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can damage both malignant and normal cells. A drug delivery system that
targets the drug to the malignant tumor would decrease bystander

Qgﬁg trY( 52)‘ %tgln and DNA drugs must be 1 WO 20061033674 ) )
é 065/018456 administered intravenously due to theirfiRS{HBF 4856

the high pH in the stomach after oral administration. Additional problems
il IYEERaHS ISy Die HeshHarliy pigie Hghrafde firisheiagivriie oral
admifistrgtidelivefddiisiemnpthibiecan delivir pretaiunudieic atidiocaunsiablas rapid

clear&%@“aﬂlﬂﬁ%ﬁéﬂ@ﬁ‘? higlly &%ﬁ‘;%@ﬂPL%BS‘@Ea%éﬁfHQ{:JQPp$ I5CH8E1eic acid or

as yet unsuccessful, researc here s been

n
Unsta@mmé éB‘FéeFé‘é%“a?éﬁ Wﬂww%‘u@&#ﬁ@%ﬁ@gﬁaﬁﬁﬁ@ fh%ﬁawsﬁﬁa{egr@gmg and
as yetifestin@shiuy deleasch. systems (Panyam J et al., Blodegradable

anoparticles for and ge livery to c Isa Adv
1000 HBEE ehaS Bk S A OSTR Gho EBfo BURNALG o Rgredabe
nanomﬁsi@ﬂng%feﬁa@mﬁn@i@mgethmaﬁﬂm@m siz@ifr@m 1Diedd@adable
nano;ﬁkﬁﬂ@@bwd §ﬂi§l§\%@@1@ﬂéﬂ%ﬂf&i&@i@&ﬁf@%ﬁé eﬁdv@}ﬁ@%ﬁd Rev. 55:329-47,
orbed..attached o sulate mtoten tlcema
200 S o e el bstances
that Wlﬁe‘i@fbrﬂ’ Protiins. WQSMﬁg‘@W%e Fiﬁ@chéfelmpbﬁéf@&?a&meﬂher dissolved,
entra;ﬁ;ﬁﬁ)pﬁﬁéﬁl@%@amfb@m&ﬁaiﬁﬁdewﬁibﬂiﬁw@nmowti%@yéﬁﬂ@aﬁ?@atnx The
ac e I n Sahoo SK and
nanof iEACIRITET AR o SRR @ﬁ‘# e %‘%eﬁeer'aénﬂnrﬁag.ngm&ws or
proteigs; 1 Denansino e iNe0ts Horh el aereRAtaliRy dﬁ%‘%’t Ieiasopitidestigined with
differehugrdetiviery eslltdieenntpisrtvete o momwtlemﬂsstamanmﬁél&@ agents

e Y4 [
T AV R S e S

8 1”?&1?&8{) - GH )(Panyam J et al., Fluorescence and electron microscopy
{OGQTPrObG&M&@Hﬂ&@@@BﬂWﬁah@@hﬁ:ﬂ@é RO Bém@dﬂ%mt%ﬁpﬁﬁ%m main

propeﬂaé@OpﬁFts(f;%%g%ta‘%hggar ec%62 1 Zoom)a 2econd en&r gg[ﬁgah smaller

iodegra eriars or nanopa ficle’ preparaefion AFOWS S

Cap'"amfgar@q’e%r@et%ﬁﬁaml@h@ta@@%t\gh@w&?\e&swfu%mfc@@@wuwéﬁrm@kwe target
sites (Ranaparielies c@uaisedeetaatviediiiontlielyabneeab iRnNsIRIARES issue

uptakwt}ﬁsﬁc;@rqgi %%,8&"88.' %Edéfor%%] ggn[@cﬁt%d g%“\ﬁeliyh f”a'}%ﬁa} qle 003).

can be achieved by eith paSS| e or active eting. Active ta‘l‘%([; ing’o
Second{ReRa.fE Q@@ﬁ@fédéél'ﬁe%&%?‘%éﬁ’f‘d&é‘mﬁ@ ietReesation Aguptsistained
drug rifleasarnvithisytie tartebsiissnie or geitisp e dimyviiganel énampre chi@idiarticles can

siso cEBAcSR e CavERRHIges Ep iR S doengn degiment gl

inflammatory bowel disease, J Pharmacol Exp Ther.
i°003bassT\¢éa%tﬁg5eﬁﬁ@/6§>a@ﬁmapevmmpwm@@héem@va@ém@tag@namiwae or active

targetiMACumalaskjetihabpaseiapeRRCRRHIREAHEOLOIYARNjugating the therapeutic
agent or the carrier system to a tissue or cell-specific ligand {Lamprecht et al.,
Biodegradable nanoparticles for targeted drug delivery in treatment of inflammatory bowe!
disease, J Pharmacol Exp Ther. 209:775-81, 2002). Passive targeting is achieved by
coupling the therapeutic agent to a macromolecule that passively reaches the target organ
(Monsky WL et al, Augmentation of transvascular transport of macromolecules and
nanoparticles in tumors using vascular endothelial growth factor, Cancer Res. 53:4129-35,
1999). Drugs encapsulated in nanoparticles or drugs coupled fo macromolecules such as
high molecular weight polymers passively target tumor tissue through the enhanced
permeation and retention effect (Maeda H, The enhanced permeability and retention (EPR)
effect in twmor vasculature: the key role of tumor-selective macromolecular drug targeting,



(Monsky WL et al.. Augmentation of transvascular transport of
macromolecules and nanopatrticles in tumors using vascular endothelial
growth factor, Cancer Res. 59:4129-35, 1999). Drugs encapsulated in
nanoparticles or drugs coupled to macromolecules such as high
AdmbrecmafreigHt by rars Jadsivep earett teimBeidsise thne pgpiaperphyrin:
waenhainbéd hoereeatigmawa dinbientioweffectiniMaedzetthgT panhandadonjugate
Chearmeabiitg arghretention (EPR) effect in tumor vasculature: the key role

[99@§}umor S@l@?ﬂé’&dﬂ%@é&f@'%ﬂ% %‘EHQ:KH ARINGCIGABYE BRYMERRIF e in

the tJﬂ 1ra8§v§ﬁ F;%O«f?sle as%hf%adsfma egé’el?%%%'ﬂzé’ﬁ%af?r%%%i’ééy!n% Qbandoned

oxy nase ItOI’ W, or-targe
cufids SEISRIReRE i A0 1080 ﬁfé%fér& FET bR et
rm%@mm ALY ST CRERC RS e 1 8% FelEsHY PletMarsp Pofdisdstaes is
hindegdracitioratlhyaravactiiicalsmaismeldeuldsardrabahaivisedA duvngteristic
fundevelopmenpgtielto theieinstiility to effactiilpieathsthatlinfendedtarget, the
tar SRRV eRdiy g, dRlyery avsiemsAre RS cJiNg HedvieeOh @iMAS REG he
tar % Ldnigsyig. Ringderad becayse, oy Ihé‘\éea%&ﬁfv%vg% QRRRINgG e bleRd Draily,

im agleﬁe ecjharaci risti f\lijar}%{on%nano articles‘is their ability to defiver
%r(ﬂﬁs acrosseb?’o?oglca baffi&rs 1o arg 4t and to protect the drugs

from the biological environment until they reach the target site. Therefore,

the use of nanopartidEMéfiddty dYEtd ik hl€ky way to improve
[outhe deliverynd retche \EAsidbyuné l:paactiwe @gaﬂtsoﬁu WHAR R FdTlgEdelivery
sy BT L@NGEOQLR R TBR PiRseR!t distioguserpreyideisi fomhaenevednsport a wide

rad@@”@?@ﬁ%‘?é@u%y%i%%%@’ tﬁéﬁ%ﬁ?ém@%S%Qe;%m%@faga%&@%%tem The

gl&rs and is able to trans Ol't a VY) l? JIan ? Ok molecules
nanogfi d{: es 25eNt Inven otn ﬁ? nse uifdin oc sl_ re-gngincered from
uding, thera IC roteins into Ircu ator SYyS

nayE RAtiefRy ﬁ??&rﬁ é%%hf‘%ﬂl}éﬁﬁ8ﬁa88%8ﬁ§@% i emB‘ékgmcess drugs of
choiemdthbe @ash bﬁéﬁ?féﬂ’%’t‘éW@%Wﬁs@%b?ellﬁ&%?nﬁaﬁ%o%éﬁﬁs of the
cagotiingithetdsdentylpiproicedsiidroyswkaiwicenwilk becmptUred dsyethbled cage
haspeaifit ahemistiaeofdheiinwackiscing surfaceseibaccagetipaningch is an
en@IpGliay: simplediffugioicanceniiationmeshanicsic [ ARSAMBIRL CAGRIdes
ihat?§§c pﬁ%% %?519@@%?&1&&9*9% t‘&e %?ﬂé%l}'n% ey MqMI envelope to

atin se assgmbLn g.d ube a ero

ich.] capsu { (PEG
o R SER AP A SRR P Sh AL LD RIS ol (PEC)
of tvawga&a#@ﬂwﬂvgswé@r%% bRt IRSdBRIB R FERREBE S t&ﬁd%%")se of
- elhue syibrerimwitmehsvatsiityaw! passiethfowdh edticivalls dPoRdstiyieazgiyes| This
my(REG)redf deiying schain lengthisaw| hextnbeanchopechinto ffieomeindrenand is
enfREINEPUIRRED Rh celURling tbpaaEnuaR sYRIBVRaNG d@febshaff aliackivgred by
. anﬁ'%{FEQQHX&EHZY@R%&W%H%H't{@yﬁjﬁ&{%ﬁl&éﬁ&y SYRlemRIChRsthateS Ascular
omplex arran ent of jomolecules and,is
routey gn% passagg%m a mucosgl yaver such~as oral, transdermal, intranasal and
buccal routes.

h() ac

[0011] The present disclosure represents a synthetically enveloped non-viral
capsule composed of re-engineered biological molecules and enhanced with synthetic
chemical components. Although this design is inspired by the natural behavior of viruses,
this system is non-replicating. In addition, all of the proteins used to make the building
blocks of the system were all re-engineered to exhibit desired characteristics by altering
stabilities and removing or adding disulfide linkages. The building blocks are designed so
that once the



entirely self assembling. The nanoparticle drug delivery system can by

administered by any route including, but not limited to, subcutaneous,

intravenous and intramuscular routes and passage through a mucosal
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a deliveryexstem deresssal Muheosal pstiateer enveloping the capsid. In another
embodiment of the present invention the viral capsid protein is Hepatitis B Virus (HBV)
core protein having the amino acid sequence of SEQ ID NO. 1 or SEQ 1D NO. 2.

[0013] In another embodiment of the present invention, the viral capsid protein is
mutated such that a protease recognition site replaces amino acids 79 and 80 of said HBV

core protein. The protease recognition site can be a thrombin recognition site or a factor
Xa recognition site.



[0012] In an embodiment of the present invention, a self-assembling

nanoparticle drug delivery system is provided comprising a capsid

comprised of viral capsid proteins, a drug captured in the capsid, and a

lipid bi-layer enveloping the capsid. In another embodiment of the present
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protein transduction domain to the cage solution and purifying the

nanoparticles by centrifugation or size exclusion chromatography.
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[00191 In another embodiment of the present invention, the method for
constructing a self assembling nanoparticle drug delivery system further
comprises the step of adding an envelopment guiding protein or peptide
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maleimidobenzoyl-N-hydroxysuccinimide ester intermediate according to

the teachings present invention. [0026] FIG. 4 depicts a flow

diagram forgco BT MBSO L DR RS G m&%&@&@s to
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FIG. 3 depicts a flow diagram for PE conjugation to protein cage via m-
maleimidobenzoyl-N-hydroxysuccinimide ester intermediate according to the teachings
of the present invention.

0026} FIG. 4 depicts a flow diagram for conjugating maleimide-containing
intermediates to sulfhydryl-containing proteins according to the teachings of the present
invention.

[0027] FIG. 5 depicts a flow diagram of the construction of a self-assembling
nanoparticle drug delivery system according to the teachings of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0028] The present invention provides for a novel nanoparticle drug delivery
system that can be administered across mucosal barriers and is able to transport a wide
range of




WO 2006/033679 PCT/US2005/018456 molecules including therapeutic
proteins into the circulatory system. The nanopatrticles of the present
invention comprlse building blocks re-engineered from natural proteins
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throu@R LERYRRY:- aﬁé@'@%%e@]ﬁcﬂﬁﬁ%ﬂﬁ'@aﬂf% gﬁa‘s‘h‘ﬁ@ﬁg‘ﬁi@@ﬁ‘ é?&?ﬁ?s.eanchored
administered I%/{ groutet atlncflﬁdes a,ssa thro @6@131% {t Ki
into 136 SHEXTSPAE (0, R P P P TR T dp Foe Of Slacking
degragsivent enayniésn repfbisernuliileyathdticieliyassivelspied nerhariipiesstilecomplex
arranﬁ%tm@h Sﬁﬂfﬁ%?@agﬁﬁﬁﬁﬂdsmﬂkﬁ%l?%bﬁl%%%ﬁ?@ndm@ h@ﬁ§§§1§&é@"ﬁrug delivery
nthetic chemical components. Altho esian is inspir th

syste a‘f’&t%\l U’ o% oﬁ/{:f%us a':";Ynct':) Htseeg1 #l?g gg:)5| %%)tgfng% ??Re bﬁl %Sal layer
such ptogied, tmgwm inFerasabtodtingcah rai@ifion, all of the proteins used

[nozgté’emai‘ﬁéh s buildingolagks afdhe systemwareplbie- %H%Yb%%ﬁ?%ﬁﬁ%‘él'%psuie

sired characteristics by alterlng stabilities and removing or ad

compgradriGl fireagieerRe HalrgiTg piocikRs e a@é.g%@%%&?%n%@% aggrical
compstansto dishvtagrdtés thesicar és degpace dy doickigtweldetavintivhryuses, and uses

viral RI§AUBIIRMLILE fSSRANSS %l%'&ﬁéaﬁ{%r%?é?ﬁ {BinGHIELRGIMRYY P YN, all of
is its a I|t to create theg?dfj]dm fthe {ﬂe with era eut

the PRIGRMLRAL eSS IR L e gprred to exhibi
dessr@ystaﬁagtmetlusdonfdmlmféhdmﬂbtﬁaﬁd@féﬁsm%fa&idmﬂusiw&@%w{(ages The

bunidzﬁ@%ﬁ%l@%@dﬁé&@gﬁéd%@%ﬁi &e&y@zﬁfsﬁ@a Q?rfé/fﬂhﬁlﬁté’gk&@ , Pt degraded
athogenic, patentia noparticle dru e
(]UICKP corf)gosré eh%]n apg%o;l[ e %ﬁ_ugg %n? reSP?F?e ca Sl(ﬁ‘é Flﬁf?? Eﬁjelns deiwery

SYStef@rfﬁ Fé@lﬂaﬂ“ﬁgé@n?é‘ﬁ%esﬁwp@yﬂmd]'qqlﬁé r‘?éﬁbﬁa‘iﬁ@%‘@ltﬁg‘ poeHjic pmteins
attaclSGIem @iéhemwsafw'@wﬂi@nammumm delistasysqsvariety e use of the

beneﬁc%?%ﬂ%v%&gﬁs? Lduas.) ; e%%@m% ggi%emma%%%oaemr such as

anoparticle o e nanoparti elivery system can

synth@%ﬁfﬁ%%h%ﬁ@fm'aﬁ@aﬁw%oﬁhﬁrﬁwﬁﬂapéﬁaqlﬁp%@d#em@é system does
not irsuiiadtetéonn sttavith e viasopatticke ileucppdddve rshellstbprotditk dhatdeemtregular
geon{&yﬁrgpgbg)sqlude bioactive agents such as cardiovascular

[0030] “The nanoparticie drug delivery system of the present invention can be used to
delivery a variety of different types of drugs. In an embodiment of the present invention, an
individual nanoparticle of the nanoparticle drug delivery system can contain one or more
than one drug. Nondimiting examples of drugs suitable for use with the nanoparticle drug
delivery sysiem of the present invention include bioactive agents such as cardiovascular
drugs, respiratory drugs, sympathomimetic drugs, cholinomimetic drugs, adrenergic or
adrenergic neurcn blocking drugs, analgesics/antipyretics, anesthetics, antiasthmatics,
antibiotics,  antidepressants, antidiabetics, antifungals, antihypertensives, anti-



drugs, respiratory drugs, sympathomimetic drugs, cholinomimetic drugs,
adrenergic or adrenergic neuron blocking drugs, analgesics/antipyretics,
Vﬂr)ﬁ?s‘;[p’%ic%s_.ﬂ)antiasthmatics, antibiotics, antidepressants, antidiabetics, i
NGTURGAIS, antihypertensives, anti- 6 WO 20061033679 PCT/US2005/018456
) PCTIUS2005/1118456 inflammatories, antineoplastics, antianxiety
nflammaoriesimrititibsapldissive AgtetaieinmigsitodulfiBl agetessive  agents,
immurgpTtimigedane agents, sedatives/ey poetics, sedisveiny@meeints, antianginal agents,
antips?ﬂ%&%é?%‘ﬁ%eﬁ@é‘%@ﬁéggﬂﬁnﬂmmﬁf@ft_ W&Eagpéﬁlt%,a%ﬁ@é%ut agents,
.__antigout agents, anticoagulants, thrombolytic agents, antifibrinolytic

am'wa%%%fg?'he CPRESISIR HASNS: AR g ereeiMicBRNALsRIggc  agents,
antipiziekipardderson agelitsnanshissamintstalitigraritigenageattihisefairies/antipruritics,
agentSALMELALUREAN RRLRAGIEAlRo ANEMURIS, ARRTIC rgmﬂﬁzr_gﬂﬂfép%%?&tives,

bronchodialators, hormones, hypoglycemic agents, hypolipidemic agents,
bm“ﬁ'b‘%g‘f*e?ﬁqgtsps'ﬁa@% (RIRREUERILCAHERIS (EREPRIyBHERSiIcRsRIeins, peptides,
nucleistianidati@geanritiulesrfantivef ey tigentissianttiaussants anitredtiogr et agents,
antina@¥espidpiendiantiass Al eAmRRALRs R eRf AR BRSxemplary protein

for constructing the nanocage of the nanoparticle drug delivery system of
[0031}ne p‘%as%?ﬁﬁw?éﬁﬁ@ﬁ%'ﬂefsatﬁ@ﬂrwmg (B Vyeeregs sikigCroReNtiFle drug
deliverlSE@WED bE Ghd praserateindiimaterebrisel bassempiey)tedes Brdhsn (C-protein)
(SEQ BHORRH $RRS GRS kU ilfRy %'é‘iéé@@ﬁtﬁéy%\’fo%"%é“ﬁg VRN of the
) in_the sequence of C-protein. An example of an alternative @rb-pPo{eln
virus. ohiffRssatintEalsericERY dhsyBsdight Sitelitpai. e essreprsteituigtein. An
exampshoben aitetroalivb ¢ B <2 it seifrassiemblizssatpencapsit il sl 90 $EOADICO. 2.
Core -dFdﬁem%Qg‘UH&%ﬁﬁﬁﬁWgﬁlg Mﬂ@@tﬂt@é‘@%‘s@rﬂg@ﬁlﬁg £2R54h A0 M3because

it is th%]a rotein_which self-assembles into a capsid from a single protein
0

sid ( ! : .
b5 R AR FBPIER! i h BBVl BPaE e VBV gL EaRPt profein
which ged-grssetize it encavsidimiting shglmpletsbf welfomes énsiitable dpside in the
n anopﬂﬂi\l}@i R M@e{ﬂiﬂ A @ﬁgﬁﬂr@éﬁ%ﬁ&}(&!%ﬂ@ﬁ@ﬁﬁﬁg@ rbx'ét?ﬂ%@@fd self-

.Virus core protein, Hu apilloma Vjr e an rotein and
e R S L et AL VERRRein Rolai. Repatits
C Virug garopsipidid-siranitaniings oscepe Stlch astcb ittetsinainal gedsmichdorotic
mottic agids abﬂaegﬁeteminméhas?amﬂ%d@m tges Bﬂegiﬁh@f éla%é?awif%élvﬁ% a high

| ing tail ¢ e engineere as.to_specifically
conoo ESERP NG SADSSIORLTE ST G HEE R o o
mte“‘)’sf%ftéh%fcﬁi%ﬁﬂo‘f@ﬁ%§§3§'B§§f§r of o siavglisialgbsan be @abeaiadsso as to
specifithlly dalerantereitt withecubgativelyichargribmetesivles GUskapiR e oMM state
of the PRGEHPIRLID cARBE SNBNSRIELSQ LIS 'é?@},h“}«ﬂ!sta%ﬁ%}asa% CUSIEL it
negativoaf%?gﬁgwe charges (Asp or Glu residues) that can interact with posi |ve?y

@ﬁ%@&ﬁ?&g?%@gﬁi‘ SEQW RIINAHBYCCHEIR SARkS geeineered so
that theeGriemdna tdaliSENC BuPksteinnegative charges (Asp or Glu residues) that can

interact with positively charged molecules.

[0G32] SEQ 1D NO. 1: HBV C-protein amino acid sequence 1 to 183 (NCBI Protein
Daiabase Accession Number BAD86623, the entire disclosure of which is herein
incorporated in ifs entirety):

MET ASP ILE ASSP PRO TYR LYS GLU PHE GLY ALA SER VAL GLU LEU(1S)
LEU SER PHE LEU PRO SER ASP PHE PHE PRO SER ILE ARG ASP LEU(30)
LEU ASP THR ALA SER ALA LEU TYR ARG GLU ALA LEU GLU SER PRO{25)
GLU HIS CYS5 SEHR PRO HIS HIS THR ALA LEU ARG GLN ALA ILE LEU(s0)
CYs TRP GLY GI.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 GLYY 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)}



Database Accession Number BAD86623, the entire disclosure of which is
herein incorporated in its entirety): MET ASP ILE ASP PRO TYR LYS

PHE GLY ALA SER VAL GLU LEU(15) LEU SER PHE LEU PRO
g@Aé’ﬁ}fﬁﬁE PHE PRO SER ILE ARG ASP LEU(30) LEU RSBUlas/a18456

ALA SER ALA LEU TYR ARG GLU ALA LEU GLU SER PRO(45) GLU \
SER

N }
SRR R
ARG R RES AR eRMmBCs 0)
sER ToAlR \Ak A($b\k(90) VAL ASN MET GUY LEU LYS ILE ARG GLN LEU

LEU TRP PHE HIS ILE(105) SER CYS LEU THRPHE GLY ARG GLU

[003FHR \BAQLB WG LB THEBYLEDMAID (3Rapalivew 2006/ 36qdence 1 to 183 (NCBI

Prot&ly DbpAR0 A, PERERAGUMALARBIE ARG IR SFRAERE herein
R ARG PRO PRO(135) ASN ALA PRO ILE LEU SER THR LEU

'”Corﬁﬁété’“ﬂ‘?ﬁ'ﬁr VAL VAL ARG(1S0) ARG ARG GLY ARG SER
MET B0 A%%R@m@w RYSRE).S I ROYARIS ARE ES)GNR@ENFQ@F
LEU R R PEO ARGHAR G AR AR SERTS Vﬁlsﬁﬁ}A‘E@ &e é

LEU GL 45)
oru %ﬁé %ﬁﬁv %&@%ﬁ%ﬁg%@gﬁ% %Uh%@%ﬂ H affiinaives o)
cys SRR BlARASEECRERIN Y (75
rEU Numbes A ¥E4 1:42A, tha entite Aiselosuresaf witigh ishersin uitﬁpwa&ﬁi

THR iA$S emtiretyy MET ASP [iE ASE RRO TR LS Gib) PitEGEYIAEAL05)
SER TCHrR Wk‘ll @EPU RHEEE) (B5Y PR SER PHEVEUPROBER ASPRHEARHED)

SER g} NPALIRRGABPAREUFED) ARCUPRS P TR R AL AREREQ RREY3S)

SRR e R

SER Ldzht MEd THRILEU ALA THR TRP VAL GLY ASN ASN(75) LEU GLU
ASP PRO ALA SER ARG ASP LEU VAL VAL ASN TYR VAL ASN(90)
[0034HR ABN MBPPGIY aEeP8sLE ART @)LNcoEbddr) TiRP GREdH S/ iruses are

maclbirékBlareRfeX@ s, EbnPd&e & Bt GM@%@@M%M&&EH thétein coat
TYR L VAL 12 SER PRE GLY VAL TRP ILE ARG TH
(or AR AT SRR

%013“& PROPRIGTIEIPRER XA 8RB TFE TEHSEE “ﬁ%?r{‘ nd may
be cposet of FHIRWTAR KRS YRICARTEELG0)s ARE. ARG oY bRREIgEeY. efficient in

its u@%@g&ﬁ@%ﬁﬁ@nﬁ%ﬁ&@eﬁﬁﬂ%ﬂé@%&@bl@l’é):tﬁﬁi@v&&@enome in

e vl R SRR A B 2 et e gene proucs.
Asyngﬁqg&gyfgoqgt@%pwrﬁ/ﬁ%ggpged such that they occupy identical bonding

environments. Spherical viruses, such as HBV, assemble as icosahedra, which are 20-
sided polyhedra composed of 60 asymmetric unites arranged as equilateral triangles. The
viral. icosahedral capsids assemble from one protein species in 60, subunits. These
icosahedra are described by their tiangulation number (T) where there are 60T subunits.

[0035] The full length HBV C-protein forms particles (T=4) with a diameter of
approximately 36 nanometers (Crowther RA et al,, Three-dimensional structure of hepatitis B
virus core particles deternmined by electron cryomicroscopy, Cell 77:943-50, 1994). inside
this particle, the final 40 amino acids of the C-protein are thought fo interact with the
genomic DNA of the virus. Core protein constructs lacking this putative DNA-binding region
also form icosahedral capsids, but with a triangulation number of three (1=3). Interactions
between C-protein monomers in these two types of capsids are thought to be similar.

{0036} In HBV capsids, C-protein monomers form dimers that associate tightly via a
"spike.” The spike is a central four alpha-helical bundie (Bottcher B et al., Determination of



macromolecular complexes, composed of a nucleic acid genome

enclosed in a protein coat (or capsid) and sometimes a lipid membrane.
Viral genomes are usually very small and may be composed of as few as
WSHEUHREEY The virus must, therefore, be extremely, efficieGHUESIGSH GFS6
genetic material and consequently the capsid (which protects the viral

the fold { dhfeGrPratematdieratifadaivirar dwvaleatrasner vaie aseemmbafrom3g6:88-91,
1997) sntalh Rufald aide g epenREdUCThe AS)BRBEFEE WIEACR[RIG I DO BIe S(B(Eprotein

dlmersag%@ %Jﬁé‘%t é( (%Ué)vo\geﬂé aﬁbé) r;lg na\élr%r-]@ F{Srcq]e mte%non in

rlca VIFUses, suc assemble as'| sa edra, whi

the m%@d\fﬁﬁ%%F&%&ﬁﬁ%sfé@%fﬁéépés%ﬁh&ﬁcfaﬁn@@aﬁaaf@ew%ed close to the
surfaceqifatqraticiongies iTseovitall iIgosahednal crpsidmassemble franadnsutational

reconé%?&ﬁé'ﬁ %’?W@ﬁ#ﬁ) \?{!QHQI&S réU&?@ﬁu&%%?P r&e%rt?og Cm}y th 'he full

triangulation nu where there are subunlts

 size H%\4ammgw@ah&tgmwgf%a&.@%wdamm %%ﬁe épdsris demcted in FIG.
1. Thisfiproxisaelysstiabranetersy GaaudhenBliage dokEhikeeptimensiosabment.

structure of he IS ar cles determined by electron
[eﬁyncryo(im|c§osco%%"a%%l?%§§ %%3 g@ﬁ FhYRIRS e P! 4R Sefishiesppsembly
domainy ffjHie detrstehtirminp asidin hreti cwgtheadriduseadonify iiaGjevontictration. In
HBV, @Nﬁqa@fdth@ﬁélw@ SR wgtslmi@ﬂnSHyﬁﬁwtﬁglﬂsﬁmﬂvsc@Hfaﬁﬁﬁ to thermodynamic

and ktr%wcé r n&xsr%g Q s?ls ereemﬁls%%s}sa%]r?l{ré rgfl Cadpd%goet VE\'/séeenPl S/reactg?r{'is appear to

trian atIOI’l numbper O CthﬂS

Gonta'mm%ﬁﬁ@ﬁf Wﬁ%%%@§%ﬁdﬁﬁ§'@?@@@ﬁ@w@ﬁw@%@h¢mﬁq@®g@} This
assembiyHBYhoagsitls; G- m@mams;namr%ﬁsﬁmhmer@nﬂ%@érﬂsgeclaéggmthésemme

a T f helical,b Bqttcher B
e T LTI o
Cmstaa? W%"éiﬁfﬁﬂ@w%??@&a{ﬂ%@e'%‘&éw SRRMAFPEFTBR ISR dpbitndraasociation
{ZloiniGB8B: 8881wkt malsfvl distsiadfdpntvetgenthe tsanatialiyimisembly?

V:roioggaj)ﬁi‘%éé’ri?'ﬁ%ﬁh}zo C-protein dimers assembled around 5-fold and
-fold axes in a rough head-to-tail type interaction. In the mature virus,

[0038]the tpopiambingal shikes presral Toetiens mrabtenied cogodertdeinto the

 HBV Cspidase inf thespraieleydiarsaiideepdetidint: BIREMRMEIARIARSs. Mutations in
: \Y omputatio al reconstruction o W|Id e H
e et oo e [ R S A SRS PRy oroer 0

Promotg; ePHHOBERH RV BIERTERIMGIORIANS: thi @Rﬂﬂ’%&@@%ﬁi@f&dﬁnﬂﬁ@m%m
inventidn, Thi$pligteresds repres@miatbep Ofisvbagaaakedinane cggr:l aaksHikgcpiaes the

bmakdmraﬁweoe?ﬁw sioe yal Eévﬁ%éé%?é‘lﬁbf&BSH&R%HB\(@%%}% ngh%%be?face

meric 149 residue assembly domain of the C-protein (amino aci

will Sta‘f*%&é?%&ﬁps& LR e R PEAICGRRRE BFOYP FepemBlini
{0039] dlmﬁf%ﬁé&a&f@&iﬁﬂ@rﬁ%@pf&%ﬁmmﬂfdﬂBM SRIEPINSHIR K functiona groups,

over S SRR L SO L AR S8 R o
they Pf%&@lﬁaﬁ&%fé@é&&%ﬁ%éné@ﬁﬁ%mm@ﬂﬂﬁénermgmbrane envelope. In a
non-limiting example, three positions (77, glutamic acid to cystelne; 78, aspartic acid to
cystéine; and 80, alanine fo cysteine) have been identified for the introduction of these
amino acids which dre functionalized at a later stage. It is within the scope of the present
invention to introduce cysteine mutaxtions at other locations in the C-profein. The choice of
lysine or cysteine at each position is dependent of the orientation and geometry of each
amino acid as judged from the crystal structure of the HBV capsid (Wynne SA et al., The
crystal structure of the human hepatitis B virus capsid, Molecular Cell 3:771-80, 1999).



assembly demonstrates a remarkably weak association constant, yet

capsids assemble because subunits are multivalent. Capsids are even

more stable than the association constant would predict because there is _
WU ERRYy barrier which inhibits disassociation (Zlotnick % TA{82(jass456
protein-protein interactions the general rule of capsid assembly? Virology

Becagesof g 240120081 me0s8s] thad-BrlisauihEior tRelpredertcrvehfoR, reactive

amind BYAED BN SN IPESTOA dvies theoth BYhee praledmjiiigthedspilecales wérthisike.
?imer or the interface between dimers. Mutations in_ the s%ike are used.to

10040 ntro B HRE ORI RERTE S e SRR HRR BT PR 21 ntroducad
at thepnterfate batetepmenbbes plasciaavendhatdhay afibphemeiabodistanodien the
asseriBf PIRSE RbrN¥RTHG sEmBiO B RS SEERIBINR S ParliirRNSHREEEF 6 IR idBuced in

_spike which facilitates the breakdown of the entire capsid once it re C%%S‘ i
the T BRSPS AORS MBS SH S RGOS (A WA g I s
case)"tuna"rihighifetinge mbttaieap Sonjady.tdhdisassentbigesitoBofidn vaeicipates in a

disulfBROIMARSAh e P ERRP TN ALRANPIERE DRIREHHASLORAEH QYRS of 180
either of the amino amdsr@/steme %%Ysme ar Rlaced at the tII[Z') of t

abigg R ARSI 1 B UV A PO S Sl e oo cifern
types winisdiiitie placn samentibgindheinelisstyan esnivnsthitidgociemprenhbeand the

desirdd0siiiRRe(EingliaaNbigciderexaigine; 78, aspartic acid to cysteine; and
80, alanine to %steine) have been, identified for the introduction of these

aietieid wiiteayRRmrbgohaip crdelRidyasine. 16 ity eRescope
OhjineamEasent K&%’;ﬁéﬁ%rhtﬁﬁimqgl@%@ﬁ@i@gnﬁtﬁiW$ & ejaesitpcations
n. The ¢

in the C-protei -hoice of lysine or cysteing gt each position is
dEGHRR S tHGRIARR DS DY &ﬁeﬁ%%?%&e&% *é’rﬁ%%{)edﬁi‘ﬁ as judged
fraqotéoarystal sinubtos7dbtbestdié cepisice (1P httecSftainal., The crystal
structure of the human hepatitis B virus capsid, Molecular Cell 3:771-80,

[004-:}999bn8eV¥9+?§@@%§s§%ﬁd€rQW§%QQ§/@é!84é§ t%@@@dﬁﬁt@_ﬁﬁ'&%%ﬁ@giream, it

- symmetry of the 4-helic L?gundl,?, an mtrodu?tion of one reat%tl\(et amino! it
s noGgARFRt Sich G TELHI R4S STBBS HLS BB G RO nblel fsioase s
theraprerisgikayo[00a @kpediisotiie perrssdimenesnivsipredrl e eraren! paRsisn, the
spike WFHRIRERQER IBfRdussrombiie dntphtased enentin eNBIBRS HibtsaEdhracognition

way that they wijll promote and strengthen the assembly. In a non-limit

seque&%/mp?ih&gp f?{s %)?stéelﬁ%g{]ézﬁ? a%llcrgocé%ﬁg%%) |s‘S|nt!Po0 ucet inYh rgfzﬁr.sg}gmotes
disasgrmsitien The wermedisamaeioHeediogrbraientep sitBis (pRiRb aiitration are
thromﬁrvzaﬁdhﬁc_t@a&%)_éneard@ew?bpmgmwimI_ereﬁmwﬂyhawe;a@cqu@osmge of

. also participates in a, disulfi , | tq.pariici N, i i &
s ORI SRR R AL S PG e
hereinnipprEraiabRRli e fesreneepitiséllt hrortRiRSIaPfBR HeR)ypee Jif proteins by
thrombisuifiderdmodXa pctdrdspgdifidtied efibetivctves piotstabdiaiegubib lassen(Bipvens

RC, Eﬁﬂg B]gcovery World, 4:35-48, 2003) and can be readily incorporated into the internal
loop of the C-protein. Thrombin is probably the best choice for specificity of these sites as
there is known fo be a constant, resting level of thrombin in the blood (Fernandez JA et al.,
Activated protein C correlates inversely with thrombin levels in resting healthy individuals,
Am J Hematol. 56:29-31, 1997). Sequences identified as SEQ ID NO. 3 and SEQ ID NO, 4
_ have an extended loop and a recognition sequence for e;ither thrombin (SEQ 1D NO. 3) or
factor Xa (SEQ 1D NO. 4) inserted info the spike region of the HBV C-protein {replacing
amino acids 79 and 80 with the 12 amino insertion iop of SEQ ID NO.. 3 or SEQ 1D NO. 4),

{00423 SEQ ID NO. 3: 12 amino acid insertion loop encoding a thrombin site.
GLY PRO GLY ALA PRO GLY LEU VAL PRO ARG GLY SER

10



desired strength of the assembly, are created: Mutation 1. Phenylalanine
23 to cysteine; tyrosine 132 to cysteine Mutation 2: Aspartic acid 29 to
cysteine; arginine 127 to cysteine Mutation 3: Threonine 33 to cysteine;

2 I?H%(”i’ﬁf‘?ﬁ cysteine Mutation 4: Leucine 37 to cysteine; vati iU 203018456
cysteine [0041] Once an HBV C-protein-derived nanopatrticle has traveled
into the bloodstream, it is necessary for it to disassemble into its

[0043F0M TR NONAMErBSMhEEH Fﬁé@rf%l?ﬁﬁ% e ROHLC A0 TD
GLY %%@#ﬁ t&lﬁ péﬁ&%ﬁg%g@ e@gd&y&% 193]; t ne (E)resent invention, the
e_

spike-forming region of the monomer is englneer%léfxto contain a blood

__protease-recognition _sequence. The protease recognizes and cleaves
[0044};s 168 %am%&%ﬁ%&wwﬁwﬂmﬁ% rdsIaCOPIISNyNolecular
biologys&zﬁbﬁh&tﬂx@f@é&ﬁ%ﬁﬁﬂhﬂaﬁ type @fcamr::i@ﬁ@d;]uaéi@?mplnﬂw gﬁ@&%ﬂctﬁﬂention,

S . A crifi view ,0of the methods for cleavage of , fusi
B ORL c E B L ER B
Protelly BREYT i harBR?ES R [PréngEatsioToPhing EBYidins eigiavdifigich vectors
may belgvaeaf proteihsdcehtyribinreddacieada)ndiberinepificiie $OfttIess heat
shock.tVléQiHWﬁegﬁ%?:ewg%KE%%@%%ﬁog&a%W 9 HSGVEN W%Elaqg% fransfer.

R 4:35-48, 2003),and can be readily incorporated into the mtern”(%r?(_a 00
OO R L PRI R BRI ST B RO B B i ic Hiitedtd s essihertyén tRelédased
expressiles wslehesads RaGVA TGS haaiststit CostingHbssidEthsarstithindbers such
cohlees prrpendsZcliostatsAcvalsduotel tgg | itho,
» i .thromgﬁlﬁfgvels in restei‘(r%@jggﬁh indi\%ﬁgﬁ%ﬁ \%r%gr%%tg %rggz%{og ! The c
protei G55 SR iEGIO AP i o SEIPRD S5 ZRY SEPES N PIORUrarin an

expressigangstpIdbplae ecadiyalaorinstguchueforeitiioe. thAabior S GhiD cassette

(capsiﬂ@ar%) Sd fﬂ@ﬁfo?é@ll) (S EGHEN-HO, 4%8&?3(!’&%%(%?&:“5 étr%%?_%rﬁgm@ RIR8r such
~Rr In (replacing, aminQg.acjas an WI e amino

that C‘%‘éf%%%%‘ﬁ?%%%}%@é%%@f‘% Q ID NO. 4). [0042] SEQ ID NO. 3:

[0045]12 afmimooteicl imseyptioss|top @psatingtainbramhin:siien GhY RROVE dfawn from

5 S /033679 .
e R R il
0. the J BRRS S'F A SRYY 40 fedeprasioleb ties Betegs 2 iGpomoter,

and otigyrsy Wik Gowa [0 CEeNTHirant EdtiFnbBegyroteitucihle exaressed Y be used,
includifg Blie A1 SIREEDIIMAS MAMEHRARLREMGRH WAShEDISIBUIEChRISS Sy Rimor

T ther iment of the present invention, recombinant expression
virus DR BB L ot R S pRBE AT A1 b 1B o rotein
[0046]gen&efictzbleostalricmpioticie Aaerapiessionioh theshB\eSTNO@IAVS Y& the

group WRGAISg MAY PerReHCRd m%ﬁ?ﬂsgﬁﬁ}lc@f%%ﬁée% i%r']sp ot ansterase/G418,

inclu in%, bLg not limited to, heat
hygromycin-B phosphotransierase/hygromycin-B, and amplifiable se Jection markers such as

dihydrofolate reductase/methotrexate and others known to skilled practitioners.

[0047] Other embodiments of the present invention include the use of eukaryotic,
prokaryotic, insect, plant, and yeast expression systems to express the HBV C-protein. In
. order fo express capsid proteins the nucleotide sequence coding for the profein is inserted
into an appropriate expression vector, i.e., a vector which contains the necessary elements
for the transcription and translation of the inserted coding sequences. Methods which are
well known to those skilled in the art can be used to construct expression vectors containing
the protein  coding  sequences operatively  associatecd  with  appropriate
transcriptional/transiational confrol signals. These methods include in vitro recombinant
DNA techniques, synthetic techniques, and in vivo recombinatiory/genetic recombination.
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shock, calcium phosphate, DEAE-dextran, electroporation, or
liposome-mediated transfer. Recombinant expression vectors include, but
are not limited to, Escherichia coil based expression vectors such as
B 244¢888¥0r pLysS, COS cell-based expression vectors SIRAETHSANONIBLSS
or pDC201, or CHO cell-based expression vectors such as pED vectors.
See, Thex@nprotén igenriatsdingd vgierhigsubadde Menisle. ot ghy THEhDdigcular
omrfgrom E%fcﬁéfb@i? rﬁm@w@? \@Z;rtﬁg thdaimmbecﬁtgtbtatec:lv; e dheseacelt al.,
ne iona is cassette (capsid gen r is.carr
1989, E Eio tha %tgﬁ asln!sna%gjfeeé{iaﬁlég ror?a% 8suc tha"tJ [E}% %eceslt\;/?ng '%19 %awuey
|nier50@tlt?®r ?'héiy be identified. [0045] Promoters to express the capsid proteins
fooas}"IA SR8 DR PEE HALQBRCIRSE N e aBR ISR vector

within the host cell. They clude, but are not limited to, the

svstermso%téffc% RiCh ﬁamf& %a@%ﬁm"éaﬁﬁfﬂ?&‘ﬁo@r wﬁ%cmaag fgptication,
transcipaiogtend aadscihl@isovveﬂdsﬂtownm“endmdplem@mxmmbh)nged equally

well bWﬁBg@ﬁaﬁé&’%oﬁ%%ﬁ‘% R Heede A suRG R YRR E@&%@ﬁ@e&h%esa include

metallothionine romoter T the mouse mamma@xq?#mor vir

but 255 G PTG 36 (BCE RN HPUA y BGe rbinant
bacteRplegia it atheridiiAhai casisitdaNAsslipotisioagentereanieting e capsid

protetff %Bﬁli? s8FALRIASIVAING. iRt REh it AMPIRHR RRINQIMMEASISE vectors

osp hotransferase/6418

rom
Conta‘gﬁ‘@sﬁﬂ%tr%q‘?ﬁgrﬂgfﬁ%rfi alﬁﬁ'&camplﬁsa o SRl BT T Ripst ed with
recorrrbumtaeruslhyﬁr@mkat%e@mf&@/@mﬁ@w%@am@m mﬁpf@tgmlégd ing

seq ueﬁ&@t'tﬂ%}ﬂréeﬁo%ér%hﬂfe%mbwlﬂm%&&%mpr\ﬂﬁﬁﬁb%\r‘@fﬁi@m ieelode (e.g.,

the use of eukar Otl OtIC Insect lant an st expression
i LR Hed with
Cau'tﬂg SlemME8'express %1 IaIEfB proteln A ord{ersfo exgaess capsid oo W

recombmétnglah@rﬁﬁé&@@@e\tﬁ@f@e(@@duﬂ fdphridd retiainiom bR <arRith grptein
codindPRiopitRte expression vector, i.e., a vector which contains the necessary

elements for the transcrlfgﬁon and translation of tf‘éi nsertﬁgl (i?(%n?? e
[0049L¢ Jr R eMMRHTBHY Whith AFESTILINRBIIR 18 thOLL 'SRAIBL TR He RiEHR 9ene
was cheasseth o fohdtracergressinrinscatsyoesiedig fehprotéincobBing cells as

descriBBAIPRLSSMParatively associated with appropriate
transcriptional/translational control signals, These methods include in vitro

[0050}ecoRmRaRpATSRAQE ipRldialy FRFasi [pe irss Rimiliipbiized by salt
bndge&ecs@mbm@mnlgmﬂsrrﬁmm bination intdr\He 20064088618 disulfide bonds. In

an em g ﬁ%ﬁ%ﬂ%&%@éﬁ? n§<§ﬁm§?ﬁﬁé‘ﬂﬂ?§‘rﬁol@&¥§9@&'ﬂ§ %?eaé}g; YEERS o that C-

n Maniatis Molecular_ Cloning, A Laborator

protein/GiARAY ERIPS BTG LAaRands by ROPSFa RS &l Ceybigde bonds
are erginrenrtiRuoisdolaffaditblesiakiliil il by ca@ee chpeBilib liskihgddes beinmsradimers

that h%%rrlmﬁésﬁﬁx@&?c%\fbéqg&é}e% \t@rb?%mcﬂ%armwd@m YRH8s Form and

insect, plant and east expression vecto
stabilize the cpapsid struture. Al moda? ations of C-protein are based on an exxtensive

analysis of the capsid crystal structure and energy minimization models performed on
electron density maps derived from structural data.

[0051] In another embodiment of the present invention, C-protein is engineered so as fo
contain protease recognition sites at hinge and loop regions. The immunodominant spike of
.iha C-protein can accommodate insertions of at least 46 residues and still be able2 to form
capsids. Recognition sites for proteases including, but not limited to, thrombin arad Factor
Xa, are inserted at this location. These recognition sites add the benefit of quick deggradation
of the building blocks after the entire system has started to fall apart as a time-release
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systems (i.e.-vectors which contain the necessary elements for directing

the replication, transcription, and translation of capsid protein coding

wgquences) may be utilized equally well by those skilled in the art, to i

EXprede B sid protein coding sequences. These Include bURGFBIFRHPS/0 18456

limited to microorganisms such as bacteria transformed with recombinant
method L AFEPHEGL TS ACINELRIRT BiRacheaania: DNIR wilriaisine Yecesrsibility of
an immonaipghtedochpsichgprate i teding Sesfearicas Hyeasiianstenmed with

ecombingnt yeast expression vectors containin e capsid._protejn
roos2] e R At SRoTDEET 1 ST I g Bl the
proteiigrenbyion Wit oiseferpitipuieir(gyebntainthg thecapsid hetdhvicadiaghe
term ;ﬁ@%ﬁﬂﬁ@(ﬁs w%tﬁeéfmgn&ﬁdnﬁ%ﬁi@@%“hﬁ%@%ﬁ%&%%&&@@&i%’ﬂ the
vecto=rs (e.q., cauliflower mosaic virus * toQacco mosaic, virys, )
aenetlf A 55 5k GRAS A RS RS SR Ll oo o Frapeutic
proteinT {fpigimit)teohtaiiinghewesgisidprisieirs bokkdgtedhacheeiej0dwos lietar of
: amsno%}@@F{a@%a@é tbeaospeent ipiesiindag fitbie aath HRY Qd%@tﬁmtgg@seuﬁc
.Wwas cloned into ET-11 a.expression vector and expressed i
protei g B e B e ST e Pt g et
inventionpifstdepeuigtrnlestidinkerte o Scrsolein gyatauiindiie padge between
cysteif¥idgrRB.BYAMRIORgHIaraslionT-pRAFOXAETH ihtebrawechigiig-MDleCtatkine
- o disulfi . iment o -nre invention,
residu R e R e R N 88, ineereg at the
desireq, |acaiien of gadkBEPIRVel. In addition, inter-molecular disulfide bonds are
[GOSSIEn?iFﬂe%ﬁQgh‘éQ @r{éb@tfﬁﬁ‘ﬁﬁttpgf 8t§r§iliaf&.§¥éie m%ﬁﬁo?i?te%tmeﬁ?ét bétzi_s@& are
_betwee n dimers that help fo e capsi n be m 0 cysteines so
enginegiat TR B L REN S DAroar e oAk DU il B Ve s
proteimsaaifie sovrlerdl dnjsedteiia-atdia lonciansde avide thedbjdig-lepenéormation
of the @_?ﬁ@%&rgﬁi@mmﬁ@dm&@mdﬁm@rgwmmim@m |- A, eds 1§r@{t¥if@,rm8hdr@6iﬁed to
electron densi aps derived from. structural.data, [0051] In another .

rave GEENAD HE T BB e BB etk BARBA b proten
MONoFs{tain protease recognition sites at hinge and loop regions. The

fpos4immunademisamsrike @k ﬁ?@s@aprm@mﬂm?&@mmém%i RReriNRSA by a

st 46 residues and still be able to form capsids. Recognition sites for

catl
peptids Wi SIiAE, ArBCETIolRS: (@, SRYSIRBTCTh G alit, CRACach a5 a
transmigrsbreng antnsesehtismithesémessygnition Siensuduhbanbetrafivesfigdiokptide

suitabld @G AN CSE heuRLARG ogkes aligsihrARIKE SYRlempas~aded 18 form
(part as.a Hme-rele e 12W 2006/9%%379 PingUSZOOSIO 8456

sl R P A B LR Bl AT e Poary of
hydrophghifrsiduses. pAIMBIIty 610 aKamplRPsHeB o HEEsDambBReseTiEsefed peptide
is disclosebad"SE@IOeNTIBIha i oadsiiRetIt region of this peptide associates with the
hydrophobic lipid biHayer region, thus acting to guide the formation of a tight vesicle around
the cage. These guiding peplides are added to the reaction mix after the formation of the
cage and disulfide link to the C-protein.

[0055] SEQ ID NO. 5: HBV S-profein transmembrane engineered peptide:

CYS ALA ARG GLY ALA ARG GLY ALA ARG GLY ALA ARG GLY ILE LEU (15)

GLY VAL PHE ILE LEU LEU TYR MET(23)

[0056] In yet another embodiment of the present invention, in an alternative to the S-
protein or equivalent transmembrane engineered peptides described above, phospholipids
can be directly linked to the C-protein core to guide envelopment. At the apex of the spike
region of core protein a cysteine residue is mutated as disclosed above and at this site fatty
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[0052] In another embodiment of the present invention, the C-terminal tail
of the C- protein is replaced with a therapeutic protein (drug). For the
urposes of this disclosure, the term protein refers to both proteins a
ItE e Cc-terminus is engineered at the genetic level gggg%u(h/uisha
create a chimeric building block of C-protein and the therapeut| ote
acids (oeHeh B P TR A B ORI R e EopF Y ched.
Thesetegﬂgra@fdﬁﬁun@saxlglmdba‘bcoﬂm fomapsptcifis ardtebsestendyhitimgige bilayer

aroung hﬁ% %%%W&é%]er L gté%%s Rﬁ%tﬁgeégb% Besdafien hesagrhegins dedabsed

nan iment of the present |nvent| the '[her‘?é)%l,ltlctt hed
transrmal%r?ﬂ% ﬁ?ﬁe@aqf@@hee@'s?ot&'?w@h heqrdsitiae 8 ?faf Shétween ¥ avacne
phospayﬁmetasem upekin thgidD-tetaoi radosit a{sdrmotefmndqmm@tpﬁ@tw immune

rug The CVsiping, jesidues can be those already present in the proteins
respoﬁl %ey can t‘)% engelneered at the desired location of each protein. [0053]

[0057]n anotieae embotimeshiobftisciprstion iheciridbitxeeindissiribecromprises
hos&%%ﬁ%er%qdﬂ&t}ﬂ%z%ﬁ&fm{ %ﬂ@s@ afvihieicapsid soviigiaionmilijecbmponents

fuﬁhefdﬁpél?f%%% ?8%%@1‘8 %Cf% y&r rm% Q)tll'% !#nkf?\d &%%ﬁ%lﬂems of the

eot'he lon "of the envelope. In a
invenigmbodthtent BE@@mMﬂﬁvenﬁ@ﬁPfﬁéss preAbiR A od ﬁéﬁo{bdﬁ%\’fg‘m‘j

d;stea%!ﬂﬁi@ﬁﬁnﬁﬁiW&Mﬂ&@ﬂﬁﬂkﬁMmemuﬁrﬁﬂdbrmtgg(wmmwwéemaﬂzed

cera dg%? omers. [0054] In an embodiment of the present invention,
i protein can be replaced by a peptide with similar characteristics to
[0058) uide>osiipide st dhtie fonfemiur tha sanoranisiccenyelane digidechsyare not

1.mue@%9tlﬁ,?dr€g"eﬁai@m91%%ﬁmmmmqn@peyr@ggogaaamwah&zmer(Epc;)

urpose would have a flexible on.that ith,a ¢
phos%al'ﬁgr) %ﬁ?ﬁﬁlﬂ@’ﬂﬁdﬁ%@wﬁﬁ eh@é Phg oppgfﬁg ﬁemig% ?éﬁls(m)
monosmhpawdqsmﬁanmfgmwphcﬂ&BWﬁmd@'éEe&AOﬁWﬁWﬁHSY&F&EW GPSPC
dimy 65%9&!‘8 m@iﬁ@qigmwﬁﬂr@,emwm@aam@ﬁaowmo 5.

y ropho ic region of this pe{)tlde associjates with the

h .
1005301 By BRSBTS <SRS0 AR B U8 AR (M GBS R ocined
to alld@wanegatigecageviiete juiding peptces et atdzdhe theaeedtiorChalesterol-

f i digksdn WGy gieiD) BQTded to
tagge él)&@ﬁ{%ﬁ@éﬁﬁf&l\%@@) CRaRAPREIRUEAS
protein tran bran neer CYS
the ARG BT RIS PHEIEALES IR AREE BB LY Vs
(HIV)(HEnBEwAKAL &F HESEripEw LE‘@tWE@METezspm%aimme(mﬁf@P First
choleEIBRRHIRRAFHENS Qfﬁ@ﬁ&@d'W@@i@ﬁp@%%ﬁm!ﬁ@rt@:ﬁbﬁﬁerpﬂﬁmﬁ PTDs

oo RN T B T L B PRS00 o oo
nanomml@pﬁiemrtﬁntm@@p@mm@%*%@Wéﬂ%ﬁ*@%@?@ ST {RIONRE-
[oosdESIAYE 15 RILALP I ARpISFRRELRLAKE prA S NIR SRR Nargeting agents are
incorporated into the lipid envelope to direct the nanoparticle to a fissue or cell target. A{\
exemplary embodiment of a targeting agent is an antibody. Antibodies are comprised of two
heavy and two fight chains associated through disuifide bonds into two heavy chain-light
chain complexes associated through exposed disulfide bonds in the heavy chain. In the
presence of weak reducing agents such as p-mercaptoethanol, the heavy chains are
dissociated leaving the heavy chaindight chain associations intact. Exposed suifhydryl
groups on the heavy chain can then be used to link the antibody to the free sulfate groups on
the lipid envelope. The resultant nanoparticles are comprised of drug encapsulated in a
protein cages which is enveloped in a lipid-targeting antibody coating.

14



13 WO 2006/033679 PCT/t1S2005/0184 i6 acids, including, but not
limited to, modified phosphatidyl serine, are covalently attached. These
ngt%}? 'I 33(7%ct as a guide for other phospholipids and cholesterols to form
a'er around the nanocage. This replaces the necessity P&t é“B%‘tit‘étH’“‘”“'
or the previously discussed transmembrane engineered peptide. Also
(00611, b SRR ST BPEHRER! B A8 iy SREA P BHo iR SIS SR acReavy
chain-relfi ohdel sokpewie/theambsuatadedndingdpile thiennasiine redgonsee. As
drscus%‘aYatB%\F@pfﬁé%ﬁ@tem%&:ﬂﬁgoﬂ%&ﬁ‘%g'@51? H&‘@réHVﬁch\,BréBaea !Plﬂzsteme
rin this met rises hospho ipi other embaodiment
Dbk

rescugs i GEARIOA, SHLBRORIGES R G oo &P RIadee pertially
tsassohleteétetottbmmtudtmyta PE@Nph@Qpﬁ@ttpt@Wn@eﬂ@tﬁ@ﬁl@Mn mesisofithedrug

enca éméﬁé'k‘i'ﬂﬂa B G RRRRANAIA SRIDREIPRR R PHAMENES.
g glycol)- derﬁl?/gtlzed dlstearoylphosphatlcsjillethanglamlne (PEG-DSPE)

{0062]and/&WWe?H%@}?ef@Ty'&ﬁ)ﬁfeWQﬂ% ageprkeniti de(PESPEIIR. fiengplivery
systenPBpsRhplest suitalitan forciotengitbeivmappatdiCcte eaVelopeinsitidendwihich

cause Eth% %ﬂ!}% ﬁ?péh’ gf@ %%ﬂ :J eQ %R WR%QH%MCQRHQF éﬁe%? 3; )3 ggirecﬂy
yIcho phosphatidyl ethanolamine (PE),
Specaﬂﬁmﬁblﬁg |e€j1%@ Eﬁ@j %H%?ﬁﬂﬁ%?ﬁﬁ@&ﬂ?lﬁﬂt’b"d'es to CD33 and CD22.

CD33 mahcizibgengeticsiges srit goah i {ZdaM); iymphomas and binding to these

anttge@s@cﬁf%pﬁﬂﬁl?%gy l%'Qﬁéx@@F SrterALFRIRIC YR P RAHYIE NS article
MPC), or dimyristoylphosphatidylglycerol (DMPG). [0059] In an

C'D'ﬁ”pk}é?'nbod|ment of the present invention, the nanoparticle envelope is
[oos3moditiesh terabennibs RAriRe i@ eraiathe il m@me@yeyeteranst tehentREsent
mventlz)l’r]te [ %%8% ic e%%lﬁgg%ottsteag%% %cr)tl e“}ﬂ%%ﬁ %hc{:cv a({P%Gs}Ga ng{géage In
e|n franaduction dom are a the mixture.
a“OtheNcﬁm?ﬁtm@"éantbﬁaﬂﬁ%ﬂﬁdﬁ@@%s‘ﬁ?e RABOPRIFICH FRPn GRBHERRIch@Ug
encapddiaied (h\4) viensagitatoaeidzagastrptonnchatjngetaiigeiog pelybadiseineln yet

ammetp%'.xﬁ%m.)n&tsa;f qnslﬁt%r@tftmeﬂo?ﬁ@.és Qe e lnidior '@v‘atug

and then cholesterol tagged PTDs are anchored into the lipid bilayer. The

encapsyisiaeldy pra S?R?'ﬁﬁﬁéoﬁ?gea%aft'&%ﬁ‘ﬂ}% EH AARE¥E es and insert
{0064}lnt0 Ahmeegetmeewtmaps@@mntr@ttandaeﬂe@@mgreen@y s}9RAYbIMne

r embodim nto the esent |nve ion,, tar et agents
preserfy SR R S TRl RIS SN ERR R RIS LSO RAR R but are ot

hmlfeddemta@aiem*f: @t@@ﬁpﬁaay%wﬁm biadsrastidoiagencidas eainiisyeRous
route, AntibadiRsareorR)pesedhol twasdne@uymd@/verligtm@mmsfaﬁ@ocimdn the

treatmemto&%ﬁjdsl’%%?s QWHL%IOéBt Itﬁg:\( &atgdg%a Ql%qg) gffes}{l\lhen the

associated throug exposed onds In the eavyc ain

"matm%'?‘éé’érﬂ%‘%‘f‘w@éﬁar‘:@&uﬁH@"Qb’@ﬁt %%&F“é%ﬁl?ﬁé?@aﬁ&étﬂérﬁﬂ"tﬁ@tfﬁ%wm
essentiziipideparel distbeciatect lebivie ditieedes foryeehaipld) ghtrehaby desadiatitigeously

mentiof8ChERMEHRYIBYEYh the case of cystic fibrosis (the nanoparticles being

formulated in aeroso! form) or the intravenous route in the case of hemophilia.

[0085] The nanoparticles of the nanoparticle drug delivery system of the present
invention are administered in a biccompatible agueous solution. This solution can be
comprised of, but not limited to, saline or water and optionally contains pharmaceutical
excipients including, but not limited to, buffers, stabilizing molecules, preservatives, sugars,
amino acids, proteins, carbohydrates and vifamins.

[0066] For increasing the long-term slorage stability, the nanopatticles of the
nanoparticle drug delivery system of the present invention may be frozen and lyophilized in
the presence of one or more prolective agents such as sucrose, mannitol, trehalose or the
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groups on the heavy chain can then be used to link the antibody to the

free sulfate groups on the lipid envelope. The resultant nanopatrticles are
comp rised of drug encapsulated in a protein cages which is enveloped in
‘g‘ﬁpﬁ YY43Ehg antibody coating. 14 WO 20061033679 PCT/@@E’&%"%‘"”**"“
/111 14 5 4 [0061] In another embodiment of the present invention, the

like. Hogticehyariinsus Haelorefizrd Ilﬁﬁ’f’é’ﬁgfﬁ’%ﬁ%é%%’&&?@%é%‘%@sa‘%ﬁiéﬂlﬂ'y all
drug direcitbydly thawcaiedhpbteindcageaids tiscussed gieotidethezerotBehydration s

accor g Bl gk aa{wﬁgea%ﬂ@&r&ds@ﬂmmeﬁ%%tgm&P&Wﬁ%\fwﬁhm or

reactive sulfh o5k groups which then_can be linked with the}parﬂa
a¥ o B

5% dejlreseRahtid F SRter BRSSP REABpat eI @S oy r drug
encapsutitied aemmpsummdaha & protest atgdywagjglichivithean tiboths t&rgoting

olecules. 006 Antlb suna for use as targeting a ents in the
10067 anoﬁ%rﬂce d}'ﬁgaétopvery g}%’ errg?g?twg erbesent %%/erl?tL org inc N e Gse or at a

dose nfsteiedndir erteevrsatdinsgriiter artrya Grgcihienitlse he appropﬂate dosage
var.esaéﬁme?ﬁmwoaﬁ?uﬁlgmmmtqdaeekaamwliﬁedn@mgaﬁif@@w @ the mode of
irect ecific limitin e ble antibodies.incl
i A58 i 528 ot SRR D0 B Gl e ot o
Phafﬂww#l%‘(ﬁ@ﬁﬂyﬁﬁﬁb?ﬁé%‘%%ﬁdmg to these antigens caused

[oosafndoﬁi}{t%§ *@F@Bﬁsm&%ﬁr@*ié?é'?y%eééﬁeoﬁ@@?é?ﬁﬁfﬂ&ﬂﬂ@ﬁr{é'ﬁb%arﬂc!e drug
complex. [00 3% n an embodiment, o

th ticl
Vo) QAP LY ol oBTE T TR S ABHEEA I Lo ol ALEPS, aficn are

- summearneapsidated in a viral capsid nanocage. In another embodiment of the

resent inv t 0, ncapsulated in
[DDBQE wrgl caps%]‘é%%o%a%ge L#urt%er |n§ﬁ1d|n'g‘ t[;ﬂ:ég)gta%g an‘tl(!}go%e‘es In yet
[6070%hnother emisHHirREPRDR tRSHHSRRTARAShYER, ‘ﬂ?e%ﬁ@ﬁaﬁﬁé‘fé@a‘ﬁ form cages,
encapsQlaptseragindfiieencapsulated in a viral capsid nanocage further including

foo71f EGgnolecyles, I '%rU!Efr?‘BPé‘H s?e%‘?@& Egﬁﬁrﬁ’éalﬂ&@tg‘tﬁ&ages
rug eliv

nanoﬁgarﬂcle ery system o t e present invention can b

[0072} g 1stere§PB§%fﬁ9 rRRhiRiBids Folutieradeed IRdsaatieare not
[0073]imitedl to thehsistemidagutdy@ygtsibruighnedissaddtddetmahixture;
ron74jNraEUSCUIAL REIRIAMEHGMS pFOIUE, BRE JILERPEbRAIE S8 - S M8 1 R8Fhixture;

pulmonary or anogenital route. When the treatment of solid tumors is
a _d involved, the intratumor route may also be used. When the treatment of
{0075}enefic disgusiisatianvaiediehessisisioe dfthecentrituaftimiministraiion wxitiusion
chronf8s§aially depend on the nature of the disease; for example, there may

be advantageously mentioned the pulmonary route in the case of cystic

[0076}iprodfetenersaiicpliritiesdrund fBrriBRIfted iR bSorfIPR7BIRelug delivery
systefnsvenprseatitevintive dasapiteasepinilig. $00Ebtdde asepadielesioh mildly

bufferdde LRRBRALIFIRST U HSl ARy SYRIEI Hd IR IERRM to those skilied in the art, a
buffer system’compatible with both C-protein and the drug is used. Examples of suitable
buffers include, but are not limited to, phosphate, citrate and Tris buffers as well as other
buffers well known to those skilled in the art. In an exemplary embodiment of present
invention, protein drugs are encapsulated in protein nanocages. Nanocages comprised of
HBV C-protein can be packed with up to 1200 copies of a 10 kDa protein or an equivalent
amount of at least one of a protein, pepiide, nucleic acid or small molecule synthetic
chemical entity. Therapeutic protein:C-protein complexes form in just a few seconds after
mixing as dictated by the general physics of moiecular diffusion and coulombic attraction.
After 5-10 minutes, the ionic strength of the solution is raised by the addition of NaCl to a
final concentration of 0.6 M, triggering the self-assemply reaction of the capsid, After
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invention are administered in a biocompatible aqueous solution. This
solution can be comprised of, but not limited to, saline or water and

ionally contains pharmaceutical excipients including, but not limited to, -
“g(gﬁg{r?s%% Abilizing molecules, preservatives, sugars, amino BCriES200s/e18se
X proteins, c,_arbohtydrates and vitamins. [0066] For increasing the long-term
incubalingahe SR thenfahdaiciRe st ite HdHbp IR drRgidRIIgaisrified using
standaysbérohefrtical predesasinendi tve magsbe fnoeshvetidelirephidiredimeethd S-protein

or witRreSGasEH ARG ise@r@mg;@g%@%et%w&@é aHGvese e Bikahions win
)33679 PCTUS2005/018456 like. Upo

trehalgse or the 15 WO 2006/ pon
covalep Rl .7 GPBRS BB S48 U RGP QP o ALk ke of each
buildingsgjenitially all drug previously encapsulated and retains the same particle
ize. ration, is..: ish imply.addi rified, or sterile
007 S B R e g
into ey, GareeiawIaib-of the SRTPeHIRM. arradRilendyveivarugosHeatps GRidining a
phosptitipiatop alticliedalneblesbafie bly ophiizatingianc: specmstitianafiaoeinin the
C-protdi® AIMO'HAURRGI PRASRALIGIES MAY ReSARBROY AP RUE IR Donal
at a dose repeated once or seVeral times after & certain timé mtervaﬁ_. The
cross-ipling fialecHissage vilived R IHAN PP RifRS peisniet@t9ofcsvemsimenany
differetiiginclivichl ajrngatdduncithe diteternfamthoinistiatian. RpptRdatsitiosesgoal of

optimifily Resesiabishrd iy oerspRRSIG AR REAfiBREBeaHina! 498 Pkidue
. such as physicians. [0068] An exemplary embodiment of the process of

functiofel GHpHA e RSB e K BRI S e Bk e AR igFP

the additizpicfestiinfi@. BinttiosikgsoobwiehheraC suoteinari Zbeighv 1096 Iidctional

groupd=NEHRESHBbid-RrelsiliBaiIxesh Wit {hed i RERROIGRIIOQ - tRn i@nveiopmem

C|:| to form ca

t th of solyti ised with the additj fN ]
oo TR IR PR e e SO e o e

envelopaisi @rageesirepandreaRrRIIOOTER Y. ish nisdeinliplidepd iprirpraiotigely 1:20

proteirdild@diavihe mixture; [0073] 5. cholesterol-tagged polyethylene glycol is
added to the mixture; [0074] 6. cholesteral-tagged protein transduction

10078l4ombiits Wi ShbeRPiediRlrerosmlifioe SP9'epulrticalltss dhenecspiilin of
engindeyine miiffrgelti imciosize prohssmnaphrariate gragivy. PODT6 JaMogethe C-protein
matrix SAGEIEAHY 1B SHAORIEGURAIP RIS, e NRBERAHICIE Arug ARl eNimydryt
. System of the present invention ,?]urlnghth,e assemblIJY of the cage. Core
functaoﬁ%g%%u% are involved in stabilizing the intermolecular interactions between core
proteins that will stabilize the core cage. If ulilizing the same functional group for anchoring
phosphalipids prevents the suifhydryl functional groups from forming inter-molecular bonds
and therefore negatively impacts the stability of the core protein shell, then other functional
groups including, but not imited to, hydroxyl and amine groups, can be engineered into the
protein at locations where phospholipid anchoring is specifically designed.. This merely
_requires’ re-engineering the core proteins at a single location, and the use of an alternative,

commercially-available heterobifunctional cross-linking molecule.

[0079] The envelope layer of the nanoparticle of the present invention is a cationic or
anionic lipid bi-layer. In an embodiment of the present invention, a homogeneous mixture of
various ratios of lipids (predominately phospholipids) and cholesterol is made by adding
dried components to a solution of chioroform: methanol (2:1 by volume). For example, and
not intended as a limitation, 100 mg of phosphatidyl choline, 40 mg of cholesterol, and 10
mg of phosphatidy! glycerol are added to 5 mL of chloroformy methanol solution. This
mixiure is gently shaken to thoroughiy‘ mix all componenis. Nexl the mixture is dried down
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buffered solution is mixed with a drug. As will be well known to those

skilled in the art, a buffer system'compatible with both C-protein and the

drug is used. Examples of suitable buffers include, but are not limited to,
Wihglsid88 itrate and Tris buffers as well as other buffers WA 8456

those skilled in the art. In an exemplary embodiment of present invention,

s0 as ORI SwRRISTOARSITatdhmIFRSLEMER ST Hisas T esised e few miliiters
of aqmp%@mf(eb-xiﬁéée@-ﬁg@t)eamaﬁebaapaﬁagadiww tioy :20f:aitypie 3 0if ssotution

is qm%lgﬁtl é%igéaggcsogsc%gr%%bﬂvg‘ll%nﬁ Iec #ﬂﬁ@&%ﬁﬁé&&é@ ﬁrﬁaf?ﬁ%e@ptured drug

n or small m ynt etic chemical entj

L
paylom e apEaRichPRSETERS. HBh TR U, ARGl SERBF s Wi e
enve%éﬁl%@ﬁ asidintRigpdtithe gengnebphy sics efondlecutavitiffisiorhalydds. After a

brief | cncu o%'%ﬂﬁ %E(%}nl N%ﬁﬁ %5@5‘BE%%S@F@'Q@B%:%H&PQH&(?ME@'&%H@Qmple

ed b tion Clto a final concentration of

Ce“"‘fﬁ%@*?ﬁj’ﬁ%@éﬁ@%%‘@%ﬁ%@ﬁ%ﬂ the capsid. After 16 WO
2006/033679 PCT/LJSZOOS/Ol%%é@:‘quating the mixture for one hour

the presence of ful!é formed. cagsms IS |[%/grr}l e rL%Sing standard
biochemical analy SR r re-engineered
{00805-protepf Tot wme@mrmmmmfé\*@ﬁ@é’ré@b'eﬁtm@@§ SrGeleansformed

into @Wﬁa@@%@gﬂg'gﬂﬁwl%tWﬂﬁth&ilﬂ{@tzﬂaﬁ Rethgle mantdscyhiesne, trace
eiem%%mf%ﬁhace 9 the 5 ‘?n?‘n“ % % s%‘?gn %“f‘?{g? 9' krd Q&L o 2mm

epresen |nv ntlon OI I are

IPTs.hmmtwaMma@memw&m Gl s aTRNed L3 BrltRp after three

hours BYMESieaValpatyaomRinig o phaspholipidiva & Kepiereihgroup found
on the side chains of specific amino acids within t

t
1008 Wimil r PRoREEIS i5rBUeHfA I ATERAMBIRS ST N Aob RRMRR LD A T
HCI, progs4linkimiyl rEoiEs B srivelliizénih SFRSHTo Piovieia Whtsabmpate!fgpo/mL

Nas\é’h'égllg'ﬁ@’thgm attty polignsd 9{@4@% forncham &E&Eﬁ@t@mlnﬂ@a@mﬂ is
be utilized, with %gt)a of o lelrlgt istance C%nst SU% O%E L d 3{1 to the

Cem”fH@r%@ﬁaﬁg %%fﬂf foRRUG b R e A o S D% A,
superpamno@malmdcmmﬁmf%yﬁmbg@ E&@ﬁﬁ*fﬂ&.@?hﬁ@g dprerae hour.
The M'BM@&%&E@N&M é@n@t(mbz@@unstmh@c@earmw@nmbmrmm of 40%

satu r%lmpﬁgﬁ ed or :%Q:‘?%%'&%'#P'd 5%? %&?f&‘%’i@%@fﬁ%ﬁ%ﬁé ""'H\‘éhpellet is

eenve pment process mbodiment e present

resuspridatbin, 3 6aEee A9 oMrbisnhifhal Rb The BIRE t PropMsucrose and
2 mmm(&@mwﬂxm@y@w prodpinckipsd GLWB tPappraxiaBihell, PEcataway,
NJ) & gﬁéelcr:f pé%?ﬁ/ %99(7%-% t‘éﬁ%:%.@?et&mﬂmﬁ&”@' SHASERIRKIDGN eluted at

es al 0SS yof engineering different functional ﬁpﬂ
2 large

2migngirobeii B SR YoMt ARRItSX AT TERTERN

aggraRine ahosmmbidnlﬁe;ﬁursmpﬁmweemaepszghhpléhsdtﬁwanyl are pooled
according to chromatographic profile and SDS-PAGE analysis and the solution concentrated
by ultrafiltration using Diaflo YM 100 ultrafitration membrane (Amicon, Beverly, MA) to about
10 mg/mL. Concentrated C-protein is dialyzed against 56 mM Tris-HCI, pH 7.5 and 0.15 M
sucrose. The solution is then adjusted to pH 9.5 with 10N NaOH and urea added to a final
concentration of 3.5 M. The solution is then filtered using a Millex-HA 0.45 um pore size
fiter unit (Millipore, Bedford, MA) and applied to a column (6.0 cm diameter X 60 cm} of
Superdeﬁc 75 (Pharmacia Bibtech, Piscataway, NJ) equilibrated with 100 mM sodium
bicarbonate, pH 9.5, containing 2 miM DTT. The column is eluted at 5 mLminute. The
fractions containing dimeric protein as assessed by SDS-PAGE are pooled. These
procedures will be used for the expression and purification of alf core protein mutants.
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functional groups are also involved in stabilizing the intermolecular
interactions between core proteins that will stabilize the core cage. If
- GMilizin  same functional group for anchoring phospholipids prevents
“tﬁé@ﬁﬁﬁ%ggrjyl functional groups from forming inter-molecular’ gg;fggmg,tmm
Al tt%ﬁ,refore ne%ativelyﬂm acts the stability of the coret protein shell, then
et MRS 8 H@*’nﬁ’é?ﬁ%ﬁwﬁ?%&? MR8t RS SXGPEIRE dfipgthods
well kngroujssperanrssidirgiiedre@iato the protein at locations where
phospholipid anchoring is specéf)i:g !g,é:lgsigned. This merely requires
re-engineering the core protein ifgle location, and the use of an

sot forahesphalipidconidaation.via Si

alter RERIES KN RReSRNAIRICRRNILE S Grarerassiliflday
[pogzimolacule. [B8FAYd HoEmielopeléayer sHahehaana paniels ohitke (PEBSers mL of

argon—g' Qéi,o'axiﬁg%éé?@oﬂiﬁtf?énéﬁi&m&.‘ﬂﬁ@.bi"cﬁﬂ_y%?lc'r%rﬁgsé‘é“?ﬁ%f?ﬂ&:?g&@e(TEA).
_present invention, a homogeneous niixture of various ratios oflipids
Ma‘“ta(‘br‘@éo?ﬁ“’%ﬁ‘éIyrﬂ%sﬁjhﬁfﬁﬂas‘)’dﬂﬁo&ﬁ‘ﬁlé‘é‘f’é‘?él’f?'?ﬁad@%f%%”ﬁﬁéﬁso be
done icdmpbesftsiio a solution of chloroform: methanol (2:1 by volume). For

[0og31SX@BPle, 3 Nt i ”%?dﬁﬁﬁe”’?%?é@ﬂwﬁr&{ﬁ-%—%%ﬂ%ﬁ%%) butyrate,

choline, 40 mg of cholesterol, and mg of phosphatidyl glycerol are

Pierce LigdBa & SISk vl mARsalkenol solution. This mixture is gently
[6084]shaken to Besrduginly rmousl| Bomponentsetdaxtt hehin oo Erdnge dhd ovfution
under 3 AEh A AeGA0Z8BEpHig2005/018456 so as to remove all organic

solvents. This dried mixture is glen introduced to a few milliliters of

[0085] quBous sBRITIBYC (M REPET 0 URd SRR ISP PYe i)y evaporation
and redigpibation. sphds solifionidey@ioldy. added to a suspension of fully

[0086]2sSeMble:RRARAGRE WG IRNRIEABIH e FUGuRaYIeRdSe Th8roform with a

nanocages will glr ve been covalently modified with either -
equal ‘@E%Foogrﬁé”r:% gﬁia%aé%ﬁqg‘gﬁﬁdes (engineered or S-protein) or with

P
[0087}phoBpholiiatfiyatker MPBrRE idedvsaivsrbwithigarleararigoe avensyses of silicic

acid (MRYRFAIE S Parated-Rpecme HRfkuENe giﬁﬁ@ten@mr'&e@amﬁoaedaaii@mciem
[ I e S .
e e L Al rome

*protein gene, is transformed into E. coli DE3 cells and grown at 37C in
[0088]LB media,Rertitiesl ivithcRotéfoghutone icamMBRIPM epteobng 2Qpoghot. Store

the deGRARBTIEIN CRIREINSIPCEST QRIS Rs erldhy dpe addition of 2mM IPTG

(isopropyl-beta-D-thiogalactopyranoside). Cells are harvested by pelleting
after three hours of induction. SBSHEALE is used to assess expression of
C-Iorc_nmmﬁﬂg&iﬂ;@@pﬂdﬁkﬁﬁaﬁi&fﬁréﬁ%&mm?@%ﬂ%&%?ﬁp.le:n?\;Ing ina .
solution o iS- H47.4,.1m m , 1m
ooel 2 o ATl BR R R TR A e SR 2o
methangy soniaiaing Bit e kietviemnie preidgie wpHEsespension is
- {0090] 2. Add 20 mg of m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) to

the lipid solution and mix to dissolve.

0091} 3. React for 24 hours at room temperature under nitrogen.

{0092} 4. Wash the organic phase three times with PBS, pH 7.3, to extract excess
cross-linker and reaction by-products.

(00931 5. Remove the organic solvenis by rotary evaporation under vacuum.
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centrifuged at 26000xG for one hour. The pellet is discarded and solid
sucrose added to the supernatant to a final concentration of 0.15 M and
ifuged at 100000xG for one hour. The pellet is discard lid], o <
“?ﬁ%ﬁr{ég’g%qi is then added to a final concentration of 40% si%ﬁé%%ﬁ?ﬁﬂm'(
stirred for one hour and then cergrifugid gor one hour at 26000xG. The

dadt fof ganNaatingdsale; INE SrdiigadElanyary
S.epharose CL-4B (Phqr.mqﬁa&igtgdml?ja@taway, NJ) column (5 cm
{oogg'ameter X3 %@Le?%%lg’é@?ng‘ﬁﬁg@ﬁﬁf@éféﬁ%}? y}g?:,QIIH iRIHELD3E obtain a

mL/minute. Sing this purification scheme, viral capsids are )
conceelpatiened] frowimeRs) abuiey BrES el TR aRIeTHRERGRRIFa R0 minuies.
{oagﬁyolel%élaij WeighbivEN et apriING ar@dmﬁm@dbaﬂéﬂra&nﬁmehrammmpm@der a
.. profile and SPS-PAGE analysis and the tio
Olrogh R R SR0 S e *t?f%.S’%"l’B@%ﬁtggfﬂPZ%}é{né&%ﬁfﬁﬁ%@%ﬁ )
[009@everdy, MAFRIEIRSutheoRgARiLlienaentaainee prBtdindi iR aRpiign under a
nitroggeon sl Bl JdisdiEionin ZdaiantRbSMutiscrose. The solution is then

justed to 9.5 wi req e L
[Gﬁgﬁgnceﬁtratioer%ﬂgflv éégh&g%ﬂg\%ﬁ%%#e%ﬁﬂggeg ﬁﬁg@%ﬁgﬁ 0.45
[0098IMm pdieisizeofiltewiseitiiiithisokealB odfdbdrs\Vexpansiap pliventies colunasedients,
prop&RiSsCRL RS §R AL SMNEEHPURRIE RN 7SotRmeaciadbiateddith used in the

Piscataway, NJ) equilibrated with 10 m[%/l sodiu .fbl&arbﬂnat rPH % the term
specigRtiemifis SRNISTTS Cri WSIERRCS BrART SIS mf'r}lﬁe.mf'ﬁde “ractions
“abogichtafeprgiciivericignsinificated se drs eanbiprg DR PINOEisRbRFGaRRIerFH@ dorth in
the f&[&ﬁ%@%ﬁ&mﬂbb&mﬂ;imﬁ; WB%? §£@é&1§pﬁ?>ﬁg’?ﬁﬁﬁ§'@mﬁfﬂ& 6arg depending

otein mutants. . .
oporb BRI R BrSS SRR e e e Bt Hihion At the vry
leastaaodinhgaemadersasialeit irpanpisaien bRt thedktvaierihip Bpscope
of thEEnines) éaciphasphripisheonptgaionyia YR Bintenstadidta (iGHE olhe number

0082] ' i icro 0 i ' i .
o o g o yaning
that i HynarkIE Eneed 2 artametas seliePihdee Srrasyires Affiglyyention are
appretmatipherehd herreaichbnaoay atdddeth dotieeirsplyiithlexefories [@@88]Rrted as

pr-eciégg 380 Meah MR SHeamidyhds(PrmaicRidanhenty) RidiRe certain errors
Pierce) to the PE solution. Mix well to dl,ss,olvei !QO§4 B.IReact for 2 hour,
I d

—lery : hours .
necegpaBlymEaIRIadies? While HAXRENFR L0 oIl EspsKiye  testing
measutganisatmosphere. [0085] 4. Remove the methanol from the reaction
[0095? |utl%g){errcr)lt%ryaev§pcp r‘gﬁ"ognd “the” and similar referents used in the coniext of
describing the invention (especially in the context of the following claims) are to be construed

to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. Recitation of ranges of values herein is merely intended to serve as
a shorthand method of referring individually to each separate value falling within the range.
Unless otherwise indicated herein, each individual value is incorporated info the specification
as if it were individually recited herein. 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 infended merely to better ifiluminate 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 praclice of the invention.

20



and redissolve the solids in chloroform (5 mL). [0086] 5. Extract the

water-soluble reaction by-products from the chloroform with an equal

\ g{r{} %% NacCl. Extract twice. [0087] 6. Purify the MPB-PE derivative
“é)’)/ chr r%’r%fé ography on a column of silicic acid (Martin FJ et &f; /US2005/618456

unospecific of tiposomes to cells: A novel and efficient

10010 A e P BP0 STHEHESTE SN tEnte, ciscosed
hereiBigéhiephitstye 198 $truRd: 238 100800 088dh 7o Rerrovmitee mhiohefosfarfedno and
claimthe Mﬁ\ﬁdﬁ’ﬁl@)ﬁfﬁﬁ%@’%&%@ﬂer&@ﬁ@ mﬁéﬂeﬂ\éﬁ%@@ﬁfzfp\g é’r@gsr:ﬁ' other
ol tlro en lgtﬂws here until se. E le 3 Protocol forggosp

M Riligaton Via MBS RtERiRALee 1&%‘% % (008614 TRES e Oan%DBPF‘an be
'”CIUC!ﬁCb"?nR*tL@@%@fiﬁm dryretokaforas P Ranveinenerediain] pratdhiity. When
any &&m&glémtbyl@mmemaim@mryn@@r éﬁgﬁgt%}lcﬂg@%?e:ﬁ%%fé?@ﬁontam the

m-malei enz roxysuccinimide. este to, the li

SroURSiution & 80 mix tc%))&/(tfJ ]N” \}ge[ @ gct0 ﬂ)r émgﬁﬁé‘?{‘rgo s used in the
appengrthditre under nitrogen. [00921 . Wash the organic phase three

[0Q1 OqTe%@rPe%%nqlﬁbgnﬁems%ﬁﬁﬁtiﬁm srasmtnkeransdd ﬁa%tcl:%ma% the best
mode LJ%i_tgroducts [0093 5. Remove the organlc solvents by rotary evaporatio

VEHETVEY be%‘b%me YERSop0sT0aBNSE ‘@QQPHB%% those
preferredtecubddintemiu yetineenaeimigereohtairtimgpinterordiate sV @) e art upon
readnﬁ}”fﬁé’ S*HEQW@'B%@%W'”??@%MEJ@ Q0L Dirsalve @%rﬁ&@ such

0 millimolar) to obtain a concentration of

vartat g BRI PB UhG28 IVBGoR P R P i
than ypegftalyDisseiredheeitl iAcberdashe bisfiovastiabovedyddsap urodificatiers and

equwﬂeﬂiﬁqg%\@rs@g%gl a{%t@n:é@ﬁ@{f Gh 3@8%&&&&{&”@@%@@ PRRIMed by
ess ombine o solytions, an u

apphcgé utﬁ)n un gv?lrl‘tr%n e%otg}gér}a%nnggr#os Ve*fgjers 327 élt?‘fp g\ %1 af possible
va"atﬁmuﬁ'é%r%m?acmwwé maém)m@r}sme@éﬁ@r@m@ indicaer herein or

othentésaptsailyrecd080RBlddrigIpserwise indicated, all numbers expressing

nitie of| redlents rties such as molecular weight, reaction
100103 R e PO BB A PRSI ARG a5 SRR B9 Prnte

PUbl'Cah@l@i'Sﬁ@”QG%‘@Uethg sisdificativnalEashavfcie pdhe titeh references and printed
publications are herein individually incorporated by reference in their entirety. '
[601031 In closing, it is to be understood that the embodiments of the invention disclosed
herein are illustrative of the principles of the present invention. Other modifications that may
be employed are within the scope of the invention. Thus, by way of example, but not of
fimitation, 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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"about.” Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and attached claims are
approximations that may vary depending upon the desired properties
sought to be obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the
scope of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits and by
applying ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the
wellygption are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily resulting
from the standard deviation found in their respective testing
MeASURMANR, 1329 J02 8IS, & and. Al And e, ang similar
" referents use ]%ﬁe Comtext of descrbin t?'re venton: {E¥pecially in the
conwp@ﬂth@ﬁmlmdln@marmgblwg)\mlcmpstmdtetm&;over both the
sm%ué%oa&%ﬂ}gdgly@d Ré]e%%a gxglaerwse indicated herein or clearly
contradicted by context. Recitation of ranges of values herein is merely
inteh ey Rsdpne Beked shoridanapsinetimebufeafelemagi naidichwalty to each
separate value falling within the range. Unless otherwise indicated herein,
2, eac’ﬂiliadwfchs@dmalhg iﬁammlﬂﬁeratﬁdgimﬁiﬂ&eﬁmﬁﬁcaﬂ@mﬁsnf\%@«fe{@ said viral
ca gl IVI lélanll}/ Ebcn?%qhg 1. £ %11% (%(gg ollﬂgseciﬁbed herein can be performed
P n slitable order unless othehiise ihtidAted herein or otherwise
cIearIy contradicted by context. The use of any and all examples, or
3. exerdisiasl/ wengubtes(eagorstiiteadngteidad syrsein isisire ld sderpnelgid HBY
cordpREURLILMINGIS the invention AndkdeesNRiPass adimitgtien on the
scope of the invention otherwise claimed. No language in the specmcatlon
should be .constryed as |nd|cat ng, any non-claimed element essential to
4. e DS STE I RUBRE 36 W BRGIoS5E T Bt SBbB BB Sg < i
capp000diGrompingsd.of alternative elements or embodiments of the
invention disclosed herein are not to be construed as limitations. Each

5. gromé%gm%éxm%b%ﬁ&%%@ Eod d&ll@@fgy'ﬂgw g]u@iléYn?rB'GvﬁQXm said viral

combination with other members of e group or other elements found
CapH BRI iSENEEp ARG di4E é?f@%i?lﬁ%ré‘%é@ﬁk@éw@lmwpﬂﬁn'é%/w 80 of said

HBWesdedoniarAeieted iram, agmup forneasons of convenience and/or
patentability. When any such inclusion or deletion occurs, the

spe flcatl is h reln deemed t ntain the grou modified thus
- fulfilli ng %ﬁfe%nwr :?1 8§SCI‘Ip oaﬁTg? al(%'l\lfl%rrén egrougs us é) ?l‘ﬂqé > Wherein said

pm@pwmgghdiams.e[@Gll@i&}%efeem@mhmbcs@mr&t@ofoﬁh)émmt@rgtmmamte.
described herein, including the best

7. The self-assembling nanoparticle drug delivery system of claim 3 wherein said HBV
core protein is mutated such that at least one amino acid of SEQ 1D NQ. | 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, tyrosine 132, glutamic acid 77, aspartic

acid 78 and alanine 80 is changed to a cysteine.



mode known to the inventors for carrying out the invention. Of course,
variations on those preferred embodiments will become apparent to those
of ordinary skill in the art upon reading the foregoing description, The
inventor expects skilled artisans to employ such variations as appropriate,
and the inventors intend for the invention to be practiced otherwise than
specifically described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations
8. therduf ssleasomplassednbyaticindergideiivenessethepiviseindicabedkin said drug
is sHIELRID RERPIREOMISE ClsRilvcoBrAdIGIRY By SOREeXL QAL EHIENGRTP S ccule
numerous references have been'made to patents and printed
synihgbRchganetiggghout this specification. Each of the above cited
references and printed publications are herein individually incorporated
9. by refierentesirriheiseniiieptfOR1AAL ntlosingy itdm tefegalinderstaeth thad tipid
envt@ﬁ]g grirgtéggl,jr?eg So~f¥%% i (\}/ien%on disclosed herein are illustrative of the
prlﬁciples ot e pr SERCIVENTN. Other modifications that may be
employed are within the scope of the invention. Thus, by way of example,
10. put Rt sEl(imasemibin altensatvectodtigirégloreofstsepradesieinyéntidierein said

pho@py1Rgdillizrddn-aacrrdanee.wifb the teachings herein. Accordingly, the
present invention is not limited to that precisely as shown and described.

21 We claim: 1. A self-assembling, nanpparticle drug delivery system .
- ComaifE 3 AN BRRRBTISELr of Ho R SsTeativg il AR ratEhsemirising
eithdrugr captured dhodaithohpsidedne B dipideanvelopd linkedHo saidbtapsied protein
tranthfr&@é %QV%E%Qing said capsid. 2. The self-assembling nanopatrticle drug

ée‘ﬁvery s’ygqtem'of claim | wherein said viral capsid protein is Hepatitis B

Virus (I-IBV) core protein. 3. The self-assembling nanopatrticle drug

L2. deliVBfy ssysterePiEngimapopfeetindsaddeiBxer e sistproteinchias the arhpen said
proRfidsecuanes ahRER RNt EQIRNG Rkt iR e/ Bsse G ivaror

nanoparticle drug delivery system of claim | wherein said viral capsid
of tHRSEIRTS A RREAY S 1A self-assembling nanoparticle drug delivery
system of claim 3 wherein said viral capsid protein includes a protease
13. recdgnitci-siternbplacing@mindadids Fdiand 8G:ehsalfcti4B\V Gomder comprising
an &rt%ggl,stglf ag}g%}%]eNCu)i:é‘or SEQ ID NO:2. 6. The self-as_sembling
nanoparticie drug eﬁvery system of claim 5 wherein said

14, A method for constructing a self-assembling nanoparticle drug delivery system

comprtsing:

mixing a drug with HBV core protein to form a cage solution;

encapsulating said drug in the core protein cage by raising the ionic strength of said
cage solution;

adding phospholipids to said cage solution;

adding cholesterol-tagged polyethylene glycol to said cage solution;

adding cholesteroi-tagged protein transduction domain to said cage solution;

purifying said nanoparticles by cenirifugation or size exclusion chromatography.



protease recognition site is a thrombin recognition site or a factor Xa
recognition site. 7. The self-assembling nanoparticle drug delivery system
of claim 3 wherein said HB V 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. tyrosine 132, glutamic
acid 77, aspartic acid 78 and alanine 80 is changed to a cysteine. 22 S.
The self-assembling nanoparticle drug delivery system of claim 1, wherein

said drug is selected from the group consisting of peptides, proteins,
15, nucléic meitiscantesimalll ivlesele syhthetidchdesiedl fdragthederPhe consisting of

vepSElt-aseemAling.nangRatisle drug defiven: sysiem.ofglaim, yherein said

lipid envelope is comprised of phospholipids. 10. The self-assembling
nanoparticle drug delivery system of claim 9 wherein said_ phospholipid is
16 phoShdhtyPatHnBRming. PICTHE Saiflasdbmishiy Rifitipatitiedgiug protease
recod@livenys By stphctfchabind fartkencampisingaigithBnotdReh@tins of SEQ 1D NO:

| Orc%)gfjbeﬁ) -tagged polyethylene glycol and cholesterol-tagged protein
transduction domains. 12. The self assembling nanopatrticle drug delivery

system of claim 11 wherein said protein transduction domains comprises
17. the Hentasthasimeinstétficithoyhvhnis traidsactivasor rofoganseriptioniore thrombin

reco%%era{gém%?-alféazhgéf‘é_&?gﬁﬁ&abéi[ég nanoparticle drug delivery system

of claim 1 further comprising an antibody targeting molecule. 14. A
method for a self-assembling nanoparticle drug delivery

constryctin
¥ sys n&%ﬂ%&@fﬁiﬁ%i ‘}n‘ahﬁ‘favaa%ﬁ%%%%%%%&m&%&%%&@% at least
onesofiifion: encAPEQdtinySaitl ar &g theNtore pegieini dage Me raisipgctiristing of
ionic strength of said ¢ lution; adding phospholipids.to said ¢ .
P et 2 g RS oty R IERe AT c i g 2. erginine
127solutiong Htiplytehotestierdl-taggedeproteTd travhstuotioddenhaintéd saidysteine.
cage solution; purifying said nanoparticles by centrifugation or size

19. exclgion shramategrariy. @anks, Hhemetod ofelaime Laherain $8ildopment

drug is selected from the group consisting of peptides, proteins, nucleic

Ui BT a S SBAPHIA @SS TSP RPRARs HRRSIES drugs.

20.  The method of claim 19 wherein said envelopment guiding protein is Hepatitis B

Virus S-protein or the transmembrane engineered peptide of SEQ ID NQO, 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 envelope.

24, Use of the self-assembiing nanoparticle drug delivery system of claim 1 in the
manufacture of a medicament for delivering said nanoparticle drug delivery system across a

mucosal surface.

24



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 proteins of SEQ ID NO: 1 or SEQ ID NO: 2. 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, tyrosine 132, glutamic acid 77, aspartic acid 78 and alanine
25. 80 islshsmigeddnidisysteingartide The nidihed of shainvi difimthewherein said lipid
envg%gg){gs&ng&l@g]glg%% @59@%%” envelopment guiding protein or peptide

after said encapsulating step. 20. The method of claim 19 wherein said

envelopment guiding protein is Hepatitis B Virus S-protein or the
26- trankhefl bR GG BRI g8 ASEQTIP NI DalaThd Frsrrbel wid lipid
envélap® id 4ivbersisainidRhpgRhelRichis fharhalis athanolamine. 22. The

method of claim 14 wherein said protein transduction domain comprises

theTH man Immunodeficiency Virus transactivator of transcriptionor, . . .
27, N€ THENG) S dransactt ,

poly-%rgsi?mgés.sﬁlgg@%nna% R%r(t}/% c%ilmgfqiv urﬁhsgﬁtggqmopr?s?ﬁndt ‘évs?reeﬁno?a’d lipid
envinepstindinked ating Gedibotiboughe saiklipic brvelogen RtcdUsgpoddhe

self-assembling nanoparticle drug delivery system of claim 1 in the

28 .maﬂ%f@%%lf%ﬁﬁﬁ‘lmﬁgi%ﬁﬁ)%ﬁ*tf@l%d@xlﬁ%eﬁggw NRNAPYHIGIANUY wherein the

~delivery system across a. mucosal surface. 24 25. The self-assembling

tran B AMEIEN GRS HEIRFEN A8 rIaRT 8t ciifd ivNErein said lipid envelope is
directly linked to said capsid. 26. The self-assembling nanoparticle drug
delivery system of claim 1 wherein said lipid envelope is linked to said
capsid though a maleimide intermediate. 27. The self-assembling
nanoparticle drug delivery system of claim 1 wherein said lipid envelope
is linked to said capsid through a transmembrane engineered peptide. 28 .
The self-assembling nanoparticle drug delivery system of claim 27
wherein the transmembrane engineered peptide comprises SEQ ID NO.
5. 25 WO 2006/033679 PCT/US200S/018456 SEQUENCE LISTING
<110> de los Rios, Miguel
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oh, Kenneth 3. <120> Self-Assembling Nanoparticle Drug Delivery
System <130> 51583-00002 <150> 60/574,409 <151> 2004-05-25
. ..<160> 5 <170> Patentzn version 3.2 <210> 1 <211> 183 <212> PRT
WO titis B virus <400> 1 Met Asp lle Asp Pro Tyr LTS EE{§18hog{re
Ala Ser Val Glu Leu Leu 15 10 15 Ser Phe Leu Pro Ser Asp Phe Phe
Pro Ser lle Arg Asp Leu RSP 20'55"86 Thr Ala ser Ala Leo Tyr Arg
<11GIu Ada LealiGhs Seri BwelGlu His Cys 35 40 45 Ser Pro His His Thr Ala
Lets%ing €128 He Leo Cys Trp Gly Glu 50 55 60 Leu Met Asn Leu Ala
<120hr Tep MakdyuSend\narpureld RsmpRie Ala 6 MP $ps8eh Ser Arg Glu
<3heu %/fga gb%%rzTyr Val Asn Val Asn Met Gly Leo Lys 85 90 95 lle Arg
In CEUCeu Trp Phe His 11 e ser Cys Leo Thr Phe Gly Arg 100 105 110
<L®Glu $0 Va4l 4@d Glu Tyr Leu Val Ser Phe Gly Val Trp lle Arg Thr 115 120
<135 B8 1% Na Tyr Arg Pro Pro Asn Ala Pro lle Leu Ser Thr Leu Pro 130
<1635 140 Glu Thr Thr Val Val Arg Arg Arg G1 Y Arg ser Pro Arg Arg Arg
«17g0" A418Q 122 8Q Pre Ser Pro Arg Arg Arg Arg Ser Gin Ser Pro Arg
Arg Arg Arg Ser 165 170 175 :
<210>" 1
<211> 183
<2i2> PRT
<213> Hepatitis B virus
<400> 1

l;et Asp Ile Asp f;ro Tyr Lys Glu rPhe gg}y Ala ser val clu Leu Leu
15

Ser pPhe Leuy gro Ser Asp Phe Phe ggo ser Ile Arg Asp '328” Leu Asp
0

Thr Ala ggr Ala lLeu Tyr Arg ggu Ala Len GTu Ser Pro Glu His Cys
45

Ser }5’80 His His Thr Ala Leu Arg G1n Ala Ile Leu Cys Trp Gly Glu
55 60

Lew Met Asn Leu Ala Thr Trp val Gly Ser Asn iLeu Glu Asp Pro Ala
65 70 75 80

Ser Arg Glu Leu \ég? val ser Tyr va'l g(s)n val Asn Met Gly Leu Lys
95

ITe Arg GIn Leu Leu Trp Phe His Ile Ser Cys Leu Thr Phe Gly Arg
100 105 110

Glu Thr val Leu Glu Tyr Leu val Ser pPhe Gly val Trp Ile Arg Thr
115 120 ' 125

Pro Pro ala Tyr Arg Pro Pro Asn Ala pPro Ile Leu Ser Thr Leu Pro
130 135 140

Glu Thr Thr val val Arg Arg Arg 61y Arg Ser Pro Arg Arg Arg Thr
145 158 g 155 9 ATG Ard 160

Pro Ser Pro Arg Arg Arg Arg Ser Gln Ser Pro Arg Atrg Arg Arg Ser
165 170 175

GIn Ser Arg Glu Ser Gln cys
180
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GIn Ser Arg Glu Ser GIn Cys 180 Page 1 WO 2006/033679
PCT/US2003/018456 <210> 2 <211> 183 <212> PRT <213> Hepatitis B
virus <400> 2 Met Asp lle Asp Pro Tyr Lys Glu Phe Gly Ala Thr Val Glu
\1’3&?;5{1’31‘%’10 15 Ser Phe Leu Pro Ser Asp Phe Phe Pro SEF VHPAfg 118456

Asp Leu Leu Asp 20 25 30 Thr Ala Ser Ala Len Tyr Arg Glu Ala Leu Glu
ser Pro Glu His Cys 35 40 45 Ser Pro His His Thr Ala Leu Arg GIn Ala lle
UWOEYSTrp Gly Glu 50 55 60 Leu Met Thr Leu Ala Thr Trp Val Gly Asn
éﬁ&; Lﬁﬁsﬁu Asp Pro Ala 65 70 75 80 Ser Arg Asp Leu Val Val Asn Tyr
Vala@can'Ebnm Met Giyukeu Lys 85 90 95 lle Arg GIn Leu Leu Trp Phe
AL r Cys Leu Thr Phe Gly Arg 100 105 110 Glu Thr Val Leu Glu
Tyr ea Val ser Phe Gly Val Trp lle Arg Thr 115 120 125 Pro Pro Ala Tyr
Ke§ PPO FIPM@W@&OPM@AL%@B@P%r ple Tho 33 wiy
'?'hr Val Val Arg Arg Arg Gly Arg 5er Pro’Arg Arg Arg Thr 145 1 155

P B 0 AN A e

Thr Ala Ser Ala Leu Tyr Arg g'{i}u Ala Leu Glu Ser zrs'o Glu His Cys
35

‘Ser Pro His His Thr Ala Leu Arg GIin Ala Ile Leu Cys Trp Gly Glu
50 55 60

Leu Met Thr Leu Ala Thr Trp val Gly Asn Asn Leu Glu Asp Pro Ala
65 70 75 80

ser Arg asp Leu val val Asn Tyr val Asn Thr Asn Met Gly Leu Lys
85 _ 90 95

Ile Arg GIn Leu Leu Trp Phe His lle Ser Cys teu Thr Phe Gly Arg
100 105 110

Glu Thr val Leu &lu Tyr Leu val Ser phe Gly val Trp Ile aArg Thr
115 120 12

Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro
130 135 140

Glu Thr Thr val val Arg Arg Arg Gly Arg Ser Pro Arg Arg Arg Thr
45 150 155 160

Pro Ser Pra Arg Arg Arg Arg Ser Gin Ser Pro Arg Arg Arg Arg Ser
165 170 175

GIn Ser Arg Glu Ser Gln Cys
180

<210> 3

<211> 12

<212> PRT

<213> Hepatitis B virus

<400> 3
(_i;'iy rro Gly Ala Pro Gly Leu val Pro g\rg Gly ser
5 0

<210> 4
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<211> 12 <212> PRT <213> Hepaititis B virus <400> 3 Gly Pro Gly Ala
Pro Gly Leu Val Pro Arg Gly Scr 15 10 <210> 4 Page 2 WO
2006/033679 PCT/U820051018456 <211> 12 <212> PRT <213> Hepatitis
W8 Virug34100> 4 Gly Pro Ala Ser Gly Pro Gly lle Glu Gl y Arg&fayshdastzise
<210> 5 <211> 23 <212> PRT <213> Hepatitis B virus <400> 5 Cys Ala
<211ArgiGly Ala Arg Gly Ala Arg G7 y Ala Arg Gly lle Leu Gly 1510 15 Val

S13PNEHE beu Loy Jyrpet 20 Page 3

<400>

4

Gly Pro Ala Ser Gly Pro Gliy 1le 6lu Gly Arg Ala
1 5 10

<210>
<Z11>
<212
<213

<400>

5

23

PRT

Hepatitis B virus

S.

Cys Ala Arg Gly Ala Arg Gly Ala Arg Gly Ala arg 61y Ile Leu Gly
1 5 10 15

val phe 1Ile Eeu Leu Tyr Met
0
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