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Cross-Reference to Related Application

[0001] This application claims the benefit of priority of United States
Provisional Patent Application No. 61/370,847, filed 5 August 2010, the
contents of which being hereby incorporated by reference in its entirety for all

purposes.
Technical Field

[0002] The invention relates to a multicompartmentalized vesicular structure,
a method for forming the multicompartmentalized vesicular structure and uses

of the multicompartmentalized vesicular structure.

Background

[0003] Compartmentalization of biochemical processes within membrane-
delineated organelles formed by lipids allows for the co-existence of complex
reaction pathways in living cells. Besides. providing structural support,
scaffolding and protection, the differences in selectivity and permeability of the
lipid membranes allow for precise control 6ver different biological processes
such as the regulation of enzymatic reaction pathways and the synthesis of

| proteins and nucleic acids. For example, organelles are able to communicate
with one another in a specific manner and compartmentalization helps to
provide a spatial and temporal separation of many activities inside a cell.
Studies have reported encapsulating molecules or substances into

compartments to study functions such as the enzymatic activity. However, most
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Mul ti conpartmentalized "nanoreactors” were not explored primarily due
to the chainlefficjest and candrolied manpepdn preceridgtienit §@ rinic the tsee™ t he
mul ti conpartnentalized vesicular structures. Additionally, in order
to m mc through a cell membrane, a membrane protein (LamB) of E. coli has been re-

constituted into polymersomes and the DNA translocation through the receptor

was studied.

[0005] Although some advances have been made in mimicking the cell and
the cellular activities, only single-compartmentalized polymersomes were given
attention. Multicompartmentalized “nanoreactors” were not explored primarily
due to the challenges in the block copolymer self-assembly to obtain the
multicompartmentalized vesicular structures. Additionally, in order to mimic
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cellular conmpartnents, one should include interfaces with different
transport properties to allow control over the transport of nolecul es
I n the "namoreaoissnes”. [0006] Therefore, there i s a nee@®CrEGRIIENOIEB!
for nulticonpartnentalized vesicular structures to allow nore
advanced cell mmcs and to study cellular organization. Sumrar
[0007] I n eeflulas compaements, ﬁeeéhpgldw@vq!%@e@%tmwtﬁ@mn? hans

mul ticonpartmental i zed vesicular structure conprising an outer bIock
copol yner preperdies taaltpvacontea oveoihe transpertiof swleadtgsonfie rnaneseagters’.
wherein the at | east one inner block copolymer vesicle is

encapsul at[ﬁ? ?PS'%@WeQHEFH isf 1R5dd 16 8\'néié‘?6r %@ﬂ&ﬁ%ﬁanﬁ RralBé10d

conpri ses formng f'hhe at least o e I nner copol ynmer vesicle

i tabl o SBUHT e Ph SR do GRS KO I3RS ey

copol ymer oV§ %% I n an aqueous buffer under conditions that allow
t he bl ock % s to formthe outer block copolyner vesicle and
encapsul at e the at | east one inner block copolymer vesicle.

Summary

[0007] In a first aspect, there is provided a method for forming a
multicompartmentalized vesicular st.ructure comprising an outer block
copolymer vesicle and at least one inner block copolymer vesicle, wherein the
at least one inner block copolymer vesicle is encapsulated inside the outer

block copolymer vesicle, The method comprises:
(a) forming the at least one inner block copolymer vesicle by any method; and

(b) adding block copolymers dissolved in a suitable solvent to a dispersion of
the at least one inner block copolymer vesicle in an aqueous buffer under
conditions that allow the block copolymers to form the outer block
copolymer vesicle and encapsulate the at least one inner block copolymer

vesicle.

[0008] In a further aspect, there is provided a muiticompartmentalized

7 vesicular structure obtained according to the present method.

[0009] In another aspect, there is provided a multicompartmentalized
vesicular structure comprising an outer block copolymer vesicle and at least one
innér block copolymer vesicle, wherein the at least one inner block copolymer
vesicle is encapsulated inside the outer block copolymer vesicle, and wherein

the outer block copolymer vesicle, the at least one inner block copolymer
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[0008]In a further aspect, there is provided a nulticonpartnentalized
vesi cul ar structure obtained according to the present nethod.

[ 0009] I n amotbtemismspect, there is provided a nulti conpacrssndiabewed
vesi cul ar structure conprising an outer bl ock copol yner vesicle and
at | east one_inner block copolynmer vesicle, wherein the at |east one

i nner bl ocesicH N peth inghieat leaskone subsancs ercansyiatrd insidedheer bl ock

copol yner vesicle, and wherein the outer block copol yner vesicle, the
at | east dﬁép@%wewebkktk copol yner vesicle, or both include at |east
one substance encapsul ated inside the respective vesicle. [0010]In a

e STPRSeL 0 R Sl o B oahrenties <l o

structure I on rent substances

wher ei n tl\?ers' ﬁﬁ?%t@k@ﬁ%fq&l O%E:W@En %ﬂu@tﬁn%% éﬂt%h%ta c%é r\:\?f"Ferem

subst ance a copol'yner vesi cl e encapsu Second

substance tAC ?jnnterr]%locrp( C poRJrr%(f‘ e&%l%%r%%éu%%%‘ ac{' &t bR é"l%dthe outer

block copolymer vesicle encapsulates a second substance and the inner block

copolymer vesicle is provided.

[0011] In another further aspect, it is provided a method of releasing or
delivering substances encapsulated in the respective inner block copolymer
vesicle and oufer block copolymer vesicle of the present
multicompartmentalized vesicular structure, wherein the method comprises |
contacting the mulﬁcompartmentalized vesicular structure with a cell so that the

multicomparfmentalized vesicular structure is taken up into the cell.

[0012] In one aspect, a pharmaceutical composition is provided, comprising
the present multicompartmentalized vesicular structure and a pharmaceutically .

acceptable carrier.

[0013] In another apsect, there is provided an in-vitro method of identifying a
compound capable of forming a complex with a membrane receptor protein.

The method comprises:

(a) providing the present multicompartmentalized vesicular structure, wherein

the mémbrane associated protein is the membrane receptor protein;

(b) | contacting the multicompartmentalized vesicular structure with a candidate
compound suspected to be capable of forming a complex with the

membrane receptor protein; and



[0011] I n another further aspect, it is provided a nethod of releasing
or delivering substances encapsul ated in the respective inner bl ock
copol ynmer westlesssnd outer bl ock copol yner vesicl e of pChacprnesentd
mul ti conpartnental i zed vesi cul ar structure, wherein the nethod
conprises contacting the nulticonpartnentalized vesicular structure
with a cel(r) s@etaeding thresaidico BFMAkGt-al i zed vesicul ar structure is
taken up into thecell. [0012]In one aspect, a pharmaceutical

conposi ti ;{ﬁoi&] pflﬁ\sie‘i'gﬁothfép dct)ing rﬁJBﬁd&ﬁ 8A MVitro method of identifying a

mul ti conpartnentali'zed vesi cul ar structure and a pharnaceuti cal Iy
vl tro arsindicapgaleiof e ARRIGNRE KFRTERr shilf Sroafphie=s 2"
COMPl eX_ by BN PO PRI R KPCHEBIO ot ASIER U O0PHE R, 1H6)
wherein t?rﬁstﬂﬁﬁﬁ{)ﬁ@ﬁ%%soc' ated protein is the nmenbrane receptor

protein; the multiconpartnentalized vesicul ar
structure with a candi date conpound suspected to be capabl e of
form ng a (apnmpreviding tttie presenembitisompaeceptalizeg vesieular steunture, wherein

the membrane protein is the ion channel protein;

-(b) contacting the multicompartmentalized vesicular structure with a candidate
compound suspected to modulate the function of the ion channel protein;

and

(c) detecting the passage of ions into or out of the multicompartmentalized

vesicular structure.

Brief Description of the Drawings

[0015] Inthe drawings, like reference characters generally refer to the same
parts throughout the different views. The drawings are not necessarily drawn to
scale, emphasis instead generally being placed upon illustrating the principles
of various embodiments. In the following description, various embodiments of

the invention are described with reference to the following drawings.

. [0016] Fig. 1 shows a scheme of the present method to form the present
multicompartmentalized vesicular structure having vesicles encapsulating

different proteins.

[0017] Fig. 2 shows TEM images of individual and multicompartmentalized

polymersomes: (a) individual ABA polymersomes; (b) individual PS-PIAT



WO 2012/ 018306PCT/ SG2011/ 000274 (c) detecting the said conpl ex
formation. [0014]In yet another aspect, it is provided an in-vitro
nmet hod of wdentkifdgdshg a conpound capabl e of nodul ati ng PCHEGRURER2TBIN
of an ion channel protein, wherein the ion channel protein is capable
of allow ng a known ion to pass. The nethod conprises: (%)@pr ovi.di ng
the presePolymrePmsRE) Mwirognariaenialized nolymersenes enearsyatingi GFPhe
menbrane protein is the ion channel protein; (b) contacting the
mul ti conpandryft-lgG. Jdues pepualicns vegiclagreantie dlearicagrn:dM®e conpound
suspected to nodul ate the function of the ion channel protein; and
(c) det ectpopglatihes phindiviguabABAJHN aow) and R{-PHAT pelgmersomes (thick
mul ticonpartnentalized vesicular structure.

arrow), and a population of multicompartmentalized polymersomes (inset).

[0018] Fig. 3 shows DLS data showing size distribution of (a) individual ABA
polymersomes (average 100 nm); (b) individual PS-PIAT polymersomes
(average. 145 nm); (c) multicompartmentalized polymersomes (average 160

nm).

[0019] Fig. 4 shows scanning electron microscopy (SEM) and fluorescence
images of vesieles: (a) SEM image of ABA vesicles; (b) fluorescence image of
ABA vesicles with GFP (excitation wavelength: 470 nm); (c) SEM image of PS-
PIAT vesicles; (d) ﬂuorescence image of PS-PIAT vesicles with Cy5-IgG

(excitation wavelength: 640 nm).

[0020] Fig. 5 shows (a) SEM and (b) fluorescence image of the present
multicompartmentalized vesicles (ABA containing calcein and PS-PIAT
containing Cy5-labeled IgG). Green spots correspond to GFP encapsulated in
individual ABA polymersomes while red spots correspond to Cy5-1gG
encapsulated in individual PS-PIAT polymersomes. Spots with colocalized
green and red emission show up in yellow and correspond to

-~ multicompartmentalized polymersomes.

[0021] Fig. 6 shows scanning confocal fluorescence image of
multicompartmentalized polymersomes. Green spots correspond to non-

encapsulated calcein, while red spots correspond to Cy5-1gG encapsulated in



Brief Description of the Drawings [0015]1n the draw ngs, |ike

ref erence characters generally refer to the sane parts throughout the
di fferent woews/1sBbe drawi ngs are not necessarily dr awpcrscsaabh@?74
enphasi s i nstead generally being placed upon illustrating the
principles of various enbodi ments. In the follow ng descriptiop,

Vari ous emSoRIARReNMErSames. [SPRLs Wt ROJpeElied BreaRea fediPTHIEREN SHRW ¢ o
the follow ng drawi ngs. [0016] Fig. 1 shows a schene of the present
met hod t o updn iyeliew apd eegaspaend toirod partmenlalizediPYMRIREPMAS- st ruct ur e
havi ng vesi cl es encapsul ating different proteins. [0017]Fig. 2 shows

i vi duat?Sa pa o L Rowe Ao B A BAG TB BeBPRT Pool yrer somes:
(o) o SRR E AR TR B Rl
popul 1o Rlor B ac Bl e 7 e R laphonaes
pol yrrer sor&%’ég&sgeatt?ng was applied (region R1) to exclude larger particles and noise.

(b) Dot plbt of FL1 (530 £ 30 nm for calcein detection) against FL4 (650 nm for

Cy5-lgG detection) after the gating. (c) Dot plot of multicompartmentalized

| polymersorﬁes encapsulating calcein (ABA compartment) and Cy5-1gG

(PS-PIAT compartment) where gate R1 was applied to the FSC/SSC dot plot.

Calcein was used instead of GFP as it gives a larger signal. (d) Dot plot of

FL1/FL4 after gating, clearly showing in the upper right quadrant the presence

of polymersomes encapsulating both calcein and Cy5-1gG.

Description

[0023] The following detailed description refers to the accompanying
drawings that show, by way of illustration, specific details and embodiments in
which the invention may be practised. These embodiments are described in
sufficient detail to enable those skilled in the art to practise the invention. Other
embodiments may be utilized and structural, logical, and electrical changes may
be made without departing from the scope of the invention. The various
embodiments are not necessarily mutually exclusive, as some embodiments
can be combined with one or more other embodiments to form new

embodiments.



[0018] Fig. 3 shows DLS data showi ng size distribution of (a)

I ndi vi dual ABA pol ynersones (average 100 nn); (b) individual PS-PIAT
pol ymer songe 2(@anessage 145 nm); (c) mul ti conpart nment al i 2ead/sG2011/000274
pol ynmer sones (average 160 nn). [0019] Fig. 4 shows scanning el ectron
m croscopy (SEM and fluorescence images of vesicles; (a) SEMinage
of ABA ved0@24s; lnwneraspect dwsaiepiorided someiied foeformingsa wi t h GFP
(excitation wavel ength: 470 nm; (c) SEM i mage of PSPI AT vesi cl es;
(d) fl uor esdticarapanimgrtatifed@gRtular siriciure cBhevmulicoyrpartgentadized t at i on
wavel ength: 640 nnm). [0020] Fig. 5 shows (a) SEM and (b) fluorescence
i mage of tvesicplaeskuttunaibemprisgsaart owtet block edpalymiec vesiclé ABd at teashone ng
cal cein and PS-PI AT containing Cy5-1labeled 1gG. Geen spots :

cor r espondnrigr HFdR epohpsarvasietk. Mheiattkast dnainnéBAlgekicppelymenwesivieiis
red spots correspond to Cy5-19gG encapsul ated in individual PS-PIAT

pol yner sopgapSnatied indidd treodieabloziedopyiprer waricleed em ssion show up
in yell ow and correspond to nulticonpartnentalized pol ynersones.

0021] Fi g. 6. sh i focal fl | f .
il 1 CompAPSZEn NS ARSIy FEEHBaYmer B o E oy BEp g

non- encapsul ated calcein, while red ots carr -
encapsul gtr@@npr,gne, whic% are typically, but no? ecessan[ ,?osrﬁ\%gqrotn? th%ISSeI#-gG

assembly of dilute solutions of amphiphilic block copolymers, which can be of |
different ty;aes such as diblock and triblock. Polymersomes may also be formed
of tetrablock or pentablock copolymers. For triblock copolymers, the central
block is often shielded from the environment by its flanking blocks, while diblock
copolymers self-assemble into bilayers, placing two hydrophobic blocks tail-to-
tail, much to the same effect. In most cases, the vesicular membrane has an
insoluble middle layer and soluble outer layers. The driving force for
polymersome formation by self-assembly is considered to be the microphase
separation of the insoluble blocks, which tend to associate in order to shield
themselves from contact with water. Polymersomes possess remarkable
properties due to the large molecular weight of the constitutent copolymers.
Vesicle formation is favored upon an increase in total molecular weight of the
block copolymers. As a consequence, diffusion of the (polymeric) amphiphiles
in these vesicles is very low compared to vesicles formed by lipids and
surfactants.. Owing to this less mobility of polymer chains aggregated in vesicle
structure, it is possible to obtain stable polymersome morphologies. In the
context of the present invention, a vesicle does not refer to a structure

comprising fats, oils, waxes, cholesterol, sterols, fat-soluble vitamins (such as
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PS- PI AT pol ynersonmes. Spots with co-localized green and red em ssion
show up in yell ow and correspond to nulticonpartnentalized

pol ymer songe 20020028] Fig. 7 shows flow cytonetry data etrisheopoesent
mul ti conpartnentalized pol ynmersones: (a) Dot plot from di spersions of
mul ticonpartnental i zed pol ynersones w t hout any encapsul at ed

f I uor ophor\éteminsséy BSE apdtKngonaslyapridess digycegren ard)phasrbelipidre

| arger particles and noise. (b) Dot plot of FL1 (530 30 nm for

cal cei n ddinjess expresgnistated elherwissahatempipolyaensgmBedand cvasiig’, ast er
the gating. (c) Dot plot of nulticonpartnentalized pol ynersones
encapsul atlsed hestioefter, GrBaken kpbe anelogdusnand Ey-hagGgdHstarcimgably.
conpartnent) where gate RL was applied to the FSC/ SSC dot plot.

ot of FLpERly o Bgs efosSirieds b ek RaBui il {outol ook
&5 106G SSBeP BRTOERIoToTY aLede Raeated st e HERE! s
et 2 SORRE T I0s ke o el Yok Bl b R it
Enabl ¢ hJuey BRARAPISORRIoTRES phan AmER RO RoFh EHERb e e o
hanges. mRFTAb RGBT G eTRGATSE.the Sy ploropaimer | °°
I nvention. The various enbodi nents _are not necessarily rru:bﬁjal I

ne \ . y
excl usi ve,vesislaisierymesomaiosmed of B&likigpiheeralyigt AheHnesbioflr & ot her

enbodi nents to form new enbodi ments. WO 2012/ 018306PCT/ SG2011/ 000274
copolymer vesicle may be a polymersome formed of an amphiphilic diblock,

triblock, tetrablock or pentablock copolymer. In certain embodiments, the inner
block copolymer vésicle is a polymersome formed of a triblock copolymer. In
various embodiments, the at least one inner block copolymer vesicle includes at

least two block copolymer vesicles that are the same or different.

[0027] In some embodiments, each of the block copolymer of the outer
vesicle and thé inner vesicle includes a polyether block such as a
poly(oxyethylene) block, a poly(oxypropylene) block, and a poly(oxybutylene)
block. Further examples of blocks that may be included in the copolymer
include, but are not limited to, poly(acrylic acid), poly(methyl acrylate),
 polystyrene, poiy(butadiene), poly(2-methyloxazoline), poly(dimethyl siloxane},
poIy(L-isocyanoalanine(é—thiophen-3-y|-ethyl)amide), poly(e-caprolactone),
poly{propylene sulphide), poly(N-isopropylacrylamide), poly(2-vinylpyridine}),
poly(2-(diethylamino)ethyl methacrylate), poly(2-
(diisopropylamino)ethylmethacrylate), poly(2-
(methacryloyloxy)ethylphosphoryicholine) and poly(lactic acid). Examples of
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[0024] I n one aspect, there is provided a method for form ng a

mul ti conpartnentalized vesicular structure. The

mul ti conpavo nenbadsdtzed vesi cul ar structure conprises arCoSGeri/ioenrk
copol ymer vesicle and at | east one inner block copolynmer vesicle. The
at |east one inner block copolynmer vesicle is encapsul ated inside the
out er bl oskitalde outervesiglesianddnneroasslesinciude phu ssa notlimiteddo,

pol ynersones are vesicles with a polyneric nenbrane, which are

typi cal | y polwiethylosthyleoests-aolylsthylene osidej (REE-DHREG) poly{butedione)-bf

di lute solutions of anphiphilic block copolyners, which can be of

di f f er ent poiyethylene oxie) (PRD-d:REMN) dpdly(styrend)-b-paliacedis @il (R8ib-al so

be formed of tetrabl ock or pentabl ock copolynmers. For tribl ock

copol yner QM)hﬁolgfyﬂﬁyﬂ@he bXide kpalg( capiotactee )¢ PESELACLY pdiy ethieneonnent
by its flanking ocks, while diblock copolyners self-assenble into

bi | ayers, oRidetoR/(lb¥ss fuidy GEbBLRLAY, pelyisdprene ksdliethylanecdxide) (Phb-

sane effect. n nost cases, the vesicul ar nenbrane has an i nsol ubl e

mddl e | aFEro)«’,:1aely?@biﬁpﬂggrignga?ﬁowwge dhige P2viPag- FED); polly@thylene

pol ynmer sone formation -assenbly is considered to be the

m cr ophas gyRiRabR N KbRdpyIaGylahidd )\ PE®-BIFN Pﬁm)\.ﬂbélg{étﬁﬂ% §l9col)-

associate 1n order to shi‘eld thensel ves from conta with water.

Pol yrrer SOWBR(ABpIRAG SLfHE] m-%-PPQE%W'\@?tﬁ*IEhé@Iéii&ﬂei-ﬁél?&tlﬁ@ér@éU' ar

wei ght of 't stitutent copol yners. cle formation is favored
A a cons S D S DB s B B e
s 1 act anPRV B G ARRRE PR mERR eI Y PR P BMED B egat e
mor phol oo MK A2 el R Rl oo R Y R PO IR T e
rerors, Pl dPMTEAST EoRRTB e RolitonB L So T ERarfaRRRRIE! o'
ctatod of PiPasS PR RO GO HATREeR @YD e Reody Bl Faene
't or chan gaRGTRsDAEYsRs AR B T ERRRRPRERAER 18 4 PEbetimns griger
For mi ng t REMPTRIRE A PRRERPEDL MBSk Sl REr A oRk PESo B b ER e
For med of TatReKSRRPRAY BY (et a0k RPEE Phte esraaBPletes IR ook
copol ymer 'colnglyﬁ‘l%?.t iuns Igg;?-%%ﬁ%tdlsdatésht%eopl#és?erncglo?%Iélygg}?grké/ t%{:ks (PS)

with M repeating units and poly(L-isocyanoalanine(2-thiophen-3-yl-ethyl}amide)

(PIAT) blocks with N repeating units. M ana N are independently selected

integers, which may for example be selected in the range from about 5 to about

| 95. Thus PS4-PIATsg indicates the presence of PS blocks with an average of

40 repeating units and of PIAT blocks with an average of 50 repeating units.

[0028] By "encapsulated” it is meant that, as illustrated in Fig. 1f, the inner
vesicle (e.g., ABA) is completely contained inside the outer vesicle (e.g., PS-

PIAT) and is surrounded by the vesicular membrane of the outer vesicle. The
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vesicle is a polynersone fornmed of a di bl ock copolymer. The inner

bl ock copol yner vesicle may be a pol ynersone formed of an anphiphilic
di bl ock, twobdiemigsod et rabl ock or pentabl ock copol yner. pCwsGan/aenon74
enbodi ments, the inner block copolynmer vesicle is a pol ynersone
formed of a triblock copolyner. In various enbodi ments, the at |east
one i nner confined spans sumpunded by the vericulaanembranaefithe putes vesicle

copol yner vesicles that are the sane or different. [0027] "I n sone
enbodi mentfermsend cohpatiment. drthedbysitajinnr thefouterevesigieencapsuletes @yt t he
i nner vesicle includes a pol yether block such as a pol y(oxyet hyl ene)
bl ock, a poGandxeheiremyvesiele, inl taokencapdukatesoB i PoXhie coyfinedegpastock.
Furt her exanpl es of bl ocks that may be included in the copol yner

i ncl ude, Butroandedby tHe vadiedartmembpring(afthey Inner aeside, forpud grtateehy |
acryl ate), polystyrene, poly(butadiene), poly(2-nethyl oxazoline),

pol y( di metchyipasimentan@lce, the multicompartmentalized vesicular structure defined by
pol y(L-i socyanoal ani ne(2-t hi ophen- 3-yl -et hyl)am de),

pol y( e- capr@last@aemendphnd of B udteresi¢lPihistfted in Fig. 1f contains two

pol y(N-i sopropyl acryl am de), poly(2-vinylpyridine), ,
pol y(2-( d's%Pdet@Bbﬁ‘l AtinBits. SBER aGaVécHhPArtmeS siiudture may also be referred
(di i sopropyl am no) et hyl net hacryl ate), pol y(2-

(et hacrylt(?gg%%fgtg}%laggv@gfmmyl choline) and poly(lactic acid).
Exanpl es of suitable outer vesicles and inner vesicles include, but
are not limted to, poly(ethyl ethylene)-b-poly(ethylene oxi deg

( PEE- b- PEE§0290| yipiyafiaes embpdingssits; tae metekinslddgs forminpthe: aidegst one
pol y(styrene)-b-poly(acrylic acid PS- bPAA), pol y(ethyl ene

oxi de) - poligner Hinck copobyimer vesiel andaanding pleick cepplymefedissolved in a

oxi de) -poly(lactic acid) (PEOG b-PLA), poly(isopreneypoly(ethylene
oxi de) ( Plsuligifte)solvient ip(@dispassiqn efithe ﬁb%agéprﬁ BPRY Plork coRelyapr vesicle
(P2VP- b- PEO), pol y(ethyl ene oxi de)-pol y(N-isopropyl acryl am de

( PEO- b- PNliPamagugols/ befenundse cendiiians) thaballoy ihedygskeenp mers&@%orm '
(PEG b-PPS), poly (nethyl phenylsilane)-poly(ethyl ene oxide)

( PMPS- b- PHE butekbeck-cepaymePvPsiple and encapsulate the at least one inner block
pol y(2- net hyl oxazol i ne) - bpol y(di nmet hyl si | oxane) - b- pol y(2- met hyl oxazol
i ne) (PMOXapblyRaBesiEIsOXA) ,

pol y(2- met hyl oxazol i ne) - b- pol y(di net hyl si | oxane) - b- pol y(et hyl ene

i ophen. S00701c: niC TR fB RS g BB Popct o R URAGRLRIY el =
(PG b prdiay wRISEAEESBE 53io) e b RErbBAAITH 8, fbotorm ctnga.
Speci 11 oo YOTHEUGAPRATRION, ArsRiton 8P (G B0pe A8 eric 1 v

a copolyner. Thus PSm Pl ATN |

bl ocks (Pgat%.{%swpg&qﬁ uﬁﬁn@g{h?a:stoi%&& Rw%yporeegﬁ e IPcIui&).ch%%dfése&e
ly(L-i | ani 2- t hi ophen; 3-yl - et hyl 1 d PLAT) bl ock

N DN r on B ey BYCARTR: It B e e st Bt eger .
which may for_e le be selected in the ra from ab 5 to about
95, “Thus. BRI SheBate, Rep sk EEtp Fidim o p e A i th an
oD e RIS by bR P ut A Ao
illustrated in Fig. If, the i i cl .g., .ABA) | | et el
cont ai ned athgBetiymaZE s BT BGE Y DERSRaiR-PIYE ST e
by the vesicular nenbrane of the outer vesicle. The confined space
sur r oundedmisiazp liem\eisakis(B Hr-bigdnfarpraetiyipheayidearate. ek puty-arsrmepiush e
conpartment. In the illustration, the outer vesicle encapsul ates Cy5-

| gG and t tods(trifluerometbyljmide,i ethybd-mathidispdazaditastriteeromethanssuifomale,
space surrounded by the vesicul ar nenbrane of the inner vesicle forns
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[0029] I n various enbodi nents, the nethod includes form ng the at

| east one inner bl ock copolymer vesicle and addi ng bl ock copol yners
di ssol ved wo 2a1281830@bl e sol vent to a dispersion of theepat/sGeasvonne
i nner bl ock copol yner vesicle in an aqueous buffer under conditions
that allow the block copolyners to formthe outer block copol ynmer
vesi cl e arebutyle3rprathyimidazedius methwisuliates 1imbilyl-BimsiRylpadazc)iver
vesi cl e. [0030] The sol vent for dissolving the bl ock copol yner of the
out er vesi{fbmimieyctyisulfate,| andie]-nkutyliBmetitylimidazobomttetraftusreboratér: of ur an
(THF), chloroform ethanol, dinethylsulfoxide (DVSO),

di met hyl f 1 d I i 0 I r me

enbodi men3@mhee@ﬁﬂ%@ﬁ°“§§\}“§£ﬁ‘§¥qﬁeﬁﬁﬁﬁ?ﬁSPWBE'Q%@BEQM the
ionic liquid include ut., ar of limt t . .

et byl - 3 S renteaeditefr wliftan (56t bifrad saine solution such as

Sli_ grwl l;ﬁg%&ﬁtg%h&%}%ﬁ%%ﬁ%@g;;#gb%?f%{'é%t seélin:é’("?'BS). Hank's balanced

1, 3-di al kyl j m dazol j um hexaf | uor obor at - et -3-net hyl { m dazol i um
b1 o( pent aPPUGPULPRYHBROCAIS R baanaed sl sotaticdb S, Plansbrd S
tetrakis(3,5-bis(trifluoronethylphenyl rate, tetrabutyl - nji um
bis(trifl %f%ﬁé‘%ﬁ%?).)ﬂﬁﬁ%%:b@’?fﬁﬂ salingEHRy) ﬁﬁ%@&%ﬂ?ﬁ Qﬁ?ﬁince% salt sofution
trifluoronethanesul fonate, 1-butyl-3-nethylimdazolium,

met hyl sul (@BS§S)1Alerpativaly. Dr addilionaliy, &he buffermay baPrifsrsyithdalaioeaiss
and 1-n-butyl-3-nethylimdazoljiumtetrafluoroborate. [0031] The
aqueous b$tEkes by neldimitas ips brifers omad ¢frsodjum garbopate. 8higodi nent s,
the buffered solution is a buffered saline solution such as phosphate
buf f ered $yidrowyelmB)iperazine-Nwgthanesulfeniciasid (HEZS), RdhkMernhwlinated
salt solution (HBSS), Earle's balanced salt sol ution (EBSS), Standard
sal i ne ci tprepanesafid)ic abidPRds buidreweetky)-amingreatsane GHis) endy ' s

bal anced salt solution (GBSS). Alternatively, or additionally, the

buf f er mayhbeplié$.ers with detergents, such as but not limited to,
buffers forned of sodium carbonate, N-(2-

e e g RN o
(hydroxymet B¥h hie? VoS 2TH 1ABG 4tihG'tié rétioR NIRRT St least 10 min, such as

about 1 hour, about 6 hours, about 12 hours, about 24 hours, or more than 30

hours.

[0033] Theat Iearst one inner block copolymer vesicle may be formed by any
method. In certain embodiments, the at least one inner block copolymer vesicle
is formed by dissolvingAb[ock copolymers in a suitable solvent, drying the
solution to obtain a polymer film, and rehydrating the polymer film of in an

aqueous buffer.

[0034] In various embodiments, the outer block copolymer vesicle, the at
least one inner block copolymer vesicle, or both include at least one substance

encapsulated inside the respective vesicle. A multicompartmentalized vesicular
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[ 0032] The bl ock copolyners may be allowed to formthe outer block
copol ymer vesicle by incubating the reaction m xture for at |east 10
m n, such we eheuwsed hour, about 6 hours, about 12 houmpgr/sabsioo2y
hours, or nore than 30 hours. [0033] The at |east one inner block
copol ymer vesicle be formed by any nmethod. In certain

enbodi mentafructure lrm!u irgagm ouies blacksopplyotek vesiplsl andeat lgastioppdniey Hlesikred
by di ssol ving bl ock copolymers in a suitable solvent, drying the

sol ution teppolymer vesicieo Wisesbyf the @t lesastiomesimpeir hbchgopfbin‘mpbvm.e i$ilm
of in an aqueous buffer. [0034]1n various enbodi nents, the outer

bl ock copa@ngapsulxtediindide thehautat bibelasopalyraer vesicle behmbxhhenepy thyeneuter
vesicle, or both include at | east one substance encapsul ated i nside

t he respedfidokecopebintdreesisianthéd atleastayrienmnérablocecopobgmennesicle,striwth ur e
i ncludi ng an outer block copol yner vesicle and at | east one inner

bl ock copohola@s aveastcdrs sudsedreR\erichpsibtel dnside thierespactiveblesicle is
copol ymer vesicle is encapsul ated inside the outer block copolymer

vesicle, %qtémggay t he outer block copolyner vesicle, the at |east

one inner block copolynmer vesicle, or both include at |east one

subst ance encapsul at ed |n5|de t he ective vesicle is, cont t ed.
P of tF:, érs) leds; abf ¥ %Tg)mo

[ 0035] The [80%R)k cHPIPRE FORAYIRE nej ¢gpic elpi setfgpsem
sel f-assenble into a vesicular structure with a bila shel | en
added Lo @ YRHAUET Skuctirs b plaveb Roel et REed i DRI S BB Frer
shoul d not interact with the encapsul ated substance in an way  t hat
wi |l preverncetrationml he blackgonolyeer shpeld net interagh with ﬂ’weeﬂﬁapay'éFedof
the vesicular structure formed by the inner block copolyner is able
to preventsubbignoe incamy way thaisyib preyenth ramsfarmeing e gﬂ%ﬂ%rrﬁi'ém&&eow t he
vesi cul ar nmenbrane. The size of the inner vesicle is smaller than the
si ze of t hiapenafthevesiotler strdrtuigforeed by the ipperiipek sprmymenis ablatep| e.
prevent significant diffusion of encapsulated substance across the vesicular
membrane. The size of the inner vesicle is smaller than the size of the outer

vesicle and may be tuned by extrusion, for example.

[0036] The block copolymer of the outer vesicle is able to self-assemble into
a vesicular str.ucture with a bilayer shell when added to a buffer at a suitable
concentration. The block copolymer should not interact with the encapsulated
substance and the inner block copolymer vesicle including its encapsulated
substance in any way that will prevent the block copolymer of the outer vesicle
from forming a vesicular structure. The bilayer of the vesicular structure formed
by the outer block copolymer is able to prevent significant leakage of
encapsulated substance across the vesicular membrane. Further, the solvent in
whiéh the block copolymers of the outer vesicle is dissolved should not interact
with inner vesicle in such a way that will cause the outer vesicle to lose its
vesicular structure or lead to the release of the encapsulated substance in the
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[ 0036] The bl ock copol yner of the outer vesicle is able to
self-assenble into a vesicular structure with a bilayer shell when
added to aybubibeissed a suitable concentration. The bl oekTsapahvemers
shoul d not interact with the encapsul at ed substance and the inner

bl ock copol yner vesicle including its encapsul ated substance in any
way that \inmér vesislee Thetauterblesicle shipidd besufisientlydargete encapsulate the om
formng a vesicular structure. The bilayer of the vesicular structure
formed by exradedirever besicle. copol yner is able to prevent significant

| eakage of encapsul ated substance across the vesicul ar nenbrane.

her, | ' ' ,
B 0 Uit L L
that wi t i cl | i i lLar.
o elaﬁ tiiw@%%éﬁﬁateag%%‘%vﬁ%e Sfaingo fisfseNae bloki cBHRMefLind fner
[ T j ¢l hoyl d b ffici | Vel .
encapsul atUiEE BenhAaing Heesolyian & Btein RS TRLILE ad SefVeatng theer
bl ock copol )(mer vesicle encaggu at i ncFJ,t,he at !east one s%lbstance may
be obt ai nd¥¥igerdiadBPRianyesysERTRIGORIgNERING At lgash areyibstarisey ent |
drying the solution to obtain a polynmer film and rehydrating the

pol yner f i[bos{gn aTheQUePBIBcR BbpEymepvésitiBichgapdifatig the 28 leagnene
substance. [0038] The outer bl ock copol yner vesicle encapsulating the

at | east QRBsHHBE YA BMINRE RIRiMEBoBY caslslyMersddissdivePiRe] sikible

di ssolved in a suitable solvent to a dispersion of the at |east one

i nner bl ocl/eAPR] ¥ BRpekst &1 the labicaRt G518 RAYE blddk fc@bol?‘ﬁ‘u@?ﬁeéi@@%ﬁ hhons
that allow the bl ock copolynmers to formthe outer block copol yner

vesicle a%]%ueaﬁépm,a}rﬁetr E@n@ﬁoﬂsemf ARSI VISEK B RMmERRS oriRthe

vesi cl e. e at l[east one substance Is added (1) to the solution of

t he bl ock &£egql foki i i l; t i nner
bl ock copol yrrerla%éq%gﬁyem‘{)ﬂe\ﬁ‘%lrde&gﬁﬂ?ﬁﬁ%‘eﬂggﬁﬁlgﬁstg‘netlﬁzérbql%

copol yner %obBlyﬁ%?@B&Hlle?ﬁ'ﬁe LPRaSHOTE 8Rance is added (i) to the solution of the

black bopolyfners or (ii) the dispersion of the at least one inner block copolymer

vesicle before adding the solution of the block copolymers to encapsulate the

substance.

[0039] In various embodiments, the at least one substance is selected from
the group consistiné of organic molecules, biomolecules and ions. In certain
embodiments, the biomolecules include proteins, lipids, carbohydrates, and
nucleic acids. In alternative embodiments, the at least one substance isa

- marker substance selected from the group consisting of fluorophores,
chromophores, radiomarkers, fluorescent proteins, enzymes, and fluorophore-,

chromophore- or radio-labelled proteins.

[0040] In various embodiments, the outer block copolymer vesicle, the at

least one inner block copolymer vesicle, or both include at least one molecule
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[0039] I n various enbodi nents, the at | east one substance is sel ected
fromthe group consisting of organic nol ecul es, bionol ecul es and
ions. | n ogotaizmissmbodi nents, the bionol ecul es i ncl ude POTSG2I1NSHY0274
| i pids, carbohydrates, and nucleic acids. In alternative enbodi nents,
the at | east one substance is a marker substance selected fromthe
group condhattmedulatesiviegisulag venelyrane peoneabilityethe methayitmRY be present
fluorescent proteins, enzynes, and fluorophore-, chronophore- or
r adi o- | abét texdvesiadai membfay®4 0] certainenmbodinenisdhawmlssule eselatted
bl ock copol yner vesicle, the at |east one inner block copolyner
vesi cl e, dronbtitegronp lofittansmeinbearte proteing Ineerabmnetdsaociatdiratedss, and
vesi cul ar nmenbrane perneability. The nol ecule may be present in the
vesi cul ar ligkisb iregteme emboemenits, theimslecmtaisa trahgporter amiéeulé srivel ect ed
fromthe group of transmenbrane proteins, nmenbrane associ ated
protei ns, chgdnéll pi ds. I n sone enbodi nents, the nolecule is a
transporter nolecule or ion channel. [0041] The present
mul ti conpar ntalized vesicul ar structure,may he ysed for selective
encapseul adPdTlor e presertmalisanarcuetialzen Sssed LR e ey e BStd e
bl ock copaql yner formng the outer bl ock copol yner vesicle and t
bl ook congpyFRFCING eRGsuiAiorLe! ditRien ShRs GRS BleIeRPEENpaGte. The
vesicle are chosen to be of different conposition to fogm}hﬁ
vesi cul ar iRAksopelynariormng theeuter Riock carolymer ¥erigleiand theBlogKs f er ent
conposi tion, one can control the location and action of the
encapsul atcegokmes feteg theatlaast pnetinrerkiesk ¢apelamervegicls argghesen 19 or
exanpl e, control over the transport of the encapsul ated substances
bet ween t e ofdiffereateampasiticay torfems theyesiculan mdtisempatoapigransdent al i zed
structure. The inner block copol yner vesicle encapsulates a first
subst ance regribranes oy ehogsirg thecd heempesilion, @nerfeaponirak i8s lecatienond
substance and the inner block copol yner vesicle. The present
mul t i conpandrastioalof thedencapsglatest substansea irtheapultiporspagmeaniatizedr
controlled release or delivery of the different substances
encapsul atstudctune.tfheexarspleccontes! puerthe tiapskort opthieyansapswsied e and
outer bl ock copol yner vesicle. The multiconpartnentalized vesicul ar
st r uct ur e swhytanees betwsendie ndivideal celripastionantawitbindhe
mul ticonpartnentalized vesicular structure is taken up into the cell.
The cel | mmyltitempartmentabzediétrieturat The inner bleek cepblymer vasigievo and t he
mul ti conpartnentalized vesicular structure is adnministered to a
subj ect, femcapxiatesa fastheuistancérandaba outdribbetkranpelyseroesidie | very may
be triggered by a

encapsulates a second substance and the inner block copolymer vesicle. The

present multicompartmentalized vesicular structure may thus be used for
controlled release or delivery of the different substances encapsulated in the
respective inner block copolymer vesicle and outer block copolymer vesicle.
The muiticompartmentalized vesicular structure may be contacted with a cell so
that the muiticompartmentalized vesicular structure is taken up into the cell. The
cell may be in vitro. Alternatively, the cell is in vivo and the .
multicompartmentalized vesicular structure is administered to a subject, for

example a human. The controlled release or delivery may be triggered by a
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stimulant such as light, tenperature, pH, electric field, nagnetic
field, bacteria, viruses, pathogens, or chem cal conmpounds. [0042]A
phar maceutwoadizomsosi t i on i ncl udi ng the present PCT/SG2011/000274
mul ti conpartnental i zed vesicul ar structure and a pharnaceutically
acceptable carrier is also contenplated. In sonme enbodi nents, the
encapsul atstithuaristuahae lightc teraeeraturerehl reledtie fieldl megnetiehelddracigisound
such as, but are not limted to, '

(85, 10S) - Mruéds, gathogehs hgrdehenyicd -coptpophds.et r ahydr o- 2H- pyr an- 2-

yl oxy) - 6, 8, 11-tri hydr oxy- 8- ( 2- hydr oxyacetyl) - 1- net hoxy-7, 8, 9, 10-

hvd ) d AR A ; q 1
(129 Lt ﬁh@#%;%?F@ﬁg?sﬁ%ﬁ’e&'?ﬁéﬁﬁ%@wﬁh@bﬂﬁﬁﬁ#*&éﬁﬁ O nakhe- 3y
paset 's,); - ‘3.%'@@?%ﬁ%‘m%ﬁy%ﬁ%h%%v%%@%rﬁtsumﬁgﬂsiacpfaaawa%wacal%y%gﬁ?vtﬁ%ﬁl D,
2-(3- h I i Qnj id (k fen;,, NSAI D

4- f:hl or g?zlq-c‘g‘%"??ﬂgg ngﬁ‘%éigtlf% @lcﬁlqﬁé‘rﬁ& gﬁﬁﬁiﬁitp?gnﬁﬁé%ﬂﬂt?ﬂr oseni de;
used for_the treathn of congestjve he rt,fﬂilurelgaﬁd %denBB‘ and
N- (2, 3- di UDRPNGREIRIIesR RRATTACREtCAl ok chrpical SO Shchi@sAPHg are

e ebt ko B 05 oS AR A bR £
adm ni stered to a hunan or ani nal The vesicle, as well as

body.
subst anceé/@w&"ﬁpﬁsm'HiryéfQWeﬁ'Q'HYdr@égﬁ@|h&'ﬁﬂh%’fye?-@ﬁ?-ﬂ%‘ a cell, an

animal or a human patient per se, or in a pharmaceutical conposition.
Exenpl ary tet@am@sotaﬁwmﬁﬁnﬁm%ﬁ Daxerubiginex aicancerairyg), {{ Cidstweroral |
and parenteral delivery. The pharmaceutical conposition of the
present i reathybi-f{oethyiswfinhbenzilideaeliindenstHyiiaqetic aeisl (sulindac);
of fers great advantages for the adm nistrati on of pharnmaceuti cal
conpounds .of The(Sys(Eemethoxpmanhtaalen'Zay Jtsepangieacid dnarropsn; NPAID)| 2-63-and
t he encapsul ated drug will not be rel eased, for exanple, by the
gastric adiesz¢yphéml propidnicace) ketoprdfen;iSAEYh4-chiphe-Nit2fyrylmethyl)-5-
protected so that no degradation or nodification of the active
conpound \sulfampyglesthphrite aciditusosemiddr uspddas thedraatmeheof songestivee, t he
pl-1 val ue of the environnent raises to above about 5 and the drug
can be r elheastddilurg Ghd4ddemagnandc N2 diewthylpmenyhaninranilicetithod of
identifying a conpound

(mefenamic acid; NSAID).

[0043] Multicompartmentalized vesicles according to the invention can be
used as a carrier for a drug, a marker or other matter to be administered to a
human or animal body. The vesicle, as well as substances encapsulated
therein, can be administered to a cell, an animal or a human patient per se; orin
_ a pharmaceutical comﬁosition. Exemplary routes include, but are not limited to,
oral, transdermal, and parenteral delivery. The pharmaceutical composition of
the present invention including the multicompartmentalized vesicles offers great
ad\fantages for the administration of pharmaceutical compounds. The vesicular
membrane may be tuned to be pH sensitive and the encapsulated drug will not

be released, for example, by the gastric acid (pH below about 5) in the stomach.
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capable of formng a conplex with a nenbrane receptor protein is
provi ded. The net hod includes providing the present

mul t i conpavbpenbadsized vesi cul ar structure whereby thepoeskrENG00274
associated protein is the nmenbrane receptor protein, contacting the
mul ti conpartnentalized vesicular structure with a candi date conpound
suspect ed The drug isaprateated o that nbsiggradatioplos snagification ef therastivge
receptor protein, and detecting the said conplex formation. The

mul t i conpaptmpeohad il take\ptexiec Mnae tlse doug passesty thedniestinbithe phdvalue a
surface. [0045] In sone enbodi nents a nenbrane protein is associated
wi th/ i nt eftht @tvironimznt heisesetsi abolvaaboahd aad ¢he drig dan beetaaded. t o be
subject to an assay or a screening nethod. As an exanple, it nmay be

desired tq. identify a compound that. is bl & of. nodu i such as
ot mutat i TOOBH" hpPirengeesdtcar i e BrafRT it SedindRit Ctta iy, o1
The respectiv rane protein,. which may be a mepbr ane _protein,
may be gx;??@@ Eg’? %@'%@%@Fﬁ%’k’w ?ﬁ??rﬂ?@éPz{?‘é%Dq%/rn‘fr(?pe('b%@ ‘?Fg%géhe of
the present vesicular structure. \Were asurabl e effect of the
menbr ane. ANGTBRHOd dGdes RIEHHINGPe PESsoh BRI KPE ARG e VegsHA
conponents to achi eve such a response nay be int? rated into thg)

vesi cl e. SHUelyrwhatahydhemanebrane agaedinted refett Iithe Memsane, [RaepoT: o
external nolecules, it may be termed a receptor protein. A respective
mol ecul e Prejgin: Bentantidineanwiigomparnnanializesl ¥ssiHlSTUGETE MEA or
protein. Thereby the receptor protein may undergo a change, such as a
conf or mat icandidaémg@;undwaﬁtedé@ W&aﬁﬁéﬁé’ft@'”&'ﬂg AraRtRxewidh e and
vice versa. As a first step it may be desired to identify a conpound
that is ablembranedeceptocpnigiaang deteginathe sgiscegmpiex faroetion. Thghce
such a conplex is identified a cellular effect may be anal ysed, for
exanpl e bynutiqureparimentalizask vasiautar siiustuee mayriee inineljlizad eryasHEasane
into the vesicle. A stimulation or inhibition of the effector protein
may t hen term . i 1 &b zed
vesicl e w&@#‘i’gn A?gg@i‘i"a‘fr{‘eg&ﬁ&bpﬁ%%ﬁgﬂﬁﬁéﬁﬁgggﬁé&?ﬁ%ntgt, in sone
enbodi nment r | I i At
corrpoundsH@ﬁﬁ%ﬁ@%é@fﬁ%@gg%ﬁ%ﬂaﬁﬁﬁ ﬁﬁégﬁs ﬂﬁé{@ﬁ%@h %gggﬁ.g%tﬁ%apmnbrane
rotein, includi . S n I ; j ries
gn mul ti plagg@ggﬁl Q%C'f:e:‘l'ﬁﬁ‘l arﬂ%ngg‘siﬁgéﬁﬁ?@ﬁg]ggﬂe\gﬁﬁﬁgﬁ Ia%l oﬂg%hlﬁsgﬂ] In
sone enbodipents it _.i } t ] i wa_conpl ex
bet ween acgm&yﬁgttiigté% éb%g}ﬁ]lgglél\gﬂ él,brkqfch J&estlfrrﬂﬂ%fg{g'dgqnmfmﬁg,

ound "an MeNDrane recep rot el n“occurs.

AR PR TRl BN A
COMPOUNS | T A Al ol B HEU sl BT ",

| .yt t ich th di dat d | dded.
e conpt vivipfse e b e teBatrane of feuRel aiaminl sPacfils, WKrhAEn: o
conpound has a | abel., s %h as n%wraadi oqzic.tive | abel, or a 8hotogc&ive,
e.g. a | ufsaRsY ??ﬁ?ﬁtbqul he H1eMRIAREG PIHIEINEGe B14COWABFESRORGNIT KAOWT ¢ or

for exanple a washing step, which is a standard procedyre in the art.
Further exBfRQir eefoogaoapﬁisrip r?ﬁﬁtq‘{ﬁ sugh ﬁd???ﬂpsﬁf'%%y g% :‘%ﬁ%’ﬁt%ds'“g% €ned
above, may for instance rely on spectroscopic, ,photochem cal,

phot onet r ivesicle. b emketinments wagrethegnembranaprotain |sresponsive: ogieraal ¢
means. An exanple for a spectroscopic detection nethod is

f 1 uor escemaeleedes dt may be tefmerd A 5eeaNIRr Prataih 4 esResHvednolagla dem ther of

i nst ance
ambience may form a complex with the receptor protein. Thereby the recepior

protein may undergo a change, such as a conformational change, from an
active state to an inactive state and vice versa. As a first step it may be desired
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phot ochem cal cross-linking. The use of photoactive, fluorescent,
radi oactive or enzymatic | abels respectively are exanples for

phot onet r iwo 201ke0e30¢et ri c, radi ol ogical and enzymati ¢ @etrgschii@000274
nmet hods. An exanple for a thernodynam c detection nmethod is
isothermal titration calorinetry. Sone of these methods may include
addi t i onalto sgmdifiaa compoaid tal ireable tie forasa ebmplexayitiosushi sreseptaPLC.
Exanpl es for the use of a | abel conprise a conpound as a probe or an
anti body wirdteira©ratet such edcornpigxis idehtifiademcellutar effechingy b dnalysed clor

| eads to a detectable signal. An exanple of a nmethod using a

r adi oact i \exahmieby erpressing @areficctor phytelr sl intgynatiresthe samedinto the

el ectrophoretic nobility shift assay. [0048] In sone enbodi nents a
respect i veselild) acstiNativh Giinhibitiohtof thaeffduast rbteirimalithen bg a conpound
that is capable of nodulating the function of a (cellular) receptor
protein. Haeerrfg&Ptor protein is capable of inducing a known cell ul ar
response. The nethod includes providing a nulticonpartnentalized
vesi cl e incl udi ngl_a menbrane protein. This menbran rotein. i

associ at ed094pl heThapisseREMBlicomRpLMentalized Nesigle i1 %}B?Sé’icf?t‘?‘iob
cellular receptor protein, which is the cellular receptor protein
that is capgsratedmemiiace ﬁ@otelﬁénﬁmwp%ﬁmpamr&%%h@@g fqrﬁlae fevk8d
i ncludes contacting the vesicle with a candjdate conpound. The

candi dat e SStRepFIET Petesitialrarrapnds thaidare sseful fas mephtatingthe fungtign of
cellular receptor protein. The method al so includes detecting the
known cel Ithe memhrepe peatein; pohgiingthesipelianepys Beraaniigeoinomnauad
integrated into the nenbrane of the nulticonpartnentalized vesicle
may al so Wibratiesiasmuliglenwe! migroplates vsing putomatedbwork statiens: opi ¢
receptor. It may be determ ned whether a candi date conpound is

capabl e offofBfu! ahishind SbOURRHOR sDlctBrini R HBEE e Rimafen of 2

transport otein. I'n such an enbodi nment the vesicle may have in

its inter iﬁ%ﬁéﬁé}ftﬁ&\@@n d %ﬁ?ﬁoﬁ'aﬁ%n& Snd &Héhbidhel Rcbiter Elfogéﬁpce of

the ion, e 1ton cha transporter protein is capa

al | ow ng 1 AHESh sddh SPERLEHRAM: IR MiindbiBeli YBERANAS be BroVidaaRRA ©f

is selective I's1on. e vesic
channel | aRSREELBERLA RlaBB R SPRREA WA R
detect oo, RiPoBRRa AR Mo BB Ry 930 8 e
COMPOUNY e b Bl U SRR e AE BBl 5L RSeputon
CHaTPL e oS TR LB R MR BB cShAIoARs
AATRLCN 5 g RN, M ACEE ST = PO RSCT S S
T L & et S G J2l 5 comay L. 2peblc, ©
detection of a complex after for example a washing step, which is a standard
procedure in the art. Fuﬁher examples of determining the formation of a
complex as defined above, may for instance rely on spectroscopic,
photochemical, photometric, fluorometric, radiological, enzymatic or
thermodynamic meaﬁs. An example for a spectroscopic detection method is

fluorescence correlation spectroscopy. A photochemical method is for instance
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[0051]In a further aspect, an in vitro nmethod of identifying a
conpound capabl e of nodul ating the function of an ion channel
protein, wherehpidgshe i on channel protein is capabl e of rafrisgreingooars
known ion to pass is provided. The nethod conprises providing the
present mnulticonpartnental i zed_vesicul ar structure whereby the

menbr ane heteghemieal cressrlnkingn ARn eise of Bhetoactivey Aueresteny. fadioactive or
mul ticonpartnentalized vesicular structure with a candi date conpound
suspect ed engymaticlakeds rdspectiveltt arerexempléscfor pholometiie fluprosrelrie, and
detecting the passage of ions into or out of the

mul t i conpaadictogicel and énzwvaticitdetectinn methede. ATesample for a thermodynamic
mul ticonpartnentalized vesicular structure may be inmmobilized on a
surface. défzQiohinéthsdisiRciheBGaItiitation @24injedds53dime of tesd methodswher e
the function of an ion channel, ion punp, ion transporter or

i onot r opi mdaeihepideradditional separatitnyteekhiqgacssutty ad elextpeptionesis onbiPLEe
used to analyse the integrity of the present vesicle used. Leakage of

i ons acr oExamitePfIr e LseeNd [zbeEcehpiidea cempolisd BBy prabe byabe
detected by nmeans of an indicator sensitive to ions, including

sensi ti ve dnibbdEwithanfAtachbd ehzrhé, the sessibh \catdlpsedaiannich leddaro punp
or ion transporter is specific. [0053] In sone enbodi nents a
respect i vVejehiting sighal. B Sanile 6F hnfethBd N8iflg Y ralibeiativd kbeidard #or tion,
e.g. a domain or an am no acid, of a nenbrane protein, e.g. a
recept or, depardtidAtydledophBesd irmPabétRsphdFéticthabilify it A&sa9]
particul ar relevanCe to the function of the nenbrane protein. As an
illustrative exanple, nmutants of a menbrane ?rot ein of interest may
be conpar 48048} ndniseseeaBadimentsa respectiveiBethashay £81a8 g vitiayeethege
conditions. In some enbodinments a plurality of such nutants nmay be
anal ysed iofiqantifinga compeund gt iseansblierefimadulalingrthe funcliappbape
conpared in terns of the capability of carrying out their biological
functi on, (eellylarhrasentor proteignEharecemtad preteipds sapable of) idrging idinown
sensitivity to conditions of the anbience (e.g. tenperature, pH, ion
concent r atdeulaetasppnse Thgrmsthag inalitdestpspyidipn @ wyiticampartmentalized | n one
enbodi nent a library of nenbrane proteins, including a library of
vari ant s ofesiglesingytiegs meaibrangprotkic.cthismembrane pwtenig agsociatedidy be
exam ned. [0054] For sone enbodi nents of a nethod of identifying a
candi dat e the membrdneof vesi¢laglteomembrana/pioteinis a celiyiruaceptamyrotain.used
in formof a library. Exanples of such libraries are collections of
vari ous snelith isrtbacetulamoieeeptbe proteih drat dsaitapablsyoftindyding: thedeompd e |
conpounds, or nucleic acid nol ecules containing a | arge nunber of
sequence \cellilantespoAserdtheadethod imbdudesfopintagpting tienypesiclel witb @osrahiditiate o
the invention may be carried out as a

compound. The candidate compound is suspected to modulate the function of

the cellular receptor protein. The method also includes detecting the known

cellular response.

[0049] A respective membrane protein integrated into the membrane of the
multicompartmentalized vesicle may also be an ion channel, an ion transporter
or é ionotropic receptor. It may be determined whether a candid‘ate compound
is capable of modulating the function of an ion channe! or ion tfransporter
protein. In such an embodiment the vesicle may have in its interior phase an
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screeni ng nmethod, including a high-throughput nethod. In a respective
method a |ibrary of conpounds may for exanple be screened to identify
candi dat e wonpiore3es capabl e of conplex formati on wi th acmsobriane274
protein such as a receptor protein. In enbodinments where a plurality
of candi date conpounds are anal ysed according to a nmethod of the
present i indieatpothat is sengitive taotheduaseriop of thiepowhighdag bl e of

nodul ating a function of a nenbrane protein, such an enbodi nent may

t ypi cal | y chahheldframspontengprotein israapeble. of Elowingdamdisdansodenpounds may
be anal ysed i ndependent from each other, e.g. concurrently,

consecut i \eeibodiments thajornvenanoet ordfangharer. is salestivesfoe thio inmeitesvesinje
nunber of steps of analysing a plurality of candi date conpounds may
for exanplwithitedan chathebtrtansporemptateial haty be abstacteepeitt adbpdidate ng f or
i nstance commercially avail abl e robots. For such purposes any nunber

of aut onaichAipodia] TIRS passage®f &Ny ineest out of tHenaisile magnheibe deteted,
read- out system a pipetting robot, a rinsing robot, or a fully

aut omat ed (SGHhEBRELE By PsHNSBf afiSndibatol.| ust rative exanple, the process
may be an in vitro screening process, for exanple carried out 'in

mul tiple-well m-croplates (e.qg.. conventional 48-, 96-, 384- or 1536
el | pl at 4895Qsi g sere Sbodinenis Al b8 ARGYE MetiRdpde 882 in
sone enbodi ments the invention provides a process of high-throughput
scr eeni ng {carpltigale) eompeundeday alsoripsude cospatieg the r@"'b\'&:@?‘iﬂt%”@o t he
invention can in sone enbodi nents be i muobilized to_a surface and

t hus ser véncleding teasHeng the calilarniespense The peadhmay fof @mpirbe

i ncorporated into a surface-bound architecture that includes the
vesi cl e asonpaset ora eontral maasurement~Eer 2 xespestivhceiiish MeastEenstyaer .
This architecture could be used as a biochem cal reaction chanber to
carry out cogpauhdmaybre useshtiiat irenopsi rotde affeetiihe fngipa oéthescellular
particular, the in vitro insertion of nenbrane proteins into

vesi cul ar fregapden pratein.dn typical empodimenth anclierecheelasdaspasse agct i ve
material ", such as protein noieties. This allows optim zation of the
si gnal - t o-cooipsesd ttthe contrglensasueamept indicetestbatihe dapdigatepearapeund is
interest for structure-resolution approaches, based on Infrared

t echnol ogicapablédi erodatating dbe¢ functionof the eellalac eaeptarpreteimcl ude but are
not limted to, a bio-chem cal sensor based on binding to a specific

{EEFEB? . 16900, i'l“'yf‘“@?tf?*‘m%ﬁoé ool B o, PR RRYT R g SUSpolRY ve
. A.vesi .Lnv i - i (M

oo, = Seebe Rt RN BT AR

upon & coranitTRBIESERRRAE' Bhoviod kit RTIC PRss lsifeyoge, fhe 2o

delivery as .di scussed above,. architecture based .on one or nore
b || 2 Saethed FeFRESe s the MM it GuntiReul sty dhy
testing. a further anpl e, one or. nmore | bilized, vesicles ma
b’ used | FaE poR ahyBe MaibraRe paeistBiis B aapne Stel) Goptacind™
nanocrystal s such as quantum dots be inc orated within the
"nterior e HWTHG‘PH?P&W?W%'Z\‘?Qﬁeéicég?)téﬁlé?‘éfﬁ/w%% %@QW&F%C?@B?WCP ating
detection. [0056]1In one enbodi nent, a nulticonpartnentaljzed .

vesi cul ar syepecied femedylate B¢ fupginanefithe '%WW@E@R@'?- "i‘ﬂd (i%ctmg the
different block copolyners is shown in Fig. 1. .

Pol y[ - ( 2- RcRyYORERBS It pr pel of the Mticempanresnializedyssigulap structure.
nethyloxazolineé] ( PMOXAI 2- PDIVS55- PMOXAI 2) (" ABA") and_

pol y[ st yr dine mppldcgmpartingpiajized uesiailaestndiredpiche snypbidized PR aani de) ]
(PS40- PI AT50) (" PSPI AT") are enployed. The sequential self-assenbly

of these wwpfabg.nmers and purification of the resulting pol ynersones
result in a vesicle-in-vesicle structure including (at |least) two
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menbrane structure that limts transport across the nmenbrane were

designated as the inner vesicles, while PS-PIAT pol ynersones, which

have a sewg@esnmmabbe nenbrane that allows the diffusi orcosGsomubdoz7s

nol ecul es were designated as the outer vesicles. [0057] ABA

pol ymersones were first formed through filmrehydration by dissolving

ABA copol {0@52] i dnemhadimentamharg thenuingtionief amiotiranenngl, Drrrsng.den

nitrogen to obtain a polyner film and rehydrating the pofyner film

i n phosphataasportéraréchatedpiciecepBB)s todve analyseg, Biconiral expefingat a@ygr een

fluorescent protein (G-P). Subsequently, PS-PIAT pol ynersones were

f or med i n biehesegrie a@alyse tie NBAYrity bf/imersesad vasiclegugelde Ledkagetof ions

di ssol ution nethod by addi ng PS-PI AT copol yners di ssol ved in

t et r ahydr efctysarthé pfgmdronembiiahpef the vesifle A ¢udily berdetested byudheans

cyani ne-5 conjugated | mmunogl obin G (Cy5-1gG. A

mul t i conpayf hARRieAtbZ SshitR@ite Wri, ingluding seneitive td-the ioh ffor whitithe

obt ai ned. [0058] Various enbodi nents allow fornmation of

conpar t mengeddcRed ionesHampbR iorShurHs bi Iestramgerepisalpkciai. sel f - assenbl ed

bl ock copolyners. This is a significant inprovenent over currently

avai |l abl e technol ogy, as copol ynmer vesicles offer superi.or . coll oi dal
Eg(ﬂn % t?\oang

and mecharfP@¥3] stlaseme eRpbodiments & (EPSEIG Bethad gy YiroJng
term applications and studies. Additionally, there is a large . .
spect r um &f idestlying appdicpnes. 8 dpMaineean amie a4gh b mewhrang Rrptein,
sel f-assenbly process, allow ng precise control over nenbrane
proper t i e€.4.iafeceptar iien ehaniel ediondigaspertespsetein, éhal ip et RagticuWafs
Pol ymer somal technology is also conpatible with techniques related to
t he st udy refevancete en pf theanembrane proteifn Ap, andliyatralive exampiss hod
for the fabrication of conplex conpartnentalized vesicular structures
i s provi dealtante©f 20nembreseaBeEe gipErast o e compEerusingrthe preseat t he
invention may be readily understood and put into practical effect,
part i cul avesiclesdindencempaiablen@\ihe sateswondilions.dn same embedi@entsi 3 owi ng
non-limting exanples. Exanples '
plurality of such mutants may be analysed in parallel. The membrane proteins
may for example be compared in terms of the capability of carrying out their
biological function, e.g. amount of ions allowed to pass, including their sensitivity
to conditions of the ambience (e.g. temperature, pH, ion concentration etc.) in
carrying out their biological function. In one embodiment a library of membrane
proteins, including a library of variants of a single protein, produced by in vitro

synthesis, may be examined.

- [0054] For some embodiments of a method .of identifying a candidate

- compound according to the invention, compounds may be used in formof a
library. Examples of such libraries are collections of various small organic
mo['ecules, chemically synthesized as model compounds, or nucleic acid
molecules containing a large number of sequence variants. A method of
identifying a compound according to the invention may be carried out as a
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[ 0060] A sinple nethod based on sequential self-assenbly to prepare
mul ticonpartnentalized vesicular structure is presented. Two

di f f er ent wbeak/otBpol yners were enpl oyed for the sel f asTischiiyoo274
nanmel y PMOXAl 2- PDMS55 PMOXAI 2

(pol y[-(2-net hyl oxazol i ne? - pol y- (di net hyl si | oxanez - pol y-(2-

met hy| oxasotdane)d nethagAncluging PBigh-throambput pethpps tnya espeptiysomethad

i socyanoal ani ne(2-t hi ophen-3-yl-ethyl) amde)]) (PS-PlIAT): The
sequent i ala lbeardy-disompblpde MmayHesexampie bereeresneddo idernitify candidateof t he
resul ting pol ynersones result in a vesicle-in-vesicle structure
conpri si ngotfmpibuhdasapablevof complax forerationdedth a eenelaraby paiteinciuah aslay

di fferent polyner nenbranes. ABA pol ynersones, which possess a

tightly pastedonmoteimne enibodirhente whené alpluriality of candigatet componmss taine
menbrane were designated as the inner vesicles, while PS-PIAT

pol yner sonpalyséeliagbortigeo a method i tine pledsentipuditman ohddr taidemtify 4 he
di ffusion of small nol ecul es were designated as the outer vesicles.

Using a ceghipdahd @Bp&tieRF ﬁfe@i@wtiﬂ? d Rhctidteofinensseaploteinf sudBarand
PS- PI AT pol yrrersonmes, a nethod of encapsul ating ABA pol yner sores

wi thin PS; iAOhIIEY BRTERMY Calldds BrrkeRiNgt dr6 6883 Thes Eandidae
vesi cul ar esPdtb:éE(I:t ure | sﬁ@l I u‘s’t rat ed. nglﬁgi% s and Met hods [ 0061] Pol y

[ (2-niet h)ébﬁff,%& ?é W@%ﬁd%&&%nﬁbh@%@ﬁ@a&%b{e# 3.8.( concurrently,

met hyl oxazol ' ne ) DVB55-PMOXAl 2) ABA triblo copol yner
(M, 11 %Bﬁ%e%@ggg%gﬂwaﬁgg%wm b sha¥eOPsdthe BRribbdinféits 4APauMBie? bi

Uni versity o \ rfand. ~ . .

(pio” el sFoty AU EEIAC ki g aRalr Sal 88
P ) . _

71 o esceeriss bRy - A Ripenals oot Rckrtp bORREAGBIZTY

£ : . e ™

cr_van %o KRG 45 pUoRed ahg oRRERLE A SRR UREE e,

and pﬁ‘?;g%ﬁfg%i T ThacH i BuioBllbd PO svstelt e ronctcs 7, on)

S Aldr] h . . :

abaol ut ¢ ERRRIPERRE BT PERSScLRaiy b A AbTRARGhYS Bidhuple

D e i B3 BB\ 3R e BRBOBarba oin
muiltiple-well microplates (e.g. conventional 48-, 96-, 384- or 1536 well plates)
using one or more automated work stations. Hence, in some embodiments the

invention provides a process of high-throughput screening.

[0055] A multicompartmentalized vesicle according to the invention can in
some embodiments be immobilized to a surface and thus serve as a stable
alternative for a liposome and can be incorporated into a surface-bound
architecturé that includes the vesicle anchored onto a supporting matrix via an
amphiphlic polymer. This architecture could be used as a biochemical reaction
chamber to carry out detailed functional analysis of membrane proteins. In

particular, the in vitro insertion of membrane proteins into vesicular/spherical
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[ 0062] ( PMOXAI 2- PDVB55- PMOXAI 2) ABA tri bl ock copol yner pol ynmer sones
were prepared using the filmrehydration nmethod. 5.0 ng of ABA

copol yner swaesr/nmsscol ved in 200 pl of ethanol and evaporaGedisboow y
under a streamof nitrogen in a conical bottom schlenk tube to forma
polynmer film The filmwas dried for at least 4 h under a constant

ni t rogen srehitactures enhanass the amogpbof ‘ectigomealariall 8¥em3s PIOIERS was
added to the tube -and stirred gently for at least 18 h to rehydrate
t he fil m anoletiés. dhisaowsomimizatiosr ofdhé signal-tormeisgratipinsensiag
obtaining a uniformy turbid dispersion (Fig. 1b). The resulting

di sper si orapplisationsranddsl of patentidl intieress farkstrootyine-Gesthutiom appioh@s, pm
syringe filters (PVDF, MIlex) successively to obtain the :

monodi spenseed @ilafraed tddtaploges Gthet Seplicetiorisucfdhistanchitegtura ind@em
filter using a mni-extruder (Avant' Pol ar Lipids). Non-encapsul ated

G-P (or cautaranotTRireUtbes biwscitemieanserdobiasati en pisdimg(tdlapeofiick Da,
Spectral/ Por(r) 7, Spectrum Laboratories) against PBS for at |east 24

hours. Pr ¢pgéptbr. a3 4 illGstdite Rxambld, aRddorBasadeendoPwisrindlede el e)
[ 0063] (PS40-PlI AT50) AB di bl ock copol yner pol yner sones were prepared

by direct Aﬂﬂ.r%ﬁ@'dﬁﬂw%bi:&e@vaycl@fs {48l Eafettive ddos Feepest. Alvedif: p!
of THF and addéd into 2.5 m of PBS containing 60 pg of Cy5-1gG The

m xture Va3 y&ikedtior ﬂlgwsﬂom@rn%wiﬁzécfémafa dubtrhteltRabis tb BeQUseqlin t O

remove t he non-encapsul ated Cy5-19G nol ecul es, the di spersion was
(01t raf red Mo [BVGRS ™ TRaf AU s iolbPa prltr s albracivh poirbound o
MUl 1 comparRrarearrsbipER P EpR ity HRRAT HRriRaRino tgeres dd, on of
ool yrror SorgEl VEY i RISGEE ShAlE 20 §opitfidctse 1l e G mB Ibinghi A
& opui e (8- Ries Tl ARCDAineRlie? R P welor gl oathd s g FurkleE, 200
e O P Pe b el kI nBbi B VR hhy BERed I pthSgdh bbtebiidn.P™
As a further example, a dye or nanocrystals such as quantum dots may be
incorporated within the interior of an immobilized vesicle, thereby for example

facilitating detection.

[0056] In one embodiment, a multicompartmentalized vesicular structure
based on sequential self-assembly of two different block copolymers is shown in
Fig. 1. Poly[-(2-methyloxazoline)}-poly-(dimethylsiloxane)-poly-(2-
methyloxazoline)] (PMOXA1.-PDMSss—PMOXA+2) ("ABA”) and poly(styrene-b-
poIy-(L-isocyanoalanine(2-thiophen—3-yl-ethyl) amide)] (PS40-PlATs0) (“PS-
PIAT") are émp]oyed. The sequential self-assembly of these copolymers and
purification of the resulting polymersomes result in a vesicle-in-vesicle structure
including (at least) two compartments delineated by structurally different

polymer membranes. ABA polymersomes, which possess a tightly packed
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TEM Measurenents [0065] Transm ssion el ectron m croscopy (TEM

I magi ng was performed with a Philips CM300 FEGTEM The sanples were
prepared byodiipesisd ng a 15 pl drop of vesicl e di sper siPER/SEGAIIZIYAPIper
grid followed by the renoval of excess solution with filter paper
after 30 m n of incubation. SEM Measurenents [0066] SEM sanpl es were
prepar ed Byerabraserrdiustira thas liplitsdrassreit agross dhe mamrane Were 98S1gN8Aper
grid and renoving the excess solution with filter paper after 30 m n.
The copperasghe inneayesiglest whitel PRrIATpalymerspenpsr whichdiivg S8t 1200
coater, JECL) before imaging. DLS Measurenents [0067]Dynam c |ight
scat t er i ngpefbes)lemenbranedhataliows the diffsitnasf sl welecdles sverer e
carried out with Brookhaven BlI-APD at a 90 angle with 633 nm | aser
wavel engt ldesBinSteteasinearden wsfabes. i ndi vi dual PS- Pl AT vesi cl es and

mul ticonpartnentalized vesicles were carried out at a 90 angle with

488 nm | agghsHAVEAERALI bbb mBE ars A RirhetiRhouBRFN 788 diSh gt~ ONT! N

anal ysi s.
dissolving ABA copolymers in ethanol, drying the solution under a stream of

nitrogen fo obtain a polymer film, and rehydrating the polymer film in phosphate
buffered saline (PBS) containing bidtin conjugated green fluorescent protein

| (GFP). Sut;sequently, PS-PIAT polymersomes were formed in the presence of
ABA polymersomes using the direct dissolution method by adding PS-PIAT
copolymers dissolved in tetrahydrofuran (THF) to a dispersion of ABA
polymersomes and cyanine-5 conjugated Immunoglobin G (Cy5-IgG). A

multicompartmentalized vesicular structure of Fig. 1f is thus obtained.

[0058] Various embodiments allow formation of compartmentalized vesicular
structures made solely of self-assembled block copolymers. This is a signiﬁcant‘
improvement over currently available technology, as copolymer vesicles offer
superior colloidal and mechanical stabilitiy, allowing for greater ease of use and
long term applications and studies. Additionally, there is a large spectrum of
possible polymer structures that can be used in the self-assembly process,
allowing precise contrdl over membrane properties that can be targeted towards
specific applications. Polymersomal technology is also compatible with
techniques related to the study of transmembrane proteins. In summary, a

versatile method for the fabrication of complex compartmentalized vesicular

structures is provided.
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Ti me- Resol ved Scanni ng Confocal Fluorescence M croscopy | maging

[ 0068] Fl uor escence i nages were obtained using a tinme-resol ved

scanni ng opoheoeaissoe cr oscope M croTinme 200 (Pi coQuant, pBesirol)/oootie
m croscope was equi pped with a 100x objective (Plan-Apo, NA = 1.4,
optimzed for 400-850 nnm), nanosecond pul sed |aser |ight sources
enitting 4003910 (Inwierthatthe inventiomumanbe madily Wndefistpogamdnpyt into
(LDH D- C- 640, PicoQuant, Berlin), suitable optical filters and

di chroi ¢ rpractmabeffentdparticllanernkodimentsowitl desv e desasibed byevaycefdhe.
[0069] The sanples for mcroscopy were prepared by adding 500 pl of
di | ut ed vdslioning adndidingsetampless onto a gl ass cover slip for few
seconds to allow the vesicles to adhere onto the surface. Excess
solution was renoved by a pipette. _.The concentration of the vesicle
solutions were adjusted so that a m%-coverage of less than 10 %
was obtained, resulting in an average vesicle separati on above the
optical di[0666ict i Asinpleintethodbassl try seédeemiatsalbasgembly toagrepgresyst em
The excitation power was adjusted depending on the concentration of

t he chr ongpliieestipartmémtalizabvadicfar srudture 8 Bresphieti ODve aliffererd:. blddlow
Cvl onmetrv Measurenents [0070] Pol ynersonmes were anal yzed usi ng BD

FACSCal | btﬂbFé;%{éaQ%ré@ﬁbﬁiybd f&theglelf 2686mBB; RaMeY RIMOXAAPBMB;530 nm
bandpass filter. Cy5-1gG was detected using a 650 nm | ong pass

cal col n ang Oy e & e b Y Fsa ss0

gating to RethilidLezdIiREYPIAEIRY, b6 PS3,-PII 5 b AFstyF&B-bpRIgiLSt em
isocyanoalanine(2-thiophen-3-yl-ethyl) amide)]) (PS-PIAT). The sequential seif-
assembly of these copolymers and purification of the resulting polymersomes
resultin a vesicle—i.n-vesicle structure comprising (at least) two compartments
delineated by structurally different polymer membranes. ABA polymersomes,
which possess a tightly packed membrane structure that limits transport across
the membrane were designated as the inner vesicles, while PS-PIAT
polymersomes, which have a semi-permeable membrane that allows the
diffusion of small molecules were designated as the outer vesicles. Using a
combination of procedures for the self-assembly of ABA and PS-PIAT
polymersomes, a method of encapsulating ABA polymersomes within PS-PIAT

 polymersomes to form a multicompartmentalized vesicular structure is

illustrated. _

Materials and Methods

[0061] Poly [(2-methyloxazoline)-poly-(dimethylsiloxane)-poly-(2-

methyloxazoline)] (PMOXA12-PDMSss -PMOXA+2) ABA triblock copolymer (My, ~
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Resul ts and Di scussions [0071] To denonstrate the

mul ti conpartnentalization and encapsul ati on concept, two different

bl ock copovgnezdisses e used, nanely ABA and PS- RAT. ABAPGTISG2AGENSTABIS
were obtained by the filmrehydrati on nmethod and PS- Pl AT pol yner sones
by direct dissolution nmethod. For double enc? sul nH PS-PI A

pol yner i A1-kDa) wassbiaines frepsthg eeup phPwfWel G!?r'p RINETSEY R ai ni ng
ABA pol ynersomes. [ 0072] Mul ti conpart nental i zed pol yner sones as wel |

as si ngl e Basely Switzerand. Polvietirenedneli-saeiancaiaainedgribiophgh$-Yips- pi AT
and ABA) were studied with transm ssion el ectron m croscopy (TEM.

| mages of ethy) amideili( B8arPlpdyheibledneepaiymen (Ma T BdiDa) wasltainged fioé | ow
shell structure (Fig. 2a and 2b). TEM inmage of the

mul t i conpéhe grenp aif iPrefd Jao vamelest Nethérizing's. Biojin shojugatedagreersence of

t hree popul ati ons of vesicles: individual ABA and PS-PlI AT

pol yner soffasresEért.priein (GFM-Biotith) (Mj, el 7akDa)was ebtairedi frarh Wy, Esnh

pol ymersones with a dark core structure. These dark core structures
are the ABéAnpelibgEnsttoRsofstansls|Rsedrol drid Bnd?Sedtingl Sigapoez.sones,

i.e., nmulticonpartmentalized polynersonmes (Fig. 2c; inset). The TEM
i mges f UUyﬁﬁfnesslgtﬂﬂ@s?atbbihhmﬁﬁblobESGqCQS-ﬂg@pa\n@%|1<50 KD} vasRSSUBhAT
and mul ticonmpartnentalized) had distinctly different sizes; i.e.

i ndi vi dualfroﬁ‘%h@tﬂldéﬁﬂhﬁe@rﬁﬁm)nw@dlém WH@QISSiDaITaﬁdBDh@SHhate buffered
mul ti conpartnentalized pol ynersonmes had the | argest. [0073] Dynam c

light scaghmyd (FBS, HoN), pFEAVWEFEPIBhASSErERISighEIdrich (Shigdpore )idtids

trend (Fig. 3). The nmeasurehents show that individual ABA vesicles

aver aged S 7 RS Fhes(ewput
gtwrkfg . Conpartfésﬁéét%iﬁpvbsbmﬁé Eirdnal wE@bg’%%{ fRERY (\avop

145 nm an nment al i Zed vesi cl es about

sel f -assegyahx tPéhJaﬁ)fﬁ’r‘aﬁT( wa'érpiﬁmehw regm @fs7eomé).t o be

af fected parti'cles prese In the buffer sol utlon and that the

size of PS-PIAT poI rrersorres i n the rmltlcorrpartmentahzed struycture
i s.at | eafreparatie P BMSsnPMOXA 1 atPclynersame; (Mnes Mesids

buffer (in this case the ABA pol yrrersorres)
[0062] (PMOXA;-PDMSss-PMOXA,2) ABA triblock copolymer

polymersomes were prepared using the film rehydration method. 5.0 mg of ABA
copolymers were dissolved in 200 ul of ethanol and evaporated slowly under a
stream of nitrogen in a conical bottom schlenk tube to form a polymer film. The
film was dried for at least 4 h under a constant nitrogen stream. 1.0 ml of 10 %
GFP (or 30 mM calcein) in PBS was added to the tube and stirred gently for at
least 18 h to rehydrate the film and allow spontaneous formation of the

~ polymersomes, obtaining a uniformly turbid dispersion (Fig. 1b). The resulting
dispersion was extruded several times through 0.45 ym and 0.22 ym syringe
filters (PVDF, Millex) successively to obtain the monodisperse vesicles. They
were further extruded through a 100 nm filter using a mini-extruder (Avanti Polar

Lipids). Non-encapsulated GFP (or calcein) molecules were removed by
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[0074] Different protein species were encapsul ated inside the
respective vesicles. As control experinents, GFP was encapsul ated

I nsi de ABAvQaebwzieeassones and Cy5-19gG was encapsul at ed | RErGe2RH0GRAT
pol ymer sones. In both cases, the non-encapsul ated proteins were
renoved as described above. S[meOBJP@@ mul ti co artnmentalization or
Goub! o en s YV B0ckid Speckalfoet 7 Speatien BEYRRTISELBRDHIrBS
THF was added to a solution containing Cy5-19gG and ABA vesicl es
encapsul affercatugast 2ddiotes.n t o denonstrate sel ective encapsul ation.
After purification by filtration, the sarrpl es were anal yzed under SEM

and fl 2Q11/ 000274
[ 0076] The brepals °m’F FS lﬂQ i P%é Ali zed

pol ymer sones were characterlzed by mavelength resol ved scanni ng
confocal §0@63]scdppac-PlAlneAR ditecihecpolymeeraniymorsomegavare piepprad by
different excitation wavel engths to selectively excite and detect the
emi ssi on fdirent dEESIGticex 0-5 BB RS- PUNT 55 vEROdissg| vathio 50054 1o GHA @nd = 649
nm lern = 670 nn.

added mto 2.5 ml of PBS containing 60 ug of Cy5-1gG. The mixture was left at

room temperature for at least 12 h. In order to remove the non-encapsulated
_Cy5-1gG molecules, the dispersion was passed 8 times through centrifugal
filters with 0.1 ym cut-off (Ultrafree-MC (PVDF), Amicon Millipore) at 3,000 rpm

for 10 min each time (MiniSpin® plus, Eppendorf).

Preparation of Multicompartmentalized Vesicular Structure

[0064] For the formation of multicompartmentalized vesicular structures, 500
ul of purified ABA polymersomes solution was added to 2.0 ml of PBS
containing 60 ug of Cy5-IgG. (Fig. 1¢). 500 ul of 1 mg/ml PS4o-PlATsg in THF
was added dropwise to the above solution (Fig. 1d). After 12 h of incubation,
the dispersion was purified by using centﬁfugal filters with 0.1 pm cut-off, as

mentioned above.

TEM Measurements

[0065] Transmission electron microscopy (TEM) imaging was performed with
a Philips CM300 FEGTEM. The samples were prepared by dispensing a 15
drop of vesicle dispersion on a copper grid followed by the removal of excess

solution with filter paper after 30 min of incubation.

SEM Measurements
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[ 0077] SEM and fl uorescence images in Fig. 4 depict the individual
control vesicles and their correspondi ng fluorescence of the
encapsul atwd 2pretssonis. SEM and fl uorescence i nmages i n BOFISGR0dBEI2TL
the nulticonpartnenalized vesicular structure and its correspondi ng
fluorescence of the selectively encapsul at ed g_r ot e{ﬁgi M c¥ oscagy

i mages shd@06le pPEMesANRPISs WerpPiapareby disRaNsInGA 1padlidrpRer YR n
spots in Fig. 4b) -and Cy5-19gG in individual PSPIAT vesicles (red
spots i n Migpersigh onomgler oRE andremeringithe acesssatutignavitly filtes paper
encapsul ated vesicles shown in Fig. 5a is conparable with that of
PS- Pl AT vefies BEsninFT e capper gridi was sputtered witbasthindayerred geldXpFCs 1200k
outer vesicle. Furthernore, the fluorescence inage in Fig. 5b is .
obt ai ned wpatarpdEOL hbeforaninaging.i mages t aken at different excitation
wavel engths (for calcein at 470 nmand for Cy5 at 640 nm.

Co-1 ocal i gti %a%reﬁ tt']ﬁ t& espective em ssions of Fig. 4b (green) and 4d
(red) (re yel l ow spots in Fig. 5b) clearly reveals the
presence of the two fluorophores within the sane

mul t i conpd006@nt alDymrawdicpight seattedng $DLShmeaslratients for irslividuatdEA of

i ndi vi dual PS-PIAT pol ynersones may be due to the effect of the
parti cl es viesichsl wereararoed ohiewitte BfockbaestbhBIrtABD &% 30" AhgowiimeBs omes,
as nentioned earlier. It clearly denonstrates that double

encapsul atlgserstavedsngte DitamcheerenabtafordatividnallRS-PIATegsisles and

wel | -fornmed, round and clearly |um nescent vesicles are observed.
[0079] To riwticorapartibetanass vdbities wetdedrriedlat SFPoahandly withg@swene
encapsul ated in a single conpartnent (i.e., in the intra-vesicular

space W t hagerREvelengthR Alyressirerentzuiereudridedaising € ONBAN analysis.
pol ynersones), GFP was replaced with calcein. [0080]Calceinis a

fl uorescent _ Dl ecul ar wei ght
of 622 g n® 2305 canang LaRioLay HA- SR QPY A 3UNhr ough
PS- PI AT nmenbranes_but not through ABA nenbranes, which

me . re tightly
packed. | flO068lc i FUQEESCRIREINAGRIMGTE BPIahIeYIARg Bdl%ﬁsé’g’ﬁésicaﬁf"”ﬁoul d
| eak into the buffer solutjon_after ?.n e tensE'B%e f{rétrati on process
and no fI sonEsEbMicraseaRs Micrlime A004Pirofaiant Bt B MIGOPFAIR VAR
pol yner sones. - Hence, ng co-] ocaljzation of calcein and %/54@6 vvosll d
occur. Corffeirpsdywitna 108x pbigstivei(Rlanrdrn. NAdphdaomlimized faEi00-850 nm),
pol ynersones even after filtration, resulting in co-localized signals
with Cy5- INpeoses Rusedlages licht sewcep eB'&'l“BE@%“éQﬂ-W@'FQ@%ni ssion
did occur in accordance with a nulticonpartnentalized structure, and
it is condierfedanthBerinhand$da npdORERLGHAD RicoQuant, feriny syitablepar at e
compartnments (Fig. 6). [0081] Flow cytonetry was used to estimte the
ef fi ci encypdtaliitersiaubdishroic mirrors, and avalanche photodiodes as photon

detectors.
[0069] The samples for microscopy were prepared by adding 500 ul of |

- diluted vesicle (1:100) solution onto a glass cover slip for few seconds to allow
the vesicles to adhere onto the surface. Excess solution was removed by a
pipette. The concentration of the vesicle solutions were adjusted so that a
surface coverage of less than 10 % was obtained, resulting in an average

vesicle separation above the optical diffraction limit imposed by the microscope
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encapsul ati on procedure (Fig. 7). The fraction of
mul ti conpartnentalized polynersonmes with cal cein and Cy5-19gG
encapsul atwd 20mms3gsepar at e conpartnents was found to becegcadiivemzas %
conpared to the whol e pol ymersone popul ation. The absence of ABA
pol ymer sonmes encapsul atj ng calcein, as observed by flow cytonetry, is
likel'y to Magingesystes| { hoexeitation pewer wagadiustederanding om the size
cut-off of the filters used was simlar to the diameter of the ABA
pol ymer soreescentogionmf the vimoppphersgs deeEssides to minuiemhgiorls2gigg.
"canprising” it is meant including, but not limted to, whatever
fol | ows t HeowdhvtbmelswiMeasurementshus, use of the term "conpri si ng"
I ndi cates that the Ilsted el ements are required or mandatory, but-
t hat ot hel[0@T@jnmerRalymersoonds werel armalyzetaysing BBdE/A(aSCalﬂwr;imﬂbemttsorler).
[ 0083] By "consisting of" is meant including, and limted to, whatever
fol | ows t IGalpdin ass detected ssingg 530 + Bhusn bahdpasisifites Cybalg&i was ng of ”
I ndi cates that the listed elenents are required or nmandatory, and
that no otdetscted ashngtast3teymbengpassehiter. DA sTiresemted risi ot
illustratively described herein may suitably be

dimensiona!l dot plot between calcein and Cy5-1gG using forward- and

side-angle scatter (FSC/SSC) gating to exclude larger particles and noise from
the systen'f.

Results and Discussions

[0071] To demonstrate the multicompartmentalization and encapsulation
concept, two different block copolymers were used, namely ABA and PS-PIAT.
ABA polymersomes were obtained by the film rehydration method and PS-PIAT
polymersomes by direct dissolution method. For double encapsulation, PS-PIAT
polymer in THF solution was added into the aqueous phase containing ABA

polymersomes.

[0072] Multicompartmentalized polymersomes as well as single
polymersomes formed from the individual copolymers (PS-PIAT and ABA) were
studied with transmission electron microscopy (TEM). images of the individual
polymeréomes confirm .their respective hollow shell structure (Fig. 2a and 2b).
TEM image of the multicompartmentalized polymersomes (Fig. 2c) shows the
presence of three populations of vesicles: individual ABA and PS-PIAT
polymersomes (Fig. 2¢; thin and thick arrows respectively), and polymersomes
with a dark core structure. These dark core structures are the ABA
polymersomes encapsulated within PS-PIAT polymersomes, i.e.,
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practiced in the absence of any elenment or elenments, l[imtation or
limtations, not specifically disclosed herein. Thus, for exanple,

t he terns WoewmpioiIssdcg", "including”, "containing", etcPCEisaRM110@2Tead
expansively and without limtation. Additionally, the ternms and
expressi ons enpl oyed herein have been used as terns of description
and not ofMyltiearnpartraentalizrd polymersoamesd Figdsninseh- The TF imagesr such
terns and expressions of excluding any equivalents of the features
shown and fdRersuggeastdhatrach vasicle peaparationd&BA, PS-RIATeayni zed t hat
var.ious nodifications are possible within the scope of the invention
cl ai ned. mm&comparshemnalﬂzemg haddlistinctiy different sizeshicgi gindivitskiabABéent

i nvention has been specifically disclosed by preferred enbodi nents
and opt i opalynsradmes fiad thel sfatestidiameted and mulicommpartmeritalizedvent i ons
enbodi ed therein herein disclosed nay be resorted to by those skilled
in the ar tpolynmetspines haddihe ravgedti cat i ons and vari ati ons are consi dered
to be within the scope of this invention. [0085] The invention has

been descr] broadl v. an ener.ically herein. Each of the ngrrower
opeci es alb0gHly” dRanlc MR AERREAS Frd) MEAGHPmeR Her® eaiEreg'o

di scl osure also,form z he invention. This jnglude e generic
Gescr | pt1 GANGAT tistphd Brier 3h TheTne b irbeR G shol hial BB ARAT a0 o
renovi ng any, subj ect tter omth enus, rega of et her  or
ot t heeneNiclas digraaatntact 10D a8 b Samelpy bebEER AsTRAT Veslthraliist ner
enbodi ments _are wiithin the follow ng clains and _non- limtjin

exanpl es. AR NEand th‘W?@QW@ﬁ@ﬁe%ﬁgow-ﬂh@ ?#‘/@%@W are
described in ternms of Markush groups, those skilled ip the art wll
recogni ze of RS P¥ePolnpersamss havedraan qbserwshtoeszifackrehby partigess of

any individual nmenber or subgroup of nmenbers of the Markush group.

O ai ns 1. Presait ibidreruffer gelution, andiihat the SireLfitR-RIAT polyaereames indhe
structure conprising an outer block copolyner vesicle and at | east
one i nner Myiticampartpentalizas stouctyrelis at igastiBiparitafiectad hehetsizaef thaner

bl ock copolyner vesicle |s encapsul ated inside the outer block
copol yner pagtigled ia the hufferimiis easeitheABRypolymersomes).

[0074] Different protein species were encapsulated inside the respective
vesicles. As control experiments, GFP was encapsulated inside ABA
polymersomes and Cy5-1gG was encapsulated inside PS-PIAT polymersomes,
In both cases, the non-encapsulated proteins were removed as described

above.

[0075] For multicompartmentalization or double encapsulation vesicular
structure, the PS-PIAT copolymer in THF was added to a solution containing
Cy5-lgG and ABA vesicles encapsulated with calcein to demonstrate selective
encapsulation. After purification by filtration, the samples were analyzed under

SEM and fluorescence microscopy.
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(a) formng the at |east one Inner block copolyner vesicle by any
met hod; and (b) formng the outer block copolyner vesicle using a

di rect di S¥QRURIOBFOMEt hod by addi ng bl ock copol yners diPETEGREHMA74a
suit?b_l e solvent to a dispersion of the at |east one Inner block
copol ynmer vesicle in an aqueoy uf fer ynder conditionps that allow
the bl ock [0&FR| yr?é?esfeﬁB't'Pgiﬂﬂ'Y‘ﬁ'éQ@unPéPU'BWERa@Bséﬁb PRIYLRISomEs, 4
encapsul ate the at |east one inner block copol ymer_vesicle. 2. The
met hod of War@icharactexized &y wavelensthyrasobeg Scaraing cepfacaymicRscoRY er

bl ock copol yner vesicle and the bl ock copolyner form ng the at | east
one i nner Allasescensg anganurerperts vvase pedformed abdifferant amltagfa@nt 3. The
nmet hod of claim1 or 2, wherein the outer block copol yner vesicle,
the at | eacvetengthstnselastivelk exdtpandrdetectibesiraission oot GFRr(EexBARRd by
sel f-assenbly of the bl ock copolynmers. 4. The nmethod of any one of
clai ns 1- Bim, Mreres6o ning and QySdge (texe= BAB em, krock6HWopo).yner vesicl e
conprises at |east two bl ock copolyner vesicles that are the sane or

different '[Oéﬁ]AN%%%nﬁ%greécgﬁéé ﬁ#ages in Fig. 4 depict the individual control

vesicles énd their corresponding fluorescence of the encapsulated proteins.
SEM and fluorescence images in Fig. 5§ depict the muilticompartmenalized
vesicular s“tructure and its corresponding fluorescence of the selectively
encapsulated proteins. Microscopy images show the presence of GFP in
individual ABA vesicles (green spots in Fig. 4b) and Cy5-IgG in individual PS-

PIAT vesicles (red spots in Fig. 4d).

[0078] The surface of the structure of double encapsulated vesicles shown in
Fig. 5a is comparable with that of PS-PIAT vesicles (Fig. 4¢). This clearly
shows that PS-PIAT is the outer vesicle. Furthermore, the fluorescence image
in Fig. 5b is obtained by super-imposing two images taken at different excitation
wavelengths (for calcein at 470 nm and for Cy5 at 640 nm). Co-localization of
the respective emissions of Fig. 4b (green) and 4d (red) (resulting in the yellow
spots in Fig. 5b) clearly reveals the presence of the two fluorophores within the
same mu[ticompaftmeritalized polymersomes. The relatively low number of
individual PS-PIAT polyrﬁersomes may be due to the effect of the particles in
solution on the self-assembly of PS-PIAT polymersomes, as mentioned earlier.
It clearly demonstrates that double encapsulated structures has been obtained.
In both images, well-formed, round and clearly luminescent vesicles are
observed.
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5. The method of any one of clains 1-4, wherein the outer bl ock

copol ynmer vesicle Is a polynersone forned of an anphiphillc dibl ock,
tri bl ock, weterblssek or pentabl ock copol yner. 6. The nechsd2afi/ o022 m
5, wherein the outer block copolynmer vesicle is a polynersone f or med

of a copolyner. selected fromthe on tin
pol y(st 5r e[ﬁ@ 79 pol9yle P%Waﬁﬂ‘}ﬁlbﬂ‘?w ﬁ@??oﬁégé gcts’igyig-qb’f"ﬁﬁﬁ ) ani de) |
(PSPI AT), pol y(butadi ene)-pol y(et hyl ene oxi de) (PBD-PEO), -
pol y( et hy|emép@9ﬂa@é)m gaingle spMoRHBIESh - (Imt_l@ m@@)\lesmlasr(seﬁﬁ@r within
et hyl ene) é)Q (et hyl ene oxi dqz ( PEE- PEO) , po (et hyl ene

ox| de) - pol RB-FAT pelymsiregmesbar gutside 9fthe/ABA wmersomesy (Hthyeene
oxide) (PI-PEO, poly(2-vinylpyridine)- poly(ethylene oxide)

( P2VP- PEO)replaoe@@\éihwlcehe oxi de) - pol y( Ni sopropyl acryl ani de)

(PEG- PNl PAM, pol y(styrene)-poly(acrylic acid) (PS-PM, poly(ethylene

I l) - g
et byl oxaa 0 B0Y.) PR iF HitbSilep e (65 uoB By hem < 510 pm) it 2,
PMOXAPDVS- PMO)
ST pol AT ! s ¥“§%ﬂ“éﬁ03 i el pPsine il o e
PEG PDIVB I d
éﬁwps_ PEC an s T e éﬁﬁéﬂgrmfﬁ%aﬁg*ﬁ AR mgfprans. MiEae s, °
erein i nner [o]e
pol yrmer so%hﬁs SR b SR Se R R AT BP@WS%%% e or
Pre s el HebiteharUige FRPST extgnaa?yﬁﬁeawﬁée%'ﬁnﬁgtahfﬁr e
I | ect ed f t h
pol yl st yr SHErescspl signal m?a%é%i‘»ﬁqu‘iﬁﬁ SR tBe pobrmRrBAmPEe) |
(b AT Byl ] By R EE
calcein would remain trapped within ABA polymersomes even after filtration,
resulting in co-localized signals with Cy5-lgG. Such co-localization of calcein
and Cy5-lgG emission did occur in accordance with a multicompartmentalized

structure, and it is concluded that the dyes were encapsulated in different

separate compartments (Fig. 6).

[0081] Flow cytometry was used to estimate the efficiency of the double-
encapsulation procedure (Fig. 7). The fraction of multicompartmentalized
polymersomes with calcein and Cy5-1gG encapsulated into separate
compartments was fouhd to be equal to 45 % compared to the whole
polymersome populatioﬁ. The absence of ABA polymersomes encapsulating
calcein, as observed by flow cytometry, is likely to be the result of the
cenfrifugation process, where the size cut-off of the filters used was similar to

the diameter of the ABA polymersomes (100 nm).
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pol y(et hyl ene oxi de) - pol y(caprol actone) (PEO PCL), poly(ethyl

et hyl ene) - Pol y(et hyl ene oxi de) (PEE-PEO), poly(ethylene

oxi de) - polWPReeiigtaci d) (PEOC PLA), pol y(l soprene) - pol PCESH1aA0274
oxi de) (PI-PEO, poI y(2- vinyl pyridi ne) pol y(et hyl ene oxi de)

( P2VP- PEO) ol y(ethyi ene, oxi.de) - -Ls | acr e

( PEo- PNI P/IPH§ 1 pdBy %&'W@'{B?;S Ity8i 21”55‘ l)(/ﬁ%t AFR) nhat ver

pol y(et hyl ene gl ycol) - pol y( rop#@fjne suI fide) (PEGP

pol y( 2- metfalavexieoverdesomBlising). fhHaYse <Pfdkegi@m ﬁ@mp(r@memﬁ&weé%m| ne
) (PMO t A- PDIVB- PMOXA) , pol y(et hyl ene oxi de) - pol y(di net hyl si | oxane) -

pol y( 2- rretthgltaizdza&ﬁmmtp awmm@n@rmmﬂ} dwtﬂb@tyather elements are

(et hyl phenyi si | ane) - pol y(et hyl ene oxi de) (PMPS- PEO- PMPS- PEOPMVPS) . 9.
The net hodptibnalrandanay of maydiotbeprgsenkherein the at | east one inner

bl ock copol yner vesicle is fornmed by: (a) dissolving block copol yners

02 Sult 3BharS0! 8ERionsiehta BFYS ke cRid, 698 iffreh3), W@ Abliis

pol ymer fiflm ratlng

aqueous b ﬁé@ﬁra G r-Pq? glq'nut%f@%gﬁﬁr &e"@kgﬁyfggﬁlﬂdlg eg"‘t}%ﬁ(ﬁ’lé1 the

outer blo eas ock copolyner

'he T espedblske A aig?ﬁﬁ'reﬁﬁﬁsqﬁarﬁ’fﬂaﬁa@“?ﬁ% PR o TBr e B Bt ©

| east one sub ance |s selected fromthe group consisting of organl C
mol ecul es PTB¥8lol ecul es and i ons.

[0084] The inventions illustratively described herein may suitably be
practiced in the absence of any element or elements, limitation or limitations,
not specifically disclosed herein. Thus, for example, the terms "comprising”, |
"including”, "contaihing". etc. shall be read expansively and without limitation.
Additibnally, the terms and expressions employed herein have been used as
terms of description and not of limitation, and there is no intention in the use of
such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various medifications
are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed
by preferred embodiments and optional features, modification and variation of

~ the inventions embodiéd therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications and variations are considered to

be within the scope of this invention.

[0085] Theinvention has been described broadly and geherically herein.

Each of the narrower species and sub-generic groupings falling within the
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12. The method of claim 11, wherein the bionol ecul es conprise
proteins. |ipids, carbohydrates, and nucleic acids. AVENDED SHEET
1PEA/ AU 130 2013818%8¢ hod of any one of clains 10-12, wh@CaisG2e1@00T74
| east one substance is a marker substance sel ected fromthe group

consi sting of ,fiuo hores, chro or.eS, fl uorescent
ot ot ei ns. BeRegealscloshis 73 rBRAT ot edrasHBRN IS Madoe e G8NaBel | ed
proteins. 14. The nethod of any one aof clains 10-13, wherei.n the at
| east one deRertion Qi dhe EUBB\'WF“ AEPpe OB ARGAVEI igiitatign femmoUng 8By st

one substance |Is obtained by: (a) dissolving block copolyners In a

sui tabl e sgbipehmatterformithe agnusdegaiiassof whethes pr nat thstexcised maelaker

film
is specifically recited herein.

[0086] Other embodiments are within the following claims and non- limiting
examples. In addition, where features or aspects of the invention are described
in terms 6f Markush groups, those skilled in the art will recognize that the
invention is also thereby described in terms of any individual member or

subgroup of members of the Markush group.
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(c) rehydrating the polymer filmof (b) in an aqueous buffer
containing the at |east one substance. 15. The nethod of any one of
clainms 10-14, wherein the outer bl ock copolyner vesicle R&s1Mobdr 4
.the at | east one substance is obtai ned by addi ng bl ock copo %qf&% 012
di ssolved in a suitable solvent to a dispersion-of the at F@ &t O%IE

I nner bl ock copol ymer vesicle in an aqueous.buffer under. conditions
that allow the bl ock copolymers to born1the outer bl ock copol yner
vesi cl e and encapsul ate the at | east® i nner bl ock copol yner
vesicle, wherein the at | east one substance is added (i).to the

sol ution of % %"ﬂwﬁoﬁamn@ﬁmﬂmmﬁﬂW%WIW \@sicpler M"%f the at

| east one | nner bIock co r ve icle b ore.addj ng .t he sol uti on of
.the bl ock copo ﬁge W°BY %ﬂJQﬁ%d %

wherein the SOJAXS@’QWSI géauﬁ% %IQJBYII 019 ul 1051 BLE thﬂﬂﬁf?ﬂlt%?a{’fn&f re&l e |§)Ut er

vesicle |Is sel ect roup consistin ur an

(THF), et hanolencdpfmétéwinamémm,bww&wmﬁaﬂmwxane and
water. 17. The nmethod of claim 16, wherein the solvent is TI-IF."' '38

AVENDED SHEET ¢driphsiagt

{a) ( forming the at ieast one inner block copolymer vesicle by any
method; and |

(b) forming the outer block copolymer vesicle using a diract dissolution

| method by adding biock copolymeré dissolved in a sultable solvent-to
a dispersion of the at least one inner block copolymer vesicle in an
aqueous buffer under cdnditir'ans that allow the block copolymers to
form the outer block copolymer vesicle and encapsulate the at least

oné inner block copolymer vesicle,

2, The method of claim 1, wherein the block copolymer forming the outer block
copolymer vesicle and the block copolymer formmg the at least one inner

block copolymer veslc[e are the same or different.

3. The method of claim 1 or 2, wherein the outer block copolymer vesicle, the
at least one Inner block copolymer vesicle, or both are formed by self-

assembly of the black copolymers.

4. The method of any ane of claims 1-3, wherein the at least one Inner block'
copolymef vesicle comprises at least two bloc'k copolymer vesiclas that are

the same or different,

a5

AMENDED SHEET
IPEA/AU




18. The method of any one -of clains 1-17, wherei n the ‘aqueous buffer
Is a buffered eututiussus buffele vvilLl, Llettuyer its. 19. The

met hod of claim 18, wherein the buffered solution is sel eg}g

the group consisting of phosphate buffered saline (PBS), 2 %dzﬁﬂgﬂoggg
buf fered saline (BS), Hank's bal anced salt sol ution (HBSS ,ecel‘:’?fjlog Y
bal anced salt solution (EBSS). Standard saline citrate (SSC),

HEPES- buf f er gd &gl S ILM‘}I'I'\

(GBSS). 20. %ne netﬁﬁ%d&?(ﬁ%f’al m l@gaﬁéyg%ﬂ?ﬁe&ﬁ%ﬁ%ﬁégare Eﬁ'ormad of
sodi um car bonat@sicﬁléapbfy.dé@esmekdmba ofarPahsHipHIR Wik amesy!| fonic acid
(HEPES), 3-(N-Morphollno)-propanesul fonic acid, Tris

(hydr oxynet hyl )temmmpémmmq{ﬁnmﬂymerphosphat es. 21. The nethod of
any one of clainms 1-20, wherein allow ng the block copolynmers to form

the outer bl ecmhmrclaﬁﬁg'%é?eiﬁﬂmde?%ck B&%dr@&n&@%d eaction
mxture at |east 10 mn. . The nethod of any one-of clains 1-21,

wherein the outwhnrtﬂmiefom]mqumpdmer@lehpteulfmmahebleaﬁbonsnﬁng ofner
bl ock copol ynmer vesicle, or both conprise at |east one nol ecul e that

nodul at es vesi @iVt mm-twmmw@moemn&w@mmn&rfsn| a| m

The met had of | dTAT kiR aEPSreRM el e iE) SRRl BBt | ne

i pi s, 28, Tha net PanearobRat CBRe SRk AIRa fgefyame 0

transporter noloeiig) PEE-PEON p@!ﬂaﬂﬂﬁhe oxide)-poly(lactic acid) (PEO-PLA),
poly(isoprene)-poty{ethylene oxide) (PI-PEQ), polf(éwinylpyridine)—
.poly(ethylene oxide) (P2VP-PEO), poly(ethylene oxide)-poly(N-
:sopropyiacrylamide) (PEO-PNIPAm), poly(styrene)-po[y(acryllc acid) (PS-
'PAA}. poly(ethylene glycol)-poly(propylene sulfide) (PEG-PPS). poly(2-
memyloxazolins)-poly(dimsﬂ'iyisilox.ane)—poly(2~nﬁe:thyloxazoliné) tPMOXN _
F'DMS-PMOXA), poly(ethylene oxlde)-poly(dlm'ethylsuoxane)-poly(z-
methyloxazoline) (PFEO-PDMS-PMOXA) and poly (meythylphahylsi{ane)-
poly({ethylene oxide) (PM?S-PEO—PMPS—PEO-PMPS).

7. . The method of any one of claims 1-6, wherein the at least one inner block
copolymer vesicle is a polymersome formed of an amphiphilic diblock,

triblock, tetrablock or pentablock copolymer.

8. The method of claim 7, wherein the st least one innef block copolymer
vesicle is a polymersome formed of a copolymer selected from the group
consisting of poly[styrene-b-poly(L-isocyanoalanine(2-thiophen-3-yi-
ethyl)amide)] (PS-PIAT), poly{butad!ehe)-poly(ethylene oxide) (FBD-PEQ),

36
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39 AVENDED SHEET 1PEA/ AU 26. A nulticonpartrnentalized vesicul ar
structure conprising an outer bl ock copolymer vesicle and at | east

one I nner block copolyner vesicle, wherein the at |east Oper/BGHAN/000274
bl ock copol ynmer vesicle is encapsul ated-lnside the outer ﬁ%&ﬁéﬂo«b@mnz
copol yner vesicle, and wherein the bl ock,copolyner form ng the outer

bl ock copol yner vesicle and the bl ock copolymer form ng the at |east

one inner bl oclg levtgBkidMERtReproddond) (Fei-POL), peftethy ethylene)-

mul ti conpartnental i Zzed vesicular structure conprising an outer bl ock

copol ymer vesi pbig(etiyinabxil@dPEERED) pulgethitbmecdxidepol s asigsi cl e,
wherein the at |east one |nner block copolyner vesicle is

encapsul at ed | (RFGRELAR golyliroprens)-pletbpoe gnds) (RIREQ) BoIWENd wher ei n
both the outer pl.ock. copal vesi ¢l e | east one i nner

bl ock copol yne?’P‘VBmdﬂFg'B?!ﬂé{I@[?Be idééggﬁﬂ'gﬁb?'ﬁ% {98k psul at ed

I nside the res I | ' i L zed :
vesi cul ar strug@&@egﬁyéﬁgﬂﬁﬁggﬁméﬁlﬁ%hgsmﬁﬁg%@b r formng
the outer bl ockcigPSlRrD) palgsth@kbce GRANIORTMbEWENGONAd)(FEG-FFS)T Nng the
at |east one Inner block copolyner vesicle are the same or different.
29. The nul ti cpeip@metayitxarolinebpolddimettybsilosne)urtiyi2-eetiylozbziine)27 or 28,
wherein the at |east one [nner block copol yner vesicle conprises at -

| east two bl ocPNSRAPRMS-PHONAN Roly(qtindaneoxide)-prividimethvisiiongneXr er ent .
poly(2-methyloxazoline) (PEO-PDMS-PMOXA) and poly

(methylphenyisilane)-poly(ethylene oxide) (PMPS-PEO-PMPS-PEO-.
PMPS).

' 8, The method of any one of claims 1-8, wherein the at least one inner block

,copblymer vesicle is formed by: -
(a)  dissolving block co‘rﬂymérs in a sultable soivent;

"(b) drying the solution of (a) to obtain a polymer film; and
{¢) rehydrating the polymer film of (b) In én aqueous buffer.

10. The method of any one of claims 1-9, wherein the outer block copolymer
vesicle, the at least one inner block copolymer vesicle, or bath include at

least one substance encapsulated inside the respective ﬁeslcle; )

11. The method of ctaim 10, wherein the at least one substance is seiected

from the group consisting of organic molecules, biomolecules and ions.

' 12. The method of claim 11, wherein thie biomolecules comprise proteins, liplds,

carbohydrates, and nucleic acids.
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30. The multiconpartnentalized vesicul ar structure of any one of
~clains 27-29, wherein'the outer block copolyner vesicle is a

pol ynmer sone forned -of an anphlphlllc di bl ock, tri bl ock, :
pent abl ock copol ymer. 31. The mul ti conpartnentalized vesi 2ﬁr 0?ﬁ$m854
structure of claim 30, wherein the outer block copol yner Resayad 0/0p20R2
pol ynersone fornmed of a copol yner 40 AMENDED SHEET 1PEA/ AU sel ected"
fromthe gr

pol y[ styr eng‘}‘]pr B M‘E@%&%‘éﬂ%ﬂ‘%‘li%‘?ﬂ%’h@ﬁ alegpt qpe SYRsiance den

(PS-PI AT), pol,

pol y(et hyl ene %)é%h?e%o y cagér% one@%&?r‘gppc%gﬁoﬁeﬁ

- ethyteneypol y (&Hmdpﬁaﬁs%aiéﬁiméﬁﬁﬁw%@bm bitié, Shiphed) gnd

.oxi de) -pol y(l acti c aci d3 PEO-PLA), pol y(isoprene)- poI y(et-hyl ene
oxi de) (Pl - PEQuorophdrgz{, Ehmmomhq@gcrarmﬁdmgapaley@aitémé ene oxi de)

(P2VP- PEQ), pol y(ethyl ene oxide)-pol y(N-1sopropyl acl yl am de)

( PEGPNI PAM) 44, Brble Yttt ST3Ry oﬁ)é)éfléfa?rﬁé Y8-h$, vitaheih th(epfroﬁéﬂme%lab’él yl ene
gl ycol )- poty(propylene sulfide) (PEG PPS), poly(2-nethyloxazoline)-

pol y(di met hyl sopaiymecissiplalentabsomtiiy the spizadtone utisReXR-dBEifed-bVOXA) ,
pol y( et hyl ene oxi de) - poly(dlnethyI5|onane) pol y(2- net hyl oxazol i ne)

( PEOPDVS- PMOXAg) andlsdd WARSHE 1 SR8 kolb@iey (et hyl ene oxi de)
( PMPS- PEO- PMPS- PEO- PI\/PS) 32 he mul ti conpartmental i zed vesi cul ar

structure of rrgr Ved;ﬁc$g19@°ﬁ‘h6?° té%maw‘ﬁéf*n?n%;gmﬁ at | east one inner °

bl ock copoly I'S a pol'ynmersone of an anphiphllic
- diblock, tri bl((c:SCk’reE)?Jrat ngltt?ecpl)(olﬂergfa ofa(g;ji%léncogeoug bugfer containing

the at lzast one substance,

15. The method of any one of claifns 10-14, wherein the outer block copolymer -
vesicle enéapsr.ilating the at least one syBstance is obtalned by adding
block copolymers dissolved in a suitable solvent lo a dispersion of the at
{east one Inner block copolymer vesicle inan équeous hﬁffer t_mder_
conditions that allow the block copolymers to form the 'ou'ter block
copolymer vesicle and encapsulate the at least one inner block copolymer
vesicle, wherein the at least one substance is added (i) to the solution of the
block copolymers or (i) the dispersion of the at least one Inner block

copolymer vesicle before adding the solution of the block copolymers.

_16. The method of any one of claims 1-15, wherein the solvent for dissolving
the block cobo!ymer of the outer vesicle is selected from the group
consisting of tetrahydrofuran (THF), ethanol, dimethylsulfoxide,

dimethylformemide, dioxane, and water.

17. The method of claim 16, wherein the solvent is THF./
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33. The mul ffcoﬁpart mental i zed vesicular structure of claim 32;
wherein the at | east one inner block copolymer vesicle is a '
pol ynmersone formed of acopol yner selected fromthe group | tllﬂ 74
of pol y(styrene-b--pol y(Li socyanoal ani ne(2-t hi ophen 3-yl - / ' ?g%%ﬁ _
(PS-PI AT), pol y(but adi ene)- pol y(ethyl ene oxi de) " ( P80- PE ceetve
pol y(et hyl ene oxi de) - pol y(caprol act one) (PEO PCL), poly(ethyl
et hyl ene) - pol t hyl ene OXI de) . (PEE- PEQ et hyl epe, .
oxi de) - pol y(ﬂgy&f'? piethod 9f 'ﬂ'}“‘ o4 }l'éﬁ%‘) ”’pg‘l‘fg”(@t"nyt ene
oxi de) (PI-PE = Vi r I y(et hyl ene oxi de): al :
AVENDED SHEETW'&[%“ B be‘ﬁ%)“' ' c‘ﬁ?‘)' ?nyl ene
.0xi de) - pol y( N-| 0] I ac | am de PEGPNI dfﬁrsrl,
pol y(styrend? E‘F 18 whe ’P ‘W?%FW?PE’@Q“&FW%I )
pol y(propyl ene rgi!) &%P k
pol-y(di met hyl spll%% ? éF rE%%“ththxazo | ne %@%‘B%XA) _
pol y(ethyl ene PPBSjﬂﬁadk%'blé(aﬁbéd@ﬂt%&.r&dd (MBSSS)EaRet YadneRisal om0l | ne)
( PEGPDVS- PMOXA) and poly (et hyl phenyi sliane)-pol y(ethyl ene oxi de)
( PMPS- PEO- PMPS(EESS)BBBjard s@ide cilthte (88C), HERRSfeedsalineBBSy esd cul ar
structure of any cne of clains 27.33, wherein the at |east one
substance is s@F@'&@@W%?ﬁ‘&ﬁ@“@?(ﬁﬁﬁ%enm sting of organic mol ecul es,
bi onol ecul es and ions. 35. The nulticonpartnmentalized vesicul ar
structure ofzaciae methdd ofitlaimeiSawhéreinihcobustcescart &smed npsaden pr ot ei ns,
|IpIdS car bohydrates, and nucl ei ¢ aci ds
carbonate, N—(2 Hydroxyethyl)-piperazme—N'-athanesulfonIc acld (HEPES),
3{NuMorphollno)-propanesuIfonrc acid, Tris (hydroxymethyl)-aminOmethane

{T rls) phclsphates

21. The method of any one of claims 1-_20.' wherein allowing the block
copolymers to form the outer block copolyimer vesicle comprises incubating

the reaction mixture et least 10 min.

22. The method of any one of claims 1-21, whereln the outer block copotymer
vesicle, the at least ona inner block copolymer vesicle, or both comprise at

least one molecule that modulates vesicular membrane permeebility.

23. The mathod of claim 22, wherein the molecule is present in the vesicular

membrane.

24, The method of cleim 23, wherein the molecule is selected from the group of

transmembrane proteins, membrane associated proteins, and lipids.

25. The method of claim 24, whereln the molecule is a transporter melecule or '

jon channeal.
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.36. The multiconpartmental | zed vesi cul ar structure of any one of
clains 27-35, wherein the at | east one substance |Is a marker ,

Subst ance sel ected fromthe group consisting of fl uor,ophdl;@ﬁs 2011/000274
chronophores, radi omarkers, fluorescent proteins, enzynes, ~ an :

fl uorophore-, chronmophore- or radio-|abelled proteins. 37Recqed 04/06/2012
mul ti conpattnentalized vesicular structure of any one of clains 2746,

bllock copol Feh Aneperaalpf Tsiiap fucfure poifpbine ter BBt et hat
modul at es vesi gyl ar, RGEEiPEH é?fefamiiﬁﬂetrﬁlocﬁ?opgl ? r vesicle, wherein

mul ti conpartnental’l zed vesicular structure o I'm 37, wherein the

mol ecul e |'s prge@nieatibnt fieVR6dkosbaymEEVERIRNE enchgsateiNAEBe HeEET

11PEA/ A11 39. The multiconpartnentalized vesicular structure of

cl ai m 30, wher euter tiduk copdigoarivesicls, el wierait therbinek copplymes dgyming the

t ransmenbrane proteins, nmenbrane associated proteins, and |ipids.
outer block copolymer vesicle and the block copolymer forming the st least

“one inner block copolymer vesicle are different.

27.A muiticompartmentalized Vesicular structure homprising an outer block
copolymer\vesicle and at least one inner block copolymer vesicle, whereinb
the at least one inner block copolymer vesicle is encapsulated Inside the
outer block copolymer vesicle, and wherein both the outer block copolymer
vesicle and the at least one Inner block copolymer vesicle lnclﬁde at least |

oné substance encapsulated inslde the respective vesicle.

28. The multlcdmpartrhentallzed vesicular structure of ¢laim 27, wherein the
blbck copelymer forming the outer block copolymer vesicle and the block
copolymer forming the at least one Inner black copolymer vesicle are the

same or different.

29. The multicompartmentalized vesicular structure of claim 27 or 28, wherein .
the at least one Inner biock copolymer vesicle comprises at least two block

copolymer vesicles that are the same or different.

30. The multicompartmentalized vesicular structure of any one of claims 27-29,
wherein the outer block copolymer vesicle is a polymersome formed of an

amphiphilic diblock, triblock, tetrablack or pentablock copolymer.

31. The multicompartmentalized vesicular structure of claim 30, whergin the

outer block copolymer vesicle is a polymersome formed of a copélymer
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40. The nulticonpartmental i zed vesicular structure of claim 39,
wherein the nolecule is a transporter nol ecule or ion channel 41. Use
of the multiconpartnentalized vesicular structure of any oge/s22011/000274
clainms 27-40 for selective encapsul ation of different sub &ﬁ&ﬁ%mnwmnz
wherei.n the inner block copol ynmer vesicle encapsulates a fir

substance and the outer. bl ock copolyner vesicl e encapsulates a second

subst ance and BB etel The use of claim
41 for controll e% Fsase g@hp l Verc{/@'&p\ﬁ%@ f’??l} ent substances
encapsul ated | rbohi?ﬁoﬁlaﬁmtmwnwemhﬂﬁmenmwbmrpowzsdm nd
outer bl ock copol ynmer vesicle: 43. The use of claim42, wherein the

control | ed rel ealytethendekidex(PROFREQ) p@ﬂeﬂwhnbyxf@)fpblytmb@iacton&)l The
use of. claim43, wherein the stimulant is lig erature, ph,

electric fiel d(PRAGIA @'Y‘ﬁ@ﬂ&ﬂ‘m&@'ﬂﬁmﬂﬂ‘?%@(P EO¥ens, or

h I f
sUbst ances. encAtnyfeds RuERRARRef acdy (85 FA BoygBplehBE 0P
vesi cl e and outngequy%lg ogﬁ@ﬂb)cﬁgb) ‘b@@(zchﬁylﬁﬂdﬁ:@ﬁpoly(emylene OXIde)

mui ticonpartrnental i zed vesicul ar structure of any one of clainms 27-
40, wherei n t h¢P2¥R-RED), polyfativiens oxidakpuhyNAspptdpglacrylamide) (PEO-

rrultlcorrpartrrentallzed vesi cul ar structure with a cell so that the

mui ti conpart mMﬁ@hEOW@Mﬁfﬁl'w‘Y{%W'ﬁRﬁ%}@$ -BAth el ethylepaglycelie cel | .

46, The method of ol loms dnael 1S hs) Hn {Ehbtnliuizainay O 43 AVENDED

poly(dimethylsiloxane)-poly(2-methyloxazoline) (PMOXA-PDMS-PMOXA).
| poly{ethylene oxide)-poly(dimethylsitoxane)_—poly(z-methyloxazoltne) (PEO-
PDMS-PMOXA) and poly (methylphenyisilana)-poly{ethylene oﬁde) |
{FMPS-PEO-PMPS—PEO-PMPS).

32. The multicompartmentalized vesicular structure of any one of claims 27-31,
wherein the at least one innel; block copolymer vesicle Is a polymersome
formed of an amphiphilic diblock, trlblock, tetrablock or pentablock -
copolymer.

33. The multicompartmentalized vesicutar structure of claim 32‘, whereln the at
least one inner block copolymer vesicle Is a polymersoms form'ed of
acopolymer selected from the group @nsisﬁhg ofpoly(styrene-b-poly{L-
isocyanoalanine(2-thiophen-3-yl-athyl)amide)] (PS-PIAT), poly(butadiene)-
poly(ethylene oxide) {(PBD-PEO), poly({ethylene oxide)-poly{caprofactone)
(PEQ-PCL), poly{sthyi ethylene)-poly({ethylene oxide) (PEE-PEQ),
poly{ethylene oxide)}-poly(lactic acid) (PEO-PLAY}, polv{iscprene)-
poly(ethylene oxide) (PI-PEQ), poly(2-vinylpyridine)-poly(ethylenea oxide)
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| PEN AU 4/. The method of claim 40, wherein the cel | is in vivo and
t-he nethod further conprises admnistering the multiconpartnentall zed-
vesicular structure to a subject. 40. The nmethod of cl ai npdscyd1¢b60274

the subject is a human. 49. A pharnmaceutical conposition -
mul-ti conpadnental i zed vesicul ar structure of any one of c#é;c?l?réd@%m

and a pharnmaceutically acceptable carrier. 50. An in vitro nethod. of

rocoptol prot & AT RO TR b e bR R By . T AN
mul ti conpart rrafmahm%ény%&&amw%djQﬁs.ﬁms,qaomaﬁg?enev&w@i n the

menbr ane associ ated pro e nmenbrane receptor prote€in; (b)

contacting t hepolgrbpy=heaNids)PREGIRES), oS methyRkaRline)ct ure with a
candi dat e conpound suspected to be capable of formng a conplex with
the menbr ane rroiyégimethylglosanspelyt@tethyloxazoline) (PMOXA-PDMS-PMOXA),

paly{ethylene oxlde}poiy(dlmethy[sllox'ane)—poly(z-methyioxazoline) (PEO-
PDMS-PMOXA) and poiy (methylphenylsilane)-poly{ethylene oxide)
(PMPS-PEO-PMPS-PEO-PMPS) . '

34. The multicompartmentalized vesicular structure of any one of claims 27-33,
whereln the at least one substance is selected from the group consisting of

organic molecules, biomolecules and ions.

35. The multicompantmentalized vesicular structure of claim 34, wherein the

biomolecules comprise proteins, lipids, carbohydrates, and nucleic acids.

36. The multicomparimentalized vesicular structure of any ane of clairhs 27-35,
wherein the ét least one substance is & marker substance selected from the
group consisting of fluorophores, chromophores, radiomarkers, fluorescent
proteins, enzymes, and fluorophore-, chromophore- or raidio-labelle;d

proteins.

37. The multicompartmentalized vesicular structure of any one of claims 27-36,
whereln the outer block copolymer vesicle, the at least ane inner block
copolymer vesicle, or both comprise at least onhe molecule that modulates

vesicular membrane permeability, S

38. The mullicompartmentalized vesicular structure of claim 37, wherein the

molecule is present In the vesicular membrane,
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(c) detecting the said conpl'ex formation. 51: An in vitro nethod of
I dentifying a conpound capabl e of nodul ating the function of an ion
channel protein, wherein the ion channel prote| nis capabpgr/gtggomooogn

al l owi ng a known ion to pass, the nethod conprisi ng (a)mﬁgéél i B8oé012
mul ti conpartnental | zed vesicul ar structure of claim40 erein ?1 .

menbrane protein is the ion channel protein; 44 AVENDED SKEET 1PEA/ AU
. 39. The multicompartmentalized vesictilar structure of claim 38, wherein the

molecule is selected from the group of transmembrane proteins, membrane

. associated proteins, and lipids.

40. The multicompartmentalized vesicular structure of c¢laim 39, wherein the

molecule is a transporter molecule or jon channel

41. Use of the muit!oompartmentallzed vesicular structure of any one of claims
2749 for selective encapsulation of different substances, whereln the inner
block copolymer vesicle encapsulates a first substance and the outer block
copolymer vesicle encapsulates a second substance and the inner block |

copolymer vesicle,

42. The use of claim 41 for controlled release or delivery of the different
substances encapsulated in the respective Inner block copolymer vesicle

and outer block copoiymer vesicle.

43. The use of claim 42, wherein the controlled release or defivery is triggered

by a stimulant.

44, The use of claim 43, whereln the stimulant Is light, temperature, pH, electric

field, magnetic field, bacteria, viruses, pathogens, or chemical compounds.

45. A method of releas;ing or delivering substances encapsulated in the
respective inner blocﬁ copolymer vesicle and outer block copolymer vesidle
of the multicom partmentalized vesicular structure of any one of claims 27-
40, whereln the method comprises contacting the multicompartmentalized
vesicular structure with a cell so that the multicompartmentalized vesicular

structure is taken up into the cell.

46. The method of claim 45, wherein the cell is in vitro,
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(b) contacting the nulticonpartmentalized vesicular structure with a
candi dat e conmpound suspected to nodul ate the function of the ion
channel protein; and (6)detecting the passage at ions |ntpc~grg(3@@4t1/og(ﬁz74
t he nuki conpartnental i zed vesi cular structure. 52. The meFQgg/ecp 4/06/3012
claimb50 or- 51, wherein the nmulticonpartnmentalized vesicul ar

structure is imobilized on a surface. 46 AVENDED SHEET [ PEA/ AU

4. The method of claim 44, wheren the cail i In Viva and the methad rurther
comprises administering the multlcompartmentallzed veslcular structure toa

~ subject.
48. The method of claim 47, wherein the subjectis a human.

49, A pharmacsutical composition comprising multicompartmentalizac vesicular -
structure of any one of ¢claims 27.40 and a phérmaceutical!y acceptable

carrier.

80. An in vitro method of identifying a compound capable of forming a oomp!ex

wrth a membrane receptor protein, the method comprising:

(a) pmviding a mult:c.ompartmentahzed vesicular structure of ctaim 39
wherein the membrane assoclated proteln is the membrane receptor

protein;

(b) contacting the multicompartmentaliied vesiculéf- structure with a
candidate compound suspected to be capable of forming a complex

with the membrane receptor protein; and

(c) detecting the said complex formation.

P

51. An in vitro method of identifying a compound capable of modulating the
function of an ion channel protein, wherein the ion chiannel protein is

capable of allowing a known ion to pass, the method combrising:

' (a) providing a multicompartmentalized vesicular structure of ciaim 40,

wherein the membrane protein is the ion channel protein;
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(b) contacting the mullicompartmentalized vesicular structure with a
candidate compound suspected to modulate the function of the ion

channel protein; and

(c) detecting the passage of ions into or out of the

multicomparimentalized vesicular struciure.

52. The method of claim 50 or 51, wherein the multicompartmentalized

vasicutar structure is Immobilized on a surface.
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