A MULTI COVPARTMENTALI ZED VESI CULAR STRUCTURE AND A METHOD FOR FORM NG THE
SAME Cross-Reference to Rel ated Application [0001] This application clains

t he benefw0 20f2/qa8306rity of United States Provisional ParemisGMpplon@asi on No.
61/ 370,847, filed 5 August 2010, the contents of which being hereby

I ncorporated by reference inits entirety for all purposes. Technical Field
[ 0002] The i nAdULTICOMRART MENTBALIZED MESIEULAR ISTRUETURE AND &

structure, a nmethod for formng the nulticonpartnmentalized vesicul ar

structure and uses of thGETHODFEORFORMING THEGSAME cul ar structure.

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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nmol ecul es (macro or small) and for studying reactions in confined
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recept or melar riasdes df tHORBpeciVe Hocks” stheseasiurdhetics“rhaleeulae eantainBrsi n

m m cking the cell and the cellular activities, only
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mul ti conpartmental i'zed vesicular structures. Additionally, in order to
mmc environments. Complex reactions involving enzymes were shown to proceed in
an efficient and controlled manner. In a recent attempt to mimic the transport
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 nolecules in

t he "nanoweaoixrisios [ 0006] Therefore, there is a need topprecioa/ b4

mul ti conpartnentalized vesicular structures to allow nore advanced cel |
mmcs and to study cellular organization. Summary [0007]In a first aspect,
t her e i s gullolardedparieetsdofieshéuldrinciyde intatfacepwithdiffeentiranspbriesi cul ar
structure conprising an outer bl ock copol ynmer vesicle and at | east one

i nner bl gsrispenies!ty EHOEWERtRI everthertearspofteofatholeealess inttite Irarwreadton.
copol ynmer vesicle is encapsulated I nside the outer block copolyner vesi cl e.

The net hod conprises rmng the at | east one inner blo opol yner
vesicl e gogﬁi,mnghﬁfﬁjorqampre isa reed to provide for multicompartmentali zeé: POty

vesicular structures to allow more advanced cell mimics and to study cellular

organization.

Summary

[0007] In afirst aspect, there is provided a method for forming a
multicompartmentalized vesicular structure 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 multicompartmentalized

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
inner 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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(b) addi ng bl ock copol yners dissolved in a suitable solvent to a dispersion
of the at | east one inner block copolyner vesicle in an aqueous buffer
under conglot2onasiobat al | ow t he bl ock copol yners to for wcirise20ues27bl ock
copol ymer vesicle and encapsul ate the at | east one inner bl ock copol yner
vesicle. [0008]In a further aspect, there is provided a

mul ti conpeasicleraath éncluds atidast ose substance encapsiddteddosiddithg t o t he
present nethod. [0009]1n another aspect, there is provided a

mul ti conpespeetivietasicld. vesi cul ar structure conprising an outer block

copol ymer vesicle and at |east one inner block copolyner vesicle wherein

the at | east one inner block copol r vesicle i s enca I nsi de the
out er bl dOR18bpolR Advrthersaspest, lh?‘?ogf\%ﬁﬁrpéﬁﬁrltﬁﬁu BﬁQ’BPa’BF’@ f@'@@ ol ymer

vesicle, the at |east one inner block copolyner vesicle, or both include
at | east vasiculamsiuatiere fonselpstive:eaeapsubation Qmﬁeméubﬂaecwww@m [ 0010] I n
a further aspect, use of the present multiconpartnentalized

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 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 outer block copolymer vesicle of the present
multicompartmentalized vesicular structure, wherein the method comprises
contacting the mulficompartmentalized vesicular structure with a cell so that the

multicompartmentalized 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



vesi cul ar structure for selective encapsul ation of different substances,
wherein the inner block copolyner vesicle encapsulates a first substance
and t he owpeonidaigsmk copol yner vesicle encapsul ates a seegngcavhsvense and
the inner block copolynmer vesicle is provided. [0011]1In another further
aspect, it is provided a nethod of releasing or delivering substances
encapsul dcgd detecting thessaid compléxfieematiblmck copol yner vesicle and outer

bl ock copol yner vesicle of the present multiconpartnentalized vesicul ar

structur rejn the thodc rises. cqntacti

ul 1 conBPTALn: I ysLangher S UiERged wﬁwfﬁgw'*ﬁow identinging
rmlticorrpartrrentallzed v SICU tiEl L#cture I s take Lnto the cell.

[0012] | n CRPQMKLEaPa eB lﬁ‘tgl 8l U'&@Pﬁb‘%f@’? R ¢ n@e RTU®A; conpri sing
the present nulticonpartnentalized vesicular structure and a

phar macewhergin thesoo ebanpelprotein iseapdlde oallewinga krowa jirrete passhdhe i s
provided an in-vitro nmethod of identifying a conpound capable of formng a
conpl ex wmnéethod coanimisese receptor protein. The nethod conprises: (a)

provi ding the present nulticonpartnmentalized vesicular structure, wherein

the menbrape parS\S,.%ﬁ{g%e brBE SR it mb AR BT A st Al Shidrein
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] In the 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



(b) contacting the nulticonpartnentalized vesicular structure with a

candi dat e conpound suspected to be capable of formng a conplex with the
menbr ane weceptms3opr ot ei n; and WO 2012/ 018306PCT/ S&Q01PLOBG2TA/00@) 4
detecting the said conplex formation. [0014]1n yet another aspect, it is
provided an in-vitro nethod of identifying a conpound capabl e of nodul ati ng
t he functpalymefsoames; ¢o) mblicosipaptinerdalizedypalymiersarhes eocapdudaling GhPotein i s
capabl e of allowing a known ion to pass. The nethod conprises: (a)

provi di ncarid€ysgS eThrespdputatiorey dimstickes zanl beaséarly seergtwact ure, wherein
t he menbrane protein is the ion channel protein; (b) contacting the

mul ti congﬁfdulamrfél dfdlvidnal ABAGkhiA W)Wl PEIMAT w?ﬁhbelsmﬁewmund

suspected to nodul ate the function of the ion channel protein; and
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 vesicles: (a) SEM image of ABA vesicles; (b) fluorescence image of
ABA vesicles with GFP (excitation wavelength: 470 nm); (¢) SEM image of PS-
PIAT vesicles; (d) ﬂuorescence image of PS-PIAT vesicles with Cy5-1gG

(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-IgG encapsulated in



(c) detecting the passage of ions into or out of the nulticonpartnentalized
vesi cul ar structure. Brief Description of the Drawings [0015]In the

dr awi ngs,wbi2ke/rigfoer ence characters generally refer to the/ssaom/opeis

t hroughout the different views. The drawi ngs are not necessarily drawn to
scal e, enphasis instead generally being placed upon illustrating the

princi pl &S-P1IAT quol ywoersenesd Spets with icn-loealized grean mgdded amigsiodrshovar i ous
enbodi ments of the invention are described with reference to the follow ng

dr awi ngs.up iGEAbwRIE cdredpong te mualtieompaftnidntaljizedseolymeetonees.t o form the
present nulticonpartnentalized vesicular structure having vesicles

"t v; dudpOBAl” nbic e T shIESBATAR Qe EURRRNE () | nk vi dual ABA
pol ymer sones; (b) individual PS-PIAT
multicompartmentalized polymersomes: (a) Dot plot from dispersions of
multicompartmentalized polymersomes without any encapsulated fluorophores.
FSC/SSC gating was applied (region R1) to exclude larger particles and noise.
(b) Dot plbt of FL1 (5630 £ 30 nm for calcein detection) against FL4 (650 nm for
Cy5-1gG detection) after the gating. (c) Dot plot of multicompartmentalized
polymersorﬁes encapsulating calcein (ABA compartment) and Cy5-IgG
(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.



pol ymer sones; (c) nulticonpartnentalized pol ynersones encapsul ati ng GFP and
Cy5-1gG Three popul ations of vesicles can be clearly seen; two popul ations
of indi viwoabi2ABgsoet hi n arrow) and PS-Pl AT pol yner sones pCrisiceéi1aneoy), and
a popul ation of multiconpartmentalized pol ynmersones (inset). [0018]Fig. 3
shows DLS data show ng size distribution of (a) individual ABA pol ynersones
(aver age [0024) In ¢he aspedtythdneis pSvidetiTa pwthod fardosingaaver age 145 nm); (c¢)
mul ti conpartnental i zed pol ynersonmes (average 160 nm). [0019]Fig. 4 shows

scanni ng mllgedmpartentaliednies(coldd starturel The endlttcsrapanmgatalizedvesi cl es: (a)
SEM i mage of ABA vesicles; (b) fluorescence inmage of ABA vesicles wth GFP

(exci t at iy@RidPrdtRREIrB: coffige®an GGter Bi¥Ki copaR/ntdr E3FIEEndestiédst Dne( d)

fl uorescence 1 mage of PS-PIAT vesicles with Cy5-19gG (excitation wavel ength:

640 nn. r,r,l[},?%é@{p GopalyHBPYESiER) Tﬁﬁ!\ét%@st%Aﬁhgﬁt?ISEﬁEBﬁ&ggjé'g%si%fe he

present ntall vesi cl es al ni ng ein and PS-PlI AT
containin 5-1label ed 100 . .Geen spots caorrespond to GFP encapsul ated in
i ndi vi dud"CA ﬁ\UIng‘i'R@rdseotﬁﬁsoq’\?ﬁ tﬁgcl;; 859%'5’&3 Vgallpfeespond to Cy5-1gG

encapsul ated in individual PS-PIAT pol ymersones. Spots with colocalized
green ango02s] eMre@leditesERVEdHtextNpIghleross acovesislewith @ polymeric

mul ticonpartnentalized pol ynersones. [0021]Fig. 6 shows scanni ng confocal

f1 uor escepsRbidmawith are typically, but not necessarily, formed from the self-
assembly of dilute solutions of amphiphilic block copolymers, which can be of
different tybes 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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mul ti conpartnentalized pol ynersones. G een spots correspond to
non-encapsul ated calcein, while red spots correspond to Cy5-19gG

encapsul avecoiznisfes- Pl AT pol ynersonmes. Spots with co-| oealriscachigoeen and
red em ssion show up in yellow and correspond to nulticonpartnentalized
pol ynersones. [0022] Fig. 7 shows flow cytonetry data of the present

mul ti conpatamins?alD, Fedng &)ymeneglyssridés: dighpcerjdas; ahd ghospBlipids.ons of

mul ti conpartnental i zed pol ynersones wit hout any encapsul ated fl uorophores.

FSC/ SSC ganliesg expresaiydtard dtheovies, the)tetrn “palghietisornet ged “yesidletlags and
noi se. (b) Dot plot of FL1 (530 30 nmfor calcein detection) against FL4

(650 nm fiedPidrelritfiediradhkéaio BE bABIGBAS BAk Mgy béq)se@qhte%*ﬁn/gﬁcb(')yﬁpar  ment)

mul ti conpartnental i zed pol ynmersonmes encapsul ating cal cein (AB

and Q/S-I%G éPS— PI AT conpartnent) where gate Rl was applied to the FSC/ SSC
dot pl ot .[0026Fkei N vRroussembpdisents, tbe eepalymgr {asming the guéter Slagkal . (d)
Dot plot of FL1/FL4 after gating, clearly showng in the upper right

quadr ant adpelymesessice ahdibe ohesksopedyreercfopmingthenaf |bastronedinoer bloakd
Cy5-1gG Description [0023] The follow ng detail ed description refers to

t he accorgupowmer vEsicle 286 thdsamelrwifférentvadiheddutel bloek loabblymersiesivlé i c
details and enbodi nents in which the invention may be practised. These

enbodi Menhgy BE% FEGRISrSHe idrmsed bf 5k AfipHisHiRG Hiblstke b &k, tbwaisloskbt | ed in

the art to practisé the invention. Qher enbodinents may be utilized and

structur adentét%i:?@{;rﬁol%‘ér.el'nec%trfdir?%b%ﬂﬁﬂ&% Wn%llgglr B%%deﬂgp%’é& departing

from t he 'scope 6 e’ nvention. e varrous e ment _ _
me e b b o By BRoR RRE RS hGTht o e v
copolymer vesicle may be a polymersome formed of an amphiphilic diblock,
triblock, tetrablock or pentablock copolymer. In certain embodiments, the inner
block copolymer vesicle 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 the 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, poly(butadiene), poly(2-methyloxazoline), poly(dimethy! siloxane),
poly(L-isocyanoalanine(2-thiophen-3-yl-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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WD 2012/ 018306PCT/ SG2011/ 000274 [0024] I n one aspect, there is provided a
met hod for formng a nulticonpartnentalized vesicular structure. The

mul ti conpaiotzoertisdoszed vesi cul ar structure conpri ses anPauiserollooeR4
copol ynmer vesicle and at | east one inner block copolynmer vesicle. The at
| east one inner block copolynmer vesicle is encapsul ated inside the outer
bl ock copuitgbleroutesvesices [apddbhenvediclep inahede, bubarerot lipided tsr sones are
vesicles with a polyneric nenbrane, which are typically, but not

necessar igoy(eftiyl Beldrie)b-pbig(stryibne oxit8) | PEEFb-MRE D), @obbutadieme)dbF
anphi phil'i ¢ bl ock copolyners, which can be of different types such as

di bl ock ' i PE®/LSP Ache- Bed/lief pgbh-ock or
pent abl o%%ﬁ%ﬁéﬁqg}g{)r tri b%k@ggﬁ?ng?s,aﬁ(e g’elntafgj?t(bl ock is often

2?,},'3! SﬁSr%f@;}ow&%@&@g{ﬁi&%mﬁfﬁ%@'é%‘aﬁ%*?éél%b%@%eﬂa_ﬂéﬁéEFEckrsm

E]Z's ;;f? %&&qqzb%i{?ﬁcﬁafag?q)zg@-ﬁfﬁ& ipaggilag‘éf%ngﬁ%%ﬁésw%jﬁ@ﬁ%%féfﬂog—”For ce
i or bphad GbpRruBr G eyang-pelulsiases grben IPEVRRAREEn s birtBulesti ate i n
order to shield thenselves fromcontact with water. Pol ynmersones possess

r emar kabloxidg)Rsdy(N-isepenrylacsylamide)PRO-poPNERARY. Raly(@tYlene glygobonst i t ut ent

copolynmers. Vesicle formation is favored upon an increase in total

ol ecul apolprgpylesfe suifidé) (REG-boiPBSY,rmaly (mathyiphemytsiignehpely(ethylenei on of
the (polyneric) anphiphiles in these vesicles is very |low conpared to
vesi cl es dxitg)¥ PMBS-bi-PEGsb-EMPSt-PEO-brRBIPSPpaolg(2-methiylesxdzetinerbbi | i ty of
pol ymer chai ns aggregated in vesicle structure, it is possible to obtain

st abl e pPYHBINSERTISTIBX IO R EbISE2-Meth1BRaZMRET IPMTXA-bePDMSSBNt 1 nvention, a
vesicle does not refer to a structure conprising fats, oils, waxes,

chol est 004260k icAbyiBRkUhhE K MUck 8RB ATe) bbRRIche D E and

K), nonoglyceri‘des; cerl l'i'pids.” Unl ess expressly

her ef nat CAES o OMORIER s B2 TR SRS PR S deyarBRIditRz. o .

[0026] 11 X 3bhaNSS-ATERSNERIYer (PSB-PIATS pSiIRIMERE ol bl BRogibse o' ock
sulfide)-b-poly(ethylene oxide) (PEO-b-PPS-b-PEOQ) and a poly(ethylene oxide)-
poly(buylene oxide) (PEO-b-PBO) block copolymer. A block copolymer can be
further specified by the average number of the respective blocks included in a
copolymer. Thus PSy-PIATy indicates the presence of polystyrene blocks (PS)
with M repeating units and poly(L-isocyanoalanine(2-thiophen-3-yl-ethyl)amide)
(PIAT) blocks with N repeating units. M and N are independently selected
integers, which may for example be selected in the range from about 5 to about
95. Thus PS4o-PIATs, 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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copol ynmer vesicle and the bl ock copolynmer formng the at | east one inner

bl ock copol ynmer vesicle are the sane or different. The outer bl ock

copol ynmerwoeasi2ligsosay be a pol ynmersone formed of an anplricplsickoia/ode2ss ock,
triblock, tetrabl ock or pentabl ock copolyner. In certain enbodi nents, the
out er block copolynmer vesicle is a polynersone forned of a di bl ock

copol ymerconfinedispaee sbtroukded pylthervesicalar ciambnapeaf the potermnesidbere f or med of
an anphi philic diblock, triblock, tetrablock or pentabl ock copolynmer. In

certain ﬁﬁhﬁﬁbﬁ@m:bmpérhﬁeri\tnnemelillostkatmpdie/dmtrerwesiictd encdapsalates Dyer sone
formed of a triblock copolynmer. In various enbodi nents, the at |east one

| nner bl qgis SRPM/RAEr Vesitie! I fuRFLHEAS Riteb Ep. THO ORI Sl Y er

vesicles That are the sane or different. [0027] 1 n sone enbodi nents, each of

the bl ok ERANGETy h \}e@ﬁ:u%h‘trﬁémBEéL&{)@rr]\%)rlH%%rg\giélélg?%rg‘(sﬁh&th% i ncl udes a

pol yet her as a poly(oxyet oxypr opyl ene)

pe_ i nél 326%&%%"@%@ i%aﬁ yip%“%bn?cpﬁﬁéﬂn‘%{é'%@ TR CRr e S 1

SSI 3%2 m&‘%&gg;[@g e 'lfaat %ﬁﬁbg' & é}?l"%%ﬁﬁé&o " Aig. TF Edntains two

pol y(L-i socyanoal ani ne( 2 t hi ophen- 3-yl -ethyl )am de), pol y(e-caprol actone),
pol y( pr ofEiPerateonartegntspsuoh AURLePMBRLTEET §traWB%may also be referred

pol y(2-vinyl pyridine), poly(2-(diethylam no)ethyl nethacrylate), poly(2-
(di i sopr dpdsatoulne enhgtbsuiaatlmnr yl ate), poly(2-

(met hacryl oyl oxy) et hyl phosphoryl chol i ne) and poly(lactic acid). Exanples of

ol v et ny P28, | BFkgnaiR Abou Pie. 168 siply Hiibalég ruftiio feati8hst 0B o0 1O
bol ot y R Hoip Bopdidier }agircf?cé’%% dﬁ%iggﬁx?&&? ORIt figpeiyed in

oxi de) - pol y(capr ol act one -PCL), poly(ethyl ene oxide)-poly(lactic

aci d) ( PEUitgble sglvende w '§B?ﬁ$@rﬁ‘e9f tpewg;d%qswnsrtenefxbla@bc polymerypsicle

pol y(2-vinyl pyridine) - pol y(ethyl ene oxi de) (P2VP-b-PEQ), poly(ethylene

oxi de) - ponmraqmpnscwﬂ%wngeammbyomm BLMItIthockpmpp(méPf)*It@rf@f iyl ycol ) -
pol y(propyl ene sul fide) (PEG b-PPS), poly

(et hyl pheeyluser bioek eguolyrhet hg$|eleeamd<en|@9ps(um@$qé)aﬁé@sbem-m b- PMPS) ,
pol y(2- met hyl oxazol i ne) - bpol y(di net hyl si | oxane) - b- pol y(2- et hyl oxazol i ne)

( PMOXA- b- le.

pol y( 2- nethyloxazollne) b- pol y(di net hyl si | oxane) - b- pol y( et hyl ene oxi de)

e 6631 bRl TR o ey S A e

oxi de) - b- pol g(propyl ene sul fide)-b-poly(ethylene OXI de ( PEG- b- PPS- b- PEO)
and a polmaxbayndude dtdenot Ipmnw m@e@al@ydm ugan (THEinﬂantgmme&wo

copol ynmer. A bl ock copol yner can be further specified by the average nunber
of the r elipethyisudfoxidectBME0Y) dicedhylformamige (PMIT), tolherse, RIBNER, ATN | ndi cat es
the presence of polystyrene blocks (PS) with Mrepeating units and

pol y(L-i sestgannabats embddintértphibie-sdiyéntehdy b am ideic ligBidABxantpessf wi t h N
repeating units. Mand N are independently selected integers, which may for

exanpl e QRe fsHi€figEd ihAlud8epiitadta ot limitede U -ethyl B-metllinfi§azolitws PS40- Pl ATS0
i ndi cates the presence of PS blocks with an average of 40 repeating units

and of Pl a@.g&ﬁ?éra%tlt] RIS ﬁ{eﬁ%ﬂp%qﬁﬂstrat egbmbdﬂatetaa[oml By

encapsul a i'S ‘meant t In Flig t he inner

popi am) ShARAmERRIN SRRy TR e T R AR AR SRR STORBERECAS, o

The

ethyl-3-methylimidazolium bis(pentafluoroethyl)phosphinate, 1-butyl-3-methyl-
imidazolium tetrakis(3,5-bis(trifluoromethylphenyl)borate, tetrabutyl-ammonium

bis(trifluoromethyl)imide, ethyl-3-methylimidazolium trifluoromethanesulfonate,
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confined space surrounded by the vesicul ar nenbrane of the outer vesicle
fornms one conpartnent. In the illustration, the outer vesicle encapsul ates
Cy5- | gGwoaotrmasioaner vesicle, in turn encapsul at es GFPCT/Heeoamnd27ned
space surrounded by the vesicul ar nenbrane of the inner vesicle forns

anot her conpartnment. Hence, the nulticonpartnentalized vesicular structure
defi ned bybutyk3westhylimitazotivir mathytsulfiate Tontbertylr@piethdimidazeliuat ed in Fi g.
| f contains two separate conpartnments. Such dual -conpartmnment structure may

al so be f(Rj’rﬁhﬂchW%uﬁath@mwEn&ﬂﬁﬂﬂ’ﬁmmylmdat@ﬂﬁﬁlétraﬂmommterrbodi nents,
the met hod includes formng the at |east one inner block copolyner vesicle
and addingpblock copol yners dissolved in_a suitable solvent to a dispersion

|
of the atl003%kt Eh@aﬂH%@PSBPﬁﬁkm@M&ﬂ 3 ReffetadssQlution. N Yanadsieous buf f er

under conditions that allow the block copolynmers to formthe outer bl ock
copol ynerembadinieatsatioe boffapasscalution isea hutferedssalipasolutionrsushas copol yner
vesi cl e. [0030] The solvent for dissolving the bl ock copol ynmer of the outer
vesi cl e mphpsphafetsuffeted shline (BB8)tTris afferdd tsaling €TBS) Handsibalan¢adF)

chl orof orm ethanol, dinethylsulfoxide (DVBO), dinethylfornmam de (DWVF),

tol uene, FHEERRRN GBISY, Farleldbalanted B0 dolioh YEBSS), Stindand saine be an
lonic liquid Exanples of the ionic liquid include, but are not limted to,

1-ethyl - %1@%%*(35@)‘; AEPE S BOFe Rl SHiineqQHEEY aheergy’%tﬂaréndbdr@mydlmm di ni um

tegrgfl :Jor orgte, 1, 3- dial kylimdazoliumtetrafl uoroborate,

1 3-di o = ' A g um
o = e FFESTGRRYRIEITHAPOR oyt At
bi s(tr1 1 ISR aneR o) e oS e id oF PRl i B gE Kec2mmen v
L by e atagy s She o rhanasdlionis St R, SUR-RBHNOmE) = >

propanesulfonic acid, Tris (hydroxymethyl)-aminomethane (Tris) and

phosphates.

[0032] The block copolymers may be allowed to form the outer block
copolymer vesicle by incubating the reaction mixture for at least 10 min, such as
about 1 hour, about 6 hours, about 12 hours, about 24 hours, or more than 30

hours.

[0033] The at least 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 dissolving‘block 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

12



([bm n]) octylsulfate, and 1-n-butyl-3-nethylim dazoliumtetrafl uoroborate.
[ 0031] The aqueous buffer may be a buffered solution. In various

enbodi nenye,20idnasef f ered solution is a buffered sal i nepgolseromosueh as
phosphate buffered saline (PBS), Tris buffered saline (TBS), Hank's

bal anced salt solution (HBSS), Earle's balanced salt solution (EBSS),

St andar d smicture includingean GHey bloakrBpolymdrarasitle andrat Igagbone inmer wpek' s

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

may be bujopelyiner idsicle! whaeblyshe at idastonbuingrdiotk copatymepyesiolefisr s f or ned
of sodium carbonate, N (2- Hydroxyethyl)-pi perazine-N -ethanesul fonic acid

(HEPES) , ehcaPsifateplsidttthe JULOPBIBER ebpSlYhier dekidle, BndSwhereby the outer
(hydr oxynet hyl ) -am nomet hane (Tris) and phosphates. [0032] The bl ock

)
copol yIerio feodybt 9uGitle! the S IERLEHHHEF PRI OpSRARMNERCI¥ SH iR BY

I ncubat i ng ere | On m xture eas n,” such as about 1 hour,

[o0as) Tiacpe rElEa% ohE stRGeniRabadpistl bR Bl ERRSy st Rooe by any

met hod. In certain enbodinents, the at | east one inner block copolyner
vesicl e i‘*‘@”ﬁ%’ﬂﬁ'@&e%y di ssol ving bl ock copolyners in a suitable solvent,
drying the solution to obtain a polyner film and rehydrating the pol yner

filmof iigo8s) 2aYRE Yo kESRIlymECORALiAndardslS |$aBIedb el fsschibie fitber bl ock
copol ynmer vesicle, the at '| east one inner block copol yner vesicle, or both

| ncl ude aévés?@ﬁér gﬁﬁctﬁ@ﬁhﬁ%%q%i:@HélPlN%ﬁ%dd’éaitgea biffer #SP&HtdbYE vesicle.
A mul ticonpartientalized vesi cul'ar
concentration. The block copolymer should not interact with the encapsulated
substance in any way that will prevent it from forming a vesicular structure. The
bilayer of the vesicular structure formed by the inner block copolymer is able to
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 structure 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
whibh 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

13



structure including an outer block copolyner vesicle and at | east one inner
bl ock copol yner vesicle, whereby the at | east one inner bl ock copol yner
vesi cl e iwoenpansiskat ed i nsi de the outer bl ock copol ynmercrssieii®ooznd
whereby the outer bl ock copolynmer vesicle, the at | east one inner block
copolymer vesicle, or both include at | east one substance encapsul ated

i nsi de t ienercsgsicléei Tie vakdr oesicles shauld bepdufficidnt!y OGS toTercapsutKedo@ol yer of
the inner vesicle is able to self-assenble into a vesicular structure with
a bi | ayerexshidled inh&ivedislied to a buffer at a suitable concentration. The

bl ock copol ymer should not interact with the encapsul ated substance in any
way that will prevent it fromform ng a vesicular structure, The bi | ayer of
t he vesi dAP3F] st Fb@t&ﬁl’%ﬁsﬁ@Pﬁé@ﬂ?ﬁ“?%c@mﬁmebl"ggﬁ ec@pAPpMatingdha@te t o
prevent significant diffusion of encapsul ated substance across the

vesi cul arleastrdineasidstanee giay deodbtained byndissoleisigdleck sopohimees inadan t he si ze
of the outer vesicle and nay be tuned by extrusion, for exanple. [0036] The
bl ock comuiitabley saiberithdrying the salgiion ®© olstaiaba potymaeﬂlm, and eebhydrating thex

vesi cul ar structure with a bilayer shell when added to a buffer at a

sui t abl e ggNiRentilhRin SMaqibsuPbelidr comainiitEthesdi el ometsubataicect With the
encapsul ated substance and the inner block copolyner vesicle including its
encapsul at ed substance in any way that will prevent the bl ock copol yner of
t he out erl0038] c| Eheoyiteripek aepelymes N@ap@re%qanﬁ@laﬁme thepblaast gper of the
vesi cul ar structure fornmed by the outer bl ock copolyner is able to prevent
si gni fi caubstareieayay be abtaiapd bly=adsting blssknopelymers sissateed/igsa suikable
menbrane. Further, the solvent in which the block copolynmers of the outer
vesi cl e isplvint $obuisherbionl af thetat ledseone invértbloclncepolymer eesicierinamch a way
that will cause the outer vesicle to lose its vesicular structure or |ead

to the relRreesVuffePaneacenidticrishas BIkGW aANE BIJCR dopelymérgas faestid €. The
outer vesicle should be sufficiently large to encapsul ate the extruded

| nner ve%Lﬁéﬁblo[:Q%th%r%s.'c@éﬁd BRBapsUSte tRE o kedsPBALYARESr BISSK C! €
encapsul ating t ,
copolymer vesicle. The at least one substance is added (i) to the solution of the
block Copolymers 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 consisting 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 is a
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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| east one substance nmay be obtained by dissol ving bl ock copolyners in a

sui tabl e solvent, drying the solution to obtain a polyner film and

rehydr at iwQ 20ti1gswbyner filmin an aqueous buffer cont aiPaoirrsg2ohmoar4 | east
one substance. [0038] The outer block copol yner vesicle encapsulating the at
| east one substance nmay be obtained by addi ng bl ock copol yners di ssolved in
a sui t abltbabmbdelates vesiculas prentirane plermieabiity. [Tdwsmolecals maybepresent

copol ymer vesicle in an aqueous buffer under conditions that allow the

bl ock copeltyereesictlar frembriahe. ut@taihleptodimentsy tits motedulé &s seldctedcapsul at e
the at | east one inner block copolyner vesicle. The at | east one substance

is added ffdm the gkl éﬁkaﬁsrﬁé\nafa@@robénﬁgkm@ﬁiwérwaégo@éteelprbteﬁﬁ@ eﬁidSperSl on
of the at | east “one |nner bl ock copol yner vesicle before addlng t he

sol ution jafyd e <BiaG "th %ISE&I@%H'tPﬁrFSpBPt%r |or{ 0039] I'n
gl

various enhpodi nents, one substance'ls se ected ron1the gr oup
consistin rgani c nDIecuIes, blonDIecuIes and ions. In certain

enbodlneﬁﬁgnn?ﬁe bi onol ecul es i nclude proteins, |ipids, carbohydrates, and
nucleic acids. In alternative enbodi ments, the at | east one substance is a

mar ker sybeatnceThelppsseat nﬁulﬁmr’hbért@iéﬂtmlzédr\l@sﬁiula‘rgst@fctlirem)i)bémfsea,
chronophores, radi omarkers, fluorescent proteins, enzynes, and

f1uor Oph%reseleewé)@m&wu?auowofrmér@n{ é‘tti’@étbﬁ@esolh%é'r%pec{t@@%kidfb VEHd Ous

enbodi ments, the outer block copolyner vesicle, the at | east one inner

bl ock COFb%Wpo\fﬁﬁbHo‘?mlrﬁ b el BRIKBpBlyn&ia’si @8 Gndthé B ck

copolymer forming the at least one inner block copolymer vesicle are chosen to
be of different composition to form the vesicular multicompartments and
membranes. By choosing the different composition, one can control the location
and action of the encapsulated substances in the multicompartmentalized
structure, for example, control over the transport of the encapsulated
substances between the individual compartments within the
multicompartmentalized structure. 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. 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 multicompartmentalized 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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t hat nodul at es vesi cul ar menbrane perneability. The nol ecul e may be present
in the vesicular nenbrane. In certain enbodi ments, the nolecule is sel ected
from t he woaor/as3osr ansnenbr ane protei ns, nmenbrane assoecatlsedoproi2s ns, and
lipids. In sonme enbodi ments, the nolecule is a transporter nolecule or ion
channel . [0041] The present nulticonpartnentalized vesicul ar structure may
be used fsiimdahesudhvas kghtatesnperatwe, pH, diectrierfiald, mapretimteld, bacteria,
respective vesicle. The bl ock copolynmer form ng the outer bl ock copol yner
vesi cl e andiseBepsthogns aradhemicallconmpouhdshe at | east one inner bl ock

copol yner vesicle are chosen to be of different conposition to formthe
vesi cul ar__ nulticonpartnments and nenbranes, B hoosi ng the different

conposi t i[9R42bne Adihiarewmsertical gosnasetian '@ﬁ[UQH%J F?réﬁegtf t he encapsul at ed
substances in the nulticonpartnentalized structure, for exanple, control
over t he mullinempartmentalizedevasigpian struaiureuanst a phasmaeeutically @seepiablesi dual
conpartnments within the nulticonpartnentalized structure. The inner bl ock
copol ynercarger islatsee comrtpmplatedsinasdme emxdimeats; theaadcapsilateter bl ock

copol ymer vesicle encapsul ates a second substance and the inner bl ock

copol ynmersyiadridetinciliies Br g ifacautital @ oh@rica rompoled s(fhi 44y lbat ard r uct ur e
may thus be used for controlled release or delivery of the different

subst ancemERGRRSE! S d05R1008-dRmBES-hldRXY Bl IA6H alRREL IRy raR2l cl e and
outer bl ock copol yner vesicle. The multiconpartnentalized vesiCul ar

structur ' t hconpartnentalized
vesi cul af‘y@%%%éé@ﬂﬁ@ﬂb@&%o%&%’%ﬁy@rgﬁ gé(%%zﬁ_ééﬁ??h&fs&?’c’e ’f({) ma;/rp be in vitro.

Al ternatiyvely, .t cell ds,ip Vi d.the. multico r | vesi cul ar
structur éeﬁgxﬁq{#ﬁf%ﬁe@%%??é?%n%ﬁ%?@g't’?'cpﬁ gﬂhéﬁqeg%‘gu@mﬁ'%&%nt rolled
rel ease qor delive may pe triggered b stinmulant such as, |i.ght

{enper at - metyh L4 upety o B Adigeat Hrinapie-saciiE Boisdiddae

pat hogens, or chem cal conpounds. [0042] A pharnmaceutical conposition

i ncl udi n@fhE(Pr2<EmpethoxynapiithriepréwrRIopareicacid @lﬁFHPX%’iirN@anP)eza(ﬁd a
pharmaceutically acceptable carrier is also contenplated. In sone

enbodi nerhenzoyipbeayipropianic addd ketopsefen; NSAIRY et chlophil-(Zaftsylmethayl)-6r

chem cal compound such as, but are not limted to,

(8S, 10S) -slifambytanthraniichyad (yesemidehysed foritbé yréatmant gfyooagestive

yl oxy) -6, 8, 11-tri hydroxy- 8- (2- hydr oxyacety1l) - 1- net hoxy-7, 8, 9, 10-

t et r ahy dri=et falarNend ed dmdi) cared Nm@auhém?/m;enwr)érhmmlm a¢ldug) ,
{(12)-5-fluoro2-methyl-144-(net hyl sul fi nyl)benzyli dene]-1H i ndene-3-yl}acet

ic acid (ﬁr{éféﬁl&ﬁ&)éci@;fNSA)Dx S) - 2- ( 6- et hoxynapht hal en- 2-yl ) propanoi ¢ acid
(naproxen; NSAID), 2-(3- benzoyl phenyl)propionic acid (ketoprofen; NSAID),
4-chloro-N-(2-furyl methyl)-5- sul fanoyl anthranilic acid (furosem de; used
for the t[P@43henMullicampajtraentalized yesiclesiaogpeding o thedrypntiemean be
N- (2, 3-di net hyl phenyl )anthranilic acid (nefenam c acid; NSAID).
[ 0043] Mulusedoaspacamiertfat a deud,\eemiackerorather matigr toobe Admimistened tmacan be
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 composition. 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
advantages 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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used as a carrier for a drug, a marker or other matter to be adm nistered
to a human or aninmal body. The vesicle, as well as substances encapsul ated
t herei n, wenoteisabai ni stered to a cell, an animal or a RoFsG2@AtDEId per
se, or in a pharmaceutical conposition. Exenplary routes include, but are
not limted to, oral, transdermal, and parenteral delivery. The

phar mac e Ufthecdiugds ppatectedso thiat nhalegradation émmedification attheddiiyet he

mul ti conpartnentalized vesicles offers great advantages for the

adm ni st reampoundf willtakerpleet Onek the dpay pdssesTtbehe dstestiha thepirbvaloe may be
tuned to be pH sensitive and the encapsul ated drug will not be rel eased,

for examyfene QMViF&ﬁngﬁtﬁrta'iééé BEbdveRiddRE buMdBRWrugcahibe lfesdedrach.  The

drug is protected so that no degradation or nodifrcation of the active
compound wi || take place. Once the drug passes to_the intestine, the pH
val ue of [0044knvin amtber aspaatean fnoviipdvethad liidentidying @rorapeNtan be

rel eased. [0044]1n another aspect, an in vitro nethod of identifying a
conpound cappbla & fofmingrarcompkexowitip berembtdnaareveptorgretair sopovidedr ot ein i s
provi ded. The nethod includes providing the present nulticonpartnentalized

vesi cul armh megHod iclddes Pryvitling thepresert nagii oempatmeptalized vesiculdre menbr ane
receptor protein, contacting the nulticonpartnentalized vesicular structure

Wi th a capdicHlbwiaany wsimenanant edsb8aRal raraR st mbribFang récénap! ex with
t he nenbrane receptor” protein, and detecting the said conplex fornmation.

Th It ! . _ ' . hir] 4 zed

su(raf ;née. Ipﬁﬁ%i@rﬁ%ﬁblté%ﬁﬁ%ﬁnﬁé&@eﬁyl ‘réglr?%glprot es?ﬁjclt S as{sHo%:iZ:t egnw'at h/

i nt ted i th i | t hat 4 i ject t

assay. or MY FPRBOHOMRGP AT R el of Bkl B Eotele i HE! dore i £y 2
dth [ bl f . nodu] at i h. ti ti i nhi bi ting,

el udh ndheBEATeH G CoRarABIeim o drteritio Hecsa  SpRRIE o REHEPareS pr ot ei . -

whi ch may be any nenbrane protein, nay be exgressed_and associrfat ed

wi t h/ i nt daviticemparimentalzedaiasiouar SUCiye rpavseimmadilized o asuUrideture. Wiere
a measurabl e effect of the nenbrane protein, e.g. a cellular response, is

Kk th i : | i nt ted
roun L SgBASE! | FSATBERSRIDEH SFANABIRDG CSSRRSAGTR e T S0

into the‘vesi e e rane proteirn Is responsive

o, ext e o e ok pREb i BBl MR idy g espect ve
change. {456V 2 aerpong ritBod A A At G Brxe afels) B308afi¥d “he s °°
first st e(:loonjl;}our;%ythgte isdceaspiarbleedof modulating, such as stimulating or inhibiting,
including blocking, a membrane protein. The respective membrane protein,
which may be any membrane protein, may be expressed and associated
with/integrated into the membrane of the present vesicular structure. Where a
measurable effect of the membrane protein, e.g. a cellular response, is known
the required components to achieve such a response may be integrated into the
vesicle. In embodiments where the membrane protein is responsive to external
molecules, it may be termed a receptor protein. A respective molecule from the
ambience may form a complex with the receptor protein. Thereby the receptor
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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to identify a conpound that is able to forma conplex with such a receptor
protein. Once such a conplex is identified a cellular effect nay be

anal ysed,wbanixamssupl e by expressing an ef fector protei npangcaoti®gsaii ng t he
same into the vesicle. A stimulation or inhibition of the effector protein
may then be determ ned. [0046] The present nulticonpartnentalized vesicle
with an aesdentidy accomnpouridetipabiscabletoiforana qomplex withesuchra semeptarnmbodi ment s
be used for the in vitro screening for potential conpounds that are useful
for modulpbight Ohee EuEls hicofmpéx Isidentiidy arell@ap bifect maydkeutangsed) for

si mul t aneous screening of conpound libraries on nmultiple-well mcroplates

usi ng aut%ﬁﬁrgg %igﬁé%sﬁﬁé Qﬁ%ﬁebﬁﬂ‘i%&ﬂefh §ﬁ@%t§§#§ﬂﬁgr’fﬁafs§rﬂéin’t§tﬁ&t erm ned

whet her t a conpl ex between a candi date conpound and a

menbr ane tOLy: el £ ' i rmobi |i zed
vesicle rr‘éeéﬁ*‘géé)' ’g%%’w%@gh%ﬁ@ﬂﬂ'ﬁég ogghgggg%tﬁgp gg?@ﬂ?ggﬁ a?rggerrenbr ane
receptor protein, The candi date conpound is brought in contact with the
vesicl e eE"HB?Qby wi th the nenbrane receptor protein. The vesicle nmay for

exanpl e be provided in aqueous solution to which the candi date conmpound is

added. Fyobhe] ! TRe preSdMiIOESMpaAMehtalZetia’ishie With diPassoeitiediorent s t he
candi dat e conpound has a | abel, such as a radioactive |abel or a

phot oact i; ) 1 t bi i of a0 conpl ex
after for'He gﬁrrgﬁem %’“&a"iﬁﬁ?@? e%?’t ﬁﬁf\éc ei%lsnll ?&;f}%ﬁ%ﬂ%@%&%&ﬂ&ﬁ?éﬁ{vﬁ% he art.

ove:” ARG S ntER T Dol Inb AT 18] ol e Ainclih G0

above, stance re spectroscopic, p cal, otonetric,
fluoronetyic, radiological. z tic or. thermdynan c neans. An exanpl e
for a spdbe FRBBIATE REtER. ncfiofd Mec moltah G SR R o P B
spectroscopy, A photochem cal nethod i.s for instanc hot ochem cal
cross-|i r{'lbir%'@e.s qrﬁm%%eﬂfe'bm&r%@@tqs/@w PHER’B%@QM‘?"?&%&'%H ve or

enzymatic | abel s respectively are exanples for photonetric, fluorometric,

radi ol 0gifagh7 N dirPEGHERH SodIRiGR it A ERBHARE WABHEK BEloPmEREn 81 a

t her rodynam ¢ detection nethod is isothermal titration calorinetry. Sone of

52, e B USBE bORpbuARRe DT R

el ect r ophor €si’s ~or r e use o rrse a

COMOUT Pt 3 30 AL PSR R Mo i

USing 3 e e RS B RA A eRBoRY S TN R S 2"
compound is brought in contact with the vesicle and thereby with the membrane
receptor protein. The vesicle may for example be provided in aqueous solution
to which the candidate compound is added. Further the complex formation is
detected. In some embodiments the candidate compound has a label, such as a
radioactive label or a photoactive, e.g. a luminescent, label, allowing the
detection of a complex after for example a washing step, which is a standard
procedure in the art. Further examples of determining the formation of a
complex as defined above, may for instance rely on spectroscopic,
photochemical, photometric, fluorometric, radiological, enzymatic or
thermodynamic means. An example for a spectroscopic detection method is

fluorescence correlation spectroscopy. A photochemical method is for instance
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[0048] In sone enbodi nents a respective nethod may be an in vitro nethod of
identifying a conpound that is capable of nodul ating the function of a

(cel | ul aryworeapsme protein. The receptor protein is capabise20fi/obedsci ng a
known cel | ul ar response. The nethod includes providing a

mul ti conpartnentalized vesicle including a nmenbrane protein. This nenbrane
pr ot ei n iphadssemigakcross-linkingnihe useof photasstive cflucrhscentntadioactivestrei n is a
cellular receptor protein, which is the cellular receptor protein that is
capabl e adnZynthtici 1aBels tespauivelycarel exantples farghptométric, flmofomktriogc| udes
contacting the vesicle with a candi date conpound. The candi date conpound is

suspect eqalR)|dmEM fMdeeiZYndtit dtbBtibrP et Anl édaMiple§6€8 Rdrmiddyhahilc The
met hod al so i ncludes det'ecting the known cel lul ar response. [0049] A

respecti Voeetgﬁew tgilﬁﬂwor?f L& Hg%fﬁélﬁg{,ﬁfgﬁgcoélﬂﬁrﬂeﬁ@%dm%? %e%emb‘?js

. t
mul ti conpar I'zed vesi e an’ion cha , an 1on

transporter or a,ionat.ropi c receptor, It na e d i . r~a

cand dat dey s ATSioas. seeriRR BanriaeRgte & arRTE BT C Channel
or ion trans ortzr tElrot %in& ﬂg?) fuch an enbodi rent the vesicle may have in
its inter peader g userfiaabst ComMRLISe @ coMmRqUNARs 8 PrePROpABsence of the
ion, which the ion channel/transporter protein is capable of allowng to
pass. | n adibedywittuamatiachechenzyine.dhadaactian catalysed byrwhich deadsted i ve for
this ion. The vesicle with the ion channel/transporter protein nmay be

cont act edletectable signali Antexaoyie ofiadnetihd ysingsagadioactivenabehand ar out of the
vesicle may then be detected, for instance by neans of an indicator.

[ 0050] I n sepaeatroioyglelsetrbphoresisoit dneleatropteoretit nabilitpfshifdasgayf yi ng a

(candi date) conpound may al so include conparing the results of detecting,

i ncludin uring, the cellular response. The result may for exanple be
conpar ed%pgiglscolﬂgWGM'@?Bfﬁ?r%&e%wﬁé% Begi%y ks IV’tf%ahe@?QrEent a
conpound may be used that is known not to affect the function of the

cel | ul ar of d@esifying grearepound that isgarableabmadHting thefunctiepefacel | ul ar
response as conpared to the control neasurenent indicates that the

candi dat dcellutan) uecenter prapain! Ehefecapton protain is ¢capablamet induciog a krowrl | ul ar
receptor protein. [0051]In a further aspect, an in vitro nethod of

i dent i f yicefjular cespomsedThe pathed ofcludebsupraviding & neulficoopantmenfalized i on channel
protein, whereby the ion channel protein is capable of allow ng a known ion

to pass ivespl@WiciRing dltembidiiprotdin! THiIEndthbrand protdim s assoriiédto
mul ti conpartnental i zed vesicul ar structure whereby the nenbrane protein is

the ion GRhamghbRIN & vesiche MG Rbrafé pfatbin is AMaRlldrPadaptbesdteiRsi cul ar
structure with a candi date conpound suspected to nodul ate the function of

the ion Ghapnel &h%;%llgid?’regéﬁordﬁﬂo?#\iﬁm& i&%?méﬁgﬁeﬁm ﬁ%ﬁ(ﬂo%rp or out of

the nul ti conpar I zed'vesicul'ar structure. conpartnental i zed

vesicul arceﬁhlraWésupro $BB¥hd ?neitm;rgMc;lld&e%dco%a&inﬁ%g%gicle with a candidate

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 a ionotropic receptor. It may be determined whether a candidate compound
is capable of modulating the function of an ion channel or ion transporter
protein. In such an embodiment the vesicle may have in its interior phase an
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WO 2012/ 018306PCT/ SG2011/ 000274 [0052] I n enbodi ments where the function of
an ion channel, ion punp, ion transporter or ionotropic receptor is to be
anal ysed,wea 0mntigs®k experiment nmay be used to anal yse tireTiScRegronazy4 of t he
present vesicle used. Leakage of ions across the pol yner nmenbrane of the
vesicle may easily be detected by means of an indicator sensitive to ions,
i ncl udi ndndieator thatéds sensitie toothefpsesemtecof thadom,egiel the/ioni on channel , ion
punp or ion transporter is specific. [0053] In sone enbodinents a

respect i whanaelteansporteh @ratein is odpable ofdllvwingto pdssitinfspimeg a portion, e.g.
a domain or an amno acid, of a nenbrane protein, e.g. a receptor, ion

channel %mbé&lnfén@élﬁmbh%haﬁh@ﬂ@tfbnsrpbﬂbr isSsedéctivarfbt i idh. "Edevédicle to the
function of the menbrane protein. As an illustrative exanple, mutants of a

menbr ane nvggfgg iBn%hah élﬂ?&ﬁsg)o%\‘ 8%%9%%%&&5&%%@ Qrcﬁﬁ&'afaté/es' cles

under co or t conditrons. "I'n some enbodi nents a plurality of

oxanl e %@ﬁ%@?@r TheHReERRD" hiRlo ot unanihe yESERL ARG s bE dbtoctBy, '
biologic functl ions allowed to pass, including their
sensi ti vi ?S/'"§ ﬁﬁi 'F‘PBﬁ% Og?”t"P@C%tr%l ence (e.g. tenperature, pH, ion

concentration etc.) in carrying out their biological function. In one

enbodi merhoso] | brrﬁédmefenﬁmimﬁq@n% @ﬁ@bﬁth@abdmﬂnemd& o |Jiérlitff§‘lh§ #f variants
of a single prot ei n produced by in vitro synt esis, may be  exam ned.

[ 0054] For ?R&I?ﬁe 2 éJB%HHSmQy a%oﬁﬁ&@ae d&fm th 3Ib§t§l saoﬁf’étgbt@lﬁ't{ e conpound

accordin t1on, tconpounds may or m O i brary.
Ex I
m?ZBuFig%eﬁ@ﬁﬁe%%%ﬁ@bﬁ%ﬁé@%@*es@%%%“ﬁne” néﬂ%%zfof MR RR"G
I I t I unb t A net
Ment 1 1y CRGTERER I SheaL BTApS IR e STRSRRRNGIIRD Do rmeR But as a
screeni ng net hod, i ncI udi ng. a hi gh-t hr oughput mtﬂ@ In a resE&rtl ve
met hod a QoMM MY deHsed %&@t iegnovat nekta e@tH@ ctien ofithe,celtar i f y

candi date conpounds capabl e of conplex formation with a nenbrane protein
such as deeeptoppmteipr b bpical embedioentisean altetedaellulaprrespanseyasof candi dat e
conpounds are anal ysed according to a nethod of the present invention in

or der t o dodwpdred yo the contonl measpaiient ofdicaies thetithe candlidate campotindisrenbr ane
protein, such an enbodinment may typically called a screening process. These

candi dat eapaplovfirdsduating etherfiricyisr df theleginataeiceptor preteith ot her, e. g.
concurrently, consecutively or in any way out of phase. In sone enbodi nents

any nunber steps_of anal ysin | ural i di dat e conpounds may for
exanpl e ﬂ@oéyr ri B4a Bither aspret: agwdm@ro "‘fﬁt@a’?g'ﬂgﬁ?&m%a CO8IRRYMEor i nst ance
commercially available robots. For such purposes any nunber of aut omati on
devi ces raapable effppdylating the funedion o anden gheoneltrsatainnegby heiddm a

pi petting robot, a rinsing robot, or a fully automated screening system As
an ill ustohanhebpret@imiﬂ eapaliie opaﬁ@wm arkpowe iemta pass isrpyovidedehh@g process,
for exanple carried out in nmultiple-well mcroplates (e.g. conventional
48-, 96- ,mé&bBdd comprises preliding thieqapserst mglticompartmentalizedt esidutar wor k
stations. Hence, in some embodiments the invention provides a process of
hi gh-t hr gigiRRItE WitdreBytimembrane protein is the ion channel protein, contacting

the multicompartmentalized vesicular structure with a candidate compound

suspected to modulate the function of the ion channel protein, and detecting the

passage of ions into or out of the multicompartmentalized vesicular structure.

Thé multicompartmentalized vesicular structure may be immobilized on a

surface.
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[ 0055] A mul ti conpartnental i zed vesicle according to the invention can in
sonme enbodi nents be immobilized to a surface and thus serve as a stable

al t er nat iwe 2001830ki posonme and can be i ncorporated intoprPaTseréameszound
architecture that includes the vesicle anchored onto a supporting matrix
via an anphi phlic polyner. This architecture could be used as a bi ochem cal
react i on [6A&Rper It embadinyertawhise she &dhdtionafiaprian chaanglson pmpeiebr ane
proteins. In particular, the in vitro insertion of nenbrane proteins into
vesi cul artfsspertet st ion@tr@bid receptoe $s nhaanalysedica sontuoltexplerifreerit invay
material", such as protein noieties. This allows optim zation of the

signal -t %@Qéé&tdéﬁél?sé theSiAfsgritg oPR! predbhonssidedised. Déakijerdttions i nt er est
for structure-resolution approaches based on Infrared technol ogies. O her

PPl | oat 19955 Ol (1maf GrEShI'A the GbHER iy cabfy BElckedibd B hoand

bi o-chenmi cal ~sen bas Ic rece tor

| b [?Edéé%ﬁéﬁc%éé'epﬁwgi% W\%aﬁﬂeﬂl&@@@%?ﬁ%‘?g Ao rsy)@wﬁlle;%/cffe of

t he i nventi on may alﬁ Ei jnmmobi lized onto a substraﬁe that is to be used
in vivo. 'eaReciveiien ehaghel; IR RIYBP o Ign Kapspalierds SBePRar maceutical Iy active

conpound that is rel eased upon a certain tissue signal, thereby allow ng

triggere o §a'p d édrﬁékr%odih@ﬁtésé‘?@sﬁélﬂ‘éé méinoarncf b8GhUR VitRARREhaN one or

nore i I'zed vesicles may al so be used for or water quality

testing. d‘%%degg{fg@%gsorﬁg@%furtﬁs.%rgn %.hm@ybvs%msﬁar@ BHdIRY be used

i n pat hogen exanp € or nanocr such as

guant um dot s_nma bilized

Veal cl o, Ther ERPRRD: BB b LR i Prb b TR %@Eﬂ'ﬁ”ﬁne

enbodi nent arrultlco artnmeptalize ve5|c |l.ar ,stru re based on

sequent i delevanee %Qﬁ%ﬁ(}“% 0{1\%8 ERNEHPT ?'Bc’ﬁs @Bd@f#ﬁgy@ exa wn in Fig.
1. Poly[-(2-nethyl oxazoli ne)- pol y (dl met hyl si | oxane) - pol y E

nmet hyl oxe[ﬁ'é‘lamﬁe‘?ﬁ/ mo@mngmms et iptarset nay pemmearaﬂdlsmgt e present

pol y[ styrene-bpol y- (L-i socyanoal ani ne(2-t hi ophen- 3-yl ) am de)]

( PS40- PI Nwa;jequmlo@mgaragle arthe spae cqndetm@qwa@mgler@mcg/ imesteabl y of

t hese copol yners and purification of the resulting polynmersones result in a
vesi cl e- ipidratityl afl stichtmutahts may ibel ardilyspd(iatparalbedt The membrapeaproteirtss
delineated by structurally different polynmer nenbranes. ABA pol ynmer sones,

whi ch poshgy foreexahipié b doatderdd inmesrnsasfahés capatbilityeoftdaating datttheit r anspor t
across the nmenbrane were designated as the inner vesicles, while PS-PIAT

pol yrer S%W%glc\érf‘fu?l@tlmve?%aaﬁn@ﬂhp@frlaﬁ@all&mﬁ[ﬁ)baélff' |ﬁél@d!|n9|théw\§eﬁ§i@w@| ffusion
of small nol écul es were designated as the outer vesicles.

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 form of a
library. Examples of such libraries are collections of various small organic
molecules, 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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[ 0057] ABA pol ynersones were first fornmed through fil mrehydration by

di ssol vi ng ABA copolyners in ethanol, drying the solution under a stream of
ni t rogen wo 20txm@s83v6a polymer film and rehydrating the porgeeoiifonézrsi n
phosphat e buffered saline (PBS) containing biotin conjugated green
fluorescent protein (G-P). Subsequently, PS-PIAT polynersones were forned
in the prseseesmieg ofetA@d ipduding @ bighsthosughput ineethiod dota tispeotive methedkt hod by
addi ng PS-PI AT copol yners dissolved in tetrahydrofuran (THF) to a

di sper si gnlisrtarASFedipouiisSman Jorahmplabascreenadite Rintify tandidatg! obi n G
(Cy5-1gG. A multiconpartnentalized vesicular structure of Fig. If is thus

obt ai ned-coiﬁﬁ&ﬁuhwdg%fe SIRAAHIER S sl droWith & HBRbPAN O prdteimschEhal i zed

vesi cul ar structures nade solely of self-assenbled bl ock copol yners. This

Llilpé‘l 5%?%%@?@#@%&@? Pﬁ%ﬁ’i‘éﬁgg&%@% V@%%ffﬁ%‘é!ﬁa'@%é* %;:_‘Q%%W@E’ﬁ’ "y,
Al 11 ondreysSEiicariga 1 apgtiod e pfitert TBRBR 1 BRI ATV A L ec” et

can be used in the self-assenply process, allow recise control over
menbr ane Wi‘@@%?fa@gﬁu nNgH B%”Pgﬁdﬂﬁ?ggﬁf%c?rﬂt%na 83ti ons.

Pol ymer somal technol ogy is also conpatible with techniques related to the
study of emkodimenbmaydypicetlycalled asceraning processefese candigateod for t he
fabrication of conplex conmpartnentalized vesicular structures is provided.
WO 2012/ GCbajaPds/ s ba anadaeddndendraldnt fromieach btttert &.g. coneunréntly, may be
readily understood and put into practical effect, particul ar enbodi nents

wi |1 now dapasdestiialpetintanywmsy olit bhehdse. lwebmeg erabedimerits agy exantsres.
Exanpl es [0060] A sinple nethod based on sequential self-assenbly to

prepare rgiddd spémyéiﬁg%t;ﬂh&angdowﬁidrdétércoﬁwdmmrrﬁa' forb@pile &  Two

di fferent bl ock copol yners were enployed for the self assenbly, nanely
PMOXAI 2- P, - : _ ina fori iall

Cpol ] - ( SozpopCiieficaly - afso repeatedly, using for instancg copynercially

met hyl ox Lae) A -P : .

(Pol v ot o Bled bhots B0k sudlfuinssts ay Suber ol awtamation devieps mavibs
(PS-PIAT). The uential self-assenbly. of these copolyners, and

purifi cat "6940}5?33&%"\5 eﬁ%@“@b‘ﬁ?ﬁ@?@%‘#&é‘" P@Eﬂ 4iHiPE 'Ogﬁ)g&e?i n-vesicl e
structure conprising ( | east) two con‘Bartrrents del i peat ed bg structurally
di f f er entinNSBIG/iRdPt AEFOIULK QUTOMBIRARArGRRING SYBEM. (M 8 IHSYaRYs exampifht | y
packed nmenbrane structure that limts transport across the nenbrane were
desi gnat dke REoGass Mavibe andsiwire scregRindpiosess. Aor guampte eaied OUlH ch have a
sem - perneabl e nenbrane that allows the diffusion of small nol ecul es were
desi gnat enultiplet\well micreplates {&fesonvesitinnalad &0 86+, 1384+ on 1686 wellcrleieses for the

sel f-assenbly of ABA and PS-PI AT pol ynersones, a nethod of encapsul ating

ABA pol ysirgpoms onnidne multinated werdl statiorss isndeoirf ssmre@mbodiments the
mul ticonpartnentalized vesicular structure is illustrated.

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
architecture 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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Material s and Met hods [0061] Pol y

[ (2- met hyl oxazol i ne) - pol y- (di et hyl si | oxane) - pol y- (2- net hyl oxazol i ne)]
(PMO) ( Al 2vBDWVRAES30PMOXAI 2) ABA tri bl ock copol ymer (M'" PLI/SkRai)/oves4

obt ai ned fromthe group of Prof. Wl fgang Meier, University of Basel,
Switzerl and. Pol y[styrene-b-poly(L-isocyanoal ani ne (2-thi ophen-3-yl et hyl )
ani de)] (dPeHitecurEssghatichs duk acwpiol ohtactiyematedak Bchas pistieisi ned from t he
group of Prof. Jan van Hest, Netherlands. Biotin conjugated green

f1 uor escansdiefest i a{l@WE’dﬁitin’Ciiat)or(cbﬂlvhe sighdtfienoigesratibtimisersingr om Dr.  Enma
van Loung, Institute of Materials Research and Engi neering, Singapore.

Cyani ne- Ea;ﬁfﬂﬁbfi&%%|W6hﬁm'|ﬁtefes(t¢b(ﬁst+@ﬁ)re(ﬂ@§omnéﬁ%dp§béch@3 bought

from Chemcon International. Calcein (Mwv .55 Da) and phosphate
l(jg”\g;ggrbs‘% a% f"?’?ﬁ?rg%é?%%c@‘f‘%éé%’ﬁ'ﬁbgﬁ% 5\89‘31 g@t‘ﬁ%ﬁo was
(s, coith arepaFlleitle, BickigdiPsr st %%ﬁz%lﬁﬁ)f Hpes AR ner Veei cl e
or opa e TBESRIGTARSHIUSITEUNS xadplS Ariddtises Srag! BEARALERGb! yror s wer e
di ssol ved in 200 pl of ethanol and evaporated sl OV\A under a stream of

ni t r ogen Alwalitycefiimmgbilizad Yﬁﬁ'@@ﬁlﬂéﬁﬂ&ﬁwrﬁpeﬁmﬁpgobfﬁ%r fivesiclahe film
was dried for at least 4 h under a constant nitrogen stream 1.0 m of 10 %
GFP (or 31 thevirventien may alspB® immsobitizedionty a substrate thaldsde berusedgent |y f or
at least 18 h to rehydrate the filmand all ow spontaneous fornmation of the
pol yner saies , Thebiesicle mgayainghidiedniifsyinteriob acphdirsyaeewdfically(detige cobpouiide
resulting dispersion was extruded several tines through 0.45 pmand 0.22 pm

syringe fthhtigreleaB¥®upold térdin 1iSG6 SRNGE thiefedyib@ing trivger@nhadigper se
vesicles. They were further extruded through a 100 nmfilter using a

m ni - extr déﬁ%?(éké’ &@Ehsféﬂ ovd. Rrfignchitderiire pSseP Bh dnebrrhérelidimssilissd n)
nol ecul es were renoved
vesicles may also be used for food or water quality testing. As a further
example, one or more immobilized vesicles may be used in pathogen detection.
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)] (PMOXA,—PDMSs5—PMOXA+2) (“ABA”) and poly[styrene-b-
poly-(L-isocyanoalanine(2-thiophen-3-yl-ethyl) amide)] (PS4o-PIATso) (‘PS-
PIAT”) are employed. 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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di al ysis (MACO 50 kDa, Spectral/Por(r) 7, Spectrum Laboratories) against PBS
for at |least 24 hours. Pre aration of PS40-PlI AT50 Pol mersones Quter

Vesi cl e [W0@8]2/q18840- Pl AT50) AB di bl ock copol ymer pol ynecsseee 11wee2g4
prepared by direct dissolution. 0.5 ng of PS40-PI AT50 was di ssolved in 500
pl of THE and added into 2.5 nl of PBS containing 60 pg of Cy5-1gG The

m xt ur e wasmbedne siructorenthat fimits dramspott@cress theamembrame were designated r enove
t he non-encapsul ated Cy5-1gG nol ecul es, the dispersion was passed 8 tines

t hrough cwwheiiﬁn@avesﬁdléé,emleAPSkPmnpqnymemoméé, whith ihalve @esevil- ( PVDF) ,

Amicon MIlipore) at 3,000 rpmfor 10 mn each time (MniSpin(r) plus,

Eppendor faerw%swmmaneﬁhéﬂdlrbmqm@nﬁm af smafl melst@ek aerSt ruct ure
[ 0064] For the formation of nmulticonpartmentalized vesicular structures, 500

pl of pu olution was added to 2.0 ml of PBS

cont ai ni rfjgé @gté@%?ﬁ@g@% IE 1c). 500 pl of 1 mg/m PS40-PI AT50 in
THE was added dropwi se to the above solution (Fig. 1d). After 12 h of

i ncubat i J005The AB#pmolginensomass were first dodmyedithiraggl &im reétydgatiors byt ers with
0.1 pmcut-off, as nentioned above. TEM Measurenents [0065] Transm ssion

el ectron disspliag ABA cdbdymer@i aansk dpging thereslutibh indePhistriepm 6IV300
FEGTEM The sanples were prepared by dispensing a 15 pl drop of vesicle

di sper si %r@@brﬁtcﬁ@&@ﬁfa%blﬂné@!ﬂn‘)‘éﬁd rBbydrafing e palynfdlr it GE pho§Hhatei on with
filter paper after 30 m n’of incubation.

buffered saline (PBS) containing biotin conjugated green fluorescent protein

(GFP). Subsequently, 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 (Cy5-1gG). 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 control 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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SEM Measurenents [0066] SEM sanpl es were prepared by dispensing a 15 pl
drop of vesicle dispersion on a copper grid and renoving the excess

sol uti on wot2bh1ddiBioer paper after 30 min. The copper gri #Cuss26pwe2ssed W th
a thin layer of gold (JFC 1200 coater, JEOL) before imaging. DLS
Measurements [ 0067] Dynam c |ight scattering é‘DLS) measur enents for

i ndi vi dud00881 vbxsordesshatdhe inventioadnay beweadilyBindarstoedrarel pupitoat a 90
angle with 633 nmlaser wavel ength. DLS nmeasurenents for individual PS-PlIAT
vesi cl es pradticalleffec pastidulerémbodiabnte vilchew besdesceibed ibydvayiof thie a 90 angl e
with 488 nm| aser wavel ength. Al nmeasurenments were anal yzed using CONTIN

anal ysi s.foilbwRghsrliniRinga@mplesg Confocal Fl uorescence M croscopy | nmaging
[ 0068] Fl uorescence i nages were obtained using a time-resolved scanni ng

Examples

[0060] A simple method based on sequential self-assembly to prepare
multicompartmentalized vesicular structure is presented. Two different block
copolymers were employed for the self assembly, namely PMOXA1,-PDMSss-
PMOXA2 (poly[-(2-methyloxazoline)-poly-(dimethylsiloxane)—-poly-(2-
methyloxazoline)]) (ABA), and PS4,-PIATs (poly[styrene-b-poly(L-
isocyanoalanine(2-thiophen-3-yl-ethyl) amide)]) (PS-PIAT). The sequential self-
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 -PMOXA12) ABA triblock copolymer (My, ~
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confocal mcroscope McroTinme 200 (PicoQuant, Berlin). The m croscope was
equi pped with a 100x objective (Plan-Apo, NA = 1.4, optim zed for 400-850
nm, nanosecorbigasbsed | aser |ight sources emtting at #¢@/SGeaoD2T4 470,

Pi coQuant, Berlin) and 640 nm (LDH D C- 640, PicoQuant, Berlin), suitable
optical filters and dichroic mrrors, and aval anche phot odi odes as photon
det ect or 41 Kx)BAs dbainachfiomshe group of Bsefoliolfigans Meiepdleiversity&ddi ng 500 pl
of diluted vesicle (1:100) solution onto a glass cover slip for few seconds
to al | owBgdzel,\S®itriand! Polfltpreacampoly bisosyahaaaninEx2dbiophentd-ylon was
renoved by a pipette. The concentration of the vesicle solutions were

adj ust ed g8iy1} Blded] PBLHFIATSH eblade copolyeies (MRan6 kDaYwssombinedrfashm
resulting i'n an average vesicl e separation above the optical diffraction

limt imi.)r‘i’déegpmg}’oftﬁ%fmﬁfﬁ?ﬂ%t, N&ﬁ&ﬂl&%éﬁﬂﬁ%ﬁbﬁa@&(ﬁrééﬁion power was

adj ust ed endi hg on the concentration of t ohophores in the vesicles
to m ni mgze_ phat ph | I to : 0 | ymer sones
wer e analﬂy% CSEFR%?%EQ%E&@%&W(V\??EQ@ b@%ﬁ%ﬁﬁﬂ@%y hﬁe\r]/arﬁgdet ected
using a 530, 30 nm hand filter. 5- 1 was det egted using a 650 nm
| ong pas¥apilioupg, %@ewﬁﬁ%@@@léﬁe&?a%h aﬁ%&%n%?éw&r %H}gap(%?. pl ot bet ween
cal cein and Cy5-19G using forward- and side-a e scC er (FSC/ SSC) gati ng
to excl u@e/anmegércopmgtait%qgkamanagmrs@ (QY@nlSﬁ')QR’Lw”éﬁéﬁb(hQéé’éﬂst OLéQ?H
Di scussions [0071] To denonstrate the nulticonpartnentalization and
encapsul &woinfthemicon International. Calcein (M, ~ 622.55 Da) and phosphate buffered

“saline (PBS, 10X, pH 7.4) were purchased from Sigma Aldrich (Singapore) and

Invitrogen (Gibco), respectively. Absolute Ethanol was bought from Fisher (UK)

and tetrahydrofuran (THF) was purchased from Tedia (USA, Ohio).

Preparation of (PMOXA2-PDMSss -PMOXA12) Polymersome (Inner Vesicle)

[0062] (PMOXA1,-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 yum 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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concept, two different block copolyners were used, nanmely ABA and PS- Pl AT.
ABA pol ynersones were obtained by the filmrehydration nethod and PS- Pl AT
pol ymer soweo0tzyisiosect di ssol uti on nmet hod. For doubl e ercassabatoneI4

PS- PI AT polyner in THF sol ution was added into the agueous phase cont ai ni ng
ABA pol ynersones. [0072] Mul ti conpartpentalized pol ynersones as well as
singl e paiglysis{VVET 50 kba, Spentra,fﬂpr@ dSpeduam LahesatpiessagaigsFPB® and ABA)
were studied with transm ssion el ectron mcroscopy (TEM. Inages of the

i ndi vi dugbr pokssezshoms. confirmtheir respective hollow shell structure
(Fig. 2a and 2b). TEMinmage of the multiconpartnmentalized pol ynersones
(Fig. 2c)_ shows the presgnce o thre ylati .of vesicles: individual
ABA and meparatiop oty RoseEHEse) Polym eldVesicle) ar r ows respectively),
and polynersorres vvlth a dark core structure These dark core structures are

the ABA ngarggg fgﬁ@;e@ﬂgg@% at&&wé@nﬂné’ﬁpﬂy%r%é%eze@%ariedEby

mul tico ynmersones (F1g. 2c; "I nset) I mages

mul 1§ corpiEkanesl onaY S F’%w FRATHUY bRoNERn SOTATATHIYn, )

ABA pol yner sonmes d t st. di e |co artrrent | i,zed

pol yrrers@rﬁ@? Hale ?ﬁé“ll‘gepgéga F W?Q]@ﬁ%ﬁfgysqgﬁ?% 5
nmeasurenents were perforned to confirmthis trend

nmeasur emgAPR t§ﬁ1ﬂﬁ"@W&‘? ferratileast iz hABqugsmdﬁ@VW@%d@gﬁempaf% nmin

di aneter, individual PS-PlIAT vesicles about 145 nm and

mul ti comGys-lgshmelecues, ibeidispatsianovas passesrs times thiughaeendiiogl of PS- PI AT
pol ymer sones have been observed to be affected by particles present in the
buf f er sdiltets with Gahgnt tuattoft fiditrairee-MC (PSHHF)ARMicOTy Milliporey sit 3r0Qthrpm

mul ti conpartnentalized structure is at least in part affected by the size

of the pdpt 10haA dadhttirte MiNiSHin®iplug, Eppendsr).t he ABA pol ymer sones) .
[0074] Different protein species were encapsul ated inside the respective

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. 1c). 500 ul of 1 mg/mi PS40-PIATsg in THF
was added dropwise to the above solution (Fig. 1d). After 12 h of incubation,
the dispersion was purified by using centrifugal filters with 0.1 um 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 pl
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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vesicles. As control experinments, G-P was encapsul ated inside ABA
pol ymer sonmes and Cy5-19gG was encapsul ated i nside PS-PlI AT pol ynersones. In
bot h casewo 20ix1806- encapsul at ed proteins were renoved sTgeaeMjobecls above.
[ 0075] For mul ticonpartnentalization or doubl e encapsul ati on vesi cul ar
structure, the PS-PIAT copolymer in THF was added to a sol ution contai ning
Cy5-1gG 4AG66BA SEM samplasivarsspiepaced by dispeaising an 16l deomatvesicle sel ecti ve
encapsul ation. After purification by filtration, the sanples were anal yzed
under SEMigpetsionusit 8 soppeegrid andsempying tHe exgég4 8418800 WY fiter (papep00274
[ 0076] The resulting individual and nulticonpartnentalized pol ynersones were
char act ergdfgpGoviniawe! @ppieh gfig Wi/ ssLitterad Withta SR iferlof GbRY RFCZ00
Fl uorescence neasurenents were perforned at different excitation
wavel engt kvel: jte and detect the em ssion fromG-P (lex =
395 nm I%%tér?gggl'ﬁ%%mgﬁd%a%ﬁ'gG (lex =649 nm lem= 670 nm. [0077] SEM
and fluorescence inmages in Fig. 4 depict the individual control

DLS Measurements

[0067] Dynamic light scattering (DLS) measurements for individual ABA
vesicles were carried out with Brookhaven BI-APD at a 90° angle with 633 nm
laser wavelength. DLS measurements for individual PS-PIAT vesicles and
multicompartmentalized vesicles were carried-out at a 90" angle with 488 nm

laser wavelength. All measurements were analyzed using CONTIN analysis.

Time-Resolved Scanning Confocal Fluorescence Microscopy Imaging
[0068] Fluorescence images were obtained using a time-resolved scanning
confoéal microscope MicroTime 200 (PicoQuant, Berlin). The microscope was
equipped with a 100x objective (Plan-Apo, NA = 1.4, optimized for 400-850 nm),
nanosecond pulsed laser light sources emitting at 470 (LDH-D-C-470,
PicoQuant, Berlin) and 640 nm (LDH-D-C-640, PicoQuant, Berlin), suitable
optical filters and dichroic 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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vesicles and their corresponding fluorescence of the encapsul ated proteins.
SEM and fl uorescence inages in Fig. 5 depict the nulticonpartnenalized

vesi cul arwetipatiggoe and its correspondi ng fl uorescence etriSbeoasbesii vely
encapsul ated proteins. Mcroscopy inmages show the presence of GFP in

I ndi vi dual ABA vesicles (green spots in Fig. 4b) and Cy5-1gG in individual
PSPI AT vdsiagiressysten. siihw exditation gpowiwag adjusietirdepamdingcen tie t he structure
of doubl e encapsul ated vesicles shown in Fig. 5a is conparable with that of
PS- Pl AT weicehgsatidrirbbthedshrombbhares inahé wesieivsstotrhimim28-ghotdbleachihg. out er
vesicle. Furthernore, the fluorescence inmage in Fig. 5b is obtained by

super - i NG TSvthRtr rmgg@rbﬁ{% at different excitation wavel engths (for
cal cein at ZI;% nm and 1 or Cyb at 640 nm. Co-localization of the respective
emssmn i g ots in
! p‘/gfl pog}m 5.%% Wbty d P dling B9 EACSGatlr(ARNYEL SaersP

Fig. 5b) e presen orop ores w t he

sanme nul td nta I Y/ unber of

i ndi vi dua aﬁ %?%Bﬁ% gﬁy%ggﬁﬁ&gﬁpﬁagﬁhﬁ% @gtlgkoa?w?ﬁe particles
in solution on the self ass of _ PS- IAT nmer sones, as nenti oned
earlier. qqtetgtpgél,sprgg AERB R %ﬁge ?%@%erdgﬁfﬂ\é( %&%ﬁ?‘é‘l@é@ WG uctures has
been obtained. In both images, well-forned ound and clearly | um nescent
vesi cl es dimensigsal geicplot M@@PEM@@GF’@Y%@@MV@J@W% 80%9] To rul e out
the possibility that both G-P and Cy5-19gG were encapsulated in a single
conpar t maide-angle. scaiter (FRCISBC pgating MWUc@bc@ewatrhclﬁsmdmmﬁe frolymer sones
but outside of the ABA pol ynersones), G-P was replaced with cal cein.

[ 0080] Caltheisgstesn.a fl uorescent dye (lex = 495 nm lem= 515 nn) with a

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
polymersomes 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. 2c; 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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nmol ecul ar wei ght of 622 g npl-1 that is snmall enough to be able to diffuse
t hrough PS-PlI AT nmenbranes but not through ABA nenbranes, which are tightly
packed. IWwocal2mEgiwewas encapsul ated by PS- Pl AT pol yner secesG20ti/ooeeak d | eak
into the buffer solution after an extensive filtration process and no
fluorescent signal fromcalcein would be detected fromthe pol ynersones.
Hence, nanglticompattmentalizedqiolymersomesa(fdgCR6-inge) wohe dEMtnagesConver sel v,
calcein would remain trapped within ABA pol ynersones even after filtration,

resul ti ndufthecsudgesttiiat @@chivesils prépanationh (AR PStRIATcand ocal i zat i on of
cal cein and Cy5-1gG em ssion did occur in accordance with a

mil t1 comagItiesmpatthie?faledy bl distin] differbit §i98s i wdaddivierial ABA dyes were
encapsul ated in different Separate conpartments (Fig. 6). [0081] Fl ow

cytonetr | | ; n%?‘lf -~ encapsul ati on
procedur)éoo\é\@ﬁa&%%é}%iﬁiéréa@%ﬁ%%%g?rﬂ%u@rﬁn?gﬁn%lgre{)@%? al i 22!12% ;()jol ymer sones
with cal cein and - 1 encapsul ated into separate conpartnents was found
to be ethaﬂ'ergsﬁ’g%ls%a(g&}ﬁ)@?%%%to t he whol e pol ynmersone popul ati on. The

absence of ABA pol ynersones encapsul ati ng cal cein, as observed by fl ow

cytometryoors] | i b@hdmﬁ@li?ﬁ dcattefing (DL SpmcaBareraaitsiieregidriormedaeess, where
the size cut-off of the filters used was simlar to the dianeter of the ABA

pol ymer s amfirh 168 Rkt (FIYiB R The/ RASAREREMSRA ARG LPABA By

"conprising” 1t is nmeant including, but not limted to, whatever follows

the wor d veSRIBY boddged abBUP 106 A @idi%ﬁ\%&éarfL@J?i&@%?%—$lﬂ$'lvésm§$5&i that

the liste nts~are require hat other elenents are
opt i onal nma no e..present . . I St L s neant
i ncl udin gﬁ%grhra %ﬁf#{lﬁ%&p@gﬁ@%@%epey%ﬁl?I%ggggbg’%’ 60 K T'he ééﬁgaggemﬂ)@

of PS-PIAT polymersomes have been observed to be affected by particles

present in the buffer solution, and that the size of PS-PIAT polymersomes in the

multicompartmentalized structure is at least in part affected by the size of the

particles in the buffer (in this case the ABA polymersomes).

[0074] Different protein species were encapsulated inside the respective
vesicles. As control experiments, GFP was encapsulated inside ABA
polymersomes and Cy5-IgG 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
Cy5-1gG 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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t he phrase "consisting of'. Thus, the phrase "consisting of' indicates that
the listed elenents are required or mandatory, and that no other elenents
may be prweent20185084] The i nventions illustratively desecilsedonsnen may
suitably be practiced in the absence of any el enent or elenents, limtation
or limtations, not specifically disclosed herein. Thus, for exanple, the
terms " cd@@76ki nfhe resuliingindividyal andrmalticompartmantalizagapolymersanmes
expansively and without limtation. Additionally, the ternms and expressions

enpl oyed wreaihardctedzdie by wavelbragh tesolvedcateding tonfocal mittostapyof
l[imtation, and there is no intention in the use of such terns and

expr essi Eigorebcéd MdaBarenants WersHetfirmedfatidifferbabéxditioshown and
described or portions thereof, but it is recognized that various

modi f i Ca&&%?eur%ﬁs Pf%%l%é{iﬁeé%%ﬁﬁaﬁ@ﬂe?%&% hiddién FroHFEFPle=ajgaed. Thus,

It shoul ers ough the present i1invention has been

o 1 catirielha Sog a7k Sy B0 ettt aT M her of n hor el 1
di scl osed may be resorted to by those skilled in the art, and that such

nodi fi caffoer®] andExRan@fluersscanee imagesiar Big. Yaddpictthé mdivitbal corde of this
I nvention. [0085] The invention has been described broadly and generically

herein. Eaghi& ahd s ri¥sondRREN SSre886h e br tHe tpichpsdafidpragsing al | i ng

within the generic disclosure also formpart of the invention. This

i ncl udes #%eﬁiﬁnﬁdrgsm%ﬁ. iegrin‘?-'fi%té"ﬁebi'&\’ﬁ{ét nBRicOdarinéidlizedc or

n;aga;]i ve ation renovi ng-any subject matter fromthe genus, regardless

o] et her_or,not the exci.se teri ; | fi ' her ei n.

[0086] Ot YES'HIA G riur‘ﬁglﬂ?sa)ﬁ no é’ﬁfi’%pﬁnﬁﬁt@ ?‘Z?r?g%ﬁnégé ‘gﬁhll")é&iegcﬁgg on- |imiting
encapsulated proteins. Microscopy images show the presence of GFP in

individual ABA vesicles (green spots in Fig. 4b) and Cy5-1gG 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. 4c). 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 multicompartmehtalized polymersomes. The relatively low number of
individual PS-PIAT polymersomes 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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exanples. In addition, where features or aspects of the invention are
described in terns of Markush groups, those skilled in the art wll

r ecogni zewbhat/diBmei nvention is al so thereby described ipoTisenom/o0627any

i ndi vi dual nenber or subgroup of nenbers of the Markush group. Cdainms 1. A

method for formng a nulticonpartnentalized vesicular structure conprising
an outer [0038k cdpalienaut theposkibilinthatbotie@si and Gyarlgh wewck copol yner
vesicle, wherein the at |east one inner block copolyner vesicle is

encapsul asrdpsaokitetbint A16ingld esmpharment (px| inrthe ines-vesieular ispaoce Withih
conprising: (a) formng the at |east one inner block copolynmer vesicle by

any met hqois.AAT ddhmaddinis BhtsiitsidarTieABA ﬁéliﬁ@réf&ﬁeé;)n GFPWakabl e sol vent
to a dispersion of  the at |east one inner block copolyner vesicle in an

aqueous t}gé a%%d feLacGndi tions that allow the block copolynmers to formthe
outer bloc ymer vesicle and encapsul ate the at |east one inner block
copol yner vesi cI e. 2. The nmethod of claim 11, wherein the block copol yner

f orm ng t[0080Lt eCabdeirtis & fipotescent dys(lex e Ae%dnmhkenbhcﬁﬂw copwithreer f or mi ng
the at | east one inner block copolyner vesicle are the same or different.

?h The mahbledular v@@htrﬁfBZQF%(&oIWteé Bmiall&noulhto lecaiie todiffugeer vesi cl e,
e at | east one inner blo copol yner vesicle, or both are fornmed by
sel f - assqARJUGHIPSIPIATHhEMbraMEPbYtRsthrough ABA membranes, which are

tightly packed. If calcein was encapsulated by PS-PIAT polymersomes, it would

leak into thé buffer solution after an extensive filtration process and no

fluorescent signal from calcein would be detected from the polymersomes.

Hence, no co-localization of calcein and Cy5-IgG would occur. Conversely,

calcein would remain trapped within ABA polymersomes even after filtration,

resulting in co-localized signals with Cy5-1gG. Such co-localization of calcéin

and Cy5-1gG 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 found to be equal to 45 % compared to the whole
polymersome population. The absence of ABA polymersomes encapsulating
calcein, as observed by flow cytometry, is likely to be the result of the
centrifugation 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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4. The nmethod of any one of clainms 1-3, wherein the at |east one inner

bl ock copol yner vesicle conprises at | east two bl ock copol yner vesicles

t hat are wbeoramssoer different. 5. The method of any omeT®G2ei1anms4 1- 4,
wherein the outer bl ock copolynmer vesicle is a polynmersonme fornmed of an
anphi philic diblock, triblock, tetrablock or pentabl ock copolynmer. 6. The
met hod of[0082] m By "atmpeisimgt itds meant imdludikg clgtaiot iviteddsi whatever a

pol ymer sone formed of a copol yner selected fromthe group consisting of
pol y[ st yrfehew$ tHeWiptd-dorasisingalThus neée of theteharcSmplisieighindicatesd ¢hat

(PSPI AT), pol y(butadi ene)-pol y(et hyl ene oxi de) (PBD-PEQ), poly(ethylene

oxi de) - p%é@l@ﬁa@r&bﬁfetn%‘ﬁbe @ﬁﬁ@e&gf)marﬁhﬁtéf@ebhﬂha?b%r%eﬁ@ areet hyl ene
oxi de) (PEE-PEQ), poly(ethylene oxide)-poly(lactic acid) (PEC PLA),

ol o] PEO ol y(2-vinyl pyridi ne
pol Y et T B@%ﬁﬁ%e (H0RY BEpE HiSserle: gt ene” Yo Y YT Ane)
oxi de) - pol y( Ni sopropyl acryl am de) (PEO PNl PAm), poly(styrene)-poly(acrylic

aci d) (P3p083] pBlyyctendistiranef"d$ ynean} inobudiGgrangd/lirited soil Whateyern leEHGWVEPS) |
pol y(2- met hyl oxazol i ne) - pol y(di met hyl si | oxane) - pol y(2- net hyl oxazol i ne)

( PMOXAPDIYRe BiMEISY colﬁ@lsﬁgﬁ/fgﬂyme e plerhs® Otorgiste] 6 irdicasatieat-thel v ( 2-
nmet hyl oxazol'i ne) (PEO P PMOXA) and poly (nethyl phenyl sil ane) -

pol y(et hwsw\/\ﬁer ie difts a(@%@@ﬁ%rpﬁ@&eﬁg@ %Sthat ﬁo o-trm# diBhBRE Mhydey one of

clains 1 n the at | east one inner block copol yner veS|cIe is a
polynersgggs A med of an anphi phil\ic diblock, triblock, tetrablock or
pent abl o copol yner. 8. The nethod of claim?7, mherein the at | east one
i nner bl ock copol yner vesicle is a polynersone formed of a copol yner

sel ect ed [0084) t h€hglimwgntions dllustratigelyfdescribed herein may suitably be

pol y[ styrene-b-pol y(L-i socyanoal ani ne(2-t hi ophen- 3-yl et hyl )am de) ]

( PS- Pl AT)prasiided(intha@besrde BPANY eldnyéritits edermenls, (iMARKIGI-CY limitatbié,et hyl ene
oxi de) - pol y(caprol actone) (PEO PCL), poly(ethyl ethylene)- pol y(et hyl ene

oxi de) ( RfgespBEEH caIRPHn%éI%%Q(Y Ihersn Wh&’@)fopé’ké&ﬁblécEHeCte@ﬁisd):oﬁ\Bﬁ%LA)
pol y(i soprene) - poly(ethyl ene oxide) (Pl-PEQ, poly(2

Vi nyl pyr s g b S REMHP Nt §hg%e%§y gxggr@wd?%'n}ﬁ(\ﬁimwtﬁﬁﬁta%hde)

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 modifications
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 embodied 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] The invention has been described broadly and geherically herein.

Each of the narrower species and sub-generic groupings falling within the

33



pol y(N-i sopropyl acryl am de) (PEO PNl PAn), poly(styrene)-poly(acrylic acid)
(PS-PAA), poly(ethylene glycol)-poly(propyl ene sulfide) (PEG PPS),

pol y( 2- mewbybxagmki ne) - pol y(di net hyl si | oxane) - pol y( 2- mptimsicaxanodzzne)

( PMOXA- PDVS- PMOXA) , pol y(et hyl ene oxi de) - pol y(di met hyl si | oxane) -

pol y(2- met hyl oxazol i ne) (PEO PDMS- PMOXA) and poly

( met hyl plgeneris idisohesure also( fermypashef mﬁiid@nt(dnwgsisiﬂQUHWQPEM) . 9. The
nmet hod of any one of clainms 1-8, wherein the at | east one inner block
copol ynerdegesptidreof thefinverttidnbyith Ggrodiss o lnegativelimitatiom perhgvinganyn a

sui tabl e solvent; (b) drying the solution of (a) to obtain a polynmer film

and (c) IpBJEE Mdtied floRetHOGEM®, régaries dfftWhdtRePdr RetUREexclzelifmateriaD. The
met hod of any one of claims 1-9, wherein the outer block copolyner vesicle,

the at | ?§§ée8ﬁ'@alf r}ggﬁe(fhgpéfn copol ymer vesicle, or both include at |east
Xpsul ate ]

one substancé enc I'nside the respective vesicle. 11. The method of
claim 10, wherein the at | east one substance is sel ected
[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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fromthe group consisting of organic nol ecul es, bionolecules and ions. 12.
The nmethod of claim 11, wherein the bionolecules conprise proteins, |ipids,
car bohydrabesi2/asmenucl ei ¢ aci ds. 13. The net hod of anycose2eif/ 00284 s

10- 12, wherein the at |east one substance is a marker substance sel ected
fromthe group consisting of fluorophores, chronophores, radi omarkers,

fl uorescent proteins, enzynmes, and fGlaimsphore-, chronophore- or

radi o-|1 abel | ed proteins. 14. The nethod of any one of clainms 10-13, wherein
the at |east, an

| nper. bl ock copol yner , vesi cl e encapsul ating the at | east
one substtandbMihes o Renngye MUANComRarMERtalzed YERCUARSTURITR i'n a sui tabl e
solvent; (b) drying the solytion of (a) to obtain a polynmer film (c)
rehydrati ng r&bﬂ?@ﬁﬂto"ﬁ?rl B'fc?mly\g'ﬁré(ﬁs'ﬁ at '@@ﬁ?%&emﬁréﬁl%%g t he at
| east one subst ance.
copolymer vesicle, wherein the at least one inner block copolymer vesicle is

encapsulated inside the outer block copolymer vesicle, the method

comprising:

(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.

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

block copolymer vesicle 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 block copolymers.

4. The method of any one of claims 1-3, wherein the at least one inner block
copolymer vesicle comprises at least two block copolymer vesicles that are

the same or different.
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15. The net hod of any one of clains 10-14, wherein the outer block

copol yner vesicle encapsulating the at |east one substance is obtained by
addi ng blwokorapsiogners di ssolved in a suitabl e sol vent pCo/Sg2di19persi on of
the at | east one inner block copolyner vesicle in an aqueous buffer under
conditions that allow the bl ock copolynmers to formthe outer bl ock

copol ynes. vdsieahethadd fanygnaiobelsimht-4awhesaisithe paterhieek eppaikmebpol yner
vesicle, wherein the at | east one substance is added (i) to the solution of
t he bl ock cepsiclemerspolymersome iernakd pkas amphiphilihidibiack, &idoclone i nner bl ock
copol ymer vesicle before adding the solution of the bl ock copolyners. 16.

The nmet hod edtraflyclopepbhtablotkmdpblykyer. Wherei n the sol vent for dissol ving
t he bl ock copol yner o? the outer vesicle is selected fromthe group

consisting of tetrahydrofuran (THF), chloroform ethanol, |

di met hy!| $ul fTtvei rmethodi ofelaign $.ovherginithe ewenblosk copelymer veside fafer. 17. The
nmet hod of claim 16, wherein the solvent is THF. 18. The nethod of any one
of clains 1pbimersemeformed o@umpodyrher selected feorb the graap easistingrofor
buffers with detergents. 19. The nmethod of claim 18, wherein the buffered

solution is p@ﬁﬂt[ﬁyte?ﬂa-b-rp@m(thbcg@nuala@mﬁ(iz-sthibpgenfS-}dkEIbplbammet)}(ﬂ?Sar ed saline
(PBS), Tris buffered saline (TBS), Hank's bal anced salt sol ution (HBSS),

Earle's bal iaHd i ' ' SSO) ,
HEPES. but 1 of 00 LT e e <t ool ot o ( CBSS) . 20

The met hod %ﬁ(j{(ﬁéﬁ%o%&gproﬂl%ﬁé) %'%Egﬁ{%ﬁf |g@{ (&_E;Bg)gf,ﬂy}gnecar bonat e,

N- (2- Hydr oxye I perazi ne- & -et han I ¢ acl

20 M0 Dol PE BB AL B gl B ALHE GBUTREBY By AT o= hane

compr i oes. | RODKROPFARDRON B RS (FIEPED) audeMgnfRaner™ VoSt ol e
poly(ethylene oxide) (P2VP-PEO), poly(ethylene oxide)-poly(N-
isopropylacrylamide) (PEO-PNIPAm), poly(styrene)-poly(acrylic acid) (PS-
PAA), poly(ethylene glycol)-poly(propylene sulfide) (PEG-PPS), poly(2-
methyloxazoline)-poly(dimethylsiloxane)-poly(2-methyloxazoline) (PMOXA-
PDMS-PMOXA), poly(ethylene oxide)-poly(dimethylsiloxane)-poly(2-
methyloxazoline) (PEO-PDMS-PMOXA) and poly (methylphenylsilane)-

poly(ethylene oxide) (PMPS-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 at least one inner 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—yl-

ethyl)amide)] (PS-PIAT), poly(butadiene)-poly(ethylene oxide) (PBD-PEOQ),
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22. The nethod of any one of clains 1-21, wherein the outer bl ock copol yner
vesicle, the at | east one inner block copolyner vesicle, or both conprise
at | east woeormiigmal e t hat nodul at es vesi cul ar nenbr ane ppEsGeahiobezdry. 23.
The met hod of claim 22, wherein the nolecule is present in the vesicular
menbrane. 24. The nmethod of claim 23, wherein the nolecule is selected from
t he group ofpdy(etrstemdoxide)-poly(czipnsiactone) (RRO-BEE hcpalytathyrathy@ene) and
lipids. 25. The method of claim 24, wherein the nolecule is a transporter

ol ecul e or goletHyeredbxide PAPER-PEOY, ipohy(ethylnenddadé gpoly(lasticcadidy structure
obt ai ned according to the nethod of any one of clains 1-25. 27. A

it} compar L PERS.PLN S YFISHEhEl péll (RYIBRE oXRIFY(PRPED)apogd-er bl ock

copol yner vesicle an ast ‘one’inner bl ock copolymer vesicle, wherein
e ) o ARG et SREBET PRI RN sk o de (e
east one s RACHAHEEPR IR PO PR SRR BoplibiepeRpoBlafdit o he” ™
Copol yror - { GGRME S REANRaN Enden ohsDHPrRet s el BEGHRR) copol yrer
Ij?]l" ][n ;Pgni -he p%tly(E?r%g%hy?or;(%zgIri]r:]ee)[potl)yl/(%(i:mket%?/ sci)lL))%gr?eg)-[;/o(ai)sl(iZ?rlngth%/rlc?xe;[zgﬁng)ane or
(PMOXA-PDMS-PMOXA), poly(ethylene oxide)-poly(dimethylsiloxane)-
poly(2§methyloxazoline) (PEO-PDMS-PMOXA) and poly
(methylphenylsilane)-poly(ethylene oxide) (PMPS-PEO-PMPS-PEO-

PMPS).

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

copolymer vesicle is formed by:

(a) dissolving block copolymers in a suitable solvent;

(b)  drying the solution of (a) to obtain a polymer film; and
(c)  rehydrating the polymer film of (b) in an 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 both include at

least one substance encapsulated inside the respective vesicle.

11. The method of claim 10, wherein the at least one substance is selected

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

12. The method of claim 11, wherein the biomolecules comprise proteins, lipids,

carbohydrates, and nucleic acids.
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29. The nmulticonpartnentalized vesicular structure of claim?27 or 28,
wherein the at | east one inner block copolynmer vesicle conprises at |east
two bl ockwoeploig®es vesicles that are the same or differemsc28Goohe

mul ticonpartnental i zed vesicul ar structure of any one of clains 27-29,
wherein the outer bl ock copolymer vesicle is a polynersone fornmed of an
anphi phi Mi3c Tdheomnethod afrary ansof claimail0ok whergiarthalsit east oopsiupstance31. The
mul ti conpartnentalized vesicular structure of claim 30, wherein the outer
bl ock copol ysrarmarker eLiestafca sprRiciaEiromtaeigroue donsisting opfligrophosssl, ect ed
fromthe group consisting of

pol y[ st yr enenhsRepHéreisS PANGHMaAKer] MRirésddhit phhtes3 elit@hby| arim de) |
(PS-PI AT), poly(butadiene)- poly(ethylene oxide) (PBDPEO, poly(ethylene

)

oxi de) - poly 1 P D yl ene) - pol y(et hyl ene
oxi de) (PEE%E&&IO?%OIQ@ e ééiﬁ:‘geir?e%i?ddgﬁé%%%ngﬁéﬁ% acid) (PEO PLA),
pol y(i soprene)- poly(ethylene oxide) (PlI-PEO,
pol y( 2- vitdy [Titner mnethoe) offariyygree b Claimes 08i18s whePeiiRrheaD)gash ohg (mnénblecke
oxi de) - pol y(N-i sopropyl acryl am de) (PECPNI PAM), poly(styrene)-poly(acrylic
aci d) (PS- PAfpolypsdruesidiey bAsgplixtie] the dtabadtomensubstancalisfobiaihed By PPS)
pol y(2- met hyl oxazol i ne) - pol y(di nmet hyl si | oxane) - pol y(2- net hyl oxazol i ne)
( PMOXA- PDIVS- PI\/DXS) , pol y(ethyl ene . .
oxi de) - pol y(@l ne Fﬁﬁog\f"l‘% lask\copslymers iR arspitaRle splverty ( PEOPDVS- PMOXA) and
poly (et hyl phenyl sil ane)-pol y(ethyl ene oxi de) (PWS- PEO PMPS- PEO- PMPS) .
32. The nmul t4¢o ” T i ; f any one of clains

gg)ﬁ mgylﬁ 8biufi6AH oY?ér?'tSLHt%:?lgcsze{(b%’lgngﬁlrﬁ,

27- 31, wher at | east one ner pol ymer vesicle is a

pol ynersone fornmed of an anphiphilic diblock, triblock, tetrablock or

pent abl ock dopol yetwydratidg thenpolyorier fitro of &b X ineant adueasts wdtsrcontainisgr uct ure of
claim 32, wherein the at | east one inner block copolyner vesicle is a

pol yrmer sone f or meiee af leasbpoé yobstasetect ed from the group consi sting
of pol y[ st yrene- b- pol y(Li socyanoal ani ne(2-t hi ophen-3-yl -et hyl)am de) ]

(PS-PI AT),, | y( byt adi ene)- po ethbee xi de).. ( PBD- PEQ ol.y(et hyl ene
oxi de) - pdidy( Sﬁ‘&@[%ﬁ!})} ?’%& éé@s)‘ b“lr]%/ SN t@%W%ﬁ?glﬁS‘?@R'éé‘ﬁ{/I ene
oxi de) ( PEE- PE_O% , poly(ethyl ene oxide)-poly(lactic acid) (PEO PLA),
pol y(i sopr elYepiclengarsulatingfhedtilerst ong|substgnce is obtained by adding
pol y(2-vi nyl pyridine)-pol y(ethyl ene oxide) (P2VP-PEQ, poly(ethylene
oxi de) - pol y Pledkseqpabymerscdigselned i a Sritapir nt tp aldispergioarnf)the@t y (acryl i c
acid) (PS-PAA), poly(ethylene glycol)- poly(propylene sulfide) (PEG PPS),
pol y( 2- met hyéastane! inner) blopk kypdiymer ivgsicld inamaguemis/h@fferatridgroxazol i ne)
( PMO) ( A- PDVS- PMOXA) ,

conditions that allow the block copolymers to form the outer 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 (ii) 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 copolymer of the outer vesicle is selected from the group
consisting of tetrahydrofuran (THF), chloroform, ethanol, dimethylsulfoxide,

dimethylformamide, toluene, dioxane, and water.

17. The method of claim 16, wherein the solvent is THF.
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pol y(et hyl ene oxi de) - pol y(di met hyl si | oxane) - pol y(2- net hyl oxazol i ne)

( PEOPDMS- PMOXA) and pol y (net hyl phenyl si |l ane) - pol y(et hyl ene oxi de)

( PMPS- PEGvBIYPR/(RE50s PMPS) . 34. The mul ti conpart nent al i zedTse0awher4
structure of any one of clainms 27-33, wherein the at | east one substance is
selected fromthe group consisting of organic nol ecul es, bionolecul es and

i ons. 35.18THehenmetharbobany oee ohitiames 1vEsiwheren thieragueous bafffecisaam 34,
wherein the bionol ecul es conprise proteins, |ipids, carbohydrates, and

nucl ei ¢ aci dsuffepéd sdlutiomar tuffergwith detdrgened vesi cul ar- structure of any
one of clains 27-35, wherein the at | east one substance is a narker
subst ance, sel ected fromthe gro p consi Bh&gr%dof fl uorophore chronophor es,

r adi omar K& sl he mgthadsekeiaimy 18¢ whaeein Sutanisssigrted from ieonophor e-

or radio-labelled proteins. 37. The nulticonpartnentalized vesicul ar
structure ofgraup consisting of phegplete beffergasaling (PRS)oliris bufetrd salfisol yner
vesicle, the at | east one inner block copolyner vesicle, or both conprise
at | east ondTBS)edahk's thiatanceddaltaabstioredH1BSE p IEarke'balaaced satt ablutiony. 38.
The nul ti conpartmnental i zed vesicular structure of claim37, wherein the

nol ecul e i s (EBSHNStdrddriealins tittatéd (SSENHEBRES-Bifferéfigaline (HBS), and
mul ticonpartnentalized vesicular structure of claim 38, wherein the

mol ecul e i s SRlacEAInE&PEAIE B61LHHRYBBYS)t r ansnenbr ane proteins, nmenbrane
associ ated proteins, and |ipids.

20. The method of claim 18, wherein the buffers are formed of sodium
carbonate, N-(2-Hydroxyethyl)-piperazine-N’-ethanesulfonic acid (HEPES),
3-(N-Morpholino)-propanesulfonic acid, Tris (hydroxymethyl)-aminomethane

(Tris), phosphates.

21. The method of any one of claims 1-20, wherein allowing the block
copolymers to form the outer block copolymer vesicle comprises incubating

the reaction mixture at least 10 min.

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

least one molecule that modulates vesicular membrane permeability.

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

membrane.

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

transmembrane proteins, membrane associated proteins, and lipids.

25. The method of claim 24, wherein the molecule is a transporter molecule or

ion channel.
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40. The nul ticonpartnentalized vesicul ar structure of claim39, wherein the
nol ecule is a transporter nolecule or ion channel. 42 41. Use of the

mul ti conpaiotzoexmtisdoszed vesi cul ar structure of any one ofPCtlsaiom/ 082740 f or
sel ective encapsul ation of different substances, wherein the inner block
copol ynmer vesicle encapsulates a first substance and the outer bl ock

copol ymer26uds muiltcommparpreentalized sesiculandiructivse ahtainecthdceardingriadhebl ock

copol ymer vesicle. 42. The use of claim4l for controlled rel ease or

delivery of rhéthodidflapyemie sfudlsinet@s. encapsul ated in the respective inner
bl ock copol yner vesicle and outer block copolymer vesicle. 43. The use of
claim42, wherein the controlled release or delivery is trj % red by a

sti mul ant2.7-Amﬁr@m@@men@ﬁ@%\/a&ctﬂ%éFHPtHf% RRMfIS I%fh?u‘ieg fq ht
tenperature, pH electric field, magnetic field, bacteria, viruses,

pat hogens, ®opolysmgrowsiale apdatdrast o5e innerdhlaekicepolymes ¥esigte, sfhedeini veri ng
subst ances encapsul ated in the respective inner block copolynmer vesicle and
out er bl ock thepbleastong éwmerdock capatymat vesidepsencepsulbiedddsidesheul ar
structure of any one of clainms 27- 40, wherein the nmethod conprises

contacti ng tdigemblbtk e6pdIpicrwasiald, zmd Witsreinutharoutér blotkicopalyiiera cel | so
that the nulticonpartnentalized vesicular structure is taken up into the
cell. vesicle, the at least one inner block copolymer vesicle, or both include at

least one substance encapsulated inside the respective vesicle.

28. The multicompartmentalized vesicular structure of claim 27, wherein the
block copolymer forming the outer block copolymer vesicle and the block
copolymer forming the at least one inner block copolymer vesicle are the

same or different.

29. The multicompartmentalized vesicular structure of claim 27 or 28, wherein
the at least one inner block 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, tetrablock or pentablock copolymer.

31. The multicompartmentalized vesicular structure of claim 30, wherein the
outer 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-yl-ethyl)amide)] (PS-PIAT), poly(butadiene)-
poly(ethylene oxide) (PBD-PEOQ), poly(ethylene oxide)-poly(caprolactone)

(PEO-PCL), poly(ethyl ethylene)-poly(ethylene oxide) (PEE-PEO),
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46. The nethod of claim45, wherein the cell is in vitro. 47. The nethod of
claim45, wherein the cell is in vivo and the nethod further conprises

adm ni st ewpregi2rchesoaul ti conpart nental i zed vesi cul ar st ruecuse201a/0a023ubj ect .
48. The nethod of claim47, wherein the subject is a human. 49. A

phar maceutical conposition conprising nulticonpartnentalized vesicul ar

struct ure ofpaody(gthyteneodxiderppoty(lacticacidh(PEOHArpoky(isopreney- accept abl e
carrier. 50. An in vitro nethod of identifying a conmpound capabl e of

formng a ceup(ethyléridioddap(RI-REG), bRt inylpyridire)Rpoly(ethylehboside)mpr i si ng:

(a) providing a nulticonpartnmentalized vesicular structure of claim 39,

wher ei n the_(P@WﬁE@)«'ﬂé@l%&tﬁ;ﬂéﬁeB&@Efpalyém\-/igggrgg?mmamid@qpmr protein;

(b) contacting the nulticonpartnen i ze ar structure with a

candsdat e C PN BHDESGH Stk biBcFAEH (BS-BRATIAUGRERY Gchl 1 e
poly(propylene sulfide) (PEG-PPS), poly(2-methyloxazoline)-
poly(dimethylsiloxane)-poly(2-methyloxazoline) (PMOXA-PDMS-PMOXA),
poly(ethylene oxide)-poly(dimethylsiloxane)-poly(2-methyloxazoline) (PEO-
PDMS-PMOXA) and poly (methylphenylsilane)-poly(ethylene oxide)

(PMPS-PEO-PMPS-PEO-PMPS).

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

copolymer.

33. The multicompartmentalized vesicular structure of claim 32, wherein the at
least one inner block copolymer vesicle is a polymersome formed of
acopolymer selected from the group consisting ofpoly[styrene-b-poly(L-
isocyanoalanine(2-thiophen-3-yl-ethyl)amide)] (PS-PIAT), poly(butadiene)-
poly(ethylene oxide) (PBD-PEO), poly(ethylene oxide)-poly(caprolactone)
(PEO-PCL), poly(ethyl ethylene)-poly(ethylene oxide) (PEE-PEO),
poly(ethylene oxide)-poly(lactic acid) (PEO-PLA), poly(isoprene)-
poly(ethylene oxide) (PI-PEQ), poly(2-vinylpyridine)-poly(ethylene oxide)
(P2VP-PEOQ), poly(ethylene oxide)-poly(N-isopropylacrylamide) (PEO-
PNIPAm), poly(styrene)-poly(acrylic acid) (PS-PAA), poly(ethylene glycol)-
poly(propylene sulfide) (PEG-PPS), poly(2-methyloxazoline)-
poly(dimethylsiloxane)-poly(2-methyloxazoline) (PMOXA-PDMS-PMOXA),

41



(c) detecting the said conplex formation. 51. An in vitro nethod of

I dentifying a conpound capabl e of nodul ating the function of an ion channel
protei n, wbeoeinsioee i on channel protein is capable of aclr®dng/0aoknown ion
to pass, the nethod conprising: (a) providing a nulticonpartnentalized

vesi cul ar structure of claim40, wherein the nenbrane protein is the ion
channel pr otpaily(pthybdnecoxidalpoly(dimiethylsilaxaoejpaly(2remathyloxazblines (REOar
structure with a candi date conpound suspected to nodul ate the function of

the ion charPBUSPPRNIGXAY) a@dléo(mahylfhéhwsilém-mﬁs&meﬁ oxidey into or out
of the multiconpartnentalized vesicular structure. 52. The nmethod of claim

50 or 51, whppSLEENS-PMPSLBRoPRAP®Nt al i zed vesicul ar structure is

i mmobilized on a surface.

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

organic molecules, biomolecules and ions.

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

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

36. The multicompartmentalized vesicular structure of any one of claims 27-35,
wherein the at least one substance is a marker substance selected from the
group consisting of fluorophores, chromophores, radiomarkers, fluorescent
proteins, enzymes, and fluorophore-, chromophore- or radio-labelled

proteins.

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

vesicular membrane permeability.

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

molecule is present in the vesicular membrane.

39. The multicompartmentalized vesicular 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 claim 39, wherein the

molecule is a transporter molecule or ion channel.
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41.

42.

43.

45,

46.

47.

48.

Use of the multicompartmentalized vesicular structure of any one of claims
27-40 for selective encapsulation of different substances, wheréin 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.

The use of claim 41 for controlled release or delivery of the different -
subsfances encapsulated in the respective inner block copolymer vesicle

and outer block copolymer vesicle.

The use of claim 42, wherein the controlled release or delivery is triggered

by a stimulant.

. The use of claim 43, wherein the stimulant is light, temperature, pH, electric

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

A method of releasing or delivering substances encapsulated in the
respective inner block copolymer vesicle and outer block copolymer vesicle
of the multicompartmentalized vesicular structure of any one of claims 27-
40, wherein the method comprises contacting the multicompartmentalized
vesicular structure with a cell so that the multicompartmentalized vesicular

structure is taken up into the cell.
The method of claim 45, wherein the cell is in vitro.

The method of claim 45, wherein the cell is in vivo and the method further

comprises administering the multicompartmentalized vesicular structure to a

| subject.

The method of claim 47, wherein the subject is a human.
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49. A pharmaceutical composition comprising multicompartmentalized vesicular

50.

51.

structure of any one of claims 27-40 and a pharmaceutically acceptable

carrier.

An in vitro method of identifying a compound capable of forming a complex

with a membrane receptor protein, the method comprising:

(a)

(b)

(c)

providing a multicompartmentalized vesicular structure of claim 39,

wherein the membrane associated protein is the membrane receptor

protein;

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

with the membrane receptor protein; and

detecting the said complex formation.

An in vitro method of identifying a compound capable of modulating the

function of an ion channel protein, wherein the ion channel protein is

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

(a)

(b)

(c)

providing a multicompartmentalized vesicular structure of claim 40,

wherein the membrane protein is the ion channel protein;

contacting the multicompartmentalized vesicular structure with a
candidate compound suspected to modulate the function of the ion

channel protein; and

detecting the passage of ions into or out of the

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

vesicular structure is immobilized on a surface.
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