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g {57) Abstract: The present invention relates to matrixes, arrays, systems and methods for analyzing biomolecules by their isoelectric

~ point, optionally, in combination with 2 second dimension analysis. The assortment of matrixes, arrays and systems provided herein
are useful for causing a biomolecule under the influence of an electrical field to accumulate into an IEF buffer that comprises a pH

» value that is the same as the isoelectric point of the biomolecule. The methods of this invention are useful for, e.g., research and
> diagnostic purposes. : : o




di mension according to their isoelectric points in an electrical field, and
optionall'y: foll owed by a second anal ysis technique in a second di nension,
;and uses therefor. BACKGROUND OF THE | NVENTI ON The basi ¢6 pfdaiy@o@ e behi nd
/isoelectric focusing or focusing in a pHgradient is that. a charged -
“molecule will becorme imobilized in a electric field when it mgrates to a.
‘position in the pH gradient that is equal to its isoelectric point (zero ‘

net charge). This preggsR] ’WRA%fe??lggﬁF@Mm@%“ al location of

a specific protein in the solution. eres he di'sappearance
of the effective electrical cHFIEDD @Ff THEANVENEION when migrating to the
regi on where pH.,s equal. to pl. Various techniques for determ ning the

i soel ectric poi nt'*FSSEYPEIEOR IHdlFs tmacey agays, patEmspdinethods for he prot ei n
of i nter estpréparihf) SRR ﬁ-%n‘b j ced -di i gontaining a
pH gr adi entp,. F\?hneg’lei n ﬁe g’ﬁ gr aﬂ?%%}?ﬁ@%l%&%ﬁ%%’bésgﬁ? ngpélgar SCt? 8% of the

el ectric fiddpensicadceldingspsheai imodestriopoiptstie as efeariehlficld rmmoptiGelypr ot ei ns
by traveli h many different pH environments

i-directionally throu
bef or e reacﬁjlmrluzjllQf ab)g#ec %‘#,?ﬂﬁg)(ﬂ%tﬁfhwfﬂggniage@agi%w@pﬂn,@ fryes thesgder.ect ri c
poi nt. These techni ques -SLBA@KdH@UNﬁ@FmWﬁﬁ@ﬁS that (1) they
e

require a relatively long time to separate t protein because the
velocity of theThe hati¢ prngipladshing isceieotrimdyensingtdrdadusyng it A)pH Hragienagui r e

| ati vel i typi,cal | y. 1000V and hi gher), d (3) th i
ool | oy U E Bged ABERUE LR LEEOnY 1RRRIENE e B When S bisrdes o1 |
consum ng, amositios irpthe pHradieht tﬁé‘tﬁ@@@ia}’ﬁ)i%%&%&ﬁéﬁé]ﬁ@ (zbrdSret é}fb?éfﬁeﬁpﬁ Lt

(0] els’Is a |

practical limtation of traditional  isoelectric focusing g
i s di ffi cuPfoctY araHERdependende pEthiganitinldo¢ation effe mpatifie/protamin theblefi@nges

within a pH; LEent h i near. dispersion of the proteins. Two
di mensi onalH lgﬁg%@:ﬂso%% aplgﬁ;tp g‘?{rﬁgée’tﬁé{’e %}fee“‘%’ ‘ﬁ%lggtﬁlﬁlecgaggﬁ iﬂl?éﬁg‘ie’s’bel ectric
. focusi ng swbpn sugrheng forthendglivn whdre pIio bheiio pFor  exanpl e, Zuo et at.,

(2000) Analyti g{al_ Bi ochem stry 284266-278, describe the separation of
proteins based SATOYHIEFNIqUSsEpretetqrméning thatisasiecirisi pdiinted ripootain havaben t hr ough

a pH rangeadshibanerh s ol bicif ; Qi AT 48, 9| -
el ectrophoresi s (SDS-PAGE). B@egl g)(r??ﬁé{eﬂzﬂn?e%‘c%ltggg IE-Stgﬁg@ rs‘ﬁtggwo M croeng.
© 8:24- 28 suggjesniginitga pHigtidien Wikrein the pM @radidnt R R Aiel o the Ri-OMHA Gt aRH T ange
follovwed by g .s féﬁqd djji mensi on separ ation on a. planar chip. See also, US
6, 254, 754 %F&)’é‘% ? eld; gndjthy PEG 500 SPBdeaaRElsd fomeaien praetnabydraelingn| y
certain cebdi-diteatiéhall§MctolB fiaify BRRER faHaéaQiro%érﬁQEu?fHeOl??ch?ﬁ 1hg cells,
| anes, ‘and matrices In a chanber, and certarn systens for Gne
_ environment that is equivalent to its isoelectric point. These techniques suffer from the
disadvantages that (1) they require a relatively long time to separate the protein
because the velocity of the fraction tends to zero asymptotically; (2) they require
relatively high voltages (typically 1000V and higher), and (3) they require a cooling
mechanism. Traditional IEF methods are labor intensive, time consuming, non-
standardized, expensive and not sensitive. Another practical limitation of traditional
isoclectric focusing gels is that it is difficult to manufacture gels having incrementally
small pH changes within a pH gradient to improve the linear dispersion of the proteins.
Two dimensional analysis of proteins that use the above described isoelectric
- focusing step suffer from the same problems. For example, Zuo et al., (2000)
~ Analytical Biochemistry 284:266-278, describe the separation of proteins based on
their isoelectric point by unidirectional travel through a pH range followed by sodium
‘dodecy! sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Becker, et al., |
(1998) J. Micromech. Microeng. 8:24-28 suggests the unidirectional travel of proteins
through a pH range followed by a second dimension separation on a planar chip. See
also, US 6,254,754 (Ross). "




- and two di nensional analysis are possible thereby limting the devel opnent
of faster, nore sensitive, nore accurate, nore flexible and | ess expensive
met hods for one and two di nensional anal yses of sanpl es 6 iagheding

aut omat ed, hi gh throughput analysis systens. Better tools and nethods for
one and two di nensional analysis of bionolecule are useful for, e.g., drug
devel oprment, nedi cal research, and the pre- diagnosis and/or diagnosis of

di seases. |n [Bachisewf Bicse hﬁtxtaﬁbnst oflyceahi RBBAD Snd rathL 8sigdsQndPr Ot eoni ¢
anal ysis. The present invention sol ves these and ot her pr ob %ems SUWVARY OF
THE | NVENT'FERPWQ fitaesctlsalapes, and gyptricepin aﬁwmb@r od scrtan sgstehyfor nge or

preparin e tr ne dim i on and,
opt i onal lggﬁ)k\f?ér:ﬁi iloﬁglt %‘ér# 1jsfy e{r%pbstss%% figrd ctbP{ ﬁh fn &%}%‘T’%‘“nﬁgﬁ@f ‘been
devel opethord bansdiveaysrecatuaid) moed fskileSandliess Ekﬂ)eSlsilvB Mgl (& lgphecul es can

be i sol a%lﬁddb rmvegaerai t hrough and within isoelectric focusing ("I'EF")
buf fer. TH2 kﬁ{?'}sa’ﬁ@ ¥sth sfaErFF’ lgsw Frclidinganytqgaated, highdhramghpy apdygs  spanni ng
0. 1 PH Ubjskéem@ BERS S0l PaPrmblodldrDnd nd BiPdinRheBdl haRlililBE L= OF 1€59). An
aspect of the present invention, there is provi ded for isoelectric
~ focusi ngblonEigcudmarp usefiahfprat.g.| émgtdeociepmmtpaedhnﬁm:scen’chc;ﬁidl thépRtai ning a
- first IEE lt‘) tfer and at J????it one ea c nta| ning a second different |EF

buffer, WRETGIHIHY diagosis of fpasena brgter tolsging msthegsiage gged| ess and

~ wherein fdﬁ@rétbcﬁrﬁic ankfysiufrihe (5)11%@1% 1‘1{?&\(105@819&(1{%@@%1{3?” "]’9[/ a pH step of
0.1 pH units or |less. Accor to one enbodi nent ecul e noves

t hrough the running buffem%WMWMéGMS trapped in an | EF

buffer in the chamber in a cell conprising an 1EF buffer. Bionol ecul es

havi ng pl val ues ‘t hat are not the sanme as the pH values of the |IEF buffer
are renoved bM:ﬁht@t mad ysNQystdngs ﬂidrfggthb&rropgnaqmge&eﬂﬂmgg field- If the
chanber is closed so that the electrical” current™is preventing from
exi ting IHH'E“Of oRuled B ik isodpeec peint tlsorerfhmynalm@dt tgtidngRy.buf fer or cell,

then, a t [ electric field is

reversi gﬁgﬁﬁ?ﬁg)tnh@&gﬁ%ngﬁghggg gogl ‘ﬁg’??g‘ hrre (ﬂ do%& '@Tcead‘faﬁ EYIR; o) d can
be uni diCﬂ*@mb'ﬁcntaIceilQinTwhEch’bmﬁéﬁul&fcahbe:d@ld@éﬂliuyeﬁb{r@nérﬂ E&B@%Hmni ng buffer

can be in reasegif ectl on heat generated the electrical held-
Accor di n\&’ 18 194 Hi‘?r 08%'6%1 nt) butfepe g gﬂﬂngcefthcﬁé%u&m@dm e in the
runni ng dith-hiefrow e bNGIaBRRED. péfH%ﬂﬂ?Mlﬁ@& Egﬁ@u l?Al{S 0% léalts Ot(ﬁFpIrIlilipl{tg ng buffer

conpr|5|n t he bi onpl ecul 8s across t
. or less).

An aspect of the present invention, there is provided a matrix for isoelectric
focusing (IEF) comprising at least one compartment or cell containing a first [EF
buffer and at least one area containing a second different IEF buffer, wherein the IEF
buffers have a-pH range of 0.1 pH unit or less and wherein the first IEF buffer and the
second IEF buffer have a pH step of 0.1 pH units or less.

Accordmg to one cmbodlment a bxomolccule moves through the running
buffer of a chamber and becomes trapped in an IEF buffer in the chamber or in a cell
comprising an IEF buffer. Biomolecules having pI values that are not the same as the

- pH values of the IEF buffer are removed by alternating the direction of the electric
field. If the chamber or cell is closed so that the electrical current is preventmg from
| exiting out the opposite side of its entry into the IEF buffer or cell, then, according to
one preferred embodiment, the electric field is reversible. If the chamber or cell is

open, then the clecta_'ical field can be unidirectional.




by stir. bar, by punp or by the novenment of the |EF buffer relative to the =
running -buffer) According to another enbodi nent, the chanber conprising
the . running buffer conprises a plurality of |EF buffersianakgrnoeells tha
are isol ated. fromeach other either 16 January 2005 by physi cal
separation or by a substrate that substantially prevents the novenent of
bi ompl ecul es-directly fromone | EF buffer/cell to another rather than

t hrough the running buffer. The bionol ecule primarily noves through the
running buffer to reach a different 1EF buffer or cell. 1In another

enbodi nent, the I EF buffers or cells have the sane or different pH val ues.
According to_yet another embodi nent, the device: conprises a vast plurality -
of di screte, Ihemayeagnt gfihe hfomalerulainithgranningsutizr covbe insestdytthal | y R

non- ove J- wsuch .t hat the resulting i e of the separated
ot er | aPRRRLAERE AL RIRET bP LI 3, ARSI fPEF ePbofifRaRal | B gel
but has thegneaneint bethelbidoRcilbanthe riimal biftal inkRhasdaly a ddvecdthanol ecul es
can be separated as a single entity or as part of a conplex based on their

i soel ecFiFyBatpbihgrungipg battersomprisingehe bigmsilesalas actoss te JEF bhffontsigacul €”)  can
- forma goupliex W h , E° i fi.cal recogni zes it
("targetp recog |é?3€8ﬁ% g%dﬁgkgﬁM#ﬁ%&ggﬁﬁﬁgﬁgééﬁﬁgéhéé%gFg &d from ot her
non- conpiffered bi onol ecul es based on the isoelectric point of the conplex.
One- or two.,.dinensional analysis nmethods using a plurality of discrete,

isol ated 1EFAGEATEEES gpother sabodimentithe shymbergompssimgdhe minging byffer pH uni t s

Cor | esseorﬁisr@seﬁ)ﬁ?ygﬁrrgﬁﬂ- lf@?%u%ﬁfaﬁﬂﬁplééms éh%]tbf‘c Ema[c?ir}ﬁ%réﬁﬁchsc}t{?% ac%tﬁero . 02 pH

units or |ess, ahal yzi ng bi onol e avi ng pl ues are 0.02 pH
or less units apart. This avoids diffusion of bionolecule from one cel
into an adjoining cell, e.g., between cells that conprise |EF buffers with
~slightly different pH val ues, by using nmenbranes or naterials that are
i nperneable to the bionolecule. Each | EF buffer or cell conprising the |IEF
buffer can be physically separated, noncontinuous, discrete entities. An
anal ysis nethod that .allows the use of a high electric field at a | ow
applied voltage, optionally avoiding the use of a kV range power supply,
. has been developed. |In one preferred enbodi 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 :

2a




~a plurality of cells sinultaneously is used in the nethods and systems. An
/anal ysi.s  nmethod that requires little or no device for cooling the chanber
/is al'so provided. The two dinensional matrix requires majmaly b5 NO

- mani pul ati on of the bionplecule .during the first and second “di nension
separations, thereby saving tine and effort and mnimzing the | oss of the
bi onol ecul e being tested. 16 January 2005 Anot her enbodi nent provi des an

1EF techni ' r | ' i . Wt h of

anal yai o (Y GPOHFUREEad B ortifh B ERE Dl Bl by dhuf B HLIRRC ST

spect r orret bjomeledules diecdi fromporedERHEY er/gell toainetier oytied tiemi through the ) . The

systens and net hod a[rg‘ capahl e_of separati ngluand for purifying small or
a

| arge quantVRniRgbyffery The brgmqleculs prisppiaky peves dyepehntbe supyng Wiiferde roagh | ei ¢
aci d nol ecul £¢ joeTak et | 3 ' B npl exed
to a targe%l ‘?fef%rgg{?ﬁ [ onfc; g{%e?ribllg_%ﬁi)tgg?gurgﬁ.%gl?%a{’r@Egﬁggﬁgggargce%%#ﬁg%t ar get
bi onol ecul sarvanr fidferana pHomplesx Acvartlingtth getldB oiter embodinrene tiesddvitet encour age

or discourage conplex formation. 1n .one odj ment,. a | abel ed target

. recogniti oﬁg’B’PHﬁ%Iaevc?ﬁ'i RIuE typ‘?féﬁ%ﬁdﬁi ‘?‘gﬁ@ﬂﬁ E?‘J(gefﬁ Hé"‘f‘-&ﬂlm’o‘éﬁq‘%’% cell, Iane,
or matrix Rapsdnth ol i 3 L9

canpl e A Susinthly hOS VAP TEL AR sl St T Bk B BRTEALBLAT

syst em comptérsi mocon(ayable pisitivivelly toompimiagk fignaa traditbna I6HgEEbYt hab) a matri x
for isoelectric focusi (IEF)...co I sing at | east one conpartnment or cell
cont ai ni nggﬁta*eirf%gpm'@?%gqﬁ'ﬁ@‘%%%@ﬁ Bdast one area containing a second.
~different 1EF b%&@fomdﬂ&%ﬂ&s'c@nb_@@cﬁh?&e@é&qﬁﬂ@e@ﬁfﬁ?cﬁ‘a@ﬁm’i%ﬁgﬁoﬁ e?- 1 pH
unit or less and wherein the first | EF buffer and the second 1EF buffer

have a pH basgg opftheipisoelpetriopping Bor dxemple, thedigrodleanld Eltanget Hiomolpewlet)at i ng an

alternating_e trical, field in and out .of th EF buffer.gr cell Athird
aspect of | EHEI PRI bEhenfe BRSLE Bt el iealiiresorpiehu e

i soel ectri gechgaition Ahl&ule?). MPhesuhict farPbocSRPMLRIFRINPbIhe} Meh-EhBpIsi&ps of (1)
subj ecting the sanple to an electrical field that is directed in and out of

the 1EF bubiagolesulasdiapedcanipe isoelagiricipoint pf thegomplexi.n a niinei sr faor
B e e e
. different -dirovphl@ngeswindseps «hHe0. 1pH ik e [e8s,A8e/frovided. More preferably,
| the pH range or step is 0.02 pH units or less, for analyzing biomolecule having pI
vatues that are 0.02 pH or less units apart. This avoids diffusion of biomolecule from
one cell into an adjoining cell , e.g., between cells that compriéé IEF buffers with
slightly different pH values, by using membranes or materials that are impermeable to
the biomolecule. Each IEF buffer or cell comprising the IEF buffer can be physically
separated, noncontinuous, discrete entities.

| An analysis method that allows the use of a high electric field at a low applied
voltage, optionally avoiding the use of a kV range power supply, has been developed.
In one preferred embodiment, 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 simultaneously is used in the methods and systems. An analysis
methodrthat requires little or no device for cooling the chamber is also provided. The
two dimensional matrix requires minimal or no manipulation of the biomolecule
during the first and second dimension separations, thereby saving time and effort and

minimizing the {oss of the biomolecule being tested.




a pHrange 0.1 pHunit or less and wherein the first 1EF buffer and the
second TEE buffer have a pll step of 0.1 pH unites or less; and (2)
trapping the nolecule in the 1EF buffer or cell. 16 Januagyn&8090sThese
systens and/or nethods for one and two di nensional analysis can be

~mniaturized and automated for high throughput analysis of sanples for drug

screeni ng, nedical research such as enhanced detection of biol ogical

response patt enather E@bodifegt foSTieY @k YEF feRhigad sulthb®S fofl SintldBRILARLIES ,
genetic or_proteone analysis, and clinical diagnosis, and di agnostics,
e.g., profidohcenthingansof amplgsis (eg.driglprssmee ligsd shrogatesraphy ﬂr&ilg?)aut onat ed

interacti 6 I I itk for-filling of channels
with pH so ﬁ? ongﬁgt?}’gigﬁi@%{?%gﬁg?%ggiéeé%%ﬁ%?@tfogésﬁg’ﬂ%?'es etc.),
extractors fofThe egpstarey amigmbihodoire capabld sfsepiiang ehd Sor pofiplitgimgl dEF
buffers, ,devices . for staining the bionplecule, devices for detecting and
scanni ng 1R IHANGHGT FAnrec i hipmelsgilesich at 2 prten ar ARclaisacdiaeilag t he

i'mages. TighssbEdRARHL AltaddBt $185o%RMe %%?%;gﬂ é{:?éﬁ&l@%&éﬂﬁ%ghpm

screeni ng of candi dateS useful tor a desire I'S system
i'nvent i obigmaedutiel TRB had s fogrroedbdnthagrge bantdlenlotan foimmubepldxe i n t he
response t.{%l a.ihous -‘Iperturba%i ons and sti.muli, such as_the.response to a
drug, a df d}{% i GRY O NgIe Rt th Al ECPRIBEH PLISCopREe BRI gAY 1B °BF obe

bi ol 0gi c@mbodifehiVaYsbeRs 4kt redSefiReNEBMoldtufe 18 PiaFBA dRéctnRNAL DAt
correspond to a particular disease or disease state, or to a treatnent of

a parti chufier wilslans or ot peeste the anteoduBRIER (HESTRIPTOIGMNIOEOTHEIRRAW NGS
FIG i dggr}]clts (A) a cellcontaining an | EF buffer and -having a protein and
ion per_rrea%F'e menbrane on opposing sides of the cell; and (B) a matrix

conprising a pl W.ghd B%kgetf ofGRL késen%%v@ﬁ‘ﬂﬁﬁ@ﬂi’er@g%oﬁh@ a dysi&Ri cts an

appar atusconprising t el ecttode plates’on either side of a chanber and a

matri x cawpwprisingg a plurality of cells in between the el ectrodes. The
chanber is on top of ha g%gneti c.stirrer. TBe_di rection of the electrical
field is rever® b &Cchamper compgipiea wnaing BUBSE ot us conprising a matri x
suspended -overpy he JiphitiTbokoelddi@e fRadhe (IHPS tymphsihpar leheohé ode pl at es,

- wherein the running buffer can flow around the matrix aided by the stir
bar. The cgimpegmeairrree!l cortaisingcs fisse BHF pullar gnd 8t leesjopg prspeontainmg & depicts an

appar at us, IAT rlteht YR F TR $oleldif HRSEF bulerd KavB YU HR FABe of 0.1 pH unit

| ~or less and wherein the first .IEF buffer and the second IEF buffer have a pH step of
0.1 pH units or less; and

| (¢)  adevice for generating an alternating ¢lectrical field in and out of the

IEF buffer or cell.

A third aspect of the present invention, there is provided a method for
isoelectric focusing of a molecule in a sample comprising the steps of:
| (1)  subjecting the sample to an electrical field that is directed in and out of
" the IEF buffer or cell comprising the IEF buffer in a matrix for isoelectric focusing
| (IEF) comprising at least one compartment or cell containing a first IEF buffer and at
least one area containing a second different IEF buffer, wherein the IEF buffers have
a pH range 0.1 pH unit or less and wherein the first IEF buffer and the second IEF
buffer have a pH step of 0.1 pH unites or less; and
(2) trapping the molecule in the TEF buffer or cell.




~ bionolecule in the runni ng buffer across the cell openings. Optionally, the

chanber rmay al so have.a stir bar to circulate the running buffer. The
direction of the electrical field is reversible. . FIG 1br8epixts three
apparatuses: (A) wherein a plurality of cells are individually and
randomy nounted on a insulated support in the running buffer in the
chanber and between two el ectrode plates; (B) wherein a plurality of cells’
~are free floating in the chanber between two el ectrode plates; and (C)
wherein a plurality of cells are attached to each other and rotate between
two el ectrodeTpI ates. A stir bar is wused to circulate the running buffer..
The direct i on 18Fsq Hstegsa@eiar enethasts dog eneraaddweidbnensichlaanaystepndts a t op

vi ew of ‘che . S| . rali,ty,of .cells adjoine in series,
separ at e?uge%ﬁg?g%gggbﬁgpqgﬁ%gt’ g‘ﬁ??%‘] f/a?‘%}’sr'lsf %ﬁgsr?“tdllueé fﬁi—&f’&nge present in
each cel Ispreamdg.anedicrgeciciih sich pamnbhicel detec(i&) oPsbRERI eipdke bRidhe

directi OE o(;rgég_e electrical field. A stir bar is used to circulate the
runni ng BYFGRE DS§NETY Etangg obflrugiberapicagenplic ¢4 ppgoms andysis.sindl e. FIG 7
depi cts BRiiReR BLHoSs] MhdldISeoSlidsS - Of ' 2] ng. subjected to SDS- PAGE
capillary el ectfgg]phg’r esi sggi na se oﬁg()tgd?hrrée!rllas(z}lgsgé nﬁcéi:%%qug?;& s a matrix
wher ei n chrstwelel] 4o bave sepaiske inéradtai g ngeintust odr &xngpla tithidie o fliatd es for

attachin o _an SDS pol vacryl am de. gel , for el ectrophoresis in a second

“di nensi o%.f&fi“ﬂ‘ﬂqu &’@éﬁ?é‘%ﬁggﬁxsr%ﬁeg%'fg@%&‘ﬁﬂﬁ%& OLi'FFp'é‘g‘%ii"i‘}%é‘Céel wi th

channel s cg@airs SrigcdveriRh Blothdib1Of ok Qélfsfc%&@ﬁsﬁ?gﬁﬁ\ﬁ%%}scé‘évi- .0l um of
or e

channel s contain the sane 1EF buffer, except fourth col um of

~ channel s foirtizinng gistkipmolesulsuddvires feredetdcting and plapcingynbiompledcnls] afdand) |

- .control,

phycocyap] band), and. h | obi n.accunul ated in the first,

second, tEl %ﬁ(ﬁe&%ﬁﬁ%@%@f‘gﬂar@é |y55'lgeig%ﬂmﬁff§‘, Thesypten ?WgP‘S/{“CTBd §%hbfary 2005

FI G 10 i sutamaietdgehigh oG tipat Sesdrgnesk dadnak izdul f3F § 9 LAu8ke Gfepo! ecul es
in a sanple._Each IEF buffer in each cell of the chip in the first, second

and third rowdhia¥sten ipyeniiga prevddasinactbedpfonentianeing dewttishel conpl exes
~conpri si PRaiadc ) . TRML,, TB2/.T or, TB3/ TRMB,
respectively. -Tﬁgﬁftgﬁﬁﬁsiﬁggw g%rﬁ)ﬁ’rs ipg;e[grb(%:éﬂssa“dtsﬂ 41a§%&§§1"’dﬁ%’8“i¢o recei ve

non- - TB tmwi drop) edrup fratdiiae er be expertachl tondilien Besistiendo rbk BloléQEaluse as a
sfandard data paint for devel oping a calibration curve.
Accor di nﬁ‘i“é‘f"alfsﬁ’é “Y%:ﬂsdi E’PT‘%‘?séniaﬁ“t“PFﬂ of e thapgprrspenditoptpardgula that is the

same as BiB@ase BLANAIsH St of REa NONMIB &iaoﬂmtli&(fﬂl dsease or disease state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I depicts.(A) a cellcontaining an IEF buffer and having a protein and ion

permeable membrane on opposing sides of the cell; and (B) a matrix comprising a

plurality of cells.
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FIG 11 is an image of a chanber conprising a nulticell chip |ocated
between two electrode plates. The chanber can be attached to a power
supply capable of. reversing the polarity of the electri ¢@landady@bgh The
chanmber can further conprise a nechanisn(s) for stirring the running
buffer in both conmpartnents on either side of the nulticell chip. FIG 12
is an image of a detection device for a nulticell chip. After one or nore
conpl exes are r ga6. yedpiciitan appirhtnbedrhdiysiy tveLdibirddd pldt® oalvither didofchi p can
"be placed in a detection device. Fluorescently |abeled conplexes in a

nul ticel | chrpbemdyamatgixicompaisiag apjumlity ¢fivells tlhetseendhepelectiadssc bt i c

| i ght sour . i.on, : i .21 t he. ] abel can be

-captured b%%ém%%{)lfg gﬁ?%ga&%@e@?g tén(%&?n’{(? {g%%ngﬁfc gglﬁ:&%%gﬂl%&ngfs (read out

unit), and ravadipleed by a conputer. The chip can be encased in a hol der

that i's novabl e r%I gtiv,e to the |ight source or diode, Alternativel ¥ t he
di 013

light source arfdCdPd@RICES BRAAYS EQWPESIRE R RATR SYspenrdrd v e bettem o3 i s a
graphi cal - REPLESARL BwRen RL% E@&r@d&éﬁé@&, WaReGh aRGTRARS Bhﬁ%fc‘an %mut?& .
ata po g of absorption

various concentrations. Eac int’ represents a'readin

t aken fr onthamstranddedibycthe atit karwThh directiennguhaeleatiegidield Isre@drsibleh sol uti ons
having different cggce.ntrati ons of henoglobin. FIG 14 is a.graphical
representation dfCatdEPiFAREPRH RS MhsTHR ednﬁpbéi‘&a@%ﬁﬂhémbwéi‘%g tested for

di abetes. HiGmefeait tn the rhitfing Bk a@?osé‘ﬁie%]l%?&ﬁﬁg& r@%t}o%ﬂ ,‘é%&%%ﬁ?&e?d

henogl obin to the sum of the nolar concentration of yca

non- gl ycat evay deniayealstin baripgireslstedhasinninpsrdent hedirddtien Wi theiedectrical he
ratio in'pei.rgginta e"ﬁlf the absorption of the glycated henpglobin to the
sum of the Brptrdi®of gl ycated and non- gl ycat ed henogl obin. FIG 15

depi cts exanpl esigf 5 ABSitisGRSe Aphralsed! (@théféiﬁa?-ﬁa Riretids gbde views of
four exanples of matrices each containing an | EF buffer ("b"). Matrices A

and D 16 Jandizidpalh0os! apdankynmownts] gonimihiadgup@Rt imuhé smningdinffec esthB and C
have | EF buL es.C have an

area desi grv af g Sn'agla'bte\%eleﬁ E‘% gfcgtr?‘i%@%‘g%h@t%ﬁj? Ewgéjrriﬂfctboéﬁﬂﬁg‘ge €d in
combi nat i offloatihinAhe ekAAkbrIbaketen tWo ERBUSISHIBRLf M (CYWheinB Bt MRS
anal ysis. The direction of the electrical field for the isoelectric
focusing Sedpapsttacher éaeach ofheraml rotatn bgbraendwosiectrpde platepmfrstixba iand B can
o 5020 183 e SR CUTEPAO R EARGAL s S Y, 20
separ ation) - AcddGdé depitte aampiiaerof a chamber comprising a plurality of cells adjoined
' in series, separated by membranes that substantially maintain the pH range present in
each cell, and arranged (A) in parallel or {B) perpendicular to the direction of the
electrical field. A stir bar is used to circulate the running buffer. The direction of the
electric field is reversible.
| FIG. 7 depicts biomolecule in the cells of a matrix being subjected to SDS-
_PAGE capillary electrophoresis in a second dimension.
FIG. 8 depicts a matrix wherein the cells are capable of being adjusted into a
linear series for attaching to an SDS polyacrylamide gel for electrophoresis in a second
~dimension.
FIG. 9 depicts a matrix comprised of an agarose gel with channels comprising a -
plurality of IEF buffers. Each vertical column of channels contain the same IEF
buffer, except for the fourth column of channels which contain no buffer. Ferritin,
phycocyanin (first ban-ﬂ),‘phycopyanin (second band), anﬂ hemoglobin accumulated in

- the first, second, third and fifth vertical columns, respectively.




- enbodi nent, matrices A-D can be rotated 90 degrees in any direction in the
same EI field during the isoelectric focusing step (not shown). FIG 15B
depicts an array wherein a second |ayer conprising a pen§@hahiZof can be
pl aced on a matrix such that the IEF buffer in the matrix is capable of
contacting a running buffer during the separation in the first dinension.
FIG 16 relates to an exanple of array. FIG 16(A) is a top view of an

T Rhnut act ur ed oo B X Tl ot Uity hE P HRER By igfobRaaNA o ave!

is manufactured froma nat S i nper ogl ca

mol ecul es mampies IgaehdBEbhfert io eadnee]l of thdrehip inutheifingg, Swbhdand RirdrdG{B)s i s a
top view of exanple of a.matrix. The matrix _conprjses._a t angul ar
groove that? 1?1_3 that ﬁrrtg'a S3ps #5198 Pi ?It)th{a GPWPFHES ‘foé’ﬁé‘s&grdry agioyy &gﬁfgﬁﬁs’§r%ove t hat
s Tl ed WIBTRER bl pRoid: GBSFOR O, kpoR). VIIRWGBHNEHP c3REAAM iy er
~shown in FIG 16 (A) aligned on top of the matiix of FIG 16(B) so that the
"1 EF buf f er thitaresgsianed te raceiygnon-d welcbweathabkaviebeemaddeddoth: tuayieg. Fl G

16(D) i j ' f f. th F/l ifs.of th f FIG
1000 71 & bultef for €2 R Lonil ulaal ol por S Shebebingta SlBeonGtingr ¢ e
-array of FUC&coﬂcﬁﬂ% , the B BaFrérs e ihe fourfh @ w RivelagdBiathé tHab R the SNk thayer

~shown in FIG 16( and the bottomlayer is the matrix shown in FIG
16(B). FI Grlvalwewf theqnonobB bicmpleulean exanpl e of a system conprising an

array in a cha r r.1singerunni.ng buffer. A stir. bar,is in the chanber
~ to allow cirecul alﬁtiléo%f%o lfnr%ée gllc %grrlﬁ)%%eg %mglé?lgégnflﬂ'écelnlfgl l?F?‘&?F’%‘)WeS? cells
~in "b." El ewbehdasddplasd TR chafaicen BlatelcRed fol Lpdviedlsppi dbpad®d bfodi cal |y
reverses direction during the isoelectric focusing step. FII)G 18 is an

el ect r oni ¢ reYeatingthepolarity ef thsekeciical Geld. dhe shambansee futhey comniiseabl e
rotein standa . . | |1 Infra..Fl G 19 s an
Dot cal - sc s Rl P St SRR o oA TRinbdieh chaunfrsped he

descri bed mmlixdhglie 2, infra. 16 January 2005 FIG 20 is a top view of a

matrix used in tFEE; fepar ation of human plasma proteins having pl's of 7.5
to 8.5 - The mat#©x1% ¥ 33 1maeefi 2 detpetiondsyise fergmulticald chipn AfHE ORGPY i x was
drawn by amdif bkl AL . ¥ : ffer | am de
m Xt ures Slﬂlgfﬁ 'ltc {)112? ggg%]%*:?éeﬁeﬁlrcgﬁﬁetg ao‘? %&ﬁy&?@%ﬁngﬁ%&gﬁgﬂg Icglﬁec aﬁgg pgd%%a/ni form
wi dt h and tiinadkteet$en defvick0 Flumirescentlahbiclad bemplekesdh almulticduthip coh bé er ent  pH

,E i)' g 5 0; I f %ﬁ@uﬁ{]ﬁ&g b%gg@%e%.ébn%ﬁogﬁo%%ﬁc igﬁtz s’ouZé_e??c’)r d7e'tc?:t6ibn,7the5n8the etc. up
' light emitted from the label can be captured by a photodiode, converted into an
electronic signal (read out unit), and analyzed by a computer. The chip can be encased
in a holder that is movable relative to the light source or diode. Alternatively, the light
source and diode can be moveable relative to the chip. |

FIG. 13 is a graphical representation of the absorption of hemoglobin at 610nm
at various concentrations. Each data point represents a readiﬁ g of absorption taken -

_from a standard cuvette with rectangular shape filled with solutions having different
concentrations of hemoglobin. ' '

FIG. 14 is a graphical representation of a calibration curve for a blood sample
being tested for diabetes. The X axis is the ratio of molar concentration of glycated
hemoglobin to the sum of the molar concentration of glycated and non-glycated
hemoglobin, expressed as a percentage. The Y axis is the ratio in percentage of the
absorption of the glycated hemoglobin to the sum of the absorption of glycated and
non-glycated hemoglobin. ) ‘ '

FIG.15 depicts examples of matrices and an array. FIG.15A depicts side views

of four examples of matrices each containing an IEF buffer (“b”). Matrices A and D
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in some running buffer in a chanber so that one tip of each of the |anes
was imersed in the running buffer. A human plasma sanple was circul ated
in the running buffer across the tips of the |anes w thgugla200ar while
an electrical field that periodically reversed direction was applied to
“the running buffer. After some mnutes, the electric field was sw tched
off, a 3% SDS sol ution was added to the running buffer, and the entire

chip was i hwes @eevdsRohfaminTHE RgfddUMdices B1at CaaWiRH biffdrd ongle saifaet ri cal
field parallel to the anes was applied in a direction avvaé fromthe tip

of the | EFobtremeatriys Matriqen G el I bavg acares designates) ‘g’ whish issenlgneiole t he
Length of 'nificedAp ol e S BniDeBn il AREoR! BYBSH Uil ¥ (A9 DI ack
a I'g. a I

spots observ ein are proterns ave”’ “been ver - stai ned.

FIG 21 is dimasjpanl smalysdf Thheidcticarofphasisaripsldiedd fd tecieogledtig fdcasihe t wo

di mensi onal _anal ysi s ang_agcording to a tradjtional two_dinensional

1EF- SDS- PAGEP isidicpted as "G A porump of shpingmairxAh ppd § cag glsosgave 4 akangf t he

. silver-stai bikd 4568l I : . . to scale
for conpar :fg}gﬁegvée?ﬁdthe g%ﬁgg%?%éﬁhg’%@n%@"gﬁgﬁ%ﬂ% |€{Ogﬁ%ubl i shed,

si | ver - st airuraing wdfed dnens thesatongelimedsidiuseparatiph)d shacopdiog & amtieavi ng pl' s

7.50 to 850. . FI.G 22 is.a conparison of the human plasma prepared accordi ng
~to the twoem&Pﬁ"fEﬁ&i’mcean“a-%éeaﬂtate&@é’cﬂeww & chaaff in Bk ame BE
di mensi onakieldefirnp i e ctAO Y Sh fot sﬁ%ﬁ% lFIﬁ}.PSBDIFll%{i&é Q@Qﬁ?\/i ng ol s

st
- silver-stained two di mensional geg SEI(human asma p el ns
5.50 to 6. GbereH Gecond Byer congpriding 4 pdrfaratibn aypthieqddced oan rodtrik lvech that

si |l ver-stai,n hip used in.Exanple 4. The scan has been enl arged ten
e, TR 1R3GE ol O Rl Ot pobfiRaRe S tuins RS BREREE | ano. The
dar kened ag§nsatiof in R flr@Bmehgosi | ver - stai ned human pl asma proteins having
a pl of approximately 7.0. Human plasnma protein was subjected to

separation usi njlGh6 selatayto garexgmpbiofasrage £IGi B d) ive ©panpy of & efEn@le4 is an
optical sc f a.single capilla SDS- PACE | ane, . The dar kened reas in
Che | ane" aphe opfu PYERnaii AR RIS Frot EPRabEe mi e B8 3 anuiar
2005 appr oxiataiabihyt 1§ iMipertheABIR 16 bRSSECH hil@ulesWas isSitBheie ibRs Marar ati on
using an array prepared as described in Exanple in a three-el ectrode

- system as 8@aig yéler. FIG- By top viey of aeexample sEasminy-c et mamixappar at us
;(r:liafji gagnd asic é 0 Cﬁ%}}%&;}f{g{) 15/ g?hn@l?zgkn cl.(l{(? IIélE 'gﬁéei/f\%rg‘%cqg“é a%d%sc‘%%mt mrAn
groove that is filled with IEF buffer. FIG. 16(C) is a top view of the second layer
shown in FIG. 16 (A) aligned on top of the matrix of FIG. 16(B) so that the IEF buffer
is exposed through the perforation in the second layer. FIG. 16(D) is an side view of
one of the IEF/lane units of the array of FIG. 16(C). FIG. 16(E) is an enlargement of a
side view of a portion of the array of FIG. 16(C) (dotted circle). The top layer is the
second layer shown in FIG. 16(A) and the bottom layer is the matrix shown in FIG.
16(8). |
FIG.17 depicts top view of an example of a system comprising an array in a
chamber comprising running buffer. A stir bar is in the chamber to allow circulation
of the biomolecule across the IEF buffer(s) or cells in “b.” Electrodes Al and Bl
create an electric field that periodically reverses direction during the isoelectric’
focusing step.
F1G.18 is an electronic scan of a silver—staine-d gel of a commercially available
protein standard prepared as described in Example 1, infra.
 FIG.19is an optical scan of a silver-stained gel of a human plasma prepared as

described in Example 2, infra.




the desired pH value ("titrator"”). The buffer is conbined with a nononer
(e.g., acrylamde) and polynerizing agent and | oaded i nto another device
("matrix printer") that lays the IEF buffer in a desired posidy s on the
array. FIG 26 is a schematic of an apparatus that can nake the |l anes on a
- matrix. An acrylam de solution and a polynerizing agent is |oaded into a
device ("matrix printer") that lays lanes in a desired position on the

array. FIG 27 istgﬁ%ﬁg%rmls bféwfeaca«gampgmqise&méyép%%fo @fﬁbﬁﬁ&ﬁﬁlﬁséﬁ?ansy“em

provi des, for ex a devi or feeding a‘sanple Into ‘
- di nensi onal prefeasthaviplgpl’atdf 4.5 tardad y The neidniser (X 1smipl@I TR ¥ dbig, )Each lidevi ce

for renovin ste.("waste disposal"), .a device for addj W runni ng
buf fer " b e 7 Sl ,awaqaewe@ﬁr—eﬂnlg?tmmm H@P%ﬁfﬂfﬁi‘gb'%}?%ﬁ t wo
di mensi onal ;cafahR irtixtursd Rich (g g&%ﬁaqaﬁasfo?g%f&ﬂma edSVIaREniPL ufEdAPi N9 the

stained chip to a scanner ("array handling systeni), a device for scanning
the chip (wxlthaanvghickpesa ofl @00 mécrbonand & basigthi ofgl can dut edibfedinhpHtthe, Bitanned

(T2 S R Shtne PR 56,758 2P R S R EE P TieE e oy
FIG 28 is gndbmaghaihifd bdtereX 8 0RABb& so thdt Bh&8p 8f 8L/ ER 18N imfleRed® 1S a

chart denonstrating the efficiency of separation within the |EF system by
pl ot ting canithy mneigsbufier. o8 dumee plasmd shmplei wisditgylatedan diespenisg bufferf a

| abel ed protein through a gel. vs.  the observed fluorescence of .a | abel ed
anti body aftfer® % t]pr‘?ioxgtfeelgn%fmiﬂé%gl’reb@f W?‘é e%&%ﬁ?ﬁﬁfﬁe}ﬁgaﬁ B%Oéﬁ%any epr esent
the total nyvdredd difecic®ivas BpplidB ke thel iBnihg) bbil, FEERlsEme HEAMBS ticAdlédiGc near
100% efficiency in protein separation.. TAI LED DESCRI PTION 1. The | EF
Syst em The figlEway svischedoél, a 38 SPAsolugph ke nddesl te temuaning buffer, apdbthe | EF
buffers, a . I vice j1ncludi cha r.s . an r. Ls to
~contain theengt%‘@éé' g/a ?};&‘%‘g{sﬁ%g}h@g 01151%1agptf)'1lcf§t/e|r‘nIgIﬂ gnri % n(;t_;% o ﬁ%%all g(‘:ﬁtrmrc g‘ﬁficléo t he
devi ce. Thepasallel Rithetineabvaoappliet g direa&m&via?rfr&@ﬂieit fitRETRIEMIff us@nd
target recaognition bionolecules ("FRB"). 16 January 2005 A. The | EF Buffer
An | EF buf fidthedsogisqtdetocayng sep Ard dewa therlengsh of hgfline: iThg chippwes then ar ound a
gi ven pH valwe. ' t; L rma pH
Gradient | Chve-smd PO PR et IR EB Sy s A RE S ol g
-agents). Theen EFvelpusfadmed. is in the formof a liquid or slurry or a gel such

that a bionol ec can pass through )
: . %82 lais a%ompanson o'"tl%hc human plasma prepared according to the two

~ dimensional analysis and according to a traditional two dimensional IEF-SDS-PAGE
analysis. FIG. 21(A) is a digitalized, optical scan of the silver-stained chip‘ used in
Example 3. The scan has been enlarged to scale for comparison with the Swiss Protein
2D image. FIG. 21(B) is a published, silver-stained two dimensional gel of human
plasma proteins having pI’s 7.50 to 8.50.

FIG.22 is a comparison of the human plasma prepared according to the two
“dimensional analysis and according to a traditional two dimensional IEF-SDS-PAGE
-analysis. FIG. 22(A) is a published, silver-stained two dimensional gel of human
plasma proteins having pI’s 5.50 to 6.00. FIG. 22(B} is a digitalized, optical scan of
the silver-stained chip used in Example 4. The scan has been enlarged ten times.

FIG.23 is an optical scan of a single capillary SDS-PAGE lane. The darkened

~ areas in the lane are silver-stained human plasma proteins having a pI of
~ approximately 7.0. Human plasma protejn was subjected to separation using an array
- prepared as described in Example 5..
| FIG.24 is an optical scan of a single capillary SDS-PAGE lane. The darkened

- . areas in the lane are silver-stained human plasma proteins having a pl of
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| EF buffer unless the pl of the bionolecule is in the pH range of the JEF
buffer. An | EF buffer can conprise other conponents such as urea,
detergent and a reduci ng agent as needed. See, e.g., Mlboyanetooal ., Anal .
- Biochem 280: pp. 1-10 (2000). It is ‘desirable that the |EF buffers are
functionally stable under the influence of an electric field. The |IEF

~ buffer or cell conprising the |EF buffer can be forned by hand or by

vari ous devinGesimbiel )y’ﬁl?‘.éﬁﬁﬂnﬁn faE}ﬁagf%%e;P a%ﬁ%bg&%éht%esegﬁ &tk difarfay oAt ed,

- printed or "Spotted onthes rfac trate o |nagroove r
channel of mm@b&srwsmbedmxmﬂsﬁnmnmmeumch: systemi as descridbed @ i bed bel ow
or a bead r@ ?f the sane material as the matrix- According to one
enbodi nment , eI%F buffer can be nmade by a device that m xes an acidic
and basic sol ut Q0. 2505 h 9éHEnAEc BEAL 85 Mgm&&ﬂ%ﬂesah&ﬁﬁbﬁﬁeﬁ/ﬁw&m
("titrator™). The buffer is comnbi necP a nononer (e.g., acrylam de) and
-pol yner i zi ngatage At deaivd i3 wdétdnnmmacadsgtah@basctemlwr(mm axxblpﬁfprrhaemg) t hat

Fry, 25, Thdsdion BlieleR QBN TR et bbb T Pime s 51 o

Anphol i nes xafyarids PAndQfol MidrizSagehi Ha-1846e09n1d REHBEr dyvi&qeﬁﬁrmwfﬁ& Rci ds
that are anphoteric (i.e., positively charged in acidic nedia and

" negat i vel y thatdzysdbe TEF tukfer in a desired posities erbthe aaﬂu have M val ues from
appr oxi mat el y B%GL%% Egsc]h%glgugof %‘pﬁ) %r%ssetﬁat c% re Qar edae}(,)rlrn i G ased

For exanpl e, several carrier anp tes are , Ppages

31-50, Ri ghet)ﬂanudE’s&huor(é%olhﬁﬂ@inﬂghgdnﬁsﬁﬁmllmgade-ﬂ&@@"‘rﬁatnx?ﬂ h@fbol ogy
and Applications, eds T.S. Work and R H. Burdon, Elsevier ci ence

Publ i sher s tetlays’ %?ﬁ!'b?%ﬁ#fﬁdwlﬁ%@hﬂwmw 736). Alternatively,

(Servay. B of y a0 i€e BHRNALY LESAIP Gl U ATRIEA WS CHELIEDIOR ST
Sweden) .  Homexaiipie) asieatefdmﬁdsbdargﬂm:qﬂ& o icturo @tm@mﬁinalaaéc&@ﬂbﬁﬁc

derivatives of the er al g%? la: CH2 CHCO-NHR I mmobilines can be
prepar ed oPPRYFER f( sangple Bedefpl @ defise hgsmewme Kaste{ewrsts ASPPsHdb? | i nes

are known ig I Z ) iFQChEe
Met hods. 6@‘:%’%??0@&&%]“%%% %&Phég%ﬁ%a(nﬂgfﬂ {%’%%8?‘? adr%ag:r@;UEL Eﬁg?ﬁorener i zed
“with the a@ftyt@zmdimenmoﬁai)amalym“sta(nmgmbgdm ftederﬁ)-lagieaﬂeémtlﬂjngiﬂg%&s can be

- prepared by rreth s known in the art. or can, ased. . pH radl ents can
be formed B ?wgméwﬁ%%fe FH%Pawﬁfﬁgaﬁ%%ae?ﬂ Scaanirlg the chip

(“scannc "), a device for receiving and recording the scanned image (“computer”), a

"E

device for analyzing the recorded image (“software™), and a device for displaying the
recorded 1mage (“display”).

FIG.28 is a diagram of an example of a three-electrode system.

FIG.29 is a chart demonstrating the efficiency of separation within the IEF
system by plotting calibrated fluorescence as determined by the dispersion of a labeled
protein through a gel vs. the observed fluorescence of a labeled antibody after 10
.minutes of isoelectric focusing. The numbers represent the total number of protein

molecules in the sample, demonstrating near 100% efficiency in protein separation.

DETAILED DESCRIPTION

L The IEF | System

The IEF system includes the following elements: one or more IEF buffers, a

running buffer, a device including chambers and/or cells to contain the buffers, and
means for applying an electrical current to the device. The system may also include

'means for cooling the device, and target recognition biomolecules (“TRB™).
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For exanpl e, such buffers conbinations are described in Allen, RC et al.,
Gel Electrophoresis and Isoelectric Focusing of Proteins: Selected
Techni ques, Berlin:Walter de Guyter & Co. (1984); and i msldmaRabent No.
5,447,612 (Bier). Sone |EF buffering agents include 50 mM gl ycine, 14 nv
NaOH 50mM HEPES, 12mM NaOH, 50mM THM A., 44.6nM HCl; 52mM citrate acid,
96nmM Na2HPO4; 50nmM BI CI NE, 18nM NaOH, and 50mM DMGA, 40nmM NaOH. The pH
~ gradi ent createdby t-Iqu| o= BQH‘I} in each cell can have a narrow or a

wi de pH range(eg , 6. 8- P 8 or pH 6.8-pH 12.8, respectively). An |IEF
buf fercan have aAndEFbaffaiqonqmrsemunm}dnbﬂagm heveth hilifeéblgTapaityQrdungtd uni t or
| ess dlfference%IS lw]{a narrow pH range, e.g., 5.52-5.54 1&0 02 pH uni t
di fference &ven gHgiplue (gpff q@%ﬁ@%@{%@%@&%@éﬂé%ﬂ%ﬂ@@%ﬂ@ one
buffering a t a ‘ S
case,  the phsampty e paRSing O L Seind Ratar BRI a s *ﬁﬁﬁi’?‘}%
c‘apaC| ty of istih¢hddofthef  tiguid@e siurryrop arps! such tlpit-la\baimmwlﬂe cahpash tHrlvezhbuf f er i ng

t had b [ I t nt al
T T er ence. T bititAcHlses e ol S5 blasotocs 5o theait ose af e 155 HES TRE but 1 or
The term " s{@Phuff&fcal SorhrideYeher e%ﬁg?eat@éuch i hibg rcﬁﬂa‘f‘gedt Bnd Hﬁy&kﬁgebet ween

two different | EF buffers. For exa hi n one e I nfferval s can

. be as snal | agent @s B2derdd Semi a8, Maﬂongﬁnaﬂma‘hﬁ;m;mu?éﬂg@ i1A1Q @EO0X dt 1s (e.g.,

pH 6.8, pH %Z.0; . pH 7.2, etc in n _anot exa t he pH

e o Dot fastbB thaf e TEEbers e bbRofly slatne er s Milue bR Obamgereify ' For
exanpl e, thgeildEF buffer in cell #1 can have a pH gradient starting at pH
6.8 and ending at pH 7.8 and the |EF buffer in cell #2 can have a pH

gradi ent starti nghatERpiter or @ﬁibICO@nmSmg the Hﬁﬁ-b‘iff@ caif be éormeﬁl’aﬂlagdmhyjs pH

7.8). The t H f foSite l
e A B Bl L ot

the differ espelpdn@euidle obi mﬁﬁteaﬁ% h%m&é oPHhafAHIUSTS: duBstpud EFhebUf f er or
a cell conprising an 1EF buffer O pH units). The intervals within

a cel | do n¥bstialy&an be a patixsidspan e#gplowarahenényﬂegf &waﬁ»@tmé@wltam cells
f | ur al
of a plural hty, of, Cﬁlcéo?dlﬂgpér’?seeégﬁq(o@ﬂnguf@Srﬁﬁbﬂﬂéﬁa ACGRIAlY @gaéﬁg‘%buf  or s

- enbodi ment, the natrix co ers or PI°s W

havi ng an eﬂiatmmhyn nathtc:m/d d)l&smkdlﬁﬁ)omrfbﬁﬂmmbhﬂftﬁﬂﬁ@m@l’lﬂe degidel pHodlsd eps
bet ween each), cel | b January 2005 According to one enbodi nent, the pH
range of an( Itlgptosl)ffT ¢ bp ﬁerds gpbingd with a monomer (¢.g., acrylamide) and

polymerizing agent and loaded into another device (“matrix printer”) that lays the IEF
buffer in a desired position on the matrix. See, e.g., Fig.25. These devices can be
incorporated into an automated system. ﬁ
Ampholines are a set of various oligo-amino and/or oligocarboxylic acids that
arc amphoteric (i.e., positively charged in acidic media and negatively charged in basic
media), soluble and have M; values from approximately 300 up to 1000 u.
- Ampholytes can be prepared or purchased. Tor example, several carrier ampholytcs;

are known in the art {e.g., pages 31-50, Righetti, P.G., (1983) Isoetectric Focusing:

Theory, Methodology and Applications, eds., T.S. Work and R. H. Burdon, Elsevier
~-Science Publishers B.V., Amsterdam; US patent 3,485,736). Altemnatively,
commercially available ampholytes include Ampholines (LKB), Servalytes (Serva),
Biolytes and Pharmalytes (Amersham Pharmacia Biotech, Uppsala, Sweden).
Immobilines are non-amphoteric, bifunctional acrylamido derivatives of the
.gcnera] formula: CH;=CH-CO-NH-R. Immobilines can be prepared or purchased.
| For example, methods for synthesizing immobilines are known in the art (Bjellquist et

al., {1983) J. Biochem, Biophys. Methods., 6:317). The immobilines can be
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. narrow pH gradient, e.g., less than one pH unit or up to a few pH units.

According to another enbodinent, the pH gradient in the cell is over
~several pHunits. According to one enbodinent, the pH inérmsal2oesf an | EF
‘buffer is 0.1 pHunit or less. In another enbodinent, the pHinterval of.
an 1EF buffer is 0.02 unit or less. According to one enbodinent, the pH

- steps between two or nore |EF buffers are 0.01 units or less. According to
anot her e it r e 0.02
ni s or 1 CoRTRBzed i B AR P O B2 T O PO it fer
in it and/ @en beipregarad byl niathadsknowalih thefart ar cahepewhisedan have any shape

1 ncl udi h tri l e, t d | inder. A cell
can have one or Pioiaslf o8 e Fimar iy nosmeRGRERape o5 RO REPRUEURTIRe . The
wal 5 of _t ey 6RlrhplA3ueh BIFFi-oBeHEbMbMShstaPlesLARIFinAINAY HE ok IS Gegnt er of the

structure and an outer si de that faces towards the out5|de 'of the cell. See
e.g., Fig. p spelactiip Fogestng efProich peied Teghniguess| | can be nade

of amerrbr <hor [ . e ogwl ecul e

i nper meabl eelghg}eitfr %eﬁ’é"ty? 6!? Q atgg?‘r);gﬂ‘tiﬂr@%?é‘%ﬂé\lg W@éﬂ T8 sone of
the wal I's gEFbliffe %Feﬁﬁﬁnélﬂdé 3D dglﬁmteetct AMNaOIE s0mVe BIEPES el M Hovever ,

the cell walls shou be constructed so that an el ectrical current can pass

into the ABQH; S8mMAFMA ﬂéﬁﬂ@éﬁ@eﬂlﬂ%‘g%@@é@dt MNP0 010mMe cel | .

For exanpl VMEIFF?@ /D g IMel*[I sc can be imersed in

~acryl am deﬁﬁat i's al'l'owe %’d Bpo yrrenée I'nto a&gel and then soaked in an
| EF buffer. The T p gradichthreutdiEbyihe dEF dufféin@ach 44l dan Obvd igaried bra Thus, a
bi onol ecul e .can_be trapped in a cell that has a wall_ -soaked in an | EF

buf f er thathij"sPHH@‘&@éﬁé pH &&ipkk7. §§rpﬁé SHpHR 8 gespectivel) pPredBFecul e. 1f a
|
sanpl e complisl B9 ety el ohy P £ %{g ?d§ q&%%#&h%éu}ﬁe s“””' ng

buffer in the system then at
per neabl e tddfmme;oor ulivb herrod thﬁn@et @rgol 28564 @6.02 p}brrmsdtffexbmmeess)

enmbodi nent ... all th I ls of ec are ermeabl e to the bionol ecul e of
Cntorest. TinBPIINE BorgHts f ke GIRDUSTRE agent Hpbhasdieen o

bi ool ecul gjutpRiTE AN gy A, 'maﬁﬂ@tstamt BH ALEhERIbfrck el 0. In one

enbodi nent, the walls of the cel face into and in the sane direction

- as the el e@tlwlvalant tHithes lefemnghtep#cltrysf tlm hmffesinp agant erquadrdeaﬂ{ walgota he

bi onol ecul e .of n alternative enbodi nent, a wall or

n est CC d|n
the wal l's &h'(tlhtb BB@?’F"%%%‘?AE@J Hﬁtf’ al l'y inmpermeable to the bionol ecul e
of interest if tie RnoimEbAGL Bfepd to'tﬂé BlcR¥dent? difference in a pH value within the

. pH gradient created by the 1EF buffer. The term “step” refers to the incremental
_difference in pH value between two different IEF buffers. For example, within one
cell, the intervals can be as small as 0.02 pH units through the full pH range in that cell
(e.g.,pH 6.8, pH 7.0, pH 7.2, efc., in that cell). In another example, the pH "step”
between an IEF buffer in cell #1 and cell #2 can be 0.1pH unit. For example, the IEF
buffer in cell #1 can have a pH gradient staning at pH 6.8 and ending atpH 7.8 and the
IEF buffer in cell #2 can have a pH gradient starting at pH 7.9 and ending at pH 8.9
(i.e., pH 7.9 minus pH 7.8). The term “pH range” refers to the highest to the lowest
'pH values in an IEF buffer or a cell comprising an IEF buffer (e.g., pH 7.9-pH 8.9), or
~ the difference between the highest and lowest pH values in a IEF buffer or a cel}
comprising an IEF buffer (e.g., 1.0 pH units). 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 uniform. Accordin g to one embodiment, the matrix comprises IEF buffers or
cells with IEF buffers having an extremely narrow or ultra narrow pH range and small

pH steps between each cell.
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16 January 200_5 is being prepared by (1) adding a sanple conprising the
bi onol ecul e of interest to the |EF buffer in a cell in the systemand (2)
al |l ow ng bi onol'ecul es and/or ions that are not of intereslanlag 200grate out

" of the cell. In this way, the cell can be used in the first dinension step

in conmbination with the matrices, arrays, systens and nethods. The cells
can be arranged spatially in several ways. For exanple, the cells can be

contiguously ar raag@aﬁnF@e 8no cBRIRER, e PIHPARbESUETFPHUIRAR £ccllisd
bi onol ecul e- i nperneable material separates one cell adjoined to another.

See e.g., PragrovepHagmetlient, e. pcless dtiamgne pHeni os b tei fnpH unlis Asrdingfers or
cells are "jsgl ated" .suc h bi l ecul eS. substantial.ly.travel .from one
TEF butfer TRUSEPResTY MR eAERE R BH SFTISHET MR B i1 B Serb Tt g
around the édeFefabbdiaiest, te g1 kdterviladfRaMER baffet 18 00USH vt Or lebERnbiabiher
directly into another IEF buffer or through the wall of one cell directly

into anot hanbadiment, thegtbingerval pf gn IERA buffergs 082 ung o tegs-nghecordingtoegisodi nent ,

the isolate . adLoi ' c -4 &per. mat eri al
separ at i ng (REEm g, Mg eSSt g R B IATREE o) (RS ARI RS i o o
or cells ar&cdvedingty ot embogdidtichit,iBe pHGLePR Bet®kbP i dBi vhore IGR HigfetsBire buf f er s
or cells are contiguously arranged, at |least one of the walls of the IEF
buffers or @& PRIt ¢fdess; s” not adj oi ned to another |EF buffer or cell
contacts the rurgiegsbuffer and is perneable to the bionol ecul e being
tested. The | EF hu #ers or cells can formpart of a matrix. The |IEF
buffers or cell sArel inwhollwey stagjuee e hasansiEi begfet in ie andiorantegratathia 4 he

cells are arranged_jn rallel to the electrical field of the first
di mensi on. Vﬁ#@@ to?FB‘F %‘Qﬁ‘F*’é‘-b&éﬁ’ ABathage giclusing,ssRiets 8 nangles seust. &cckaels i al

can be a npabr dnRddenedi & e Fﬂéoﬂﬁéferﬁﬂﬁrdégééﬂc%% %E@cgﬁygo?;ﬁge can be

prepared so that it has virtually no net char field at

t he pores oftructuee. mEimbwalheof theicedbhhavalah duneatide ¢hae fidvosliowands, the bantgtdf dtie t he
menbrane can be a val ue.intermedi ate . hetween t on both sides of
the menbr arf& §P$%I‘ e St“(iﬁ#‘%t ‘(fSr’r?‘ﬁ?Iﬂf Blé? ‘?6‘15‘1“9? Oé]tﬁﬁgegﬁ fg%%vg? %f&)igh t he
menbranes  cpdRadinRYipbh eheVBRENER, #aR Gl icell LR RhddY a BLAGlHE GAtshGRar ge on
t he menbrane éel ecCt roendoosnosi sj. Depending on the desired result,

menbr anes folfl thatinkiomgieculepsanehbis bidsededule WngeRacablt, ahdor per2udhlso7 t o

Martin. Alt.ernativel r.apes, can include nenbranes coval ently bonded
with i mob Pfﬁéetéa\{’g%y%ae‘g%@%%@ef‘ln US Patent No. 4,971,670 to Faupel. The

celI's can be di rsuhd yf te walldlof @6 kN cai bewhRelablé taniatia! figk. | ong as the
cells are Cﬁg\gc&)\!e? tﬁf; cgl?ggl?s? sthloGI?:I gchceongtllj‘uncrtgdns% tggtf;neer}e'ctnl':cg{ cuer;(e?l?gzlne’asg irlﬁo cells
may be : _ P
the cell. An IEF buffer can be integrated into a wall of the cell. For example, a
Whatman GF/D glass fiber filter disc can be immersed in acrylamide that is allowed to
polymerize into a gel and then soaked in an IEF buffer. The disc can than be used to
_form a wall of the cell. Thus, a biomolecule can be trapped in a cell that has a wall
soaked in an IEF buffer that is the same pH value as the pl value of the biomolecule.
| If a sample comprising a biomolecule(s) of interest is added to the running
buffer in the system, then at least one wall of the cell should be permeable to one or
more of the biomolecule of interest. In one embodiment, all the walls 6f the cell are
permeable to the biomolecule of interest. In another embodiment, all but one wall of
the cell is biomolecule impermeable and/or impenetrable by an electric field. In one
embodiment, the walls of the cell that face into and in the same direction as the
' electrical field in the first dimension are permeable to the biomolecule of interest.

" According to an alternative émbodiment, a wall or the walls of the cell can be

substantially impermeable to the biomolecule of interest if the biomolecule of interest
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attached directly to the bottomor sides of the chanber or nounted to the
chanber by 13 16 January 2005 an insul ating support. See e.g, Fig. 5a or
5c. Alternatively, the cells may be placed in a -matrix thatwtoed tached to
‘the chanmber or attached to a post that is attached to the chanber. In yet

. anot her enbodi nent, the cells conprising an 1EF buffer that is a buffering

agent may float freely in the running buffer, but the cells should be

- di stingui sh@delhgpfe?dﬂea%tywmufgi gﬂm@c&ﬁpﬁ ﬂhEEx&hﬁl&&ﬂe bffintch@t ffthe . See

e.g., Fi matri x or the|n|V|dua | s can. be attached to
t he chanberIEElb@Ffet incet cellrin yher systameand(2) ﬂiqwmg\éw@mﬁu&s andmelomﬁmt glevi ty of

col | door eaebet Rk Fagbtc ol AERERRE bl oot o St Butin MG o or

cel I, partidmbmibysteii doaitGidtioh BitOHE bk, ﬁﬁ'}r&,@y&t&m@%m&ﬂﬁlﬂo&i@s possi bl e.
The 1EF buffer or cell length refers to the wi dest cross-section of the

1EF buffer or cellie celaean be aeepnged spatiallbingspeeral wavst Fonexsmplpaherdisicanc fiel d

cross: soct toNoREFREY Hhang ek upHol Fhiholftonblettitof Efigioibgnd {7, " ©°°'

di recti on afnptiigeableanitedial sepahtes orit delladfrsaang adomenSkoag., Fip. saemgwbodi ment
t he cell | ength can be any. size IE&% 10 mcronstoSOmn | n anot her
enbodi ment ; %ﬁ@l%ﬂowmmﬁlm% the IRFbuffory ar cells gre “isabated cyush shat o 10. Onm

_"Thelanec h of

-~ the lane ?J;mg@e(\r!hﬂ%gr %@taﬁgﬁﬁﬁtﬁhfg‘?ﬁ8ﬁddg)g?ﬁ%u Oeam} g ﬁ?ﬂjﬁgr?{?gﬁ an€ can be
100 m cronghe nmﬂmgrbdffagcxtamlmgtakmmdemmﬂmms ofcdrws kahgttharothraghlone ane i s
3-10mM Theigi:%ggers(ﬂn conprise materials suitable for separation_techniques

(e.g., 558y p apefher IEFThugfer gr through ths wall phene sedrdigetly ntg
mat eri al C%ﬁoﬂh&%éﬂd%w%}s% Si4l b pbeAc%rdﬁ{éftB'EﬂE 9&5 Ment, AESbLRARGIEST S
such as SDS- PAGE, zone trop oresis Inity e ctrop oresis,

capillary @t@eﬁbmmpﬂbﬂd&mbmarmdbcalee:mﬁpeﬂnezbh‘ﬁmmﬁamegqniayng ﬂmnnrxiaiengl y, in one
enbodi nent can. be ry tuybe that is filled with
chr omat ogrﬁ;ﬁ‘r?@eﬁ éa @{ea?fwely( &'edsol?atPfgl g‘%ﬁlﬁlfﬁ? 6?%)9513081“' 5% es

useful for tebRCEHBRIFERSifIhd mfgbuffe@pbﬂ deﬁg Mre%ﬂﬁg@du@@tdiﬂﬂgaf %ﬁlcﬁst op@pi | lary
gel electrophoresis using cross-linked and uncfoss-Iinkéd gels), and

- capi |l | ary iof &l walsrdf ghe E@duéfcmgor cas thatlismgt adjoinné tesratitir FER bffeie cebcond
O o oAb h LA 6 SR B R . e
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 parallel to the electrical
- field of the first dimension.

‘The biomolecule-permeable or biomolecule-impermeable material can be a
membrane depending on the desired result. The membrane can be prepared so that it
has virtually no net charge in the electric field at the pores of the membrane. In an
alternative embodiment, the pH of the membrane can be a pH value intermediate
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 acquisition of an
cleétﬁca} charge on the membrane (electroendoosmosis). Depending on the desired
result, membranes useful include those described in US Patent No. 4,243,507 to
Martin. Alternatively, membranes can. include membranes covalently bonded with

-immobilines as described in US Patent No. 4,971,670 to Faupel.

The cells can be directly or indirectly. attached to the chamber as long as the

cells are capable of contacting the running buffer. For example, the cells may be

attached directly to the bottom or sides of the chamber or mounted to the chamber by
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suitable for electrophoretic separation, e.g., US 6,197,173 (Kirpatrick).
The gel-like material can be conprised of nononers that have been
polynmeri zed. ‘The gel can be denaturing or non-denaturings §.Qkart2065

bi onol ecul e -of study. The gel can have various 14 16 January 2005 pore
sizes. Accordingly, the |ane can conprise additional conmponents such as

- urea, detergent and a reducing agent as needed. See, e.g., Malloy, et al.,

Anal . Bi och@iinsuld@fk supBort- $8¢ £ 2080) 52 . | ARGndtiveR! the Ik HAVBE pRGed | EF
~buffer for further Separation ~of the bionolecul e that have actunulated in
t he | EF buf # gratrof thahie aftached taithensharnbar or aidhed traa pase that isattached to Het

conprises an |EF huffer can b onverted. into an SDS -_.captai ning gel by
Che’ addi L1 o aesgb P emafiEr pRpf R e chs Soriietng Aot Gir Bibied®can
separat e i nbiffRingeeendnsll NG Feoly ik aeatnMing BRIGC bhdhe ¥&IsGhbuldHecording to

one enbodi nent, the lane is prenade to conprises sodium dodecylsulfate
(SDS) and p@isyrgshied i adicgtsl the pld ganagiof ghe I Fanidfen by the atdb deereugt, Fig.196. . | engt h

accor i g« Be R BHLE TERARERTcn'R PR R B BalsPRCRR Bk iy foiste”

pol yacr yl amvitkingk¢ chanifee | ane can be sandw ched between a matrix |ayer and
anot her |ayer, wherein both |ayers can be bionolecul e i npernmeabl e and ion
i mpermeabl e as | Bhfscasitizity af be pethads and pystemcwit! iperseseragtlee sizreof|th iR nd
direct an [ j (0] fr ...oee e.g.,
Fioe 16" Theo ket Eel 8gfhe o Mcbting ARGl AT e ohe B bfer o272 01
an acryl antedle padtuldlp thedadktia IO byffdTor 2 Gs A0l 430s4ble] The EEF buffa a
device ("matri printer") that |lays lanes in a desired position gon an
array. See, 9leel] length gpiers t6 the widest erosysestipn ebthe ARY butferroreel that i perallebxanpl e.

Such deviceg, tﬁ@ﬂir&'ﬁg :3?] ﬁlgggcﬁﬁﬁﬁielh M Qe s@&nﬁlﬁhﬂ{ilﬁgcﬁg T TER RSy c%gls .

‘nmononers can be use Ition to the conventional acrylam de/
acryl am de wolthitdfan tothe agdesosssadctibi ofthe TBF bakfer & cgklthdlt &y perseadicolar ke fi r st

and/or the ,second di.nension steps., It is known in conventional
cheni cal | y-'BBﬁvﬁfé’ﬂnfég%gé?%nf Beldie tarspenmisBeny R cbaticahdbesicler
| ow- ol ecul RhgWRhIBE aREdied, @.tg.e,'ﬂ)ﬁﬁ%lmnﬁ%@.@Hﬁq?m%?fﬂép&%&ﬂ' chilfiR&eljave been

comerci-al i zed as "Lorie-Ranger"” gels. "Use of polyners substituted with one
or nore acrYidsh eanBepmygizeups., h@ sietosotopkdmmdescribed in the literature -

(Zovert and.Her 00 Q0 SR BPIRLE S 2 BB 20 S8 (OB e
m-sci bl e . laneis 20 microns to 1 mm. For example, the width of the lane can be 100 microns.
| According to another embodiment, the Jength of each lane is 3-10mm.
The lane can comprise materials suitable for separation techniques (e.g., by
size, shape, charge, affinity or combination thereof). Such material can include those
- suitable for chromatography, electrophoresis such as SDS-PAGE, zone
electrophoresis, affinity electrophoresis, capillary electrophoresis, and electro-
éhrométography. Accordingly, in one embodiment, the lane caﬁ be a capillary tube
that is filled with chromatographic substances (¢.g., liquid chromatography) or
substances useful for electrophoresis (e.g, capillary zone electrophoresis, capillary gel
-electrophoresis using cross-linked and uncross-linked géls), and capillary isoelectric
focusing. According to one embodiment, the second dimension is an electric field-
mediated separation technique. _
A lane according to one embodiment can comprise a gel-like material that is
.suitable for electrophoretic separation, e.g., US 6,197,173 (Kirpatrick). The gel-like
material can be comprised of monomers that have been polymerized. The gel can be

denaturing or non-denaturin gr for the biomolecule of study: The gel can have vatious
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organi c solvents, such as al cohol or acetone. Gel-form ng nononers can al SO
be any substantially water-soluble nolecule containing a

phot o- pol yneri zabl e reactive group, in conbination w th,g.pmbLenbal which
can formcross-links, provided that the conbination, ance polynerized,
forms a gel suitable for the particular type of el ectrophore5|s 15 16
‘January 2005 Exenplary materials include acrylam de, in conbination with

- met hyl ene- bpﬁre sies. YAétmrdiﬁg}@r th@ﬂmrcaﬁﬁ&ﬂﬂjﬁﬂaﬁidnm@ﬁlﬁ)oncnts such as urea,

hydr oyet hyl met hacryl ate and ot her | ow nol ecul ar wei ht (1 ess than about
300 dal t onsyetergentaadjayeducyig agephasingeded; dee reeg-Nalyy, |et:a »adnalj Biaghgm.

al kyl - subst ti

pyrrol i donebz‘éd‘lkjgq ﬁﬁ@b OV\%%D? Iécggs g(r&%l gﬁl{ﬂs Vi ﬁ%ﬁﬂgfﬁhﬁﬁ{e%e \ﬁ%iﬁﬁ
vinylic, al bfytht ®ionesl¢culd hartige atoinfidateéd/ ini tbeEFbM&trldf dig ﬁl%t dimendioni C

pol ymers, incl ud| ng such derivatives of agarose ("Acrylaide" crosslinker,

~ FMC Cor p. ), AHESBRE Y adARr BRHeamRsises, feg ean bgepnveded ke aHdS- such as
cel l ul ose d&fﬂte\éﬁfnnggi@ﬁb)! éaﬁﬁ'upﬂof'gﬂé%}h%trmrm%ﬁﬁﬂf Reﬁféc trl%odlé’ﬁébl@é‘ulhe aj cohol ;
nmononeric, oligo c:” and polymeric derivai col's, "including

pol ymers of sephiayd ianke mcbmtiadmmhmpylbesa:é onxmdeculd:rwwglﬁne oxi de, and copol yners
t hereof; acryl, vi népﬁor al I%Bq deriv t| ves of other water-conpatible

pol ymers, such adce AREREr QQ‘EFHWPW%‘FI?FQ?P%S%SO ymeric

N-i sopropyl t t d

pol ymers ang@d(;eg%]kamrtréeifsg §)\éﬁ§?§,@ a{J a&yiﬁﬁgﬁg%}l ;%eg%ma?%&%@?d 0 %?ﬁ%l ene

Wit hI vi nyl hogl![hﬁlf e, lzm ﬂs%shmhachmrc]lﬂ:etwcqnétwa)mnﬁuﬂamldﬂnpqnmbgbwfalr)](elmt| des, and
ol ynmers e subunits o ese eac nor.e

_ﬁ;groghobi c ewﬁlaaﬁfaé %rﬁt?ﬁe'ag %prefwb %9??181)?%%3) wm@egelryrene

and hydr oxyagiigle-cal BE smwafewb%apéeﬁ alTRABE 18P aRES 1P layRe wieRkA b&thY

wat er - sol ubl e, especially when solvents or "surfactants are included in the

gel - formI n@ysrglcan b@hfmmommpomt qahtq anfg 1mimmrma@gd$as mﬂf%ﬁlor

common pol yger.s_ ar in art: for. ex e ition_.o y

o yer oyt et HaP e byrBII F st el o gl FRLROG T ieiap Y gt e

hydr oxyl s V\mmblﬁfdrds%ge%nf‘ﬁlgrjﬁies or acyl chlorides, such as acryli c .

anhydride. Amnes are readily derivatized wth acyl anhydri des or

chlorides. ManyThs lapseandes fopmed bebandrprepgoriedayidepeforasemple. i | | cont ai n

o a0, SRR RERR N oo 86 o R, AL AR GRRTF 0B ARl 7 Of 2

per. nol ecul prntes®) thatlays Rded @ra degirehpositionain an array. See, e.g., Fig.26. A

modified office inkjet printer is one example. Such devices can be incorporated into
an automaied system.

Various monomers can be used in addition to the conventional acrylamide/ bis-
acrylamide solution or agarose solutions to make a gel for use in the first and/or the
second dimension steps. It is known in conventional chemically-polymerized gels to

- use hydroxyethylmethacrylate and other low-molecular weight acrylate-type
‘compounds as monomers; these have been commercialized as "Lone-Ranger” gels.
Use of polymers substituted with one or more acrylate-type groups has also been

described in the literature (Zewert and Harrington, Electrophoresis 13: pp.824-831,

(1992)), as especially suitable for separations in mixed solvents of water with miscible
organic solvents, such as alcohol or acetone. Gel-forming monomers can also be any
substantially water-soluble molecule containing a photo-polymerizable reactive group,
in combination with a material which can form cross-links, provided that the
combination, once polymerized, forms a gel suitable for the particular type of

electrophoresis.
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gel s from nononers which have only one reactive group, such as acryl am de.
These include, in addition to nultiply-derivatized polyners, nethylene

bi s-acrylam de, ethylene glycol diacrylate, and other sqghhmgg%@pules W th
nore than one ethylenically-unsaturated functionality, such as acryl,
vinyl or ally). Candi date non-acryl am de nononers can include, e.g., allyl
al cohol, HEMA (hydroxyeth yl (neth)acryl ate), polyethylene glycol

nmonoacryl ate, pak\epigilyengertlly@elude aclyRehidd, 3 omBihAYdrEREh ﬂieﬂ?@éne—bis—
nonoacryl ate, ethylene glycol diacrylate, vinylcaprolactam 16 16 January
2005 vi nyl p¢panidgen ethea kpowpy rapssliaiers desdre vethylmethgerylajecanghatherdewvat i ves of
pol yvi nyl al i I Vi Ryl nd
ot her nol ec]ﬁuﬁg(gh%ro‘%@g?ﬁ@eﬁgmg hteéhglrﬁ%oﬁroa?]etgngsé %ﬁatl&&ﬁ% acba%eﬁcﬁf’/ﬁeg%ragﬂ%l . An
| EF/ | ane unicid,asd aikyl-Rfbstistddaterioatives telrdof comap b Siotghistid;EBmaphfeliddmeget her
with a lane. In one enhodinent, the | EF/|ane unit is prenmade such that the
| EF buf f er anfothesipvwaralerulas wepght viyd andsgllyl sompourdsgvinylapallylic, aprylip and
“enbodi nent , _ ' GAl -he. r and
Tane are s GRS oA non A RO HBTRR AR £08 pelidfine bl BieE 20,
exanpl e, t HeAthidulfcreslinied, FMOCapl, dertram\aal lother poliybaechariies axd So t hat t hey

can be forced together at the desired tipe, In another exanple, the |EF
buf f er - and eaﬁétl\%aﬁus@aﬁsﬂfv&*ﬁgaﬂwaewgwrfﬂ hygresysthy} eslipdoserRolyvipy!
toget her. AQRol: ¥broier S ﬁﬁﬁ{“"@ - _ 1 he
‘connection bet \(/{/éen tohém:alg@%meﬁgfﬁgk&yg%fjleggﬁ aﬁg %ﬂgt%}é’g%g%de]?gi ssive for
t ransf er ofpolymere bbethylenobxidatpromstncarnidel betyletly oxide, Mdtaopolyseds thedeof;x (or
matrix |ayer) .i fmaterial r a sem-solid naterial, e

I S sol i .g, a
ceramc, a %}yésg?ﬁﬁﬁlabg drryaves of Plher R CoMBRIPIE POYIIER) SWHA as |ucite, or
a gel, thatyo]3 Rl H L | § S | ane units.
Accor di ng tp(()) one e@bﬁ?d?an@ﬁ?,th?hfmn%? girdit)’;[fo%{rg% Ilrigs hgp)/r%aat |ld>]<1§ |Hé poorly
conduct i ve.(Whishds tingratore-sanot ver melgiventi hpolymetshed vapolymeisspartiallypar t or i n

whol e, nmad f,a i,al .that J bi orml ecu) e | mper peabl.e.and i on

i nper meabl Z‘yg_ﬁlﬁegﬁo\?‘%iﬁ’%{ﬁneﬁ ?‘rjee%?yé?{’é’t‘w Yy bt e‘?tﬁr}_ﬁﬁ??‘ﬁnﬁl?fl ane unit can
be set on tpayagiiidRed, pdlyhilteeoiBtd, aXd Copdlym@s ofth@Qlburdils @f (HeSe withlehék B or
C, can be set in a groove etched in the matrix |ayer or can extend through

the matri ©theapad vid mensdydephehic eErpomds svchos pyddinecpyrddiienact t he runni ng
e B s AR Sy 08 A B RTRAE R 1" 155
the | EF bufeheircly waler-solublepsspedibitd wh@nicMengs or surfactants are included in the gel-
' forming solution.
| Methods for making polymerizable derivatives of common polymers are
known in the art; for example, addition of allyl glycidy! ether to hydroxy! groups is
known, as is esterification of hydroxyls with acids, anhydrides or acyl chlorides, such
as acrylic anhydride. Amines are readily derivatized with acyl anhydrides or chlorides.
Many of the derivatized polymers described above will contain more than one reactive
group, and so are self-crosslinking. Addition of a crosslinking agent, which contains
on average more than one reactive group per molecule, is required for formation of
gels from monomers which have only one reactive group, such as acrylamide. These
include, in addition to multiply-derivatized polymers, methylene bis-acrylamide,
ethylene glycol diacrylate, and other small molecules with more than one
ethylenically-unsaturated functionality, such as acryl, vinyl or allyl.
 Candidate non-acryiamide monomers can include, e.g., allyl alcohol, HEMA
~ (hydroxyethyl{(meth)acrylate), polyethylene glycol monoacrylate, polyethylene glycol

diacrylate, ethylene glycol monoacrylate, ethylene glycol diacrylate, vinylcaprolactam,
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the running buffer is covered with a bionol ecul e i nperneabl e | ayer. The
matri x can be novable or within the chanber. The matrix can be nmade, for
exanpl e, by a drilling.hole(s) through one side of the k2005t through
to the opposing side of the matrix, filling the channel with an |EF buffer .
and sealing the openings in the channel with an ion-perneable, protein-
.per neabl € nenbrane. Alternatively, the channels can be filled with a

pol yner, surhiylpwaﬁidaxgaab;slglyoidybdfbmr ylﬁ)dgﬁyddygiﬂdvaMesMpm]whquhEF buf f er
that solidifi havi n rt|c e. The cells in the
i i canai Sceaibleede? et Py T adeRp. bt obisr BdsRE? Eomipgrong o ovos,

whi ch do n%or@g;grgpqmtyhgpggmg}msopp03| ng side of the 17 16 January 2005
matrix, e.g., Fig.15 nmatrix A or D. The grooves can be made on any side of
the matrix. Acé@rIEFﬁglethﬂ@néEBbdffﬂmaceﬂlwgngmmg@s IBF duler topetheri de of

but 1 ors. | ARG BT ReRhet o Ll b e Ll BT <o o e

so that bi grahertddeo sHelsiaNtdeald YFik! 258 If &ithck Embbaitdeat, 10y IEFAhhe dirgt anot her
| EF buffer or cell via the running buffer instead of directly between each

ot her. Whefmambeplemads saihasthe {RF butfer anddarg ate sefarathduheanbocapseditadeopposite
side of th n s in
the matri xg%é%g{ed% %Aa IO;?% gr ?‘g%éﬁal (%i%%%i;% ﬁﬁfert%?)ﬂehg%ﬁgl %&%@abﬁ%cgtggdl ng to
~one enbodi mekix sd lﬂl@ttﬂﬁi’téa%d Ryt (G ias 8 desifdduingd.| Inanothet ehemiple ahd ¥
orientated_| EF/|l ane units. According to another enbodinment, the plurality
of identi 88F byiferanddangtcan be erpnesied vighe gel Rugithaijorsiibmigeionethera When|

and/or in Eﬁ@ﬁf?ﬁﬁﬁfé}or%g? Shilg OJtef-d ﬁccl%f?'tﬁ' cotn‘ﬁe& ‘ﬂtb*&ﬁz!} Oﬂaﬁ’ﬁﬂem fhe
matrix or I'p I'S pre-desi gnhe easu S conprising | EF
buf f ers fotelussl lane musetel promisicva fodaraisied of Bﬂofrm&’eculbrofhﬂtﬂteﬁlgaraafstuaydar dto
conpare with the results fromthe other cells, e.g., Fig.15. According to
anot her enbodi nént, Matriset rix or chip is pre-made di agnostic tool
comprising a pres SeLECHR b hER ha'l i Bbli Rhias:, bhal
correspond to the pI?}'gE o?niﬂmﬁrgll S(Pecu eﬁglf |nSteresl j?l ga

bi onmol ecul eemmudgarglzfs&rpohysmrmgelyﬁhauh@]) menhaczgh[a)eecmds lbmwmt mgell that

i ndi cative of a di sease bC@[‘gl br? EEiurves are useful for '

det ermi ni nﬁOIPH'éseér?BﬁﬂfaB ti’ of ang} danegmits TAe5oriing 0 e 0. A
quantitati ¥gbedikdeRr, atd ﬂﬁkeﬁ&!%ﬁrﬁ%@@h@ﬁa&ﬁﬁ@ b@&xﬁdc&MuctWeX'A&ofd?nﬁﬁo"m
“concentrations of known bi onol ectil e or conpl exes conprising knhown

bi onol ecul enether canheidinagnt ihe tagascurmaliaeriio whele, made kivowmatebipbiel iecul e or

biomolecule impermeable and ion impermeable (BIA) to contact the length of the lane.

An IEF/lane unit can be set on the surface of the matrix e.g., as a gel, Fig. 15, matrix
B or C, can be set in a groove etched in the matrix layer or can extend through the
matrix layer as long as the IEF buffer or cell can contact the running buffer in the first
- dimension. According to one embodiment, if the IEF buffer, cell or lane extends
ith_rough the matrix, then, one of the sides of the IEF buffer, cell or lane that contacts
the running buffer is covered with a biomo]eculé impermeable layer. The matrix can
be movéble or within the chamber.
The matrix can be made, for example, by a drilling hole(s) through one side of
' “the matrix out through to the opposing side of the matrix, filling the channel with an
IEF buffer and sealing the openings in the channel with an ion-permeable, protein-
permeable membrane. Alternatively, the channels can be filled with a polymer, such
as agarose or polyacrylamide gel, mixed with an IEF buffer that solidifies into a gel
having a particular pH range. The cells in the matrix can also be made by creating a

_groove or a plurality of grooves, which do not extend through the opposing side of the
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conpl exes in cells having the appropriate |EF buffer. Preferably, if the TB
. and / or target recognition nolecule (* TRM') is comrercially avail able or
~readily obtainable, the comercially available or readilyjyghiaopable TB is
used as the known bionolecule or is contacted with the comrercially
avail abl e or readily obtainable TRMto formthe conplex for the
calibration curve. The known bi onol ecul e can be | abel ed or can be present
in a conpl exatkihd .| Bigl IADRIaatk AR & eTi@bdrdovdsitan bammdt ahehy sideused i n the
process of generating the calibration curve and testing the sanple. The
concent r at iTRIbf Acersdingsoandewhediaent, hegroewmngresn enfatidepisthe magix. thet he
runni ng buf f ﬁg?" fr QleIlﬁ“lﬁﬂ’ L1y of the signal in the
cell in V\Ihiggl’?'l ‘3’3%@2[;10%?%%{%?@@8“ e lrﬂgaéﬁ can be feﬂ%ed as a neans for '
extrapol ati ng t ece@igeintiondendodahent,tRe THF buffas sA0HIs Carb asddledsd thixe
gquantity of .the signal in the cell in which it accumulated. See, e.g., Fig
29. 18 16 Jigmelesplopbstantially traved fropribifutier gf eclkiosmperlEl byfferonedl cel | |
t he conpl ex,: ¢ : [ect | S dyug ' He €.
anal yoi o oot LRGBS iffeaibrANELAPbntth Aok SRR WSS Senli & ¢

i ncl ude netthodgh afe Adadfithe snatircto the ofifsitPAdE of egBatrik pie cim boefenyed tangl HPLC
chromat ography. The electrical field in the first dinensjiqn shoul d be able
to pass i nfSbEel| Bre chagpsis in theypatay gredvpleplhedrrngs “HP‘Fr@](l,‘ﬁit‘bﬁac R ectri cal
field and tAe iy dbont RMhbBEimdAE N RAHRyELonRisEeHh BRI 6f bht@ny 0 each

ot her so | ongoas 4henel ect rllncl:al’ ??el 31 car‘g Bgﬁjglsi nto t leyl EF buff%r in the
channel s. lonienaeddBBbadicnmits., Arbardaggb endtber@tbaibgemsethe plimligrudt her

enbodi nent ,, . the electric, ¢ ent is not reversible and flaws in a single
direction APHSEDLIPGS .é‘F%PW‘%%qﬁeE‘FaB&‘? lar?aawap @ﬁ/?rl_aﬁ@dﬁ@r{?adj oi ned
and val I's  R&f SRAL! SchRliddR HoRIPLRGHAITehD) 1AaTHXQR cBipfis PHd-&Mi&ed to
perpendicular to the direction of the electric current wth the sanple
added di r ecudlydetasubbat of aelts qogniyisirfgdiEF Hufifessfor hesrin cegatingiarmehbratigmewvey st em

is provided with a stirring nmeans,.for instanc a. magnetic tjd bar. In
Still anot REFeUpAaRAHH © PHEPRERIbCBF sl Fraibe BURERIRSW B  he
runni ng bUfAcfébr tb%o&@?e;ﬁiﬁ&ﬁfrﬂeﬂ@me&n&ﬁﬁ oTr!aﬁ‘ipSQ &-mﬁ&adiﬁgrmétiwﬂ:lofl?h t he
systemis stirred. In one enbodinent, for high throughput screening of

. sanpl es, i comprigiggppre-pdlecteheet oRIEK Ruffappaying nY vehies gt carrespord e |
hi p-1ik e I ' - of ' -
oL ke SAL M o TR GRS, B S oA LS A ARt TP

- nol ded or esiesseibmdleciiaimicdast obsldiseatataws.i zed surface features. The

Calibration curves are useful for determining the amount of a target
biomolecule (“TB”) in a sample. A quantitative calibration curve ¢an be generated by
mixing in known concentrations of known biomolecule or complexes compiising
known biomolecule and evaluating the accumulation of the known biomolecule or
complexes in cells having the appropriate IEF buffer. Preferably, if the TB and / or
target recognition molecule (“TRM”) is commercially available or readily obtainable,
the commercially available or readily obtainable TB is used as the known biomolecule

. or is contacted with the commercially available or readily obtainable TRM to form the
- complex for the calibration curve. The known biomolecule can be labeled or can be
‘present in a complex that is labeled. Preferably, the same Iabel is used in the process
of generating the calibration curve and testing the sample. The concentration of the
known biomolecule or complex that was added to the running buffer can be graphed
against the quantity of the signal in the cell in which it accumulated. The graph can be
used as a means for extrapo]#ting the concentration of the TB in a sample based on the

quantity of the signal in the c_éIl m which it accumulated. See, e.g., Fig. 29.
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chip can be a polyner, a ceramic, a glass, a conposite thereof, a |aminate.
thereof, or the like. The use of mcro-fabrication techni ques such as, but
not limted to, bulk etching, surface m cro-machining, tdj.ekshbdsm
processing, |aser ablation, |aser etching, nolding and enbossing, in the
practice allows for a high degree of precision in the alignnent of

m cro-scal e conponents and structures, e.g., E.W Becker et al., (1,986)

- M croel ectroni c AfRgiheeefipitedardSeffated hi®B&herPte KBiplexicar be biljectahpr i ses
a -plurality of cells, wherein two or nore cells have different |EF
buffers. Steanalysis inpgjsgcondrimension i-gravehysis astdpfanecl. (g exampls) ues of the
| EF buffer S f . R . the | EF
buf f ers. of §?Cﬁéd?l§%n§%?lﬁ \%\}IX%(SS ﬁ&%ﬂdgﬁg%tﬁ% ed}(e?léal&gigrsr%rl sisﬁzs %‘Eg}f’?glaggr e

accunul at i gectréietrdl] aaMEPIOD shiofnatdpeaphgt ri x can be, for exanple, 1lxlcmto
10x10cm  According_ to_one enbodi nent, the matriﬁ IS 5x5cm or 4>%%cm
dependi ng on t helhealectricah figldny thederst dimepgipn ghould e able fg,pass ag the t hose
Lanes and bliges AgGIRGHRMES Ihd ARioA 6F OLAHDA fdPaRlhe BHRRALAPHS . he

t hi ckness of the matfrix Is mm D. Arrays An array Is a matrix that
-addi t i onal bptweenpfd sed0alcgeeorethtivayecachThiterse donghs thaglectriga disldidny

functions to cove side Qf th t eyent bst ant i ts of
bi ool ecul Basing e, Hlter ohihe shaels g oppePhadizns M miey s oL FER © °
separ at | 0nh?ﬁtﬁ?heégﬂboafﬁ&%h@&c&hg%ﬁﬁélﬁ% ndtirSdedsibld JRETRWs34 & sinBR | ane

during the second dinension step. Accordingly, the second |ayér conprises
a | ane scr éoaitivg aarmssa §¥s8An vihertin the IERduffanand delinge hommadjoinedand whlls he | ane

| , wherejn the LSAis i bl e t bi ompl d i bl
Lo i one. " TREMEaEIsR MedjPolesle b rSe: 8 Oricaieq POepRGaIat QAR e R o 1t
can be conglerdickgdedrRnb VB (ROLMPORddRE dirSAIRIRE hithnindd Bulfek Nt arktig@nsi ons  of

‘the lane. According to one enbodinment, the LSA is not conductive.
Accor di ng twbadiotehtsaid shgeinieproyided avithangining nwaini@tingansst wawgnatige matri x

| ayer and the LSA...Material hat . are bionpl ecul e i bl - et ion
pe)r/'rreabl e SPeP%n 111\%0%658"’%?{1@63.{’31?9 C°é‘§f"ir{‘3’8r?3ﬁ8f?‘ %%F Iggf‘éet%ﬁglr lgm onel,
nyl on, cel huing§eodfedatify the@hpdimsd Senr: sdid brehnsisy WwhRPie system is

per fl uorosul phonate cati on exchange nenbranes (e.g., Nafion nenbranes) and
ot her perfB#r¢date i on exchange nenbranes. A second |ayer may optionally

addi tionall'y COTIPBACS %m%o&%efne rf&lﬂigi?thtrgﬁg%ﬂgpsc}&ﬁing of samples, it is useful if

" the matrix comprising the cells is a small chip-like structure. The chip can be made of
' any. material that can be micro-fabricated, e. g., dry etched, wet etched, laser etched or
machined, molded or embossed, to have desired miniaturized surface features. The
chip can be a polymer, a ceramic, a glass, a composite thereof, a laminate thereof, or
the like. The use of micro-fabrication techniques such as, but not limited to, bulk
etching, surface micro-machining, thick film processing, laser ablation, laser etching,
molding and embossing, in the practice allows for a high degree of preoision in the
alignment of micro-scale components and structures, e.g., E-W. Becker et ai.,_ (1986)
‘Microelectronic Engineering 4:35-56. In one embodiment, the chip comprises a
plurality of cells, wherein two or more cells have different IEF buffers. See e.g., Fig.
11. In a another embodiment, the pH values of the IEF buffers of the subset of cells
are not the same as the pH of the YEF buffers of the cells in which the complexes
comprising the TB are accomulating.
The dimensions of the matrix can be, for example, 1x1cm to 10x10cm.

According to one embodiment, the matrix is 5x5cm or 4x10cm, depending on the
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. the matrix, permanently attached to the matrix or not connected to the

| n
" step. Accold’nhpatesabeid *%Bfmdi%ﬁ%mdt‘ﬁé'a?’%ﬂ?ﬁ“ﬁﬁsW%F’W@"&M‘i $ed for the

pl ane of the second |ayer. The perforation an be arranged so that the
perforation is. positi-oned over the |EF buffer or cell conprising the 1FF ]
buffer. The function of the perforation is to allow bi onpkee ®os n the
sanpl e have access to the | EF buffer or cell during the | EF separation
step. See, e.g., Fig.16a and b. The second | ayer. can be detachable from

matrix at %ubbeﬁ&ﬁﬁﬂéseﬁne(?éng@{ 6 SseamtsRRd abxﬂ%ﬁbig&en% aAGcolﬁnﬁiand the
combi nati on of the "second™ and "matri x" in E. Chanbers chamber

~is a cont aitnenc cobglinenty theahickmmss n@thbmﬁdtexisssm\e 9., Fig. 2. According to
one enbodi nent, .the chanber is designed to hold a snall volume of running
buffer, i.e., t m ARYS anpunt needed to contact the cells and el ectrodes
so that an el eqt;rﬁaa,hsfaln@dtéx S0 adBESn AR cOniphSes! Flecdid Thgdr. TheGeddndand the
| ane. According to another enbodinent, the outsirde of the chanber further
conpri ses dayengenanrlly functigns écRGr 0B s;dmﬁﬂry lag0s peavertsubgantid aMOBAE t o pass

t hrough intg,the ch nber tao,t d C i er
enbodt ment © ARGt se e HEmToaTi i I e e Rl bl dbeasBIET o,
is a solut Iuanaludwgdaﬂele:dnﬁéﬁmadtb@enm i3 /l4ry dufing kiecdetoikbdimension erp. For
‘exanpl e, the running buffer can be 0.01M K2S04. The running buffer can
conpri se ot%?fda%mtbe segopd 13YP‘HE%@H§§%@ lﬂ”cﬁﬁﬁeﬂlﬂ%%ﬂﬁ@ HRhig et i vity
and/ or o} ors or
- deter gents gllgne&%/duﬁrfm?\gﬁh Il E&g WE&%ﬁtﬂaﬁA %%ﬁﬁ%edﬁggggb%an be

opti onal | y idiasigasde had isipenﬁ@:m totiorl fifhersedind Loy b bé maﬂélentﬁelg/mfﬂlh&jl mensi on
step. Alternatively o running buffer is present in the ond di mensi on

pH range ofgt Bgddsior Bt hRL SA@CQ)gdla%me%%O%Hﬁé o @k f&%slts nbPedidulifyd he

conpl exes to accurml ate I n the propriate cells. runni ng buffer can be
adj ust ed t AAdeerdingoid anvthetiembdditment) tredaisais sandvdeleddetes:ntthe matii lay¢ry of a
bi onol ecul e ng an |EF buffer or cell. G Devices for Generating
and/ or Di- r@c‘?gql‘f’g{éa‘?ﬁ El ectrical Field A device for directing an el ectrical
field through thgadfhs bt gﬁrbi&ﬁolﬁﬁhé iffifttmebl8; yet 1dn’}5€hﬁ9&§)lé AR e®nGh a

cat hode el ectrode and an anode el ectrode and d vol ttage power supply.
Accordi ng tthe ahe. gndeidphrmni polydteerdelfonze nyloncegblaltise achatgqedyanylignan

fluoride (PVDF), perfluorosulphonate cation exchange membranes (e.g., Nafion

membranes) and other perflorinate ion exchange membranes.

A second layer may optionally additionally comprise a perforation through the
plane of the second layer. The perforation an be arranged so that the perforation is.
positioned over the IEF buffer or cell comprising the IEF buffer. The function of the
perforation is to allow biomolecule in the sample have access to the IEF buffer or cell
during the IEF separation step. See, e.g., Fig.16a and b. The second layer. éan be
detachable from the matrix, permanently attached to the matrix or not connected to the

 matrix at all. Examples of arrays can be seen in Figs.15B and 16C and the
combination of the “second” and “matrix” in Fig.17

E. Chambers: -

A chamber is a container comprising a running buffer. See e.g., Fig. 2.
According to one embodiment, the chamber is designed to hold a small volume of
running buffer, i.e., the minimal amount needed to contact the cells and electrodes so
that an electrical field can pass into the IEF buffer or cell and the lane. According 0

another embodiment, the outside of the chamber further comprises connectors to allow
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alternating electric field. The el ectrodes can be placed on opposite sides
of the IEF buffer or cell such that the electrical field passes into the

| EF buffer or the cell. According to one enbodi nent, thesghfstn@des are
wires. According to another enbodi nent the el ectrodes are paral |l el sets of
wires or thin plates. See e.g., Figs. 2-6. The device can supply AC or DC
voltage. |If the IEF buffer or cell is in a closed system(e.g., the .

el ectrical

e SUALFAIED 5SB!

advant ageougothbaémbdiRmertetk eBarhber Gagispdsablef directing an electrical field
in and out of the IEF buffer or cell conprising the IEF buffer (i.e., an
al ternating el edtri ciumming Byffershe orjentation of the aI ternating field
does not have to g Denaf BQ WecRical he face
pl ane of the IEéEﬁ?P’gr&?gmséﬁoﬂt Obq%g{néecll)]%get weecrzll + g 090cadegrees

relative tauiibst. Hok axenplé, thmnaingdyffentamelyes). 01M§QS(Z]4ng“hardlnmmgibleﬁarponent
parallel to the axis of the IEF buffe cell, Accor

n
enbodi ment ,¢ap REMBR¥ARG J8EN i e RO %P{%?Oétq"?n%“&mlflgf%‘i‘q?}ﬁity 8PU8hat ed i t h
pl ati num or, 3eeTere] | 6t hRGiES are 16
January 20 g&bﬁﬁt?%ﬁfﬁ%ﬁ%&%ﬁé%ﬂ?%@gﬁgﬁgﬁce at)dg?ltde,&%rg%}@l ng to g%ot her
enbodi ment ,bwfﬁaeumden thed"dsisilmeluseorﬁcwrheawapnallyAdmogfzﬂ tghe ganae drdifferent

enbodi nent e. stanc bet ween th ctrodes is th mal . di st ance
Chat st111 G HEORLARIOB deper e Y A e et e b B8

Accordi ng te@cshdf dinbiidn LR ALIRIAg 1d 41 ShRRIHEHSRe Rirfhi TRl iBptBhived he
sanme di stance apart as the matri x or as the Iength of the cell. The vol tage
appl i ed t o fohtae plimangegofishe BT buffans el omoleciie.of Il!ftcllestéo IaEFWtShﬁ camplexss cel |

I's closed and voI hen.t er for manual | y
or aut omat'? @54HF %gf%lﬁﬁg?qrﬂﬁ“?tﬁg% .fieﬂﬂbf}% f ﬁ%" é“r eé?%’%\g b44R1d so that
the el ectrigle thitghdeasbSordictRaiQ%hd MoBility S blafnold&ﬁldelﬁl'_ermgfafrﬂEF%ffﬁﬂ .
According to an enbodinent, the direction of the electrical field can be
changed, e.@cellby manual |y or automatically swi tchl ng the polarity of the
appl i ed vol tage ,or atln r ees |n a
.constant electr i(g' fi 3?"&.‘“’ cco@%"ergf?%ggél@ ;])jrilé grg H%H%&%al Fﬁ

vol tage is AC A ddBen®r H@éctﬁgraﬁulaatﬂdagﬁauftlﬁxengfmfdmmfﬁeﬂm cﬁ:lllrcmuj eag.L ng the
runni ng buffer across the |EF buffer or cell sinul taneouslt% I ncl udes, e.g.,

a stir bar iptladetdenre efiicativdpslerreditndan 3@8‘1%916‘&1‘?%9 2 Yol BY BR¥or ot her
devices f Orsuﬁf)lgr.c %c@&ﬂdﬂ)% tb bAUL AL KRN 1 deVRedE &apﬁﬁle%’f pehdt v an’! brators,

alternating electric field. The electrodes can be placed on opposite sides of the IEF

buffer or cell such that the electrical field passes into the HEF buffer or the cell.
‘According to one embodiment, the electrodes are wires. According to another
embodiment the electrodes are parallel sets of wires or thin plates. See e.g., Figs. 2-6.
The device can supply AC or DC voltage. If the IEF buffer or cell is in a closed
system (e.g., the electrical field cannot pass through one side of the IEF buffer or cell
“and.out the opposing sidé of the IEF buffer or cell), then it is advantageous that the
device is capable of directing an ¢lectrical field in and out of the IEF buffer or cell
comprising the IEF buffer (i.e., an alternating electrical field). The orientation of the
alternating field does not have to be perpendicular to the plane of the array or the face
plane of the TEF buffer or cell. It can be between +90 and -90 degrees relative to the
plane of the array, always preserving a field component paraliel to the axis of the IEF
'buffer or cell.
According to one embodiment, the electrodes are made of platinum or titanium

or coated with piatmum or titanium. According to one cmbodxment; the electrodes are
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. e.g., piezo vibrator, agitators, tilting devices). See Fig. 2. In another
enbodi nent, the device for circulation can be a nechani smfor noving the
| EF buffer or cell relative to the running buffer. For examglyeoost he | EF
buffer or cell can be rotated in the running buffer. The activity of such
devices is useful during the first dinmension step (IEF step) in the

nmet hods ‘and systens. , the circul ation of the running buffer or cells
relative t 4830 ROTRE ¥ @nb@kEerb (ﬁfﬁ@ﬂtstl{eeéﬁ&iroaéke
bi onol ecul gjs?“%) ﬁlont e:igs ?HI&B&L Ir respect | venl EF %u 0ers or cel

Al ternati veky$ cinhpaietoosidingnd a Sysitee embodimebt theddstonat stweandhe a CI reul ati ng
device. In another, enbodiment, the cir ation is.s oyided by the
convect i on &stpdeiis theapigrmgl dist @’@ﬁé‘?"‘é? u]i‘l}‘fq 5“3’}%"30‘%‘%&%&%? ﬁ:u\éate]a(gg si ng.
Accordi ng t, . AFBHIRtenp thCARMRIEL AR atklyake | S
sufficient. to Cl rc@%ﬁlﬁﬁ%% orrg | ecul éml s 10-aQ j oul eagﬁlgyzr 1 ?nﬁ of -

runni ng bufshee distancd/eparsasftbe mBirxeartas tige langtEIOQdIcrqual Field A devi ce for

~directing an elegtri fi vvnthel n t he
| EF buffer or tﬁ&‘ VQﬁPgecaé’ﬂ?ﬁﬁfgWgB?wn %lg fi(glrﬁatﬁ%\@?en s of
conponents. or oI tsscwk%a Iaﬁ&vélwgetapﬂibﬁ ik DOTﬂtéﬂ tﬁé’t@ niisOPPh 8@y f@smiidalty ort he | EF

- buffer into and down I'ane. Accordi ngly, the direction of the electric

field in t atoeticaldy dtmmgdhﬁ direstion of the elrahrical fjeld g0 that fhegtlesddcal fieldane

separation ,shoul d. be predomnin awa romt e down the
| ane. For éﬁgﬁfﬁ %d‘"c?ﬂg o} ‘gfgb? @géeg%g gellj ‘S%Cé’ﬁ ﬁ oE%negg%%;ﬁhfﬁ? e | EF/ | ane
unit (e.g.,direfiort &aht blRcitaltiitgd Enfbeinbihgid) e.anbyanaivally ofkutohatiodliyer end of
the IEF/lane unit (e.g., at the end of the Ianeé(h Al ternatively

el ectrode aanthmgﬁhfanféwtatﬂfthwpéh@ vltage perataiing tha BN heffesiog eell Eyéﬁé)r ode can
be one that was used = r S o Fi g. 28.

. The vol tage el%ce?tﬂ’ 33?106]5 i gg%ng%hgfd I%CO °%E§H?f|‘2‘l's‘€§%% eF‘Ztcthreodes t hat

can supply ke BCeENt are conmer ci aIIy avai |l abl e and known in the art. J

-Systens or Kits A system conprises,  several conponents that can be sold as a

kit di sassenbl edd- or Meansfor LarcubingdBwiie's of the kit include: an I EF
buf fer, 1, di [
uffer, ce d&dtetc@f AedbtiRhe nﬁﬁguggcﬁ#tcw&bksymétﬂfﬁhff& &Qendi recting an

electrical field 'R and and and/or a chanber
conpri si ng émulimebady mehides, e. gThests pat wncedlis theoghinbaad¢dnyrolled by adesgnalicievi ce

| EF but f or B QBpier $H1EEeS J2i-uieh e DRAAIoFDE e (o PHBb o EtTte or
circul ati NG g., piezo vibrator, agitators, tilting devices). See Fig. 2. In another embodiment, tht; '
device for circulation can be a mechanism for moving the IEF buffer or cell relative to
the running buffer. For example, the IEF buffer or cell can be rotated in the running
buffer. The activity of such devices is useful during the first dimension step (IEF step)
in the methods and systems. , the circulation of the running buffer or cells relative to
the running buffer promotes high rate of cxposntrc of the biomolecules of interest to
their respective IEF buffers or cells. Alternatively, the methods and systems can be
‘devoid of such a circulating device. In another embodiment, the circulation is solely
provided by the convection currents natu_tally gcnérated during the isoclectric
focusing. According td one embodiment, the amount of convection energy that is
sufficient to circulate the biomolecule is 107 joules per 1 cm of running buffer.
1. Means for Directing an Electrical Field
A device for directing an electrical field down the length of the lane away from
the IEF buffer or the cell can comprise several different arrangements of components.
This device functions to move the biomolecules within the IEF buffer into and down

the lane. Accordingly, the direction of the electric field in the second dimension that
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the running buffer across the I EF buffer or cell. Exanples of systens are
shown in Fig.17 and Fig.28. According to one enbodi nent, the chanber is
di sposabl e and has connectors that are attached to the hethem200s si de of
the chanber to contact the voltage supply. A systemmay further conprise
any one of the follow ng: a device for detecting the bionol ecul es of the
sanple in a cell or lane; a device for receiving the data from the

det ecti on davéis& a Rhélsepatitivh SRoUl@be Pre@6MsRhNY alv e froidttBe IBEBbf@And Accor di ng
-to one enbodi nent, a scanni ng ni crodensitoneter detects, receives and

processes tdawnsthetme. Fpr ovammie opeElecsgdesian ba placed at @etegd of Big [BE(anees One or

nore of the Vi ces.nece r Qr.. det ect i j f sanpl e
in the, ceIWn%gf'gi’5?1gl,cq’rpeoiiﬁ?/ﬁir%b'{fﬁg)e@?agoﬁ B%WE%‘gEhgl[e%e(&%eﬁﬁi e\el'fl'%:[e?',?lt and
processi ng (elgher datead bearilnRy. ARBrABvAAUNRERArbAE eancbeqigeutaethe eAd dEt ect i on

devi ce can be designed to Pr oj ect electromagnetic radiation that is a
spect r um ofthilape pad erpsher glagirodeganthy one thigh yas usrghin shegprios JEF #gRAEtiORgt h ont o
a |lane si t | ¥ OF j . : i diimnt . the
1 o nat i R (Re g, TR Wk Phonke o(tbR0H B HE, BRGFHRBHLTRR. o
devi ce can digtiadesrhhionmzapsly a0 taraii are dohdherdidllg kvailablkenddnbvalit ther eads

t he absorption magnitude fromeach | EF 23 16 January 2005 buffer, cell or
| ane at a sPecific wavel ength after a narrow spectrumof light is

proj ected onto epch | +.cell or lane. Alternatively, the detection
device can be g@si gn 3‘%‘?@&8 each | EF buffer, cell or |ane

si mul t aneous| y ahedystem calprisesaeiengcompehatts that dan betseldadsedtiv dinsgenatled

radiation emtted. fromeach | EE buffer, .cell_.ar ne at several .
wavel engt hs".raéﬁﬁfr{%éf’&{' eéncd’@?(é’@flﬁ_sé’ﬁﬂﬁ il&%‘é‘?#iaﬁéﬁﬁ&flh& C‘f)@tmﬂﬂi‘ Of PMHY¥d to, the
naked eye, a5 %ﬁ{)ﬁﬂi}w&[@tfﬁi &irecﬁﬁg Hh EIBRATFR N and out of the IEF buffer and

phot onetri c/ densitonetric, electrochemcal or radiochem cal detecting
i nst r unent ssetl @pdioda namberwhaiphising b menibpbufferc The syserh alseloptionallyd t he type

of label. The label can requi.re other. ents to use.a reaction that
produces a lgﬁ%ﬂeﬁa%}’\qﬂg%ﬁﬂ?gﬂ%mg ﬁ’&ct&%&ﬁfg?‘h‘a‘e ﬁ]ege%ggﬁgﬁ?ggpgwgg 8™Hing to
the above- HBRME BERYG oFBEINOTRe sydtefbionally firhermeluvabs #hevid for Bireul&ignal

pr oduci ng S?J/!stems can be found in Ulmn, et al., U S Pat. No. 5,185, 243,

col ums 11-thagrunpmedwbisr agress the (I buffesyor celf.cExanaples ghtvaiems ae sh@ehisi ques for
at’_t achi ng _ lﬁ??ﬁsémg %?g.ggowgcc!r&n% ?oe ore émbo%?ne)entf {8 chamber is disposable and has
- connectors that are attached to the bottom or side of the chamber to contact the voltage
supply.

A system may further comprise any one of the folloWin g: a device for detecting
the biomolecules of the sample in a cell or lane; a device for receiving the data from
the detection device; and a device for processing the data received. According to one
embodiment, a scanning microdensitometer detects, receives and processes the signal
from the cell(s) or lane(s).

Detection Devices

One or more of the devices necessary for detecting the biomolecule; of the
sample in the cell or lane, receiving the data from fhc détccfion device, and brocessing

~ the data received can be packaged into a computer.

A detection device can be designed to project electromagnetic radiation that is
a spectrum of wavelengths, a plurality of wavelengths or one wavelength onto a lane

~ simultaneously or sequentially. According to one embodiment, the iIluminaﬁng light
source is monochromatic. For e:xamp]e, the detection device can be a custom-made

photometer that quickly, sequentially reads the absorption magnitude from each IEF
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exanple, Matthews, et al., Anal. Biochem (1985) 151:205-209 and

Engel hardt, et al., European Patent Application No. 0302175. Conputer
Capabil ity According to one enbodi nent, the conputer contigrbsnsooodul e that .
I's capabl e of causing the conputer to execute the steps of (a) receiving
.experinmental data from the lane(s) and (b) generating a profile
representative of the bionolecules in the sanple and/or the bionol ecul es

of inter €S defdr, (B8 of PR Ea gp?luﬁﬂ m}élnrgtrhe T Qﬁaﬂé@fs‘ﬂu[ctmh{bfrl%m dly

identifying, triaging and ecting unctionally annotated drug
‘targets i rprojestedsnto ehcic IHFbuffer cellamdinee Alendaticiehyetht detebidorodavmetcan beont ai ns

a nodule that is, capabl causi the conputer to ecute the steps of
(a) recei viq??é‘gB%'é?rrF ?ﬂcgllﬁég’t‘&er’ Fﬁ[’]gﬁ’ﬁlfﬂ_ﬁ‘es_qna %’("Q)‘S]&ﬁﬂ%’éﬁg?gﬁmgsa profile
of bi ool eGEGfg idtht BRcESMRERIiC (vala}atfo‘ﬁ%?ﬁﬁ%d"ﬂoﬁ e_a!lél?f@f SUTRS, R idnRiat and (c)

cal cul ating an objective nmeasurenment of the simlarity between the two
profil es. Taveralekaebmgthspr ofil es can be val ues known in the art or val ues

programmed by the.researcher. NetworKki.n he, co ter, capn pe linked to a
et aor k. whi oh s RS ge i aReiining oyt A FRTET st ThebaResbie: comput er
systens, I aRBitRpRIdRIHE, cﬁéiﬁithlﬁﬁﬁesc@ilitl,’ PholSmati RAIAAITMENIE *ldcRBcHali¥@KS such

as the Internet. The network link allows the conputer to share data and
pr ocessi ng rediskhemifal descting insoumentederending on Whether fediomelegHeaisdabeletht a i s

particul arl sef ul geheti.c. or prote anal ysi s for diagnostic, pre 24
B8 Sanuary BOURTPghBhe” I bighFin BhatERRE, SbolS o Busch AR Pl he
- conputer caRodiRePs S8RAI dr 0 eAIRACOME ERnMARALI€ détadtatilé @ddokding B e abdVeOt €i n or
RNA expression patterns) that is indicative of gﬁ[l)artlcul ar di sease state

or suscept iTgntionsd methadp ah detailpdfiselssion 96 swtablesignal REPIRABEAYSIIAT eArRgt i on.
Then, £ ' d_usi : term
e oML, oL LGS, RGBT SR 18 SpSAt gL o e

I f the bionolecules sanple € e sane and
Buf f er Handlyirefgrdndé.t Defails bf febhnifies fory:afaclithg ddbeRdekd khowainl the arocleeleorat | east

one, a conbination or all of the follow ng: a sangl e feeder, a waste

di sposal , #&xpupleMaftbaue! a %’t%i%i’ﬂﬁm-ﬁb"ﬁgéﬂél??% @9 andyingedhiagdl, ¢fthell i ng

system and Fur 'eﬁﬂmﬂtm%ghﬁﬁoem%?gan be programmed to add an ali quot
the cha r. ¢ i

of a sanmplet waste disposal can be programmed to renove
waste material (e.g. Campudr@upobfliner after its use) at any tine

According to one embodiment, the computer contains a module that is capable
of causing the computer to execute the steps of (a) receiving experimental data from
the lane(s) and (b) generating a profile representative of the biomolecules in the
sample and/or the biomolecules of interest in the sample. Such module can be usefui
in rapidly identifying, triaging and selecting more functionally annotated drug targets
in disease. According to another embodiment, the ¢computer contains a module that is
capable of causing the computer to execute the steps of (a) receiving experimental data
from the lane(s) and generating a profile of biomolecules in the sample; (b) receiving a
reference profile; and (c) calculating an objective measurement of the similarity .
between the two profiles. The reference profiles can be values known in the art or
values programined by the researcher. |

Networking

The computer can be linked to a network, which can be part of an Ethemnet link
to other local computer systéms, remote computer systems, or wide area
communication networks such as the Internet. The network link allows the computer

- to share data and processing tas.ks with other computer links. The access to shared

data is particularly useful for genetic or proteome analysis for diagnostic, pre-
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during the analysis. A buffer feeder can be progranmed to rel ease new or
different buffer at any tinme during the analysis. A staining reagent
feeder can be programmed to release and expose the bi omfggilesod 0 stain
for a set period of tinme. An array handling systemcan be programred to -
nove the matrix, array or chanber as necessary during the analysis- A ’
di splay can be a screen or other device that provides information related

o oo | < RthSor bR AREscBlcn Dbl TARE cQNRbIAAR U bfter B fedluio 11 9, 27

Aut omat i on ccor 0 one I ment, Systentis autonmated 1 n whole
or in par kecegnitzd pirtiowler gofiles(py. , peotpines RINA ebpressial yaeehspdmoisdhdigative t he

nmet hods. For exanple, sanple coultgﬁge added,t? the systemthat is

pr ogr amme&f & Batigplaydigtase sipte o SRSCEPUPLLYP 2 RIFC11as diseos-SAFHEHES KBYT anal ysi s,
to coll ecﬁnfgﬂndt?)?lg%hglfn, atsjﬂﬁlglsaf'i’&ﬁ a%ﬂ%e&t%aﬁ%?&%&i usi tﬂ@?ﬁs“terﬁ%j’ determ ne '

whet her a speci bi onol ecul e or pattern o i onolecules is present. A
syst em cadetesnine isthe tiomedecutes athe saniglet éxbutat the aamopwtfidel, i nt eracti ng
conponents, for exanple, tit OpsS for filling channels with pH sol utions
or gels (imobilin g’,"f’%r?ﬁﬁdﬁr@%'é A8 es etc.) and extractors for
recovering bi orRligGUtiASthe &§ech theaddifordihfifdI8de £9¢dsborR a LamBmatideoOrding to
one enbodi nent, the systemis. automated for high throughput screening of

sanpl es, ebwptherfddowingda sayaple faedersa mssiedlispysiea ppfidryfeasidr.arst@epar at ed A

Bi onol ecul es to be Anal yzed or S ted 25 16 2005 Bi onol ecul
B ot e o Sas eSS BR L ARl A SR B oo
charge suph,@smRe@td &RiSan dHqRbEIfMSampld GARACKMMCr.daSyastd dibshsal h@koi ds,

prost agl andins, prostacyclines, and nucleic acids (including DNA and RNA).
As used Ipeyssimmed Heremavmwaicopbeed (¢-84 AN RIBECT aRBROE Yseke anyligeat ed,

~ unglycated, . Qs r.yl at har gggg A i.fied

- bi onol ecu%ggf’g&graplgggrxfp?‘e@q%r Eelr%g%ﬁ%@?gﬂ%& an egqgg‘%%#gg%??gﬁ%?%msepar ation
in the fi baffeditBSnRUUGAE the anabyis3PSstaiidy 1@ngene fdedtralah bg pesgraried abel i ng) .
Accordi ng to one enbodi nent, the _bionolecules are proteins, which nay be

man- nade &0 rekease rrd $yposribE brmRjeculesp stad 1T 4jset ReTigd o RS- Ml #FfYcan be of a

0 s hGEN e R POk Tsplogiial Lo oo
. necessary during the analysis. A display can be a screen or other device that provides
information related to the results of the one or two dimensiohal analysis. See, e.g., Fig. .
27.
Automation

According to one embodiment, the system is automated in whole or in part so
that one or many samples can be analyzed according to the methods. For example,

" sample could be added to the system that is programined to carry out all the steps of

| one- or two-dimensional analysis, to collect an image of the lanes and to recetve,
process and determine whether a speciﬁc biomolecule or pattern of biomolecules is
present. _

A system can be constructed to have additional, automated, interacting
components, for example, titrators for filling channels with pH solutions or gels
(immobilines, ampholyte mixtures etc.) and extractors for recovenng biomolecules
from the IEF buffers, cells or lanes. According to one embodiment, the system is
-automated for high throughput screening of samples, compounds or drugs.

Il Samples to be Analyzed or Separated

A. Biomolecules to be Analyzed or Separated
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- than. 100 residues, less than 50 residues, less than 25 residues, and less
than 15 residues. B. Target Bionolecules and Target Recognition Ml ecules '
A target bionolecule ("TB") is a bionolecule of interest it haiarj®os v
specifically -.recogni zable by a target recognition nolecule ("TRM). In one

enbodi ment, the  target bionolecule is a marker for a disease or conditi on. -, B

The target bionolecule can be a bi onol ecul e that is endogenous to the

SaPLe o, X8 byl ATDhordnf s G it L5 S LT 00

t hat has afHamlgtaychafgegﬁaﬁatse;seg&ﬁés pidiaind, 0ligoshEMari ey, lipidarsdreids,t he
‘bi onol ecul e of interest can be covalently nodified to additionally conprise

a peptide %@%@%‘I‘Wfﬁgp@ﬁ‘%}'ﬁhﬂ‘ébéﬂﬂ HH@I%%@F {inglyding TNV A @ad R 4. mmsgthh as
an anti bod ebfi g]fo %}H"?néll?c?eg uﬁ&%ﬁiﬁehh%&éa}{e@hﬂ@gcété’d a portion of

the TB. TRMCan -~ be Us signal for
det ection qﬂndé;mor)pate&nmph@pao@l}zgﬂahnd sthawiisegnodifiebbemolkeniebabégr ound. For

. exanpl e, a TRM can_ be bel ed antl body that specifically recognizes the
TB such as eéwﬁlsw@@an cceﬁowa dayrics fo grppplign hthe firgipensiandpise) )

‘pol ycl onal 0 nt e.g.,

Fab, v andOrc o onifl M@H”ﬁ‘:lﬁ%@ HeBlaifloTe ebGnhEAE (=9

: pol ymers, dmﬂnoleaﬂg:ugapammé wmwhmgbebmhm)miemr nhisedlly decamgmgntdsproein be used
. where appraqpriate s Ion as. hi ndj nity for a particylar target

~ bi onol ecul & BRgeTRgHEAS 4 areth adedted framats #0up B ing ol Bl 0 1 s an
anti body, Qﬂﬁt&qg'lﬁé thBﬁiO(ﬁ@ﬁ@lh@s‘ fe%é hﬂén@b@ﬂasid&@é leR MdnD@BYeG@Rs N6ssused. I n

anot her exanple, the TRM can I ga a receptor that binds to the
TB when t hehﬁrBlOOSeadmesclepsttban 66 rwduegdcas thané‘sipesxﬁuaseaqd legsrthgrelS anot her
exanpl e, the. RM can be a single-stranded nucleic acid nol ecul e that ;
speC|f|caII9S .16 Jam ary 2005 binds to or hybridizes to TB when the TB

i's a nucleic acigl nolmgémmﬁlon&m@fawewgeeﬂ&%gﬁmqﬂmeb@le@ hucleic acid
bi nding protein such asa transcription factor, 'splicing factor, histone

or the like thath wmblmlepu&m(:‘ﬁ@i” lsacbr@rnahc-d@uf nterpsi thasds @n@ﬁh@}y exanpl e,

a TRM can e eC|f|c SN the |te of an
‘enzyme mhelr%gcf)én%l{s% a‘?ar zyrr‘?%0 "01?18 th{lﬂe) 'llcé "%ﬂﬁ}lmcan ' m-RNA
r- RNA, t- Riged®iémolobifc 1ﬂ\iﬁaﬂd¢pf(ﬂ>ﬁﬁﬁsca§lﬂdm}6&ﬂ@ﬂu@ﬁt met@gammm@m such - -
as, but not Ilmted to, restriction enzynes, activators, repressors,

nucl eases, bsdIBiprEPlsewls thahjsandaganous wfhe paraple phexogenous to the sample, 1.c.,

added to the sample or running buffer. The biomolecule of interest can be modified so
that it is a TB that has affinity or greater affinity to a TRM. For example, the
biomolecule of interest can be covalently modified to additionally comprise a peptide

- containing an epitope that specifically binds to a TRM such as an antibody.

A TRM is a molecule that specifically binds to é portion of the TB. TRM can
be useful for providing or amplifying a signal for detection and/or providing a signal
distinguishable over background. For example, a TRM can be a labeled antibody that
specifically recognizes the TB such as-a monovalent (monoépitopic) or polyvalent
(polyepitopic)) polyclonal antibody, a monoclonal antibody or an antibody fragment
(e’g., Fab, Fv and F(ab")2, Fab', and the like). In addition, aggregates, polymers, and

' conjugates of immunoglobulins or their fragments can be used where appro;;riate S0
long as binding affinity for a particular target biomolecule is maintained. In the case
- where the target biomolecule is an antibody, antibodies that specifically bind that
antibody can be used. In another example, the TRM can be aligand or a receptor that
binds to the TB when the TB is a receptor or a ligand, respectively. In yet another

example, the TRM can be a single-stranded nucleic acid molecule that specifically
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" chenot her apeutic agents; antigens and anti bodi es; non-imunol ogi cal pairs

. =such-as avidin and biotin; receptors and |igands including nmenbrane bound

receptors such as Goprotein receptors (e.g., nuscarinicisag&enedsgic,.

. prostagl andi n and dopam ne such as the D2 receptor), tyrosine kinase
(insulin-like |G, epidermal EG-, nerve NGF, fibroblast FG- growh
factors), ion channels and T-cell receptors. C. Labels or Tags for the

Bi onol ecul es_The bi L ecul ri.0; %%ration
step or afté‘}dS t%'ggfélf%gl[%ilzgﬁ???ﬁt%gggggﬁggg?%%&agﬁ%@Féﬁgtégﬁnon by, e.g.,
t he naked gNeTRMBERMeraanitidi©aEd bindingyhterin such aes eendcription factor, splicing

phot onetri.c/densitonetric, electrochem cal or, radiochem cal nmeans or by

surface pl dasiermhistons erhedikerthyibigs tpauelgls achmplscule. Heyel ARBfe ol ecul e
such as a oungs- | ' (Aol ' ifhsto AaldchedMle dfhat 1S

| abel ed or %%B'gﬁdgggﬁg%sﬁec%gﬁa%?%ﬁ@ Sg%\%ﬁ%g g)ilf isé%I I ycr ecogni zes the

bi onol ecul enzyhe when TBIethabenzyniehe bi onol ecule is tagged prior to the 1EF

The presence of Adserdaly. ibs 08 AN caphes-Rip R kN STRNA PR LT &
Wil Changwﬁﬁ%fgségsghﬁ&@&%ﬁﬁg@@ﬁé&mﬁxﬁﬁmapbmﬁ@d RCHdsgictiam be

tagged after the I mensi on thods known in the art such as,
e.g., west ennayhésyhttivathrs, Sepressals, notlesps polyimerases ihistorfes, TEPHLPBYBEY| es ar e

known in the art and are usefu] for,t i.ng the. bi oml ecyl ,

coonassi e M%E’@P“‘%WPG‘&FC %ﬁ‘sh?‘ﬁﬁ‘mﬁ-ﬂéjﬁ@gg‘%‘ﬁ% réqumgm,m%? -‘gagiP%?ns t §P%%-

2-phenyl i nda%cfff'n CPBiblin; rE8& & @hd1i gaHs idtudifgMmethbethe Wolhd eaéptoeaeadi ng t he
e o

bi onol ecul Interest. Labels useful for detecting bionolecules can
i ncl ude f| UdipoptioresptossiEsy.r mussriniceddsenargin, prosiagitedin goddepaminhuih ¢hes,

enhancers, enzynmes, substances that react wth. ' ,
‘cat al ysts, tg%f)ﬁ\;%qemog),, t’EB?‘HE?B‘F%? g‘?%hl‘ﬁﬁ‘%&t: epé%cg@égggrﬁsﬁgﬁng# g{F’si ons, and
- a specific Qiplbd FCRBSHWANER IO Atnledy andi MEdIN@cilosi gnal generating
substances. 27 16 January 2005 Exanpl es of |abels include fluorophores such
as fluorescein, Gyanilmb Tagsdon tig Biemolesmlesoer yt hrin, phycobi | i proteins,
dansyl chl ori de,«l S0t hi 1 ; in,
al | ophycocyani n,Thgf- 6%?%%?‘?%%%&12?6 tg%%ﬁqﬁ%gbfggggﬁ? e élr?atg@%)séﬁ%ed. Sui t abl e
| abel s i nclsepgratidryinvabe sdcohdl Bimdnsivinifondasuion dly, &.g.nileatzkkaheyeenzymes such as
~al kal i ne phosphat ase, glucose 6-phosphate g}w&dr@%nase " GoPDH'), and

hor ser adi shPEErPkp@RIHIC. shemppmingscenl, @ROORICHY S PHEC Sl TRirorhgiued of

radiochemical means or by surface plasmon resonance-imaging. The tag can be a

detectable molecule such as a compound, nucleic acid or protein (e.g., antibody) that is .
labeled or is endogenously detectable and specifically recognizes the biomolecule. In
the case where the biomolecule is tagged prior to the IEF separation step, the pl of the
" “biomolecule will likely change because of the presence of the tag, thus the pH values
of the IEF buffers or cells will change accordingly to capture the complex.. The
“biomolecule can be tagged afier the second dimension by methods known in the art
such as, e.g., western blotting.
Several non-specific stains for biomolecules are known in the ait and are useful
for tagging the biomolecules, e.g., coomassie blue, silver staining, Hoechst dye and 4,
6- diamidoino- 2-phenylindole (DAPI). The stain and the tags used will vary
according the biomolecule of interest.
Labels useful for detecting biomolecules can include fluorophores, substrates,
electron transfer agents, coenzymes, enhancers, enzymes, substances that react with
enzymic products, c'atalysts, activators, cofactors, inhibitors, scavengers, metal_' ions,

~ and a specific binding substance required for binding of signal generating substances.
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such as ruthenium chel ates; chem | um nesgers such as isolumnol; . ‘
sensiti-zers; coenzynmes; enzynme substrates; radiolabels such as 1251, 1311,
14C, 3H, 57Co and 75Se. Suitable enzynes, and coenzynes are di'gﬁl osed in
U S. Patent No. 4,275,149 to Litman, et al., colunns 19-% c? . S. Patent
No. 4,318,080 to Bogul aski, colums 10-14; suitable fluorescers and

cheni I um nescers are disclosed in Litman, et al., at colums 30 and 31;

whi ch are j.ncor b efere An ant bod eI oped agai nst a
'bi omol ecul EX3ppl ‘Fh? 3?‘5@? g’ﬁ 580’1%3% '{fﬁlaﬁﬂaoreﬁ O%arﬁ%er«gy ’rhg fl ugr ophor e
can be sel gieink $h é‘d@,‘%yﬁnh'ﬂﬂc&ﬁﬁﬂbﬁﬂ@ﬂmﬁ?ﬁéﬂbﬁd@%tlﬂéoy@nat@ pecific

wavel ength or a hi'gh fluorescént yield. Label free detection (e g., surface

pl asmon 1 eshodamise compguisks, pityeocaping allephiycoeyianig) ePhibglfshdenprsk - or corrpl exes.

For exanpl cells or n (N the .
chanber ﬁ'(i, ﬁ”‘l?eaé'ﬁln%ﬂo% @I%?%B%lgbéwg lﬁlﬁgr%guv%wﬁﬂg@%le? varyi ng
PH ranges Binftatigio Bn@ﬂ%s@ﬁcmrﬂcemhebhmkpﬂmla&c uessetd-phgphate ldetmjmrmbuhses or

t ar get reco nition | ecul es may nodi fi to be bound to streptavidin

a][ld t hen Dl ¢ and h@rﬁ@‘ﬂﬂlﬁ’epﬁéﬂdgs%Pfqmﬁt?fsst%&#qﬁﬁﬁ'ioh@“%ﬁc?@rlab npl exes
h
of the pr Og.{phqagr%agwhrg%b&m exmlgmﬂ{tlsﬁqe?{]sﬁm a8 ioflrhifol Salsidihs! N P OPET pH

and wi || - con’p esent bl 6t ecuI es. Such
bi ndi ng cagoehgyres endyatk dn}éstmt&ufa‘da:ﬂﬂ:eﬂﬂlmhﬁmmlr B eheH, Yeosiod “Sader neat h

the solid state support, with the r nance |gnal ec nd processed

by said dePwiablesizymgnand GERBIRASAIE g‘éﬁﬁﬁdéf‘n@ al’ ?‘B"&ﬁ %“ﬁﬂlﬂ? ‘Yherein the
conmponent sy . [qt)]l"esx houmechst 0 each
ot her, can’ (c?%ln{')%?g]e%gn y Beag@%lﬁgﬂe!g%té%ﬁ t4 :%ﬁa%gyébggﬁlb%}se ot F:’er

nol ecul es, ltsm,hsuasbieﬂneresdnrmrml chenlilesiingsedrs krei disv$osed del wotn, @nahdt et i es or

| abel s. The over ({) Cg}e of the conplex will .dictate whether the
conpl ex actUmEPS Qe%“ f ggemoried pergin Y FefESEnf the cel s of the

apparatus- |f tRge ﬁtll%cﬁl cﬁvﬂbgé@&gﬁ{rﬁét PhichRMRLR A ntefest CHnWe8MelddOvilita
monitored in a single en it is hill desirable that the conpl exes

do not havﬂucnrhphcsanﬁh@ﬂumaphms can bmmlme@l tptheveahghlahpaptiop@elicigdatary 2005
excr ot ba PeEne B g By a S e ani am | ncl udi ng. ol ngl e- cel | ed
M Cro- or gani Se1 4l slee dseRtami(@lgl, dudind pPloansdngksonacd)utdyl bealstdiloateteat gani sis
(such as single biomolecules or complexes. For example, cells or matrices may sit upon a solid
support within the c‘h'amber_ which has béen biotinylated in a manner such that cells of
o varying pH ranges sit upon one or more biotin molecules. Target biomolecules or
target rccognition mele(_:{ules may be modified to be bound to streptavidin and then
introduced into the cells-or into the running buffer. Complexes of the proper pI will
diffuse into one or more cells bearing the preper pH and will form a tertiary complex
. with the present biotin m_olecules.. Sﬁch binding can be detected by a surface plasmon
"fcsonancc sensor underneath the solid state support, with the resonance signal detected
and processed bj' said detection means. -
' A compléx comprising a TB and a TRM, wherein the components of the
complex are 'coval.ently or non-covalently bound to each other, can comprise only TB
 and TRM or addition%lly comprise other molecules, such as other biomolecules, metal
ions, detection moié-ti_es or labels. The overall pI value of the complex will dictate
- whether the complex acqumulates in a particular cell or in none of the cells of the
' a‘pp'a:;-atus. If there are a plurality of complexes of interest to be monitored in a single

samp!e them it is hi thy desirable that the complexes do not have the same pl values

nor use the same label.
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plants and aninmals, for instance a vertebrate or a mammal, and in
particular a healthy or apparently healthy human subject or a human

patient affected by a condition or disease to be di agnosedm@fy 2005

i nvestigated). A biological sanple can be a biological fluid obtained from
any site (e.g. blood, plasma, serum wurine, bile, synovial fluid,
cerebrospinal fluid, amiotic fluid, senen, cervical nucus, sputum saliva,
gi ngival - fl ui d,D.aqu%“ﬁ,I&r vitreous hunmor, or any bodily secretion), a
transudate, an exudate “(e.g. fluid obtained froman abscess or any other

- site of infecti dgnsample rdferanorany wiid, or dluid $dmplel obtbingd freth, exwetedbyernt (e.g. a

normal j oi nt o4 g] 0i ﬁt. af f ect ed 'b‘ﬁ (%ipseasie se{ﬁch as rheumatoid arthritis,
ost eoar t hr i*f{'&’° % Y GV PESPR R P RP PR S E AT S?nat ively, a sanple can be
obt ai ned f ﬁﬁa}@mgaﬁgﬂagmen al bacdR dndiehdishi and nfultiddllaRs YreahisAld (Qiek Yis Speci men)

or may conprise cells (whether primary cells or cultured cells) or nedium
condi t i oned!dngs andanimapls, for instanee dyerinbipin or a Magurdlyand in pardicwpna Bealtby|

sanpl e can [, ect el hm i J di ng. I m nary
separation 0?? B@#%@ﬁhé%ﬂhig?]g@(%{l%ch?{ %lé é’gﬁgﬁcp P%geﬁgcsﬁcﬂeganéc@gl@és facted and

subj ect ed tdisegstnede|didgabsedior ablekniadd) OA bislbgisdpanplean bah bvlsgicd fluid

~ bionol ecules in distinct subcellular fractions, e,g. proteins or drugs
found in diobtainagdromany sitefe.g hlood cplpsmaseruph grige e, yaavipl fYids hods 1 n
Enzynol ogy . o ( 141 h feals s A Anal ysi s
The matri x,c\é%lpfoasélgl,%l %@gt %&nézgﬁﬁ%r?ég%%gc éc%ljr‘lié:alu@e ar &%gurnq’qsaﬁzﬁ Ig]y dveal't‘\er m ni ng
the pl of fhid)iaqo@iueouiircbys Rirhay\binghytbuelily ss@ati@ier trimudas tandkbdae ent br oad
or narrow ranges . of pH values. In one enbodi nent, a bi aqnpl ecul e of

i nterest wileBi Huig obtainaddrom gn lscess|ox @By offier st Pfynferkien of lﬁwvw, % cells
“with differgg 3 R t ' y . nmeans
of the af or SioRbisbARART, B ERMERR IRANR: Mint BeRU T Cubonlch o6

enbodi nent rheunbdtcidektbdtis, @sebarthaitsr gatt onséghicrarthrigginpl e may be pl aced
directly into the runnj ng buffer wwth the | EF buffers/.celd%lﬂshgch | anes
anal yzed manual I3//5RatVeLY, 8 SHBRIE S71 he BYLatRed Somyiny e gTdISEHERq HRE

‘detect i on gyl &P adBfkySYeLifith) 6 RhPERhEFE &Nt (aetttd priRRBNcSIR O 8tlwured

separated, chafracteriZed, quantitated and/or conpared t'o other nolecules
ucan be f urcelgror enediuratentlitgneddby oy scibritssenommegai. # degiged] Grefhiplegicyl 2005

SR R R N e T
‘el ect r ophor@sinfgques. For example, cells or tissues can be extracted and subjected to subcellular
fractionation for separate analysis of biomolecules in distinct subcellular fractions, e.g.
proteins or drugs found in different parts of the cell. See Deutscher (ed.), Methods In
Enzymology vol. 182, pp. 147-238 (1990).
HE  Methods of Use

A. Analysis _

The matrix, arrays, systems and methods are useful for.quickly determining the
plofa bioxﬁolecule'by allowing the researcher to test different broad or narrow ranges
of pH values. In one embodiment, a biomolecule of interest within a sample may be
placed directly into a plurality of cells with different pH ranges and analyzed manuaily

or automatically by means of the aforementioned detection devices and systems. In
another embodiment, a biomolecule of interest within a sample may be placed directly
into the running buffer with the IEF buffers/ cells or lanes analyzed manually or
automatically by means of the aforcnicntioned detection .dcvices and systems.
- A biomolecule that has been sorted, séparated, characterized, guantitated and/or

‘compared to other molecules ucan be further evaluated by methods and commercial
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- pol yacryl-am de el ectrophoresis, SDS-PAGE, centrifugation, gradient gel

el ectrophoresis, isoelectric focusing techni ques, excision of the

prot-ei n-cobDtai ning region followed by other nmethods of anakwsizeosknown in
the art; e.g., mass spectronetry, e.g., nass spectronetry (PE Bi osysterns,
Per Septi ve DE- STR MALDI - TOF-MS and Bruker Esquire lon-Trap M5 ). Unlike
traditional JEF focusing followed ,by MALDH TOF spectronetry, the system

2l Love the 5L 88kh8n B S TR d. 2 TRbALSinhe, HATRLARME S TREsheshaRoe, the

systemis & %5‘5’% ow as fentonol e anounts of protein,
hi gh at t onwheorastograpisy GIPIEC) bifinitychran 206 pphyo tagillay elentrpphoresés, st andar d

range of 10-200kD using silverstaining.. . This.can.be achi eved by perform ng
a smal | scdobyacidaridaes FMTC%%%@%P@GE@E:? uﬁgﬁwa?@ﬁe&nat rix or

smal | er corgprd SEadeliEfRs Hﬁ{cfrﬁ,r flok@é?ﬁ%fé@fxﬁi wesCOIRI 613hd Ptcis-epmhiaingd
ecu at

bi onol ecul es "t o bi onvl es th ave been separ at ed on a traditional,
| ar ger | EF rbgion $oliugvegdly athet methods dftesalysma khewn gctat artangh 088 t o det er mi ne

the location of the appropriate are .be excise hihenal | EF
f ocusi ng gePCFERMGEY, £-Bemas %WQV’_?“%@P %%6?%‘?%&%%%@3%%%&%%@ is)
spect r omet r?*%%il\ﬁ SREBhiKer B HR ToWIT Ry MO0 T ke R dBIoASISIERTdcRing fellowed ed

cutter can tate the excision of the | ocation containing the
bi onol ecul eyIMALRISFRE spechhmetryoibasywém ploveihs deiscionolsmallamoyt i on  can

be estimted, e, g., using an optical densi I hr.atl pr ~par ed
by st aini ﬁﬂo’ﬁ'ﬁlﬁaﬂc%%ﬂﬁ?§ ’WFS?%%‘Pé%fﬁpg é’%é?tg%lé]ﬁgé&{v%gﬁn@t gl s. Thus,
this systemmgRaWSrbem, hifGRofloldfhaikaSH RoRindmo20Bpg|of provsin imths
spectrometry and enables the analysis of proteins that tend to be expressed

at | ow | evstarslaidrangreofcdl-RPQOkR - wsingisivgrsjainiEpr ot ein in the range of sub

pi.co-grarn quantjt.ies can..be. detect n | ' : trometry.
The system provi %C%bea%?@ffrvgggy Psﬁé'%’rg%g? g é@?@%*‘ﬁi@ﬁ%“ or%(g%gg%vi ng a

bi onol ecul eysnd 58k YRmARErixtdr sHRBSE co\‘)ﬁﬁ‘l@iﬁg@?ﬂiﬁff&ﬂlaﬂe inits, hempaingithe i s
derived from bl ood or tissue sanp|e, | sease-specific proteins can be
separ at ed i ypareddiomolecenterhiomalsculpgtbatkave hedesePpiatdonsirg “’c“ﬁﬁ | anes can

be eval uat eldar %}{ I%EIE gc%ggﬁég W 43?}&&“@ srﬂﬂier c&a1d anal;%?}éyt\é(@fefcn%ﬁféitﬁ@ Id@ation

I mrunost ai ni rﬁg sure urd chronat ogr ap BPLC), affinity
chr omat ogr agthlie agppridianna 6 betxapdenabe sadipoia) Holf fdcasingdel fef Betheophor esi s,
B o IR e AL il SO R LSBT . 1 g
region foll ﬁ\ﬁﬁqfﬁﬂg Elta&qnd%ulgm%ﬁ cuiteAL MSaSili kOB excision of the location
containing the biomolecule 6f interest. The amount of protein in the excised portion
can be estimated, e.g., by using an optical density calibration scale prepared by
staining known amounts of biomolecule separated by the methods.
Thus, this system expands the range of detectable biomolecules by mass
spectrometry and enables the analysis of protcins that tend to be expressed at low
‘levels in the cell. Accordingly, a protein in the range of sub pico-gram guantities can
be detected and visualized by mass spectrometry. The system provides an accurate
and reproducible method for observing a biom(_}leculé’s pl value and its mass.
When the protein in the sample is derived from blood or tissue sample ,
disease-specific proteins can be separated in one or two dimensions.and the those
proteins in the lanes can be evaluated by methods known in the art (e.g., silver-
staining, imununostaining, high pressure liquid chromatography (HPLC), affinity
chromatography, capillary electrophoresis, polyacrylamide electrophoresis, SDS-

PAGE, centrifugation, gradient gel electrophoresis, isoelectric focusing techniques,
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in the art, e.g., nmass spectronetry, etc.). One or nore bionol ecul es can be
focused according to pl, sorted, separated, purified, characterized,
quantitated and/or conpared to -other bionolecules. The coistayp@si on of the
bi onol ecul es can increase or decrease in a sanple or can be physically
modified in response to an event. For exanple, the nethods and systens can
quantitatively and/or qualitatively nonitor a change in a bionolecule in

response fgggﬁlo%'oipl?e rofelt;'r?—Egntwgfn Se Bﬁﬁlgﬁ[& ldtlfleefn(f s of %al?%nq own

- stimul us. hate no |ono a prote or a

protei n | euglthecat) elie, mmmpmm@&gfacgz and after treati ng the protein or

the environnent around the protein with a stinu TIH stem agd nmet hods
e . s0red

can be used to dPrecorraoterhiorgeleiien canibgdogised preo CRYEReA v ng a
di fferent ghnn hU(%a?EICEC zcél q?ﬁﬁtﬁ?@& aW.UBP éi{ﬂo’ﬂﬂl)éf%mrﬁﬂ@é{ﬁéso%eexm essi on

of protein the sanp om an ani nal ant relative to a
non- di seasedneditratbn of thalbmholeaﬂeslmnmhteedsabr d@uréasoin asspde df ¢ap Wi sease.

The relativ ab ndan f. bi onol ecul es c be co orrral pattern
for -diagn é‘%ﬁgéﬁﬁg?’?eﬁ A, eYRnk @&XE@P%D cd’é‘ﬁ%‘@:‘s)an THETRS ati ve

-abundance qf,, 9951?]{%& g pecrf‘df/bxrhxﬁh&ﬁ%lz nfcHoPE cRRER b BREhIRCuldTh T &PERdeNT a

known quantit Ic proteih’into the sarrpl e before s?‘gar ation and
conpari ng tthe disehsecaidte dbng n‘cgtmcneaﬁam@h’ent sthepstinmdus pidreadmplent$ety of t he
added protein. .In an i?‘xct er

di sappear arffbEsRiateHPe m'tn‘?ftea S‘fé‘} A pch,{‘T?g}lf?g‘fléﬁa ?? i%g’g'a} ;’e@r%%q ecule in

the test arﬁfﬂ@?lreﬁfngﬁhé‘ﬁ?ot&ﬁ%Pﬁfe%ﬂvﬂr&xﬁerﬂ@fdﬁﬁh uﬁmraﬁtn @ith lsBMuheamhe used
to di agnose or pre-diagnose a di seased state. yet another enbodi nent,

the nodifisysteinemdahethods canbeased to qbsprvmiletaesumdﬁmramf the pysiteimin eegtbared to

-a nornal S agnose .ot ore di agnose a di seased
- state. ﬂ@g%@ﬁ@@%@% f“&ﬁg%a;‘@gﬂ "Hg} géﬂmﬁ]le'gdet ected by a change in
a bi Omol ecul e i AnEnSAsHPLGrdsGiod of pRAIRGINGRE Sarhgle Boabat irémsldtjpdaits) or the
deletion or addition of a bionolecule (e.g proteins from bacteri al

i nf ect i ons)relafiye taxpempiscaseh aninfabpy Idﬁﬁ“rﬂ@ﬂ Q@H&haélw%@%%%c’@éfrﬁmﬁ’ésedl agnosed
Y 2 s N 9otetaliBe ALY HiBhebfkElan e URLARALOR Nl BERRS 0" 0% 2 ©

cancer, Fragi rone myot oni c rophy ennedy' s
di sease, Wﬁg’iﬁb@rsb@%@ﬂha@ﬂ@&&ﬁa disbasd @igoraaheaal). Thelrqgdativeialohdansé ah  at r ophy,
and spi no=hul bar nuscul ar atrophy. The disease or condition also Cafnb‘ebe

- associ at ed Rppalegulgdpa C§’tlﬁ:‘l‘?“d’§ n@gﬁggzeg &Y MF?@Q‘C’BMOWBW“Y@ESP%
encodi ng d gpﬁ{){eﬂpimcpt{le sREPR beflr® BparatioA Gh@ EorhparidsAhE Bptiddt hénsity

or ni t hi ne-a-am no
' measurements to the optical density of the added protein. In an alternative

embodiment, the appearance or disappearance or shift in the physical characteristics of
a biomolecule in the test animal or plant compared to a normal animal or plant can be
used to diagnose or pre-diagnose a diseased state. In yet another embodiment, the
modification of a biomolecule in the test animal or plant compared to a normal animal
or plant can used to diagnose or pre-dlagnose a diseased state. |
A diseased state is any disease that can be detected by a change ina
biomolecule in a sample (e.g., hemoglobin in diabetic subjects) or the deletion or
addition of a biomolecule (e. g, proteins from bacterial infections). For example, the |
| following genetic diseases can be diagnosed by a change in the DNA or protein level:
Huntington's disease, prostate cancer, Fragile X syndrome type A, myotonic dystrophy
type I Kennedy's disease, Machado-Joseph disease, dentatorubral and pallidolyusian
E atrophy, and spino-bulbar muscular atrophy. The disease or condition also can be
aséociated with a gene such as genes encoding BRCA1, BRCA2, APC; a gene

encoding dystrophin, .beta.-globin, Factor IX, Factor Vlc, omithin_c—d—aminoj
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16 January 2005 transferase, hypoxanthi ne guani ne phosphori bosyl
transferase, or-the cystic fibrosis transnenbrane receptor (CFTR); or a
prot o-oncogene. .Exanpl es of proteins that can be nonitongg.aneops ostate
specific antigens (PSA) for prostate cancer and cardiac enzynes for heart
di sease. Alternatively, a group of proteins can be nonitored. In yet
~anot her enbodi nent, specific nmRNA concentration profiles can be analyzed to
det er mi ne [ ' te \ r ' odi nent ,
the sanpl o PaaeRa fipoPlEfae Bunt fhoopbrtEhyiannl ke B I/ RtC Ho8E 0" hat
i s cell -1 essmshembexaigaeptor CEFTR e r & rppotoamsayict Eahmples oppriogdnstithe cage of
cell fractions can be subj[ ected to the ong- g)(rg t wo- di mensingnal . anal ysis
- i B

bef ore and P&MPIHIOFHEATE BrstaG seeifigpntigensdF oy an: el ley rcagjd??e_ ot her
stimulus. |8, 43R0t fAehe géﬂs&emmmgg‘yélg,ﬁata@gé% %@tﬁ%‘é@h BRIt $&n or

fromthe tissue of a subject can be o0 understand the changes

t hat occur anothehembadigant, spacific mRNAatordemtratipni prefiles tan by aadyzedtr exanpl e,
conpounds that are inhi bi%ﬁrs, enhancers or initiators of a biol ogical
event can [SEWGTRE ptenfial figease fiafthese assays, the TB and TRM can be added

to the extract ahkefafdaflalthitive cnRIRhERGhE QarhpIB c8XbE 6thined Froki £&d11 OF
organismto be tested. In one enbodinent, a nethod for high throughput

‘screeni ng chltogmdiadar eitreissanthaiss célhlsssdiorgxpmpleesamplenfgorn osaspuhds, t hat

cause a biologicgl evept rising the.s f detecting a TB or TBs in a
sampl e usi fgRsg el oh el RenS recnipishisle B SoRc et g tpaongd
~enbodi ment anhRsis GRS adll 4Ter d0RM ARHbAS eRliled e BuL oPfomedth@r the sanple
~conprising thé TB is added to the running buffer. According to one

embodi ment stitwdusT Bvanetherdaelbdiroent hex teatsdtom a dayiomnmersensms f19af Bee t he
sanple is .added to,the running buffer, |n.all case it 1.5 st desirable
to expose tnﬁ%ual‘% aanjccﬁﬁ{}l eoanéig%%dj%)t%g?mtaﬁgﬁe %h%H |St% P%tnogc "RAC Wi |1 not

i nhi bit or ogifispbr hkiial ditifddis1ge tocloNBor SRMPIE comphends elideferiakibnom, ref er s
to all the proteins expressed by a genone. Proteonics involves the
i denti fi catenbincsrrinigaipros! anistogicakevent ¢anderdensifigddln pbtheraassaysi Hat i on of

~their role g, PIWRNL DR CRIae AR 3L R Hﬁé’éal AL ER aph HRGH 1 Sctradd1®
met hods, matrices, arrays and systens enable quic eP, nore sensitive
t echni ques shbject, bboighnisinrtg b Ixatedr dh enerembiiitient, hintethodfenhighmhronghpat det ai | ed
and accurate functional roteom.c maps of cellular activity can be
devel oped, SF’@SEH“BQfFH‘d&d%g’E"P “]@rﬁdéﬁﬂ‘é&&ﬁ@?ﬂﬁms aid epmepoveds it ga%P 8coveri es

of -new nmediygdiBERat event comprising the step of detecting 2 TB or TBs in a sample using a
system or method is contemplated.

According to an embodiment, the TRM can be added to the sample before or
after the sample comprising the TB is added to the running buffer. According to one
-cinbodiment, the TRM is added to the sample comprising the TB before the sample 1s
added to the running buffer. In all cases, it is most desirable to expose the TB and
TRM to each other under conditions that will not inhibit or disrupt their binding to one
another.

The term proteome refers to all the proteins expressed by a genome.
Proteomics involves the identification and study of proteins in the body and the
_dcterrrﬂnation of their role in physiological and patho-physiological functions. The
methods, matrices, arrays and systems enable quicker, more sensitive techniques for

' monitoring_the proteome. With this invention, more detailed and accurate functional
- proteomic méps of cellular activity can be developed, leading to a better understanding

- of diseases and discoveries of new medicines.
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32 16 January 2005 The. term"nonitor"” as used herein is intended to

i ncl'ude continuous nmeasuring as well as end point neasurenment. |In sone
embodi ments, the bionol ecules of the sanples are neasureg.captimiously. In
ot her enbodi nents, the bionolecules are analyzed before and after a cel

or subject is stinmulated or otherw se perturbed (e.g., by the addition of
a drug or a change in the environnment around the cell or subject). In

still other enbegi PRAlGnonide 4 RERhee BIntBi&dTE aRWR Eohtindus BRRbdudhggr oup
of sanples that have not been perturbed, and the cellular constituents of
several expewelrentnl poigfrioessyreaat.nbesmecanbotdimenspbe bigmalachles Rb®e of t he

t I Lot ft t kiJled i he. that oth
oxper | et St AR Gty Bt Aoy beEmetHbE BofisefEa he' change
in bi onol eguigRdibRfdre aRPIEE A RIRRLbERAL bipmslated.or SMRAVISE paOADIN@. g5t em -

provides a nmethod for sorting bionolecules in a sanple away from each
ot her. Accthedddifionof erfsugaboeliangnin G envirenment aynd thesoghher subjesthbripsi ng t he

bi ool ecul es,,1. 5 added..t o a tem.,and_circul ated. ac er or
ool o poSTyoleRcnSingnd, B PlEN et PSS eS| Adpn beBlILel OF
the | EF buffaBhavenot Bkdn pedfisbddDent the @pllbiancdns e de PRt elletperitneaet ond

di nensi on, e.g., by exposing the bionolecules to an electric field that is

di rect ed devuPs e measarcdwag compased vath thpsanfthesoniiol gropp- Itk apraray iy

provi des a r I I Z{ 0Q: ' LR, , ordi ng
o one. embSenaified ff e RLRE RS Bi o phroRBEREH, dieh MBACIRLR mafis
prepar ed anfddtecd theadhahyz@biomokosies iminsinedtdyermdsehitiogs.t he sanple to the
-running buffer_in an | EF apparatus, generating the electric field,
circul ati ng t heBrunnSAPANgEPREr  and periodically reversing the direction
of the electricxf] r | , - ST ks BEnRddedy ghmect 'y
to the cell, ch’é‘ﬁ%isﬁ/?‘e%ﬁ%ﬁgﬂ %@o&rédﬂo%é&%‘%?g’ﬁ%‘?’ﬁ%ﬁﬁgnb%di i g%f this
met hod, a saditierc Grpoideigig dnbenthiodimdne ofithés insthad dechnipde eorsyrsstemthand

circulated. acrgss_an | EF buffer or cell, exposed t n_.alternatin
ol ect r i cal PRIRICEHS Ispdfeddnp sytemad cEptlgtsprgrosom I Tt gpaHh esered 4
second di Mgng| ﬁ%mdagm%-rcvé?é’ibﬁméw fitl6n 2Rl SEDARRYIFESHffr R cll; @68 fHen, fi el d

that is directe | the ['ane away fromthe IEF buffer or cell and then
det er m ni ngptidratlpompaiated inr sqeandtdimgnoén,tehg, i anposieg thedipmolepdes fogpe. The

~ identificatjon. it] tity of t ' | le inthe |
can be uetkamerpRe R SoRe B e Som eI R F e ol ccut ar
‘wei ght of the birganlyse RoRided ekticd foF SidactériAimelh blosRidcark inA sahgiege i n the

'_ position of a

According to one embodiment, the biomolecule(s) of interest can be separated,
prepared and / or analyzed in one dimension by adding the sample to the running
" buffer in an IEF apparatus, generating the electric field, circulating the running buffer,
and periodically reversing the direction of the electric field. Alternatively, the sample
could be added directly to the cell, channel, or lane. According to another embodiment
of this method, a sample comprising the biomolecule is added to a system and
circulated across an IEF buffer or .cel], ex_pOséd to an alternating electrical field in and
| out of the IEF buffer or cell; separated in a second dimension, e.g., by exposing the
biomolecules to an electric field that is directed down the lane away from the IEF
‘buffer or cell and then determining the position or quantity of the biomolecule in the
lane. The identification of the pbsition or quantity of the biomolecule in the lane can
‘be useful in determining the pI of the biomolecule, the molecular weight of the
. biomolecule and/or its state of modification. A change in the position of a
_ biomolecule in a test sample compared to the same biomolecule in a control sample

can be indicative of a modification of the biomolecule (e.g., phosphorylation, etc.). A
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‘bi onol ecule in a test sanple conpared to the sane bionolecule in a control
sanpl e can be indicative of a nodification of the bionolecule (e.g.,
phosphoryl ation, etc.). A 33 16 January 2005 change in thesguavooiy of a
"bionolecule in a test sanple conpared to the sane binolecule in a control
sanpl e can be indicative of an increase or a decrease in the anount of the
tested bi onol ecule due to, e.g., a change in the expression of the

bi ool ecul &a8pe P ihadtity 6f a bidendMRAMEIh 8 SamPla@ofpateAd e@uindes a met hod
for quantitating the anount of a bionoblecule Iin a sanple using a matrix,
array or shistodepuleTing cantroksampfle eandtegndicetivgl of ap inciedspRea degicaspén et ect ed

I nstrunents _kn in the .art . as, discussed. ab , | ved t he

bi ool ecul @?‘?ﬁ%gle{lﬁﬁli%f@gﬂl%eémﬁoc_{?ﬁgo’ﬁ%ha %r?ggﬁgr&n%fé%%@ ﬁ%‘% i's

det ect abl epiByholdciRidr BN ok iRWlomsletdle art. The quantity of the '
bi onol ecul e can be extrapolated froma standard curve using known anmounts

of the same bi ok epsiem poevidesr method {gremantypting Gromospt A eBalerye ihr ot ei n
determ natjon)., The bi L ecul e i e . | omt he

| ane for a%%‘“%’/%‘f’émgﬁa r@ﬁﬁ’tl '8 stérﬁ’cghggﬁ% Hg‘?‘{l’ (g a?ﬁ%ﬁ%%guolglmréﬁg Qgél{t hi s

met hod, ~onge Béteured BstBents ki®wh trothe dit as Aiscasseld aighveo Aretahieclysbodi ment  of
this method, a plurality of bionolecules are nonjtored bg %}cgrrput er.
Accor di ng bigmelecylerin dre lape ean bashrund (it apgther E&?FW@L"#B?M? figfectetde Pre

bi ool ecul | i | A Abd 8&Gab&ialedsanpl e are
conpar ed t@Sﬁ%&ggiﬁt&&c]&)ﬁ@ggghg;ﬁggﬁf%utfafemﬁiﬂéﬂﬁoﬁg@% g or pltﬁl ality of

bi onol ecul gemoaf staridatdsuesd udingknews anpas of thesarde bnrdtculeavrsimiia tgpesease or
is not predisposed to having the disease Si e. .. a_&%r I stﬂb}"ect). It is
desirabl e ehhipmelssples G3SA forprpiein deterplpation). o hboe biemoleeplen helahesani | ariti es
and differ Wesih 8115<i0% dﬂ(gfaﬂ' &iBg paranmeters of the

conput er c%gggéeg%%e to rg%?ﬁﬁé,\aﬂ){%r ezsﬁolnd bot\;ttgl which a positive or negative
result is decl arechrdibgtonot ambodimaenodfitkis nenvbatlone biomadeosiess rondersdbe used

to renove bionolecules and/or ions..n a,s | e away,.f.rom a bi onol ecul e of
interest b{CSRIANRO a‘E?’rEers"ﬂ%lﬂdém‘c’:‘B m‘%F‘r‘?ﬁ'ogtqu]ﬂf%%g%%ﬁ?@eg?g? Aferest into
a cell in LReisid b§Beohdpuldd! Accor@fBfo alih@nck BmbBUIMEE, thelddh eore@bbndipul d have

a pH val ue(s) that”enconpassed the pl of the bionolecule of interest.
Thus, if tteethe bicencdeduleeor Pinabity ofdiomeleenlanef ivterastinghe frt saErMSarei n t he
system are applied, other bionolecul es,or i0n d.m ' t he
oot bar et GiaF gRfieamemermivere e o B ReREph D P Bbhofhiethe
‘bi-onol ecul gy@tstitrines S¥jedt @kt does not have the disease or is not predisposed to having

the disease (i.e., a normal subject). Itis desirable that computer is able to compare and

calculate the similarities and differences between the two sets of data. The parameiers
‘of the computer can be set to reach a threshold above which a positive or negative
result is declared.

According to another embodiment, a system can be used to remove .
‘biomolecules and/or ions in a sample away ffom a biomolecule of interest by adding -
the sample compﬁsing the biomolecule of interest into a cell in the system. In this.
case, the IEF buffer in the cell would have a pH value(s) that encompassed the pl of

" the biomolecule of interest. Thus, if the reversible electric field and circulating means
- in the system are applied, other biomolecules or ions would migrate out of the cell but
the biomolecule of interest would remain in the cell. The biomolecule of interest can
‘be recovered from the IEF buffer or cell. Alternatively, a sample may be placed in a
_cell and an electric currént passed through an IEF buffer or cell in a single direction,

- perpendicular to the plane of the biomolecule permeable walls of the buffer or cell.
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be recovered fromthe IEF buffer or cell. Aternatively, a sanple may be
placed in a cell and an electric current passed through an | EF buffer or

| ~cell in a single direction, perpendicular to the plane ak silgy fiognol ecul e

pernmeable walls of the buffer or cell. 34 16 January 2005. Throughout the
specification, the word "conprise,"” or variations such as "conprises" or
"conprising," wll be understood to inply the inclusion of a stated

| nteger or. grou’@m%gW%% 18110 thel G d @St pFic0Norari@iionsQGLbiehs 1 nt eger or
group of integers. references, patents and patent applications cited
her ei n ar e"domoispSraat ecmprysing, & vilt bnumderdtngd odmpiathe snobwsien efi ao3ated
application nos. 60/ 30?, 802, filed J“'éﬁ 16, ]§001j 60/ 310, 316, ffi | ed August
6, 2001; 6UMERDOBERUP Of fniceetshus et the gxclugen oLy URer 48 2% 5OW Fed April
30, 2002 aff.depcorporated by reference herein. VWile a nunber of :
enbodi ments have been provided, it is apparent that the basic constructio
can be altered Ad mpferancds petehisrand phiont applicaionhcised haréiniageineerporagegosi t i ons

d net hods.. Th it Will. Db i at i _
e onpas ety RIS R APLiaL R S P BrEREI 290k ¢ e
speci fi cat sgn 1E0,% 86, 1TEa KBNSt bIE00S PEG/B10,698 fAOPOESbU TS NOGK £hdee0?3TH, 044, ed

‘bel ow. EXAMPLE 1 Mol ecul ar Wi ght Standards A groove of dinensions
0. 1x0. 1x3. Dledripu $30e 2@ 2aare incorpozatedbyirgierieace igsiRoxynet hyl anphet ami ne ( PMVA)

plate. The grooyg.as filled.with,10% I I ' one end of
the |l ane, a spownglbcﬁpf EIPB%%%GH?QS%E%P%%&%&%Q%%?% gﬁ"’%&g‘@ ©

(ar bi trari picesendtiottsn GeRReled eslproVilclbdng efbodi@tenes wisiph atikiatht adder

mar ker. RPN 800 by Amersham Pharmaci a Bi otech (10 to 250 kD in nol ecul ar

wei ght)  weemepesijanstaad methasiss Fhersfose. it wilhls 2ppreciated dat the dePBkdS connected to

the i bilized ; . g
e omron, bt 9L AR REh S FhIRRLRER, FRHR Gnah Sl reRRn
| mer sed i satlger f4nRke SPuENId éxdatpidsywicteabekémplifigtbaddo) . A vol tage of 36

Volts (field - 100v/cn) was applied to the electrodes for 5 mnutes. Next,
the lane was silver stained and fi A =18 is an optical scan of the

separ at ed Nﬁﬁ%?ar%ei}éﬁ%tqﬂ&?ds\’i ewed under a m croscope. EXAMPLE 2

A groove of dimensions 0.1x0.1x3.0 mm was engraved in a thin para-
methoxymethylamphetamine (PMMA) plate. The groove as filled with 10% SDS
polyacrylamide gel. At one end of the lane, a spot of IEF buffer having an immobilized
pH of 8.80 (arbitrarily chosen) was deposited. On hundred ngs of a-protein ladder

 marker RPN 800 by Amersham Pharmacia Biotech (10 to 250 kD in molecular weight)
were injected into the spot. A metallic electrode was connected to the immobilized pH
gradient gel and another metallic electrode was connected to the end of the lane
furthest away from the pH.

The plate was immersed in a 1%SDS 50mM tris-glycine buffer (pH 8.3). A -
voltage of 36 Volts (field ~ 100v/cm) was applied to the electrodes for 5 minutes.
Next, the lane was silver stained and fixed. Fig.18 is an optical scan of the separated
bands as would be viewed under a microscope.

EXAMPLE 2
Two Dimensionat Analysis Of The Proteins of Blood Plasma at pH 8.65 +0.05
A 100 micron diameter spot of a pH gel with pH value of 8.65 £0.05

(polyacrylamide gel mixed with a buffer solution) was deposited on a polymer wafer,
* such as PMMA that is icm x lcm x 0.3mm. The wafer was placed in a small chamber

- comprising a stir bar and filled with 1M sodium sulphate buffer as a runnin g buffer.
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Two Di nensional Analysis O The Proteins of Blood Plasma at pH 8.650.05 A
100 micron dianmeter spot of a pH gel with pH value of 8.65 0.05

(pol yacryl am.de gel mxed with a buffer solution) was depesniecdoon a

pol ynmer wafer, such as PMMA that is lcmx 1cmx 0.3mm The wafer was
placed in a small chanber conprising a stir bar and filled with 1M sodi um
sul phate buffer as a running buffer. 35 16 January 2005 100 ng of bl ood

Compr 1 si ng. DO SIS AEEEAEIR, ot R QURRIRG ty Olyel EBnLx BoRGp 2em)

per pendi cul mn;trmmgtﬁﬁlﬁupd)fanmmg btfier. waiveltageaf SBanLapphed/pedpdndi@ﬁhrd@gr ee
changes in Next, .t he wafer

he di ti t {
was renove()‘i‘?l%@ﬁ‘lf’g’ é‘ t pfjﬁbg HHF‘thurgfﬁg 185%%%% aﬁg%ﬁlghqe‘%&?“%f’w‘e The gel

spot was r edﬂ?l‘éﬁ uﬁé@f Rex@d vpﬂfélcﬁﬁjs ﬁ}noQEE?froﬁrlﬁc Rinnfhg Bii@r %0
SDS- PAGE) on a ate as escrlbed I n Exanpl e The plate was Imersed in a

198DS 50mM 11insied 1rgdlynlﬂadewddaf fEire gebbp@ vas removed\[mm dwevatr 86 mneﬂszt ¢id el d -

100v/ cm vva I|ed trodes, for m nu the | ane was
silver staifd ﬂ@%ﬁ1§@§5§P§@9%a ag |d8%ﬂ“b§%3h§’quﬂlﬁl\lz proteins in the-
pl asma sanpl e thﬁieﬂ]ﬁt&%ra@"&nhﬁ:@éeﬂ% 5'1%5158 BOmMBA tri el tipfee (pH 8.395A0. 05 and
were separated E SDS pol yacryl am de gel el ectrophoresis in the |ane. The

| ane i s as valtag @Vab:p@fwﬁd # 100 1/eme v as apEieddo Hewlastiodydor EXAMIEE 3 Two

Di nensi onal .. A t The | EF
Buf o s h Ot st v s e RO EH, B f9 R Al olgh g End bl o o

0. 02 pH unithg plad@a SarpIe Mdt Bélve @h isblebtrid ol b agprbximafiy’8.68 +0.08%nd were
poI yacryl am de 25 ms O 1M N-2- hydrosyet hyl pi peri si ne-N- 3-propansul fonic

aci d ( EPPS)sepuasdd3 58S polyresylamidedzalielestraphpresissinis ane r Thedaneis 288 or ad) and
a vol unme of N w. The volune of the m xture was
I'ncr eased upgl%l&% 9111&5%41%%&?}13&0%0? degrees C. pH=7.500. 1M NaOH 5.9 m
pH=7.520. IM NaOH 6.1 m pH=7. 540 1MEOMPSES 1 pH=7. 560. 1M NaCH 6.7 nl
o Two Dimensional Analysis Of Blood Plasma at pH 7.50 to 8.50 '
.. (1)  The IEF Buffers

VFifty IEF buffers having pH values of 7.50 up to 8.50 in steps of 0.02 pH units

were prepared.
a. | IEF buffers pH 7.50-7.68, 10% polyacrylamide
25 mls 0.1M N-2- hydrosyeihylpipeﬂsine-N-3—propansulfonic écid (EPPS)
(25,232g/L) was mixed with 5 grams polyacrylamide (Biorad) and a volume of 0.1M
NaOH as indicated below. The volume of the mixture was increased up to 50 mls with

water at 25 degrees C.

| pH=7.50 0.1M NaOH 5.9 ml

{ pH=7.52 0.1M NaOH 6.1 ml

| pH=7.54 0.1M NaOH 6.3 ml

| pH=7.56 0.1M NaOH 6.7 ml

| pH=7.58 0.1M NaOH 6.9 ml

pH=7.60 0.1M NaOH 7.0 ml

pH=7.62 0.1M NaOH 7.2 ml
pH=7.64 0.1M NaOH 7.3 ml

| pH=7.66 | 0.1M NaOH 7.4 ml

pH=7.68 0.1M NaOH 7.5 ml

b.  IEF buffers having pH 7.70-7.88, 7% polyacrylamide
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pH:7 580. 1M NaCH 6. 9 m pH=7. 600. 1M NaOH 7.0 ni pH=7. 620 IM NaCH 7.2 ni
pH=7.640. IM NaOH 7.3 m pH=7. 660AM NaOH 7.4 ni pH=7.680. 1M NaCH 7.5 ml b.
| EF buffers having pH 7..70-7.88, 7% pol yacryl am de 36 16 daaygang 2005 25
mMs 0.1MN Nbis(2- hydroxyrret hyl) glycine (BICINE) (16,317glL) was m xed
with 3.5 grans pol yacryl am de gel (Biorad) and a volune of 0.1M NaCH as
.indicated bel ow. The volune of the m xture was increased up to 50 Hs with

DEE7, 740, 1h NaoR £ M B i R e B e ROy 7. 2
pi; ggg %EukbcﬂleangBS gfamplplgli_sra&zrmmm: gﬁﬁﬂxcsadi)anﬂap'le&nma%fm hh&lwaa Omn

P Z f PH
7.90-826 1@%1%%%&!?% E{H?éi%h%"ﬁée Mwqugn%asa%ﬁgﬁ%‘ﬁ"%ﬁ% i%‘n%14gf L)

- was m xed Wi %%TQ) cgrans pol yacryl am de gel (Biorad) and a volune of 0.1M
HCl as |nd| cat elow The volune of the mixture was increased up to 100

T B T oot rerss—o- PHET. S
pH=7.72 0.1M NaOH 6.6 ml
pH=7.74 0.1M NaOH 6.7 ml
pH=7.76 }10.1M NaOH 7.9 ml
pH=7.78 0.1M NaOH 7.2 ml
| pH=7.80 0.1M NaOH 7.5 ml
pH=7.82 0.IM NaOH 8.7 ml
pH=7.84 - 1 0.1M NaOH 8.0 m]
pH=7.86 ~ 10.1M NaOH 8.2 m!
pH=7.88 0.1M NaOH 8.6 ml

c. IEF buffers having pH 7.90-8.26, 10% polyacrylamide
50 mls 0.1M Tris-aminomethan (Tris) (12.114g/L) was mixed with 7.0 grams

polyacrylamide gel (Biorad) and a volume of 0.1M HCI as indicated below. The

volume of the mixture was increased up to 100 mls with water.

pH=7.90 0.1M HCI 34.5 ml
| pH=7.92 0.1IM HCI1 34.3 ml
pH=7.94 0.1M HCI 34.1 ml
pH=7.96 0.1M HC1 34.0 ml
| pH=7.98 0.1M HCI 33.6 ml
pH=8.00 - 0.1IM HCl 36.5 ml
pH=8.02 0.1M HCI 33.2 ml
| pH=8.04 0.1M HC1 33.0 ml
pH=8.06 | 0.IM HC1 32.9 ml
pH=8.08 0.1M HCI 32.7 ml
pH=8.10 0.1M HCI 32.5 ml
| “pH:S'.'lz | 0.IMHCI 322 mt .
| pH=8.14 0.1M HCI 32.0 ml
pH=8.16 0.1M HCI1 31.8 ml
pH=8.18 {0.IM HCI 31.7 m}
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pH=8. 000 1M HCl 36.5 ml pH=8.020.1M HC133.2 ml pH=8.040. IMHCl 33.0 ni
- pH=8.060. IMHC 32.9 m pH=8.080.IMHCI 32.7 m pH=8.100. 1M HC132.5 ni
pH=8.12 .0.1M HC132.2 nil pH=8. 140. 1M HC132. 0 ml pH=8. 160.14 Muldl2081. 8 m
pH=8.180. IM HCl 31.7 ml 37 16 January 2005 pH=8.200. 1M HC131.5 ni
pH=8.220.1 MHO 31.3 m pH=8.240.1M HA 31.2 m pH=8.260 1M HC131.1 m
pH=8.260. 1M HQl 30.8 m d. ]EF buffers having pH 8.30-8.50, 8%
pol yacryl.a -gﬁ om s 0.024M Elﬂ*égjf&[” viparbitural Na (veronal Na) was [ xed
with 8.9 gf ol yacryl anmjde [ofad) and a volunme of Q0 2MHCJ ;J;n
ilr_llc:iiscgt ed p Hggvzsz:8 300. 2N'|0Lm}1@13q3ﬁn1pH:8. 320.2M HO 13.1 ni
p . 340. 2 —3602M-HE—1 27 nt—pH=8-3862MHC—12- 5]
pH=8. 400. 2MoHEB242. 1 ni pH=d WD BRI BE ™1 7 W pH=S. 440.2M HO 11.2 nf
pH=8. 460. 2N HCE -4T. 0 T pH8 PG @M 319 1 0- /4 M The I EF buffers were
I ndi vi dual |3/ m Xed with amgni um- persi
lines on a pHF&2BUCI te chip, (e HHHICT 308 hrdvi ng a width and thickness of 100

m cron and @ eyt of T CE AR Haling pFI §.36°8-50] 8% pUlyErFAfiae Of the chip
on
' 100mls 0.04M 5,5-diethylbarbitural Na (veronal Na) was mixed with 8.9 grams

| polyacrylamide gel (Biorad) and a volume of 0.2M HCI as indicated below.

pH=8.30 0.2M HCI 13.4 ml

| pr=8.32 0.2M HCl 13.1 m!
pH=8.34 0.2M HC1 12.9 m!
pH=8.36 | 0.2M HCI 12.7 mi
pH=8.38 0.2M HCI 12.5 ml
pH=8.40 0.2M HC1 12,1 ml
pH=842 0.2M HCI 11.7 ml
pH=8.44 0.2M HCl 11.2 ml

| pH=8.46 0.2M HC1 11.0 m]

{ pH=8.50 1 0.2M 11 10.74 mi

The IEF buffers were individually mixed with ammonium persulfate and
deposited in parallel lines on a thin lucite chip, cach line having a width and thickness
of 100 micron and a Iength of lcm and a different pH. The dimensions of the chip on

which the IEF buffers were deposited were 1.2cm x 1.2cm.

2) The Running Buffer
Five mls of a solution having the final concentration 7M Urea, 2.2M thiourea,

1.1% (w/v) tetradecanoylamidopropyldimethylammoniopropanesulfonate (ASB14),
10% (w/v) dimethylacetamide (DMAc), 0.55mM ethylenediaminetetra-acetic acid
(EDTA) in deionized and distilled water (ddH20) was mixed at 3{ °C on arotating
table for 30 minutes until dissolved. Five mls ddH»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 passedith.rough a 0.452um syringe filter without
creating ,.foam. Next, the following ingredients were added with water to a final
coﬁcentration of 2% citrate acid-citrate Na buffer (pH 4.0) (w/v), 2mM Tri(2-
carboxyethyl)phosphine hydrochloride (TCEP); 2mM acrylamide; 1% glycerin. Final
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which the | EF buffers were deposited were 1.2cmx 1.2cm (2) The Running

Buf fer Five ms of a solution having the final concentration 7M Urea, 2.2M
thiourea, 1.1% (W V) : 16 January 2005 ,
t et radecanoyl am dopr opyl di net hyI anmoni opr opanesul fonate (ASB14), 10% (W v)
di met hyl acet am de (DMAc), 0.55nmM et hyl enedi anm netetra-acetic acid (EDTA)

I n deionized and distilled water (ddH20 was m xed at 3C " C on a rotating

table for 30, mn nt di ss F' f needed
for di ssol VPHEP® t@&fﬂ&@[&l%%g%ﬁﬁogo J%rlvlaé’d cgﬂ,?@%]e SO tlon Baas r ot at ed
at 32 , C f Qfuffed R abindet: 97M TR, SoMihicvrea\dd % ASB1pase DM Ac,duifhmM 0. 45, "
syringefilter w thout <creating foam Next, the follow ng ingredients vvere

added withEk&r to a final concentration of 2%citrate acid-citrate Na
buffer (pH 4.0) (wv), 2mM Tri (2- carboxyet hyl ) phosphi ne hydr ochl ori de
(TCEP) ;  2niWlheqiydftht demingbuffey vas pajustegindO vath mairogspshlogid®005 vol une:

10m . The final concentratlon of some of the corrponents of the running
buffer is d8)fi |lhdFiR D, Separaky 98IER 4, 11% DMAC, 0.55 nM
EDTA . The pH of the runm ng buffer was adj usted to 4.0 W|th hydr ogen
chloride. (3) mﬁmrhmmdmmosepmmmﬁmm tschigchaving tb@éw%ﬂl Stpp To

performth dj I,on e ar at EF, | eposited .
| EF buf fer §Eta‘é?§ rotloseTbed ) BRAYe S *}Cﬁéi‘h ap "“&b‘% "]’e‘?“ﬂ‘? fl ﬁ@g"rff"gﬂ‘ag

el ectrodes Jhat ac\é\@'i%ﬁﬂ?aﬁe%é chihB&aall aiﬁ'ii?vﬂﬁﬁ;@b@;ﬁachﬁdliawavéﬂ invhisune
capaC|ty However, in th step, it was onléufllled w th an _amount of

runni ng bufstap; 1ts’£asfmnty1ﬁHeCh\Mltbnmamf)untwé rynydng eufferisneh thalcaneng o thedicite,
410 00 DU 0 8 COBLR S 20T Db, AT el e s

of each of anes’ was subnerged in

the runninge QM:fsfd? Eacrasr&hmaﬁemﬁﬁmmfe éntiiel BB opthedares pras sebmergeddnthe was
added to the running buffer. An electric field was aPpI I ed chi p.

th
The field vvasnlgeheffelt éanwcaograre@f ARYMaE PIAERT JER TBIRIUY edé@@‘ €and
frequency or FORBw ul ate
the plasma rﬁ?'&f?%l H@ar’gﬁﬁé(}:}? ﬁwl %@?’ﬁ Jﬁtthgat"heqf%% buﬁ%ﬁs{a%( Zd)yragl'h
Second Di mua&hsihlSepaicfdrin0st.+3883oP80Y and frequrindg oEVHE! Duping thes]Gmintteser

performng the first dinmension separation, the c S .reor in the
chamber betasishas was usedde pagrlate displagna proteins a tﬁ%l\é\??f%tl% 46’% Fﬁ‘dt
sane

: buffers.

(4) The Second Dimension Separation: SDS-Polyacrylamide Electrophoresis

After performing the first dimension separation, the chip was reorientated in
the chamber between two electrodes spaced 1.3 cm apart and submerged in the same
running buffer in such a way that an electrical field generated between the electrodes

~ would be parallel to the lahes and would be directed away from the area on the lanes
-vfrhere the proteins accumulated in the TEF step towards the opposite ends of the lanes.

: ‘ A 3% SDS solution was added to the running buffer for a final concentration of 2% '
SDS running buffer. Immediately after adding the SDS, the electric field was

generated using 100V for approximately 5 minutes.

After the second dimension separation, the chip was immersed in a silver nitrite
solution and exposed to UV light for fast silver staining. After silver staining, the chip
was ecanned by a commercial office scanner (UMAX ASTRA 2200). The scanned

“image was digitalized and enlarged 10 times (FIG.7A). FIG.7B is a optical scan of a |
silver-stained gel of human plasma having a pl of 7.50-8.50 using a traditional
isoeléctric focusing method (obtained from the Swiss Data Base). The
position of many of the proteins in Fig. 21A ar}d 21B are the same. Fig.21A illustrates
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~running buffer in such a way that an electrical field generated between the
el ectrodes would be parallel to the |lanes and would be directed away from
the area on the |anes where the proteins accunul ated ini§hgubFoost ep

. towards the opposite ends of the lanes. A 3% SDS sol uti on was added to the
running buffer for a final concentration of 2% SDS running buffer.

| mredi ately after adding the SDS, the electric field was generated using
100V for appsaake o8 dlive Satfices) b Sys, Ndt@hs idtEmabe@ eldinfRADenEr rsaNB LR On,

the chip was imersed in a silver nitrite_ solution and exposed to UV |ight
for fast sitraditions} methiody. Thernegqlution ansksensitiyity ofgwordimersional I#58DScanned by a

comercial Qffj ASTRA 2200). The scanned i mge was
digitali zeaa%éwé‘%g%ﬁ‘g‘?‘gg@?ﬁe ‘ines (FIG7A). FIG7B is a optical scan of a

silver-stained gel of human pl asmngmi{:@éy of 7.50-8.50 using a
traditional 1isoelectric focusing ained fromthe Sw ss Data
Base). The os'tin.of ANy .0 i i i 21A and 21B are the
sane. Fi g. 2t PRENIE el arroar y 20 frat=tte- tse of the matri ces,
arrays, syﬁé s ’ﬁ";ré:' e t}i%cris yield nmuch better results than traditional
et hods. THe’ r esolidtroth &t sensitivity of two di mensional | EF-SDS

~analysis is nmuch.inprave MPLE 4 T i nepsi_gnal Anal.ysi s ood
Bl asi at' pH 5. DRy BVBeEF buerrfiavinerlBaea ol oy SROY Serotn i or s
‘havi ng pH vlﬁlmﬂ%@ére?m&'pgrédp to 6.00 in" steps of 0.02 pHunits were
prepared. a. |EF buffers pH 5.50-5.72, 7% polyacrylamde 25 ms 0.1M

2-(N-rorfolin) ethangl sul fippivarRs fi §50E3)2. Waspdllacefagden 3-5 grams

pol yacryl am de gel (Biorad) and a volune of U. IM NaOH as i ndi cated bel ow.
The volune of thg it i ol RhPARGRHIMMCDR of (WSS W4 Slith 2415. 504. 4
M 0.1M NaOH pH=B. B34 8 2 tEmordRT AR pHES BAE 1 @EO? [ M NaOH prES. 565. 3.

m 0. 1M Na@dapsipalsasylannde gl (RiokaiDaing kivblud@Sof 0. 1 NaOH b MNdOateglebw625. 9 i
0.1 M NaOH '

The volume of the mixture was increased up to 50 mis with water.

pH=5.50 4.4 ml 0.1M NaOH
| pH=5.52 4.8 ml 0.1M NaOH
pH=5.54 5.1 ml 0.1M NaOH
| pH=5.56 5.3 ml 0.1M NaOH
pH=5.58 | 5.5 ml 0.1M NaOH
pH=5.60 5.7 ml 0.1M NaOH
pH=5.62 5.9 ml 0.1M NaOH
pH=5.64 6.0 ml 0.1M NaOH
pH=5.66 6.4 mi 0.1IM NaOH
| pH=5.68 6.35 ml 0.1M NaOH
pH=5.70 | 6.7 ml 0.1M NaOH
| pH=5.72 6.8 ml 0.1M NaOH

b. IEF buffers having pH 5.74-5.98, 9% polyacrylamide

25 mls 0.1M tr_is(hydroxym(_athil)amjnomethan—ma-leat (Tris-maleat) was mixed
with 9 grams polyacrylamide (Biorad) and a volume of 0.2M NaOH as indicated

- below. The volume of the mixture was increased up to 100 mls with water.
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- pH=5.646.0 mM 0.1M NaOH pH=5.666.4 m 0.1M NaCH pH=5.686.35 nl O | M NaCH

- PH=5.706.7 mM QA M NaCH pH=5.726.8 ml 0.1M NaOH b. JEF buffers having pH
5.74-5.98, 9% polyacrylamde 25 ms 0.1M 16 January 2005 -

tri s(hydroxynethil)am nomet han-mal eat (Tris-naleat) was mxed wth 9 grans
pol yacryl am de (Biorad) and a volune of 0.2M NaCH as indicated below The
volunme-of the m xture was increased up to 100 ms with water. 40 16 January
2005 pH =5. 747 8 m 0.2M NaOH pH=5.767.9 m 0.2M NaCH pH=5.788.1 m 0.2M
"NaOH pH=5. 2——0—2MNaOHpH=5-828-4——6-—2MNatHpH=5-848-8-—m—0-2M
‘NaOH pH=5. SGIJ{L??M 0. 2M-NaCH 513&51(8@#1%3%1 0. 2M NaOH pH=5.9010.5 ml 0. 2M

NaCH pH=5. 9 0. 2M Na 0. 2M NaOH pH=5.9612.5 nl 0]2M
NaCH BH =5. é%i_ﬁqd;d -0 . 2M h%@%llffprc were | gdl v duall \ m-xed

wi th ammoni|yHsfet&ul fate and 8 depldb2MeaOl parallel lines on a thin lufite
chi p, each [ e vVing a w d of —100 micron and a teng{h of
1cm and a difterent pH The jgﬁéﬂ'gq l]sﬁag(ﬁﬁt he chip on which the JEF

- buffers werlgHtepgsi ted were Lgaqm(xzmm (2) The Runnl ng Buffer The -

1 £ PPN, S =Y e e /’_)\ Thao|]-i
runni I’lg bUfler Wwas—-tfe—Sahe—aS ueSCI’I ucu Hi |_/\011||J1 € \J ettt oL

Di mensi on SaPatd on: | soel egBSinel FRAMNIOE Step To performthe first
di mensi on .Se;ﬂf;rsf?éd on (IEF), 188 &0 PRI the deposited

| pH=5.88 9.8 ml 0.2M NaOH
pH=5.90 10.5 ml 0.2M NaOH
1 pH=5.92 ‘ 11.6 ml 0.2M NaOH
pH=5.94 12.0 ml 0.2M NaOH
pH=5.96 12.5 ml 0.2M NaOH
| pH=5.98 12.97 mi 0.2M NaOH

The IEF buffers were individually mixed with ammonium persulfate and
deposited in parallel lines on a thin lucite chip, each line having a width and thickness

- of 100 micron and a length of 1cm and a different pH. The dimensions of the chip on

-which the IEF buffers were deposited were 1.2cm x 1.2cm.

{2 The Running B_uffer

‘The running buffer was the same as described in Example 3.

3) The First Dimension Separation: Isoelectric Focusing Step

To perform the first dimension separation (IEF), the chip having the deposited
IEF buffers described in above was placed in a chamber between two electrodes that
were spaced 1 cm apart. The chamber had a 2 ml volume capacity. However, in this
~ step, 1t was only filled with an amount of running buffer such that an end of the lucite
chip was submerged in running buffer to a depth of 0.2mm. As a result, a small area at
the ends of each of the lanes, but not the entire area of the lanes was submerged in the
~ running buffer. One microgram of a human plasma protein mixture was added to the
.rurming buffer. An electric field was applied to the chip. The field was generated by a

rectangular waveform of +80V to -80V and frequency or 1HZ for 10 minutes. During
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| EF buffers described in above was placed in a chanber between two

el ectrodes that were spaced | cmapart. The chanber had a 2 m vol une

- capacity. However, in this step, it was only filled w t ks amagoasnt of
running buffer such that an end of the lucite chip was subnmerged in ,
running buffer to a depth of 0.2mm As a result, a small area at the ends
of each of the |anes, but not the enti re area of the | anes was subnerged in

the runni ffer. Lﬂ?@@ hekhkdbbeg was
added to t Bf tef‘i;g Buft?a’é agg\%e gb ‘?Iadg Fﬁhg fs%éﬁﬁf)g%&to t he chip.
The field wagip@eeERbLEHeRY a rect angul ar waveform of +80V to -80V and
frequency or 1HZ for 10 mnutes. During 41 16 January 2005 the 10 m nutes,
a stir bar opps q$eGetshdibingnbioh Schiiati: $DfaPalyadrelansdeallociuphbtrsischamber
“and to the I'EF buffers. (4) The Second D nension Separation:

SDS- Pol yacryl amﬁé&r BEA6imiap BRI sl EmeAfibisepacition) te nlyptvhs réorieatatell imensi on
separation, the chip was reorientated in the chanb gm $ H]vvo el ectrodes
spaced 1. Stbﬁmfalpmet etwgens tineleeedes spacebl 3 4Hbap |SH NP 8% ch a way.

t hat | ect fi.el d
pa?al ?gl et %S‘?'{\{égﬁg %Iégﬁ%c eng}( %}agﬁk %?%&g%?qﬁw%g%}a?r olén&»tqﬁezl tgg\g!gag%&?he | anes
- where the RéE@bOBaralldl Yo tHedhld ahd wobRl Heﬁﬁmtedm\atagmfmmmetm @ppodinee ends of

the lanes. A 3% %DS sol ution was added to the runni n bufé;er t{lopma final
concent r at ivderothe preteigpacqumulaed in the [ stER fevards PRoRRRSHE SP0S ArtPe a8 di ng

(he SDS. LUEaR §i58 Ll GhtadiRl 1o BRAGHANE DSB8 RRE\Cohainualer passat el y. >

m nut es. e~ second di mensi on separation chip was imersed in a
si lver nit r9p®in tﬁ@huﬁlirfgblﬁfed mupedied!yt atcudding ke 31@3 thaslectsic ifigkd wag ai ni ng.
After silver staining, the chip was scanned by a commrercial office scanner

( UMAX ASTREeRgaimy USYFBéOQXafﬁhwm’i'Wﬁﬁ “‘H?ﬁgl talized and enI ar ged 10 tinmes
(Fig.22B). Fig.22A is a optical scan of a CLver st ai ngeg‘lg 19 %Jlrcpa

pl asma having a Alferdhe seeoud ¢insosin sergrationy haicpiPotias Mg &t V?:”fl fsi ng
met hod (obt %hp%g 50 SRBILE Ny %h%?as@@lmstaﬂ?%pﬂﬁbﬂé}ﬂ@r Qhin{AMhe@hip he

proteins in samne | lustrates that the use
of the mat rwas&sanmdmms;omtxamﬁaasbmmmm AISTRAIRMeThepcanped y| t s

than traditional nethods. The resql.utjon t i_.pensi onal
| b andimpgs waf et g colpsrd g B B ibrib it Shach Rl pPENS O
Using An ATy stained gel of human plasma having a pI of 5.50-6.00 using a traditional

isoelectric focusing method (obtained from the Swiss Data Base).

The position of many of the proteins in Fig.22A and 22B are the same. Fig.22B
illustrates that the use of the matrices, arrays, systems and methods yield much better
results than traditional methods. The resolution and sensitivity of two dimensional

IEF-SDS analysis is much improved.
EXAMPLE 5

Two Dimensional Analysis Using An Array

An array containing one IEF/lane unit was constructed and used in a two

- dimensional separation.

(D The Array

A 10% polyacrylamide gel having 2% SDS was deposited as a narrow lane on
a 1 mum thick Lucite wafer. The dimensions of the lane was 10mm length, 0.1mm

Width and 50 microns thick. The lane was then covered with a 100 micron thick

cellophane layer that had a 200 micron diameter, circular perforation. The celiophane
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An array containing one 1EF/|l ane unit was constructed and used in a two
di nensi onal separation. (1). The Array A 10% pol yacryl am de gel having 2%
SDS was deposited as a narrow lane on a 1 mn thick Luci igrawafenos The
di nrensions . of the lane was 10mm | ength, 0.1nm w dth and 50 m crons thick.
.The lane was then covered with a 100 mcron thick cellophane |ayer that
~ had a 200 mcron dianeter, circular perforation. The cell ophane 42 16

~ January 20Q5 | ayer,.was, al.igned with the.lane sao that the circul

 pertfor at  orliga a8 BHTR i AE s b et iR o arlioh i Pt b s
prepar ed byenHoktHagamo! yacryl am de gel, pH 7.00 buffer and anmoni um
‘persul fate to forma 7% pol yacryl am de gel. The pH 7. 00 buffer was
prepared by m XiAYOrEFOsdEfeR wablpRiphded By rhiRid cril SngiFaRk], Wit No@butts ab HO
and 42 mM of water. A drogygf IEFnguffergrb\/\ﬁf(ﬁ%i cri{gposited\f,iﬁtn t he perforation
and al | owedmreonig|persnifgte t¢ foyrmmhEZemotyaer bimisia geb nTgaFhv 89 byfer Wavel ectri ¢
Focusing The_arr repa deseri bed C i er
cont ai'ni ng pr?p&ﬁcrﬁg'%ﬂ%% 5e(rﬁxdll( %%H\I_g&éfl?org&s ?I?R E%?*H’%ﬁgmé I%eu?t2 r%@ ]élgj.l gﬁkﬁ?r unni ng
buf fer conghidfehtalf A dMDPTEF butt@dnad dePodifel] in theSprifoliot @AR Il a0l M crogram
of human plasma protein was added to the running buffer. A square waveform
vol tage of seB@i(y.to -30V and frequency of 1Hz was generated for 8 ninutes
whil'e the running buffer was cireul ated. (3) The Second Di nension
Separ at i on:(28DS-libg epanationti Ipgalegimn Feaissigat i on,” a DC vol t age of
30 V was applied along the lane for 5 mnutes. After the second di nension
separation, the Tcrapy pepaiethae dessdbedhabpveiwasealacedin # thambepconthipmgt o st ai n

the | ane. The.l a S¢S lwver.. stain for,three nm.nutes.under l.t ravi ol et
1 um nat 1 G GRS kPRl ey el o 5 el Mk SRed PO b
si | ver - st ai INREK )88, Ghixed Weth HOark e 86:8PSsiAg emidragmahi RN phlsgana
proteins having pls ap&)rom mately 7.0 in value. MPLE 6

protein was added to the running buffer. A square waveform voltage of +30V to -30V

and frequency of 1Hz was generated for 8§ minutes while the running buffer was

circulated.

(3) | The Second Dimension Separation: SDS-PAGE

For the second dimension separation, a DC voltage of 30 V was applied aldng

the lane for 5 minutes.

After the second dimension separation, the array was immersed in a silver
nitrite solution to stain the lane. The lane was silver stained for three minutes under

ultraviolet illumination.

Figure 23 shows a magnified, optical scan of the silver-stained wafer. The
‘darkened areas are stained human plasma proteins having pls approximately 7.0 in
value, |

EXAMPLE 6

Two dimensional Analysis Using Three Electrodes

An array as described in Example 5 was prepared.

(1) The First Dimension Separation: Iscelectric Focusing

The array placed in a chamber containing running buffer (pH 6.9), a stir bar
and three electrodes. The running buffer consisted of 1pMK>SO, mixed with HCL. A

sample comprising 1 microgram of human plasma protein was added to the running
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Two di nensional Analysis Using Three El ectrodes An array as described in
Exanple 5 was prepared. (1) The First D nension Separation: |soelectric
Focusing The array placed in a chanber containing runni ngs bydabeno{ pH 6. 9),
a stir bar and three el ectrodes. The running buffer consisted of 1 MKR2SO4
mxed wwth-HCl. A sanple conprising 1 mcrogram of human plasma protein
“was added to the running 43 16 January 2005 buffer.. Using two el ectrodes

t hat Were raI to t | ane of the wavef orm vol t age of
30V Lo - s bemedtaaeybus e aalies e afre oy ST 7L 29
runni ng b“\];vilﬁarfoff@%l E%?'li-%\?% -30%) anllTRequSicy it 1027 BRTeAErateR B SFibiries

SDS- PAGE For the secg di mensi on separation, a DC voltage of 30 V was
applied al wh@ethehmadlmlblffemmas citwlateds. This was acconpl i shed by detaching
one of the el ectrodes used in the | EF step fromthe power supply,
reattachi n@)it : ; EphE AGH art hest fromthe | EF buffer

and activating the eI ectrl c fi eI d, et c' Fi . 28. In this case, although
there is a sl FortbmsteenddnlrrleasxehecparatmalaDﬁIﬂ:étagmafSO&’wustappléﬂdeﬂldn@ to the

| th f | ectr,i f be d.d th
| nesi n o BEIEEEPORMTRISy O et bb derfag Sa PHUE EREMeF it and
efficient gepardat gtwfre,fn thdBowdsBpRy %a&dahfnlgqt {oARCendB1RE 1ahB Bra$ RCON

di mensi on separation, the array waS imersed in a silver. nitrite solution
to stain tfaghtstfrom tht&EF huferead agtivalipg thet d¢atmeifieldy ete.h Fége2&ri Inbie sasgnder

ul't l et ill t 77.16.J 05 24 h
mgni 11 ea. Apapet Bertds aama. s eplkcugal myBEHRLk ap PRALA IR ik " °
magni f i ed. thdfegs sigmlﬁemﬁq( bR afechical ﬁ:‘rr@ Wd@%ﬁmaﬁﬁﬁtﬂlfb&mmaw ng pls

approximately 7 in val ue, EXAMPLE 7 eparation of Protein M xture

Conponent sawayi firem thediEFbuffise ﬂiakalinmﬂgmﬁwéamfﬁglenbﬁmamn gf et er and 2mm
deep, werer cl| l. e&le nteo the face of a rectangular, pl astl c (Luci te) pl at e
and fill ecfj 1B a{a%lrose gel. The holes (herei nafter "channel s") were

arranged in a g;&%ter tlu'a ge%o;cl 1r111|16(r)1sr}10n sgppargionrr&lt ean%y was immersed in a silver

nitrite solution to stain the lane. The lane was silver stained for three minutes under

ultraviolet illumination.




-mm di stance from each.other. One side of each channel was sealed with. a
protein-i Wo o transparent nenbrane nade of commercial rykoayp@sbr ane

(ICN, Irvi i &&5897 7 sof ocusi ng buffers having a pH val ue corresponding to
the isoelectric point (pl) of cytochrome C, deoxy-henpgl obin, henpgl obin

a2 2, C-phycocyanl n, ﬂ&eﬁbﬂksh@ﬁéhﬁza?ﬁﬁe&,%fﬁggrlls egﬂﬁitggggg, \F%%g gpared.

The channel utfers (here| nafter were pre m xi ng

ei ther glyci y‘dr@g@rbaﬁlam siainas hombh ﬁfsimarpwbﬁl@m c acid),

trls(hydrox% THI\/A , Citrate acid, BICINE(NN
bi s(2- hydroxyrre?ﬁya%qym feY , i methylglutaric acid (DM3A) with wat er

-and titrating each | EF buffer to a d; gferent PH usi ng sodi um hydr oxi de,

hydrochl ori de or Na2HPO4. See Table 720 Table L I1EF buffers and
correspon i F Buffer Ool or of the No.Concentration
Pr ot ei npl BORIE HYIg gitizci ne; cyt ochrone

C9. 280. 02red 214 M NaOd deXOX| 7.0710. 02brown red 50mM HEPES 25312nM NaCH
henpgl obin 7.2 f 0. 04+ ¥EAEAHG hP@FthJelnermnd-Eﬁﬁtﬂeé;ﬂv@ﬁ/ﬂﬁﬂédxﬁW

Sanuary 2005 aome B e e intiq LAGR s mdutiscuts Yemmaromaaeh (et
holes (hereinafter, “channels™) were arranged in a gnd like fashlon, approximately 3 '
_ mm distance from each other. One side of each channel was sealed with a protein ion
10’ transparent membrane made of commercial nylon membranc (ICN, Irvine CA).

Isofocusing buffers having a pH value corresponding to the isoelectric
point (pI) of cytochrome C, deoxy-hemoglobin, hemoglobin o,B,, C-phycocyanin,
" Ientil lectin and ferritin (BioRad) were prepared. The channel buffers (hereinafter,
“IEF buffers”) were prepared by mixing either glycine, HEPES (N-2-

15 hydroxyefhylplperasm—N’-ethansquomc acid), tris(hydroxymethyl)aminmetan
(THMAM), citrate acid, BECINE (N,N- ~bis(2-hydroxymethyl)glycine or B.B-
dimethylglutaric acid (DMGA) with water and titrating each IEF buffer to a different

- PH using sodium hydroxide, hydrochloride or Na,HPO,: See Table I below.

20 Tablel IEF buffers and corresponding proteins

1]i%;;ﬂ'e1r IEF Buffer Protein plofProtein | Color of the
A% 1 Concentration ' protein in
(aq) ) | buffer
1 { 50 mM glycine; cytochrome C 9.28 £0.02 red .
14 mM NaOH |
2 50mM HEPES dexoxi- 7.07 £0.02 brown rcﬁ
12mM NaOH hemoglobin '
2513 | 50mM THMAM - | hemoglobin o*,p*, | 7.2 + 0.04 red
: { 44.6mM HCL
4 52mM citrate acid | C-phycocyanin 4.65+0.02 | blue
96mM Na,HPO, | | ‘
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-650mMM DMGA ferritind. 6 0.05red 40nmM NaOH Each vertical series of channels
inthe matrix were filled with 31 of one type of IEF 5 bifltmeayfe06m Table L
The fille RIS were sealed with a protein ion transparent nenbrane
(sane as degeri-bed—above) The pmirix conprising the channels and | EF
buf fers was {8l aceq sohaReNt WO iPf.AkiRUM el ectfrodes | n"a fhanper having the
I nternal difgensions 50 M w dthae%&#fnnei ght gﬂﬂ‘ nmm | aﬁ@Pﬂ‘?SSEach :
el ectrode had aoDrdﬁM@‘@Qﬁthe sane 10 di nmengions as thejnmatrix and pas
arranged injparall ry agproxi matety 5 jenm—fromeagh—ether—Fhe
chanber fur{her coﬁBT“ﬁgg)gY ni s |dETBN0 1M K2S04 4.6:419105g  blifler such t fiat
the matrix fnd th¢46mdENaoHES Wgre imersed irf the running buffer. A{stir
bar was present 111 the chanber—to—ensure—sirculation of the running buffer
across the channels. The chanber was placed on a magnetic stirrer. 15 One
m crogram ofﬁéglgy one of the followi ng proteins were added to the norning
buffer in t Watied seriesyff olednnelstn e mblRA% Wet ég),g;{ ' hemogl ohin 03213.
C phycocygni’) erllﬁonthj Iﬁ;ti n_and ferritin (egl;%%ad -_tﬁ)%lﬁfeonpﬁg:%mjo i ns were
being stirred~itrt {ablekabefilled chapmls weredenled evithfa proO@ioRGafbgara®V/ cm vas
applied to e brlfsdnt il putes. After this time, the direction of
the electric fiel d%ms&%gg%cﬁjgé% e?‘or another 2 mnutes. This process was
repeated 5 times. Pr ' rting of each of the proteins was observed by
wat chi ng t?ﬁe accumul a dilgér@gfo% HsIgg the ﬂ%@%ﬁ%@ﬁem/rﬂmsﬁcal seri es
"(col umms) dietwbanwel patinuedehdlbyin 44 i [y ﬁ%rt' ng  was, conplete within 10
m nutes. 25 MPLE 8 A 25-channel n&%ﬁg was %Jt:hg%ﬁ?‘@% (g’élgg’é%%grﬁod@@ I n
Exanpl e 7 %GHht 00mppheighiend HimmHength v Easteslbitiak hﬁ&ﬁﬁﬁéﬁﬁfa&f?ﬂﬁ?&%@ were
filled -Mg%g%igﬁll%\éngwgﬁéfer no. 6, buffer no.” "4, an urfer no. 3,
from Table . See Frg°49 éF prrangedjig peralleligeametry appebyimalddg's Bl i X was
t hen pl acedrdm ] ' buf f s 46 WO 03/008977 16 Januar
Len Pl eadh GTRGMIRE cidnitler FHR D8 BY LS onds o Poihs K,SO, nimning Y
buffer such that the matrix and the electrodes were immersed in the running buffer, A

stir bar was present in the chamber to ensure circulation of the running buffer across
the channels. The chamber was placed on a magnetic stirrer.

15 One microgram of any one of the following proteins were added to the

nmning buffer in the chamber: cytochrome C, deoxy - hemoglobin, hemoglobin o',
C-phycocyanin, lentil fectin and ferritin (BioRad). While the proteins were being

stirred in the chamber at 25°C, a voltage of 100V DC (B= 20V/cm) was applied to the

electrodes for 2 minutes. Afier this time, the direction of the electric field was reversed

20 for another 2 minutes. This process was repeated 5 times.

| Protein sorting of each of the proteins was observed by watching the
_accumulgtion of the protein into one of the vertical series {(columns) of channels,

Generally, protein sorting was complete within 10 minutes.

25 EXAMPIE 8

| A 25-channe! matrix was prcp_aired as described in Examplé 7 except
that each of the five vertical serjeg of channels were filled with the following: buffer
1no. 6_, buffer no. 4, and buffer no. 3, from Table I See Fig. 9 from left to right,

respectively. The matrix was then placed in a chamber with running buffer as




el ectrodes f Qhndr

descri-bed in Exanple 7. One microgramof ferritin, phycocyanin (1 S band

of the IEF,_, standard in BioRad, Cat. No. 161-0310), phycoeyawnn2qg2nd band

of the |EFYQYMBFE in BioRad,- Cat. No. 161-0310) and henpgl obin a +2p+

wer e added tgﬁénhe_r.urbga&%ubg%r. Wil e the proteins were being stirred in

t he chanber, ] g oo BE faritik \ pRd.J o the
- s PP (15

S fter this tinme, the tric
field was reversec([jqnfr%i%’ a o@%‘ﬁo'iGMOﬁb@kﬁhYWhY@WdﬁadommFmaﬁdiﬁ

ti mes. Prot eBwRadyCitnigo of61989b L1 pEOL NS was. observed by wat ching
the accunulation of ferritin ?ﬁ{doﬁepﬁgl#ﬂgtzb\?@feﬁ%délpd'%ihﬁMgbuﬁmel s,

phycocyani n Y RHe Rigrgteing wane beingstifd G Bb ot Cal rj of | s,
phycocyani#f (E_Z_?@vggﬂ)d%’ i nt ge# he third verti cgﬁcﬁs?éf@edsw?oﬁq,aggﬂgﬂﬂﬁf‘ﬁpsand ‘
henogl obi n a +2p+2 Nt o HRESY {orthe elpairades fir Sminues, ﬁﬁﬁﬂﬂ@ﬁﬂ%'tﬁcdﬁ%oﬁi g. 9.
The negati vefderdléddic fildSy rth verti.cal series of channel's,  showed
no accunul atj on of any of ?ﬁ%&gﬁ%?&iaﬁ‘g&eﬁéﬁlﬁlgﬁﬁmm§PIQGDQSI\msmepdawd5 '
accumul at i oHmess protein was observed in channels containing | EF buffers
with pH values that did not 15 correspond to the isoelectric points of the.
~ protein. Generally, pPoiteingospbfBgh nplete within 10 ninutes.
~ EXAVPLE 9 Mpthod. for 'agn_o$i_ng Di ab\g?gls?lﬁgf Wf’élq\ﬁnﬁ?’%{]@l‘b‘ﬁa‘?mg(ﬂﬁagnosi s
of di abet esXmatoRof fergtin info fhedirgrwortiva lgéﬁes_gfmﬁagﬁg?&ﬂl Bﬁi ﬂ%i n })he ,
‘ycai e £ %qng

bl ood of 10h@tdmki g dest e The quantity of g inin
the bl ood can exgregsﬂggﬁ as FIpRP Phygocyanai (2*Heand) jreathedhienogl obin to

(bl ) A nonea: year scndle/ s BRPRECIS SR Ml Tl Varkh petesrogy 35
di agnosi ng C&%gegﬁeﬁ&eq'lﬂ‘he(ﬁeggimaﬁ@a,aagmeq ] Y5aL8d hen? obip was
det.er m ned Sh@Wp@noB&u%@%@?lpﬂ?ﬁg}H 7.22, respectively, USTAY L g‘%‘ﬂ“F nal | EF

gel el ectrophoresrs: 9f the proteinn oBirthermbrepligie Bt 26 Qédﬁﬂlﬁzm:bnp"'

conpar t mentof prateia. waspbsdvabinah 22 prepared. 30 The chip was
‘made by gdrilling two hol es, 2m%“”%§°8f7‘%%’?%mmmth@ébwudsmadimmﬁ ace of

a rect angulCFesPend &q the igoelecideaoint 6t Bfeih ith 3% polyacryl anide
gel . The h%ﬁﬁz&@{ﬁhq%ﬁéﬂﬁe:??ﬂnneﬁﬁz ) wer gegg?jgﬁ&%e%ﬁ&ﬁ%%ﬁt gl y .--47

EXAMPLE9

Method for Diagnosing Diabetes.

A hallmark for the diagnosis of diabetes is an increase in the amount of

I i
glycated hemoglobin in the blood of the patient being tested. The quantity of glycated

hemoglebin in the blood can expressed as a percent

20

- age ratio of the glycated
hemoglobin to total hemoglobin, Accordingly, 7

| hemoglobin (HbAlc) and non-glycated hemo
25 diagnosing diabetes,

the concentrations of glycated
globin (HbA1) should be measured for

The pI of g.lycated and non-glycated hemoglobin was determined to be
pH 7.22, rcspgcﬁve]y, using traditional IEF gel electrophoresis.

a diagnostic chip containing two PH compartments, i.¢., pH 6.95 and pH
7.22, was prepared. - | .

PH 6.95 and
Accordingly,

30 i ‘ illi
_ The chip was made by drilling two holes, 2mm in diameter and lmm

deen, i .
eep, into the face of a rectangular, plastic (Lucite) plate and filled with 3%

polyacrylamide gel. The holes (bereinafter, “chénnels”) were arranged -approximateiy '
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WD 03/.008977 16 January 2005 3 mm distance from each other. One side of
each chan%ﬁl)o%‘ygors?gseal ed with a protein ion transparent néforanzoofade of
comer ci al " ny tenbr ane (ICN, Irvine CA). An isoelectric focusing buffer
having a pH.value of 6.95 was prepared by mxing 22.4ml of 0.1M NaCH with
50mL of O. | r€1%ﬁzgﬁn%m%mw@w%eﬁeﬁfMathsﬂe&%ﬂbmtﬁ _

| soel ectri C ;406MS having.a pH value of pH 7.22 was prepared by
mixi ng 36 1(?) a .BW%BWB- ?f%i@ﬁ%ﬁxﬁmb@@em,laﬁmﬁgﬁmo for

total volune of 100 m,. .Th EF. buf.fers were m xed wth acryl am de
persul fate. The mixt uf“@és?ﬁgﬁ”h“a@m&'a@eébamépahmm%wwwi zed

therein. Theg niikinked 4613096 gbﬁﬂ ' tei.n jion_fransparent
menbrane (sanme as 10 descri bed anve?. & CW&%&&M@W#@ ration
chamber b t-%ﬁ%lﬁoiwQﬂlé)@imhmnisbdemwﬁﬁ;ﬁsiﬁgbﬁﬁ'&‘m%aréﬂv eo ﬁﬂf ternal.
di mensi ons gf 50 nm wi dt h, 100mm hei'ght and

he separation _chanber were _
50{1111 | engéI hm;%rc@ﬁa‘?&&ﬂ%'& I sgﬁgﬂo%gmmwmm qfa}m.t' fNaIEB@iigmB afs t he
matri x an roximtely.5 . cm from
each ot her. Theégg(gggggdfﬁbrlt éera#(izﬁ(;drrlf)l?J %&%%@Wéﬁk%@@ (pH
7.44) runniP@'Slﬂfaw.éFhesm-mh bdvadretae ht@tséﬂa%atéeﬂ 5%£E§8§’ﬁ%§1§éd&@%ﬁ%‘i mrer sed
anber

in the runping buffer. A stir bar was present int nsur e

- circul ati o%‘f ﬂil‘ﬁié"ha?‘lﬁ]ﬁWP@ seled with aareisin iotansparentinsmbrahb ¢sageagber was

- placed om)addsBematahsyestirrer. The el ectrodes were attached to a power:
supply that could reverse polarity. 20 d ycated henogl obi n was purchased
from Abbot [N A86-I0]Thelgﬂﬂ)- %I cat.ed henpgl obi n H 3883 was purchased from
Si gma [ 9008- 02- 0] , .r espect) ¥ lij?%ddﬁlseﬂagaéwnﬁhm%bngv@mmmwmm curves.

. Prior to preledmodespstshewiingig! 2STRE i ; | i bratij.on curve, the
extinction goefficients of igl ycat ed ané(] %%%q%ﬁggﬁ&ﬁeﬁ o smber Weee
measur ed at fh, & r@tmsm&m,iﬁmtdmoa@ﬁydgﬁm@ gst ant
over 25 th%ﬁ@ﬁﬁe&éﬁg f@{? the,ggé]i bration curve. See, for exanpl'e, Table |
bel ow and Fi g. 13. & BRI prhwebermged inpardllsl gettrnapradmatohs

t hr ough tSvenpfroreactddthef dte CHARLS furth c atiqn.. The neasurenment was
performed ysjing a conmmercial sp‘gctro%%g’%gﬁﬁegwlﬁkl‘gqg%g]zﬁ&ﬁ@ug?

Phar maci a. - ) 0BnPEdartier afch thatuhe ma@RQad ARSI Id M were immersed in the

' running buffer. A stir bar was present in the chamber to ensure circulation of the

running buffer across the channels, The chamber was placed on a magnetic stirrer.

The electrodes were attached to a power supply that could reverse polanty,

20 Glycated hemoglobin was purchased from Abbot [N1A86-10]. Non-

| glycated hemoglobin H-3883 was purchased from Sigma [9008-02-0), respectively, for

use in i:orming calibration curves. Prior to preparing the mixtures of each for a

calibration curve, the extinction coefficients of glycated and non-glycated hemoglobin

were measured at several concentrations to-confirm that they remained constant over

25 the range used for the calibration curve, See, for example, Table 1 below and Fig. 13

The extinction coefficient for each was constant through two orders of magnitude of
the concentration. The measurement was performed using a commercial

spectrophotometcr LKB 2202 made by Pharmacia.
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" C (Mdle/lL)(arbitrary units) 1F-60. 015 3E- 6f 0. 044 4E-60. 063 55E- 60..0_77 )
60. 107 8E-6 0.121 9E-6 0.138 10 18-5 0. 15116Jkwary2d050. 317

6E-6 f0.0 E-
?ﬂé-gg%&?%ll 5E-5 0.748 15 6E-5 0.901 7E-5 1.06 8E-5 .1 1.196 9E-5

3E-5.0.45

1.377 1E-4.1.497 20 To genepate the calibration curve, six multicell

chi ps-

each having two
m xtures having different r
gl ycat ed henogl obin. For ex
Hb were resuspended in a ¢
Tabl e 2. Absorbancy readi ng

cells -- ajpH 6.95 and 4 p
i of comjer léﬁ“f B ai
nﬂ}@{olmtm}ﬁes Gwbiraryat e

S
al cul HE6d by

(.22 celT]-- were exposed to
abl e henogl obi n and
Hb to non-gl ycated
of 25,{fKEPES- NaOH (pH7.5). See’
e—taken—+oe+—each cell. The
Ii vi digng st he 4bsorbance readi ng

per cent age absorbance was ¢
for gl ycated henogl obin by

t he  sum or

L L L
E A0SO 0antce—+

eading for glycated
ion of glycated

by dividing the

henogl obi n .and. henogl obi n.{. Thedi5ér cent pge cod¥dnt r at
PR e R
> SE-6 0.077
6E-6 0.092
7E-6 0.107
8E-6 0.121
J9E-6 0.138
10 1E-5 0.151
2E-5 0.317
3E-5 0.456
4E-5 0.611
5E-5 0.748
B 6E-5 0.901
7E-5 1.06
8E-5 1.196
- 9E-5 1.377
1E-4 1.497
20

.To. generate the calibration curve, six multicell chips each having tweo

cells -- a pH 6.95 and a pH 7.22 cel] -

were exposed to mixtures having different ratios

- of commerecially available hemoglobin and glycated hemoglobin. For example,

mixtures of glycate Hb to non-glycated Hb were resuspended in a constant volume of

25

HEPES-NaOH (pH7.5). See Table 2. Absorbancy readings at 610nm were taken for

each cell.” The percentage absorbance was calculated by dividing the absorbance
reading for glycated hemoglqbin by the sum of the absorbance reading for glycated
hemioglobin and hemoglobin. The percentage concentration of glycated hemogiobin

for each mixture (x;gﬁs) Was calculated by dividing the known molar concentration of
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WO 03/008977 16 January 2005 gl ycated henogl obin in each mxture with the
sum of "the_total known .nolar concentration of glycated hEnegkobid? and

non- gl ycat ¥® 388847 obi nin each nixture. A line that is correlative to the.
percent age absorption vs. percentage concentration of glycated henogl obin
was dr awn - f gheatcl hemaglobirtinedcitmbaure T the g@fﬁﬁ%}g B, per cent age
absor bance cal cul at ed fromthe absorbance Tea |ngs sarrpl e at pH
6.95 and pH@%ﬁﬂwﬂ sglmtqdmmbbrmmn-gim hehivplabel Reatingdtek.

gl ycat ed henmogl obj n in the sanple was extrapol at ed
fromthe cal | at?&olﬁ cg%ﬁ%’?/‘gee%?é éS%%Vszpmmmmmmm

tedih !
e gt e Sy O B

e (W oDt o o ot s 690 ikl Ao
 5e-60. 070l eﬁ%aﬁ%ﬁ 7;%23 %@@mﬁcmmtageofglycated
9e- 60. 141| eheﬁogl&i:ﬁo?é&o&?h&ﬁ%ﬁﬁg%{ﬁ% gﬂga@f@éﬁp”&vﬁe{“;@ ad?xe/gl.tg a

chanber conprising a chi escri
for 10 m. nuEuEee. w&bﬂef%ctlon of the electri cal field was reversed 1
ti me/ mnute. Henoglobin has a strong absorption at 61 Onm which could be

det ect ed i nTable 2. Gakhx;atlo"ﬂmﬁwmms%@néﬁwﬁfonhﬁpﬁb %ﬁ %ﬁ £y be added to
detect gly ted or non gl ycat ed henogl obin e optlca sorption of the

el

gl ycat ed, (gr ei ed herm Iob| n That—accpmutated—Hr—the—pH-6. 95
and pH 7. con%a S & e, [whbsarptiouf eCCLECG [aA1/(A1+A2

spect rophoff ondbAic . h@;meauiﬁ)s WeHgAfxp esseli as ere@zyage copcent fation
hermgl bin (X

(DS

ver sus per(e(uhamg/l‘bsor bance "o Iob to totg
. "vs. Y axi $, respectjvely). Sep @lk&ig&ﬁi E@ ‘fic )( o} he per(:é tage
absor bance Fef—t+he—ghysated henpglobip ipn t ltf)ested m xturgq was cal cyl at ed
by 30 dividindetéhe absayppsyce yeaqipng ffom,t pH 6. 95 conmpartnent by the
sum of, the : . _4@? %°99 1.03
| {26 0.037 7e-5 1.090 2.77 3.28

Se-6 0.070 le-4 1.461 4.76 4.57

7e-6 0.111 9e-5 1.333 72 7.69

Se-6 0.141 le-4 1.421 8.25. 9.02

For each mixture, 10 ul of sample was added to a chamber compnsmg achip as-

20 described above and subject to 150 volts for 10 minutes. The direction of the electrical
field was reversed 1 time/minute. Hemoglobin has a strong absorption at 610nm,
which could be detected in this assay. Therefore, no TRM or label needed to be added
to detect glycated or non-glycated hemoglobin.

The optical absorption of the glycated and non-glycated hemoglobm
25 that accumulated in the pH 6.95 and pH 7.22 compartments, respectively, w.
measured using a spectrophotometer. The results were expressed as percentage
concentratlon versus percentage absorbance of glycated hemoglobin to total
hemoglobm (X vs. Y axis, respectively). See Fig.14. Spemﬁcally, the percentage
absorbance of the glycated hemoglobin in the tested mixture was calculated by
30 dividing the absorbance reading from the pH 6.95 compartment by the sum of the'
absorbance readi_ngs from the pH 6.95 and pH 7.22 compartments and multiplying by
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absor bance readings fromthe pH 6.95 and pH 7. 22 conpartrents and

mul ti-pl yi.r{? ,bg 50 WO 03/008977 16 January 2005 100. The p&s hantyages
concent r atWB{3/889% ycat ed henogl obin for each mixture was cal cul ated by
di vi di ng the _known concentration of glycated henoglobin in each mxture

with-the sunl08f T?lﬁaem@xtagemmmemsgtywéd%@otgﬁﬁm GiRalobi n and
li"'ne that 1S

~ non-gl ycat eqaﬂﬁgp. l,ohi.n.in ch mxture. - A COlfelative to

- the percent age %Qg@'}l\aﬁngﬁﬁ 10WIspansARimiion obglyeated harm@ylobih ig kxhat ed
henogl obi n eaitttuge With eHeah: &R alcul ated data. See Fig. 14. Next, a
sanpl e of bl ood was taken froérﬁoéélggﬁoﬁ@r???lce?h@h% hemoglobid aged at 500

g. Al Qul &rrgbsttedhembglobinge et miinuea ; anber _conprising a
.chip as ge goi ed above and subject to %S%Q\c/{(ﬁ;?t%&?rgerlﬂﬁﬁﬁﬁmﬁ%?g&?ﬁe 10 .
per cent agé g@s&? Anc P BIeniAsy cancsatmdomof giikatedibemopRbeAERIE bYRS: | ated .

as descri bt cakaMeedday Sé@'{g}" The percentage concentration of glycated
henogl obin for the sanple 5" dpproxi mately 5.2% based on extrapol ati on

fromthe line drawn i Fig. 4. .Thig result indicates that the person

bei ng tested has di ablg?"e%%gaﬁﬁjlg%@eém&é@?ompmmf'memeocp&veswit_h

di abet es unchtrifogeitat 500 UtA i0ul RiiSGSR" he 15 narnpl range of 3-4%

EXAMPLE 10 Met hod for_dgter_m' ni n cgﬂﬂe%@‘?% d"é?th%iagﬂgchhWect raic

focusin As WTTRELHE aphips deseribedraovdrandubicsi 816y th&fbﬁVi’@ilﬁjQu rofrgi ns are
t ti

20 sepérmerq?‘% | soel ectric focusing process of I's 1nve f, known
quantities‘o Ekg%m%aﬂ‘é‘?o Yealrsbhemogliobi instbe bayfiplé nas eylcalathdldsght  chai ns;
Jackson | missaibelRabeai et LaRoy les: . .pl = 8.2). were deposited into the
runni ng. bu%&g{h of a s&stem gg tﬁi%e?(?emf%ﬁwwm?é@m&ﬂh@mmbhed a
"separati o F pRmple was apprexinieaein612% basdd oflie - 0fe 100 microns and a
tetal vol uggqﬁ‘, Tl i?iﬁgl channel had an IE u?%ugg.ﬁ%%ﬁ%‘ﬁaw ange of
pH 8.2 0. 05 pH unitESRgcpiesthati tiemerson beimp destddyhagidiabb@s Trhg G yci ne (pH
8. 20 +/- OpEfventBreik Atbicat r. 161-Q771) into a standard
~ pol yacr)il ani de tggel . Q%!)cacg(?ri%llg?@feg“ﬁﬁgag%?t T opgtroblnt iskighetthar 18, 000,

300, 000, 5799‘,'%@%%9:}&3—4%.000, 000 nol ecul es of the above I1gG were added to

acryl am de and pol ynerized in 30 individual pH 8.2 channels. Their
fluorescence was nmeasured with a Zeiss Axiovert

<

EXAMPLE 10

Method for detexmining collection efficiency for isoelectric focusing -

As a means of determining the efficiency with which proteins are

20 separated by the isoelectric focusing process of this invention, known quantities of |

Alexa Fluor 594 goat antimouse IgG (heavy and light chains; Jackson Immuno

Research Laboratories; pI = 8.2) were deposited into the runmng buffer of a system of

this invention. The chamber contained a “scparation chip”: a single channel of a

~ diameter of 100 microns and a total volume of 1 nl. Each channel had an IEF buffer |
- 25 with a pH range of pH 8.2 + 0.05 pH units. The IEF buffer was made by mixing Tris
- Glycine (pH 8.20 +/--0.05, Biorad, catalog number 161-0771) into a standard

polyacrylamide gel.

.~ Tocalibratc the system, 10,000, 50,000, 100,000, 300,000, 700,000, and
o 1,000,000 molecules of the above IgG were added to acrylamide and polymen'zedi;i
70 individual pH 8.2 channels. ‘Their fluorescence was measured with a Zeiss Axiovert
200 fluofescent microscope using Axiovision 2.05 to %antiﬁ/ the fluorescence o

intensity. A calibrati . .
nsity. | A calibration curve of fluorescence intensity vs. concentration of the
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- 200 fluorescent mcroscope using Axiovision 2.05 to quantify the ‘
fl uoresc_er\gg intensity. A calibration curve of fluoresceldempm@isity vs.
concent r at Y orr¥889The 51 WO 03/008977 16 January 2005 fluorescent marker was
generated fq uog%gnglgri s]({)n with experinental fluorescence intensities. .
Next, 50, 000, 10 QOATK A Yehs BeOdaie 0 86 conlpaistbni fl;,gﬁ, re
tested in ”b?tpﬂsqﬁé’se system Each anount was I?ﬁlélﬂ)%)lqs ua e’a"%qglg‘ﬁ‘%g‘?%f‘g% into a
running 5 bufter of a chanber. Isoelectric focusing was performed for each
anount under fi xed sg\Par‘ tion conditions using identical separation chips
as described above (16%%r3:098, 1Q0008u e 1,080,060 molkchles 618 aBbw Thly Werd ™ Of
a Tris d yc&m@ﬁ%}e%ﬁr g 3 OV.DC current). After each experinent,
the fluorescent intensity was neastiagt Wes mdividnabyidsposited inde @

f 1 uor escenrt bi@rafscbpmben dsaluny Beu ﬁﬁf ljijbrated results. 10, The -
results Sho%a%a?lat t he .col | ection gﬁﬁ}éc‘?gg cy Ogge{iggeﬁ&bﬁ"é‘%mi%d@@?é to
0

100% wi th a 8F §eR<Bonsdwsme: idensical ssparation Shif O destMUIGBbIAE ot MOSt
all of the Wl@l%é‘ﬁaﬁ-ﬁ{ﬁ g a edd]%tgg glel_r H_chanbers in during the 10
m nute duration of the BxpEeB%rfP.' 013 §tis Gdycimh@HSt.8pbufferbo3ov e fit -

was 45.85. oumeenfbddics sach xPeRBent! f cence val ue neasured in the
calibration,r. ?@_&V\QI | e th-e@grdi nat ecﬁggfeéééé‘ﬁ?‘@g%“ﬁmmpémm ai ned

r.u
after the 9% QQQUQWHmyrqmqmmﬂfwmwﬂ%&ﬂﬁ%ﬁﬁﬁféﬁrg%ﬁs t ot al
number oi protein nol ecules in the sanple denonstrating thée hidgh

sensiti V_Qy of isoelMMbMﬁM&&lﬂ&ﬁbﬂW?Eggﬂgl Socebds LB January
2005 cl ai rrsmog,.wﬁlg?érllx.for i.sqQcl eetric focusing = c?o%ﬁfﬁ’é. e} | east
one conpartment or - 'I'I?a%%‘foﬁﬁﬁ' 160 ofr = 45999 Hindhratifethapalehost all §BEL One area

cont ai ni ng paote'ﬁﬁmd;eﬁlérﬁt%@ wherejn the | EF buffers have a pH
R0 il i} Bl e

range of 0.1 pH unit or |ess the 10 minute dratiomofthe he

second | : EfPginggnt.hdeecFig. M BhieePvalfie & ' rd €5S.. 2. The matrix
accordi ng Hﬁfﬂo ésm 1, \gﬂ]grei n the I?EEr%Illjéf)gke‘!r'é{éB ‘ii"l%\g/% Tge%ﬁc’rg%ﬁ{g@e‘éffnt%. 02 pH
units or |ess. % CHIFE Vi @W@m@n@ihmimmnmlﬂﬂetﬂ@ﬁf{ﬁﬁd@e}eﬁf‘esémg fileX

15 fluorescence obtained after the isoelectric focusing runs. The numbers represent the
total number of protein molecules in the sample demonstratin

| isoglcctric focusing in narrow pH channels,

g the hi_gh‘sensitivity of




conprises a plurality of conpartnments or cells conp 'using an | EF buffer.
4. The matrix according to claim 1, conprising nolecule inperneable areas.
5. The matrix according to claim1, conprising ion inperieablag @ras. 6.
The matrix according to claim1, in a systemfurther conprising a device
for circulating running buffer across the | EF buffer or cell. 7. The matrix
according to claim 3, c&lﬁ)ri sing the plurality of | EF buffers, conpartnent
or cells isolated frome QEF)@omnkm atlﬁatahd:el to an
electrical field, g ?‘P& rlﬂg’?gsc%yg %ﬁg%gcl aim 3@ whgrel nthe plurality’
of | EF buffer@mpaﬁm&afém}lb&nt@mﬂrgeﬂﬁmmtﬁﬁram@ eﬂsﬁ‘iﬂéﬁa@rﬁl el to each

other and in parallel dir of . an. *ﬁﬂé hhwl Lppr9. The

mat ri x accordlqwtﬂﬂlﬁn%ﬂﬁ?qwfgg‘%mgéﬁn{’?ﬁ% 15'%% conpart nlgnt s or

“cells are inb }gﬁr%ftbﬂéss aﬂ@wh&@iﬁtﬁ@ﬁfstmmnf&rdud@ctmmdal m 1,
acry

conprising a po ch 11. A systemconprising: (a) a chanber
conprising a rmrn‘mmrhmraqﬂ-lstpppf& PB% Wiits Of §68S4 soel ectric focusi ng (I EF)

conpri sing at Ieast one HROTEF Buiffesd hdvieF buffer
and at |east One ar® c%tn%%% gco 3 d?m?éelﬁt | EF buffer, wherein ™
the I EF buffer§PH e%foGZpl[-Bdnﬁﬁo@lcsﬁ). 1 --pH unit or Iess and wherein the
first | EE buffer t he_second. F buff.er h’%?& of 0,1 pH units
or less; and s~ 16 ﬁanuawma genera |n%ﬁ%n alternating
‘electrical fie . ohgﬁrthﬁ biéi;élﬁco@i ristig an IEFDuffehe system of
claiml Iwhere‘%on * tehlygfcrm eabl gtsvm thin tr?e phanbelr 13 The system
of claim 11 wher ei n4t he Hieauatrik @e¢ording fqiclpizn

impermeable areas.
5. The matrix according to claim 1, comprising ion impermeable

-

areas. _
6. The matrix according to claim 1, in a system further
_coxﬁprising a device for ciroulating yanning buffer across the IEF buffer or
- cell. )
7. The matrix rccording to claim 3, comprising the plurality of -
IEF buffers, compartment or cells isolated from each other when arranged in
- 2 line paralle]l to an electrical field.

8 The matrix a¢cording to claim 3, wherein the plurahty of IEF
buffers, compartments or cells are aranged in parallel to each other and in
parailel to the direction of an electrical field.

9, The matrix according to claim 3, wherein the phn‘ahty of
compartments or cells are imbedded in a matrix.
10.. The matrix accordmg to claim 1, comprising a polyacrylamide
gel. -
11. A systcm comprising:
(8  achamber comprising a running buffer;
L (b)  amatrix for isoelecttic focusmg (IEF) compnsmg at least one
.comparhncnt or cell containing a first TEF buffer and at least one area
‘ contmmng a second different IEF buffer, wherein the ]EF buffers have a pH
tange of 0.1 pH unit or less and wherein the first IEF buffer and the sccond

* IEF buffer have a pH step of 0.1 pH units or less; and

e




froman AC voltage device. 14. The systemof claim 11l wherein the
electrical field is generated froma DC voltage device. 15. A nethod for

i soel ectric focusing of a nolecule in a sanple conprisi r.hhg 26dsenms of (1)
subj ecting the sanple to én eI ectrical fleld that is directed in and out

of the I'EF buffer or cel | ISI n b4 RidRtdmgx for
isoelectrie focusi (R (] E "1 zi‘P t&ﬁ%ﬁﬂ%%lg&gonpart ment or cell
containing a fi fftﬂ d at ‘| east one area containing a second
di fferent 1EF B

erelnthe | EF buffers, have.a 0.1 pH
~unit or less and mrememmpf@mﬁwlmmw 1§1§1 secgég‘glqﬁéF buf f er
have a pH step of 1 pHunits or less; and (2) trappi ng the nolecule in
the TEF buff efl Pf 16. The method of claim 15 cogr 2&? i rcul ating a
ni nning buffer coqprlﬁagjsﬁhgommwwhmmhgcww celL 17.
The nmedwd of claim 16, for characterizing a nolecule in a sanple

conpri si ng thé’rosnapécdlo(h!ﬁ%’ﬁﬁcectl ng the sanple to an electrical field
thal i directed i, ol Qicrpbt il | FRnbeh e chctrise foldingmormsdl ol i ng 2

runni ng buffer conprising e sanpl e across the I EF buffer or cell; and
(2) determni lmmiﬁnﬂreoltmbdmb@ is present in the |EF buffer or cel|. 18.

The nethod of claim17 further .C R@lectie inashmplel e in the .
| EF buffer or ceII IPo angeﬂf%r‘fr@gécﬁm ot "

m-another” sanple or quantitating the
‘mol ecule. 19, Hﬁﬂ sq,ff- claim 18, for diagnosing or prediagnosing a

di sease state Tn"a subject conprisjn BakeA % ke Mol ecul es
with nol ecul es froﬂbﬁ@m&mﬁﬁ@ﬁ@&ﬁ%mgﬁﬁ%gwﬁat dé_es not have a
- disease or n r w&ggﬂ, ﬁ%ﬁ{@@ﬂlbﬁ&smaﬁm odanuary 2005 20.
The met hod of %‘?Qfﬁn# or preparl hg a nol ecul e conpr.i | NGy trapping the
mol ecule in | tricefo ¥ & ield in
oot Sloowing GEF) énymyyisiig 2 eastous FOBIRGERC LR 2}
' containing a first IEF buffer and at least one area containing a second
difforent IEF buffer, wherein the IEF buffers have a pHl range of 0.1 pH unit
or less and wherein the first IEF buffer and the second EF buffer have a pH

step of 0.1 pH units or less; and
(2) trapping the molecule in the IEF buffer or cell.

16. 'The method of claim 15 comprising circulating 2 mnmng
buffer comprising the molecule across the IEF buffer or cell.

17.  The method of claim 16, for characterizing 2 molecule in a
sample comprising the steps of:

(1) sub;ecnng the sample to an electrical field that is dlre:crted in
and out of the IEF buffer or cell and clrculatmg a running buffer comprising
the sample across the IEF buﬁ'er orcell;and :

.(2) - determining if the molecule is present in the IEF buffer or
cell. | |
18. The method of claim 17 further comprising comparing the
tﬁolecuIe in the IEF bufferor cell to a molecule from another sample or
quantltanng the molecule.

19, . The method of cla1m 18 for diagnosing or prediagnosing &
disease state ina subject comprising the steps of comparing the molecules |
with molecules from a sample from a normal subject that does not have a ) '
disease or is not predisposed to having the discase.
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and out of the | EF buffer or cell and, circulating a running buffer
conprising the nolecule across the . lEF buffer or cell and recovering the
mol ecul e, - 21.- The nethod according to claim 17, further cempihsimy the
step of subjecting the nolecule to it second di nensional analysis, 22. The

nmet hod according to claim 21 rejn second ?rémﬁ@al ysis is
by pol yacryl am de %‘él e'lrh%ﬁl Wéf 1'% :-};g@? u%&sasrgbspect rohetry, capillary
el ect rophoresh,g é%r; 'n?diééﬁl&ﬂmﬁﬁgﬁﬁ‘% c;&hgmﬁlbmﬂcaiﬁetdlal m 19 for

di agnosi ng or p?p agnosing a disease state in a Sth co% SI ng the

steps of (a) astboutefthedBFpuferumeliand, vircrlsting 4 rawing

suffering fro uspect ed ﬂﬁmgaﬂ@tatetothe
system Th) gg;?é)ﬁé‘??'ﬁ@a% éﬁ%'@gﬂ#é@%ﬁqﬁ@e&%erau ng the el ectrical
fllel d Iolown thg I(gngl avvayﬁéﬁ]eﬂibﬁhecord;ﬁtd)dﬁmeﬂ, |cpmpgsmsﬁhﬁ? pattern of
nol ecul es; an conparing the patter qS.:LkN the lane to a
pattern of mpeﬁm&wﬁﬂsﬂa dﬂ%lﬁ%ﬁ@”fsreﬁ?ﬁ%‘%ﬂ)&%ﬁ% uf'el%:t t hat does not
have t he . di sease 95 |s {ntﬁegg gbé}gmbgylmr&hmaee@mise 24, The
met hod of claim 15 wheréin e electr

vol t age devi cdxme?dﬁmna]rmalymsh&iwwlymﬂangfdlpfg s IP?PI@%’@?@#Z%‘?T r Omf ?gl Qci S |
generated fr om & 11)11etryVO| 1JII g lec%ropﬁc?fem?‘rbr ligquid chromatography
' _ 93, The method of claim 19 for disgnosing or prediagnosing a
disease state in a subject comprising t}w steps oft
(@  adding a sample comprising molecules from the subject
| suft'enng from a suspected to be predisposed to a diseased state to the
system, '
(b)  gencrating an electrical field;
(¢) generating the electrical field down the lane away from the
' .IEF buffer or cell to form a pattetn of molecules; and
(d)  comparing the pattern of molecules in the lane to a pattem of

)

| molecules from a sample from 8 nommal subject that does not have the
disease or is not predisposed to having the disease.
| 94, The method of claim 15 wherein the electrical field is

generated from an AC voltage device.
25.  The method of claim 15 wherein the electncal field is

- penerated from a DC voltage device.
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