[1]. Title [2]. ELECTRODE AND SYSTEM FOR | NDUSTRI AL SCALE MENMBRANE
BASED FREE- FLOW | SCELECTRIC FOCUSING [3]. Field [4]. Industria
Scal e Menbrane based Free-Fl ow I soel ectric Focusing (FFIEF) [5].
Background introduction [6]. The production of bionolecules is a

| arge and growi ng industry. As an industrial average, 90-95% of
production costs of bionolecules cone fromthe separation and
purification processes. Traditionally gel based isoelectric focusing
has been Ugﬁhfﬁﬂelaboratories for protein separation. Such methods
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separation technol ogy, porous 1on exchange nenbranes have been
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[ 0011] . When this method was done on a large scale the circulation

| oop had a serious short circuit within an individual chanber
resulting in a |ightening phenonmenon within the chanber, which can
destroy the whol e chanber, or even may cause injury or fatality.
However, conpul sory circulation is very inportant and necessary for
the process. This is due to the fact that bio-nmacronol ecules wll
precipitate at_its isoelectri I nt which could_]ead to clogging the
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isoelectric focusing conditions combined with highly charged ion-exchange membrane will

be very effective in obtaining pure charging products, such as proteins, hormones, RNA,

DNA. The difficulty with this method is designing large scale equipment for manufacturing.

[009]. In multi-compartment electrophoresis, in order to obtain a linear pH gradient along the
electric field, most researchers’ apply pH imbedded gel membranes to separated chambers.
This will give a high resolution in short time operation. However, the imbedded pH
component would deplete in 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.

[0010]. 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,
we can maintain the linear pH gradient a longer time than currently available, which is
essential for isoelectric focusing on an industrial scale. The method was more convenient and

user friendly.

[0011].  When this method was done on a large scale the circulation loop had a serious
short circuit within an individual chamber resulting in a lightening phenomenon within the
chamber, which can destroy the whole chamber, or even may cause injury or fatality.

However, compulsory circulation is very important and necessary for the process. This is due



10014Preferably the cathode and the anode conprise a soft, high
conductivity, oxidation resistant materials selected fromthe group
consi sting of brass, carbon-anorphous, graphite, copper, copper
graphite, copper tellurium copper tungsten, copper zirconium

di boride, gold or gold alloy, electrographite, netal graphite,
nnlybdenunl pal | adi um or pal | adi um al | oys, platinun1or pl ati num
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nol ybdenueﬂ0 %héﬁﬁrchgyhgggel silver tin oxi de, silver tungsten, silver
tungsten car tungsten, and tungsten carbide. [0017]. Pref erably

the metal gL eCWnV(ﬁJjéc@M?fhe(}Mﬁbéﬁ%o %n%h(ﬂ%l%rs@ﬁ{e B?me(ﬁfffafllt1@§opfﬁ¥ prior art

conpound of any one Of titanium tantalum zirconium vanadium

ni obi um HedlleMprptell sgparation andior pyofsativh an aw dostiielsealen] ybdenum
tungsten, |ead, manganese, beryllium iron, cobalt, nickel, platinum
pal | adi um00d8fxi uSummanyi um rhenium technetium rhodi um ruthenium
gold, silver, cadm um copper, zinc, germani um arsenic, antinony,

bi snut h, B@iéh, Scangicumoénbe Meteatisn dhcltd hxamldnandedéoraﬁmheidmw nisdelectric
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charged p%@d@&&her@n E%Mﬁeﬁmh@ B&hod RA! 6B b @o@t&ctamﬂpblyaewdme solution
Such as a negative. chargedé‘ﬁ ymer resin, a positively char

pol ymer r BEFIRIN B, B WetinD BthyEeial BRGSiVe Biyer Womwlwel%emépc%ve layer and a
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aspect of codtieg mt\h@ntwtdrprmeciwedwr mc&ymlmﬁmpteﬁtnwdaﬁow | soel ectric
Focusi ng of water sol uble charged nol ecul es and particles conprising

t he el ect [@8d8]. ofPhﬁeammuhﬂwkaamﬂmdﬁmmsenéeaumfahmnmgmﬁmdﬁeﬂﬁwhrHndanﬁc
applied i aral | el bet n the. a
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PPO (2, GopgbisiiEivhlybfthe 4hfthupol ene oxi de), a polysul fone, or a

pol yet hersul fone nodified with-COOH, - SO3, -NH4, -N(CH3)4, -P03 or

-NR2 funcijoasp! @esrerasly thdQRdlde A HRAhoRSREHsOh sd¢ih idhbeaMidHEMy, oxidation
provi des a buffer solutlon for Free-Fl ow
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, 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.

[0017].  Preferably the metal protective layer comprises a 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, 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.

[0018].  Preferably the polymer protective layer comprises a conductive polymer.



| soel ectric Focusing of water soluble charged nolecules in a system
of the invention conprising a synthetic polyelectrolyte a nulti -COOH
groups and a nmulti -NH2 groups. [0023]. Preferably the nulti -COOH
groups and the rmulti -NH2 groups are am no acids, short peptides

and/ or derivatives of am no acids. [0024]. O her aspects of the

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

ref erence he .descri,ption and fi gur.e f the preferred
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cation exchange nenbrane which resists the protein fromthe anode. -
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and the anode.

[0021].  Preferably the homogenous membrane comprises a polyimide, a PPO (2, 6-
dimethyl-1,4-phenolene oxide), a polysulfone, or a polyethersulfone modified with-COOH, -
SOs, -NHy, -N(CHs)s", -PO; or -NR; functional groups.

[0022].  Another aspect of the invention provides a buffer solution for Free-Flow
Isoelectric Focusing of water soluble charged molecules in a system of the invention

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

[0023].  Preferably the multi -COOH groups and the multi -NH2 groups are amino acids,

short peptides and/or derivatives of amino acids.

[0024].  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.

[0025].  Brief Description Of The Drawings

[0026].  Figure 1 The schematic diagram of the FFIEF device CEM is a commercial dense
cation exchange membrane which resists the protein from the anode. AEM is a commercial

dense anion exchange membrane which resists the protein from the cathode.

[0027].  Figure 2 Multi-chamber and electrode designs for industrial scale FFIEF.
[0028].  Figure 3 Design of individual chamber and inlets, outlets module

[0029].  Figure 4 The design of electrodes

[0030].  Figure 5 Proteins standards and egg white components after pre-treatment.
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[ 0032] . Det ai | ed description [00331. This systemis designed, and
fabricated for industrial scale FFIEF equi pnent that produces high
flux, high selectivity bio-macronol ecul e products preferably at | ow
cost. [0034].The advantages of the systeminclude Low capital

i nvestnment and | ow operation cost conpared to systens currently
avai l able. Particularly these costs are nmuch | ower than the

conventio y used H hnol ogy. f or dr.ug aratlon r poses;
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i on exchapgszmenp.aned desripfdnsSeparation medi a. Extensive experinents
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| ower than the isoelectric point of rotein ) pH < pl),
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[0035].  All water soluble charged molecules and particles could be purified in this
proéess. Such molecules and particles include: Proteins, DNAs, RNAs, heparin and most
charged bio-molecules; Vitamins (Vitamin C, B6, Bl2, etc.), hormones; Antibiotics
e.g.(penicillin, cephalosporin, erythromycin, colistin sulphate, gibberellin, etc.); Bio-
pesticides purification and concentration (Ninanmycin, Polyoxorim, Kasugamycin, etc.);
Recombinant gene expressed drugs; Most organic acids and organic bases; Most organics

having clear dipoles; or Enantiomeric mixture.
[0036]. Working principle of the FFIEF system

[0037].  The net charge of proteins is the sum of all positive and negative charges provided
by amino acid chains. When the pH value of a protein solution is lower than the isoelectric
point (pI) of the protein (i.e., pH < pl), the protein molecules carry positive charges, as

shown in Eq. (1). On the contrary, when the pH value of a protein solution is higher than the
5



pl value of the protein (i.e., pH > pl), the protein nolecules carry
negative charges, as shown in Eq. (2). R-NH+ H" -> R-N113+ R-000-
+H+ -> R-COOH R-N113+ +OH -> R NH2+ H20 R-COOH +OH -> R-000- +H20
[ 0038] . The theoretical protein separation device is denonstrated in
Fig.l. The nodel m xture of BSA (bovine serum al bum n) and Mo

(myogl obin) is applied here toillustrate the mass transfer through

t he menbr hown. i .1, . the feed and perneate changbers are
bart 11 onb by SRR Gt PR PRt DR oo P B RaG SR A
(IEM whigleq@uy allows the opposite charged ions to pass through due
to the electrostatic attraction. Meanwhile, this nmenbrane may prevent
the back flow %\,rﬁgrpﬁhe e, perypat e si de. When bovi ne serum al bum n ( BSA)
and nyogl obi'n ) proteins are mxed in the feed(lghanber with a pH
val ue of 7. R—88& noleeuResC@@Hry negative charge, while M nol ecul es
is zero charged due to its pl value of 7.0. Therefore, M nol ecul es
stay at the}femdjth@ﬁber”dugrhtqg@o electric driving force, whil st
BSA nol ecul eni gﬁth positive charges di ffuse throufy the porous ion

exchange ne REHAMEE e~ E&ET P dri vi ng force and reach the

perneate chanber (with a pH value of 4.8). The net charge of BSA
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bi o- macr ol?vﬁwetlulea?hlmed ne man ppevartthe baskiftoal frepphs pamega sidesWoen bevine
protein dg rec a
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[0040]. This is a combination of membrane technology and IEF electrophoresis
technology. It employs membranes as mass transfer media instead of gel strip in
electrophoresis, enabling electrophoresis concept enlarged to industrial scale. This process
provides measures for purifications of bio-macromolecular products in pharmaceutical
applications, such as protein drugs, DNAs, RNAs, heparin and other recombinant gene

expressed drugs and all those listed above or known to those skilled in the art.



[0043] .Firstly, we renoved the CEM and AEM to stop any bionol ecul es
cl ogging the systemdue to any affinity to the nmenbranes. CEMis a
commerci al dense cation exchange nenbrane which resists the protein
fromgoing through to the anode. AEMis a comercial dense anion
exchange menbrane which resists the protein from going through to the
cat hode. Renoving the CEM and AEM nenbranes resulted in the

el ectrode ing.directl. xposed to acidic,and _basic .potiqgns. of the
ol ot r ol y FAT s HEE. 118 o Bre B Bmerpr b B e R g e eness of
el ect r odeSFMBH frocespITHeakekicN & FigVielk abdepti®lcdfor ai aeadefRGOAMrdD Bdcatseinédong
| ayer of conductive polynmer. The Fig. 2 shows the industri al dengnf
g for

of the FFHRE ¢ogfipuous qpavationayeshds yronduckady dlavweyprp nhig ekillgpotchm aesapta

the preci pjshatifl icRet (ﬂ:g PR ARER L A6 Qﬁi‘ Le Entf—@ﬁ%iotnyhaﬂi aefrro% & gf@r@cﬂnc
enbodi nent, a special device for gro&n Ing of every circulation [oop

i s i ncl udés problerh ef tdstegrondustivineintbasysteeme, one can col |l ect the

preci pitate outside the chanber. [0045].Thirdly, a nore stable pH
gradi ent [W4desi Gathphod tb B mppbiscadrkpsur ndwtdesigh for ipddsaid] aglicsioat,anives

can i nproye the stapili 0 H gradi.ent to al npst hrs. Comi ni .
ot ad) ot HE PR Poil) RN BT ABLAGONGRE o] ArhaRy of conditive
nul ti - el eglatepiblél B) shoRQichil BREnoRign 9 rAcHs€ BF oflaR didsktiémd thRubl & new design in
[ 0046] . Menbranes [0047].The criterion of selection of nenbrane

mat eri al sSFlatioatlognse3 bbbl ofHpgrapharadiest pydendeiiges Emetapeigben vievke
charge or ébﬁl?%éi%&d%ﬁ%ﬁ%ﬁufge?‘d cﬁéf_pol yimde, PPO (2, 6- 7
X1 de p

dinethyl-%, Zphehol ene ol ysul f one, pol yet hersul fone and

ot her sim nogi £ 4 e Lal i .
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wer e usedsystemmdek foyanyhelimignior tan enardtrares.alBM if heoineraxicdeang eativa padiahye
(IEC) which is related .to separation perfornmance.is a bl e. .
For t unat efns?l,nlb&@e f“(%’t',l_ eflﬁtéghepﬁp%ﬂbfr@ﬁﬁt}’@&% Foa%é‘nél%pz‘gl\?fsoa fpxrgercial
non- obser yakt enibe vkdhagephaBERWhicR kesREThe pidtdd! frbinl dodld tBfbupk @C®S Sathode.
under conditions of FFIEFuAéOO48].EIectrode_ ) )

Removing the CEM and AEM membranes resulted in the electrodes being directly exposed

to acidic and basic potions of the electrolyte solutions. To overcome this problem we

protected the electrodes with a protective layer of metal and a second protective layer of

conductive polymer. The Fig. 2 shows the industrial design of the FFIEF cell.

[0044].  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. In the mean time, one can collect the precipitate

outside the chamber.

{0045].  Thirdly, a more stable pH gradient is desired for IEF application. Automatic pH
adjust system can improve the stability of pH gradient to almost 5 hrs. Combining pH adjust
system, ion-exchange membranes and some synthetic multi-electrolyte, the linear pH

gradient can last to 15 hrs.
[0046]. Membranes

[0047].  The criterion of selection of membrane materials is that the materials should be

easily modified to positive charge or negative charge, such as polyimide, PPO (2, 6-
7



[ 0049] . The el ectrode material is selected froma relatively cheaper
metal such as Titanium (Ti). Preferably a Ti netal plate is used for
bot h cat hode and anode material. OQther suitable electrode materials

i nclude any soft, high conductivity, oxidation resistant materials
such as brass, carbon-anorphous, graphite, copper, copper graphite,
copper tellurium copper tungsten, copper zirconiumdiboride, gold or
gold alloy, electrographite, petal graphite, nolybdenum pal]ladium or
pal | adi unt qﬁa@&;‘*—ﬁre&&ﬁﬁm@% IpRodysuHenf apPefersulfims: a8d Qs Sirpy gpodifiable
resin bondgegkapdikheo Sbde/ Bl M ark Fuhefiom] lo@Bs, Sich 48— CXRPALIS0.SI-NKES -

cadm um oxi de, silver graphite, silver nolybdenum silver nickel,
silver ti N(GMi)de NBp| Peh wemgsseéro nsodifyethet membraan el het iongsthange
and tungs : i -[,005 The el ectrode.material _is treated o

coat ed wi EEAE [ECOridt Bl RFEGTBERTRLEL B ok B b et e
make it sfivhdlfaepbions citegedimantri®s appamd e hes bbdetvabhcfuslimoptehanéiarfor
The anti-corrosion materials formprote %’ﬁﬁ?layers on the el ectrode
nateriaJ.pﬁﬁﬁpﬁ?q$@FWbﬁ?C%¥“§ réﬁ?lﬁﬁ36$ E tective material are 1)

el ectrical condu%i%yity, 2) ability to cohere to the el ectrode
naterial,“@ﬁ@'S) FPd&e reaction under strong el ectro-chem cal
environnent. Only the portion of the electrode surface that wl|l cone
into cont H9#9%i t Thareleqede rpatoniad isotelactednirpmed welotively echgpper metal such as

anticorr OT.ité(rﬁuxBr(ﬁ%).e}ﬁrEfep%Bi O ﬂpf)lgiqulu:ggd Gotf LAEE QD] bR m Y1 COR:

b
into contact wth’the electro §te solution the eﬁectroge portion is
nodi fi ed bytablsaddctrgdevinaterials muthade qoy o chiplv eondayt@vitya neidatiquolesistemt materials

protective Layer. [0051].The netal .protective |ayer.can be fornmed of
et ol ox SendY sk SOPApEPHRRIE Pl dabiien s ar Bhih erp g e RO pifeer
hi ghly constgsén, v@pperdzitanivae dibsdde, Ualle lor aoidlaltoya ndst@rog@bhitd, GRktal graphite,
Al ternative a matrjx of sintered powlers of aq oXxy- conpound _of at

| east one“‘r‘?&%g?n% paladiym of galiadiwn glloysprlpgnes ot At a9y alptgfpase metal,

tant al um regin SsHAEY Braph A AGivETor sillcPRUINIR, sl tofar, SA4EY AMIuLS bkide Ofliver
tin, chrom um nplybé%nunl tungsten, l'ead, nmanganese, beryllium
i ron, cobgtaphitenisidyes|molphdenimmusiivep alckeldsilier tipsrmidessilyer itatigsien, silventungsten

technetiumg,.: i t i | d, silver, cadm um copper, zinc,
gernaniun%hggggﬁkggkﬁﬁgﬁggﬁkgq@?%%ﬁth, boron, scandium and netal s of
t he | ant hapi a i njde_seri.e an be ed 052] . Th | ro ..
br ot ect i vEOPOer Thn SR RaBE F FeBRy Rt RSt R gt
ef f ect i vetyrqaioaviemttridlh e alakaahsiiible 6r y3e oh @i fie fow ddoblectribiforiaing hb@Ber.
and may be, applied as a segondar rotective |l ayer. The maj | asses
of conducfh%gfﬁbﬁqwg?ﬁf@% AP EYEE P &he Joispae arrihd e crterions
pol ypyr r obesehdddoR OF Ydchive thatdfal hREDEIGARAYCEANEHRBL LIBESity fo"Q@%€re to the
known to prevent bionol ecular attachnment include; el ectropolynerized

pyrrol e ptlepiade anaieriali and |3y syitecs|redoion yadar yirong ele¢traechemical environment. Only
ol yani i pe/ LEril e e po i -at .

Phosphor | L AR NS BREASS SyuBOIUITBIEcothd Thul PERROAIRE By oiSUBNR Bruion
maki ng t heeeddb yaes atb etorecsihapgesttientier poeiat afvbé ylecirodeahattmasetgme into
ef fectivel rotecti it fromprotejn t achement . .

ol y (3. 4 sl SHE S iRl Bt Rt pBitery meaed ow spacing vitypeal
t 0 obt ai npiohetitelags a5 alpslyafty bivi®Ate fa9ér. | ndustri al application, |arge
scal e

[0051].  The metal protective layer can be formed of metal oxide sintered layer which is
inert to electrodic reaction but highly conductive and can be used under acidic anode
solution. Alternatively a matrix of sintered powders of an oxy-compound of at least one

metal selected from the group consisting of titanium, tantalum, zirconium, vanadium,
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nmetal plates were applied as both el ectrodes and structure supports.
Effectively the electrodes preferably for a first side of the chanber
and a second side of the chanber opposite the first side effectively
formng an electric field between the first and second side of the
chanber. [0054].Buffer [0055]. The synthetic polyelectrolytes with
mul ti -COOH groups and with multi -NH2 groups (with pl=3.0 and pl
=10.0 individually) are m xed in certain ratio as a buffe

sol ut i on. M%ijEe hHEPM,  dRRinue §1H%ﬂq= il Setmgpmygglpbd enleeymagﬁ%a@d

to be Se%ﬁl?%ﬁ&efﬁé?ml{?ﬁﬁr trbh, &b, Q&N §)ldtlﬂuﬁ’1n alpa‘aﬁltm s ER um, rhenium,
Preferably t groups and - NH2 ‘groups are

am no aci tdgmesos thogiapt, m@gxuamdg@id, dbaer,\ﬂadmm @ppfanﬁmg, @m‘mdmum arsenic,
[ 0056] . Chanher 10057 hanbe Laon, or

strong pl agfon Ony’#a ertLa OTas SF 3 TES am#ﬁlgtcagslngtbr 8e§naF sa%d %{”ﬁu‘%e Sre%es\;/\%

of the oppedite ends of the chanber. The inlets and outlets are nade
as standard nodul es which can be di snounted from chanbers. The Fig.3

shows t hejodsyi gnThé pykpkepetetld Riyzdbuldng digidilg coﬂd@h@a\@olmer that can
desi gn concegt of electrodes. As has 9 been shown in Fig , there

is a groufi Iyarpven thsastaphraent phooRdnsfhsr bw&wéﬁ%lessmﬁémﬁybg applied as a
connect edt mz&;ve%%rbﬂ{] o B cﬂ‘ags@%taﬁneaa m@%ﬁ/ﬁl&@ﬁr@cm@ poly-resins,

[ 0058] . As s omm in e current from po supp
distri butledWaGané awl}dlyrlebt dngrpplydnding. O ¢hoat nomlufive miyzdeist thobuksywn to

Wres conn n the tribut d. fhe T-sha
where T vt BB bbb Sl ARSuBRbmt el BARE ke scid

el ect rOdquIjr;@&ﬁle/ﬁ_d’lﬁi’cgfldnﬁhﬂm )pol;ﬁﬁhﬁt/ﬂﬁyﬂfrylbfh&ﬂ&l qszﬂyr@de stithf aedothat,
will come into c ct. with the electro%églel Iutbgriqﬁge nce the hal f
I

el ect r odes{Rhaty o e% OriGed] AINEOSGHRS, alttC cehvendndidng the
el ectr Odepolﬁﬂérybekctlﬁe @ﬁé”rée@%@théﬁfelg%elﬁ?r Iﬁkﬁ%lﬁz%kﬁé&tﬁzelysprﬁﬁ%ﬁg 18 fhowd ﬁrbtem .

metal protective |layer and the pol yner protective |ayer.
attachement and poly(3,4- ethylened10xythlophene)/polyacryiomtrlle

[0053].  In order to obtain the large scale equipment for industrial application, large scale
metal plates were applied as both electrodes and structure supports. Effectively the electrodes
preferably for a first side of the chamber and a second side of the chamber opposite the first

side effectively forming an electric field between the first and second side of the chamber.
[0054]). Buffer

[0055].  The synthetic polyelectrolytes with multi ~COOH groups and with multi -NH2
groups (with pI=3.0 and pI =10.0 individually) are mixed in a certain ratio as a buffer
solution. Since their relative small molecular weight, they are easy to be separated from
purified proteins in any post treatment. Preferably the multi -COOH groups and the multi —

NH2 groups are amino acids, short peptides and/or derivatives of amino acids.
[0056]. Chamber

[0057].  All of chambers comprise a nylon or other strong plastic material as frames. The
electrodes also can form walls of the opposite ends of the chamber. The inlets and outlets are
made as standard modules which can be dismounted from chambers. The Fig.3 shows the

design of whole electrolyzer and the Fig. 4 shows the design concept of electrodes. As has
9



100591. The separati on process was controlled by the feedback pH

adj usting system The conbination of pH online nonitoring and the
hi gh capacity polyeletrolyte buffer enables the |inear pH gradient to
| ast up to 15 hours. Therefore, a cheaper high capacity buffer allows
stabl e FFI EF processing. W synthesize a group of polyelectrolytes
for this purpose [0060] . The chanber thickness and buffer capacity

coul d be 0 ve or enha he |nv e conhi na n
of pH adj hgetnl S?fé“’é%tﬁl aﬁ%er‘f he? mu& uff é?s "é‘é &SMeY glch) 18

st abl e pHcgmadt@nia dommgeattad indfidllgdonidoR81d a iglutgl’a thin chanber
series with good circulation allows high flux separation finished in

short ti mposBRO62s. didevns it Fen |l thoWsrrdntSfrafl ﬁov@é?dsdpﬁl’yg% ikiZiBuell G6RS few
for bul k appunt of protein purification; [0063].Hi ef ficiency and

r epr oduci Bilwwmeélasg ths wugy P@@%@@qﬁlbbﬁ“b s atmee:tt lgﬁmfeedéqplsmb&ﬁﬁyl\enas
Per f or mangey tkstr-dh 8:9:9 WREker Rfafd &R %E £t t th
[ 00651. Brom nat ecis gﬁ(’)e I y( cferret ha 1El 31 phe neOX| B § a%%B%‘)l BT O% ©
90% (M ) eloetoadiepdate. oThewmzs Q)‘ﬂ)l’ anfnelde fof dm ﬁbramdc) mgf%eetha}uwﬂquon& 1Ebopcontact
G., Ltd. wc%plltﬂe elecr| gly?eg%lutlon 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 and the polymer protective layer.

[0059].  The separation process 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 processing. We synthesize a group of polyelectrolytes for this purpose.

[0060].  The chamber thickness and 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.

[0061]. Ultra thin chamber series with good circulation allows high flux separation

finished in short time.

[0062]. The system allows a stable and large size process for bulk amount of protein

purification;

[0063].  High efficiency and reproducibity leads to assured high product quality;
[0064]. Example 1

Performance test for egg white protein separation

Materials

[0065].  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
10



whi te powder was procured from Sigma- Al drich, Singapore.

El ectrophoresis grade Tris was obtained from Bi o- Rad, Si ngapore. Udel
P3500NT pol ysul fone (PSI) was provided by Sol vay, Gernmany.
Tetrahydrofuran (THF) and triethylam ne (TEA) were from Fi sher
Scientific, UK, N nethyl-2-pyrrolidone (NWP), was from Panreac E. U.;
i sopropanol (1PA) was from Chedel co Pte. Ltd. Singapore; Methanol,

CTea) i GRIVGP o SEPRINS THaRfrHtof BEl AOh Eoe P i G5 SUT i Tsher
chloride GKeadfioyarie Rlhethyl-ARataidbsalNgPR RS (AR PafdaddBNENREQdpdnop IPA)

Mer ck Singapore. For high performance |iquid chromatograph LO) .
anal yses, @R Tqjnarhsdelsa oPtee bife mingaperss SMalbppoknshasahasic Wé?ie(‘%ﬁ&&ﬂf)a sodium

whi | e T or ,04Befe ?ﬁ_ﬁrﬁgb gff?:or&%ét&”é&@gl;ﬁ)ﬁé g?&g&ﬂ?&&ﬁg@@ﬁf%ﬁ ¥£gﬁg&g§a§d

18.2M J was used rapure wat r HPLC 'was produc
"MIli-Q phdigotagiim ghloadnd{El veys tikm hmlgical grate (4AR0GE] pudtakdufrom Merck

occupi es 24% (w f. .the.dr ss.of. the conposiit of e ite.
S noe thi o ey Ry rhie B ety el P B GEORRY P EParhefO S i ised
conponent Sgagtiip ghddet BTN s W@ NwivaSused e whatfed otier rREmitds,Odebibd Rvater
and reduc onpl exi \t/\% usi ng the follow ng gr ocedure. The e%ﬂ’

u LC was

th
whi t e aquZ%?%r? IGEFEHCVRS” ddj D venat §sqdH he Wiramer St etrer on
refrigera Rfdué’éd@@‘%ﬁﬂ-ﬁﬂhgm?’%é\bﬁ&%hliﬁ\éﬁlll!%lm n could be

preci pitated and "hence easily renoved by filtration. Figure 5

denonst r atgfsei he . ot i i r. )
e o Y e SRSl Bl 09 LA, SO LAkt ot g i
oval buni n Simge ghisalargeeronipopeitysay ynterfem dwidy dhmu sepaditipe alf soth€Cormparonerys, the

t hose spectra b en the feed and standards in,Figure 5, four .
protei ' poldn EEE et dFeneEl Rl S P geonpliovpeips the
ovonucoi d fatowinBpitédurd. 150 2y ®hitd agl@ols Wiution Waohdjasied ®rgH=-4.atand dtofddiZa
mn, and ovalbumn at 14.5-17.0 mn. The anal ys§s of commercia

I .
protei n prOHEREEr &1 3eCP t $pathat mogt ovelapminfoptd beprecipiatetpg hgnge easily

ovonucoi d rdrh /et By 1IN FiduPO§ GbmbRstRfd e HPLLNMNGHs | B LploREn solution after
evolution of fractionation as a function of operation tine, sanples

from t he PR-ERUpeR@adsopantes widribe steydardrechisatans geadiior dlbwaime ovotransierrin,
col | ected ’ C e P | .
curmar | zel PR i piteRbedts Lomplif CRLLABBANIRS I e 18T 1 SalhR 0
oper at i on Fgdurd=§;| fefr pmtber paakc mnhé agd wilite edttuewan datidenfifidD Tindy ks evhonwoid
in Figure 6A, The egg whj rotein can.be Lal.ly separated

bnd ¢ i ce ® & AT ESPAAL I Biip RS Sl e S b g e R g 110
oper at i onmihEe affyLRY alf R¥imbrciAVRBHED bebdadd i 1 fthe@NE i QMMFicult to
conponent. As the FFIEF process proceeds to 18 h, Figure 6B four

pur er conmpARERE evoumorldran AedbURA- t hey are ovotransferin, |ysozyne,
ovonmucoi d and at | east one unknown conponent. A continuation of the
FFI EF pr od®¥d]-t o Ipprierdp uryegiagaies theueklutiop oé ritastienatipm ap ar fupgtion off ansration
each i ndi Ylhgygajmﬁg@ﬂ&ﬁ rth@?FI%g'%celsp {ﬁigweﬂ bgrct?hé Hl%}{’{b% & M-IN were collected at
ovotransferrin, ‘ovonucol d and ‘one uhknown conponent. Tn sunmary, at

| east fiveéOpurid lprmt Y hs Tbarobespoidedi HRIAC fresmins tdeee MrhiNagiaadt intFigime d. The

PR N R TR, SRR e
di f f er ent opBOLEA iy gRNRANFIMS: KA. Ph@8gBwhite 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 6B 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
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[0071]. Those skilled in the art will appreciate that the invention
described herein is susceptible to variations and nodifications other
than those specifically described. The invention includes all such
variation and nodifications. The invention also includes all of the
steps, features, formulations and conpounds referred to or indicated
in the specification, individually or collectively and any and al
conbi nati gns or. an or re of. the.steps. ar .features. 072].. Each
ocument . R Epish dtbch B3nE mORischPias Pan R et e o e i e
I s expressCythéyn£eopefiaisReril) &feinlcdid ahd6hé ufitlowhedohpdtedt EnehBRELy, at least
whi ch neans that it should be read and consi dered by the reader as
part of tﬁV%PW€£¥ﬁmmH§Pbpﬁémaﬁééﬁﬁh@?h@@ﬂ@?@ﬁ@@?*%ﬂé@nt appl i cation

or patent cited in this text is not repeated in this text is nmerely
for reasof¥68F céhemsédess. [0073]. Any manufacturer's instructions,
descriptions, product specifications, and product sheets for any
product s H98PE on&arferaraapsicsrion plasmmsegoeiiorent i ncor por at ed by

ref erence herein, are hereby incorporated herein by reference, and
may be enfl0dfled iAnsinhler preecitieoewa$ comrciedvoanplasm t] @0R4] tHENbfpestspntein
invention_ s n to,be limted in scope by any of the specific
enbodinenf%ﬁ%%g%Fﬁﬂggmﬁhrein. These enbodi nents are intended for the
pur pose o nmpld ficgtyion oply. Functionally equival ent products, . .
for mul at i I)Or@ﬁznd %%%%@&a%&& I %W@ RPEHP %‘ﬁteﬂ‘fcl%‘@%(?fl c{)eﬁ%“q’eg hefein is
i nvent i ons®sepliBRClol bR &id moliFR46dns ThBer MYEMkdse Nspe@cdliyo@dchiRbei The
may i nclude one or nore range  of vaIues_{;g_size concentration etc).
A range ofvgiogdaclyss| allptuch yaistionsmd medifisrtiopie The veatanedsavinchides ¢thef
range, in : : ant..
o The ranee BHch e BnaRiag L RmRG, [RaR o 3 o] ek BaaBkior
as the vaindedduathyedralestivelnaidenmndiadl dombinajighuer anyiteh o efdrg efthe ls@ps or
boundary Eﬁuﬁge range. [0076]. Throughout this specification, unless
the context requires otherw se, the word

[0072]. Each document, reference, patent application or patent cited in this text is
expressly incorporated herein in their entirety by reference, which means that it should be
read and considered by the reader as part of this text. That the document, reference, patent
application or patent cited in this text is not repeated in this text is merely for reasons of

conciseness.

[0073].  Any manufacturer’s instructions, descriptions, product specifications, and product
sheets for any products mentioned herein or in any document incorporated by reference
herein, are hereby incorporated herein by reference, and may be employed in the practice of

the invention.

[0074]. The present invention is not to be limited in scope by any of the specific
embodiments described herein. These embodiments are intended for the purpose of
exemplification only. Functionally equivalent products, formulations and methods are

clearly within the scope of the invention as described herein.

[0075].  The invention described herein may include one or more range of values (eg size,

concentration etc). A range of values will be understood to include all values within the
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“conprise"” or variations such as "conprises” or "conprising", will be
understood to inply the inclusion of a stated integer or group of

i ntegers but not the exclusion of any other integer or group of
integers. It is also noted that in this disclosure and particularly
in the clains and/ or paragraphs, terns such as "conprises”,
"conprised", "conprising” and the |i ke can have the neaning
attributed to.it in U S. Patent |law e.g., they can nmean "incl.udes"

" hol aded s sty g e Ting 59 Tene St v N aoPEMLD B crpeaviic ead t
" consi st i Mg saasendubshhtial9fthe ARk BT &lthe eFe&TnaldladelPhdiaday & thlevalue
meani ng ascribed to themin U ' S. Patent law, e.g., they allow for

el enent s Yi#ieh dsfpes etoyngase forthgranget  excl ude el ements that are found
inthe prior art _or that affect a basic or novel characteristic of
t he i nvent®?dH. [ Gorprghent Weip specificsiion.opmiess ghe sentexit isguitasr ¢rherwised the word

herein na fo 1t i 1:.led descriptioen of, t LoV i:
and applyx?ﬁ@%%bﬁgg?ﬁﬁ%ﬁ$gg§p%%ﬂgéﬁbgg ngﬁﬁé%ghﬁrp”@t‘%&ﬁ§§¥§ﬁ9§#§§”
and t echnthe aichisnmg a wsed ihtegeion glvay @f iiepessadnie norebBnexeinsias of anyrothkryinteger
under st ood to _on .?f ordjnary skill in t%e ar@ to iCh'tEﬁ i.nvention
bel ongs. (0B8] OIS nlk ' AR APTeR DTS e Eielratie anf SaTiERY il fok Sce
to speci fdnd/orphiiofiphaRenBndek hiednspriskd”, WdrhprRedaPer@siisaie® hnkl HRY like can
various nodifications and changes nay be nad% wi t hout departing from
t he i nventdverihe mopnoR giftaednieit 1111}1%/3?. Patant 1o ¢@n Ry r@hovean, Tiscludes”,

Saksena, A ihdedZY¥GNEYdin i i ' i,ng : [ .
interacti 5ncs&dierd1 ’rrenbrdé?]é:’ %ﬁ (ﬁhr@z;{tkf%%{d tg?t(a)t%‘tlangﬂsnugg : v B?%%%Ig g%&?%gggf‘ and
406. [2] ‘motsistZysiamiallyRiifdthevetheepemity sssbadsiongemantls &nBatkatl lawatgornhey
31 AR B ok R el SRyt g Bk Petut ety e e 1R pror B
ul trafil térahdt@ffectd.baliobfioveSetaracleliti€ d280)Invé@ion[ 4] K. J. Kim P. Sun,
V. Chen, A .G Fane, The cleaning of ultrafiltration nenbranes foul ed

by 13 pro®n, O&theMesititionsGbr scBtedk8B%) uséd herein may be found within the detailed
description of the invention and apply throughout. Unless otherwise defined, all other
scientific and technical terms used herein have the same meaning as commonly understood to

one of ordinary skill in the art to which the invention belongs.

[0078].  While the invention has been described with reference to specific methods and
embodiments, it will be appreciated that various modifications and changes may be made

without departing from the invention.
[0079]. Reference:

[l] RH.C. M. van Eijndhoven, S. Saksena, A. L. Zydney, Protein fractionation using

electrostatic interactions 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 ultrafiltration, J. Membr. Sci. 110
(1996) 79.

[4] K.J. Kim, P. Sun, V. Chen, A.G. Fane, The cleaning of ultrafiltration membranes fouled by
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[5] MJ. Minoz-Aguado, D.E. Wley, A G Fane, Enzymatic and detergent
cl eaning of a polysulfone ultrafiltration nmenbrane fouled with BSA
and whey, J. Menbr. Sci. 117 (1996) 175. [6] P.G Righetti, E.

G affreda, I mmbilized buffer for isoelectric foucusing: from
gradient gels to nenbranes, Electrophoresis, 15 (1994) 1040. [7] P.
Hof fmann, H Ji, RL. Mritz, L.M Connolly, Continuous free-flow

el ect rophoresn S tgosolic proteins fromthe human col on
car ci noma RBfeR Ilslﬁg‘aérl %/Fligqgl giygﬁ‘gn t wo- di menti onal gel
el ectrophor eS| s- based rot eong anal ysis strategy, Proteomcs,

(2001) BO7M-F Sylungz-Asgiade.i Dl Wilsxi A, Faisn Egmatis apsl dejesgrat tcieamnc of a
Prepar at i \éﬁoo*sﬁﬁﬁﬁeeﬁirﬁﬁl?raﬁ%lﬂ@xhﬂﬁné RulBdl it SOARRA LRRDL. RARRY IO VA H3918506)

Novel , tical stabl e and hydrophilic isoelectric ne

El ectropholr'/'ém s, 15 (1994) 953. [9] Z. Prusik, Free-flow

el ectrom gration separations, J. Chromato. 91 (1974) 867. [10] J.C
Baygent ] BGCREbeSc Avaiatfredr, Ramblebmadlutifer Mr iieketric Rewopsingnijom gradient gels

Lo LR A . 1555 S0 P o
RN RN T AU S RSN S R

Cont i NUOUSge zirﬁtaﬁrciﬂ s@lh@ﬁbfeg@hﬁfneme&mnﬁn@Bl@hfcm%dmﬁﬁ%%ﬁ@uﬁqms A non
Technol . ?1994) [13 Wenger, M de Zuanni, P. Jave

Aphot er i ctwos‘Bmé‘Pté@@]r g ele rqSﬁévafsﬁélrns@fﬁﬁ% an@yswteq@wa?m@@mws 1(2001)
i soel ectrigy;f ocusing, J. Biochem Bioph. Methods 14 (1987) 29. [14]
A. Bossi, P.G Righetti, Fractionation of carrier anpholytes in

multic t : bt R '

El ect r oghade i 358 gy ) B RQRIE Erbabos TB TRSRRER, focusipe in muli-
Javet , Chauoacptaembmateilantmbter's nidbiel, i hpdryptibalbn essableorand p alydrophitionisoeleatric
mul ti -corrpart {5 61854)%? ein purification, J. Biochem

ectr O

Bi oph. MetH™ %nes( %@%Phé
[9] Z. Prusik, Free-flow electromigration separations, J. Chromato. 91 (1974) 867.

[10]J.C. Baygents, B.C.E. Schwarz, R.R. Deshmukh, M. Bier, Recycling electrophoretic

separations: modeling of isotachophoresis and isoelectric focusing, J. Chromato. A 779
(1997) 165.

[11]C. Hanning, Continuous free-flow electrophoresis as an analytical and preparative method in
biology, J. Chromato. 159 (1978) 183.

[12]]. Watson, Continuous, free-flow electrophoresis: A modified approach, Sep. Technol. 4
(1994) 239,

[13]P. Wenger, M. de Zuanni, P. Javet, Amphoteric isoelectric immobiline membranes for

preparative isoelectric focusing, J. Biochem. Bioph. Methods 14 (1987) 29.

[14]A. Bossi, P.G. Righetti, Fractionation of carrier ampholytes in multicompartment

electrolyzers with isoelectric membranes, Electrophoresis, 16 (1995) 1930.

[15]S. Cherkaoui, P. Zell, P. Javet, Characterization of immobiline membranes for application in

a multi-compartment electrolyzer for protein purification, J. Biochem. Bioph. Meth. 25

14



[16] M Cretich, G Pirri , G Carrea, Separation of proteins in a
mul ti-conpartnent electrolyzer with chanbers defined by a bed of gel
beads, El ectrophoresis, 24 (2003) 577. [17] G Mdtonobu, N tta.
Toshio, H Tsutomu, Protein separation by preparative

mul ti-conpartnent el ectrolyzer secluded by isoelectric nenbranes,
Sep. Sci. Technol. 28 (1993) 1947. [18] J. Lucas, M Faupel, C.
Goecking, R S. Explorat, Preparative separation of pyrogens from

pr ot ei ns tﬂ/ngééél ectric focusing using a multi-conpartment

el ectraolyzer with I mobiline nmenbranes, Electrophoresis, 11 (1990)

081. [1691M. @wtl%rﬁg Pirgi \ff- GareaySeparatign of pyoteiny wpomult-gaginartment slesiobzer
| d d b
Ol rat i1 Lo h@?sﬁs@ﬂe‘i‘bg%?%%%F%%%%S?ﬁ%@?%%% 26 S apom

EZBarNﬁﬁ?@n oFSHRE ML DesHeE, B (TR e SR RRIR R, Bl

[21] |.S. cBywaiméntElecKolyrerReclvdgionatsodectiie hembeme fSepsyainBichna. 28 (1993)
sul f onat eg F | ysul fones and sul fonated pol y(ether sul fone) nenbranes,
J. Appl . 8§m Sci. 76 (2000) 787. [22]Y. Mastumoto, M Sudoh,

boar ad 15K L ik SLHA0eL 0 Eroociags, XS Hlorge B5epga1ivg wapiat S“'e»i,wgqqs from
Zou, D. P. pedtein®ol VisdeMRfrtU008: ﬁb&hg %%Eﬁﬁc&%pa@tﬁleﬁ{ @I%é&cflgd%k Qwﬁlcnﬂn@mﬂne
it menbrane charateristics, EUF (2005) 1554. [24] I.

Kim J.G nejhganesy, W@Cffmkoresallfidh%&oéagbol yet her sul f one by
hetero%eneous nmet hod and its nenbrane perfonnance Pol ym

Sci 191999Vapg 46 W.[Ix5]Y 1. &, ﬁér@;zegqrz;Pu@ﬁpummof\mdaswdA%%Arusmennuhi-
Preparatl n t] a t

appl 1 cati oqPr BB 008 RIREET @Eraﬁff‘éf‘ fEE B PR C R 2 002)
React. Funet. PoI ym 59 (2004) 171. Claim 1. An el ectrode for
Free-Fl ow | soel ectri c Focusing of wat er sol ubl e charged nol ecul es and
parti cl[ed] A san@NuaesaDisige enlage Svatdfatfitetie] rElectRhdredn Mbddldeor

cat hode that cones. into tact, w.th an rol yt ol ution when in
use, is cgé??rﬁ%m\/ﬁftf’ﬁc’ta‘nﬁ&?’gq 1&?’6’(%’&‘?’?‘%&3’ ?é@@&h‘gﬁﬂ @ 'Zol ymer

pr ot ective ISE%/er and_a portion of the anode that cones in o co %act
with t HelldSedtl Ite K defvappraltenbshavigs of asymmgisc; sylfondtechp oges and

prot ect i veulféhiedd palHeRerRal YA mdd{tR1R6, 1 X8pl. BYSh: Sci. 76 (2000) 787.

[22]Y. Mastumoto, M. Sudoh, Preparation of composite UF membranes of sulfonated

polysulfone coated on ceramics, J. Membr. Sci. 158 (1999) 55.

[23]R. Guan, H. Zou, D.P. Lu, Polyethersulfone sulfonated by chlorosulfonic acid and it
membrane charateristics, Eur. Polym. J. 41 (2005) 1554,

[24]1.C. Kim, J.G. Chio, T.M. Tak, Sulfonated polyethersulfone by heterogeneous method and
its membrane performances, J. Appl. Polym. Sci. 74 (1999) 2046.

[25]J.K. Fang, H.C. Chiu, .W. Wu, S.Y. Suen, Preparation of polysulfone base cation exchange
membranes and their application in protein separation with a plate-and-frame module, React.

Funct. Polym. 59 (2004) 171.

15



2. The electrode of claim1 wherein the cathode forns one wall of a
chanber for Free-Flow Isoelectric Focusing of water sol uble charged
nol ecul es and particles, and the anode forns anot her opposite wall of
the chanber. 3. The electrode of claiml or 2 wherein the cathode and
t he anode conprise a soft, high conductivity, oxidation resistant
materials selected fromthe group consisting of brass,

car bon- anor phous, graphite, copper, copper graphite, copper
teIIurﬁdH@nEopper tungsten, copper zirconiumdi boride, gold or gold
al l oy, electrographite, netal graphite, nolybdenu al | adi um or

pal | adi uni-alAneslectrope friFrserklew Ipnelaciriediocusingisvates Sgl%@ Paeged meleghles and
resi n bonde J oS .Sl I i S
G um oxi 9 def Phfisiile Mhodand e SRS paibY Bf 1 BRRRIG (R cbibEl
silver tin oxtbdeptagivtithen deshglytesolut®i lwhen it uregis testingariti dmetal progstien,

and tungsten carbjde., 4. The electrode of .claim 3 rein the cathode
24 ¢ ho”anodB LB RLulen Y G S Bt P s B Rt B Pt
claims 1 tovAtwheeledtrdljtheoliBirpvhd QLSS id dRth@WRR 2GRN prResiva lbidmred
powder of an oxy-conpound of any one of titanium tantalum

zi rconi um WPAYAETF BfptccHYel8Yerm  haf ni um  al umi num silicon, tin

chrom um nol ybdenum tungsten, |ead, manganese, beryllium iron,
cobal t, n?cK&E cleptrede o glim g avhesain thecalbeds %ﬁﬁns prg Willipd a ehgmbeiuber Free-Flow
technetium ' : ' ' j A oggpﬁ ifc,
ger mani um é%o%%gérférﬁog%ﬁ%&*r}{&&!épg Pgl%?cﬁl ?I%E%}rﬁggﬁculg%%{r? 1 U rﬁlgsh méte 5@ sdgof

t he | ant hanifdersandthecdpposittevabofithschaibeThe el ect rode of any one of
claims 1 to 5 wherein the polyner protective |ayer conprises a
conduct i v& pakyketrode of claiihd ceRedierdn theahthodaand the wvee ebmpitidea soft, high

conductive pol yner. compri.ses .a charge I r, ol yacet.yl ene, a
ol ymst ot e SRt ST st IS5, Bl grom oo ppgme s brads,
wherein t he cgeBAYRLIHBuN QLPARE, cEHIERIdoBES epRRIRbHNS tFRBLHEEHPEN MiiBen,

resin, a positively charged pogyner resin, an electropolynerized
pyrrol e proS9PReE Zlé%qndmlbél%%% geldar geldyalley.alestpgiaplite, metal graphite,

pol yani | i ne/ el 1B TN . y A= -

Bt byt enedt oxyrhComk AL pafarl ot Mgtinup o pletinum allov.plated hose,

| soel ect ri ¢ nieta us$inhonded\gaapdite, sdierir silod allgpesdsilvet expube silen dadpanmi cxides
conprising the electrode of .any one.of cl.ai 1.1t0.8 and series of
hombgenous. MPH ERENS AR s denngy s pracliih et inymate, ShYen BBl el
anode. 10. Theseysibideoingtda, Mdunitieiarbidldie honogenous nmenbr ane
conprises a polyimde, a PPO (2, 6-dinethyl-1,4-phenol ene oxide), a
pol ysul f ome Theeledtrftel of fahvg Stk @R theratiolid £ hé biydOSbnpriRPBitanNRCH3) 4,

-P03 or -NR 2 functional groups. 11. A buffer solution for Free-Fl ow

| soel ect r §.c Theelesirdtt Fhnyahess @b Dke4 Ghafartle kS pHIt@Sive faydr MFHBE a
of claim9 conprising a synthetic polyelectrolyte a nmulti -COCH

groups and &inffied Powngmf Yrguprempeend ghanyige pEliasigmy tangnafZitePrik 11
wher ein the vgﬁgdﬁdm,}%,g;aﬁﬂg , ARl sib, ing &'lf'&nﬂ&%ﬁﬁﬁytﬂfeﬁmﬁ,%ﬂé&ten,
aci ds, short peptides and/or déerivatives of am no aci’ds.
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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7.

10.

1.

12.

The electrode of claim 6 wherein the conductive polymer comprises a charged polymer, a

polyacetylene, a polypyrrole or a polyaniline.

The electrode of claim 6 or 7 wherein the conductive polymer comprises a negative
charged polymer resin, a positively charged polymer resin, an electropolymerized pyrrole
propylic acid Polypyrrole/polyacrylonitrile, polyaniline/polyacrylonitrile, or poly(3,4-
ethylenedioxythiophene)/polyacrylonitrile

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.

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 with—
COOH, -SO3, -NHy, -N(CH3)4", -PO; or -NR; functional groups.

A buffer solution for Free-Flow Isoelectric Focusing of water soluble charged molecules
is a system of claim 9 comprising a synthetic polyelectrolyte a multi -COOH groups and
a multi -NH2 groups.

The buffer solution of claim 11 wherein the multi -COOH groups and the multi -NH2

groups are amino acids, short peptides and/or derivatives of amino acids.
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