. e3e~~TL86. Ti'uJt~, r, 14 JUN 2002 *G00p2* M CROFABRI CATED CAPI LLARY ARRAY
ELECTRCPHCRESI S DEVI CE AND METHOD Statenent as to Federallv Sponsor
Research 5 This invention was made with Governnent support under Gran‘te No
DE-FG 91 ERb 1125, awarded by the mmm ﬂm nt of Ener gy g@& Grant No.
H301399, awarded by the National | mm MMWWmalth The éo Pfnt has
certain rights in the invention. Backgiggypd of the Invention 10 This
invention relates to el ectrophoresis general ly, and nore particul arl y, to

an apparatus and nethod for performng capillary array el ectrophoresis on
m crofabricated structures. In many diagnostic and gene identification

procedures such i i z i i agnosi s,
.deoxyri bonucl ei cﬁ%ﬁqﬁkﬁmﬁgggg&ﬁg@%gﬁg‘(}?%"‘%abg?ﬁ%%gel ns are
separated according to their phpEVDEEL ANDIMEWRH®@Dcal properties. In addition
to DNA) RNA or proteins, other small nol ecul e anal ytes may al so need to be
separated. One el ectrochem cal separation process is known as

el ectrophoresis, In this [Staeeasas toPddeally Hvnared Researghported in a capillary
or a channgl WhIC .S _copnected . to.a .20 buffer-fi ervorr. An

ol ectric teld | n THEnTRGE gt PSP ol SR i R SR8 MEFR ends of ¢ he
channel to ca@ERGIMZS, awdrddibly €8 U.S Depgmaineof Esergy kebGantdNd et y i nt r oduced
at a high poten under nce o theee ric field)
nove toward anggrdedlbat eﬂ\tja?igﬁ‘al Inﬁt S ﬁﬁghhcﬁlfgﬁnellcmﬁn%hars g %sﬁ‘b t hrough the
channel ) the sieprmeatioaad sanpl es are detected by a sui tabl e detector. 25
Typically, electrophoretic sepgy, 'r%'ﬂdgf't cén%c acids and proteins is
carried out in a gel separatio sl ab gel s have played a
maj or rol &in el ec’ﬂnnphnn@sﬂsges wiefetraphbresiegenaalysdndimurqagtpalailngo ami f or m gel s
over a large nit e y [ f.the different gels, in
| oadi ng sanpl € %p% ‘1“?" nqakolﬁjnt?ﬁ‘ rr'?“ cg%ﬁgrﬁgnﬁgel“w%f\ges'ﬁoﬁ usi ng | arge anounts
of nedia, buf mcrrsfgbramddsamptees and in 30 reqU| ring long run tinmes for

extended readi ng Oltmg{ﬂytlj gé% tggl?q %cm){dgrm‘ﬁ%&ion @QUQ?L‘E? ﬂoﬁnplﬁepcnm adi | y

anenable to a high I pl'exing a d aut orma
gene sequencing and disease diagnosis, deoxyribonucleic acid (DNA), ribonucleic

15 acid (RNA) or proteins are separated according to their physical and chemical
properties. In addition to DNA, RNA or proteins, other small molecule analytes may
also need to be separated.

One electrochemical separation process is known as electrophoresis, In this
process, molecules are transported in a capillary or a channe! which is connected to a

20 buffer-filled reservoir. An electric field in the range of kilovolts is applied across
both ends of the channel to cause the molecules to migrate. Samples are typically
introduced at a high potential end and, under the influence of the electric field, move
toward a low potential end of the channel. After migrating through the channel, the
separated samples are detected by a suitable detector.

25 Typically, electrophoretic separation of nucleic acids and proteins is carried
out in a gel separation medium. Although slab gels have played a major role in
electrophoresis, difficulties exist in preparing uniform gels over a large area, in
maintaining reproducibility of the different gels, in loading sample wells, in uniformly
cooling the gels, in using large amounts of media, buffers, and samples, and in

30 requiring long run times for extended reading of nucleotides. Moreover, slab gels are

not readily amenable to a high degree of multiplexing and automation. Recently,
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er 1 4° UN'2002 2 nicro-fabricated capillary el ectrophoresis (CE) devices
have been used to separate fluorescent dyes and fluorescently | abel ed am no
acids. Additionally) DNA restriction fragnents, polynerase chain reaction
(PCR) products, short oligonucl eotides and even DNA sequendingUNrrent s
have been effectively separated with Cs devices. Also, integrated

m cr o- devi ces have been devel oped that can perform polyirtecase chain

reaction anphidrd-cadtitadd capBgedRghd: i @EpaeRYs RVP LA QR4S 2hiige DVA
restriction/digestign and subsequent size-based separation, and cells

sorting and AENEFEErsyaq duogpeeady bbyetpriap pcdds. Agdidioastly, Dfkse

m cro-fabri cab@etidamamess, ol ke RRIhAR BasiRl Yok SpfikcNBoghannel at a tine.
For applications such as popul ati on screening ‘or sequenci ng) such a

si ngl e channeligoppdwrigeszndsyeaRilassarepsing framanisthave bieaaflegiialrcept abl e del ay
foe screeni ng By JIRERLAKS A@oﬂgt@gia@& ffo-dHATRAY p&th dfe{é%gwﬁn“ on In a

first aspect, the invention provides a capillary array el ecCtrophoresis
pl at e accor dfagedomaepmstasetainreaction ampligicatipn ismedigely followadhy 13, 18 or 21.

n a second aanreh sizhO BN IUEALIARRLRHTALS IR Dok0ly LALING,A caplllary
array el ectrophoresis™plate according to clarns 7,  §, g5 30 h a third
aspect, the teiyeamtisgond probiadelysinofreledtiedicellorHéwgver thessgniero$anipdta t hr ough a

capillary arid.ClabeRRIARASL 5n BlahGuBrS QUAEN L LG kb dl 3Ry, P of er red

enbodi nents of the inventio ave t| ow ng advantages. aSl'he m cro-pl ate
of the presepapulaioestteenng PdId sequaniakyssiiss sfglechhambebservabeandof sanpl es to

be perfor ”edan@fvsi?Rﬁ@ts?@an&gﬁ%%qlggﬂy%r scypr{irgoxi(%rg nﬁ%&%ﬁ@gﬁ o-plate allows

sanpl es to be éasi oa e mnimzin cont am nati on.

Addi ti onal | ypoptlatonyi cro-plate is easy to electrically address. Further, the
m cro-plate supports a wde variety of format that can provide higher

resol ution separation and detection of sanples, faster separation and
detection of sanples, or separAthmmvafithedotmiohi on of nore sanples. O her

features and adv n I he fal l.ow description and
the clains. Bri e]a R@gggﬁp \é%tl %ﬁ%ﬁgﬁ{&ﬁ@k&&%ﬁ ﬁég)pgﬂ aﬁ?’hazraég%gt%%g?'ﬁg dr awi ngs,
whi ch are i et grepdingdo dny adindimsdndtd ¢ud.d0alpan 18f1&di@1speci fi cati on,

schematical Iy il lingksdhe adgeRt, Be®SRRtoni pRYRIRE b ARtRABR) fofRBEE EdllanyM t h t he

enera! description given above and the detajil ed description given bel ow

Jorve o o Bt et e AR R o R ol B Tt oD o WPy U 2002 S F e 1
is a capillary armathirélasgsct, dphineetinprévdhi)p natiexdderdhjedtiog bagrople. Fig. 2 is a
schemati c "tAr&%}\raf%gm%BQFra}Q§ctég¢W%sﬁs BI04 86 doPhingddb chlnpay € 1. Figs. 3A-3D are

illustrations eration e sanple I'njector of Figure 2. Fig. 4A
i's an expl odedeped siREeME oftheiVeRton AakeAle Bllowin advabdes ATRER B Yplate of the

present invention permits analysis of a large number of samples to be performed at
once on a small device. Moreover, the micro-plate allows samples to be easily loaded
while minimizing the risk of contamination. Additionally, the micro-plate is easy to
electrically address. Further, the micro-plate supports a wide variety of formats that
can provide higher resolution separation and detection of samples, faster separation
and detection of samples, or separation and detection of more samples.

Other featurss and advantages will be apparent from the following description

and the claims.

Brief Descrintion of the Drawings
The accompanying drawings, which are incorporated in and constitute a part
of the specification, schematically illustrate the present invention and, together with
the general description given above and the detailed description given below, serve to

explain the principles of the invention.



Fig. 4B is a cross-sectional side view of the CAE mcro-plate assenbly of
Fig. 4A. Fig. 5is an illustration of a |aser excited gal vo-scanner in
conjunction with a CAE m cro-plate. 14J UN2002 4 Fi gﬁb"fhsjﬁ ap /GB are
i mges of separations of genetic markers for hereditary henoc gm’: si s.
Fig. 7 is a plot of electropherogranssgenerated fromthe inmges of Figs. 6A
and 6B. 5 Fig. 8 is a second CAE mcro-plate layout. Fig. 9 is a third CAE
mcro-plate layout. Fig. 10 is a schematic illustration of a sanple
injector of Figurerif.1 iFh&pillkd aisy detrEHorEigETAB) ntoxo-platedayparr i met er portion of
t he CAE m cro- pl atfz_ La,youi1 of, F,' ure 9, 10 Ff g@ #12 tl;f anlenl arged view of a
center portion of Fife EagEhematic flusiratipn.of the sample fiecqr i H1Y8 ! "pegeri pt i on
Referring now to FrigdBR-3D areRllGBRIdnb oftie Pefatidh hiRGhmlp mprcesofFifuesAF)
mcro-plate 15 10 is shown. The micro-plate 10 has an array of capillaries
or separation 2channel s 50 etched thereon. In one embodi nent of Fi gure 1) 48
i ndi vi dual separ at fj .WAQQW?io&dQJc@p&iiWQVbﬂl@\ﬂrﬁ&rdﬁlﬂlﬂé@yﬁcn(bg)yr’r) peri odi ¢
array. In this enbodi nent, the separat,ion CQ@A el.s 50 brgn&h t to an 8x
12 array of sanpl eFig<dis ygpsseciipnal sideyvigw gkth Pﬁﬁ“qr@yv%&&% 4°Yr'&det er mi ned
di stance apartgpto facilitate loading with an 8-tipped pipetter. 20 In this
case) each sanple reservoir 101 is spaced, in one di.nension ni.ne mllineters
apart from anot her Figanipruillpsaiand faser sxied gavorssannenin GRRAASIEE extend by a
first predetergimgdfigtance froman injection region to an anode reservoir
180 and by a second predeterm ned distance froman injector group 100 to a
cat hode reservoir 120. The first predeterm ned di stance may be about 10
centineters) while the second ZS predeterm ned di stance nay be about | .8
centinmeters. Each of the sanple reservoirs 101 belongs to an injector group
such as one of injector groups 100-1 16. Additionally, injector groups 100,
102 and 104 are connected to a cathode reservoir |20. Al though the cathode
reservoir 120 is




connected to three sanple injectors 100) 102 and 104, other cathode
injectors may be 30 connected to nore than three sanple injectors. For

i nstance) a cathode injector 130 is connected to sanple injectors 106) 108)
1 10) 112, 114 and 116. The anode reservoir 180 is placedli4nJeN 2002
non-symetrical manner in this case to 1 4 JUN 2002 5 avoid a conflict
with a scanning system Mreover, the distance for paths fromthe anode
reservoir 180 to any one of cathodes 120 or 130 is identical for all
separation channels. The equal distance 4s achieved by providing fol ded

pat hs connecting certain sanple reservoirs that are close to the anode 180
to increase the pathesl @ngtdéBareaimdsesol septratéone ofgewmic irarkarsdordemdicey bet ween t he
anode reservoi .1 he cathode reservoirs 120 and 130 for all sanple
reservoirs. Inﬁet"%oggrgﬁglgagrrent of Figure 1, the nunber of holes Hin the
mcro-plate 10 is dligits GBS cleamdpreorgeamsyganstdtad)frofNhelimagesti€ige 6N i s a nunber
of sanples. As,the enbodinent of Figure 1 addresses 96 sanples in parallel,
| 27 holes are required to be | Odrilled. This nunber of holes is close to
a theoretical m ni rkigr8maseeand €AEEeplayf lag¢uB. The reduction in hole counts
i s advantageous as f,.ewel, ol €§EH§§€- LR 1%;gmdri lled into the mcro-plate 10,
t her eby increasi ng nanufacturing e PPCi ncy as well as decreasing the
potential for defedis !9 isatsthemplicolutriarefefampleingctpd dFesre %as caused by
mechani cal stress | i it 1L g L t her reason
for multiplexing t%ngz2E%S%Icl)%g?r\é\égn%&‘;e&gﬁgmaggﬂtﬂgglrogégt‘ra%g?‘?s"g‘?rg p?% make it nore
feasible to filayosokfigie dti on systemon a single substrate. The above
advant agesjgar e al sqig@@lslaﬁamrged%Jm_cema%nﬂohaméésgn@ﬁna@ﬁ of0r med by a
nol di ng process_or a bonding process in lieu of the dri ng pProcess.

Tur ni ng now t o°fHigr® 2, details of the sanple injector 100 of Figure 1 are
20 shown. The sanple injector 100 has a plurality of sanple reservoirs 200)
204, 220 and 224. Sanple reservoirs 200 and 220 contain a first sanple,
whil e sanple reservoirs 204 and 224 &gssiglion a second sanple. The sanple
injector 100 al so h@gndhglnbhd Fi§\§‘r9@,ra%bi95l—{Q:‘P@ré[&@l-opg&gsi?(@@m&?&ﬂﬂtg _
separation, channel 222, gTh_e sanple injector 100 thus permts a serial

anal ysi s of® t wi igshosing e isto-Riatepl ka8 appray aEerpdlaniss casepasationishannels 50 The fir st

and second sepatiiliRRof.NRABASSbodIenoTigdR, A i8diGiaI &phRGod ParheNaRt €
reservoir 208 bX 3_cross,channel 207. The sanple,lnjeﬁtor 00 al so has a
cat hode end 218°hd iRge} 30 migromirmy Refipdicaray- 27 Buis embadimsptiBe sePaaiPranode ends Z

10 and 21 2 ar gandelsHOREBEH @it 63X If ana16f shinpI6 tes@RPRAN AL, e o WREIB! 202.
Simlarly, a second cathode end 214 is connected to a _secopd anode end 30

216 by a separ PPFYR PEASfICd denge gt fodacliaie lopdingvithpn StipPGtRIPRIe: eser voi r

208. As il10ust mahieths®)@adBWamplY reserfdirdPE s spicadindge difnedshtd nafeodBinfeer voirs 211
and 212) cathode reservpirs %00 and %}14 sar’r‘gl e resgervoi 3 290, 204, 220)
224  and wast eapragérgwa?tger sample reservoir. The deparation channels 50 extend by a first

predetermined distance from an injection region to an anode reservoir 180 and by a
second predetermined distance from an injector group 100 to a cathode reservoir 120.
The first predetermined distance may be about 10 centimeters, while the second

25  predetermined distance may be about 1.8 centimeters.

Each of the sample reservoirs 101 belongs to an injector group such as one of
injector groups 100-116. Additionally, injector groups 100, 102 and 104 are
connected to a cathode reservoir 120. Although the cathode reservoir 120 is
connected to three sample injectors 100, 102 and 104, other cathode injectors may be

30  connected to more than three sample injectors. For instance, a cathode injector 130 is
connected to sample injectors 106, 108, 110, 112, 114 and 116.

The anode reservoir 180 is placed in a non-symmetrical manner in this case to



14 JIF N 2002 6 208, sanples may be noved fromtheir respective sanple
reservoirs 200, 204) 220 and 224 through the cross channel to the waste
reservoir thereby facilitating an insertion into the separation channel.
Referring now to Figures 3A) 3B) 3C and 3D) a process for |padjyngsme sanpl e
5 fromits respective sanple reservoir into the cross channel and then
performng a separation is shown. In Figure 3A) an injection voltage,

pref erably about 300 volts (3.0 V/cm), is applied between the sanple
reservoir 200 and the injection waste rgservoir 208 to draw a sanpl e

t hrough a channel that passes fromthe sanple reservoir to the waste
reservoi r and aedidss@dlict vigh 5 sp@tiat syaem.cMareoek,.theldstdnae fot patlissfrodBRhe @ separ ati on

vol tage of about, 3700 .val.ts (300 V/ , r anple, . LS | i ed between the
cat hode end 2f6°d§ﬁ‘aertv?ire%a?ﬁ%ﬂ1& ogﬁ%lfcﬁl%ges‘l%q)%r lggﬁrs’%g“‘{ah}@r %&%@W%"Bhor etic
separ ati on of chdneelsdfitiplegual distarmel hiathioryd bapleding Frlded paths ¢dneecring ent i al bet ween
the sanple reservoir 200 and .the injectiaon e.reservoir, 208 is applied.
Preferably, t & ABackP %ireasgriv?f@s t%/a(t)f"f §§Leeet?ghea %%vﬁ%ilfdm\yeéfetté? p%é“%c k- bi asi ng
operati on 15 ehdtarashiexeasiformalispnesbefweomthe lagde rgseedir 80 aad e sathddannel 213. As

illustrated in Figuress3 100m s | e plug is injected and any resi dual
sanple is pul Irees‘c:iwg\?s\/algof‘@)l%s{ ré‘Hlsaﬁ?pZec sie(r)‘fr?Prls"egi on to avoid tailing
si de-effects. Fi guinels eBBodiment3EFigapl asemntnheasfablogH ursthe mieepiaengisf rom t he

second sanpl ean%%?IQMOJnEi m%0e4éxac'%}| :[m#'ig/hwﬁer}gN?s”abﬁmbg’e r}ts OJlesFiAgH{ees 2. and 3A-3D
operates on two sanpl es, four garrp es may be inj ect 8d font 6°a 20 si ngl e
capil lary w t kobedimeny ofFigué | adsizasses 64 pswples orpamiteinkX7iholes arg guiprdac s s  of
etching patter i At at | 1 CrQ-pl: i i ed next. In
R L T
Schott Cor por &t oharedurtierikia hele cavvitsay ad vpntage@is ehfiederi holed 89 Fbcfdnitledl5 sec and

I d bef Y f e LfigiQl | f
about 15008 | 14 o AR 2l A AT RN OB s, (o)

system The watwsasingthe pgieitiabigr defacts it preduckion efimfiometaseas caysedbycoat ed at

5000 rpmwi th b STei SddG : otoresi st available from
Shi pl ey Cot p. n%?%%lﬁg%ﬁg%%cﬁﬁm;hh%ﬁceﬁé 'gpgorcg%i st is developed inal :1

m xture oft5 M dmepestasondiovmploplexingbaeatiiode. anwle andvastestservpirviatoshdkelitey and

water. The wafgf Sttt bRresk sﬁpir&zrop%eﬁ Ala s2Qte stbstcRE. BR 2BbNRULESagelNe 30 mask
pattern is transferred to the substrate by exposing the photoresist to

ul travi ol et r a&tsiakseirpnhicabie ia thegvent bat teiniescte formsi bag mldiae proveseofmsk pattern

i's transferreqoﬁd?ngtxjp&egrgplrieqrb@%dgp'li},j,%,g&spy a CF, plasma etch performed in
the PECVD reactor. The 1 4 J U N 2002 7 wafers are etched in a 49% HF

sol ution for about TSnifg rt e izt 2atetails ohthe gmplegpiecror@hphEigue ba®orm a fi nal
etch dept hoof s@clvr %@ﬁ%pﬁhgm&h o0hA b BIRdliy @ Qe Resivolb@oddomdesh surface. The
Photorest St 18 P13 Bherle Aoervors 300 and 520 Sonthin s Toet Babple, while Sample | ©
reservoirs 204 and 224 contain a second sample.
The sample injector 100 also has a first separation channel 202 and a second
separation channel 222. The sample injector 100 thus permits a serial analysis of two
25  different samples on each separation channel. The first and second separation
channels 202 and 222 are connected to a waste reservoir 208 by a cross channel 207,
The sample injector 100 also has a cathode end 210 as well as an anode end 212, The
cathode and anode ends 210 and 212 are at opposite ends of the first separation
channel 202. Similarly, a second cathode end 214 is connected to a second anode end
30 216 by a separation channel 222 that is connected to the waste reservoir 208. As
illustrated below, by a proper biasing of the anode reservoirs 211 and 212, cathode

reservoirs 200 and 214, sample reservoirs 200, 204, 220, 224, and waste reservoir



removed’'in a' CF, plasma etch. Holes are drilled into the etched plate using
a 1.25 5 nmdi ameter di anond-tipped drill bit) available fromCrystalite
Corporation of Westerville) OH The etched and drilled plate is thernmally
bonded to a flat wafer of simlar size and type in a programmpb|g y@ guum
furnace. After bonding, the channel surfaces are coated using a coatl ng
protocol. Turning now to Figures 4A and 4B, an expl oded view and a
cross-sectional 10 side view of a CAE mcro plate are shown. In Figure 4A
a CAE micro-plate 302 with etched separgtion channels 301 and a plurality
of reservoirs 303 forned thereon is provided. A reservoir, array |layer 30=4
i's nounted abd8, sainpleCGAby beirtaved fnbratkexrsﬁaectime groleireberveickdlioD, 20M20r eser voi r
space above the rs for The presence of
Che Feaarvoi r ¢ PR Flol@Lb% o FREe A0t Wi IS il S iy dBE 105" he
cat hode and anoﬁanonesemvmpasauamumhpl ifies sanple handling and el ectrode

i ntroduction. Preferabl t Wk ryar e mllimeter
t hi ck el astoner shg‘e %}]8%%81: ures%a a%’t é‘aﬁnégﬁtéﬁx Fng’Hoadmgtasamql n cont act
with the glsassfram (ls‘rQSppd:tb[b&nﬂﬂﬂ'eseMEIMQSEICm qhaxmekamyltﬂeayeforrsmgarray be an

el ast oner suc [ I ' | and,

M chi gan 20 T%(S&’r§a et@éﬁb\%gll;v?n égffém@lﬂ ana}%\s,g v&'@g%ﬁ%@%@}n{%mﬁ fﬁ%v?]l‘lgcr o- pI ate
302 before the(3©Hé{¢m1)elssp;alee§bémtelnelut sainpll rezers@p2i0and tw imestoruwastePr ef er abl y,

t he separatio ojai ] t hyl cel | ul ose
(HEC) in a 1 e %E}él‘%% kdeaQVWJi?FrB% W‘g’h ‘Ju‘“ggn {E)a\{g yﬁ?f’%@%%?“%nm ly) the
reserv;)i r ar L ayseerf)lt tf the Mystd menairasd Qrbnéewtb@&?Par@ilonsh@pdm each 1(:)t herf Thet )
separ at i ongchanne v, rix fromthe
anode resgr VoI r gnﬁ% ?égﬁﬂ%ﬁgﬁlﬁh%gd%\g‘%@p g)gﬁlb?ﬁ('ﬁ?ﬂtgvdgélr e anode and
cat hode reser vtmamsle 18®ph¢ﬁobe&@©n the eathdde pnd 310 japdithovinode end 2 IDXTHiBREUgsEf f er t o
reduce ion de%@élé:c?r@g%v'l’\tr}éﬂcggmﬁ @%ﬁf&@é}ﬂg@%%«ﬁ Ca §£g181a?oftﬁ§;?cﬁ%%lrs are

rinsed with delonize anpl es are then | baded froma mcro-titer
pl ate using arPeBveen fhpsamplt foeortoin200 mfditey injeptionrvaste raser air 8risappliedyer 304 i's

posi tioned on ghe.m qmaaa&&ﬁ@ﬁagembéﬁv%e&&rmam ng%gﬁmel& pl aced

above the reservoir arra € electrode array 306 I s fabricated by
pl aci ng ant3ar rcé\%ﬁfsc‘?ﬁceéw%@ Bem ths dnjestierscrpisabamaghdl v A eidutmied inghiew pri nt ed

circuit board.;g-aghy Rl id RjeREPRUGHY QRN BAGR: iRpdlES ALY Fon RO the mcro
1 4 JUN 2(1p2 8 Iat/'grpm‘g f grleloj\? er) heyvm resglgf?’e le}I) ectrla::’(’aol connect ed

with netal st r‘PJ}S%“Oﬁﬁegtqfl‘éO gyoidtailing %e?f@“ﬁ JFigresolly 3nA AP vPERSEIS al“élggﬂ‘-“?rm rs of a

comon type t Gpje&idht f&Gh iHeSabhYsaRERIA8SEiH244N MR IRlembddiBeRlogCt rode array
306 al so reduces the possibility of buffer evaporatl on., The el ectrode array

306 in turn i sHeBHTEat 4 3DPPeRE B WasIEPlesoftpREPlesma st ReAedamtafoner

suppl i es. s sipMtapilary WL aftBignifibm: EQ&oN@ninaddr ay | ayer 304, when used
in conjunction with the mcro-plate 302) enlarges the effective, vol une of

the reservoirs ori gMePFes & GWh’ﬁ%ip‘“(S‘ﬁmf He WE’F%“%‘I“&H’@”S@?‘C‘ P |
el ectrodes frofeki heoRIngeblBfilRaemBIMInkNS BREZIoRaARS Wwatert Svafliidfeork he reservoirs
on the mcro- Pl Al e 30 e YD Sels SR oot Ore-etched in 49% HF for 15 sec and cleaned
before deposition of an amorphous silicon sacrificial layer of about 1500A in a plasma
25  enhanced chemical vapor deposition (PECVD) system. The wafers are primed with
hexamethyldisilazane, spin coated at 5000 rpm with a photoresist suchasa 1818
photoresist available from Shipley Corp. of Marlborough, MA. The photoresist is
developed in a 1:1 mixture of Microposit developer concentrate available from
Shipley and water. The wafers are then soft-baked at 90° C for 30 minutes. The
30  mask pattern is transferred to the substrate by exposing the photoresist to ultraviolet
radiation in a Quintel contact mask aligner. The mask pattern is transferred to the

amorphous silicon by a CF, plasma etch performed in the PECVD reactor. The



10 array layér 306. The solutions are placed in the reservoirs by a

pi petter 308. After assenbly, the CAE mcro-plate 302 is probed with a

gal vo- scanner system 400, as shown in Figure 5. The system 400 neasures
fluorescence using a detector at a detection zone of the channels. During
the process of el ectrophoresis, as a fluorescent species trav rs\ggq
detection zone, it is excited by an incident |aser 15 beam 1re

fl uorescence detection system either the target species is fI uorescent, or
it is transfornmed into a fluorescent species by tagging it with

fl uorophore. The passing of the fluorescent species across the detection
zone resul ts iwafets shacgein 4ppd KBsdlyioaforiabar ateuds ar fnletttirassfnce that is
.detectabl e by the.system_4Q0. , Turni now ssytem t he

gal vo- scanner Eg "‘h‘éimgaiff‘ wggw%&ﬁmfndﬁwgw gg@k @ L YAG | aser
avai | abl e fr orotdet plifase Thopipusratst BRtiphedSar the oseiniGedndrstons ﬁhcof[libe YAG | aser
generates a beam e beam generated by
the | aser 402%‘?“\%1“5%#‘??%%“ h%&?n‘f/‘yﬁgf’ﬁ dﬁn(f’ u]eeg?p%%;% gmgails.‘%fedl rected by
a mrror 486. nﬁﬂdmttbeizmd’ndmppe@@ﬁllbithﬁax%&rﬁohf@ymilﬂc Cdrporteiph of beam expander
408. After ex n5|o i c.bea litter

410. The |ase$‘9"65 ﬁgh Pee?f%n%iaqd “qki‘c‘gﬁ‘ﬁ%s‘%%%d“ﬁ%ﬂ?%ﬂ?é ggf chts the
beamto a fi naimxlaeﬁ& aa&&qamﬂla)pre@%mdbl’c vahiug fomacee Afiet toadibg aimchanntiocused on a
spot of about opr escence fromthe nolecules in the

channel s and |5‘§rfa°%saﬁe°§ﬁw%‘ésl”}§sa OTtWEProﬁa hel s at 40 Hz. The resul ting
fl ourescence is gaNrmngnb»\btp Figues #Anad 4B,@nsxpmidd pas sathk ¢rbsseemjhnd he

gal vom rrog a@qcvﬂé@ o% EAE(r)nlug'o bl%fa aress{% &égg‘fg‘% At a"%g?énr;@osféle‘}%?’o filter 412

whi ch operates I'n the range passi t hrough t he
enm ssion filt evith4khed sb;bmubeetmnmesks ¥0d eurszepiutolity af eenoirg 108, fomeﬂt})eretohe beam i s

directed thro i elivery to a
phot onul I ti pl ?Sg;?}o‘ﬁde?' %qgs Soﬁ&%%@%@ﬂ%uﬂ%ﬁgbﬁ#ﬁt% ect aeugaérzlr ay 306 is
connected to onpowvde ditiengh eemyoisppplabes tlztz&elygmfowdanﬁemlers -pR8300,

avai |l abl e fr Onb2St'ﬂQf %sgcﬁﬁq}%‘a} s%no$¥i§%¥p{;?ir §bf4 xrﬁgﬂ.@gﬁf& v&’um@%“{fgm a. The

power supplles are ware con roI ed 5to
aut omat i cdf | y theicathoderadd snarl¢ t;ktr\tOIiTearabpnmjﬁm ampleandiiagems! qlemr@et he el ectrode

array 306. The,sQi kbR K. rwewreeaylgyc@mw&w @ter @emout er | anguage,

or may be specified in a qU|S|t|on sof tware such as LabVl EW
avai | abl e frorﬂaNamPféh@F whxﬁsmmﬁewmsmemsmjsvmw is Feseatsct Wiktthe &%6r espondi ng to

spatially di Stnh&ﬁ%;lawa'éer%(i@s@xtvon?ﬂx]ra%%)@moa%yB@mlﬁ%nﬁpﬁ% Es&igata about 77

kHz using a 16 convener from 10 Burrt-Brown Corporation of Tucson)
Arizona. Logarlft.iamdileblefrera Dewrfermirgsefdfidiand, Migigamppl i ed to generate five

l'inear ordegrs of dma&k&oﬁr%wy@mms;mwﬁm tF@ﬁxc?@Bl@ceBﬁz Maineed as a 16
bit inmage, and el ectrotp erograns are then _generated using a sujitable
channels are filled w1th a separation medlum Preferably, the separation medium is

0.75 percent weight/volume hydroxyethylcellulose (HEC) in a 1 X TBE buffer with
1uM ethidium bromide. Additionally, the reservoir array 304 fully isolates the
reservoirs from each other. The separation channels are pressure filled with a sieving

25  matrix from the anode reservoir 180 until all channels have been filled. The anode
and cathode reservoirs 180 and 120 are then filled with a 10X TBE buffer to reduce
ion depletion during electrophoresis. The sample reservoirs are rinsed with deionized
water. Samples are then loaded from a micro-titer plate using an 8-tipped pipetter.

After the reservoir array layer 304 is positioned on the micro-plate 302, an

30 electrode array 306 is placed above the reservoir array 304. The electrode array 306

is fabricated by placing an array of conductors such as platinum wires through a

printed circuit board. Each conductor is adapted to engage a reservoir on the micro-



sof tware such as | PLab, avail abl e from Signal Analytics, Vienna, Virginia,
to sum data points across each channel. A detection of all lanes with a

0. 09 second tenporal 15 resol ution has been achieved by the system 400.
EXPERI MENTS An el ectrophoretic separation and fl uorescence detection of
HFE, a marker gene for hereditary hempbchromatosis, was perforpgdjun g
dennnstrate the 20 hi gh-throughput anal ysis of blologlcally rel evant
sanpl es using the CAE micro-plates of the present invention. HFE is a
genetic disorder that causes a buildup of iron in tissues resulting over
time in disease. The buildup primarily affects the liver. Between 0.1 and

0.5% of the C@l&&@@hﬁﬂoﬁ@%h)&t\bx%ai%l'e&cth&iml'cmeaé‘d Wit me stpEofk82Y vari ant
responsible for this d| eas f detecte earlﬁy@treat ment can be 25

initiated and YOHFOrEidA l@’f"f”@%‘f‘ uab e3aneaE of 2EgMEP BEf 1 b gsistYat i on for this
mar ker gene, addiésgdd i ﬁﬁrﬂughmueawdeermyngsayﬁwmstse pRasias).of bi¥fer hi s

experinent) sanpl es e prepared_usin i fication and digestion to
assay the 283 pﬂﬁf‘%i’t%ﬁelfgﬂmﬁﬁ@aﬁégé‘ﬁé‘ﬁ%‘s cei*H’iegp‘J@R“Wtr%‘f’F BPR hucl eot i de
845 create$ acBﬁr@llédp’o%isl’ub;ﬁlIeison site in the HFE gene. DNA materials were 30
i sol ated from peri ral ood ukocyt.es using standard.methods. A segnent
of an HFE exon con‘gﬁﬁ?‘m"ﬂ{j‘ e ‘Uiae}]eé?ff’x%‘f fréayiﬁg‘%g?rﬁ(ﬂ]ef‘ i“fé’g "™ th the fol |l ow ng
priners: HH Ed&ijurtiépAGHRT CADISACEXERT Zes the effectivd vauh 21Q0¢redediotic282R:

5' CTCAGGCACTCCICT

CC3' e HC282R.priner is a |scus ed in Feder
et al ., Nat ur e “CEREY °FT§? °%@§mﬁ%pletei§%é\jq§e‘w&'r élbi}‘p rc}%f’b'g? %Ef‘é‘& by reference.
The HH- E4B Pr iafi®1306 @i hadpeed t@prbbe the @ictvdirt &the hkve-@Ate bez arﬂmm redetvoirt i on
reaction ntai ned 1 s.- HC 50 0.75 mM Myd z,
0.2 mM dNTPs, 27 a’ﬁf\ﬁé%%@?wu“ﬁ?si“ﬁeé&é% *E% ’%‘) %ﬁm ﬁPi%F & ) available from
Perkin El mer) Br anﬁﬁdnugsg)zblwhe O?&iémﬁiaq)!msozoapmboddwmmtgalmdamnérhr ee
consecutive corlg 1l mn, 72 C for

( or
1 min)) 5 CyCI 4{9@ aés}];own 1{§xﬁlure h) 2% s&t?m 1@;OO:I'mt:a.surés @Erege{gce Msipg s n) and 25
cycles (95 C fdclr:ctdr am drrecbé 20né anhelchmml,s D\Imx@die(plroci:ssmf elyctropiveesisest ri cti on 10

di gestion of a ifi r oduct arried ddin 1 of each
anplified sarrp:ﬁgorf' %erggp JC)’ICS it ?eswadts%% ozrilz%'}eﬁtgg}cﬁ? 2 mc('%ﬁﬁ;ae St. Louis,
MO and dil¥estbeangy Iﬁ@dlr@ﬂﬂmrerscﬁnesde&ttidﬁ%yﬁm,S&iwpihesargmespecxehlal yzed agai nst DI

water on a 96 lLate vaj l . | re, Bedford, MNA
Sanpl e types V@(?I'em%rﬁlogl 3% Ya% fsrs"[%gg]tt? gs%%éf%{f;?&géecgeéﬁbg?ﬁ%n% {ct)fy} LBgst riction
fragments on ﬂu@/@w@w Jbepas%ﬁe’afﬁlib;qmsegebe)cieams!salbldaeCIiénfzcvr@msEll\K:

Bi opr oduct s, I i g/ m

et hi di um br oni Wq%% ggasgﬁlcﬁ[l?&cﬁa it%telﬁﬁétgc%ﬁﬁlﬂﬁérjg g’f‘ﬁ?ﬁm nator, a
Spectroline nodel TRiGHEW ®$hengalzsl$2$nbyhelgdd@+eqannea%ﬁ Haabfrequemaym Li f e

Technol oghgs Id&ﬁylcd%r F@EépuggAG'\@cra@?lag@h&'ﬁmn a;erC%WBn §1*S?aﬁs Figure 6A
and 6B present 1 nages o arations anpl es on
Jose, California. The YAG laser generates a beam which may be a 30 mV, 5.>2nm

beam. The beam generated by the laser 402 travels through an excitation filter 404
and is redirected by a mirror 406. From the mirror 406, the beam travels through a
beam expander 408. After expansion, the beam is directed to a dichroic beam splitter
25  410. The laser beam is directed to a galvonometer 420 which directs the beam to a
final lens assembly 422, In this manner, the beam is focused on a spot of about 5 um
where it excited flourescence from the molecules in the channels and is scanned
across the channels at 40 Hz. The resulting flourescence is gathered by the final lens
and passed through the galvomirror and the dichroic beam splitter 410 to an emission
30 filter 412 which operates in the range of about 545-620 nm. After passing through the
emission filter 412, the beam is focused by a lens 414. Next, the beam is directed

through a pinhole 416 such as a 400 «m pinhole for delivery to a photomultiplier



20 nicrd-plafe. The 96 sanples were separated in two runs of 48 sanpl es,
corresponding to two injection reservoirs per channel. In this experinment,
ni net een different sanples were di spersed anong the 96 sanple wells, giving
a 5-fold redundancy in sanple analysis. An original imge 500 was obtai ned
for the first injection, while an original imge 504 was Obtgi”ﬁﬂrﬁﬁﬁ t he
second injection. 25 Additionally, expanded inmages 502 and 5 é
corresponding to original inages 500 and 504 are shown. The width of the

el ectrophoretic image shown is 7.4 mmfo§ 48 | anes and the conplete

anal ysis of 96 sanples was perfornmed in under 8 mnutes. , The expanded

i mages show t hgtMThgs.bands are of high intensity and resolution. The inage
exhibits a smle with the r % es ah?ut 20 seconds faster than the
Left. This 30 is ca éH“H&?e r38 ISEARNEFIRD PRES @ RYEE POYREPRYEGSE2Y ik ages
caused by the p&aaseemaocpﬁvanhﬁemdenrom}taaer@usdeerﬁa‘oﬂsh@nwm ection region to

ensur e adequat ear ce fromthe scanni UlVv 2 Figure 7
presents the 9§a15JP W&ﬁ?&ﬁﬁaﬁﬁf’%ﬂeﬁ ‘ggfar‘:BrﬁP‘{tﬁém‘???éﬁ’égecPW"lgd‘gures 6A
and 6B. Alls el e;cabroaﬁherlggmaafed shﬁvlethbe;f;iﬁo;ﬁrbﬂefvbleiﬂestxﬂto&{eleMtr@defhﬁZyﬂM doubl et
in order to co arg t he SE%)aratrons The "I\{TI’—I- l%ment appears as a
doubl et due to FETE 2 BY SRR ﬁf‘?“éﬂm(??a EBEHPI B as the

bi oti nyl at ed fmeaiﬁEd macﬂeuaaéqslsftmn sdﬂ%r&hmmabmgwahwmgalé fragafidnal N t he
doubl et. The 167- rovides a use oint for the

ot gnment o e STTeERERT AR GoRCaBaP e R TR B e, an

accur at e genot ymissign maytthantie acqmied atiabugpt 27 Hilzising all Gdid arD cohserghfiom | n Fi ~eure

7) an aver gge ance.between.the 111 and 140: by bands is. 7.3 seconds with
a standar dﬂgevg :B(S W SHersen 6t %"°§°é‘c%ﬂ%?"é‘(rjr]o°gﬁr."€méedb RBEePFROPE Vel y, for
10 the first |anpeeduo@meamlf‘n@hﬁease:demrbfdynamsaemsfureﬂneﬂr rage OTlek datads 0. 5 second,
respectively, th nd |n tiQ the t ngs for
both injecti ongﬁépeed age gﬁ?‘maé%r a{meéif)woéhméf?ms ’°q*“"§é°’§&§%‘d’ﬁ¥’$a%d€@ | evel .
Referring to Fhafwae s8h aa IRleb,amdlableifodiSignt Arelytith ¥tz Virgioaptoplrat e 600 i's

S h_ovvn. In Fi gu a §%{§S{‘ rosm:a%h alaRAe?t,gg%gchghgfa@B@%g \I:Svglya €69 L &n%qt Orosd) each of

whi ch 15 |ncIu es e reservoirs & Tegervoires 604, 606)
610 and 61P5 Essdiutionjhecheer achizied byshecpieneéd0ed t o one of two cat hode
reservoirs 614 or 616) respectively. Additionally) each injector unit is
connected to one capillary in an array of capillaries or channels 620. The
capi |l ari es or EXRERIWENTS620 are connected to an anode 630. In this design,

96 sanpl es can be urtl%cgrrﬁéi‘:o%c ie@&%:%'aﬁ@ﬂﬁ&?é%en% cﬁ&%@ﬂ%%h?ﬁc%y on a

single capillary. ‘ paration capillaries or channel's are used
to anal yze t hesmmaf@hireditairhe@bchocmatisis, wesgperomied v demprstraiothe, each of the

i njector uggt Shrgﬁﬁmgumpu'\f\\?étﬁs BP&&B#’&'IIS' Felevhil sfm%lélusm& fe C@\@ﬂgﬂorﬁ{@s of Figure

8 has a hole count of erfing nowto Figure 9,
enbodi nent of efibe EaEntinveptpnp HEE és a&@ctrc@szeerdhaseque@é@mldura of § ﬁ@lGAE

mcro-plate 6~ stQJs rés| hlﬂHé @vex%m@i%‘dﬂ@ﬂ? f}%%%ﬂ&&'ph%ar@l?%ﬁ&{s%d%ﬁr tioned on a

perimeter of the m cr o Additionally) an anode reservoir 660

i's positioned BF]‘WFWEO b‘tﬂdtoéf’)o ﬁhetCFﬁéca@ﬂEP‘?ﬁU@F‘@”ﬁ? hpmozemns fosud Bt i on char nel s

or capillariescogy »%H?rﬂ@ésﬁ‘onﬁrb!@%r@!ﬂs ALl 1RRlekiPRLAY, zﬁitmEhQarﬂEeCF o-plate 650
toward the_center of the mcro-plate 650 in a spiral Pattern i f longer

separat i on?30 E¥itdandlons emyefierts atpidedy Tercrrap fWéPR)“a"P? o Wiy parkest hs ar e
desired, the sgRaralidhARotghpitiekehing system is needed.

In this experiment, samples were prepared using PCR amplification and
digestion to assay the C282Y mutation in the HFE gene. This G A mutation at
nucleotide 845 creates a Rsa I restriction site in the HFE gene. DNA materials were

30  isolated from peripheral blood leukocytes using standard methods. A segment of an
HFE exon containing the variant site was amplified with the following primers:
HH-E4B: 5GACCTCTTCAGTGACCACTCY'



or capillariés may sinply be a straight |ine connecting the perineter of
the mcro plate 650 to the center 660 of the CAE m cro-plate 650. i~
~uri ~2 12 Turning now to Figures 10 and 11, an injector unit of the CAE
mcro-plate of Figure 9 and its position on a perineter of the gugrggp! ate
of Figure 9 are illustrated in detail. In Figure 10, two separation
channels or capillaries 670 and 671 are connected to a commbn waste
reservoir 672 and a conmon cat hode reservoir 674. Additionally, the
separation channels 670 and 671 are conngcted to sanple reservoirs 676 and
678. As shown in Figures 10 and | 1, the connections between the sanple and
waste reservoirs mﬂﬂ2iShRe5@mAGGGAﬁmCGTCT@AACGﬁnner Referring now to
Figure 12, the co of Fl te etail. As
shown in Figure 1% ”g?%‘ifﬁ‘%fp“é" Cglcgfsl %‘r’ﬁg eéﬁtlrjl }“fsa?”é?e%“ég ?I aries 800
10 810 forma &99F4=0%|(l9|96\)ehm'ebpartcb$bm)edhmreﬁdnennanybé{P&E'#&phraércplamhﬂ‘f’n,

convergi ng on centr e £,om t t gl i 8 82% t he
separation chaﬁﬁe g o.lfr;}1 23 gﬁpqlﬁwamnfeamon cornglgés:del%emgf & ?@r%&t%eg‘ ri nmeter of
t he centrals r eff oM 800 ﬂhnMMg@ngMde‘ﬂe75®éoﬂﬁachprﬁ&ﬂarwtl .5We center of

t he CAE m'cro ce ar | r a rotating
scanner may be ugﬁ qu -mgéezfﬂngl? :ﬁgﬁPgﬁ}naﬁé%egﬁraﬁjgn%gg ﬁf 'I\M]‘%Eﬁvﬁscﬁndgdded

manual |y or aubtmnmrterthedelcynsccﬁevacahdltlmseétycms%ﬁﬁyfot)bmms@tfthorlrm:rease t he
sanpl e throughpyt~w.t h: e re_ Qf o | | or eover,
whi |l e one emoyrgemxtc%?stﬁéagsr(g? Oq:?%/ghétgbgr{mﬁnmﬁa?s Cltf%cr)h% Pf’pf’es per
channel ) an i npeeytleids o€ fdrdumin,Sahplferd rpler726l¢a!'nnbrhlnhfal)heb@;tmsed to analyze
192 sanpl eg, pe capillaries on
the CAE micro Elﬁéa%lggﬁmgﬁﬁ%gﬁqdﬁcé?%%%?{d%g@alrd @ﬂ%bgl {Hcorr fs?{cl)%indl ngly

wi t hout mtrod&iimphgo aaibulaneheinggRtthRdarl 48 igon. St oriedy@rand digestipg ke may be
made of gl ass %mﬂbé%t's%c'%#ﬁéiu&&ml &9&a§ﬁ@%§@oﬁ§§@&ﬁ%&% iRl em MY be

altered by inverting its objective ens and scanni ng from bel ow. Pl aci ng of
the optics bel Baetavalapledrm belmour, Besdford.tMA a@3mple tmaﬁu“fsml@walbmstabmhed

I ntroduction o, s%ﬁ‘al?l?iog%freémé?xohﬁ @E%E@n%‘?%k&&%@é&ﬂa qeogetlaS 1801 d spati al

conflict with the anode reservol her e %a_[permttln central | acenent

of the anolfe. femEdEivpraducissRasklarss MBOR O SxJABE: Gislsoresranined im@yugml used with

the nicro-plat amqfunwe&mumesmnmez&dahshaweémamvw&mma@mpl i fication of
| ow vol unme sa l'es, elimnate sanple handling and nanual transfer) and

reduce cost. Wlinerodel TRIAO2. 35188 & 3- fmmslﬁfb PHal ot hift Tacheolegiest

el ectronic heatnerganhg,gb‘;@wq&w{nﬁ@fraé]ﬁlendgiegct| on systens may be used with
an array of nmicrofluidic capillaries to _enhance Ehe CAE eI ectro horesi s

process. Wile the a&wve%qnéﬁBmaegenb@@ﬁesgﬁéﬁwamo it PRt 1R er ence to
an 1 4 JAN 2Rpdo-plate. The 96 samples were separated in two runs of 48 samples,

corresponding to two injection reservoirs per channel. In this experiment, nineteen
different samples were dispersed among the 96 sample wells, giving a 5-fold
redundancy in sample analysis. An original image 500 was obtained for the first
injection, while an original image 504 was obtained for the second injection.

25  Additionally, expanded images 502 and 506, corresponding to original images 500
and 504 are shown. The width of the electrophoretic image shown is 7.4 mm for 48
lanes and the complete analysis of 96 samples was performed in under 8 minutes. |
The expanded images show that the bands are of high intensity and resolution. The
image exhibits a smile with the right lanes about 20 seconds faster than the left. This

30  iscaused by a gradient in the electrophoresis voltages caused by the placement of the
anode to the side of the injection region to ensure adequate clearance from the

scanning lens.



13 enhodi nent thereof, those skilled in the art will understand that the
above and ot her changes in formand detail nmay be nade w t hout departing
fromthe spirit and scope of the follow ng clains. 14 ~ 4 uuN 2~z CLAI M5
1 1. Acapillary array el ectrophoresis plate conprising: 2 dr dP¥a802f

m crof abri cated separati on channels formed on a surface of a first 3

m cr of abri cat ed substrate and a correspondi ng surface of a second substrate
bonded to the 4 surface of said first substrate, each of said channels
having a first end and a second end; 5 gn array of sanple reservoirs
connected to said array of separation channels; G an array of waste
reservoirs connect BEgurt dpssnd tlerdsaiecodphsegranadtitaned dloanheinmpesin an array of
anode reservoits conne d he second end of..each,.of 8 separation
channels; 9 afh &% §5" q%Egaﬁ'L%EfiroﬁéeéoéFa\Vg?’?vsef%ee sé’rﬁélgﬁ’ 2gn 7 8P one cat hode
reservoir i s H6utdaimeddr edotnpart lhe s¢paspienst iThe! §7ibpdiagreadsppeirs ata | east two of
the separatio hannel s; .11 .an i nj med..by. an .i.nj.ection
channel crossiraﬂ‘gblef)}ﬁlée B basrgzlr’@miﬂl@f)l%}ogto?%ﬁ%ﬁ){%‘%ﬁf&%fhe)ség’%ayllatﬁ% fé’g?i on channel
connect i ngS oneccvampioethe elseennuipmting fragment imthe dgublyf. Thanpl-bp dBbleeservoirs to
one waste res ' f | rr LIS, A capillary
array el ect ro%ﬁ%’?‘fégs? %c%rrgt%n%ovﬁpﬁpr{fogithﬁ\géﬁgr%&gnﬁgﬁt}é%h%fmn% Tr 6TBBYT cat ed

separ ati on chaspaekiensfaod atodhs emacaurglg gératypingfvithout rensitinga sitiog bddebrAcat ed
substrate and of ndi [ onded to the 4
surface of saisgp nl"r]gﬁﬁg(3baglta?%?%falsféag’g%eﬁecggl?g?gﬂ’gr%%‘gpégﬁg%/?%g a first end
and a second eredpdsSvithn seindazd/desiatign($P) ef ¢.seandaid &6 somdensmctivety, oai d array
of separatjon ] 6 reln: i .1 he array of
separat i oﬁlbchéi%@%n?%cgo?ar? I%us:géol\O %(g)@m%ﬁﬁp%gfnltdg}r?\&owg%&%Lef'ée%g%{e@bne dedi cat ed
sanpl e reser vdirthe sagedd BjeatiorarlUsarg adteswes typingeloeholfuinfestiane andettmdnedo sai d
separation Ch%ﬁ@iﬁbou%@t@%&nﬁ&enk@l@%. one waste 9 reservoir is nultiplexed
to two or nore of said channels. 1 3. . Acapillary array el ectrophoresis
pl ate, conpri si ng: Referngto Figarei& g segpndsappadinent ohthe fARME¢re-Plan 408ds i n sai d
plate; 3 a plyral yn@{;{e § AIth ol AREEN0AS m&gwtgﬁééagfm o#@hfdnseparation

1
channel s wherein 4 each separation channel ) plurality of separation
channel s 1% i Ancfydas westeaesprvpirscOAt PeshEORi sempls reserveis 484, 68H 61 Qedicdat ed sanpl e

reservoir; ang,6 @fRcHNAs GEREEY R dhe Bt iRhRX Bl Qrsl\Pog1sOr € of the
plurality of separation 7 channels. 1 4. A capillary electrophoresis plate,

conprising:  respectively. Agditippgly. each injector unit is connected to one capillary in an array
of capillaries or channels 620. The capillaries or channels 620 are connected to an
anode 630. In this design, 96 samples can be analyzed by injecting four samples
20 serially on a single capillary. Further, 24 scparation capillaries or channels are used
to analyze the material in 96 sample reservoirs. Moreover, each of the injector units
has two waste rescrvoirs. In total, the embodiment of Figure 8 has a hole count of
3IN/2 +3.
Referring now to Figure 9, a third embodiment of the CAE micro-plate 650 is
25  disclosed. Inthe CAE micro-plate 650 of Figure 9, cathode reservoirs 652 are
positioned on a perimeter of the CAE micro-plate 650. Additionally, an anode
reservoir 660 is positioned in the center of the CAE micro-plate 650. Separation
channels or capillaries may emanate from an outer perimeter of the micro-plate 650
toward the center of the micro-plate 650 in a spiral pattem if longer separation
30 channels are desired. Altematively, if short paths are desired, the separation channels
or capillaries may simply be a straight line connecting the perimeter of the micro-

plate 650 to the center 660 of the CAE micro-plate 650.



2 a plurality of separation channels formed in said plate; 3 a plurality of
sanpl e reservoirs coupled to said separation channels wherein 4 each
separation channel of the plurality of separation channels is in fluid
comuni cation with S at | east one dedi cated sanple reservoi r{ 4addl @G

cat hode reservoir nultiplexed to two or nore of the plurality of separation
7 channels. 5. A capillary array el ectrophoresis plate, conprising: 2 a
plurality of separation channels forned in said plate; 3 a plurality of
sanpl e reservoirs coupled to said separgti on channels wherein 4 each
separation channel of the plurality of separation channels is in fluid
comuni cation w t hTniag ndve@dtguosse 0 dedi lcatiejcdctsmilloéthe éf&érmiodorpjatmfd G a waste

reservoir nult rivo o ration 7
Channel s, 1 6B B it Bobeh g Ssrpes aPlys o M bErinlel o2t MRRREST | "o
sanpl e reser VOn desail? [aFigurs e@m\k@sebgtaﬁqnabmlelsnrcmllmeplsmmdasmdaradapt ed to
engage a parall adi n .1z 4 G738 787. A
nmet hod of formonr?gecﬁé)tc?ﬁﬁor?ﬁng? Vas rF?ﬂ/V Ogli%?nrd?)aﬁﬁrgpé’%F%h()éféﬁs%wo‘& r?prl si ng:
formng a pl urAaildmoyalky;‘thsepmtam|ckmndh61ﬁ)raaﬂ §7li ane cs)ahexttepltca:taeaplefrcsemmg a
plurality of Ss%’Pnd%ﬁ eﬁ?s nSFxgur#‘]sq%%;\éapll ?n%leglorsl%etp &h kh%rs] i annel S

~herei n each separation tRannel t he sep aration channel s is
in fluid Col nrahd hdtd r&atvoDdrhay 1h¢ehecaindn@é&ietmmcrded| cat ed sanpl e reservoir;

and connecting an ﬁ&?@ﬁgi@ﬁ%%ﬂg12“9:;56;%90:1%0&%%6’ f“EéJré‘E;s@m}éfr?z'd ty of

separation channel’s ormn
el ect r ophor esiisdqiatis shavoripFiggien d, 2 fwality m@embmcmeds)mmpxlsaepsama{ i on

channel s i SaifcRhat &bl Blag. 8nl HEd L BhahABLReLAIEE YOl Connect ed

to said separation channe s fern each sepa Pati on ¢
plurality of segpawsadi Ernmcllrcammall ggiog 82 thelsepadtigorannelsoatdplariesformtah at | east

one dedi cat ed ;3a0ml.5, £GERE KAl 89 SARASERAY B HELAIR ERST S0 T L0 tsve

or nore of th rali aration channel's 45678123
4567 reservoxr660 atthe center of thc CAE micro-plate. The center area 820 is the area

where a rotating scanner may be used for detection purposes.

15 Samples may be loaded manually or automatically, Serial injections may be
used to increase the sample throughput with a predetermined number of capillaries,
Moreover, while one embodiment of the present invention injects two samples per
channel, an injection of four samples per channel may be used to analyze 192 samples
per plate. Further, an increase in the number of capillaries on the CAE micro-plate

20  would increase the throughput correspondingly without introducing any sample
contamination. Moreover, the plate may be made of glass or plastic.

In addition, the scanning detection system may be altered by inverting its
objective lens and scanning from below. Placing of the optics below the plate would
permit facile manipulation and introduction of samples. The inverted scanning would

25  also avoid spatial conflict with the anode reservoir, thereby permitting a central
placement of the anode. Moreover, an array of PCR reaction chambers may be used
with the micro-plate of the invention to allow for integrated amplification of low
volume samples, eliminate sample handling and manual transfer, and reduce cost.
Furthermore, the present invention contemplates that electronic heaters,

30  thermocouples and detection systems may be used with an array of microfluidic
capillaries to enhance the CAE electrophoresis process.

While the invention has been shown and described with reference to an



9 conprising: 1 ~ JUN 2002 A nethod of formng a capillary array

el ectrophoresis plate, forming a plurality of separation channels in said
plate; formng a plurality of sanple reservoirs connected to said
separation channel s wherein each separation channel of the splyunakaty of
separation channels is in fluid comunication with at | east one dedi cated
sanpl e reservoir; and connecting a waste reservoir to two or nore of the
plurality of sanple reservoirs. 10. A capillary array el ectrophoresis
plate, conprising: a first set of cathgde reservoirs positioned near an
outer perineter of the plate; a second set of anode reservoirs positioned
near a ]E:ent erenﬁ&diﬁx@xﬁthLe%ir‘,Tgxosé/\JR]?lE@innhetdﬂe,_viﬂumﬁmstandfthaﬁélsebqyeﬁﬁd@tlilelﬁ Zai d second
set is fewer than the nunber of reservairs,in. ; op@Nd an array
of separ at i orshanigesrin &g apddatailapayihg ”Fﬁ%w‘%fofg CP&@%& ihgéégnv%ie%?pflo the second
set of reser Vo?h{e%ouo%vinléjelairﬁs.Capi | lary array el ectrophoresis plate,
conprising: 2 a separation channel forned in said plate connected to a

cat hode reservoir and 3 an anode reservoir; 4 a first cross channel
connected to the separation channel at a first location, 5 wherein a first
end of the first cross channel connects to a first waste reservoir and a
second 6 end connects to a first sanple reservoir; and 7 a second cross
channel connected to the separation channel at a second 8 | ocation; wherein
a first end of the second cross channel connects to the first waste
reservoir 9 and a second end connects to a second sanple reservoir. 12. A
capillary array el ectrophoresis plate conprising: 2 an array of

m crof abri cated separation channels fornmed on a surface of a first 3

m crof abri cated substrate and a correspondi ng surface of a second substrate
bonded to the 4 surface of said first substrate, each of said channels
having a first end and a second end; 5 an array of sanple reservoirs
connected to said array of separation channels 6 wherein each of a
plurality of individual separation channels are each in fluid comunication
7 wth at | east one dedicated sanple reservoir; and an array of waste
resen~oirs connected to 1 4 JUN 2002 17 8 said separation channels,
wherein at | east one waste reservoir is nmultiplexed to two or nore 9 of
said channels, wherein the capillary array el ectrophoresis plate has H

hol es, and wherein H 10 is approximately equal to 5NN4, with N being the
nunber of sanples to be processed. 1 13. A capillary array el ectrophoresis
pl ate conpri si ng:



2 a mcrofabricated separation channel fornmed on a surface of a first 3

ni crof abri cated substrate and a correspondi ng surface of a second substrate
bonded to the 4 surface of said first substrate, said channel being
connected to a cathode reservoir on one end 5 and an anode 1" ESBKY if on the
other end; and two or nore sanple reservidirs sharing a waste d e voi r
and connected to the separation channel, wherein the capillary array

el ectrophgkééM‘sSr 7 plate has H holes, and wherein H is approximtely equal
to SN'4, with N being the nunber of 8 sanples to be processed. 1 14. The
capil ljary array el egtrop ' L M@fﬁ In said 2 au-ay of
separ alti on channel s‘i:'r adi goéla ﬁlél nﬁ(‘g@{&gﬁ{ogﬁé@%lg‘[pﬂag%% s?%ervoi rs to said
secon® set of 3 resan moay of mibrdfsbrichhee sppatornéhanhels forRied 4narsubfacd afi 4 fist
conprising.a feservoir array |layer 2 unted on the plate. 16. The plate
of o1 & m TolBREHET SibsiiE AL AGURFPAPTRY SUREEIO A SFOUBS IR b et o
and posi 14PN oAOAY first JibrakS BIchYfsaid chithel i@ ng alfirstend 43R JGRPAAD gy array
el ectrophoresis plate of claim®6, wherein the 2 parallel 1oading device
conprises a nul ti - hamaway f soeipletesertoitsSconacatehiol saik arrayrafagpashtent chopiwds;esi s
pl ate conprising:; 2 one otxt' nor e anode res r(}/girS' 3 afpl uratlit of .
separati on channel sTEBTNeEH S L Snaded said ATy ol sgpaiaten fhanigls nor e
inj ectors formed i nysairdly of Mbe re8a&bir BorRetted td 1helsecdnd@nd Bf a8 oFthaOr €
sanpl e reservoirs coupled to said separation channels; G a plurality of
mste&es@@@@ﬂ%ch@mgét ed to said separation channels; 7 and 8 at |east

char apbl oc 14 S0 SBRSBpEEesthbls iy PR Bl g BB SR ER R =1 O

conprigsi ngpnascted acihe eckpeattveditsicedadpbLaibast Avd 6f thabéharfivarcHainets; add 20. The
pl ate of claim 18, wherein the plate has an outer perineter and a 2 center
and tHe separation ¥hEyssErfompsiRican njsstion ehannglsrpssinganeof saif sepagationr . | 4
5G7 9 L1l : r .S; i Sing:
on Car iy ciptingtd, i ifeotith GRAN R ehE BKe Shfib FABRRSTBaNY SrcapE B 7
firstl3m creedrabirs mainedvastdrssaradieobsaid argosfesporskmorsur f ace of a second
substrate bonded to the surface of said first substrate, each of said
channel s i ncl udi ng fi rét erf@ and a,s cogd end; ety arra%g.of sanpl e
reservoirs connectetf to SaRBLARF HIAYFCLIBUSHF BIMCIPIANSIE an array of

wast e o eservoi rs copngedyesk hRrotabribatdlseyar@fiorS@RARES RMed BARREGHAce G frkf ay
of cathode reservoirs connected to the Tirst end of each of the separation

channdl s; mégofabriegiebsubaiiatd end e seresponding wirdaceiof a gecond substiatecbandedito the

reservpir is copnected to the respective second ends of. at |east, two of the
separ 4 g%llﬁ“ﬁaﬂﬁﬁ@frsgﬁ‘&b?ﬁgr ?‘ﬁ"%f? faft Bimeh 6y e Wty B

connect e 0 a sanpareart85E&fsddiple oify @RE&SedtoSa io?Repif@vneha@iels
connects to a waste reservoir. 1 22. The capillary array. el ectrophoresis

pl at e Gof Whefryneach sepgration chapnsl af the arpy phseparséipn shangielsiginBid of gl ass.

7  communication with at least one dedicated sample reservoir; and
8 anarray of waste reservoirs connected to said separation channels, wherein at least one waste

9 reservoir is multiplexed to two or more of said channels.

1 3. . Acapillary array electrophoresis plate, comprising:

2 a plurality of separation channels formed in said plate;

3 a plurality of sample reservoirs connected to said separation channels wherein
4 each separation channel of the plurality of separation channels is in fluid communication with
5  at least one dedicated sample reservoir; and

6 an anode reservoir multiplexed to two or more of the plurality of separation

7  channels.

1 4, A capillary electrophoresis plate, comprising:



1 23. , The capillary array el ectrophoresis plate of claim1l, 2, or 21)
wherein 2 both substrates are nmade of plastic. | 24. The capillary array

el ectrophoresis plate of claim1 or 21, further 2 conprising a reservoir
array |layer nounted above the plate, the reservoir array |ayer @ iacl udi ng
openi ngs positioned to couple to a conmbi’nation of the sanp?é #% gh@oirs,

t he %Fste 4 reservoirs,,.the cathode reservoirs, and the anode reservoirs. 1

25. The pl ate ofaE[“é?lHYQE,SePIaEﬁ“PHéPME’G Py sald Rlatect r ode array
couplseabl e 2 to saj g 886 5Y Utinl@kdsBN ol G oF=10)] I

el ectrophoresis pl a?é‘ro??crgﬁl ng 1 éc;sr glr,fg%ﬁ%erdéoﬁs tthEB%a(#?r?gltahg%%é@Fgﬁ

i ncl Wdeseah separatyonothaphe of tledderatityi afsephratidnchiaheels sip flaid @senudtaton witie
vvaste5 3 re]\servoi(is,. ghe C%E hode reservoirs) and the anode reservoirs to
make el e?f_t?‘"iSEféfFe eifigatat samplq gyservoir,ang JUN 20b2 19 4 plurality of solutions
in agonbination o c4thedSRERNSir RRHFHINQUNS twé BEmYRSSRhd SREHVPbS Spatallbn S

cat hode reservoirs, and the anode reservoirs. 1 27. The capillary array

el ect’r optivneds.s plate of claim2S wherein said 2 electrode array is
integral with the two substrates. 1 28. The capillary array el ectrophoresis

| at f claim 27, .wh [ he 2 I ' . | arl d
Phe fiate to recel o SoRiEPBRG TS EDRPIR P Is. FOBRHOE dovi ce. 1 20, The

capil2lary array el ﬁrgmmnﬂefmﬁm@hamnefs f6inddh baid'pldd;, Wherein the 2
capillary array el ectrophoresis plate has H holes, and wherein His

appr xi mat el y equaf Pugaldy afpamplofesprvrirs spupded tesaigussprsatiost chaangls wherein pe

procegsse . f ) i d I j .

bl a e e phur PR i Bt s £l bt 1T SEIbARRENY | o,
chat I5r | edtdeastdordeadeadidatedesample @yerodir;adpl e reservoirs; S connecting the array
of sanple reservoirs to the array of mcrofabricated 6 7 8 9 10 11 12 13 14
15 separation channel s; connecting one or nore cahgpd reservoirs to said
arrayf of separati ohVEHERFHENVOIr mylfiRlexgchtoivo) oz gagre ghie PHTRNY QT SERAEANA 1 i s
connect egf,Q.jfivo or nore separation channels of said array of separation
channel s; connecting one or nore anode reservoirs to said array of
separation channels, wherein at |east one anode reservoir is connected to
two dr nore separ ab.i on Thaplaglicd chimsa# @r anwhgrenfsaslgpanakityl disamplemasdragirsand

conngcting an.array of.was eservoirs to said arg f separation

chandel SHE RRHE, B0 iR Sale TP el ofhBlortn RS et o
reservoirs is connected to two or nore sanple reset-~~oirs of said array of
sanplie reservoirs.71 ; 1A nldiRod®f foafingfa cabilafy dthy eMr@ophdteds glatd, ance from
each cathode 2 reservoir to a point where a sanple resen-oir of said array
of s@npl®@MEBEEvoirs is connected 3 to said channel is approxi mately equal

for %ach separati ogrrgl‘%&r@g% igyr&zsegéol’%@éh%gnélgfn %_Imnggttet ng a sanpl e through

a capillary array esl conpri
4 forming a plurality of sample reservoirs connected to said separation channels
5  wherein each separation channel of the plurality of separation channels is in fluid
6  communication with at least one dedicated sample reservoir; and
7 connecting an anode reservoir to two or more of the plurality of separation
8  channels.

8. A method of forming a capillary array electrophoresis plate,
comprising:

forming a plurality of separation channels in said plate;

forming a plurality of sample reservoirs connected to said separation channels
wherein each separation channel of the plurality of separation channels is in fluid
communication with at least one dedicated sample reservoir; and

connecting a cathode reservoir to two or more of the plurality of separation

00 ~ O\ W bW N~

channels.



14 J UN2002 203 45 G7 s 9 10 11 12 13 14 connecting a cathode
reservoir to respective first ends of two or nore separation channel s;
connecting an anode reservoir to respective second ends of two or nore of
sai d separation channels; connecting a sanple reservoir andla vt 2802
reservoir together by a cross channel tH&t crosses one of said separation
channel s; applying an injection voltage between the sanple reservoir and
the waste reservoir to draw the sanple into the cross channel while

appl yilng a bias vol¥age fanathed efformiag arcapidlary-aray ederdropheresinpliee. r eser voi r
to conptrol, ﬂﬁ‘ish jection plug width; applying a running voltage between the
cat hode and 'anode reser voi rs; and applying a biasing voltage to the waste
resen3oir and the sfming agsetitosfiseparatied ¢hanasls iresidiplates of the sanple. 1
33. The capillary array el ectrophoresis plate of claim11, 2 or 21, farther
2 confrising an el ePfPB@ RINTALY FfFampiciersniairs aneded toipidirepatation ehagnels 34,
The c3pi || flinadiPYepttafoh LRRIMGI Gi5he pREAKE oPLonklAbH L haiblsdin T €1 1 AL 2

| east one waste resgrvmr of sal aPray 019 Wgste reservoirs 1s nultiplexed
with Bwo commurientoh vBtlsailehss etradeidaond saimpterebevoif, ad¢. The capillary array
el ectrophoresis plate of claim2, further conprising 2 a reservoir array

| ayer ,nount ed above the plate) the reservoir array.layer. .jncluding openings
3 posi'tioned to corfPBRFCt gaaw%%erﬁ?i;%?‘f ﬁq]tw&ortrﬂ%regﬁmﬂ;ﬁurtagglequ\;aqnpge and t he
wast e gr esesey@ifss. 1 3G The capillary array el ectrophoresis plate of claim
2, wherein the first 2 substrate includes an array of electrodes aligned
with the sanple reservoirs and the waste 3 reservoirs to nake el ectrical
contadts with a pl uk®al i t4 cenillay)agay slestrpphosesiopipiene@MBIIFIHE t he 4 sanpl e
reseryoirs and the i 7 oren il _

el ect?ophor esis pl az}t,\@l%%%t é?gﬁfrﬁ/c%,r%%%oﬁrs ,os#tl-ép?%g%ﬂ) gg{ﬁ%ﬁ%{lﬁé %fﬁh% 1(=§‘(t:et’r ode
array3in el ectri cala ooidst ofiartdde $esethofiis positioRd. nelihe carngyi dflties patdl whsrein

el ectrophoresis plate of c¢lai, 1) 2, 3,4, S 18 or 3 Af 21, wherein, the
separ &t i ORe BHARHEA  sesgroirgiin &ggfefopﬂ s¢f if ffyenthagdhe BymbE oL reverveipin said firskr r ay
el ect sophgr.ggis plate. 9 ~J UN 20ul 21 1 39. The nmethod of clains 7, 8,
9 or 32, wherein, 2 the separation channels are disposed in a radi al
pattebn on the capidnlamray ofisemyat®nehantelomnoeasigshefint st of re§érvoifh® thet hod of
cl ai m,30, wherejn.a distance fromeach anode reservoir 2 to a point where a
sanpl rég‘é‘?‘\%oglePOfGFS?‘él?‘EF' array of sanple reservoirs is connected to said

11 A capillary array electrophoresis plate, comprising:

a separation channel formed in said plate connected to a cathode reservoir and
an anode reservoir;

a first cross channel connected to the separation channel at a first location,
wherein a first end of the first cross channel connects to a first waste reservoir and a second
end connects to a first sample reservoir; and

a second cross channel connected to the separation channel at a second

location; wherein a first end of the second cross channel connects to the first waste reservoir

O 0 N Y W

and a second end connects to a second sample reservoir.

] 12. A capillary array electrophoresis plate comprising:

an array of microfabricated separation channels formed on a surface of a first
microfabricated substrate and a corresponding surface of a second substrate bonded to the
surface of said first substrate, each of said channels having a first end and a second end;

an array of sample reservoirs connected to said array of separation channels

wherein each of a plurality of individual separation channels are each in fluid communication

~N Y U R W

with at least one dedicated sample reservoir; and an array of waste reservoirs connected to



3 channel is approximately equal for each separation channel.
JAhR A, . A, . AYL. AF% A3. AUy. AhS. Al y9. AYF9. AN. A
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] cu] cEpeHor 24 mewdmglwzwazorz@@zz&l{\yp‘fre]nﬁ]n@ fapillary anray elegirophores]y ca]
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8 at least one cathode reservoir multiplexed with two or more of said

9  separation channels.
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an array of cathode reservoirs connected to the first end of each of the

8  separation channels;

9 an array of anode reservoirs, wherein at least one anode reservoir is connected
10 to the respective second ends of at least two of the separation channels; and
11 an injector formed by an injection channel connected to a sample reservoir that

12 crosses a separation channel and connects to a waste reservoir.

1 22.  The capillary array electrophoresis plate of claim 1, 2 or 21, wherein

2 Dboth substrates are made of glass.

1 23. The capillary array electrophoresis plate of claim 1, 2, or 21, wherein

2 both substrates are made of plastic.

t 24. The capillary array electrophoresis plate of claim 1 or 21, further

2 comprising a reservoir array layer mounted above the plate, the reservoir array layer

3 including openings positioned to couple to a combination of the sample reservoirs, the waste
4  reservoirs. the cathode reservoirs, and the anode reservoirs.

1 25.  The plate of claim 24, further comprising an electrode array coupleable
2 to said reservoir array layer.

1 26.  The capillary array electrophoresis plate of claim 1 or 21, wherein the

[E]

first substrate includes an array of electrodes aligned with the sample reservoirs, the waste

I

reservoirs, the cathode reservoirs, and the anode reservoirs to make electrical contacts with a
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1 29.  The capillary array electrophoresis plate of claim 1 or 21, wherein the
2 capillary array electrophoresis plate has H holes, and wherein H is approximately equal to

3 5N/4, with N being the number of samples to be processed.

l 30. A method of forming a capillary array electrophoresis plate,

2 comprising:
3 forming an array of microfabricated separation channels;
4 forming an array of sample reservoirs;
5 connecting the array of sample reservoirs to the array of microfabricated
6  separation channels;
7 connecting one or more cathode reservoirs to said array of separation
8 channels, wherein at least one cathode reservoir is connected to two or more separation
9  channels of said array of separation channels;
10 connecting one or more anode reservoirs to said array of separation channels,

11 wherein at least one anode reservoir is connected to two or more separation channels of said
12 array of separation channels; and

13 connecting an array of waste reservoirs to said array of separation channels,
14 wherein at least one waste reservoir of said array of waste reservoirs is connected to two or

15 more sample reservoirs of said array of sample reservoirs.

1 31. The method of claim 30, wherein a distance from each cathode

o

reservoir to a point where a sample reservoir of said array of sample reservoirs is connected

3 tosaid channel is approximately equal for each separation channel.

1 32. A method for injecting a sample through a capillary array

[N

electrophoresis plate comprising:
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10 reservoir to draw the sample into the cross channel while applying a bias voltage to the
11 cathode reservoir and the anode reservoir to control an injection plug width;
12 applying a running voltage between the cathode and anode reservoirs; and
13 applying a biasing voltage to the waste reservoir and the sample reservoir to

14 pull way residuals of the sample.

[ 33. The capillary array electrophoresis plate of claim 1, 2 or 21, further

2 comprising an electrode array in electrical contact with the plate.

1 34.  The capillary array electrophoresis plate of claim 1 or 21, wherein at

~

least one waste reservoir of said array of waste reservoirs is multiplexed with two or more of

[O3]

said separation channels.

1 35.  The capillary array electrophoresis plate of claim 2, further comprising

1o

a reservoir array layer mounted above the plate, the reservoir array layer including openings

3 positioned to connect to a combination of the sample reservoirs and the waste reservoirs.

| 36.  The capillary array electrophoresis plate of claim 2, wherein the first

N

substrate includes an array of electrodes aligned with the sample reservoirs and the waste

3 reservoirs to make electrical contacts with a plurality of solutions in a combination of the
4  sample reservoirs and the waste reservoirs.
1 37.  The capillary array electrophoresis plate of claim 3, 4 or 5, further

2 comprising an electrode array in electrical contact with said plate.

1 38.  The capillary array electrophoresis plate of claims 1, 2, 3,4, 5, 18 or

o

21, wherein,

I

the separation channels are disposed in a radial pattern on the capillary array

4  electrophoresis plate.
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