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di stribution on the selective skin. On the other hand, only when the ratio
of nol ecllghg]r wg{ghts (MN of two bionolecules is larger than 10, the.
separati S£1e tivity based on the size-exclusive effects can reach an
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Since most ultrafiltration (UF) membranes fabricated by the phase-inversion method possess

a very wide pore size distribution on the selective skin. On the other hand, only when the
ratio of molecular weights (MW) of two biomolecules is larger than 10, the separation
selectivity based on the size-exclusive effects can reach an acceptable level [3]. Moreover, it
is very difficult to realize the continuous operation for most membrane filtration methods.
This is due to the fact that the processes ére usually disturbed by elution, regeneration or

backwash steps to get rid of the effects of adsorption, saturation and fouling [4~5].



along the electric field, nost researchers' apply pH i nbedded gel nenbranes
to separate chanbers. This will give a high resolution in short tinme

oper at i orwoHowswerss t he i nbedded pH conponent woul d deplpetrsGzon2aoéissy hour s.
For one batch of | oading, this technology requires the custonmer to cast
nore than ten nenbranes with nore than 10 different conpositions
correspondi ngly, which is tedious, inconstant and difficult to handl e.
These problens are escalated on an industrial scale. [0012]. The inventor

has overfgggo}ehen,?ﬁxigv%iﬁgﬁ%‘ﬁ@”fx eipgig{ .cl}l"}’&?’n’é&g gh h‘gnﬁg‘%@g’?é’f ectric

menbr anes y a erres o ranes 1 nside
field. Thembghe hheraisnertgeich sepafdtionpeddrnidnee apHoivabulilesi gned pH contr ol
system and the buffer, it is possible to maintain the |inear pH gradient a -
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| i ght eni ng phenomenon within the chanber, which can destroy the wh :

chanber , where gvleimbedgedcgal dide mmmhryne@rwefraamhemas sem%marmed‘imnc}@d/em‘btmﬂdat i on
is very j.nportant. and necess LY he process. Thi s IS fact
that by ot RRCieUABLE HRCRERTRBISY gl Folf she SPpane Habids? el e ieCh

coul d | eaembRned BYGi rghokthiéfeatinere8] bRD AR neAttaloObF esdmigtindshid ho1\Hané hiph | s to

aneliorate sone of the difficulties of the prior art to aIIow protein
separ at | gRuahdelesviy il Pt Thsielore His qlﬁ‘a@gbw%ﬁ e <P1egy hapnaf) been jidalyy

[0016] . Ag, ﬁécﬂ)ﬁﬁnd%t& BRahddVstthi QS'ttl'e VHELI%' Qﬁﬁle%ra@lle QE&thQ%yf PreidRG el RY
| soel ectrl ¢ Focusing of water soluble c a;ged nol ecul eS” and particles

conpri silmg pam@atth@deoamnefocamgieomhmr@qq lr}ydrvtflﬂolrmgblfy chheged alrhw@amgrrat

comes | hSaBRN 51 YL LB rEhEe L A 5n Sl LR 3o b pFRBREC i L1
t he anodbrinbass, RmmsDNAt @he diffiagity with hhik tm&tlﬁjdemtdeagymg st @éaloeqmpaﬁantl n
use, is %oat ed.with a nmetal protective |ayer and a polyner protective

| ayer. [OOTPPURFEIR-ably the cathode forns one wall of a chamber for

Fr ee- Fl ow I soel ectric
[0011].  In multi-compartment electrophoresis, in order to obtain a linear pH gradient

along the electric field, most researchers’ apply pH imbedded gel membranes to separate
chambers. This will give é high resolution in short time operation. However, the imbedded
pH component would deplete in a few hours. For one batch of loading, this technology
requires the customer to cast more than ten membranes with more than 10 different
compositions correspondingly, which is tedious, inconstant and difficult to handle. These

problems are escalated on an industrial scale.

[0012]. The inventor has overcome the above -disadvantage through the use of
homogenous membranes. By applying a series of identical membranes inside an electric
field. Through the synergetic effect of the special designed pH control system and the buffer,
it is possible to maintain the linear pH gradient a longer time than currently available, which
is essential for isoelectric focusing on an industrial scale. The method is more convenient and

user friendly.

[0013]. . When this method was done on a large scale the circulation loop had serious short

circuits within an individual chamber resulting in a lightening phenomenon within the
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Focusi ng of water sol uble charged nol ecul es and particles, and the anode
fornms anot her opposite wall of the chanber. [0018].Preferably the cathode
and the anwodeismosisi se a soft, high conductivity, oxidabcescreiossdnt
materials selected fromthe group consisting of brass, carbon-anorphous,
graphite, copper, copper graphite, copper tellurium copper tungsten,
copper zirconiumdi boride, gold or gold alloy, electrographite, netal
graphite, nol ybdenum paIIadiun1or palladiun1alloys pl ati num or platinum
al I oys, e e a silver or silv | oys,
silver c%pptg?r % S}\I/ec?nca(sfrﬁy eo%h (91 ver&g? eﬁh’lnf“é A8 V&Y i1 %ﬁﬁﬁ%ﬁ

si'l ver riekeler, thde&Q[rcﬁlhﬂierDsl\Gﬁj mspdrt\aﬁtr alduie@8dsexry, foB kHeVgrbedssINTHé fsnddéatbbl de,
tungsten, and tungsten carbi de. {0019] Preferably the nmetal protective

| ayer - cohpiacs dat SI%mﬁ%r@m@lfCﬁswé PESFIPHAtC G 1S I%Fﬁﬁ@lfrm’“b‘f“’l&ﬁk}/ C@Hé lesd to
titani ungododi @k ¥Mmidr coni um vanadi um ni obi um haf ni um al um num
silicon, tin, chron1un1 nol ybdenum tungsten, |ead, nmanganese, beryllium

iron, cqh@u]r iRl o sh{véﬂaorplg't%mmte%me%gw AN, oF BRI

technetlun1 rut eni um mum cop

ger mani umallaw peritia se@andtionmny or mrst‘matlm otpam ondpstaglasxaaleum and nmetal s of the

| ant hani de and actinide series. WD 2013/ 006138PCT/ S&012/000185

[ 0020] . Roefs}r abSymidweypol yner protective | ayer conprises a conductive

pol ynmer. [0021].The conductive polymer may include a charged polyner, such
as a pogqooidlel yAﬁh@spg@doﬂ’ s mveﬁtusteg@dlﬁdeel 3h ehfredd f61e Fide, FlawC BoEILEHAE €

pol ymer Ilke a role or a polyani line ; an electropolﬁnerized

Pol ypyr rioCesipg |°§é(@tfgn %9.113%% chasged, BYolEsRich jand /MIBIYescraprRsISing: § (cathods and an

pol y(3, A‘c’lﬂ@&fh%h@t@ﬁldé BIibRI? Iﬁb:e&(ﬁ)ode [tﬁ)eQ 286 REfa@SHAC .r.m lectdlfee! sm{x‘?i'ah' on

provi des a System for Free-Flow Isoelectric Focusing of water” solub
char ged Vﬁmnelomse,swamdte@awth & Imestal quotpetivei lngertatmé sepapmeopetafive ket wbnt i on

and a serie haonnge s _Irembr ane P d raII between t he
cat hode PSRt Snt??ff the e & H‘%f PR I DR S[a& ‘9 g? 1t ? BF SRR WHRT B 8% d8nous
nenbran&oﬂﬁdpﬁﬁ@ﬁnhynmﬁmamhnawﬂmnmapbhakfmmhahwga@ated hydr ocar bon
pol yners, such as a PPO (poly(2, 6-dinethyl-1, 4-phenylene) ), a polysul fone,
pol yet hqoewr]f onBrefdpstly shiey t@h®le foohy aae Wali 6f b lcBa@bé foh &irée-Pialvopeaatigd
interim perflu?rocarbon pol yners nodified with -S03-, -000-, -P032-,

- PHO2- . Fogusiag of watesé@ bl ¢ cl*gp:ged molecules and particles, and the anode forms another

opposxte wall of the chamber.

[0018].  Preferably the cathode and the anode comprise a soft, high conductivity, oxidation
resistant materials selected from the group consisting of brass, carbon-amorphous, graphite,
copper, copper graphite, copper tellurium, copper tungsten, copper zirconium diboride, gold
or gold alloy, electrographité,’ metal graphite, molybdenum, palladium or palladium alloys,
platinum or platinum alloys, plated base metal, resin bonded graphite, silver or silver alloys,
silver copper, silver cadmium oxide, silver graphite, silver molybdenum, silver nickel, silver

tin oxide, silver tungsten, silver tungsten carbide, tungsten, and tungsten carbide.

[0019].  Preferably the metal protective layer comprises é sintered powder of an oxy-
compound of any one of titanium, tantalum, zirconium, vanadium, niobium, hafnium,
aluminum, silicon, tin, chromium, molybdenum, tungsten, lead, manganese, beryllium, iron,
cobalt, nickel, platinum, palladium, osmiﬁm, iridium, rhenium, technetium, rhodium,
ruthenium, gold, silver, cadmium, copper, zinc, germanium, arsenic, antimony, bismuth,

boron, scandium and metals of the lanthanide and actinide series.
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[0020].  Preferably the polymer protective layer comprisés a conductive polymer.

| [0021].  The conductive polymer niay, include a charged polymer, such as a positively
charged resin, a negatively charged resin, a conjugate polymer like a polypyrrole or a
polyaniline, ~ an ~ electropolymerized Polypyrrole/polyacrylonitrile,
polyaniline/polyacrylonitrile, or poly(3,4-ethylenedioxythiophene).

[0022]. Anbther aspect of the invention provides a Sysfem for Free-Flow Isoelectric
‘ Foéusing of water soluble charged molecules and particles comprising the electrode of the
invention and a series of homogenous membranes applied in parallel between the cathode

and the anode within a chamber.

[0023]. Preferable the homogenous membrane comprise hydrocarbon or partially
halogenated hydrocarbon polymers, such as a PPO (poly(2,6-dimethyl—1,4-phenylene) ), a
polysulfone, polyethersulfone, polystyrene, polyacrylnitrile and their halogenated interim;

perfluorocarbon polymers modified with -SO;, -COO", -PO,*, -PHO*, -AsO; ¥, -SeO; SH -
’ Y  N—C,H,—CO-CH
CHH,OH; -N'HR, -N'HR;, N'Rs, -PR;, -SRy, =N, -P'(C,Hy);, @ @ o ’

)
TN+ T \+ T \+
\ - —@N—CZHS’ AQN—CZH‘;—CO—NHZ’
' COOH SOy
. T . CY
N-n N-n

—CH3-S—€ @ | *CH}S"C:Q}h _
0 0
or any other conductive polymers such as polyaniline, polypyrrole and other conjugated
polymers.
[0024].. Preferably each membrane further comprises a sequence of one or more inner

pockets.

[0025].  Preferably a pocket outlet is positioned between each inner pocket membrane to
allow a precipitate to pass though and to allow collection of the precipitate outside the
chamber. The pocket outlets are preferably made of various engineering plastic tubing such

as PE, PP, PVC, PTFE, PSF, PES, silicon, PVDF, etc.



or any other conductive polynmers such as polyaniline, polypyrrole and other
conj ugat ed polyners. [0024]. Preferably each nenbrane further conprises a
sequence wb 201806r38n0r € i nner pockets. [0025]. Preferabl yca/spacksbogsit | et is
positi oned between each inner pocket nmenbrane to allow a precipitate to
pass though and to allow collection of the precipitate outside the chanber.
The pocket outlets are preferably nmade of various engineering plastic
tubi ng such as PE, PP, PVC, PTFE, PSF, PES, silicon, PVDF, etc. WO

2013/ 006 CT/ 8 ) odi ch r rin
the 1 or mtaFols < omedt spoopint ; il BBl FERRLTE boll B ARROLFRRRE.
pocket odidd efta frame,ng atibwithe pockeesutjpo albirig 6fthp ager pbuket@hpaswtieseshe ahbect i on
of the precipitate nmay be obtai ned. oytsi de the chanber. [0027].Preferably

the syst eﬁf%ﬂ?d}éf’spf dpiia'e gwygspm%ﬁ Ovtﬁwerﬁheefgl-a W | soel ectric Focusing of
wat er sol ubl e charged nopl ecules in a system of the inventign conprising a

synt het | Q0pUt yePeéeratlyythe systam wrovidwsop Béupsolaen dombreerFlowg-jsoglestiiss
[0028] . ﬁgiﬁé %l?l\yat&h&l\:iﬁc']é %harﬁ%ﬂl%&%gﬁ a{“%t Of%f T tiﬂveh%?% cOhPifing @' ©

am no acids, short pept es a rivatives am no acil as.
synthetic polyelectrolyte a multi -COOH groups and a multi -NH2 groups.

[0028).  Preferably the multi -COOH groups and the multi ~NH2 groups are amino acids,

short peptides and/or derivatives of amino acids.

[0029]. In one embodiment of the system the series of homogenous membranes between
~the cathode and the anode are wound in a spiral. Where the membranes are preferably flat
sheet porous ion-exchange membranes. The ‘membranes may have individual outlets.
Preferably the electrodes comprise a soft sheet distribution matrix and the chamber is a

cylinder. The system may further comprise an insulator stack.

[0030].  Other aspects of the invention include those apparent to a person skilled in the art

with reference to the description and figures of the preferred embodiments.

[0031].  Brief Description Of The Drawings

[0032].  Figure 1 (A) The schematic diagram of the FFIEF device with dense membranes
between the cathode and the central electrolyte solution and between the anode and the
central electrolyte solution.(B) A schematic diagram of the FFIEF system. (C) A schematic -

diagram of the electrode.
[0033].  Figure 2 Multi-chamber and electrode designs for industrial scale FFIEF.

[0034]. Figure 3A Design of individual chamber and inlets, outlets module, Figure 3B

Design of individual inner pockets and outlets
[0035].  Figure 4 The design ‘of the electrode
[0036].  Figure 5 The design of FFIEF in spiral wound module

[0037].  Figure 6 Proteins standards and egg white components
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[0029] .1 n one enbodi nent of the systemthe series of honbgenous nenbranes
bet ween the cathode and the anode are wound in a spiral. Were the

menbr aneswernezuoefer ably fl at sheet porous ion-exchangepgegignanssoisihe
menbranes may have individual outlets. Preferably the el ectrodes conprise a
soft sheet distribution matrix and the chanber is a cylinder. The system
may further conprise an insulator stack. [0030].Qher aspects of the

i nvention include those apparent to a person skilled in the art with

ref erenc th des and fiqures, .of the ferre odi .
{031 eVl poighFe et afPiS ol oot e iR GaBPo Ry St e B e Meerrmt
di agr am @émbrage ﬁﬁhEFFIHWy@l%nWtBbm@keﬂéSQ e Kbiire, B:S] 8tlfbhl/h€h@16 ¢.he heatshode and
the central electrolyte solution and between the anode and the central

el ect r ol go)sol Bigupd & BPLA SEHRITRF igordh@ IR ﬂfasrhmef%ﬂ B sty siem FIEF A
schematic diagramof the el ectrode..[0033].Figure Mul ti - chanber and

el ect r oduridisaiop B andlmmypnglebulin separaiion aftry EE [@qupwa@drvea BAPDEsisgd of

i ndi vi dual chanber and inlets, outlets nodul e, Figure 3B Design of

i ndi vi dd904(l]nneFlng@RéiehelaﬁtprmeFlépém[dma} fngms ef orTine bibediplpsmef t he
el ectrode [0036].Figure 5 The design of FFIEF in spiral wound nodul e
[0037] . APgile 6DPadedidessriptiandar ds and egg whi te corrponents

[0042].  This system is designed, and fabricated for industrial scale FFIEF equipment that

produces high flux, high selectivity bio-macromolecule products preferably at low cost.

[0043]. The advantages of the system include low capital investment and low operation
“cost compared to systems currently available. Particularly these costs are much lower than
the conventionally used chromatography technology for drug preparation purposes; a
combination of industrial ion exchange membranes and free-flow isoelectric focusing
(FFIEF) technology for high-flux and high-selectivity protein separation, in which we use
industry scale ion exchange membranes as the separation media. Extensive experiments have
been conducted in the laboratory scale FFIEF device, where the feasibility, effectiveness,
efficiency, reproducibility has been veriﬁed. Here we provide a unique design of industrial
equipment for bulk amounts of biomedical loading for separation of high purity products.
The design of half flat electrodes (15) with anti-corrosive layers (16 &18), avoids a short
circuit occurring in the chamber circulations, the design allows a synergetic effect of pH
control system and high capacity buffer solutions combined in the FFIEF industrial v

equipment.

[0044].  All water soluble charged molecules and particles could be purified in this
process. Such molecules and particles include: Proteihs, DNAs, RNAs, heparin and most
charged bio-molecules; Vitamins (Vitamin C, B6, B12, etc.), hormones; Antibiotics
e.g.(penicillin, cephalosporin, erythromycin, colistin’ sulphate, gibberellin, etc.); Bio-
pesticides purification and concentration (Ninanmycin, Polyoxorim, Kasugamycin, etc.);
Recombinant gene ekpressed drugs; Most organic acids and organic bases; Mbst organics

having clear dipoles; or Enantiomeric mixture.



WO 2013/ 006138PCT/ SG2012/ 000185 [0038].Figure 7 HPLC results of egg white
conponents separated by the MIN nenbrane in the FFIEF system at 30mA for

A. 10 houwwe,20B/00888hours and C. 27 hours. [0039]. Fi gur eP8TIB2A2100&185t s Of
porci ne bl ood plasna before A and after FFIEF purification B and

| munogl obul i n separation after FFIEF C and separated via the pockets D
[0040] . Figure 9 Cel el ectrophoresis of individual fractions of porcine

bl ood plasma [0041].Detail ed description [0042].This systemis designed,

and fabry ed ! Jal qui prrent that produces high
flux, hi rg(l)ﬁ%slél eé)?(lgr\l/(:jt b%%k%é)gilgﬁﬁoﬁ&?ﬁbgﬁ&?oduct s preferably at | ow cost.
[0043] . T, dva {. inel I (fal :j stnent .and | ow
operatio 8‘(‘: st %%%ﬁfc}é%fgg épg?ﬁ%’zsﬁg m(? i rﬂff}leolr@ﬁf o%i%??lgdb'ﬁ%? tl{é?g%ﬁ%lr SuPar c%'lat hese .
costs arty aminb aciovehains hBiheh hiee el vakentof anmbtein sohemdndb i tiogr @plgoeteegienol ogy

for drug preparation purpases; a C ination of ipdustrial. ion exchange
menbrane%”? n@’ﬁf ?é@ﬁfﬂrgwquc?el@({,ﬁ Pﬁ’f CRISIEHY MOMEH EE)CETY JIRSIEIVE Ganess, as

hi gh- f | Who@dRdn It 9N) S84 BetdoMirdry, WhET @b PHSERAY Gitd BBteid dIMIhGHhibBeURish fadust ry
scal e ion exchange nenbranes as the separation nedia. Extensive experinents
have beaM vebwdichearoien @ he PHabph.ahe pipteie glodechies ERTYl asgative chydngaseast thewn
feasibi liityy, gffectiveness, efficiency, reproducibility has been verified.
Here we pr f e a unique design of industrial equipnment for bul k amounts of
bi onedi cal ] oading for _separation of high purity products. The design of
hal f fl at éq_e@{{nég'és_’(?ﬁ)]\%i th anti-corrosive l'aygrs (16 &18), avoids a
short circuitcoecu i ngrincddg chanber circul ations, the design allows a
synergetic effect of pH.control system and hi gh capacity buffer solutions

conbi ned i n, t he FFHEF i.Ndusty i qui pment. [0044]. Al water soluble
char ged rm?eecu ésﬂgﬁg _p)g?t %—llzér?{%:%ul d be purified2n this process. Such

nmol ecul es &dC@at + OFes—i e COME:+ By@t ei ns, DNAs, RNAs, heparin and nost
charged bi o-nol ecules; Vitamins (Vitamn C, B6, Bl2, etc.), hornones;

Ant i bi ot[og#7]€. 9TKE tHebietitdl broteBRRPARERPEdce 8 IdkhBhARYE i, Figgti Stidmsddiphat e,
gi bberellin, etc.); Biopesticides purification and concentration

(Ni nanmyeiire pbB§oxbeYing sakers afamje) and Mp ¢émyocleiabisispplias hegivd lastpptebs ed
drugs; NSk 1QhGeNhFoudh S mPRfrAE JROURHWAAR F8eurdD She REIIRNY FENAN AGmbLERT

di pol es; or Enantioneric m xture.
are partitioned by an Ultra filtration (UF) on an ion exchange membrane (IEM) (8) which -

only allows the opposite charged ions to pass through due to the electrostatic attraction.
Meanwhile, this membrane may prevent the back flow from the permeate side. When bovine
serum albumin (BSA) and myoglobin (Mb) proteins are mixed in the feed chamber with a pH
value of 7.0, BSA molecules carry negative charge, while Mb molecules is zero charged due
to its plI value of 7.0. Therefore, Mb molecules stay at the feed chamber due to zero electric
driving force, whilst BSA molecules with positive charges diffuse through the porous ion
exchange membrane under the electric driving force and reach the permeate chamber (with a
pH value of 4.8). The net charge of BSA molecules reduces to zero in the permeate chamber,
thus preventing BSA molecules from further migration. Therefore, in principle, a high-purity

BSA may be obtained at the permeate chamber.

[0048].  Figure 1 has two extra membranes CEM is a commercial dense cation exchange
membrane (12) which resists or protects the protein from the anode, and AEM is a
commercial dense anion exchange membrane (14) which resists or protects the protein from

the cathode.



[ 0045]. Working principle of the FFIEF system [0046]. The net charge of
proteins is the sumof all positive and negative charges provided by am no
aci d chaiwe.2oifesizshe pH val ue of a protein solution ispcoserotlvanss he

i soelectric point (pl) of the protein (i.e., pH< pl), the protein

nol ecul es carry positive charges, as shown in Eq. (1). On the contrary,
when t he pH val ue of a protein solution is higher than the pl value of the
protein (i.e., pH> pl), the protein nolecules carry negative charges, as

shown in fediby - > R NH3+ R-000- +H+ -> R COOH R-NH3+ +OH
->R- NH2+w§89]R- C&?—\ﬁtw—% R— COO +H20 [0047].The theoretical protein

separati eV| dem)n ted ure 1. I of BSA
(bovi ne @ hsmlsn)a i ?n %tl &S n|nb(r% g ste(:hn;q&ig% dd:rlgmt ofelgﬁr? ho{ersést e the
mass tr atmsﬁr@nogtyhrlougﬁplbﬁe rﬁ\mﬁ:rarwaeas Afiass hﬁmﬁtrn nl%dgiuﬁﬁtehd bhezel eqtlp aimd

per meat e cha ers are partitioned by an Utra filtr on( F)..on an ion

exchangeClFEBPARES: (qnelwng( @F“Wﬂhe‘f’?s‘érﬂ"?c% cB\tEeedHe iBpsEE se? %hHP@@@CFﬁns to
pass thrgygcdugebted 6 SLARLARAL A Biodhid@&RbleQar \%{Aﬁ@gw@l e hatrﬁl'a§eu'?€€£!br ane

may prevent the back flow fromthe perneate side. bovi ne serum al bum n
( BSA) an@phyﬁgmabmh(avbprommtdmgas DaYAs, RINAsl h@panheanﬁe@thercmnmbmaw génea pH

val ue of o tiSse PR TRLSH SR 1R oy e(giﬁavvvsrﬁoca%reqs{mcvxﬂ & M mol ecules i s

zero chafx I't’s ol ecul es stay at

t he feed nbe eto zer electrl drivin A nmol ecul es
w th posirl: cﬁaﬁ E@f@aﬂﬁ b SRR fimiten By 1 Tl g e e
under th@frailgptpfdc@ssdrrhw&ggﬁmrm%nands heRPabIETEr ALAIBENR reftaith Sechietd a pH
val ue of 4.8). The net char BSA nol ecul es reduces to zero in the

per meat elOBH HMSSONtRYOYS OB?réV@hWPH@IS sapdyetnde Hgmsters tunvillipetrhsracaeniptle fasm .
Ther ef Orfﬁfuétﬂalpédaﬂcc LBhE: Tl?eré}bﬂ:h vPé”d'eélgne%Sél Y- R6roSiBh aﬁa“tegleétfro&ehflsl?%”eat e

chanber Figure 1 fwo extra nenbranes Mi1s a commercial dense
cation eoo(::h@n@ehmwblrean@fr@i@)?dV\mduhtl‘rlesmshfssymenprot ects the protein from

t he anode, and AEMis a comerci al dense anion exchange nmenbrane (14) which
resi sts [@052r ot €otrparteti o purgireiioust wank) duremewatehigo éor indABtrial applications solves

2013/ 006138P /0001 0049] ..l nd t rial .desi [ 0050] is a

combi nat i"6r’'® Ie%?fg&ﬁ ge F%‘ﬁehﬁ‘gﬂf &Ha“a P QVEURS SB&BVPe@V%rS of Eordutifve
materials; 2) short circuit phenomena in case of online circulations through a new design in
circulation loops; 3) The stability of linear pH gradient undér"_longer time operation via the

newly demgned strong buffer capacmes

[0053].  Firstly, we apply the CEM (12 in Figurel) and AEM (14 in Figure 1) to protect
the electrodes from biomolecules clogging on the surface of the electrode. CEM is a
commercial dense cation exchange membrane (12) which resists the protein from going"
through to the anode. AEM is a commercial dense anion exchange membrane (14) which
resists the protein from going into the cathode chamber. When the electrodes are directly
exposed to acidic and basic potions of the electrolyte solutions, the electrodes are easily
corroded. To overcome this problem we protected the electrodes with a protective layer of
metal (16) and a second proteétive layer of conductive polymer (18). The Figure. 2 shows the

industrial plate-frame design of the FFIEF cell.

[0054].  Secondly, a circulation design can unload the precipitate in time and keep the
buffer capacity. In a preferred embodiment, a special device for grounding of every

circulation loop is included in the design. A chamber outlet (6) in the form of tubing allows
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technol ogy.. It enploys nmenbranes as mass transfer nedia instead of gel
strip in electrophoresis, enabling el ectrophoresis concept enlarged to

i ndust ri avoesl@6138hi s process provi des measures for purciscati2zonsssf

bi o- macr onol ecul ar products in pharmaceutical applications, such as protein
drugs, DNAs, RNAs, heparin and other reconbi nant gene expressed drugs and
all those |isted above or known to those skilled in the art. [0051]. The
Figure. 1 is only a very prelimnary study for the feasibility and

ef f ect | YRDESRehl  SRhEpraRf AR Ry sidk1ie AERISP 1t BurE Ay rﬁlelcha@baco%%@{ @ hy' or an
academ c researc e no on time contrnuou eratiron work’i's
conduct g aﬂ‘ybﬂkapeﬂlpW’eVHrSpmfdrdiblﬁot 1sbmbmgQQMeadﬁl anyf matenak;ltgskatss i ghstiechteiswor k.
Therefore esi. an_anti-corrosion_ half electr de 15). to overcone
the pr TSR %10&05#18@6%0.1@%6{%0.%8% heb toralleW qgstion Qs Rieedes our

Pr evi oUSou@dd<the QHImB VT IEBbiShibR nakdHAYSSU ﬁlchﬂlél&l:ﬂyﬁ@bb?xﬁ& s, POFEEPE [ 11e
probl em of 1) el ectrode corrosion through a coverin t WO Iayers of

conduct i RNC.rfek ey APE; PES, PSHoRE PEL padipll opisepddima shitabdafos meldiogl i ne

circulations through a new design in circulation |oops; 3) The stability of
linear dPP¥adi dme puefdeed tohefment the chpebaatoutet ) & trdneparemisp thashgneu

strong b apaci.ties 53], Firstly, we apply the CEM (12 in Figure 1) .
and AEM gﬁig thgﬁgcwltgtef)asst“% tiérro %ct t he el ectrodes from bi onol ecul es

cl oggin face o rCi dense cation
exonanodofhe, SRRHILSS FRl shilF oBl SRLERCS dsTibn ISt BRI, Autetmre s the
anode. ABMst @s&ncwmarpeovalthagatﬁﬁtyadﬂp}{\g@mham%naarm[@r@mﬁ&&mg\ym gdjugtesi st's

the protein fromgoing intq the cathode chanber. Wen the el ectrodes are

di r ect | yYssHodererands membipnes pandi sompt YOHstiemyltieeleqtiobs. othgt liness| RH | ons,

the eIeg%&ggggmgﬁglﬁﬁgqun§orroded To overcone this problemwe protected
the electrodes with a protective |layer of netal (16) and a second '

protectly ‘ﬂayeﬁl fodeonductive polymer (18). The Figure. 2 shows the
|ndustr|a p1atee9(§ne deS|gn of the FFIEF cell. 10054]. Secondly, a.

ol roul 26y oSNNI ke REGLRLALE A LTBAICKEaR: LRGaRY! T e

capaC|t ferre a specl a
every cwphubleathamgedl oofecules iand| padﬁﬂiesl mmﬂnﬁu@al@ﬂmodé\ ankla:{ﬂ)emodau“Nhe*bm( ) in

t he form of t t he collectlon of the reC| |tat out si de t he
Chamber RoRopuitoheisRodd iR rim i st S0 it pE SoREhA hRdhdsors

pr ef er akbited tvithS rhéthll piotebMmEa ™ (B6)YantRRIynMr pratbAse 1a>@k @1%?] hfd & B&tnoh%f
sufficiently rigid to allowt recipitate to pass

col | ect itesanede fliné cometing eeptast @@ shejeleetrdyersalvsien Whmen ﬂ%iﬁ @&t@ddﬂtmt eri al
coul d 'r}ﬁét %?ot Méhéa%f 91”2)45@5 Eole'ﬁ%}:éo defve B PF’ er. (T %QF fPVDF,  PES, PSF, PI,

PEI, and rs s In a preferred

enbodi "%ussgﬁ he FRNATRE o U aBliafl § ekl aﬁgrﬂag %@ﬁaﬁayuﬁ%&pe& hEedPSlch as

Titanium (Ti). Preferably a Ti metal plate is used for both cathode and anode material. Other
suitable electrode materials include any soft, high conductivity, oxidation resistant materials
such as brass, carbon-amorphous, graphite, copper, copper graphite, copper tellurium, copper
tungsten, copper zirconium diboride, gold or gold alloy, electrographite, metal graphite,
molybdenum, palladium or palladium alloys, platinum or platinum alloys, plated base metal,
resin bonded graphite, silver or silver alloys, silver copper, silver cadmium oxide, silver
graphite, silver molybdenum, silver nickel, silver tin oxide, silver tungsten, silver tungsten

carbide, tungsten, and tungsten carbide.

[0060]. The electrode material is treated or coated with anti-corrosion treatments or anti-

corrosion materials to make it suitable for use in a free flow isoelectric focusing chamber.
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can see the precipitate passing through. [0056].Thirdly, a nore stable pH
gradient is desired for |IEF application. Automatic pH adjust system can

i nprove twe wixobissty of pH gradient to al nost 5 hrs. Ceglbisagon/opsissd] ust
system ion-exchange nenbranes and sonme synthetic nmulti-electrolyte, the

| i near pH gradient can last up to 15 hrs. [0057].El ectrode [0058]. The

el ectrode (15) nust be suitable for Free-Flow Isoel ectric Focusing of water
sol ubl e charged nol ecul es and particles conprising a cathode and an anode
wherein part f hod tQ

el ect rol ?1% antl «lf 51% n\t,lé.']grlaq?{"on% ?otela?&}e lgget”ggn khrl %ec?r%% glcaferlwl éI'h Igur |4?/eTl1€ayer
(16) andcr&erﬁmisy)lﬁ‘ﬁdflecpi’oﬁtoé@fdtmvé aedtial 4r8)1) aléﬁknaalpmhﬂudmmtsb,fZ)tabﬂhtjﬂflﬁdﬁeﬂeh at
conmes into contact with the electrolyte sol ution en in usei\ i s coated
with a nttthy clgetrdsanatenaly andey) sprfese rsdition UBLTPHERS PRYTEhaeAl leayismmepg)
(Figure @&y thE PorRn JhfhetdiEGOdGARL t%ﬂ @rllll 'c§rn§ %t%céo%@acf "v@ﬁ‘i‘ &h EFekt%l&ﬁée' y
cheaper nefal such as Titanium (Ti). Preferably a Ti netal plate iIs used
for bot hSObatohowed a@dlameni@nh@tr@swalprot@tm Ozui pattion & the tetegttedartitae miayl s

i ncl ude an 1th RQ Ct'lﬁets%lutox' ation resistant (r)Tcphee({Ba S .such as

€ 1n o cdnta t 101 the electrode portion is. oatin
br ass, Car on-anor pnous, er, copper p aplhlrfl %8 g

telluri umith ammprdtwﬁgsla@/er(16p4amarpdlyrhexq11bum\wlbyrrrl(mg gol d or gol d all oy,
el ectrographite, netal graphite, nolybdenum palladium or palladiumalloys,

pl ati numoes1]p! arhothifadbtoddcsive Rlyat @6) m% forh@l of th&sl oxidosstedd gyapivhica,
silver or silver alloys, silver co silver cadm um oxi de, sil ver

gr aphi t & i8¢t %Fleﬁ*ﬁq’%}%d@%ﬁ? byt h\géfy pndetive aid qasy be upedowndss acigiq grade
tungste ohﬁ{o}avﬁﬁte&gﬁwng%%%r Db 08 ntefedNIRIRE o o 55) h&&hdcéf‘ B @8t ane

[ 0060] . The el ectro terial 1s treated or coate anti-corrosion:
t r eat menmstabiselegied -frqm)rthogrmrp nammtmgl sf ttlmnmﬂnetantahaml viagyinguni,orvanadeim,n a
freeflowmoelgcftrlc 1ocus ng(i g The anti S rr05|on Eﬂtel’lq’i

form prol%lgl%IHHVe allélyglrsa?ﬁﬂm% SUER%r Sfe FRERRIMY) “tonb( 8?%“’4) &P clrﬁ’ii erions
of sel echhnpan@k, Perolliass ireR, codbRS hidkel agletink)n, §lallgditiime 8dmiea) Ghidituny HHeytiumg)
ability to cohere to the el ect rode materlal and 3) surface reaction under
strong EEDERYNC oAU, TUBRYIL Py B S1VeINFAAMinG, BRRPET FiNG FROTPARIEP ¥ ET it e

surface figfony bibm&@RMBorbAl RafdRith 36l eIy o?‘ﬂle%rﬁﬁatrﬁ&l é{fdea&iﬁﬂd@fsbx@é% aaﬁ%@ to
have an anticorrosive protection. On a portion of the el ectrode that may

come intusedontact with the electrolyte solution the electrode portion is
nodi fied by coating wwth a netal protective |ayer (16) and a pol yner
pr ot ect i [@863]ayelTh¢ p@ymer protective layer (18) should be electrically conductive polymer that

can effectively prevent the attachment of proteins or other biomolecules, and may be applied
as a secondary protective layer. The main classes of conductive polymers are charged poly-
resins, polyacetylene, polypyrrole and polyaniline. Of vthese conductive polymers, those
known to prevent biomolecular attachment include; electropolymerized pyrrole propylic acid
Polypyrrole/polyacrylonitrile; polyaniline/polyacrylbnitrile; polymers with carboxylate,
sulphate, phosphoric, or amine groups attached to the polymer effectively making the
polymer become charged either negatively or positively effectively protecting it from protein

attachement and poly(3,4-cthylenedioxythiophene)/polyacrylonitrile.

[0063]. In order to obtain the large scale equipment for industrial application, large scale
metal plates were applied and used to function as both the electrode and structure support of
the FFIEF chamber. Effectively the electrodes preferably have the anode for a first side of the |
chamber and the cathode fof a second side of the chamber opposite the first side effectively

forming an electric field between the first-and second side of the chamber.
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[0061] . The netal protective |ayer (16) can be forned of netal oxide
sintered |layer which is inert to electrodic reaction but highly conductive
and can bgousshosrsder aci di c anode sol ution. Alternativelcy/sa2omioneiss of
sintered powders of an oxy-conmpound of at |east one netal selected fromthe
group consisting of titanium tantalum zirconium vanadi um niobium

haf nium alum num silicon, tin, chromum nolybdenum tungsten, |ead,
manganese, beryllium iron, cobalt, nickel, platinum palladium osmum
iridiunlgﬁ@@piuthhggngetiunl r hodi um rutheniunl gold, silver, cadm um
copper, nc, germanium arsenic, antinony, bisnuth, boron, scandi um and

ool ymor 0BeIEcc 6 RAHEF of 15 Ak BR%h BRueF Rl R IR im0 e

t hat caneasil§ esddiN&l Yo posiiedtchbie @t haetiverthagé, Picht & pslydhidet RRO (2, 6-
bi onol ecul es, _ an i as a secondan§)protective |.ayer. The main

d be appl i ed .
cl asses @mewhad&h%e@%pgﬁ%r ll?gla’ﬁ‘élf%‘ﬁala‘gl&ﬁhﬁé‘!‘ neegidrgherpdmijacwegdifiehls,
pol ypyr r@h@riae dmeﬁhyta%béenﬁr & arf. %@t&%ﬁl‘ %?"(2%)'5,\/ SucROlsy BHSH, 8656

}F@pwm to
pr.event |onDLecu ar attachnment 1 nclu tropol ynerized pyrrole”
propyl i cNEdi0k PeNRpy-POs | edrpolsydide yrhahifyt thel mempuing anatbiiale/ Pod yecexghanget ri | e;

pol ynmers w t. boxyl at e | phat e, ph horic,,or am oups, attached
Po The propuri: PROREEYh Sfly ik R Fioa BT e s S bR e rines 12

negat i vefoMndthaPgsibis shatged @fdniitney @byeap (kB tnoh@bbdrvdbl OfSupfi@bledndnizhi &shement
and po ly(3.,4- ethyl enedio xythiop hene}&po | yacrylonitri le . [0063].In
order t oPrelsinRuilicaEon prpesss weder gonditians e KE1Bfor i ndustrial application, |arge
scal e netal plates were applied and used to function as both the el ectrode
and st r u@féfle sﬁwﬁaﬂrﬁheomemg@nmﬂzmadﬂ)&nfﬁ@n@d Fith ceAnesrg of ere @ rBeleripess -

refera nade i by hode
Por & oabkde(e) g RMECThO I B (2348 16 wbtBrdi0E E1hy BP S e
f or m ng lmmedpedtari aveh icklser povideé nhayhareffar stoughcpsecorntlowi heketf outlee (ZHanber .

of sl eCtTHIT O hat] ARE it or Palie EotHat TRE. FEPLPR SUhU dome BECi 1y

modi f i edhb@baOs) él‘ug@n% frRr@ek&loutle #23)\Eroaiah Gtle G Htdep 014b) MPeigerablfO (2,
6- di met hyl-1, 4- phenol ene oxi de), .pol ysul fone, polyethersulfone and ot her
simi|ar SV membgansr deice ReppEses gnglhdaers (pftmembianes augRg dhaFtgPoups,

such as s'e%ﬁ,_séﬁ@and’ Mfﬁally"is&lﬁm)oﬁ! the %laﬁd%?gf gé‘?&\%hrﬁb%ﬁ%hte%dmge%ft ge

menbr ane erials. The I on-exchange capacity (I ich is related
separ at i teminger membene €8)awth iasequeasuphbieeor Foret innert pickets (&2) fip thatl ittdllatvspor ous

charged nenbrangs appear ta have nan-observabl e foul..n hengnena {.0
o ot o5 n RS MER P RERG-bBoI PO RIRET SRRE A ™ ROSREITRES bRh, ¢ e
menbr anefux( &hd nieigh beldeaite dfowM deparatiGB (U naalticfonpoterd) bidHidleduldie mixtures

simultaneously.
[0067]. Preferably the inner pockets 22 are made of resin layer interspersed with a spacer.

[0068]. The pocket outlet (23) may be any shape however; preferably it is tubihg made of
any material’, glass, plastic that is sufficiently rigid to allow the precipitate to pass though to
allow collection of the precipitate outside the chamber. The fabrication material could
include acrylic polymers, PTFE, PE, PP; PVC, PAN, PVDF, PES, PSF, PI, PE], and all other
polymers suitable for molding.

[0069]. In a preferred embodiment the pocket outlet (23) is transparent so that the user

can see the precipitate passing through.
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pockets (22) (Figure 3B). The inner pockets (22) of the nmenbranes (8) can
be about 1 cmto I mm apart or even closer provided they are far enough
apart to wbhow/esket outlet (23) between each inner poekelsGt@2)0d18s5pass

t hrough a socket (24a) on a franme that fornms the chanber by plugging the
pocket outlets (23) through a male tubing holder (24b). Preferably this

uni que nenbrane device conprises multi-layers of nenbranes queuing in
certain sequence, sealed and partially isolated fromthe circulation of the

chanber. advan f . i it of .qne or
o, A8 OB, BRSSP
properti te dddededaepatc daedvitbenspeyningl the prhold deeng opesan bolldct yarplea fibingh

flux and high selectiyvity for separations of lti-c onent, bi omgl ecul ar
mi xt ur es g R BRUENSEy) Sf’_@gzmu?ﬁeefa%r SB1- LR i epl oG Prodicky BoRade of
resin | ay@fvidudl FEKBR(EBE MR casiBRARRK by hPRAGLIEREmBOCKket outlet (23) may
be any shape however; preferably’ it is ?ublng made of any material, glass,
pl astic is i Cl il dy: Wl ._though
o a1 1 ol oot o PR A R e YR RSB at Ton
mat er i al candael wriedh Ahgdenmtioy bf € pgrelcymbe mdudRTify, méAas kiPRyn M afPAdt exBviple, PES,
PSF, PI,  PEI nd.all.other polyners suitable for noldi . [.0069],.1n a A
pref er r el aiBoRE IR RN EEC REmPTE e Bocfs O 1Byt B il Tttt Lser
can see HagmprisEBy ParyRigeh asaibhghe BiRtiOh - tinWd 20 R GlS8PEISAfthe P11 85
[ 0070] . The uni que desigg for the pocket outlet (23) and the sockets, 24a,
24b) , " prohPUdestusiercandy paducae dysterchne glcnstallingoralymerst hie fiFetae of & em
one can | | t i - o i ' 1 e
e S L R St pe L B L S
be easi | songyoingmtn chycentrgomi mpkekctlacwpighty terfi@datdde, anfostenregatime & powtemt Pate
char ge deferencelgc5§ss.t§Fbinnqﬁ%90ck%£§ %2@%»§Qe QL 8§ sizeﬁ cqn.be
varied. THe'f 8FIE Pon  of™a po¥é’a Ar Bl Radc &d %f'ﬁgangl%hgﬁﬁ b ROPH Sy ¢
for exanprgighhheougmbriie iaseristionbr déteminmglthaereCeisd. iTig PeMbass shifadéar yi ng
the ratio of charged polynmers; by varying the nenbrane formation tine or
any ot hefe'HrBifRiak 8ibe @%é?edt‘?pfé’éef@f“ept?ﬁechéf%e-tﬁf?@Pé”%‘aWab% PprP%mbif‘e&leby_
stret chi fgn&Yen&dsy Melbrdree (HOhYITRES mebtait it Bo&keRf (B2)PrptSepARAARE | S
related to the characteristics of the interacting polyner and sol vent,
conponenhyirewriwaner aeitiolly hatsigenai¢dahydvorarhen pobmpses, atugheas artPQt(polyRep-t i ne

i n sol utj. re .Sl [ S..gener af term i a 1.eS.

st andar TSP Eor g a5y bR e BB e e Ricle oy 1
det er m nandghéih&alpgeratediizerim] herfierbeagbon plyrheas encdéfiel- wioh esu,i, aloacaro.be
nmeasured to determ ne the charge of the nenbrane. Preferablgf%iiihonngenous
menbr ane ) and. t .qﬁpb N - pack 2)..conpri ri xed
hydrocar%%%’ﬁ?gba#¥§hf y*%§R§53ﬂ§§%39ﬁ§ﬂ§%§a%§b#Rﬁéﬁgﬁé§§¥£suc ’as a PPO »
(poly(2,6- dinethyl- 1,4-phenyl ene oxide), a polysul fone, polyethersulfone,
pol ystyreng= pol yacryl ni4xile a their hakggenated interim

perfl uor r pofeHpotoyerar i fgd MW TégggtCﬁeﬂﬁrwm-Po32-, PHO2-, -AS03
2-, -Se03- [-SH, -C6H4OH, - N+HR2, -NR3,’ -PR3, -SR2, N,’-P(C4H9)3, ./N C2H4
COCH3 (, NC2F15 ( I1-C2F14-CO NE12

COOH : SOy
a J o T
N-N N-N

/

—CH3—S—€'\I:’I'\] —CH}¥S—€.° |
\© o, © '; or any other conductive polymers such as

polyaniline, polypyrrole and other conjugated polymers.
[0072]. Buffer
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11 -CH3-S-e, | N-N; or any other conductive polyners such as pol yaniline,
pol ypyrrol e and other conjugated polyners. [0072].Buffer [0073]. The

synt het i cwpabisaloessr ol ytes with nmulti - COOH groups and wCTsGaui2iobosiNH2
groups (with pl=3.0 and pl =10.0 individually) are mxed in a certain ratio
as a buffer solution. Since their relative small nolecul ar weight, they are
easy to be separated frompurified proteins in any post treatnent.
Preferably the multi -COOH groups and the nulti - NH2 groups are an no

actds: Sy PeRbEdGRmaNdhALAARIINAL LRk ABOR ASkESmal A7 HhuChRgher

[0075] T hanber acer rrses a nylon or er strong p
mat eri al gIbOpS’TE\dltlﬁ$)Iﬁ.0 raadrepl T0e) @ddidtuadige asd soxaiaim b aertinadatis aofa bliffer

opposi te ends t he chanber he. inlets (4) and outlets 6) are made
P ot andsttl o dinceSRh AR Ea b M H@ﬁﬂf%@f%%a&%gwe% be separagdyfipe 4
shows th@ﬁ%l@&em@mw p&k tbhithel. PeLEQBE- th&MuBSCOCRN g2HNPMNd the BN E 4,
there is a grounding device inserted in fhe outl et nDduIe which is

connecteHHQGKQK@@ﬁwﬁwnbagdbéhmiBﬂyﬂaﬁﬁﬂﬁmh@hvvﬂ@éﬂﬁ@nme@mds a plug or

el ectric socket (26). [0076].As shown in Figure 4, the current from power
supply i#0@4lst r iGhembet i nto few directions al ong t he wi ngs of the
distributor. Wres 21 connect between the distributor wings and the T-shape
bars, whi@0&5]T bdhse chakleer B}baeeh(dl)mgapmts aguytanamtotlohr strmigjplasitianna:teﬁetl Hermed

electrode at e. the el ectro 't wi ||
cone. | et LERPETH s B8 e 2 §eli obihgopaeeigt B PReTHaPH @h-dde ode
i s stricinles spadmdodtRis (VRN tmdde el HarBEP nd@uleOWaRE bt dingsini@dgomon! y
the surface facing the electrolyte is nodified with netal protective |ayer

(16) andCh(aH’e‘?eﬁolT_};}?r@Fgu&’r BtsBeys u@ desigarcopgepf of typeipgtrofse Ag élaabafm %h@wi@rl@c ess
was CO”tﬁlgbxlee@ e ﬁshﬁgioﬁg@iﬁg%wpé"uégkéa%'tﬂﬂc} ezt it 3l/etT gﬁ% g’% Qo Qf pH

onli ne nonitoring and gh capacity po ena Ies t he
| i near pddngnerdbusritar (29)laad finalfy ¢oonddechorgdug dm@w&rﬁm(eketa(%)heaper hi gh
capacity buffer allows stable FFIEF processing. W synthesize a group of
pol yel eci0fpdblyt edsfshowhhinsFigurepstbe current from power supply is distributed into few

directions along the wings of the distributor. Wires 21 connect between the distributor wings
and the T-shape bars, Wher¢ T bars make the homogenous current distribution on the
electrode plate. There is only one side of the electrode surfaéc that will come into contact
with. the electrolyte solution. Hence the half electrode is strictly sealed to prevent liquid
passing. On one half electrode, only the surface facing the electrolyte is modified with metal

protective layer (16) and the polymer protective layer (18).

[0077].  The separation pfocess was controlled by the feedback pH adjusting system. The
combination of pH online monitoring and the high capacity polyeletrolyte buffer enables the
linear pH gradient to last up to 15 hours. Therefore, a cheaper high capacity buffer allows

stable FFIEF proceséing. We synthesize a group of polyelectrolytes for this purpose.

[0078]. The sub-chamber thickness (10) between each membrane (8), and the buffer
capacity could be reduced to improve or enhance the invention. The combination of pH
- adjusting system and the special buffer we syntheses allow a stable pH gradient in operation

period.

[0079].  Ultra thin chamber series with good circulation allows high flux separation

finished in short time.
13



[ 0078] . The sub-chanber thickness (10) between each nenbrane (8), and the
buf fer capacity could be reduced to i nprove or enhance the invention. The
conbi nat iwo 2013/bi38dj usti ng system and the speci al buff ecTwe26pniieses
allow a stable pH gradient in operation period. [0079].U tra thin chanber
series with good circulation allows high flux separation finished in short
time. WO 2013/006138PCT/ SG012/ 000185 [0080]. The spiral wound design
(Figure 5) provides a neasurenent to obtain a thin chanber and |arge

separ at | (ilsdy e rhl Ml Li2REaHS hikjerSRRANA) PoBER A Al kR PRPHBASNs GRY!

reach ab 10 square neters ers an
separ at i dmnﬂahamﬂzbmgeas'epamlarpp&d slmulmneoLCSQmSapiram}ﬁ arealdor. thisO&pidachl couldf

buf f er cha uld be fed 0 uffers throug ryi ng
the node eacr éﬁesﬂuirﬁ.f@et% Ri [%ngm&e mBFfacfaétsspae%ﬂﬂ qﬁ@%ers
separate&y“gggkgg{&gﬂ% i JYfhydrdual chanbers through | tbedded outlets 6
(Fig 5B) 3] .Both o the el ectrode buffer chanbers are strictly

separ at eféﬂs\l]t h aacy H?ltﬂ@faﬁha%ﬂ)(érs could be fed by same or gradlent buffers through varying
the mode of a feeder (Fig 5A).

. [0082]. All of the products could be separately collected from individual chambers
through imbedded outlets 6 (Fig 5B). . |

[0083]. Both of the electrode buffer chambers are strictly separated with each other and

with separation chambers to ensure the electrical potential across the membrane matrix.

[0084].  Two flat sheet electrodes 15 are strictly insulated from each other to avoid short
circuit. In this embodiment the entire electrode 15 will come into contact with the electrolyte
solution, hence, the entire surface is treated or coated with anti-cofrosion treatments or anti-
corrosion materials to make it suitable for use in a free flow isoelectric focusing as described
above. The available conductive area of the flat sheet electrodes 15 could be the same as the
mass transfer area of membrane 8, which could. ensure the homogeneous current density

across the membrane matrix (Fig 5D).

[0085]. A Current distribution matrix is spread across the whole flat sheet electrode
surface 15, ensuring the homogeneity of the current distribution and the tight packing of the

whole wound-up design.

(0086].  The chamber spacer will apply low surface tension materials such as PTFE,
PFA+, PFA, EPTFE, PVDF, and all other fluorinate materials to reduce the possible surfac‘e
interaction of biomaterials with spacer and only allow the surface interaction with

membranes.

[0087].  The diagonal arrangement of inlets and outlets of individual chambers allows the

liquid flow across the membrane surface area.

[0088]. The construction of this embodiment can be seen in Figure 5D where the layers

are arranged with a first electrode layer 15 followed by a dense AEX layer 26; then a spacer
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wi th separation chanbers to ensure the electrical potential across the
menbrane matrix. [0084]. Two flat sheet electrodes 15 are strictly insulated
from eachwotzhsoosdsavoi d short circuit. In this enbodi meotr/SGhel2®ne1ss e

el ectrode 15 will come into contact with the electrolyte solution, hence,
the entire surface is treated or coated wth anti-corrosion treatnents or
anticorrosion materials to nmake it suitable for use in a free flow

i soel ectric focusing as descri bed above. The avail abl e conductive area of

the fl at t.el. 1 I t SS Ll r area of
menbr anelagg,}%\%hl i 24111? (‘:CSI(%)S{S:Ioacd]lrﬁgsr%l S grsg%éhog Oagr?%g’ Z)rr\ée%g%l b%%? rlgﬁf sn%ean%elntg é’;legéf% < the
menbr ane28yed rsecon(l Felgetmldy . 1laj @085 [cofteCuwitie nhe dhGdartdvivel apersakd laxd i 18. Sfheead

across the whol e flat sheet el ectrode, surface 15, ensuri t he honogeneity
of the cPFEHTIORISHNFTDIveSHEr e@ilrgmonp%fﬁbﬁ R ageli e B iR Lup

design. § Q%]mﬁgm@h@rmar@mﬂ abhd cARPBY td B ¥ doRGRuctiBR SdRihelBiEr | al S
such as PTFE, PFA+, PFA, EPTFE, PVDF, and all other fluorinate materials to

reduce tdeastpission barethen b¢ pleeed intap outst rdmder fopninge cbpinkes7.wi t h spacer and
only allow the surface interaction wth nenbranes. [0087]. The di agonal
ar r angeni@f89lof Theé eysemana spirial astogndfeldctrdiyséerdalinwsc iamidteh snadel ofwshet bieffdri qui d

fl ow across_the nmepbrane surfagce. area.. 0 . The construction of this
enbodi nef(rglfdsl%%% b1 grgl@ﬁﬂ? %anﬁbdli‘%ét%ﬁfﬁﬂlg{’tg)'&% | ayers are arranged with a

first el ode | ayer. 15 fql.l owed by a dense AEX | ayer 26; th spacer

| ayer sdPoTy R ThEXEEnd® e 2Rl BF SR AlensB Rt it ottty BydhE sl o
dense ChfnHodiént,2 Biclidlie @oidd bases Gl it 8oluBiepoldmesOME hig bBmbAe pressure ,
anticorrosive |layers 16 and 18. The construction is then rolled together in

the diréB#FBHs-of the arrow around the inner cylinder depicted in Figure 5A
and caped with an end cover 32 to hold the construction together. The
const r ud09¥4. cakhe pestern allpwa @etable) apd loge sizeaypeaseider bk rntryng of penibiar 7.

purification;
[0092).  High efficiency and reproducibity leads to assured high product quality.

[0093]. Example 1

Performance test for egg white protein separation
Materials

[0094]. Brominated poly(2,6-dimethyl-1,4-phenyleneoxide) (BPPO) with 90% (m/m)
bromination was obtained from Shandong Tianyi Imp. & Exp. Co., Ltd.. China. The egg
white powder was procured from Sigma—Aldrich, Singapore. Electrophoresis grade Tris was
obtained from Bio-Rad, Singapore. Udel P3500NT polysulfone (PSf) was provided by |
Solvay, Germany. Tetrahydrofuran (THF) and triethylamine (TEA) were from Fisher
Scientific, UK; N-methyl-2-pyrrolidone (NMP), was from Panreac E.U.; isopropanol (IPA)
was from Chedelco Pte. Ltd. Singapore; Methanol, phosphoric acid (H3PO4), sodium
hydroxide (NaOH) trifluoroacetic acid (TFA), dichloromethane (DCM), chlorosulfonic acid
and potassium chloride (KCl) were all in analytical grade (AR) and purchased from Merck
Singapore. For high performance liquid chromatography (HPLC) analyses, GR (guaranteed

reagent) grade ACN and water were used, while for other occasions, deionized water
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[ 0089] . The system of spiral wound el ectrolyser allows a switch node of the
buffer feeding to vary fromthe sane buffer to a gradient buffer.

[ 0090] . Theoebedos@de buffer conpositions for slow depl epceRcaiR imise
suitable for this enbodi nent, including acid, base, water sol uble polyners
and high osnotic pressure materials. [0091].The systemall ows a stable and
| arge size process for bulk amount of protein purification; [0092].H gh

ef ficiency and reproducibity | eads to assured high product quality

0093 er f st for .e e|n :
VAt or | al G T BaA]esBBH a ol ooty (2octtmathyearis? it Pef dB HnC frseo)
Wi'th 90%rbaicedl bl e OMinRQiph msp@ffetvadtmglstémﬂbmamdong Tianyi Inp. & Exp.
Co., Ltd. China. The egg white powder was procured from Signma- Al drich,

Si ngapor@o9dfl ecHNABRAIESIciBE 845 (W So MRS dSthads b thef doRiPoBitien Badse whitgapor e.
Udel P35[80I\ﬁ pol ysul foneC II)=>SO waé Fr)?)(\)/l ded@g@ éo | vay, O%&)r rrla?\ =8

Tet r ahy dYiBeg tha%l&argerm}lpmt mayetnksrfeserivith (EERpader of rcrslmrliiomr@ne@m lénnu fic,
IPA
KN LBl Sl Qb &gﬁgﬁtsg&\éﬁ emow@sov%@]fm[ ?e%ﬁﬁgthlé cont 3SR ORAOpe L] A

was fr apore; 0S horlca

sodi um Hysﬂomnlgqbeoc(ewaﬁH[het erggfvlzhlmraqamh iscluien drag él'df@s)ted 1d|p(H1=I 46 an@tibddn éDCI\/p
chl orosul foni ¢ acid and were all_ in analytical

hl de (K
grade (ARSSRPRPC ﬁa%vgﬂpéi}tg%stfwg% %?#%H’E‘BrCB‘SJdI'—ll?rprﬁ‘iIE;‘I"Pt%‘?@otF%%?él yi qui d

chr omat agmapdiyby Hitkatebn AN Bhi SEFem AR rh @Y HeAPEE FeduBs 8€ M) profetisolMidN ARd wat er
were used, while for other occasions, deionized water (electrical

resi st arfetRatment sdogmpgses wiskdhe stndardstaf pageat srade pvalbeding ovotrmsEmims
pr Oduceqy%yﬁe Ml Ll/émpgopcl He%k;'%omﬂ)aﬁﬁg RL @f;ec?rx %E{%&th theOfdda Llﬁpstandards in

Figure 6, four protein peaks in the egg white mixture can be identified. They are ovomucoid
at 6.8 min, lysozyme at 10.5 min, ovotransferrin at 11.0-12 min, and ovalbumin at 14.5-17.0
min. The analyses of commercial protein products also imply that it is very difficult to

separate ovomucoid from ovalbumin.

[0096]. In order to investigate the evolution of fractionation as a function of operation
time, samples from the FFIEF process partitioned by the membrane M-IN were collected at
10 h, 18 h and 27 h. The corresponded HPLC results were summarized in Figure 7. The
protein separation performance after 10-h operation of FFIEF under a constant direct current
of 30 mA is shown in Figure 7A. The egg white protein can be partially separated by MIN
'and three relatively purer components can be obtained after a 10-h operation; they are
ovalbumin, ovomucoid and at least one unknown component. As the FFIEF process proceeds
to 18 h, Figure 7B four purer components are obtained and they are ovotransferrin, lysozyme,
ovomucoid and at least one unknown component. A continuation of the FFIEF process to 27
h elucidates much higher protein purities within each individual chamber as shown in Figufe
7C they are ovotransferrin, ovomucoid and one unknown component. In summary, at least

five pure proteins can be obtained from the M-IN partitioned FFIEF.

{0097]. Example 2

[0098]. . Performance test for plasma separation
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[ 0095] . Oval bum n occupies 54% (ww) of the dry mass of the conposition of
egg white. Since this |arge conponent may interfere with the separation of
ot her congponersi@meizghe protein solution was pretreated tecrsgRyR/000ds bum n
and reduce the conplexity using the follow ng procedure. The egg white
aqueous solution was adjusted to pH= 4.5 and stored in a refrigerator at 5
oC overnight so that nobst oval bumin could be precipitated and hence easily
renmoved by filtration. Figure 6 dem)nstrates the HPLC results of the

protein t|o after pre-treatnen es wth the an s. of -
Peagent G0ot ot fBURl BeGushf ThCRBboRRY GOEBSDRLo HibitsuBr it pectie

Conpar i r@rﬁﬂﬁ)ﬁ&&s Sime(fald’sﬂlab&l}lwﬁﬂl 1hhﬁuﬁ1@1€db1aﬁ®nﬁ§t@nd§l’&& ioft fhie g tHree Gypefsour
protein peaks in the egg white m xture can be identified., They are
ovorucoi Y SgrBpIgteRsy thej 32@5&9%‘;3{ burn and-fibrinoggmy tSommesglabyling asg produerdiin nin,
and Ovaltm:'mvgr @&hﬂl‘btl%rs’qreomgaenl? meinﬁ‘ﬁ'tﬂley OfThQ%H%%E)b@lll ?ﬁc%‘irﬁa'agke rOdUCt S
also inply that it is very difficult to séparate ovo coi d fromoval bum n.

[ 0096] . Ihcteuw&t@pouscgroup/efépmqmsemtme'p@Vbllnlh mmheotufar foresghtt.i amd dtottosolalslity @ndnct i on
of. opera romt ess rtitioned by

merbr ane’ lT\??rloRf“\)/{Etﬂd m&%f%)o cY a}é?a loyer{ nnt% @ “ﬁal CPRE™ gr ??‘b’é‘p‘ﬂ?\‘b‘gﬁ HPLC
resul ts nefe3.s graverrbefcklédirobh@esieis fisedlt t@&a&@@ﬁ@l glosepaiad tRfomedatabAance
after 10-h operation of FFIEF under a constant direct current of 30 mA is
shown in Figure 7A. The g‘% whlte protein can be partially separated by MN
and three rel atively pur lefenent s can be obtained after a 10-h ,
operation; they are=oval bBﬂaglobo}msrrucm d and at | east one unknown
conponent. As the Fkl EF pGages$ldduite@admubosldbulihs, thhitufi®iohBs batibodRidy er
conponents are obtained and they are ovotransferrin, |ysozynme, ovonucoid
and at 1east one unRnown ®dhponent. A continuation of the FFI EF process to
27 h el ygp lq:esAW Bbﬂnﬁrar@[g@ﬂe‘?él@ Qi S foctial Welbh oY lgyala g hamber
as shown in Figure 7 T th ey aré ovotransferrin, ovomucol one “unknown
conponertery bimikoiireelpes and lag gedh am\ﬁbffpu}t 60 S EE ns actamnblemtmbeann dFIEFom t he

M I N par | FFIEF le 2 0 erfor pee test for, pl asma
separ ot 1 Sr Sl o harbhe e AL B irGe o1 4 Fatsb R AR TR 6, ‘Bt kbt “vae
conduct qﬂoterms p}m&ave §uah githilacharhbreridick be rdesnillinyr the md’md@amman‘s' svithth fpeasma.

G obulin human, bi ochﬁm stry |s one of3f%he t hree tr%/tﬁes of serum proteins,

the ot heét CB@P‘P@S BESER edpRer PPelein Siere Jbine digeaBLet the sytem Bichuingdei n t he

liver, Whidrgookdier qnq:@rsr%d%;\baelﬁ&%uhwmm& t48ma I 8ore e RS sfepmm
enconpasses a heterogeneouspgagufgq L roteins with typical high nol ecul ar
alggre

wei ght , vl BBt demasisigaey ithey : ph@ﬁ@@i &ompgrieg it HPdCegesubiwvaf t han
for al b%ﬁ%ﬂatmﬁ@%&%ﬂﬁ‘ &Flg‘g A WifRuf O%J? ‘t}§e ,fu& ;%g%k% d%@foﬁ' frotein

el ectrophoresis I's use ategorize g egorles
| gAl , | gikinnBejicaketh akeld mps efféameamgdsotufbr the s(:-pan‘mummﬂtm Iptasins hivddg fpinct i on
as anti bofhesesvery close together. Further, Figure 9 depicts gel electrophoresis of individual
fractions of porcine blood plasma results before and after separation. Example of gel
electrophoresis images of different chamber is shown in Figure 9A and marked
electrophoresis gel plates to show single component obtained from FFIEF in Figure 9B.
[00101]. It can be clearly seen that the separation on an industrial scale, of proteins with
similar characteristics, such as globulins can be greatly enhanced with the inner pockets

together with the current system.

[00102]. Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. The

invention includes all such variation and modifications. The invention also includes all of
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| gM [ 00100]. As the globulins are generally simlar nolecular weights and
charges they have very simlar Pl values and as such are difficult to
separ at e WO 213061381 nenbrane FFlI EF systens. The inner potisekei2ohonishe
menbranes of the current systemhelp to separate such proteins that have
such simlar characteristics by distilling the individual proteins within
t he sub-chanbers between the inner pockets. Figure 3B is a diagramof the
system i ncluding the inner pockets. In Figure 8, 8A denobnstrates the bl ood

pl asma [ tr FFI EF
pr ocess.t)tﬁléo{wgérl% QI‘E‘F% h %%@n?gg%%ﬁ%fnﬁgé%gr at.i 005§3<§§1t%§"% tF ??élﬁ% ﬁcﬁﬁ% ’8C)
and w t hiedividukilgor eolBE)vdihend syeandpdicdopitsnations boanydtwoh@tméle e itlm:nﬁépspﬁc kets
are a nore effective neasure for the separation of those proteins having pl

val ues VE'Y¢1 ose together. Further, Figure 9 depicts gel el ectrophoresis
of individual fractions of parcine bI ood plasma results before and after

separ at i §A103k. o Fpthe dagungrat, @lff%@creomarﬁflbﬁ’%h‘iaﬁ%ég Rteni ¢itedr Bnthis fewtoisr i s
shown i I |l e
component KAt PR RECER @ chli R L B ] o1 P pEm B AT BE © e
t hat t heeskbpak amisidaredrbyahe raadersasrpagt ofgbmltext. dThapﬂthbpmem tekerencaj paent

character.i tItCS f ¢ ﬁdg t?lul ps..can be t% hance th t he i.nner :
pocket s PRITE ot PRk E uyRY e fodosy SR SERE b a0 dfhe ar
Wi || appogcisétess.t hat the invention described herein is susceptible to
variations and nodifications other than those specifically described. The
i nvent i q0oigag! uAes nhhfaSedy suASthRtibRN d@BHpHRE] Srogak keRicathie, hivgsetii@n al so
includes all of the steps, features, formulations and corrpounds referred
to or i rOPER{edaIhPIOdRCcts pRiipneda hFTs, o HURw dogimept aRcograrated by \isfagensad any
and all i t t 0103] .
Bach dodiran e PuPEriRbpBYd MR by TRERREL shl e st F Y cice P o
i s expr ébsinyentromor por at ed herein in their entirety by reference, which
means that it should be read and considered by the reader as part of this
text. THao105he o preott, invefteneisceot paberimiedpin satpeoby any pﬁt«hatspeélﬁed in

this text t in this text nerely for

conci serf’é‘g’gam[’%’%ﬁ %“%ﬂ‘ﬁawﬁeéﬁuf Eﬁ?sﬁrwb%ds?“ﬁ%tfrﬂgt?’tfﬂge g r{l}e] BriPgs%s of
product exp@plifida€iohi @ily, RMtPRAGUEGuiSNERT SroliQts, YmBlaBEHAChS] MRMdJdonad
herein or in any docunent incorporated by reference herein, are hereby
mcorpor%ﬁaélélvﬁﬁlﬂléihﬁ swer@fﬁlémonaﬁéﬁ %‘3 r%'i*fpl oyed in t he practice of v
the invention. [00105]. The present invention is not to be linmted in scope
by any dPO06k sPeinyentioniseibad hersingmay inclde on@p@mﬁrervm@f ehse fiensr s are
i nt ende RYY Pas iyal ent
product Sonfait BULNASRnl oFVRR. Wil B8 et jictife 00BLTW R

i nventi oranasmdkadmgtbedalhercbﬁning[tﬁ)é)faﬁge] ana' Iveluesr‘adgéat‘ent(m titermagd Wwhidh headed N may
i ncl ude ne or e ra of val ues (e e, concentration et range
of Cval udBe T OB TAES Tt SRR St b TR RCHOTI GO T lut

i ncl udi Rehitth@aab u@&bodﬁamtortge;alﬁgerange and val ues adj acent to the range
which lead to the sane or substantially the sane outcone as t he val ues

i mredi atjgdd07fd] FEBAEhouP thif ApectRdatibn MHIER HEfbARR: FARIEOBMEATIYe, tiRe tWdRd I ange.
[ 00107]. Thr oughout this speci f| cati on, unl ess the context requires

ot her wi SEOMPIHRS” Wb Variationpsu¢hses' "compuisgsi "ar i"ommprisingt, will be gndarsteedsto igply

" conpr i %hé‘glcl’us‘é’h'ok R& e‘d’}ﬁl@% tfgx%u Ae}[s bl of s %%L&f n§ otfePlflhel Nt €ger
or group o egers on o any o i nteger or Yroup of
i nt eger r grdupi of mt@ersno'ﬂt eﬂaltsdnabted rthzithnshldlcﬁablcmamra&ldqmlnqnﬂaerrty muﬂharclayms n the
cI ai ns an a hs, terng such as,, ses LGonpri

" conpr i sal’“g/@‘ PayAarepHk. IHTRSUERAS RERPPTFR . FRATRGY at Epmpiitiee 1 tﬁ? Iikp cpp s,
Patent [1@avwe (R GheanfBeMirRldRAR 1n' 0. UplRsnt, lawk '?:Cé ugRd san in@&d Ufﬂcﬂﬂes” and
the like; and that ternms such as "consisting essentl ally of' and ' ‘consi sts

essent i alnojudsd”, “inelusingieandethailikg; ansicthpterms sich e ffeonsisting esseatiadiytofl and e. g.
t hey

“consists essentially of” have the meaning ascribed to them in U.S. Patent law, e.g., they
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WD 2013/ 006138PCT/ SG2012/ 000185 all ow for elements not explicitly recited,
but exclude elenents that are found in the prior art or that affect a basic

or novel wbaovsaiersgssti c of the invention. [00108]. O hewpcdsGami2ziooess f or
selected tern-is used herein may be found within the detail ed description
of the invention and apply throughout. Unl ess otherw se defined, all other
scientific and technical terns used herein have the sane neani ng as
comonly understood to one of ordinary skill in the art to which the

i nventi 2[110[3&? }'09 Q%?nefll n%%‘g)? lic Gt}slwyﬂrec%dt Eﬁt edc@}/u%gtele?x{%in sqﬁat a]?g oungsg E | gpen%tr\é\ngt Phat

reference to specitic met ment’s
vari ous dsmhia\tfaffeatalhms o Rolvel birargeaisiayf e inwadomi t hout departl ng fromthe
i nvention. [00110]. Reference: [1] RH C M van Eijndhoven, S. Saksena, A

L. Zydnepw)103]0t eitier defsitib@al saectebicnds 8de@tefeds bl ibe fhurdewalgh itenetdiled
rrenbrane f||trat| on, Biotechnol. Bioeng. 48 (1995) 406. [2]_ A L. Zydney,

Prot ei n dspEtiani &n die javeisioneandr anpdy ftiuprgheut. o nlpssvptbepaic G‘?ﬁfteﬁe@lf(ﬁhervm%
fracti Ons%iénﬁﬁc ande hxﬁ@ﬂ tefmd usdd Pgeil'fgﬁ? AVe%ﬂ? sanLé&leé%ﬂ%as%%W? nde'AStgod to

Pol ot sky, e reso Vi ng power - rafiltration . 110 (1996)
79. [4] daedf ordimary Fkill Buthe axt. to Ghérh, th\in@entiartelorighe cl eani ng of
ultrafiltration menbranes fouled by protein, J. Menbr. Sci. 80 (1993) 241.
[5] MJ. [OMﬁixpz )G\Qﬂladbe i@eEtioﬂ/\hzlas‘elycenNe&ﬁHEane'rh Ferfargmaet docspacific dedtiody eanitd

cleanlng ysul.fone ultrafiltration: ranef uled with BSA and
whey. D eriorBRERlT Wil P9 Sphiseaite thes Higf pice K gRetiE) ChapecS iy Pr duie.

| mobi | uzigq,ubué;;‘ag[ngffg{mt&qg{,@,gbﬁl c foucusing: fromgradient gels to
menbr anes, El ectrophoresis, 15 (1994) 1040. [7] P. Hoffmann, H Ji, R L.

Moritz, feeMo).CoRaRldnYe: Continuous free-flow el ect rophoresis separ ation of
cyt osol ic pr ot eins fromthe human col on carcinoma cell line LIM1215: A non

t wo- dir e Rl eNay, gs%ln eR@IVeRNAr 83k Senl2Se A LPI AldReyTE pRSIah Y fhGioRhtidH SGie
g07

Proteorcs, 1 (200
electrostatic 1nteract10ns in membrane filtration, Biotechnol. Bioeng. 48 (1995) 406.

[2] A.L. Zydney, Protein separations using membrane filtration: new opportunities for whey

fractionation, Int. Dairy J. 8 (1998) 243.

[3] A.N. Cherkasov, A.E. Polotsky, The resolving power of ult’réﬁltration, J. Membr. Sci. 110
(1996) 79. |

[4] K.J. Kim, P. Sun, V. Chen, A.G. Fane, The cleaning of ultrafiltration membranes fouled by
protein, J. Membr. Sci. 80 (1993) 241. '

[5] M.J. Munoz-Aguado, D.E. Wiley, A.G. Fane, Enzymatic and detergent cleaning of a
polysulfone ultrafiltration membrane fouled with BSA and whey, J. Membr. Sci. 117 (1996)
175.

[6] P.G. Righetti, E. Giaffreda, Immobilized buffer for isoelectric foucusing: from gradient gels

to membranes, Electrophorésis, 15 (1994) 1040.

[7] P. Hoffmann, H. Ji, R.L. Moritz, L.M. Connolly, Continuous free-flow electrophoresis
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WD 2013/ 006138PCT/ S&2012/ 000185 [8 M Chiari, M Nesi, P. Poncada, P. G

Ri ghetti, Preparative isoelectric focusing in nmulti-conpartnent

el ectrol ywene13/mdem8l , hydrol ytically stable and hydr ophPCIrSGzeR®b@ssri c
menbr anes, El ectrophoresis, 15 (1994) 953. [9] Z. Prusik, Free-flow

el ectrom gration separations, J. Chromato. 91 (1974) 867. [10] J.C
Baygents, B.C. E. Schwarz, R R Deshnukh, M Bier, Recycling electrophoretic
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2. The electrode of claim1l wherein the cathode forns one wall of a chanber
for Free-Flow Isoel ectric Focusing of water soluble charged nol ecul es and
parti cl eswoants/wbssanode forns anot her opposite wall of PChsGeareb@ss The

el ectrode of claim1l or 2 wherein the cathode and the anode conprise a
soft, high conductivity, oxidation resistant materials selected fromthe
group consisting of brass, carbon-anorphous, graphite, copper, copper
graphite, copper tellurium copper tungsten, copper zirconium di boride,

gol d qiigpl.d all oy, electrographite, metal graphite, nolybdenum palladium
or pal I a ium al l oys, platinumor platinumalloys, plated base netal, resin
bonded gf aphi i um
oxi de, S|fl \E}glrél&’tmﬁﬁo'\t@rmeoh @'IL&’e?Jc ?(JbIZLjpca6 %ﬁm\f{@fe?&ﬁ@ggﬁqrgéd rlliﬁ\%/éeurlgs'?}}qln oxi de,
silver tungsﬂnela:s csmpnmmg i uartgrsieamdtaalaboctéayhetrmﬂg$bﬂim od ek dathogs tlancaméesbi de.

4. The el ectrode of %‘ai'ﬂTl F 2 wherein.the cat hode .and thfa anode

conpri ses {1 SRR anglretral Ve 31Wien vien inyise firoated it gpetsl yptestivgher ei n
the metal pfyet &ktd pRyth@RbtcEPIELTes 88d & p&itidh 8F 812 2BONIBEL Rfned hi® ¥¥msqnpound
of. any one of titanium tantalum zirconium vanadium niobium hafnium

al umi num  siithitboelectralyte seltiemvhen inrvse.yiberatrdrvith amstal ertectisateyerddganese,

beryllium lﬁ% ckel, platinum palladium osmum iridium
r heni um t B2 ne{PI%?é%ﬁl’%Ia&%pum r ut heni um gol d, si | ver, cadm um copper,

4 ne, %rr%ﬂl gmtro € o?nla(f’md wrherem % ca@xoﬁ trx%’s Olbl 'of g%ﬁ%e‘f‘ rf%raﬁl}ee t al s of

the | antfiani'd& ahd actiirde” Sarhe e electro eo one ot ¢l ai s 1
to 5 V\/nel’eIlsa)elebl(ﬁcﬂ’@bmomaﬂér&ﬁlub%ﬁzhh@;é&&n(ﬂ&mﬁ’sIaﬁ@ﬁaraclegmddlﬁielaﬁedepol yner.
7. The electrode of clai.m®6 i/\/n éel n the conductive polymer conprises a
char ged pofSfHEANOt erpf&l"?%@e‘i’%} ehfhe chamBsFyoyrrol e or a pol yaniline. 8. The
el ectrode of claim6 wherein the conductive polyner conprises a negatl ve
char ged doi PﬁélFth@&Orﬁ clagm 4 o 2eyhegiy therrathgde ansbihg aaedecamiprise g ppft, high |
el ectropol X@Eﬁfuhﬁ\ﬁ Qﬁllﬁﬁt@dnereflﬁt%%At&na@&ée@‘ec’f’é&' ¥R 'EHeoérS’ApOéUnX@ﬁﬁQ’&f(H?ésrs“ l'e,
pol yani | i ne/ pol yacrylonitri or
et hyl enedi ga«?@mamptpén@), ,gmhya@pmeamopmrlgealfhlte,ﬂcosy@ttelmrfum chprse LEigehan,
| soel ectricg Focgisclorﬂ([:{1 boru%l oorub l%haél& r% m)lux-[; ‘ﬂtha”' cles
conpri si ng “es" rode o orre afl &1 A7 s 2P Series of
honbgenous mvkybdeaiepatpdilimed phlﬂladm.&ﬁ alldl| plbﬁ)ﬁm«@eﬂplhh@r@ alﬂéy@ﬂlﬂataﬂ Badeche anode
wi thin a chanber m%o The yst em of |alﬁ‘|9 wherel n the ho enous  menbr ane
conprises &€ Ir9~°i1 ersded g tﬁe(séver@rdi PhYXS g1l AT (PRINBISERE 8 H‘é‘)o’“ée
pol ysul fon@uveegraah@@Isu@ért&%@deﬁmesuwem&ke@@uwtm silvBun Tgstlé'hwsalver
- N(CH3) 4+ “NR2 functional gr oups. 11. The syst emof claim9
wher ei n thélnﬁﬁmﬂbg%hlda,stumtﬁm arfetupgitgirdagiide.a.  hydrocarbon or partially
hal ogenat ed hydrocarbon polyners, such as a PPO _ o
(pol y(2,%- dherelettydde Df dlaph é oy Revteyeil thexathofly and tho aegdeoinpasdsditaunhone,
pol ystyrene, polyacrylnitrile and their hal ogenated interim b.
per f | uorsc@hbeactpuieiensomodicldime 1 i £ whe8Bthe meB0ProtectP@3Brer corPpidRs a, - As03
2=, - Se03- sihfe?eld’ po?v%%mfga;'f ox-}/[\cl:_'(-)|ﬁ|12p|c:\>)hn& (’)\P_ﬁ%”oné %Iﬁgfanfugll?%dntélusnl:iz Zircjé}n:lﬁm -13(CGAH9) 3,
vanadium, niobium, hafnium, aluminum, silicon, tin, chromium, molybdenum, tungsten,
lead, manganese, beryllium, iron, cobalt, nickel, platinum, palladium, osmium, iridium,
rhenium, technetium, rhodium, ruthenium, gold, Silver, cadmium, copper, zinc,
germanium, arsenic, antimony, bismuth, boron, scandium and metals of the lanthanide

and actinide series.

6. The electrode of any one of claims 1 to 5 wherein the polymer protective layer comprises

- a conductive polymer.
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\+ >-¢c21-14 COCH3 (--\",,NC2H5 r.C2H4-CO NH2 ?7? -CH3-S-C, Nn'
-CH3-S-C, 81 NN ; or c. other conductive polyners such as pol yaniline,
pol ypyr r ove 2arsthoetsBer conj ugat ed PCT/SG2012/000185

7. The electrode of claim 6 Wherem the conductive polymer comprises a charged polymer, a

polyacetylene, a polypyrrole or a polyamhne

8. The electrode of claim 6 wherein the conductive polymer comprises a negative charged
' polymer resin, a positively vcharged polymer resin, an electropolymerized pyrrole propylic
acid Polypyrrole/polyacrylonitrile, polyaniline/polyacrylonitrile, or poly(3,4- ‘
| ethylenedioxyihiophene)/polyacrylonitrile ’

9. A System for Free-Flow Isoelectric Focusing of water soluble charged molecules and
particles comprising the electrode of any one of claims 1 to 8, and a series of
homogenous membranes applied in parallel between the cathode and the anode within a

chamber.

10. The system of claim 9 wherein the homogenous membrane comprises a polyimide, a PPO
(2, 6-dimethyl-1,4-phenolene oxide), a polysulfone, or a polyethersulfone modified w1th—
COOH, -S0O;, -NHg, -N(CH3)4 , -PO3 or -NR; functional groups

11. The system of claim 9 wherein the homogenous membrane comprises

a. hydrocarbon or partially halogenated hydrocarbon polymers, such as a PPO
(poly(2,6-dimethy1-1,4-pheny1ene) ), a polysulfone, polyethersulfone,
polystyrene, polyacrylnitrile and their halogenated interim;

b. perfluorocarbon polymers modified with —-SOj;", -COO", -PO32', -PHO* , -AsOs 2',
© -SeOy",-SH, -C¢H40H; -N'H,R, -N*HRy, -N'Rj, -PR3, -SR,, =N, -P*(C4H)s,

= =\, + + +
—C,H;,—CO-CH N— N— — —CO—N
UM freneoran (= (e —(_ji-enmcow,
COOH SOy
N"N N\N

—CH3-S—€ @ } —CH3-§—€ @

O O
; or

’

c. other conductive polymers such as polyaniline, polypyrrole and other conjugated

polymers without modification.
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pol ymers without nodification. 12. The system of any one of clains 9 to 11
wherei n each nmenbrane further conprises a sequence of one or nore inner
pockets. W@.20B@e¥st em of claim 12 wherein a pocket oupkeisG261200¢issi oned
bet ween each i nner pocket nmenbrane to allow a precipitate to pass though
and to allow collection of the precipitate outside the chanber. 14. The
system of any one of clains 9 to 13 further conprising a buffer solution
conprising a synthetic polyelectrolyte a nulti -COOH groups and a nulti

-NH2 gro 15. The system.of .cl aim 14 wherein, the mult} -COOH groups and
the mi C1E Thes st e Bl tad AL hER I sl s B PR Bee of
am no aci dsequifice oflage symbehadr potiaditsn 9 wherein the series of honogenous
menbr anes between the cat hode and the anode are wound in a spiral. 17. The .

syst em of3, ghakybtek® oNBIRINE 1D WHRRIATE FBEIRR 88t ANEpddidined BeRiceR CAdUBnéPIcRChange
menbr anes. 18. The Sﬁsten1ot'cIa|n117mhere|n t he nenbranes have i ndi vi dual

outl ets. 1oemprnedsatlevnagiecpiiathte rss Bloaghhgnd e allowi®lgpiéanedfrthe precipitatet r odes
conprise a st 4shs jstribution matrix. 20. The system of anyone of
clainms 16 ?%Qfgtmhegg?%{the chanber is a cylinder. 21. The system of anyone

of clai nfs4 vgfﬁe Is;%te%? oI' M}I &%rof%?a%g '9%!) N9 fgjﬁleir rcl,gl%lpg%lggr a’%h?fgrks'olution comprising

a synthetic polyelectrolyte a multi ~-COOH groups and a multi -NH2 groups.

15. The system of claim 14 wherein the multi -COOH groups and the multi -NH2 groups are

- amino acids, short peptides and/or derivatives of amino acids.

- 16. The system of claim 9 wherein the series of homogenous membranes between the
cathode and the anode are wound in a spiral.

17. The system of claim 16 wherein the membranes are flat sheet porous ion-exchange
membranes. '

18. The system of claim 17wherein the membranes have individual outlets.

19. The system of anyone of claims 16 to 18 wherein the electrodes comprise a soft sheet
distribution matrix.

20. The system of anyone of claims 16 to 19 wherein the chamber is a cylinder.

21. The system of anyone of claims 16 to 20 further comprising an insulator stack.
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