SELF- ASSEMBLI NG NANOPARTI CLE DRUG DELI VERY SYSTEM
RELATED APPLI CATI ONS [ 0001] This application clains

wo b@elogised it of priority under 35 U S. C.  119(e{T/052005/018456
United States Provisional Patent Application Nunber

[Hhes s qEvRLBE NANGRARTIRC R DRPL LR (P TEN

drug delivery. Specifically, the present invention
reI ates to a sel f - Rec&TED ArrgiahTIONSdel | very system

ris phar ol o apt ur h|
10001] ¢ o Bl GRS SR P LT & BA 1R b e Enoat Ysb 3t united
States FHOGKCRAIUNE: (DA pplifatibNMaMBeOBD/E00@8) fianblag @Bn20@Yy, t he
termderived fromthe Geek word nano, mneaning dwarf,

applies the principgp opfrHRiJENDEST cal and b| oI ogi cal
sci ences at a nol el ar or submcron | evel.

[0002] matlée megerzitmverrﬁleedalaée%@n %@Sd@m%ygoﬁe%@t erﬁpe&rﬂca"y the
present’ YR/eft [F&L & 1§t BUCLHESSmMBERGP HRXE IR B8N €8omprised of
Nanot I's making significant advances in
pharmapblogie ddryas @p%rrercta\ﬂﬂﬂtrhylrah eRPSiHiPFRieins ugneetnopepyated in a lipid
envelop%eChn' ques. [0004] The devel opnment of drug delivery
stens for small nol ecul es, proteins and DNA have
been greatly inf ng ogy. Novel drug
delivery techni MNE#? ﬁ\%ﬁﬂl Rlatrat egi c tool
[0003] f orNaXpRchdblogy, thedemadketest. frompihe @rteds wgrdlebing,emganing dwarf,
appiies 8 hASo S O AU ST RIRAF s it & rf A deuibmicron
level. Taf mbierialbcht patoseale canrie @ dadee ()Rsysd:emb/@r anplraBmlmarcsgrerctures

como} 5 oA SR W BB ESRE M 3 romesica
applrcaircrhsadrdluﬁlngrdrug djelsrertyeted:‘rrmmmgy perm ts t he deI i very of

dru that are h i nsol ubl e or unstabl e
10004] by cihecevalopEWDt TR ON S fens iR SEPUATR REHICHATeleins and DNA

have bé’é#gréjcﬁ b iiReMcey Eﬁ‘ﬁﬁﬁot@éﬁhdfﬁijye Roﬁélgfrmbl @émbry techniques are an
confribution to t har maceuti cal nar

importanp SiraiRBIREPe fgr RGNS O EXATF et 'grpsmd HH‘& Aeltvent pysipms can
addresé“%%é‘ife% hssot wath BlfsHIGt Bsdd @RligROIsalchn@s indfedging efficacy or

Ivery system The demand for ug delivery s
improving. saf@y It @at'%tta%%o“én%éRpg%%%mgg Ban H‘Zﬂﬁ {ar g?s Social
|mpnca9<£qsaGﬁNéﬂrds\éreh@e &Ha erebhﬁdrogkﬁfﬁf’aaoharl $¢.mCé R@gﬁ@atwa Ragbrt, 2001).

Bai nbri Convergi ng Technol og

In additiqf KWFQ‘?SHWW"P@F s delivew of a¥9SHAE a?ct“@ﬁb’é”somble or unstable
in brolo"é%éﬂ@ﬁwd?%é‘ﬁd ReigadpoBBiRl tRAt E&r@mrrﬁ d=giperyt sysl@rhlsW%én make a

cadem c Publishers, 2002) 0005 t her a 1@ ¢
SigniicamiepTvQR 1h e DERACAEI SIS, L RACHIBRENAREs of the ourren
global ;BHe{F?ntaSébt@QI' rhark¥t i Qale8 € Prodéts irdogfratirh§ alug bislivery system. The

domendanAHe SEINIRURBIANES mIEnLIIBS SIFIES JIRBE| ESDRrEH 16 Srow hearly 9%

annuallJeee ™A Xnd1C98$EE bffons Btcicy IACdakd fBeﬁﬂBMdgﬁ a$ e @ds WCbhverging
conventi onal adm nistrati on.-nodal i t| es.

TechnQlgaies Jer dMpEWEr RS RetforaaRerye NgleRa Q'Wn%éﬂﬂﬁam“ and
DeparthRh{& CdnfthbiRe RRpBF URUAEH A¥RIINiS PEbIRAEréat00RRr get s the
drug to the malignant tunmor woul d decrease bystander
[0005] t oxMeny merd?xeutrreagreram ta@Not dean suptessiLt dedaisd ofttbeisdmited ability
en du [ n
to rea?hhtt éarg?fjﬁ,% il aﬁ ? ea?dd&{rggl "8 ma%n sh)r asl)‘é'te%s ,&gﬁrag h%ﬁnf’éﬁ agents
hormonso iprateains | pmjtrdelse apd enntinesealeosscesbaryfibeeausy efusafely and efficacy
rapi.d cl ear (.S I-Ver
o 48 R MBI s o SBLDKE YRR Ber s

can damblbotmrramgﬂaarsaad eotmiay lckls. disirugbiélyedy sysiem that tasgets fhe drug

to the maananP Jru(?ncc}r V\%U|OO 8&:%55% by%{e(?rder toxicity. Protein and DNA drugs must be




as yet unsuccessful, research. [0006] There has been

consi derabl e research into devel opi ng bi odegradabl e
Wo2006/033679 cl es as effective drug delivery systROBUS2005/018456

(Panyam J et al., Biodegradable nanoparticles for drug

i VRSl 03 B LR A B o 48P e o

administrafidroi daddiperd i mrbelemsoimsiugiei nr@ma‘turﬁatasamzfl effigheyr due to rapid

Cbaranﬁeaﬁ%(ﬁngi i SO"E'!\]:'?t %'%L%el%?rysskégr esﬁ 5[E| %aQ'e(i:j? %Qrogrgites'g r]u\(/:geg:’ acid or
unstabl@ﬁtriaﬂmpﬁeﬁaulescbrermgmy deditablehed ae ameaihs teaubigct ot @ngolng, and

i ha art cle m%trlx The nanoparticle matri x can be
asye ”(98 F‘%fg "6F%Bi'odegr adabl e materials such as pol yners

[0006] O TRER! ChAS: bESPeRghdiratlet heseBRENOMOT dBVeiMqL bieBegradable
nanoparticles can be obtained with different

nanopapicisseesi eSedlivg FBide slolivasyaf¥iaras | §1PNKAMT dr ot k- Biodegradable

nanopaﬁl&%@ﬁérué V\g%ﬂd tgléﬁé 3B fo @8 BhE it Aav Bfu@Ddliv Rev. 55:329-47,

haset Nanot ech appr oaches fo dru delive g
2003). gﬂﬁmopa@glieﬁ@reg@ﬂ goljpl@ipaqglclfg@onggmo n grpple?ngr ubstances

that vaﬂ)leaf\E@gr%ﬁl b M&'oﬁ@ H3RBARES i CIfrféSdufugrofduhte@esﬂqé igitRér dissolved,
fromtheir two main F?é‘? erties. Firs

entrappgein isiaptied] eaftached a@rs €nggrsH igtQp e g}ap@par@g\lﬁ matrix. ~ The
nanopaﬁtﬁ:fbeﬁﬁ%ﬁﬁ chiRUSEISTERL! & hisddrhdld @satéitis dlén Taak%lylvmars or

which allows efficient drug accumul a |o

proteing. heDQP&ﬂ@'ég a] thes methasy anPePatatign.. nangpagices ceatc o Fhigied with
dlfferen?lp‘?é?ﬁérﬁ’éb ﬁ'h@'rr@l%%%@)’chﬁfé'{’:@%ué@forcﬁlb' éﬁ@bs@%dtlhéfalb@utlc agents

r&ﬁanf ol L-l acti de-co- @)@

(Sahoo @pdruabaa%egwan T ’ffldw@ liyery aad ypaging. DDT

8:111211180 us3pf bi odegradable materials for nanoparticle
preparation allows sustained drug release within the

[0007] t arPet advahiages ef umg)mnqurtlcfescﬂqytrug) delbepnregeitfcem their two main

propertﬁgcﬁﬂgrﬁF tg'i?gllo;s%sﬂ,lgl%? b%c%g ég §fe {EEB 6rl%f;r{ea'tll s?zed rcHIQ pgﬁétréfg lrtIQ/rough smaller

caplllar[e@%ﬂ]aré dalget e byl eéliSI aﬂ‘ucrmuowamﬁﬁnmrttmmgagcwlaj@n at the target

sites ( tagy@rgtJIe (%gatfyll:?lgtr%]sﬁgr aagl’? dectdn ﬁfc%s\é@g)z EFO%%E dﬂ'g:elltﬁﬁ?; L¥Ltissue

eutrc agen
uptake cofnjpulgatd,hdadtide- cblfgﬂl,-ycm)pda)t nanQp@etrdesorlnt Rle Pbarm.i é62 1-11, 2003).

mt
e e
drug rethzise wthin ihe tangeamteecNerca‘ permﬁloirdaws or gvdsowesksdi l&@fwérﬁclﬁs can

C
o o B o BEReH Flsndi 8 RER BT Kiongome
[0008] ageﬁér?élgggja U R6phraciEs 3hn PaSsdnieey Uyeathbeqsaésh@ or active

targeting: o@YaRTPHIS @fragﬁéﬁﬂevﬂgtﬁg%& SAHANER fyvaioniidg o the therapeutic

agent Wn%arcbir@ e§ys’cé?nttéﬂl§ &|s§l§é ng \Casepeaitic digaed hehinplecht et al.,
rom h factor, Cance

BlodeaEarihisoaropaticies TARFSHPY CEIEAOPIUP A DEt g Ttory bowel

diseas®BS 'EHEPNEEH | BSH THER Zoo:1visod, nawloey ul Rdssivei @idetingliy razhieved by
passi vely target tunor tissue t h the en ed
Coupllqgeth?ré%ﬁf?@?ﬂ“&rﬂgef‘bioe%W%?FPVB?'?%’&‘% e el reHnos fielaeash oroan

(MonstgeWieadti hi tY&u?ﬁ\@nﬂéﬁérﬂHﬂ @éhs(vEMarefré@sﬁorﬂ Bf tri@émolecules and
vascul at ur'e:

ey rol e of tunDr S ctive
nanopafieles Holuaras gﬁlngrvggcqlgrr gg:[qtq?aa HOWE %9%(5 é@@qﬁr Reg. 59:4120-35,
1999). 1DARR-He4 s@é’c@é in nSAGRRLIcRS &t drabs collfey kahedromdiscules such as

pr ot opor r a wat er-sol ubl e hene gxyge
high- releRURT wglgﬁf {ROINURRB  DASSER faTGetc Rt (SSLoRIBRUH) (i ephanced
perme%@nd%t%@gﬂeﬁect%%%ha H, %@%nhéﬁcd’d&%rﬁié@bnﬁ@tdrﬂ&e@nﬂcbh (EPR)

proteins and nucl ei ¢ aci ds | ar er ro%
effect FH@”‘Phé@%ﬁb‘iﬁt‘éf? H]es‘&eé{s'@'eaﬂfdtufﬂoéa?l?éa’ﬁa RetolasHigt, [ gaferaeting,
smal | nol ecul es are abandoned duri ng devel opnent due
to their inability to effectively reach their intended
target, inproved drug delivery systens are needed. The

delivery of a w de varletf of drugs is hindered
because



they have difficulty crossing the blood brain barrier.

A characteristic function of nanoparticles is their
W@biokios3s74 0 del i ver drugs across biol ogi cal baPeT/@sm0%/018456

the target site and to protect the drugs fromthe

Adv Eng)lfrﬁclaé?{%g F"4éfe|gé '509”226‘1 é%ﬁmto ISk gy ! Eé@ffatbgeﬁ'&caﬁx%%porphyrm- a

use nanopar
water-sslylsleelme sxygepasEninbibigr Wytwrmﬁtagem capve:ltm,e%pml;gaw Chem.
131031 var| ety of bioactive agents. SUMVARY OF THE

I (]\I [0010] The present invention provides for a

[0009] noy;gl mB&oRRRIchies! sticH lad prétink \EREYNLRIEE 8ot PRy @ﬂiﬁgé}&ole in the
adm ni stered across nucosal barriers and is a

therapyof gHegasptand Fpdidonahrge” n@cemﬂaéémaggnqﬂﬁ%ql%?Fﬁ:’ag)andoned during
develophitf a0DEUS 'tﬁenpfn‘abﬁiynt% afftb®ehyNReath it ﬂﬁ&{dédst‘éﬁje@ Nptdd drug

nanopartl cl es of present | nventi on conpr

deliveryigyistams@renIassre: rTéleéi?éY%@f aavife yaTieR ) wdéwgspiﬁ Binsiere! because

they haR) TRBSRID|cRoskRgl BN HIGHOGREIRS barkeF.i NG\ td&@ra’iﬁﬁeﬁ%ﬂ@'wnc‘uon of
process, "drugs of choice will be captured

th
nanopagysl@@ns fheir hility tordefivag déwg%a&éoasm?gjcw@rrﬁgs M\? &f@%t e and to

protect Héedrfi@é?ﬁblfn%érb%dﬂia@éﬁ\ﬁrohbﬁeﬁ! GFRA Bhey reach the target snte Therefore,
fusi on/ concentrati on nechani cs. The assenbl

the usewéaa@qp@etioéﬁ deliyARt SYBIRAS 8 PEEOISING YaYdofRroye 4 'gye'a(fo?é wide

variety M,éé&]{}@lé@&t@nvel ope, which is an encapsul ati ng
-assenbl i ng doubl e l'ayer of neutral, anionic or

cat| onic |ipids. BERhARESE T NVERGON ] tat e menbr ane
transduction w | I—E'e—r#em—'iral;eﬂ—rnro the lipid
[0010] bi -Theyresanhirskolian providesitonatriovelsyanopaitiaietdiug Helivgni $ystgm that

can be! é)drﬁ ﬂ%?‘eré&”a%ﬁo% ﬁ&;samla rlﬁrﬁ Fﬂé X?LJE%EJ '%ra gé(cfrpg \ﬂ/ilagq)ange of

e anc ored
moleculel encmmmg maeawenmctm@epa rifodke circukhtod] syptame Thmmampartlcles of
t d k v Y 3
e eSS FRAR, ol 8RS, IR B R B o
assembi®rip| fesm arananggese ntDusing the rasisemblye prasass,i drugaitdfreiojce will be
captureaef‘)I ftB@&g’e?m:l dh@&ésrt;e‘-%e%ﬂﬁ@ 91%?(!) {?t‘c‘léﬁsg‘g?gedidﬁl th¥ @%ﬁe ﬁ;\‘rﬁﬁw@ Blocks
by smiplem mé‘dsmn/porwhtramcanemad]anlont r aﬁ@ﬁowsmbled cage has special

functloria%ésagu%ﬁ#é e 5s%léfn% A anstﬁ@oﬁﬁ@%ﬁ érhv%f&gghwﬁ gﬁ @ncapﬁulatmg

self-assemhilag dopble%;ygT;femnrah eamommoremt:qg:cr hrgq?; Zwﬁtl@e%that facilitate
membr:gﬁ@ttﬂaﬁéd&gérl\e &vﬂ? rﬂ)\ée*n%%*ﬁ@ %‘IPVt'hE a éoc gﬁ%&}éﬁ ﬁg%%s%’ Abiow the
systemwmttheablbtydh eass:mrougbmplb welhs. sPolyethyleng blyeoli(BEER of \gﬁfylng chain
e T g 550 RO 8 ST i o smor
systemmmit toifasd @ﬂajtacbnmﬂeerada@ebemzymeﬁg e ondtilaerecdelivery system
orchest?%é s acr:gt % Qllréng{)eﬂ‘ue%? of B%ﬁ{ofe%ufe hi's @nﬁlreﬂﬁ%lf _&&embling. The

altering sta tlesa removi ng
nanopapticleadiiig m@ll‘dar}s aYﬁ’tél@j@ah ib Iadgmsterﬁﬁéi))’kﬁﬂw revtegnaiding @Uhﬂ@ limited

to, sub?ﬁgh I%VE d%%tl’éﬁﬁgaﬂ& ﬁ)‘i.l"f’és ncim‘Btagéaﬁy pgﬂ@ﬁt@n?ucosal

egrae ui ck SO as to ntia
layer suthmsrmalr &srpﬁmgeal mtranaaeham@bwc@tai reues. t hi s drug
del jver gstemlsms abij

t h b
[0011] |y olhiés PERSEPH EVERKRD WW‘FFe(‘t?elaa @h}qtngal aSE?‘{ﬁ ?P%dabj‘?’b@?ggcapsme

compoded 6V es-¥ngifédred mlo?wt melecllsP aihtlagthdnead with efnthdticschemical
systemis the acteristic

the benefici r .Of
compoRgrit.¢ Arcigh i BagR i REHEY thhgetiF BTPUG ColEees. s Systom
is non-%&ta\t?@: llﬁl'é_l‘dl?lt@ﬁ 8V of hgét prlﬁteﬁi’gsuwad 1l inbke thepBLilirgeblocks of the
otentl| a e nanoparticle dr very s
systempgre Hets-preingesed ip sKhidhdatied 31%@8”%'8? e ;S@ﬁ%.es and
removnﬁ’d oPb&diR n%rdiﬁsulfhéthnf(éﬁé@ rBEUb@dirgeolotty are ddsiyped .sol afl@jce the
I'n an enbodi ment of the present invention, a
sel f-assenbl i ng nanoparticle drug dellvery systemis
provi ded conprising a capgld conprised of viral capsid
proteins, a drug captured’in the capsid, and a lipid

bi -1 ayer envel opi ng the capsid. In another enbodi nent
of



the present invention the viral capsid proteinis
Hepatitis B Virus (HBV) core protein having the am no

wa@edod/ossguence of SEQ ID NO 1 or SEQ I D NO. 2pCT/082083/018456
I n anot her enbodinent of the present invention, the

. al r ol i t 0 :

case ahEl BENTLSE 5, gk G ED ot Yk M2AERR e
resporsel dA HBSraptaristip obthes drungjlvpnyosyem i és:eglhtyt foosrestiettbe building

c be _a th |n r t :
ook o8 B o Fetbel B Bt adiehce YafloHET Py greoran
featur@rof sthist systarsris i the, usehef HBVbehgiical eharacterisitsapba gitshto deliver

t ha | east _one, anm n C I :
moIecN&s ttlyql Do VITls gqu déaﬁﬁr g“‘% r%s %%Ehoeﬁglggﬁgh QWQB?Jt p%”[ho%ggc ;Btentlal.
The naditmayﬁc% arugmlaellﬂéw systear toes aatiinc®Boratehare etiémmtedByirus, but just a

e 120, .val,i 124, arginine 127 and
shelqum;og 'P?@a{?ﬁm rgg@ %ego&e,[?csrha%gystel ne. [0015] In an
[0012]'5‘"13‘?[%i 'aﬁ%b&ﬁméﬂ%fﬂﬁ@%ﬁ’e@eni nvé&tiohon, setf%@séiﬁb'lmgl Sanoparticle drug

selected fromthe group consisting, of

deliveryr systammds Priovispd icompeasing aa?ﬁpsmemprwsﬂéémr%' %%Pﬁtdh%rpfeéns a drug

capturel §MHeadapdidussd a'hﬂd%%y@ﬁémﬁé'm% t'ﬁ@%bpélﬁ Irhﬁn&ﬁ@seﬁﬁﬁodlment of
|nvent|onthe gp@ bi -l ayer i's conprlsed

the pregrss prentign the \éra Red erw&'bﬁo'ﬁ?wrls W&ﬁoﬁﬁ}{)r@m protein having
the anli 99;911 sleauém@to*ﬁ%Ecﬁmondl TBPSEQfIDING. 2r esent i nventi on,

he sel f-assenbl i ng nanoparticle drug delivery system
[0013]‘ ur tiheanatierpeinbediment bérthemréssnh |rmzfentt¢mI thet @irall capaigigeetein is

RS 50 S o DR SEC IR, B4 818 of sl ey
core praiaipi el proleasks recognikiomesite ¢ambmadvbmbmencggnmqnmte or a factor Xa

t.ransactivator of transcription or polyarginine.
recogr['&%ﬁ% ‘In yet anot her enbodi nent of the present

[0014] nvaptdndther ditbodphdrt 35 HRdTBIdsBAL iRGERIBA! tHeCHBV AT Pebtein is mutated

elivery systemfurther conprises nt i bod
such thatrajé@a%sn%mm%d of PRy NG, o SR BNt sectechfgom the group
consm@ih %?Bhemné‘l@rﬂﬁé 08, aspafRidtRri2d, Afire6AIRG BBURLEIAG 3@, valine 120, valine
assenbl i ng nano article dr u%@del ivery systemis

124, qm'emfedaa a@éﬁﬁ%@? ﬂa % SORRGEHIOH BF'SME h HBV core

[001 Sﬁr otg '5?1 %rﬁtéédg@rg?étaofctﬁg?és%lny n'vQHtloneﬂ%a&%g ?tsbl'%lgteh%m the group
con5|s§mge1ﬁgehtldﬂs pmlmgelclsm:l aridsoand sroall mgleptle ssynibieti cigmical drugs.
In anté)g‘l%{/ e@ﬂﬁ?éﬁ%'eH{ | nt %dﬁo : RP We‘ﬁﬁ&‘?rtﬁ!e hiAg gﬁqayéer is comprised of

ene cage sol ution
phosp@bml%sumcdstrﬁ@gplubtydvk&tbanolamlaasduct| on domai n to t he

age sol ution and pur i ng the nanhop | es
01625 St S el ke AR b i nanopertct
drug &&Qé@/] s}é‘l’erﬁrfgﬁlh'léﬂ caisHads NeaRbr of bbtheomémﬁﬁﬁérol-mggéd IpOWetherne

t t -

oo ek 9o SR LHOL 9, ekl LBk ot ranautor
domafnBengli@PtHef Hadah NemaRodicehopTRné trghdadtividoPoOfgrisrigtion or poly-

. .peptide after the encapsulating step. In yet another
arg'”"gﬁ"r‘po_di ment of the present invention, the envel opnent

ui di.ng.pr. |

0017 e ERLERD PR 1 08 Mo RERAGH 11! sbssariing
nanoga0E0rugelivere sprienrfither spmptisesancansinedy iavgsing oroleeuie
[0018?%55%@? éduc \ﬂ?qg%{%ﬁg?&g‘&gc&i%peﬁpd%r constructing a self-

assenﬁwllﬂgsrﬁefriopéﬂnalﬁ &g Rﬂiw@iywy@ﬂeﬁﬁls P& dompa@mghﬁrxmg a drug with
[ mant of the sent i nve tion

enbod

HBY Q¥R SIeeintD fpgmaa SREEITRINEE ﬁtéﬂgotbﬁrdf‘fgc'fqgh%f“ﬁf& protein cage by
raisingl@he ¥Ry sBftte BF tHe EaRy selonm iag€ing tphessiiapidefto the cage solution,

inserting targeting antibodies into the lipid

bi -1 ayer. [0022] In yet another enbodi ment of the

present invention, a method of treating disease with a

sel f-assenbl i ng nanoparticle drug delivery systemis

provi ded conpri sing deIiveﬁlng



nanoparticles across a nucosal surface. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0023] FIG 1 depicts a

W@ vp/08379 onal reconstruction of wld-type HepetT/UB®08B018456
Virus (HBV) capsid reconstructed fromelectron density

s TRl bSERgHR QIS S8R e BRe Sracr

taggedi ppiteinsranstludiandiompimite fher cageosghiiaoni amyil pustyirmtieardnesarticles by

B AR e

[0019] Nt @A ra?@'tr@treaonamo 5?ﬁegiltrtg tg@ gtésént &a@ht';dlmgmﬁfnemw @F@Sﬁs;tucﬁng a
I nvention. ) epi, ct ow di agr.am. f or .
self-a3SGH 66 FPORPATOTS Fott el EngEraisTh Ty sORPABRRFoyPS of adding an
enveldniar QXNiRY CrotbinTi i epasilier aftdit BenBitiapbelaer @fdh. Ndnt vt another
t he teachings of the present inventiqn. 190264 Fl % é .
emboggﬁm:?fsthg PFESSIE I&y%pgn);hpcﬁnveleﬁmagqquﬁ@g protein is Hepalitis B Virus S-

proteifiBf SleltfzemeaibraidéntihdaréEpmidiear SEQ 1D NO. 5.
sul f hydryl -containing proteins according to the _ _
[0020} eadhi arg emifodirhent pefethenpresenteinvertion, [0 2rteip| @nsgluction domain
RS 0 j t c : j-on infi -
comriER B2 B AR IR SRS b abrpton o pol
arginirezcor di ng to the teachings of the present invention.

TAI LED, DESCRI PTI ON THE | NVENTI ON [.0028], T .
[0021 res'erﬁnthe%wt?ogﬁﬂwoq?ﬁaﬁswﬁﬂm LVRBLASY [”PFath?b%ﬂﬂ{] feg ognstructing a
self-asHenblid In'l?v)epartismsdragwo_tehaér% lcsgatebefmhai ﬁbmbﬁs@dt_hgcst@p; ®f inserting
mucosal barriers. is able to transport a wi de range

target@pm%lggq]?%gltq ﬁ’@ﬁ‘ﬂ@ﬁ\-ﬂeﬁer apeutic proteins into the

[oo22f! " GH |yt Qﬁé‘[héryérhﬁéaimgﬁt]eoéﬁﬁé‘ B%@Eﬁ!{(iﬁxllé?ﬁoﬁ,fa taehoR # ¥@Biing disease

nvention conprise building blocks re-engineered from

with anselizassembliog eianepaxkicle irugpelivegs eyptana is pravisiesh comprising delivering
nanod&?ﬁb?é‘sa&‘?é%sy%@ica&lgﬂ. @ssenbly process, drugs are

capt ured e specific chenmistries of the inward
facing surfaces, of the cage-form bl ocks by sinple
di ffusi on/ concmwﬁﬁ%ﬁl:&nﬂiﬁ%eml ed cage
[0023as mEieeqidebictsdedhpitatiorid Rscohstratibnl ef wilPtyps sRphlits Bliras (HBV)
.surroundi hg envel o&e, which is an encaipﬁu,atlg{kq/ )
capsid dpeanseifg | frorg eleriRne dPagiyr maps i R Il giize A1 \o firger from the

perspbéte®F lodRRtdesatiteb-fdlaakisi t at e menbrane transduction
W ll be integrated into the lipid bi-layer envel ope to

[0024FndoviGL Redepjais arflowi diagrahnefoaphosphptidyb efasslatrine (REH assjugation to
. . P . | (P i i . .
oot Ve RS B Bt KAt S o e

teachipgs pbthe wésert infentipnt he | nmune system and to fend of f

tt in egradati ve enzynes. is ymultilayered. ,
10025f K15k v bl ooy e SEREE S5 Rrorrarietsry B duiEin, cage via m-
maleifidoBehasNas dangsiciriider ester FRérincdRteabtdrtigg tdhite teachings of

nangparticle drug delivery system can be adm ni stered
the prggen{ iR¥eptieR-e t hat i ncl udes passage through a mucosal

ay |, | i 0 | . .
fo026] 24 P1CE U583y 1B ot BRTOPCIRgath kAR oot Ffeciates
to sulfydiyheentaiaingyoreining lasperdingde ihe teachirgsef dhepresemndreatios.

e- enai neered bi ol ggi cal nol ecul es and, _enhanced w t.h :
o027k R 18 ERRRc A TR HBRERT SO AR HOUGHURAN o SR i Hegembling
nanopai§dk HRG dafivéipeystaintdbrdifieh®teashinys 6ltae presantinusigion.

viral capsid proteins as the building blocks, this

system i's nonpesph E6Hd ey BEGLEIRER Of the
protei ns used f the
[00283y st Eme presentdhvention prgyidesdoea nbwel eshodsrticlel dsigrdstivery system that

can 5T Ao b L 3P ST, e o

desi gned so that once the cage starts to disintegrate,
t hey are degraded

5



quickly so a s to limt any potential immune response.
A characteristic of this drug delivery systemis its
W@biokios3ds74 0 create the buil ding bl ocks of the PemESMW0$/18456
therapeutic proteins attached to every unit. Yet
f t ;
molecuiaisElard BRERe FAbHETG e UrbuBieh e, I, hyBpatides of
the presefte wvestion kamprise wuildisg dinakd reeinpineeredsiien raiural proteins which
,SMIS [ t
self-as ano%gé tf?rrr?ﬁé'%fcaa% IE)QMB M?é Q%%@%ﬁ%@g%gh@ﬁca&% %gptured by the
specificaphamistmrsa vt dhey inward ﬂaqmg j smftacw@f cttaepwgle-fcairrmeblpcl@f by simple
e s o
dlffusww Skggﬁgagfgﬁﬁb%%hgnger Ugﬁ?e Is\?gﬁ?]ﬁg(; {eéﬁ%%@@?%l fuL&BﬁQI]tles to guide
the assembdytof arsucranndiag eswelope, Wkich vealy eacapsulading seif-assembllng double
dr
layer og PF\ o%rlcte '?)I} r(}:%}lgrﬁé llﬁ dsanngﬁtgjle\%intggp a%ﬁgag% pnqa@ﬁr Braﬁé ’[IIaP&%LI%:tlon will be
integratednioparthe dipe di-layed ehveleps tsyedew hansystam avith theeakility to pass

throughg%lItew%rszn?glpgthglreHg %%Fﬁlé@an %rﬁ%@ %ﬁ%tﬂfs 8gﬁ Hgé be anchored

into thesystnabmané farhtbe pueseset ofi elvding tmlmmmeuﬂetem eadttcp f&md off attacking
degrad nt én%w&a?ﬁ J?‘n%ngﬂf‘?}é'@%tgdgrdeﬂ{ﬁ&?s grkgliﬁrg'torra{eg{ré{tes a complex
arrangemereh@‘rtgmmoleculasl podds gmtufeln@alf@asebh!aim@l rT@edraugrgartche drug delivery
systemggl%%! %I %ﬁlégfgrég%&eéﬂ e@jggeﬁp%?tﬂbﬁ{deg %&#éc@&m inﬁﬁ:osal layer
such asmnalfmmbgnalamrahgwenérbgcaeésqut%t| i nfl ammat ori es,

antineopl astics, antianxi et n]?fﬁ l:lﬁ nosuppr essi ve
[0029] o ge ke PERSRINBMETIPNAfER§S ICRM §PYRIoRFdagANRYIEal capsule
compowﬁfl PEESHGINERIG ibiSlogidalt m@lé@hl@@ar@g@ﬁﬁaﬁwced with synthetic chemical
chotjcs, antinmanic. a

nt rr
compogaTtEay AIRIPUEN A SRS S AR G0 B oalLeal Hehevion Gt and uses
viral caﬁblﬂoﬁffb%ﬁé Y5 ttﬂg&ﬁlkﬁng Blﬁbks‘ ItHﬂé sbmitis ﬁoﬂ-@@;ﬂtétmg In addition, all of

the proigins ég?eg?lmo gh? ent I?dilr}ggg &heéa%éma SVrgare all re-engineered to exhibit

desnreoaéﬁérﬁbféh@ﬂ'ﬁsﬂﬁﬁélﬂﬁhgmtébmﬂds%d regeuihg dd&ﬂﬁlblb dfs@l’flde linkages. The
| ci um regul ation, antibacterials

puikding, i G JEPact S hatieRP LS caas Stats ReAIEiearas gy, are degraded

qwckly%ré'é‘ﬂ@ﬁmﬂ@@%&%ﬂ%ﬁrﬁn@ﬁé%@onbé’ PR d:rwratﬂmwc@gﬁm a:ug delivery
pepti des

C ents usef
SyStemePy{tﬁr%ﬁWe@l et e Ewcﬁw oliks aif B g ¥t Higgapeiii proteins
attache@gﬁﬁtéa/er@mxhltnar@s%axatrﬁraﬁipbﬂamt featurarst thisl sys@driibé éhe use of the

beneflc’pﬂl g?gr%f”c?qﬁ%rcgc gﬂpﬂ@itp%ﬂ%&%{%ﬁ&@ab@? ]vtr“%codig r;Jrgllver such as
syntheRBARR, Withbet gatHegslet Ipb&in}ialSYH’(eeﬁanﬁpattm gmugiery system does

ot nchgs e 1 Aoy bt igbbEvh SRl gt AR i fym reoulr
geomefiRldhapegenbl es to formthe protein capsid of the

virus. Different strains of HBV have slight variations
[0030]i n Tihe rangpericle dlugGiglivetyesustennof $eanfesentonvestion can be used to

a
deliverfin VEFRE} bR pRS R s 15 A8 SRRRERE IRy Sent invoption, an
individuahInarspericke of thes sanopasiceroregs delivery aysteipsiad, caiain ner more
e .
than oPee‘a?P@ ) é\lobaﬂrriitnté@%ﬁ%%ﬂés?gl‘b‘?& gﬁgr‘gpggﬂwm%%ﬂéﬁﬁﬁmcle drug
deliverg @ysfcms:énbe eseseant on\aendjalpsmqiuder blma@tlvgu agfinés puabt @¢ gardiovascular
h dr
crugs, J8POTEor) ok, SRbSARAIAE ek EBFRRRRE thish ddenersic or
adreneeg«anplee@noblc@bingagml ana@gesaqa&nﬂpmm| anesthetity d@ntlast matics,
pat ru rot .
antibio pat ﬁﬁige%% r'tg coérrg'd%rb EE%/S: n, g eﬁ @’r‘?g Sf“ﬁess , ant
type 6 L 1 and L2 protein and covvpea chI orotlc nottle
virus coat protein. The HBV C-protein is 183 am no
acids in size with a high %oncentratl on of positively
charged am no acids at the C-term nus that dangle into
the interior of the capsid when assenbled. This
dangllng tall can be englneered SO as to speC|f|caIIy

. - o Y o o



of the protein has a cluster of positive charges at

the Gtermnus that can interact with negatively
weba@cges7nol ecul es such as DNA or RNA. The C- ppOI/@s1905/018456

can be engineered so that the Ctermnal tail has a

cl er c at
mﬂammcaéﬁ’?eltsht e%é%%%%ﬁs?]&sosgﬁ{ %Ei?)})gcha?émsd @gﬁ quﬁs'%%%lb% agents,
lmmuncﬁﬁb@iljliﬁ)mag]antsHWtI@HgJBtDEeaglerém mﬁaéwesdhmmmc@t@nglaal agents,
t S
e3P SRy e B Do RATERES oo
anticoagnlantss tlrmﬁqmlml)y): agentshSRNtifii ing®fic PRQETER DQ'EBO(D_GLO‘QQHE agents,

el BRSOy ED S35 4 R

agents Azl BERaMivmLEYUENGh, ARGb@LIErials Aartivlalel antBHEODRI, patjnfectives,

ore A T SR R O TR O, v

nucleic TREIdYARgEh SERUASNI (aSthroEiess StinsiatibRO aativicgERiigRGx agents,

antina e i t%%éﬂ%ﬁﬁ S Bt o) s

0031 CYSL\#%He HerofdirY 1éReokdtdcliitiR tvéAlnahsdad th¥Rh rticle d
AL 120) e QY VAL TRP e e g@LM dridplarticle drug

deliveryrystaral PRE ROpEST 1B tiasis HEpatiRd Virke (B8 LgRie PRpEreG -Protein
(SEQ lBFiQoGh}J & HRoEIRINAALN M AGIYARSH-6dEMbiAREG ARG 6k YréBm &iPsid of the

virus. SEBTENNF SRR FRCHBMG RIS VAR RN R s%é%%cﬁe rotein. An
exampl(ajcﬁ ad a)teﬁféﬁv@%\%spl{)ﬂeﬁ%hmir%oé’éﬁd s&fantdisNRcldded ifrBEQ ID NO. 2.

protein alternative am ng

Gore PR ERIGEFH ek DAl oo LS o BRI SaReKh SU pigg bocause

s e B B e TR TR LS L) o Gy e
S entire

which selfzasRRD\RS. N @ Geeidfrasy SIS P PP e YR lgp Use In the

nanopdrtitie Rty BRMNSPERYMBM ORBcASTBsbMUN(ehtiBn) NdRYinAiGiy Ekitnpibd of self-

SER ALA LEU TYR A U ALA
assemping QTSRO G° %@aﬁm AR E0IiecE S RER o, Hepatis
C Virud-&8/e (0 iy HantdiPP &bilorih Wikt MET 1 BHR LQh_drbtélnAanHI'RwBBE chlorotic

VAL QLY ASN ASN ASP PRO ALA SER ARG. A
mottle |VirUs ARt \REPteRSN ﬁ*\ml@kf%/x@n%'@ds TRIRRER RRYS & $IECHEh 2 hioh

r#r\éﬁouh loF h&deti EbnihBPaditE dtll the | ¢ theEBafdI& into th
conce hritio of %ﬁ%"g‘ﬂ%ﬁge a rinirdB) afd& into the

neror G SSrsik SR GEFAESTRIVY CENARS. HROPREP PRETRERC 50 2 t

oec I RISl S TR [l s
of the PrRYINFRESARGEHRIET mW%&wﬁﬁféﬁﬁ@g«ﬁ@Rng@"a'al&s ke Aperact it

negatw%%&lﬁ@é@ﬁ?ol?&ﬁéé@@:%DWOARQASERw@KN)rS{éR\ AdGb&lehgineered so

it 0 S o 02 g 0 5 B SBSAS a car

mteracﬂw&hg@@ﬂ.\e@rlcﬁé 3@6%!@@!{.&@5 conposed of a nucleic acid
enone enclosed in a protein coat (or capsid) and
[0032]son§EQn’@ NOI 1 pi UBHeﬁmrgtﬁ@ anincafcig sranensealt ¢o (18&4NCB! Protein

Databasg' YAC&S@ Bn aﬂlﬁnﬂi@’ BADS86623, the entire disclosure of which is herein
incorporated in its entirety):

MET ASP ILE ASP PRO TYR LYS GLU PHE GLY ALA SER VAL GLU LEU(L15)
LEU SER PHE LEU PRO SER ASP PHE PHE PRO SER ILE ARG ASP LEU(30)
LEU ASP THR AIL.A SER ALA LEU TYR ARG GLU ALA LEU GLU SER PRO(45)
GLU HIS CY¥S SER PRO HIS HIS THR ALA LEU ARG GLN ALA ILE LEU(60)
CYS TRP GLY GL/U LEU MET ASN LEU ALA THR TRP VAL GLY SER ASN(75)
LEU GLU ASP PRO ALA SER ARG GLU LEU VAL VAL SER TYR VAL ASN(90)
VAL ASN MET GL/Y LEU LYS ILE ARG GLN LEU LEU TRP PHE HIS ILE (105)
SER CYS LEU THR PHE GLY ARG GLU THR VAL LEU GLU TYR LEU VAL(120)



be conposed of as few a s three genes. The virus nust,

therefore, be extrenely efficient in its use of
wa@ewenss7aat eri al and consequently the capsid R@iUS1005/018456

protects the vrral genone in the harsh extracellul ar

SER Pﬁmﬂ QOQEE rb' 880 e SBlr RRADEE, Afr 18RS,
ASN A r".f ‘iErL)alpRBr Biﬁ'fhmn% $ M€ arc(150)
ARG A rG%r}g DG&HPY ik 08I0 I6R) p AhRG (165)
ARG Aﬁé“QE%OE /1 HSS§G %’é’f?'ﬁﬁﬂs sglﬁ ARGERITR '86
SER G g ra, are - i 'ded pol yhedra conposed

asyrrrret ric un| tes arranged as equil ateral

[0033] | t r '§’é@'u§%\ro The iy . Pr‘o?ég%n%ﬂs aﬁbe aﬁﬁ}?d ﬁéed %é&@éﬁ%er ﬂ‘ofﬂm (NCBI

protein species se icosah
Protemabaablmﬁc@a!smy Nupvehier AYT"eﬂﬂQQJ ﬁta @mrtlrmdméfrsu(er pf Wliléihels herein
subunits. [0035] The full |ength HBV
incorpo &E E‘tlgs‘lreﬁ]t'&gg'?m particles (T=4) with a dianeter of
MET Aari)pmmﬁat BRQ TBRnlard e PEE( GRBwhIe ITHRAVAL glU LEU(15)
LEU SHhRE GEHEPROORER A$F (RHFMPEECPRASHER i WAl ARCVAFRISLIEHRE)
LEU A¢RriHRcPéd SRRePHRN6EU YR PEEt FBH LkA il &Y cOBY  PREAI4P)
GLU HIY:Q435S8B, PROOHTS WS TR Phis LEUrARE |IGEN AR FHRAEU 6Q)
CYS TRRiGHY §EVJREYf MERCTHR riBt &R AFB TRRUHHt CLE PRY &53675)
LEU GL tAFRt BRORIAONFER DARE SR REU VALsVAICHR! Bt Bk ASN(90)
THR AgHAET Go¥ sLEHckYAglkhi ARp GLah LFE BRA- B dHRgHF 2 g 105)
SER C%$ d&Uf GHm ?%Esﬁﬁ'éd?*%@ iHEs VAR UFER G é"YR LEU "VAL{120)
SER PHE iFigVPat TR ALELRRC ofHk HROe PRY=ANA Wi?t é*ngcFR%n%RO(“S)
ASN AHRRferLE PFY BER Ao S HonStHe ST (e e¥ABfARG(15°>
ARG A%Ca 0% &RGr BERhBRGMRRE e ARCtF&r PR Oct%l% nARB\ARG (165)
p%‘*%Rdé;LNCSFpFoPB nARB e ARG BRM BEFer! tsﬁﬁt ARG ST dee)
SER CHY gt f1§Ph a "spike." The spike is a central f our

hel i cal bundl B t cher B et erm.nat|
100341 3 {HAV{ Grcigin e |§|g Befdimomn h'gﬁ%ﬁﬁef’fdé 3, et byV'“‘Ses are
macrorfbl8€U1arodbnildsese, Q:bﬁﬁo@@éd of blaludlet: 386 g8horBéd en&l@9§c) inva pifotein coat
Xis o The .i cosahedr al

a 2-fold r r
(or capfandiscrosiin e & ol ToTEtis: ofen HSRTRES 8reuiauBlifiny small and may
be conﬁ)b@é@df &8s fell esan@éefgdnekd Taxesrus st rtﬂu@fbrb el&ﬂeitrbmay bffrment in

pe interact Inthe ure vi
ts use ok Beneic el S84 coReraealiitiasapsil WWish Bty Bpdbal §ghome in
 the harkh@xBaddliaarepiirbimeMiust laeserditﬂé éront aistall Orﬂrhﬂ:ﬂr bf/gene products.

| asnma rane envel o ut a al . . .
AsymiR B N PO ST P e HER S p LT (el BFUpY disntge! bonding
enviroriniéhia. e|$ihbﬂ(§él dieussist yucmps BV | b&e‘mﬂlé asi izesaBYfadiwhidy are 20-

sided g.gj(xﬁwgd equg?ﬂﬁrgarl {S%%IE%’;{“ r?ck#ﬂﬁgdé)r}’\a&g%tg aits equqateral grrangles The

viral, idoSgHiedisgiNtRpsice aebembit frannake dproto espgeies dokB0,| skrinits.  These

coson Bl RS SR e SRt 5 T BB s
[oosslassrr@'m" dlegg Ori‘ rqévt '&epr‘c}té?ﬁ Ofcfh8 HARLIRS ﬁ@4?3wr1h 1é19a|ameter of

an be i ndu NaCl concentrati on

apprommalwnaﬁ ranﬁm@erar(gr@wtaar BAj abonrpe@rmemwwﬁﬁ ofjgpatitis B
virus cgr%n{)e%&@ bt rhehdP Yy %@é&&n%rﬁrbfb@%ﬁy Rfeq%d77cé433‘5t§ 1¥94). Inside

est case assenbl y react’i ons

this paiigieathet faﬂa¢<§‘rﬁ aenmn@rﬁqdajp e éharoéa@sara taﬁwrgﬁawn@ract with the
genomﬂfﬁlq}\‘bltf% VHLFE PCORNGRMIA @Bhﬁﬂkc%q?@mﬁ& B€ putdiNeSDNA-binding region
dermonstrates a renar weak associ ation
also fopp n@lsahedray@ap%é@ﬁtdywws% érrﬁﬂgélalb% ayawes ghtiee ET=-e Interactions
r
ey
[0036]St eRpHBVetapsitsr Cipeoteih mahomers Bortrs dithiesadsatcasabeiate tightly via a

‘spike.q EhS sl i P o R Eieuphectelion! Sl [t B b oBBighiRation of

2003) [0038] In an enbodi nent of the present

i nvention, nutations are engi neered into the HBV
C-protein in the spike are%Uof the dinmer or the

i nterface between diners. tations in the spike are
used to introduce functional groups at the surface of
the capsid in order to pronote envel opnent by a plasma



i nvention, a "protease recognition |oop"” is engineered

in the spike which facilitates the breakdown of the
weriocesecapsi d once it reaches the bl oodstreanPCT/US2005/018456

Miutations in the interface will stabilize the capsid

the fold cﬂ?S%e g, elﬂg e>p %@Bﬁfﬁ F‘rsl(r)%‘e b);e n%oggﬁ%h&nm{:ﬂogg éntyoNature 386:88-91,

1997) with\eed¥dicdaxis bhsyonmetry.t J@tncmahueﬂwhwalmasldgqooap@ of 120 C-protein
dimers ﬁsggg)éedo goywiS%Is%?]Pa?-rf]@as%Etlre 1328 @'E: Hleé{cﬂd"féll‘i’ysﬁé |Hteract|on in
the matpreomrusd meatmyofr thercehii@l spips$ df the ﬂa@dlmwmrel origeted close to the

oo By PSRRI A BRUSUAPEy 3o Wi AR A Bfmotiona

reconstﬂs:ﬁm i wildtybd HRV cyssbidi meonﬂnmdtesio‘roralmtme depsity maps of the full

ei ne bee t t
size e B LB RO LR Pk Bl o B QU 4R m o
1. ThisSitagds rddresentative lof whiaha rrake@eanrbce@béocpksdlke wriof fevamveliopment.
to introduce cystel ne nutations at other |ocations i

n
[0037] { hdn @itiprassemhly OF FEEM R CBPSIAS ¥ g (o IEgRIEe] 470 egiue assembly

domain SAE @Qﬁd)téinc{ﬁnﬂrﬁ) SRReAdRIY cah bbhl@deUeUQ?'tlfﬁéh NﬁCBétﬁwcentratlon In
geonetry of each ami no acid a%@v‘{? the ¢

HBV, sg@m}@mp@ e stghle pRolbipa; fse féABgtcog orms 4, éﬁ/ermodynamlc

and km&t‘l’d/éréait:tlé{srd# %é%lﬁpfé%ttcB@e BysERRbIY fitRfelst | SssBmbiyr réactlons appear to
ecul ar Cel | 771-80, 1999). Be Pse of
contain @ng/ﬁ'@eé,?hﬁ’ré@ﬁ%ﬂ ard ?H@W@ predicied Stﬁﬁﬂ&PBCengrﬁ lon dependence This

assemb\VERIBHEN 4188 0ferRiiRabRaREAN &s8BtialorRChRk A, §8E ba&kum lagsemble

position gives a total of two biocon
becauspeyubypitscare fad@ientn &ABEIAR rATE DG H{%ﬂ? %?eb?‘% {ﬁm ?’bes@ﬁ*‘t“'at'on
constarit Wb“t‘xm preBict PédauSe Here)is L4865 eﬁér@ [SE] é?dmrﬁ@ﬂmalbltﬁ ABassociation
I nterface between nononers in su

(Zlotniclsj Al A wieak Pralei-yPiQiRghirsRCctions gs%%ﬁar% ruren oh ‘a5 assembly?
V|rolog§‘9ﬂ5 [2695[2’74 rmogy(arrpl e, the first cysteine (e.g. amno

acid 23) is introduced in the first position in order
[0038] t 0 Idissukfbddimeohdf thie: predemt deventidn,powiaticos afagnaibeerefdnto the
HBV Cgré}]e tpé g;% '%egrs%)gcdcgﬁ ({)‘@bltgglbﬁl ﬁ@rﬁge% rﬁtgﬂe%s adtlrggrsI Mutatlons in
the spike ard ﬁsewstobmtrddum ﬂuomtmgaltgreum aéthet surianet ¢fcthpalaésm nn order to

our to i Zed
romor S BT, 5, B st ol S o 06 rsen
inventicpr, e &prbteiane gatognitionf bnap” dsfér@rmﬂred y@ébe obikgi whichifgellitates the
n !

breakd?\ﬁ%% e:egpofé g%&gj %r?cé Et:rgé?l'gsf tgtgrdédlnoeftgﬁé r]p M@Eg@ss'elhé dthterface
will stalzilize the eapsid anMIum 'ithe lifetinmhefie @laaﬂd meop® d@ﬁ%?@bb’} ne

tyrosi ne 132 to tel ne tatl
100391 5 yrecaeTpe o s PToePE Gep e TSRt it Gnbidnal groups,

either o-ﬂﬂ{@élﬂina%cfﬁg ﬁeﬁﬁé%ﬁ'ﬂysﬂﬁe akeaplacsd e ttip &ﬂﬁﬁlk?ean such a way as
37 .to ¢C s%cfl ne; vali

MJ .
they Pr@V%‘i’%PW@Y freau P @RI UrTagR\ioka H}eeP'ﬁSfa‘arm%Braﬁﬁr%‘eﬂa'PPe Ina
non-limitng &afnpis anpdeedoditidres (e, Hlueealstaorbme cysteing; MBCasEAtiy acid to

for it to disassenble into its cp nane
cystéinhapd 180, GHTNeCb RRETNEY Ree s, BEBULaE 55, D aMEsgyelivy &f these
amino bAHS wWRIPC&E Fundtibn@izeelaog iarenstagé. thie withirs thet scope of the present
i nvention, the spike-form.n

inventiaiy, RS YSBIEDREIIPTS B0 FSPBadE TFCCRERAREY oFie choice of

Iysme §r99}¥é¢éflﬁ@ at EBén postiense de@@ﬁ@éhtzcﬁsthamheﬁl@an%dt dasnetry of each
|l o and therebg%prom)t es disa

Th
amino ae%au?g%fé%ma SEyShRltaisiEs o 'H%‘é ngt@@me& et al., The

crystal mbtu@@tdf Qe HumahtichRite BNErusagdpeid, Mdoled@an CeRB:E11-80, 1999).
., Acritical review of the nethods for cleavage of

fu3| on proteins with thronbin and factor Xa, Protein

Expr Purif. 31:1-1 1, 2003, which is herein

i ncorporated by reference for all it contains

regardi ng cl eavage of protfi ns by thronbin and factor
Xa). The specificities of These two proteases are

wel | - known (Stevens RC, Drug Di scovery World, 4:35-48,
2003) and can be readily incorporated into the



| oop of the C-protein. Thronbin is probably the best
choice for specificity of these sites as there is

whe@en3iem be a constant, resting | evel of throp@i/mStons/018456
t he bl ood (Fernandez JA et al., Activated protein C

Becausc%?grglrt %%tf?)ﬁd dls{ﬁ{rggﬁ‘floy t%n%h%_\eél %‘@bcﬁlesg?{gé{?os .lﬂ:ﬂ%ﬁ%fl&% reactive
amino a&elqajl eacresmgldqmsltlbm givesis (GBI MDC@J@%B@EQGICQGN(DGF gpike.

ve an extended | ogp and a recognitian nce duced
[0040] o i1 ol SRR PREOoCPTRES ) g By SHELS s ' mroduce
at the lH}Qfacé)be't\Déeﬁf tnBforh8isan khiéh éIWalthéﬁgie?va)brdrhﬁeHBM strengthen the

C-protein (replacing am no ac ds 79 and 80\NI%§ t(? d
S s BF SEIPETRC.S BTINERsY RING ggduced in
the flrst[;%@ﬂ%}n irbfder i B@ulflae bdRd @\mhr’cﬁe @éc@nﬂ rp‘@embn Qamimp@cld 132 in this

encoding a thrombin site. Li ?P L{
case) IV nPROPRRG TOECHER @dm@ﬁr'ysﬁ_ﬂa? S50 oSTBR AP BRigpges in a
dlsulfldé Béﬁ‘d taine\wn Ctﬁ@ dﬁﬁ&% Cg:agtc%n_ Eren! Qﬁurms@ﬁdeebn@e\é BROaAb#I of 180

Y ILE Y ARG tA [ 0044 forent
stablhz"ﬂ@é@\‘?é@n%amiﬁraeﬂmt lgi aneRIRPABPR SEHeaRGS Jr'i‘Y%‘S“u@“ha' eren

types oP&lE‘TF?Jb PRhAC HE&idiRg & D@y eaﬂadw%h@%b efssibilitingenb risgerably and the
I n anot her embodj ment of the present invention,

deS'redﬁ&@@ﬂﬁﬁloﬁﬁ}d?taséﬁfﬁ%{s%'ied’ﬁeﬁ;% tors may be used which are
B e o BB akine 28 I Bl e S A BT

ﬂmého/regt OASpARY: doid RAtd cylstemda i arginine Hagttoaxeybtelbg
transfection neans incl udi png Et not | mted to, heat

Mudation 3al Ihmﬁqynﬁaé%ﬁ%%stemza 'Qﬁt% o cysteine
e o oL D RERHE PRR A ORI, ¢ o

limted to, Escherichia coli based expressi on vectors

[0041] sudhnmrBHBY G-pESyin-deriysdyrspopaticie bag @\@@am@(g}ee@gcpqﬁtfeam it
is neceégacrfj Uit ?&%Ea nﬁ%@nt&’ |ts%g‘§>%éent Wion%r& %'ol thBAR &GN release its

essi on vec ors such vect ors. Cprotein
therapeguemeangod|Trmgexpegnta3ﬂmm90@§ In arkexonbodinagrd Oéﬁh%iar@Sﬁruﬁrrﬁ\éqntlon the

spike-1elyr R ring PhoRBBE R, SRR<RRd TG o8kl & bidc@feace recognition
sequencas s efthiee pfaieass decpgnizeanangraeaes )thiss lasar enddthgyely promotes

disass \érgrﬁ)? oﬁ'hé 'ﬂ)% m%gp&?ﬁlﬂénlg uﬁgél SBBékﬂtr%tééa & fdr tﬁ@%‘bé Blaé%phcatlon are

s receivin dentifi ed:
thrombiAr ambfaets X (Jempy &lsettéﬂe Pcaibtiﬂabl rle@W@fntbevWPWPﬁS 5orc@pqavage of

b c [
usion o G50 30 ot e Aesy e oo, i s
herein amcerpuwatedi by treférance fohellTit qgn@ﬁmser,ega[qlr@g @g@vggg,ﬁﬁ groteins by

thrombﬁﬁh éﬁgé%r '3&%5' Xn€'s Bgﬁﬁcfi’tfes éfnﬁegﬁwm&gaﬁs%tﬁéll—k% (Stevens

econbl nant t echnol og{
RC, Drugmbery Wonidmr%?r -48,12003handi s, be; ieariiinagrPRIAEH it the internal

loop of tIHéT'Ct Sl%te'irﬂ) Tﬁl%fnb'WFsaﬂrbl%ﬂ/ o Bb‘étpcfh%fgéti%F s&Mﬂmtytd? Qhese sites as

I rus pronot )
there |skkrmmn todoet a@gestemn feisting lewe éh@mbm[lmm IoséKE@rtnani%z JA et al.,

Actwat%@ét‘o%lfﬁ @%g{rélgfﬂs |n9§r§<§¥]mgthﬁ>gﬁ6@t E08) s%%@t tgcﬁ“’éélth? individuals,

AmJ I-Ermpatull b6:28 31aﬂ1$970g|8§5q©®10@§ |¢ﬁm@§§ﬁ(ﬁsr%ﬁ@fllarl\g@e$ @z;q§EQ ID NO. 4
e P PUELOSPORPISEUOEI AR RS RO i iy G 10,

factor XedBEQakEbNeet%onseébedtlethWQ mueemmmmm B\ Q- P@éﬁln (replacing
amino REEEHS BhE8E I 1 P A SRR T O R e e - 4
[0042] nSSEQ |Dm|©n$ 1@a@km%@xﬂmgemdsrelsfommxdmmmmblameess

th Er otein. |n_order to(fxcﬁ.f%% zcapsid proteins
GLY P?ﬂ %cﬁl@o ROeCLe FFUNYRL B AT JF-%t WeSprotein is

inserted into an appropriate expression vector, i.e.,

a vector which contains the necessary elenents for the

transcription and transl a%d on of the inserted coding
sequences. Met hods which are




wel | known to those skilled in the art can be used to
construct expression vectors containing the protein
W@ ow/08363Equences operatively associ ated w t h PCT/US2005/018456
appropriate transcriptional/translational control
signals. These nethods include in vitro reconbi nant
DNA t echni ques, synthetic techniques, and in vivo
[0043] r eSEIMMKEOL en/igenetd acid eceriion heip envodies a Factoexaniie-e,
th e ﬂﬁg n dese d;hn Maniatis, et
GLY PR S‘Lglg‘glg %ggu(?L tEgﬁlng p}f&ﬁor atory l\/anual
CoI d Spring Harbor Laboratory, N Y. and Ausubel et
[0044] al TheX8&SmbikautrG protdin oamemﬂarssserd Ml purified rusBng compynon molecular
biology %g 4%1?0%%%3? g?léﬁggﬁgéaﬁllg?t e er enﬁ¥ if{ﬂeﬁ{) £ 'tﬁgcﬁes&kt invention,
recombmbaﬂéxp&éstloteaédtorenpa;eﬁs|usedmmmlaresysglaemed to carry the HBV C-

st b it S50 e B D P 5 PR OB St
may betintdriicati iifto 20fost @pls byl transfieetion mednsjchdinpge ek sipt fimiteddo, heat

o, S5 S 0 AL 3801 50 bR, S bl

Recom!blﬁéntaé@rmionl vesntdsred nt:luden butoanregaoli kmieds tg hEashetmi?f% ICDIa based

oo SIBLGE TR 1 Bl PRI IAT o EEEAL BARTR B voctrs s

as CDM® oLt ﬂDOQ(m’g drh:&-l@ apl‘&b&qmi'e)tpeessmwctcgs sequasqi) vecast The C-
nmed with reconmbin p iV

protein c%‘i‘?a??f{% PHR (BPs P8 IWS?etlo 'g naﬁsé%ﬁéﬁggbs &%L%&&S inan

expresgiét k/edcyrSihetTSam & exctiestecMint ther etmeblaeﬁrihevm:d@tlonally th|s cassette

essj on v ors j
capsSRRES RrERS) B B DRSULAA S e LOLDIRR her such
that celisirbesiVingl thal videtor ecayritel identified. r us expr essi on vectors
cauli fl ower nobsaic virus CaMV; tobacco m)zxpiocfrawn from

[0045] S.G}F?rémowmo SXPIEsS Hher eARRCHPRAteiRS MERBCRbAPe INaX

those tﬁé?%fr@%ﬁicﬁ&ﬁéf@%ﬁveswﬁl‘ﬁn Ghe hddt Rl aaﬂbﬁ}ne@@ﬁél@ki@l b@ drBehot limited
capsi d protein coding sequences. [0049] In an
to, the Eﬁmmt@htth%ﬁl\/i\h@romcg%me YR ﬁ@r%ﬂmntqtfé fruf hefpesghth promoter,

and otHdRVWEN RhAIE i re26MBinYRSDRIAGBE holddyO 1AdWible brdmoters may be used, -
expressi on vector and expressed In Escherl chia coli

| lncludlrmewtcr@lt ligited to)die: meﬁfé'eth'w'@awm%efl ToHSIMOoHRE MeyERgry tumor

virus pngn{b'ié?t(ﬁl'MTO\l))nar%%tHér’s(kﬂkoﬁﬁd%o@e dkil® intth@brti s natural l'y
stabi 'l zed ‘by sal't i dges, hydrophobic interactions,

[0046] andSaestable mharkersemd theid attendaat seleetir agerds s@hfbajdrawn from the

e L

hygrons/tiaks bhd)s;pho’aﬂndﬁea*sefhmtoﬁwcm—&i esd raetbhﬂ@&}eselqmon markers such as

anyarcgigie e -LhEhaPPR b tlsitoln B s rafifoners.

[0047] Spe@trfek CerftddiméXits d&eﬁuebgﬁééa@t rhvdmmw scluaat ﬂh@l usef of Bukaryotic,
he capsid can be nutated to cgst ei nes so tF |
prokarygiis 4 QieIBondad yBHTH SHREFSSORVBIETS PrRPEsSsihg HBY C-protein. In

order t§te5<Hr%tsé' 8psid\bloteRslkd sadlésias s@ﬁu&hdéf@id&ignfo&rtﬁe lpasteinh iennserted
‘ an extensive analysis of the ca Sll“ﬁ struct ureI "
into an-ARPraRHEIGXAFPSION YoRAT ok BABFST Ha eapesessay elements

for the QFHP‘]%H@KIOH%S tEHREIHEW of frRNMSékadcEddia] sé’cﬁkﬁce& OQ\ﬁéthodjsﬂ WhICh are
anot her enbodi nent of the present invention,

well krpgndig1osB SRUeH Boing oA S SPEVBIL BAEEHgH B grs containing

the ?)Htﬁﬁ atcdair@ge Sfdeh@2P T eiraffly Thasdomaur@doniitant appropriate
C-protein can accommpdate insertio fs of
transcrﬂlﬁlon@/é@m'a@oﬂaéQoah@ss@fr‘ﬁ!s st ThesepBetligfs QG i, vitro recombinant
DNA t éﬁrﬁjt@% STMEQRMChRGuSY, 1Rl InOTive redsasiRgiongéntdicn@combination.
not limted to, thronbin and Factor Xa, are

|nserted at this location. These recognition sites add

the benefit of quick degradation of the building

bl ocks after the entire Si/ tem has started to fall

apart as a time-rel easenethod of distributing the

encapsul at ed bi oactive agents. This will mnimze the

possi bility of



an i mmune response to the presence of "naked"

C-protein in the blood stream [0052] In another
weniwedsisent of the present invention, the CtePoi/mnsto0s/018456

tail of the Cprotein is replaced with a therapeutic

See, forlo%ﬁﬁrf‘dle[1 tlgg{ )nquggg (H}gctgrlérc%‘%éﬁ&edoiﬁ |\9I£H|§tlsd'ef551| 089 eMoIecuIar

ermp en Forers to roteins and peptides
ClonmgTheLaqu@pm Masuals ColsyBperg &larbar ltaberaj@rwetl\né ang, dusuhes! et al.,
1989, (%'r dén? F‘;rro ahe Ieﬂi’:r‘ﬁeirCBBH)'rg‘ﬂ/d'G?'QerkRal %h&fmgcﬂ&%%@tb@ & Wiley
era eu rote fusion protein).
Interscmr‘merbud(eutl c proteinis |i nked to the Cprotein by a
r of ami no acids that codes f?

100481y ch GAIEEY o G BTor POk TRRtor Gt AT B SF g vector

system@ r(lQI KbsofsOwhRhf dopesin ahé %céésaryc agendpegidrsditeatifigiltie replication,
art. In another enbhod t he pres nt i

transcripled, endrERPEEIPE ob CBELR ATIE 81 solleeBPe @%%E IPiped"equay

well by &rﬁ&@@ﬁkm@d G g 4t de dxpicdgeapsad \pﬁﬁélnc‘qoﬁtr@ S’wuérﬁﬁsdﬂ]ma imclude
the C-term nal tail of Cgrote n .and

put. areg il G 1@yBCETHEATRES GUBS a kAN HDB ARty reeombinant

bactendb'h%%@?\lﬁl Pldshfid DNAL & dsnid DNACYXpPEds ; idPeveRtiys Betthiathgahe capsid
ote

d |
G IR R T M O ——

contamfngskl'@JQ}% pSiti € pRIGIh nesdifgl $dﬁqubh@as¢uh§d§ctspelk&wﬂmsomﬁfeéted with
e capsid so that, a @Ddlfl ed

recombisgbIGR PAEETSIBR Vet R Grit §PCh PN OIS B Sl roteim coding
sequenteHIGHARNSet §ysethdsl enfédred i Eécbmbinay&E Nirb© lexpriession obcbire (e.g.,

envel ope. In a i ment of the [es I nv nt|
cauliflowgfe 'Eoﬁﬁ'cot‘ér”ﬁsgéw APFQ dMPERIf a VB! ip&l) n%s &’é‘ﬁe" with
recombirAn€ rERhfITRRbrebéien dicstord i(€lg., blrlmmﬂpbﬁﬁtblnmg thet vupeidd protein
C-protein nononers. [0054] I'n an enbodi ment of the
coding B?%@QF&S invention, the S-protein can be replaced by a
[0049] PEAR! a%eeﬁ%ééiméht{%ﬁ fhk a&@?é' %\féﬁ’u&{ iR fGIPIeQHﬂhquBV C-protein gene

envel o such as a transnenbrane
was cloeagnn’oceerpéa' ‘mequpc@swmeesoéﬁp@ gxpresseshs msakrrighia coli DE3 cells as

@gﬁp peptlde suitable for this purpose woul d
descnbgﬁ] Iﬁem ble region that ends with a cysteine so as

[0050]t O E)@.ﬁéﬁsdd wafdtéine il BbldgEsTovns haddhher mages natheaumsmbs.zee by salt
rl.se

brldge%pmrem lgpnglpaﬁég% C%{(\)/%gﬁt |p1ie|:n ddatr%g}ﬁe[ﬁugr Pulgﬁ%ﬁogds in

an embodRfsHIBMAE PhesetNBvathethepsit-mdcular Horsis ave edgineer&fQo that C-

o0 e W SRR ook il -FABL it b
are endifdtFedsd bH éffbcgthecﬁtalillhft of m[a-lmge o8pefdifiasdli liuges bsivek @ dimers

ndthecge These |d|n tides.are
that eff onctie, GaaRangap P (B2 EHe ot SRRt St e g dorm and
stabmzeltﬁ@lcbp@lc étrluﬁi@ré 0 AlhsoGifipationei af. CpAfSia] areasasba) d¥Can Extensive

prot e menbr ane engi neer.ed
analysip( RRCEBEH ARRERRECBLE D SIRSYEEV RIR R efep Pfiormed on
electrohaéhs(utaz@a;ﬁdén\/éd,frahﬁtmbﬁralE{uaLEu TYR MET (23) [0056]

In yet another enbodi nent of the present invention, in
[0051]an &lanetheaempediment Rbthghresest wvgrpthgq Grrateimie engineered so as to
contair] ;ﬁ%{éﬁgg ’%Hogglﬁoﬁglgésr‘ﬁqgﬁe Qﬁ%b@ i¢iRs Cl"Hehﬁ%LﬁaB@Urﬁmant spike of

S can be ect | edtothe CEI‘OteI
the C- wowm can g@ﬂoaen@welr@eﬁ@n{s of A Ieﬁﬁ*e"f%f@@’@ﬁ afestl peiable to form

capsids. e%&ﬁ%rfﬁose%{eg fBf Brto?éd(%eél lr‘r‘oYLﬁned P&t hESHHR oS tH¥bhBh &fhd Factor

above an S'site fattyacids
Xa, ard insértedi aihis Ingatiavot Theisaireengnition sitesirdd ba sAed sh quipkgegradation
S t Irelease
of the BEIART IS AROH BerBhink AT A T 0E foR PPy BrRelre
forma bilayer around the nanocage. This repl aces the
necessity of S-protein or the previously discussed
transnmenbr ane engi neered peptide. Also with the
addi tion of these coval enH y attached



phosphol i pids to the spike region (also known as the
i mmunodom nant spi ke), inmmune responses may be

wo eees®ed. [ 0057] I n one enbodi ment of the i NRENMUSING/018456
the lipid bi-layer in this nmethod conprises

method t%Ecgg@E@ﬁeriggbg ‘Z,Pcépr%u%@&t ﬂgéct%ggggﬁtge ﬁq\fnll hh‘ﬁmiz%\{ﬁ@bbé%rblhty of

orm n onen
an immurieokesinse &b thei p1re$amer®@ raakélE'@-prﬂislpm)meml@pd stiagert ai n

[0052] Co,lﬁjlalpgn%g; Em%f?g't@?q%:og\éggt@}%a tn@%g{éﬁ,éﬁ? ggermmaptall of the C-

protein Q'réélg@é&wlh’pg ﬂ%‘e%}%dtlgbhﬁélh Qﬂ@lbii”Fdi}ethé BE@O@&;’E) th&rtﬁkidl)“sure the
t hyl ene ol )-derivat,i ze eéa{m des

| yet CER
term prPT@@BEﬂfGFpH@M’MpF%ﬁIGg ang; Q%qd%sf RigUs englneer d at the
genetic né\fé@géréé & ercaiy 8l Refi® BLihey bliek &fr €-pisitin! ardl thedthiemapeutic

rogenat ed _soy phosphati dyl chagl i ne
protein mvasgmpa@tpmn 3! PREPERIRCHIOIE &S ke EMB CSTREGiEaRy pdether of
amino e(cPoFs)thahoéB?i%Q I‘F&té gydcifd! preRase rédB@wtlo@ E%p"&isl AMyglys ites thepdpeutic
nonosi al ogangol i osi de, [ ngon¥ %g,PI\Q
protein tgq &g@%@fp%ﬁ&m lpqg)ypsctﬁ(jpli ﬁ%a her emb nt of the present
inventiofl fﬁlérthérbﬁydt@'%&@fﬁ% liskheldab ehd Ofbr&t@MFlﬁ‘&)ungéi disulfide bridge between

o b s ek Sl LS o P G bR S g

reSIdue§ rb‘éﬁ'ﬂéoﬁ\o’sé ArRddy brGehOindiheaotds gathielyda@sbd enginested at the
he i mune system and to enter the target cells.

deS'redd?f@F'@%P%?%ﬂ‘tpé@@@d pol yet hyl ene glycol (PEG and/or
[0053] prjé ﬂotﬁé\g%‘f‘r%% rJF@rﬂ %P”l’ﬂlen%résg ?)ln@érﬁo@,ﬁ%gtetn% t88dues are

'ng exanples of suit ar e
enginedrbe |r1—|theamutdam$pulm)c@0rtzofe1mleyca¥fslﬂm thet V)m@filfaﬁﬁisH@l?@WétEoV"US S-

‘protein (:B%F)r %ﬁaﬁ%ﬂtl@ﬁh?&{ (i Cho% é}?ftgfh'f fc ti%s ﬂ9 'Erﬂa' IHid G- layer formation

ero GIS anchor ed
of the d@nnélopé.hén & pn‘tboblmelnay’etheamdsetrh gwecmn éha Sripteing ggr modified to

have c@% %xglﬁ%g ) &g gfgﬁ{e?lt e d‘s'uﬁlidg pkg' éilg@yf%FmatUHebémQérﬁ i®Frotein

ed to enve nanocages and
monomerssert into the envel ope surface in a concentration

oose SS90 L2 . ERDROLIEY Blece by«

peptidel WEAr BPHiRF leéhah’éﬂt@rls‘hb@ toi guidee QM‘%I@j)ﬁertto oﬂltheutageh esuch as a
O R O A I P
swtable%)? tHO PUrpseAvEuIa PRPE lafﬂ%dlb(é‘ retgm thmeunyds antl at wstdlnegm as to form

hai ns associ at ed %hr ou d| S e bogqg \/\% marily of
dlsumdﬁ@ﬂdge%wsh 9 PR 'Pn%\PH %§’§8 eaisecd’”%ﬂ‘i'ﬁ% gHmarily
hydropRot®Ramfiugs S Klfohdini mple bh&xch @amhsateaibrand endifeered peptide

e SEador 5. SRRy SSE i s s i e
hydroph&Y iipfd bHé?enh%gMM ﬂuﬁla&hﬂng Bhjuiddrthierfomsationi ofi i tights vesicle around
i ntact . osed su

roups _on the a hai r
e cadey P ARG beeos et S BHP2aRRy D T2 G2 of e
cage afdbikatige Bikse Crprbtem. | i pi d envel ope. The resul t ant
nanoparticles are conprised of drug encapsulated in a
[0055] pr oBEQNDNQs WBY Srprotsincinsmasehianmenginegipdpertidget i ng

cvs aBRUAROMY vCRAL I 4G EQQGALAlikGa@;@&hﬁﬂA et diryenis ofpd hes)
GLY VREeﬁﬁﬂ]ILhnﬁﬁﬁtﬂéaqTYh fizt educed antibody heavy

chai'n-1'ight chalin conpl ex above can be attached

dir e d -
ooso g, i SFuBt R RoEARR e o PR ahdans o e o
protemtcmr eqwatqmbtranmembtaeemgmsr@u@@hdm leperihediapeve, phospholipids

can be r’yﬂrf%déﬁgsass Cl a %) 'i'c?g%ﬁ% 3‘%6{1@#@%%%& 96 the spike

region obncﬁre gustainizocystsfineneesisiparis mutaded aesllslclpgeqi abemeland at this site fatty
encapsul ated in a protein cage tagged with anti body
targeting nol ecul es. [0062] Antibody suitable for use
as targeting agents in thg nanoparticle drug delivery
system of the present invention include antibodies
directed to cell surface antigens which



cause the anti body-nanoparticle conplex to be
internalized, either directly or indirectly. Specific

Wmewelodsre i ng exanpl es of suitabl e antibodi es POTUSIIES/018456
anti bodies to CD33 and CD22. CD33 and CD22 are

acids, u?%\?c{lrﬂé)%% %%f fidd %, q‘n%ﬁéoz ﬁﬂ()%f?\t OIS it 9H@Sar@n§>vgieﬂﬂi)} Bftached.

sSe an gens cause and t hereb Yy
These fatty ecidabttzad acgmlcteffot hﬁ]eamhmnb@yplﬁaﬁa@&h@lra&ue@l% thigrexa bilayer

around 20830 y&s aPhi§ @&g&%ﬁﬂ& ngr:estsh of’ 335;8@” &icthe rﬁ)ﬁjé\h&lsly discussed

e stem'o resen ntion,
transmembmmmlengmeered greptiden rAISE withdhe @(@ﬁ@ﬁp@f ufhaﬁa goyatendly attached
I 0 f
phosendelee ot G bt PR Hfizo (oRRoR Big ERRGHOATARR o9, immune
responges ingpyeiecrepsasbed.ed in a viral cap3| d nanocage further
i ncluding targeting anti bodi es anog her .
[0057] s dNAMEcaITaTico S SBRRA o P P YR M o o qogerises

phosph6iftsS OPIrofer &ntddim&i GRS Iné &b, ﬂwe-?leMIe!@Je-fOtmEg d:omponents
nanocage further incl udl%g: PEG Iecul es

0
further t'“ﬁlé@%éhﬁ'?%te%éﬁ‘flu@ﬂ%ép% aheP PPhe‘"n%ﬁ@ba pRgigents of the
inventigi! Ugttéel i P’EGYprﬁ))éﬁﬁcﬂiﬂﬂoOf Edifprivee s e oly(egiahé on gb,&bl)-h!envatlzed

dstearsppony i eoeeme (SESHEN b b SRS dyhSh aecd
Ceramlo%ét{pggmj@ﬁys i ntradermal , intranuscul ar or

i ntravenous route, and rrucosal r out es, % or al
[0058] na%ospmmlbrderwﬂgblerfordnwge@ﬁheamafm’at't@'e svelppeieciude, but are not

Ilmltedi oersz%ﬁaﬁa@{i Qgh@sﬁﬁag%w]dnﬁe (ﬂ cfe ?%ﬁ%dgaﬁlaﬁ]ﬁgﬂﬁ% (EPC),
phosphdtmdaaﬁbmqlammav(ﬂli/)ecphospf@tldyiogtyger@f PR, ,pbgs@pg\agqiyl insitol (PI),

monos%ﬁg%rﬂdeo%%@é' 0 Jere‘ﬁﬁSﬁ(g:F'Nﬂl l Hlﬁ&?ﬁﬂ&d&ﬂhéﬁb@/l&@ﬁdﬁ €(DSPC),

éas or’ exa
dmynst«:@kphnﬂsmrgedwmqhnﬁﬁmﬂi’@hm dtrrwmmmmﬁme}tldvlgly@%rd PNIPE)-
e of stic fibrosis the articl es bei
100581 { oy A SrRPEITO ! dEOmer T IVeBlor B M PR BC L S gG e modifed

to allow ’@ﬂetpléﬁlcfegﬁﬁ eQhddBEmRRiUNk 3ystEMQHR] toﬂnérmlﬁmtmpgﬁt ickltd. eBhadésterol-

nano t d th t
oo beIRch et L A Ve Al PEGT 8B o o
the mlxﬁﬂé UNbﬁ-'ﬂmlt-ﬁ@é(aﬁrfbléstdf@ﬂltabWPst ammpeiHehoinminddefigency Virus

ted ne or r tlonaII co
(HIV) Bﬁ%‘ﬁ?ﬁ‘@é‘?ft |°Ea'ira’b°5?ﬂﬁ)tfﬂne:2?%§ oitdar RE PabeEraiin il Alg.  Frs
cholestbﬁd-téygfaa PES isHn@Roled2htd ghamigie bulbsz@r arpy taee bhdéstemtagged PTDs

gars, am noQ |ds rote ates
ae andiahie P GG EFos TRRChSUERRER ST B0 0t . getcees
nanocag e8Bihd ids¥t irth ehaeriveppeisufh&sin@f cdntentration piapendene manoer.
elivery systemof the present invention nmay be frozen
[0060] andinl yoftriter z eanbpdiment ¢fr dreerresastt iswantion, pgrgeting agents are

mcorpo%tggj %f) tN@Inﬁ%%'ﬁbéloBﬁ@d@écﬁN& haSSharfER Y 4 @ksud biebal @rsRt. An
on rehydration of the |yophilized
exemplaan@pmctlﬂnehfe@‘ a targeting egentds @fhaﬁ“éloéb/nf\nég%dé?ﬁ g qopPgiped of two

I fi hés rﬁ@%é@ﬁa hain-light
neavy i B lIGH, U pERE AREL B, BANAC bBNS IO Rus By chain-io
chain mmlw@smasocnam mrowhe&mp%emﬁélﬂd@rbood@% H@d%/ Brath. n the

| &1 I Q8 RapRietiangl the! Hed Q:H@}hs are
presenggncﬁql dégag(vm%qq%ﬁ'g gger?ieégﬁgﬁgﬁy on aéTﬁe not enCé W %
dissociatedajesvihaitteel Heavy rebaindigbp ghaincassoriations 'ﬂt%%t mq:_spd sulthydryl
| ' az?-{'tﬂ k! 86 1d thtfiRe sulfat son
groups, %%%lhlse%\&a%}{aon 0 ﬁé\ﬁ%%gﬁ {loclrl'est%]rraagt[&eﬂar ri eg Scl)Ju’?1 © grOUp
the lipid erivalgbe. dOwmeraspiltant r@ndmd%@é%uc@mpﬂmdeowr%e@n?ﬁawlated in a
y cORirgPpPropri at e
proteirieEE WAlch B Bl B bty B P o
exarrpl e the individual treated or the node of
adm ni stration. Appropriate doses will be established
by persons skilled in the art of pharmaceutical dosing
such as physici ans. [OO68;| An exenpl ary enbodi nent of
the process of assenbling % he nanoparticle drug



delivery systemof the present invention is depicted
in FIG 5, the steps of which are sunmari ze bel ow
WO 006033619 Engi neered C-protein m xed w th thePdr/ug200$/018456
choice; [0070] 2. ionic strength of solution raised
it el ; . .
0011 . 1 drgeREM Bl of B prochrk BfErG60PRe (ERGERF Uhdd)thoavy
chain-lightgihaemecardplpe pbbde canl dedattashedt direcityels; thp o@Rey pfotein cage. As

. ; ed p o . . ]
aiscussBLERR el BUIdNG BIRES fhafe Bfciitert b 1Redbaid Eysteine
residueaddliéd reactivhesutitytiyt egrofiig0 waich6 theoh ohe shee ipked aytedhe partially
. t el . io i A . 1 re:
aisassoBle 5o by O TfieTRrRGuRifn, ) Bnofrlcits TRl f dng
encapsgclatedrin fypgaitinaage taggied aviartiosdydargeting melasylesphy .

[0076] More specifically, the drug js,incorporate .
[0062] | nohSUbRgY ABIR| Useers ArgP e URBRY e OB iiResrug delivery
system ?%’Qﬁ@ BFGS%HV REMtRA iﬁ{ell[JJéef] gngﬁlzcﬂge%s&aﬁ&dc?/toféellt él@fa@;égﬁiigdens which

re protei-n in a m uffered sol ution i xed, .
cause {jer AtiRodyAGNORESGE 1CPRISKEY e KRIGHIRERS: 1 9itiEE RPN 84 dfecty.
SpecifiéC h&w-Fﬂ’thfting @x&l’glf)ltfeﬁrof gmsdwra_ ﬁ%@igbiirﬁéi)l(@evuirﬁibo&lf@& o _CD33|and CD22.

-protelin an e drug I s used. es of syitaple
CD33 it FO78 a7 VB P BRe oA ﬁ'meﬂF?%Of@%P'a?m%aggr%@ g fo these
antigen§i Eddk8 aRdbcyidsk BHA f @efebysint@hilizasorptdiethebahfitydy-nambparticle
known to those skilled in the art. In an exenplary
compleXnhodi ment of present invention, protein drugs are
encapsul L0 ' : - rse
0063 &7 HEGH Ayt A BRSPS RS PGB 3o
inventiapy, the risdok@dicieraaneiompgse ardregiencaabdated ame vivel eapsiginanocage. In
o " . ) : |
sl SFEbHIRS R PSS pBERS i, RYBHEASH) Gimsi b oo
encapsplatadeimaCvifal atapsid canmshe durthesrincluding Ugrgeting cantibediendsin yet

anotherafelwrabrodméﬂt n& ﬂ'llt}sﬂkecs%ﬁf %ggﬁ?r%ﬂﬁfgﬁ% ahicR%sh CéA%r?érirse a drug

nol ecul ar di f on an c attraction.
encapsblaied imanirabeapstdranocagefugherdnguding PEGBoleeules.i on i s
rai sed by the addition of Na to a f.inal .
100641 ¢y & BT F8RUIG FOBH FBOTYStEH I GE 1RGPS Seig deluraypipm of he
presenf iRd6HtioAkal betddtnigisefdddby Ayt evhivarstiohal ron@. Theseninzlude, ebut are not
r one, hqur the pres e of f

. . fo n ully f d i ds i

imited \fer BTG oS (e PP B e S ah AT (RSB BeU R of fggenos
route, SAQENUcHsAN poRitbsWield) 6l heksal euingianger eshofenmitabtreute. oWhen the
veatndt 551 RS TI0 ERac L PSbcPSabl T B HE B8 nen e
treatmdiR a9 | gRHE Aideasys ieinvelved, theeciwidd af ¢heofoutd ef caipaniatration will

t he spi h byj.| dj. bl ock. 07 I t
essent g esHond e e B ek B Kishlo el R B lnpously
mentiohfwg:ié)%ﬁlﬁ&@ry nbGtet i_hEth€|- caset of l&ysli‘@t ﬁ?rﬁsis'lmng masbparticles being

S e associ ation.i.nvolves coval.ent L ni.r
formu'aaﬁﬁgpﬂ%%oﬁ’oam? 6 e IRV N RSPUE B UF G5t SENTROPHIF s e

c : S . Coi
ooos 24 BhoSHREE G B8 PRGBS WliAidy Gald i pesn
inventiem @re3 admministersisi inuA chipenrapatibleogguaaup ksahigionp| &bisl edjutignecan be

comprikid lo{’éﬁ& Ad? BfEA" ol %almeo?ﬂli A5te? MddSpticRaR) BbRaine! pringkeutical
many ‘different tunctional groups found on different
excipieatsi indudiog,deut @h limied ta, bulferd, stabitizing ﬁ@leg:g@s, pfeservatives, sugars,
: | M zL ' ANPlit-Alid s, sol vent interactions,
amino %@%ﬁé\t{ﬂﬁg’n%r% @g%%%% ac:ll%mr"gs'i due functional groups
[OOGG]ZEQdF@TOﬁ@Bééiﬂ]Q;i g@a |@ractefh hwﬁok%ggt )Gtaiﬁlit)‘a%/mhé‘llesérmparticles of the
nmpl es 2 an e t the ition of sulfhydryl o .
nanopaTige BTV ER YR ET B P eep BVERID FaY BE Jin-eaad vophilzed in

the prefsBR@s bodrRl or more protective agents such as sucrose, mannitol, trehalose or the
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groups, phospholi pid nol ecul es can then be anchored

whi ch gui de the envel opnent process. |In an enbodi nent
w@boobloa36py esent i nvention, suitable ratios of PCT/US2005/018456

protein:lipid for the envel opnent process range from

like. Up%R%% tgﬁégxh?lty&prgfz%(ﬁ%ﬂbbfrggg%(tﬁ\%_ﬁﬁsﬂeﬂsﬁﬂgé@?ﬁ%@E@Atﬁélly all

drug piwtwsbblehQWIMI argt gstaing riké ngame| earticles siel olRghydsetion is
accomplf 91%% tgjr FX/ a?fdmg:}ghiﬂgg o Brifdl a%t@tr &0 ﬁ%%‘drﬁ@ﬁl'on@é fHj%ion or

olnts roteln
5% dextra$er chluwbn falowsd oy gelmée mngmbé‘phwsppworpr dbarpsgensy of drug

encapsdlgteg %ﬁ%ﬁ%‘?\x?ar{: Qt |se Sftelslzt%gtﬂf%?{ o arfdjr%%r'\éi’lﬂﬂion

s are a izing t

[0067] | nl‘méraainﬁmyﬂrétronl cﬂtr%fnaséﬁtla% dwweasms@bat ar@tsmgnsdmabr at a
will stabilize the core ca uti|i

dose repefed POLRPT 8PP IFeFS SR ORI JESPRDEL pl B S0PEpERpsiosage
varies dcBSrafidl fohvafiovs phtbmsdterNar @(’é\ﬁiﬂ)&ﬁth@ﬁﬂdﬂ'ﬂ@élﬁt&ﬂed or the mode of

I nter-nol ecul ar bonds nd the@é_| at i "e:gPﬁ nEatﬁ t of
adminisiraions ¢ AMArPRN{Ate o Wilh o Bsiak! A rsops, gKiligd Ha the art o
pharmaf:élﬂi%bl' dUlg dicRUBphifieikhgli ng, but not linited to,

hydr oxyl and am ne groups, can be engineered into the
[0068] pr dtreexeraplarycarahadimentwieihe mmpr&élasmrdblmdhémaﬁ@pa@de drug
dehverysgfs‘férﬁ'é‘fa{hleyprgg tQ«H\%noIhdee[gﬁﬁ&ﬂ Yo FREIU5T 8% steps of. which are

engi neeri core proteins at a single |ocation,
summalazﬁ:ibetlcbw use of an alternative, commercially-avail abl e

het er obi f uncti o Cross-|i 0079] The

[0069] gpy\ie| opézr\ 8F9‘£$ LGRS ‘é’(htﬂ ﬂ%(go% F‘#Wéc pE esen%

[0070] | N\eNt i Géhi¢ StréndtRiof 8BiuBord Faisyd Wit the adaiittbnbef-NaGieto. fotrm cages,
an en;?odl ment of the present invention, a honobgeneous

encapsyfatiRg; rélgdﬂs' rious ratios of lipids (pr edoni nat el y

[0071] Ph&S pholdtr@lnt@&bed@grd:émloeeh@n@éred ﬁe;?mid@dhyd t&ﬂtﬂmkemlggels; i (1ed
conponents, to a solution o of .or.m ano

[0072] byrz\r;ol un%j“caf—egrph&%h‘i’ﬁip'éis 38('1’80'?18&%‘1&93?%@ W& a (

[oo73] | i rg.t at Idhatesﬂe@@-té@e@quwmmtglml iscldéd ﬂﬂhecﬂaﬁ]xﬁm:e of

MR b IR IO TR

and m'xture is gently shaken to thoroughly m x all
onents. Next the m xt oWnso_as
[0075] re ve AUfigaton,;Qf stB?vesPﬁ m TﬁYscﬁ'ﬁr@gatﬂﬁWt gt 63|izg exclusion
chromatdg@dpHynt roduced to a few m Ililiters of aqueous
sol ution (buffered H20) and nechanical ly di spersed by
[0076] soriVierat $reeificaib, $he sirug iiincoeposripd ity the danopaytigle drug”delivery
system%ﬁlﬁ)eeprcég@gtr ﬂ@eﬁtthdﬁrlgéﬁﬁ@EéﬁéﬂnWW%%@ecQEEr@'d?bt@ﬁm in a mildly

ug payl oa € nanocages [1 alread
buﬁere@ao@tn@e@n@@damr&h@ |dyumo6$wvluaae\medlrkr@wnﬁerth@ﬁww&ﬁsin'erthe art, a

buffer %ﬁgﬂp%bﬁgaﬁ@Wltﬂ tl{ @nyﬂbfé‘?r? hed Y d PHE QkE4. n)ExﬁanYéstJSf suitable

brief I ncubation wth gen

buffers rinckidey buéaxmn@idmte@afgeﬁh@ﬁp@a@e@ar@éﬁ aed A byﬁerqu?Sewe" as other
buffers L{/Eéllngno%r{% %h&sf%wuleﬁug%é% and api SRnHIEY Whhidlliment of present

onmat ogr ap protein expression and
inventiqou prdteipedrigm are[ m@]sulgteg ErT_plqjcgm\r@@p@q}ge@o rﬁl%nqq:pg@s epraprised of
| bérPeGuivalent
v Ot 0SB 5 PR & 4 QUBIY B bricincin
amount of ek fléast aniet of - proded, ueariide. nreleie asidrBrsmallafglestls synthetic

chemic?ﬁééﬂg}agﬁb?%ﬁle@é éﬂ%w.&%&t@tmccﬁﬁﬁéﬁ%ﬁﬂ i fust BEEECBNds after

mixing @ shigiateg\lly- hetgeneral iphpgjes at mofperian gifiugien . andetquionahie attraction.
After 5@%@4@%@%‘:1 Y ioR étl%hbt'ﬂgofatﬁé Shiutid ReraliaH" tﬂé ddRABRIIF NACI to a

I'S used to assess expression o pr ot ein.
final cqroesitjtioopte 0r bt driguaringpibei gelfeapsembin @ac@ﬂ iof e capsid. After
resuspending in a solution of 50 mM Tris- HCl, pH 7.4,
1 nM EDTA, 5 mM DTT, 1mM AEBSF, 0. 1ng/nL DNasel and
0.1 ng/nL RNase. Cells arg then | ysed by passage
through a French pressure cell. The suspenS|on i's



centrifuged at 26000xG for one hour. The pellet is
di scarded and solid sucrose added to the supernatant

wo e00a/0836mal concentration of 0.15 M and centri PODEs2085/018456
100000xG for one hour. The pellet is discarded and

incubatin%l %g ﬁ&“@ $5Fhd fodrNEe p@%ﬁ%ﬁge of f@lyf foRAdd Egﬁkﬁﬁﬁr@rﬁieﬁl using

saturation, stirr one “hour
standarcdemwhehu@péanalwesonhée*tdm cage B60GEN @ith Fifberpetenginsesed S- protein

or i SSHSRGUARTIC B 30y AEBSEMALS Byt oo v

covalertly liakdo baadwttrosntarycySepiearrote sOrfadsof Penegadt &he spike of each
ch, Piscataway, NJ) colum (5 cm di aneter X 95
bu'ld'nfbrﬁg&ng librated with Buffer A and the colum el uted

[0077]at RndnotHEr RiMERdink&rit R thd pesemtinfdritiah) pm)spndslm arbIBM:orporated
viral capsids are separat d from| arge ﬁ %

into the (RTSRIN qu’t@Xpr-Bieem?aSt gtab ﬂé?oci%'%dﬁ‘(oé Vg%" y'FﬁE‘ ining a

phospﬁoh@@ttd) 8RS A6 Xa‘ﬂuﬁ@ﬁﬁ’ﬂ’@ dide Rk srRpBEIRG BRI dtids within the

profil e and PAGE anal ysi s angét he

S | ut
C-proteion b e B¥CeaiMIg BICRI<H PEFSRIPS N FPTIGeR R 1% SvipgERpifunctional
cross- IIHklhé FholbEAdd Qre MBIFRHAAEOri&NcC Ql‘bwdéea avitly tePiatd eoraligich many

e o o P e b s e 2P oo of

optimizfif} HistaPBe Icdnthemits agd)lU@iteiﬁteFébtlbht %&nbﬁﬂf]étgnécﬂ‘ﬂ ANaib] it residue
0

urea added to a fjn ncentratjon
functiodie S IOLP RS BRO I épiawﬁ% ok Siifeeise. Prertpia e 3 depict
the adﬂmbﬁf cﬁf'dﬁ{ﬁ‘hflddllt ﬁjlfnctlb'ﬁal g(f(MdS' topﬂfeeC me@iror dhrddyh thede functional
lied to a colu

anet er
groupsslp@é;?wpr% ”P'ﬂ‘?&@ﬁaﬁﬁsrh t'B‘?rb{E@c RNCr %a@ﬂ&b)ﬂu% ;‘)he envelopment
proces§dUh lahncimamttdT tAS Rrasvhs mdéntdnh saitabiorRaibs of phbt&nﬂ'zpld for the

contalnln TT. The colu
enveloRRTA FIOES raPeD ¥ PRGSO Al TR SOt () ABRTEFralely 1:20
protema@ﬁie(&ﬁ\ﬁﬂ by SDS- PAGE are pool ed. These procedures wil|

be used for the expression and purification of all
[0078] c or Eheuse aif rhaterohifnstignal earpgselisking mplecelrp radlews dhe giossibility of

engme&ﬁrlng?1 dg(epén?'fp ﬁi@ﬂalerOGBQeat ség)ﬁ c?p?ré{ﬁ ?ﬁ%ﬁcﬁ rF%‘ﬁﬁQra‘?dH&gthteOC-protem

matrix Ederpbiag m@sm@@bosm@hplé IpoRApIREsIs, i REQSsPANig &Or Bxanple, sulfhydryl

functlorcr‘gfpccfo la% IR iRloRel i &aga%mé %ierr%oleallﬁlslgg\‘&t%g@ b?ﬁween core
es of phosp hatl anol am ne

proteinsfthatviib atabilizgythe, casniengk- oljytlilmmﬁiﬁcﬂamﬁofnlﬂ@tmiahgfoml@r anchoring

phospﬁgllpirdg 'f)‘?é\%%tso{hetsru'lfﬁ); | AREtARal q&g@s R Birfh |r§themohacular bonds

under on or nitrogen atnDsp ere
and therefore megatrvagy lmpggtstibe giabiityl of the ycocsahpr@tauf eineth tjepogigr fanctional

groupsﬁqguéﬂ TRt |f0te I?ﬁﬁg ﬁsHyﬁbﬁ\gEngyeirmﬁ? ngurﬁ%: ??R@ﬁé@féa into the

protelnda’smat;@s \[vtn@'g@hquhtp{@gbtanﬁmnng |ﬁcﬁme§|f|gqllyr@ﬁ§|fgned This merely

vrequwe%%%ﬁmb ?freaﬁﬁq trh\(é)mé}rrlg gﬂﬁ‘élﬂé %g ? 'gﬂ\%tet IB@aj%ﬂLHﬁng%D%’ée%d@fr arPélternative,

commereuaﬂwa‘tﬂllablecbmetrh@funé plesstinking malesyler ot ary

00701582 2 S S5 Rk b4 el FOREER! B o

anlonlcbb/pld) bﬂdy@t 3n Bh @MbiodEnerh lobthef pregBntiriventiom, edmaitolgvnéaummxture of
e

various g0 It (P S OB Bop ai5R) BSh 2081 SIAEsrok fr e, bV =dding

dried o@ﬁp@néﬂi@l’td hRolodoebf ellorofdrimeasmer i(2:i (bytv@rtgmﬁ)l IF@r ekample, and
0sOnes

A t
o S S0 L A PO I ST ST R T, v 1
mg of t{ﬂﬁéﬁhatlayloglbwfblsélfeyadd@ﬁﬂo 5201 4F2h&8jorm/ methanol solution. This

mixture is gently shaken to thoroughly mix all components. Next the mixture is dried down
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[0088] 7. Renove the chloroformfromthe MBP-PE by

rotary evaporation. Store the derivative at -20 C
wainae/n3m7ni t rogen at nosphere until use. Exanpl BCBUS2005/018456

Prot ocol for phospholipid conjugation via MBS

SO as tj) %r%\%egf &Pgm E&l%ntg’) T“%Qﬁ%h hixtuld S 3 ﬁtrégljdég tQh fg\)v:-mllhllters

chl orof orm and
of aquemlsfsahxbbn toiffeednifd) @0 mgchanic@tlmlrsafi'ﬁsﬁ@ by ﬁamn@tmnn "his solution
i r
is quucﬁ?da%ldedl td eni ?rpﬁf}ulﬁraoségrgl?%gl rﬁr?r%e%gees contalnlnﬂ/Bgftured drug
payloadsie [Thpi dammlag% owillaplleadyx hewe dbmmmgalepﬁmgnqdlfgad with either

t n.
ervoio R HBhF OIS Cral RO B B YA ho i PR A
brief inpibalioB with geatie mixdng, emz@s}seobcrag@s are seqaratad @nd paifisdassing simple
by the organi c solvents b
Cenmﬂ%f@ﬁ )8/9&‘8%3%%?39313%%@& uum Exanpl e 4 Protocol fgr
conj ugating mal ei m de- cgrbabRi Ng i nternedi ates (M)

to sul fhydryl-containin rot ei ns (r CP) (FIG 4 [0094]
1. Dissolve tmmmt pH = 8.0, 100
[oosojMi | JAI;IEJ# #13 vddlorodinBdifing tie AMEBAdtRIHBY Cafrotkin gene, is transformed
en_or

i ol ar Pur eund tro
into E. a'f%@%%éﬁlé'? ol Gy i Tn LBowsdieptortgedoiily 2-4% lygepe. tace
elementd ahd1206 Q%Lbckérﬂc)@f cnkﬂﬁ Rhstyie, explession i BEucHisl the addltlon of 2mM

rogen or on at nosphere 20 m nu
PTG (FobisplicheierRol GEoBRE pyGrop e%e'g e sRpRiea hepfisre et tree
hours SfAhdUctieM SSDEFAGE R iised@o Ruseds RYpiebsion of Giprewinunder  a
nitrogen or argon atnosphere for an additional 20

[0081] i n@p@spro{e@ogﬂunﬂed Apimoly edlidbyrresuspending & prsotidier of 80 MM Tris-

HCl, pﬂoghs rﬁ‘@ éé’f&” &5 7F Uiim ABBSB] o Yl ﬂﬁE [Né%%p Wrd€0.1 mg/mL
cat ers expreSS|ng ua tres o

RNasej r(@elle@reemes lysed w@@ssw braghasFrene EF@IS%HI’GW@“ ghite suspension is

centrlfﬁgge@icatt T28 (?@H‘élf bh& Hélﬂr aFpd Eérﬂe{ Qrdklaarldféﬁ%nh %oﬁd@ucrose added to the

and be understood as bein
supernatsit o edlrnahcmdentramnaﬁc@% B angl eenifugedzas ol R0000XG for one hour.

The pdif %rﬂé 4o attLERE(NHIG! 4t|§‘ihén°ad Qrdéncérﬁr%tlon of 40%
RPOVER i

nuneri cal par anme orth e for
saturatigre stifedtor | poeu hawtiarg tr@oh?@dtr@gaadrfer @ﬂreeh%wm* éﬁD%NG ohke pellet is

resusptenéédqﬁaa%’so\ﬁg ocﬁ?@@ F]le'ﬁ@%t Ehe/ SleRio" R NEAPSS Hl\/?§ucrose and

tarne resent inventi on.
2mM DET)(BIJféQ!ﬁ) and tededtonizsa &ﬁpb@ﬂoéﬁﬂ- -4Ep(Rhiarmacia I%JteCh Plscataway

NJ) com Lé’ @I%] d?ﬂn@lfe e Ao Zte'dkﬂﬁrafgd \ﬁmﬂa\ﬁﬁéﬁ)&'t Snd %et%rrn eluted at
e ¢l Al s, numer i cal par anet er

omLiminuté,o ABingbthisc purdicaliar SHEe BV ofra sapsisisnger sepprated from large

aggre a?&o%ﬁoeﬁorﬁ'&ﬁ}mé gr%'igln'%gglo(/v% kA @\%‘i’dﬂ%' ﬁgﬁofféé:h&?é' ¥re pooled

ng tec twi thst andi
accordmm@rqhwmatmﬁg@g Pegiite pad GRBtRAGE §E@W$'ﬁ gnd die $plutiga concentrated

by ultrﬂlt?é’:%nst& %l o Y1 d0YiE HithRiBn 3 @Enﬁ’é OAhiEBH,| BEver tl\h‘;@) to about
e

uneri ca ues set Int speC|f|c exa

10 mgémle Cep@mret@d&pm{@an% éiaiyza@ ap@l@%ﬁ ¥l @M AyigrHA Yéaand 0.15 M
sucros$2I e solilﬁl\‘iﬁYse{hen'a'd 'E oH 6@t TGN ReIOHLRY ﬁferaoefo%ed to a final

necessari | result from the standard devi ati on
conceritraiiod of 3.5 Nbu The @glpé@m i/ thendiieiadgusiitas UMilereHAs0-4% ggopgre size
filter uHﬁZM Ilf‘prop% Bé'dforanﬂlAl) aof?lfd %g)%dtt ) C(fﬂﬂﬁn $6.01 drR ' dnft&" R HoScm) of

"he cont ex SCri e I nvention
Superdexs fEc(Rilaigadian BibleckofMissetawsy, thJg equliliboatpd gvidh d0asM sodium

blcarbgﬁa%t ks Cc%ﬂ%ﬁr{lﬁ’i% i E)EfV'erTI@E&Hhﬂeissélﬁgd”a@% ﬁﬂ]ﬁlnlﬁlh@ The

uril’ess otherw se i ndi cat erein or cl 3/
fractlons contamlng dimeric protein as assessed by SDS-PAGE are poole These

procedures will be used for the expression and purification of all core protein mutants.
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contradicted by context. Recitation of ranges of
values herein is nerely intended to serve as a
wa@ bawobssma nmet hod of referring individually toPeBTR2005/018456
separate value falling within the range. Unl ess
e

AIternat%h/h ﬁ{e\'\éxﬁa‘??ésgm (?]ff\hf:st rgt%gnp%ag} ?(rg ?gﬁ? '(i)rpngéaa‘sé't ??@I ?étatdrﬁgg tmethods
well knowrdﬂomemmblsyllle@m theartherein. Al nethods descri bed

herein can be perfornmed.in ny sui tabl e order unl ess

ot herw se indi cated her ot herw se clearly
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readi ng the fore descrl i nyent o
100881 . acr & BRI HITEETE i i M-SR (R vpeergtion Store
the derRBeCR-2@CaINd8N4 nitldgen BinedtpAER unmt@m for the

invention to be practiced otherwi se than specifically

descri bed herein. AccorBxamplg3 this invention includes

aII r-'FPBEHcBHBM Rolfitf'c 2fiBh SRIMiBS né%&éi@l 9@3

ereto
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reo 1S enconpasse e invention
: [0090]unI23ss oAdrbRQingzof mcnalaimidpleareyi-iN- bydr@méﬁwwec?%arrﬁws) to

the llpl&%ﬁtfﬁcgn‘atrﬁ? iD¥iscqp ext . [001 02] Furthernore,

rous references have been made to patents and
[0091] pri ht ed Redst faradihenes athpeuderoperature dndssddiagedat i on.
Each of t r
t0002] e N R B g Bl P e G Trh fa gt excess
cross-linkgreandneaction bypseguctmtirety. [00103] In closing, it is
to be u n
100031 ;P 8P s SRERIIERS i BT Sy R aicTNder Ve
the present invention. Other nodifications that may be
enpl oyed are within the scope of the invention. Thus,
by way of exanple, but not of limtation, alternative
configurations of the present invention nmay be
utilized in accordance with the teachings herein.
Accordingly, the present invention is not limted to
that precisely as shown and described. W claim 1. A
sel f-assenbl i ng nanoparticle drug delivery system
conprising: a capsid corrp]rgi sed of viral capsid
proteins; a drug captured in said capsid; and




a lipid bi-layer envel oping said capsid. 2. The

sel f-assenbl i ng nanoparticle drug delivery system of
wa@b@bsib7ovherein said viral capsid protein i s PEpPaEB20D5/618456

B Virus (HBV) core protein. 3. The self-assenbling

nanoparticle drug delivegy, emof claim1l wherein
said HBV core protein has—at@%_%m no aci d sequence of

Protcgsjor bomidmatinggnalsiFdpe-CorNgining intarmeptiates €D Ae selfitydivheontaining
nanoparticle drug deljyeiyg e claim1l1 wherein
said viral capsid pr . 5. The

[0094F el f1- assddipsdivegthaaiftip i TRISIRCdyuligr (i F\Bel y1 08 ywitimelasy to obtain a
conceﬁ’!rﬁlow & 1"\%&%15}[) SBliele\ind! a ﬁ%géﬁjorpé b& 'aﬂné%ﬁgféd@ﬁz@m utes.

ease recognition site rep ci ng mno a
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nltrogel{'gr ?C'rglalfl ﬁ"ﬁc\%ﬁﬂg éﬁgaﬁgg&w Eglnﬁmﬂéé‘g delivery system
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yrosin 132 is C ed t stein
speciicdliqn 38% GRS A i) kﬁ}ﬂemt%?ﬁa%gﬂag s iy a Ey&?aémeaPy the term
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consi sti n g@gtl d&eld Jrot ei ns, nuc

the follgwing sp[%ql IS Are gppr&pa‘&ilon§ﬁ1aﬁ-ﬂ@y vary depending
upon & aesar%aepsr’@benﬂes RBOGHN AL tHeChistaided GydBk i present siyahiion. ofAt the very
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that tHel @irferical tHrgesang Wm&€@$eﬁlrbffeﬂh tHe !in@ta@ sOtf)pe of the invention are

chol esterol -ta ne ycol ..and
apPProYiftigas. | n%%g@ﬂ % { phiefils BalemesiPatmamies arporeported as
prems@?ea§ @o&sn@l@s ey | rmgwermalowné | Isdveever, Lighetehtly ebytamgsdetain errors

I
necesggw%r?e;sél ingp oere St%h%{gdgtgﬁé té‘g{f L%ﬁtslth(zarl]r Orlespecpve testing
meastreafasasct i vat or of transcrl ption or poly- argl ni ne. 13.

The sel f-assenbling nanoparticle drug delivery system
[0099bf CThe tarmstaf Bhdr'anoapd I'Biehgnd sinailari releagnts asgadn dge context of
descnm?'{gecﬁgirg/g n}i?ﬂh %e'“p%@%lh Ig ;tl{eloion?&grét th¥ %I1ol(/1€'legﬁ‘clalgns%ar§ nt1o be construed
to CO%QInb@thsihﬁgSlnmlﬁl‘ ﬁgdat errligraly ltrH\eaanh@M@ pﬁdﬁ‘faé@dw hegein or clearly
contrafd‘ﬂftéﬁ 9¥ COUEXES (ﬂé&tétgfh ?fglé‘lggfbgsdf' l\/ﬁlﬁéé‘ Her2f id n?gré‘lg u‘nt@nde’?ﬁo serve as

oteln cage e tontc stren

a shoshan! medwodsefirataing Meltiskaly tpmbwspar@ﬁejgalu@fagmgoWl&a@&e range.
UnlesS %ltﬁétr*vgg ’lncﬁgﬁé@ Heu%ﬂp |e§§|t RERIULARARMs RRIoKSIr Bk $46 the specification

sal d tion;
as if |t were individually reCIted hereln All methods described herein can be performed in

any suitable order unless otherwise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary language (e.g. “such as”) provided
herein is intended merely to better illuminate the invention and does not pose a limitation on
the scope of the invention otherwise claimed. No language in the specification should be

construed as indicating any non-claimed element essential to the practice of the invention.
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addi ng chol esterol -tagged protein transducti on donmai n

to said cage solution; purifying said nanoparticles by
wa@embnsfeogat i on or size exclusion chronmat ogr aphgT/USB05/018456

The nethod of claim 14 wherein said drug is sel ected

[0010(# Or@rﬁnﬁngégﬁ%lt%g{ﬁibétélélﬂerﬁg FedhbSlfifentt’ &t ®kNBvention disclosed
ucleic actids and snmall nolecul e synthetic chem cal
hereindiregw! ta Be cPheiryast amtimiations aibach groupemempes giay hepeferred to and
: of & i N ot c N j
claimSORERIGHF. S, LTSSy RoRL a5 S RBRRECRL 44 roup or o
elementsofoene.hetdin. Thds @ptitipaiedfthatl elienprL eronh enamiperg if @ group may be
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mclud%’ @é%ﬁﬁgle{ef%;ﬁg%,'ré ggﬂjlpsflﬁ feabgnsof é%%mér{lbgra‘?@ﬁgrﬂr?&rﬁ%bdhty. When

or a ecognition site.
any swih gichision1dr vibletien wcewrsdthaBspasiicatiq ist beraini deemedt@gontain the

C . i g 0 .
aroup et s 1Rl BRCASH GeZbortly At Rl oty lsed n the
appengbeénlgiras.ani ne 23, aspartic acid 29, threonine 33,

ne 12 ine 124, argi nine 127

| euci ne 37, valj. ...val , d
00101l Sapiceed-emiedipenis LNkt Svaniarsae deacroed nersa: (pslilig the best
mode QﬁoWI:] ) lfﬁel'tﬁwéhltbts_h\%f cé@j?f?@ gt the iﬁmtti_élg.ep)f%u%ddi/@gatiaﬁs on those

enve ent  gul.dln rotein or | at.ter
preferigloaRaN A Y4l GRCoBD. pprEerie B PT ornary 1S feing At upor
readingahé ferageirpaesdripgon.diThg ipveriten BxpestsHeliRid titisals Y6 kerploy such
variatigps SSBp e, S AR AR BN PR bfied qnemie
than spb@ﬁcﬁéwIoifesb@be;cshe:lrbmahrmcb_cbyﬂg|ﬁtﬂgambamrmacluaas 3ﬂ'h&3difications and

. hetho 0 Cl al er.el,n | roteln I S ction .
ectivalia ch B PIRSLE ARG SRR HHA SIUBRAPBP RISy PFIg® Permitted by
applicilensac Motradasr, aly Esrabiaationpdfitied absvepddsyribadqeleimaats idll possible

. .The met hod of cl ai m%4 further . .co [i Si ng t he steg gf .
varlatlprh%gpqrg?fglst ec\rllcgg)giqa,srae Witﬁﬁd?@t'?%% eggio& qrwﬁedmdlc ted herein or
otherviée £1858y cortéhdictedBy berdextf treating disease with a

sel f -assenbl i ng nanoparticle drug delivery system )
[00102]ondruribierrgorge | Numarpus) refarancesmayarhaenl medacioopateats and printed

i FouRMbhesfs Bidn, LE= hieldtfve deli Q8reRnceS and printed
publfcﬁi)‘é‘%Z@ oolﬁ ). I}%@nnw <120> é{epﬁ Esserr_glqiﬁe_ng .e nees and printe
publicalionspae heegin indiidugllDisicoippeated By rafereneel Bdbeiremgsty00002

<15Q> 60/ 574,409 <151> 2004- Q5- 25 <160> 70> D
100103, J5 clenge 145 508 B0 et o Smbadient o e oyentppgisciosed
hereinkigp altustrativdBofthe peinsigled af the present invention. Other modifications that may
be employed are within the scope of the invention. Thus, by way of example, but not of
limitation, alternative configurations of the present invention may be utilized in accordance
with the teachings herein. Accordingly, the present invention is not limited to that precisely
as shown and described.
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Met Asp | e Asp Pro Tyr Lys Gu Phe d y Ala ser val

G u Leu Leu 1 5 10 15 Ser Phe Leu Pro Ser Asp Phe Phe
wW@e@688¥679 i e Arg Asp Leu Leu Asp 20 25 30 Thr BCBHUSEN5/018456
Ala Leu Tyr Arg @ u Al a . Leu @ user Pro d uH s
iQ/s 35 40 45 Ser Pro H s His Thr Al a Leu Arg G n
Rtalie Leu Cys Trp d y @ u 50 55 60 Leu Met Asn Leu
Ala Thr Trp val G y Ser Asn Leu A u Asp Pro Ala 65
T.0 75A8&IfSmsembiinghanonasiicle dtugvdsliverg systgm ogaipriaisg: val
Asn t Y . ' G n Leu Leu Tr
Phe :?CsagF'diCoﬁggxagﬁﬂggp%ﬁlp@ﬁgéregy Arg 100 105 110
3 u dhiruyabptuead iGlsaid Gpsid.end Val se r phe @y val Trp

psn a8 ToRpTbyeeyelnb 2T eI © "7 T 50" 35 100 @

2 ThrTRBr sal@hss¥aiblifg hafbparditie ddug Ydehv teRf ©f AlzgmAr vherei
Arg Thr 184_5 150 15'2@160 E? - gy Sbie 2/ grherein

said viralgapsifl R{oigH} is Fb-,!qpamlﬁ B A\{i@js A?' 53%&%%?@{[% 5Ar1 g oAr1 g . AE; g )
551l iy L R0 A, L T

said HBWcare pyste®d hasthe aBhing agidseThencgaf SEQ I NeuT ke §ER 1 NOQ2.
15 Ser. Phe Leu Pro Ser Asp Phe Phe Pro Ser. Val .
Fou L Etesssiarpempling nAROPAIIGeSdH0 eV FYFiRm Af @‘%“Aﬁ Wherein
said virﬁ'cEFéJ}GUpraeWisﬁﬁﬂta%”d? G uH s cys 35 40 45 Ser Pro H
S |

s Thr Ala Leu Arg Gn Al al i e Leu cys Trp G )
&8 u Thesselbassemblinvgtnangpaiticle Aug detiveryrgysigm OGC%I"AS% wherein

said virgls‘&\plsf?:iJ p%teiH inSfa&d 8 rﬁ%t%a?é rg&)gzﬁoﬁgite replacing amino acids 79 and
80 of said HBV core protein.

We cla

6. The self-assembling nanoparticle drug delivery system of claim 5 wherein

said protease recognition site is a thrombin recognition site or a factor Xa recognition site.

7. The self-assembling nanoparticle drug delivery system of claim 4 wherein
said HBV core protein is mutated such that at least one amino acid of SEQ ID NO. 1 or SEQ
ID NO. 2 selected from the group consisting of phenylalanine 23, aspartic acid 29, threonine
33, leucine 37, valine 120, valine 124, arginine 127 and tyrosine 132 is changed to a

cysteine.

8. The self-assembling nanoparticle drug delivery system of claim 1 wherein
said drug is selected from the group consisting of peptides, proteins, nucleic acids and small

molecule synthetic chemical drugs.

9. The self-assembling nanoparticle drug delivery system of claim 1 wherein
said lipid bi-layer is comprised of phospholipids.

10.  The self-assembling nanoparticle drug delivery system of claim 9 wherein

said phospholipid is phosphotidyl ethanolamine.

11.  The self-assembling nanoparticle drug delivery system of claim 1 further
comprising either or both of cholesterol-tagged polyethylene glycol and cholesterol-tagged

protein transduction domains.

12.  The self-assembling nanoparticle drug delivery system of claim 11 wherein
said protein transduction domains comprises the Human Immunodeficiency Virus

transactivator of transcription or poly-arginine.
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Ser Arg Asp Leu Val Val Asn Tyr Val Asn Thr Asn Met
Gy Leu Lys 85 90 95 lie | rg G n Leu Leu Trp Phe H's

WO 2@e®8¥67Lys Leu Thr Phe Ay Arg 100 105 110 Qam/Tk1005/018456
Val Leu Gu Tyr Leu Val Ser Phe Gy Val Trp | i e Arg

r i 1 P A R
Bo 1 1o L& Etififto ihdRefiol frdl 8ol &S Br Gin 1 further
compriéfag ar\/arglwcgltArqyatiAggnQEgule\rg Ser pro Arg Arg Arg Thr
45 150 155 160 Pro Ser. . Pro Arg Arg Arg Arg Ser, G :
By PRome o @ s FERategniing eabragicieydo delivery
System%hl-,pﬁﬁﬁga n c,ys 180 <210> 3 <211> 12 <212> PRT <213>
patiti. s rus <400> 3 Gy Pro d ro @
Leu VE¥Xipg@ %Jg W@W%QICO@ olgiT @z‘ma&%@aigﬁ% <2125
PRT <8ﬂ<§%p§m i did Sir i thé &BreBifn éa Rigng\he issi strength
Gly Pro y I?ig Gllu g%y Arg Alra 5 1 Sgg},210>gg\t<2I11>Sremg

of said Q@Q@M@"PRT <213> Hepatitis B virus <400> 5 cys Al a
érg Gaadmggpr&rsghéﬂwdsﬂdoasam@a&smma Arg Ay | i e Leu
y 1ac?dilng ch%ISes\t/g'lol-taBgeclj polyethylene gﬁ/col tx saly%age solution;
adding cholesterol-tagged protein transduction domain to said cage solution;
purifying said nanoparticles by centrifugation or size exclusion

chromatography.

15. The method of claim 14 wherein said drug is selected from the group
consisting of peptides, proteins, nucleic acids and small molecule synthetic chemical drugs.

16. The method of claim 14 wherein said HBV core protein includes a protease
recognition site replacing amino acids 79 and 80 of said HBV core protein.

17. The method of claim 16 wherein said protease recognition site is a thrombin

recognition site or a factor Xa recognition site.

18. The method of claim 14 wherein said HBV core protein is mutated such that
at least one amino acid of SEQ ID NO. 1 or SEQ ID NO. 2 selected from the group
consisting of phenylalanine 23, aspartic acid 29, threonine 33, leucine 37, valine 120, valine
124, arginine 127 and tyrosine 132 is changed to a cysteine.

19. The method of claim 14 further comprising the step of adding an envelopment
guiding protein or peptide after said encapsulating step.

20. The method of claim 19 wherein said envelopment guiding protein ié Hepatitis
B Virus S-protein or the transmembrane engineered peptide of SEQ ID NO. 5.

21. The method of claim 14 wherein said phospholipid is phophatidyl
ethanolamine.

22. The method of claim 14 wherein said protein transduction domain comprises
the Human Immunodeficiency Virus transactivator of transcription or poly-arginine. '

23.  The method of claim 14 further comprising the step of inserting targeting
antibodies into said lipid bi-layer.

24. A method of treating disease with a self-assembling nanoparticle drug

delivery system comprising delivering said nanoparticles across a mucosal surface.
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