anthracis
<400> 8

Thr Asp ser GlIn Thr Arg Thr Ile Ser Lys Asn Thr Ser Thr Ser Arg
Page 2
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<212> PRT <213> Bacillus anthracis <400> 12 du Thr
Met Ay Leu Asn Thr Ala Asp Thr Ala Arg L'eu Asn Al a
Asn 1 5 10 15 Page 3 Ile Arg DOW 200P. ST25. t xt

ot ASEIONS Y3HEREEREPA  <212> PRT <213> Bacillus anthracis

' <400> 13 du Pro Thr Thr Ser Leu Val Leu Ay Lys Asn

A@n Thr Leu Ala Thr 1 5 10 15 Ile Lys Ala Lys Gu
Asn Gn u 20 <210> 14 <211> 24 <212> PRT <213>
Bacillus anthracis <400> 14 1 5 Pro Ser Lys Asn Leu
Ala Pro Ile Ala Leu Asn p Phe 10 15
Ser Ser Thr Pro Ile Thr D%EO%'%T%Q)(§;10>1§_5 <211> 20
: 212> PRT <: 213> Bacillus anthraces

Thr His Thr Ser Glu val His Gly gzn

<210> 9

<211> 26

<212> PRT

<213> Bacillus anthracis

<400> 9
Glu Thr Asp ser g]n Thr Arg Thr Ile Sgr Lys Asn Thr Ser T?r ser
1 . : 1 1

Arg Thr His Thr Ser Glu val His Gly Asn
25

<210> 10

<211> 25

<212> PRT

<213> Bacillus anthracis

<400> 10

His Gly Asn Ala Glu val His Ala Ser Phe Phe Asp Ile Gly Gly ser
1 5 10 15

val Ser Ala Gly Phe Ser Asn Ser Asn
20 _ 25

<210> 11

<211> 21

<212> PRT

<213> Bacillus anthracis

<400> 11

Ser Asn Ser Asn Ser Ser Thr val Ala Ile Asp His Ser Leu Ser Leu
1 5 10 15
‘Ala ' Gly Glu Arg Thr

_ 20

<210> 12

<211> 18

<212> PRT

<213> Bacillus anthracis

<400> 12

g]u Thr Met Gly %eu Asn Thr Ala Asp Igr Ala Arg Leu Asn A;a Asn
1
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hr Thr
oGdnlle dnGu-l
<400> 15 Ser du Val Iieg E’B 15 Asn Gy Lys Asp 20

le Il e Phe .
élz?oér %GI <211:> 25 <212:> PRT <213> Bacillus

Asn Leu val

I Sy > 16 Asn Gy Lys Asp Leu

T %ﬂ}d@.%%c#zg%g%%?e Ala Ala Val Asn 1 5 15 Pro Ser Asp
Pro Leu Qu Thr Thr Lys 20 25 Page 4
ABm~u~nt~,..mn(r)r.n " 1lel uu™l w uN

DOW-ZOOP.STZS.tXt

Ile Arg

<210> 13

<211> 24

<212> PRT

<213> Bacillus anthracis
<400> 13

Glu Pro Thr Thr ser Leu val Ley Gly Lys Asn Gln Thr Leu Ala Thr
1 S 10 15

ITe Lys Ala Lys Glu Asn G1n Gly
20

<210> 14

<211l> 24

<212> PRT

<213> Bacillus anthracis

<400> 14

Pro Ser Lys Asn Ley Ala Pro Ile Ala Leu Asn Ala Gln Asp Asp Phe
1 5 10 15

ser Ser Thr pro Ile Thr Met Asn
20

<210> 15

<211> 20

<212> PRT

<213> Bacillus anthracis
<400> 15

ier Glu val Ley ?ro GIn Ile 61n Glu Thr Thr Ala Arg 1le Ile phe
10 15

Asn Gly Lys Asp

20
<210> 16
<211> 25
<212 PRT
<¢13> Bacillus anthracis
<400> 16

an Gly Lys asp geu Asn Leu val Glu Arg Arg Ile Ala Ala val Asn
10 15

Pro ser Asp pro Leu Glu Thr Thr Lys
20 25
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