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In a conventional reverse osmosis membrane as provided in U.S. Pat. Nos. 6,878,278,
10 there is a polyamide surface on a porous membrane employing Schotten-Baumann reaction
with multifunctional amine monomer and polyfunctional acyl halide monomer. However,
some chemicals such as trimesoyl chloride (TMC) destroy protein functionality because the
chemicals have a highly hydrolysing property. That means it is difficult, if not impossible, to
in situ incorporate a protein-incorporated polymerized liposomes into the polyamide matrix
15  which is necessary for filling external spaces of the proteolipsomes.
BRIEF SUMMARY OF THE INVENTION
The present invention generally related to a nanofabricated membrane including
polymerized proteoliposomes. The nanofabricated membrane is a bio-nano fused selective
membrane using protein-incorporated uv-crosslinkable liposomes with a chemical reactive
20  biocompatible interstitial matrix. In the present invention, internally UV-crosslinked protein-
incorporated proteolipsomes are used because the proteoliposomes made by natural lipids
have a short life time and a weak resistance to the circumstantial stresses such as a high and
low temperature, pressure, ionic strength etc. Furthermore, the proteo-vesicles made by

amphiphilic block copolymers provide less consistency in accomplishing proper functionality

25  batch to batch because of the inevitable polydiversity of the polymer.
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bi oconpati bly reconstituted interstitial matrix. This
1r6p homo%lifuntional poly ethylene glycol (PEG) crosslinker or amine-dendrimers 3) lipid

incorporation into a amine group modified cellulose nanomembrane, mixed cellulose ester
nanomembrane, glass surface, and amine modified silicon or any possible materials that can
be modified by amine groups.

In one embodiment of the present invention, the incorporated protein is a member of

15  the Aquaporin family of proteins. However, it should be understood that the present

invention is not limited to only this family of proteins. The resulting membrane has a water
bypass through Aquaporin mediated water selective transportation and hollow space in the
polymerized proteoliposomes in the biocompatibly reconstituted interstitial matrix. This
membrane is capable of showing high water selectivity, water permeability, and low energy

20  requirement owing to the Aquaporin functionality.

BRIEF DESCRIPTION OFF THE DRAWINGS
The features and advantages of the present invention will become apparent from the
following detailed description of a preferred embodiment thereof, taken in conjunction with

25  the accompanying drawings, in which:



menbrane i s capabl e of show ng high water selectivity, water perneability,
and | ow energy requirenent owing to the Aquaporin functionality. BRI EF
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shows the |ipid incorporate ase nmenbrane to connect e po meri zed
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with a hydrophilic part (head group) for surface modification of a thin polyamide layer on
the MCE (mixed cellulose ester) and Nylon base membrane in accordance with one

10  embodiment of the present invention;

IFIG. 5 shows the lipid incorporated base membrane to connect the polymerized
proteolipsomes on the covalent bond matrix on top of the base membrane in accordance with
one embodiment of the present invention;

FIG. 6 shows in sifu embedding polymerized proteolipsomes with uv-crosslinkable

15  amine-PEG hydrogel, biocompatible interstitial matrix wherein: (a) a base membrane is
provided in the depth adjustable cast; (b) polymerized proteoliposomes and uv-crosslinkable
PEG solutions were doped on the base membranes, if needed EDC mediated crosslinking
between amine-PEG and phosphated lipids may be performed; (¢) UV curing for membrane
hardening; (d) detaching the fabricated membrane from the cast and (e) schematics of cross-

20  section of the in situ embedded membrane in accordance with one embodiment of the present
invention. The base membrane will be activated with amine groups or acrylic acids to induce
the crosslinking with liposomes and hydrogel. Inkjet printing technology would be used to

the in situ embedded membranes.



provided in the depth adjustable cast; (b) polynerized proteoliposones and
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EDC nedi awecdonvwseBi nki ng bet ween am ne- PEG and phosphatrea/use@iodz3onny be
performed; (c) WV curing for nenbrane hardening; (d) detaching the
fabricated nmenbrane fromthe cast and (e) schematics of crosssection of the
in situ enbedded nenbrane in accordance with one enbodi nent of the present

invention. Therhas@oweabisaiRmddnt eIAGkHMat BRlerWhtra@iH With @ oups or acrylic
acids to induce the crosslinking with Iiposones and hydrogel . | nkJet

printing phEsRAMQIY bR oMSEHrdad; fohBicWRasihi the@OREAABSWBRLARRS FI G 7

shows a base nenbrane free desalination filter fabrication with (a)

pol yrer i zgeh REQeRE B&%&fﬂ%ﬁy&&é&@&o&ﬁﬁﬁ&‘&%eJ With thb foVeBVdnNEeth®E hod and (b)
wat er resistant fibrous structure between pol ynerized proteoliposones wth

t he non-woven met hod. DETAI LED DESCRI PTION OF THE I NVENTION I n order to
obt ai n a nanof abri cated nenbrane in accordance with the present invention,

pol yneri zed proteolipm I i EF}@ﬂ rating proteins (6)
i nt on%v-cr osslinkabl e Ti poggﬁe@gggl.ﬁ%ﬁbﬁ@?ﬁ)&\}s [ nkbglgl e |iposones (1) are
synt heti c usi terial th mme the structur f . ural |ipids. As
hown i n 1 G TR EOn AdRl Rl B TR B N P e o

| -pal mtoyl -2-(10Z, 12Z-tricosdi | ).- s".- al -3- _ph . ,

1 bal mi ¢ ShenEn bt b R RShS i rael 7TRp onsRRE BRRSEIBLARS o1 ari e,

|, 2-di - L 127-tr.i di | ).z.5" -9l ro-3-ph h | d- .

2. 0z, ﬁ%%%wslfw%%ﬁ%% | ngifl- @?&é‘?ﬁ%ﬁl&ﬁ%@%ﬁ%ﬁiﬁ%ﬁ%ﬁ %{ﬁ%_” e
-Crossi i nkaple cnem.cal Stru ure I N e (6] 0 ar ea ; ,

12- pent a&])gé Slilﬁtotfném%.&edtrf%/& naél]lfal lgplc]s. As shown 1nquE}. P, theb[lJ{}—crosshnkgble

10 liposomes (1) (for example 1-palmitoyl-2-(10Z,127-tricosdiynoyl)-sn-glycero-3-
phosphocholine , 1-palmitoyl-2-(10Z,12Z-tricosdiynoyl)-sn-glycero-3-
phosphoethanolamine, 1,2-di-(10Z,12Z-tricosdiynoyl)-sn-glycero-3-phosphocholine, 1-
2-(107,127-tricosdiynoyl)-sn-glycero-3-phosphoethanolamine) have UV-crosslinkable
chemical structure (2) in the hydrophobic area (3); 10, 12-pentacosadiynoic acid (PCDA) and

15  its functional derivatives of hydrophilic part (fluorescent diacetylene monomers). It is
understood that the UV-crosslinkable chemical structure may be included in one or both of
the hydrophobic tails (5). The UV-crosslinkable liposome also comprises a hydrophilic area
(4). In one embodiment, the UV-crosslinkable chemical structure (2) may include
diacethylene for internal cross-linking. However, the present invention should not be limited

20  to this specific UV-crosslinkable chemical structure (2) as those of ordinary skill in the art
could select additional UV-crosslinkable chemical structures (2) without departing from the
scope of the present invention. FIG. 1 shows one embodiment of the present invention
having a schematic structure of 1-Palmitoyl-2-(10Z,127. tricosadiynoyl)-sn-glycero-3-
phosphoethanolamine (Diyne PE) as the hydrophobic area (3). This internal UV-crosslinking

25  provides a liposome that has strong mechanical resistance to physical stress. After the UV-



its functional derivatives of hydrophilic part (fluorescent diacetylene
nmononers). It is understood that the UV-crosslinkable chem cal structure
may be i rwburdedoiorsone or both of the hydrophobic tail sPCHuS20ie®23043
UV-crosslinkabl e |'i posone al so conprises a hydrophilic area (4). In one
enbodi ment, the UV-crosslinkable chem cal structure (2) may include

di acet hyl ene for internal cross-linking. However, the present invention

shoul d nQtosBmKkhbIOipRIMEQ(1Y e For5iR8 Tef PréieiV6)GE S SipbRlcalh® tehpm gale Structure

(2) as those of ordinary skill in the art could sel ect additional
UV- cr osslippéalk gsithefvnabchflduble iR enb8dimht STt prél@Rah fenih, fA@MBkie scope
of the present invention. FIG 1 shows one enbodi nent of the present

i nve ntio _@rehﬁ&.l Ekgh@pr%féhﬁ r(@)tti) be ﬁltc{)fﬁglta%.e }Btvel/ér,l:@is %Qé?ﬁbéc?thﬁt%r En%Zeins
tricosadi ynoyl )-5"-glycero-3- phosphoet hanol am ne (Diyne PE) as the

hydr ophobg G, t%%&o?%oratér&‘fnﬁa th W&@shﬁéﬁbféﬁ%ﬁ&u‘nﬂe@ 'q )ag kRJleVJo‘?lio?% gfr 41%1[1@5 ome

that has strong nmechanical resistance to ysi cal stress.

Uver ogsl it%\%&ﬁ{?l(g}cL:%kﬁ%?@?ﬁgg@(i;?nc%grafeﬁqr&ﬁgﬁz -g%%ﬁﬂlﬁme ﬁ]ﬁ)ls%l.h% %ﬂgﬂﬁé)r por at ed

into the ones usi ng chni ques. enbodi ment of
R e T A e
e Per gt b R RRSRk | L OB Rk B B R e ©f
exposur o T BTPBAR VA0 i Pyt BrBYr 15 So e L o EN e B shows the-
D pocec Eos QT el b Ry Ras Bt Rl ot Bhe) 5 Porva by
i R R s RSB B2 o o

(4), of the polynerized . o . o
proteoliposomes (8) are chemical modified to increase connectivity through external

crosslinking between proteoliposomes or proteoliposomes and interstitial matrix. The
hydrophilic area (4) of the synthesized lipids may include various multifunctional amines,
carboxylates and phosphates. The head groups may be modified using hetero functional

15  crosslinkers for example, N-Hydroxysuccinimide ester (NHS ester)- Biotin or imidoester-
Biotin can be used for biotinlyation. The modification is performed by covalent crosslinking
using various kinds of chemical conjugates (11) including, but not limited to, photoreactive
crosslinkers, zero-length crosslinkers, homobifunctional crosslinkers, heterobifunctional
crosslinkers, trifunctional crosslinkers, dendrimers and other known chemical conjugation

20  methods. In the zero-length crosslink for amide linkage, carbodiimides may be used. In one
embodiment of the present invention, EDC (1-ethyl-3-(3-
dimethylamineopropyl)carbodiimide hydrochloride is used as the crosslinking agent.
However, other carbodiimides may be used without departing from the scope of the present
invention. The amine groups of the 2,2’ (Ethylenedioxy)bis(ethylamine) are useful for

25  covalent crosslinking of carboxylate or phosphate groups of the proteoliposomes, through
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proteoliposomes (8) including internal and external crosslinking (9) of the liposomes (1) and
the liposome modified polyamide matrix (12).
To encapsulate the polymerized proteoliposomes (8) in the matrix, the
proteoliposomes (7) are incorporated with the matrix on the base membrane (12)
15  simultaneously. This process is referred to herein as “in sifu incorporation”. FIG. 6 shows the
fabrication process of hydrogel-proteoliposomes. The process includes the following steps:
(a) a base membrane (13) is provided in the depth adjustable cast (14); (b) polymerized
proteoliposomes (8) and uv-crosslinkable PEG solutions were doped (15) on the base
membranes (13), if needed EDC mediated crosslinking between amine-PEG and phosphated
20  lipids may be performed and polymerized proteoliposomes activated with NHS-acrylic acid
can be used for connecting uv-crosslinkable PEG ; (¢) UV curing for membrane hardening;
and (d) detaching the fabricated membrane from the cast. FIG. 6(e) shows a schematic of the
cross-section of the in situ embedded membrane in accordance with one embodiment of the

present invention.



| i posonmes (1) in the polyam de thin |ayer, am ne-containing natural |ipids
and Uvcrosslinkable |ipids can be used. One or nore am ne sources are used
to form awpabywawiae matri x that includes hydrophobi c paPC3/UsS3)10tobzu3 f ace up
on the matrix. FIG 5 shows the proteoliposones (7) prior to UV exposure
and the final UV-crosslinked polynerized proteoliposones (8) including
internal and external crosslinking (9) of the |iposones (1) and the

|'i posonme nodi fbed R layRthsh Takd fofynekZdd préRoBRESRAS Rt h@lﬁﬂér&@@“ zed
proteol i posones (8) in the matrix, the proteoliposones are incorporated

W th the ;pREdlipYsofd cb!i't@d %&y%@foﬁ%e&d%%ﬁay%%hfe@ﬁ@%%yn FI'EPWS TREOCeSs s
referred to herein as "i'n situ incorporation”". FIG 6 shows the fabrication

process ¢ dﬁa}ﬂé@&%n {RFQk EQ)) i&%%%oxﬁ%dg&%eg%&pk Bk ldeRicd e cddldhow ng
steps: (a) a’ base nenbrane ( Is provided 1 n the depth adjustable cast

(14); (D) RAlXIE Wi f}ge %ﬁ%’rﬁ‘n&‘fgeh Eg)%égggésoﬁn@ #0d7 ‘sﬁ’ov?s Ql%§41 ?&Kﬂ'ﬁ fr PEG

sol utions were dope on t e nmenbranes nee ed EDC

medi at5ed %n(%gédn tﬁhlmnlgeeq? gﬁe%{%{rﬂ) anlealé/(&h 330%&19 rggolhiogﬁ)_ﬁg acr y?| c acid

perforrre ynerized proteo |posorres ctlivate

can e gt 10 TS T O W o
cast. FIG 6 sche tICO s-section of th S|tu
enbedded TS AR RS %ﬂ%@%%feﬂe@&%i FeRbt 8o Mahbhbida:

inventio or fluf?él ? tappl ication of the polynerized proteoli posorre

t echnol 03{/ Crp%ﬁ’}? Bifishy prot eol i posone coat ed hydr ol yzed nyl on t hreads may

be formed as B’fﬁwglln FIGf The hﬁ/qq g}/gd nyl. onthre Gp i ncl udes
carboxyl and BWMReGRBiS Gk imeaia et dposlinr et indudng die
10 Aquaporin family of proteins incorporated into the liposome wall may be formed into the
membranes, including woven structures and non-woven structures, provided above that result
in stable films that will only pass water, thus facilitating water purification, desalinization,
and molecular concentration through dialysis. The aquaporins exclude the passage of all
contaminants, including bacteria, viruses, minerals, proteins, DNA, salts, detergents,
15  dissolved gases, and even protons from an aqueous solution, but aquaporin molecules are
able to transport water because of their structure. Water moves through the membrane in a
particular direction because of hydraulic or osmotic pressure. Water purification/
desalinization can be achieved with a two-chambered device separated by a rigid membrane
at its center that is filled with aquaporins. The membrane itself is impermeable to water and
20  separates contaminated water from purified water in the chamber. Only pure water is able to
flow between the two chambers. Thus, when sea water or other contaminated water on one
side of the membrane is placed under an appropriate pressure, pure water naturally flows into
the other chamber. Accordingly, purified water can be obtained from undrinkable sources or,
if the source water contained chemicals of interest, the water can be selectively removed,

25  leaving a high concentration of the wanted chemicals in the input chamber.
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10 change its genetic code in order to change the protein's characteristics. Therefore the protein
can be engineered to fulfill a desired application that may be different from the protein's
original function. For example, by simply changing a particular amino acid residue near the
center of the water channel to cysteine, the Aquaporins produced would bind any free
Mercury in the solution and cease transporting water due to the blockage. Thus, these mutant

15  proteins used in a membrane device could detect Mercury contamination in a water sample
by simply ceasing flow when the concentration of the toxic substance rises too high.

Thus, there has been disclosed methods and apparatus utilizing biological components
to achieve the highly efficient production of completely pure water from fouled, salty, or
otherwise contaminated water. The invention demonstrates the integration of water

20  transporting biological proteins with an external device, and points the way toward a
manufacturing pathway capable of large-scale production of water purification devices.

The contents of U.S. Patent 7,208,089, entitled “Biomimetic membranes”, 1s
expressly incorporated herein by reference. The International patent application,
PCT/US08/74163, entitled “Biomimetic Polymer Membrane that Prevents lon Leakage”, is

25  expressly incorporated herein by reference. The International Patent application,
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e §o t Raaaed BaS NSl ods W R ORI A1 SERRE LAMRPRAN AR et o

could de%ect Mercury. contam nation in a water sanple by sinply ceasing flow
when the gﬁh@gﬁFPSPg%ﬁuﬁ?mfﬁe t oxi ¢ substance rises too high. Thus, there
has been di scl osed nmet hods and apparatus utilizing biological conponents to
achieve the highly efficient production of conpletely pure water from

foul ed, sa;{y or otherw se contam nated water. The invention denonstrates
the it egr ati BAVGET A PEReoliposomes

The UV reactive polymerizable lipids that have uv-crossliking chemical groups (for
example, polyacetylene) in the hydrophobic area (for example, 16:0-23:2 Diyne PC — Avanti
cat#790146 or 23:2 Diyne PC —Avaanti cat#870016 or 10-12-pentacosadiynoic acid,
polydiacetylene etc. ) were dissolved in the chloroform or t-butanol with the concentration of

15 5 mg/ml. The thin film can be made in 2 ways:

a. The dissolved lipid solution was transferred in the glass vacuum flask
that was completely dried. To form the thin film inside the glassware,
the solution was dried with gently shaking under the heavy gas (Argon
or Nitrogen gas) jet. To remove the solvents completely, the dried thin

20 film was purged over 4 hours or more.

b. A solution of the dissolved lipid in t-butanol in a round bottom flask
was attached to a rotary vapour and the solvent was removed under
reduced pressure at ~ 40°C to 70°C. The film is dried for about 60
minutes or longer to effect complete drying. The film can be used

25 immediately or stored under an inert atmosphere at -80°C



transporting biological proteins with an external device, and points the
way toward a manufacturing pathway capable of |arge-scale production of

wat er purwbi2emriomtsdevi ces. The contents of U S. Pat ent PCTAB201082304nt it ed
"Bi om nmetic nenbranes”, is expressly incorporated herein by reference. The
I nternational patent application, PCT/US08/ 74163, entitled "Biom netic

Pol ymer Menbrane that Prevents |on Leakage", is expressly incorporated

herein by ref Sﬁ&@%@nﬂ)—f e BumﬂaﬁAqaetpbﬁﬂahxtﬁ’@t(@@&eqaﬁ&i donadu@ilerRE HLISO08/ 74165,
entitled "Mking nctional Protein- Incorporated Pol ymer sones”, is

expressl y1dongornersined H@rﬁdr@(ﬂmr@fs%f}?ﬁgﬁdetéf ?l o IBE QWeStr@iaX- 100,
application 61/055, 207 entitled "Protein Sel Pro uéing Artificial Cel

i's expregshyyl ﬁ&l%ﬂ%@t)%ﬁd Bl v ihdlEl RN MR G TRLL Ol | oW ng 1 s an

exanpl e of one enbodi nent of the present invention. i's understood that
various '@%‘Hhﬁdoﬁéﬁ/ tﬁﬂﬁnmrekxﬁ&ﬁhlﬁﬁﬂﬂwaﬁs@%teﬁ%n@ fifeQe hdi DRdtmLepar ti ng
fromthe scope o e I nvention nerized proteolfi posomes The W

react isve S%}lé’l{@f{cbﬂl %fﬁa!re%t el Eﬂ&h@?ﬁlﬁ idhw af'srd?aﬁ?é(a? §$Mt &1@%%981% groups (for

exanpl e, acety |c ar ea exa 0-23:2

D yne PC PSCI@z; #Z@ %Mﬁl ﬁrtlhkjflgD—%}lu 1ne ?%Mévgiar?ltz&zm?e éﬁ%%o %ﬁ or

10-12- pe acos |yn0|c aci d, ene i'<8o0l'ved in the

hi f fil
A R wterw S, L
the gl ass }gﬁguog]%qn was dllutea th\(I)a t?mgso aestsz%l ‘t)(lff(éi{ alln%c}llter ‘8 w1t%rdBQ um of t é: n film

i nsi de t

disposable syringe filter. The functionality of Aquaporin incorporated proteoliposomes was
10  measured before UV polymerization with stop flow light scattering (SFLS). Until this step,

whole process should be accomplished in the dark room. To calculate the permeability of the

proteoliposomes, dynamic light scattering (DL.S) is necessary to measure the size of the

liposomes.

To make polymerized proteoliposomes, the proteoliposomes were polymerized with 254 nm

15  wavelength of UV exposure forl0 minutes.

2. Moaodification of the head group of the lipid monomers to increase connectivity
through external crosslinking between proteoliposomes or proteoliposomes and
interstitial matrix.

20 To construct the covalent chemical crosslinking, various kinds of chemical
conjugations were used such as photoreactive crosslinkers, zero-length crosslinkers,
homobifunctional crosslinkers, heterobifunctional crosslinkes, trifunctional crosslinkers,
tetrafunctional crosslinkers, dendrimers and so on. In the photoreactive crosslinkers, there are
acrylic acid derivates and acryl azide derivates such as NHS-acrylic acid and NHS-ASA

25  (NHS-4-azidosalicylic acid) , and bis-[p-(4-azidosalicylamido)ethyl]disulfide (BASED). In

10



the solution was dried with gently shaking under the heavy gas (Argon or
Nitrogen gas) jet. To renpve the solvents conpletely, the dried thin film
was pur gewoaomwoddo7TRours or nmore. b. A solution of the dipsTaiSe@d/okiopsd in
t-butanol in a round bottomflask was attached to a rotary vapour and the
sol vent was renoved under reduced pressure at ~ 400C to 700C. The filmis
dried for about 60 m nutes or longer to effect conplete drying. The film

can be usgd,ctdBEh dFRLMKOfor &l itk MR8 Rer@ite LABEAiindlTRSINRTED@L1 -ethyl- _
- 800CSubsequently, the buffer-Aquaporin m xture (the required concentration

of buf f e GIAReHyMnNkEBrdN) cRbbdiind dOhy BEMMrBBI It wiih ShirdlRE sy @ent (octyl

gl ucoside, triton X-100, dodecyl nmaltoside etc.) and protein ) was added in

the thinylj sfllf?!;éﬁ@ani%i@é,%rs?l—c@&kkﬂ@?%&ghéﬂﬁ%etﬁ}l LHoRiifde ) gt n film

was soni cated under the heavy gas jet  until the solution becones

t ranspar I hbe Ty ﬂﬂ¥@§ LAl ' say buffer
(50 nmv &Efﬁg%gggg%g%%ﬁﬁﬁﬁP yhy%gg can?%%?{%% %%g%ﬁﬁsk? %gFﬂ%i 7.5 or 20

T PBS DYl 5 on Bl ook ALy 20BN SOONGL QAL ESIRUILEL), 8 cbaRbnd LT TeS:

After “dialysi Iralyze 1 on two tines wth assay

buf f er an?otfiin lcg elli eglOI\lM -mteaogs', %%Culgn a Bfocéngﬁatigjes edl %(?rlfgr nsﬁiirlrll ntgg f];pitildtti g(l;rid The
functi ondl |?y of %huaporln I'ncor por a pro e61|posone wa8Teastred before
ight scatteri SFL Until this step,

anor o pr owugE bRl 1% b ShRanf Yk Bt B Gl RSy bbbl ot e e
oD b PR SEOSR R SRS B RESH A DS 15
homofunctional crosslinkers, there are homofunctional NHS esters;
10  dithiobis(succinimidylpropinate) (DSP), 3,3’-dithiobis(sulfosuccinimidylpropionate)
(DTSSP), disuccinimidyl suberate (DSS), bis(sulfosuccinimidyl)suberate (BS3 ),
disuccinimidyl tartarate (DST), disulfosuccinimidyl tartarate (sulfo-DST), bis[2-
(succinimidyloxycarbonyloxy)ethyl|sulfone BSOCOLS, bis[2-
(sulfosuccinimidyloxycarbonyloxy)ethyl|sulfone (sulfo-BSOCOELS), Ethylene
15  glycolbis(succinimidylsuccinate) (EGS), Ethylene glycolbis(sulfosuccinimidylsuccinate)
(sulfo-EGS), dicuccinimidyl gluarate (DSG), N,N’-disuccinimidyl carbonate (DSC), and
bisNHS(PEG)n. And homofuncitonal imidoesters such as dimethyl adipimidate (DMA),
dimethyl pimelimidate (DMP), dimethyl suberimidate (DMS), dimethyl 3,3-
dithobispropionimidate (D'TBP). In the heterofuncitonal crosslinkers, there are NHS-
20  hydrazine moiet (SANH), NHS-adldyde moiet (SFB) etc. In the trifunctional crosslinkers,
there are 4-azido-2-nitrophenylbiocytin-4-nitrophenyl ester (ABNP), sulfosuccinimidyl-2-[6-
(biotinamido)-2-(p-azidobenzamido)hexanoamido]ethyl-1, 39- dithopropinate (sulfo SBED).
In the tetrafuntional crosslinker, there are avidin, streptavidin, and neutravidin which

can react with 4 biotins.

11



To make pol ynmeri zed proteoliposones, the proteoliposones were polynerized
with 254 nm wavel ength of UV exposure forl O mnutes. 2. Moudification of the
head gr owwoabioideeo78i pi d nononers to i ncrease connecti vi PETiUsSc@o®30ext er nal
crosslinki ng between proteoliposonmes or proteoliposones and interstitial
matri x. To construct the coval ent chem cal crosslinking, various kinds of
chem cal conjugations were used such as photoreactive crosslinkers,

zer 0- | engt hy &{§ HluldTR¥iSnal BAMRYIL{IHAS, tchPOANat6d, REEPHOBKHRIS caRlQuQKL fnenct i onal
crosslinkes, trifunctional crosslinkers, tetrafunctional crosslinkers,

depdri”E%§m%ﬂgh§ge9&ﬁhéQmﬁﬁ@z&hﬂﬁ&{gﬁ@ﬁ&%ﬁyﬁh@ﬁﬁh&@kﬁ§§mo&hﬁ&ﬁs@&@ acrylic
acid derivates and acryl azide derivates such as NHS-acrylic acid and

N_HS’ ASA (aNaTL%/l'?C’ Msg@%tﬂyf&ﬁé,in&\etﬁaﬁ}ﬂﬁe are %E&Q for inducing the membrane hardening

bi s-[ b- (4-azi dosal | cyl am do) et hyl"] di sul fi de (BASéi». I nthe zero-I"ength
cr oS! | nlfhal Bfcrahlen ARKAESEN RS AEALGRLARY iR Augh 25 EDC
(1-ethyl - %-%%fri #gﬁl fﬁ?%egpyopyﬁg%garﬁgﬁg{ni§e1h§ roc ﬁbride, EDC with
Sul f oxNHS (Nhydr oxysul f osucci ni mi de), CM5

(1-chcl ohexyl - 3- (2- nmor phol i noet hyl ) carbodi i m de), DCC (di cycl ohexyl
carbodiinid;)L 5; dii%qp{gp |, carbodi.im de), Wodward' s reagent K

rpora n lyamide; mdiri

( Net hyl - 3-phe%§%|§o azol'r um'3™-su fonafe), CDI (N, N -carbonyl diimdazol e).
modiator for TRHG TH Fom BE bERa bR o) el RFETRRL e, ¢ e
EDC ot RS dAFBaR Rt Igratibe B Gnilmarghbang Bkt AORS! unc | ona
O oSS e et PSS o h SRl NG L 20 MRS 3L 8 good tnker between

3, 3" -di thiobis(sul fosuccini m dyl propi onate
10 polymerigabllje proteol(l;posomes an pglya ide thin la)yer likewise in the structure between

myosin and actin filaments. To plant the UV-crosslinkable lipid in the polyamide thin layer,
we used ethanolamine included natural lipids and UV-crosslinkable lipid. The ethanolamine
group was used as one more amine source to form the polyamide matrix expecting
hydrophobic part to face up on the matrix. To do this process, MCE (mixed cellulose ester)
15  and Nylon porous membranes (other membranes such as durapore and isopore membranes
could also be used) were soaked in the lipid solvent solution. Subsequently, the solvent was
evaporated and incubated in the diamine chemicals such as m-phenylenediamine or any other
polyfunctional amine. After removing and drying excess amount of amine source, it was
treated with a polyfunctional acylhalide such as trimesoyl chloride (TMC) (or any other acyl
20  derivatives that can form an amide bond) that is dissolved in a non-polar organic solvent like
hexane. The reaction is finished in several seconds and the excess amount of TMC was
washed in the deionized water completely. A structure as shown in FIG. 4 was expected.
Water droplet contact angle observations indicated thatthe hydrophobicity is increased as

would be expected if the hydrophilic parts of the liposomes. After this reaction, we figured

12



(DTSSP), disuccinimdyl suberate (DSS), bis(sulfosuccinimdyl)suberate (BS3
), disuccinimdyl tartarate (DST), disulfosuccinimdyl tartarate

(sul f o- DSVP,20®1(78- (succi ni m dyl oxycar bonyl oxy) et hyl | eairfusa@0BSOCOES,

bi s[ 2- (sul fosucci ni m dyl oxycar bonyl oxy) et hyl ] sul fone (sul f o- BSOCCES) ,

Et hyl ene gl ycol bi s(succi ni m dyl succi nate) (EGS), Ethylene

gl ycol bi s(sul fosucci ni m dyl succi nate) (sul fo-EGS), dicuccinimdyl gluarate

(DSG), Nobk incidhstiiahé Ry siBbicEP6MRORSIE ifcFi3td ma@iRds RAbSNAS(RERGhns And

honof unci tonal i m doesters such as di nethyl adi pimdate (DVA), dinethyl

pi mel i m gab@pkiRMRka isqildifi?gtD ds efpReul m date (DVB), dinethyl 3, 3-
di t hobi spropi oni m date (DIBP). In the heterofuncitonal crosslinkers, there
are NHShydrazi ne noi et (SANH), NHS-adl dyde noiet (SFB) etc. In the

trifunctional crosslinkers, there are

a0 2y T IEORSRRRRGH Db AhSABRMRR oA LEPRG AR hyarogel or

sul f osucci ni m
( bi ot isnam do) - 2- (.p-.azi enzam do) hexanoam do] ethyl -1, 39- dithopropinate
(sulfg SBED).a ﬁ&pﬁgﬁ%ggfafuntional crosslinker, there are avidin,

streptavidin, neutravidin which can re wihth 4 biotins,Varjous
1 anct i onkit ey gk R Eal0! GEpER0E RSl bbbt PR °0% 2o

oo A M BT MLt
met hacryl ate. are used for. inducing the nmenbrane hardening through
cro;sl!nﬁ?ﬁgnﬁgiﬂ%gﬂfbﬁP@ﬂ@?ﬂgéaegwngb!iposones or interstitial matrix. 3.
RERRAER C I AN R R WL N A R SR
I Wai%) d%&a?err rsq-)hr}‘t?i itytagaatt)io%gr?lpalgi\t{ilﬁ§.%%%}l iis Qif(%%|o? p(l)liyl[glierd thgt%rhm!vsi lggvsp%gl?liveirsl{]tyt he
and has capability to incorporate reactive groups such as UV-crosslinkable reagents, metal
chelating agents, fluorescence, ligands, etc. In addition, carboxylate group can be attached in
the PEG to be able to lead the EDC mediated biocompatible crosslinking reaction with amine
groups. The PEG polymer is able to form a hydrogel through attaching the methacrylate UV-
15  crosslinkable chemical. This PEG hydrogel approach was used in hardening lipid planar
membrane in previous study. In this example, carboxylated or amine attached PEG hydrogel
were used as a nanosized crosslinking spacer between the polymerized proteoliposomes.
In addition, the cellulose included support membranes can be activated by 3-
amiopropyltriethoxysilane (APTES) which can provide primary amine functional group for in
20  situ crosslinking with various kinds of amine mediated crosslinkers. Moreover, the UV-
crosslinking groups can be used with that. The FIG. 6 shows the fabrication process of
hydrogel- proteoliposomes. The polymerized proteoliposomes solution and UV-crosslinkable
PEG hydrogel solution are water-based solutions. The solutions are mixed together and

doped on the base membrane in the depth adjustable mould. After curing with UV, a highly

25  compacted and hardened membrane is formed.
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following just exanplified to as the liped) itself could be used for a good
| i nker between pol yneri zabl e proteoliposones and pol yam de thin |ayer

| i kewi se WO 20to09sd78uct ure bet ween nyosin and actin fil amemtus2010023pkant t he
UV-crosslinkable lipid in the polyam de thin |ayer, we used et hanol am ne

i ncluded natural |ipids and UV-crosslinkable |ipid. The ethanol am ne group
was used as one nore am ne source to formthe pol yam de matri x expecti ng

hydr ophobi ¢ p@ehdringerf 86 @sd4Ry & dtab gulBhkehdbiochRjudid REFrdRIsagReR, MCE (m Xxed
cellul ose ester) and Nyl on porous nenbranes (other nmenbranes such as

dur apor e aREndSOPPH e HRMRIBAES GON)dndbSdyReryisethe WB! & BRBKRYs 4 tehe | pid
sol vent solution. Subsequently, the solvent was evaporated and incubated in

the di am ngeREREHRoUSN-RS b RAMRRY LERGAL ATERR 1 A nnf B\ ace

pol yfunctional am ne. After renoving and dryi ng excess anmount of am ne

sour ce. afolis- SRRl Y bk BRAHIGH] PRAL BRI JepSHA AL T | TEsOY!

chl ori de or any other acy rrvatives at can form an am de bond)

that iss ‘linzéepitt\éﬁféd ist'?ucI?urE' Qi ROLAL (o egﬁgﬂ & a%%c‘éﬁ@&tiﬂlé &%r{ﬂ@%ﬁ% gﬂi‘ﬁu’é@eam on

is finished in several seconds an e excess anount o hed in
t he deionized, water | etely. ruct uyr own. in FEl 4 S

expect eq gl LR puRATRb Pk Gy S AR B Rk {5l e

hydr ophobi¢ity .i s .increased, as u e cted if the hydrophilic parts
A e T NE S e e [T U Sl
hydrophobicit¥ o%xthe I%Eid anluded na@rix I.S annﬁaiqd“ ths means

hydr ophi i ¢ atEX 40 AOIMGIWOHE PEXpELY B8 Proa™ PARSRYT T e P83t i on into
bi oconpati ble matrix such as PEG | uded hydrogel or. am ne. dendriners For
Che 1" S HEGP TG e G SYBG HENTcABt BraveamdsSehuih e

hnt er1%)t ! tglroafllps with EDC mediated reaction. The matrix from both materials is well known as the

bio-compatible material that can make a soft cushion to immobilize the polymerized

proteoliposomes.

5. Fabrication for the base membrane free reverse osmosis membranes.

15 For the further application of the polymerized proteolipsome technology, polymerized
proteoliposome coated hydrolysed nylon threads can be produced. The hydrolyzed nylon
thread in high temperature (80 °C) includes carboxyl groups and amine groups on its surface.
Likewise previous mentioned zero length conjugating methods; the polymerized
proteoliposomes can be covalently crosslinked on the activated thread with EDC mediated

20  amide bond formation as shown in FIG 7(a). Or cellulose treads that are activated by APTES
and interacted with amine crosslinkers may be used.

In addition, it was reported that high density polyethylene may be formed using non-
woven fibrous sample with CO, spraying (Ind. Eng. Chem. Res., 1997, 36 (5), pp 1586-1597).

The polymerized proteoliposomes of the present invention may be used with these high

14



matri x, some bioconpatible nmaterials are necessary. Poly ethylene glycol
(PEG and am nedendrinmers are good candi dates for the purpose. Poly

et hyl ene Wbhyeow09(®PEG has been used for conjugating bi oroTasS2e1e9234E to its
wat er solubility and bioconpatibility. PEGis a kind of polynmer that shows
| ow pol ydi versity and has capability to incorporate reactive groups such as
WV-crosslinkabl e reagents, netal chelating agents, fluorescence, |igands,

etc. In @Qﬁgitgg@c&ethﬁ@ﬁ@ﬁ%%ﬁe% BecBlisQ R ﬁé@he@i@ecﬁ?rb@@lwoﬂl& HabBigPRGist@cde abl e

to lead the medi at ed bi oconpati bl e crosslinking reaction with am ne

groups. TheeRBES Rl MR ants able to forma hydrogel through attaching the
nmet hacryl ate UVcrosslinkabl e chem cal. This PEG hydrogel approach was used

i n hardening Aﬁm&@h@k%&%&u%ﬁﬁﬂ%ﬁﬂﬁsB&mﬂﬁﬁﬂk&ﬂﬁtéﬁﬁgyamkﬁn%@EQb&ﬂﬁ&RJe’
car boxyl ated or am ne attached PEG hydrogel were used as a nanosi zed

crossl i nki ng b%%ﬂ&eﬁ%%ﬁth%%ﬁﬁoﬁ?a&%%&ﬁ%&&ﬁ&’m%%ﬁQhﬁiﬁ%ﬁ?ﬁ@%ﬁdybeé@ac@ddi tion,

t he celluqose i nc support nenbranes can be activate

am oprop I ek .!@Q LG n.provide primry anm ne
functPonéf%%§§&g8#§%5|n grﬁﬁﬁgggﬁgﬁ?%%Fﬁéﬁ%@%h various kinds of am ne
medi at ed crosslinkers. Mreover, the UVcrosslinking groups can be used with
that. The FIG 6 shows the fabrication process of hydrogel -

prot eol i posones. The pol yneri zed proteoliposones solution and
UV-crosslinkabl e PEG hydrogel solution are water-based solutions. The
solutions are m xed together and doped on the base nenbrane in the depth
adj ustabl e noul d. After curing with UV, a highly conpacted and hardened
menbrane is forned. Dendrinmers are usually used as nultival ent

bi oconj ugati ng scaffolds that are preconstructed by ethyl enedi am ne (EDA)
and enthyl acryl ate. The size of dendriners can be

15



regul ated in the nanoneter |evel by synthetic stage that is GO (1.4 nm 3
am ne surface groups) ~ G4 (4.4 nm 48 am ne surface groups). Those

dendr i nerwohlawdmrBt i f uncti onal ami ne attached structur @Cans$2@om2abl e to be
used as a bioconpatible interstitial matrix through crosslinking phosphated
or carboxyl ated groups in the hydrophilic area (head group) of the
WV-crosslinkabl e I'i posones through the EDC nedi at ed am de bond fornmation.

I n addi ti@@fmsanot her non-toxic process to the protein using poly-L-1ysine
that is a natural heterobifunctional am ne with SMCC can be used to nake
am de bond wth am ne groups with EDC nedi ated reaction. The matrix from
both materials is well known as the bio-conpatible material that can nmake a
sof t cushi @n,dohrhERBdihZEpdstiReA®! $yTer i zed proteol i posones. 5. Fabrication
for the base nenbrane free reverse osnosis nenbranes. For the further
application of the polynerized proteolipsone technol ogy, polynerized
prot eol i posone coat ed hydrol ysed nylon threads can be produced. The

hydr olsyz ed v ),af b £agald LA, | STRRLAY 5. LA, Aol agkydes car boxyl

groups and am ne groups on its surtace. Likewmse p evi ous menti oned zero

| engt h cog&&gpggn < t hods; the polynerized proteoliposones can be
covalenth er 681 IkEd on the activated thread with EDC nedi ated ani de bond
formation as shown in FIG 7(a). O cellulose treads that are activated by
APTES and interacted with am ne crosslinkers may be used. In addition, it

was reported th hi gh density. pol yet hyl en be fornmed using nonwoven
(T e Sl RORbeR Sl IREiatNeE P by o hbeRn e BRbarcru b abs i BetRE) " o
1586- 1597(%)' incorporated into the walls of the liposomes (1).
10
4. The membrane according to one of claims 1-3, wherein the membrane is formed of

liposomes having a UV-crosslinkable chemical structure (2).

5. The membrane of claim 4, wherein the UV-crosslinkable chemical structure included in

15  one or both of the hydrophobic tails (5) of the lipids (1) forming the liposomes.

6. The membrane according to claim 4 or 5, wherein the UV-crosslinkable chemical structure

(2) includes diacethylene for internal cross-linking

20 7. The membrane according to any and any number of the preceding claims, where the
hydrophilic region (4) of the polymerized proteoliposomes (8) are chemical modified to
increase connectivity through external crosslinking between proteoliposomes or

proteoliposomes and a interstitial matrix.

16



The pol ynerized proteoliposones of the present invention may be used with
t hese hi ghdensity pol yethyl ene materi als because the polynerized

pr ot eol i pyoanINEs hi gh resi stance to the outside circregitaace/023s hough
t he present invention has been disclosed in terns of a preferred

enbodi nent, it will be understood that nunerous additional nodifications
and variations could be nmade thereto wi thout departing fromthe scope of

t he i nvent rQmSheafiSaccdrdind VIR a%etm!heﬂympﬂﬂlme@mgf the syrflesizéa  The
menbrane according to claim1l1, wherein the |posones are pol yneri zed

prot eol i PRRRIRJudeSVariods miiGudBHRI A8 eLBEAING &8/ dp’H Brhe@’ 2, wherein the
| i posomes further conprise proteins (6) incorporated into the malls of the

| i posonmes (1). 4. The nenbrane according to one of clains 1-3, wherein the
menbrane is formed of |iposonmes having a UV-crosslinkable chenical

structur 9, “{H%Q merﬁbraﬂ-g]&c{ﬁ%glgg@aginp& vgﬂe?eit Otﬂﬁﬁdl ﬁfo e e&'@frgé%}lb J Qﬁgﬁtl nkabl e

chem cal "structure inc I'n one or 0 bIC tails (5) of

t he l%plQﬁ”]ﬁ&“ﬁerﬁ%ggﬂﬁgﬁngER%§HE%H§%¥§§PE%t'nbrane accordlng to claim4

or 5, "'where crosst ucture (2) includes
di acet hyl ene for internal cross-linking 7. The nmenbrane according to any
and any nunber of the preceding clai ns, where the hydrophilic region (4) of

t he poly zed oteoll nodi fi t 0. i.ncrease
Combot | UBt U fﬂ?@%@ff? L BRRAEE Bt i M PR CARS et Nl ok
rot eol i poso ainterstitial trix. 8. menbr cording to
P o o R Rera R a S i S e et el e, EyMeaa ioag )
crosslinkers, heterobifunctional crosslinkers, trifunctional crosslinkers, dendrimers and other

10 known chemical conjugates.

11. The membrane according to claim 6, where the hydrophilic region (4) comprises

carbodiimides for zero-length crosslink amide linkage.

15  12. The membrane according to any of the claims 4-11, where EDC (1-ethyl-3-(3-
dimethylamineopropyl)carbodiimide hydrochloride and/or amine crosslinkers are used as the

crosslinking agent.

13. The membrane according to any of the claims 4-11, where the polymerized

20  proteoliposome itself is used as linker.

14. A membrane according to any of the preceding claims, where it formed of a base
membrane (12) comprising a thin polyamide layer (9) comprising lipids (1) with modified
hydrophilic parts (4).

25
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| i pi ds includes various nultifunctional am nes, carboxylates and / or
phosphates. 9. The nenbrane according to claim6, where the nodification is
per f or redwbyonmsad7ent crossl i nki ng usi ng various ki nds @eCTaisenonaos3
conjugates (11). 10. The nenbrane according to claim8, wherein the

chem cal conjugates (11) including one or nore of photoreactive
crosslinkers, zero-length crosslinkers, honobifunctional crosslinkers,

het er obi fignehe PO rafed TS Blih N 8Fifereit fhe fli#@s%?ﬂe@ 018 larec1 288 ih MeSoBansiRNGiLI Mers and
ot her known chem cal conjugates. 11. The nenbrane according to claim6,

wher e Fh%nQV&ﬁﬁﬂﬂéé&ﬁn&@ﬂﬁﬁﬂn%ﬂhmﬁpm&&éﬁﬁ$o§@ﬁh9&kﬁﬁ%9@§@ﬁ@f zero-length
crosslink 'am de |inkage. 12. The nenbrane according to any of the clains
4-11, where EDC (1-ethyl-3-(3- dinethylam neopropyl)carbodiim de
hydrochl ori de and/or am ne crosslinkers are used as the crosslinking agent.

L. oo, TR SRR 1 oy B R Gl et e Y

prot eol i posone itself i's use Ing to any of

t he pr.ecedi i re j 0, se nenbrane (12) conprising a
thin pol %gt%ﬁ%éﬁ{’%ee@“{‘@?&cg%rﬂrwaﬁqfep%%@b‘? " with nodified hydrophilic
parts (4).15. The nenbrane of claim 14, wherein the |iposones (1) are
planted in the polyam de thin | ayer conprises am ne-containing natura

i pi d 3 linkabl e, | ipids. 16, The membrane. of claim 15,
wher ei n oo Bt RRP TRe (I T4 PN R Piest e T 626 8t Lol Tl ose

Terr ane A e m iR e 113 ane-

10 18. The membrane according to any preceding claims, where the proteoliposomes (7)
comprises hydrolyzed nylon thread and/or APTES activated cellulose thread (16) including
carboxyl or amine groups on its surface for covalent crosslinking, where the a membrane is

formed either nby weaving (17) the threads or by crosslinking by UV-light exposure.

15  19. Process to form a membrane with polymerized proteoliposomes (8), the process including
the steps of:
(a) providing a functional groups (amine or carboxyl) activated base membrane (13)
(b) providing polymerized proteoliposomes (8) and dope uv-crosslinkable PEG solutions
were doped on the base membrane (13), and if needed then perform EDC mediated

20  crosslinking and/or direct amine crosslinking between amine-PEG and phosphated lipids,
(¢) UV curing for membrane hardening; and

(d) detaching the fabricated membrane from the cast.

18



17. The menbrane of one of clains 14-16, where the proteoliposones (7) is
| inked to the |iposone nodified polyamde matrix (12). 18. The nenbrane
accor di ngvoaoswmp1eecedi ng cl ai ns, where the proteol i poPORES2¢18)023080Pr i ses
hydrol yzed nyl on thread and/ or APTES activated cellul ose thread (16)

i ncludi ng carboxyl or am ne groups on its surface for coval ent
crosslinking, where the a nenbrane is forned either nby weaving (17) the

threads on, P faRsEhd QKirdigg RYanyVt tHePlce &% POGIKE whdiSin pRIGQEE®F ot @ f Or M a
menbrane with pol ynerized proteoliposones (8), the process including the

steps of :AduBdorPridiflbNBoRink #RGAIBARA e IMRHASLATMO 1) Ae HAfEMelngact i vat ed
base nmenbrane (13) (b) providing polynerized proteoliposones (8) and dope
uv- cr osslyinkallgoRPEeneeEt i ons were doped on the base nmenbrane (13), and if
needed t hen perform EDC nmedi at ed crosslinking and/or direct am ne
crosslinking between am ne- PEG and phosphated |ipids, (c) WV curing for
menbr ane hardeni ng; and (d) detaching the fabricated nenbrane fromthe
cast. 20. The nenbrane according to any of the preceding clains, wherein
proteins (6) of the Aquaporin famly of proteins are incorporated into the
| i posone (1) the menbrane being a water filtration nenbrane.
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