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Ti t IV .e ARRAYS CF BUFFERS FOR ANALYSI NG BI OVL’]_ECULES BY legl 5 4. ECTRIC -
PO NT - Abstract* The present invention relates to matrixes, arrays,

- mbi nation with a
systens and nethods for anal poi nt. optionally; in conbina .
sgcond di mensi on anal ysis: The assortnent of netrlxes,'qrnaysﬂand syst ems
are useful for causing a bionol ecul e .under the .iifluence of

an electrical field to accunulate into an | EF buffer-that conprhfgs ?th
 methods. of thi tsh.enig’ﬂ?f%ﬁs"éﬂt}i%?&?ﬁ%éiﬁ@@ﬁv Meglier an
e ' FElDOFTHEDﬁENHON : ,
The present invention relates to matnces arrays, systems and methods for
: gmpmng, sorting, amassing, or.analyzing biomolecules based on separatzon in one.
* dimension according to- their isoelectric points in an electrical field, and optionally
followed by a second analysns technique in a second dimension, and uses therefor
BACKGROUND OF THE INVENTION A
The basm principle behind isoelectric focusmg or focusing in a pH gradlent is '
o that a charged molecule will become 1mmob1hzed in a electric field whien it nugrates to
a position in thé pH gradlent that is equal to its isoelectric point (zero. net charge) Th1s
process oceurs: mdependently of the initial location of a speaf‘ ic protein in the solutlon '
Ttis the result of thé disappearance. of the effect;ve electncal charge of the protein '
when migrating to the region where pH is equal to pl.
Various techniques for determiriing the 1soelectnc point of a protein have been
descnbed 'I‘yplcally, thé protein of interest is mjected or adrmmstered dlrectly mto a
gcl contammg a pH gradient, wherein the pH gradient is parallel to the direction of the'
<€lectric field, and the protein can only be separated from other proteins by travelmg
- 'um-dlrectxonally through many chfferent pH environments before reaching a pH
: _- 'envxronment that is equivalent to its Jsoelectnc point. These techniques suffer from the
- dlsadvantages that (1) they reqmre a relatwely long titng to separate the protein ‘
because the veloczty of the fractJon tends to zero asymptoncally, (2) they require
- relatlvely high voltages (typxcally 1000V and hlgher), and (3) they require a cooling;
. .mechamsm Tradmonal IEF methods are labor i mtenswe time consuiing, ion-
o standardlzed expenswe and not sensmve Another practtcal hrmtatwn of tradmonal
lriiSGClCCtl'IC focusmg gels is that it is difficult to manufacture ge!s having incrementally
* small pH changes within a pH gradient to :mprove the lmear dispetsion of the protems
_ Two dlmenswnal analysis of proteins. that use the above described isoelectric
| _ focusmg step suffer from the same problems For example Zuo et al., (2000)
| _Analyucal Biochemistry 284:266- 278, describe the separation of proteins based on
-:thElf isoeleciric: pomt by unidirectional travel’ through a pH range followed by sodmm
- dodecyl su}fate polyacrylarmde gel electrophoresxs (SDS -PAGE). Becker, et al.,
(1998) 7. M;cromech Mlcroeng 8:24. 28 suggests the umdirectlonal trave] of: protems
_through a pH range followed bya second dunens:on separat:on on a planar chip. See
o ‘also US 6,254,754 (Ross) | ' '
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"--_-Typl call'y, the protein o

di agnostic purposes. - 16 January 2006 The present |nven%iBQl&e&%tes to.'

matrices, arrays, systems and nethods for preparing, sorting, amassing,

or. anal yzi ng bi onol ecul es based on separation in one dinension according
‘to their.isoelectric points in an electrical field, and optionally’
followed. by a second anal ysis technique in a second di mension, and uses

- therefor. MATRI CES, ARRAYS, SYSTEMS AND METHODS FIELD OF THE INVENTICN Two

~-di mensi onal gealWs b S, escri.bed oelectrlc

- focusing step suffer ?%zﬁ??&%h@a%@9%£n%ﬁ%mﬁh§ ?8¥ Xanp em%ﬁ% '

(2000) ﬂwfweélhwdeﬂemssauq/mmcﬁﬁﬁa @nbetleas bédsn Isj?h@em§ﬁﬂ%hét i on of
eir, i.soelectric_ point uni di rectional travel through

n. t
. a pH rané}ewﬁ§0 cff“(‘f&ﬂﬂ"%?“?@fﬂ?ﬁ?ﬁp‘ﬁ !"c?’fmgﬁlhf‘a 18e the g yedeprnentiod éastps]
. -el'ect r opbar atifivé, Db RASHE) t ult, of the
- di sappear ancel ;f t he effetgtlﬁégé(%meglt%rargg‘%ssc éf&mle{ég% “ﬁ?ﬁg ceﬁ"‘r% when
~migrat g Qlﬁlcﬂﬁéﬂ#lé‘gﬁlaﬁpswrfempw insludipgaiutdnoated, mguanmgspﬁteehm@ues for

det er m t t of a, protf.ein_haye heen _descri bed.
stebhs riﬁ':(dmgl%iSed%‘\‘r}w&h 5?“‘?%"4'ﬁfe mepsional apatysis f ered directly

~‘into a bigmblecoletasd wich far, ply. gi'ragiuemo rﬁ&ﬁrﬁéﬂcélﬁ‘&eﬁ'&h%ﬁ%gﬁI I's parallel

_tothetglrecllo of the electric field, and the protein cah only be :
“separ at %g"PF'ﬁr?f‘ Ondiaepesit o diseascs. npaeiculng, bqﬁmtodlsmdtrn@hmislaje héudough many
di ff er gp¢ plakd nt that is

equi val oy tS%P(;!gﬁ?gég%me&%Eﬁgaﬁglf‘{\?a&ﬁ%g%s%gs@ﬁﬂgaﬁ@é 8+ from t he

‘.di'sadvantages that (1) tHSYM&BY OF THEBIWENIEON | ong tine to separate the
- protein - because the velocity of the fraction tends to zero asynptotically;

(2) they require relatively high voltages. (typically 1000V and hi gher),

~and (3) theyMaamub fubags 9akkRGnd FRAMAR IS Inall- A0 S honal,, IEF methods are
| abor i ntensi ve, tinme consumng, non- stan& (5’ ex %nSI ve and not

sensi t Pipgmol %&Wthw agoelecalc pmmﬁm@hedmms:maraadldpt@na{hy ihsoel ectric
focusi fii u t to manufacture gels having
i ncr errgﬁtng ﬁml' a“t“ﬁ%er fﬁodﬁfgjg’éa% Yo v baan gleudorst ﬂ@aiﬂﬁw evdaihe | i near

i Spershzmﬂmi ot dudis P %mhrtﬁombt&@ﬁicac&h@é B8Ry SN Suchk Hrm?é.c L.mobi |1 zed
in a Ctrl(ifle|d when it mgrates to a positionin't gradi ent

that i g" pelegioe facusmg & 1@@? } b’éff?fel ﬁEhe(P,_féra@gﬂef thc WBF dejfer éEhIlkﬁ: process

- occur: -:,-;19 L I Qca peci-fic protein in the
“- solution. The barshlt cyaﬁl(r?'lE rézl ‘pPe %&lh;%ré ISOQ?@EII & oF %Eﬁéifﬂd)ld? fBtising in a
" pH graetiles®)- i s BACKGROUND OF THE | NVENTI ON through a pH range fol |l owed by, -

- a second digensi on separation on a planar chip. See (1998) J. .M cronech.
M croeng. 84845pt elilg esessnirineentinngihercs panvadedta maeic fof ispelBéaLNS |

: focusmg (HF) comprising at least one compartment or. cell contammg a first IEF

-buffer and at least one area containing a second different IEF buffer, whercin the [EF

 buffers havc apH range of 0.1 pH umt or less and wherein the first TEF buffer and the
- second IEF buffer have a pH step of 0. T pH units of less. - '

Accordmg to one embedlmcnt a biomolcculc moves through the runmng
- buffer Gf a chambcr and becomes [rapped in an- IEF buffer in the chamber or in a cell
_‘ compnsmg an' JEF buffer Blemeleculcs having pl values that are not the safie as the
'PH values of the IEF buffer are removed by altematmg the direction of the clectm:
| .ﬁcld If the chamber or cell is closed so that the electrical current is preventmg from
exiting out the oppesite side of its entry into the IEF buffer or cell, then, accordmg to
“one prefe{red cmbodnmcnt thc elecmc field is rcvcrsxble If the chamber orcellis |

open then the elcctn_t_;al field can be- unidirectional.




al so, 16 January 2006 Because of these limtations, only gerfain.cell,
: . . ‘ . . 1? n %{ 0 ‘

| ane, and matrix designs and orientations of the cells, Tanes, and
~matrices in a chanmber, and certain systens for one and two dinensional
anal ysis are possible thereby limting the devel opnent of faster, nore.
" sensitive, npore accurate, .nore flexible and | eSs expensiyve nethods for one

.. .and two:di'mensi onal anal yses of- sanpl es... i ncl.udi ng.aut.onat ed;  hi gh.

"~ (JEF) conp

- throughput anal ysis systenms. Better tools and nethods for one and two
di mensi onal anal ysis of bionpl-eeule are useful for, e.g., ‘drug devel opnent,
~nmedi cal research, and the pre- diagnosis and/or diagnosis of-diseases. In
- -particular, better tools-and nethods are need: for proteonic analysis. The.
- present i n¥bamdyamend ofdbe bivaydeandinthih ernnprgliitensan BUMVRRY:d FthEHE a

"I NVENTI ON.MAt i ces. arrays,. st.e d, net hods for, analyzing or prepari.ng
bior g "%t@sﬁ%gg?%ﬁ?é Sg %%é‘??%%ﬁﬁ] nfcqardigs ke gothas SPbIRdHpRRt. opt i onal |y,
i n comibim@ich@nt vf thb bicthdlebuld®t RItndifg bafa! i flcfeasPYEa RERR: dgY el oped The

arrays contain chanbers or cells in which bionolecul’es can be isolated by -
noverdrulatey e gennpgibuiigrioemprsingdhe bionidedubsusiasg the TEERutleufd @r . The pH

| oS R O oG o GRIERRAREL CFaPe 1SR FMRe aspect ‘o the

presdntffetnvention; there is provided a matrix for isoelectric f ocusi ng .
dAi sing at |east one conpartnent or cell. containing a first IEF
buf f er and*SFOrBg4e 2ppiRerfrakodimanta theichgmbersemnngingithe ermemg hferbuf f er

. wher glofngd3gs 4 Bty oF 855 bR8YE AdREL of .0 1 nH unit or |ess and wherein
the first | EFEE‘I&? f~'gr andbgﬁéﬁggg%ggélﬁggﬁb%% *Sgia%ﬁq?\;)énﬁaﬂ\-—f’é?reeda%f 0.1 pH'
uni'ts or less. According to one enbodi nent, a bi onol ecul e noves t hrough the.

. running buffer of a chanber and beconmes trapped in an |EF buffer in the.

~chanber or in a cell " conprising an. 1EF buffer. Bi onol ecul es having pl
~values that ‘are not. the same as the pH values of the |EF buffer are
removed by alternating the direction of the electric ‘field. If the chamber .

- .or.cell is closed so that the el'ectrical. current is preventing from
. exiting out the opposite side of its entry into the |IEF buffer or cell,

then, according to one referr d b di pe




- .anot her EMYBBFGTEntas

”'_|nto an a

'-'|rrperrrea | e

emo nent, the electric Field is reversible open; then tﬂﬁ eIe&@Ercal
field can be unidirectional ‘The novenent of the bionol eclN"8"FA“tRe running
‘buffer can-be increased by the convection heat generated by the electrical
field. According to another embodi ment, = the novenent of "The’ bi'onol ecul e
in the running buffer is increased by a device that circul ates the runni ng
- buffer conprising the biornol ecutes across the'lEF-buffer (e.g., by stir

* bar ,: EF .bffer relatlvetot e runni ng
butier). BXERRGR oA Aol S ais R b bt piRvetuF OB P gl e

© runni ng’ bigrhaeculentitecly feasor: TRBErcy B addifr radie thes S e cel s that
"~ are isolated fromeach other either 16 January 2006 by physical separation

~or by a StH¥Rg Bgtler fhe biamalearle pamailpmevesitheoughthermupwing uffof to thicbol ecul es
.- di tl / t t h
 funntng BEFEANEE alreb Ul (o 1iahbbOeRRRbS, LR bR o B "o £ or

t o r eachsarae di dirfkrfmn pHI \Eﬁlebu f&fcedsrdﬁfg 08kt andilieran®bbidientthodivignt , the | EF

‘buffers or cells ame or different pH values. According to yet
tRW@P H’e‘?,fl %?fetEdﬁﬂfﬂﬁeéJ@F&uﬁa@ﬂlamnart&mﬂww, di screte,

.- -i sol at edglhsER lo I over | appi ng
P T anges Sunn s ko SyerpbIr it AR it RUBSAAIN B PSRRI | PP
conpar abh@tqml;lstqommrdbjc positmallyregan ﬁnagmfaanh aaciitionsldiRE deFb@d]as but haS

greater resol ut| rad | EF gel ... The bionol ecul es can. be
- separateff© ﬁg‘rﬁesguﬂﬂp aé‘r?t E@/‘ %ﬁﬁért of a corrpl ex based on their
- isoelectric pTh@btorrEQéc ﬁ%%ﬁﬁ’b@ ﬁaﬁ’ﬁ ! cule")
“forma conplex with antl)]t her - Se Leék:]ﬁ%yl( ta?'i)gﬁr é?:gg izgs it

("'t ar get based on @it isosicaint e@mt eFt)r exmla;drqﬂlemolemﬂeb‘aa%epmmtoﬁsiufcrpm ot her

~" non-conp ase the l SO ctric  point of the conplex.

- One- or %gﬂlar%’nn?exn% Vsrf'g §Pfi9§fe %gyaeﬁﬂgﬁ%? 1tltagget gi scret e,

i sol at edreEgmitioh frelculd’y. hmermﬁ;m i 5@&9&%@%& bBR? nocBmpleQed pH uni ts
or less, are provided.. Mre preferably, the pH range or sPep s 0.02 pH
~ units or lpa@lecukéba%anthgelbﬂ@moerwmmm pl vﬂnmeertmat are 0.02 pH
~-or less om: one cell

&5@1 eﬁ]ﬁoﬁma‘i%lgf }_m&h&]\é% q%eatdé/%raﬁy %Cr?tﬁ’a{fﬁo Hp E’Bh{:‘@f—mﬂhf fers with

olning ¢

slightl yﬂwleW pHamdgep lahd!ﬁtbpm,g o1 psﬂmﬂtsmsemg AREProfde BB ML PheterabBl are
Each | EF buffer or cell conprising the |EF

. t he blonDIecuIe
. buffer c Bltemﬁgﬁl‘%r%%ﬂ i %&F‘é’t dlessy i esabyring biginolgrwe having pht i t i es.

values that are 0.02 pH or less units apart. This avoids dlffl.lSlOn of blomolecule from

_.l._

‘one: cell info an adjoining cell , e.g., between cells that comprlse IEF buffers with
- shghﬂ_y dlffcre,nt_.pH values, by using’ mcmbra:ncs o_r materials that aré xmpemcable to |
_ the bigmolecule. Each‘ IEF buffer or Ce‘]l compﬂ'-sir’_rg‘tbé IEF buf?fé'r,c_an"be:physi@;;_ajll‘y
separated noencontinuous, discrete entities. B o -
_  An analysis method that a]lows the use of ahigh clccmc ﬁeld at alow applied
. voltage optionally avoiding the use of a kV range power supply, has been devcleped
. In one preferred embodlmcnt a devwe for rever31b1y d1rectmg an electrical ﬁcld in-and
out of the IEF buffer in the cells an_d, optionally, a dewcc for mrcu]atmg buffer around
| a plurality of cells simultaneeusly Is -u’sed in th‘e.methods and sy.étcms An anai'ysis
method that requ1res little or no device for cooling the chamber is also. provzdcd The
two dimensional matrix reqmres minimal orno manipulation of the blomolcculc
. during the first and second dimension scparatmns thereby savm g t;mc and effort and

.mlmmlzmg the loss of the blomo]eculc being tested




- _being YBe,

- pressure |iquid chromatography ( mass. spect

An anaIyS|s nethod that alloms the use of a hlgh eIectrl |e%!a%J a low-
applied voltage, optionally avoiding the use of a kV ranae 5 suppl vy,

- has been devel oped. In one preferred enmbodi ment, a device for reversibly
directing an electrical field in and out of the |IEF buffer in the cells
‘and, optionally, a device for circulating buffer around a plurality of .
cells sinultaneously is used in the nethods and systenms. An analysis

(method t hat Augi ERBodiinbht Soffdel Gn B LeeRnibRE s GORN 08 b BRATREGY ' S A1 SO

provided. The two dinmensional tatrix.requires mnimal or no.nanipulation
of - t hewhtharastesiunenns ¢lirnalysis freg, fhrglspreamie hmdmﬂrmhmregmpﬁm(}ﬁﬁma)t ations,
. thereb saV| ng ti meﬂﬁnd effort and % Er’}té’ﬁt he. | oss of the bionol ecul e

EW%%E“R&WH&E% $SiHEydes an | EF t echni que

-suitabl e fort‘ha Btdni HATRENASAS 48 ca ﬂ%@eﬁﬁ%ﬁﬂ?aﬁ@ﬁ??gﬁét%ﬁhﬁ??ﬁsnffg% hi gh.

chr omal6gf %ﬂ?“ﬁsg‘iti la sppeitie bﬁpmilﬁ@d%swdema pioteif Ioeneglelt':ems! moldcufet hods are

capabl _ snal | uantities of a

speci fﬁ:“{n onol ggetﬁf E'Qa chb(ﬂ';arslmaéc w@?“r? 8#“%%??&?8‘%{%?‘& W e Met hods

f-or debmataletg!ea( T&Bg)ea:c blserpabﬁaeti eThﬁ( tadfBt bioaIRIEXEh fofmAlRhpRix '
bi onpl ecul e " TRB ") are al so provided:. The target .

-r ecogni tb‘h B
bi onol ¥ |"b°'5%w ‘F'B’l‘fﬁf‘%{meﬁrfb?té’%cwfﬁﬂp eidiscrBrags complaxcipmpntian. tihanc encour age

or di sGAbEAR target.
. recognfﬁtal on g?tg{r‘)mmle%étg {E@&%@.Q%%Adﬁt 8?‘18 gcg%.t%rfpgg{:g@ %&Lﬁéﬂﬁqﬁﬁ er cell,
| ane, ‘wfereell,ilanepor matrbopridrao itrt irﬁdmtotm(ﬁmﬁlﬁc targetinisleaiic-abhigininge - cont ai ni ng

sanpl'e. ‘A, second aspect of the present ‘i nvention, there isprovided a system
'conprlséﬂ?é (a) a chanber conprising a running buffer: (b) a matrix for

isoelectric f 2 rsl{}g?c&f—ﬁﬁi? rg%?{p@kgmn(% F}teré ‘3%?&189@8“ &Rart ment or cell

cont.ai ni ng. a ohe are contalnlng a second
'dlfferemhpﬂ’EEgbuffer wherein the |EF buffers have a pH range of 0.1 pH .
unit or fﬁz and -wherein the first |EF }%uffer and the second | EF buffer.
have a pH s{dp of chrmbag Dpr camppising 2 rpayEs buller: (c) a device for generating an

al ternatinggl ech piagdt fdriiQlethotid BR&IPEER) od %%Eté %ffﬁ .or cell. A

+ third aspect of the present inventi on t here a net hod for. ,
i soel eeempmmmnspﬂlgcqmaimngmlfem hwﬁ‘eaamhaﬂb@tomrmeamxugmm steps. of (1)

subj e electr d that is n and out of
Che L execil pisfor TR Bul, S (s Tf Bufte oty b BFf mhBe ST pHGL, 2" Ot
“i.soel e6t lekLarkdashesdin the ﬁiﬂsEHaF &cﬂr‘aaeh& tiRGseddnd muﬁweae@ﬂpﬁrstm or cell
conta| n| n%a first IEF buffer and at ‘

. umts or less; and

©. a devwe for generatmg an aitematmg electncal ﬁeld in and out of the
IEF buffer or ceil

A thlrd aspect of the present mvent:on there is promded a method for
- isoelectric focusing: of a molecule in a sample comprtsmg the steps of: N
(1) subjectmg the sample to an efectrical ﬁeld that is directed i m and out of
the IEF buffer or cell compnsmg the IEF buffer m a matnx. for iseelectric focusing .
(IEF) compnsmg at least one cempartment or cell contammg a first IEF buffer and at
: least one area containing a second different IEF buffer, wherein the IEF buffers have
a pH ra-nge 0.1 pH unit ot less and whierein the first IEF buffer and the second IEF
'bu_lfet— hatr_'ea pH stegt of 0.1 'pHun_iteset less; and . o
(2)  trapping the molecule in thie IEF buffer or cell.




- response

“flow around the patrix ai ded

| east one area .containing a second different tEF buffer ere| he IEF -
buffers have a pHrange 0.1 pH unit or |ess and wherein él?w ? LEE

buf fer and the second LEE buffer have a pH step of 0.1 pHunites or |ess;

~and (2) trapping the nolecule in the |EF buffer or cell 16 January 2006
These systens and/or .nethods for one and two dinensional analysis can be

miniaturized and automated for high throughput analysis of sanples for drug

-screening, nedical research such as enhanced detection of biological

. response: patterns- for drug discovery, nonitoring ofdnig.therapies ,

,'genetrc or proteone -analysis, and clinical diagnosis, .and. diagnostics,

e.g.; prot eo"ﬁi?san:edtgmx sndld’hmmwi funonannd avo dignstioHsladivkie chiaye aut omat ed

: _|nterac en titrators for fillin of channel s
 with pI—TH |on Q %%?‘%c?fq %‘%‘%‘W@EE “’é‘ﬁbﬂ%lﬁfﬁ@ﬂﬂﬁﬁ%ﬁm@&getc ), o
Cextr acts@f&n'fngr mEBEAM@Ed A Ric IO LATHLEL dété&mntd?%rcggé}ka ERL! ) tf:lgél =

buf:fers devrces for staining the bionmolecule I ces ting and
scanni rf@f NE d‘%iﬂmfw @@mten ngeiddrug dvecapass, garetncen praléarge amiysim akd/zi ng the

.' -I'mages r t hod can, be d for high throughput
scr eenrcrlrlgb% (ﬂ%{% éla{l afy S R f%rpfﬁtcag'frai“é S'&r Efgcéﬁ“é‘ﬁ?a“%r s system

" i nvent iconstproted td%vmzbﬁﬂedhﬁrmeﬂhgasma&&%t deQﬁﬁQf tm:%&rmiﬁﬁ“%e in the

ri.ous e{turbatrons and stimuli, such as the respons to a

drug, 8?’%‘3 il pHiselwions Ar aslpEmmabiliens, swpliilyteonxtiessamkd to probe
- bi ol Oglcﬁﬁﬁctoﬁéfﬁpﬁ@@ﬂ@rﬁ% Bf\@rlnl)lcgélc%%%p&%%ei 5 C{?‘malgslxgqﬁ g-:tlp Eutjflﬁ;sn?jn Lhat

correspond to a partic I'sease or di Sed 6Y'5°% r eat ment  of

. a part rf@mtanmartbfeb@mmcudh devises for dtectifgRindRc (R BRI g DRAW NGS
FI-G- cw ft %Aéd nt ar ning :an |EF buffer and. having a protein’
~and |o e T EBP 'hg B p0aesy Hrccregteefanﬁwen@élmcaam (B) a matrix

. . conpri Shi%ﬁla&:dmoblﬁ@hlth%u ﬁplﬁ%l:ll §mngleﬁcarg%&j:ﬁn§s' L&Eﬁll rtrcd’i& B2 G rl Sing two

“electrode plates on eit er Si er an FUE SHEY si ng a
“plurality offhsgybisn mvbationgsnvidhemetheds fcﬁcéﬁﬁancfrfgaictéﬂﬁaﬁhﬁr is. on. top of a

~ magnet I he direction of the el ectrical f|eId is.reversible.
FI G 3h’g’“§‘%ﬂ<’>‘€“¥e{;‘a‘r§h§m aefe v %Wﬁﬁeﬁuﬁb’t‘&“ﬁﬁﬁ‘{?tﬁ“‘§h§ 1he eppnse he . bott om

“oof t hetccinéﬂigei db%toaaamatcv& aelgeg&ﬁ,gg,qamd%ﬁﬁm dé@gﬁgﬁ E&I&[&e& ﬂngﬂgic ( buf fer can

y the stir. bar rection®o
‘el ect r PRAMAYS 2 well as shapgessinm @!mFlIf@hummiepatmpsemndp@apat1UEIMer er n t he

mat i X gfsedsale & 40 digLr onpbl.ec n the runni ng buffer across
the cell openings.: %%% dé?"‘lir[’?"ca"‘%eﬁé"%c‘ha%‘é %ﬁ%ﬁ?’é‘é@?&%é‘aﬁf stir bar to
circulate the running buffer.- The direction of the electrical . fieldis -

- reversible. N o _ o ' '

- OVETSTY BRIEF DESCRIPTION OF THE DRAWINGS

FIG ¥ dcplcts (A) a cellcontaining an IEF buffer and having a protem and ion

penncable membrane on opposmg sides of the cell; and(B) a matrix compnsmg a

| plurallty of cc[ls

4a




” F'IG' 5. depi cts thr ee' appar at usres (A) V\/ner ein a pI ur aI i t1¥ of Cfooés are
individually and randomly nounted on a insul ated support iln runni ng
buffer in the .chanber and between two, el ectrode plates;: (B) wherein a

| .plurality of cells are free floating in the. chanmber betweén two el ectrode

- " channel s contEI% 4

" ‘plates; and (C) wherein a, plurality of . cells are attached to each other
- and rotate between two electrode-plates..A stir bar is wused to circul ate
-the running byides deplig afla th&@ng;ns; o) BEHOHE phaitcBlofl it BXAYS] bl e. FI G

. 6 depicts a top vi e?/go aa l?:[&\agérrber Ising a pl Braa |ot; o? cel I's adj oi ned
- in seri eghamanéammwycmmmwimﬂaw @Mmdletveﬁehyhmdcmmﬁcm The pH range
- present i,n_.each cell . and ed ar erpendicular to
t he di‘refi‘f%‘??rbﬁ”ml ieR G’fé‘l“é?ﬁ"‘?{;?:gf‘geﬁ g(hﬁ rﬁ«‘”é‘?’] ?ﬂh%%"f@cﬂgfad {;o circulate the -
r.unni ng kivefsiile. The direction of the electric field is reversible. FIG 7

- depicts biomol ecule in the cells of- a matrix being subjected to SDS- PAGE
capi | | ary el eFlGchérpids prapparaiuseamprising srensiossperded oaerdb@b@ttcgnaf mat ri x

wher ei n n ted int ear serjes for
At achi b Eon R iRrodl o 4Bt e ot By oot AR pGEd e

di mensi othe dhdtfix afiled ®pithd SirdafBlhd diraﬁasﬁ@faﬁchlafm@n fiSliAE RSers@k. Wi t h
-channel s conpri si ‘?ﬁpa plurality of 1EF buffers. Each vertical col um of;

IdHAARRERtuGYheteh, the mapt Toteles ﬁonbstflbwm col um of
channel sy by ‘f&uFeQH%@é:Ex @‘FM FL%ofs%{-, bb BoenibAlY oy gwgﬁééthﬁg{b{spa“d>

- phycocyanln seco I rst
- second, by rahko&mzb f kit Har vecitdutaé trmhﬂﬂing buffes Hﬂtﬁdmbehyn oflhe ROtHAY 2006

- FIG'10 i a of a. chip designed to analyze three target bi onol ecul es
in-a ﬁ‘ﬂ é“eﬁ ﬁFEF buffer in each cell of the chip in the first, second

F: .h S ng Sﬁff.déi“c?%s‘@f el tbafaBisk AT 3R iRR by aPholsif SOTP, £
respecti inéivy'duaﬂbl@nﬂ candomly mmunmdpmz&asﬂmeﬂ ssppoktiatthemenitg buffeei the receive

'-f non- TB hat have .bee ded he. runn ffer for e as a
- control rTq?F&’ﬁ %WB%&“ZD e cfp éé}awgf)ﬁeﬂ’gau “Eaé'i%' B&ui"pﬁéf? feesr Vgs >
- Accor di nﬂdxaangtmmdoﬁinw bRWSerl fvd dl8ctfRidiRed: A t@)\/@h&clﬂu plidalg - ghat 1s the,

sane as the. pl value of the non-TB bionol ecul e. I's an i nmage of a

- chamber ebisard-aftaghedtorpath pdiet andaplate b@w&mﬂwtbelmm platm Akecharede pl at es.

ot oSk e B4 AR ph B AR ERRURBL bR el =Lk %,

= mechani sn('s) Fi. 6atepicts n@ptviey bﬂm ohaigbdibipkising alj0édaligTRaNS fHesdon eit her

side of the. nulticell chip. FIG 12 is an image of a _detection device for

- a multi dBrigspeparated by mebanes tigh Pebskapiplls Taintein dha pH angs graserion s
_' pl urali téﬁcﬁ’t:ei? eahh %n'aﬂgéd%) QIpr‘aliéll}ﬁ" (ﬁ?b@rp‘éﬁcﬂcﬁ% tBItﬁ]ézgigectlon of the

electrical field. A sticbar i is uscd to mrculatc thc rurmmg buffer. Thc d1rect10n cf the
, eicctnc fi eld 1s Freversible.
FIG 7 depicts biomolecule jn thc cclls of a matnx bcm i subjcctcd to SDS-
L .: PAGE caplllary electrophoresis in'a second dimcnsmn
FIG 8 depicts a matrix whcnem the cells are capable of being adjusted into a
K lmcar series for attaching to an SDS polyacrylamide gel for electrophoresis in a second
L dlmensmn
FIG. 9 depicts a matrix compr_ised-df an agarcsc gel with channels -éQmprising a -
plurality of IEF buffers. Each vcﬁica"}rcolumn of channels contain t’he same IEF -
buffer, cxccpt for the fourth column of channels which centam no buffer Ferritin,
;phycocyanm {first band) phycocyanm (sec()nd band) and hcmoglobm accumulated n

the first, second, third and fifth vertical columns, respectivcly




. conbination with a second layer in the system for t

[ ri-a det ecti on ‘deviwee. FI uorescent Iy I“abelmed cdrfpl exes i n édggell ch| p

can be. stinulated by a |Iight source (e.g., monochonat i ¢ | rce) for
detection, then the light emtted fromthe | abel can be captured by a
phot odi ode," converted into an electronic signal (read out uhit), and
anal yzed by a conputer. The chip can be encased in a holder that is-
novabl e rel-ative to he Iight source or diode. Alternatively, the |ight

~.source and d| [ th.chi .  FI G 13|sa

gr aphi cal repr esent at | gzﬁﬁg{{?@g&ﬁggg% gﬁ%ﬁgﬁa&ﬁ E‘ OlCHIR AR 2 4t |
vari ous- c'sampknth&hlIBEsbuffEamfeadatfﬂl otmhefchﬁﬁﬁrtwﬁﬂt secdndeqdithied was@ﬁ§0r ption
t aken frorﬁﬂgﬁsatgdard cuvette with rectangul ar shape filled with solutions

having di%R & SR At the Pl shdbesrmplsnsy remprsingvaious A BLTRMg: aiphi cal
repr esentgd /RN, TR PRMY & ATENTRMY I bel g, ted for
- diabetes. The X axis Is.the ratio of ??1%’?&“% ongﬁég Ilc()’ﬁiC %rf c%@é

" henogl obithattage ddsizned tomeotive hen B aolaoks dnd tiatd l@;ﬁnQﬂd@i waht ﬁdmﬂfgd .
non- gl yc%t hem)gs obi ex ress ed as ercentage. The Y axis is the

“ratio in LG POl B?i‘“tﬁé dey P%HCW@WWtO the sum
of the ambﬁﬁﬁ 0t ek 5 dep| cts
exanpl es of matgr]?ces angﬁﬁ&gﬁgﬁo%ﬁngﬁt ?Hts SI q%/ﬁlgv%/saﬁ(%% h%
- exanpt es phivalyaof theqwneli hiapaieallai ng an ' | EF buffer ("b"). Matrices A and D
.~ 16 January 20 r.ooves. co, i ning | EF buffer. Matrices B and C have

- 1EF.buffers o%?ghgi/'ﬁfﬁflg}% oht © %]q{lgb%pg}pgsm%rpylg&l I ehig deratsdbetieccan ar ea
desi gnat edlo cRectroddplaRsi %@-cﬁzﬁaﬁ&f caiBe afiRhbl 685 pdwl) dﬁ%lybﬁplﬂﬁé g ! N

mensi onal

“-anal ysi s feveRingitheqolarisy obthee treqabﬁclldt Jdle chawber cfaﬂrfuntﬂlnser cnm;mlseat ric
on of "b" trix A and B can

f .
alog gs Is 2?\%&%@‘?‘ k&d‘;h?r%rg tﬂﬁ g&néfl é%%'%%ff‘%h Br\g)ﬂé’i Cd’ﬁlpé’étﬁﬁf‘gt‘?‘b‘ﬂt eygdgolthgy addi ng

. sodi um dﬁdﬂmellldn{ﬁate to the -running buffer during the second di nension
separation). According to another _enbodinent, matrices A-D can be rotated
90 degrees i n Fidy1 %1528 dmpgsiof ndeteeionleyics|for #mltttcut@hxmg‘&ﬁheanﬁmel ectric

f d | _
Cormr o nake Borhfpeshp kBl IRRY SRS B b ERETD RefBSIEE T

buf f er i in 2 Hetectixinrdexides. Hmmwaénal}ofabe‘lemtmplemﬁﬁd::ﬁﬂlﬂic@ﬂlc%fdaﬁlbedurl ng the,
: 'separatlon |]glt t]* rst di n5|on FIG 16 relates to an exaggjle of array.
CRIG 1e(Rjmpated ycf’pll‘%té%‘% ¢ (8, mepgchomatic dighhsaiwee for desgraion emthearray. I n
this ex H?Lt%amﬁt@@ﬁ’éﬁpﬂw%bbﬁya%rbé &pf@%‘f}?ﬁ?ﬂ&%ﬁlohé Q{Bn@ené?ﬁmﬁ{ ! that is
_inperneable to biol ogical noleculés pernmeable to 1ons In the
runni-ng ggetrenic signd (Iedrpt iniNaandbmalized/byfa compakeaniihe chip canetentased The

lrrg?];' ); N dﬁlomdlhér%ﬁatqs Eneo%%g]n géﬂatzlavrc t%rtgg ilghttsp)ﬁ;[celﬁ djfoldlel (zaf\qtematwe Y, lheth%hf orm t he _

‘Source and-diode can bc moveablc relative to the chip. -

FIG 13isa graphlcal reprcsentatlon of the absorpnen of hemoglobin at 610nm
at vanous concentrations. Each data point represents a readmg of absorption taken -
*from a standard cuyette w_1th rec.ta_ng_ular shape filled th_h solutions having different
, -_cp_rﬁieentfations of hcmoglebin | o | |

FIG. 14isa graphlcal rcpresentatmn ofa ca’hbrat:on curve for a blood samplc
' bcmg tested for diabetes. The X axis is the ratio of molaf concentrat:on of glycated
hemoglobm to-the sum _of the molar Qoncentral:lon_ of glycated-and non-glycated
"‘hcmoglobinj expriessed as a percentage. The Y axis is the ratio in percentage of the
o abserptaon of the glycated hcmoglebm to the sum of the absorptlon of glycated and
. non—glycated hemoglobin.- '

-

| HG.15 depicts examples of matrices and an array. FIG 15A depicts 51dc views: ~ )
_ *: --of four examp]cs of mamccs each contammg an IEF buffcr (“b™). Matnccs Aand D
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groove that is filled with |EF buffer. FIG 16(C) is a tqg) Vi ew g the -
- second. layer shown. in FIG 16 (A ‘aligned on top of the #ﬁﬂ' of Fl G

" 16(B) so that the JEF buffer .is exposed through the perforation in the

- second layer. FIG 16(D) is an side view of ~one of the |1EF/lane units of -
the array of FIG 16(C). FIG 16(E) is an enlargenent of a side view of a
- portion of the array of FIG 16(C) (dotted circle). The top layer is the '
- second | gRlerSie¥io Fofuter @ . Shown in
- FIG 16( B) ngI G 1]{7@351&@53 t op 1\%i'lg\rl/v&gtBbi;er(flt((é9>f<pf'§1rrp e !*f ﬁ@gﬁ%ﬁw&%mn si ng
“an arr ayofithe B:Iatrohalﬁbmccssﬁrmﬂll%hng: anummed degigatefléc,” which isralaae. Tisz i n t he
chanber to aII circul at;i.on f t.he bhom)l ecul e across the | EF buffer(s)

or cell smPWCﬁ Epbs piseas capbuptiop wit ayerin hewysiemlor (%9 g t hat

- .periodi C&Heﬁsxbﬁéi%ﬂ?§s dn@aﬁéaﬁn%&ﬁé@e&heai 'réﬁﬁo?%enls flé&ﬁélﬁjcﬂan tep.
FIG 18 is an el ectronic scan of a silver-stained a commercially .

" avai | abl step isindiedted ax ‘&dardpprtiopaf &0 msnatelssoﬁi alpbH qanaEEaﬂqybesa,lanenf ra .FIG
19is a n of a silver:st 0 S, prepared as
16 Januer;rogﬂfo%%1 ﬁsl?'éscé’af%'ﬁ vﬁe&m cgi ’qnf[olﬁ{nag‘ge&n?ﬁmt%ﬁat EE $ar ation ' of
. human plaaiag baffet irdig heviddgd @imensiin séparatién)3 p&com?g Rdnbiheri S a I xlcm

- LUCI TE chip. Each line. on the matrix was drawn by a nodified inkjet
. printer qrrhadimeonpticss AR caube sotaigd §0 dagreps mmindalinecsioninghe samEL t hat

I 1 el dt h and
Pl e AR, B8 e RS 0 SR T
fifty |wirgainstsecdrdigyeticompaibing.ayfeforatod.car bdplacd®bn a?ﬁﬁmx Slich-thatp to 8. 50).

. The matrb ﬁ!%aced in some running buffer in a chamber so t’hat one tip of
each of WhiEY bwfer ipthe marg is eapablerpficqatagting s pmning tudfer dupngithean pl asma

sampl e argﬂl(; &mﬂéﬁgthﬂn&{gﬁ, Junning buffer across the tips of the |anes

with a st r bar e an elecfrical field that periodically . reversed

- direction wasFigpid nehnbsttoahleeamplemfmgraquI@rM(Aj iser cop afey of aldmpld he

" runni ng Parseem Im"fﬂ%ar‘@ﬁt

electric, fiel swi t che ﬁ*tg 3%SDS sol ution was addedtothe
18&%&6131% & sernddarerithmapufaciyrid iR Buf f er .

Then, a wabGARatd R meIReld BiSﬁngéal ﬁ*?ﬂacu%gbgi %?}Eﬂﬁ&bﬁm ib¥igshe'as applied

‘in adirection away fromthe tip of used 1n the isoelectric
f ocusi ndusniag bafer. dBGH (B kis|adtng tvievobf ammmlﬁeof dlinetroh i Thewasitikhen

B s i T T R T A
- _prepar e@mahﬁllmﬂll&cﬁwﬂhml?‘wffeﬂllﬁwiiﬁéélgﬂk a@é@hﬁﬁlo‘f[ﬁ&s&c@g&&x@ ng to a

tradi tiopal two di nensional | EF- SDS- PA anal ysis. FIG is a
di gi tal S2eun iHBIQ-d&I(Ad alianestoit tep of ithamatristod e d1a(B) go e thei IEF bgﬁfanpl e 3.

The SCaks &%s&?ﬁlﬂ)\%ﬂltﬁé %’ﬂ’)f&@ﬂl?ﬁla{hg sée%ﬁd ?a%paﬁ&s q%(ﬂ” fsr:]mtsp G3 v%% 3f Protein
' one of the IEF/lane units of the -anay of FIG 16(C). FIG. 16(E) is an enlargement ofa
side v:ew of a portlon of the array of FIG -16(C) (dotted circle). The top layer is the
‘ E sccond 1ayer shown in FIG 16(A) and the bettom. layer is the matrxx shown in FIG
. 16(B). |
FI1G.17 depiets top view of an example of a system comprising an arraj ina
- chamber compnsmg running buffer, A stirbar i is in the chamber fo allow c:rculat:on
of the biomolecule across the IEF buffer(s) or eelis in “b.” Electrodes Al and Bl
~ create an electric field ﬂzat.pexiodiceiiy 1everses direction du’r—ihg the is'eeleetﬁc'
‘focusing step. ' | - |
- FIG.18 is an electmmc scan-of a silver- stamed gel of a commercially avallable
protem standard prepared as descnbed in Example 1, infra. |

FIG 19 is an optical scan of a ‘silver-stained gel of a human piasma prepared as

g descnbed in Example 2, mfm




. lanes on a’

~“_device f V%Pfamj’ n
"SySten1){mgﬁ§WQMMﬁﬁné@r scanni ng the chip ("scanner’ ) a device for

2D image. FIG 21(B) is a published S|Iver stalned tmo quﬁqf agl gel of
~human pl asna proteins having pl's 7.50 to-8 50, FIG 22 is a cé%parlson of

t he- human pl asma prepared according to the two dinensional anal ysis and
-according to atraditional two dinmensional |EF-SDS-PACE analysis. HG
22(A) -is a published, silver-stained two dinmensional gel of human plasma
.proteins having pl's 5.50 to 6:00. FIG_ 22(B) is a digitalized, optical '
.scan of the'%%ﬁﬁﬁr st ai ned Chlp used jn Fx The scan has been
enlarged ten. FG4Rds 2 paioy qf e mapxysed g %“d’éﬁ“&? ofhupaplasieani | | ary

. SDS- PAGE g} ailifis hgﬂ}ﬁﬁ%pﬂ 5@@3% 8% CHfic Ifdtrdx Y€ a m&nmﬂ:ﬁ'ﬂm%rps LR fifle human
- ‘pllasma protel ns ha , approximately 7.0. Human pl asma protein

was subjeuﬂﬁdnmuxsawahaWnbuausmhﬁe¢n$anpaymmﬂemdﬂnﬂuatﬂﬂﬁgdbrmﬂﬂ in Exanpl e

5. FlGZ4 t | f | DS- Th ‘
dar kened ? kﬁ@ 'ﬁﬂ%ggﬁﬂb a?@ggﬁ Slngkéﬁcq@%Wﬂﬁ%% ne ns ﬁaving
Ca pl of i lAauAEMeR0OB1 GBI W@idﬁ&leﬁ%ﬂb&ﬁﬂﬂ{@@tﬁ‘tﬁ was

subj ected to separation.using an array prepared as descri bed in Exanple 5
a t hilanes stagipgvitiepHyis10: h s 7 44sT50,5e38. ete. BR&mHP@). The mAriGpRGed s a

'schenatlc of a ratus. t hat .ca er, area on a trix. A
St oe. TSimnfRE ot 4 dfp? o G B olffash BEelaRt S Mnlpetrer .

_haVI ng inthedmiinesuid, vahuwaak plabiak 84Bple Wwas cbSlalU ik Ble risnisOBlired with a

:nononer (e.g acryl anride) and polynerizing agent and | oaded into anot her

" devi ce. ( 2cTthe iips Pfhetanes w:ﬂmsur&ggwhﬁeam lectrisaifiald thanperiadesaily ed posi ti on
. on. the %Vrciasx dfréc%oﬁqyés z@%b?& trl!ln%n? f blﬁ’?era% ! %rﬂ? lrm]ilﬂgst th%%'i]ecwe the .
am de sol I on ani ynerizing-agent is

| oaded i Akl msd;emchai ()ffmaB% SDPsoIntien whs addedtio H&)&ﬁnﬂnﬁg eeffeamd @esi red -
‘position on the array. FIG 27 is.a schenatic exanple of one: aut omat ed
syst em = PREC P ipRreka the ugping bakisr-e Then, gapidiscional elsgaraldicld sanpl e

~ into the _ Nals . | :
- feeder” )pmﬂg{)/?%gﬁl?or T ear?g)gll}e'% I{é)&i 1%%5 eﬁg%ﬁt@sgwgﬂf@ew ce for
- addi ng nm/\thewmnlcugiclfuédsmg a(té[bmfdmfwxf eled@fgtl) of the diae] The thip wdsaheni ng the -

- matrix after mensi on s ("staini reagent feeder" a
ththé"Y ﬁ“’&’s? ﬂ'%!eé‘bgfﬁ'ng?af@ ?‘3?“%%1’?&3% ng

 1rece|v|ng and recording the scanned i mage ("conputer”), a device for

-~ analyzi ng t heFi@2biskeeompartpen©f tifhumanglysmagprdparediasconding wrthelivapl ayi ng t he
' ,[ ﬁ?g;dgﬁgjxﬁggﬁg&s"a&;@gg&l%d alcorFllngtg § trlaaxtlongl t%%r(ﬁlga]er(l)sfmnai' B gﬁgl IgAale a

__ analyms FIG. 21{A)is a d1g1tahzed opucal scan of the szlvcr—stamed chxp used in

Example 3. The'scan has been enlarged to scale for campanson thh the Sw1ss Protein
| 2D 1mage FIG. 21(B) is a published, sﬂvcr—stamcd two dlmcns:onal gel of human

= plasma protems havmg pl's 7.500 8. 50.

FIG. 22 isa compaﬂson of the human plasma prepared accordmg to the two'
L : dxmensmnal analysis and according t toa tradltlonal two. dlmcnsmna] TEF-SDS-PAGE
_analysm., FIG-ZZ(A) isa pubhshcd, silver-stained fwo- dlmensmna] gel,_of human -
o 'p'lasma-pmte'ins having pI’s 5.50.to 6.00. FIG. 22(B) is a digitalich;- optical scan of
3 -the Silvér—s‘t’aiﬂéd chip used in Examplé 4. The scan has been enlarged ten times.
FIG 231 is an optical scan of a singlé capillary SDS—PAGE lane. The darkcncd
areas in the lane are silver-stained. human plasma proteins having a pI of

».apprommately 7.0. Human plasma protein was subjccted to separation usmg an array

_ ,preparecl as described in Example 5.
' - FIG.24is an optical scan of a smgle caplllary SDS-PAGE lane The darkened

e areas m the lane are sxlvernstamcd humian plasma pmtems havmg a pI of
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"FIG.29 s a chart denDnstratlng the eff|C|ency of separaHE n mubﬁ#n the |EF
system by plotting calibrated fluorescence as determ ned %’ sperS|on
of a labeled protein through .a.gel vs. the observed fluorescence of'a

| abel ed antibody after 10 mnutes of isoelectric focusing. The nunbers
represent the total nunber of protein nolecules in the sanple,
denonstrating near 100% efficiency in protein separation.. DETAI LED .

- DESCRI PTI ON 1. The | EE. System The | EF system i ncludes_the, foll ow ng
el ement s2PRSPETBHCld O i W'ﬁﬁ%@""‘e&’ Vahbirstes e peraration psipg 28 aM¥| udi ng

chanbersgﬁepgfeaasaeécheemm@wmh&égg&éﬁﬁes Shn FBEEALLPR aPPI Vi ng an

. electric current to the device.- ' The systemnty also I nclude neans for

cool i ng - Exdiepldévi ce, and target recognition bionolecules ("M). 16 January

- 2006 A. The | ffer An LEF. buffer c ri ses.co s that. have a
‘buffering capEEt'Eg 154 SshrRgale g@m%“@&%@a‘ﬂ ke ap {4 b"%‘féﬁfﬁa%‘r corrponents

that or IRRLEE A Qeticl MRedld MixaR RiMtic ar(c?oaﬂxosoﬁm’&l% YorfiSa dﬂﬁ?ﬁ?hﬁhﬂgs or
conbi nati.on of buffering agents). The |EF buff Is in the formof a

© liquid othcsﬂcuret%/pféwalac tj‘éﬁram’dh Theduffar iglcomblt@duﬂnél -‘cmonwags(etghr ough | EF
- buffer unl t.he bIQ uIe 1 a e of JEF -
bt fer ke GuR pebmelintedrdilind S P (3R ShinleP S,

_ det er genghathay s&eﬂﬁﬂ%ﬁfﬁﬁna&&ﬁiﬁdﬁﬁmﬁﬁh&ﬂﬂﬂea&@ﬁ, e.g., Malloy, et al., Anat.
Bi ochem -280: Eﬁggﬁl 10 (2000). It is desirable that the |EF buffers are

functionally es menattmf dnrapparafis dhascammake Bietlanes onmimatrixd AnThe | EF

-t'buffer 0 | 1 n r by

. ~various. %Fegl?}c%%c e%?gtq ggmjtrﬁféjageaﬁ %ed?ng?ta%e&rggf)osﬁ@ﬁg?t%& coat ed,
printed mhtlays&n@imetﬁes@édpdsﬁl@wnftae@g@j a substrate. or in a groove or

channel of a substrate. -The substrate can. be a matrix as described bel ow

~ or ‘a bead nmadBl®27 isfeschampicsipaia! ons autamatedhyysicn. Theayplemiyovidesne ,
- errbodl I f n acidic
" and bast o SElfe i 1 GEEcSRR sEpRRA e Bl Bl G orl e IR O ..
o ("titratanlysjs chﬁhﬁeﬁtn‘af@te fesdar b daede ﬁurtrdfmavmgmmf(“\(rat@dlsp(aal’ ylaam de) and
. pol erEI’I |ng ent. and | oade er. - gdevice matrix printer") that
- lays th f%%f“i‘é%?‘ﬁ”&’%%“@%‘g&é‘? Eﬁd‘ifﬂ) tahlé‘"ﬁéf?r sjaining “83‘5”‘ Fig.25."
‘These d%&@@o Qlﬁﬂcrt%ﬁmbﬁﬁﬁb@f&r(aétﬁﬁ1dg'}EégcﬁPfcééIEr9ﬁ§td@ﬁcéY&%ﬂﬂ?n@qﬁé‘o' ines are
a set of various ol go-amno and/ orf oligocarboxylic acids are- -

~‘anphot erstain¢d chip to pwnncm(é‘maﬁmﬂgwsysmnda; alieviceddi scanmiog an vel y charged

S '18086‘3'_, ¢ “n%gtlncl) D, astf?:vncc fgr r%‘cr:]e(Qang \2/1161'\(! recogﬁln s cS:sI:arn(r)tc %ngco(xéompu?c#) 300 up t 0

devme for analyzing the recorded 1magc (“software”), and a device for displaying the
recorclcd ‘image (“dlsplay”) |
FIG.28is a dlagram ﬂf an 'cjtemﬁ'le ofa thrce~clectf0dc syste'm
FIG.29 is a chart: dcmonstratmg the efﬁcmncy of separation within the IEF
system by plotting callbratcd ﬂuorescence as dctcrrmncd by the dlspersmn of a labclcd
- protein mrough a gcl_ vst thc ob_sc_rvcd ﬂuorescence ef-’ a labeledAantlbody after 10
~ minutes of isoelectric focusing. The numbcrs represent the tetal-nu-mbet' of pré_tei_n, '

molecules in the sample,_‘dcntbn_stgating near 100% efficiency in protein sf:pﬂfattion..

| | . DETAILED DESCRIPTION
B R The IEF System | '

The IEF system‘inc-rl_-udé's,thc following elements: one or more TEF buffers, a

unaing buffer, a device itacl’ud‘ing’ chétrﬁbers and/or cells to contain the buffers, and
means for applying an elecmca] current to the device. The system may also 1ncludc

) .mcans for cooling the dcvxce and taxget rccogmtlon biomolecules ( “TRB”).
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Anphol ytes can be prepared or purchased. For exanpl.e, sevgral @ ler
anpholytes: are knownin the aft (e.g., pages 31-50,.Ri ghé 3 (1983)
| soel ectric Focusing:. Theory; Methodol ogy and Applications, eds., T.S.
Wrk and R H. :Burdon, Elsevier Science Publishers B.V., Anmsterdan US
- patent 3,485,736). Alternatively, comrercially avail abl e anphol ytes include
Anphol i nes (LKB), Servai ytes (Serva), Binlytes and Pharmal ytes (Amersham -

"~ Pharnmaci a Bi otech, Uppsal a, Sweden). | muobilines_are non-anphoteric,

bi functional atsryl dhedEFRufilerati ves of the general fornula: CH2=CH CO- NHR -
I mobi I'i nes cag, R&: e ed.or purchased. . Eor ﬁgﬁ? ‘ ods ¢f.0r ‘
synt hesi zi ngi ﬁ]}’r&‘%%f !fﬁegg&glﬁ%&ﬁﬁg%@%?{tﬂgt%aﬁgaeﬁ e %ﬁﬂpggﬁat&%gﬁdfa (1983) J.
Bi ochem govapply salud/tiulffering agemt)Ik Epmpdhaitmiabordganigstodann hgpH graflfenf anuary
2006 copol ynerized with the acrylamde to form WG s %%IWPH :

gr adi ent y-8--apphelytes dmmebilipes 95 2 cgmpipatien Abbiiainggents)- ¢ t ‘can be

pur chased, ;¢ ) £ 8N red. | % : eLi
_non-arrphg% leﬂﬂg ?)r?fg @i@&%ﬁ@ﬁ%g@%@ﬁ%ﬁﬂﬁf e%‘%@%ﬁ%?ﬁ%ﬁ%g are
descr i bedEFrbuffet enlessii pltofahe bioeleculelient tho pHomegi of thenfEH bud$dreAmwic - N
Focusi ng .of .Proteins: Selected Techni oues, Berlin:\Valter de G uyter & Co.
(1984) ; i Quffer@n qemprisg Ofer casmpppents §ach 4susea, detergept andea J60REIRE | g agent s
‘include § eﬁﬂ\és%yd"eﬂﬂgéé%gf Wiatds, coll M MnEEBihémobhdae! i -10Q0d00) itys 44. 6rM
HCl; 52nMcitrate acid, 96mM Na2HPOA:™ 50mM BI CI NE, . 18nM NaOH;  and 50mM
. DMGA, 40rdusiabBHthatthe IgFbefifers arftndgionall psiably under theeimflveidecof anelestizh cel | can
~have a ngrrl w or a.wide pH range (e.g., pH 6.8-pH 7.8 or pH 6.8-pH 12.8,
. respecti\ é‘i@) An | EF Dbuffercan have an extrenely narrow pH range, e.g.
5.50-5. 60 (0. IrHHER Butfeitdr deR eompHkihf eleaPFufRf ci Be Brned bPhamtbr®nge; e.g.,
5.52-5.54 (0:02 pH:unit difference or less). This is possible because an
| EF buf f etarigahdayécepnBorsuspingle; thy IHGdnffer ¢pmtbertiepotied fe.adjogtedeprintedgrcert ai n
pH val ue._ | hi s case, . the nge of the |EF buffer .i egyl val ent to
Phe. but £ spb Bnecdiee of ErBetif PER DhrobRort Mt REE britai Hhiele £0° whi ch
. the buff esbaigitegarte ahnstikasdesetdbetbbdow of B Beidmade dfithesatnd malegfabhs to the
" increnmental difference in a pHvalue wthin the pH gradient created by .. -
the. .| EF thamelpx. Aeerding iong embpedimeng the B buffericabemede By 2 dgvicfer ence in
pH val ue; een twe.di fferaent ] | £.:. 04 LHIJAaLene cell
t he int er‘@%ﬁ?gﬁﬁ %fehlgéﬁ({sﬁ‘{asfé{%ystggtgg&%ﬁﬁﬁ%‘}fﬁgh?ﬁég%h&? ﬁ%& H}IV:M%H range in
that cel [(“iteator”).. B¢ IafBs ispddmibifedpiity a thonetner (e.g.jacrylamidepbhd . | n anot her

- exanple, the pH."step" . hetween an |EF, buffer .in cell #1 and cel]l _#2 can be
O B RgingAeE R g 1o T Anotdegice (e PRt DR AVLO8 T or ad ent
~ starti ngyagtePhl £dBirdFosAH Hh@malik. 7s8, apd rihes. e E&!\g&gcahrbece_l | #2 can.

have-a pH gradient starting at pH 7.9 andending at p
B alncorpora'tcd_ info an automated system. :

o ,Am_phb’]jncs arc a set of various oligo-amino a_ndld_r oligoe:arbOXylic acids :that

: ‘ér&:'_:amphqteﬁc-{i_.c'.,_ positively charged in a‘c_:idic'media‘ a‘nci ﬁegati—‘wfé}y charged in basic
) | '.média),-sﬁjuble atid have M; valﬁc‘s- from api)mximatéiy-23(50 ;'n_p tolOGO u '. |

' Amphb}_ﬁés‘can. be _pré_pf;réd or purchased. For example, several carrier ampholytcé
are known in the art {e.g., pages 31-50, Righetti, P.G., (1983) Isoelectric Focusing:.

- Theory, Met.hbd_()lox'zy;an.d A’Dpi-icatibnls_-, eds., T.S. Work and R. H. Burdon, Elsevier
. Science Publishers B.V., Amsterdam; US patent 3,485,736). Alteinatively,
'_‘--cgn‘imerciai!y available ampholytes include AmI)hoiines -(LKB),‘Scr\'ralﬁes (Serva),

‘Biolytes and Pharmalytes (Amersham Phar'macia'Biptéch, Uppsala, Sweden).
- Imlxnobilihes.arc- nc;n;amphoteric, biﬁmétion-é‘l. acrylamido deii-vativc’s-df ,fhe 7
: geﬁéral. fénnula: CH,=CH-CO-NH-R. Immobilines can be prcpéred or puichased. .
' Eor ex’amﬁ]e, mgthods‘ fqr synthesizing immobilines are known in the art (Bjcl‘lq,l.jistrét

*al., (1983) 1. Biochém. Biophys. Methods., 6:317).. The immobilines can be -
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(i.e., - pH 7.9 minus pH 7.2). The term"pH range" refers tﬁa hest to

the lowest pH values in an I'EF buffer or a cell conprisi g}%ﬁ'pf buf fer _
(e.g., pH7.9-pH 8.9), or the difference between the highest and | owest pH
values in a | EF buffer or a.cell conprising an JEF buffer (e.g., 1.0 pH
‘uni-ts). The intervals within a cell do not have to be uniform Further, the
pH.steps between two cells. of a-plurality of cells do not have to. be o

ool 15w EPPRER e MR B oo T TR bR RS ek I8 o r ange

. and sl lcanle prRRdbSHERAISRHMTER the ar br & bhati@a¥ed2006 Accor ding to one.

. structure . and an ou er side tha

- enbodi nent, the pl. range of an |EF buffer ina cell is a, narrow
pH. gr adi ent , d’fbgl’adleé§§aﬂ hadormred IyHnixieg amphaigsic s nenfasypheterigiiutiers. Accor di ng

Lo anot eg cehor! ARRbortAS oA ARAN SRl kiR, SR RCeOYCREpeYEr el PH

- unhits. Accor one’e F buffer is

- 0.1 pH UrElbctﬁfnhb&sﬁ and lnoaneﬁi&qfocuai’g@@ﬂths SH%@t ﬂfetmﬂ@i__al of an | EF

- buffer is 0.02 unit or less. According to one - odi nent, the pH steps
bet ween (RBIBIVAF de Caryte i (19545 Bn UsFaient o. 544612 [Biets oMy ( o

“"anot her W t are 0.02
~ 'units or esshfg@rl]é &ﬁ%ﬁqnﬂugiIW§&%F1QSWP%C%M%§%35 éﬁul EF buffer
Coin : tdancbqaﬁﬂ;imﬂgr'ﬁm ﬂﬁtﬁmMH@hlSthMciutate :iEh:E%mM NggﬂP(b@}ﬁen?my shapeI I
= includin _ rectan and a cylinder. A ce

- can havew fé@"«ﬁ%@ﬁ "géﬁ’éﬁ%?ﬁ\g(}%“gwgﬁ He of the structure. The

- valls of the cghllprnauGieAlcrbABEh ﬁ#éjﬁiﬁﬂ]ﬁfﬁrf %ﬁcﬁ?éﬁ@fﬁegxrﬁ%n?%gf of the

aces towar e.-outsi cell. See
~e.d.; Fi g’,rldeHrmE(a@n m@l&ﬁqxﬂﬂ]ﬁsar@tﬁﬁqﬂ{ uz8, rcwemﬂ#dly)ofAm[Eiéll can be nade

- of . I d t hat b I b) bi I | :
e e e iRt PH g e a5 BB A et or 18 ol 5 Sorre
- of ‘the wai]xtf&e@ée?bh@m@%m@qm% EMPENS L AL OIR ADuft 8ffeldifca by fds8! d-

- _However, the ce wal | s shoul d be constructed so that an electrical current
~ can pass Thig is possitde bedapse ﬂmlﬁfﬁwfﬁﬁm@beoamblhf@enngtaggntah@dms htan a wal | of the

- cell. For NG .D gl a be c_.can be i nmmersed .

. in acryl aﬁ%@#gm&n véiv\lfeed IP 135% ﬁ?grpf%'é‘mé%?hh ﬁsg%g tgﬁr 5t hen soaked in

-an. | EF bugbigtilentioghdber@rapiany df&hélﬁlﬂﬁcﬂr% agb R mAWRe pHOMNENE cel . Thus,
blonDIecuIe can: be trapped. in a cell that has a wall soaked in an:

S EFbufferWl%‘?thl yifempg hadbegaiadivsted. t he pl val ue of the bionol ecule. |f

BT e oS S Ao T g
. .per rreabl @H gradiont aeated by the IEF buffer. The term “step” refers to the mcrcmcntal
‘ : difference in: pI-I value betwccn two different IEF buffers. For- cxample within one
 cell, the mtervals can be as small as 0.02 pH units through the full pH range in that cell
| (é g, pH 6.8, pH 7.0, pH 7.2, etc., in that cell). In another example, the pI-I "step” ,
o between an IEF buffer in cell #1 and cel} #2 can be 0. 1pH unit. For examplc the IEF
o _ buffer in-cell #1 ¢an have a pH gradient startmg at pH 6.8 and cndmg at pH 7.8 and the
']EF buffer in-céll #2 canhave a pH gradxent startmg at pH 7.9 and ending at pH 8.9
(l,e pH'1.9 mmus pH 7.8). The term “pH range’ ” refers to the highest to the lowest
: pH values in an IEF buffer or a cel] C()mpnsmg an']EF buffer (e.g., pH 7.9-pH 8. 9), or
: thc difference bctwccn the highest and lowest pH: values in aTEF buffer or a.cell
~ -comprising an IEF buffer (e.g., 1.0 pH units). “The mtervals within a cell do not have to
-be uniform. Further, the pH steps between two cells of a p]urahty of cells do not have |
tob be uiiform. According to one embodlmcnt the matrix compnscs IEF buffers or |
“ce]ls with IEF buffers having an extremely narrow or nltra narrow pH range and small '

- pH st;ps between each cell.
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"~ bi onol ecul e-i

nore of- the bionolecule of interest. In one enbodi nent,

éthe alls of -
the cell are perneable to thebionolecule of interest. ARot ﬁg '
enbodi ment, all but one wall of the cell is bionolecul e i mper meabl e and/ or

_|rrpenetrable by an electric field. In-.one enbodinent, the walls of the
cell that face into and in the same direction as the electrical field in
~the first-dimension are perneable to the, bionol ecule of interest. According

to an alternati t he cel .£an be
_substantially A\rérgoerﬁ{rlgqg F@bﬁ%g’% o‘f%f‘ééﬂtgém%@?'?ﬂt‘%%ﬁmﬂfcc & bi onol ecul e
©of interenind: pmgratﬁauaég 288 dnSorR PHGhiPsARPoORTRPEL nlﬂnsadmcaﬁhﬁg @anpl e
~.conprising the bionpl ecul e of interest to the |EF buffer in acell inthe -

_ syst em an@"qthyr eambogifpeng the eHoradiantas tireellds ovessevaralapH bnits. Avsordisg font er est
Lo m grat g, oufBfintdde tﬁ’éaél]l[! intePral pt]il} @ybuf{fe??s &? a{'o(kigssuilg?%d ert he first

~-di nension st ep I n corbl nation w ces ays and
~ met hods. dinbodiaieht e iteranl G Ftuslet ﬁld 02 it aqmr aIAcwmsng tb@ne exanpl e,

. the cells ¢ be cont|guously arranged,. ., Wherein a
~ bi onol ecuP‘ng‘@Fﬁﬁbﬁf"d’ pteps betysen Eﬂ‘fﬂf"'emofc W&ﬁl@%ﬂé‘ﬂﬂ%f’f@%ar at es one
. cell adjo @gem
* - enbodi nenl'tl\eg%ﬁigglt%%%mﬁ%?s or F'Ieéﬁ at e "db\suc%ﬁ?ﬁgfl&%l om)l ecul eS
'}-_substant|a[312ymttsava$s from one IEF buffer to anot her by m grating through
- the running bué C|rcul ating around the 1 EF buffers or cells rather than
- through one fer directly into another |EF buffer or.through the

"~ wall of one ce}l ccﬂ lig £E¢§lkd¢v S QuRNRANEE afe B buﬁ*?n & dfor g elga intBa0" 2.

.'Accordi ng . to one enbodi ment, the isolated cel are adj ol ut have
bi onol ecuwall Dﬁﬁeﬂ‘headdl ea!ﬂaatverannbhmpwladimgg splzena tSengle, squgrc fEcgnglé.

_-';-'Alternatlv TEE buffers o | | s. are no I ned _
- Accordi ng®™® %{%%Wg dltaveﬂ“etoﬁB’OFFEﬁa%%‘%fp@PéinﬁP“é’?—ﬂ‘f" p‘?’;1{”c(a)hﬁont|guousl y .
arranged, stAlctdr&aThe Qﬂﬂs oiQhe chehia drSinfér sidanbdiie Wb ss tl&rceﬁ?cl‘ beththat is

not adjoined to another |EF buffer or cell .contacts the running buffer and

s per meafiusturg andhan gternpdethat @Cﬁfeﬁoﬁgfdséhft eutsidT hEthekpll. Spafefgeriigol. cel I's can -

i f-orm part. f ce not adj gined in
- series tngé ﬁ%(ﬂ] ﬁ\ﬁné_@ﬁ%%ﬁf as“e%ffaeC%grcra%&ﬁ‘ég&garYffBgfegqur%'fe FJSqT

- el ect ri cadolifitivdtds mbmmuragmeshlmaeculé’ hepdrheaslk emllr&peﬂémmxe or
can be a nmenbrane depending on the

- able material '
~~ desired r%ﬂ%%%%ﬁ"&ﬁ@e%%n be prepared so that it has virtually no
- net. charge iin ﬁ&ﬁc@ftﬁEWallﬁoﬂf@&l%ﬁb@ﬁnﬁ%{cﬁ*ﬁb@%wg I_ffenc? In an
p € a pH Vv

| alternative enbodi nent rane can al ue
int er medi Ho‘eevebshv\e@hwaﬂmslmldki bncdistricied stethatdn ¢lbaricanhirantean phisintos

- gfz 'Sreﬁlg 'e O%fg‘r R A Bty S e ihlefirated o a UseT %chte ey RaP Lanes, Gaused by the
' Whatman GE/D glass fiber filter disc can be 1mmersed in acrylamxde that is allowed to
polymcnze into a gel and’ then soaked in an IEF buffer. Thc djsc can than be usedto
fenn a wa]l of the cell. Thus a btomoleculc can be trapped ina ccl] that has a wall
‘soaked inan IEF buffcr that js the same pH valie as the plvalue of the biomolecule.
_ If a sample comprising a blomolecule(s) of initerest’ is. added to the Tunning
buffer in the system, then at least one wall of the cell should be permeable to one or
more of the b:omolecule of interest. In one embodlmcnt all' the walls of the cell are
_penneabie to the biomolecule of i mterest In another- cmbedtmcnt all but one wall of
the cell is bmmolcculc lmpermcablc and/or lmpenetrab!e by an electsic f eld. Inone
: Embedtment the walls of the cell that face into and i m the same direction as the
: electncal field in the first dimension are permeable to thc biomolecule of interest.

B .Accordmg to an alternati ve embodtmcnt a wall or the walls of the cell-can be '

o r._substan_ttelly -1mpermcablc 10 the blomoiecuie of i 1_ntercst if the b:qmoiccule of interest
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el ectrical charge on the nenbrane (electroendoosnDS|s) endlg& on the,'
desired result, nmenbranes useful include those described i'n Pent No.
4,243,507 to Nhrtin. Al ternatively, nenbranes can include nenbranes

coval ently bonded.-with immobilines as described in US Patent No. 4,971,670
to Faupel. The cells can be directly or indirectly attached to the chanber
~as long as the cells are capable of contacting the running buffer. . For

- ~exanple, i{hs m or s of the
" chanber or n%ﬁl]t E% to tEF (ﬁﬁeéi%?[ﬁg 9&&@%}@/ %(r%)ﬂ%ry Pg‘ﬁ“?sﬁi%ﬁ‘gt. ng

~ support : IBBbuffergn aglelldn thﬁwsmmm(Z)Qélloenﬁgbidn&ilyculésmdﬂﬁhdrﬁ thawrde placed

“in a matrléftthat Is attached fgﬁ chanber or attached to a post that is

_at t ached PPbCRISTeSE IPpMFERLC opho Jis wayptheicet gen be Aeeddethestigbnpr i si ng
“an ‘| EF bufhé&isidaadp lh%oﬁlbllpdﬁfoh%imge AR fies. r@%gg,l Sf?tgmfs fi&) etﬂo@l the running

buffer, but the cells should be I'stinguis dred e pH range of
the | EF buf f edhg gellhwande dtrangﬁkspangly mEeg:raleays Fok hmmp;wmexcars dahe

‘i ndi vi du lls can be. tach b er such that they rotate
within tR&° 'ﬁ%%% ﬁgvt“i ﬁﬂpa torg %C fePFEwadbly on adyemelaculey | |

~increasejmg rhi&@blélnza@eﬁm EfRatdone Uik r S§8 rding to one
enbodi nentﬁe the size of Stlﬁﬁal EFncbuf faejr%]lim(a toh [:hcldgg‘%tg éul‘%dﬁ%?he | engt hi

1 EF buf f écceydingdpione PglbaéméﬂmltM@*‘mMMc@llsﬂae 1mediiwu’chrthator cel I | engt h

| " refers t ross-section of EF buf fer or .cell that
. paral lel BIOHH?? c%%?)(sa%{'ﬁ%ﬁ' tfﬁ'vet ‘éméﬁnggarg gB T 19 2g0ther by migrating, ‘Eﬂgl?ensi on.
- The | EF ihefriveiing buffed dircubitielz Arduall @icTERb YRS oY @A8 Fatk Qs hQ) gOf the JEF
-~ buffer or._cell that is perpendicular to the direction of th ectric -

field i nEHBEsdinsetlyimte arotber IEF huffarorshtsugh temwall Dﬁenamzlllldlrebﬂ)ngtm can

beany si mm .l n _ anot he ient, the cell |

~ width ca%%tg%&g%l;/ g;éi)egl g‘%% ég % ‘gr o‘ﬁé‘nﬁé‘iﬁnﬁﬁ%[’ ‘$ ?é‘?‘f’e‘s‘&lé'i‘fdl‘iﬁnﬁlarl ous
S| zes. Aseanphing Huo haveebiembiediled fipernidiBloihateRaldkpiting IRRE Je8. 20 nMicrons to
[i m crons. Accordi ng to

mm Forﬁbéngeggthe width_of the | ane can be ]
anot her &Ab0di termafixely thg iselaigd X dueaner gells Brellmfrﬁdjom Asnerdign
Canpri'setyHi=el i f si ze,
. shape, . chargembg]ki ??ﬁ#tlgﬂgrmgo& Fﬁsg%}?%ﬁg?ﬁgPé%%k%%mg?ﬁeaﬁg%ggn i ncl ude
those sefithaplalls bbﬁledEF@uﬁbtsguraleatab actadjihed esindtitey THF aﬁff&?@ﬁmaﬁGE .zone

: : -:2: :g: r op hoo rta%?s tﬁe rt?rInfnll gnlg}uf}[er ?st ;gerl%egnlg Esol tﬁe bfo%lljtllllatlzu?é gngg (taeCsEcE:!O e rIEegl s, and
- . buffers or cells can. form part of a matrix. The IEF buffers or cells may not be |
| : ‘adjoined in series to each other when the cells are arranged in parailcl to the elcctncal
ﬁcld of the first dlmcnsmn '
_ The _blomolcc_ulc;perméabb or “bio‘md_le(:uie-imﬁeﬁneabié inatcﬁa}: can h‘c: a
membrane d'ependj-ng-on the desired result. The merabrane can be prepared' so-ihat it
_' has virtually no nct charge in the electric fi eid at the porcs of the membrauc Inan -
N altcmatzve cmbodzment, thc pH of the membrane can be ¢ a pH value mtelmcdlatc |
i - between the'pHs on-both sides of the membrane. This is desirable to minimize bulk
fluid flow through the membranes. caused by the presence or acqmsltxon of 2 an
_eiectncal.charge on the mcmbrane (e!cctrocndoosmosl_s). _Dcpcn_dmg on the dcs-ﬁ-'cd‘ -
result,  membranes useful include those des'cribed in US Patent No. 4,243, 507 to-
o Martm . Alternatively, membranes can mclude membranes covalcnt]y bonded with
" immobiliries as describéd in US Patent No. 4,971 670 o Faupcl , |
‘_ | The cells can be directly or indirectly attached to the chamber as Jong as the
i Qells.'arc capable of cont—ag;tmg'ﬂle mnmng.:buffcr. For-_example, the cells. may bc'

" . dttached dir‘ebtly.to thé‘botl;dm or'sides_nf the chamber_or -mounted to the chainber by - -
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| _'c.hror.rét- 6graphy.. Ac.(r:”or'di ngl'y,. '_i.n' c')né" enbodl ﬁént, thelane1%§}n bé_%ﬂﬂ-
tube that is filled with chromatographic substances (e.g° W4y
chromat ography) or .substances useful for electrophoresis (e.g, capillary

~.zone el ectrophoresis, capillary gel electrophoresis usihg tross-Iinked . and

uncross-linked gels), and capillary isoel ectric focusing.. According to
~ one enbodinent, the second dinension is an electric field- nediated.

- separati on,techi \, | ane, rdi no- t o one enbodi ment ¢ anpy.i se-a
el e raiEalnedh. SA% LHTE D% MBRATEINOPEETE waRhe BRRE <. g.
~ US 6, 197, BnBattiiithaas akickdd tokheclg@hbel ok Stachad &d fdst anishRageAms irped of
T nononer s tf?'at ,haﬁa been pol ynerized. The gelcan -be denaturing or
‘non- denat FPPRECH &t yetpEobrrbediment. e cslyeRmponing asdEFdwifentabis avar i ous 14
.16 Januar Y8R0y R noivifst -ar g . i camn. ¢ j.se additional
- conponent s__suchgagé ureg,' dferéég-ggﬁfr}gllf\'ﬁn%&ggﬁt@ﬁ%e%Zigﬁﬁor@it%eeded. See;
‘e. g., Ml ldstingeished to,indinatk thefiibeAngenof ti28BF baffedinkhs (A0QM) e.g TR, I5BNe i tsel f
can conprise an. | EF buffer for further separation of the bronolecule that
" 'have accu syl 97 fhg Pdivigual gellsicap bg attaghed fo thechambansychoiat thay rafataat i vel y,
-a | ane t hafitisR A dna@bean | EF buffer can be converted into an SDS contai ni ng
‘gel by the addition of SIDS to the running buffer, hence the bi onp] ecul e can

B separat e in thdhssersiivit ofdhsinethodnsetisysrmntiti dudredse weihghize ofg&OIRK Ng t o

2 ~one enbodi t he, | ane I remade to conprises sodi um dodecyl sul fate
(5Ds) " and PR or el srBs  AebOiss and gmbeanat ersvie sl dhe BRERE. | engt h
. of the | apelliparsansiy o RSDEEWRRAC BOCAN, RTRISEENAE phERRL PRI baKs' S
.+ According to a further enbodiment, if the I'ane cofprises _ and.

~ pol'yacr yI &rfélklegath refiersdio|thmwidestreross-ssaimhwithe IEbiatffie encell tat isiparaleyer and

. anot her 1. (A e th . l.ayers, can be.bi onol ecul e i rmeahl e and ion
i nper mabﬁ%&gg ullé'%%n %@hgﬁcgpg&ae ﬁ:"@z"e chg?‘gd‘&ﬁ‘?mﬁgniﬂ? g‘%‘%ag'})f o seé and
~direet an“@dith%frcfsaoftﬁeewemsisbaidnadfeh@wbﬁffe@_@;}&aﬁthlaﬁ%?@%taﬁ(ﬁéuzmﬁ%e €.g.,
. Fig. 36 The ‘{i%‘ge can be formed by hand or by various devices.. For exanple,
~an  acryl 4 GEcuen ok the slegisie figldi hersecond dimengiont Ly anc bebidimertthernell a -
" device (" {hl oan BRMAWDEEE D 0.t Tinids lanes. iy a.desired. position. on an
-array. . S_Ie%,hmeéa bgaEPEEEGQgA HD%I&?SIS%)' “offi g'éallmr'%g re"imbé}gfrﬁ?'@*rﬁ’?gabne
- exanpl e. Sidth carbe amssizgie. godOimicompaes 206ehni.Nnt 0 an aut omat ed system Vari ous
-~ nonomers can ,bﬁ'pu%a?d in addition to the conventional acrylanude/ bis
acryl anude sol GPf 5i§e 6n b Xatnuis siees. o remding & enacanbpdiisent; be widil afthe he f i r st
and/ or_t Nfane SERDRGATBISHAN ok BmplLnt SidAOMhel 1 AR 2 1bh Al lons
-~ chem cal l y-pol yneri zed gels to use hydroxyet hyl nethacryl at'e and ot her
-1 ow nol ecdreardingte arotherreptbmdianentrbe tangpioefredeh se i 00@AS; t hese have been

' C?_[TTTEI’_CI -aI. ' ZedTﬂélﬁnEQﬁ:eéolf\r?ﬁ] : eé%l&t&'?&l]&? suitable for separation techniques (¢.g., by

' size, shape, charge, afﬁnit'y or combination ;hereof). Such material can-include thosé
- '.s'_ui[-abl'g f0r.chrqmatqgraphy, _el_éCtrophdresis such as SDSL~PAGE; _zb_rjé . | |
. electrophoresis, .afﬁni-ty_élecﬁophoresis, capillary electrophoresis, and electro-
‘ éhrométog;aphy. 'Acco‘r"dingly; in one embodiment, fhe lane c_aﬁ 'bé -a‘-capil-iai"y_wbe
~ that is filled with ‘chroﬁiatqgra'phit': substances (¢.g., liquid chromatography) or
‘ .éubstanccs'us'eful for clbctrophoi‘csis'- {e.g, capiliary :zone‘elcc':trorphorésis, caplllary gel
-electrophioresis using c_mss:—linked and-uncross-linked géls)-, and capillary isbeIeCtric
focusing. According to one embodiment, the second dimension is an electric field-
“mediated separation tgchni(jue. | _ N
) A lane accordingio one-embodiment can comprise a gel-like mafeﬁal that i.s
suitable for clectrpphorﬁti‘céeparation,_ e.g.,US 6,197,173 (Kil‘p&tlidk); ‘The gelike.
' naterial can be comprised of monomers that have been 'polymerizéd-. The _ge'I'_cén. be

: ‘d'g:natilﬁ.ng or non—d’ehatmi‘hg for the biomolecule of study: The gel Can.have:"vax,'ious-
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Use of. pol yners substituted with one or nore acrylate tngéﬁ %&g has also.
‘been described in the literature (Zewert and Harrington, %hore3|s

13: pp.824-831, (1992)), as -especially suitable for separatlons in mxed
solvents of water with miscible organic solvents such as arcohol or =
acetone. Gel-form ng nononers can al so be any substantlally wat er - sol.ubl e
nol ecul e contai ning-a phot o-pol yneri zabl.e reactive group, in conbination

- Wth-a b nbi nati on,
once. pol e ks, McERABAD ORI EAPERRA PR LB GREtucIE ufi)
-el ect r ophdetezgérs and aﬁedﬂnamgagmt%@ﬁee&deﬁ’aé argy, Malley ewodl s Anak Bicksheacr yl am de
I n .conbination_ wth thny]% ne- bi gpaacryl am de_or fot her known crasslinkers

‘hydr oyet MA%BR-dOr gL e dselk Fan camppriss ea JEN bptferdop ftrther separafign, about
300 dal t ofyghe BB egare\m habe ALk hﬁ ﬁ'tﬁie mﬁd%&%yme%st cﬁﬁlbgqm@”d

al kyl - substltute erivatives t as crotonic aci Vi nyl
pyr r ol i- doAlkternativety, aﬂzhmﬁhalwonnphesmdndﬂF\haffghcambemphvmml iafol ap 3D&onpounds;

~vinylic, allylic cr and acrylic i yatives non-i oni c |
ro ey s Sttt Sy s oSS B piring Sk, Tonge fhg bSmecule PR o1 | nker
, FMC Corga, arateQEn{erseébm&ﬁ%@&h@éﬁ%ﬁﬁﬂ&%@%@ﬁ and derivatives, such as

- cel lul ose derlvatlves I ncl udi ng hydroxyet hyl cellul ose; polyvinyl alcohol;

nmononeri c, oI |wn$10m¢mﬂmawcwpumm%tngm§woﬁwm ncl udi ng

 Prereor: PR RISHRS SiF e ER o Wi el SRR e

pol yner's Ieﬁg!ﬁ Bf ke JarleQ4 ydﬂﬁw?crka%wméﬁ weﬂsﬁﬁﬁmécu&,qmﬁehﬁem Ryerspol yneric,
~ N sopropé acryl am de (which is tenperature-sensitive), maleic-acid .

~pol yner's rding sl 4/ fvether erphadinent] if thelanke etrpprisgs @S@ndmlwmmmﬂceclhyl ene
o with viny tat. Qac otide and
 copor yrote BREALRL il FLE BV m AR SRR, SR B |
hydr opholifere eiitRibistaole b impeipicabldiang lomﬁfpéﬂhmm lon@xeadibdtiiog, Styrene,
and hydroxyaci ds. The poI ymeri zabi e:materials . ‘'need not be entirely :
wat er - sol i ean RespiEais e lpneandlicest yerlecinie field domwadhe g awax Tromeihgded in the
gel form]ﬁg.-bgﬁlcy@egg %t}gds for meking pol ymeazabl e derivatives of common
" polyners are Kknown e art; for exanple, addition of allyl glycidyl
.ether to hydr &?y:lla@raauﬂns fmsnedkhydmd oaby ivariestdevices. dadrieammple, htydr oxyls . with-

| aC|ds anh es or. ac | ori.des, such .a |ic . anhydride. Am nes are
R AR oo S oSk et evn b el AL MR gy e
- derivati zehid®) iARAys 19836 b RedrcalR\RioNoh lan GRAY. 254, BB, %& bgnaone reactive

mod;f' ed ofﬁce inkjet printer is one. examplc Such dev1ces can be mcorpora{cd into

an aummated system.

Vanous monoiners can be used in addmon to'the convcntlonal acrylam:del bis-

- acrylarmdc solutlon or agarose solutlons to'make a gel for use in the :ﬁrst andlor the
‘ second dxmensmn steps. Itis known in conventional chcnucally—po!ymcnzcd gels to
" use hydroxycthylmethacrylatc and other low—moiecular weight acrylate-type
_,compounds as monamers these have béen commermahzed as "Lonc-Ranger gcis .-
Use of polymem substi tuted with one or- more acrylate-type groups has also been'
- desciibed in the literature (Zewert and Hamngton ElectrophorcSI s 13: pp.824-831,
| (1992)), as cspcqally suitable for separations in mixed solvents of water Wi_th miscible
organic sofvents; such as alcohol or-acetOne Gel-forming monomers can also be any'
| substanuall y. water—soluble mo!ecule coritaining a photo—polymenzablc reactive group,
~-in combination with a matcnal which can form cross-links, provided that the
o .; g _l combmatmn ence poiymenzcd forms a gel suitable for the parhcular type of '

. electrophercsm '
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group, and so are- seIf crossl [ nk| ng Addltlon of a crossl i nk| ng a ent whlch
contains on average nore than one reactive group per mol'8d3H& 290% required
for formation of gels from nmenoners which have only one reactive group;
. such-as acryl am de. These include, in addition to nultipry=dertvati zed

"'.polyners nethylene bi s- acryl anude, ethylene gl ycol diacrylate, and ot her .

smal | nol ecules with nore than one ethylenically-unsaturated functionality,

- -such as acryl, E)!érﬁbihry%at@ﬁ&ﬂnchﬁ%%@iy?ﬂﬁug? ggg%@ﬁ{%mt h?‘a@%%ﬁé §lscan

lglnclude e.g., allyl "alcohol; 33E

© Accordin to one enbodinent, if the I'EF buffer, cell or |ane ex

pol yet hyl Ma@i%loﬂm kpawn grasslmkepphydrointhdnetigepdat and bther jowat e,

Vil capr B BRRERG K Poucti e Dot vaetioh s p i gmoieayc dext r an,
~allylgl yCidiinandﬁlk:}'ﬁﬁiﬁsM%dﬂer%ﬁVéé'tﬁB&éfl ﬁf&h% crotéid a6; Gﬁlgi %{éﬁﬁoﬂ@d

. derivatives, vinyl acetate; -and other nolecul es contal hin mor e
Lacryl, i watbﬁrlewmlecgﬂ@mghwmlm hﬂxyieoumnundss vmyhb,@lyﬂmfafoeyhmda cel |

conpri si et.her i ment, the

el o e FEQOMAE5E: SRR PR poblich B alh RLSaSRd Ll {he
.l ane. See("ﬁcgda:dd”lcgossﬁﬁ]&r FCRO6P!) Sdex @b Al B polyicchBrifidsl age unit- can
beprenmade,  so that the | EF buffer and | ane are separate, but can be caused

to be colu¥atvs, sh anerllwessderivatives Whlﬂmgshydfweﬂsﬂ:cbﬂﬂlbm: pelydlinyhne can be

bl d.t h t the d d
| Pvanle | ebe mARhicit, GbohR bl B 0B LR S B bR g 1o, oL r o9,
" gel pI ug pidhaher of ethylehe okide, ﬂr@ﬂjﬂéﬂb&fxadé{\h@@]en@%kﬂ% o & olﬁﬂcr.‘;:ﬁici‘eo’fs

.- connect ed t@a a Iane t he connection between the 1EF buffer or cell and.

'l ane nust3 ey rﬂregwb@nfva?vqs&m&fcer«vaer-cmﬁw@mly@m, sheli &y est or of
“study. de}gg}m t ial or. a

sem -solid  materi ﬁhg&to%éh&cgﬁa%a%mad yISéACN%%&rg&} Wga f y( et hyl

- ret hacr yl(adhe:)l lstmpe%ullcwensmyc)pmamm:hd pdlbiﬁtars a@ﬁmﬁpd}lgrﬁﬁ:rgpenﬁnya plurality

~of cells,and,/ ne -unj:ts.. According to one enbodinent, the .
" material 1y W'ﬁ@%‘gg q?"i“ﬁ“?seﬂbﬂﬂ}cl“{j'“ﬂ?ﬁ elaled, cthyleBeilipy to  anot her

~enbodi ”Efﬁelyahﬁﬁod&'ﬂisr dyﬁ&ledhﬁe@@ﬁﬁc orlf\gﬂ%F‘/ﬂp sxgm'gﬁ cﬂ’fth&erm&f a!cl'ill that is-

bi-onol-ecul € | nper meabl @ and ion Inp to contact € | ength of
the | ane.othengng prith|ragre hwdliﬂph@fan cmepamds amhtdse)yadnfeapm@iiddnb,e matrix e.g., .

3 as a gel, 5 set r.00Vv ed in the

Cmatrix | é’?giroqlgf&c%t Tt end‘yﬁﬁ %ﬁﬂst Gﬁ%ﬂ‘?"ﬁ?j"{g’@% “élénf’?)‘ﬁ 'g’se the

LEFbuf f efentireh e whicr-s6lableOdspadhlly Whed 36NntGbrBUfth&Ents Brd Jﬂ@mﬁb& ?nt hell gopens i on.
ends

| through THRURABEYIIYON.t hen, one of the sides of the | EF. buffer, cell or |ane

. 'It hat contacts Mttxa@dgraruﬁmgmﬁg}ug fizhio GBS, I R BIRAGEE KL e | mPer freabte
: . knownin the art; for example, addition of allyl glycidyl ether to hydroxy! groups is. ' o
: knOWn asis estenﬁcatlon of hydroxyls wnth acids, anhydndes or acyl chlondes such
- as acryhc anhydndc Ammes are rcadlly denvatlzcd with acyl anhydndcs or chlondes
| ' Many of the denvatnzcd po!ymers dcscnbed above. w1ll contain more ‘than one rcactwe :
s group, and so are self- -crosslinking: Addmou of a crosslinking agent, wh1ch contams |
~on avcrage more than one reactive group per molecule, is required for formanon of.
: gels from monomers which have only one reactive group, such as acry]am;dc These
| 1nc]ude in addition to mu]tlply—denvatlzcd polymers mct_hylenc bls—acrylanudc
‘ethylene glycol diacrylate, and other small molecules with more than onie
cthy]emcally—unsaturated funcuonahty, such as acryl vinyl or allyl.
~ Candidate non-acrylamide monomers can include; e. & allyl alcohol HEMA _
. g '(hydroxycthyl(meth)acrylatc) polyethylene glycol monoacrylate, pol yethylene: glycol

= dxacrylate,_ethylene glycol menoacryiatc, ¢thylene glycol diacrylate, vinylcaprolactam,

: ._16




' The ITB.tI’IX can be made for exarrple by a dr|II|ng hoI e(s throgq%g one -
- side. of the matrix out through to the opposing side of t ARy filling

- ~the channel with an |IEF buffer and sealing the openings in the channel with

an i on- per neabl e, protein- .  perneable nmenbrane. Alternatively, the
channels can be filled with a polynmer, such as agarose or polyacryl am de
gel, mxed with an | EF buffer that solidifies into.a gel having :
Ca.parti ’ yIRB ycreatlng
B oo by R deAG A GAgRderal  del R B Bl Vi oY "

- opposi ngaxdlcxﬂeelbilosmdxbniwmrynmatatmand stheemgleculs gontdiBingramerorx A or D.
. The grooves can be .mad n.any side of the matrix. According to one
enbodi meRPE FRE YPYSS yﬁ@'@ one side of the matrix. The grooves can be

Cfilled with ORSIEE/IAcRhiidhd IBE&Iffér%Falaum:eﬂh ns1ﬂgﬁﬂ![QF BofféQopdRereOdi neNt
-the I|EF buffers -or cells are isolated so that bronolecule substantially

" travel fwidie EE. Tibons embegimeat, thetlEF&mmt is premaslersiieh thet thedEF butfen t he

' d.ofc di : h, 0 I ds
i ougt SRl B Re® e vy i RS THARRURT SRSl BB T CEN

be r ef ergaf e prerisdeaochannelEF Hﬂfﬁér@ﬂdlﬁh&hﬁc gdpafatee biBdahibe cangdigpcal |y
arranged in parallel to each ot her. According to one enbodi nent; the :

matrix |epactebRserhaben FonexampleythslEF duffer an lage cay besmpuablejin the) | ane

' :Jgetnts [ cgﬁ?{ﬂkglr)?gartlt ag%gg%gﬁé/ﬁcggg’%g%% sﬂl%g&]%g%g% ghé}e%m&fexmrpa?l eff and/ or

i tandelmﬂ‘tbnffeﬁmm lahdean berammected giataopeh phighthiit joimbath tWentbgethdre Whéd | X or

- enbodi nment

l‘chlp is pre-designed to include a subset of cells conprisi buffers for

use in crdEFbaenoreslip capmesicdde piane, tie cRRReoHgn hetwresn dhe lﬂl%f?ﬁ fpare with
the res "lecfl %mfl Lﬁ@rﬁ&?b@b&%ﬁsﬁ% fo? Iiraﬁsfgr qfnd;%lg %éulc of‘ﬁﬁglreg'd?%f struﬂ%anOt her

trix or c I agnostic too nprising a
- pre-sel ect ed G.et (Matlﬁﬁasbuffers haV| ng. pH val ues that correspond to the
pl's of known bi omol ecul e of eres a_bionol ecul e rker for a
Bl Seat e ot R B SE B ) Bl et af e OB B CREECE Lohee

Cal i bratdeEH?m&H_r%ﬁs% pIgsty k) 1§@{eu€5%%tﬁa /19@) 508 RTRURL o] p @, hat get
bi onol ecul.e a sanple. A duanti tat [ ve cal i bration curve can be

‘gener at e@nwse&ﬁxwmg Blmkmﬁﬁewam?emrr Hl/ne upits. khvewanding émedeecul e or ‘
conpl exes. [l S W, bi o ul e and: eval.uatin th, accunul ati on of
~ ‘the known bt?lﬂlon‘otet!:lﬁ at%m?\mgg Q’S‘% qﬁjﬁlsc%(fqﬂé'cﬁgwcﬁ % %‘E‘B}%‘Bn ate | EF
" buffer. adioebesabddiment, md}ﬁaﬁlia 836l pArt Of in waéieehadeaﬁqgﬂhﬁehmhmkecul e -
(*TRIM')..is commercially availablte or readily obtainable, the comrercially

- avai | abltiompleswle arpgrmspblsiand imeimperpeable (i Addo cortagtbmlsnathodhelense  or is
t act | b RMto f
Tha Ac e tirbhint D ERTBRLE R daeuatiBl bl Gl ERI SedDRR] RBhETRLtO form

... | abel ed Bor @,amnliae sepines@nbvd ackeddnnip watrixHagerios chinbatmbithrdighftee abl y, - t he
.. sanme | abel . in:t of . .generating the calibration curve and
t esting mifeix Loy ?g'onﬂ‘ﬁ‘ét}@é%g’h‘?ééﬂ‘&# q%rlcpﬁect the running bufferin the fust™ .~ .~

_ dJmensmn Accordm g fo. one embodlment, if: thc IEF buffer cell or lane extcnds

o through thc matrix, then one of the Sldes of the IEF buffer, cell or lane.that contacts

_ the | runnmg buffer is covered w1th a blomolecule impemmeable layer. The matrix can
_' be movable or within the chambcr :
The matrlx can be made, for example by a dnl]mg hole(s) through one side. of

| 'the matnx out through to the opposmg 31de of the’ matrix, filling the channel with an
1EF buffer and sealing the openings in the channel with an 10n-permcable protem— :
: 'pcrmcablc membranc Altematwcly, the channcls can ‘be filled with a polymer, such

- @s agarose or. polyacrylamlde gel, mu;cd with an IEF b_uffcr that solidifies into a gel -

- having a particular pH ran:ge. The celi-’s;; in the matrix can also be made by creating a

- gfe'qve ofa p_lh_ral—ity_ of grooves, which do not extend through the opposing_ side of the
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'known b| orml ecuI e or corrpl ex that was added to the runni n%ﬁ%ffﬁo 6can be
graphed against the quantity of the signal in the cell ?
accurul ated The graph canbe used as a neans for extrapol ating the

: Aconcentratlon of the TB in a sanple based on the quantity of the signal in

the cell in which it accumul ated: See, e.g., Filg. 29. 8 16 January. 2006
After the conplexes are separated into each cell, the conplex can be

.subj ect t _ di tside of th
oer] e gszzﬁ%ﬂ?ﬁééetﬁa%ﬁr‘?@ﬂ%arﬁtv%%ﬁhcm@m""”a BraEB analysi o
- such as-SbRiARordiRG fo GROBATCANBENY thed8ovdRlafe SGRBIOS B0 Matrid Mehe

. electrical -field in the first dinension should be able to pass into the

in one enbodi nent

| EF  buf gw@pvesuis barf!éleé“b@t%étﬁ atpharality efciBFdmitsts. e| ect rical field and the

matrix can be +9 el at i € h ot her so | ong es
" the el ectricaff ? | cglhegnﬁ%%dslmlgrﬁt’%‘tg@eﬁ'gﬁer%uﬁ%ﬁ arﬁ‘ Oiae tha &]I hel s. In

~ one enboﬁbmmuletshastmgﬂlg thaveSn dBHRER: or el @Abiter IIFMbeRirgrREN t he
electric current_is not.reversible and flows in a single direction across

a systentwt’tﬁr@hwngrb@ffmmtsmp%ﬁhr%%wew ﬁﬁh’fa&ﬂ@ﬂﬁéd Lextendal | s
- per meabl g .t o4t o111 | 9 o) the
di.-rection ol%h (ﬂﬁgﬂigl ecteﬁfﬁgﬁ-lguér)pent W tﬁ?idﬁo?_ﬂte {btl ee{é?%céqt%afso the.
runni ng dodidheel ']]'lmcammdnah thtEHﬂaﬂ'di arenypicabi dragsd Bﬂparsllqélt@aadﬁaﬂhm th a
stirring, neans, for inst a magnetic stir bar. In still another

: ~ enbodi meftfCOrIR te gpk Fabed! e@uhcemmgéw&pwnﬁﬁ&wlﬁmtlw Wgptigally buffer
~during t&?en%ﬁi&ffﬂ??ﬁpé iy, eAééBdeﬁ%tfaﬁﬂiﬂél%nW M&;ﬁh?atgmt@t&m is stirred.
o] anp

hi gh t put screening i s useful

~if “the udamuualdyeunmmcdlmﬁllaﬂemnmbhmbemran@dahlpacaﬂieparid/dmnsztnmmwre The

'chlp can b de .of _any mat rlal at c n be m cro-fabricated , dry
" etched, b gtaﬁ&héawffi‘agé? anqther ‘tﬂfp erf@??“"r%lc'd’é’ds gre- fiqtb%eeé to have
desired ERUAE YRS FHE teﬁﬁntlﬁ%mp %§ffeﬂ§%f u&elthRrafife Q%aﬁbxﬁﬁbﬂ@ﬁ‘r’vc
ceram ¢, a glass, a conposi er eof alamnatethereof or the like.

" The use @fhayingraostandsrd t@@pmﬁrﬁt\e&hmme@ltssfwh thsothbutellnot g) Figi%d to, bulk -

et ¢chi ng, thn thICkfI|m roces abl ati on,
- laser et%?tl n%’?g?oa ¥ er ng’r?g %ﬂxohdflﬁ Wd&?‘?c‘ﬁg@%ﬁﬁ\g@ﬂor a hi gh
. degree oéonmremgsa prﬂ-slel%c{eﬂ@et o'fIIEBrvmets wdvig pHGaReatiar 66Rpoediosthand

“structures, e. E.W Becker et al.,. (1986) M croel ectronic .Engineering

- 4: 35 56, PIFH m%hwaml%lﬁof lth@smg} %bwmqlge%e marksr fora disqpsostaledpr s,
- wherein. He en%gglrof\ecﬁﬁllh(ﬁﬁ %geelgée& te | EF buffers. See e:g., Fig. 11.

© I na anot ment Ues of ‘the |EF buffers of the subset of
> cells- . Calibration-curves are useful for determmmg the amount of a target

biomolecule (“TB”yin a sample A quantitatwe callbratlon curve c¢an be gencrated by
_ mixing in known conceritrations of known -blomoleculc or cornpleXcs c_ompmsmg—
kﬁt)wn biomolecule and'e_v,eh;ating the accumulation of the_ known biomoie‘éuie or
',com_ﬁ]_exes in cells having the appropriate IEF buffer. Preferably, if the TB and Jor
= _‘.target recognitjb_'n molecule (‘TRM”)_.is commercially Va'vaila'ble or readily obtainable,
. the commerciaily available or readi-l_y obtainable TB is used as the known ,bienitolepulc
~oris contacted with the coﬁuﬁetei-a]-}y available or readily obtainable TRM to form the
‘complex for the calibration curve. The known biomolecule can be Iabeled or can be
- ‘present in a complex that 13 labeled. Preferably, the same label is used'in the process
" of generating the cal-ibrati-en clirve 'a-hd-'testing' the sample. The concentiation of the
- _known biomolecule or compicx that was added to the running buffer can be graphed
_'.agamst the quantity of the s:gnai in the cell in which it-accumulated. The graph canbe
u_sed as a‘means for extrapolat:;ng .the concentration of the TBina sample based on thc

' fqﬂantit__y of the signal in the ¢l in which it accumulated. See, e.g., Fig. 29.
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are not the sane as the pH of the IEF buffers of the cells in which the -
conpl exes conprising the TB are accunul ating. The di mensiGi¥&Y2%fe matrix
- can be, for example, Ixlcmto-IOxi Gcm- According to one enbodi nent, the
~matrix is 5x5cmor 4xl Gcm depending on the 16 January 2006 nunber of
~lanes, the length of .those | anes and the spacing between them According
- to one-enbodi nent, the thickness-of the matrix is 1 nm D.. Arrays An .array
isammtrix t b . hse 1SEG0NC | | ayer
generally fun%?%roﬁg%%b%g%e%rggﬁe s%%g[&%f%}%%ﬁf @%g%%rcégﬁtﬁgﬁg%gam i al
anount s tocinalysisimh egohé dimensins fepinel ybisammsidcafl the cel For dxamplegne during t he
| EF separation step byt all. an electrical field to penetrate the |ane
~ during t‘f?@‘}?gi’:‘&}?ﬂs‘aﬁ’ ﬁ‘%’rﬁ‘c%ﬁ‘.‘em?&g&f@afdﬁ@???C’l%eg%g&@vl%‘iﬁér conpri ses
- “a lane sglepfih&igy, 3h& BIPLESAoihhd gﬁt he same |ength and width of the |ane
.- or larger, wherein the LSAis ig{)d r-%eabl e to a bionolecule and is
~perneabl e to iTbasleciical fzdd omdie fastatimensiomshawidibe able ito pasg intb thdEEE | SA

- material ' an.be c ricted-t ' tons of L SA m ial with the
i mons: ongiesr ok AR SRk s fRion B SRIeNio RIS THERBRIE < ot

- .conduct i beweenPROHUDO BedrbesaBRtiMe fo 81X OficFBH longl Rehd AB&HCA Fad e ched

~ between the matrix |ayer and the LSA: ~Materials that are bionmolecule
- i-per meapAsginty the IEG huifer imghbdrhanacls. kmonmeipbiodiment the angleisgt90 degidephane,

:‘i_polyethe sul fone . nyl on, .cekl ulose acetate ol yvionyl i dene. f| uoride
- Covbe  TraplreE o iR e it im R A G onti A B e R g Sineiy o
. menbr anediyecionl abser sypeid WREbiiahe IEF baffepdhiaR il ard MetRAdBRRd afd saaend | ayer
- may optionally additionally conprise a perforation through the. plane of the

- “second | Rey@eablainthp biomyrequilcon aaestinn ae ctepsied pependiaeiar tecthp direetiont 9fon i s.

. posi ti On{ﬁgf_:ﬁ%fﬁfg ch%gnt'l\ﬁ't:h @?%%rﬁplggoa{dggcg Hrccgﬁlr%rtﬁes %qglgﬁggb%ﬂf%EFﬁib%Jtﬁgr' The

. function.o erfora ow-bI ono t he sanpl e have

- access tombddanbitsablifsem Bpre|ltd with aistgithechEfGepaaRe] #mapha See,

.- the "second" and "natrix"

e.g., Flnigq 166} and b. The second |l ayer: can be detachable fromthe matrix,
~ per maneritFPan; in st spother qmbodigment; thegonyrstiop samertizsgeralediwighinghs i x at al | .
. BExanpl esyfbin AR 0EeSLEM A1 Fh 84S o DE > mbi nati on of
: %Hﬁlnglbhﬁylsdm 'tﬁ@mﬁ%ﬁ&%&ég& ﬂé-sogrgﬁ%{é?)g %ﬁﬁgﬁa%%?ﬁlgs a contai ner
“-conpri sistigred: running: buffer. See eg., Fig. 2. According to one

enmbodi ment, the chanber is designed tp hold a small vol une of _.runni ng‘ -
Burrer.Le . TS ERRRmer /O e B e P SRS SHREISa FLRE el oot T odes
~$0 that e nRbBCédmmRing the LdisGan spARThip ik ms%nh_E.ETta%ﬁi?rcaﬁrbeCrﬁ%de gnd the
| ane. According to another enbodi nent, the outside of the chanber further

.- conpr.i s&hydeatered thet san be midrofabricated, e.g., dry etched, wet etched, laser etched or

. machined, molded or embossed, to have desired minjaturized surface features. The
. ',chip cén bea _pol-ymer,- a ceramic, a glaSS, a composite thereof, a laminate thereof, or
- the like. The use of ‘micro-fabrication techniques such as, but nof limited to, bulk |
. etching, surface ﬁl_ic-ro%mééhihinig,.thick film proceSSiﬂg,, laser abl a_ti_on,_ laser gtching, |
. ‘molding and embossing, in the p_ra_ctii_cci allows for a h-igh:,dggrée 0f prcoisién in the
. .L g_l‘ignment of nﬁtfo—sca_le cbmpo‘ric-nts' al_ld structures; eg.,BEW. B'ecker et ai.,. (19 86)
~ Microelectronic En'gintécdﬁg 4:35-56. In one embodiment, the chip comprises a
plurality of cells, wherein two or moré cells have, _diff{:rént IEF buffers. See e.g., Fig.
11. In a another embodiment, the pH values of the JEF buffers of the subset of cells
- are not the same as the pH of the IEF buffers of the cells in 'whichr tﬁe cdmplcxés
- -comprising the TB are accumulating, | :
The dimensions of the mathx can be, for cxamplé, i—xlcm to 10x10cm. B

. Acbbrding to one embodiment, the matrix.is 5x5em or 4x10cm, depending on the
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16 January 2006 eIectricaI current to pass through |nto t?g qg&er to the

el ectrodes. another enbodinent,. the chanber is disposab cording to

yet F.- Running Buffers A running buffer is a solution in the chanber that
- can carry an electrical current. For exanple, the running buffer can be
- 0.0TM K2S04. The running buffer  can conprise other agents, e.g., those
useful for the naintaining the activity and/or. stability of the.

- bi oi nol ecul ch a e h|b|t rs of .deter ning
bt ter uBuEOspES AR EOEt R dIR O Rt HE FPRnE R Ry AR e sane or
i fferenEoor@B‘nﬁtﬁf&d:éhﬂtﬁ@ﬂﬁ@ﬁ%Qoﬂh@%&%;@& BhgP- Alternatively, no running
buffer is present in the second di nension step. According to one
.~ enbodi ment, tBe ruAmiayy buffer is optrmzed for the pH range of the | EF
- buffers and bi onol ecul e est . to allow the ¢ ) ccumul at e
Th the appropfapay ius e ma T Roprcel o Eobiber st ila o
- val ue thgi efé&éﬁﬂ?%ndﬁbnﬁ&%cﬁ&ﬁ&% ideofmbtdnkiey paived fibsaRliAG@Mntsent eri ng.
an | EF buffer cell. G Devices for Generating and/or Directing an *

 Electri cafblpneieaulxxauewmeleffmmmqabemgwgtteriarei@mgrtberﬁfrefamttanstﬁrgh the JEF
bufter Ofm gs%% aacgi 18 %Id%b&%?raie*}ﬁe W€ dBfin theastegc? flie%ﬁfoit%t’e and an

anode eIe e an power ~supply ccor 0 one embodi nent;,

t he devi Aecaprmﬂg@peiel secad lggaeiontpings Alane §dr&eﬁﬁﬁ@£ﬂeﬂ g[.eheﬂtar isothé kghel. The
‘el ectrodes can be placed on opposite sides of ‘the IEF buffer or cell such

~that theleasdandividih of ithg lanp a5 loager; wheseinibe LA ipimpamegbleita@ cel | - Accordi ng
ot t
bnood: mel AR M BorBleRB O1R, SRE UohR Tyl CEPOCRA bRRIRURE .

e.g., Fi gSArﬁat&:alﬁh&cdﬁ%ecensmmeﬁuphhweIdkﬁno;rsMmlmmmluhth:ihbe | EF buffer -

L [ 1 t | field t
o Selh Bendoasslhe . Mepowine Bl embbiimers e bSA et GoseT SPSZSof
‘the IEF het&erng% alﬁﬁi.éf)mﬂdaﬁﬁmitt thie?arféq%/gﬁl HRGERH Do thd fanSieldyee

capabl e of dirécting l'ectrical fie n and.out of the TEF" buffer or
cel I- compiﬂheﬂ.ﬁ@ t he 1EF buffer (| .e_, an alternating. electrical field).
The ori ent ati of tg a ter n |eI .does: not _have to be perpendicul ar
to the plane SRS ttag b DM BRETSRale BEREPRIR col | . It

can be betcweagtagz@ngne %Qiﬂaer Qﬁ?onreeﬁﬁbﬂl \@116R0sd Hdtate kM giddube array,
. al ways preserving. a fiel ent parallel to the axis of the |EF buffer

~ or cell. ﬂiﬂ@}eﬁ?r(a mﬁrﬂneroetﬂ’g latreation exehaspe oremduenesde.g-. Madionof  pl ati num
.. or. t'tanh[léﬂm‘b? ﬂ“ Eglogn%telgﬁjg%c% née&%ﬂib}‘!arfa] Accordi ng to one

enbodrne JeSHEme
A second layer may optionally addltmnally compnse a perforatnon through the

plane of the second layer. The perforatlcn an be arranged so that the perforatlon is
positioned over the IEF buffer or cell compnsmg the IEF buffer. The functmn of the '
perforatlon isto allow blomolecule in the sample have access to the IEF buffer orcell -
during the TEF separatlon step See, e.g., Fig.16a and b Thie second layer cairbe |
L detachable from the matrix, permanently attached to the mamx or not connected to thc

- ‘matrix at all. Examp!es of arrays can be seen in Figs. 15B and 1 6C and the

combmauen of the “.,second’.’ and “mam)(” in Fig. 17
- E.  Chambers. - L

_ A chamber is a container 'co'm'pri.sing a runningfbu_ffef;_ See ¢.g., Fig. 2.
According to _bﬁe embodiment, the chamber is desi gned to hiold a small Yoluié of °

: .runn_ing .‘bttffer, i;e., the m_inimal amount needed to contact the c,e]ls- and electmdes 50
that an electrical field cajft_;pt:te-s into the IEF buffer or cell and the lane. Accordingto

- :az_iether embaodiment; the. outside of the chamber further comprises -etjnt_-leetg'rs to allow
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systens Edlf® Yroulaggdy theppprorsiate ced cﬁr‘b‘ﬁ?‘&ﬂ

between 0.5 to. 10 cm di stance apart Accordlng to anotherﬁgnboq# t he

el ectrodes are.5 cmapart. According to a further enbodi’ dlstance
between the electrodes is the mnimal: distance that still allows the |
runni.ng buffer-to circulate across the cells. According to~a further
‘enmbodi ment, the electrodes are approxi mately the sanme distance apart as
" the matrix or as the length of the cell.. The voltage applied to the running

DUt 1 Bl e b Gl SRS e e, AR L 0

. .al ternat hﬁlﬁhér%%u{rﬁgﬁ,l_tﬁaemﬁcbg_;ﬁ&ﬁﬁ{gﬂb‘ca| field so that the. electrical
field is directed in and out of the | EF buffer or cell. Accor di ng to an

embodi nent, tHe dRuoapigduisérst he el ectri cal field can be changed, e.g., by

| ~manual | buff r ¢on tant electric field.
Accordi ng to. gn%grﬂp Lf\i;f?re ﬁ@&a ﬁmpﬁ%ramvoﬁ Cﬁrery 22 %'é“ﬁﬁf Means for

Ci r cul at bigenBuFbcdxamplte teaenhiag bﬁffém&laiclmmhezsmn rTheGuitihg Baffecr oss the

" T'EF buffer or cell sinultaneously includes,. e.g., a stir bar placed in the

*“chanber E¥HEOTHITISE QthsY agenita gigettihase ussiil for dhe Wmasm:wwwn ©Fcul ati ng
liquid k HERS‘ br at or,
‘agi tator gﬂmqﬁthg&ge\??egg%ﬁcggp se %‘h‘h{‘ﬁ’t‘%ﬁ‘z‘%ﬁ‘ eenbog']l3 ﬁrré'g]fﬁ/é t he devzi ce
for circhbuffitrivsed mahe Best mmhmmaﬁhbbpﬁommm@ngdaﬁolﬂﬂ:sm bdifferencel |
r exanple, the EE buffer or cell can be

~ relative e runnjng buffer
" rotated P\ﬁf??fﬂ’éa}e&ﬁ?ﬁﬂﬁ'gd*msﬁ%l%ﬁep Tﬁﬁe@ewwﬂp wugaml fee {5 Rigsent @ tér§ef ul

“- o duri ng t | %}&gﬁs
. the ci rc%géqgﬁﬁeggbﬁﬁgﬁr%%ﬁl ng - t E\Ecﬁﬁ)‘é@m g‘]\ﬂﬁ?ﬁ er%lg%e runn| ng
buffer pfaytiot @ rdvigg lof ﬂEtIEdeffevspmdtbmndécnlbef mtamltexaubw%@éomﬂbmsest to
their respective I[.EFbuffers. or eII %H tivel t he. nmet ho and
S%HEW adjpsted fodaPHe nbodi nent |

- the circyhiad ihafinkRasl of i¥creREOME Geshilny Jff&%lsﬁmé@ﬁﬂe'e% #rahQEF%uﬂ%}Uf al l'y
generated during the isoelectric. focCusing. According to one enmbodi ment,

‘the anoudtcedf convection energy that is sufficient to ci rcul ate the

~bi onol ecul e i er .1 c L-un _ _ Means for .-
“‘Directing an - ectlﬁe‘@lé?slijﬂfg RBA Oﬁgfreﬁ{]?%g{'%ﬁﬁctﬁ\‘f@‘ %‘é"!drl cal field"
~.down the | engAhisﬁifce theatiteney avaycticaAMddarblgh BuTER buffer 6h@1Gah) e.gsan

conprise_several different arrangenments of conponent; This devi ce

functi on@C’("Ge tsiise oha chedaotlectiode andyan pnede dlectiode apdeveltagepoveind down t he
| ane. ﬁ)apgéférqiﬂ%ﬁ) e egrg}é) ﬁﬂen?ft L h&vigl Fslcéahhlﬁe bE L&rét :I‘nhhe second

.dlnen3|o uary |nvo Ves, e sep ratlo oul d be

" predoni nalrriayingekeytiiorfosid.t Hhe ¢lEHiduos embapmcecu@y«nppdme kﬂiaeofiﬂielfﬁﬁxarrpl e, one

B i o
: | ‘According to one embodiment, the electrodes are w1rcs ‘Accordin g to anothcr
cmbod:ment the clectrodes are pa‘ra_llc_lsetsl of wires or thin plates. See e.g., Fi igs. 2-6. _
The device can supply AC or DC voltage. If'.t'h_c "[EF‘Ebﬁffer'ox cell is in a closed
' system (e.g., the -clecniéal field cannot pass ﬂltough oﬁe side of the TEF btﬁffar or cell
'.;and-'out-the opposing sfci: of thf; IEF buffer or cell), then it is advantageous that the
device is capable of directing an eleétrical field in and oui-of the IEF buffer or cell
com_pn“Si;_fg the TBF buffcr{,(i‘.e., an .altemati.i}g.élc,ctﬂgal ﬁeld). Th¢'oxientéti‘on of the
alternating field does not have to be'pérpcﬁdicula{ to 'ihé,pla%le of ﬂije atray or the face
piane of the IEF buffer or cell. It'can be between +90 and -90 degrees relative to the.
-planc of the array, always preservmg a field compenent parallel {0 the aJus of the IEF
' buffer or cell. , ' ' A
Accordgn g to one eiﬁbodiment_,_';the glec‘tfqdes are made of pl':iﬁlium or tit_-aniﬁm

o coated with platinum or titanium. According to one ¢mbodiment; the electrodes are

a1




o Corrpr|S|ng aru

(e.g., -at the end of the lane).. Alternatively, one electrgq caﬂmge placed
at the.end of the lane and the other el ectrode can be one THAY “WAs used in
the prior | EF separation step. See e.g., Fig.28. The voltage being
_supplied can be DC. Power supplies and electrodes that can supply a DC"
~current are commercially available and known in the art. J. Systens or Kits
A system conpri ses sever al conponents that can be sold as a kit

.di sassenbl ed or assenb .ed. Co onent of the kit | ude; IEF buffer
cel I, mabeiweenP-odn 18 e jstancg2g al"lgy}oé‘"ﬁ'@ﬂ ?Cﬁtmat Fleec

“electri CQlleSfdn?laﬂaﬂ ﬁ%tﬁ%to@furﬁtgﬁedlﬁfdlﬂfém e ARdnceBehwadher a Chanber
ni ng bu The systemal so optionally  includes a device
- for direckingleais the entirat distahéethat sidlllovisethe enpiing biffca td gineulaiga@grass om the
. 1 EF buffg r of The s em o onal | furt er includes vice for
. circul at {lt C%ﬂﬂﬂ%“%’&é‘f’%‘?’“ﬁ@’?j’gg f%e E?IF@PP’ES’?GIE%ﬁquExaNpI es of
- systens %ﬁe&ﬁﬁi‘t&dﬁ&naﬁ%rﬂmﬂ%@aﬁ}ﬂ1&85th6f3€tférc€lin9 to one enbodiment, the .
- chanber 1's disposabl e and connectors that are attached to the bottom

or side of th’é‘hchdmerapphﬁddomeaunnmﬁémffet@@g"@Eﬁ-msl%c K e HeRhulkery furt her

~.conprise. an the.follo evice for onol ecul es .
~of the sgﬁfﬁ{ Q%‘{Q‘Pi%ﬁci‘?# %Dge Eeh?%wuﬁt%e%ggﬁlf&g‘ﬁ l]i'%mtygirfrom the

detecti Oﬂutdﬁl\dh@ﬂy a@tﬁﬂlaﬁnglﬂl\éicﬁi@cti(ﬁfoﬂlh@Qﬁaﬁiclmélb €o tait thergdamiivat dielddccor di ng

to one " enbodi ment, a scanning- nicrodensitoneter detects, receives-and

- processets dlmtcdl"gﬁ@ Oﬁtﬂéfhetlﬁg%@ﬁpt pisgellorAgesfling jo an @BP@BWBH “E’ew ces One or

- nore of th eV| V. t the sanpl e
.in the 031 %n% anel&ﬁﬁ?%dﬁaﬂgﬁgﬁag}ﬁ% %‘g V]ﬁmﬁﬂgﬂ?‘&k?l on eV| ce and

- processi. @@mﬁnﬁ@ﬂﬁ@bmﬂtﬁ@mwpbleamhegmcdemg the)IBF buftcamp etk by 180det ect i on

. ~device can be designed to project el ectromagnetic radi on that is a
spectr unﬁ%&fc‘?ﬁaVélcéﬁﬁtqﬁ@“ElCﬁQﬁ a‘I\F'?t‘&Fd’é‘ﬁ 18U PEAgTaremako bf‘)‘i‘f@mv\ﬁt?el engt h onto
a lane gjj ggﬂeousl y or sequentially. According to one enbodi nment, the

~illunminatin o ght source is nmonochromatic. For exanple, the det ection

- devi ce can beHa c uMaans faoEirpilatiogBugfert hat qU| ckly, sequentially reads the

absorptlon magni tude from each | EF buff . at aspeC|f|c
- wavel ength af vige fag Gl aé‘ﬁ%@terfﬁﬂ?‘&g F%ﬁf‘ rpgs ﬂ‘fjg'(‘,t? TS each | EF

- buffer, Qﬂdltaﬂéods%ﬂﬁcluﬂst Eknﬁfsﬁr\’!ﬁiﬂf)la&@% HRIBaIbOFcHEsIIEE b and@cticlesi gned
to read .each | EF buffer, or | ane sinultaneously and/or_take readings

~ rel ati ngplate Qﬂmhaildewcmgxmﬂatmgﬂm@kmw nthe netde-gr prMPacHbIashuf f er |
el udi ng - pigo iR B BREERE R M08 2 EEhERl BRPTGe
. Chem- | u Wﬂﬁ%%ﬂhlr&h@ﬁ&f&h e @/ @M aAEATOL ﬁio@xng&hemi?‘ beffedrell refative to
- the running buffer. For example, the IEF buffes or cell can be rotated in the running
, buffer The actwlty of such devices is useful dunng the ﬁrst dunensmn step (IEF step)
'm the methods and. systems the mrculatton of the runmng buffer or cel]s relative to
L the runmng buffer promotes high rate-of expostre of- thc bmmolccules of interest to
. A their respective IEF buffers.or cells. Altematively, the méthods and systéms can bc
. devoid of such a cnrculatl_n.g device. In another embodiment, the arculatlon is solely
pfovideti- b.y‘-t-he-convection‘cu‘r-.rentsunatu_‘ral-ly 'gé:néiatéd during the isoelectric. -
' focusing. According to-one embodiment, the émountlof convection energy that is
.,slifﬁici‘cnt to cirCut‘ate the biomoleculeis _-10_110 joules per l'(_:m3 of running buffer.
I Means for Directing an Electrical Field
A device for directing anr-el.ecttical -ﬁel'd' down the length of the lane away from
the IEF buffer orthe cell can compnse several different an:angemcnts of components. -
| Thts dcvxce functiens to miove the: biemolecules- wn‘.hm the IEF buffer into-and down |

' _ the lane. Accordingly, the direction of th_c e]ct:tnc fiedd m._the,sccond dlmcnsno_n_ that
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radi ochem cal detecting instruments dependi ng on whet her {sf}gnugi Q&QI ecule is
| abel ed and the type of |abel. The | abel can require other conponents to
cause a reaction that produces a signal or to enhance the signal that is
~ detectabl e according to the above- nentioned nmethods. A detailed discussion
-of suitable signal producing systens can be found in Ulman, et al.; US.
- Pat. No. 5,185,243, colums 11-13, incorporated herein by reference.
-Details of techniques for att ing,labels are known in.the art. See, for
 oxanl o, Heh R A EPaniin B Bfuhbinty FuBslondte sebofen .

- 'Engel har dbwn@he Rhe. Fé1@x@RBRE nd¥18¢thddR car B8 pldedd Geedniendlof Ak AIFAARE ect i ve
measurenent of the simlarity between the two profiles. The reference

‘a profil f Rionmolecul es in,the sanple, (b)) receivir apabl e of causing
The” Comple8r (e BB el ARt s cleblradn pelg o e etoe o T

- di sease. fidags gide bhepsleéthRte caBOGhORRE wab HRJGH MRUNRIr IEPRESAASoR MOdule
- that is According to one enbodi nent, the conputer contains a nmodule that is

© capabl e S6P- S&teBndia e dbmyoiiage beingsupplivdcanthe RE e Bowet sypplics andi vi ng
- ' . f , , b) . tiy Lprofi.l '
Fobr esenpeprodid e Mool E pCUEiCR 2RO plh e D R R AR BRE MR B ecut s

- of interest in the sanple. Such nodule can be useful in rapidy - ,
“identifying, <t‘!ri agi.ng and sel ecting nore functionally annotated drug
target-s Européan PaY pws apEitscat i on No. 0302175. * Conput er Capability

- "val ues prograg =RV - Leseareher 1,06 Thy er. he 1inked

0 A netvork. Yoo ERSBF ool Rl el o A0 S AR illesieR” |1 O

conput er osass¢rebled. Compbrentonfrht kit isolsdec b JEB buffbd eclh meArix of afatBy;cati on -
-~ networks_sypch.as the Internet. The network. ljnk allows the conputer to

“share daf" -%Fﬁﬂma%agg@f%@f@ﬁ%@&mﬂ%?% dieldinsnd opt of WR%EF‘\’Hg%’é%‘Ebss to

shared - celf@idor ScHadibbd &dthdHsh s&k . OfREL S LRLk&QRe anal ysis for

~di agnostfec, pre 24 16 %ﬁ_uasilyyg%%%%m&ﬁggfﬁés?ﬁﬁ“g%ngé]ﬁg?g 8‘?‘% earch

- pur posesinchges adeivipt fr dirhdtingampltatricat fieldudovor s ddngtioof & negniagdrgnar t i cul ar

profile (€. 8 ROt el . RNA expr.essjon patterns) .that is jndicative of a
. particul éllrE IglFéj ‘el%’éors%c tgth'F-yséﬂEt?EB?ﬁ“’yyl &F‘ge&‘lag?agﬁ)&é‘?’&ﬂ é&F CHFYASE state
usi.ng KngheRuiith®biliér fbss TREBE bar®ABPEdl. fHaM el Rekhs GRS sRSwd g5t ed usi ng

- the systemto determne if the hionolecules in the sanple exhibit the sane
profile. Fig.17 and Fig:28. According to ohe embodiment, the chamber is-disposable arid has

. connectors that are attached to the botio_n’a or side of the chamber to contact the voltage
_supply. - B |
A system may further comprise any one of the followmg a .de;vicé for .de'técting-
 the biomolecules of the sample in a cell or lane;-a device for recei‘ving the data from
the detection -_dev'iéc;-an_d a ﬂevicc for prccess_ih'g- ‘.thc' ﬁa‘ta récciﬁed, Acbérding to one
‘embodiment, a scanning microdensitometer detects, receives 'z_incf' pr;qéeé-scs the signal - |
from the cell(s) or lane(s). ' - ' |
: rDetec"_t-i'on Deiﬁ’c'es _ .
One dr'mo‘f;:_of the deiric‘ﬁs i'le__cc‘s.sary for detecting the bidmélééples-'cif the
sample in the cell or lane, receiving the data from th'g:'détCCiion tievicé, and i)rocg_s‘sin:_g'
the data received can be packaged into a,computcr-. | _ '
A detection devicc_can be designed to project electromagnetic radi;a't"ion that is
" a spectrum of wavelengths, a plurality of wavelengths or.one w-avelbilgiﬁ onto alane
R simultaneously or sequentially. A'ccbrding to one embodiment, the ifl-lizm-inatinég iight
- source is monachromatic. For exa:npi'e,"thé detection device can .be‘a..bustom_-niader

- photometer that quickly, sequentially reads the abéorpﬁc)n—'maignimde frdﬁij-eaéh"IEF
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Sanpl e -and Buffer Handling Further still; the systentpan qdltl glly

i nclude at | east one, a conbi-nation or, all of the follo V4 sanple
feeder, a waste disposal, a buffer feeder, a staining reagent feeder, an
-array handling systemand a display. A sanple feeder can be ‘progranned to
add an aliquot of a sanple to the chanber. A waste di sposal can be
programmed to reane waste material (e.g., running buffer after its use) at

Sany tinme e anal ysi_s uf fer, feeder can be p o ramred to rel ease
“new or d.'t"?f\g i SpEpil] ‘Sﬁ’g’f“’teﬁﬁ‘tgﬂ‘cﬂﬁerﬁ@atfﬂ‘é SB?F&T‘%Pé taining

reagent Iﬁ@j@&éd 8&8 eQ&m IBFRITERS orllthe! AIRRRIvERAIHRHRRZ Aok BEviBL ePbeCul €s 1o

stain fora set period of time. An array handl1'hg system can be programred
to nove tdesignead iregd eacln@FbmffmhmibwiamsmuﬁemdwmmmremWal ysis. A

';‘display n.be a.s creen or ot her device t|on rel at ed
o ther SRS SREREnsRe PR oG il GRS Pirergal b ' g 7157
~ Aut omat'i nger,ﬁqm@ghggsto one enbodi ment, the systemis automated in whol e
or in part so that one or many sanpl es can be anal yzed according to the

‘net hods.  For &xiale detectymngsivices,do¢luding, lau@eﬂlxmdedtmﬁwyﬂceﬂfpmat is

rogra out aI the ste | mensi on anal si s,
 Po’ SorT aapeafbefdhibrl it the B meutifpumdt eI RRE R o 1 e
- whether, radip@Ridicl BeBENQY iAQHIRe dRhEAE BN GFhdlicd TR KI6mbRRuieSs RbeRANt .

A system can be constructed to have additional, automated, interacting’

- conponentaad thedypestdasle The Jabeheaprreqyioy other qOMmgnea fmeduse airedstiprthab| ut i ons

- Tecover | AEERA bR P VRAR S Bty o8 Gube SRR SRS 41 g (o

- oné enbodhenEbhed mtstaodsystt datailed distiissimn of Suitable $igigh ptdiluciaghpiems caebai ng- of

~ 'sanpl es, _conpounds -or drugs. 11. Sanples to be Analyzed or Separated A
. Bi onpl ecPwd IP(BHW"AFFaﬂlyig%Qﬁ‘ @%&%% %"%Sjéﬂéawome% IS ecul es

- include %?Xet@fe‘ﬂ@é“ﬁctgﬁé @fct%tﬁu@le@%&% Efin Iéﬂeﬁgr 5’33 nﬁﬁ%@ 3& SaVLP9 a

..charge suCh as pepti prot el ns |go acc st’eroi ds,

 prost agl arainple, Miatkstves yrcdi, el mm:henuqil%&) 15E205-209 land Edga:igalﬂt;l/ét ahd RNA)

~..As used herel , the er m ﬁ i ncl udes unnodi fied, gl ycat ed,
ungl ycat &ympﬁp,rb @tdio" Mﬁ ryl ated and ot herwi se nodified

- bi onol ecul es. For %ﬁ{ﬁg}&c@a‘bﬂ[@rm ecul e can be | abeled prior to separation

'- ;i-'—l n the first dimension (e.g., By 35S-nethionine |abeling or 32P-1abeling).
~ According to éweordirigdd pnenmbowment heoeapusen coptainse podeleithat is odpable may be

. '@n‘_. made of & au@mg%é"‘«ljclorXpqurctg reguizcrﬁgé e SH‘:E)(S) GF ta’i receiving experimental data from
- _ the lane(s) and (b) generating a proﬁlc represcntatwe of the bmmolccu]es in thc
: sam_pl_e andlor the bmmo]ecgie_s of mtere_st.m ,thcsa_m_ple. Such module can be useful
| in rapidly identifying, triaging and selecting more fhnctiotfa]ly annotated drug -thrgcts
- in'disease. According to another embodiment, the f:om'putér contains a module that is
capable of causing the computer _te -cchu_té-.thé‘_ steps of (a) receiving experimental data
* from the lane(s) and g’cneratitig a _pseﬁlc ef':hiortleleculeS' in the sample; (b) re_cciving a ,‘ L
.' reference -pto‘ﬁlé; and (c)'calcul:a_tiﬁﬁg anoibj_ecti‘ve :rncaéureincnt of the smulanty ‘ |
between the two profiles. The refci*enee_ profiles can be values known in the-'ert or
values programmed by the reséarcher. - |
Nenvorkmg 7
- The computer can be linked to a network, whlch can be pan of an Ethemet link
‘to other local computer.systcms, remote computer systems, or wide area
- communication networks such as the Intemet. The nétwerk link allows the computer
o '._'to‘s}iarc_data and processing tasks with other computer .links,-.; The access to shared |

- datais pérticu]arly usefu for ;gche‘_tic or proteoine ana]ysm for diagnostic, pre-




" to addith

is a peptide which can be of a length selected fromthe gro C i.sting -
of, but not limted to, |ess than 500 residues, |ess thaﬁaé&ﬁwﬁé@i dues,
| ess than 200 residues, less . than 100 residues, |ess than 50 residues, :
' ess than 25 residues, and-less than 15 residues. B. Target Bionol ecul es. -
and_Target Recognition Ml ecul es A target bionolecule ("TB") is a ‘
“bi-onol ecul e of interest that is specifically recognizable by a.target :
. recognition nmolecule. ("TRM'). In one.embodi nent, the target bionolecule is
© a mmar kefapRstiG OfpAEEAl BeSERIC BHW%%%‘?WP‘&'@%POBXPB%F%H‘F e be a '
~ bionol e -# g% duda ) u Q. Naap. , BARDE AR id RSy anpl e,
e, %g!c)i@ t'o t(lh‘gargg‘srir@lggag? ﬁ%ﬁﬁﬁg&%ﬁ%’?ﬁéﬁgﬁm om%é%@g&o eisnt er est
‘can be obdpdrii@darsbseneattateor sesceptitilityltat pastgubdrfdisthse/state ugmgdhewn af finity to
a TRM Faqr exanple, the hionol ecul e of intergst can be cqvalently nodified
3 ?Wlf’, %ﬁ%?isg%‘l’g ngéBPiSHQ‘?“cC&HP&i“Fﬁ“’rfE“%‘?S 5iSYYFL What specifically
bi nds t g@miRMrSHCRiomSlRMlea i B eaiple AniHVhE Sarfle PRIMAEUI € that specifical ly
~binds to a portion of the TB. TRM can be useful for providing or anplifying
- “asignal for det ectdmrle andBuffemptandlitiong a signal di.stingui shabl e over - ~

“background. For. examl e, a . TRM can.be a.label ed antjbody that. specifically

“recogni zes t '&‘hﬁés‘i‘%"*%Pésg?‘-%%%‘gﬁ!‘y(w@%%e%ﬁ?aég%’%ﬁ’9‘5?{’"'%’81%‘9‘55‘% . ;

( pol yepks epihe ¥olldw %cd@nqﬂc featier) 0 thaste diSPoRAICA Bty fa8ddr P0gyinig an ant i body

fragment (e )g -, - Fab, Fv and F(ab')2, Fab', and the.like). In addition, -

.. aggr egaresgent fesidoryen srrap hepdliggsgemasd adispha nd §rople feeder 620 bhei r fragnent s
. -can be used where .anptoRLL At & . S0 q.¢asihiadi.ng . | fara particul ar
“arger BRaaS P AREhARhLA R a3mpfE1A AECHBICK A Dol Bebdeal 0 1R DRCL TN
‘1S -an apidghetied Ritinbodivaste mudrial (eg.| hinailg buffer aftet habsehat dyailye can be

- used. In anot_her,exaggl e, the. TRM can be a Iiganq or a re\%ﬁzt or that binds

. to the Fwing{onanglwsisypdibalfar feadensiapbe grostanmsd o release pewqrgiifiigrent) 1y e .
anot her y gdee- s ded. el acl.d ecyl e the BeSH d¥mnfeyanpl e, the

TRM (_:anb g&;@ﬁf}{ﬁggqﬁgyggﬁuag?@@.%é&ga ébl?g%lsr‘é?%éﬂg%eﬁybri dl%ﬁggéér%{o TB when the

TB i s ataumelrlasd andazpokerthe biouiadeculistte stait fov alsyt, peridder{ TIRM- cAmaley a nucl ei ¢

acid bipdipg protein such as a transcrjption factor, .spticing factor, -~ -
. hist on_eﬂ'_t‘ﬂdil’gﬁéﬁlt?lﬂéa‘f %?fosﬁ%‘&ﬁfﬁ -‘Eo’ﬁ%}{@éﬁla@qﬁﬁfﬁayrﬂflcg%ﬁ*) €®In yet another-
exanpl epesshRMIGRE thE aal . oA Wispldyhaah beRaeideh Glother @Eds tHaoplobileact i ve. site:
. of "an . enzyne when TB is that enzyme. Accordingly, the TB and TRM canbe ; -
 mRNA, - infeppation retatad tailia respiiaof the one or two dimensional analysis. See, e.g.; Fig.
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Automation _ .
| According to one embodiment, the system is automated in whole or in part so
that oné or many samples can be z_inal'yzc_d aécordin.g'to. the methods. For .i:xa‘mple,'
N -sainplé could bc added to the SyStcm‘ that'is programmed to.earty out ali the steps of
one- of t_wo-dimensimal analysis, to collect an fmage of the lanes and to.receive,
- process and determine ﬁhcthc: a‘rspec'iﬁ‘c bi()molécule 6'r pattern of 'biomolccule.s'is '
. Ptesen't. - o .‘ | '
A system can be constructed to have :addition'al, automated, interacting’

) comp0nenfs, for example, titrators for ﬁll—i—ng chanpels wztth solutions or gels
-(i-mmobiﬁné-s; ampholyte mixtuies etc.) and extractors for recovering biomolecules
from the IEF buffers, cells or Ianes: According to one em‘badi‘rhcnt, the system is
éutoﬁzatcd for high throughput scréening of samples,com;j)c.)unds- ordrugs.

1L * Samples to be Analyzed or Separated

A Biom_oi‘eciiles 0 be Analyzed or Separated
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RNA dupl exes; polynucleotlde b|nd|ng agents such as bq no §1ted to

restriction enzymes, activators, repressors, nucleases Eé V%%#E es

hi'stories, repair enzynes, chenotherapeutlc agents; antigens and

: antlbodles non-i mrunol ogi cal pairs such as avjdin and biotin; receptors =

~and Ilgands ncl udi ng nmenbrane bound receptors such as G protein receptorsﬂ
(e.gy, muscarinic, adrenergic, prostaglandin and dopan1ne such as the D2

'receptor) tyrosine kinase (insulin-like |G- epiderpnal nerve NGF, *

,_l'flbrobl ast FGBI@%\WH@W&M@@W%WCMW&?B%mé&iq'g%éewlsrs c. .
. Labels Oggﬁggacwew&%gsg{;&%%% a0 iRl (@8R, T agged pri or t__O_;

- the JEF at1 off step sebar tionint second di nension for.
“detecti o prdsjaglandins, prbktacytaahexj and sucleis peids (mp]ndﬁrgrmtJAmd Rblm}nAmmedescent

- phot onmet¥icl densitonetri

oo rochem |oc means or by -
Csurf ace BF‘&W tF’éEoWﬁﬁl?gqc Wﬁj’dﬁﬁwﬁ":&‘aﬁyﬁ%‘ﬁ F@ abI e nolecule
such. s phodf Rdun us:pﬁb@@&i ShaindyReahBaified Biomy oq&mego#w that is

Iabeled tectabl e and specif |ca 'y recognizes the S
bi onol ec ak:enplb,rn bmhmlwab&amkbeﬂﬂ)eidd@rbrmmba in ﬂletﬁ!gtghfniemiwm(eg o the | EF

~ _separat t he of t I c le.will lik change because. of
S hg prelsgﬁc ”’S‘Fﬂ‘f?fgn"’t@b"l‘qg‘ﬂf?’% H’gdﬂggg CE@‘?‘VE)'P‘F‘HI(? %Eémﬂﬁﬂ'f%{‘l@frs or gel l's
Wi 11 chapge, A6GMsdind Blofeih® v MEEbE HnGRITR @hatordil}focchiRipDlBpiskdn can be " -

: "tagged after.the second di'mension by nethods known'in the art such as,

o eg.. weistzpaptide sthichgin beaf ederigtinenieatqrbiroii the gtﬂ@lpﬁgnmjmglﬂfdm!il'l@tul es are

Coomnss: HRRARS R TEuPS @Rt oot Bl BT Raled b AT RIGEbER 105 7,

~ 2-pheny! ipsalon réARS) fessTiRgn SO RisTluas) desk Mfant B@sids@gand leks thas ¥5 accor di ng the
~bi‘onol ecul e of interest. Labels useful for detectlng bi omol ecul es can .
i'ncl ude fasidye®phores, substrates, electron transfer agents, coenzynes,

enhancer s, - engyes v ey G BRc RS O3hanf el WLl Bui A RE OTUC <,

catal ysts, activator ors, “1nh scavengers, netal .ions, and:

. -a specific bi mafg:c Bimh&ﬂam&e( ‘TBQ)ﬂsra&ﬂoﬂlﬁreciﬂlemﬁhﬂg*eﬁfthz&ngmblfij;&lhﬁr ati ng

| substances.. 27 to JALLLLat LWJ Exarrpl es_of |abels InCI ude L| UOFOphores"
such as FQEPEYUEPH 3 YSRRERIOICEt M) oA SRyt the

. phycobi | ip %&tbﬁﬁi ﬂ@@ﬁ)aﬁé&ﬁ{ra@ﬁ%ﬁé@tﬁhﬁﬁ%ﬂ”%& ét@(ﬁﬁ&b&ﬁc@&f{rpou”ds _7

. phycocyani ycocyanln - yde, and Iuorescahllne and
“Texas Retiea Swmdbd:tde Habsleadogmbusj@ thédyampgly ooizmgehm todhe @mﬂmd enot

S limtation uch as. al k hosp S ucos hat e
dehydr R R R R Ay AR

' elect VOEH& ft'x@@ft‘Betﬂht Ha@laﬁﬁrﬁty o"‘r'-g‘féht&%fﬂimﬁmwfﬁir@kﬁ%plccmem | um aesger S

such as 1solum nol; sensitizers: coenzynes; enzyme substrates; | _

~ radiol abb!osmimlﬁﬁ eliniepst canty: qoyalendy nmq:f@m@dammss@mpnse a pcpude |
. . contalmng an epxtope that specifi ca]ly binds to a- TRM such a8 an antibody.
" ~ "ATRMisa molecule that spec:ﬁcally bmds to a port:on of the TB. TRM can
be. useful for provxdmg or amphfymg a sxgnal fOr detectlon and/or prov1dmg asi gnal
: f.‘dlstmgmshab!e over background For example a TRM can be a labeled antibody that
‘ -, spemﬁcally recognizes the TB such asa monovaient (meneepltoplc) or polyvalent
(p@lyepltoplc)) polyclona] antlbedy, a monoclonal a:ntlbody or an antlbody fragment
(e g - Fab, Fv and F(ab')Z Fab' and the like). In addmon, aggregates pol ymers and.
E conjugates of immunoglobulins or their fragments can ‘be used where appropnate S0
'long as binding affinity for a particular target blomolecule is mamtamed In the case
where the target bmmolecule isan antlbody, antibodies that spec:f ically bind that
. -anﬁbody can be used In another example the TRM:can be aligand or a receptor that
e L bmds to the TB when the TB is a receptor or a ligand, re’spectlvely In yet another

; example ‘the TRM can be a smgle-stranded nuclelc acld molecuie thidt spec:f cally
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SUI tabl e enzyrrestandcobnzyrres are: d| scl gsed in U S Paten 4810 75, 149 to
“Litman, et at., colums 19-28, and U.S1. Patent No. 4,318, 69’%'6”@’ ogul aski ,
colums -10- 14; suitabl e fluorescers and chenmil utninescers are disclosed in
Litman, et al., at colums 30 and 31; which are incorporated -herein by . °
‘reference. An antibody devel oped agai nst a bi onol ecul e of. i nterest - can be
| abeled with a fl uor ophor e. The fluorophore can be selected to have a high

- ‘absorpti on cifi,¢c wavel.engt | h gy escent ‘
P | BeS BBk 08 BB T Thi RS PRU hbe Bl AR oS ot

t o ‘det ecihe TRVGh Bc AinaBRIcarid Badg prowRl KR Ss a idiscapacPiactorcpliting Or
matrices may sit upon a solid, support within the chanber, which has been

bi ot i ny! factas, histore athadike giat hindp 4@ 2 suslpis agid Malesylngingygt patHErs sit upon one

- or nore I I etﬁgignl tion o
ol ecul eg’k%%e%#n%% atl;ﬁﬁ %gggrt\ B%Lk ?‘5%}‘%&? g&?\dcgﬁ {chen i nt roduced
into: theemh{csw]wnmﬁgxhhmz?mem ng buffer. C0an exes of the proper | will

di ffuse into one or nore ce

ls b th H
tertiary conpﬁéﬁordwglhﬂi%@ﬁﬂ‘i@?ﬁrclﬂ? ?1’H‘GIFNE4&(£B&§§ R%ﬁ%*pv\fg ["{01'% can.be
det ect edRPIyAf ﬁu@ﬁé&?ﬁcﬁgﬂcﬁ’&ﬁﬁ@bd %ﬂge 08 Qur HOAGHASALD c%!?r“cnéx‘?' id state

support nance signa tett and processed by said
detecti omzmn&cmmmﬁpwssmnmclmmpdyﬂmmm m@mmzmnmhe

| conmponents of the conplex are coval ent nan- c e bound to each
- other, CQ??“E‘BW?%‘@CGE‘F‘S’S' “g%lﬁdmﬁiﬁm*g?‘lléd ‘H%H“I“y) @ﬂﬁ?‘ﬁ%’cgf’ﬁer
.ol ecul eﬁdﬁ%la @topg Al RAHS ﬁﬁmaﬂ?gﬁémbfaﬂaswaﬁtes@ﬁm@umset ies or

"l abel s: e overa ue of the conplex wll dictate .Whet her the
conpl ex Geprotein mtqﬂonsr(c@ pmstmtmdr@etgic,mroataglmarﬁfdwmmb apf the

appar at u; there are, Iur | t es nter to be -
~ . noni torea1 ﬂng’ifcgﬁ’t { oSy 1’3@6 Q%‘ﬂ( f@gﬁﬁp{jﬁf’? @%@# gﬁbﬁat the
conpl exeﬁb&@m@pmiﬁ@f&vmgc@ﬁﬁmpbhmkm%dTmrmzs@a:.rg he sane | abel. 28 16
January 2006 D. Sanples A sample refers to any ‘solid.or fluid sanpl e

obt ai ned fronf. excl@bddt’bil'aaﬁ fm’s‘é@rﬂ?@@i@l%yleany living organi sm including
s1 ngl e cel | el gl ORISR (Sch oS HARL B0 &oARoY SR5 L L@

“mul ticellular ™ organi smis I nstance a

g . ver t ebr atapanition inthienBtendatisichdiop fortdeciation by, dxeaht hg{kedcaye,appar ent ly healthy -
| human subj ect or human patient affected by a_conditi n or $iease to be
~ di agnos eﬁpeeFOPhﬂ;@g?mga@@aaﬂunAﬂ%%mtog’?qume%?’ﬁspﬁt%%@ eqEpeREeA ©81 £ 1 ui d.

bt al el QLA kb Gurilb Pl A5 ProS She "1 Bbh . - Synovi

. fluid, .cere rosp| na cervical mucus, sputum
- saliva, détogabdaimolecule such as acompouncl nuclexc acid or protcm {e.g., antibody) that is .

Jabeled or is endogenously detectablé and specifically recognizes the bl_o_molecule_;. In.
the case where the biomelecule is tagged prior to the TEF separa’tién §tk3p, the pf of the
o 'bmmolecule will hkcly changc because of the | prcscncc of the tag, thus thc pH values
of the IEF buffers or cells w111 chan ge accordmgly o capturc the complex.. The
: blomolecule can be taggcd after the second dimension by micthods known in the art
_ such ag, e. £ western blotting. - ' _
. Several non-spécific stains for biomolecules are known in the art and are useful
- ‘for tagging the 5i0m0!ccules e. g coomassie blue, Siiver staining, Hoe'chst dye and 4,
6- diamidoino- 2—phenyhnd01e (DAPI) The stain and the tags used will vary .
| according the blomolecule of interest.
7 ‘Labels useful for 'detecimg blomoiefcu_lcs can include fluorophores; substrates,
| electron transfer agents, ceeﬁzymes, enhancers, enzymc's_; 'substances that react V,with'
: Aﬁenz'ymri'c products, (;éiﬁlySts,_actiyators, cofactors, inhibitors, scavengers, me‘t_al} ions,

" and a sp.cciﬁc‘bi:-nd'ing substance.required for binding of signal géne_;ating substances.
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.flllui d;”:éqnueous "or“ wtreoushurmr or 'a-n'y" bodi | y secr et i o % a tray sudat e,
-an exudate (e.g. fluid obtai-ned froman abscess or any o H@f" g ¢ '
infection or inflammtion), or fluid obtained froma joint (e.g. anornal

~_joint or a joint affected by disease such as rheunat ciodmasi htsiti s,

osteoarthritis, gout or septic arthritis). Alternatively, a sanple can be -
obtained fromany organ or tissue (including a biopsy or autopsy specinen)
.or. may conprise cells (whether primary cells or cultured cells) or nedium
cond| t i dixachplos oﬁiqbelsehd:ludd ﬂumuphcm:s ovugh s filbrestedi, lcgzahmct theesbi ol ogi cal

sanpl e ‘€ean be su ect r roc ,ncl udin relimnar
seggr at iCOBMAFR P fin, If’f)‘? ‘g&fél?ﬁ?f Syﬂ%lsV’sc ?ﬁ‘{]ggig fhiecyangie ’gepext ract edyand
subj ect %ﬂod&mﬁé«'&ﬁﬂﬁdlﬂlﬂrphy&dc%ﬁﬁlhofl&iph?ébéy%mS%%ﬁidﬁh?d&abﬂ(cﬁ| s of

“bi-onol ecul es in distinct SubCe racti ons proteins or drugs

f-ound uﬂu@rﬁ@@meﬂamb'&ﬁs@ Red. tﬂﬁeabﬁlabelﬁeelumm f I(Iedra)wwenme@ts In - -

B | 182 14 A, Anal
TheY T St of s b ot SR FRPphRR e, plbone P bR R on A e i
- the pl (eGéer mﬁlmes&s@hiwp&bhaxyenﬂmtﬂmag Q@@@Tdfd&&bhhﬂn&&éﬁt 1gbield er ent  br oad

. or narrow ranges of pH values. In one enbodi ment, a bionol ecul e of interest
wi thin gudbspiitioniin dislates; ghardiluiinsaders such apisglustinplasensifizess: cel |s with |

di ffer er&e ?imgl onﬁﬁ@y‘;‘%’%ﬁ@%ﬁlw 139¢:t4@“r§h| ﬂ@o ahd lavg means of the

af orenent | or e evices an anot her errbogl ment, a-

" bi onol e@uitebleianzymeesrae&t:ewztyhm afe disulged iy .BePAtmadsl 40 75qe0ly i nto t he
runni ng buffer with theggEF buff s/ cells or |anes anaa%éed manual | y or

-, “aut omat R%‘Pﬁ“yc F@'AW&‘S 2lgh%“da Lt Nond 3 18 480 & Bpglagkd\solugansang

- systems, ﬁe‘% ( terized,
.guantitat e’g' an ,ml corrpare at(:ic?)é’n?i‘tl er Sof e%rggggﬁ%%g{rﬁﬁ%ﬁq?nu%?ﬁle%@eval uat ed by
.. met hods cahxﬂmtsdﬂrmdailaWhlcﬁgresms@@nmtdd’knmmbg refelemcart (e.g.,

si'l-ver - st ai ni ng 0 ssure | i raphy '
(LG a1 Ay daelfied sRg s Prplerye oF &ffﬁgp%bei&%a‘ﬂﬁ?@agril ami de
el ect roﬂﬁ@fcﬁ»ﬁbﬁu Tﬁ@%u@ﬁ%or&%tﬂe'sfﬂéﬁéhlt@ﬂavegf Bgh 8o n cdRfiRGdot @phor esi s,

i soelectric focusing techniques, excision of the protein-containing region

.ol | onedptyiiowhesiengiiveoligh o osgsafrrysfneéd known in the art, e.g., nmass

- spectrometry, PE.B e |ve DE-STR

~ MALDI - Vbl d ﬁ&é&t@%r%‘%ﬁ’l@‘ﬁ’{#“’ ‘?ﬁl"‘ég')‘%)S ?%Eé‘ ‘{‘%éB{ “bnal | EF
focusin gmfglﬂ ﬁmmléculbg/oﬂ\d%lnﬁllc)WFmﬁipm;reélls)br rhdifca\ai st @idnavimlidhe
detection of snmall ampunts of _bionol ecul es: For instance, the S stem S

 capabl e SWPUCFRER thiFambegWhich g Reeeiplnylaied imt Basnersugh Bahcells

~.oatt Orrpl SafiRAN ?an%gs Q[ 9[5&4 She®r r&oxg%m mOkchEL tlﬁfé}t bibaidi&ules or

target recognition molecnics may. be modified to be bound to streptawdm and then-
N mtroduced into the cells-or inte the. mnmng buffcr Complexes of the proper pl will
N dlffuse into one or more cells beanng the proper pH and will form a terfiary camplex '
- WIth thc prcsent blotm moleculcs Such bmdmg can be detected by a surface plasmon
o msonance sensor uriderncath the solid state support, with the resonance signal detected
- “and: processed by said detection- means.
‘ o A complcx cempnsmg-a 1B and a TRM wherein the componénts of _the‘ :
' 'éefﬁpiex ‘are éovalen'tly or noi-covalently bound 0 each other, can comprise onty TB
| _ and TRM or addltlonally comprise other moleculcs such as other biomolecules, metal
i 1ons detcctmn moieties or labels. The overall pI value of the complex will dlctate
;'whcthcr the complex acqumulatcs in a particular cell or in none of the cells of the
; apparatus If there are a plurality of complexes of interest to be momtored in a single
_samp!c then it is h:gluy desxrab!e that the CGmplexcs do-not have the same pk values

' ";ner usc thc same label.
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standard range of 10-200kDusi ng' si'l ver”é't alnlng Th| S can ﬁb~§ acgb@vé-d by
performng a small scal e two di nensi onal analysis using X cmmtrix
- or smaller conprising | EF buffer/lane . units, conparing the separated

. bi onol ecul es to bi ool ecul es that have been separated on a traditional,

~‘chronat ogra

| arger- | EF focusing: gel and using the smaller -scale analysis to determ ne

the |l ocation of the appropriate area . to, be excised on the traditional |EF
. focusi ng gel i)or f rthg anal ysis by another technique (e.g., nass

: _spectrorretry) §€ P2%5 hol der with magni fying gl ass and a custom zed

. cutter ‘can faﬂldaiﬂp@d&férblﬁ) AXCoHd R Rfd daipl1é SGiainkd Front eRdrakd bdr t he

bi onol ecul e of interest. The ampunt of pratein in the excised portion can

be esti nﬁ“ccéfiﬂe ‘évglyhﬁpg@wawnamqiwngamgﬁeq«pﬂpdy calibration scale prepar ed

L PO RIS S S R T

s pect r onplantg and dnididd) f@sinktafcea driebizte 6f a ﬁfaﬁﬁﬁﬂ mdbih phrtit@asa héhlth? expressed
low .levels. in the cell. Accordingly, protel n in the range of sub

. p| co-gr aff %wafwﬂvh@@tlwwmwub@%@qw%wm@wfmmw nopect r onetry.
B
ol ot BRRE R bBSERAGEH Bl A SEIGHNT BB TE ROdISbORRRI 10, 2

‘deri ved tblrtmnedbfmnchnyrsnbl(e gsﬁrmdl lasthias sco®; 616 bile,sypovhihig, can be

: separ at ed |n one H:LV\D di pensi.ons and the t hose -orotel ns in the | anes can
.- be- eval uHred® q’r@'@’ At At semen. earyicplanypus, spifupsalivy, gingival,

-1 mTunost ghygl lﬁym RESS I Tpeziele g:NelalTA nity

! 2ﬁgmocapl ' ary%gfrﬁ)cﬁrg%k gﬁ{rg Rﬁ/ cry 'gdrfj?é&%e %‘%‘Hophorem S,

SDS - PAGE{e g:ﬂmdqﬂftmgai fmm angabackise of agedtheredile@f infphivnagiisflachaadngadrr i ¢
-'"focu5|n 30 16, Januar 006 exci sion of the proteln cont ai ni ng
. region f ?ﬁ%@%@?ﬁéﬁ"“ﬁ@t&@d@ FIZJQH‘éP%J@"WW diby digfaseueh a% g, | mass
SpeCtrorﬁﬁEﬁMatoﬁi&%tlsCBﬁe&hhﬁﬁg gﬁ@%ﬁltﬁﬁus can be focused accordl ng to
pl, .sorted, separat ed; purlfle char cterized, quantitated and/or _
conpared to oAh@natbveém %awﬂfe@nbmé)tam@hfremanatorm (mftxswee{utoludmg ecul es can

.- I'ncreas | e or can I.cal l d|f| response
o an evaSt EEORERE st ReD R R rel B Sy e del v
~and/ or quedk) cﬁrrmdmh)coﬂmnbhwbﬁmg}mgassue oaokgaﬁmld@ﬁtddethb%xasgaﬂnse to a .
.. .diseasé state, drug treatnent, life cycle, or other: stinulus. For exanple,
~the phdepRy ‘@“rh?cﬁlhce‘&ﬁ|tﬁﬁf€éfmaalwm@mn@ﬁn@uctmgpmhnnnwéepaca;ttmnbe |
- noni tor fel [ nt around
The. prot s et et Mample S01c'drEhled ad BE Rl a8t G FTMMEARIET, Shoerve
the aCCLflm:hanatmn fof sdplmteamhesinofi b‘ioxﬁolkell:lbs in dlsunct subcellular fractions, e.g.

, protcms or diugs found in different parts of the cell. See Deutscher (ed.), Methods In
| Enzymo olo gy vol. 182,  PP- 147 238 (1990) |
L Methods of Use |
-A. . Analys:s

. The matrlx arrays systems and methods are’ uscful for. qu1ckiy detenmnmg thc o
pr of a blomelecule by allowmg the researcher to test different broad or narrow ranges
of pH values. In one embodiment, a biomolecule of intérest within a sample may be
- placed directly into a plurality of cells with different pHl range-s,a_nd ranglyzrcd‘manmlly
or automatically by means of the aforementioned detection devices and systems. In
another c’mbodimcnt a biomoleculc of intére-st.within a samplc' may? be placed directly
- mto thc runnmg buffer Wlth thc IEIF buffersf cells or Janes analyzcd manually or
automancall ly by means of the aforemcnuoned detection dcwces and systems
A biomeolecule that has been sorted, separatcd characterxze,d quant:ltatcd andlor

. comparcd to othcr molecules ucan be furthcr evaluatcd by methods and commerc;al
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having-a different pH value after treatnment with the stinulus. Anomal ous -
expression of proteins in the sanple froman aninal or pl $#wayep%tive to a
non- di seased ani mal or plant can be the hallmark of a specific disease- The
r.el ati ve abundance of bi onmol ecules can be conpared to a.nornal pattern for
di agnosi's or pmdiagnosis of a disease (e.g., cancer). The relative -

.~ abundance of bionblecule in a cells can be. normalized by introducing a

~known quantity of a ‘specific rotein into the sanple before sepa

~ conpar i ngySeTes i in the afde-gy st Yféé‘%?‘éﬂe‘m@“ftoétaﬂﬂ‘gbtﬁhiﬂfﬁqsuﬁéﬁf y of the
added pr gf.ei A Rkt ©hr LA CapillG cRRREJAEEE OF

' di-sappea?giﬁ,ggwoérrgbs i }tﬁjl}(% ?ﬁgktgﬁgéﬁ?ﬁ‘?g‘?@aﬁ?eﬁ&i cgﬁf)f a bionolecule in

't he t est palyrerylamtide pleamoplooesia SBS-PAGE, nentrifugation, geddient ggdl ant can be used

" ‘to .diagnose or, pre-di agnose. a di seased. state. | et anot her . emrbodi ment ,’
the madPERERIOBTF D {SoRIeEi iy or et GopHEHee R stn ST oM E ompar od o

a nor mal r%ikbﬂ@llow@ﬂ byl il ethods T AndiQsid kAGWR BEheartPs 8 faggnose a di seased
~state. A diseased state is any diseaSe that can -be detected by a change in

a  bi onokpestromelny, ag.s aaps specogetry (RIABaosybiems, Pertptive DESER ) or .the

del etion wrc2ddition of a bi ogpl.ecid e ;(.8.0... r 0L fiom®h, i al

i nfecti oﬁﬁ?‘%@%éé@%ﬁ%quyﬁg@'ﬁqﬁﬁ )ngé @8%&?9@‘“8?@?5? s“_"‘-‘%’gﬁ @é&’%li agnosed
by a chapg®MANDI TOHIRcRomBEPEE Systedy ellows e dkicBEin0sT stnallian@ARE, of pr ost at e
cancer, Fragile X %gglr one L{épe A, “myotoni ¢ dystr-ophiqtype | Kennedy's

di sease, bivadiendes] Jos prstanice.dhe systena it capablaiof detectivg 3 20w pufsmfomplen  atr ophy,

“and spin:-bul har -muscul.ar. at. V.o . di sease Qraeondition al 0 can be
- aosoo! at ERLUTER FHIGH, en hOBBRamolin® of SRERRC-ALAAPR Ll ABR. °2" ore
encodi ngstdyddrd eafdens 1000RD-@ipiNerskagihgr | X, Factor VIII, -

. omthine-d-amno 31 16 January 2006 transferase, hypoxanthine _guani ne

.- phosphor i bosyilhisrcapdreaehisyed by perfuming e spall sglgyadimepsoralapdlysihe r ecept or
- (CFTR); QL;n@. R0t : ne. .Exanpl es -of pratel - C '_ itored
e pr osip@aBLal LoARSIRER b wURTRL Ry Sing R WRIrATah it Bhp g T £ OF ¢
enzynes fapardedbivnbleaks o bidintdeaudisi tighave beagrsoppated opadtaditumalban be B

~ nonitored: In.yvet another . enbadi nent, specifjc. "RNA cancentration profil es‘.
can be. ey e Torsigel and g gt s Hbide SUPaRES Tesotan0t her
al t er nat pF e AppPRALEARMrea fo 1R X@1XBd n BRNrBHGHI m&;g&ﬁ@@%ﬁahﬁm cul ture or
~an-in.vitro assay that is cell-1ess. For exanple, sanples fromassays that
~ ‘conpr i seandlpsiyby andtherdeehfiquedeigo msass spedbomeiny)- e spetial boldeewthe- or
- .two-di-nensi onal ~ anal vsi s hefor nd after,.t cell .fr ' .S perturbed.
by o B PRSPk BudShilef (ARG b EGRANINE Sl bt Bty PO DS
devel Opi EontoingRths Bidhﬁol@d’tﬂﬁbilh&rcst The amount of protein in the excised portion - S

can be estimated, ¢.g., by using an optical density calibration scale prepared by
- -stair-xing'kno'wn. mﬁc’_)uhts- of 'biqmb_iccﬁlé separated by ‘the"-method.s. |
| _* Thus, this -'syStct‘n..eXijahd‘s the réngc. of detectable biomolcculésby mass .
: Spe(itijometryl and 'ennglés ".thﬂ;anélys'is of _iﬁrOtféins!that:{cnd to be expressed at low :
. .' levels in the cell_; Ach:ﬂingiy;,a .i?rdfgin in Lthe ;ra'ngeo"'f sub pico-gram @z_mtﬂies can
be detected and.‘v-i_s-,u,_aiiZed by mass spectrometry The system provides an accurate
and reproducible method for observing a biomolecule’s pl value and its mass.
_‘When thé protein in the sample is déﬁvéd- from blood ‘or tissue-sample ,' :
' ,dise‘ase—speeiﬁc proteins can be séf;aratéd in one or two dimensions-and the those
proteins in the lanes can :bé‘eval'uatéd by _methbds known in the art (e.g., silver-
: _ﬁtainjng,_i:n‘-lmunostaining;ﬁigh pressure liquid chromatography (HPLC), affinity
chromiatography, capillary electrophoresis, polyacrylamide electrophoresis, SDS-
PAGE, centrifugation, gradient gcl,éleétréphorcs,is, isoelectric focusing tec’hniqufes_,'
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ti ssue. of a subject can be analyzed to understand the chagges t ﬁ% occur in
‘the organismor aninmal during its life cycle. For exarrpl1 ,3"86%%’ nds t hat
-are inhibitors, enhancers or initiators of a biological event can be

identified. Inall these assays, the TB and TRM can be added to the

extract after a stinmulus is applied to the extract, subject, or organism

© W th-t hi §2% ARARKEatYRly andfar ayaltatiydy mentos s ehange & 1 biogal

- to be tested. In one enbodi ment, a method for high throughput screening of
- . candi date nol ecul es, including proteins. and conpounds, that cause a
- bi ol ogi c&kcigipaef thearpicinseongaintig regiep foltovist cethergnethads afanaipss kiown sanpl e
. using a 1 r. et | ont | ated. According to an enbodinent, the
- TLZM can§%§]egag?dg' '?%ISF 'cgr?i"r?% ’_%gg‘ore or after the sanple conprising the
TB i s added t @dehw miors bioigolbeiiésatan bddaausdil Beokdin®eplesdied] sephtatedf he TRM i s

‘added to-the sanple conprising the TB before the sanple is added to the-
runni ng' BYAfied; chprcteriped; guantitated and/operippated torothardigraolesess élhehe TB and TRM
t o, each UaStess GO BiinidigSest dAft b dsh oPALorkRRE DI | S t their
bi ndi ng t(’e %‘l;%rﬁg pr o{’fetg%ﬂgﬁﬁncg%ycgf&gg?%+s§P Pg‘ﬁé‘f‘%‘{\%{gi‘gﬁ Ié%’g‘glﬁg} %[e“ve oped,
I'eadi ng .physicdiiytmedifitd tterespanse toan ewinhoBar, examiple, hesnetBodsayd sphiemsyst ens
enabl e qui cker, npre sensitiye . techniques for _nonjtori ng the. prot eone.
._ R INRPOREr . The,
ter m pr oteRuReAR sekS dh ﬁ‘éénn&h?l‘&rﬂkf‘dx £, BF o Uiemaed 1O Ra@pROMME_ Prot eom cs
nvol ves the ied_'er?t'ifica on and lst dy o'fopr otelrns in tcﬁe E%'dy and the,
- det er nmi nphosphatgfmedificationaif @ pirotejphyrsi pbdn keatl canbe npaithedbiefse addgi cal

~functions, The . of diseases. and .di scoveriesg:of new nedicines. _ 32 16
L a_nuar_y_W?FHE?&%‘?W‘“%‘PPS?‘"’%%é&“ﬂg|ﬂéﬁ mofeq ‘f"ﬁg éﬁﬁ%‘&f‘{so PMcl ude

~cont i NUOYgstérR aad Eﬂeﬂﬂ)dé‘?ﬁn 'Ei@-h.‘ied&i? otﬁ'ﬁl‘}v@ﬁie'%cdiﬁﬁﬁﬁﬁﬁﬂé prokdin $PHEeIl

e

- ‘enbodi nents, the bionolecules o sanpl es are neasured continuously. In

ot her enhddhgediffcrentid] piloerelterduatnentvdtiathalsimetisbef ore and after a cell or-

: subject is stiymul ated or._otherw se perturbed.(e.g., by the addition of a
ariger o chalBenRle bR B Rt Bt Bl el SRR 1 o oti11

ot her enpdglivéasahontdiseabidomdhelCs [25nthaR bEBRHANARN 6F Bspebifiidihsegr oup of

- sanpl es _that have not been perturbed, and the cellular constituents of

" several ‘Ehp B atRerbypdange of piomaleculgscan be gompared émparmepl Rptten ferose of t he

trol ¢ ot oskihled i AL " oth
: gg ge; iorreﬁ{agﬁ%seé ] %@@gﬁgﬁgé dissg?stca %E%F‘gér& b'hgﬂcrr{eez‘hﬁfc‘)’g%b%&aae (Zlf:t Ot hgr change

- 'in bi onobeculesid in a ety oms be hampgized bp atioginsing B knGep quaititg 0f a fveificy st em

POV e R S Th SAmpl befoltkepiation asd camparn the apiear deagy | O™
. measurement_s. {_6 the optical density of the addf:d protein. Inan alternative
"émbc_)dim(;nt, _thc _-appt;araﬁcc or .disap_p'éaran(‘:c 'Qf shift in the V-p'hysical characteristics of
a bi‘(_)md]_ec‘u-le"_in the‘ test ar_i_irh_ﬁlfq'r plant compared to a nbnnall,aﬁimal or plant can be
' used to diagnose '(.)_ri‘pré‘-jc‘jiiﬁgnosé a _d-iscaséd. state. Tn yet anc-)the_r'cmbbdiment, the
. _ﬁmdiﬁcatioﬁ..gf a-'bi'c_)‘m'(_')'.lecl-z‘lc.: in the test animal or plant compared to a normal animal -
" or plant can use-"tc.i diagnose or-pre-diagnose a’diéeaéed state. - _ | )
‘ A diseased ét_ﬁ;e=is any disease that can be détected by a éh‘én‘ge ina
‘ .'hiomoiccuie in a samplé (e.g., hemoglobin in diabetic subjects) or the deletion or
:gddition of a"bioﬁblécql:c- (e.g., proteins from bacferial infections). For ckample, the |
-. fb]lbwing genetic Qiscascs can be diagnosed by a change in the DNA or protein level:
g Hunti‘ngtoﬁ's‘disgase-,_ .pfbstatev cancer, Fragile X syndrome type A; myotonic dystrophy
type 1 Kennedy'é'dise}ise; Mac’hade oseph disease, dentatorubral and ,paliidolyuéian.
atrophy, and spinoibu]bzir_. mﬁscuiar.atrbphy. The disegSC_'é)r-.‘condiftjion alsocanbe’
- ..?l.SS'GG.i-E:lltf;d v‘.vith_ﬁ;‘gene é',z_](:ﬁ__as genes encoding BRCA1, BRCA2, APC agene .
B f;ﬁcodin_g jdy_s.‘t,1r0_'p'i'1'in‘, :beta.—,gl‘oﬁin, Factor IX, Factor Vj}c;, '6rﬁi‘thin_e-d§zin1‘i‘r16—

31




" each ot her . Accordl ng to one errbodl rrent of th| S rret hod 'é'"sé le corrprl smg )
the bionolecules is added to a system and circul ated acr@s‘%‘“ PEE buffer

or cell, exposed to an alternating reversible electrical field in and out
of the IEF buffer or cell; and then, optionally, separatedin-a second’
di mension, e.g., by exposing the: bi orol ecul es to an electric field that is
directed domn the | ane away fronlthe | EF. buffer or .cell. The system
- provides, a tho for ﬁﬁ$ra0ter| a b| u e | a sa Accor di ng
Ao PetioRr e esee ox ey SEERPt e

. .to.one 6%8;

pr epar edtrﬁikﬂwhﬂ?ﬁneﬁ@éépk&e@m)oﬂﬁa ProB R sEnRY ERAEHRE of poteiaRhi@ah 0 t he
running buffer in an | EF apparatus, generating the electric field,

i rcul at Phoniiered arapragiatsubpeific antigrns GRS A biir pedstaje ¢we1rmdr¢grd1¢¢e direction

06 e Shshil foreal o ST 5 e SR U iR Bt S Y

met hod,; ancisetiehfodinignt| specificiniRNDI b ReUbe profiRg 6arbd Mmabyzey & em and
circulated across an _| EF-buffer or cell, exposed to an alternating

el ectri cﬁ?teWE?aPPWnﬁﬂdilsi‘éﬁﬁs%‘P the | EF buffer or cell: separated in a

':.jsecond di mensj lectric field
“that is di rect e g%ﬁcﬁ%%agﬁg%gl\kgguﬁ ?é‘%p%%@ljw%@t%le?&g@%ceﬁl and then
det ef m néulgre bicanpinSiitrd assaprthaqmmi-m dfortchﬁnﬁbmmi;ﬂamfr@n assaydubad ane. The

~identification of the, ition aBlF %of t he. bi ono| ecul.e in the |ane
can  be SRBIEF the et cPiraetignsoqa b @@P@ﬁﬁ%mréhmﬁmow ecul ar

_wei ght ogna]ﬂfsbe%lg .onﬁ‘?‘e%mm&d"{ﬁé’éﬁa‘?gw?e ? | 61 & &ﬂe A change in

‘the position of a ecule in at are tothe same

. bi onol ecsiimulin I anotiter einbedimEng extracts frexi mdbvehtpmgemgflmﬁnmmﬁloﬁl thati on of the

| at.ion, .etc e in the quantity of a

B: gg: 2gtﬂuﬂl gc f’ﬁ glbd%dgggfi hor%y@gﬁﬁgp‘eﬁs?@fh‘%hg‘éﬁ% 3%\1‘&&[&% in a control

sanpl e C&@arﬂ@m'dﬁ@hﬁﬁél'd\ﬂﬁngﬁtsﬁ?eéi&é CAHLxRnpR, Q&ﬁﬁ&e%@mapm%hﬁm%r@unt of the
t est ed bi onol ecul e due to, e, g.,” a change |n t he” expression of the

bi onol ecenbengsrs et iniiatgrs ?f eblqlmcailﬁanﬁlcec b edentified. sstlkthegerassdysldbe a et hod
for qua t t.he t l.ecule . in S e g a matrix,
n'HS {l ‘I‘ﬁgfl bg D8 o g?c cx %elr a éﬁfné‘h‘lsﬁs lgﬁggb‘g ﬁ'ﬁ‘g .'

array or- sys anount det ect ed

instr urreqmbfectgmnfgahmﬂ tma)eaeste@ﬂmkbmmﬁnahwmtwﬂtf&r Kigh tiredghput he
bi onol ecule in the | ane can be bound with another nolecule that is

- * det ect abcEeeging of eandidate seajequlesainclyding preteins apndeogpannds; thabeause2 bi onol ecul e
- b t f th ,
ooy ookl &leafoohhhauR ALY E sl A ORI, of the sae

- determ rgrsienn)rmalhedmcﬁumtdrqﬂmlee in the lane can also be excised fromthe
- lane for anal ysis_ .and uan ation i ng. to one.enbodi ne of this

. .method, one. bﬁ)'(ﬁci%‘illﬂéﬁ? ﬂé‘meflbr‘%"d ﬁg’f&%’é’:}?‘: Bgf%thﬁﬁﬂf’gllérbegﬁ%%l ment of

. this rretdmelmeasaaipwdmlslys,@g (HRTGITR 0L &5ha himid PRk a@c&m@ tgapput.er

“According.to a further enbodi ment, the data correspon I ng

- cmbodlment the TRM is added to the sample comprising the TB before the samp]c is
R _-added to ther running buffer In all cases, it is most des:rable to expose the TB and
' TRM to.cach other under COHdlthI]S tha_t wﬂ_l no_t 1nh1b1t or disrupt their binding to one
. another. S | S i . _ :
The term proteomc refers to all the ; protems expressed by-a genome.
- Proteomlcs involves the identification and study of proteins m the body and the
' ‘,detenmna(:lon of their role i m physmloglcal and patho—physmloglcai functions. The
-methods, matrxces arrays and systems. cnablc qu:cker more sensitive techniques for
._momtonng the proteome W1th this lnvenuon more’ dcta;led and accurate functional
'preteormc maps of cellilar actxwty can be developed, leadmg to a better undcrstandm g

' -'ef discases and dlscovcnes of ncw mcdlcmes o
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to the biomlecul e or plurality of bionolecules of i nterest, I n E@g test -
. . anua

sanpl e - are conpared to the data correspondi ng. to the bionolecul’é or
plurality of bionolecules of -interest froma subject that does not have

~the di sease or is not predisposed to having the disease (i.'e., a normal’

. subject). It is desirable that conputer is.able to conpare and cal cul ate

the simlarities and differences between the two sets of data. The . '

- paraneters -t (4 ‘ set. - r 1.0t ove which a
positive or ﬁ%hgggﬁy/emgéﬁﬁsqggd g%%ﬁ@% lerh&d,&gggfr&hﬁdg Ctg 'Fé&gjr?l)g% ﬁlgrgsq’g' odi nent, -
-a syst emseadl Bendpethtincasermeat. I some! eathddimemsdhobiombizules ofitheanpl e away
froma bionplecule of interest by adding  the sam:l)l_e, conprising the

bi onol edamalesRrg meaTiEed cominyousiyeln other smbodiments,the pipmalggules arec 550 ¢ he.

I EF buf f gk elq ul.g oy ' i . P%m; sed . he pl . of
-the - bi orfag g%{ﬁ %&gﬁiﬂr«iﬂtaef}’é%gtc.gll%ﬁﬁ%}éﬁt?ﬁt@%@éﬁglh%ﬁgm% ect r(?%@%ge% and
- ci r cul atthevgddidamef a dingtdrer Smagein the endppiniend aroohd e dell onobtden). da or i ons
woul d m- Fate out of the eélj bllut t he bionol ecule of interest wuld remain
in-the cHIlotherembadgpee it blomolsauesAasmeasyreda 3GonH0LERMP P YMNHe | EF
- buffer qhagialé notldeR Peahived! dhd e eAMMAS BT LbRs Bl &456R) éﬂ)eﬁnﬁ:ﬁiah and an
el.ectric current passSed through an I EFbuffer or .cell ina single direction,
per pendigrenpsrare mepsiwedhntheorppared withithoss|of thy eongrel gnoapl B iswppagendfo t he buffer.

| or cell:. 34 16 Januar 006, Thr.oughout ,t.he specification, the r
o ke shlicd R IR gy faP Sdr etk Re e i SOl or LeROdL || e
under st e@deteet th&Bhahgeh# bidiedlbail& Inéspdnsd RiRAubalb@gger or group of integers

‘but not “the exclusion of any other integer or group of integers. Al.
references, ghat entSepamatigeg ent applications cited herein are incorporated

by - referencey United States provi.sional application nos. .60/305 802, filed.
Sy e 0o Bt g RS S R BRI SRy e B Rbtedy A BC R AR FPE)” oot oper
- 28, 200%kacnekhéR)/ Bdcoridé to bhd esibéfiiicht S0this28Rod  BsahiplpeprRtpdhdy reference
herein. Wile a nunber of enbodi nents _have been provided, it is apparent '
that th&iomelscilesisdded ka 7 Hrsteraandeiraiiated agrossandEgihudler of ¢tk oxnpsertii ment s
appr eci té?gf(‘jgﬁ%lg?@?%g&g% gﬁégﬁegﬁgﬁ@%%pﬁié@g t%; Iﬁe%ge%%a P#r%#rll]\tgmglllé)?]gtﬁhe

i nvent i eptionadly, sepdirdted @i nsandd theerspece ki, bytekposing die birmdibanestthanspeci fi ¢
exanpl es, which are exenplified. hel ow. EXAVPLE 1 _Mbl ecul ar \Wei ght St andards
A gr oovﬁleﬁ'f‘.“dgﬂaﬁ'&‘dﬁ ﬁ&é@@?%@!@d@w%gg@ﬁa? eﬂlfﬁ?{%cﬂhi n para -

met hoxy et hy g et ,-Eéymm\,mf@h %r%haf%ﬁ;ﬁgfr%%vtﬁoﬁ%%c&lﬂgizﬁﬁlEél(j\ifu%lé. 10% SDS

" pol yacrylam de gel. Al one end of the |ane, a spot of |EF buffer having an
.-i mobi | riﬁgﬁgdrdi-ng to one embodiment, the bi-omo‘l_ecule(s) of inferest can be separated, '

‘ '.':prépa;ed and/ QI:’ ax_ialjriﬁ:dl in one-dimension by -adé_iing the sample to the running
| ~ buffer in an TEF appdrétﬁs, generating the e}.ectﬁ_c field, c-i'rcﬂlajt,iﬁg:thc running buffer, e
" and peﬁddicﬁilﬂj,rEVstfng the direction of the electric 'ﬁél.d; Alternatively, the sample
'.I-:Q!'ﬂ‘d be addcddxrectly to ‘the'rcelrl,_,Channel, Or‘l'ane._ Acpo’rding to ;anofher _cmbodimcn'; , -
of thlsmethod, ﬁ sample C.bri-ipﬁsin g the _'b_'i.émoleculf;:‘ :saddcd to a system and _
' ':f(';-il;cuiatedfa(":fog_éf.anf IEF buffer or -ce]'l_; cxpdséd: to ah al_tem;a’t_in g-é]eétﬁéai-’-ficld in and
out of the TEF jbljffer_-‘(i__)'fccll;i separated in-a second dimension, .g., by _éx'posi_ng the
"rbi(ﬁymo;lecmésl-to an «cliect_ﬂic field that is directed doWn the lane away from the IEF
Euf:fer or cell and then dct;:mﬁ-ning' the pesition or .quantri;tyof the biomolecule in the
.llane. “The ideritification of the lz;dsi'ti@n,or quaritity of the:biomoie‘cﬁlc,in the ;laﬁe can
be useful in ,detcrr.nihi-ng t'hé'.pI.‘ of the biomolecule, the m.ble;f:_’u]ar weight of the '
_ “biomolecule and/or its state of modification. A change in the position of a
' ‘:'biomoléculg ina tést.gample __(_—:@ﬁ;}parcd'jio the same biomolecﬁie in a_.controi sample

o c-ai} be indicative of ‘a._moc_iiﬁ'céﬁon of the bi-dmd_i’e_éu-le_ (éi 2., ﬁhdéphqry?ation_; etc). A




pH of 8 80 (arbltrarlly chosen) was dep05|ted On hundred ngs of a prote| n
- ladder - marker RPN 800 by Anmersham Pharmacia Biotech (10 ¥da¥02%D in-

nol ecul ar weight) were injected into the spot. A netallic el ectrode was
connected-to the immobilized pH gradient gel and another netallic el ectrode
was connected to the .end of the l'ane furthest away fromthe pH The plate
was imersed in a | 6DS 50mM tris-glycine buffer (pH 83). A voltage of 36
-‘Volts (fjeld 100 v/. edtothe Iec ro 5 m nutes. :
Next , ﬁhm?gfrfgt%%uag er?éfraV@ E%Hi ang t?s"'s pﬂTg%?gheaS%mgptlcal scan of
the Sep%ﬁ:ﬂbl%dulebﬁﬂdﬁntﬁﬂ SHE ldjcab%e\imﬁwﬁmttff%ﬁnc&eﬁb ©f 0966@P®e in theTWO '

-, 'Di mensi onal Analysis. O The Proteins of Blood Plasnma at pH 8.65 0:05 A

- pol yner vva suc

- 19%8DS 50mM tri s-glyci ne

100 mi craswudl el éstegdiemelecele e fole-gui 2 thasee iruthe expressened the 0. 05
pol yacr ylk er solution) was deposited on a _
6 lg&ﬂe%%tamiﬁgwﬁ%@mpéu%cm X 1lcm x 0:3mm The. wafer was

placed in a sfml $ysedieplaaides aanhod forguantithiig thernmost dfid tiemolsctle ih M sodi um
sul phate buffer as a running buffer. 16 January 2006 100 ng of bl ood '
pl asma §éﬂﬂp@‘6§é&’» 1 MAITBY dEaY OF Fyske - h'g ¢ Aagpet ol (all%‘l’ﬁlﬁ epina noERY .

‘conpri si ?ﬁ"‘lh{bgw f i ed o
_ perpend:bg %?%gn%h anergi?“ﬂﬁ *é‘?‘!lwm%&% %‘Sttggiga\?\?lg{)‘&hwo "degree ,
‘changes bwmd;llawldm&:etlamanﬂ)eﬂ)bend %ﬂlraanﬂleenmﬂepuﬁtﬁatm deteaahle Ngxt t he waf er
~ was rempved from the running buffer. an rlns in distilled water. The gel
- spot wad? WW@?“HW %TE q‘éﬁﬁ‘&‘%?ﬂ‘&'&d"% Sﬁ’ée""é'rRFWa ifle. (10%
.SDS- PAGR6:94 st%n&éxﬁtcﬁn%ilsﬁ%%{ oSN dﬁt@éﬁﬁ@'sﬁnébm}}{b‘i’ccﬁicaé rsed |n a
puft f er vol t age of 36 VoI s (field
- 100v/ cwf bixesoleqbds (BSA ﬁ)rpmiemlcb&:umﬂﬂm) fﬁhciﬁonmtmﬂbsn theNiangt Gant he | ane was
- silver ai.ned an d I cal. scan of the proteins in the
- plasma gifﬁrheé’ Pﬁ%‘?ﬁﬁﬂvg © lagei fg‘b?’@@fsﬁ Qf’dﬁgﬁaﬂ'ﬁ“ alen.onor oxi mat el y 8. 65 0. 05 and

~ were separat ALcBMtimDR GHel NHIAHhEt I ehis PlefIdE 6hé BIRRRIREICSs hidnitbRd| ane. The
lane is as it~ would appear if viewed under a m croscope. EXAMPLE 3 Two

“Di mensi mnrdeiwp@emme@wnmﬁ@mna@Oém plesdity of omplecyley arghe, | EF

LT Rl O, PSS SRR o LRl o Pedeylind °PS

. pol yacr y ﬁmtﬂﬁnaﬁcmbi)rﬂdthWbldﬁ)tﬂé@ﬂé@ajfhﬁdefﬁspﬁrﬂléteﬁl&aHpi’c atopansul fonic

 aci d. (EPPS)
: compared to-the data correspondmg to the biomoleculé or plurality of blomoleculcs of

interest from a subject that does not have the disease or is not prednsposcd to having’
' :;he diséase (i.c., a normal subject). Itis de'sxrabl_c th_at‘ computer is able to _c_ompa_rc and
L naléxiléfé‘ihe similarities aﬁd differences betWeén the two sels of data. The parameters
| _ ,ef the computer can be sef to reach a thrcshold abovc which a p031t1ve or ncgatwe
' '~rasult 1s declared. 7
| Accordmg to- another cmbodlment a systcm can be used. to [Emove .
- . "bmmolecu}cs andlor ionsina sampie away from a. blomolccule of i mtercst by adding -
" ‘the __sample-compnsmg ,_th_c.blomoleculc _.of mterest intoa cell in the system. In this.
- ‘case, théAIEF"buffer in the cell would have a pH value(s) that encompassed the .pI of
U ’thc -bibmol'ec'_:ule of inferest. Thus, if ‘thg:'réVersible-.élt‘:cﬁic; field 'and cifculating means
T inthe system are applied, other bibfnoleaﬂcs or ions would migrate out of the cell but
| the b:omolccule of interest would'temain in the ccli The biomolecule of mtercst can
-  " be recovered from the IEF buffcr or cell. Altematlveiy, a sample may be placed ina
- _(;cll andan electric currént pas_scd through an 1IEF ‘buffer or cell in a _s_mglc direction,

: ;; -pe@cﬁdicul-ar to-the plane of thé‘biomolecuic p@'r‘méable walls of the buffer or cell. |
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(25 2329/ L) was mxed W|th 5 grams poI yacryl am de (B| oram)asﬁ ?Ool ume of
~01M NaCH as indicated bel ow The volune of the m xture PRY AR ed up to
50 mMs with water at 25 degrees C. pH=7.500. 1 M NaOH 5.9 nl pH=7.520. I M '
NaOH 6.1 m pH=7.540.i M NaOH 6.3 nl pH=7.560 M NaCH 6.7 nil pH=7.580".1M
NaOH 6.9 nll pH=7.600 1M NaOH 7: 0 ml pH=7.620." M NaOH 7.2 i . pH:76401M
NaCH 7.3 ml pll=7.6601MNaCH 7.4 ml pH=7:680. 1M NaCH 7.5 nil b. |EF

~buffers. haV| p wd 3 006 25 ms ,
oMM i, b o 2 el B bplliiedi BeXBRy LBRhR. G p) R Gk a2 00 2 TS 1
3. 5 gr ameopphiya oy 'amshsingybwil( Bt m@rﬂ&;o@ﬂdn@lwmbuhﬂfﬂuﬁfm 6 AhibAOH as
~indicated below. The volunme of the m xture was jncreased up to 50 mis with
wat er atm?Se"d‘éfﬁ@'&"me%FEﬁ“?BW RERFion obany otwmegg@rmm 6.6 m
pH=7. 748? pc%ljzllyaa—l 6.7 m pH=7.760IM NaOH77.9 ml pH=7.780. 1M NaOH 7.2 m .

- pH=7. 80 NaOH 7.5 ml pH=7.820.1M NaOH 8.7 nm pH=7.840. 1M NaCH 8.0 il

. pH=7. 860AM Na&Hir&eiZneds, pﬂbﬁtﬁaﬂﬂiﬁatcﬁtl‘dpl}dh&ﬁo&s tibedhidrein.ard HRotpofdtedt sy havi ng pH

(12 13 agPtenas ekl Stag o isigneh apnbe i oY A1 . R R bé}(aﬁ’iand a
- vol une Cﬁt)/@mlﬂd"ﬁleda&uglﬂ% Cﬁo‘i%@%@%s & ougbit, obot Ek?dé’ﬂiﬁm was
increased up to 100 ms with water. pHeE 7.900. 1M HE 34. 5 E

pH=7. 92 dilgd/lﬁkplr@ 3032002 are incorporated by refcrcnce herein. _
While a number of embodlmcnts have been prov1ded itis apparcnt that the
) composmons and methods. The;cfom, it W1ll be apprccmtt:d that the scope is
enco'mpassed.by'thé eﬁbodi_m(fcnts of .th'e{ inventions tccitéd- herein aud-.the specification
- rather than the specific examples which are exemplified below. | |
| | | EXAMPLEL
Molecular Weight Standards |

A groove of dimiensions 0.1x0. 1x3.0 mm was en'gfévcd i a thin para-

' inethoxmethylamPheta_rxﬁnef(PI\MA) plate. The 'grolé'\?e_as--ﬁlled' with 10% S_DS' |
Epolyaéryiaﬁlidé gel. At one end of the lane; a spot of IEF buffer having an immobilized
pH of 8.80 (arbitrarily chosen) was deposited; Onhun_drqd ngs of a-protein Tadder

~ marker RPN 800'by.Am¢rsham Pharmacia Biotech (10 to 250 KD in molecular weight)
were irijéctéd into the spot. A metallic electrode was qbi;néctad.td the immobilized pH
griadie.nt gél and another 'metalliC':cleCttodé'wés i;onﬁgc_:’t_cd to the end of the lane
: furthest away from the pH. _ L 7 , - o
- The plate was xmmersed ina I%SDS 50mM ms-glycme buffer (rH 8. 3) A
| _ 'voltage of 36 Volts (field ~ 100vlcm) was applied to the clectrodes for 5 mmutes :
ch_t, the lane was silver stained and- ﬁxcd. Fig.18 is an optical scan of the _scparatcd
. ‘bands as would be ﬁ!iéWed undera micro'scopé -
"EXAMPLE 2.
Two Dlmensxonal Analysis Of The. Proteins of Bloolelasma at pH 8 65 #0.05
' - A 100 micron dlametcr spot of a pH gel. w1th pH value of 8:65 +0.05

- '(polyacrylajmdc gel mixed w1ﬁ1 a buffer solution) was depos:ted on a polymer wafcr,
B 'such as PMMA that is lom x lcm x O 3mm. The. wafcr was placed ina small chamber

: compnsmg a sur bar and filled W1th IM sodium sulphatc buffer as a mnnmg buffcr
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- HCl as indicated below p

PH=7.940AM HCI 34.1 ml pHE7. 960AM HOl 34.0 ml pHE7:980 IMHO 33 6 m -

6
pH=8. 000:'1M HCI 36.5 m pH=8. 020. 1M HC133. 2 nil pH=8. 04QAMOHRREBA0G
pH=8. 060/ M HCl 32.9 ml pH=8, 080. 1M HCl 32.7 ml pH=8. 100. 1M HCl 32.5 ni
 pH=8:120. IMHC 32.2 m pH=8: 140, AM HCl 32.0 nil pH=8:160. IM HCl 31.8 .n
pH=8. 180 IM HCL31.7 n) .37 16 January 2006 p11=8.200 1M HC 31.5n}
pHE8. 220 IM HG 31:3 ni - pH=8.240. 1M HCL 31.2 ml pH=8.260. IMHC 31.1 ni

pHE8. 260, 1M HO. 30.8 i d. . | EF . buffers havi H Q] 30-8.50.8% .,
 Polvaoey 180heafbiogd pfastasafiale Easinfbaicrd fusatbs doipter Ol % SR na) was
m Xxed W t6mBrsing 2o0H ofﬂﬂitﬂﬁ%ﬁﬁﬁeﬁfmﬁﬂﬁoltaggﬁf 5@&%@9&@1\%@%&% of 0.2M
H=8.300. 2M HC~ 13.4 ni. pH=8.320.2M HJ 13.1 n
pH=8. 340tznlme of 1he waler fonfaumees. WidHEIO0 degree qhangds-ig UggdireeNpmHof the2. 5 ni

S ORGP B AT R S B,

- i ndi vi dugihbed ifidstilleintabera NS Pel4Pob Was tinfVed faslthcAROSindgsiade apariel | €|
lines on a thin Lucite chip, each |ine having a w dth and thickness of 100
nmi cron affd of 3 apg (10% SDECRAGKD on adilate as described imframpierbnsi ons of the chip

OD_ , . The plate was immersed in a 1%SDS 50mM t;iséglycinc buffer (:pH'S.?;): A |

. . voltage of 36 Volts (field ~ 100v/cm) was applied to the electrodes for 5 minutes. '

" Next, the tane was silver stained and fixed. F ig.19 is a optical scan of the proteins in
 the plasma saniple that have an.isolectric point at approximately 8.65 +0.05 and were
'Sépa:ated by SDS pélyac‘rylaﬁaidc gel electrophoresis in the Jane. Thelane is as it
would appear if viewed under a microscope. ' |
-+ Two Dimensional Analysis Of Blood Plasma at pH 7.50t0 8.50
(1)  ThelEF Buffers " |
| AFi‘fty']E'F buffers havii_ng pH values of 7.50-up to 8.50 in steps of 0.02 pH units |

were prepared.

] ~a.  IEFbuffers pH 7.50-7.68, 10% polyacrylamide
| 25 mls 0.1M N-2- .'hydrOSycihylpi;pen'sine¥N¥3—prepansuifon_ic_écidA('EPP.S).
7. (25,232g{£) was mixed with 5 grams polyacrylamide (Biorad) and a volume of 0.1M
B NaOH as indicated below. The volume of the mixture Wés“incr'ea'se‘:d ﬁp to 50 mis withi
" water at 25 degrées C. _ _ o
 pE=150 o 1MNa0H 59ml
o fpH=7S2 10.1M NaOH 6.1 m}
lpE=754 |0IMNeOH63ml
| pH=7.56 '- 9-.\151\4 NaOH 6.7 ml
| pH=7.58 | 0.1M NaOH 6.9 ml
[pEH=760  [0IMNaOH7.0mi
{pH=7.62 | 0.IMNaOH 7.2 ml
|pH=764  |[0IMMNaOH73ml
o .pH=‘7'.66. ] m Na(jH 7.4 ml
 [pH=768 - |[0IMNaOH75ml

b, IEFbuffcrs ﬁavin_

DH 7.70-7.88, 7% polyacrylamide
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~ (TCEP);

which the | EF buffers were deposited were 1.2cm x I Zcr n. . %szMT Runni ng
Buffer- Five ms of a solution having the final concentratr% ea, 2.2M
thiourea, 1.1% (wvV)

t et radecanoyl am dopr opyl di net hyI anmoni opr opanesul fonate (ASB 14), 10% (w v)"
di met hyl acet am de (DMAc), 0.55nM et hyl enedi aniinetetra-acetic acid (EDTA)
~in deionized and distilled water (ddH20. was m xed at 30',Con.a rotating

able for S0 g SN it SRy GO B oo
at 32 i C hold Ml BuYaas pdi?@cr?@hﬂr!dé&l@ﬁﬁad)%ﬂ aRAEHRCOAIMUGAOHE a0 45y un

"syrinnge filter without. creating foam Next, the follow ng ingredients were
added wi inflicateldielavo “Ehe yolaine of Hieaairturamasinctaspda fq SQimnds wish waker at at e Na

“buffer (W %ﬁ wfv), 2mM Tr(2 earboxyet hyl ) phosphi ne hydrochl oride
‘am de; 1% glycerin.. Final- 38 volume: 10m . The final

concentritﬂgpg f SOfE Of ﬂ@q@w&@,ﬁl of the running buffer is asjfiled:

-‘7.7|\/| ur thi mlrnn 11%-DMAG 0. 55—m—EDTA The pH. of

t he runr_|p1g='bmfer was adj @slthJaQHﬂﬁthh hydrogen chloride. (3) Fhe .
. First Dimensipm Separatrio i, Focusing Step 1o performine}first
- di nensi c”‘i@:}p’gfatr on (LEE D]tkﬁifgf#g?' Ling the deposited 1FF buffefs
descri bECbH—_-E‘I? ahove vvas pl ct@gd.r[m(}ﬂquaﬂper bet ween tvvo eI ectrodes t hht '

 were spg . o . -
“this -steRH-??gwas only fi pf@@NﬂQIﬁ']&rfmarmunt of runni ng buffer suchj t hat

~an. end; H_tfpgoLucrte chil iy MANePHBEEd 1 n running buffer to a depih. of

S 0.2mm ,4 a—'r:pclllf a-smalll area at. the ends.of-each-of the |anes—blt not
the enti rer=a7r&%1 of ‘the Ian@sIM/a{aC&erﬂenbed in the running buffer. Che -
- microgrg haman pras T Qf Xpure”was gdded to the ~running
- buffer. /Eﬂ?e tric fieldjw g\ }?g? the chip. The field was.gengrated

“by a reqtﬂmggld;ar vvaveforr'
10 m nutfess —st—bar—wngs ]
the chanﬁgf[—7an%l to the | Ef O ZF)’JThe Second D rrensr on Separ at on:
- SDS- Pol yacryl'am de El ect rophoresr s After performng the first di mension
. .separation, the chip was reorient at ed |n1 the charrber betvveen t wo
‘el ectrodes spaced & 3 cHiRpelfers hayine gBuh80-§ Oorpekyagiginide nnjng buffer
t

N T ] Al PRt Z'h?*ﬁf,a%ﬁ*e’@ e ar ea on

-the | anepolyacrylanndc gel (Biorad) and a volume of 0.1M HC] as indicated below. The

112 Dur ng t he

i -N}Q}HBQI;]BOV and frequency or

volume of. thc mlxture was increased up to’ 100 mls w1th water

Je=790 _'-01MH(:134.5mr
{pBs792 | 0IMHCI343 mi
earod  JoaMECM4ImI
[pB=796 . |0.IMHCI340ml
fpH=798 - |0.IMHCI336ml
Ipi=g00 .~ |0IMHCI365ml
{pH=8.02. B B "H=0f_.1MHCI-33.2;1ﬂ‘ ;
pHs04 . |eamBCI330m1
{pB=806  {0UMHCOI329ml
Jppsos [omMHC32TmI
‘[pH=s10  |0AMHCIZ25mI
:.-an—S 12 |oiMHO322ml -
{pE=si4 |oiMHCIZ20m I
=816 o JOIMHCI31.8ml T
pH=8.18 " © " {0.IMEBCI31.7ml
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. that the

mhere the protelns accunulated in the IEF step tomards t
~the lanes. A 3% SDS sol ution was added to the running b
concentration of
the electric field was

After the second di nension separation,

nitrite.

2% SDS r

unni ng buffer.

[}Eg@ﬁfn?@pé

| mredi ately after addi ng t he SDS,
gener at ed using 100V for approximately 5

e
a

final

m nut es.
the chip was i mersed in a silver

sol ution and exposed to W Iight for fast S|Iver stal ning. After

~silver. s

ot .
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| vl ol QG
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di nensi

0.02

Ild.l
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Anal ysis O Bl ood

. Twenty-five | {gonaybloanss Badtétﬂglbﬁfﬂntﬁ?dl
pH units were

pol yaer yﬂdeﬁCﬁ:éaIEBi

d.ll"

JUL,I

by
L.

'ﬂbuf?ers Baving pH

| asry

repa

MIT O, 9OU- T U

red. | EF buffers

CNANDL e 4T
P IVI‘, ‘-h VW L)IIII:'IID

onal

velfonat ﬁ@SM%OIhﬁea uﬁ@.7%/9 gﬁdn@JS of
. 0
(}ilomdl) 2“4 W@ﬂ@ﬁ%mﬂﬂgﬁdn@gﬂf?@hﬂewam d. (I\/ES) was

m xed wi

~ast i ndi ¢&

LIIO\J

gans —poty
|.ow.

The .

QEF

{Brorad)—and—a—votume—of

ét%@f gt“h@ ‘m xture was i ncreased up to 5

Ul

M NaOH
D msS.

Wit h wat

%H—:%F?RAE 5-

504. 4 nil

82MHE s

AGES. 524. 8 nl0. IMNaCH pH=5. 54. 5.

1rt]0.

~ 1M NaCH}s
1 M NaOH

pHES. 305

3 O AM
9nTLOl|\/|

NaOH nl—l:l-'\ 5855 n||

O 1M NaCH nl—l—l-:_ ROR_ A :

N@M%H@I-HQ@IGHG 0 mL0. | M NaOH pH=5 666. 4 ni

OIM-

| NaOH pHF

{36

nrl

U/—\

%Wa’flxnp 7 AT O IV NaCoH

{ pH=8.38

' OQMHCI 125ml

| pH=8.40

} 0.2M HC1'12.1 ml

- | pH=8.42

{ 02M HCI 11.7'ml

| pH=844

102MHC111.2 ml

| pH=8.46

-onHC-luonﬂ'

- | pH=8.50

02M HCI 1074ml

The IEF buffcrs were md1v1dua1!y rmxed w1th ammonium persulfate and

deposited in parallel lines on a thin lucite chip, each linie having a width and thxckneé"s..j

of 100 micron and a 1engm of Icm and a different pH. The dimensions of the chip on -

~-which.the IEF biiffers weie depesﬂed were 1. 2cm x 1. 20m _

@

‘The Running Buffer

Five mls of a- solutzon havmg the final concentratlon 7M Urca 2 2M thwurea, '

_ 1.1% (wlv) tetradecan0ylanudopropyldlmcthylammomopropancsulfenatc (ASB14)
" 10% (w/v) dimethylacetamide (DMAC) 0.55mM ethylcnedxannnetetra-acetm acid
~+  (EDTA)i n deionized and distilled water (dng_O) was mixed 2630 C qr_t- a rofating
. table for 30 minutes until dissolved. Five mls ddil,0 was added if needed for

dissolving. Next, 0.4g amberlite was added and the solution was rotated at:32°C for

10 minutes. The solution was then passed through a 0. 45m syrin ge'fiiter Wit—h'out :

'creatmg foam Next, the foliowmg ingredients were added with watei to a ﬁnal ,

. concenl:ratlon of 2% citrate acid- c1tratc Na buffer (pH 4.0) (wlv) 2mM Trl(2-

i ca_rboxycthyi}phosphme hydroehlqnde (TCEP), 2mM acrylamide; 1.%_ glyceun. Final.
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pH=5. 726: 8 nll0..l M NaOH b. | EF buffers having pH 5; 74-5. 98 90/ 0I3£ ryI am de
25 ms- OlMtris(hydroxyrrethiI)am’ nonet han- mal eat (Tris- nﬁq‘}&a @gs m xed.
- with9 grams pol yacryl am de (Birorad) and a vol unme of 0.2M NaCOH as i ndicated
bel ow. The volunme of the mixture was. increased up to 100 mis with water. . .
40 pH=5.747:8 M 0.2M NaOH pH=5.76.7.9 ml 0. 2M NaOH pH=5:788.1 m 0. 2M NaCH
pH=5.808.2 nil 0.2M NaOH pH=5.82Mai|l O 2M NaOH pl11=5. 848 8 m 0.2M NaCH

. pll1=5:869.3 nil H=5. 889. M NaOH 010:5 m 0.2M NaOH
. pHES. 9211018% @2@%&5@%&%"%‘?@ "gsﬂ“r“?"f)t ngeﬂé) GRS 0" oM NaOH
. PHES. 9812197, 1t ifRa2MTNEGh Them dfouRt § 485 A9B1 8, 1 DNIAY2) b rmirxed wi th

anmoni um persul fate and deposited in parallel lI'ines on a thin Lucite chip,

. each |inEDRfAing a width and thickness of 100 micron..and a |length of Lem

- ‘and a different pH. The dinensions of the chip on which the -1EF buffers
were dep®hé pHobfwsy mnfin@dmiter a2 adusted hed.Rurith ingli@enfcblotiiee runni ng buffer

was the same as described in Exanple 3. The First Dinension Separation

| soel ect{B) FolhsFirst [Stnemsiba SeeafaGom Isbeletmﬁm_wﬁ&Ron separation (IEF),

- the chip having the deposited | EF buffers described in above was placed in

- a chanber bet Weq;arfbmﬂmlfust&m&mmoﬁtsqﬁmneﬂ]él@aﬁmd:hlp leavisgpthe tepdBited chanber

. had a 2 md__vol une cg . Howev Ln this step, it filled V\Ath

~an anDunIE%P“ﬁf%HFW&BB‘?CJ vE iR Pf"r?ﬁ‘il “h‘hc' ‘BL‘ '181‘?@“ PR P ‘Q‘*%H‘%as
-*Submgeqr wa&ﬂag%fmmmﬁb&%aam&ba&m%@é itf. ERWhLr, iPhamal | area

' the en f the [anes, but not the e re area of the |anes was
.. subrrergestcp,nt Maeoniytfﬂ!&drvgttbaxf zimount@ﬂmmmrg*lmqfeaﬂmhfthat dnemdrof thealopite protein -

e R R ARt e U o By hSn of DR ALk el St S BRP' O O
' . theends of each of the lanes, but not the entire area of the lanes was submerged in the '
r_un_mng buffer. One microgram of a human plasma— prot;:m rmxture was addecl to the-
f-unhihgibliffet. An electric field was applied to the chip. The field was generated by a |
recl;ariguiar Wavefdrm of +80V to -80V and frecluenc‘y or IHZ During the 10 minutes,
| ‘a stir bar was uscd to circulate the plasma protems arpund the chamber- and to the IEF

buffcrs

(4  The Second Dimension Separation: SDS-Polyacrylamide Electrophoresis

After p'éfforﬁﬁ-n_g the first dimensi.on‘ separation, th‘e_ cth was reorientated in -
the bhﬁmber 'bétwécn two electrodes spaced 1.3-crn apart and submerged in the same
, runmng buffer in sucha way that an electrical field generateﬂ betwccn the electrodes
would be paraliel to the lanes and would be d.lrected away from the area on the lanes
wherc the protems accumulatcd in the IEF stcp towaids the opposite ends of the lanes.
B A 3% SDS solunon was added to the running buffer for a final concentration of 2%
SDS runmng buffer Immedlately after addmg the SDS thie electric fi eld was

gcneratcd using 100V for approximately 5 mmutcs

-After the second dxmcnsmn_ separation, the chlp' was munersed in a silver nitrite

:S(jiﬁﬁoﬁ and-exposed to UV light for fast silver staining. After silver staining, the chip
"Was .sc“anned"b).} a comihé.r’bial office scanner (UMAX ASTRA 2200). The scanned
lmagc was digitalized and cnlargcd 10 times (FIG TA). FIG. 7B is a optlcal scan of a

_ sﬁvcr—stamed gel of human plasma having a pI of 7.50-8.50 using a iradltlonal

| L asoelecmc focusmg nethod (obtained from the Swiss Data Base)  The
. posmon of many of the protcms in Fig. 21A and ZIB are the same th 21A 1llustratcs .
' ' -39




- plof 5. a0aifioRfl iRha. Ak AYIldANRN sedsPRbAT o Uihef RN ErTgbRod (obt ai ned

" buffer for a final concentration BKAMBIISBS in the running buffer.

" ‘methods. The resol &t i onlBRB

‘rectangul ar waveform of +80V to -80V and frequency or Fzﬁfor %m i nutes. -
During 41 16 January 2006 the 10 mnutes, a stir bar was dEYy irculate
t he plasnma proteins around the chanber and to the JEF buffers After the
'second di nensi on separation, the chip was imersed in a silwver nitrite
'sol ution and exposed to W light for fast silver staining. After silver
staining, the chip was scanned by a conmercial office scanner (UVAX ASTRA

~ 2200). Th digitalized apd, enl 10 tines: (Fig.22B).
F TN T R R L e I T

“fromthe Sw'ss Data Base). generated usin 100V f or approxi nately 5
~mnutes, andigmanshﬁrmhpnmr@eﬂs accurrul ated in the I EF step towards the
- opposite ends of the lanes. A 3% SDS sol ution was added to the running -

~ I'mredi ately after adding the SDS, the el ectric field was (4) The Second
- Di mensi owSdpiatensionat. ABIDGi POF BhavdMamaais H 6S50n@600r esi s After perforning
-t he first dinension separation, the chip was reorientated in the chamber
 bet ween (Mo - elfhelE®Beffespaced 1.3 cmapart and subnerged in the sanme

-running buffer in such a way that an electrical field generated between the

el ectrodes wuestybRve BRFbifflrs havitiigH vales of RS0 WP o 6.006d sepesit®@ol away from
- the area gn the lanes. The position of many of the proteins in Fig.22A and
. 22B.are PH&%&H@TCFPQMQQB .illustrates that the use of the matrices,

~-arrays, systens and nethods yield mich better results t han tradltronal

derp 8HL 5-90-037207 % podvagrdamideonal - | EF-'SDS anal ysi s
is much |rrproved EXAMPLE 5 Two Di mensi onal Anal sis Using An Array An may

- cont ai ni ng ond> MEFP1hE-Oinnprfokn) %misﬂlf@ﬁlédc ettasuwxa wigh 3 i rrensr onal

- Sepasit el bl 3 SRRl VSRS A D Iine TR RS

. the Ianemasotﬂ:ﬂmnflﬂermmureavakmﬁremdhbt@ﬁolnﬂﬁ)wrmcrms thr ck.” The | ane was
- then covered with a 100 mcron thick cellophane |ayer that had a 200 '

m-cron df gl &, circular, Qe{ﬁ]@@qu@Oﬁte cell ophane 42 16 January 2p06
- layer- Jgr _
posi ti onerH=aL5bne 'en,d of ka’eﬂlﬂ@dMNaOH ) ' ‘
o pH=554 ['5.1 m! 0.10M NaOH
| pH=5.56 |53 ml0.IMNaOH
| pH=5.58 © [55ml0IMNaOH
| '.‘pﬁzsl._sof ) T . '}’53511;_11_'0.*1MNa0H
[pH=562 =~ |59ml0.1M NaOH
{pi=s6s 7 |60ml0MNaOH
[s66—  JeamioiMNoH
 IpE=ses  [635ml0.IMNaOH
Slea=s0 T [e7mloaMNa0H
ApH=s72 |68 0.1M NaOH

' b. ] IEE buffcrs havmg pH 5.74-5. 98 9% pelvacrvlannde -

25 mls 0.1M ms(hydroxymethli)anunomethan -maleat (Tns—maleat) was mixed. -
~with-9 grams polyacrylamide {Biorad) and a volume of 0.2M NaO_H ras indicated

below. The volume of the -';r';j-xt.ure,was._inc‘rcased up to 100 mls with water.
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- I'microgr.
~.to stain

-ul'travi ot

- circul at

5 minute

An IEF buffer was prepared by nrxrng ponacryIanrde
anmoni um persul fate to forma 7% pol yacryl ami de
prepared by m xi ng 50mL of N-ethyl_m)rfolrn -M(Sigma) with 8

| EF buffer was deposited in the -

and

buf fer was
1M HCI
perforation and allowed to
- 1soelectric
cont ai ni ng
buf f.er

ms

. chamber
" runni ng

consi st ed

and 42 m of water.

runni ng buffer (pH 6.9),

gel ;
el 1e°

Syl 8@96
A drop of
solidify. (2) The First Di nension Separ at
bar
f 1 1vIK2SOA m xed

hpH=50% hunan.

pIa

smmlrmrmeraomas added to the runnr ng buff_

‘square
-for
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8 mh

voitage—off

ile the ru

?]§ng1\&0 d.llu IICLIUCIIL,y UI II_IL wasS gU
n f

circulated. (3) The Seco

buf
7.00

and. electrodes

I on:

Focusing The array prepared as descri bed abovewas placed in a
a stir

The )

er at ed'

- Dinensi o
vol tage °
di mensi o

1,

1PHe§§pat ion.

pHepagat i on:
the

3 ﬁﬁ@pagﬁemggcond drnensron separatron a
a&?a&lml‘hﬁférsed in a srlver. nitrite sol

$econd
uti on

esl,gne. The Ta
11 um nation=

€5lg

a

B

%\f@%’] ﬁt ained Tor Three m nut es _unasg

ows_a_magnified, optical scan

B[
f the

silver-s

pHﬂmeaf er. The

ajanﬁermdmas are stai ned hurran pl asma pi

‘ot ei ns

“havi ng pf
- Anal ysi s

ﬁgdﬁ 6UXI matet Yy

Thr ee El ect]

B

CaloAR o owey oas

UI IIBIIDI Ulld.l 1

as described in Exanple: 5 vvaS

B pr epar ed}:

hon

plid3, 3§he First Di

n..n. . nha nhar
A

e sl 0MPeRRIRt | on: I soel ectric Focusi ng

cont-ad-RH-Rg-L-thnd nn buff

- array pl’
“and thre

1
AU U LILIL

2901 odes:

The

rhﬂsﬁwngbENﬂé)H consi.sted of IpM<2804 ni xed

CHC. A
~the runn

conprising

buf f er |

T8 T OO NOh

Ciffodes that

pl ane ofj

pHeS 84r ay,

a squg

riQOMOQMNm}DI tage of +30V to -30V and

The

Jbar
with

human pl asna prot el n was adged to
fhe

br Wwas

frequenc

'e%ﬁ"i“‘f %K Th

Was gengt
e Second.

IIIIIULCD VVIIIIC LIIU IUIIIII Ilg UUI]
EEN

rati.on: SDS: PAGE. For thel

second

di nensi o[bgejpggat i on,

a DG

I'\WF

1\2C§7tlﬁg§2MN§@}l\/ was applied along the.la

he for

AN oo0
o VTS AT CU

: _.The YEF buffers w

-shed- h\l rlnf achi-ng one of -t he—-electrodes
TTIOC O LS AR TOTO

eréindividﬁal_iy mixed with ammonium persulfate and- .

" déposited in paraliel lines'on a thini'luci'-te chip, each line lizi\rin'g a width and thickness

of 100 micron and a Iength of lem and a differenit pH. The dnncnsrons of thechipon

. which the IEF buffcrs were dcp031ted were 1. ZCm x1.2cm.

(2).

®

The Runnmg B-uffcr

Thc running buffcr was the. $amé as descnbed in Example 3.

The Frst Dlmcnsmn Sc aration:

Isoclecmc Focusm' Ste

ised

To perform thc f 1st d:menswn scparatlon (IEF) the chip havmg the deposnted .

o ]EF buffcrs described in above was placed in a chamber between: two electrodes. that

: _‘ -were spaced 1 cm apatt. Th_e chamber hacl: a2 ‘ml volume capacity. However, in thls

| "stcp,l it was only filled with anamo';_mti of ranning buffer such that an end of the Tucite -

| ,lchi‘,p'w'as submerged in running bij_f_fer' to-a depth of 0:2mm. As a result, a'small area at

: '-'t'he‘ ends of each’ of the lanes, but'_het .th_é entire area of -thellant_zs was submerged in the

running buffer. One microgram-of a'human plasma protein mixture was added tothe

"_runmng buffer. Anelectric field was applied to the chip. The field was generatcd bya

fectangular waveform of +80V to —BOV and frcqucncy or IHZ for 10 mmutes Dnnng

4




in the - IEF step fromthe power supply, reattaching it to e en f. the -
lane that i's farthest fromthe JEF buffer and,activatind%pﬂ@“%ﬂ%§tric
field, etc.,, Fig.28. In this case, -although there is a small,
undesirabl e el ectrical force that is not parallel to the Tare, "there is
significantly nore electrical force being applied down the lane.ina .
direction away fromthe IEF buffer that allows significant and efficient

-separatign of the.proteins in the lane, After the second djmension

separ at i ,l%tlﬂ’é‘“%f%@r WFWQB&“F 'atﬁt@f?@gpa PRplEPS ?r@mé(g#ﬁtclﬂ%'ﬁﬁ% 0 stain
the | aney,difaant AELYRSsSi | ver stained for three minutes under ultraviolet
i1 lumnation. 16 January 2006 Figure 24 shows a magnified, optical scan of

the.sil vgf')-st%hégécdﬂafrﬁﬁmﬁiaﬁ.@e AL SDIPERhdryRehdTBRcAeoeand areas are
st ai ned human™plasma prot-el ns avi ng pls approxi mately I n val ue. .

* EXAMPLE 7.5 Sapay &&ﬂﬁ:g%ch@rf%ﬁiiﬂne%&ﬁ M RrGOHPABERpSw Stk rkdiSd fre MRL T X Tw

-t Isofocusing bufters having a pH val ue corresponding to the isoelectric

~ poi nt ( pihe chimperdew omstwe, elatmdys spaswh 1 3isimaparand gubiberged én hgzameg -

. phycocyanin. lentil legtin and ferritir | okad) wmere prepared; ,The channel
- But fer & ubing e i s0chg v B bl o eriE S L BRRRRP 4y Fon

menbr aneyohfdd pakdilet RAh&fines BRY GSuld B @R a¥ay froaddiReéHon thearsar r anged -

ina grid-like fashion, approxinmately 3 nmmdiStance fromeach other. One
si de of wheis ththproteins acsumukitdddo the THF stepiovcasdsihe oppasite endgcef the langs.

" rectangul astic (Lucite), phate and, filled with 2"/ 0o agar gel . The

11w buf &rEP Sg?éef%)_t'--‘ﬂfr"’é‘p‘&?sea&’d G s b 165 ‘ﬁ‘;’%?“‘i@g’?@@?ﬁ?% 15

- hydr oxyegbglipitRanasing biffeetinanetihttBnifer agdifly thetSDS (hy elecudy TRidwhy ami.nnet an -
pH usi ng .sodi um hydr oxi de, hydrochl'oride or Na2l PO4 See Table | bel ow. .

* di et hy| gtngraied esing 1QPY fwappropimptelyst BMnWesd titrati ng each TEF buffer to a
different (THVIAM, citrate acid, DI ME (N$-bis(2-hydroxynaethyl)glycine or-
p-,p 20 Tabl eAfter themeeswiiidimsnsioriseporation fon ahingvasriomaried iparsilyer nitgse | EF -

Buf fer __goqtr}t(;;oenn::[lnr@etx'po’soe% to Wi}gﬁtofoWas%ﬁ@%lr agfning. After silver staining, the chip
was scanned by a commercial office scanner (UMAX ASTRA 2200). The scanned

image was digitalized and enlarged 10 times. (Fig.22B). Fig.22A is a optical scan'of a

silver stained gel of human plasma having a pI of 5.50-6.00 :using_ a traditional -
L -i'soeléétric ffprcusihg' method (obtained from the Swiss Data Base).

" "The position of many of the.proteins in Fig.224 and 228 arc the same. Fig.22B
,illﬁst:ates that the use of the matrices, mrays,-éystems and met_h(.)‘ds‘ yield much better
"re;'suits-‘than traditional methods. The resolution and sensitivity of two dimensional

- IEF-SDS analysis is much improved.
T-I-beiDi-méns-ilonral Analysis Using An Array
An-atray containing one TEF/lane unit was constructed and used ina -ti:vq‘
_ _'-diinens_ional.-separation. ' | |
(1)  The Array
. A 10% polyacrylamide gél having Z%SDS was deposited as a narrow lane on
a 1 mm thick Lucite wafer. The dimensions of the lane was 10mm length, 0.1mm
| width and 50 microns thifk; The lane was d]enr-c{)ve_red-wi_th a 100 micron thick

cellophane layer that hzid a _20{_) micron diameter, circular perfo_ra{ioﬁ. ﬂe ci:llophang:
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14 M NaOH 50MM | MEPES | 2nmM NaOH 50nM THIVA}4I 44 6n1v| HCL 52mv| rate acr d
96mMM N221 MA4 Protein cytochrome C dexoxi- henogl obin hem)gﬁsd goloé C
phycocyaniri pl of Protein 9.28 0.02.7,07 0.02 7-20.04 4.65 .0.02 CoI or of
the protein '  ‘buffer brown red blue 16 January 2006 EXAI\/PtE 8 A :
25-channel matrix was prepared as described in Exanple 7 except 50mM Bl CVE

" lentil lecting.2:L 0.07 18nM NaOH 50nM DMGA ferritin 4.6 0.05 40mWNaO 15 -

. One m crogram of. ‘any one of the fol.lowing proteins were added to the
runni ng laydves dlignédeith iantase so it dehironlar grfadaion/was psitigkd bi one

- " henogl obi n4p3 +1 C- phycocyanin , lentil. lectin and ferntin  (Bi oRad)

Wi | e th‘é‘dmfé’t“’eliaﬂ% were being stirred in the chanber at 25C, a vol tagé of
1 OOv DC (E= 20QV/ic was applied to the el ectrodes forgﬁbrp nutgs After
Cthis time, théndF betfeowasrrepsed By sErmg poheeipmids erlply Upute

“ammonium persulfate to form a 7% polyacrylamide gel. The pH 7.00 buffer was
prepared by mixing 50mi of N-ethylmorfolm—HCl (Sigma) with 8 mis 1M HCI and 42
' ml of water A drep of IEF buffer was dcp031tcd in the perforation and allowed to

'solldlfy | o . R -

'{2) - The First Dlmcnsmn Se jarat:on Isoclcctnc Focusing

_ The array preparcd as descnbed above was placed in a chamber containing -
: runnmg buffcr {pH 6. 9) a $tir bar and electrodes. The mnnmg buffer consisted of -
 1pMK,SO4 mixed thh_ HCL A sample comprising lmicrogram of human;pl.asma
 protein was added ts the n';mii-ng buffer. A square waveform voltage of 330V to -30V
and frequency of 1Hz was generated fo_riS minutes while the running buffer was
circulated. |

3)  The Sec’bnd Dimcﬁsioﬁ"S-ebaratiohf'SDS#PAGE

For the second. dlmensmn separatlon abC voltage of 30 V was apphed along
‘the Jane for 5 minutes.

After the se'G‘ond dimension s_epéra’t_iﬁn, the array was iﬁﬁn‘ersed in a:'silvcf_
nitrite solution to staini the lane. T hc?ahe-We_is_silV&; stained for three minutes under
ultraviolet illurnination..

Figure 23 shows a magmﬁcd optlcal scan of the sﬂver—stamcd wafer. Thc

| '-‘darkencd areas are stained human plasma protcms havmg pls apprommatc]y 7.0in
yalue o

 EXAMPLEG

Two dimensional Analysis Using Three Electrodes - |

An amay as de__scxibed'.in Example 5 was prepared.

6y} The First Di'mcnsi(jh Sbbaratioh:"lsoelecnic Focusing
The array plaocd ina chamber centammg running buffer (pH 6.9), a stir bar o

S and three electrodes The rumung buffcr con31sted of 1uMK,;S0y nnxed with HCL A

B : samp,l_c comprising 1 microgram of huma_n plasma protein was added to.the ranning

4%




20 for.anther? mnutes. This process was repeated 5 tinmes. Protejpn . -

sorting-of each of the proteins was observed by matchindsﬁﬂ@myﬁ@gunulatfon
of the protein into one of the vertical series (colums) of channels '
Ceneral ly, protein sorting was conplete within 10 m nutes. t- e channels. -
~ The chanber was placed on a magnetic stirrer wi-dth, 100mm hei ght and 50mm

..length.. Each el ectrode had approximately the same 10 dinensions as the

_.di nensi ons

- standard 1 n BioRad

~matrix and was arranged in parallel geonetry ap'proAxi mately 5 cm from each

. other. Bhﬂ*cchaﬁbgtwéummes@wweiéﬁﬁal&ﬂm&eqﬂmﬁ@ﬂmmscﬁﬁmi ng buffer
such that the matrix and the el ectrodes were inmersed in the rrnningbuffer.

A sti r Y efomeyolpgs et 30V to -8V end fsapency of Al wasgeperated fordmentashe r unni ng
“buffer agiRs . ' tical series-of channels in the matrix
were fil é%%{%ﬁ@%‘}f#f%?%g%%ﬁ%h}%@.of |EF 5 buffer fromTable L The filled

- channel zzgv‘ggg‘éx_g%%&ﬁ’iﬂirﬁéﬁsﬁm@eﬁﬁiﬁhzﬂﬁfﬂ@ﬁ‘spar ent nmenbrane (sanme as -

‘describ . Ine natrir x conprrsing the channels and | EF buffers was -
e

pllaced bet .0desnj cf : gL internal
n 55 Sh Ao B PR DE B BERT Y B e g 1 20T ¢
r unni ng theLtbhefor §aninbass. Thshwafactdigplished by defatkial ofieof s eltuadtansel s were
fikl ed wi h[EEe following. buffer no. 6, buffer no. 4,.and buffer no. 3,
- f'rom TaHt WelEEsiepirqm BovesheRYy. reaitachiggt tohe ensl of dhelang habise descri bed i n
Exanpl e o ; R L N (o the I EF
G RIS 162 apd SULEp Sy RRICREUDAL i 26, RRIEGRE:  The | EF
st andar dithough Bhay&esch smalh tundédicable@lecG&h0Joranthahizmogpahilal tath2 (ghe? wer e added

‘to the running buffer. \Whjle the proteins were bei standard in the
* chanber lﬁg%’nliﬁcaf}ﬁy %%mﬁgV%CQR@PII%WWW' LRI 0 the.
el ectrog@ay fioh the MEP VLTS thﬁfaﬁl%(;vstsi@n?ﬁéah%d_.%fﬁ@iéﬂtsregﬁ%ﬁ&{‘oftﬁé the el ectric

field was reversed for another 2 m nutes. I's protess was repeated 5
ti mes. pfeteins inghebanhun . 10 minutes. cosespond to the:rsoelectric points
~of the protein. Generally, protein sorting was - co If Protein sorting of

each of the Pfiet thesscamsislimbsao spalationghe hirag wabenmaseding sveon offerritin

. i'nto the, first vertical, sgrie f channpel s, . cqocyanin (1 .band) 10 into -
 the secBititespR e S@he Bngs The e 318 Sty slaindLidr fros BIFUSARAST nt 0 the
. third uRkfabictlEsik&6n.0f - channel's, and henogl obin apt into the _fi fth -

.vertical series of

¥




- henpgl dbiSepaat

‘channel s. See Fi g 9. The negatlve control i.e., the fourth Veqtq cal
series of channels, showed no accumul ation of any of the d%?%# é

Fur t her nor e, little or no accurul ation of protein was observed in channels
contai ning | EF buffers with pH values that did not 15 e anount .of o

‘gl ycated hemogl obi ngi bl ood of patient being tested. The quantity
of glycated hennalr}e #ye 'T"ﬂmgﬁf oplga) agqopof ghqalh@m@meﬂmaf@ a osin

- Di abetes ihatmhlbwﬂﬁagﬁﬁ éjaﬁﬂ i ncrease in th
0. m%%ﬂﬁ@mﬁ%‘%’ BPAPOENT o) and

gnosny diabetes. e 25 dia neasured
" non- gl ycﬁ%&%@%ﬂ#@mmwmm d i 'rwo~ as a percentage ratio of the
gl ycated henpglobin to total henogl obin. Accordingly, the concentrations

- of gl ¢t d Accordingly, a di agnoBEXAMPRR mas chip containing two pH
~conmpart ments, ‘_i_.e., pH 6.95 and pH r e H r e The Pl of glycated and non-gl yeat ed

peinbfixtiee GompphbdiOSsiad ‘d?i‘éﬁa@& respectively, using

~traditional |EF gel el ectrophoresis . ... . pared. 30 The chi  wa p s

~ made by drilli ng thd&W—ﬁ%thstxﬁ%Mﬁﬁi v&ée |
. (herei na{"-‘%}, fg;hannel S wer e arrange ei@rﬁirﬂ(i)gl ma@éffpy é}ﬂh tPu 1111111
. deep, eetaggul J@éﬁ@ﬂg@ﬁ)plﬁsla&dfﬁlﬁd@hﬁ@% afds@Eal. f' L. Ed th
faﬁ% ke ane
30 ; |
e holes (hemmaﬁer ‘channels™) were anangedmagnd«hkc fashlon, appm:amatelyB '
' mmdlstance fmm each other. One side of eaeh channci was sealed W1th aproteinion
10° tramparcnt membrane made of commcrmal nylon membrane (ICN Irvmc CA). '

Isofbcusmg buﬁ'exs having 2 pH.value correspondmg to the 1soelectnc e
pomt (pI) of cytochrome C, dcoxy—hcmo globm, hemoglobin or,lB,_, C-phycocyanin, |
. lcntxl lectin and femtm (BloRad) were prepared The: channel buﬁ‘ers (hcremaﬁer
“IEF buffers ) were prepared by mlxmg éither glycmc HEPES (N-2-
15 hydroxyethyiplpmsm—N’-cﬂlanmlfomc aad), ms(hydroxymethyl)ammmetan H
: (THMAM), citrate acid, BICINE (N,N-bis(2~l1ydrox)methy1)glycme or IS,B—
dxmethylglutanc ac1d (DMGA) with watér and titrating cach IEF buffer to a dJﬂ'erent '
PH using sodivm hydmmde hydrochlonde or N:JQHPO4 See Table I below.

20 Tabie L IEF buﬂers and colrespondmg protems

= lggffcr IBFBuffer 'f g_P;o‘tem: o “pIiof‘,I’rotem ;C@xo;‘bﬁh& E

| e Concentrahon B | - . {potinin

S [somm giycme | eytochiomeC (9284002 |red .
_' "IQmMNaOH o] | |
{2 |SOmMHEPES  [dexoxi-  |7.07£002 |brownred

1 |omMNaom | henmioglobin - |

2543 jl‘SOmMTIMAM - | henioglobin o*,", [7.2£004 | red
| |aemmmc | L |

|4 |s2mMocitateacid | Cphycocymin | 4.65£002 | blue.
| 1 96mMNaHPO, | i 1




-~ chanber

7 16 January 2006 3 mmdi stance from each other. One Si de Efj channel -
was sealed with a protein ion transparent nmenbrane made ke Bci al

nyl on menbrane (ICN, Irvine CA). An isoelectric focusing buffer having a pH
val ue of @ s prepared by g 22.4ntlof O. |MNa(HW|th 50rrfL of O 1M =

KH2P04 anfisaddi .  tgtat . vol UME of 00 T —Anrisoeteet+ie ‘ocusi ng
- buffer ha-/isng at 9% 17“‘?‘;“%3 Pr 4&2#}@&7&/ m ¥ icolprless :
. 36m-of O._2\/I\laHP0418mM’Na@Ht OV];,'TLO 2M NaH2PO4 gnd  addi ng H2O for total vol une
of 100 nl{ _The {EF puffers—wernenxed—w-th-deryl amide persulfate. The
m xt ur es ,v\gre | : par aff dewitannel s ‘and gekysr i zefidgherein. . {-The
fi-lled ch "th a protein.ifon transpargnt menbranef (sane
- as 10 des : 3 : was_placed]in separatipn chanber bptween
. two plati num eI ectrodes as shown in F|g Z The internal dinmensions of the
. ~separation chanber were 50 mm w dt-h, 100mm hei ght and 50mm | engt h. Each
el ectrodeliwhdrcﬁmplgmbgmf@ ons. the matrl X and was
arrange paraIIeI eom%iwﬁp%ﬁmﬁiﬁw@t@ tsmedmearidERer . The
lt}tqﬁi sEh filledrohanmeds iv@f’édéﬂ@@%lﬁ\‘geﬁrﬁfem &E'M,ﬂm# runni ng
buff_e.r S%‘??fﬂgﬂé@g\caf tr| d t he el ectrodes re 1 nmerse £ he
ufter

ruhnl_ng b 0ﬁ‘fF’lasent in.the chanber to ensure circul ation
of ‘the.:  mming buffer across_ the channels The chanber was pl aced on a
magnetic stirrer. 203k EQIR, %@mﬂaﬂmmwa@dppl y that

coul d re‘hems&nmb o] Obl n was purchased from Abbot

[ NLA86-10],. Non- g{a%g?gﬁfgﬁ%n%’g g‘ﬁm& Faing e inerpaldimensionsd g ma

[9008- 02“@‘]“11, l%mbblghedmsobﬁﬁlcﬂggﬁ Fh] fé?%c'@ tﬁghgf%m[ratl qu urves. Prior.to
ration ?/’Em“% ‘Cb&éﬁﬂﬁ

»,preparbn the mxt res of each fora ction

L coefficie %P‘Wﬁmﬁ:gigydmpﬁam%e@h r@ﬁhﬁ@fg Wi ed at
. several ﬁ»@ﬂp&@ﬁbﬁk} onfirmthat the remai ned constant “over 25 the
range used for the ca i '%lgmﬁ %mi‘ﬁrr {REpriged 5 MMII@SOIahimng bel ow and
Fig. 13, bmsummemmmb%eadés%%ﬁ% B IS L ouoh (v
orders . the congentration. The neasure 'ng a -

~ commer ci éé‘i’ bag pasprest i ﬁﬁhaenbmcemcammﬂ&dmbflﬁi%ﬂﬁﬁg%uﬁ%ﬁa&%uar y 2006 C
- (Ifolel Lthe éﬁmﬁmﬁE’Iﬁe %hamber was p]aced on 2 magnetic sturer

15

| ~ One nucrogram of any one of the follcmng proteins were added to the .
- runmng bu&‘er m the chamber cytochrome C, deoxy hcmog]obm, hcmoglobm o*,p%,
C-phycocyamn, lcntll lectin and ferntm (BlcRad) Whlle the prctems were being

stirred in, the chambcr at 25°C a voltage of 100V DC (EB= 20Wcm) was apphcd to the

electrodes for2 Imnutes After this time, the dlrechou of the: electnc field was reversed
_ 20 for another 2 mmutes 'I'lns prcccss wis rcpcated 5 tnncs

Protem sorl:lng of each of the protems was: cbservcd by watchmg the
. accumulattcn cf thc protem mto one of the. vcrtlcal series (colulmas) of channels |
Genemlly, protcm sortmg was complete w1th1n 10 minutes.

= EXAMPLES

A 25~chatmel matux was prepared as dcccribed in E:-.ample 7 except

fhat cach of the five vcrtlcal scncs of channels were filied w1th the follomng buffer
- 0. 6 buffer: no. 4 and buffer no. 3, from Table L See Flg L4 ﬁ'om lcft to nght,
mSpectlvely “The matnx was then placed ina chamber mth nmmng buﬁ‘er as




e e 5 N
. 4E-6 513-6 6E-6 713-6 813-6 10 9E-6 H ﬁé?’\}\grglﬁ2sﬁsEp2nd'e§%aH“a§é8%5nstant
nmixtures of glycate Hb to non-gl ycge:Tabl mere- bsorbancy readi ngs at

O or . t25 Eﬁpfgr Ngae_lrrf)g:_Zb?n) and gl ycated henogl obi n. Foz5 ega(r)r%eolfigég )
géog ml\llzv-ezedﬁﬁ‘%ﬁﬁeﬁtﬁii Ebr%i@nealnjp‘rogram'o&?%rﬁ.-. - . %1#19@%‘0%&51?51? .
0.107 0. 13fanfark3f BRorat i 3¢ I%i-%g?o)? ﬁl?gflcocyaﬁjh (2* band of the IEF standard in
R BioRad, Cat. No. 161-0310) and hemoglobin o';B", were added to the running buffer.
While the protei‘n_s were bein-’g stiired in the chamber at 25°C, a voltage of 100V DC
"5 (B~ 20V/em) was applied to the electrodes for 2 minutes. Afier this time, the directiop
. of tﬁe electric field was reversed forlaimthell'z minutes, This process was repeated 5
times.

accumulation of ferritin into the-ﬁfst vertical ééﬁ&s.of chénnel,s, phycocyamn ( 1“hand)_
- 10, into the scoond vertical series of channels, pliycooyapin (2 band) into the third
C . vertical senes of channels, and heﬁzo_gloﬁiu (i*iﬁ*z into the fifth vertical series of -
Ach‘fmnéls-.' See Fig, 97 The 'ncgaﬁve control, ie., the fourth vertical series of chaﬂneis,_ |

showed no accmul'atijon of any of the proteins. Fuﬂ;hermo_ré,‘ little or no accumulation
' of protein was observed in 'chanﬁélscontaiuin'g IEF buﬂ'emmtth values that did not
15 ‘ ébEESpOEd to'the 1isoelectric pdi'nts'of

the Protcm. Genel'aﬂy, PI’Otem SOl'tlng Was
. complete within 10 minutes, | _

20 - A hallmark: for thie diagnosis of diabetes is an increase in the amount of
glycated hemoglobin in the blood of the patient being tosted. The quantity of glycated

- hemoglebin Vi.ll"‘théﬁblqod Géﬂ'ﬁifpi’é’ssed asap eicentage ratio of the g&cﬂ@& | .
* hemoglobin to total hemoglobis, Accordingly, the concentrations o obeaed
_ hemoglobin (HbAL) ane non-glycated hemoglobin (IbAI) should be measured for
25 diagnosing diabetes, T ~
| o ) The pI of glycated and-jﬁqn-giyéziiéd hemoglobiri was determiried to be
- PGS amdpH 720 respecively,using radifionat 18 gel eleotrophoess. |
Ascodingly,  diagnost ehip containing two pEy compartinents, ic., pH6.95 andpH -

| 7.22, was prepared.
- 3 - The chip was mﬂdﬁbydnlhng two holes, 2mm in diameter and lmm
~ deep, into the face of a rectangular, plastic (Lucite) plate and filled with 3%
 polyacrylamide gel. The holes (hereinafter, “channels”) were arranged approximately

L4y




1 06 1 196 1. 377 1. 497 To generate the caI [ bratlon curve,16e||x mgﬂgl ceII
chi ps each having two cells -a pH 6.95 and a pH 732 cell 2 exposed

to m xtures having different ratios of comrercially availabi h - w
" "percentage absor bance was cal cul ated by d|V|d|ng the absorba nce

read| ng f Fmglmﬁomeeabkoﬂhﬁ ObFHiae of BRNINIBIPFIE n?fgf)qrt%}ﬂ

B ycated . obin and henobgl obi n. The. percent age conc :
gl yeat ei i"ﬁé}?ﬁ% ‘q‘@é‘ﬁﬂp commesinkyylowemembtane §IEN, IaiRsICRY. dl VI di ng
the known nolar CO | ~u,0 16 January 2006 glycated henogl obin in each

mixture with the suf bﬁOekPlectfminglhmnhmh@ﬁpHmnwta@ Qﬁt’[@é"%ycat ed
henogl obiy mign, 4&39@1%@%8& n i n each m xture:. -Al S
correlative to theé percen iP&rﬂldgddmgmdrat i on of

gl ycat 68l ththwoluniiof 106:m1 R8s e PESHF ted da The "Se" marks
where t'he S Percent age absorbanccgmcfa) cu ﬁ"‘%ﬁl ﬁ&t}%?taﬂa@a eadi ngs
| SR et

for the wwuwmmqm&b%%ﬁaﬁo% %rpdmscurve The

- per cent a%dﬁ% - over total henogi anpl e was
. extirapol at ed Tlgon%%ﬁ? 8’8{] %tll%gﬁ& MFbs@’ersmmmedmmyam@al-i bration
usi ng 'vapesulateoThepiikatd Wese Hb Al 5 Canc, Cl_ $bAle . -
_'(m)l gs/ 1)I'h & o ﬁd@wﬂé}’ﬁgcmds dpgl enzedthcrein..._ _ '

| led: channels were sealed mthaprotem lon transparent membrane (same as .
10 descnbed abovc)

1

) The Chlp was placed In separation chamber between two platmum
clectrodcs as shown in Fig. 2. The internal dimensions of the separation chamber WB‘I'G
50 min wxdth, IOOmm 1161ght and 50mm Icngth. Each electrode had approxxmately the
_Same dlmensmns as the matrix and was ananged in parallel geomietry approximately 5

| .15 em from each other. The chamber further- compnsed 10'mis of IO% HEPES buffer
(pH 7.44) runmng buffer such that the matrix and the electrodes were immersed i in'the
. numnning buffer. A stir bar was present in the chamber to ensum cn'culatmn ofthe.
nmnmg buffer across the-channels. The chambér was. placed ona maguctlc stirrer.
‘ 'I'he electredes were attached toa power Sllpply that could reverse polarity.

20 Glycatcd hemo globm was purchased from. Abbot [N IA86—IO} Non—

) glycated hemoglebm H- 3883 was purchascd from’ Slgma [9008 -02-0], respectlvely, forl |
. usein formmnr cahbratmn curves, Pnor to prepating the mixtures of each for a . |

cahbratlon curve the cxtmctwn coefﬁctents of glycated and non-glycated hemoglobin t
o - were measured at several concentrations to- conﬁrm that they remamed constant.over: - .
W 25 the range used for the t:ahbratwn curve. See, for example ‘Table ¥ bclow and Fzg 3.

Thc extmctmn coefficient for each was constant through two orders of magmtude of
the concentratwn 'I'he measurement was performcd nsmg a commerctal
spectmphotomctcr LKB 2202 madc by Pharmacta.




le-6 2e-6 4e-6 Se-6 7e-6 9e-6 Absorption (arb. units) O. e, 0. g 0.661"
0.070 0.111 0.141 one. C2 HoAl (tnoles/i) le-4 7e-5 |e 42 18Y4Ge-5 | e-4
(arb. (/0)% units) 1.4950.991.03

- Absorptiod/(CLA /(A +A2 n+C2). .
1.0902.773.28 1.53.84.22 . 1.4614.764.57 1.-3337.27.69 1.4218.259. 02 For
I A r conprising a chip as’

each nixture, 10 ul of sdnplé was ad . r
20 descri bed above and syibj ect to 150 Yol tsdbsbeptiohO mi nutes. The direction
~ of 'the electri _cal field, vva(:(Mu&FB)ed_ i t__i(miﬁiawte.} Henogl obi.n has a
strrlong_'absorrptlonr at 610pm | e ,.n-niis)L I .
| IB6 | oo
386 | oom
| N | 46 | o0
_ 686 | o0
TBs | o |
86 | o
o ms | em
S | oam
385 | oass
' LS 0611 |
C [ sBS | oms
| lE-4 ) -1,#9?7,;]1 {

o genetate the calibration curve, six multicll chips cach having o

odlls 2 PH 6.95 and 2 pH 7.2 céll -- wete exposed to mixtures having different rafios
- of commercially available hemoglobin and glycated hemoglobis, For P
. mesOfglmeHbm non-glycated Hb weie rcsuspen.dcd"inﬂatdns'fa-n‘t-v;l;ﬁa'e of
25 HEPES-NaOH (pH17.5). See Table 2. Absorbancy readings at 610mm wore teken for
8aChce]] The-;fjgmaﬂt?gﬁﬁbsérbanéc was calculated bydmdmgtheabsorbame o
Wg'fq.rglyqatedﬁémbgl?biﬂ'bY,thesl_lﬁ,iOf the alisorbance-readji‘lg;for;glyéétéd o
: h FRoglobin agd'hembg* obin. The percentage concentration ofglw&éd‘heﬁioglﬁl;.iﬁ
- Torcach miture (o axis) wascaloulated by dividing the known molar conéenteaton of




- -gl ycat ed

which could be detected in this assay. Therefore no TRkvLD.J
to be added to detect glycated or non-glycated henogl obin;
absorption of the glycated and non-glycated henogl obin
‘in the pH 6.95 and pH 7.22 conpartnents, respectively,
a spect r ofperiehks 'gloﬂihanbaﬂmabmwlﬁtﬁé(ﬁﬁﬁéﬁﬁﬂt@élﬁﬁf

‘concentra rsu er cent age absor banee of ycate
* “henogl obi %&n?%@g ?gﬁ”ﬁé&g &bbmw@ﬂyp&gﬁ@ateﬂll@mbglob&)m&héhﬁﬁdnhﬁé
-~ theper cenAdge tha

“was cal cul ated b%@é&ng R@%@%&%&@g%ﬁgﬁ%@ ; Elerr‘]?@ eq;t_&g

conpart Ycatvﬁhehmgk)hmwas dhevrofsin ARG g%‘%&’h%&g’ﬁH 95

" 7.22 cogparnents rmltlp by 16 January 2 Si
AXi OVi sﬂ%’ ?@0 U%-Wé eebscﬁtmncakﬁdiigkfertﬁe%m@ﬁ?ﬂﬁo

of quoressggeﬁﬁ ntration of the 51 for the sanp
Z%Qbase "nf‘fh%???ig&ﬁep S¥Vsn The perceniage ofeyaitedin i n

appr oxi nmat el y yt
RSl AP R0 8 SRRt oo

14. Thi shemalobmmtérrx&aﬂﬁeni
for peopl e Wt
00 he percentage - concentratlon

© ‘percentage.is | cal
‘than the Tﬁ’ng mblegnge of 3..4%i
“cal cul ated by dividing t
a a 'y

was

ES ?I obin for each m xture was

Sfalifrytion ssingenmighointentalatdof HhAiY

concentr

bet es.
AUODS hi-gher

be@' needed

Heopt i cal _
25 that accunul at ed
.measured usi ng

gﬁ)hem)gl obin to total

m xture
95

and pH
ng
n curve
| e was
Fig.

Th| s

of ,
he known

A}the sum of the

.. total knpwa.concentration .of glycated henogl obi n and: ‘non- glycat ed
_herrogljgb c e JA line th t |s TorrEtartve—tg—the—perepnt age 5
~ .absorpti. anltd\l/lg' e%e é{eﬂ%%'éé gnct i peshpripfie dat €1/(¢Ino |mA1~rqm d be
' drawn frp : cpl(ach.atdtd) dat @pASGeeH g. 14 Next , &CRpnplie of?bl oofl was
- ‘taken frorﬁnm‘iqsﬂ) i ent. The: bl oqﬁim ' enyrhf uggd at(- 00 ¢. A lQul Bliquot
- .of the sjuper nat an{ was added to a chalbe onyYri si ﬁa a ¢hi d;a(s) deskri bed-
above and subfect{to—156-veilts for.1 -m'm]fs The 10 pejcentage apsorbance
- of gl ycdt edl$énog{ obDOIEN the spénepl e pas; ,g cul at ea;gs‘ flesc _{ﬁed Above
o ("y" valjue),The per CeMtagejcoteentrdioiat gllyca '2_ he mallcr) Research
- Labor at qrj. pi- =} 8. H03Fer e depxms‘ited m;gg(j he run@_iﬁg befe{2§ system .
of - thtg |n¥er8t|o-.' éhée cnzﬂmﬁer comt-gi-net—a—-s¢paratd+on-£hip™" a sf ngl e
~ channel fof _a__di. 190 rlieet ond and.® tofal wg une| of .211!. {Each
~~ channel jhadsag | thfﬂ.&r 2% W Tha gHTange-of—pH-8-2—P-65—pHuqgits. The
- | EF buf fer - s XI 1q ' exal luor 5944@6)at ant igguse l gG- -
. (heavy %nd té.ght fchai nI§|”rm1 20, sepafated by the-isoetedtric
" f ocusi ngprocess{ei- p‘r‘l s—inyent ! ant. tlegzof 769 '
QM 0141 ' : ' 1421 825 902

For cach mlxture 10 ul of sample was added to a. chambcr compnsmg achip.as:
20 descnbcd above and subJ ect to 150 volis for 10 mmutes The direction of the electncal
field was revcrsed 1 nme/mmute Hcmogiobm hasa strong absoq)twn at 610nm,

_ which could be detected in thls assay. Thercforc 1o TRM or label needed to be added o

to detect glycated or non-glycated hemoglobm

The optlcal absorptmn of the glycated and non»glycated hemoglobm |
25 thai accumulated in the pH 6 95 and pH 7.22 compartments respectWer,
measured usmg a spectrophotometer The results wcre expressed as percentage
concentratlon Versus percentage absorbance of glycated hemoglobin to total
hemoglobm (X vs. Y axis, resPcchvely) See Fig.14. Speclﬁcaﬂy, the perccntage
absorbance of the glycatcd hemogiobm in the tested mlxture was calculated by .
30 dmdmg the absorbancc reading fmm the pH 6.95 Compartment by the sum of the

absorbance rcadmgs from the pH 6 95 and pH 722 compartmcnts and multlplymg by

o




'EXAV\LF 10 NEt hod fordeterm dn - col I ectlon d liei ency for |soel ectric -
focusin Asa means of deternining the efficiency wth whicl $5rEFeP¥s are To
calibrate the system 10, 000, 50, 000,. 100, 000, 300,000, 700,000, and

1, 000, 000 nol ecul es of the above i gG were added to ‘acryl am de and

: _‘poI YIer i zmt}l'rhe e{-aeﬁﬁ fi&ﬂé?’ﬁ +J = 5 B orad cat al og nunber -

- 161-0771) into a stan 0 y%‘ﬁﬁ‘%ﬁ%&g‘e@@ﬁ opin fof egetomigtum was R 7

rhd: ‘ial #t@CbbYémdlﬁgM&ﬁowﬁeaﬁdéh&an f*gl %EH@( OVC 2.0 fluoresce t
ener a

Cicr 16 J m" @&g f1 uorescent . marker was ¥i5&ri son with
experi ment I“ﬁ & S of thejtptablnrgwi. emcemtion of gbenRl Gchle gﬁﬂﬁﬁftﬁ ing the
ec

hi-gh sen&io'h %d(ﬂc 000; 1 000 and 1, 000, 0 ul es of
t he above Ig Wwer-e e élstedﬁlea;’g \g chEﬁbiﬁVam&aq:ematage

R et s e85 B0 e AR e )

‘focusing rformed for. each anpun r
usi ng 1déﬁa?%‘§$ﬂ§g‘éﬁé¥ ¢edfigdHi ps as descri bed above (10 m nutes -thmugh the
narrow pH channels_in 0:1 nj of a Tris Gycine (pH 4;8) buffer at 30V DC

~“Current). After’ eh@ﬁhéﬁp@plmzﬁiﬂqodtﬂ?&tﬁkdﬁcﬁﬁ ??,ﬁeﬂtntﬁg%l@a‘gv\?/assdrreasweﬂ
ope” and -conpared w th the

Wi th thec%ﬁhﬁ% ert fluorescent mcro
~ ~calibrated re ﬁ@xﬂﬂ% 11g éﬂﬁ%gmﬁ emtanhmasamdctelalohﬁlhb&n efficiency
. of the peompsing Scli Q§ﬁe§cﬂb r ion coefficient ofr =
- 0. 999?B i ndi cat i rig it,hat al nost @%&?“bf'ﬁcg% E‘iﬁ"é‘ﬁﬂ‘g’f& 9 mimdtpsr Bheed i nt o .
_their Sqrhatmmofglycatbéha;ﬁ SlobMt L _experinment. See
BRSO Rababliey

‘Fig- 29.4 eﬁ%,f,or tgeflt was 45.8 Bf‘esents t he
o fl uorescence v u‘é s WP%ﬂmeldonedmaﬁoﬁuﬂ %éte@hérhgglgﬁiﬂ' nat e

.t epr esenfios tHeliempke vds after the 1soel eetne focusing runs.
. The nunbfrs reﬁzesent@PE ?%@’af?%’?ﬂ’ﬁﬁ%f%? B@Pﬁﬁnm&cdmeﬂmwmme eetrrc
7 fro‘cu5| n WepﬂthamltﬁatthelﬁerQMQ'tegtgggasdwbetes This

| pcmentage 1s typlcal for people mth diabetes under control butis h1gher than the
15 noimal xange 0f3-4% o

EXAMPLE'10

Method for detcrmmnrJr collecuon eﬂiclencv for 1soelectnc focmi o

N _ As 2 means of determlmng the emclency Wlth whxch protems are
| 20 separated by the 1soelectnc focusmg process of this i mventlon, fnown. quantltles of |

Alexa Fluor 594 goat antlmouse IgG (heavy and 1i ght chains; J ackson: Immuno

Research Laberatones pI = 8 2) were deposxted info the runmng buﬁ'er of a system of .

 thisi mventlon. The chamber contamed a’ separanon chjp” a smgle channel of a

dlameter of 100 mxcmns anda total volume of 1'nl. Each channel had an]EF buffer |
| 25 witha pH range of pH 8.2 ﬂ: 0.05 PH umits: The IEF buffer was made by mixing Tris
Glycme (pH 8.20 +/-0. 05, B1erad, catalog number 161

_ -0771). 1nto a standard
polyacxylamlde geL L

To. calibrate the systein, 10 000 50, ,000, 100, 000 300, ;000, ?00 5000, and
| L 000 000 molecules of the above 1gG were added to acryiamlde and polymerized in
30 mdxwdual pHS.2 charinels. ‘I‘helr ﬂuorescence was. measured wﬁh a Zeiss. Amovert g

200 ﬂuorescent mlcroscope usmg Amowsxon 205t quanttfy the ﬂuorescence |

, Jniensﬂ.y A cahbratlon curve of ﬂuorescence mtensﬁy Vs. concentratlon of the

E ",5,:1 ’




- second.”

cl ains - 1 A ITB.tI’IX for |soel ectrlc focu5| ng (I EF) COITpI’I%I nrg‘ a%) !éeast one
.conpartnment or cell containing a first 1EF buffer and - at LAY 6N area
~ containing a second different .| EP buffer, wherein the 1EF buffers have a pH
- range of (élui pH Unit or less and wherein the first .| EF buffer and the .
second 1 tnséémmai’l&tevaa géldrat ni't s or ss. 2. The matrix
~accordi ng t.0 cI aiml, V\/nerel n %‘ﬁgﬁﬁ')@g%&?ﬁ%‘y@h ?? Tfeﬁ?@@cof 0.02 pH
. -units or. 4%%. Thematri x.accor di ng.to claiml1, vvhereln the matri x.
_ conprises a- pI urality of conpartnents or cells conprising an JEP buffer. 4.

~The matrix accor d| nilext) 56,080,M00,000 2R 166 ar eas :
~+ The matrlg&ség agg to.claiml, conpri s&?@éﬁﬁ'ﬂg&o ﬁ?%\g . The
- matrix according t ¥ Spiemy chhaamgt}tswmmnﬁmdthﬁydeﬁ&m&hﬁb'a vi ce for
~cireul aﬁlhgﬂ‘drmghﬂﬂﬁéreko ¢ | EF buffer or cell. 7. trix -
. according to claim 3, conprisi n% W?dﬁﬁ‘eaﬂEﬁnbuﬂt‘hmﬂenﬁﬁdarrpart ment
.or cells ?@W&?’é@ﬂ@mm@ﬂ&aﬁeﬂs&ﬁﬁﬁh d I n%gakmne parallel to an
el ectrlcadlpﬁugﬁ d._..S. Trﬁ ri x- accor dr ng ¥ di0mimstespl ural ity
~of IBF b ﬁ&%ﬁ@lsmﬂdeﬂ csfzaTﬁse[ﬁ;amI? g%ﬁqg@é‘f&%each A
. other anduffen aﬁqﬂe}@gch &ﬁ?mg'llheﬁtl on of anelectric e matrix
. “according to cIa|m3 relnotne ‘Frﬁ?“ﬁ“ ity Bespwasured withahe Zgkd S ar e
i meddedﬁmom&ﬂwcsb&tnﬁ&%s@h%ha %{eﬁjg@%ﬁ} lal m 1, conprising a
pol yacryl am de 11. A system conpri sing: t§-| ng a running

- buffeld®b) a netri Tht edsultSHRWRThdt! ng.. . corrprl sing at |east one
" conpart rrﬁgééor cel | containing a ft&réq[%#%?—“ iR ‘CP  ofthe prcestiaciosete ar ea
i

" Tange o gﬁ%ﬁ@%@dﬁ% aﬁhm%hﬁmmfﬁgﬁizﬁm&m%%m@&w&a (%éé?hgxgej' E:

~ for. geneﬁmn@nam‘ealﬁ rAathe g eld in and out of the |EF
o b_uff_er O&x-?ﬁ 'I%e systen‘?’%@%f%e th r?eﬁ Wbsmrmpa'esmtm)veabl e

Wi t hin ence value measured in the cahbratlon un wlnle the ordinate rcpresents the
15 ﬂuorescence obtamed
aﬁer the lsoelectnc focusmg runs. The uumbers represent the

N  total number of - protein moieclﬂw in the sample demonsuatlng thc h1gh sensmwty of |
_ lsoclccmc focusmg in namow pH channels




o Uni t

- the. chanber. 13. The systemof claim 11l wherein the el ect %‘l cal B‘iﬁﬁl d is -

. generated froman AC voltage device. 14. The system of cl Y P%&her ei n

~the electrical field is generated froma DC vol tage device. 15. A nethod
for isoelectric focusing of a nolecule in a sanple conprisi'ng the steps of
(1) subjecting the sanple to an electrical field that is directed in and
out of the 1EF buf fdgmsgr cell corrprising the | EF bufferin a matrix for

"-|soelectt|cfocusrng | EF srn Bhe Or Cel |
containing a firdt | Eg‘%‘iﬁ"?‘g?rgg @ﬁ@%@l co??%r ni ng a second
di fferentl Ebmy g&gﬁmoréﬁﬂrﬁlﬂﬂ?%ﬁﬁ@dmmmwnﬂmge of 0.1 pH
ess

erein the frrst | EF buffer .and t evcon | EF buffer

. have a pH sendpining a0toqd di ¢WW1P\@§WW(I§')- r RS lecule in

. the TEF buffer o gﬂdrﬁ{crsgm circulating a

- runni ng bufgH&F © ggﬁﬁ’ﬁsr hg lF%e m%g&?e across thel EF buffer or cell.. 17.

-The met hod mFB'bﬂ&rlha%apH(stepcxlifalthmtaoﬁgssa mol ecul e in a sanple |
o 'E:(ﬁrrr[)rr Si gg thte Zt eps %&eé g subl 8’3@%#’5" u?e&cﬁa%fa![ field

- at i's directed?in a ﬁ%é“ﬁ - ci-rculating a-~ . -
- .running buf§ ofRED! e across t he IEF buffer or cell; and

- (2) - deterrr?}Hrngé ?@?} ecule is present in the | EE buffer or ceII

18. The nethod oB. cl alhe matrbuscchrlingle efin c"@b‘hg’é the moleclle in the -

| EF buffer or cel [.9 m-."! hﬁmpbugaantrtatl ng the
- nolecul e. 1§ Wﬁ??‘ﬁ%‘&g%ksé é 3, TOf g‘?‘% nosr ng or prediagnosing a

di'sease state in4a sumhmmrbwndmgtgctmmmgnmg ¥4 ng .the nol ecul-es .-

‘Wi th nol-ecules frogma sanple froma, normal subject that does not have a

'di sease or @M?%posed to having the di.sease. 54 16 January 2006 20.

~The nethod of claim 1P he RO B, 86iiprisiag bgy ivspengeatiis appi ng the -
mol ecul € in | EF buffer or ceII by generatr ng an electrical field in and

_‘out of the hieks.buffer or cell and, circulating a running buffer conprising

6. 'I'hr:matrlxawOMtoclmml masystemfurﬂier
R oomprising adevice forc:rou!aungrunnmgbuﬁ‘e:across.the IEF buffer or
B - R o .
. . 7. Themstrix sccording to claim 3; comprising the plurality of
.. IEF buffers, compartment of cells isolated from éach--o.thct when an_agged in
g line: para]lelmanclcctncal field, |
' 3. The matrix according to c!am:r 3 whermn the. plura]lty of IEF
_ 'buﬁ‘ers comparhnents ot cells axe arranged in parallel fo eachotherandin
. .para]lel to the direction of an elcomcal field.
. - 9. The matrix accordmg to c’la:m 3, whercm thc plmahty of
. compartments or cells are imibedded in & mateix,
.10, ‘The matrix accordmg to claxm 1; oompnamg a polyacrylam:dc
gel.. ,
1L Asystcmcompnsmg |
: (a)  a chamber comprising a ranning buﬁer; _
. b e matrix for isoeleofric focusmg (IEF) comprising at least one
‘compartment or cell contazmng a first IEF buﬁ'erand at least one area _
- containing a second different IEF buffer, wherein ﬁle IEF buﬁ"crs havea pH
. jrange of 0.1 pH umit or less and whsrcm thc ﬁrst IEF buﬁ‘et and the sccond
e IEFbuﬁerhaveapHstepof{)lpHumts orless, and ' '




the nol ecule across the | EF buffer or cell and recoverinq the nDIecuIe 21.

The method according to claim 17, further conprising the 643063y ¢

subj ecting the nolecule to a second dinensional analysis. 22. The nethod

- according to claim 21, wherein the second dinensional anatysis is by

‘pol yacryi anai do get el ectrophoresis (PAGE). Mass nnlecgies f,roma sanple
from a nor nal SL(Q) ectaammmmmmgw not pr edi sposed

.to. having the dlseaSSPﬁé# d%ﬁgeratlng the electrical field dowm the |ane

-,:amay from towofthe ell to forma pattern of nolecul es; and (d)
~conmparing the pajs ernppfs aspelae 10whbrin Gieendtrix & payeablerwitsn
“-spectronetry, capillary ectrophore3|s or liquid chromatography. . 23 The

- met hod of qtﬁbhmﬂmﬁ for dlagn05|ng or predi agnosing.a disease state in a

© subj.ect conprisi ste g %ﬁﬁ qglggn FeSA8GH6a] GRINE igeengtedol ecul es from:

.. the subject suf r| spec to be predisposed to a di seased

"~ state to taﬁmngﬁgugth kkgbaeratlng an electrical field; 24, The nethod of

~claim 15 wherein the electric el.d i.s . aftedC vol tage
~ device. 25. The Met Hﬂvsaﬁte@i% ﬁl‘@éll ﬁhﬁgﬁ%ﬁﬁ‘%?ﬁ c;tl%f ieldis .
_generat ed fﬁ-&ﬂ‘ﬁ)@@gﬁﬂé&&%‘wdev' ce: : '

15’.‘ A method for lsoelectnc focusmg ofa molemﬂc ina sample

comprising g the steps of:
685 subj echng the sample to an electrical field that is directed in and

" gut of the IEF buffer orcencompnsm,,them‘ﬁbuffemamauixfor
isoelectric focusing (TEF) comprising af least one compartment or cell
- containing @ fivst IEF buffer and at least one area coptaining a second
dlfferent TEF buifer, wherein the IEF baffers have a pH mnge of 0.1 pH umt
or less.and wherein the first IEF buffer and the second IEF buffer hiave apH
step of 0.1 pE units of less; and '
(2) trapping the molecule in the IEF buffer or cell.
16.  Themethod of cleim 15 comprising circulating a ruaning
buffer comprising the molecule across the IEF buffer or cell.
17. The method of c.laxm 16, for charactenmng a molecule ina
sample cotnprising the steps of: . ‘ \
: —(l-) subjectinig the sample toan clectmal ﬁeld that is duected in
and out of the IEF buffer ot cell and cwculanng a Tonning bnffer compusmg B
thc sample across the IEF buffer or cell; and :
. .@) -detérining if the molecule is prescnt in the TEF buffer or
el S
18. ‘The meﬁiod- of claim 17 farther comprising com;;armg the
nidlecule in the JEF bufferor cell to a molecule from another sample or
a quannta:tmg the molecule. _
' : 19. . The method of clmm 18 for dxagnosmg or pxedlagnosmg 2
dlsease state in a subject compnsm.g the steps of comparmg the molecules ‘
- with moIccuIes from a sample from anormal subject that does not have a N :
L dlseasc or is not prcdisposed to having the discase. | :
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20.  The method of claim 17, for preparing a molecule comprising
trapping the malecule in IEF buffor or cell by generating aun electrical field in

" and out of the IEF buffer or ceﬁ and, circulating a running buffer comptising
. the molecule across the IEF buffer or cell and recovcrmg the molecule,

21, The method accordmg to claim 17, further comprising the
step of subjecting the molecule to second dimensional analysis,
22. - The method agcording to claim 21, wherein the second

..dtmensxonal analysis is by polyacrylamide gel electrophoresis (PAGE), Mass -
 spectrometry, capillary electrophoresis, or liquid chromatography.

93, The method of claim. 19 for diagnosing or 'prediagnosihg a

L djseascsmxcmasubjcctmmpnmgﬂmstcpsof

(a) adding a semple compiising - molecules from thf: subject

' wﬁ'enng from a suspectcdmbepredlsposed to a diseased state to the
'S‘Jstem,

(b) . generating an cIeclrmal field;
(G) generating g the. electrical ﬁeld dovwn the Jane. away from the

IEE ‘buffer or coll to form a pattera of moleculcs and

(d)  comparing the pattem of molecules i the lane to'a pattem of |

molecules from a sample from 2 normal subject that does not have the
: dlsease or is not prcmsposed to having the disease. | |

94,  'The method of Gla.tm 15 wherein the elcctrlcal ﬁeld is

Agenerated from an AC voltage device.
25. The method of claun 15 wherem thc electncal field is

| gencm:ted ﬁom a DC voltage dmce.






