WO 03/ 008977 PCT/ US02/ 22714 NMATRI XES, ARRAYS, SYSTEMS AND METHODS FI ELD OF
THE | NVENTI ON The present invention relates to natrixes, arrays, systens
and met hoa'e 03f00897pr epari ng, sorting, anmassing, or anal yzi mgThiSomed7ecul es
based on separation in one dinension according to their isoelectric points
in an electrical field, and optionally followed by a second anal ysis
technique in a second di nension, and uses therefor. 5 BACKGROUND OF THE

| NVENTI ON The basic principle behind isoelectric focusing or focusing in a
pH 10 gradient is that a charged nolecule will becone 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 process occurs

i ndependent |y of the ivMAtTRAKEKOEARIA gﬂﬁ) i in the
solution. It is the result ofbihe d?ggggggygﬁge 0 %%ﬁgﬁgﬁ¥£ctive el ectrical
charge of the protein when mgrating to the region where pHis equal to
pl. 15 Various techniques for determning the isoelectric point of a
protein have been described. Typically, the protein of interest is
injected or adm nistered dir Iy d G2 ai ning a pH gradient,
wherein the pH gradient is pa??FLgﬁy?g@% e dN%ec ion of the electric
field, and the protein can only be separated from other proteins by
traveling uni-direct iTirgirbsent iventdh raaRY t6linhfies MRt Gt m@ﬁﬁd?ef ore
reachi ng 2% a pH environment that is equivalent to its”isoelectric point.
These tech prqm}égarg{gf FUHNEFARAN NGO gRal Heing hioapdeculdsdtasddin dehaytioeitome a

relatively 4 -4 . rotein becau the velocity of the
fraction %/edlrllrggl%%%ﬂ %?%&aég’ﬁ%%‘gisﬁ%%ﬁqwg naAf& C%F‘@EEF edqrsipnally y high
vol tages ( tfyljpovead bya S6ROAY aridgkitegiitgve in aR8cdnd)ditdBNof, SAH S tRremPOl | NY

mechani s Tradi tional |EF nmethods are |abor intensive, tinme consum ng, 25
non- st andar di zed, expensive and not sensitive. Another practical limtation
of traditional isoelectric focusing gels is that it is difficult to

manuf act ure gel s havi ng WBASKIEBOUKDPOF/ U802 RRiMON ncremental |y snmal | pH
changes within a pH gradient to inprove the linear dispersion of the

proteins. Two di mensiThedhksiapAhdiplebeRind @gogie%{rﬁsfoEMg %t%cﬁsrﬁ?g i%%op\f-f descri bed

10 gradient is that a charged molecule will become immobilized in a electric field when it

migrates to a position in the pH gradient that is equal to its isoelectric point (zero net
charge). This process occurs independently of the initial location of a specific protein
in the solution. It is the result of the disappearance of the effective electrical charge of
the protein when migrating to the region where pH is equal to pl.

15 Various techniques for determining the isoelectric point of a protein
have been described. Typically, the protein of interest is injected or administered
directly into a gel containing a pH gradient, wherein the pH gradient is parallel to the
direction of the electric field, and the protein can only be separated from other proteins
by traveling uni-directionally thr_ough many different pH environments before reaching

20 apH 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,

25 non-standardized, expensive and not sensitive. Another practical limitation of

traditional isoelectric focusing gels is that it is difficult to manufacture gels having



i soelectric focusing step suffer fromthe sanme problens. For exanple, Zuo
et al., 5 (2000) Analytical Biochem stry 284:266-278, describe the

separ at i owooB/ops9ot ei ns based on their isoelectric point IpgTrsozizz7ect i onal
travel through a pH range foll owed by sodium dodecyl sulfate

Vel amoth. b r el By IR e Sl TP Pabroeabe frdudbogpion |
prot ei ns t hefdbebrogeipdd range fol l owed by a second di nension separation on a
pl anar 10 chip. See ai,so, .US 6,254, 754 (Ross). Because of these _
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need for proteom c analysis. The present invention solves ese and ot her
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mat ri xesyg i Ye a%sbgrgazﬁgﬁéﬁ@tggsgds 25 for analyzing or preparing

bi onol ecul es "by theit "1's6€ oi nt in one dinmension and, optionally,
in combination wth ®BdeiseEaeimiliorRNGALY SLidain LBE 1255 Wd %ﬁ&x % iorGel 1S,
onfig

matri xes, arrays and systens provided herein have unique ¢ &1%ns and
corbi nat i o8¢ BHeRpasRs At she ovtle devkspandiratuines iprtuheinten tnd erbiOgRlamUbLe NMOVes

t hrough th [ Uf f.er of. a chanper. of. this. invention and becones
trapped i n%gﬁg‘?‘&w%l (ral?lldgerﬂ anglg@é P RO itRsrehy lmitingrthe develapment ofi s

i nvention. faeeoandicngnditvemdrbascuedtd estiraeRk; ' Jle that is trapped
in an |EE buffer or cell of this inventi onlb%‘ﬁar?éilqh%re%&)gl%g&eecfn?tﬁockttlﬂEOIileEF

buf f er fwadincasionalrsplyees of samples, iuelpding attoesitddhighakeugipiu t he same as
the pH Va%h‘(ﬁfs‘ LEE buffer are renoved by alternating the direction
of the electr ég%s%%oﬁétﬁéﬁ’?if aﬁé’f‘?%ﬁﬁiﬁg‘grﬁlf&nd two dimensional analysis of

biomolecule are useful for, e. &g., drug development, medical research, and the pre-

diagnosis and/or diagnosis of diseases. In particular, better tools and methods are need

for proteomic analysis. The present invention solves these and other problems.
20

SUMMARY OF THE INVENTION

The present invention relates to matrixes, arrays, systems and methods
25 for analyzing or preparing biomolecules by their isoelectric point in one dimension
and, optionally, in combination with other methods for analysis. The assortment of
cells, matrixes, arrays and systems provided herein have unique configurations and
combinations of elements.
According to one embodiment, a biomolecule moves through the
30 running buffer of a chamber of this invention and becomes trapped in an IEF buffer or
a cell comprising an IEF buffer of this invention. According to another embodiment, a
biomolecule that is trapped in an IEF buffer or cell of this invention remains trapped in
the IEF buffer or cell while biomolecules having pl 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 IEF buffer or cell is closed so that the electrical current
Is preventing from exiting out the opposite side of its entry into the |IEF
buf fer orwoeBlogssthen, according to one preferred enbodi meatr/Usohie27ed ectri c
field is reversible. If the IEF buffer or cell is open, then the
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separated as _a single gntiﬁ/’ﬁor i?é part ug waa%%%ﬁfa%@h%%%rgéso&lie‘f ey

i soel ect!Pi &aginther eithrsby nhysiogllseparation di lpndubsitdte tHal sistRtially SrEpbactke”’) can
forma co |t not.her | ecul e that specifically recognizes it

("t ar get I ?ggg?g!@gi Og r]?%nr%clflgﬁfﬁéﬁxﬁr@;bﬁ?ﬂﬁgkﬁféﬁﬁlﬁé a@@fb&t‘ ratteed] ﬁ}arlom ot Iher
non- conpl e | theRinate RS ate ; . i 0 e conpl ex
using the matrixes arirgays,e systéq:rjrrg33 é‘?\&gdﬁea?ﬁh@fshtagw?ﬂfess t&fﬂ‘/‘@&f %n. 30

Accor di ng FEmBIEUERDtscticatbra difforanh I buffent celh, InanofhePEAYEERRAE thkFR t WO
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buffers wi %ﬁé}gtny SR hi%e ¢ € Same or 81f83rent pH values. According to yet another

20 embodiment, the present invention comprises a vast plurality of discrete, isolated [EF

buffers having ultra-narrow, substantially non-overlapping pH ranges such that
resulting image of the separated material is comparable positionally to an image from a
traditional IEF gel but has greater resolution than a traditional IEF gel.
According to this invention, biomolecules of this invention can be
25 separated as a single entity or as part of a complex based on their isoelectric point. For
example, the biomolecule (“target biomolecule”) can form a complex with another
molecule that specifically reco gnizes it (“target recognition molecule”). The complex
can be separated from other non-complexed biomolecules based on the isoelectric
point of the complex using the matrixes, arrays, systems and methods of this invention.
30 According to one embodiment of this invention, an improved one- or
two dimensional analysis method using a plurality of discrete, isolated IEF buffers with
narrow pH ranges and steps, e.g., 0.1 pH units or less, is provided. More preferably,

the pH range or step is 0.02 pH units or less. It is an object of this invention to provide

3



narrow pH ranges and steps, e.g., 0.1 pHunits or less, is provided. Mre
preferably, the pHrange or step is 0.02 pHunits or less. It is an object
of this iwoaawdsn7to provide 3 WO 03/008977 PCT/ US02/ 2271#CTiugpr/eared one
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being tested.

Another embodiment of this invention provides an IEF technique

20 suitable for use in combination with a second dimension analysis (e.g, high pressure
liquid chromatography (HPLC), mass spectrometry, affinity chromatography, gel
electrophoresis, etc. ). Yet another object of the invention is systems or methods
capable of separating and /or purifying small or large quantities of a specific
biomolecule, such as a protein or nucleic acid molecule. This invention also provides

25 methods for detecting a target biomolecule complexed to a target recognition
biomolecule. The target biomolecule can form a complex with the TB in environments
that encourage or discourage complex formation. In one embodiment of the invention,
a labeled target recognition biomolecule is placed directly into the IEF buffer cell, lane,
or matrix prior to the introduction of the target molecule-containing sample.

30 Yet another embodiment of this invention is to provide systems and/or
methods for one and two dimensional analysis that can be miniaturized and automated
for high throughput analysis of samples for drug screening, medical research such as

enhanced detection of biological response patterns for drug discovery, monitoring of



a |l abel ed target recognition bionolecule is placed directly into the I|IEF
buffer cell, lane, or matrix prior to the introduction of the target

nol ecul e-worBaisyTng sanple. 30 Yet another enbodi ment of PhiTASoYEIMLion is
to provide systens and/or nmethods for one and two di nensional analysis
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for recordi L lyzin he i m . A.system and/ or nethod of this
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perturbations and stiHi$ nvestiorhpragideshmethedpfomsaharcingadetiction of dr ug

candi dat . eriymental condi.ti on desi.gned 1o, probe biol ogi cal
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di sease or di sease state. 15 BRI EFE)DEI%CR{T1 PTP%HB@%M%@%@ 1

depi cts ( Apatvegs bs well e clarigayiant andmalowiiaianithg carredpohid beih paticamd having a
protein anddiieoré(p%rreabl e rrerror ane on oj%)posi,ngi sides of the cell; and (B) a
20 matrix COMP CiRyase $itter AP pyregimeabet apasticylpy dissasy endisense stileG. 2 depi ct s
an apparatus of this invention conprising two electrode plates on either
si de of g chanber and an%%m‘;—s—]i%o-@g ' ' cells in between
t he el ectrodes. The cha L TN rer. The direction
of the electrical field is reversible. 25 FIG 3 depicts an apparatus of

this invention conprisi n? a matrix suspended over the bottom of the
chamber between two &l¥c FlﬁliétslﬁAét‘ el offhisrinyamtioheontaining an IEF buffer and

having a protein and ion permeable membrane on opposing sides of the cell; and (B) a

20 matrix comprising a plurality of cells of this invention.

FIG. 2 depicts an apparatus of this invention comprising two electrode
plates on either side of a chamber and a matrix comprising a plurality of cells in
between the electrodes. The chamber is on top of a magnetic stirrer. The direction of
the electrical field is reversible.

25 FIG. 3 depicts an apparatus of this invention comprising a matrix
suspended over the bottom of the chamber between two electrode plates, wherein the
running buffer can flow around the matrix aided by the stir bar. The direction of the

electrical field is reversible.

FIG. 4 depicts an apparatus of this invention wherein the matrix rotates
30 to distribute the biomolecule in the running buffer across the cell openings.
Optionally, the chamber may also have a stir bar to circulate the running buffer. The

direction of the electrical field is reversible.

FIG. 5 depicts three apparatuses of this invention: (A) a plurality of

cells are individually and randomly mounted on a insulated support in the running



runni ng buffer can flow around the matrix aided by the stir bar. The
direction of the electrical field is reversible. FIG 4 depicts an

appar at uswofo3bg937 i nventi on wherein the matrix rotates 3@cCTasd2/si74 bute

t he bionol ecule in the running buffer across the cell openings.
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i nvent i on, beingrsebjecttdt SBSIPAGE eagiBRFRIL: ¥ ' ed i.nto a |inear
series for attaching to an SDS poﬁliyg‘gryl ar?r@{ é&gge q‘f%‘rd’éﬁaz lglc?{l?l%'horesi sin a
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an agarose WM, b npels conprising a plurality of |EF buffers. Each
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fourth col aleotreghocdsirin@lsecomidifespst @i . no buffer. Ferritin, phycocyanin
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first, decond, thirdFEh@ depiothmeteixtdfabis inehtiomsompisel 0FBEGEAYR) gei wihG 10
I's an i maggyof.@ CSBbHsiﬁig 9 u?élﬂ? of IEF &Tt?cgg.l Egcrlgtve?t];cai cr:]cLllSlmn of channels

contain the same IEF buffer, except for the fourth column of channels which contain

no buffer. Ferritin, phycocyanin (first band), phycocyanin (second band), and

hemoglobin accumulated in the first, second, third and fifth vertical columns,
20 respectively.
FIG.10 is an image of a chip according one embodiment of this

invention. The chip as drawn herein has been designed to analyze three target
biomolecule in a sample. Each IEF buffer in each cell of the chip in the first, second
and third rows has a pH that is the same as the pI of the complexes comprising various
25 TBs/TRMs, e.g., TBI/TRM1, TB2/TRM? or TB3/TRM3, respectively. The fourth
row comprises cells that are designed to receive non-TB molecules that have been
added to the running buffer for use as a control, standard or data point for developing a
calibration curve. Accordingly, the IEF buffers in the fourth row have a pH value that

is the same as the pI value of the non-TB biomolecule.

30 FIG. 11 is an image of a chamber comprising a multicell chip located

between two electrode plates according to one embodiment of this invention. The

chamber can be attached to a power supply capable of reversing the polarity of the



I nvention. The chip as drawn herein has been designed to anal yze three
target bionolecule in a sanple. Each | EF buffer in each cell of the chip
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curve. Accordingly, the IEF buffers in the fourth row have a pH val ue that
is the same as the plFNallgds &t image ofiadetpeian davidedous multBell Bhip actdrding an

I mge of a I Male] nul ti,cell chip | ocated between two

el ectrode pﬁggt%gisg ﬁlgjg gor g:i ﬁgﬂ’?%‘ng%%m%wé%ﬁff RBheT I@Pretcppg)?q)ﬁg, APV edinte a
chanber carplbeliat dfaetieth the chipPBeRhipT4RPE Y1a@aPs 8et0dtiocheMeisi NO the polarity
of the 6 WQ_03/008977 PCT/USO2/ 22714 electrical field. The chanber can

further conppesecentlydabsledicomplexes inra multicell plaptche be stimnlated biguflight sduncdot h
conpart nent ' ' t Lticell chip. . FIG is_an imge of a
det ecti on @ﬁ(@%&kgg&ga%uﬁ%tggélfrfggﬂrln%et%?@%’r%‘F’ﬁgﬁql&]}t Bmgteéfﬁygmh?é#{el of this
i nvention. ocAhbercastageddy aHoEo taNefeding LeEel ki Al ity of
cells in the chip, theyceﬂiiﬂ{) can be pl a?:ed I n glggtg(?g%%l%%(%g\l/?%e. ’

FI uor escentdng analyzgdy & enmppuisie Thieship qanlbeicoedsed oha holdarthitds sbivablk at ed by a
t hen t he

l'i ght so . mpnochomat.i ¢ i,ght source) for detection,

li ght emkq ? g%tlggtoogtnh? Hgﬂ { QR of g‘a?ﬁe'bé%?ﬁflﬁawﬁg}lgﬁt SOHtsE 3B digde cambr/er t ed
into an el es¢veablegelatigh@l thé tgpd out unit), and analyzed by a conputer. The
chip can be encased in a holder that is novable 10 relative to the |ight

source or diode. Alt éflfiadB st graphieed répregentation of theabsbrgii@oiel leagisdin apveabl e
relative t Lp. . FIG 13.is raphi cal representation of the

absorpti on%gpgﬁear?rgéﬁ?%%i | ngqn%ra’%argn%aglﬂ 8&3&’95\5?}’6 Bisperadingofabseption dat a

poi Nt r epr eslentfond a seABAAGudtcaRiaPrcRlah OMar & i cuvette

wi th rectangul ar shape fil Iued W th esoI %?For@gﬁg%&ngfmﬁoﬁlmg%&n

concent r Bt idsfigrerifconeentigtions of hefmioglobiid i s a graphi cal representation of a

cal i bration curve for I@i ﬁ%ood ﬁ'ia | e being tested for diabetes. The X axis
is the ratio of nol ariCoht AN rarescpialien oby cHibrsinebrie fooa blsedsum of

the ol ar canpRYeR!abd &r dHb¥ERt Bk RNEid10Mie 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

20 of the absorption of the glycated hemoglobin to the sum of the absorption of glycated

and non-glycated hemoglobin.

FIG.15 depicts examples of matrixes and an array according to this
invention. FIG.15A depicts side views of four examples of matrixes of this invention
25 each containing an IEF buffer (“b”). Matrixes A and D have grooves comprising IEF
buffer in it. Matrixes B and C have IEF buffers set on the surface of the matrix.
Matrixes C and D have an area designated “c,” which is a lane. The matrixes A-D can
be used in combination with a second layer in the system according to this invention
for two dimensional analysis. The direction of the electrical field for the isoelectric
30 focusing step is indicated as “E1.” A portion of “b” in matrix A and B can also serve
as a lane for the second dimension separation according to this invention, (e.g., by
adding sodium dodecyl sulfate to the running buffer during the second dimension
separation). According to another embodiment of this invention, matrixes A-D can be

rotated 90 degrees in any direction in the same E1 field during the isoelectric focusing
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gl ycat ed henogl obin, expressed as a percentage. The Y axis is the ratio in
percentage 20 of the absorption of the glycated henoglobin to the sum of
t he absorwoDi03/008%77 gl ycated and non-gl ycat ed henogl obi n. PC&USEH219epi ct S
exanpl es of matrixes and an array according to this invention. FIG 15A

depicts si d@ BV&,0%n) f e gﬁ\& ri xes of S | nventl on 25 each
cont ai ni ng ae n SU 1)e H%J,gﬁ?i tsdfl%;(% kergﬁjdaf’fcﬂﬁéza Mechpri si ng
| EF buffer panforatlonl\mm be psedon ehafrinaueh tharlh Wi i8S ﬁ?fh ce of
the matrix. _Matrixes C and D have an area desi gnhat gd e(ﬁlihh\t}\ﬁ?s Hibil@a | ane.

The mat ri xe¥ CANECINg A rupgingdudler duringiibe separasion i fhe firstsdinension. ayer in the

system according to t ntion for, t si,onal. anal ysis. The
d?/rectl on of thg el ecf!tfirblslcdljfgya? tPan]%qulﬁg}w %qug%&srlwen@enf(}%ﬁ@am@» step is

i ndi cat edS adew BF afl exandé bf ©8ecBhd 1or & hn Gy ﬁ@f\é&q{r@@% Abo lﬁferr‘ésre] as a

| ane for them‘?cond di mensi on separation accor "Ri's Thve
(e.g., by e HPm waigtiel thatsi Ilmmrmealde tdkiotagival ngldvufel Gt iduri ng the

second di t o anqot her enbodi nent of this

i nventi On%%}(@é@?&%ﬁ?gﬂr@ %(]5"?{5 @W@@d’r‘%‘@§ f am exargplepf a@wafrin i n t he

same El fi elocordingite\thid MQeitfone Bethithix bOGPSINY 1 ctX}gu‘i’aﬁf ag%’&%?tﬂ 61%@%502/ 22714
er

step (not shown). FIG 1 5B depicts an array secon
conpri sing V!élthﬁéfﬁq @ﬂ&tth%)]filn@&nd belr@llatgdowrth:a isfilled withUBR buffat (he d EF

buffer i tr tacting a running buffer during the

separ atlgbnttél;kg t Ofkl?ergsfs’o%ﬁﬁ% OE@H%&QFwW%OE&)éQMIﬂ@IBF array

of this inbaffed i©8xpdséd thrSugh t‘ll@BelEfoféh&WinQBe %oﬁ?f% fi;%}gl cond layer of
c

an array. In th| s exanpl e, the second |ayer C VP8 a
mat eri al t QHE of eﬂﬁﬁféanmmefﬂmamasabﬁ@)c@)mnhmmm@ubfaﬁdepﬁmble to

[ [ h f I f t
accor df ng £ P RRE TEAAOTHD (GRhed ek Jheounln i T scoonblnyn(a) s move t hat

is filled bmﬁérhlg@eflsttpeﬁﬁfrm(qjje | ane and a circular groove that is filled
with IEE buffer. (C is a 10 top view of the second | ayer of (A) aligned on
top of tiRe matrix of F{@)deplplha@p vﬂaw dfaf exdmiplbf aisgsten RIS idvBARIAGN t he

per foratiop @gnglge second I @%‘ is.an side view of one of the

| EF/ | ane uni %rh%mé’rarcﬁ?/r tf’ 18 Tpvestionsing chapbgy @fémﬁlngjlfunmngl de vi ew of

?ay E?r 'E :A\;) ngﬁ%‘er'{ %stﬁ&aﬁé C}f;?nﬁllleg%rﬁo?fgfotaﬁlqwcdlfcﬁfaﬁg? g%r El% btigrgo € acrlogs t Q e second
IEF buffer(s) or cells in “b.” Electrodes A1 and B1 create an electric field that
periodically reverses direction during the isoelectric focusing step.

20 FIG.18 is an electronic scan of a silver-stained gel of a commercially
available protein standard prepared as described in Example 1, infia.
FIG.19 is an optical scan of a silver-stained gel of a human plasma
prepared as described in Example 2, infra.
FIG.20 is a top view of a matrix used in the separation of human plasma
25 proteins having pI’s of 7.5 to 8.5 using the methods of this invention. The matrix is
1x1em lucite chip. Each line on the matrix was drawn by a modified inkjet printer that
deposited IEF buffer and acrylamide mixtures such that parallel lanes of gels, wherein
each lane had a uniform width and thickness of 100 micron and a length of 1cm, but a
different pH (i.e., fifty lanes starting with pH 7.50,7.52, 7.54,7.56, 7.58, etc. up to
30 8.50). The matrix placed in some running buffer in a chamber so that one tip of each
of the lanes was immersed in the running buffer. A human plasma sample was
circulated in the running buffer across the tips of the lanes with a stir bar while an

electrical field that periodically reversed direction was applied to the running buffer.



15 FIG 17 depicts top view of an exanple of a systemof this invention
conprising an array according to this invention in a chanber conprising
runni ng WOfB®I]I7A stir bar is in the chanber to all ow ci Pcalesoe/eariof the
bi onol ecul e across the I1EF buffer(s) or cells in "b." Electrodes Al and B

soctootri o Goun el fe b PR LBl oY SEOTTRS SulfS paRadded "9 The

si | ver - st ai toehle gehingfbusfes; afireeinsitd chip Mvaid@blsed BT 0E Rldhisd RIFAR! dhex gpar ed
as descri bed.in Exa 1, infra. FIG 19 is an oFticaI scan of a
1

: . le 1,
si | ver- st ai%@rwpny%l%“%%ﬂd@?@@ﬁﬁo the bpeswes appliebing divestion awky fopl e 2,

infra. FIG i t i . rkx. used i.n the separation of man
ol asma 26 ‘o 5P 3 e 1RR Rl 1 g BRNeldt B et B et R <
i nventions ke Tied ¢hix wiasthed ¥ilesmstaingddt erHehirs; arﬂ%&bk'sFGQ oPBerldte TRkl 29 Was
drawn by a nodified 1 nkjet printer that deposited IEF buffer and

acryl am de 3% Ral¢insthatagye bpen silysr-sleinel. | anes of gels, wherein each |ane

had a uni formw dth [ . Of icron and a length of 1 cm but a
different pH (i.e., E.@f@%ﬁ@@é‘i‘%ﬁ?ﬁ%‘ewﬁlﬁl P-Fr%%fﬁl?af?‘.lg ,Orfg!lsiﬂt%?.%,
7.58, etc. twp dimedfor afhlysisldrehizahvdnioR ha® 8ot dinS R BrddiidiNgyduf fer in a
chanber so that one tip of each of the | anes was im"nerseci1 I'n the running

buffer. A Himansiona SR SPSACEwaslysisi (AQus atligitalizeds dpicalisvah oftheisiliar acr oss

the ti fot i th i r..b i | lectr| field. that
bor i odr oif eAREL AR ESAh ERaf R 2. TER Gl Rittof Brinze i dcaferyr mpaisons vo
03/ 008977 RGTH HSGHi22Tbtbin 2 ix8hges ABY 192 PubiiRAed, kiMerSlBRd i dd ghﬁoﬂé{?s

switched off, a 3% SDS sol ution was added to the running buffer, and the
entire chi pehabhymanplaser prateinsdavingmlisg. Muof%50. Then, a uni directi onal
electrical field paraélbgl)z.tothe . ane s applied in a direction away from

the tip of the | EF bufPer 08 EFPHIPRLL Rlpsna pyepasrdhacogrding e down

the | engt h t@b difiensfordadneilysEhT (6B itvenBsn bieRcSiditeth astAl e grey and
bl ack spots observabl e i ny Fi(gBZOd gre pr ot eicns tgﬁ%tasrﬁag\ﬁltgﬁlgletéﬂoh
apay

si | ver - shaiditagnsiqnablBR SPS-RAG #is 00A)df apphblishedpsilvet eisined prepared
o a tradi Cmrehi® GHEALH ARG st Betenets Sl R0 Bl as @
di gi tal i zedigiibédabtios smal HdIvet ik %ﬂigp%{s@d Y1941 R8s dall it 2Pl € 3

The scan has been enlarged to scale for cofmparison
been enlarged ten times.

FIG.23 is an optical scan of a single capillary SDS-PAGE lane. The
20 darkened areas in the lane are silver-stained human plasma proteins having a pI of
approximately 7.0. Human plasma protein was subjected to separation using an array
of this invention 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 pI of
25 approximately 7.0. Human plasma protein was subjected to separation using an array
of this invention prepared as described in Example 5 in a three-electrode system as
described in Example 6.
FIG.25 is a schematic of an apparatus that can make an IEF buffer area
on a matrix. A device is used to mix an acidic and basic solution to form an buffer
30 having the desired pH value (“titrator”). The buffer is combined with a monomer (e.g.,
acrylamide) and polymerizing agent and loaded into another device (“matrix printer”)

that lays the IEF buffer in a desired position on the array.



with the Swiss Protein 2D image. (B) is a published, silver-stained two

di mensi onal gel of human plasma proteins having pl's 7.50 to 8.50. FIG 22
is a conpapiesoesIef the human pl asna prepared accordi ng toPCRAIS02/2ay14

di mensi onal analysis of this invention and according to a traditional two

15 di nensi onal | EF- Sliﬁ%dD S ' bl i shed i | ver-stained
two dinensional gel o '?%?g%%%%dfprékgérﬁtggﬁ}g F%ms‘?egaezgngﬁqg 6. 00. (B)
is a digitmhirixed\n apylamide mmnahdh@my&idﬂtﬁfga;eﬁd i8 eshdedindo Ha&dcd N Exanpl e

4. The scan _has, been enlarged ten tinmes. FIG 23 is an optical scan of a
singl e capi(‘Mafrjx mmieBhiat jaynianesrine degicedpaskonen theeney.i n the | ane are

sil ver-stained human W apgcﬁ%lﬁ%}{}fegtﬁ%\ékgﬁgaf%hto()f -tqslgspygt{qgﬁéf%e' y 7.0.

Human pl asma protei n Was subjec of this

i nvent i on5 pinegrioad Ths sgeat prdades] for Exammbe &ovidel 6 Rbding a3BmPRthGAhe SCan of
a single capil)ary SDS-PAGE |ane. The darkened areas in the lane are
si | ver - st ai tHedlimghsipnab elestiephoresiceanalysip ghamber of phis ofvetiora@sanmie fatlel™, 7. 0.

Human pl as te] .ected to separation uSi an arra of this

vent | on: pESR Al Rt WRLEE Wil ipRERY) SheiO i niBnd Bre kit "Ly st e as

descri bed ibuffexéftfer feddr!’FadBvics for stERRIBeirkatik 28Br FRIBHRAYSHA gﬁélyé‘i?“ make
|

an | EF buffgr area on a ma',t,rix. A device is used to mx an acidic” and
basi ¢ sol ut( BHNNG reagent feadesly pdevisofon bvingipgttiestainsd cleg tpkiscaaherd“array

"titratef" fer is. i ned wi,th. a & , ., | ami d d
ol yrrey 1 20 a5 e 4G IR e bt ORRBOT ek S ReAveng) - 1 hat
| ays the | Endbedokding te Ramiegiifmage @@@hﬁﬁtf@fr),caruem% 8¢ e{n%yyzg?ﬁtme%{dg 8977

PCT/ US02/ 22714 FIG 26 is a schematic of an apparatus 't can make the
| anes on a 'Raes (" Roftwgredk pnd adeviee o displaymgdheiresoplet ymegd Fiisgaggent i s

| oaded into a device "JRL rinter”) that_.lgys lanes in a desired
position on the arra&;jI&F%%Sf‘fﬁa}%al%Ot?:rh@z?ﬁi'ﬂq%ogk%'@e‘ﬂ’f'wﬁﬁw%tomat ed
system of tdegdmgitonedidvemtionlne system provi des, for exanple, a device for

feeding a sanple into the two dinensional electrophoretic analysis chanber
of this lhvention ("Jd36P%is hebaedemonstratinethe effidiatcyrof separaign weigiie tHe' Wast e

di sposal ") 'IEF sgs?é/nll %(337 pﬁoq{ing gaﬂibrllaclec? ﬁl%r{asl{:grr;clzena% 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.

20
DETAILED DESCRIPTION

An IEF buffer comprises components that have a buffering capacity
around a given pH value (buffering agent) or components that organize to form a pH

25 gradient (e.g., ampholytes, immobilines or a combination of buffering agents). The
IEF buffer according to this invention is in the form of a liquid or slurry or a gel such
that a biomolecule can pass through IEF buffer unless the pl of the biomolecule is in
the pH range of the IEF buffer. An IEF buffer according to this invention can comprise
other components such as urea, detergent and a reducing agent as needed. See, e.g.,

30 Malloy, et al., Anal. Biochem. 280: pp. 1-10 (2000). It is desirable that the IEF buffers
according to this invention are functionally stable under the influence of an electric
field.

The IEF buffer or cell comprising the IEF buffer can be formed by hand

or by various devices. For example, the IEF buffer can be deposited (e.g, coated,
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buffer ("buffer feeder"), a device for staining the matrix after two

di nensi onal analysis ("staining reagent feeder"), a device for bringing
t he stai w0 oslodg97t0 a scanner ("array 10 handling system pCTaISdBYi7¢€ f or
scanning the chip ("scanner"), a device for receiving and recording the

scanned i H r Vi f.or anal.yzing the recorded .inage

(" sof t war e"1§ : tgc}]gp%gg%a@iogéh? gurrgag%)g?g%s%%t%éﬁ' ¢ SEOg’P’ a8hchaagot e ybeiay ) |
FIG 28 is aThd ﬁibsﬁﬁfe@efnl&r‘a%ﬂﬁﬁsﬂe@éﬂb@d%@fo@\ﬁoﬂ&%&ﬁ&ﬂ@&ﬂ&k@ﬂerﬁ‘ﬁ&@%ldi ng to
this invention. 15 FIG 29 is a chart denonstrating the efficiency o

separ ati on i thmMatriss Accpring ipsaneranpipdisnent off Hys inaentimathedEFbuffepemdrce as
det I ned ' [ .. ab d t el h h | . th
observed f 1A SREARR S Biai AT bEts SR © 0 A BueSutyme e | °

i soel ect r$ cddsivedSH vglue THitrafer €TiEe BuTRE BS&MbihdISy#IPh flonBHEPES o Of protein
nmol ecul es in the sanple, demonstrating near 100% efficiency 7h protein

separ at i on. arlgmiserayd ety mesdRs AFnordloaddHntosnbtier devips “smricprpernent s

or - conponent® ehapt B ARG H: bdexBieRtoR o sk Thel: e . B 2N v s,

| mmobi | | nesdosfeeRoaEiheRbéated HhtohulhiBShilen 4RRI Snis Hifenkibh, buf fer accordi ng
a 1 qul or s

to this inventionis in the formo i q urry or a gel such that
a bi onol ecul e can pagynpholingghccoRking tef thisr invenities ard higet pf various btighiagim ecul e

isin t e of the ILLEF. buffer. An.IEF buffer according to this
i nvent i o%ﬁcaglﬁwoégfé‘g?ﬁagsﬁgxy ??\%ES tha SHQHP%tCEﬁEW"é’QSW@é(,C #eediyesidicand a
reduci ng agestia asd cIRBed i8-Hasic ﬁé&i%oﬁnﬂﬂ%ﬁﬁh&u&h\@@%‘;gﬁ{ ochem  280:

pp. 1-10 (2000). It is desirable that thé |IEF ers ing to this
i nventi on &PEroXpdelySAEupyio 30@(bie Amydetyteshmed infthisaneentioh ca;mb@bl%?ﬁr"eﬂ er

Ah o U el B e o o 8 e
(e. g, coat ed.50] Righer) P/ QIBDET) EglleHﬁgﬁog@s@%‘l Thpéﬁv_;. :@ﬂmﬁgl‘ogggéé ed) on the
surface of a substrate or in a groove or e. The
substrat® mplisations rdss iDS. d¥odtemdR. e Bubédm BlsevieaSbieact Prtlighaf Binie sane
FE}:e[)iu?:‘ or Q%rggﬁcgr 81%? {Jgip)éten’ca\g,ﬁgg,%&g Al?ergaqgfegf?g&glllsmngg tam%};olty’t]eIsSinclll?c;/eent on. the
Ampholines (LKB), Servalytes (Serva), Biolytes or Pharmalytes (Amersham
Pharmacia Biotech, Uppsala, Sweden).
Immobilines are non-amphoteric, bifunctional acrylamido derivatives of
20 the general formula: CH,=CH-CO-NH-R. Immobilines useful according to this
invention 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 copolymerized with the acrylamide to form
IPG’s (immobilized pH gradients). IPG’s can be prepared by methods known in the art
25 or can be purchased.
pH gradients according to this invention can be formed by mixing
amphoteric or non-amphoteric buffers. For example, such buffers combinations are
described in Allen, RC et al., Gel Electrophoresis and Isoelectric Focusing of Proteins:
Selected Techniques, Berlin: Walter de Gruyter & Co. (1984); and in US 5,447,612
30 (Bier). Some IEF buffering agents include those are selected from the group
consisting of 50 mM glycine,14 mM NaOH; 50mM HEPES, 12mM NaOH; 50mM
THMA, 44.6mM HCIL; 52mM citrate acid, 96mM Na,HPO,; 50mM BICINE, 18mM
NaOH; and 50mM DMGA, 40mM NaOH. The pH gradient created by the IEF buffer
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made by a device that m xes an acidic and basic solution to forman buffer
having the 5 desired pH value ("titrator"). The buffer is conbined with a
nononer (wog)3/,0089a1:ryl am de) and pol yneri zi ng agent and | o@dedSomeayieanot her
device ("matrix printer”) that lays the IEF buffer in a desired position

on the matrjx, Ei cor t into
an aut omat ed é;f?‘g%c%&tvﬁiasn a?%‘\%g)ﬁ ;&gﬁgﬁﬂn%?ﬁ) ﬁé?%@éé’?h? gg?rpgfoé'ﬁ?gld
i nvention atz8 aemtmély)/ari ous oligo-am no 10 and/or oligocarboxylic acids

that are anphoteric (i. positively charged in acidic nedia and
negatively charged i nABJEF@uff@fdlféil}lS issntion earahﬂyelaa@@trwnelyanmmew pi range,

appr oxi mat e} y ﬁ%) ‘¥ (b9 é—g?&t&leﬁ%@ﬁgﬂe}ﬁe 05|u gag}ah%g% %S I nventéggﬁe&ﬂn

prepared or purc ase , Sev

in the ar$ (Oe02pH uﬁﬁ@ﬁferer&k@&ss)ﬁmﬁﬁkﬁ)bssﬂﬁe@eeauﬁéﬁ@ﬂ*‘)F Hﬁﬁ?h&%}chh%td: ocusi n
: Theory NE hodol ogy and 15 Applications, eds., T.S Wrk and Bur don,

El sevi er jBentign|cea he pae Biffering agwﬁttba’cduambeansdpatedno a3ert@h prGilue.
Alternativ C h cl.ude . ol i LI MB), . Serval ytes
(Serva), B?ﬂéll){h]tsgggebp% %_g?% y h%iﬁ% erh‘ﬁlﬁgm g&ﬁg&e}%f g‘flgéﬁz%{%ﬁgﬁ!@a
Sweden). | nl’rufﬁnhg Rgentar@ndake Wﬁm& & Whichlhé Mﬂr@hgl_ent%ﬂ%leﬁg&ﬁ&’snes et ul

derivatives of 20 the gener a formula: CH2 CH CO'N
according to this i n¥enters/ fingeavel besfess ép‘dilleenbrcmeqttalrmffarsach infagrH exlaapl e,

1ok SRR TR Tt " e R S tbei nes can be

copol ymer i Ziacteiiehial aﬂ&r@@émlﬁwaaeb@mfe@ﬁ B0 Hﬁﬁreﬁn(mﬁm 15 F&dexgg'@l % can be

gradients). |PG s can be prepared by nmethods known In t e art
pur chased. ithigragrelhitke mtewlssandetas striallssiO2enT units thermghehd fotlpELirdage M xi ng

anphoteric h o For.e such buffers

conbi nat i oﬁg&%a?gal gegs})'tﬁli&l%(rééd pﬁ%pﬁ—éiZ #e: &éﬁﬁn&lﬁG@ angfhes exasperthe pH and

| soel ectri C'sfeptbaivaen o THF iR icell AEARICBd 86 R |ter de
Guyter & Co. ? 1084): and in US 5, 4% 612 5#0 Bi eroﬁql‘b%%mnﬁe@éf?%mi‘}?er. ng

agents i hrithel PiefEe in cell §brandiase 2 piogradiest gyarting at ¥ 6.8 Sidiendingfat B 1M
G rate aci Wi BB Bmal Ch RE AN URRS B FEHGOSOAMONER, 40m
NaCH. The pH 80qte.cpl 705 @@t@PHLY S Meneblm B FSeed fofers 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

20 cell comprising an IEF buffer (e.g., 1.0 pH units). According to this invention, 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. According 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.

25 According to one embodiment of this invention, the pH range of an IEF
buffer in a cell is a narrow pH gradient, e. 8., less than one pH unit or up to a few pH
units. According to another embodiment, the pH gradient in the cell is over several pH
units. According to one embodiment of this invention, the pH interval of an IEF
buffer is 0.1 pH unit or less. In another embodiment, the pH interval of an IEF buffer -

30 1is 0.02 unit or less. According to one embodiment of this invention, the pH steps
between two or more IEF buffers are 0.01 units or less. According to another

embodiment of this invention, the pH steps between two or more IGF buffers are 0.02
units or less.
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WO 03/008977 PCT/ US02/ 22714 in each cell can have a narrow or a w de pH
range (e.g., pH 6.8-pH 7.8 or pH 6.8-pH 12.8, respectively). An | EF buffer
of this iwoaawdsn’ can have an extrenely narrow pH range, PETFIS0525®4 5. 60
(0.1 pH unit or less difference) or ultra narrow pH range, e.g., 5.52-5.54

5 (0.02 pH unit diff . ThiS: | Lol buf f
according 1o this i nvinth o ednEatis BbTicnds RASRAY Rp OB ARaE R b, T

adj ust ed t obuafferdn itaint/op bhtsgrbiee into brwdllufst. CRielliche hiveé &3 88pThelulifg WEF
buffer is equivalent to the buffering capacity of the Dbuffering agent
around t he PHICEaP (eangle, WiHaEs reqianghedrdey Q}’Egd%rg éneelhent sere nneoj meteerhllsThe

term"inter " orefer i ntal difference.in a pH va 10
wihin the SpenshE e ilpt BEREIELARET e ik bEIUSH nkPe iy P fip ot or s 1o
the incréméeabwdidsfites emee of theittuemkdndRtones Ridewnatdhdek 86was #EF buffers.
For exanple, wthin one cell, the intervals can be as small as 0.02 pH

uni ts t hr ougisidpef thgicellpiqecsgrgfde. 1 nDepradingaipbn ¢he, desirepisesa 8/all piia Eelbof pH

7.2, etc., jhA: . I | n_apot her, exanpl,.e, t H. "step" between an | EF
buffer in ol ich ot b el OE%HRB?W% Ih?ﬁi"ngﬁlgﬂllse'%aw%é}ﬂ%w the | EF
buffer in cpdrmetble IAGMORYEe amPEaBII Adlor PeAdtEdbRGorapehbiBibd RN SQdiNg at
pH 7.8 and_the IEF buffer in cell #2 can have a pH gradient "starting at pH

7.9 and endﬁﬁé- at pH8.9 (i.e., pH7.9 minus pH 7.8). The term "pH range"

refers tqnt he hi ghest £ | owe pH,values in an .| EF buffer qr a cell

conpri si 28 an | EF buf?"l’eﬁrge f)g&lﬁ.v‘fa?lﬁﬁ%%}?eéf-e Pﬁn%’éﬁl?en@fra lﬁ?ﬂ‘raﬁ?‘%%@%et ween

t he hi ghest Haweveraneséll i1y souRBbd Sondtrkdibd RUhhieh Pl Qusslt 'cax?ﬁa{EP ft§1 ng an
e

| EF buffer (e. g1 , 1.0 %H units). According to this invention, t
i nterval s wihekelh AndBF buffer erotbelintegrated itfe awdlf affthe céllir Férexxampleea pH st eps

bet ween t woy, I larality.of cell.s do nat haye to _be uniform
According tO %ﬁlléanm/g)dglﬁ% or ﬂllltﬁ’gdlﬁ‘é‘farni IPgRssqddR acrymamide thabisallgwed i | s
with | EF budipnerideauio el Bn@Wch QBRlM MRS THEVou iR, ge and
smal | pH stL%p?hbet ween géach cell. 251Accor diung rt ghgﬁgcgﬁ)é}%ﬁlkgﬁ?&gﬁ this

i nventi ok fora apralkefithecdt. Hhus Ebionmidcikercan e drappdd iniascedl thathaoswat

gr adi ent, ey | es uni t to a units. According

to anot her &) %‘_I()eodcf Pﬁgﬁf‘% %ﬁﬁgp‘{g‘% igﬁ?foﬁag}?tpﬁ YFH'?%%S the P_i ‘%\Flilgep gf/@? b'soé‘_%‘?é‘?célﬂe- pH
'EF “hufer 15 0.1 ph e cr g s e e o Al Rl o U erval
of an | EF bunpigg bafer ig the gatenmithenct Idastsme witloafithié ol dhoubiie: wrbediemnt  of
this i nventgn%rb,r rr}orr]g of !f'lest')go%gglecule of interest. In one embodiment, all the walls of the cell
20 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 a
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 embodiment, a wall or the walls of the cell
25 can be substantially impermeable to the biomolecule of interest if the biomolecule of
interest are being prepared by (1) adding a sample comprising the biomolecule of
interest to the IEF buffer in a cell in the system and (2) éllowing biomolecule and/or
ions that are not of interest to migrate out of the cell. In this way, the cell can be used
in the first dimension step in combination with the matrixes, arrays, systems and
30 methods of this invention.
The cells can be arranged spatially in several ways. For example, the
cells can be contiguously arranged, e.g., wherein a biomolecule-permeable or a

biomolecule-impermeable material separates one cell adjoined to another. See e.g., Fig.

13



between two or nore 1EF buffers are 0.01 units or less. According to

anot her enbodi nent of this invention, the pH steps between two or nore | G-
buffers awe 03/00877 units or |ess. 12 WO 03/ 008977 PCT/ USO2/,22AB4222%1£ €l |
according to this invention is a hollow structure that has an | EF buffer in
it and/or g\&g Bt ad.d NflAve « h

I ncl udi ng a ﬂ{]er e, © r&hgt@or‘f\f‘é&bﬁlmgététh-g?glé?) g#]fle é)?gﬁldg 4e %&Xhe ?'E)C A cell

can have on‘élabblonmteeu}ﬁlahﬁﬁantldﬂp&wblIfgm@ﬁnéIBFlﬁﬂ‘ﬁpﬁ) ﬁfotﬁd@‘byﬁhﬁﬂi hgre. The
wall s of t t?ng?e” have, an inner side that 5 faces towards the center of
the st ruct uiEoughdheymping bpifer ¢iecuiating arermd she Bildiuders orecelnrathatdhast t he cel | .

Cnvent fon_ o onTRe B URRP kI SRR EE BuliSFr ol el oGl

per meabl e5 dhrenttphlﬁclahahd:rrmﬂr Seabke Fi@5d/ Bbr pem&draﬁg% Ghe bBSMIRIh@lee by an
electric field. 10 Sonme of the walls of the cell can be |rrpenetrable to an

el ectrical ifplated. Cellwﬁéddemedbnbhaymbuomalpctﬂesmmahdenwml separailgso t hat an

| ect I ] b ff b t t ed
"nio & val TS che Corre Rl SshebedOp e nites B ool healioine Lor

di sc can beAtsoiding eslar smssdinib@oreids idvahtibs igtht mleguﬂ'é}s opeélbé%‘é' ze into a
gel and then soaked in an | EF buffer. The disc can than be used to 15 form

a wal | of t9eatigerysly arrenged, at lspsiwne eﬁt]nleévaéla@f ﬂ@ IEFé)pffem armelds thet is nbhat has a

wal |  so er t hat S the val ue of
the bi orm?(%fecmlﬂem %ﬂgéeggﬁ Tfer Shegt %Cf"%agC?St *eéf‘gc?lsdjﬁnp G 0st i s
added to thae biﬂﬁmlé’t@lléhﬂ’irfgetéstb@ MBS &g 6 Bhe &rhscmlﬁént' JT364 iPBRioflde 18F the
cell should be perneable to one or nore of bi onol eCl?l |nterest In

one enbodi rmffers el qells fsmypart) of aghattike A@@d)lidlngzc oac embednrmat) Ithee mz@ tuififers

bi onol ecul & anat her enbodi nent but one wall of the
cell is bionol lé%:%%%O?%&ﬂOIP?fgg‘bsle’éle%WoeIaB oﬁ’ﬁﬁg'ﬁ%q T;hﬁl.‘}F ¥y agaAngeddp pasaliek j | g.
In a embodbresélecttibg ferl dfshdfirst Bendigioh that face into and in the same
direction as the electrical field in the first dinmension are perneable to

t he bi onbl ecul e of i rﬁ@r@@noleﬂdwpmmlew biomeletde-mpérieabirnoderictoin a wal |
O oo e 6 B bl 8 0SSt Bl Bocpar o
by (1) addiifigentiof 2P hRnbede cha bs ﬁretpﬁl%dgb@lﬁﬁ? @MY EnAly 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
20 membrane. This is desirable to minimize bulk fluid flow through the membranes
caused by the presence or acquisition of an electrical charge on the membrane
(electroendoosmosis). Depending on the desired result, membranes useful according to
this invention include those described in US 4,243,507 (Martin). Alternatively,
membranes according to this invention can include membranes covalently bonded with
25 immobilines as described in US 4,971,670 (Faupel).
The cells according to this invention 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 an insulating support. See e.g, Fig. 5a or 5c.
30 Alternatively, the cells may be placed in a matrix that is attached to the chamber or
attached to a post that is attached to the chamber. In yet another embodiment, the cells
comprising an IEF buffer that is a buffering agent may float freely in the running

buffer, but the cells should be distinguished to indicate the pH range of the IEF buffer
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interest to the IEF buffer in a cell in the systemand (2) allow ng

bi onol ecul e and/or ions that are not of interest to mgrate out of the
cell. In wbios/oveay? the cell can be used in the first di nPaIiusn2/g27¢p in
conbination with the matri xes, arrays, systens and 30 nethods of this

I nvention. ; I n rr Lally.in several S ... EOr

exarl et ne e i 8 80 198 o3 0B Bhiohubl AR g R

bi onol ecul eeqbiscarbbdhitached & thbcliiee sudhethatThey FRabiethibthe thakbesepar at es one
cell adjoined to another. See e.g., Fig. 13 WO 03/008977 PCT/US02/22714
6a and b. According tEh%%S@Nﬁbaig mtethads and systemg ¢fthis invention will ar e

oa and b A b tantiall | EEF buf f
o anot her By chse R st SFRLEEM Lo R B HckBised MsP¥Ee (W RS SFHing. « he
EEF buf f e§ softthisdeddntion,ahdsize bHaB IER Bt coMepakiifnlH tﬁ@[engﬂhl TEStuyrel G O

anot her I EF buffer or through the wall of one cell directly into anot her
cel | . See &Y, 1s asisppallgg possible. Phe IKFdmflr aycalblengib refetsdd itheewidesttchess- i sol at ed

[ 1 Well [ | | e~ bl i al . -at i
Chem ane. BLANTEEHer B 0P TR B e kB TR o P i BRI Lol P
are not adjthe s&dnd dAGEBIAR. MheTBF 8Hff& 41l Feaih referd ithe %foé?crbtr(i)s?,%ect.iJnl the | EF
e wa

buffers or cells are contiguously arranged, at |east one of | s of
the | EF buf%fdheIEd buffarios celhBgt is perpordicwlaniajthé dizerction of thutdievtrid f#fldwfeer or

cell contac runni ng buffer .and i ermegbl e to he bi onol ecul e bei ng
t est ed. L@cstce)?%{d]ncgmtegﬁgrﬁeﬂle%fm% WFHE)P? P’Esem?’ma}m fhﬁr?,ellﬁef’i’@ﬂ’léﬁp%%@ﬂi”f ers or
cel I's for mgpay, t.gQfl 0anidhink it 5. 0AGE OGinBhet SmBABNRALHTHITERN ti&ﬂ"‘ﬁ? buffers
or cells are not adjoined in series to each other when teﬁe dells are
arranged i ivigHr ean belanysize: hig, 80 micronsctal 10finehd of the first di mension. 15

The bi onol ecul e- per bl.e or bi.onmol ecul e-i pperneabl e, material can be a
nmenbr ane dependi ng on e}%%“%ae°§f’ﬁd8‘c¥tf’?§lawenﬁ@& YFTIOYS YA SMSOEHIMERt of

this invershe@mbolifigeERBHINR of 4R 1AR iPDERAESHs &) Hﬁﬁt Féxiex-&%glev’c}{etv&iﬁ{ﬂ y no
net char?e inthe electric field at the pores of the nembrané.” I'n an
al t er nat Iv efdibleas easrhe 1Q0hmicpmsoAccadingte ahothaeemiznlimentathp lngel ofeach

I nt er medi atl?ne%%‘-’ﬁf@rgt he pHs on both sides of the 20 nenbrane. This is
desirable to m ni “bulk fluid flow through the nenbranes caused by the
presence or acqui SitiTHs 19%e &R ' :

(el ectroendoosnosi s). Dependi r?gingﬁg({ﬂﬁgégg?ra% ?ggjﬁﬁh?at@%{h%@gs &es)%f ul
accor di ng thy size, shape, charge, affinity or combination thereof). Such as material can include

those suitable for chromatography, electrophoresis such as SDS-PAGE, zone
20 electrophoresis, affinity electrophoresis, capillary electrophoresis, and electro-
chromatography. Accordingly, in one embodiment, the lane can be a capillary tube
that is filled with chromatographic substances (e.g., liquid chromatography) or
substances useful for electrophoresis (e.g, capillary zone electrophoresis, capillary gel
electrophoresis using cross-linked and uncross-linked gels), and capillary isoelectric
25 focusing. According to one embodiment, the second dimension is an electric field-
mediated separation technique.
A lane according to one embodiment of this invention 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
30 polymerized. The gel can be denaturing or non-denaturing for the biomolecule of
study. The gel can have various pore sizes. Accordingly, the lane can comprise
additional components such as urea, detergent and a reducing agent as needed. See,

e.g., Malloy, et al., Anal. Biochem. 280: pp.1-10 (2000). The lane itself can comprise
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this invention include those described in US 4,243,507 (Martin).
Alternatively, nenbranes according to this invention can include nenbranes
coval ent | wolafased’ wi t h 25 i nmobi | i nes as described in US #CINBI57014

(Faupel ). The cells according to this invention can be di rectly or

indirectlyalﬁlﬁﬁtl;ad;J r | 1 C | e of

contacting the runni ng%%ﬁb?fsg %ot‘(‘;}ﬁ%ﬁﬁﬁﬁle@ﬁ]ﬁ%ﬁﬁhﬁ ”gaé Cg]?’t%g%hed

directly toBfftmffeptf thenfist dsmehmrpfAmﬁatmn@me (Rt OB @éiantmptﬂﬁ%fep hanmber
t

by an insul ating support. See e.g, Fig. 5a or 5c. ernatively, the
cel I's may BEndeseR¥ried info ﬁﬁtSDScchﬁ%mmlggebe@@Iﬂd@lﬂm of 8B Scth dindenning
attached t ed to t.he chanmb t anot her

enbodi nent %lﬂﬁp%}lﬁttﬁghdﬁd?&l@?gg Seﬁarﬂgl‘—mﬁl?f*(é?nd[e(h%enﬁgxg fi?afoperi ng agent
may fl oat5fmeletylad weighte running buffer, but the cells should be

di stinguished to indicate the pH range of the | EF buffer 14 WD 03/008977
PCT/ US02/ 22714 in t HeccOrding togene eéntg)dlmﬁltghe Bine 1$pucmade hycdnaprishs sodium

i nventi on, |V|du c S 4520 ttached to the
chanber suc g@ﬁ%tg@gsg%&&&&n T aﬂm?et%el %8 g’rng H%Otg%rneé‘?liqd%ﬂl?rﬁ tBe t he
met hods andesgls bEili® lae i indwiiched Beivizn ivb blomdlgd&@ﬁé‘p&%e%ifla?h %€ of the |EF
buffer or ceII decreases. According to one enbodi nent I's invention,

the size ofAtcRElingde afurtherenghodiment, 1fplm11aneamrmmsps SDS am@ﬂyacfyﬁﬁmbugémr or

ceII S The | EF, buffer |l ength refers to the
wi dest clr(gztgéﬁgéé 3 on oﬁ‘% Cﬁgg}’ﬁye%?w}b Y, laé’erp&ﬁhﬁlleﬂbbo'f]@o t he

d| rection diyeidh@ndbdidholecils ahseriia blE'éﬁdﬁﬁq dﬁféh%' uffer or

cell width refers to the ?NI des?e crgss secti gl%gmg# t he I?E%asb%f?léﬁcl? cel l

that is perfjséhenqgnefrate thetlpres atidrditeci areleriri¢ fieldelosmtthé tarkiasagl fiom thBEEH0

second di nbodi nent of this invention, the cell length can
be any sr}gﬁelo@eeéglgnghj rons to 5.0mm I n anot her enbodi nent of this

i nvention, the éel | Teddde cﬁﬁ'&e@&nﬁéﬂ%yﬁiaﬁ@or@yganouégemc §%§g§(8ngﬂ‘lg Qm  The

| ane accordln to this invention can be various sizes. Accor one
enbodi Ifb’%émdﬁ ghlntier artdwepcrlwmenmg agentrarionisadel iftoanlevies (“exgixpl e, the

e gt S T5 0 B MG SRR hESoRe 000, 0o hrmmid ™"
sui t abl e f officapigeyride it Gﬁ@é&ﬂﬁﬁé Sl?chQiewce?é/anSB ccgé&%‘?e% il 98 affinity
or conbination thereof). Such as material can
automated system of this invention.
Various monomers can be used in addition to the conventional
20 acrylamide/ bis-acrylamide solution or agarose solutions to make a gel for use in the
first and/or the second dimension steps according to this invention. 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
25 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
30 cross-links, provided that the combination, once polymerized, forms a gel suitable for
the particular type of electrophoresis.
Exemplary materials include acrylamide, in combination with

methylene-bis-acrylamide or other known crosslinkers; hydroyethylmethacrylate and
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t hose suitable for chromatography, electrophoresis such as SDS-PAGE, zone
20 el ectrophoresis, affinity electrophoresis, capillary el ectrophoresis,
and el ectwo-03ob890Tat ogr aphy. Accordingly, in one enbodi nre®CI/ush®217ahe can
be a capillary tube that is filled with chromatographic substances (e.g.,
liquid chro : I r.electraopheresis (e.qg,
capillary z(g‘%gplgf@@? )f%%l o\;’vgl @é%g%?‘ ﬁbgﬁﬁjdgeqah&éﬁ)glgw%lﬁ’ﬁgf’g q lcu%écﬁg

cross- | i nkenethacylinecidsad allyk-subsgielted dertwativerthbleb B kYch EQLOHBEIL abfl; 2Ryl

f ocusi ng. Accorccllign t(g gne enbodi ment, the second dinmension is an electric
field- nedi 1 %%?R ptneovarelsrHeareveight vind aad eByldiompotnds mmytinhodi ment  of

thi's i nventjiRfcCanieomard : = | terial that is itable for

el ect r ophor eﬁﬁg’ %g}f)ar at il%eﬁ‘f,nmgy.hg"%hﬁg‘%%i’g%?&ﬁ“" pRlymsisy clidne sel gel -1 i ke
materi al faterbvetivasnnpaest GActybuidetrtcsstifiar, QB dekfaR Ol pdrzed. The
gel can be d?nat ri,gg or. nogn-denaturing for the bionolecule of study. The

gel can haRP'¥38F¢ Yadglegyatvgs, sugle as erliwdosy derivasivesimeluding ydnpeyicthsl
dditi | : . t el t. dugi .
needed. s MRRET TR Bllof, HofiSmellE a8 8He ARfpuhgte fuid ohoo0) . The

| ane i t sel fglpauls, Goipding polybe MO @ByRABIZTIPEhISR:Aad, byl dxkle, bud fer for
further separa¢|on of the bionolecul e that have accunul ated in the |EF

buf fer of t398° thgteat asiyb YInyApt allyl slerivetives ofiothamneattihesmpatibie | ses an | EF

buf fer ) -cont ai ni ng. gel, by the addition of SDS
to the r3@3ﬁ’."%“&ﬁ’%?%%‘?g‘ﬂ@?}é@‘?ﬁ%’@?&‘%ﬁ%@ﬁf@@&&%@%ﬂ%@m -15¢REoRd c ond
di mensi on haséanie (WhivhliertparatweisakyitiveAGae”L ' , the

| ane is premad? to(conprli steﬂg saodi Sm ta%e%echgu#ga%dgy@%%gﬁggﬂgﬂﬁ%’

pol yacr yl afagtallydydrodesed EYiA{g (modymersifivétylenstyatti vieyltacetated, ethydargiminef t he

| ane is sa ' t bj | ecul e | rnmeabl.e | ayers., .  Accordin
to a 1|‘urt hgjgr6 Nea%gg |C%§h¥\@%|§bfcie}tgﬁgeﬁl’§]ﬁ “Q 8396??9@55&%3@% 06@%%%%6&% de Igelg,
10 the Ian@tlmmnﬂ)ezi&aﬁd\elihggk@ghélﬂ& ¥eapothdiBhLAH %%ﬂg%‘%‘% %ﬁhmeg@ her |ayer,

|

wherein poth | ayers can i onol ecul e i nper e a on I’nper nmeabl e as
|l ong as &h ‘8reliding siyreng, anddydenypudtet The molyheridahleenatedalghecdatot a8 €l ectri c
field down

I g fromthe JEF _buffer. See e.g., Fig. 16 The |ane
can be for ﬁegl%ﬁl))&%ﬁ%ﬁggﬁylebefp%c&%lryoﬁéenﬂ‘rmqr Sﬁf;g“@%%tﬁ‘ﬁl%‘,ﬂ“ in the gel-

forming solution.

Methods for making polymerizable derivatives of common polymers are
known in the art; for example, addition of allyl glycidyl ether to hydroxyl groups is
20 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
25 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-acrylamide monomers can include, e.g., allyl alcohol,
30 HEMA (hydroxyethyl(meth)acrylate), polyethylene glycol monoacrylate, polyethylene
glycol diacrylate, ethylene glycol monoacrylate, ethylene glycol diacrylate,
vinylcaprolactam, vinylpyrrolidone, allylglycidyl dextran, allylglycidyl derivatives of

polyvinylalcohol and of cellulose and derivatives, vinyl acetate, and other molecules

17



15 acryl am de solution and a pol ynerizing agent can be | oaded into a device
("matrix printer") that lays lanes in a desired position on an array. See,
e.g., Figwoasosd7nodified office inkjet printer is one eramse228uth

devi ces can be incorporated into an automated systemof this invention.

Var i ous mn&g%{lﬁmr%%@l BFnH;?@Qc ﬁgp aﬁlﬁfgfgﬁgt he conventi onal 20 acr_yl am de/

bi s-acryl am on or ag r’os to make a gel for use in the

first and/or the secoAd[BFﬂﬁft&hﬁﬂthdr@iﬂ%t@ﬂﬁ@ﬁﬁbﬁ!%ﬂi@ahI]!Ethﬂéf%@ta'c@H It is
known in conventional chenically-polynerized gels to use

hydr oxyet hy$oiriaeg 31 BiFcbuifey tQﬁeﬁ@f with @aneiceending towhis intention. \inate- t ype

d ve bee ed as one- R
Gol 5. Use opRPAER S ERARS RS riFEe ofa B fin e B85a3R pontl G375 oups
has al so Belne.ds&cd 4. bER. I6D1 meaﬂdtmeereaﬂbumleﬁlzme/ﬁﬂéiuﬁi%éﬂm%}ré}ﬂ de so
El ect rophor esi s 824- 831, (1992) as especially suit ?

13:
separ at i onst h?ﬁhﬁm]ébug Finddanesre feparstee butanibercasssdsd be oommnicd tcsedche nts,

h | | b
subst ant |l Tk EeE SREERRIRe i bueer 2ol 3 R RE i vable SR ARaBHER s shew e
reactive grembe forved espeiiRakl 18 deileh titnoBh Ghbther AR, ‘El?é[EfF%élﬁle?Qad lane
e

cross-links, provided that the conbination, once poI yNeri z orns a gel
suitabl e fo"‘ra‘n bFWQHMﬁqdl ‘Cl@uﬂﬂﬁl Rlygﬂlabplwltb@tW@tmlgeiﬂlesl‘éJhelEmmﬂ lalffermsﬁ'catl al s

i ncl ude g | nat| L e bi s-acryl am de or ot her
known cross ‘N cfie% g’?ﬁ?% lﬂ%@n?tyleﬁlf g‘E; ébu?tgr A5 $00 trg st be

PCT/ us02/2aiehﬁlssmrf@rudr@m@pbwl&mewlﬁefesﬂéﬁﬁ‘%ufd an about 300 dal tons)
derivatives of acrylic acid, nethacrylic acid, al kyl - substituted

derivatives thereof, étﬂ@htr@és(%mtrcfriayﬁrhmcdrdmg m»ythls ipyantioh iscosodid amderidl her
vi nyl allylic, acrylic

o oL R M, B RS R Wb s

derivati vessuoh a@BRIOR algeh it loingBses Ghoss ran, and
ot her poI ysacchari ofesagr‘l3 dercl vgt ?e\ies Agﬁkﬂgwggpﬁsﬁggzogerlﬁva i ves

i ncl udi néd Hwﬁox\yae@rldmg tooak Iemlbgélmenpdieymauagahl fatrmimigdhe mawixdepsdrdy, ol i gomeric
and polynerl IV &s of cols |ncI pol yners aof ethyl ene

oxi de, propy %‘ﬁc VSX%(‘IEOT H{ﬁ@ﬁ&&% Ib‘?fﬁﬂfféhmﬁtﬁdt '@@gmimgarf ofdn adple, madg| |
vinyl or a|dﬂé'mﬁ@tﬁél\tﬁét'1y3i%nf%ﬁecﬁfé]ﬁ'fpeff@éaﬁfe Q1R Ilpérﬁ"n'\élﬁ g@ﬂ/% %c?ﬂtac%UCh as

pol yHEMA ( Q[gé Kﬂqydr oxyet hyl acrylic acid), polyner
gth 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

20 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 of the invention, if the
IEF buffer, cell or lane extends through the matrix, then, one of the sides of the IEF
buffer, cell or lane that contacts the running buffer is covered with a biomolecule
impermeable layer. The matrix can be movable or within the chamber. 1

25 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 TEF buffer that solidifies into a

30 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 matrix, e.g., Fig.15, matrix A or D. The grooves can be made on any side of the
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acrylam de (which is tenperature-sensitive), maleic-acid polyners and
copol ymers, partially hydrolysed EVAC (pol yner of ethylene with vinyl
acet at e) ,wetoapbsdnei m ne, pol yam noaci ds, pol ynucl eot i des pCcanozegyod yner s
of the subunits of these with each other and with nore hydr ophobi c

hyar oxyaci diatn AL BoneBkEOARaPIR: abSu@RESH bt Al of i pS:. The
wat er - sol ubmov@mbeﬁlléd/w\iﬁi%ﬁe%ﬁb‘pﬁﬂilﬂy@fmdf%fg ants are included in the

gel - formng solution, Mthods for making polynerizabl e derivatives of
conmon pol ymers are AGOWHNE @nmemqulmclﬁrof recinmpinsionabidIEF buffers onbellsl

| yci dyl k terificat f
oot « B e BB RV e L G0
anhydri de5 ISR buger of @llﬁﬂﬁthe'rymﬁﬁg byt 1ﬁﬁ9ad’6ﬂdike@t?ybet@'@élygich%ﬁ§er O'When

chlorides. Many of the derivatized pol yners described above wll contain
nore than oheelk&iends {heougly engpidepfdhe matiixetodled dpposivssific okihagnatdxldi ¢anon of a

per ol eoul % RER o B4 Rl s Rt R Ry B rpieafy ASReRIE whi chhave
only one rengillel & GcRUYer. SHEHrdingas bivd ﬁﬁb&ﬁmeﬂh&%%aﬂiﬂﬂﬂfi&?ﬁ%’ eégd't'on to
e

mul tiply-derivatized pol ymers, mnethylene bis-acrylam de ene gl ycol
di acryl at e, Plaiséityonfiidentis orientitedt [ERskeneumits. rAmcerdimgito ammsheeeﬂnbd)chmenal ly-

t h |1 d t
non acr yi St BUEHS RiaebdeanS Bghafa TERtege whiPYan S arigmti in P ensior
(hydr oxyet hWt&IﬂEhﬂ'tb@th%tﬁére)AccBRhﬂ?fo%bﬁfé?erﬁbé’d}&'enm%&h O?Eﬁip of thlf

pol yet hyl ene rgl ycol diacrylate hyl ene gl ycol nmodnoacrylate, "ethyle

gl ycol di aclflw élS Pr91dﬁ§1gn@q:)t|00ndudamub$etrqﬂ0pljﬂcromhprckmgal;EFdidfﬁetsgﬂoyu$edy1|
dextran, aII derivatives of al cohol and of cel | ul ose
and deri vat %{7% %ﬁtl%%ﬂ? gt haying 3,5t {rmaéesw@ thgepdis dtyey the

PCT/ US02/ 225 celiQ® Img 08. AREording® ’éﬁotﬁ&ﬁéfﬁbodﬁh&ﬁﬁhg ma@i ¥ L cifth SH % An

| EF/ 1 ane unit according to this invention 1s an
conpri si by iaventieE lmﬁmdetdmoﬁsr tonl ctommlsir@raqar&(selectﬂd 8¢ df EF Biffers nvent i on.

| | EF/ | t h that the | EF buff
o cont act a4 P AphiaiseR T gomegiang e i of Knbg Smolefide Rem RBRERENL , ¢ ho
1FF/1 ane uryiém6REulB thallfe FAALiSAse ShR) Olta %ﬁeé gfbl@[‘ﬁf)fe%{lleqﬁcﬂcét%%f ddfeRiPar at e,

but can be caused to be connected to e
state.

Calibration curves according to this invention are useful for determining
20 the amount of a target biomolecule (“TB”) in a sample. A quantitative calibration
curve can be generated by mixing in known concentrations of known biomolecule or
complexes comprising 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
25 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 label is used in the process of generating the calibration curve and testing the
30 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 extrapolating the concentration
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ot her. For exanple, the IEF buffer and | ane can be novable in the matrix so
that they can be forced together at the desired tine. In another exanple,
t he | EF bwbfoatmosand | ane can be connected via a gel plug tPeatuSpearsst he two
toget her. When an | EF buffer or cell 10 is connected to a | ane, the
connecti on R e | | ~and. | ane st..be . .perm ssive for
t ransf er Of%ﬁ%‘?ﬁ%ﬁg%&?@boﬁfba?%@r%gﬁﬁ%@ﬁ%P f@‘[eﬁwgﬂﬂtﬁ%ﬁ&]ﬂ? ‘Y}B& fatrix |ayer)
accordi ng tacihuktddn\Gestd.QnFigs2@ solid material or a semi-solid material,
e.g, a ceramc, a glass, polystyrene, poly(nethyl nethacrylate) such as
lucite, or a gel, thaffieiiipeomplexesrase spatatesi intoadach gelbfthewinpenean Ye or

1EF/ | ane 1 11S. -d] Q e enbodi nent, .the .nmaterial,, form ng the
matrix is [535(1)10'1} I%yeﬁ R n%g%gin\?ags.eg(ﬁlgg(ﬁmpﬂ&n’tlf' SFFe?u%%g%%ﬁpﬁﬁﬂ{ﬁ The matrix
i's, in pastexample) svdoatl @imerRiM andliysia iﬁ&i@%@tho&%anhlﬁsi@‘s&&ﬁ“is%q}ﬂ PAGE,

i nperneable and ion inperneable (BIA) to contact the length of the’lane.
An | EF/ | andngiispectepmabey, st HBHC chonstodrady. of the matrix e.g., as a gel,

Fig. 15, matrix B or n_h o roove.etched . in the matrix |ayer
or can 20 extend thr pgaﬁ%féﬁtgcaﬁeﬁ&{”ﬂg?@i dgger}sﬁﬁ’g&ﬁgﬁﬁﬁé"bieéﬁPﬂifflp‘@rth%r cel |
can cont actIEFt@ffeti NThé\ghgldbbtivedn the dirB@iohi JreleccAPRSH A tHRGEALL AgLL © one
enbodi nent of the invention, if the |EF buffer, cell or |ane extends

t hr ough t he>efgan; 580 tpn@hdegsens relativee eséhiethento lohgad B clebirfchkfield ca paser | ane

that conjac ing huifer.is covered with bi onol ecul e i nperneabl e

| ayer. (gq}rlr%ttb?;iﬂf:glg@%ég %\F&nglsoﬁnﬁ?ﬁ oihﬁ?nfzﬁ%%&’. 15 380 lpgresmmtlni x can

be made, f cmoxasmbedintyt 6 B ikvehien, TR &b&dic k%&y%&@&erﬁﬁlgﬁﬁ@ho%% matrix
ilTing t c e

out through to the opposing side of the matri X, e ann W th
an | EF buf fasfingle diredminjastpss i systapewhargin tha IER buffreamdekl] et donsadjoined and

i on- per nea rotei n-pernmeabl e nenbrane. Alternatively, the channels can
Ibe f?| | ed \% a?]ﬁ' ngfa%%tb%@rtﬁe 1ofFelle 1 queshon a&owt%h\%néﬁmt@@p, ni xed

W th an | ERifetfidiesf the electRlchibdiivath fh@rsﬁngle%gdgﬂli &ﬁ% ke 2uRithd b 2, PH
range. The cells in the matrix can also be nmade By reating groove or a
pl ural i t}9 @noenembedimahi, stid dptanois pevidediwithretiging heaneplefistg@cgiade of the

matri x, e. Fi.g..1 trix or D The grooves can be nade on any side of

the 18 \ADWB@%&@%% HiGsp E%ifﬁboq}ﬁfmg%thlﬂé%wa?rhéhﬁt @Wﬁ@loélrﬁﬂéfénhe nt,

the gr Oove%eﬁérgtedﬂviﬂﬁ'@t&'rﬁﬁqiﬁ)% pithe dBh iRt ox BEmett %%ﬁrgsog@&lesﬁ' Il'ed with
f r di odr ment. of t he

one or a plurality of |IEF buffers. Acc ng to one e
i nventi on, Wieh thepygemfiestyradr cel | s

In one embodiment, for high throughput screening of samples, it is

20 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

25 limited to, bulk etching, surface micro-machining, thick film processing, laser ablation,
laser etching, molding and embossing, in the practice of the invention allows for a high
degree of precision in the alignment of micro-scale components and structures, e.g.,
E.W. Becker et al., (1986) Microelectronic Engineering 4:35-56. In one embodiment,
the chip comprises a plurality of cells, wherein two or more cells have different IEF

30 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 IEF buffers of the cells in which

the complexes comprising the TB are accumulating,
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are isolated so that bionolecule substantially travel from | EF buffer or
cell to another 5 IEF buffer or cell via the running buffer instead of
directly wetoamess7each ot her. Wien a cell extends through ®ca/tsoze270f the
matrix to the opposite side of the matrix, it can be referred to as a

channel . The channel s y; : } re.typi.cally arranged in allel to

each other. Accordi n?%%dl%%ﬁm%%%ﬁeﬁ%gﬁx %’aﬁé)enlg}r %ﬁ%?%yg?felcgbtﬁﬂpgg&ma

plurality oAcdodting iccaid emisydiahtathe thauitsl %&nlﬁii&%crﬁgcd’éPéﬁdiﬁ@oﬁ fheanot her

enbodi mrent, 10 thf plurality of identically orientated IEF/lane units can

be arr anged®™Pepat knps thedgagth of those laapgand the spasirig hetwemn théw c dcdoringtto

anot her enmhggi . L] ip.of. this invention is pre-designed
eH%BHrm%?,ecggﬁléﬂﬁéss%f tﬁ@magml 1&&

to include a-subset S conprisin Wlffers for use in creating a
calibrati®n curve or Aawiragagosfiggand iﬁ@nﬁ&maarIﬁamxtthattajaﬁitfoﬁﬁly ts fromthe
other cells, e.g., Fig.1l5. According to another enbodi nent, t matrix or

chip of thiOMPESeSREEOIDIIYES Theseernddaysr geresaltyl anetimis te ooyer bsé side af

re-sel ect havi ng .pH val ues that. correspond to the
BI s of knoanqe %ﬁ%%rgg%{%g%gnﬁiﬁf %‘P%%l}s?e.lg‘?‘? eguleyn g spypBle fram glk@‘ilg for a

di sease st ahelnoduriey iheSEPkeftiraionl sephue allvd £t ME AT ﬁig%ﬁé’t? ottt at €.
Calibration curves according to this invention are usefu or e% erm ni ng

20 the anouffic dring thesegend gimsmnsionsispe Actaingly, theasesamblager cAnmpuisdtd lhad i Ve
cal i brat I ated b 1 Xi ng,l n_known concentrations of
known bi %%Frgglth%‘irgg?ﬂ%gﬁtplﬂgﬁgée %aé%]]e%f%tﬂhaé ?&q}hﬁfﬁ?eolﬁ%? eclareer. yteredv al uat i ng

t he accunulthd LS4 iofmpdateatie MbidiomehRGHE & SemesRke ' ving the
appropriate | EF buffer. Preferably, if thel%l'B and /1621?. Fg?gegbh(?leaggrgni tion

mol ecul e ("S#RRP Jafle cutiabyeaf theal $ 4 nederial af 1t alh be constreetdil kyhobipaithabbe, t he
comer ci al | I r. r.eadi.l tajnable TR is used as the known
bi onol ecul (—'PS é%?ﬂghgg‘lﬁ?%ﬁ}ee%n\%?ﬁﬁﬁgh%ﬁﬁq% Ing tQ,0us ¢rPediment of thiadi | y

obt ai nabl ¢ {Mié:g OLSA otCaRRUGe! Abedrifie (8 bhAha! dih e e FAE idMOUN
bi onol ecul e can be | abel ed or can be present in a conplex hat 1's 'Y abel ed.

Pr ef er abl’y sandwighed hebvaealihe magrixlopet and theHeS for ocess of generating the
calibration curve anﬁ{dr}test i H@bt hz}. 30 .sanpl e. The concentration of the known
bi onol ecul e or conpl S FHeE TREAe RinFaqiequle mnesmeahieyvistionperasabissate be gr aphed

agai nst  t hénewi theYrt0é. gl B@lloﬁih&'@#oofy@th&ﬁk%lﬁﬁ%,gy?d%lg\é@hg@se JobAccunul at ed.

The graph can be used as a neans fof extrapo concentration 19 WO
03/ 008977 Ppelyyiogidgnefinpride (PVDF), perfluorosulphonate cation exchange membranes

(e.g., Nafion membranes) and other perflorinate ion exchange membranes.

20 A second layer according to this invention 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.

25 The second layer can be detachable from the matrix, permanently attached to the
matrix or not connected to the matrix at all, Examples of arrays according to this
invention can be seen in Figs.15B and 16C and the combination of the “second” and
“matrix” in Fig.17.

A chamber according to this invention is a container comprising a

30 running buffer. See e.g., Fig. 2. According to one embodiment of this invention, 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 to another embodiment of this invention,
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of the TB in a sanple based on the quantity of the signal in the cell in
which it accunmul ated. See, e.g., Fig. 29. After the conpl exes are

separ at edwporBooach cell, the conpl ex can be subjected t®Cansbysi’s4in a
second di nension, i.e. anaIyS|s out si de of the ceII For 5 exanple, second

di nensi on I H%ﬁ SIS Sy mass
spect romet(ra@l ot G&W chrona f’?tglrg%‘if“ﬁ}’r%?%% 8{8 P@gf’wf fé’?rbc fﬁ“rf%t‘h rst

di mensi on S]bnmlthiob@ iat the tianitss $o thtelectB@es. | Acofild ©ryet ddEtharedR R een
the direction of electrical field and the matri x can be bet ween +90 to -90

degr ees r el ¥thirdnyatigndhe chantrer isslisnoseblas the eI ectrical field can pass 10

into the | EF buffer i In.o drret he.a +90
degrees. In another er;%&gngigﬁ?&%fchrﬁngt? %WtVF P05 SO ]é’%lgl(l,frf{l!‘g g%ﬁ‘ﬁ%rnt is
not rever Sifhhecaardrn boeRctiital @r&hﬂ@&eﬁhrhﬁl%ﬂh@%ﬁf%ﬁ"f@c&ﬂﬁé@'@S‘IM‘ere' n the
| EF buffer and cell are non-adjoined and walls perneable to the

bi onol ecul eKerp4q@@W@Wl&b@f%ﬁ%mmmmtb@rﬁgﬁmweg thoset usefudliforethe i on of the

el ectric c ir to t runni ng ]‘fer In
15 anot her L&éé@p%mﬁ%h[g ac{Sf\let or Séaliﬁdlﬁ ¢ Oﬁﬂﬁ\h 69\‘}1? v @tﬂr???ﬁ?d“]ﬂg f or
i nst ance, aor dekggets. CI‘I&trullimﬁglbufférﬁlsé& i the QBB RIFRQH tiofdiyt i s

i nvention, the convection current enerated wthin the nni ng buffer
during the dapesd tﬁéhﬁwrfé dtﬁﬁ@erg&ué enireths s@pndmmmlmpsypsmamtmlﬁhbrred.

In one e scr.ee |ng amples, it i.s 20
usef ul F@ the Eo}llﬁéﬁé i g{%%lilﬂlf WESI?‘%& ﬁﬁ‘?qr&@ﬂlt?)‘m"f gabedimgat ur e,
The chip cahe beminppsiared{s opfivnifet BF HR H g.
dry etched, Svet étched SIogser1 etche %%%gﬁﬂﬁg?%ﬁ%ﬁa%&md&n%oss%ﬁ to

have desir elatemshmaqll@w th@dorgplef(@sde actwatlateds theHpprophinfe s Aauanipg! ymer, a
ceramc, a | am nate thereof, qr the like.
The use of b(rﬁ %??) cﬁlgsge[ ﬁ?etaé)i'ﬁﬁ‘ﬁ ﬂ’é?’é’ﬁﬁqalseéé’r dereasgs theamobiligiafad t o,
bul k et chi ngomsm&ma@ﬁteﬂhgﬁpmn‘f@lopgeut hick film processing, |aser

abl ati on | aser etching, nolding and enbossing, in the practice of the

i nventi of® al | ows for Ay devigghfor dgeting anfelquiréeal Seldnhiongli te AFibyfeEot ccilf
S. and. structures Becker et al., (1986)

rI\]/I1 g; gelsgglt (rag(rél?rgp n@ﬁ& nIH%g]rVF Bmﬁf:aQSG gslnclqﬁleélg%usérﬁ’gé&?ﬁhﬁﬂ? electrqgle andiap corrpr i ses
buffore. Seae. g%*‘ﬁf SOOIk 0 R SRl AR Re LA SAIBHERL et il (e
| EF buf f er ds cafabletnf gengdsatig anfaltematmg aleetrivdield. hﬁleseamoass &éﬂﬂ)eﬁﬁh&ﬁ onhe | EF
buffers of otpggsn% suies o% Hle\?ﬁf‘ %uffer or cell such that the electrical field passes into the IEF
20 buffer or the cell. According to one embodiment of this invention, the electrodes are
wires. According to another embodiment of this invention 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 side of the IEF
25 buffer or cell), then it is advantageous that the device is capable of directing an
electrical 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 IEF buffer or cell. Tt can
be between +90 and -90 degrees relative to the plane of the array, always preserving a
30 field component parallel to the axis of the IEF buffer or cell.
According to one embodiment, the electrodes are made of

platinum or titanium or coated with platinum or titanium. According to one

embodiment of this invention, the electrodes are between 0.5 to 10 cm distance apart.
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t he conpl exes conprising the TB are accunul ating. 20 WO 03/ 008977

PCT/ US02/ 22714 The di nensions of the matrix can be, for exanple, |xlcmto
1Ox1 Ccm Wodeekny t o one enbodi ment, the matrix i s 5x5cmPor/usRy/eaTmg
depending on the nunber of lanes, the Iength of those |anes and the

Spaci ng Dol NEeRa DR RSN AE nOOEFIRRUIIERL e Ly GhnGss of (he

matrix is 1 n-array accor #x that

addi t i onal | fartheembddmentatiselinide bétyx%én theh@ectRdedd theMBlimaENahAde that
functions to_cover one side of the lane to Er event substantial anpunts of

bi onol ecul estilkallovs dhpuaninedmmities toiicplataaress t m@eIISaﬁ‘@caﬂmgng atfimeher EF

separati on |l ctri.ca el d t enet rate | ane
during the @%@1@%7 ﬂngﬁg%ggrﬁg%tagé PR PR, Lehﬁglie M? éb%m%h?fu ses a
| ane 10 sErseah¢ kgghrsfahd ¢sHA) that is the sane Iength and width of the | ane

or larger, wherein the LSA is inperneable to a bionolecule and is
perneabl e to ions. ThEhesedtsgeappligd to theanmiieg hatfer cantbe D yr A€, Tfihe [HA

mat eri al or n d to,hav rrtions of LSA nmaterial with
the di rren&%ﬁfserg?%lﬁ% f%n(zt‘m oé%tgampdleﬁ Bﬁo Hg AP FISt 093 VR i nvent i on,
the LSA is maiually BﬁiHﬂbm‘dﬁcalﬁm&frﬂhﬁ\gth%%@&%rh@ﬂ’th@ eiaeﬁﬂcm%ld sd gt fgne is 15

sandw ched between the matri x | ayer and the LSA. Materials that are
bi onol ecul el fiekiys diregted lﬁ@dopétpfﬂaalﬂﬂébaffa orlcaBwActordingeo ant , e. g.,

I'l oph | lid
ruor aer SORRHRHIEE e b Blifon, Be BReasTpie EREiiabathampdiatied by
Naf i on nentbyangahiiaod aﬁbﬂﬁﬁcaﬂ@rs%t@mh WSpdifty %W{ka%gﬁf é‘BFﬁn atﬁ%yA

10

second | ayer according to this |nven i on may” opt |t|on
conprise a tb%ﬁFoblbffqr@ﬁ celhby hi§hdegness i acensnt teleetrmeﬁ)ahhdAbwﬁhg T bige

perforatio SO that t e perforation is positioned over the
| EF bufferq)gf%rr (?Fmg?)% gg%\ G'YHES S buffer. The function of the

perforation is to al I&%ﬂb@f@'aﬁ&ﬂﬁa ) hh}ﬁué%qsﬁ}*ge“r e | EF
buffer or cell during the |IEF separa |8n st a@r%?the%@%ﬁ&ﬁi%&c%ﬂ b. 25

The secohd sirayléanceusly insludes,sahatitie biur plavedHe t]mast}ramb,er cxmtﬂasﬂa@bj‘z hynaghétached to
the matri nnec&.ed to he mat.ri x at all npl es of arrays

accor di ng ?’k&?ﬁ %trheﬁ RVEHE %rrFHE?Blﬁ ipgliqud knpyn g a'rt1@3 mpmabr@ms,t he
conbi nat i or. HfpitAevibResiOniat@f diltind Bvide¥). StAFf 9: Titdnother embodiment, the

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

20 buffer. The activity of such devices is useful during the first dimension step (IEF step)
in the methods and systems of this invention. According to this invention, the
circulation of the running buffer or cells relative to the running buffer promotes high
rate of exposure of the biomolecules of interest to their respective IEF buffers or cells.
Alternatively, the methods and systems of this invention can be devoid of such a

25 circulating device. In another embodiment of this invention, the circulation is solely
provided by the convection currents naturally generated during the isoelectric focusing.
According to one embodiment of this invention, the amount of convection energy that
is sufficient to circulate the biomolecule is 10" joules per 1 cm? of running buffer,

A device for directing an electrical field down the length of the lane

30 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 involved a lane separation should be predominantly away from the [EF
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A chanber according to this invention is a container conprising a 30
running buffer. See e.g., Fig. 2. According to one enbodi nent of this

i nvent i orwotoamosschanber i s designed to hold a small vol umecafusozrearisg
buffer, i.e., the mnimal anmount needed to contact the cells and

el ectrodes [ el d I h | EF_buffer or

cell and thg ‘%ﬁga d%gré;ﬁl#ﬁ&?}% 1'?%'eé‘%&?‘r?é?Eian%cg%?%%@gg?ﬁf%fasoqeﬁ{}gﬁf n, 21 WO
03/ 008977 PIEH/160@4iP@ gl dat thengp ofitheiIHE boffer) btd stvahdrar tHelwthdrehd 601HRY | S€s
connectors ﬁg?glal | ow el ectrjcal current to pass through into the chanber to

the el ect r otieélangpibied. i thaendanr thelinele rAltamasiaelye pre elegtradeican bepleped a@n, t he
chanber is gj i or di to this Lnventj is a
sol ution i n@e%@@%ﬁ@%@e@n@%&&? &C%%gt%gé F %f%noneel t{el%tt‘ﬁscuaﬁeagh Bﬂf)ﬁ@gr

exanpl e, 6hsspatation stgp.bSéd €5., Fanzde The VM ge 528 4updiid daHMRITNG bPatidrer can
conprise other_agents, e.g., those useful for the maintaining the activity
and/ or st abfuPPlSs 29 elastrogesshe cansieply adlC ensrept erecasundreiallpavasiable apd
detergents. I iﬁ?@é‘%r?g buffer used in the first dinension can be
optionally change 6 the sane or different buffer in the second dinension
step. Alternatively, AQydémmnuutiing tdHif R edtfonRioaiRRts dVelalEordSiRAE that

di mensi on step. According to one enbodi nent, the running buffer 1s

opti ni zed f&H0 heweldms arkitdaassgmlplaé of Esembled.cCompnuerts ofthk &itihduds: an [ER er est

to all .t late in th ropriate. cells. A i
ot rer o0 GurRa RIS & R e ne b il R g e o ho
mobi | i ty of digectiig aelbeeivhlEietd irearidngit 8fithk FEF BYftEendQEl &84 or alléanébeﬁieVi ce for

directing an electrical field through the IEF buffer or cel according to
thi s i nvent $BRPTISHIS, 2 ranging bufer. ublke sylemialse aptionalbinklndes ztedte fod diretiigan

The. devi o AR08 AP R D8R ORI G URP s o R R e PTEtl Bl "The

el ectrodes gaRmptiphaBLEBEr inCRASS 88 HeSr@iatindghd Eﬁnﬁ%fﬁc such
that the electrical field passes into the IfEF a20@buffer r ul?%re%cr%ﬁ%ﬁi.lé

Accor di n& t EFdwéfceernsti dxamplss of sygernnacsntdingto thisenention imiiels Fig.é7 and r es.
According tg, ot enbodi nen f this.invention the el egtrodes are

paral | el s‘i’tg?&bfA Q’\?\/‘:‘; rafg 18 onp ﬁP’&?O Wégfth§égve§‘%lﬁp’, thpchambey igdisnesablgand ce can
suppl y AC dfasB6hneeks fgare bitadhe td fE bBHEHRK sk o &ld chbSip! system
(e.g., the electrical field cannot pass thrsoug?h once%bgfgoopﬁ{aggﬁgEF buffer
or cell andV%@geWﬁ’él}’opposi ng side of the IEF

A system according to this invention may further comprise any one of

20 the following: 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).

One or more of the devices necessary for detecting the biomolecules of

25 the sample in the cell or lane, receiving the data from the detection device, and
processing 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 illuminating

30 light source is monochromatic. For example, the detection device can be a custom-
made photometer that quickly, sequentially reads the absorption magnitude from each
IEF buffer, cell or lane at a specific wavelength after a narrow spectrum of light is

projected onto each IEF buffer, cell or lane. Alternatively, the detection device can be
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25 buffer or cell), then it is advantageous that the device is capable of
directing an electrical field in and out of the |IEF buffer or cell

conpri si NyotoR@Od9EF buffer (i.e., an alternating el ectri c&cTfiset/ed7i4 The
orientation of the alternating field does not have to be perpendicular to

t he pl ane of the | rr.or cell. It can
be between ieg%éﬁ%dgﬂfeg% egd)d(’lai Irhgz’%ﬁ?‘g?% P@%‘%? Squlﬂté’n%qugﬁéngjpr ?‘ﬂ(g readings * al ways
preservi ng @ladigfo ﬂie&l&ﬁﬂmg@ﬁb rixikid &hitled floffeRK TSF Bﬁfféﬂ‘é‘eli SHakuif er or
cell. According to one embodinent, the el ectrodes are madé of platinum or

titani um orse(Y%r&hé’GVWItgﬂiSpl atinumor titani um According to one enbodi nent

of this invention, ar.e bet S ce apart.
22 WD 03/ 008977 PCT/ %’gez‘%eﬁgo%%%?‘ﬁr H‘ﬁ ﬁ%ttr}?iﬁmétﬁ%gﬁit FQFM%

el ectrodeS speerdphoondRas, cherMiGAdbaat &)ﬁo@meftﬁtf/&éi‘ﬁftorﬁ&ﬁedél%%ﬁlerhﬂgl cﬁ' stance
bet ween the el ectrodes i's the mininmal distance that stil ows t

runni ng bufpdiochenicgldetacingingevments dependiig e whsthatiot tigmiotecalefisitabbled

enbodi nment , # r oxi.nma the s rre di stance apart as the
matrix or %\e ﬁJﬁg%Ha Qfsr fle[i ﬂg‘g{:@ﬂ?m ?ﬁS SROTROZGHS phpAvsed reagtiothdat unni ng
buf fer can ﬂi@d@@s akigh&l or|t$ eﬁlﬁﬁcé 1ok sighdf tfhﬁfls Qeteb@ble ab&r&h@%@ﬂlea‘aﬂgvé’ ol t ;‘ge

applied is DC, then there nust be a way f manual | y or “aut omati cal
al t er nat i ngnentiongd msghdden Agtetailad discessian Qfasultaibleblgnaicprddmaingtslyﬁemelcacbef| cal

erbodi mohy SR A MaGef el hs baoRG: $.EEe b copnitng T aeincpoed hera can be
changed, e.lg.referdfiée MO bYte@l&u%%P&tta‘éﬁinkﬂab%ﬂ &f%ﬁcﬁ% }1“5*8‘ gxg L gy of the

applied voltage or rotating thé IEF buffer or ce greés in a
const ant el&Xemples Matibews, eAck okl iBjotlenar(@98 1161 205209 am)Edgémsrrﬂt et big

oltage is the running buffer across the |EF
\tguffe? olr cﬂ??peafg’egepﬁg‘ﬂ’@ 381&@;%;5?(5%}9811 eug | g s'ltjlr bar placed in the
chanber controlled bYA@bof@ﬂé‘ﬁtdn% enmoafrﬁergrof ﬁfehﬁ'&enﬁgf{ 'tﬁ@éorﬁ@.[ter%a%ﬁ% ating

liquid known in the art (e.g., punps rators,
agi t at or 5 meduls gt geap 9fca&3g Hiegrontputer o ammehe am(w)ae&emhge deVI ce

for circul atlon C%Eln‘ﬁ’]? rr&lil ani mfo(g novi ng the | EF buffer or cell
rel ative to PYHES %’3018 i ’Pes %&?Pﬁraélngtarﬁofﬂ&rcepmen@ﬂvwf @el | can be
rotated in bidiolial MAhZnRK hif/or tﬂQﬁlo%?&%éﬁ'lésyof‘?ﬁtel%&QH GRS dippuserul

during the first dinension step (I
module can be useful in rapidly identifying, triaging and selecting more functionally

annotated drug targets in disease. According to another embodiment of the invention,

20 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 programmed by the researcher.

25 The computer can be linked to a network, which can be part of an
Ethernet link to other local computer systems, remote computer systems, or wide area
communication networks such as the Internet. The network link allows the computer
to share data and processing tasks with other computer links. The access to shared data
is particularly useful for genetic or proteome analysis for diagnostic, pre-diagnostic or

30 general research purposes. For example, the computer can be preset to recognize
particular profile (e.g., protein or RNA expression patterns) that is indicative of a

particular disease state or susceptibility to a particular disease state using known
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in the nmethods and systens of this invention. According to this invention,
the <circulation of the running buffer or cells relative to the running
buf fer prwowmsessdni gh rate of exposure of the bionol ecul epcafusomznest to
their respective IEF buffers or cells. Alternatively, the nethods and

systens of iLSafi .0 Ld.of such 25 circul ati device. In
a%ot her enﬁgm%(gﬂo (J‘tnhlgg | \?gﬁ) |%%@J?Cﬁga%ﬁ?%ﬁﬁeaflﬁlgﬁ%?essyétﬁmeq9; Sprovi ded
by the conviewdntion te detemiing ifftaé bioaldleculs NetRls@fpfxnie thBSarhSRBHREL i C

t

focusing. According to one enbodi ment of this invention, e anmount of
convection energy t haturthesstdlthe syptemaceerdirigrie this inventien tiromiditivnallye i s 10- 10

j oul es per ; i er . deyi far directipg, an el ectrical

tield down %ﬂgaqaaétﬁéatshb%p a{}ﬁ%“%ﬁ{%ﬁgn 0%@1 %6%9?@08{%%?@@ 53#reh WatS t he ool |

can conpr§ skspeealea buffetifbdder, eidtainial FARGR TERCS aﬁ%rra?%%’c?ﬁ%%&emmﬁﬁ devi ce
urfe

functions tQ nove the bionolecules wthin the I EF into and down the

| ane. AccordfiPigt v samprle deaderef this inventiprcal baproganimed w ddd ah Akqwe00ad

di mensi on i I epar ati .Shoul d be predom nantly away from

the | EF 23%(%\%5 lffi%lgéa%‘%glb%h‘/g&%ﬁ%/%iaj of Hhif PR PR UeR L PO HEIMEAS  For

exanpl e, omemetewhston@tesiah(ele, MhAGL batierOFRr 88 Fsdf i ' unit (e.g.,

at the tip of the 1EF buffgar and %n(_)teher zrit t%ﬁag%ﬁgﬁmé@%atﬂ?he | EF/ | ane

unit (e.g. 2nalysis.nd buffer Sedennd this invention camrbegrogrehynedan ecledseatwode can be

pl aced & t I ape and the. ot her el ectrode can be one that was

used in 1th((ai_hjg}ér?|er§rrb qfﬁatfg gélpr)%r anﬁhesafnéb'.SISSeAeStél.n&?g, repgept Sagderpaa bool t age

bei ng supplpretam@Bd kerdl¥ase BVpossSHP Blonfsle @i 1§85t fo?ﬁ%ét gep‘gﬁ gft%rrﬁ supply a
e art. S

DC current are commercially available and known 1n ygtem
accor di ng 8 ¥Rydapdhine-fysiem corepresamsed év move drpnaenf ardyhatchasee age sol d

kit di r _assenbl ed. . Conponents aof the kit include: an 1EF
10 butt er - nECRREVRUE 6 BRGHITA Hiply Al S 155 investiomsmeasccn

opt i onal | y othefl@siicethfitqrovidid BESAToR IR LRI il ' | d out of the
| EF buffer and cell at(r?;l/ or a charﬂooer conpri s%ﬁ%hggéﬁﬂggioﬁgoﬁt&of er. The

syst em aPs8psiopakanglysisndeudes Fig. d@vi ce for directing an electrical field

down the length of a,l ane.away fromthe | buffer or cell. The system
optional ly further i ﬁngﬂggg"%’g OH%WE{]%&‘F‘BW @P%WS@W%WWW@HWWQ%@& er

across t heinlwhdlEbr BuSdiedo @At GRlor maﬁ%@ﬂﬂﬁl@?ceﬁ{ﬁeﬁé{ﬁzﬁgﬁ a&%ﬁcﬁ%@){aﬂ to this

invention include Fig. 17 and Fig.?28. ‘Accor g 0 one nt of this
i nvent i on, Meliede pbifsenvensiod Fpoeenipde, amdple could be added to the system that is

programmed to carry out all the steps of one- or two-dimensional analysis, to collect an

20 image of the lanes énd to receive, process and determine whether a specific
biomolecule or pattern of biomolecules is present.

A system of this invention 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 recovering

25 biomolecules from the IEF buffers, cells or lanes. According to one embodiment, the
system of this invention is automated for high throughput screening of samples,
compounds or drugs.

Biomolecules according to this invention include any organic molecule
present in a biological sample having a charge such as peptides, proteins,

30 oligosaccharides, lipids, steroids, prostaglandins, prostacyclines, and nucleic acids
(including DNA and RNA). As used herein, the term "biomolecule" includes
unmodified, glycated, unglycated, phosphorylated, unphosphorylated and otherwise

modified biomolecules. For example, a biomolecule of this invention can be labeled
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has connectors that are attached to the bottom or side of the chanber to
contact the voltage supply. A system according to this invention may

further cwopsioss®7any one of 20 the follow ng: a device f@®CTdsvBe7ihg t he
bi onol ecul es of the sanple in a cell or lane; a device for receiving the

data fromt Lan | €0 . evicesd or processi t dat a
recei ved. Aﬁgg%r?g%ﬁ%}dtﬁgﬂéﬁgl\éeﬁ chlﬁfr%gﬁ?n &aé/‘ S@gan%'i%heél%ﬂ?lilﬁ i%gﬁgg 912%1 er
detects, rlebdingpsAacwdding ocessanbéditent bk ifveRtidd, Mk BiBhlofehle9brd ane(s) .
One or nore of .the devices necessary for detecting the bionolecules of 25

the sanpl e PiRtee Qeqordipg tq anesher eatherimang of this ineerdiony obiontedecylst cantbeon

devi ce, an ] ' .a I L.yed.can be. packaged into .a conmputer.
A detection e\E/ljlg11 ggﬁggﬁ&ggyggg%ﬁ%dgg ((’c;oré;f)lr]‘lgjtoexet ag?tggrt ?‘Bk‘?fg‘g‘??@'ﬂ‘i Oé?l?lédi ation
that is as5sipeeitionm ploteimisel Lpatowhich dhbe) b ishgtH senyl BaE RSBy ONE

wavel ength onto . a |ane sinultaneously or sequentially. According to one

embodi ment , COPRIENNG ofy Bt fimited 60,1 psgthansHOrresidues, lesmibah 3 Q0residoes, Fss  exanpl e,

t he detecti ' d h et t hat i ckly,
soquent  al | 8 SENAERME2 sl 1O bl Py R B e o5 Banfrruddeboel | or
| ane at a sqededsittanvidviesigngt h after a narrow spectrumof light is

projected onto each | EF buffer, cell or lane. Alternatively, the detection
devi ce can be 24 WO O8taggdrmelenyle)STB ) accpadinglsthigieventioniead each | EF

buffer, Mp Lol eous|. d/or ta readings relating to the
el ect romggnﬂé?@élekggﬁgﬁlt%%ﬁg%qﬁ %’80’?1198 138%3?“?%% B/ FLgST TROQBILGR | ane at
several wauablengs RV tTabhe chBb@aich Thel@MctBismolddaloush Ak RYhy MOt 11 nited
to, the naked eye, 5 spectrophotonetric, chem | um nescent,

phot onet r i (JiErersIcoRditionc The fasgat biahelatudatandre a bianiotechlerthatas erfipbenius ng
I nstrument [ n whether the bionmolecule is | abeled  and the type
of | abel . 'Sltﬂ gﬁﬁosg%gpé%f%ogggﬁf ?Oeﬁ’&sﬁlgpf%cbﬁp@ﬁg‘#fosth‘? SATRRIG S8 revRgbutfesn t hat

produces a Hiediethokesult Of RaAGE Bé‘ﬁloﬁifﬁaﬁ%b_tﬁal?ﬁtisQTBdﬁ%ﬂerﬁs%?ﬂirg cording to
t he above- mentioned nethods. A detail ed discussion of sui taBYe si gnal

produci n seatermdlinibrolsd R, fionsxariplelshe bfomoleuleadf intetdsSeaniicoviently

5, 185, 243, . ~13,..incorporated herei.n by reference. Details of

t echni ques Uﬁ%‘#lH%ﬁlﬁ)aaidﬁ}tﬂqaalﬂ)é%oépﬁsgra@epﬂgq,\ﬁ;pqt'ﬂmpg@ngp{tqpeggét, spe@ficallyx anpl e,
Mat t hews, efindlto a TRMIsuchBisO@h@bodyt 985) 151:205-209 and Engel hardt, et al .,

A TRM is a molecule that specifically binds to a portion of the TB.

TRM can be useful for providing or amplifying a signal for detection and/or providing

20 asignal distinguishable over background. For example, a TRM can be a labeled
antibody that specifically recognizes the TB such as a monovalent (monoepitopic) 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

25 appropriate so long as binding affinity for a particular target biomolecule is maintained.
In the case where the target biomolecule is an antibody, antibodies thE‘lt specifically
bind that antibody can be used. In another example, the TRM can be a ligand 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

30 specifically binds to or hybridizes to TB when the TB is a nucleic acid molecule.

Alternatively, the TRM can be a nucleic acid binding protein such as a transcription

factor, splicing factor, histone or the like that binds to a nucleic acid molecule. In yet
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Eur opean Patent Application No. 0302175. According to one enbodi nent of the
I nvention, the conputer contains a 15 nodule that is capable of causing

t he conpuwerostasdexecute the steps of (a) receiving experipegrusat2ziata from
the | ane(s) and (b) generating a profile representative of the

o, R0y R IR S S0

sel ecting narenzimecitieard isythatanfypheat ed drug targets in di sease. According
to anot her enbodi nent of the invention, 20 the conputer contains a nodul e

that is capable of cafisfoiginghethedindeFRMsanbsseleeted frem e gsipof ( a)

receiving e J: $10 | ( g e i Lefile of

bi ol ecal ctisofie 8 RyiRIBu bt 1w RUR ERAIEIISRAHIA SRR ()

cal cul at i figduplexesgictptucleetidEbinding aRits, @ficH 4 bei bt lidditet Yo RetvEBA t he two
profiles. The reference profiles can be values known in the art or val ues

progr ammed PYEYHRD acbers cieniessops; nypeases polinegrassarhigsends reRaid enzymesnet wor K,
which can b - link.to.other |ocal .computer systens,
renmote conpu efe@hise{fg{egﬁgfgeﬁ&% tggﬁ%%(gan@8%nfl%ﬁwnﬂ8g MRS §YHSas t he
I nternet. Thwdinahd®idtinl feabptatsla@ifighlin ifQHBHE ﬁ{emﬁrﬁleslﬂﬁﬁ@réiéﬁﬁrsaéﬁ@h as
processi ng tasks with other conputer |inks. The access to shared data 1is

parti cul ar | §-puetem fecepiirs (g eruscagpicpadrerssgis, prostaglondinfand defamjne sudhes

pre-di ag ' [ Q neral . research . purpases. Fo anpl e e conputer
can be p?@gﬁel% E)tzgre?eé%cg&% 2 gmggl Pt ﬁnﬂﬁ%fﬁ?eep(lge.r&a,i Eﬁ?oﬁ%ﬁN&ﬁ{] RNA

expr essi on fabbRSITOF poakth Fftdrf)fiondhbmRlOhdar-cOpfdcEgbisar di sease state or
susceptibility to a particular di sease state using known 25 WO 03/008977

PCT/ US02/ 22714 i nf or Rt bigmoleTilencandbestaggederior tovihe IER b¢racdtionatephe aftest ed
using the s of this iLnvention to determne i.f the bionolecules in the
sarrplge exhi%ﬁérgﬁn%%mstéﬁﬁecﬁ%E’Inil%l.smf—‘&?]i ‘ﬁeé?c‘%gflitﬂyi ?-g?hl&f?g%d[% according to
thi s i nventgpesirdphbtonstdiié, ichBalidinesdaat, ﬁéﬁ@toﬁfetﬁ&@&%it&ﬁ&ﬁo,%l%%??&%?lo& or all

of the follow ng: a sanple feeder, a waste 5 disposal, a buffer feeder, a
st ai ni ngl¥ cadiephentisgldneans anbysurfage hkasaibi negosyst émaging Fheltagphape aA sanpl e

to the chartis o Ralse R ar oo a TR o i il PR oL e BHBO AL o
ETPve VSRS arh st o GRS rofi L W T,
to rel ease thegrsgwhere 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
20 of the IEF buffers or cells will change accordingly to capture the complex. See, e. g.,
United States provisional patent application 60/340,698, filed October 29, 2001,
incorporated by reference herein. The biomolecule can be tagged after 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 art and
25 are useful for tagging the biomolecules according to this invention, 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
30 react with enzymic products, catalysts, activators, cofactors, inhibitors, scavengers,
metal ions, and a specific binding substance required for binding of signal generating

substances. Examples of a fluorophore useful according to this invention include

fluorescein, cyanine dyes, coumarins, phycoerythrin, phycobiliproteins, dansyl
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10 different buffer at any tinme during the analysis. A staining reagent
feeder can be programed to rel ease and expose the bionolecules to stain
for a setwpasioasd7pf tinme. An array handling system can becprusgz/zamed to
nove the matrix, array or chanber as necessary during the analysis. A

or ovi abs. 1 i e Rt b fibeldyb PR RR o R tRe BFEO R o PgaE o0 1

di mensi onal o-phthMshgde, Sebiludegamitd £hd ekas ReE oS 6ltadle lbelo AR IRRDBOK RN Of
the inventign, the systemis automated in whole or in part so that one or
many sanpl edlugiga{iogang maf Ymitation epramesguelvas slkalingwhpshetase, t hi s i nventi on.

For exanpl e ] tQ stem that .is rogramred to
carry out a1g]lu§‘§asﬁle%l @%"(eég‘léq tgg%rqg&%ggset(vgémﬁdg}%ﬁa %h%‘?’@f‘as?o col l ect an
20 i mage 6f piohm@tdrgiges; afudtrb liniifeRbmeabely AL S AR BB CREIFcge Whet her a
specific bionmol ecule or pattern of bionolecules is present. A system of

t hi s i nvent shsmilvanngseers speh asiiseluminod sensitzeas] ¢oenzynes; enzyme cwstrats;

i nteracting hRr13€% sititrators, for filling channels with pH
sol utions orraﬁg)g%_%gﬁ%ﬂ%@%%iﬁ’i nzs,i’gir%h QAnd rﬁ%xtsq‘ﬁlt@@e@%mesaaﬁ‘g BRPYACt ors for
recovering 2% dclos®l @dutesm, br oM. BepdiBRo I 1), Si8hdns 19128 aes. According

to one enbodi nent, the sgstem of this invention is automafed for high

t hr oughput Begusksking @it sSrRat.a¥o. 4, TSR0 uerdemos 10 dpsitabledhmotascars esd

accor di ngnt i s-invention i.ncl,ude. an r it mol ecyl esent in a
bi ol ogi ch 6sj]n:frrp: eE 1 %S?rﬁﬁreacgﬁﬂ%sfegén H@ﬁx’fgagzgﬁc' E@ts&\]eopgi?r? g,ilﬁé,at §?r)\umns

ol i gosacchax(ist%nkxjh@émeir%hgméta&her@mwréﬁk&@éi ns, prostacyclines, and
nucl eic acids (including and RNA). "As used herein, the term

"bi onol ecul " i ncl udedccedingdifone gmbgdiyeat, eul antilmlyydeatleped gansphor yl at ed,

unphosphor y{. nd .ot .her w dj.fi gd bi.onol ecul es. For exanple, a

bi onol ecul e“l’@%‘g%ﬁﬁ% Of Nyt 5 FoelH i 4 RPRiPTo 6 AgRsriiai s g0e PpeRmSah 2/ 22714

prior to sepafabiofRorens tdi&téd foavell ' i <PELfL oni ne

| abel i ng or 12&;)2;%&% n%); Rccgrg?xﬁggs‘itbgﬁg%%l %%%ﬂ?ﬁ?sgﬁﬁi S invention,
o

t he bi onbpewan @ a gl floprescenfigielsk di ng t o anot her enbodi ment of this
i nvention, a bionol ecl%%

Lo yet anot her onbod: NERTGE 1 TTEPOBH RDF] s (Estigh i § sB48Rpt | de whi oh
can be of plh@aiBscihes)nes B R8Y id\Et&t SiMBle biomolecules or complexes. For
example, cells or matrices may sit upon a solid support within the chamber which has
been biotinylated in a manner such that cells of varying pH ranges sit upon one or more
20 biotin molecules. Target biomolecules or target recognition molecules 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 proper pH and will form a tertiary complex with the present biotin molecules. Such
binding can be detected by a surface plasmon resonance sensor underneath the solid
25 state support, with the resonance signal detected and processed by said detection
means. .
A complex comprising a TB and a TRM, wherein the components of
the complex are covalently or non-covalently bound to each other, can comprise only
TB and TRM or additionally comprise other molecules, such as other biomolecules,
30 metal jons, detection moieties or labels. The overall pI value of the complex will
dictate whether the complex accumulates in a particular cell or in none of the cells of

the apparatus. If there are a plurality of complexes of interest to be monitored in a
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consisting of, but not Iimted to, |ess than 500 residues, |ess than 300
residues, less than 200 residues, |ess than 100 residues, |ess than 50
resi dues,wbasmogdnan 25 residues, and |ess than 15 resi du®ET/US02/2a7¢et
bi onol ecul e ("TB") according to this invention is a 10 bi onol ecul e of

interest t ' i £ : i by a. target recognition
nol ecul e (" 1 ?ﬁﬁfﬁﬁg&%ﬁg%ég@%% ) l%ﬁ'lea{ gfzélg?leﬁ?so%bﬁl%téﬁy% essalge%r ker for
a di sease wiussandiutd the sanlhRbélar get bi onol ecul e can be a bi onol ecul e t hat

i's endogenous to the sanple or exogenous to the sanple, i.e., added to the
sanpl e or running buffé&rmplepaeorging ip thig inventisn referstoamy sohdobBuidsanpleed so

that it is : i NI 15 greater affinity to a TRM  For
exanpl e, th@ntﬁﬁ%&ngﬁéé%%zetg R{ ﬁll[ stee¥reege{d PRSI T chﬂﬁl&isfqiﬁcqlﬁd

addi ti onas | micceomahBmsdsupRal bttty eastBhnrAARERPS orfdisniN8&dn 4scal | Y
binds to a TRM such as_an anti body. A TRMis a nol ecul e@hsat specisfi cally
bi nds t 0. a H&Hs pethanimalspier stancg Rvedenatsor asesiuhalf and ipmavtictiang healthy

Lifyi i tectiQr d/ i di 2 i gnal
ot | ngur oretisP bRy hAnPEIEEL bEDra BBy BicH! Mhgrtly ot ons e
anti body t htiteasptid digbobad drﬁﬁﬁ@ﬁ%aﬁ@dﬂ). N'tﬁolggcﬁ%&lﬁpﬁﬁcaﬁ H&%&%E@@;ﬂmg

(nmonoepi topi.c), or _ pol yval ent ol'yepitopic)) polyclonal anti
monocl| onal XRIpebEGMERY site Grg blnsdyplasmagrem, utive,dile, SabyiaFfluidnd F(ab' ) 2,

Fab', t ' ; di f.i t I , d j t f
unogl bty ptosil Ak, BRtal Ao, SOERERRM LR s b airile so 1 ong

as bi ndi ng fafid, ayutdusionNitteoRehiitl bRkiny WG seRLRD! LEMBLS, 'xﬂhaﬂ% ned. In
the case where the target bionolecule is an antibody, antibodies that

speci fi cal I(g-& Bridpbiaizad from ah ebseessaor aby othsesite dfiinfeoiodher infxamptien), bhe TRV
can be a i receptaor that binds to.the TB when the TB is a

recept or orfﬂggg]?%{a{lﬁg,ﬁo%% tgf‘ge‘f fornyg] Iyt or agpif ﬁ%‘?"t?\gﬂ@hﬁﬁ%ﬁse 48 aFRM can be
a singl e- strhana@eidnuhlias Gsee kiR %'&_séﬂ!ﬁtmﬁﬂg@ped fically binds to or

hybridizes to TB when the TB is a nucleicC aci [ecule. Alternatively,
the TRM¥an be a nucllﬂiﬁﬁlaémeh',bismllblngalpb@blaiaimeéﬁomaa@rcﬁgmmfsemd ption

factor, spljci factor, histone or the |like that binds to a nucleic acid
nol ecul e. Idnn%%}@%ij & aﬁw% %?P%@@ésﬁc 058wy sompyise ceMs (whethenpsmpans cells TRV

can be a mokeglalied tERY opRedihd GlionBl BYSng Qi ASuBGE biln SirhiSsitthy, mg" enzyne
when TB is that enzyne. ’ ’

biological sample can be subjected to preliminary processing, including preliminary

separation techniques. For example, cells or tissues can be extracted and subjected to
20 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) (incorporated herein by

reference in its entirety).
The matrix, arrays, systems and methods of this invention are useful for
25 quickly determining the pI of a biomolecule by allowing the researcher to test different
broad or narrow ranges of pH values. In one embodiment of this invention, a
biomolecule of interest within a sample may be placed directly into a plurality of cells
with different pH ranges and analyzed manually or automatically by means of the
aforementioned detection devices and systems. In another embodiment of this
30 invention, 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 aforementioned detection devices and systems.
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Accordingly, the TB and TRM can be selected fromthe group consisting of
pol ynucl eotides such as mRNA, r-RNA t-RNA, DNA DNA-RNA 5 dupl exes;
pol ynucl ewDiodmoss7ndi ng agents, such as, but not limted t®CTrason2/2aué on
enzynmes, activators, repressors, nucl eases, polynerases, histones, repair

enzynmes, chenot her apgut:i : i nd _ant i bodi es;.

non-i nunol ogi cal pai ?‘;&glﬁlgﬂeg@gRﬁgegﬁeﬁggﬁ%@igmaf%?&’rcg?:réﬁf’%?eéi’ and | i gands
i ncl udi ng neuenticated huliorconpadite bheshiolbcalss u&@!@ﬁﬁtﬁxés?ﬁﬂ@s?%%teﬁﬁ-&d’
muscari ni ¢, adrenergic, prostaglandin and dopanm ne such as ™ 10 the D2

receptor), WyHieds alihis ipyentiopicar be fusther realyagrd byepptedsaid dEmernial systehiGF,
fi brobl ast fact i h l.s.and. T: cel | ntors. Th
bi ool eoul ooonabidte e 6 B sl SAANRE Sl hih Bhorwb BSH, orier

separati ofi ¢imomb®gepho (HPUCRMEIQEhhatoahSIs), CARIRY cl@udphoridle Naked eye,
spectrophotonetric, chem | um nescent, photonetric/densitonetric,

el ect r ochenPd¥dcryamids eleciophoresis, SAIS-RAGKs centrifigation, ferkenp gelsmon r esonance
i mgi ng. Th . b det.ect.abl e. nol ecul e .such.as a .conpound, nucleic
acid or pro 8%@0%?@%31.8’ ﬁ%%?clt %&?}’Sl%gf?h?lguesr Sy og CProtERweBRHIG | v

det ect abl e mpibngphewéd Bpbihyr hEBOG U Z@A81yEE RnEWVR WPIHEGH! 8o, Ilss %ﬁar&?agsf wher e
the bionolecule is tagged prior to the | EF separation gtep, ep > the
bi onol ecul e&§b Masy speefrgmetnaddcBicexstanss PofSeptiec PESERMADI-TOE-MS8gndt hus t he

Phe. conproor@e bk Ton R isY. Shuflndiidtal tpE oG ateitv e M Ton <
60/ 340, 698, TOF lspebtrCaicayethe phserd Gention Qﬁ&&%@%ﬁ%&&h&%ﬁﬁf&%ﬁg&‘&* ein. The
y methods k

bi onol ecul e can be tagged after the second dinmension nown in
the art sudHomelecaley FonjgsteraenthbpotsentrigvenSen éx aipabio of dgtedinkiadost ai ns f or

bi onol ecul known jn.the .art. an 5 are useful for tagging the
bi onol ecul ?Emg%ﬁ%lre R {Sé)flpﬁq‘%%m’i m%?ﬁ%ﬁlﬁ agroynts of gEeia of &-20ppg el prefain er

stai ni ng, Haekd\ginddy®raaps of 0-260kHh3E Qﬁéefh@;iniﬁ- phenylindole (DAPI). The
stain and the tags used will vary according t % bi onol ecul e of interest.

Label s ub®ful for detéewidigs bk eresindwdimentdhis dan bk udeefddiyrpepbanag a
substrates,_electron transfer. agents,.coenz s, enhancers, enzynes,

subst ances S_ a%l_ S%?lﬁgwf) élé{}}?ns\}ﬁfiahal%f}’ﬂﬁms@g&%&ﬁggglp a1 1oy §m311§r&@mvapsr s,
cof act ors, IERhulet/Rihs unis JYRPASISthe _Q%fa?%ted B8Rl ifls ﬁiBﬁl%%efchl%s gqlap %(Vng
substance required for binding of signal generating substarices. a?rrpl es
of a fluor &G%S@M@%QﬂaH@@upnﬁlﬂgrgbnmﬂﬁosusiimyg@tamIasihg_tﬂelmuef $ddly escei n,
cyani ne dy%ﬁalygig WaLttiine Bl%gga%gf\{ toP {hler;fppl%glyigt(()atgrelal tg rb(e):tegclzigesd ondt%Q syl

20 traditional IEF focusing gel for further analysis by another technique (e.g., mass

spectrometry). A special holder with magnifying glass and a customized cutter can

facilitate the excision of the location containing the biomolecule of 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
25 by the methods of this invention.

Thus, the present invention expands the range of detectable
biomolecules by mass spectrometry and enables the analysis of proteins that tend to be
expressed at low levels in the cell. Accordingly, a protein in the range of sub pico-
gram quantities can be detected and visualized by mass spectrometry. The present

30 invention provides an accurate and reproducible method for observing a biomolecule’s
pI value and its mass.

When the protein in the sample derived from blood or tissue sample is

subjected to the methods of this invention, disease-specific proteins can be separated in
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28 WD 03/008977 PCT/US02/ 22714 chloride, isothiocyanate, rhodam ne
conpounds, phycocyanin, allophycocyanin, o-phthal dehyde, and fl uorescam ne
and TexaswBad/oo88ai t abl e | abel s i ncl ude, by way of il ust pamiusa2/2e7é4 not
limtation, enzynmes such as al kali ne phosphat ase, gl ucose-6-phosphate

dehydrogenagg, Jr"n?? dﬁﬁﬁbr?s P stﬁ&s%ﬂ)t %@m?%[ £l eﬂféé Ban Be BY (AP ey e

el ectrol um nescen s suc as’r eni um ch t es; nescers

such as i sokioWnnalthe SESd. | diFef-Stainf@e RAYIBRGstaifing Y High §t€§§dréiﬁh@18 radi ol abel s
such as 1251, 1311, '"4C, 3H, 57Co and 75Se. Suitable enzynmes and coenzynes

are di scl os@uompogiaphatHPIdL), affinityighmmategraphypcanillary Elemgph%‘@ﬂ&,lrms 19- 28,

and Bogusl C 0- sui tabl e
quorescersﬁQ(fry]%ﬁc glrﬁcrg%l n%gggtgpﬁug%gﬁdf?g?%gg%on %T%l?&rﬁ%l et aI , U S
Pat. No. 4, &d@rophstesigtiscedctitfocusif fRnigdes, dtigioh &f e bRfGhRBAALLSE herei n by
ref erence. According to one enbodi nent, an anti body devel oped agai nst a

bi omol ecul eregionifpliasyaschy atherraefhpdschfianelysia knowio Holbh 8Ftee. A0S shiepigomenone
enbodi nment , }he fl uorophore is selected to have a high absorption
coef fi ci ent™&?" a specific 15 wavel ength or a high fluorescent vyield.

According to one enbadéin® e métAE® offthis fveRl &S bh&Br m%regblonﬁwcﬁfégeanw asnon
resonance) may be used to detect single bi or nol ecul es or conpl exes. For

example, c efOICESGé Bcqpading éwpl, aerjeds separatesh p@rll‘é@l charseipnbeed: quantitated andéorchanber

whi ch has, been_ bi.ot ate nner t t cel l's f var |n pH
ranges s?? u;%’r?regitg g}e}!hlf q%ﬂ%‘r r‘foﬂ“t?f@% %th[ B’roﬁlé)tle

target recogitictlead? ifRls@mpledss cBRYe Bﬁysdﬁﬂ‘}&ﬂddﬁ%dtlﬁ r&%oﬁ%clmte@erﬁt Fglpt avi d' n
and then introduced into the cells or into the running buffer. Conplexes

of the prop&eampie, vhelmetbodﬁamd@ystnms 06&]@ mr/en’mn@anqummtdtm&iy amg/ort he proper pH
and wi Il for rti ary ex resent bioti.n nol ecul es. Such

bi ndi ng Canq%h%&g?lgéqo ggﬁﬂ?% %}FE‘HI?%@B%"H&AI%%WC &rneat h
the solid Zﬁeaﬁhé{tehfé'éf}cﬂer6ryotKErtsBmTuhﬁ T‘%ISW@ 16d SRR ghé%@hﬁﬁifﬁ:‘}u@rpgf a

processed by said detection neans. A conplex conprising a TB and a TRM
wher ei n 1hepreiparanpisinlevelidas be mthtereddzeﬁ)rcmuhamnﬂeytmg the@rotein\oakient | y

Do {2, BhAgar 55D GBI il T A Sy comer e
invention can be used to observe the accumulation of the protein in a cell having a
different pH value after treatment with the stimulus.

Anomalous expression of proteins in the sample from an animal or plant
20 relative to a non-diseased animal or plant can be the hallmark of a specific disease.
The relative abundance of biomolecules can be compared to a normal pattern for
diagnosis or pre-diagnosis of a disease (e.g., cancer ). The relative abundance of
biomolecule in a cells can be normalized by introducing a known quantity of a specific
protein into the sample before separation and comparing the optical density
25 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
30 or plant can used to diagnose or pre-diagnose a diseased state.
A diseased state according to this invention is any disease that can be
detected by a change in a biomolecule in a sample (e.g., hemoglobin in diabetic

subjects) or the deletion or addition of a biomolecule (e.g., proteins from bacterial
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30 netal ions, detection noieties or |abels. The overall pl value of the
conplex will dictate whether the conplex accunulates in a particular cell
or in nonwoaB/ovdse7 cel | s of the apparatus. If there are aPgpirursat/p17y4 of
conpl exes of interest to be nonitored in a 29 WO 03/008977 PCT/ US02/ 22714

The sams. prespiE Fif olafld M SUERL Ao biBher IR LSRR ol 7

i nvention riafagtie DNAastpraehileyehHidtigthnSaiigease, pfdtatd daaer] FRgle BXCT et ed by
or secreted bégo ny living organi sm_including single-cel led 5

ni cr o- or gany8 n(%%%%@%@é@éﬁ‘éﬂ&ﬁd%’a%@wdﬂﬁdle«'ﬂSP,tMé@haldeQprr gani sns

(such as pl I a ve ebr or a al.. and in
part i cur ar SoSe MefloPRTRL S Rl IShA G KRR BiuPateo gl S,
patient a$fEed dickaby obconditidhtalsoranbe aﬁb&ﬂﬁaﬂﬁwlﬂpa F&e@h@lﬂﬁ@?ﬁ@s &coding
|nvest|gat§%é A blologlcal sanpl e can be a biological fTlui obtalned from

any site (BRCAI BBEAZNES A gengengating dysteophi, |.kesta. gjabdvi Eactof IXj Eactoro |
b d
cer et rosp' C;Jr}ﬁ'trﬁneﬂ@ﬁh éh@s{férgéeh Se”E nefﬁeuﬁ‘gfl]hgaph%sgﬁ ﬁgsé(ﬁ& &'m sal iva,

gi ngi val , agueous reous

t ransudat e, orEtHe @Sﬂdﬁb&sm(tfhnﬁtne&btﬁh@ r&@ﬁ;t@k (CETRY: 0fh %J?ot%hﬁﬁ@ée?leo'Ex %Slegt her
site of infection or inflammuation), or fluid obt ai ned froma join

nor mal j oi rif Pepters st ﬁ@nbﬁme@t@qdwmgﬁaspeosﬁmmlgsns (PSél)rfmtprosia’rart hr| t | s,

t t t t t |
o5t our 15 i AU OB PUALALAL ATGr A D e B S
speci men)  Ghorifted:O et &ﬁ;ﬂfe@bﬂn@oﬁﬁﬁkﬂt BEhidhy SRioH, éi)%&h% leNA%éEéHtr%ﬂoﬁel I's)

or nmedi um condition cell, tissue or organ. desire
bi ol ogi cal rgaﬁbséamhmm‘@évzg@:m@wemmpqumalmmsewm ocessi ng, including

prelimnary separati For .e cells or tissues _can be

extracted and subj ect@é’e{ Bﬁ q@ fvefimho éﬁﬂ%@tﬂ“ﬁ)ﬁ%ﬁ’lﬁﬁa‘?gw@éﬁﬁa

anal ysi s ofa QUlIQMRUARCH 8% biroBissidyl tAsts SHREEY. |F6r%5(am bet ; Sﬂﬁksﬁrr? gsayprote' ns
u

or drugs found in different parts of the cell. See De
Met hods 1 theizpmpirieg thewise of eeiXractipns cetibe@djetttd 90}he(Onncar tporditedsitierdei n by

f t t and t hod f thi
nventton et Bt i testlite aR HherabEr icig TR B ST o3 SRERB  ecul e by
al | owi ng t henfeeiRasGERBIust ® sRdMer hfvb@SdH: of {Eﬁéjﬁ%lﬁfonné{tfagi’é’ fqhges of pH

val ues. In one enbodi nent of this invention,
developing organism or from the tissue of a subj ect can be analyzed to understand the

a

changes that occur in the organism or animal during its life cycle. For example,

20 compounds that are inhibitors, enhancers or initiators of a biological event can be
identified. In all these assays, the TB and TRM can be added to the extract after a
stimulus is applied to the extract, subject, or organism to be tested. In one
embodiment, a method for high throughput screening of candidate molecules,
including proteins and compounds, that cause a biological event comprising the step of

25 detecting a TB or TBs in a sample using a system or method of this invention is
contemplated.

According to an embodiment of this invention, 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 embodiment of this invention, the TRM is added to the

30 sample comprising the TB before the sample is 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.
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bi onol ecul e of interest wwthin a sanple nay be placed directly into a
plurality of cells wth different pH ranges and anal yzed manual Iy or
aut omat i calblog/oisp7reans of the aforenentioned detection deciTase2/zavd

systens. I n another enbodinent of this 30 invention, a bionolecule of

interest within a sa diectly into the .running buffer
:Mnt h the | EF buffers?;P i&%ﬁeﬁg%(r)&g?rg%\%g&gF\Oa?lglgjgé)r%ﬁmgf(Pr;?SSSFIbgﬁtg%‘?ﬁq?'cal ly by
neans of t herotdoatiesnianbivesithd ideltigiedtionrind SHidge$ padteins iSthe Bbdy &) tHP 03/ 008977

PCT/ US02/ 22714 A bi onol ecul e that has been sorted, separated,
char act er i zesgermapationiof sheltrodmiay pbysielogisal and nathaoplysrolegital dwicieny<They t he

mat ri xes, net hod f .this inventian can be further
eval uat ed %gtﬁééﬁogs %ér%‘gg T m%lllal(rl (Q,Ysiﬁmss§5t léﬁlévenﬁﬂ%ﬁﬂa _1?1qu Frappresgnyiive

si | ver - st & tatligques TorMOsiktc Y thgprofdogte. PWRE SME hvichGd, $adze ABLANBLTT aphy
(HPLG), affinity chromatography, capillary electrophoresis, polyacrylam de
el ect r ophorsygte fupsiqnatprotesatie napugfacilohyr agivati enbegevelogideleadiophma esi s,

i soel ectri | [ £ } ques, excision. of .the protein-containing region
fol | oved b;cfbeféttgﬁ‘é?de?r%%r%%%g%ﬁse&ﬁ%a?éﬁbsc%e&ﬁﬁ OFfeY pledigiges o g mass
spectronmetry, e.g., TEsensPachlitermal oyedREiBiCmyted R infleiSeRkinsuOE STR
MALDI - TOF- M5 and 10 Bruker Esquire lon-Trap M5 ). Unlike traditional IEF

f ocusi ng f dnfaswERE By WRARDENd MO mw@wmnetmyfmwmg@dapw% tlnerhlemslheomle? |e | g\rA]rts
the detecgti of | | _ampunts of. bi ecul es.. For instance, e preser

i nvent i o(rfléi(gq}é%%a Tgs oF n%?é‘flggi F%lné{o‘fs%@i‘ﬁrﬁmoglr%% fhesbigmolseylestts, hi gh
attonol e anmuIyLed Béford Bldeifler QEellorBR6t i@fstiﬁh%&i&otﬁéhf‘i%ﬁ)eﬁﬁl%@&lﬁg pnge of
10- 200kD usi ng _si | verstaining. 15 According to one enbodi nent ) § ctan be
achi eved bythpaddibemphydmg osmehingedatie mmgo?t;lm/ralsomdahe _a?hbmby.ecu)s_hﬂg ?hgcm
X 5cm matri X0, smaller c risin |.EF buffer/l ane units, conparing

separ at ed bsflcl)lr%]?%rce bgglrfl%ggﬁlb%f’@g]&%lgs Wﬁé‘ﬂ?aﬁ‘é{\?é n g genfral group of sgmples o .
tradi ti onalthatlliake a6t Beah pEREBSH, M6 B8] ceARRr Hédsﬂﬂleh&eofégﬁérh%&gérﬁﬁ‘é a1 analysis
to determne the location of the appropriate area to be excl se on the 20
traditi ohdlZroWERs dromgasuned aul commpardduyitthéuosaofthy sostrdl grapotihigmppaedtno que

ial holder. with i fying glass and a
Custon zod BURCRRean it e yEREpRuneitel Gright o ATUTIALHRe BSMOR! ni ng
the bi ool esfuhi€ iBfeniion &Y @Sdot th%mg%@%ﬁm%%c@éﬂh%éﬁoh& e aigRd portion,

can be estimated, e.g., by using an optic _ _ _
The invention provides a method for sorting biomolecules in a sample

éway from each other. According to one embodiment of this method, a sample

20 comprising the biomolecules is added to a system of this invention and circulated
across an IEF buffer or cell, exposed to an alternating reversible electrical field in and
out of the IEF buffer or cell; and then, optionally, separated in a second dimension,
e.g., by exposing the biomoleculés to an electric field that is directed down the lane
away from the IEF buffer or cell. |

25 The invention provides a method for characterizing a biomolecule in a
sample. According to one embodiment of this invention, 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 of this invention, generating the electric field,
circulating the running buffer, and periodically reversing the direction of the electric

30 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 of this invention and circulated across an IEF buffer

or cell, exposed to an alternating electrical field in and out of the IEF buffer or cell;
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density calibration scale prepared by staining known anounts of bionvol ecule
separated 25 by the nethods of this invention. Thus, the present invention
expands tWwe osangye7 of det ectabl e bionol ecul es by mass speecmarser/eariand
enabl es the analysis of proteins that tend to be expressed at |ow |evels

enabl es the anal ysi that tend ed at |
quant i t1 o5 SRRoRS ik RERYLARRARDT oD, bP sholSish YRRl R T e BB Re

30 i nvent i GhatP$ GiyéctRidonn the ldnealwy dfth (tRIEP BuffthdrecliRhd ttbnf dter@iE®g Vi ng a
bi onol ecule's pl value and its mass. Wien the protein in the sample

derived frdhe besitinh aquentiy o thedripmelerale in thsjlanet ddetidentificatien ¢fdle of t hi s

ety Usoz) 228 oh oo g lo Sl SHe e BERE SR o Pl 0 anee

can be evsaldfalicisioyletEt, e moldoRitvdight o thedidmélecille andbt HE&tatslo@i Ni N,
I munost ai ni ng, high pressure |iquid chromatography (HPLC), affinity
chr omat ogr ampﬁﬁcaiwpi A chepgeindbe position efa biomojssiledn ayesh sardplesprpared phor esi s,

SDS- PAGE, ntrifugation, .gradient gel 5 electrophoresis..isoelectric
Focus: ng.  Shmi ERbeE R i B0uFoLseBls, ip Be FAGRPERRR RS plPERE B | Gved by
ot her et hafsmelkciad &l ¢/ Spifos Atibf, didle Alchang® iflthe (HRAHy WTAVidROBEY in
etc.). Using the nethods of this invention, one or norée bionolecules can be
f ocused acddestisagplesomparedde thedsamedpapleceld in poentfdl sampletvan e inshi¢atize of

The bf ot GEIPGERE gh* Riroach it BE e HoR P SERISFDe GR Rind DAV cal |y

nodi fied i ApHRSRPRSS0A Bf R bERMBSeculEf stabilif BT bibAR1d¥Ihods and systens of
this invention can quantitatively and/or "qualitatively nonitor a change in

a bi onol ecul e i n respdnseventonprividessiensthed for quaniyjatintg tbarmemit,oflai f e cycl e,
or other stinmulus., For ex l.e, the.phosphate nodjfication of ,a 15 protein
or a protei .0918]\9%1}16 Bla%saﬁ@ﬁ%ﬂ’flgﬁf%ag“géff&? & @ﬁlfnéf’f&’fs IPY%‘E’&nnéthﬁBmngt ein
or the engla®ismRelkeds RUNBnS A& opdifk & ﬂgjis‘%%hti%n%ﬁﬁ Belisteeted BRurAMEAEM and

nmet hods of thi S |nventi(_)n can be used to observe the accunul ati on of the
prot ei n 15 kaowalih theav asgliscussdil fabeve nAltghhtivaly thedfiompletulean therenedanbet he

S T R T N N N A
quantity of the biomolecule can be extrapolated from a standard curve using known
amounts of the same biomolecule or similar types of biomolecules (BSA for protein
determination). The biomolecule in the lane can also be excised from the lane for

20 analysis and quantitation.

According to one embodiment of this method, one biomolecule is
monitored. According to another embodiment of this method, a plurality of
biomolecules are monitored by a computer of this invention. According to a further
embodiment of this invention, the data corresponding to the biomolecule or plurality of

25 biomolecules of interest in the test sample are compared to the data corresponding to
the biomolecule or plurality of biomolecules of interest from a subject that does not
have the disease or is not predisposed to having the disease (i.e., a normal subject). It
is desirable that computer according to this invention is able to compare and calculate
the similarities and differences between the two sets of data. The parameters of the

30 computer can be set to reach a threshold above which a positive or negative result is
declared.

According to another embodiment, a system according to this invention

can be used to remove biomolecules and/or ions in a sample away from a biomolecule
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20 relative to a non-di seased animal or plant can be the hallmark of a
specific disease. The rel ative abundance of bi onol ecul es can be conpared to
a nornal wetwmesy7f or di agnosis or pre-diagnosis of a di sea¥as®22114 cancer
). The relative abundance of bionplecule in a cells can be nornalized by

i ntroducin K tity of LELC 1 teln i - bef ore
separati on%af%ge%gtwaﬂdﬁg tb%]‘)’éd"(': 5? ?%%B&gfé%][sl}etbﬁgégle‘?nelhggtgée%%%ltﬁgo ? ggﬂ[? k}% opti cal

density of thde/samder thisQh&), the IER baffeintthé Béll wygld mﬂ@@gﬂmamegs)ttﬁw appear ance
or di sappearance or shift in the physical characteristics o a bi onol ecul e

in the testengeinpassedbthe pl afthe bivmpdeade elonteresor Faus, Hihaeversiblgslegiric figld be
used to dia %lsgul%%é)r%-diiag%oss o2 di %?epgsegd tﬁt al%[ie' #nm%et i%noth r

enbodi nent ,“f e PR oFoa Br SEeUE TRIPITE PR OBHIVRB or pl ant
conpar ed 3 Gnigrat®bifedf thdédMBdut 2 tompledilt of Blerd§ QFbul PrefliaAOMABE Al The _
pre-di agnose a di seased state. A diseased state according to this invention

i s any di séagmolepie of iterpy canjes wweeeatedifom thy Bifguffar oacdl. ofbitreativedy,ian a

oD b SR OTREbE I e R58) b SRR re0G i GEhEGRARE o2 o
PCT/ US02/ 22:¢k4n a kitbRCdite@in, pefpehidieXanieltBe plaie of Bk bMhdleculep@tdeanidi seases

can be di agnosed by a chanﬂge in at the or protein level: Huntington's
di sease, prwalsaféhecadbeor etk agil e X syndrome type A, myotonic dystrophy

type | nedy' s di sease, .Machadp- Joseph diseas dent at or ubr.al and
pal | i dolKgﬂsi an atr opt@?s%ﬁ%?g‘iﬁ)ﬁﬁ@%fﬂ fﬁﬁﬁnﬁ‘ﬂ‘é@ﬂﬂ%ﬁﬁdﬁw AnmBAlPLa i sease
or condi ti GRnfhSIn 6/ chMoBRRAE R fMjdet Ishh mim@eNe such as genes encodi ng

BRCA1, BRCA2, APC, a gene encoding dystrophin, .beta.-globin, Factor |X
Factor VIIc, ornit hiTleoushani thespaciisfien,dbe wohl/ froxgmist)’ nevagisionngich

phosphori bosyl transferase, ..or,t cystic fibrosis transnmenbgane receptor
(CFTR or 8 PORER0: o Gaeris b ol b8 UEerSigpd RLRRLY MedicIGr Bes e or oc
are prost atifgesfeftiokdup GHhtegGPButlPMe dxBlusRhdThAY SihiPinkRBCA! rdfifofar di ac
enzynmes for heart di Sease. Alternatively, a group of proteihs can be

moni t or eth ifteggret anot her enbodi ment of this invention, specific nMRNA

concentration profil an be analyzed to determne. a potential disease
state. In yet anot her‘&ir %rF]ﬁ%‘?ts’iRi‘Eﬁné%Wtﬂaf‘Fé]ﬁf‘Ppl’coﬁEO %@Beﬁ?g}"ﬁrﬁe obt ai ned

from a Ce'ihc&ﬁ%r%téﬁ%ir%feféﬂcé. NONitdd Ra@s pRNididial ?ﬁlgié;ﬁtﬁédf 1ds€6§/30%.862 %ﬂﬁcgp' e,

sanpl es from assays 15 that conprise the use o ractions can
subj ect ed tJolyt It 20015 -606¥1 04365 filedrdugirsal001; 60/340,698, filed October 28, 2001

and 60/377,044, filed April 30, 2002 are incorporated by reference herein.

20 While a number of embodiments of this invention have been provided,
it is apparent that the basic construction can be altered to provide other embodiments
which utilize the compositions and methods of this invention. Therefore, it will be
appreciated that the scope of this invention is encompassed by the embodiments of the
inventions recited herein and the specification rather than the specific examples which

25 are exemplified below.

EXAMPLE 1
Molecular Weight Standards
A groove of dimensions 0.1x0.1x3.0 mm was engraved in a thin
30 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)
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anal ysis of this invention before and after the cell fraction is perturbed
by a drug or sone other stinulus. In another enbodinent of this invention,
extract s Woogioes97tevel opi ng organismor fromthe tissue offCa/tsubpEes can be
anal yzed to understand the changes that occur in the organi smor aninal
during its |i . . Eor agpl 2 ds .t hat, are inhi.bi.tar
enhancers Ox';v%{eﬁrigg %’t%«ﬁ glrt%ﬁloefsp §€$bi 0 eg%gl}l%glfec eo\r;%%%a@é%ﬂn%cged ?é@%m?bégé.éalpi[{ al |

t hese assaygradibiGel BndiidbtiditMh@alic BRcasidahstconhdttedeisith@gtd Gfth€lan@ sti mul us
is applied to the extract, subject, or organismto be tested. In one
enbodi nent , fusthessewer fiosy thaipgh t hr oughput screeni ng of candi date nol ecul es,
i ncluding proteins a C Qunds, that c i i cal. event npri sing
the step of 25 det ec??l}leglﬁgpefﬁsd?j%segi%aim?m&%bé o %/e@ﬁg%(@f met hod
of this ipV&BY}.iARoitsge STGBIESTRI (EbRIO- 10852 AphRedid BT BRMIHRE ordf this
invention, the TRM can be added to the sanplée before or after the sanple
conpri si ng miwtesBNext, dapdlate wos siheer sigingil and fiked. f Big. ] SAs en ppliicalstan o the

enbodi nment %fart i%i ves%iug(ril t he ERM is added to the 30 sanpl e conprising
the TB bef of-B¥Pifd glé@?pafe? RGNSy NIF & TIGHSCORE- buf fer. In al | cases, it
is nost desirable to expose the TB and TRMto each other under conditions
that will not inhibit or disrupt their binding to one another. 33 WD

03/ 008977 PCT/ US02/ 22714 The term pXAMBhE 2 efers to all the proteins
expresse a-~genone. . Rrof eom ivol ve he, identification and study of
prot ei ns pb¥ pmpensional analysis Qi theloteins;o .‘ psg abndt o 'Bysiol ogi cal
and pat ho- physi ol ogi c&l100 wiefonRemetdtiBot S¥BI F1P I8l wHRbHI vaBR ofRTd5aM 502N
systens of this invention enable quicker, rore sensitive 5 techniques for
moni t ori ng tPhlvapylamidergel mviked withiaduiffier sniution) wasdeposited ah lagdlyared wafecur at e

functi onal t eQi f cellul tivit be devel _ leading t
L et o R REPENIATRRS: Cgm &Sicuts Banity bt bsf Mas pheSCins Al chamber The
term " noni t @mprath U8R bheafi fildSwith i Sndatint gng ngé H@ﬁer%@r&trhﬂ’.g? Bufrdreasuring

as well as end point neasurenent. In sone e dinments, the nmol ecul es 10
of the sabpl®Wmgxidlombyasnealsappie ivasiirotiyced limtodhdhehangre (inme Atia,x 0.2@n)

bi onol ecul es _are. angl yzed before_and after |1 or supject is stinulated
or ot herw s@@éﬁF@;@Qﬁf?é‘?’ﬁlegﬁiyf@& %Vmp?éﬁsd’f“&pﬂﬁ gpendicaiiye in the
envi ronnenthahRYAEF tHGw S for 9mifikRl fedm 180 fegree changes in the direction of the

current every 0.5 minutes. Next, the wafer was removed from the running buffer and

rinsed in distilled water. The gel spot was removed from the wafer and placed at one
20 end of a lane (10% SDS-PAGE) on a plate as described in Example 1.
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.19 is a optical scan of the
proteins in the plasma sample that have an isolectric point at approximately 8.65 £0.05
25 and were separated by SDS polyacrylamide gel electrophoresis in the lane. The lane is

as it would appear if viewed under a microscope.

EXAMPLE 3
Two Dimensional Analysis Of Blood Plasma at pH 7.50 to 8.50
30 (1)  The IEF Buffers

Fifty 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% polvacrylamide
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still other enbodi ments, the bionolecules are neasured in a control group
of sanples that have not been perturbed, and the cellular constituents of
several ewpagios®dntal 15 groups are measured and conpar ed WwcrhiSohexses of t he
control group. It is apparent to those skilled in the art that other

experinmental designs [ I QB' t he. |s | vention to
detect the change in 'lﬁlseq g@lﬁgshﬁa ?yee @%@S{%ﬁﬁgﬂ?wm he
i nventi on pERPSYES, 28268 hed nhiged WAkt g‘iﬁkan@l?RJrﬁﬁﬁﬁ&s(&&a@) a'ifﬂrﬂ)xl'cﬁumé‘%y from
each other. According to one enbodi ment o his nmethod, a sanple 20

conpri si ng 3 HY¥ NeQgs indinated helovaddbelvelume of fhetraintuse wakineréasedup iao¥d and

circulated F bhuffer or cell, exposed to an alternating
reversibl e & g%:t&?‘l%c atfz'geqeg%l n%and out of the IEF buffer or cel | ; and

then, optsqnapidyso separated (mensron, —€-g., by exposing the
bi onol ecul e%%mﬁwl gl direct prLdnwn the |ane away]|from
the | EF buf{fod¥=70%2 cel | . 25 The1MMe@H ©hnpr ovi des a met hod for

characteri AT R i onol ecur e AcTordimg—to—ore—enbodtrenty of
this invent 'pnn7asf e bi onpl| ecu#@l?/gl?I @ﬁl %P@rest can be separated, prepared
and / or anatsZesb i n one di NEMSMINaOM @7diing the sanple to the run_ni ng

buffer in &
field, cin@tdt3%g the runn QréMbNF@ErQ-9§ﬂd peri odically reversing the

directi opp ¢ pr=t7Q50eI ectric 30 Qﬁﬁﬂﬁ?oﬁlﬁ_@matl vely, thé sanpl e could be
ahnel—orlane

added dir e¢ibv—t-o—the—cell Accarding to another
enbodi ment | OHH2s et hod, a & &MpNeOHohpmilsi ng the bionol ecul e is added to

a systemo J nvention g C g, across a1 :

exposed to Egma ernating el “@}ﬂ@g@fﬁim in _and out of the IEF buffef or
cell; 34 V\ﬁppBEWCHESQW PCT/ UQOOZAMNQGHﬁemr ated in a second di nensi on,
e.g., by e ST tre—bronote to—an—eteect+e—+eld—that—s—direc] ed
down 't he uﬁ&&é\/ from t he || EEMNAPE 7. Dmlcel | and t hen det er mi ni ng the

p05|t|on1 r quantlty of tEﬁF% ol ecul e_in thelane The Identifrcation of
the position or qua t ity efrCRHers BauRg pE 1,y (7,88 lgmaidebe useful in

determ ning the pl 52@fm1gbq1\@q\pﬁq; quyﬂr &ﬁ Iﬁ] m f 1
bi onol ecul e and/or its state of 15(% E}Hl %K%%EA 8%3% In 16%;%%/?& on of
a bi onol ecoas mlﬁedamtb§t5 gamnplpelyamtaandaﬁigélcQBmtrahB aB@ A% oluint ' RTMI MaOH A

modi fication of the bionolecule

trol t
E:g'ng.r,o phongﬂﬁillﬁfl?%tt?eﬁ %‘?ﬁlhf\{l%%ﬁ&@gtqrﬁwaﬁ@cgﬁgmmgpiﬁm& Wwitloweteecul e in

at 25 degrees C.

20 | pH=7.70 0.1M NaOH 6.5 ml
pH=7.72 0.1M NaOH 6.6 ml
pH=7.74 0.1M NaOH 6.7 ml
pH=7.76 0.1M NaOH 7.9 ml
pH=7.78 0.1IM NaOH 7.2 ml

25 | pH=7.80 0.1M NaOH 7.5 ml
pH=7.82 0.1M NaOH 8.7 ml
pH=7.84 0.1M NaOH 8.0 ml
pH=7.86 0.1M NaOH 8.2 ml
pH=7.88 0.1M NaOH 8.6 ml

30
c. IEF buffers having pH 7.90-8.26. 10% polvacrylamide
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a test sanple conpared to the sane binolecule in a control sanple can be

I ndicative of 10 an increase or a decrease in the anount of the tested

bi onol ecuWwe 0dwessrd, e.g., a change in the expression of Prha/Uusovmi€cul e or
stability of the bionolecule. The invention provides a nethod for
quantitating the anpugy koo A . L ng. | array
or systemof this i nvenlg’? ml:ﬁés'%}?n%lgﬁ}%{h%g@ggb(?%%%@fﬂ% o] hX%drI’FiaHr’:éts
accordi ng tgaibpslyacivRntidogel (Biordl aféh @6huat ¢TSI NIHENdsSndibatédbalowi Thehe art
as di scussed _above. Alternatively, the bionolecule in the |ane can be
bound with ‘éﬂ%@pﬁeﬂhﬁﬁméw¢@/aﬁmvfeawslwel@?@nis(@w@watﬁrstrurrents known in the
art. The qu tire beHUicﬁ ' aTbe—extrapotated—f+roma—standqr d
curve using pj’w[m am)unts of VAL gé‘éé nol ecul e or simlar types of

bi onol ecus eqﬁﬁ% for protei 10 1§L§H@1gn@qﬁp on). The bionolecule in the llane
can al so bg—exersed—++roemthettane 20—aRalysi-s

s—and—gquantitation—
Accor di ng t|@Ere94enbodi ment . IMRHET ﬁétlhnld one biomol ecule is nonitored.
Accor di ng tg}%éﬁer_ enbodr g Bth)fICtl Bhp et nod, a prurar ity of

bi onol ecul € & monitored b compiuter of thls invention. According tlo a
further eripdb7@nt of this ONBOHCDA3.6tdile dat a correspondl ng to the
mterest—rr—the—test—safpl e

faw)

bi onol ecul - rat Tty of utes of
are conparec!)%—é?q he data cort gé%ﬁéﬁhggt@ t he bi onol ecule or plurality of
bi onol ec;xbesp}pzfg ant er est froqusngg;Qlﬁlhat does not have the disease¢ or

ad + A o ol A A o
I s not predtsposed—to—havrgr-the—ai-sease a—herral—sublect)—Itt—Ji s

desirabl e t|P&=8Uhput er accof BilNyHES33 Al i nvention is able to conpar e |and
cal cul ate E)@f,gsq gnlarities agql\,fihagﬁgr}ﬁles between the two sets or data.

The par amet the 30 conmbUuter ¢can set to reach a threshold aboyv
whi ch a pogipH=80%r negati ve| 0.¢MHCI B2.7 mlecl ared. According to another

enbodi nment ia'laﬁ tem accordr 18 yo mgbg TTIVETTt T O Ccam be—used—toTenov
bi onol ecul ¢ Lons in é nIbT froma bionolecule 35 WO

03/ 0089775 PgHAgSQZ/ 22714 of omMng;sgz Q)fnladdl ng the sanple conprising the

bi onol ecul ¢ rnterest—rtora—te system—Hr—th-s—ease—t-he | EF
buffer in {BES4 woul d hav=OéMoﬁC‘1/é2Qélels) that enconpassed the pl of the
bi onol ecul ¢ ,ef—gi3f erest. Thup 50, 1MH€JP§1 rgq,e{lerm bl'e electric frerd and

g

ci rcul ati ng—reans—i-n—the-systemare app d—other hiomlecules or |ong
woul d pH—8 18 0.1M HC1 31.7 ml
pH=8.20 0.IMHC131.5 ml
20 | pH=8.22 0.IMHC131.3 ml
pH=8.24 0.IM HC1 31.2 ml
pH=8.26 0.IMHC1 31.1 ml
pH=8.26 0.IM HC1 30.8 ml

d. IEF buffers having pH 8.30-8.50. 8% polyacrylamide
25 100mls 0.04M 5,5-diethylbarbitural Na (veronal Na) was mixed with
8.9 grams polyacrylamide gel (Biorad) and a volume of 0.2M HC] as indicated below.

pH=8.30 0.2M HCI 13.4 ml
pH=8.32 0.2M HCI 13.1 ml
pH=8.34 0.2M HC1 12.9 ml

30 | pH=8.36 0.2M HCI 12.7 ml
pH=8.38 0.2M HCI 12.5 ml
pH=8.40 0.2M HCI 12.1 ml
pH=8.42 0.2M HC1 11.7 ml
pH=8.44 0.2M HC1 11.2 ml
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5 mgrate out of the cell but the bionolecule of interest would remain in

the cell. The bionolecule of interest can be recovered fromthe | EF buffer
or cell. wbtososarively, a sanple nay be placed in a cell pamdsamahectric
current passed through an IEF buffer or cell in a single direction,

per pendi culfar—to tteprameof thehromtecuteperneabte—wat+s—of —tte
buffer or céﬁ‘.g"’ﬁ) An_subj ec.Oééiﬁﬁh?f@% this invention includes a pliant,
ani mal or gpHug®N. In onede'wbggj;pf@])qg"?nm subject is a hEnan. "'I'hroug_hout )
the speci ficattom—the—word—conprise——or—veartatons—steh—as—conpr+ses
or "conprising, " W |ITHRAEEmels wad itdivitialyymixee witkcdnsbainOfersulSteat ed

I nteger or group of integers but not the exclusion of any other integer or

group of 15ndriepepited in parplleldines eme dun lysie ehipseaghding dnwing aapidth andt i ons ci ted

h [ ' d Db f Uni t,ed,. t i,Si I
hopii cati SritieREe% BB G Eoa o h oS ey ok R, T8 CBAGRI P august
6. 2001 64h34lpGaSiifi itedp e abe T APdcpdBd ward B 3TH4, filed April

30, 2002 are_incorporated by reference herein. I le a nunmber of
enmbodi nent s2df t BheRunningBufier have been provided, it is apparent that the

basi tructi be . al t i de_qth di pent i ch
D126 the. composi ¢ ekt dieidiscaBiSihg Bndl coBFrrREHOS THEVEROR M (1 wi 1)
be appr ecigidagtal N2, &He) t%&@cna%m@dy@ﬂihgpﬂﬁwaﬂémﬁmhﬁm%ﬁﬂm%%%nm the

embodi ments of the inventions recited herein and the sSpecification rather
t han t hel@pdSH1HY 18%aiwvedinwithydarcetasdaRMdéw ks Hpf SniMedhyedediamifehL E 1

Mol ecul ar Vi ght . ds, A f . di i . 1x0..1x3.
engr aved | e 160 A0 DAL Ao AP T e TR (T AL B iRS 35T 0 Fhe
groove as froldig taid for 30 HiSkSs uﬂﬂld@_ﬁ{vﬂi.agiivg%lgg]bHéO%vgé)%tglregF&ﬂ}egzrlﬁi}a? | ane,

a spot of IEF buffer having an inmobilize pH . 8 y chosen)
was deposi tdssolviirg. MNents @dg agberbite wapadiité amd thaddktion s ketateRRIN3 B T0fob ¥0

e PIRTR. 35 b5y b e 2 TP e BN e, et o
vas connest@ehting fbdne NeRDRiel foA&Finkhgredients were added with water to a final
concentration of 2% citrate acid-citrate Na buffer (pH 4.0) (w/v), 2mM Tri(2-
carboxyethyl)phosphine hydrochloride (TCEP); 2mM acrylamide; 1% glycerin. Final
volume:10ml. The final concentration of some of the components of the running
buffer is as filed: 7.7M urea, 2.2M thiourea, 1.1% ASB14, 11% DMAc, 0.55 mM
20 EDTA

The pH of the running buffer was adjusted to 4.0 with hydrogen chloride.

(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

25 electrodes that were spaced 1 cm apart. The chamber had a 2 ml volume capacity.
However, in this step, it 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. Asa
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

30 mixture was added to the running buffer. An electric field was applied to the chip.
The field was generated by a rectangular waveform of +80V to -80V and frequency or
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gradi ent gel and another netallic electrode was connected to the end of the
| ane furthest away fromthe pH The plate was immersed in a 1%6DS 50nv
tris-glycwoasbofer (pH 5 8.3). A voltage of 36 Volts (fiperdrso2/a0ev/ cm
was applied to the electrodes for 5 mnutes. Next, the |l ane was silver

st ai ned and;fixed.. Fi.Q. . a tical n of .th epar at ed _bands as
woul d be vi %a%%dﬁglﬁagk&al &n%ggygeg t%%tg&aﬁ%%{%%ﬁ cfﬁul%?fghﬁslﬁgrﬁg Pr@ﬁe&?s Anal ysi s
O The Pr ot gotsd e cRimise abl ésthe IBF bpffes3. 65 0. 05 A 100 m cron di anet er spot
of a pH gel with pH value of 8.65 0.05 (polyacrylam de gel mxed with a

buf fer sol ug) 0”)TH@&CGE(D%h&l@o@SeilnghySES-MaﬁlﬁilmﬁH@Pecﬁ%pf&%’ﬁs_t hat is
lcmx lcmx 0.3mm The wafer was placed in a sm chanber “conprising a
stir bar and filled vk JdMosadiouit Skt RRALRIRUES S5t opbng buffer. 15
100 ng of bl ood plasma saﬂﬁ%e wagls)f i ntroducelcﬁﬁi n oattlcﬁgﬂ%h%%g/?p(lcm X lcmx
0.2cm) cdmpoiigitaigd F0he thahberlbetwery thofefeetroded spadetidfecmfapm®¥hdvas appl i ed
perpendicul ar to .the plane of the wafer for 5 mnutes widfh 180 degree
changes in } @efﬁefié’éﬁ'ieéﬁm&fm‘i“ﬁ’ég g‘éﬁ‘?rrlg Stcher By thet an elpciticaldieldgsperatidhe waf er
Was T emmov edydi R th8lcbous Ry RubS Sl i Qofliad di fonThe gel
spot was renoved fror%theswafuer aﬁ%rapl aceglga}ﬁgg?\ééq’ogﬁén#%%dwgr% 10%
SDS- PAGE) othe areploattke lasesdebare thpquoteimsixanmileted in tHedEPlstepaowads thenmer sed in a

1 %6DS 50mMM tris-glyci buf f 8.3). A | t f 36 Volt field -
Lpees sy gy ie BT B AL S vl sge ot SE RS el
silver stgified cafdniritictthr 204 SDrS]ranhiﬁ%@uﬂﬁt. ! ﬁﬁ’mecﬁ&l%!} fHer E‘{il(gfl%%c%gg’gﬁeol n_the

pl asma sanpl e that. have an 1solectriC polnt at approxinm 5 25
and wer e seglegtat Scldlwas goferptet waingVI0AW fdeappedxinhely § aghaessi s in the | ane.
The lane is as it would appear if viewed under a m croscope. EXAMPLE 3 Two

Di nensi onal Anal ysi s AfterBhosstofll dinensivh spphratide) tHeh® ®8s imd@ersdd inthe | EF
Buffers Fift,]%/ | EF. buf fers having c{)H val ues of 7.50 up to 8.50 in steps of
0.02 pH urftiver Hiie sudom ardiexpgsed ey lighilos fast-silves sfaipirgs | Afigrglver

pol yacryl amdeflgino3fe chip was scanned by a commercial office scanner (UMAX ASTRA

15 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 pI of 7.50-8.50 using a
traditional isoelectric focusing method (obtained from the Swiss Data Base).

The position of many of the proteins in Fig. 214 and 21B are the same.
Fig.214 illustrates that the use of the matrixes, arrays, systems and methods of this
20 invention yield much better results than traditional methods. The resolution and

sensitivity of two dimensional IEF-SDS analysis is much improved.

EXAMPLE 4

Two Dimensional Analysis Of Blood Plasma at pH 5.50 to 6.00
25 (1)  The IEF Buffers

Twenty-five IEF buffers having pH values of 5.50 up to 6.00 in steps of
0.02 pH units were prepared.

a. IEF buffers pH 5.50-5.72. 7% polyacrylamide

25 mls 0.1M 2-(N-morfolin) ethanolsulfonic acid (MES) was mixed
30 with 3.5 grams polyacrylamide gel (Biorad) and a volume of 0.1M NaOH as indicated

below. The volume of the mixture was increased up to 50 mls with water.
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WO 03/008977 PCT/ US02/22714 25 mis 0. 1M N-2- _
hydr osyet hyl pi peri si ne- N- 3- propansul foni c acid (EPPS) (25,232g/L) was m xed

with 5 graom3padyacryl am de (Bi orad) and a vol une of

O 1wCNadeR/2e514

i ndi cated bel ow. The volunme of the m xture was increased up to 50 mis

with water Y P, ﬁ—f&—ﬁg@-ﬁﬂﬂa@«—ﬁf@—nﬁ—ﬁﬁﬁ—z—e%lm
6.1 m pHPEZR Y 1M NaoH 6. BAHTL G Fo. 1M NaOH 6.7 m pl—|:r7T1580.]M64
i 794@{1 H=7.62 0. IM NaCH 7. 2 F=T.
gam ﬁbamlmg E)clr'\\/ll ﬁn%lrg_l vl aOH nl_l—7 680 1M NaOH 7. Lrﬂp 19 b.
| EF buffers HHérv’i% pH 7.70-7 %mh@/dwgﬁallryl amide 25 ms 0. 1M :
N, N- bi s(2-H grethyl) gl yg (16, 3T7g/C) Was m xed Wt 3.
gr ams p(()| yg | :.\m r‘ln Xpl (RJ 5@21{11( ﬁ@@%ﬁ unre of Q0. 1M NaOH as indicatled
bel ow. The \p&ﬁﬁrﬁﬁ of the m x| fiSenM@asM NaDHased up to 50 ms with water | at
25 degrees 7001 i
pHE7. 74 0. RS e 7 m pHE 59%{?65@@ 7.9 i pH=7.78 0. 1M NaCH 7. 2
m 25 pH=7.|§-3.M NaCH 7.5 ﬁgnﬂl-(ls;fM&@a@HlM NaCH 8.7 nl  pH=E7. 84 0. 1M|NaCH
.0 n I—|-" Hvh {‘"G: 8—p— .
® PP S .64 6.0 m1 0. 1M NaOH
pH=5.66 6.4 m1 0.1M NaOH
10 | pH=5.68 6.35 ml 0.1M NaOH
pH=5.70 6.7 ml 0.1IM NaOH
pH=5.72 6.8 ml 0.IM NaOH
b. IEF buffers having pH 5.74-5.98. 9% polyacrylamide

25 mls 0.1M tris(hydroxymethil)aminomethan-maleat (Tris-maleat) was

15 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.

pH=5.74 7.8 ml 0.2M NaOH
pH=5.76 7.9 ml 0.2M NaOH
pH=5.78 8.1 ml 0.2M NaOH
20 | pH=5.80 8.2 ml 0.2M NaOH
pH=5.82 8.4 ml 0.2M NaOH
pH=5.84 8.8 ml 0.2M NaOH
pH=5.86 9.3 ml 0.2M NaOH
pH=5.88 9.8 ml 0.2M NaOH
25 | pH=5.90 10.5 ml 0.2M NaOH
pH=5.92 11.6 ml 0.2M NaOH
pH=5.94 12.0 m1 0.2M NaOH
pH=5.96 12.5 ml 0.2M NaOH
pH=5.98 12.97 ml 0.2M NaOH
30

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 lcm and a different pH. The dimensions of

the chip on which the IEF buffers were deposited were 1.2cm x 1.2cm.
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c. |EF buffers having pH 7.90-8.26, 10% pol yacrylam de 38 WO 03/008977
PCT/ US02/ 22714 50 ms 0.1M Tri s-am nonethan (Tris) (12.114g/L) was m xed
with 7.0 woaewoget yacryl am de gel (Biorad) and a vol ume ofPCO/USM/ALCI4 as

i ndi cat ed bel ow. The voI ume of the m xture was increased up to 100 m s
with water. QH= 7Pg %4 5mM 5 pH=7.92 0. 1M HC134.3 ml pH=7.94
0. 1M HC134. 1" m HC134.0 m  pH=7. 98 O 1M HC133.6 m . pH=8. 00
O 1M HC136.5 m 10 p 0. 1M -HC133 2 133.0

pHE8. 06 0. 1M HO 32. 9@6%%wamhﬁéﬁ%§a Dl %‘hﬂg& NS I HeLs2. 5 o
15 pH=8. 12 8 iM : . i pH=8.16 0. 1M HC131. 8
M pH=s. 189, 1

A ' ‘ pH:82201MHCI
31.3 H:82401 HC1 82601MHCI 31. 1 pH=8. 26 O 1M
HC120.8 . d. | EF buf %P?%W%Ym§fﬁdﬂge@@@esﬁatlm4%b yla@:ﬁﬂyp aaﬁm@th% 100mi s

80?3!\;0?yfgﬁiﬁgagégpﬁﬁ?gugfégsgdes cf@{ﬁ'é dyg%a%@ms | ncfeca egr gg}s OoW.
pH=8. 30 0. 2¢8lc¢#0ided thatiwede sphted. lsﬁnﬁpﬁ‘t\/l 'Hiel chhdhbér Itdd a 2 ml volume capacity.

However, in this step, it 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

10 was submerged in the running buffer. One microgram of a human plasma protein

mixture was added to the running 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 the 10 minutes, a stir bar was used to circulate the plasma

proteins around the chamber and to the IEF buffers.

15 (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 lanes and would be directed away from

20 the area on the lanes where the proteins accumulated in the IEF 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 in the 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
25 silver nitrite solution and exposed to UV light for fast silver staining. After silver
staining, the chip was scanned by a commercial office scanner (UMAX ASTRA
2200). The scanned image was digitalized and enlarged 10 times (Fig.22B). Fig.224
is a optical scan of a silver 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).

30 The position of many of the proteins in Fig.224 and 22B are the same.
Fig.22B illustrates that the use of the matrixes, arrays, systems and methods of this
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pH=8.34 0.2M HC 12.9 ml 30 pH=8.36 0.2M HO 12.7 m pH=8.38 0.2M HO 12.5
m pH=8.40 0.2M HA 12.1 mM pH=8.42 0.2M HA 11.7 m  pH=8.44 0.2M HC
11.2 M 3@OoW®0e3/D08977 PCT/ US02/ 22714 pH=8. 46 0. 2M HC11PCO/us02/pa#8. 50
0.2M HC110.74 ml The | EF buffers were individually m xed with ammoni um

persul fate : : i I I P hip | ucite chip, each

| i ne havi nglng%logl[e}ﬁagﬁggg b%: ﬁ? c%]uzéss gﬁ%ﬁ&%ﬁ%%f)%? fglﬁa%in G %H@?%Q%’? 1 cm and
a di f f er ent sepbitiviEh ef thodnehsiosal OFF-SDBartlysi i9mushiiprovbe | EF buffers were
deposited were 1.2cmx 1.2cm (2) The Running Buffer Five mls of a solution

having the final concentration 7M Urea, 2.2M thiourea, 1.1 % (wv)

t et radecanoyl am dopr opyl di net hyl amoni opr opanesul fonate 10 (ASB 14), 10%
(wv) dinethylacetam de (DVAc), O.5%Agipiy £nediam netetra acetic acid
(EDTA) in deionized and distilled water (ddH20) was m xed at 30C on a

rotating gafb%ﬁiﬁ{eng&dmmgfygﬁwmg‘gn 550!l ved. Five ms ddH20 was added i f
needed for dissolving. Next, 0.4g anperlite was added and the sol uti on was

rotated at 32C for 10 ] o i sed through a 0.45
gmsyringe filter wit o%%%&%%lga?%ﬁgﬁgg%@ﬁﬁﬁg%tcpﬁggmgo Ialol\gviuﬁ%{llnr?gr edi ents
wer e added tmict dimsasienal sepacationmatordingne @i indehtion. of 2% citrate acid-citrate
Na buffer (pH 4.0) (wv), 2nM Tri (2- carboxyet hyl)phosphi ne hydrochl ori de
(TCEP); 2nMlacryTkeAdey 1% gl ycerin. Final volune: | Onl. The final
concentration of some of the conponents of the running buffer is as filed:

7.7M urea, 2.2M thi oum@%ﬂolglac%lﬁﬁﬁelgélha}vlng"/gmwQséerF%si‘rﬂﬁ\ﬂa’sOd b4 The pH
C

of the running buffer was adjusted to 4.0 wth hydroge oride. (3) The
Fi rst Di h@nénoen sdpamahiclohuciteswefenclhd dinfosioss ofghStanp whs 1pminf lengtht he fi r st

di mensi on SG Pl%&a{[)vﬁcﬂlg algdl EJ: ﬁqicrérbse[hl%m Fl‘hQ ?a‘ﬁquasttﬁeen covered with a 100 micron

thick cellophane layer that had a 200 micron diameter, circular perforation. The
cellophane layer was aligned with the lane so that the circular perforation was

positioned at one end of the lane.

15 An IEF buffer was prepared by mixing polyacrylamide gel, pH 7.00
buffer and ammonium persulfate to form a 7% polyacrylamide gel. The pH 7.00 buffer
was prepared by mixing 50ml of N-ethylmorfolin-HCI (Sigma) with 8 mls 1M HC1 and
42 ml of water. A drop of IEF buffer was deposited in the perforation and allowed to
solidify.

20 (2)  The First Dimension Separation: Isoelectric Focusing
The array prepared as described above was placed in a chamber
containing running buffer (pH 6.9), a stir bar and electrodes. The running buffer
consisted of 1uMK,SO, mixed with HCI. A sample comprising Imicrogram of human
plasma protein was added to the running buffer. A square waveform voltage of +30V

25 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 vdltage 0f 30 V was applied

along the lane for 5 minutes.
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deposited | EF buffers described in above was placed in a chanber between
two 25 el ectrodes that were spaced 1 cm apart. The chanber had a 2 nl

vol une capyeostyss77 However, in this step, it was only fill edTiSotr2zam anount
of running buffer such that an end of the lucite chip was subnerged in

runni ng buffer 1o a deabity ol B 2Ger Andepd: SEH e s W lrHofiBg @ o L e ends

of each of the |anes,” but no ntire ‘area lI'anes  was subner ged
in the runniiiver dtHté esluti6N e $his HRImAN THe landwraBgilvel agiied Brahet Miditedn Xt ure
was added to the runni ntlg buffer. An electric field was applied to the chip.
The fiel d \wisleyjdiayigles iflumyinationect angul ar wavef orm of +80V to -80V and
frequency or 40 WD 03/008977 PCT/ US02/ 22714 1HZ. During the 10 m nutes, a
stir bar was used to Bignadishews aenagnifeadaoniicat sdanof therstuersstaihed whenber and
to the | uffers. .,(4) The Secqgnd Di mension Separation: SDS-Po ryl am de
El ectrop gl’@?l ‘Lﬂ‘%RF ¢ é%e)afb ﬁliﬁfsﬁar“?ﬁ%ﬁbm}aﬂé’%%wg O'ﬁf“ﬁ‘gﬁgﬁng rli’?ssaé’[l?éor’%?‘ﬁwﬁﬁ chip
was 5 reoriwnpicated in the chanber between two el ectrodes spaced 1.3 cm
apart and subnerged in the sane running buffer in such a way that an

el ectrical field generated between the electrodes would be parallel to the
| anes and woul d be directed away from the area on the | anes where the

proteins accunulated in the | EF Ste@?%f‘ﬁ% the opposite ends of the
€

| anes. A 3% SDS sol uti on was added ning buffer for a 10 fi nal

concent rat -, af 2 X0-nRSA LHDAL D8P E L RIcd iately after adding the SDS,
the elect for approximately 5 m nutes.

S
Af ter thieo second di rre&sliarc%g separ tid?n the1 (‘Shlg was | rsed in a silver
nitrite solution and exposEé%lS ) ﬁlgﬁ?mPSr VAR PGer st ai ni ng. After
silver sta}nRing, the ip b -Ei al office scanner (UMAX

ASTRA 15 22b0) . FrelStarmed #nd enl arged 10 tinmes
el of human plasma

1011 Se 1on: lectn
(FIG7A). FIG 7B is optical scan of a silver-staine

having a pl of 7.50- thﬁ)ﬁ'{i’é'iﬂiife n 3 chagmber gontpinmggangag ppier(gH 59)nd skt hod
(obt ai ned f i t o, B3ASE Jedal R teins
in Fig. Zlgag%ﬁdd {ZP)%eBe%gchZ&tdE% ?érre. )I%Pghgrzd%%%fepﬁgtlﬁat ezsb%‘lﬁg%edt‘ﬂgh glgcg of the
mat ri xes, ok sayple copprising lanidrogednh ofisurnén plasina Btbtéinwew hidded ty ited Wnningh

better r |ts than tradjtional methods. The resolutjon and sensitivity of
two di e h [T B@pgéﬁse ypdesithat werqparpllsl gy fhgypdane of the array, a square

waveform voltage of +30V to -30V and frequency of 1Hz was generated for 8 minutes

while the running buffer was circulated.

2) The Second Dimension Separation: SDS-PAGE

For the second dimension separation, a DC voltage of 30 V was applied
20 along the lane for 5 minutes. This was accomplished by detaching one of the
electrodes used in the IEF step from the power supply, reattaching it to the end of the
lane that is farthest from the IEF buffer and activating the electric field, etc., Fig.28. In
this case, although there is a small, undesirable electrical force that is not parallel to the
lane, there is significantly more electrical force being applied down the lane in a
25 direction away from the IEF buffer that allows significant and efficient separation of

the proteins in the lane.

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.
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EXAMPLE 4 Two Di nensional Analysis O Blood Plasma at pH 5.50 to 6.00 25
(1) The IEF Buffers Twenty-five | EF buffers having pH values of 5.50 up to
6.00 in swems/0wf977 0. 02 pH units were prepared. a. |EF buf frerasot®160-5. 72,
7% pol yacrylam de 25 ms 0.1M 2-(N-norfolin) ethanol sul fonic ?ci d (]Ic\/Eg) 1\I<\/I/as
mxed 30 with 3.5 gr | am . ( Bj :
NaCH as i ndi cat ed gelialg\?v;.’eo h%l%\%?éurﬁn@ngﬁe(gﬁéu%%%?)g}%e\ggs}ﬂﬂc%gg@ggg%fegp to 50
m s w th wathethasbdenia 93 (04 SOy ddrkdc Q024 Zﬁkiénedltlﬁﬁarﬁlﬂaﬁ‘nﬁ% diaslM NaCH
pH=5.52 4.8 mM 0.1 M NaCH pH=5.54 5.1 m 0. 1M NaOH pH=5.56 5.3 m 0. 1M NaCH
5 pH=5. 58 shaying s amaregionately 405naelus. 7 m 0. 1M NaOH  pH=5. 62 5.9 ni 0. 1M NaCH
pH=5.64 6.0 m 0. 1M NaOH pH=5.66 6.4 m 0. 1M NaOH 10 pH=5.68 6.35 ni 0. 1M
NaOH pH=5.70 6.7 m 0. 1M NaOH pH=5EXAMPREHA 0.1M NaOH b. 1EF buffers
having pH 5.74-5.98, 9% pol yacrylamde 25 ms O 1M _

t ri s( hydr dx§eparation pfBiateindibthne fieimpetentTuiing haditedYhtrikas 15 mixed with 9
grans pol yacrylam de (Biorad) and a volune of 0.2M NaCOH as i ndi cated

bel ow. The vol une of T\hmtmfwblhbtesmhnmiindteamdmdanﬁmdé.@j)W&esdﬂﬂddfr;nwgtSRA.
Rlal_hOS-l Zg [7)H§ reﬂ%gggg/l r%?a%u@&ﬁ&s@% J EzLIZéitge) giateoén%il\él{?%gv_ilth E‘%haSgérZ)%e gél.l The

holes (hereinafter, “channels™) were arranged in a grid-like fashion, 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 membrane (ICN, Irvine CA).

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

15 hydroxyethylpiperasin-N’-ethansulfonic acid), tris(hydroxymethyl)aminmetan
(THMAM), citrate acid, BICINE (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,HPQ,. See Table I below.

20 TableI. IEF buffers and corresponding proteins

Buffer | IEF Buffer Protein pI of Protein Color of the

No. | 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 red
12mM NaOH hernoglobln

25 |3 50mM THMAM | hemoglobin o',8*, | 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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pH=5.82 8.4 m 0.2M NaOH pH=5.84 8.8 ml 0.2M NaOH pH=5.86 9.3 nl 0.2M
NaOH pH=5.88 9.8 ml 0.2M NaCH 25 pH=5.90 10.5 ml 0.2M NaOH pH=5.92 11.6
m 0.2M NaOoH3/0p84r5. 94 12. 0 ml 0. 2M NaOH pH=5.96 12.5 nl @CINShaOH14 pH=5. 98
12.97 m 0.2M NaOH 30 The I EF buffers were individually m xed wi th anmoni um
ersul fate | and depos| .p parall. dnes om_a thip lTuclt hi p, eakh
Ioi ne havi ng % Wi dtﬁﬁ@iﬁ%ﬁcknez?uﬁec Bo ni ci §?%H89a I en‘é’?q{f%? lcmfand a
di fferent gH The|l HoMeii$a@iis of [ the chip on phich the I HF buffers were
deposi ted Vere I-2tnrx 2t 42 WO 037068977 PCTUSO2 227 H4—(2—The|
Runni ng Buf|fer TheSGaMPMEhuf f ¢fervitis t he samp4dst 068cri beddi n Exanplle 3.
' jStep To perfjorm
the first o+repsHer—separatior{+E=R-—the—chip-havingth | EF
buffers described in above was placed in a chanber between two el ectrodes
that were spaced 1 cmapart. The chanber had a 2 ml vol une capacity.

However, i rEddivertsdaBiories bf MAEASthE mdned wekd f1aNy RIS Bk wpdypme buf fer
such that an end of the lucite chip was submerged in running buffer to a

depth of b.tmffr fimen Fable bsTihe filleg channdls wersssealed whih agndisimiondmospandnt t he

| anes, but not.the entire area of the |anes 10 was subnerged in the running
buffer. mem%%g;ag&(sgmeoars%gscﬁgﬁ%gbcﬁegsm protein mxture was added to the
running buffer. An electric field was applied to the chip. The field was
generated by a rectan %?W9@PHFW%W6M§@£W@WBSW?&}My or 1HZ

for 10 m nWepgeen Mol pl8tiduEeld@rdte O £&hanfoes hé\f]lngﬁ{g'ﬁffgﬁmf'ar&ﬁgen&?gg %(Z ate the

(3) The First Di aratjon: |soelectric Focusing

5 _denosit
|

pl asma proteins around the chanber and to the ers. he

Second Di newisiilor 08epaheigltand SGDE: Rogthadatia alecteodel had apmpRinasly she dhieer
perforrri%; c{.he f.irst ﬁli mensi on separation, the chip was ) _
Imensions as the mairix and was arranged in parallel geometry approximately S cm
from each other. The chamber further comprised 50mls of 0.01M K,SO, running
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
running buffer in the chamber: cytochrome C, deoxy - hemoglobin, hemoglobin at,Bt,,
C-phycocyanin, lentil lectin and ferritin (BioRad). While the proteins were being
stirred in the chamber at 25°C, a Voltége of 100V DC (E=20V/cm) was applied to the
electrodes for 2 minutes. After 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
accumulation of the protein into one of the vertical series (columns) of channels.

Generally, protein sorting was complete within 10 minutes.

25 EXAMPLE 8

A 25-channel matrix was prepared as described in Example 7 except
that each of the five vertical series of channels were filled with the following: buffer
no. 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

47



reorientated in the chanber between two el ectrodes spaced 1.3 cm apart and
subnerged in the sanme running buffer in such a way that an electrical field
gener at edwbaBinessn’ t he el ectrodes woul d be parallel to thePcCanse2/2atd4 woul d
be directed away from 20 the area on the | anes where the proteins

accunul at edddserithdden [Fxbmpleeh Oavaiidsgrhef fappasphRoeym QF bhittof tROESF A 3%
SDS sol uti on was, added to the runni n&)buffer for a final concentration of

296 SDS i n t fiandardie BigRad:i Gatr Noy katel§il8); ehycosyanin (FdbandpfitheEFsp@datdia
electric fi erat ' 00V .f oF cappr oxi ely 5 minutes. After
t he second %ﬂlofr%zgg?%tgﬁg.e@r gﬁozﬁ#@g%%ogg%nfﬁ%végsz ‘?Wfi LefOithie gmning ’s‘ﬁ%’ber
nitrite sol Whiletheprdteinspocedeing siibd @hhe Eleimbeast 2590, ﬁ%lt?%eﬁif'l 009 DA ter

sil ver S%?’ ni n y the chip was scanned by a conmercial office scanner (UMAX
Zf)g/ C

ASTRA 22 19} WA aRplichde theglestradesi fon? mivates nd fienthis tipee) tHeQditectiems
Fig.22B). Fi i ' f i | tained gel of h
bl adira i i A8 RIPWEPI BB F ARG Ppllgtas® ! SobSE e tepreed Seuoi ng

met hod (obttaheseed from the Swi ss Data Base). 30 The position of many of the
proteins in Fig.22A and 22B are the sane. Fig. 22B illustrates that the
use of the matrixes, BotedySortifi ] i 008977
PCT/ US02/ 22714 i nventi on yi el Y B! R 0P prottine s Obser byl
met hods. THécyBulglion pbiermatitinte thedirstiveiticyl ssfies obclainnels gihyoalyadifcCHahd)
anal ysi s 4 h_i oved.. EXAMPLE 5 -5 Two Di nensjonal . Anal ysis Using An
Array AnI%ﬁP@ﬁ%%eﬁ?’gl H?lﬁlﬁaldﬁ‘?geﬁ ‘EJIE}EF%‘??’ hyceeyaen @%@%"%ﬁ&t‘éﬁwémﬁl used in a
two di mensivenial seRAbALLAABCERAIRIRGIbN 415 5‘Y1?é‘ﬁft}9{?ertiéa31)se{% Array A 10%
pol yacryl ami de gel havi ng 2% SDS was depo$i eé as a narrow ane on a 1
mm t hi ck Ludranelsyafeedig. Th Tl megativenostrolf i.t.hthelfameh wasicdlGees F@Birhels, 0. 1nm
wi dt h and 59 rons thick. q‘I‘];he Ifme was. t hen covered with a 100 m cron
40y 81968

thick cell Osp%{g“%(gn? asramylghion THeIEs-ohurthicamerce fittleqrme gpepmulation

per f or at i oof pidhin WablobSavansh dridls UABihl B uttbas Rilel}r \ADG B9 difidh L

circular perforation was positioned at onhe en ane.
buf f er cprrespand do thy isnckichiy puohty at thy peoteitle Gralerally)bréteddsorting was

complete within 10 minutes.

EXAMPLE 9
Method for Diagnosing Diabetes
20 A hallmark for the diagnosis of diabetes is an increase in the amount of

glycated hemoglobin in the blood of the patient being tested. The quantity of glycated
hemoglobin in the blood can expressed as a percentage ratio of the glycated
hemoglobin to total hemoglobin. Accordingly, the concentrations of glycated

hemoglobin (HbA1c) and non-glycated hemoglobin (HbA[1) should be measured for
25 diagnosing diabetes.

| The pI of glycated and non-glycated hemo globin was determined to be
pH 6.95 and pH 7.22, respectively, using traditional IEF gel electrophoresis.

Accordingly, a diagnostic chip containing two pH compartments, i.e., pH 6.95 and pH
7.22, was prepared.

30 The chip was made by drilling two holes, 2mm in diameter and 1mm
deep, into the face of a rectangular, plastic (Lucite) plate and filled with 3%

polyacrylamide gel. The holes (hereinafter, “channels™) were arranged approximately
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buffer and amroni um persul fate to forma 7% pol yacryl am de gel. The pH 7. 00
buffer was prepared by m xing 50m of N-ethylnorfolin-HCL (Sigma) with 8
ms 1M HOYOan@os9d2 nml of water. A drop of | EF buffer was aepasor/edidn the
perforation and allowed to solidify. 20 (2) The First Di nension

Separ at i on: 3 hinelseate fremfackisiheg Bhesias bPach ERAMEERaPealkasHiti Pedtaadove was
pl aced in a chanber containing running buffer (pH 6.9), a stir bar and

el ect r odes. oTHEnsnaF Mynhraregpadeafivommesdialotylon wrEbBERe AGMJTwiNe GANCI . A
sanpl e conprising 1m crogram of human plasma protein was added to the
running buffer. A squén@mm@meWWth@eh@fmg@pH@Bletafﬁ%“/awdpdrcdaquency

ci roul at od. Sy e sl NebE i B aRE B esfes i rccona

di mensi ons sppAkakihRIbf 180 RE. Vel 6€6ctat foslsiNe Wederd Rl ne for
5 minutes. 44 WO 03/ 008977 PCT/ US02/ 22714 CAfter the bH SRR Gr bl A0

separati on, Wamrelaam@yy warsing Aomt e £02MNa,HHQ, wath Mo fte2MANaH POy ahd St ai n

1 um nat i oo Bep b setyalfiee 3F PO Kt iRty etsotived Miiseryfamial ©'

sil ver- stal gaeimel ehe mixhltes WalcldBRgF oA R Apindtb ol BBRG BlAgHR

protelns havi ng pls approximately 7. val ue.
Anal ysi s UsThgfiliter chentielewerecealsd MthArprairemyn aanspesat imMeartbrame (Bxaepd € 5 was
pr epar ed%18 éel% Qe First Dinmension Separation: I|soelectric Focusing The

array pl ‘é er containing running buffer (pH 6.9), a stir Dbar
and three el ectrodes runnlﬁ gfuffer consi sted of 1LNMSO4 mi xed with
HCl. A sanple corrprl IHWPﬁE 6%t SRt ARAMEPLRGT e BYaplatinges added to

e o RSl o i 1 S BN RS
of 1Hz was Hemer widid 1’()0mrr8ha&g]1rtwhd§ Omm length. Each electrode had approximately the
same dimensions as the matrix and was arranged in parallel geometry approximately 5
15 cm from each other. The chamber further comprised 10 mls of 10% HEPES buffer
(pH 7.44) running 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.

The electrodes were attached to a power supply that could reverse polarity.

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 forming 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

spectrophotometer LKB 2202 made by Pharmacia.
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whil e the running buffer was circul at ed.

Separati on:

30 V was wppBioes®77 20 al ong the lane for 5 m nutes.
el ectrodes used in the | EF step fromthe power

det achi ng one of the

(2) The Second Di nension

SDS- PAGE For the second di nensi on separation,

Thi

a DC vol tage of
s wesTasovymid shed by

supply, reattaching it to f
| EF buffer and activating t
al though there is a small,
parallel to the |ane, ther

he end of the
he electric f

un§e@loledli)e e

e |s signific

gge that 1 9
i el gPs@pRon
| ec{FEHIEATY o ¢

applied down the lane in a
allows significant and effi

PR
L\J Ul Fect1 ot

ci entlBsépar at

ant | yufig)e el ¢
wey—F+-oti-the
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i on 00.015 he pj

farthest fromthe
g. 28. In this case,
e that is not
ectrical force being
| EF buffer that
oteins in the | ane.

After the second di nensi on
nitrite solution to stain t

separatlon T
he | 30 The

e array was |
| ane Q0A44si | v¢

mersed in a silver
br stai ned for three

m nutes under ultraviolet

Figure 24 shows a magni fi ed,

has been gagnified. The dar
havi ng pls approximately 7

M xture Conponents using L
and 2nmm deep, were drilled

i1Tu tion.| 45 WO 037008977 PCT/ US02/ 22714

oot4 81 scan of PR83silvér-stained wafer that
kene eas ﬂre st@ioged human pl asma proteins
0 in“value XANPI 5 Separation of Protein
ici tegiagrix ntygboye holes, Inmin dianeter
f ular, plastic

(Lucite) plate and filled Wth magar osle gel¢.10he holes (hereinafter,
"channel s") were arranged ma grid-—tTkgfashtrom—appfioxi mately 3 nm
di stance from each other. {ne si®#eb6of each ch@ddkl wa$ sealed with a
protein ion 10 transparent [menbrane nadg of COHHBI’CI all nyl on nenbrane (I1CN,
Irvine CA). |sofocusing buf f er SEn@vi ng a pH 94B%e cofresponding to the
i soel ect “)c poi nt (pl) of|cyt o:ﬁ deogef 1%grmgf bbi n, henopgl obi n a2R2,
C-phycocyanin, lentil lectin a erri t| n (E-d%hd) were prepared. The
channel buffers (hereinafter, 'ZIEE:E buffers") e prepared by m xing
ei ther glycine, HEPES (N-2 11: Ry droxyet Hyl pi nnr asin-N|-ethansul fonic acid),
tris(hydroxynet hyl ) am nnet an ('gEMAM di trat@_4g§| d, BICINE
(N, N- bi 5(2- hydr OXyTTEt hy| )g y\..l fre—ot— —:
4E-5 0.611
5E-5 0.748
15 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 two
cells -- a pH 6.95 and a pH 7.22 cell -- were exposed to mixtures having different ratios
of commercially 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 hemoglobin by the sum of the absorbance reading for glycated

hemoglobin and hemoglobin. The percentage concentration of glycated hemoglobin

for each mixture (x-axis) was calculated by dividing the known molar concentration of
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dinmethylglutaric acid (DM3A) with water and titrating each | EF buffer to a
different pH using sodi um hydroxi de, hydrochl oride or Na2HPO4. See Tabl e |
bel ow. 20wOabloesor7 | EF buffers and correspondi ng protei ns PBIftfSe?/2376F Buf f er
Protein pl of Protein Color of the No. Concentration protein in (aq.)
buffer 1 5@1y6£(b@ha&ﬁbglsbmqute@&hmmﬁe @it tB8surf) o thertetd] kdswnmiblsaOH 2 50mM
HEPES dexoxi - 7.07 02 brown red 12nmM NaOH henogl obi.n, 25 3 50V THVAM
henpgl obi nceregpirgtion Oi glyvatyd hemeglohip a@#momcay%teslzi}ﬁm&h%wa% pogcture.

C- phycocyania 65. 0. 2/ 22714
5 50\ Bl c%r\]@eﬁg%t 1§ FOIFeg%tt‘ entgghezge%g%@ E?%lﬁlég‘é VQ&%%?%%@%%
ferritin 4gfcated B8mbEEbindPasMrNefommahé caleiilbied dhtas Ahces™ afariahanethe i n the
matrix were filled wth 3 t1 of one tg/ﬁe of IEF 5 buffer from T Table |I. The

filled clanerstrdaggeabsorbenteceplamlated Gompt @Sﬁrhaw nea@ngqo@wmsammp%e (same

as describ he matri.Xx nels F buffers was
pl aced beg%é 811)%7 B%ra?‘f“ﬁ%?ﬁ ec@ﬁ?q%t&o q:g enéer ta SaVi r?%atfﬁe I nt ernal
di mensi ons héx%%[ﬂ'bm%v@i 1dial LERGBIOBRI ifl e @ﬁq)léwmi@walfed E@ﬁhmﬁiaﬁBfaﬂ@ﬂe had

approximately the same 10 dinmensions as the matrix and was arranged in
paral | el gewrret Bge Aphde8xi mately *5 cm from each other. The chamber further
conprised 50m s of 0.01M K2S04 running buffer such that the matrix and the
el ect r odes Table.i@alibraticn using ivariounconcgntrafions of MbAdc and BrAlas present in
the chanber to ensure circulation of the running buffer across the

channel sy, The, GNPar ARG pRbA L CAL. é2 R Eto'rﬁué“ "I&c1 | Al/Al1+A2
HbAlc | (arb.units) | HbAL +C2) )
(moles/l) (moles/l) (arb. (%) (%)
units)
le-6 0.0157 le-4 1.495 0.99 1.03
2e-6 0.037 7e-5 1.090 2.77 3.28
15| 4e6 0.661 le-4 1.5 3.8 422
5e-6 0.070 le-4 1.461 4.76 4.57
Te-6 0.111 9e-5 1.333 7.2 7.69
9e-6 0.141 le-4 1.421 8.25 9.02

For each mixture, 10 ul of sample was added to a chamber comprising a chip 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 hemoglobin
25 that accumulated in the pH 6.95 and pH 7.22 compartments, respectively, was
measured using a spectrophotometer. The results were expressed as percentage
concenfration versus percentage absorbance of glycated hemoglobin to total
hemoglobin (X vs. Y axis, respectively). See Fig.14. Specifically, 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 readings from the pH 6.95 and pH 7.22 compartments and multiplying by
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15 One m crogram of any one of the follow ng proteins were added to the
running buffer in the chanber: cytochrone C,  deoxy - henogl obin, henogl obin
a+t2R+2, wophgesscyanin, lentil lectin and ferritin (Bi oRadCT/U8h2/2E14 he
proteins were being stirred in the chanber at 25C, a voltage of 100V DC
(E= 20V/ cn) 16t sThegetdertigt condentratédnaftgladed hemogRbi fout&h mAkdrefvakhi s ti me,

t he di rectiorfwif 4&2 £l ectriﬁ(pfield was reversed 20 for another 2 m nutes.
This proces@Ipiteq Rydixiding dekngwa copgepiration oflyqatrg hemoglelin b¥eache pr ot ei ns

b : i i . N i . f the
vart i car senike AliH Bn'cfithe BEE KA RBEhich 5 SRRl o BEBITRT 1ec
conpl et e wi ndni-glydzfedfiemipbshin bedcKARhure. 8A Aing et Rpdvirlative 6 the peaenREEpar ed

as descri&: in .Exanple 7 except that each of the five vertical series of
channel s hetSOPIPR X3 PRICERt2EHEORCSNIrg g RS Slisatef Apmoglebinszould bé drawndtond, and

buffer no. @eJEQR e Fig. 9 fromleft to right, respectively.
The matri x vvgg tﬂeﬁagggbege{?%?}z?'chanber with running buffer as 47 WO

03/ 008977 PCT/ US02/ 2 i i 7. i f

ferritin, phycocyani ﬁﬁ ﬁ%ﬁ’ﬁ%bgﬁg?‘%g’a%%%t@%%ﬁgf- n%tg@gé‘gg]a%at . No.

161-03 10), centrifogealya 500 g( 201aaHq@ft of IR shfdnSh@NGAT fabdto ﬁiélﬁﬁ% Cat. No.
u

161-0310) and henogl obin a+2f +2 were added to the running fer. Wile
t he protei E®MEBEgRghimassddsetibed gbave wel ssbieebior] 58tvolts &r 14 moteag&hef 100V DC

5 (E= 20 l.ied te .th t rad 2 mnutes. After this tine,

Phe gi ot (IkohiRe ARRHLEE, bPUl A ARG AREE Ty R capor sl 3  nut cs.

Thi s pr ocesdestitfed RBORAT T value}. | ]'ﬁper@én@ig%icanéﬁfrﬁﬁwofg%y@ﬁéﬂt heﬁ]ogﬂlﬁn proteins
into ir

was observed by watching the accunulation of ferriti st
vertical sder & samplerveasmpproximatplyctifamased(onSixtiopeldiion f6mi the tiné ewads ond

vertical segie .channel ani n (2d ban into the third verti cal
series of ?ﬁg'n%gélofsh}g%a @PH@%&%%&%&;&?%O@&FW&%“#E% 1phgtesy s cal “series of
channel s. Seecehiage isQypidAlEonS@Rld Wih ARBEESlndd: c&ltroltbhfisflﬁ%{etr Hla%{%él cal
series of_ channels, showed no accunul ation of any or t proteins.

Fur t her mbt dlormpkrenge af3-46. accunul ation of protein was observed in channel s

containing | EF buffers with pH values that did not 15 correspond to the
i soelectric points of the protein. Generally, protein sorting was

EXAMPLE 10

Method for determining 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 running buffer of a system of
this invention. The chamber contained a “separation 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.

To calibrate the system, 10,000, 50,000, 100,000, 300,000, 700,000, and
1,000,000 molecules of the above IgG were added to acrylamide and polymerized in
30 individual pH 8.2 channels. Their fluorescence was measured with a Zeiss Axiovert
200 fluorescent microscope using Axiovision 2.05 to quantify the fluorescence

Intensity. A calibration curve of fluorescence intensity vs. concentration of the
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conmplete within 10 m nutes. EXAMPLE 9 Method for Diagnosing D abetes 20 A
hal | mrk for the diagnosis of diabetes is an increase in the anount of

gl ycat ed wermsghsin i n t he bl ood of the patient being testea/usohe7gquantity
of glycated henoglobin in the blood can expressed as a percentage ratio of
the gl ycat effudresvet aldker %8s dept@tedBNOGh Rison wARGRbHihal Y ildd&cence _
concentrations of glycated henogl obin (HbAl ¢c) and non-gl ycated henogl obin
(HbAl ) shouPnpéesreasured for 25 di agnosi ng di abetes. The pl of gl ycated
and non-gl ycated henogl obin was determned to be pH 6.95 and pH 7. 22,
respectively, using tNexfi $0,000al100,660,gel 1008¢00apsiesudesiof the Avvolelh paky, a

di agnostic & |e(g ct%ntgi ni ng%tg H conpartments, i.e., pH 6.95 and pH 7.22,
was prepar ed. 38" TRECLY s amgat s indiyidualiy, depgsided ingmaqunaing anet er
and | mm slagipfer b ehdrhSer i | ' ate and
filled with 3% polyacryl gsﬁhglgéelﬁgg?é.lﬁ%%zﬁ‘%egfgn?ﬁ%’?%%cg‘fﬁ&r{’?ﬁ hlg%%ﬁl’ﬁ‘g s")

wer e ar r angeprraiqr etiditicne luging Slewlc 4348085 chRAGTHs\dSE21be@ Bdve (30 MiThalest ance

from each her. .One side.of each anpel was sealed with a protein ion
transpare nﬁf’%ﬁ%F}beﬁ@Wd@{ 8%”’8&%%5& %FO%T%%@%@H@@M toifer a6 30WNMPCCA) . An
i g 22 S bRy s e BBkl Uil e hAR TR B e
total vol urkxiofert 2 fiorestant miveiseqterind cbﬁma' sidrvittbthk alibrbrd irg@itga pH val ue of

pH 7.22 was prepared by m xing 36nml of 0.2M Na2HPO4 with 14nl of 0.2M

NaH2PO4 Hhd addi ng MO rbamits siodved thutthe o8lietion @fiddncy bhtelgebeebifsicfsss wyer e

m xed with g&(yl aﬂléde persul fate. The m xtures were added to separate
channel s andCgoViiacryelationeqedicient of fg G.9999% indidating tias almmstalbefthed with a
protein io AeRs ad; 1 escribed abqve).. The chip was
pl aced in gé%g@gt%fpgﬁﬁ %Iﬁgnber ﬂgémgﬁm?t\)/\%%q %"F?nr%?ﬁ? EQF%IE:'{%? gﬂ@éc’%gpgﬁom in

Fig. 2. ThexperimemalSeadFigens.i DhsS ohlut ier the fiakat 1985C RO RRCisWBFBresafts MM
wi dt h, 100rr}'qn ei ght and 50mm | ength. Each el ectrode had approxi mately the
the fluor€scence value measured in the calibration run while the ordinate represents the

15 fluorescence obtained after the isoelectric focusing runs. The numbers represent the

total number of protein molecules in the sample demonstrating the high sensitivity of

isoelectric focusing in narrow pH channels.
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sanme dinmensions as the matrix and was arranged in parallel geonetry
approximately 5 15 cmfrom each other. The chanber further conprised 10 nls
of 10% HBEwPBS3edfer (pH 7.44) running buffer such that tRreTnsoz/R2014N0d t he
el ectrodes were imersed in the running buffer. A stir bar was present in
t he chanber to ensure circulation of ghgmsgunni ng buffer across the

channel s. The chanber was placed on a magnetic stirrer. The el ectrodes
were attached to a power supply that could reverse polarity. 20 dycated
henogl obi n was purchased from Abbot [ N1A86-10]. Non- gl ycated henogl obin

H 3883 was %H&Bﬁﬁed from Si gnma [9008-02-0], respectively, for use in
formng calibration curves. Prior to preparing the m xtures of each for a
calibration curve, the extiyngti ficikents. of agl.ycated and.non-gl ycated
henogl obin  were rreasg'r ed a ﬁéﬁqu(g?}ge?g%%é{gg?ﬁ £rnaltscl(ﬂ(%trleg l%log?eggrhcfﬁ?lfﬁlq 19)t hey
renmai ned copgff@ny aBvlatebcdlNeonifiar MIBH bhiffer, Whercimthe IERbEB: IGYL\WET See,
for exanple, Table 1 below and Fig. 13. The extinction coefficient for
each was coreeanf O4mtbughot 1ges. or ders of magni tude of the concentration.
The neasurenent was perfornmed using a commercial spectrophotoneter LKB
2202 made by Pharmacia. 49 WO 03/008977 PCT/ US02/ 22714 Absorption C
(Mle/L) (arbitrary wunits) | E-6 0.015 3E-6 0.044 4E-6 0.063 5 5E-6
0.077 6E-6 0.092 7E26 0. J0% ma8ix By®.ad@tdin@ke 6lalin 13@h&@ir the BEFbulfet or 2E- 5

. 317 E- .4 .
0.3 3 5th% ceﬁ EcS:omprlsmg the IEF buffer has a pH range of 0.02 pH units or less.

3. The matrix layer according to claim 1, wherein the matrix layer
comprises a plurality of isolated isoelectric focusing (IEF) buffers or isolated cells

comprising an IEF buffer.

4. The matrix layer according to claim 3, wherein the IEF buffers

or the cells have a pH step of 0.1 pH units or less.

5. The matrix layer according to claim 4, wherein the pH step is
0.02 pH units or less.
6. The matrix layer according to claim 1, wherein all but one side

of the IEF buffer or cell are biomolecule impermeable areas and, optionally,

ion-impermeable areas.

7. The matrix layer according to claim 3, wherein all but one side
of the plurality of IEF buffers or cells are biomolecule Impermeable areas and,

optionally, ion impermeable areas.

8. A system comprising
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4E-5 0.611 5E-5 0.748 15 6E-5 0.901 7E-5 1.06 8E-5 1.196 9E-5 1.377 1
E-4 1.497 20 To generate the calibration curve, six multicell chips each
havi ng t W0 034937 -- a pH 6.95 and a pH 7.22 cell -- werePeTfsomek7H

m xt ures having diffepgnt ' : L ?” ai | abl e henogl obi n and
gl ycat ed henogl obi n. Lair eég%ﬁ%fcgﬁpﬁggggs 0 éq%f%}a[fte Hb to non-gl ycated
Hb were resuspended in.a con nt..vol une, of 25.HEPES; (pH7.5). See
Tabl e 2. Absorbancy rgbe}di n@%ﬁ%tab‘hfieéﬁﬁ]a\gg} EOTPREHR %E@Fj\%?gﬁ cell. The

er cent age absor bance s caglcul ated by.dividing.th bsqr ce readin

1? or gl ycgt ed henog| obﬁ\ﬁﬂbyagﬁ\gc%ﬁ%gﬂer%‘ﬁ’é a&ﬁitw‘g%%glea}%@ifﬁﬁwd@“?cat gd
hermogl obi n apgheerpateiRellHR, BRiday,age concentration of glycated

henogl obin for each m xture (Xx-axis) was cal cul ated by dividing the known

nmol ar concentration OECRgO X\Qe‘ggé %&%gzlﬁaﬁfg%y%{ﬁgfﬁ o TRVieT:18 gl obin

in each mxture with t sum o e tota nown concentrati on of
gl ycat ed hewogélbbi n and non-gl ycated henogl obin in each m xture. A line
that is correlative to the percentage absorption vs. percentage
concentration of glycated henogl obin was drawn fromthe cal cul ated dat a.
The "x" marks where the 5 percentage absorbance cal culated fromthe

absorbance readi ngs for th®heamneadordt toldm BReheRdih hedBFOREMF Basn t he
calibration curve. The ﬁercent age of glycated henoglobin over total

henogl obi n PH renge &f{hbpld v o1 &%8.r apol ated fromthe calibration curve. See
Table 2. Table 2. Calibration using various concentrations of HbAl ¢ and
HoAl 10 Cone. O Absorption Cone. C2 Absorptio CL/(CL Al/(A +A2 HbAlc
(arb. units) HbAlL n +C2) ) (noles/1) (noles/1) (arb. (%9 (%

10.  The system according to claim 9, wherein the IEF buffer has a

pH range of 0.02 pH units or less.

11.  The system according to any one of claims 8-10, wherein the

system comprises a plurality of IEF buffers or cells comprising an IEF buffer.

12. The system according to claim 11, wherein the plurality of IEF

buffers or cells are isolated from each other.

13.  The system according to claim 11, wherein the plurality of IEF
buffers or cells have a pH step of 0.1 pH unit or less.

14, The system according to claim 11, wherein the plurality of IEF
buffers or cells have a pH step of 0.02 pH units or less.

15.  The system according to claim 8, wherein the system further

comprises a device for circulating the running buffer across the IEF buffer or cell.
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units) le-6 0.0157 le-4 1.495 0.99 1.03 2e-6 0.037 7e-5 1.090 2.77 3.28
15 4e-6 0.661 le-4 1.5 3.8 4.22 5e-6 0.070 le-4 1.461 4.76 4.57 7e-6 0.111
9e-5 1. 3380032089769 9e-6 0.141 le-4 1.421 8.25 9.02 For eachisor/xi7as e, 10
ul of sanple was added to a chanber conprising a chip as 20 descri bed above
and subject to 150 volb.s fThe systemiacotrdimng tThkimild ewhérem thé pluteditedFEET i cal
field was reversed time/m e. | ohi n has a .strong ahsorption at
S10mm, et BHIEDG GOBA BB Fepicer ey arere B oE Pl HRRibr | abe
needed to bg.apdadicid 0 detect gl ycated or non-glycated henogl obin. The
optical absorption of the glycated and non-gl ycated henogl obin 25 that
accunul ated in the pH 6.95 and pH 7. 22 conpartnents, respectively, was
measured using a spectrophotoneter. The results were expressed as

percent age concentration p t r

henogl obin to total e’mg?@%%éw%\%(gﬁﬂ@%g%ag}?ﬁ?éggg%ﬁ t\f/ige %Mﬁgéﬁ%& g. 1l4.
Speci fi cal | yufférher @dkeaniragged alpanillebicactobthibhadihpaslleto higndigdedbh 6f i n t he
tested m xture was cal cul ated by 30 dividing the absorbance reading from
the pH 6. 95thestgstiioehBeld. by the sum of the absorbance readings fromthe pH
6.95 and pH 7.22 conpartnments and nmultiplying by 51 WO 03/008977

PCT/ US02/ 22714 100. The percentage concentration of glycated henogl obin
for each m xture was calculated by dividing the known concentration of

gl ycat ed henogl obi n i b8.eachhe syistemaceondingtotchemsidnwbereiribe phirality kficalls
concentration .OL (ﬂ%ﬁcat ed henogl obin and non-glycated henogl obin in each
mxture. A feARCPHHEH MaMAite| ative to the percentage 5 absorption vs.

per cent age concentration of glycated henogl obin could be drawn from the
calcul ated data. See Fig. 14. Next, a sanple of blood was taken froma
patient. The bl ood was_ centrifuged at 500 g.. AIlQul aliquot of the
supernatant was addedl%-o aTE%%/ﬁ%E‘racc‘é@FﬁgrtPé’?%ﬁl ., whewsingthe ghasadity sEERbove

and subj ect 9. d 80c{RIeh 5 § HatrbOnH i6 YfaPable o an interconnected chain of cells.

20.  The system according to claim 8, wherein the IEF buffer or cell

has a length of 0.1 mm to 2.0 mm.

21.  The system according to claim 8, wherein the IEF buffer or cell

has a length of 2 mm.

22.  The system according to claim 8, wherein the IEF buffer or cell

has a width of 0.1mm to 2.0 mm.

23. The system according to claim 8, wherein the IEF buffer or cell

has a width of 1 mm.

24, The system according to claim 8, wherein the IEF buffer

comprises a buffering agent.
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10 percentage absorbance of glycated henoglobin in the sanple was

cal cul ated as described above ("Y" value). The percentage concentration of
gl ycat ed wermsghsi n for the sanpl e was approxi nmately 5. 2%Crasen227m
extrapolation fromthe line drawmn in Fig. 14. This result indicates that

t he person being test h ' i I ' |

peopl e with di abetes %de?ﬂé%éﬁggf&Bartdjr}g'stﬁﬁ}%ﬁ?ﬁ@@%@%ﬁhﬁ?ﬁéﬁ’fﬁ%ﬁt@ SOa{r ange
of 3-4% EXAdRIvEpH @radidnt adihe@iecttetabfieitini ng col | ection efficiency for

i soel ectric focusing As a neans of determning the efficiency with which
proteins are 20 separated by the isoelectric focusing process of this

i nvention, known quantities of Alexa Fluor 594 goat antinouse |1gG (heavy
and light chains; Jackson ThHewRRm RLERALCH claaBar aivhérdeBSthe Pluratitd oRIERET €
deposited into the running buffer of a systemof this invention. The
chanber conbufifeeer eells bayss pluradity efdifferentpls rangeecampanedlo esth gtheri amet er  of
100 mcrons and a total volume of 1 nl. Each channel had an | EF buffer 25
with a pHrange of pH 8.2 0.05 pH units. The | EF buffer was nade by m xing
Tris dycine (pH 8.20 +/- 0.05, Biorad, catal og nunber 161-0771) into a
standard pol yacryl an2te ¢Ehe syfencaicotling te cldia 19y whemin the wale of &8 cei00,

100, 000, 300, 000, éPO 00, %r;@ 1, 000, 000 nol ecul es of the above I1gG were
added to acP¥PSHQRIAFIPIGHISS Edo8Sn 30 i ndi vi dual pH 8.2 channels. Their
fluorescence was neasured with a Zeiss Axiovert 200 fluorescent m croscope
using Axiovision 2.05 to quantify the fluorescence intensity. A
calibration curve of fluorescence intensity vs. concentration of the 52 WD

03/ 008977 PCT/ US02/ 222814 FThewisescserding Relimds wherein all bt dnesidewfieer i son
i th i i ities, Next. 50. 000, 100,000 d
1 000, 000 nieafies ot 4 8 R e R red Al onti Y i (R P8R e

anount was amgh.vi dual ly deposited into a running 5 buffer of a chanber.

| soel ectric focusing was performed for each anmount under fixed separation
conditions using identical separation chips as described above (10 m nutes
t hrough the narrow pH channels in 0.1 m of a Tris Gycine (pH 4.8) buffer

at 30V DC 29. A method for isoelectric focusing a biomolecule in a sample
comprising the steps of: (1) subjecting the sample to an alternating electrical field that
is directed in and out of the IEF buffer or cell comprising the IEF buffer, and,
optionally, circulating a running buffer comprising the biomolecule across the IEF

buffer; and (2) trapping the biomolecule in the IEF buffer.

30. A method for characterizing a biomolecule in a sample

comprising the steps of:

(1) subjecting the sample to an alternating electrical field that is directed
in and out of the IEF buffer and, optionally, circulating a running buffer

comprising the sample across the IEF buffer; and

(2) comparing the biomolecule in the IEF buffer to a biomolecule from

another sample.

31. A method for quantitating the amount of a biomolecule in a

sample comprising the steps of:
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current). After each experinent, the fluorescent intensity was neasured
wth the Zeiss Axiovert 200 fluorescent m croscope and conpared with the
cal i br at eaoroe®edors. 10 The results shows that the coll ect ipea/sbt/ewiency of
the process is close to 100%w th a correlation coefficient of r = 0.9999,
i ndi cating that al nogll) subjectifig tHeesampledd eh akeraatingsdqéanical Gdldithatas dinested pH

chanbers in during the 10 mnute ration of .th exper.i nent. .See Fig. 29.
The S value for the fpam lgogﬁ}%@%%rg%@pggrgﬁng hg & rugring buffer
fl uorescence val ue ”%ﬁlgﬁ%ﬂﬁitﬁb gagﬁ,lggérjagrtﬁgm‘ﬁfép Qi I e the ordinate

represents the 15 fluorescefice obtai ned atter the isoelectric focusing

runs, The nurbers. r eRsFSEIENE nd Bl PRSIl RIOR I TRRGRY! o0 11 the

sanpl e denonstrating ensiti Vi Isoelectric focusing in
narrow pH channel s. 53 WO 03/008977 PCT/US02/ 22714 CLAIMS W claim 1. A
matrix | ayer conprising an isolated isoelectric focusing (IEF) buffer or

an isolated cell co ising an | ffer, erein the | EF buffer has a pH
Fange of 0.1 pH un t B 1 ctmetbed s dicrtibing SR ERet IGhaG o8 ol aim 1
wher ei n t heyibEblebME ik s@hple boiBphghs tHeQPEbei Ng the | EF buffer has a pH
range of 0.02 pH units or less. 3. The matrix |ayer according to claim1,

wherein the matrix '%%ubjé&ﬂig?fﬂe%ﬁﬁlggﬁ tlelsauraﬁbﬁnaerng)éle&ﬁ&hﬁeggthgﬁlggggawi c

focusing (I EF) buffers”or”isoflated conprising an 4. The
matri x | ayer accor di ng ahdowt odithe BEF wiffer end) opliendlFFcibud ftisps rumming beffeel | s
have a pH step of 0.1 pHwunits or less. 5 h trix layer according to
claim 4, wherein the (pgsng thesanpleyscrps th%ﬁéb‘g%riaé’és. 6. The matrix |ayer
according to claim1, wherein all but one side_ of the |EF buffer or cell
are bi onol ecul e i nper@dBeaining ydethey thegiomelsaule {s presephin the hbwliire ar eas.
7. The matrix layer according to claim3, wherein all but one side of the
plurality of IEF buffers or cells are bionol ecul e i nperneabl e areas and,

33. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:

(1) subjecting a sample comprising biomolecules from the subject to an
alternating electrical field that is directed in and out of the IEF buffer
and, optionally, circulating a running buffer comprising the sample

across the IEF buffer; and

(2) comparing the biomolecules subjected to step (1) with the
biomolecules from a sample from a normal subject that does not have

the disease or is not predisposed to having the disease.

34.  The method according to claim 33, wherein the biomolecules
from the normal subject are prepared by subjecting a sample from the normal subject to
an alternating electrical field that is directed in and out of an IEF buffer and, optionally,

circulating a running buffer comprising the biomolecule across the IEF buffer.

35. A method for preparing a biomolecule comprising steps of:
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optionally, ion inperneable areas. 8. A systemconprising 54 WO 03/008977
PCT/ US02/ 22714 (a) a chanber conprising a running buffer; (b) an I EF

buf fer orwe os@bd97Tonpri sing an | EF buffer; (c) a device f@®@CTgsazezid ng an
alternating electrical field in and out of the |IEF buffer or cell; and,
opti onal | y, (1{ d@eppingeiiemolecule oi arrJiEIFészfnlgbx g@erammguanglt@maﬁrgdm@éﬁehdhe | EF

buffer or cell m I to.claim$@8 erein the. buf fer
nas & ph e G obE TEROaHF: iy rieouy? ps i £y Sk e PG ETE a1 m

9, wherein Blf&ﬁldl%l@é&fr&%rthmlﬁlffep'dnaange of 0.02 pH units or less. 11. The
system according to any one of claims 8-10, wherein the system conprises a

plurality o $ihole&lit s comprising an | EF buffer. 12. The system
accordi ng té@r%fw@ﬂx%ﬁfemer%ll nthe plurality of IEF buffers or cells are

isolated fromeach other. 13. The system according to claim11l, wherein the
plurality of IEF buffers or cells have a pH step of 0.1 pH unit or |ess.

14. The system accordihpg tq claim.11 Wnere Lural.it buffers
or cells have a pH stgg EA’Omf)@ &T}:? 6?.“16‘1%“# %lggue SPHTRS §'t68?‘r? ccordi ng

to claims8, Mﬁ%@'sﬂn le%oﬁmﬁmgtﬁetmlh@mculgmmnﬁﬁﬁgmlﬂéeiﬂ 1B€sfstym Ci r cul ating
the running buffer al%:ross the | EF buffer or cell.” SS. 55 03/ 008977

PCT/ US02/ 22Fckgrdingto my@ng% claimad-d rashergtingthelaitemating clapteicaifield; hed, plurality

of I EF buffers o |solat from eac when arranged in a
line paral | 8! Otn(?h?"hc IC“IZ?PE% STERTNE F‘ngf?f actps %fﬁglg@gt%lém according to claim
11, wherein the plurality of IEF

37. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:

(1) adding a sample comprising a biomolecule to the running buffer in the system
according to any one of claims 8-14, generating the alternating electrical field, and,

optionally, circulating the running buffer across the IEF buffer; and

(2) comparing the biomolecules in the IEF buffers from the subject to the biomolecules
from a sample from a normal subject that does not have the disease or is not

predisposed to having the disease.

38.  The method according to claim 33, whereiﬁ the biomolecules
from the normal subject are prepared by adding a sample comprising the biomolecule
from the normal subject to the running buffer in the system according to any one of
claims 8-14, generating the alternating electrical field and, optionally, circulating the

running buffer across the IEF buffer.

39.  The method according to claim 36, further comprising the step

of subjecting the biomolecule to a second dimension analysis.

40. The method according to claim 39, wherein the second

dimension analysis is by the mass of the biomolecule.
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buffers or cells are arranged in parallel to each other and in parallel to
the direction of the electrical field. 18. The system according to claim
11, wherewowiloesopt urality of cells are inbedded in a mat PCI/USEE227The
system according to claim11l, wherein the plurality of IEF buffers or
cells forma matrix tAht i $hemsthodieberrding to caim #9,evirosindlot edorghai n of

cells. 20. ,The system.accordin 0 claim8 erein the | EF buffer or cell
has a | engt ﬁl%?nsﬁ%fn%lf‘bs .WIW%%%‘G‘EW%%%W%@&QEM to claims8,
wherein the IEF buffer or cell has a length of 2 nm 22. The system
according to claim8, wherein the IEF buffer or cell has a wdth of Ol mm

to 2.0 mn. 23. The system according to claim8, wherein the | EF buffer or
cell has a width of Tnm Thamethod assosdiaginelaint 40.vgherein theenor8] wherein t he

| EF buffer 36RMRIhSESy RbY i 0 08977 PCT/ US02/ 22714

25. The system accor%( nggtgeg#%?%,g%aeryg?eﬁ%&hé)% aﬂ(ﬂlfllél fornms a narrow
pH gr adi ent chrontatveraphgct ri cal fiel d. 26. The system according to claim 11,
wherein the plurality of IEF buffers or cells have a plurality of

different pH ranges conpared to each other. 27. The system according to
claim1l, wherein the walls of the cells are perneable to bionol ecul es and

ions. 28. The systema&CQrmh@ﬁe&@d%@MhétoM@%{@é,'ﬁﬁﬂlércgmpﬂgiﬂgt@ﬁ? of the
| EF buffer or cell are bionolecul e inperfeable areas and, "optronal 'y, ion

i nper meabl eselegtebiEom Hige graupreersisting of: | soel ectric focusing a bionplecule in
a sanple conprising the steps of. (1) subjecting the sanple to an
al ternating el ectri ca(a) tompaingthe presenceiof thetbémmolaculaih thetseddhid dhRedsian buf f er

or cell conprising the |EF buffer,. and, ptionally, circulating a running
buf fer conprising the®Bi6Ho Oeatflﬁﬁ‘&r Q’(?Fr&?é%cufedé thegecond dimension analysis;

(b) determining the amount of the biomolecule in the second dimension

analysis;

() determining whether the biomolecule is present in the second

dimension analysis; and |

(d) recovering the biomolecule in the second dimension analysis.

44. A matrix layer comprising an isolated IEF/lane unit, wherein the

IEF/lane unit comprises:

(a) an isolated isoelectric focusing (IEF) buffer or an isolated cell

comprising an IEF buffer; and
(b) a lane,

wherein the IEF buffer has a pH range of 0.1 pH unit or less.

45.  The matrix layer according to claim 44, wherein the IEF buffer
has a pH range of 0.02 pH units or less.

46.  The matrix layer according to claim 44, wherein the IEF buffer

or cell éontacts the lane or is connectable to the lane.
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buffer; and (2) trapping the bionolecule in the IEF buffer. 30. A nethod
for characterizing a bionolecule in a sanple conprising the steps of: (1)
subj ect i ngotohwowanpl e to an alternating electrical field thatuSoy2di4 ect ed

in and out of the |ER7buf fee namek 198t dcobdidgto cliihau| Rhérdig the faatid Jagerouf f er
conprising the sanple across the | EF buffer; and (2) conparing the

bi onol ecul ecompristrea plERlikuefidentical notisnéried Bdiilene prithand adsiaiepacddBfl e. 31. A
met hod for ntitat.ing,t amount of a bionolecule in a sanple conprising
the steps dﬁ&%§9r ]5§%36 FFURG2/ 22714 (1) subjecting the sanple to
an alternating electrical field that is directed in and out of the I|IEF
buffer and, optionally, circulating a running buffer conprising the sanple

across the IEF buffer; and_(2) determ ning the anouynt. of.the Dbi | ecule in
The TEF buffor. 30 48 notHSMASE Ket MERRE G A 4 bbb PRt te of
bi onol ecul e ﬁgﬁn J S| t . subj ecting the sanple
to an al teﬁ#gﬁu%fg e eiéﬁ@ggﬁ%%%ﬁgtek%gpiIg?g{l?i%rtlé%) in Jand ou'? of therrFEF

buffer and, optionally, circulating a running buffer conprising the sanple
across the IEF buffer; and (2) determ ning whether the bionolecule is

present in the | EF buffer. 33, . . diagnpsi | osing a
di sease state in a s{ﬁbj ec hecngmrr%@ilg}i%%%%g ﬁ%gégoe%%gloﬁ h{l]‘%e%{sg’%jpgg%t%% a
sanpl e conp(y.t)@%)ﬂgmlgg@mys@cul es fromthe subject to an alternating
electrical field that is directed in and out of the IEF buffer and,

optionally, circulating a running buffer conprising the sanple across the
| EF buffer; and (2) conparing the bionolecules subjected to step (1) with

the bionol ecules fros a samhrk 8 fcdopdiiBlo G4l £¢wnbhat 1daep ARt have
the di sease or is not predi sposed to having the disease.

unit is supported along its length and width by a biomolecule impermeable area (BIA).

51.  The matrix layer according to claim 44, wherein the lane

comprises sodium dodecylsulfate and polyacrylamide gel.

52.  The matrix layer according to claim 51, wherein the lane is
positioned between a matrix layer and another layer, wherein both layers are

biomolecule impermeable and ion impermeable.

53.  An array comprising a matrix layer and a second layer:

wherein the matrix layer comprises an IEF/lane unit and a biomolecule impermeable

area (BIA),
wherein the [EF/lane unit comprises:
(a) an IEF buffer or a cell comprising an IEF buffer; and
(b) a lane,

wherein the BIA contacts the lane across its length and width;
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34. The nethod according to claim33, wherein the bionolecules fromthe
normal subject are prepared by subjecting a sanple fromthe nornmal subject
to an alwermabsony el ectrical field that is directed i n amdéTasn2/ef71en | EF
buffer and, optionally, <circulating a running buffer conprising the

bi onol ecul e vaefedsthe sbnl Blycbdrhgises 8 bane AcrBBHiNOseh TS AY BREK itGaeéppp! ecul e
conprising steps of: 58 WD 03/008977 PCT/ USQ2/ 22714 (1) trapping a

bi onol ecul e apdwidih pEthe faferas darger, wharsinghe hiAdnpermeablase pmtpneindct ri cal fi el d

in and out of the ILEE buffer and ptionally, circulating a running buffer
conpri sing Pﬁ@xmﬁ?§ﬁ§1%@ﬁPEﬂ%?E%Eggthe 1EF buffer; and (2) recovering the

bi onol ecul e. , 36. net hod f.or rting.a bianol ecul g c rising the steps of
addi ng a saﬁﬁ?@"ﬂ@ﬁﬁ?Fé?Hﬁﬂ?ﬂﬁﬁgpéﬁﬁﬁgEﬂ?@nF 3§rWHﬁﬁFgnguffer in the
system according to any one of clains 8-14, generating the alternating
electrical field, and, optionally, circulating the running buffer across
the 1EF buffer. 37. A _nethod for diagnosing, or prediagnosing a di sease

state in a subject céhpri dhpgrEnecce o gfaim 53) wherginige dEE bwffirer eelhpr i si ng
a bi0”0'ecuk&ﬂ&ﬂs&E?mk%ﬂ%%aﬂmP@LQ@E%&@1&@9 system according to any one of
e a

clainms 8-14, generating t ernating electrical field, and, optionally,
circulating the running buffer across the 1EF buffer; and (2) conparing the
bi onol ecul es in the 1EF buffers fromthe subject to the bionolecules from

pr odi Sposed 10 havi ng>The. THEBEL a8 EiRG AR R BHERIPRRRGH BN af m 33,
wher ei n t he ARHRNBIBSHeS & peffbAfibh BepaRfidHMr 18 HRI e HiRe é%rcglt?@{ag&f YeRfiI N9 a

sanpl e conprising the bionolecule fromthe normal subjec e runni ng
buf fer in t He psyioragion i evragedgothat dreypeohomtion is pisitiomed 8vdrkhe Hifhsufatriong t he
al ternating giectrical field and, optionally, circulating the running
buffer acro$¥-the IEF buffer. 39. The method accor di ng to claim36, further
conprising the step of subjecting the bionolecule to a second di nensi on
anal ysis. 40. The nethod according to claim 39, wherein the second

56. The array according to claim 53, wherein the IEF buffer or cell
has a pH range of 0.1 pH unit or less.

57.  The array according to claim 56, wherein the pH range is 0.02

pH units or less.

58.  The array according to claim 53, wherein the matrix layer
comprises a plurality of identically orientated IEF/lane units and wherein the second
layer comprises a plurality of LSAs arranged so that the lanes are positioned between a

matrix layer and a LSA.

59.  The array according to claim 58, wherein the plurality of IEF

buffers or cells are isolated from each other.

60.  The array according to claim 59, wherein the plurality of IEF

buffers or cells do not have overlapping pH ranges.
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di mension analysis is by the mass of the bionol ecule. 59 WO 03/008977

PCT/ US02/ 22714 41. The nethod according to claim40, wherein the second

di mensi orweraloy®irs i s by pol yacryl am de gel el ectrophoresiPET(URNE)714 42. The
met hod according to claim40, wherein the second dinension is by Mss
spectronetry, capillabl el et aroptaseading to alaim 58 quliegein dhe plfatep debsdey .  43.
The met hod accordin al. 9,.further conprising the step selected
fromthe grﬁﬂ%O%%ﬂ§%E%%H§g8F$b35$1W%ﬁﬁﬁﬁ?ﬁg the presence of the bionolecul e
in the second di nension analysis to another bionolecule in the second

di mensi on anal ysis; (b) determ ning the anbunt of the bionolecule in the
second di nension analysis; (c) determni nf;_ whet her the bionolecule is
a.

present in the secondf2di nEReHER asrendingite claifp L, whesin the pR sfophgtwase
bi ool ecul ey g di ' iS. 44. A matrix |layer conprising
an isolatedﬁ%gg%pgﬁgﬁgﬁﬁiégﬁﬂgp%?ﬁﬂ?@§%¥%§%/Iane unit conprises: (a) an

i solated isoelectric focusing (IEF) buffer or an isolated cell conprising
an | EF buffer; and (b) a | ane, wherein the | EF buffer has a pH range of 0.1

pH unit or |ess. 45. e trix |layer. accoydi t o, cl.ai m44, erein the
| EF buffer has a pH géa]inge ?ar&y@fx%rﬁm&&?f’ HBBgIO’ég@.W}lFG?mﬁFemggﬂfﬁiq ayer
accor di ng t gelCdonhpHséda FH@Qfg%'tHat%B@béeﬁF reidfebRH to BlprkellbiGAkant 3¢t he | ane or
is connectable to the Tane.” 60 WO 03/ 008977 PCT/ US02/22714 47. The matri x

| ayer accordi®estt o cl aim 44, wherein the matrix layer conprises a plurality
of identically orientated | EF/lane units and wherein each | EF

64.  The array according to claim 58, wherein the width of each lane

is selected from 20 microns-1mm and the length of each lane is selected from 3-10mm.

65.  The array according to claim 58, wherein the width of each lane

is 100 microns.

66.  The array according to claim 53, wherein the thickness of the

matrix layer is lmm.

67.  The array according to claim 53, wherein the thickness of the

second layer is 100 microns.

68.  The array according to claim 58, wherein the area of the array is

selected from 1x1 cm up to 10x10 cm.

69.  The array according to claim 68, wherein the area of the array is

5x5cm or 4x10cm.
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buffer or cell is isolated fromeach other. 48. The matrix |ayer according
to claim47, wherein the plurality of |EF buffers or the cells have a pH
step of OwODoplosemits or |l ess. 49. The matrix | ayer accor diPag/uiso2/ed7aé m 47,
wherein the pH step is 0.02 pHunits or less. 50. The matrix | ayer '

according to claim44, wherein the | EF/|a Nnik. _J r along its
| ength and wi dth by ?Obi o%eélaf@( %Ccpﬁgt%g%?eﬁa%g%e%@g ﬂ&% Cél%gn‘@féﬁe mat ri x
| ayer accorgdiiigh ddleSIdiimdtéhd pibRESIaMiligell ane conprises sodium
dodecylsulfate and pol yacryl am’'de gel. 52. The matrix | ayer according to

claimb51, wherein the lane is positioned between a matri x |ayer and
anot her | ayer, wherein both |ayers are bionolecule inperneable and ion

i nper meabl e. 53. An anray HRTRL] §éc6ﬂiiﬁ%{69c}1£ihf<5i%ﬁfeiﬁﬂfé sBeorRasReisl ayer:
wherein the matrix | ayer conprises an TEF/lane unit and a biorpol ecul e

i nper meabl @ongdcesl toBhMhatridiayeei N the | EF/ I ane unit conprises: (a) an | EF
buffer or a cell conprising an | EF buffer; and (b) a lane, wherein the BIA
contacts the lane across its length and width; 61 WO 03/008977

PCT/ US02/ 22714 wherein the second | ayer conprises a | ane screening area

(LSA) that is the sanp, | entidurrapBebondifg to @hint 55 withein e ISA Batot wherein the
LSA is perneable to an ion and 1 nperneable to a bionol ecul e; and wherein
the | ane i sopdwitiveoned between the matrix |ayer and the LSA. 54. The array
according to claimb53, wherein the IEF buffer or cell contacts the |ane or
is connectable to the lane. 55. The array according to claim53, wherein
the second | ayer further conprises a perforation perpendicular to the
pl ane of the second |#yer, Awpsterecomptisieg:perforation is arranged so that the
perforation is positioned over the IEF buffer or «cell.

(a) a chamber comprising a running buffer;

(b) a matrix layer comprising an isolated IEF/lane unit, wherein the

IEF/lane unit comprises:
) an IEF buffer or a cell comprising an IEF buffer; and
(i) alane,

© a device for generating an alternating electrical field that is

directed in and out of the IEF buffer or cell;

(d)  adevice for directing an electrical field down the length of the
lane away from the IEF buffer or cell; and, optionally,

(e) a device for circulating the running buffer across the IEF buffer

or cell.

74. The system according to claim 73, wherein the IEF buffer or cell

contacts the lane or is connectable to the lane.

75. A system comprising:
(a) a chamber comprising a running buffer;

(b)  an array comprising a matrix layer and a second layer:
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56. The array according to claim53, wherein the | EF buffer or cell has a
pH range of 0.1 pHunit or less. 57. The array according to cl ai m56,
wherei n twe opiogvange is 0.02 pHunits or |ess. 58. The arcaysayewndi ng to
claim53, wherein the matrix |layer conprises a plurality of identically

orientated | EF/|ane upjd snadmuhaneen cbifriss &R Mar/1dnd Yi&ft 2R ABIonfRsute
plurality of LSAs arranged so that the |lanes are positioned between a

mat ri x | ayefmpmntedbld fHéa (BIB), The array according to claimb58, wherein the
plurality of IEF buffers or cells are isolated fromeach other. 60. The
array according to clai m S8herviheheiBF/ hieug conglrisey. of | EF buffers or cells
do not have overl apping pH ranges. 62 WO 03/008977 PCT/ US02/ 22714 61. The

array according to claimb59 wher@rbuffeeorteite@mpeingea EFbuffegendor e | EF
buffers is 0.1 pHunits or less. 62. The array according to claim®61,
wherein the pH step betweef) twplafs, nore | EF buffers is 0.02 pH units or

| ess. 63. The array according to claim53 or 58, wherein the | EF buffer or

cel | conpri gfs . REBIARGRalD Ble 1ARSacRAE s Rn&lRAGHRth; t 0 capture a

bi onol ecul e 0 interest. 64. The array according to claimb58, wherein the

wi dth of ea&zﬁ#g@ﬂﬁe séc%g(_? %g&mcéo%é%séé)%aﬁg st \seh %%Mattig fhelsgR@ldhe@f each

| ane is sel ec rom e array acco ng to claim58,” wherein

the w dt h ofndewidkh dfahe lank or dgernwhereinghe BSA isTpenmeblayo acmaraddng to cl aim

53, wherein the thickness of the matrix layer is 1lmm 67. The array

accor di ng t 8REFIRISt a GipwelscHle he t hi ckness of the second layer is 100

m crons. 68. The array_acco_rdigg to claim58, wherein_the area of the array
e

is sel ect etheresying lage is pasitipmed etvees thegnatp layer and the LSA;
(©) a device for generating an alternating electrical field that is

directed in and out of the IEF buffer or cell,;

(d)  adevice for directing an electrical field down the length of the
lane away from the IEF buffer or cell; and, optionally,

()  adevice for circulating the running buffer across the IEF buffer

or cell.

76.  The system according to any one of claims 73-75, wherein the

IEF buffer or cell has a pH range of 0.1 pH units or less.

77.  The system according to claim 76, wherein the pH range is 0.02

pH units or less.

78.  The system according to any one of claims 73-75 , Wherein the

system comprises a plurality of IEF/lane units.

79.  The system according to claim 78, wherein the IEF buffers or

cells in the IEF/lane units are isolated from each other.
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69. The array according to claim®68, wherein the area of the array is
5x5cm or 4xI Gcm 63 WO 03/008977 PCT/ US02/ 22714 70. The array according to
cl ai m 53, watvaneson7 t he | ane conpri ses sodi um dodecyl sul f at @Cani$02/22714

pol yacryl am de gel. 71. The array according to claimb53, wherein the second
| ayer is connected tg0.t heTlidykiex dcayding té2ny dheoRildify 78CI5QvlbfReh the cl ai m
53, wherein the LSAis not conductive. 73. A systemconprising: (a) a
chanber conf#h &g or collisspriaeted of isconyasiable tmilner -l ayer conprising an
isolated | EF/lane unit, wherein the ]EF/lane unit conprises: (i) an |IEF
buffer or a cell conprising an | EF buffer; and (ii) a lane, (c) a device
for generating an alternating electrical field that is directed in and out
of the I EF buffer or 8bl | ; THe¥ystendaseomling torclaimrSe wherginahe e¢oend tdyenl fi el d

down the le h of the Iaea e | EF buffer or ceII and,
optionally, R%&ﬁer SOTERACE & PR Qfat&?l}%%P"ﬁ‘%f%’gﬁIﬁ%@ernhﬂmqﬁ %“19?‘?1?9 a)éﬁ?r\?@%re{nhe | EF

buffer or ﬁﬁlﬂerfo?aﬁoﬂmsﬁ%ﬁ&@m&mmee}er&Jua' m 73, wherein the IEF
buffer or cell’ contact's the lane or Is connectable to the |lane. 75. A

system conprising: (a) a chanber conprising a running buffer; (b) an array
conprising a matrix |l ayer and a second |layer: 64 W) 03/008977

PCTI US02/ 22714 wher ek ¢ Wy B d Bl G R5Rn8kn FELLAAT 140 ¢ 2nd 2

bi onol ecul e i npernea
comprises a plurality of LSAs arranged so that the lanes are positioned between the

matrix layer and the LSA.

83.  The system according to claim 78, wherein the second layer
further comprises a plurality of perforations perpendicular to the plane of the second

layer, wherein the perforations are positioned over the plurality of IEF buffers or cells.

84.  The system according to claim 73, wherein the matrix is
positioned in the chamber so that the directions of the alternating electric field are

perpendicular to the plane of the matrix layer.

85.  The system according to claim 82, wherein the pH value of the

plurality of IEF buffers or cells do not overlap with each other.

86.  The system according to claim 78, wherein the plurality of IEF
buffers or cells have a pH step of 0.1 pH units or less.

87.  The system according to claim 86, wherein the pH step is 0.02

pH units or less.
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wherein the IEF/lane unit conprises: (i) an | EF buffer or a cell conprising
an | EF buffer; and (ii) a lane, wherein the BIA contacts the | ane across
its | engtwoandosardt h; wherein the second | ayer conprises &Crarse2/sxn€eni ng
area (LSA) that is the sane length and width of the |ane or |arger,
wherein the LSA is pe ab i . i: le.qtq . i ecul e;
wherein the lane is p(%g?ti gﬁggy%egﬁ\a}éecgﬁalﬁgg Crl% ri X%ggeg?thae%&%ﬁog%g@k (c) a
device for @gmees adlédndl Bomateicivak el Batiid leagthlof ehdh lhfedks séisctedifib@ct ed in
and out of the IEF buffer or cell; (d) a device for directing an electrical
field down Bhdmmength of the |ane away fromthe | EF buffer or cell; and,
optionally, (e) a device for circulating the running buffer across the | EF
buffer or cell. 76. The system according to any one of clains 73-75,
wherein the |EF buffer or cell has a pHrange of 0.1 pH units or less. 77.
The system accordi ng 88. cl dhmsydem wtverdngta dianpts, vawgen ite vidhidf epeh units or
| ess. 78. The ngé@em according to any one of clainms 73-75, wherein the

syst em conprdi&d PI9P % ity of I|EF/lane units. 79. The system according to
claim78, wherein the IEF buffers or <cells in the IEF/lane units are

i solated fromeach other. 65 WO 03/008977 PCT/ US02/ 22714 80. The system
according to any one of clainms 73-75, wherein the |EF buffer or cell is
contacted or is conneéPabl dhesysiene ageqpding Wiclairh 3 ax /A%, avherrit be digknesd cl ai m
75, wherein Vi further conprises a perforation perpendicul ar
to the pl ané&g]%n?‘ﬁgQg%g%)%dl ayer, wherein the perforation is positioned
over the I EF buffer or cell. 82. The system according to claim?75, wherein
the second |l ayer conprises a plurality of LSAs arranged so that the | anes
are positioned bet vveeglt he

The system according to claim 75, wherein the thickness of the

second layer is 100 microns.

92.  The system according to claim 75, wherein the area of the array

is up to and including 1x1 cm to 10x10 cm.

93.  The system according to claim 92, wherein the area of the array

is 5 x 5cm or 4 x 10cm.

94.  The system according to claim 73 or 75, wherein the lane

comprises sodium dodecylsulfate and polyacrylamide gel.

7
95.  The system according to claim 75, wherein the second layer is

connected to the matrix layer.

96.  The system according to claim 75, wherein the LSA is not

conductive.
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matrix |layer and the LSA. 83. The system according to claim 78, wherein the
second |l ayer further conprises a plurality of perforations perpendicul ar
to the plwoaswobssrhe second |ayer, wherein the perforatiomgrarse2/pssti oned
over the plurality ofy7] EF Thef{@ea aotordiaf teclaidn73 Thes, sshetantlgsysedi ng to
claim73, wherein the matrix Is positioned in the chanber so that the

di recti ons foftherreemprisasi nating el ectric field are perpendicular to the
plane of the matrix layer. 85. The system accor di ng to clf;\i_m S%é%y\herei n
the pH val ue of the (b)adeioafpr detesiim thebipmolecles pbihe sapleiBtheddes | ap with
each other. 86. The system according to claim 78, wherein the plurality of
|EF buffers or cel | Q2hadevice forreceiymedthe data fign thadeisctign devics; gl The
system according to claim 86, wherein the pH step is 0.02 pHunits or

| ess. 66 WO 03/ 00897 3 PLCA&IGOR: pRIXEbingdBe dathescsivsdem according to claim 78,
wherein the width of each |lane is selected from20 mcrons to I mm and the

| ength of each lane is selected from 3-10nm 89. The system according to
claim78, wherein the width of each lane is 100 mcrons. 90. The system
according to claim73gr Thhe syb@iricoordhey tb blakn®3§5, whertinahermystanx | ayer is
| mMm 91. The system according to claim75, wherein the thickness of, the
second | ayefurfhsr cd@prisecs Snasning ZnicrpiensiipmelRiol del5E N geacs 18s sidRroesssifper ei n

the area of the ra is..u g.and including 1 x 1 cmto | Ox 10 cm 93.
The system ﬁéﬁ?lgf%xplﬁr%}t&gﬁagﬁg wherein the area of the array is 5 x 5cm
or 4 x 10cm 94. The systemaccording to claim73 or 75, wherein the |ane

conpri ses sodi um dodecyl sul fate and pol yacryl am de gel. 95. The system

according to claim 7599.Whe£‘ ésnys’Eerr]r?acscngcﬁr?gdtolc?a\{n%r%l, Wherein the system further

comprises any one of the devices selected from the group consisting of:
(1) a sample feeder,
(2) a waste disposal,
(3) a buffer feeder,
(4) a staining reagent feeder,
(5) an array handling system, and

(6) a display.
100. The system according to claim 75 or 78 that is automated.

101. A method for sorting a biomolecule in a sample comprising the
steps of:
(1) exposing the sample to an alternating electrical field that is directed

in and out of an IEF buffer of an IEF/lane unit and, optionally,

circulating the running buffer across the IEF buffer; and

(2) generating an electrical field down the lane away from the IEF
buffer.
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connected to the matrix layer. 96. The system according to claim75,
wherein the LSA is not conductive. 67 WO 03/008977 PCT/ US02/ 22714 97. The
syst em acworodiosgy7to cl ai m 73 or 75, wherein the system f @Crhso2/eompri ses:
(1) a device for detecting the bionolecules of the sanple in the lane; (2)

a device for receiving,the,data . fro t eGl:] Lee.: g (3) a device
for processing the da?%'re%é‘}eb@&fgb@.a{-a? egﬂg§§[@%ﬁ§%§@§gfﬁam@g clainms 73-75,
wherein the, 8P thE Yfeh8F conprises a scanning mcrodensitoneter for

detecting, receiving and processing a signal froma plurality of |anes.

99. The system accordégl'?@xﬁo@in?ﬂ?éﬂr&ﬁeto%@lt@hﬁtih@@le@tﬁsﬂe{md et B directednpr i ses
any one of the devices’selected fromthe grouE consisting of: (1) a sanple

feeder, (2) a waste i sdosbéfan IEBputfeaffandEFflanedwmit and9ptignaltai ni ng r eagent
feeder, (5) an array handljng syst.e nd 6 i,splay. 100. The system
according to claim 75016‘?“?*1?‘@1‘%ﬁﬁa‘%@@%ﬁ&gﬁf‘%ﬁh@%ﬁ.buﬁjelhet hod for sorting a
bi onol ecul e in a sanple conprising the, .steps .. (1) exposin e sanpl e
to an alternating el eGlEFRea}tngi2R|S CfrWé%ﬁ?leﬂWPgé‘?]é‘éegW?Vﬁm%%ﬁ;f an | EF
buffer of an |IEF/I anebﬁl@&t nd, optionally, ~circulating the running buffer
across the | EF buffer; and (2) generating an electrical field down the |ane

away fromthe |EF buH)%[)fnpatsrﬁgngV[\ﬁ% Q%/m%(i)&%?e?m%;rfay@% Bidihbttcule from

another sample.

103. A method for quantitating the amount of a biomolecule in a

sample comprising the steps of:

(1) exposing the sample to an alternating electrical field that is directed
in and out of an IEF buffer of an IEF/lane unit and, optionally,

circulating the running buffer across the IEF buffer;

(2) generating an electrical field down the lane away from the IEF

buffer or cell; and

(3) determining the amount of the biomolecule in the lane.

104. A method for determining the presence or absence of a

biomolecule in a sample comprising the steps of:

(1) exposing the sample to an alternating electrical field that is directed
in and out of an IEF buffer of an IEF/lane unit and, optionally,

circulating the running buffer across the IEF buffer;

(2) generating an electrical field down the lane away from the IEF
buffer; and

(3) determining whether the biomolecule is present in the lane.

105. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:
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102. A nethod for characterizing a bionolecule in a sanple conprising the
steps of: (1) exposing the sanple to an alternating electrical field that

i s directwoosiopgoand out of an | EF buffer of an | EF/ | ane umcCt/tzs0azi22714
optionally, ~circulating the running buffer across the IEF buffer; (2)
generating an el ectri@abxpgdsirigdhe santiplé toeanl Aemating gletiienl fidlé tHabks didectefier ; and
(3) comparing the bionmolecule in the |ane to _a bionolecule from another

sanpl e. 103. A met hodinfagd oytiefran HEEuHEr efra IEFSa undtand, eptmsilecul e in a
sanpl e conprising the.. : X ﬁg[] i to an alternating
el ectrical field thatmfcgﬁgj?lfgg%ete gﬁﬁgﬁzdcoutsttﬂc}’r an ‘%ﬁ buffer of an

| EF/ 1 ane unit and, opf,onal | cihrcul ati the, runnin uf f.er ross the
| EF buffer; (2) gener >ig%er%{ﬁige eeé?°§‘?°8§fiela?18w%ﬁ%%ﬁe€w%/ 8“1&%%5%; fromthe
| EF  buffer or cell; wufbrtsforfed prdhidMiorhblec@sRYngd of the bionolecule in
the lane. 104. A nethod for determ ning the presence or absence of a

bi ool ecul e in a sanpisg coRPRidShEYatiddf oBbiBRBIRkIes (e Bk Wdtersanpl e to
an alternating el ectrél 2§1I Pf&glgzmt ggt 'g dli rect egs ineand 03?’ ofrﬁgfl | EF

buf fer of an | EF/ | anebiomiolecaled froopa sanmpdd from a mirmelisuidchthat deesmonimiveg buf f er
across the | EF buffer; ng) %eneratin .an el ectri] CZ“? ‘iii el d down the |ane
away fromthe | EF bufPdiseaskfy 1y a9t preisepsnde AgVine 82¢:d5a5%e bi omol ecul e i s
present in the |lane. 105. A nmethod for diagnosing or predi agnosing a

di sease state in a subject conprising the steps of: 69 WO 03/008977

PCT/ US02/ 22714 (1) eﬁ?ﬁ?i ng the sanple to an alternat i_na@el ectrical field
that is directed in otike wethed apqopdipg, to @piny { 0% whersn fherpattemiof and,

opti onal I'y, yiomolecules from the normal subject is prepared by:
(1) exposing a sample from the normal subject to an alternating
electrical field that is directed in and out an IEF buffer of an IEF/lane

unit and, optionally, circulating the running buffer across the IEF buffer;

(2) generating an electrical field down the lane away from the IEF

buffer to form a pattern of biomolecules in the lane.

107. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:

(1) exposing a sample comprising a biomolecule from a subject to an
alternating electrical field that is directed in and out of an IEF buffer of
an IEF/lane unit and, optionally, circulating the running buffer across
the IEF buffer;

(2) generating an electrical field down the lane away from the IEF
buffer; and

(3) comparing a biomolecule in the lane to a biomolecule from a sample
from a normal subject that does not have the disease or is not

predisposed to having the disease.
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circulating the running buffer across the | EF buffer; (2) generating an
electrical field down the |ane away fromthe IEF buffer to forma pattern
of bi onolwouwBmess7and (3) conparing the pattern of bionol eealrasor/e7the | ane
to a pattern of bionolecules froma sanple froma normal subject that does
not have the diseasel@. iFhemethpdacisdingédcltion HAywhgreiththedhmplksdeom 106. The
nmet hod according to clai.m 105, wherein the pattern of bionolecules from

t he nor nal WmoﬁéﬁlﬁugeﬂrléEWéWdW% (1) exposing a sanple fromthe nornal
subject to an alternating electrical field that is directed jn and out an
| EF buffer of an | EF/ (lag&posing & sampde frepthepermal subjget Edmbaliesptinge r unni ng

buf fer across the | EF pULLATq (2);sIRILAL 08 AuRlIRCbITERE of i thagonn the
El 2} o} 11_S ern o

/
| ane away fromthe IE arfer ofma pa bronol eculés 1'n the

llane. 107. A nethod f @it shaopaeially, dfcupitiag titounsingpulerdiciea sies FFatugfet;n a
subj ect conprising the steps of: (1) exposing a sanple conprising a

bi onol ecul e froma Sug)%eﬁeratﬁh%ﬁeladtﬁ@dl&ﬁéldc{aﬁwﬁh@rahéwayﬁ%eﬂhemhat is
directed in and out of "an | EF buffer of an IEF/lane unit and, optionally,

circul ating the runni hefféesuf fer across the IEF buffer; (2) generating an
electrical field dowmm the |ane away fromthe IEF buffer; and (3) conparing
a bionolecule in the lane to a bionolecule froma sanple froma nor nmal

subj ect that does not have the disease or is not predisposed to having the
di sease. 70 WD 03/ 008%0% PATh&IBOR fAFdklectridiBcusiitpe bretmbixdulzduasdinply to cl ai m
107, wherein the sa t he normal suyh I

le f ) j ect by: .(1
exposing a SemprEng F}rr%r??e&’ﬁr@?;aﬂ‘%? SWF@%@PP%{lgﬁlezs’il“{sné rﬁe ?%t eé‘i‘é‘é‘é%i)cal
field that kgedifer! s@temr}]ﬁ@&qir%% Py, Biaggf Quitfsen- &l Fﬁgn}@géﬁu@aﬂﬂgt and,

optionally, Circulati'ng the rurning er across
electric field in and out of the IEF buffer or cell and circulating the running buffer

across the IEF buffer or cell.

110. A method for separating a biomolecule in a sample comprising

the steps of:

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 73-78;
(2) generating the alternating electrical field; and

(3) generating the electrical field down the lane away from the IEF

buffer or cell.

111. A method for characterizing a biomolecule in a sample

comprising the steps of:

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 73-78;
(2) generating the alternating electrical field;

(3) generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) determining the position of the biomolecule in the lane.
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(2) generating an electrical field down the |ane away fromthe IEF buffer.
109. A nethod for isoelectric focusing a bionolecule in a sanple

conpri si nyotohwowreps of adding a sanple conprising the bi ecolwsonkzido the
running buffer in the systemaccording to any one of clains 73-78,
generating an alternallihg Adnetbed for qpinditatingrihemmownitof e biqnadequigFinbuf f er or

cell and ci rcullatci)ng.t.he reu eni %g buffer across the |EF buffer or cell.
110. A met S H8roE B%{P%fhl 1o P4 °bi omol ecul e in a sanpl e conprising the

steps of: (1) adding e .sanmpl e comprising said.bi opol ecul.e to.the running
buffer in the system QB(?S&W BEPISPIgHs g sald PIF?Q{?‘; cyathery§niBe ner ot ng

the al ternating el ect bisalinbiclydomdtbrlith WEAPHA dkikasssect rical field
down the |lane away fromthe |EF buffer or cell. 111. A nethod for

characterizing a bi Oggil)%‘éﬂérﬁtiﬁé‘th@aﬁﬁ'%il‘fgel&%'iiﬁ%fd“g the steps of: (1)

addi ng the sanple co i'sing said bionolfecul'e to the running buffer in the
syst em accopdi . i - 18 i he.,alternating
el ectrical ;éﬁg@ger 2 15 ég%gﬁlé:?{%%h?ﬁgﬁé eﬁ%‘@%ﬁ?@i&%ﬂ&m%f recqlgﬁ%faway
fromthe I EF buffer (I 4) determ.ning the position of the

bi ool ecul e in the |aﬁ@fﬁE$Th%@£%§%6%3%?#?@%%PE§3§PQQ9@Eﬁm¥iz_ A net hod for
quantitating the anount of a bionolecule in a sanple conprising the steps
of : (1) adding the sanple conprising said bionolecule to the running

buffer in the system ording,to.any one.of _clains 73-78; (2) generating
the alternating el ect ?f al g‘fmgqlﬂ‘?fo(rg)z’teﬂﬁlﬁi’é‘}gamfa%es?rﬁ@ % pRREPSY ‘bf)aq field down
the | ane a\’\/ﬁﬁénf&&méiﬂeaéaﬁ%ﬁl@é&ﬁ&i’sir@&h&&laﬁéo@nd (4) determ ning the anount
of the bionolecule in the | ane.

(1) adding a sample to the running buffer in the system according to any

one of claims 73-78;
(2) generating the alternating electrical field;

(3) generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) determining whether the biomolecule is present in the lane.

114. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:

(1) adding a sample comprising biomolecules from the subject suffering
from or suspected to be predisposed to said diseased state to the running

buffer of the system according any one of claims 73-78;
(2) generating the alternating electrical field;

(3) generating the electrical field down the lane away from the IEF

buffer or cell to form a pattern of biomolecules; and

(4) comparing the pattern of biomolecules in the lane to a pattern of
biomolecules from a sample from a normal subject that does not have

the disease or is not predisposed to having the disease.
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113. A nethod for determ ning the presence or absence of a bionolecule in
a sanple conprising the steps of: (1) adding a sanple to the running buffer
in the sywpagioassecordi ng to any one of clainms 73-78; (2) ®@emdrsat/2aigdt he
alternating electrica i elgl. at | . -1 aal.. fiel own t he
| ane away fromthe IEIH—Jé'bu?ﬁeerrn(eg}%od%g(fbﬁ(;hﬁ%{no&g?l ﬁdﬁ@%ﬁ%?ﬁgsa%%t g? t he

bi onol ecul e tliesnopmeaissabieci i8 pteparddaiye. 114. A nethod for di agnosi ng or

predi agnosing a di sease state in a subject conprising the steps of: (1)
addi ng a sanpl e conpr {Hiaddinglaca@bRUhSisihp bionidlecudestft@t thendrinal subget f rom or
suspected to be predi sposed to said diseased state to the runnin buffer
of the system accor di ijthgmnnirgbufer of ties¥stan ageprding pny epepialaing 78Hé;
alternating electrical field; (3) generating the electrical field down the
| ane away fromthe | ER) gﬁmﬁl‘a‘émgtbﬁalgi@mtmgcﬁlﬁcmw Seldagndern of bi onol ecul es;
and (4) conparing the pattern of bionolecules in the |lane to a pattern of
bi onol ecul es from a séijdeserbtingiiha etvotrival fiddihpw thet g awigefomdhe lkve t he

di sease or is not pregi égosed t 0. havi n% t he. di s(gl]%sei. 72 WD 03/008977

PCT/ US02/ 22714 115, VHECHECABL SXnanptg A5 1EnAleeHies14, wherein the sanple
from the normal subject is prepared by: (1) adding a sanple conprising

bi onol ecul es fromthe normal subject to the running buffer of the system
according any one of clains 73-78; 2) generating the alternating
electrical field; andl{®) demethatforgliagnesiag apprefi@gnosingt diseasnsiateriza) ane
away fromthgb.!agléomﬁpgﬁlgrtheosrte %eolfj to forma pattern of bionolecules. 116. A
met hod for di dgn05| g o precﬁ agnosi ng a disease state in a subject

conpri sing the steps ofy, {il AddiMe AR o SBIES k0% (L QIR EEltheRg| M OM

t he subject suffering
from or suspected to be predisposed to said diseased state to the running

buffer of the system according any one of claims 73-78;
(2) generating the alternating electrical field;

(3) generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) comparing a biomolecule in the lane to a biomolecule from a sample
from a normal subject that does not have the disease or is not

predisposed to having the disease.

117. The method according to claim 114, wherein the sample from

the normal subject is prepared by:

(1) adding a sample comprising biomolecules from the normal subject

to the running buffer of the system according any one of claims 73-78;
(2) generating the alternating electrical field; and

(3) generating the electrical field down the lane away from the IEF

buffer or cell.

73



fromor suspected to be predi sposed to said diseased state to the running
buffer of the system according any one of clains 73-78; (2) generating the
al ternat iwg oaloesstri cal field; (3) generating the el ectri cacTfuset/e7down t he

| ane away fromthe IEF buffer or cell: and (4) conpari bi onol ecul e in
the lane to a biomol eblfie FheonetBod asearding for anﬁg&ﬁla}slglgb eV IPHTH @ does

not have th S lia L t i | thd 17. The
met hod acco((rfeiéneg& gﬁ% e%ﬂéml%ﬁg‘,%b\]/l\ﬁgﬁeélb;sgt e g%ﬁ%@&#d}gﬁ pit?1 ﬁ?ﬁ%ﬁnﬁﬁmggubj ect

i S prepar edalkgrnatink)eleetiti figyd.a sanpl e conpri si ng bi onol ecul es from t he nor nal
subject to the running buffer of the system according any one of clains
73-78; (2) generating the alternating electrical field; and (3) generating
the electrical field down the |ane away fromthe IEF buffer or cell. 73 WO

03/008977 PCT/ US02/ 227{gt timethoe astdkdiag togsundion lairls BI0. 01T whiereih ai NS
110- 117, wherein a device circulates the running buffer across the | EF

buf f er or cthelsanpleindorhehwea of the alternating electric field. 119. The
nmet hod according to any one of clains 110-117, wherein the sanple is from
a human. 120. The nethod according to anyone of clainms 110-117, wherein

t he bi onol ecul e conprises am no acids. 121. The nethod according to anyone
of clains 110-117, whé2@i nThd inethodnaecordingto agsomeadiclamsbtetli, sdiefenh e and
pol yacryl am de .gel. 122. The method.according to anyone of clains 110-117,
wher ei n so@W%@@%@?F%ﬁ%ﬁé@@ %&ged to the running buffer after the
step of generating an alternating electric field and during or before the
step of generating an electrical field down the Iength of the |ane away

fromthe | EF buffer or cell. 123. The nethod according to anyone of clains
110-117, further 121. The method according to any one of claims 110-117, wherein

the lane comprises sodium dodecylsulfate and polyacrylamide gel.

122. The method according to any one of claims 110-117, wherein
sodium dodecylsulfate is added to the running buffer after the step of generating an
alternating electric field and during or before the step of generating an electrical field

down the length of the lane away from the IEF buffer or cell.

123. The method according to any one of claims 110-117, further
comprising the step of analyzing the biomolecule by a method selected from group

consisting of mass spectrometry, capillary electrophoresis, and liquid chromatography.

124. A TB system for analyzing the presence, absence, or amount of a

target biomolecule ("TB") in a sample comprising:
a. the system according to any one of claims 8-12; and

b. a target recognition molecule ("TRM") that binds to the TB in a

complex;

wherein the IEF buffer in at least one of the cells of the system comprises a pH value

that is equal to the isoelectric point (pI) of the complex comprising TRM bound to TB.
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conprising the step of analyzing the bionolecule by a nethod sel ected from
group consisting of mass spectronetry, capillary el ectrophoresis, and
i qui d chwormabaeyraphy. 124. A TB system for anal yzi ng t he pomasencs4

absence, or anount of target biopolecul.e ("TB") in.a sanple co i Sing:
a. the system accor di }%.toﬁﬁsyg%@ﬁ%ﬁ%%% Py ;nca?nfpsﬁ?cegg’iaé?%%%a
recogni ti ontapgyt st BecduleMBY) mhabmpicndmpiiginghe TB in a conpl ex; wherein
the I EF buffer in at |east one of the cells of the system conprises a pH

value that is equal £.0th(efé§stérﬁ%€éo?&ih%ioc iRlbf CRIns ?3-8bhgdconpl ex
conprising TRM bound to TB. 74 WO 03/008977 PCT/US02/ 22714 125. A TB

t f | yzi h s " :
b oml ecul e (~TB) I nba SO et ARG PRV TREb L AR BBRR) (o any

one of cl ai s@npidx;80; and b. a target recognition nolecule ("TRM) that
binds to the TBin a conplex; wherein the |EF buffer in at |east one of

the cells ofyhtdes by SEEBUGES TR G RES ofe ffHhY 3EILEOT thd@fstehBcddaiptives 4 pHIVARue
i soel ectric point (pl) of the conplex conprising TRM bound to TB. 126. The

syst em accothat Wgqud te fhe ipecletrigpointagl) of tha geamleosmpririsinggl BM hospd éeTBor
detecting the conplex conprising TRM bound to TB in a cell of the

i soel ectric focusing system 127. The system according to claim 124 or 125,
wherein the TRMis an antibody. 128. The system according to claim 124 or
125, wherein the TRM i26. | Abeswttnoaccoslingiorndnimol 24 ol d2&cfiither comipeising a129.

The system accor di to claim124 or 125, eint JRM i.s_..|labeled with
a fl uoropho&%".lcel 68‘9‘?‘?{31 SEURY %8@?@?%?&@%‘?&1‘“&@%& ]Bra%g@,fﬂWnerei n the
system add{sgglg&ﬁufycugﬁgg?gt&ﬁ_s known quantities of a plurality of known
nol ecul es and a subset "of | EF buffers conprise pH values equal to the pl

val ues of the known nol ecul es.

127. The system according to claim 124 or 125, wherein the TRM is

an antibody.

128.  The system according to claim 124 or 125, wherein the TRM is

labeled or is bound to a detection moiety.

129.  The system according to claim 124 or 125, wherein the TRM is

labeled with a fluorophore.

13Q. The system according to claim 124 or 125, wherein the system
additionally comprises known quantities of a plurality of known molecules and a
subset of IEF buffers comprise pH values equal to the pI values of the known

molecules.

131.  The system according to claim 124 or 125, wherein the system is

used to diagnosis of a disease or condition of a subject.
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131. The system according to claim 124 or 125, wherein the systemis used
to diagnosis of a disease or condition of a subject. 75 WO 03/008977

PCT/ US02/ D 034089182. The system according to claim 124 or PCZA]Sombn£i n t he
cells of the IF-Fs are in_a chip. 133. A nmethod for _sorting a TB-TRM
conpl ex conprising t h&3%t ephe systeneagserdipgjtoraipsmug4priR é.orptreir thecells of

al ternating el I jeld that is directed in and out of an | EF buffer;
wherein thet}feéi?%%)l%‘lfglglfw%{ghpri ses a pH value that is the same as the pl

val ue of the TB-TRM conpl ex. 134. A method for anal yzing the presence,
absence, or anount of a TB in a sanple conprising the steps of: a.

conbining a TRMw th S I der condit i th allow th B and TRM
to bind; and b. separiﬁng%ﬁ@ﬂ%?‘gﬂ’g&% %‘h%’?ﬁﬂgp ﬁ%%?ﬁ‘ﬁmggl Sf rom
unbound TB igh e HMRETB SIHMICofipTdk (8 ah YtBnfshEL G5 1 OBAEE Alrbdign AN
alternating electrical field in and out of an | EF buffer or cell
conpri si ng and b&fhuffRbyffeanwhereopthe dRR bhffer compcisdsa pih yaluk ¢hat imthe samé uf f er
across the | EF buyffer;_and . c servj ng the presence, absence, or anount of
TB- TRM conpl2&ei ValPﬁ8f&‘E%B6$F$/£P?m grein the | EF buffer conprises a pH
value that is the same as the pl value of the TB-TRM conplex. 135. A
nmet hod for anal yzing the presence, absence, or anbunt of a TB in a sanple
conprising the steps of: a. conbining a TRMw th the sanpl e under
conditions that allowldhe Ampethad forruelysingihepresensre: Bbsepepar amionst of aconpl ex
conpri sing tfﬁinﬁ%a&@ié’%%xﬂ'p?is&@%@ét?{ﬂ c)tunbound TB in a chanber conprising a
y 9 a

running buffer b nerati ng-an ernating electrical field in and out of

an | EF buffer of an |EF/]ane. uni ’i‘gg/fvr\]/ﬂg ﬁl%pé[?i%l?apeadllld%f con%%tgo%%ltﬁe}t iaﬂgwtﬂt]ee

runni ng buffer acr oss®t REYEPS
TB and TRM to bind; and

b. separating a complex comprising the TB bound to TRM from
unbound TB in a chamber comprising a running buffer by generating an alternating
electrical field in and out of an IEF buffer or cell comprising an IEF buffer; and,

optionally, circulating the running buffer across the IEF buffer; and

c. observing the presence, absence, or amount of TB-TRM complex in

the IEF buffer,

wherein the IEF buffer comprises a pH value that is the same as the pI value of the

TB-TRM complex.

135. A method for analyzing the presence, absence, or amount of a

TB in a sample comprising the steps of;

a. combining a TRM with the sample under conditions that allow the

TB and TRM to bind; and

b. separating a complex comprising the TB bound to TRM from
unbound TB in a chamber comprising a running buffer by generating an alternating
electrical field in and out of an IEF buffer of an IEF/lane unit; and, optionally,

circulating the running buffer across the IEF buffer; and
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WD 03/ 008977 PCT/ US02/ 22714 c. generating an electrical field down the
| ane away fromthe |EF buffer; and d. observing the presence, absence, or
anount ofwOB3dRYTonpl ex in the |ane, wherein the | EF bufPCerusopensd ses a
pH value that is the same as the pl value of the TB-TRM conplex. 136. A

met hod for analyzing th ﬁlefﬂsf} %ITQJEEMW tﬁgﬂm a sanple
conprising the steps %f ge&ga@lﬁ%%‘g?&e‘cﬁg ﬁm the s@ﬁn%?g %-n er

condi tions b, add ow the TB and TRM to bind; and b. separating a conpl ex
conprising the TB bound to TRM from unbound TB in the TB system accor di ng

to claim124; and, opHi @Bsrtidg theipiésdh@t Att@ndd)er arhoudoNTBUTRMedondsleoRs t he
1EF buffer; and c. observing the presence, absence or anmount of TB-TRM
conpl ex in theHand,EF buffer, wherein the 1EF buffer conprises a pH val ue
that is the sanme as the pl value of the TB-TRM conpl ex. 137. A nethod for
anal yzi ng tiwéemreﬂlerlEEbuﬁbsmmpel,sempﬁmluntthabis the sarme axthe pEuatpe ef thonpri si ng
the steps ofr m Iﬂl ng a TRMwth the sanple under conditions that allow
the TB and P P and b. separating a conpl ex conprising the TB
bound to TRMfrom unbound TB in the TB systemusing the | EF buffer of the
| EF/ 1 ane unit according to claim 125; and, optionally, circulating the

runni ng buffer across the |EF buffer c.. generating an electrical field
down t he Iane away fréﬁ@thé@ﬁh" qufapélwzmammese%%é FORE O RECopRed ence,

absence, [IBM% gn the lane. 77 WO 03/008977
PCT/ U802/22 gﬁﬁ%éﬁl%i he R ﬁ%r ding to any one of clains 134-137,
wher ei n a. combining a TRM with the sample under conditions that allow the

TB and TRM to bind; and

b. separating a complex comprising the TB bound to TRM from
unbound TB in the TB system according to claim 124; and, optionally, circulating the

running buffer across the IEF buffer; and

c. observing the presence, absence, or amount of TB-TRM complex in
the IEF buffer, wherein the IEF buffer comprises a pH value that is the same as the pl
value of the TB-TRM complex.

137. A method for analyzing the presence, absence, or amount of a

TB in a sample comprising the steps of:

a. combining a TRM with the sample under conditions that allow the

TB and TRM to bind; and

b. separating a complex comprising the TB bound to TRM from
unbound TB in the TB system using the IEF buffer of the IEF/lane unit according to

claim 125; and, optionally, circulating the running buffer across the IEF buffer;

c. generating an electrical field down the lane away from the IEF
buffer; and

d. observing the presence, absence, or amount of TB-TRM complex in

the lane.
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the TRMis bound to a detection noiety or is |abeled. 139. The nethod
according to any one of clains 134-137, wherein the TRMis an anti body

| abel ed wwols@ogruor ophore. 140. The nmethod accordi ng to &ay/usas227i4 cl ai s
110- 117 and 134-137, wherein known quantities of a plurality of known
mol ecul es are used to13&r eThenatindlacdnrdihg cnawnesflolaind ) 34487, metdie known
nol ecule to the sanple in step (a) .and (2) allow ng each of the known

nol ecul es t&les%rlggém&f& agletashon Boesty of ia1absled. 141, The net hod according
to any one of clainms 134-137, wherein the nethod is used to diagnosis of a
di sease or condition of an animal. 142. The nethod according to clains
134- 137, wherein the method is wused to observe a biological event. 143.
The met hod accordi ng 139.anyhemetlsfd agtaading ta ay argrof olgies d 34137, ivéhemtinhod i s

used to scree m cal,..c u r bionmol ecul es. 144. A system
conpri si ng: %(eggﬁgﬁéﬁﬁﬁ%té?&gg%ﬁ?‘%:‘?’ﬁbaﬁu?rgﬁkh‘?rﬁ'g buffer; (b) an |EF buffer or
a cell conprising an | EF buffer having a pH range of 0.1 pH unit or |ess;

(c) a device for directing an first electrical field into the |EF buffer;

and optionally, (d) a_device for cjirculating the running_buffer across the
'EF buffer  or cell. 80violBsresareingmesy owoleiams 10AL49ad em

conpri si ng: IS i QI:JEHH i i x |ayer
co%ri Si ng g%@g%@?@ﬁhﬁgﬁﬁﬁéﬁtﬁ#??f%%ﬁﬁ t he %f?lg%l%@l?%%conpr?ses:
(i) an | EF btehfeer cabibrasion elitvedyr(py addingghakndviabmbidchiterto tleenwmpld in)step (bane,

wherein the TIFF buffer or a_cell comprising an | EF buffer has a H range
of 0.1 pH uding (allpwang each of the?(nown molecules tc? separate and accumulate inacell.p g

141. The method according to any one of claims 134-137, wherein

the method is used to diagnosis of a disease or condition of an animal.

142. The method according to claims 134-137, wherein the method is

used to observe a biological event.

143. The method according to any one of claims 134-137, wherein

the method is used to screen chemical compounds or biomolecules.

144. A system comprising:
(a) a chamber comprising a running buffer;

(b)  anIEF buffer or a cell comprising an IEF buffer having a pH

range of 0.1 pH unit or less;

(© a device for directing an first electrical field into the IEF buffer;

and optionally,

(@ a device for circulating the running buffer across the IEF buffer

or cell.
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(c) a device for directing an electrical field into the IEF buffer in the
first dinension; (d) a device for directing an electrical field down the

| engt h ofwbhwg/ood9ane away fromthe | EF buffer or cell; andpcaogtsomexidy, (e)
a device for circulating the running buffer across the I EF buffer or cell.
146. A system conpri silAl: @ajystamoieamsisimgconpri sing a running buffer; (b) an
array conprising a matrix |layer and a second |layer: wherein the matrix

| ayer conprises an | EFd)l ane chammter @nohpesibg e mmindwg Butfer; mper meabl e area (Bl A),
wherein the 1EF/ |l ane unit conprises: (i) an | EF buffer or a cell conprising
an | EF buffer; and (i) aahhamnéx laydedomphisingenBolatedIBRRHS uiiifevheadin tlacr 0SS
its length and wi dth; wherein the second | ayer conprises a | ane screening
area (LSA) tBBfanedngticempesgs: | ength and width of the |ane or |arger,
wherein the LSAis perneable to an_ion and inpernmeable to a bi onol ecul e;
wherein the lane is positi6hed HelElebriariosasell eomprisiygesn Bifbuffes anda; 79 WO
03/ 008977 PCT/US02/ 22714 wherein the |EF buffer or a cell conprising an

| EF buffer has a pH range 6f) 0.alame, unit or less; (c) a device for
directing an electrical field into the I|EF buffer or cell in the first

di mensi on; (d) a device fowhereiethtilBE bafferairectt camprifing bal Ik baférthas hengt h

of the Ilane_away fro he.] EE buffer or cell; and, optionally, (e) a
devi ce for- @?fréﬁg%?{%g]pﬁﬁl@“roﬁ ¥ng buffer across the EEF buffer or cell.
147. The system accor?i ng to any_one of clains, 144-146, wherein the EEF
buffer has a pH range Ot Ogggwm_f%,qilrpgnr{grarqeé@gqcal field into the IEF buffer in the

first dimension;

(d)  adevice for directing an electrical field down the length of the
lane away from the IEF buffer or cell; and, optionally,

(e) a device for circulating the running buffer across the IEF buffer

or cell.

146. A system comprising:
(a) a chamber comprising a running buffer;
(b) an array comprising a matrix layer and a second layer:

wherein the matrix layer comprises an IEF/lane unit and a biomolecule

impermeable area (BIA),
wherein the IEF/lane unit comprises:
() an IEF buffer or a cell comprising an IEF buffer; and
(i)  alane,

wherein the BIA contacts the lane across its length and width;

wherein the second layer comprises a lane screening area (LSA) that is the same length
and width of the lane or larger, wherein the LSA is permeable to an ion and

impermeable to a biomolecule;

wherein the lane is positioned between the matrix layer and the LSA;
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148. The system according to any one of clains 144-147, wherein the system
conprises a plurality of EEF buffers or cells conprising an EEF buffer.

149. The wpaBmmsoarcordi ng to claim 148, wherein the pl uralPcryusot/ 2EEF
buffers or cells are isolated fromeach other. 150. The system according to

0. 02 pH uni ¥eeTsh e oot OF il el oty B iR} FRRe o BEAE P

144- 146, neish the systemfurther conprises a device for circulating the
running buffer across the IEF buffer or cell. 152. The system according to
any one of clains 144-146, eﬁgfg : | dhITRNEI [ fieldis
generated froman AC C?l DCavo tegglgdlﬁiég@%l%%élg(&)m\g/\% 03/%18{8&3%%#%?62/22714
153. The system accor di ng dell iathe fosielinlensions 145- 146, wherein the | EF

buffer or cell contacts the lane or is connectable to the |ane. 154. The
system according to c{dpi m dd&icevbediticting be cleettiondidldgiern tiedergieof thenpri ses
a perforation perpendicular to the plane of the second | ayer, wherein the
perforation is positioned Beeswarzom the Bifrugier o cellspnd, optianallyne system
according to claim 146, wherein the second |ayer conprises a plurality of
LSAs arranged so that(ed he % devies fay eirquiniingithmeaninabuiEnacross thelibrhutfer ayer
and the LSA. 156. The system gccording to claim 155, wherein the second

| ayer further conprises aorpﬁeﬂ‘ral ity of perforations perpendicular to the
pl ane of the second I|ayer, wherein the perforations are positioned over
the plurality of IEF buffers or cells. 157. A method for isoelectric
focusing a bionoleculeg, jn sanple copprising the . ste f, _addi n sanpl e
conprising the bionol g‘&:’ul e %Sytrsr‘f%@ arcﬁ?lrﬁii‘[g%gto aﬂﬁgfl%?ﬁflﬂqsﬁgd‘@f}gt‘gﬂ"?rg@ctg?di ng
to any one j - , hi electric field into the |EF
buffer or chlﬂaf%gﬁ%%ﬁﬁgﬁloﬁgwgﬁj}gﬁ%%rgégkst he running buffer across the

| EF buffer or cell. 158. A nethod for separating a bionolecule in a sanple
conprising the steps of

148.  The system according to any one of claims 144-147, wherein the

system comprises a plurality of IEF buffers or cells comprising an IEF buffer.

149. The system according to claim 148, wherein the plurality of IEF

buffers or cells are isolated from each other.

150. The system according to claim 148, wherein the plurality of IEF
buffers or cells have a pH step of 0.02 pH units or less.

151. The system according to any one of claims 144-146, wherein the
system further comprises a device for circulating the running buffer across the IEF

buffer or cell.

152. The system according to any one of claims 144-146, wherein the

first dimension electrical field is generated from an AC or DC voltage device.
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(1) adding the sanple conprising said bionolecule to the running buffer in
the system according to any one of clainms 145-152; (2) generating an

el ectri cawofosmbss7i nto the | EF buffer; and (3) generating tlea/usozeind cal
field down the | ane away fromthe IEF buffer or cell. 81 WO 03/008977

PCT/US02/ 22714 159. ﬁ;m}gggisatg@{aﬁg&%g%s %#'S:I%ie’&&hﬂs P4 9ITRE SGHrEn i s anp! e

conprising the steps o e conprising sald bionol ecul e
to the runnbuf@r obedlf @htdct thé Bans s isconaetbictbnige lane.any one of clainms 144 or
147-152; (2) generating an electrical field into the | EF buffer; and (3)
determ ni ng whet her the bionolecule is present in the | EF buffer. 160. A
nmet hod for characterizing a bionolecule in a sanple conprising the steps

of : (1) adding the saml e TREleal doRtigdo BladiMUEOMhReinGhd BRoAURHENT _
buffer in the systemaccording to any one of clains 145-152; (2) generating

t he el ect ri fatherf dosipdisea perfdratiorEperpenidicstar to By plyen of tied segondieyas) whereincal

field down the | ane away fromthe JI buffer agr cell; and (4) determ ning
the positi o&’e(?Frf?rﬁgorb’tS ]Itlgﬂ%}}r qurﬁhqﬁﬁ@huﬁqregr% 1. A method for quantitating
t he ambunt of a bionolecule in a sanple conprising the steps of: (1)
addi ng the sanple conprising said bionolecule to the running buffer in the

system according to a]{r% one of clains 144 or KB 147- 15%; . (2) generating an
electric field into the-| ERRyeteatr accaidingtaylagail4p nvhsratn the EECORO L of t he

bi onol ecul e i ' ' anmount
of a bionol (édcn{l}fﬁesgﬁlbggalgg%ﬁgp‘ggﬁmr eélié?ngﬁ % ﬁ‘gqﬁf’g%rs%md(“ %?Bs%ielrrl\gﬁt he
sanpl e conpmiagixrigyes andltheilgdral ecul e to the running buffer in the system
according to any one of clains 145-152;

156. The system according to claim 155, wherein the second layer
further comprises a plurality of perforations perpendicular to the plane of the second

layer, wherein the perforations are positioned over the plurality of IEF buffers or cells.

157. A method for isoelectric focusing a biomolecule in a sample
comprising the steps of adding a sample comprising the biomolecule to the running
buffer in the system according to any one of claims 144-152, generating an electric
field into the IEF buffer or cell and, optionally, circulating the running buffer across the

IEF buffer or cell.

158. A method for separating a biomolecule in a sample comprising

the steps of

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 145-152;
(2) generating an electrical field into the IEF buffer; and

(3) generating the electrical field down the lane away from the IEF

buffer or cell.
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(2) generating an electric field into the IEF buffer; 82 WO 03/008977

PCT/ US02/ 22714 (3) generating the electrical field down the | ane away from
the | EF Wwofosoossor cell; and (4) determ ning the anount ofeCThsoembl ecul e
in the lane. 163. A nethod for determ ning the presence or absence of a

bi ool ecul e in a sanpig COMBIEhRIAG: SR LR AliombibbyRdihinAgsanpl e to the

running buffer in the System accordi ng a one o ains 144 or
147-152; ( Zongehaigahe sigpseot: el ectrical field into the I|EF buffer; and (3)
determ ni ng whet her the bionolecule is present in the | EF buffer. 164. A

met hod for determ ni nQ) tditngthe senple compabiag BLiE bidmdleculdé L AGHIE I N a
sanpl e conprising the steps of: (1) adding a sanple to the running buffer

in the system accor di buffer & thayystan acesrdipg & #ry onepf ¢lsims {44 orgéfe}3t i ng an
electrical field into the |EF buffer; (3) generating the electrical field
down the | ane away fr@pgerseatingERn elpgtricel field e ithe [EFMafer)andet er mi ni ng
whet her the bionolecule is present in the |ane. 165. A nethod for

di agnosi ng or predi ag@ydetagniningiveetdse thst aomolenula is pedgnent the EHbuférng t he
steps of. (1) adding a sanple conprising bionolecules fromthe subject
suffering fromor suspected to be predi sposed to said diseased state to
the running buffer of the system according to any one of clains 144 or
147-152; (2) generati1qy. t h& nedtiesd foi Cladradiéritigl & Biomoldeale! itk shmplecr ; ( 3)
conparing the pattern of bionolecules in the |lane to a pattern of

bi onol ecul eXPMBIHHALIE 8PY e from a nornal subject that does not have the

di sease or is not predisposed to having the di sease. 83 WO 03/ 008977
PCT/ US02/ 22714 (1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 145-152;
(2) generating the electrical field into the IEF buffer;

(3) generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) determining the position of the biomolecule in the lane.

-161. A method for quantitating the amount of a biomolecule in a

sample comprising the steps of:

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 144 or 147-152;
(2) generating an electric field into the IEF buffer; and

(3) determining the amount of the biomolecule in the IEF buffer.

162. A method for quantitating the amount of a biomolecule in a

sample comprising the steps of:

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 145-152;

(2) generating an electric field into the IEF buffer;
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166. A nethod for diagnosing or prediagnosing a disease state in a subject
conprising the steps of: (1) adding a sanple conprising bionolecules from

t he subj ewD 0si06692¢Ti ng from or suspected to be predi spose@cCrasszpriidi seased
state to the running buffer of the system according any one of clains
147-152; (2) gener ati@g gbitfatBigqhd slectadal ekl dbwnthe ldnkewlakfrobithé BEF ( 3)
generating the electrical field down the | ane away fromthe |EF buffer or
cell to form a patterbuféroprdhehécul es; and (4) conparing the pattern of

bi onol ecules in the lane to a pattern of bionolecules froma sanple froma
normal subj ect that d@detenninipvhe amdmt of hedsemeoleculs imibe lgneedi sposed to
havi ng the di sease. 167. A system conprising: (a) a chanber conprising a
running buffer; (b) an isolated | EF buffer or an isolated cell conprising
an |EF buffer; (c) a device for directing an electrical field into the | EF
buffer; and optional 163. (4)mehecteor detefmniningithepifeadnicagr dsendewdni ng buf f er
across the | EF buffer or cell. 168. A systemconprising: (a) a chanber

conpri si ng Biomelsiledn gsample: coppyisiag Mgtsiens ofayer conprising an i sol at ed

| EF/ 1 ane unit, wherein the I|EF/lane unit conprises: (i) an isolated |IEF

buf fer or a cell conpth)eidige anamplstathequnyrs-byiieria the syslgm(dcpording|ta ey 84 WO
03/ 008977 PCT/ US02/ 22714 - (G | ££ r directing an electrical field
into the | EF buffer i%n%%fec(lal%ﬁsﬁggg%iﬁlnggl?on; (d) a device for directing an

electrical field down(zt) %%nérgtrl}%ta@l e?gctrgchﬁeld into the IEF buffer; and

(3) determining whether the biomolecule is present in the IEF buffer.

164. A method for determining the presence or absence of a

biomolecule in a sample comprising the steps of:

(1) adding a sample to the running buffer in the system according to any

one of claims 147-152;
(2) generating an electrical field into the IEF buffer;

(3) generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) determining whether the biomolecule is present in the lane.

165. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:

(1) adding a sample comprising biomolecules from the subject suffering
from or suspected to be predisposed to said diseased state to the running

buffer of the system according to any one of claims 144 or 147-152;
(2) generating the electrical field into the IEF buffer;

(3) comparing the pattern of biomolecules in the lane to a pattern of
biomolecules from a sample from a normal subject that does not have

the disease or is not predisposed to having the disease.
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| ane away fromthe |IEF buffer or cell; and, optionally, (e) a device for
circulating the running buffer across the |EF buffer or cell. 169. A

syst em cowprod®vssg? (a) a chanber conprising a running buffPemuspbr27an array
conprising a matrix |l ayer and a second |ayer: wherein the matrix |ayer
conpri ses an | EF/ | aneldgni t A anghal for dlaph@iig o2 prédigracsingbldscaseataid ilad) |
wherein the | EF/lane_unit conprises: (i) an isolated |IEF buffer or an

i sol ated cefubibrqmprisingthgsters e puffer; and (ii) a lane, wherein the Bl A
contacts the |ane across its length and wi dth; wherein the second | ayer
conprises a | ane scre@npddingq sanple spnprisiag biomolasales figm thenyhipct saffering dt h of

the | | , inth ' | . ' i bl
Lo a bioml ecul o: wharan ewESfshE b BT R Brdtid B fraeh B oy er
and the LSA; (c) a depiffe of @i sgléte@GkidiGingAnebRedfidigimk 1474lsd; i nto the | EF

buffer or <cell in the first dinension; (d) a device for directing an
electrical field downay ?élelreﬁﬁ‘%ttﬁe okcitiba fiel PR BYRYF hu@dp t he | EF buffer or
cell; and, optionally, (e) a device for circulating the running buffer

across the I EF b“””ﬁg/%éne?zﬁin' thSAe M A H AP thE Tl YR lﬁégﬂég%?o. The

system according to ahy one of clains 167-169, wherein uffer has
a pH range of 0.1 pH hufferer call foefosm apatder 2f pldmobicutespandl ess 171. - The system
according to any one of clainms 167-170, wherein the system conprises a

plurality of |EF buf f@)somparizg] ths pattenpof Sibmgleanles IRhb Wnkes a pdifetn ofhe system
according to claim171, wherein the plurality of IEF buffers or cells have
a pH step of 0.02 pH kipgmplecyles fremsa sample from a'normal subject that does not have

the disease or is not predisposed to having the disease.

167. A system comprising:
(a a chamber comprising a running buffer;

(b)  anisolated IEF buffer or an isolated cell comprising an IEF

buffer;

(c) a device for directing an electrical field into the IEF buffer;
and optionally,

(d a device for circulating the running buffer across the IEF buffer
or cell.

168. A system comprising:
(a) a chamber comprising a running buffer;

(b)  amatrix layer comprising an isolated IEF/lane unit, wherein the

IEF/lane unit comprises:

@ an isolated IEF buffer or a cell comprising an isolated
IEF buffer; and

(i)  alane,
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173. The system according to any one of clains 167-170, wherein the system
further conprises a device for circulating the running buffer across the
| EF buf fwpooosset | . 174. The system according to clai m 1®CI/ushzyeyif t he
electrical field is generated froman AC or DC vol tage device. 175. The

system according to a Onfd&éce%ﬁai?&ﬁﬁggﬁ %ﬁ@tricéﬂ’@ﬁ[cﬁhfb thReEF 8LAGL ihitkd!

field in the first dinmension is generat rom an AC or DC vol tage devi ce.
176. The systsedinggsondi ng to any one clains 168-169, wherein the | EF buffer
or cell contacts the lane or is connectable to the lane. 177. The system

according to claim 16@19 whedsiide fohéirégiagrd cleayiesl fieldiddwe thedewgih bfthe a
perforation perpendicular to the plane of the second | ayer, wherein the
perforation i s positioned M@aww}éomlzhe Bt rudfer oy celopnd, optrgnallyhe syst em
according to claim 169, wherein the second |layer conprises a plurality of
LSAs arranged so that (& he 3 devies far eirgdafing thevauning brfenacross thefrhulfarayer
and the LSA. 86 WD 03/008977 HCT/ US02/ 22714 179. The system according to
claim 169, wherein the secdf§"i ayer further conprises a plurality of
perforations perpendicular to the plane of the second |[|ayer, wherein the
perforations are positioned over the plurality of IEF buffers or cells.

180. A nethod for isoelectric focusing a bionolecule in a sanple conprising
the steps of adding al@hrbFBIeBAPFEPEFAE t he bi onol ecul e to the running
buffer in the systemaccording to any one of clains 167-174, generating an
electric field into fae |&Erhapiler eomprgng 3 BT circul ating the

runni ng buffer across the IEF buffer or cell. 181. A nethod for separating
a bionolecule in a saffle W@WSI%WEWW%FM(%GCQ%WWt he sanpl e
conprising said bionolecule to the running buffer in the system according
to any one of clains Wb&eihthe mapjx lgreraroatprises anEE lanstutiicand ofhiemglecnleo t he

| EF buffer; .and %38 gen ﬁting the electrical field down the | ane away from
the | EF impermeable drea ),

wherein the IEF/lane unit comprises:

1) an isolated IEF buffer or an isolated cell comprising an

IEF buffer; and
(ii) a lane,
wherein the BIA contacts the lane across its length and width;

wherein the second layer comprises a lane screening area (LSA) that is the same length
and width of the lane or larger, wherein the LSA is permeable to an ion and

impermeable to a biomolecule;
wherein the lane is positioned between the matrix layer and the LSA;

(¢)  adevice for directing an electrical field into the IEF buffer or

cell in the first dimension,;

(d  adevice for directing an electrical field down the length of the
lane away from the IEF buffer or cell; and, optionally,

()  adevice for circulating the running buffer across the IEF buffer

or cell.
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buffer or cell. 182. A nethod for characterizing a bionolecule in a sanple
conprising the steps of: (1) adding the sanple conprising said bionolecule
to the ruwoioagosdbuf fer in the system according to any onePoffi/ushzparss 167 or
170-174; (2) generating an electrical field into the | EF buffer; and (3)
determ ning the positign the Dbi .ecul e i | 8E7-1658 FrheRidBENOd f Or
r}gﬁeCﬂ{hgsys%en?a&% n%{é aglgo'ﬁe.tobgla ﬁie ; whe el

characterizing a bio na sanj nprising t steps o

addi ng t he [5ARREE: KRMYH SinBgoSA1 gHhinEet Resibrd.0DpHhaits arlessng  buffer in the
system according to any one of clainms 168-174; (2) generating the
electrical field into the IEF buffer; 87 WO 03/008977 PCT/US02/22714 (3)
generating the electrical field down the | ane away fromthe |EF buffer or
cell; and (4) determming T}ﬁ%yﬁ%iaééc%ngio LiRorki FRRIAE WR170) wilegsih aee. 184,
A method for quantitating the anount of "a bi'onolecule in a sanple

conpri si ng syltemsoapsises a plgfalitypefdER puffhme os aclis compsisngiailBE bsfEd bi onol ecul e
to the running buffer in the systemaccording to any one of clains 167 or
170-174; (2) generating an electric field into the 1EF buffer; and (3)
determ ning the anmount of the bionolecule in the |EF buffer. 185. A nethod
for quantitating the @pUNtheafystdmbiceuroingcoltiaih 175 wisssip ke pomfityi filEE t he
steps of. (1) adding the sanple conprising said bionolecule to the running
buffer in ﬂméﬂsysﬂ@ﬁ$h@@dﬂﬂﬂﬁﬁppﬁﬁgngdmﬁs@Fk§ﬁains 167-174; (2) generating
an electric field into the 1EF buffer; (3) generating the electrical field
down the | ane away fromthe 1EF buffer or cell; and (4) determ ning the

amount of the bionolecule in the |ane. ) .
173. The system according to any one of claims 167-170, wherein the

O

system further comprisés a device for circulating the running buffer across the IEF
buffer or cell.

174. The system according to claim 167, wherein the electrical field

is generated from an AC or DC voltage device.

175. The system according to any one of claims 168-169, wherein the

electrical field in the first dimension is generated from an AC or DC voltage device.

176. The system according to any one claims 168-169, wherein the IEF

buffer or cell contacts the lane or is connectable to the lane.

177. The system according to claim 169, wherein the second layer
further comprises a perforation perpendicular to the plane of the second layer, wherein

the perforation is positioned over the IEF buffer or cell.

178. The system according to claim 169, wherein the second layer
comprises a plurality of LSAs arranged so that the lanes are positioned between the

matrix layer and the LSA.

86



186. A nethod for determ ning the presence or absence of a bionpolecule in
a sanple conprising the steps of: (1) adding a sanple to the running buffer
in the sywpDagioessecording to any one of clainms 167 or 170- PC4A[USO2)2714
generating an electrical field into the | EF buffer; and (3) determ ning

whet her the bi onol ecbe ithdWysieRHccdrling feclaftr 169fWiettein tHsecond layrhod f or
determ ning the presence or absence of a bionmolecule in

I
conpri si ngfutthe cotmppisesod plugBityes 13fo0diR9y FerPeriqudsy £p heplane ;flt;éi %B@?dng a
le to th i buffer in the. i | ai
TP e e e RS HE B SR tparecgt, ! o0

generating the electrical field down the | ane away fromthe |EF buffer or
cell; and (4) determ ning whether the bionolecule is present in the |ane.
188. A nethod for diagnosing or predi agnosing. a di.sease state in.a subject
conprising the stepsl®k: (\fyeth‘efhf)%goalegaﬁ%? %’61&;?391?@?’?‘? I A 3& es from
t he subject sufferin LEshisdh Bisl18R0s hé AinGed di seased
state to tﬁ%nﬁrfhr}ﬁtlr}llagtegépféeﬂrﬂcﬁé% EB gycgltsbem a%%grdi ng to any one _gg cl ai ns
167 or 170pdffdin ()sygemedcabidig tb hey eteftoldimall 67184 dzenmtating Wecleetic buf f er ;

(3) conparing the pattern of bionmolecules jn the |an a patt of
bi omol ecul sldfintortheExbmffe apd.omtiandby ?i‘ﬁqu?aé%jt %Web“%’%égcrﬁ%tthﬁme t he
di sease Orb{ﬁ not [i)redi sposed to having the disease. 189. A nethod for
di agnosi ng BT SF &8agnosi ng a di sease state in a subject conprising the
steps of: (1) adding a sanple conprising bionolecules fromthe subject
suffering fromor suspected to be predi sposed to said diseased state to

(he runin DUTTer 9k LN, Suk R ACS LTI AR Rl APl Btk (2

the steps of

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 168-174;
(2) generating an electrical field into the IEF buffer; and

(3) generating the electrical field down the lane away from the IEF

buffer or cell.

182. A method for characterizing a biomolecule in a sample
comprising the steps of:

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 167 or 170-174;
(2) generating an electrical field into the IEF buffer; and

(3) determining the position of the biomolecule in the lane.

183. A method for characterizing a biomolecule in a sample
comprising the steps of:

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 168-174;
(2) generating the electrical field into the IEF buffer;
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(3) generating the electrical field down the |ane away fromthe I EF buffer
or cell to forma pattern of bionolecules; and (4) conparing the pattern of
bi onol ecuwexsiossothe | ane to a pattern of bionol ecul es freerasszamie from a
normal subject that does not have the disease or is not predisposed to
having the disease. B9 generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) determining the position of the biomolecule in the lane.

184. A method for quantitating the amount of a biomolecule in a
sample comprising the steps of:

(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 167 or 170-174;
(2) generating an electric field into the IEF buffer; and

(3) determining the amount of the biomolecule in the IEF buffer.

185. A method for quantitating the amount of a biomolecule in a
sample comprising the steps of:
(1) adding the sample comprising said biomolecule to the running

buffer in the system according to any one of claims 167-174;
(2) generating an electric field into the IEF buffer;

(3) generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) determining the amount of the biomolecule in the lane.

186. A method for determining the presence or absence of a

biomolecule in a sample comprising the steps of:

(1) adding a sample to the running buffer in the system according to any

one of claims 167 or 170-174;
(2) generating an electrical field into the IEF buffer; and

(3) determining whether the biomolecule is present in the IEF buffer.

187. A method for determining the presence or absence of a

biomolecule in a sample comprising the steps of:
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(1) adding a sample to the running buffer in the system according to any

one of claims 168-174;
(2) generating an electrical field into the IEF buffer;

(3) generating the electrical field down the lane away from the IEF

buffer or cell; and

(4) determining whether the biomolecule is present in the lane.

188. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:

(1) adding a sample comprising biomolecules from the subject suffering

from or suspected to be predisposed to said diseased state to the running

‘buffer of the system according to any one of claims 167 or 170-174,

(2) generating the electrical field into the IEF buffer;

(3) comparing the pattern of biomolecules in the lane to a pattern of
biomolecules from a sample from a normal subject that does not have

the disease or is not predisposed to having the disease.

189. A method for diagnosing or prediagnosing a disease state in a

subject comprising the steps of:

(1) adding a sample comprising biomolecules from the subject suffering
from or suspected to be predisposed to said diseased state to the running

buffer of the system according any one of claims 168-174;
(2) generating the electrical field into the IEF buffer;

(3) generating the electrical field down the lane away from the IEF

buffer or cell to form a pattern of biomolecules; and

(4) comparing the pattern of biomolecules in the lane to a paitern of
biomolecules from a sample from a normal subject that does not have

the disease or is not predisposed to having the disease.
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