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60/9598b& Eilddesh JuT €3, 299 AWShit I kUHeyed yGhedrf@dtedBlyeefdtedte in its entirety.
speci es, such as nucl eoti des (due to phosphat e ions),

or other nol ecul es which contain a charge due to their

i oni ¢ nat YTATEMENROREEGOEGERNMENTAIsSOPPORIT |

nol ecul es. Related Art Advances in silicon

nmiNonef abri cati on have been used to produce

m crochannel s and m croarrays for many | ab-on-a-chip

pl atforns. Advant ages include | ow reagent costs,

m REFGRENGE 319 SERUENGE LISTING COMPISTERRROGRA My e

chal l enge is to effiQR&LMHMPACTHIRESK and deposit

bi ol ogi cal sanples into individual wells for

hiNghet hr oughput anal ysis. Recently, random arrays have

been i npl emented in which solid-supports are used to

i ndi vidual l'y capt ure uni que bi ol O%I cal nol ecul es and

dep03|t t hese BASHKGROUNBY QK THEINVENTION wel s with
eonetry of the sane size range. Another chall enge

Fleldpﬁ laém)rrrs are faced with is when repetitive

wﬁ are erf.or donég g\g).i?eadlsolate Wi thin
TCACTY ARYFNERA FMIES RHBT EIeHEY 28Ky e" ?@a%%@ﬁ
carryih$ ofNOCE 8N ChdMas ol mf’éﬁrofﬁﬁdh@ d@?&& ab th'i@‘ht iR (ﬁgﬁhe@fd% fields to
sequencing, DNA is immobilized on a solid support, and

contraq} mrmvemendefs:hamd orodgauiss. Bheasdaysi il eeichasgadmaolpNAarf species, such
as nucleOtdss Eciu\f/:ef‘o pﬂospflgcg ri(%lts5 or 08161‘ molecules which contain a charge due to their

ionic nature, such as certain proteins or small molecules.

Related Art

Advances in silicon microfabrication have been used to produce microchannels and
microarrays for many lab-on-a-chip platforms. Advantages include low reagent costs,
miniaturization, and fast reaction rates. However, the challenge is to efficiently isolate and
deposit biological samples into individual wells for high-throughput analysis. Recently,
random arrays have been implemented in which solid-supports are used to individually
capture unique biological molecules and deposit these solid supports into reaction wells with
a geometry of the same size range. Another challenge these platforms are faced with is when
repetitive assay are performed on the same bead isolated within a well. A good example

where these challenges are common is DNA sequencing.
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nucl eotides. This is comonly referred to as DNA
sequenci ng usi ng sequenci ng- bysynthesi s. Nucl eoti des
wae@nered t hrough washing to allow iterati VRCT/US2008/069638
nyelLeokd AenRddbf R s Qecle, DA Bt ARl RIS IRy pport, and
sequenclli ng hby synt esseias},g}cs %o cﬁe@ver tﬁie nugqeeolti deper an
nucledtales hrd maynmes tye defliveldd té theddraAlfer supésdive Mo poatain @n

and tq .renove the nucl eoti fficiently to enhanc
n“de‘ftlfgs'rﬁ%lslcéﬁ’é?‘?ﬂly ‘Frf‘fdctﬁlaégﬁﬁbgts%‘_ﬁ’tegc%&&glﬁé BYIUCAt P&
synthd AL NAPRBL&Ls o8 removell A A WhihghSonAb iR VERueeBli&Saddition.

into fluorescent magnetic particles for detection and

One of thermariatchdlengés igeneudncingdryisanthosis is'to Belbeer et nutdetidSed the
.. .Jul v 20 . 100, ..no. , 8817-8822,. ..
vieinip i §8ua Chtie kRl nee PR nd BB VElYk BBt gy

enhané®tHe@64d-RAgMf such nol ecules is converted into a
single magnetic particle to which thousands of copies

. Of identigal.in sequence to the original are
Part“bu&ﬁ%?ﬁe@%ﬁngtl?lglﬂlc\?nﬁf’ﬂ? n the original population of DNA
n@r@s‘%h’llaﬁ et 42 nTH?l@f@)rllﬂﬁl gsélﬂg?é Hnas ﬁl%?e%ﬁﬁs l?ﬁ’to FRURLLNY magnetic

fluorescenti’y | abeled particles via flow cytonmetry.
particlEhifer depotiomaind ¢mingeahtiacbfBEAM angprietionsiePivadN as Aghd Soiululy 22,

of i ripci nent s eads, enul.sion )
2003, 3f11P8; ft Sk BRL7 G TR ARG B RERHRus RS St A rppjgeute in a
collecfibf bPQAMInSd18¢u1dsSis BERIRBd Mo detn@lcdfMdnetid ?dr_ut:té&o Raadsthousands
are separated fromthe oil phase by centrifugation,

of copaerch YN flidwitiagl iniequeneretodhe anginFGrSberngn dariptiamwithinghe

.. Margul i.es aaenaone sequenci.ng i.n .
L R

labeleliphttictes43a/flow €6tomed§0Thid APpoach BThGEBEAMIBE b thethdis of four of
) .apparatus for sequencing by synt hesi s which uses open )
its pripgipglcogpoperits hepdsepiubsian, paelifiqationngdisaengdes. After PCR cycling,
g . or ot . . '
e mER 0, A SRR A B B U TR0 bt
centrifughton, apd bg peicingabe arbe oman MBCtumeghddyrosd Dgnalg of a
fiber optic block that is obtained by repeated draw ng
a ! of. . . S T . ALREAG
a0 R E L5t TS SR S M B e
reactoas) | Neownd B 3176 - 380 (205 ¢ diactbsrs adesthghad] dppactedbeseguencing by

300- nmm hi gh channel ove th | openj ngs, thtough
syntheyiy Wk et GognanUT R PR STAY e MHIGPLIREL It doe
pyros@fuehife pdtélR1 trit IsHeSRhEF R tal@ﬁv@ﬁtta%é’\bit e 3mIRGONE of thP&Vells.

optic Tmagi ng bundl e bonded to a charge-coupl ed device

The fipgGticstdesoare manhiaaiunggl hyhdicowgpefurfeben bpendlotle thaplsotbtased by

fragmthe bottom of ea i ndi vi.dual .. 800 .M  qf o
repeaigh i RO A g6 et T R Sioahiag aPpPeiandy 1 mition
wells,ds fad@tl@itl baad¥l antl whentddas A fRMUEIRINDRr H&si@led qoletebRt 300t@m high

ei ght PCR tubes for anplification. After PCR, the

channgkabayedhe vslligpekags. thiowg whish thenisqpansing, repgentstflawncihggeetched
e ISR R S OB R T e o
chargelepqaed &aidey QG sehfougalomaie thetcaptaest enmdttédphotons from the
bottom of each individual well. 800 ml of emulsion containing 1.5 million beads are prepared
in a standard 2-ml tube. Each emulsion is aliquotted into eight PCR tubes for amplification.
After PCR, the emulsion is broken to release the beads, which include beads with amplified,

immobilized DNA template and empty beads.

2 0of 32



10

15

20

25

30

Streptavi din-coated SeraMag beads are bound to the
bi otinyl ated enrichnent priners annealed to the
WO potobotdiized tenpl ates on the DNA capture beadBCT/U§2008069638
e . .
brﬁ’ég Eﬁl;l ed @%n%lg%ec\é&éfé% h@segg gegﬁ% Xa{utl%gg&ufrﬁ? open wells.
Streptbelddscanrdl Sﬂrastg beada lare, bd'uEHe&t%dﬂx@tngﬂdtﬁhéﬂryhmseﬂlmers
proach f Si ngl e- Nucl ept | Pol

annea §e It}}erﬁq{%q 1](1)?;d Hlﬁteé omt]&q. gﬁ%ﬁ:aéolt%n%w Iclzrlrs] es Aﬁ]éial not to vortex
the be%]se% Vorz&lﬂ%ll%)l y bR e 110w e 2O Sbrall3GInaTRSA @pture beads.

el ectrokinetic approach for single-nucleotide

h SNP t )
DB g o ok b U Mot i e pVpeleguide
Polyrﬁéi‘ﬂflﬁ%nf}ﬁ}!&ﬁﬁﬁgﬁ‘orptmﬁg QMR RANE TRNicRF A CRUP ﬁd(13) 4000 -
thermal (Joul e heating), shear (el ect r o0oSnosi s) nd

4007, e2 @50 disclabses(aal eé@ﬁmbmqm esprsachefne $lgg1931upkegfémpolamomhlsm (SNP)
s Q0 B2 25000, Bl DS SO, FRL Gl s e

of pre@i8& €6ntRRdf thal dobipldd tHeetanUome hbﬁﬁl@$ saedH (bl@&rdd@mosm) and
different ports. Chen et al., "Nanopore sequenci ng of

electrigal (plege PRI ¢5ie §n%rﬁsas PIOSENTF) Ak Ay aﬁlprﬁbesaf@é@qdu Ry {he application
of ex et BBy BT oG e HEEHER QG vohoees

appliedaodifédrertipertt.r ansl ocati on processes of polynucleotldes
t hrough a nanopore assisted by a rotating electric
f t [ :
el e R Qi o ARE e bSO Hcctric
field, aAppimdﬁmy&cs eqttan edlnged2p anmbars, 28 Fehadry2)OBWE0RAB1 8 disclose a

methq§ to cglirltgélltlj%l tra?rl}é q%:}a{lgr(lj %%Cg{gsv(%lﬁohfrwgﬂé{}%%ltt Ig]pgg]ifré{ng%%%%,as sisted

by a r%ﬂﬁ% Oled e f@i%Aﬁﬁh@ﬁgl@ih%%er@s PHsEd O b Windli1&idnNieRs stated that the
enabling rapid target analysis,"” Analytical Chemstry,
metho@3@4 be E@sllyﬁmnmﬂeﬁ in adiagopas egquandey exeerinrenivhy edding two pairs
Lfferent v a re applied to different ends of an
of para e§ﬁ§8@32$ %ﬂ%ﬁ ﬁﬁ?‘ The paper further describes
chip fabrication techniques. Ednan et al., "Electric
f Esickisodi PediiedX nKewlbily, kic Dd “Ay fskectiblziacticaly gantrolled DNA

.m grochi " :Nucl ei ¢ Aci ds. Resear ¢
hybridfgiioReie i€ g Sad tnE daar mpatisd elrisrORtfiaf 2004
76, 1202 7 V181656 b A6tic O WhidH AifRgShtRG1taskd/a8d a Yleﬂ ltcddhﬁ@fdnoends of
is carried out ﬂsel ective application o
(6]

an “Hp skapef flowpihagnal m@pﬁhﬁmﬁmﬁéprlbﬁsmuéﬁabeﬁt@aé@chmques
beneath the selected test sites. This causes rapid

t Eanspert il., aBtkcaRaa tiradttdRudfic Aeigalybi el yti e @edochips,”
nucl ei ¢ aci d nol ecul es over sel ected | ocations on the

Nuclem’ AiideReseeichnV el &y luye 2410 hHE2 ] e disclosesh prpehirRpsed nucleic
i 0L AU 9040 0%t AR UL QAR oF Py DB

applidadyieof @De};wuwg blidsao thedndieiduat mﬂﬂi@elanrddys barlenthdhe edlécodl test
0, previ ousl ddressed and attached, nPC|EIC aci ds.

sites. ?hl.%al&swplcaé%w% aad porcrRiration R inepy e arhgraeaducleic acid
moleclul& %‘0@1’ &ﬁc%ﬁo&%oﬂgéﬁ)%h%qm'cﬂ)efycﬂ’gﬁk %hﬁ&l TH&%&EFCEJ‘M@ (DNA,

here. Sosnowski ,
RNA, polynucleotldes oligonucleotides, etc ) may then be 1mmob1hzed by direct attachment

to the permeation layer overlying the microelectrode or by hybridization to previously

addressed and attached nucleic acids. This paper describes buffer conditions and the like
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WF., OConnell, J.P. and Heller, MJ. Proc. Natl.
Acad. ScL USA, 1997, 94, 1119-1123 (cited in this
w@apen)2itdenonstrates that controlled el ectric PCEUS08/069638
hichGREY DEdPRA ih BrdcBlintk #EmbMBASRAEKheRORE ROA:, Tu, E., Butl
W Kmhy%%?d?zztién?rgn genaturat?onéo#wsiﬁgﬁg&kaﬁdQ§’ t B DUEEL
W.F., dd0bdrellsi.Pandddel i Mdn Redce Ot/ désid. BrisUSAM I9at pon 1asdmg3

.. ,0ligonucleptide hybrids with wdely varyi bi ndi n
(eted df IR BAPRE) P npigatEy Relog dlrstie Seldie Prruite B Fostiate
transp%h?@érfcb&rd‘tioﬁ! ij‘tﬁ’fd‘iz%ﬁgﬁ,rlrnd lHehahahofbe ﬁh%l_e— arfd dRIbRCH Rbed

beacon, bead-based assay for the detection of nucleic

oligoraigledtddsy Dicominattonrmstong olighuslasitide Agbrits WRgls wideR0@Eying binding
3(2):,el3. disclo anot her f of. mat i.n
strengf U b EgnedR S BRR RS o AR ARl B TR e

m crospher e-conj ugat ed nol ecul ar beacons uses a flow
cylomyet eral f oh mdlecuspdendoncbeadeiiasédhisexetpr thet dataction obhucleic

. nl.abel | ed nucl.ei,c. aci in iQn. . FQr this arra
acids BPUBREA il IV s 2B b B0 o s Bty Bl Posay
formabli§ih @ BEIe ! aShiy $hddQa Auld SfdykystemapimvihidtdyphérokagReate®molecular
6,287,774 to N kiforov, issued Septenber 11, 2001 )
beacoppses plow oxgeumgter i Hisupeaifig. mykipkred deteatiqnadfaslakalled nucleic
. S . SY r
s BESPRY B PRS0 BRIl SRRt g
using b bi@insQrepeeidif liakdder St reagent m xture, which
conprises a first reagent having a fluorescent | abel,
aflﬁo&ﬁgﬁ7ﬁ to%iﬁﬁg%@gi E&%%%B#eln‘cﬂéﬁtl l,rﬁ@?télt'%% hﬁ&%? methods and
first réagent to pr oduce a'tluorescent] y abel'®
systermp’ dikgbtsehavissgy syseubsinaprisied 4 firsdtlidhaeleditposéthimgebddyaructure.

the first reagent; and a source Qf a polyion. The i
The figgy §b%€§1ssf@n<ﬁﬁ &‘Plﬂf&é?géo AADUFS &1 @ (1 FRSBERM Ss SHplppomprises
a first'rde i3 fitksedcehSihbd EAGRA e oﬁa%c@ﬂ?ﬁ@@@snf BRPRALts 33 the first

the polyion into the first channel and a detector
reagentitg poslede & lusepsotly labetahpnodmt honngw sbstangally digfierent charge than

.channel . The detector. is nfigured to.detect .th
the firfFRFeTiang Fuight oEn Bl IRF HEiTh A ar S HUtH tppgwor
systerfl €819 6 trb @R ieORE firdhSeaohteihe REQFdI rBadeitarndRBY BolRRInE R0, th@first
controlled el ectrokinetic transport systemis

channgleaielry dnsestorsligposed in sepsory ommgnicatign wih g§ggirsigdange). The
. Ki -G [ I al rt .
detect IRt R WE] 8L bR TRRES Boral AR aaPl i
detectidhezomkbect rophoretic nobility of charged species within
the electric field applied to the structure. Such
Syst . rticular f . t .
oP SRR FnTRE BB bl Rl ol e Bpgpgg system i
describb®iit de@ki indl ScPamNes 3,858, 193, ec RudReyaBdct ¢ladtBikimetic material
systens rely upon the el ectroosnotic flow of fluid and

trans pig A8 ICHIPCHAT T 1M TRHAHFTBPSCow S ERA NI FelX UPR thg et cIRRR e

M R <. o . . r e
oA PG FAPAL R RGBLERE bk ymoms
more pirticddrly rtfarral ©harteeirppiwiietchmhtesalarangpdragys tdoesa Oty

electrélgg%gzggﬁt?ﬁ@gﬁrleggoarl andl t(r)alfll%gért gysgén’ls I‘I'E]t}/ydl,rl‘p%)r(lyt e FArERmotic flow of

fluid and material within a channel or chamber structure, which results from the application

of an electric field across such structures. In brief, when a fluid is placed into a channel,
which has a surface bearing charged functional groups, e.g., hydroxyl groups in etched glass

channels or glass microcapillaries, those groups can ionize. In the case of hydroxyl functional
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channel s or glass mcrocapillaries, those groups can
ionize. In the case of hydroxyl functional groups, this
WO oppstlidn, e.g., at neutral pH results in tPEr/US2008/069638
pL ot t
srouet SHET0F onPE B8 ARLLOM 08,55 SO ISR Ay i e
and irftd thedlisdircfatiog acberehaeéon aff pratopesi iday theylutdisurfped interface, or a
t rro ndi ng t.he byl lyi.d in the c nel..

POS“%G@% a\’acr &9 di5agsuy Og%ffl%@é%&h%ﬁ‘i“ e theshanel ¢ q%‘:é%‘t #f gyoltage
gradidnb §cr6 LaRO R Vi1l the SRMAE tvh?ca‘?fs@ﬁfybr%ﬁ 2hdht @ IHQ\Veem' the

the direction of the voltage d rop, i.e., toward the
directipagditherelekedtapot®. towsrdsthg %gagxm elestrpdé.t sch, et al .,

i ssued May 11, 2004, entitled "Mcrofluidics and snal

VQJS‘W?)mZM t'&g:rhﬁ%egt B Nisk ROV PRO P02 i 18d Y RBHLARIdics and small

met hods, ™ di scl oses a device where mcrofl uidic
volumetaire sed di fezion gnagagfnkydshyhaodssrastheds, adisclosed dewice where

. u ery s .L vol u of solution. The channel s have
microf R f ke I Pl o Bl i dp BURR G S Sotumes
of solGtisl. @Rt chaENiNAde SIBEEIRS alink i whleorIBd eHanOEl ma farduﬁ‘ént

the current through the solution. The electric field
carryigg pRACES &ty theﬁ‘eh%% caries Hie carieniethrovgh thesohyicnp &g elsctric field
' £ |
senrk B REURSOALEHLREobR GRS, 1 aonkl B, el g
apphetihe tiebachianed. mdta(otﬁeﬂms @t appldd. peffeadiconb it idediredfdifebigon of

el ectrjc and gnetic fields ¢ s the soluytion t
Wi P%W@Wé%h‘)fnﬁ% cleriziqaa ma@@?tﬁeﬁf‘d&%ﬂué?s (pigslpien to flow through

thedéh&hqﬁz(%hmﬁggg;gﬁngngted that the present devices
provi de an eIectrlc f1eld, which can nove charged

|cI cu es throu h a s | ution
AT r\% SBieEAT RV IFRsupYide %Fleﬁtélﬁfﬁfde Wheﬂbcan move
chargéd ﬁc{rgc@@%l&gﬂesl? @hrgﬁ ard §cﬂﬁ@(9{] ght Gielddls 46850 MOthe k&ludon itself.
ferromagneti ¢ principles to cause novenent. That
Furtherrmorfo tiee frdd @cé¢dnatde eletrpmyglmtltcr @t doey nbteabfson/\fenhrragnetlc

prini{ERY et RRF e E R SRR O PREL IR ERICT A h 2 magne.

This W&l1d Qv cragsdwhb@ﬁrtﬁwmwemdn% dh@&nbeﬂt&%ied to include all
features and aspects of the present invention, nor

does it inply that the invention nust include al

feat ures andBRIBEGUEMMARYSOEA'HE INVENTLONary. The

present invention relates to the use of an

elTaefalloaving Blief sutrendry ¢ @bt)intbodeded inctuderl felapms lahdl agpeots of the

char ged speci es, such as beads, nol ecul es é
Preselgﬁlzwael)l nopylpes hipply khat thadayensign syt inclpdell fgataien prd aspects
dmcuggdﬁﬂmBQHﬁgﬁiyzed reactant. The electric field has

been found to” be capabl e of concentratlon of substrate
an enzyne in the vicin

LA BrSSRt IANFRFEB F5lRfes ﬁoe% %ﬂOf &wﬁl%ﬂiwegﬂﬁm @ il for ctficient

depositﬂ%l FTRILEH s i ie@ N e ROBL B HholREul&s ('N'lqj' %M}Hﬁ&b (qugvérﬁﬁthe like,
desi gned for pyrosequenci ng. The device I's designed

onto cgmin ghecacinite O‘bmmhbbllqzmi teggtargf Tled ¢jectis fieldthal hech ffonmlrto be
capabie of conge E[ragoerp of & tbstr e aiv gﬁQy%%ﬁn %]edV1E1%1ty TPHRE mtoli]eecule(s) and
efficient nucleotide removal. This technique is implemented in an embodiment of a
microfluidic device designed for pyrosequencing. The device is designed to enhance the
overall quality of signals obtained from the light generating reactions and to improve the
read-length. In particular, we show that one may concentrate or remove nucleotides near or
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read-length. In particular, we show that one may
concentrate or renove nucl eoti des near oraway from
wheadei1aent ai ni ng singl e stranded DNA for enhaPCBEUS2008/069638
away ﬁldﬁl l?egfi g&ltéiﬂﬁgrsﬂ‘%?@gtfaﬂaecpb H%mc&i@uél&ﬁﬁ@ 1 Y dr§tlon or
genera y appl fcabl e to any charged species that needs
Washmg Be tedmopetis getrfechlkgztapphcabdaermmg chargmd speeics aliag @tedsitd be

for high throughput anal SIS his techni que uses.an = .
concepgatgg éthr d F@Owcg{]gm\ﬂile( frgsesits fos Efg(]i‘ tglfoflgg@'l %Pgiﬂ e]ﬁﬁ%techmque
uses aﬂm eRbirdeR1d GhaTHe it 0] aGH RS el RS Rbed BB ﬁl()letciﬂes)

DC bhias results in the concentration or renpval
Changlug theqroladtigg of D@lﬁl@sweswlel ih tlmmafrrmangn PN&ninvabief nuﬂeetldes from

as_ volt IS bove abo y. be
the il Ayt Rao PG Bl PR U5 s P o P IR Loy be v
to a mRkRakA Qviagetwiaagisnimidd Bhdisrytrie ®reak8owr Qtrdh @i, vﬂh@hﬁlﬁy be ~15-
In certain enbodi nents, the invention conprises a
20V grighes. having at | east one fluid channel and a
reaction area defined so as to comunicate wth the
f Ivedhtaghanpedimedidethe ﬁﬁ@hh@ﬂccﬁﬁ@ﬁ;eﬂ&ﬂeﬁ@e Bavid ht,least one fluid
chanber, tube, or other physical area. The reaction
channg} i aigAsioNgEen definghen g compypenqpehthe Buidichanpel. The reaction

area nt? ghe\lvel? 4l bgo Fdp@ n&rQItﬂe%ﬁ)ﬁlagl e%thThé et} t‘ijo z{}@y@cﬁhprlses an

evi Ce |ng cohstruc ow n
openink dedpoaure td aﬁatdedhameﬂ and eacttomra)ff‘aétefa)m }dﬁ:rﬂhng ehannel the device
conpri si ng: a first electrode adjacent to the

being Be@%ﬂaﬁﬁed(fel) ﬂladéiewﬁoﬂ feSHPR B VaidF %@ﬁ‘fﬂqnoar?aqepemngs

compﬁﬁﬁg' (3P fiftt Qle&t?c)deaadj?éégﬁtrtg 'tﬂeﬂ%tt%n&‘ %)t AGRoPHUEGR JREH @1{1 to the
first and second el ectrodes which is controll a

0pen111g; apd owiadenganllaile eoltereisngrep betivieey élecﬁratragpd sa¢mhdaalectrodes which

h . qi ) | tr ode, . bi .
is confGIHE KGRk 85 ol B BLae My Bt AT a R RH G cPiyed (§ R givan
e1ectr@ctéa BREA DA Bla gl 818GE 8chd Bl yocHF ccdWbe@fs thRETIiI@ AL F1011 RhARI are
dlrect@% an electric field between the el ectrodes. Since the

vitger et B regcsignjarradepieaiedtingytield betwesn theeglestiagas
where detection of the reaction is inportant, the
d8tice enddyidetthdy IS use@ iPEdgBencing §36théraBactieRSs Ahe@QURLA6N of the
to the reaction area for det ecting reactions in the
reactipred miperiardy g devipe Mapdyrthys campret dreattianpicngar coupled tegthe
reactloccg%eg \lf/oer éit g—:g 13%? | 8t?]eris\’\%a%e r%?:!r‘%lé)nragac P%%Xa gnﬁesau eo%r{u?ltlpher tube,

a CCIonpthes@s/ic. Diptied] dipkisandyalsepea ey, inphgred\de thcSen SVhér itlicy
and specificity may be obtained fromeach reactian
reactigfqns IR %flbﬁeptffa@éﬁﬂ%r@elmﬂw% SaRialYify anphgecificity may be

obtalr{eﬁ ‘?ﬁ)trﬁ oL 92{12195 v&%ﬂ%ﬁf) %& %o ﬁe\%@amgpﬁcﬁﬂﬁ&t"f%ereactlon sensor

ment etecti ng
compfigers tai(éwmr;élotcmennmwﬁlematufmgdesmhg lew &V:els of highdend tethermore
" may furth ek be described as a mcrofluidic device
or qu&%‘%‘ﬁ?l?%?‘}‘f QSor ki ng fluid contai ning beads, wherein
the reaction area is a well| sized to contain only one
bdhd detipe magifwtlef beidekiccibekbwy zcm,icrbﬂa'dfcmtde enmarieiag aveyking
., be defi n an. i pert i d. po e ected from

fuid Qe g5 B onae o ForaF i BB b Ear Sl S4rEIoRBRE P15 Pffsbead. Ina
microRGRIASIANR, HRFadHYE hdeat RAK BRUefihdt€in an inert, solid polymer selected
from the group consisting of photoresist and PDMS. If the beads are negatively charged, the
present movements are facilitated. These beads may be e.g., polystyrene. The beads may also

be magnetic.
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present novenents are facilitated. These beads may be
e.g., polystyrene. The beads may al so be magnetic.In
weerwainizenbodi nents, the el ectrode adj acent tBCT/H82008/069638
b I
Eﬁg%é?{%% %r{lﬁ’%_&égleﬂts i @feﬁﬁ% Th@c(ew;gtt%%{o\%l f%xo\! tgfe:ﬁ) layér%sf ¥TO
(Indluﬂptln ozilde) ldss dmﬁphmﬁrﬂISOfrm thidadhisafecarode tli begptually ansparent
reaction sensor. The el ectrodes preferably conprise a
for reggfign gqnitoping &pFH@a“*ﬁﬁgn%ﬁs been found to prevent
corrosion and increase the electric field. The
diTét eketirodes poztiahly avenprise a deel@tmc ang¢ingrThrohss kn found to

e LR BB BB bR TR . v o
more &f B ﬁ&b%og): YixGR1ALaRY 8lichR o?ﬁe artardaqidigea separate

elec ronic Vi ce, and conpr|5|ng t he approprlate

channel s a ctr
oPE e THGPER5F Gt 5 ot @ hrdoiefiics RRT Gipatiched oo
separé’ﬁ@ 8le&tkdhi® addcd @ﬁ(‘l b&h?ﬁm@% ﬁlecﬁ h@t@ fluld EnaAnEIS @Rd EIRRrodes, e.g.,
area, conprising: |rs ectrode coated with a
a devig¢ éqr@@neﬁﬁmg Mt@dup@ﬁlwm@n@n@ﬁ@e a diﬂulﬁhwhtﬂeqmadi panti¢lppare
dlrect%ﬁ? nlgt oerglc C(gnrerzg e,r ol p%s%%c % pf)%éotg?l {ergg : w?lﬁa d eTec?rlc material

on oné Kidt bethe@iaald 1(ﬁl’lhfafeaé‘uon( eﬁréa abyd secend J:l@&tirdﬂaétﬁﬁlteﬂ w1th a dlelectnc

transverse to the reaction area; and (d) connections
materfahpn an QPRASHE sige RE thgtlisiui J@rth%lffﬁmm@f%df AwdAowehanagle
vons R QuBGLHALA 08, L, HIEaI LR UEF LERIE.A0MLIG GPEAIFb ot o
AC vdtagangeda ]Zt(bv@eige tathe fast eddogotie hiod the stabnbetaserede, hemby the

e present tion further conprise net hod, for
clectrig aFFgCO&S@FFé?CB HENEE e PEC n@ectla% TiglddErygadhem.

above, in a mcrofluidic device, said species noving
| ihe peeserganteandnn &urder Eoropnises hindtbodcfoammeing a charged molecular

commyni cati wi.th the reaction ar a, conprising the
Specicst cb @‘E?‘@’ F%W@roﬂﬂlgmcéﬂf‘cﬁeﬁﬁl I Vll%lggq leagtipn area
from 4 ﬂ@ldfcjhldﬁ&l @&ﬁﬁﬁﬁlcahﬁ’g @ith |t19§’¥egétfo%ciréa° @@mﬁl@mf [R\ekehis 0@ (a)
an electric I d havi ng pOSl tive end a negat Y

flowingde aharrg@tmplteulrae mle@m thedlid drminélayl aeﬂ@dv @Ihrfrcelon; (g prov1d1ng
ed mol ecul ar, speci es. eacti.on are
an eleBS’FCJEE‘% g 4 PeRY G4y taﬁleeg%tlweec |a8rQFT’ @1“’& e"?CﬁIOP RE® hd (¢) and
directin@ahké ¢ BaleORROFeties in@o tHaeefliah dRa®y appEinEd @favgeatb the
speci es. In one aspect of this enbodi nent, nore than
electrigriteldri the fRagHOms e PRROSIS (e sHanea P theaoleawlar spspicarlaane
aspeci.I (;}e[%ﬁ E:}S{‘lb%?ﬂﬁén? q?ﬁ‘e tﬁa%cgﬂeqﬁolgcel}lﬂesggcigﬁﬁ n{]&je? Cfﬁ’lt!) %ﬁe reaction area,

theretyRa04iRG a ircacelbii Badyen meth(ﬁect‘L&mpbﬁéB &l aﬁ)thdi‘a@pdcn gma or more
reacti on between the charged nol ecul ar species and the
molecyiag SpRCigidt alrGAY dit thedFacsign @redscauping ﬁée%%lgetbpm?ea thecharged

molec}ﬁ? sﬁéc?éétalhﬁ?hef (5rf=c| o(i1 n¥§e hﬂﬂl&%la‘ﬂi‘ @g&ges(‘ﬂ? HRARER o aatrea: T%%electrlc

requency o | east 100 kHz , prefera
field dn)inal$ns\mll AGgempaiint ht avhyquzecydf dtdemst 100 Mgt and, lpl:Etferably, a DC bias

t h | t . The, .net hod
votagdopfisrdidirgnice: ettt SrfeGard PhyE kalisst abt mythsr may
furthel BEmPGscth@stel OF teRBRingt tRe PblaBHLof tAREDC bias voltage, to direct the

charged molecular species out of the reaction area.
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charged nol ecul ar species out of the reaction
area. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
waehenstiiz of a device according to the presenPCT/US2008/069638

| nvention SpRYY F@)ﬁ Y andl(fﬁglﬁﬁﬁfﬁmwg? h

m cr of abri cate ect rodes

n (o) t .

B e LG8 i PR e MORAA e
optic facegists vhﬁﬁﬁ&rﬁhﬁ@dalt@ﬂ\edls dniddUOesec2dden d'h2 Begatiwely charged

emat of the setup faor concentrating or v

nucle?ﬂf@ﬁ o berd C(e&rtozy@%ﬁhecﬂla%g‘é%dﬁgy agrlyiagy holetiaf gigre m%e across
these DE@&tbde@r Other target sites), with an alternative

el ectrode arrangenent shown in Fig. 2B; Figure 3A and

B_are photo how ng electrlc field assisted .

t LSS ‘9 §1§ SBE%{B%U‘iSr? B TRAERSFIEAING DY IgROYiRg
nucledticdl ?&Rﬁl%%ﬁa%@@%lécﬁletsﬂ%ak MRASNAMRLE A9 the @bt s(tgf} with an

then applied (3B) at 2 el ectrodes and stacking of

altemgtaretqlmtl@ée pgangssenydovatintthegdd;sites. Figure 4 A and B

is a schematic drawi ng (perspective viewin 4A and

S ng%ré/mwna B 4Bpn&be ﬂBh@éﬁ%%ﬁﬁ g@@&ﬁk fidRVAs6iBtel sﬁgplhg of 1 pm

show concentration of | uorescent dye in an electric
beadsfinsadeady0 minguells. ¢ elrthic B ehﬂCé‘oqlﬁwh@@n aphes imhgaivaage is off (3A)

then apbfiS! GBI ofttfodt) G FEMRELE Tt s BBRe PG S

showi ng i ncreased chen1|un1nescence‘resultlng froman
elFere # &\ 4riddB ¢, 2 whiwhti¢ diorezs@srspyatophodphet s andsde view in

4B) o}tﬁg%ﬁlei ht %%%gﬁ?tl n%_‘gné,@% |1 aﬁrﬁ%e CBH\(?% g%g?a tcri)Eem iy e[i%:ctnc

field; Unl ess defined otherw se, all technical and SC|ent|f|c
terns used herein have the sane neaning as commonly
u ders se of ordlnar
e TR B ABRERRhur RN Moo aPhbab® oty e
concehmtited (38 )Dysdnndléctic fieldegnd val ent to those descrl bed
herein can be used in the practice or testing of the

PEERELR i 50 URind OS] SLEARARLGRS 0 (RS LR Rcric

nonenc ures u
field, (thdhﬁﬁctrb&fés piiobhd¥phath @shrSighy gﬂfk@atﬁﬂg@ﬂhyrﬁbﬁﬁ adBadi®Adrea.
here are those well known and comonly used in the

art. Certain experinental techniques, not specifically
de MIGEAILEPDESORIBTIQNF TdHAPREFTRREDNEMIBODIMENT
conventional nethods well known in the art and as
Defindessr i bed i n vari ous general and nore specific
references that are cited and discussed throughout the

pldeshdetipsdathareiiei Jhtechmieal ape seipptHic BT 155¢lihesein have the same
ocanb S YR LR 8 LS L AV g it prein
belongs Abéhiongh amdeaethbdoghd materials similar or equivalent to those descnbed herein
can be used in the practice or testing of the present invention, the preferred methods and
materials are described. Generally, nomenclatures utilized in connection with biochemistry
and biophysics as used here are those well known and commonly used in the art. Certain
experimental techniques, not specifically defined, are generally performed according to
conventional methods well known in the art and as described in various general and more

specific references that are cited and discussed throughout the present specification. For the

mirnoses of claritv the following terms are defined below.
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that the present device is preferred for use and is
advant ageous with small reaction volunes and |iquid
wo b@worAatzs. I n general, the reaction wells sheCl/tiS19e8/069638
nth?J e?&%@%ﬁ%@%ﬁ@%”qggseﬁqﬂ an %ﬁ]ltl%ﬁﬁlsklﬁ 1t%el‘ﬁ%éunh&stood
a prefe describ el ow, ey are~35 nm
that therpreeanddtvere.is preéerchelfocesevantlis advahtageousivejthi sindll @action volumes

.channels for flo buf f er dr tants in
and PR el enerthat it ar e 80 e popesi bl Gt and may
be as §1Rh10a@ B1.NGI LpERALIHLBE RNt J&%nﬁ&?’&%\g’ Nh¥ehleS 5818 in diameter.
generally any defined space where reactants are

The dbriought thblgleﬂllqeld ﬂmdclmneells doai edng buffef andreaddinteito the reaction
ow_ of. the fl ui nl ess the

d
wells R tiohars b s SPRAE ho D Fidls Lo Pep T gagtiog pells are

generd@lyeihy dfin@ditpaé whbR £easitt 8 bas et tda¥thehadHrd tcated out of the
el ectrodes to provide a field attracting or repelli

directifloav ofithe Haid @s@ml aglepnthg dgyice Lﬁtcoéflg‘{ﬂﬁé teudirget thﬁféaqt@ﬁmnto the
reactlolji £I%£]W|\f§élts §¢ the ]résacHérF ge!l,q)ﬁhglsﬁqﬁ% e?e%ﬂ%geis t8 pm& a field
attraclp)leg‘ preriapké1tinig &re chiifzed kgdcias ietbec baui & tfld: ek’ is used to

mean the effect produced by the existence of an

e | C« ’ I I

 FEE i SREEy PR 18 Bl BB Ronh Bl B bty bt
not necashrilgf pc&pdlcﬁchﬂarbut ion of charges contributes to t he

whole field at a point on the basis of superposition.

AT‘BQ ?Jr&e‘efgcﬂ&egelﬂ nlstutggd %qj{néﬂﬁechg Effé(ﬂ??cgiu%d B}?th%%?lstence of an

surroundimg medruom has a force exer on
electricichhigs, @k ac amaalbetmbrbyord of pmtcrm tretheivolunad d;fa;gaace drimeedium that

hi her t he ge, stron will be t sul t ant
surroyd3fiqEaghp itFl %éégﬁ@w O By tothe WP ettt on the
basis & RBEbEitiGHIA BRfre é 1‘%\&1 1nttf1]@v&ﬁ§1@to?§ 4cB®r GHhE %ﬁ‘[tr(vuntdlﬂfg medium

stronger the rragnelc i el Anelectrlcfleldvm
has a Ex¢estxegtod nn whERCctrivdradds ae n@atﬁd rbtyeinﬁferfenmmmgoltagbetdnt ihlgher the

Voltag];eiot%lg gﬁ'g@greﬁ%nﬁﬁgﬁl{eer%fdl{gﬂfep %hsllr%gatrgg,rqlft@% rpe{,ﬁis A crezgteé when

electriRlc@ient fldWRY: RRdseandhd evir&R, th&\llsttr&l%%r theGRADAGNAE BBIH. Ah@Rectric field
frame, the electric field strength should be about 5

will exisicetien when giiese is ngprursnpileningchlectricrields as¢ mgatured in Volts per
metergg%jmjlg o%g teo(r:l a\lllaell%lér @?Iﬁg?g% g Qgilt\(}?es 1}{\%‘15 rbrés'%ﬁt methods and
dev1cc§ »aﬂm e c@fﬁvealelﬁt tine $1tah620 giclkleetecti¢ld Strér ggh chould bé $b0u05 &bcm or
wat er, ;9% pol ar, can_be partly aligned by an
hlgh% Vg é? pragti¢al élrrats amtlﬁ heatipgyangd dielecsiiq hreakdanm Ipits. ath the
analls er by an electrostatic
maxt sou%@ggv&gey%h Eﬂ)%?{lqﬁg \Z,\?Irnengt hs (5 x 109 V m 1)
reorient water in ice such that freezin Cg@l s i nhibjted.

GénéPgramBlerb @ haghystigpptredgctidc Brldcit ivred®rowptsr geing dipolar,
[ f
can bé‘gﬁgg %{1 %ﬁ%{iﬁgﬁanﬁ%@?@ﬁﬂpﬁgd g?? Fr{'%ag bE egélﬁfl Hodh b?ql&%ovement of a
streamtmf wauet b$ achlevurco;smslcebemtr‘é@iydm gt ﬁudd soeceint Gat 18V m° 1 reorient

ave rell gn faradaic current to
Water 1n 1ce suc tat reezing is inh 1te

General method and Apparatus

Described below are apparatus and methods for electric field directed concentration

and washing of charged molecules.
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concentrate the charged species at the electrode site.
This typically results in electrolytic reactions
wW@ewantainy at the el ectrodes and generati on of PCT/US2008/069638
elpR&S SRV S pIRS OHUGHR e HEHI 3 hA NS ARG WS QA The
prgéint nmet h @ﬁuses am%#EbPacen%%tgg?gl 1throug]h fe chtfent to
concegtpa the ¢haezed spgdi¢snyg tlef eleduwde sive tThixdg picnihy hasulti llna:ﬂ‘ectrolytic
faradai ¢ current tg ough the el ectrodes. g el ectric
reactiosecquisiog gt fgedseio SEpeafiohelclpiteodyshy PrRdyqSi Bich gp oxygen
and hﬁﬁggéﬂ trge ﬁleeserw?l%ﬂhéd’\&eph@k%ﬁac%etg'ffeﬁ@fh%ﬂgh@ﬁ?ﬁc@@ve%o%phng of
| aced near each other, as in a parallel plate
5 ﬂ%ﬂﬂ@apé@nmdmrﬂmhémmdmcEum@éMdsugemm@énub@@ pl at es add
while the E-fields outside the plates cancel. Wen the
PITRE R cMcTictd ARA HeRiSRVIQL fifhccbPed BFiMRiBleS BPEPati®ce. When
the E-field between the plates i's constant throughout
two plates of diféer¢ndichae tamlwpian@mt aach athel,andn aparohd plate papacitor, the
t he ed the plates.. Since.the electri
two Er}geef?%betw%%la %a? ad? vaplﬁ%}té dll‘%—eﬁﬁ:?&s (%uef‘stlée t%B 8& Zfﬁtclag?el a%en the
platestaiclbsd toedach btﬁeﬂt@%irﬁlﬁfca}bd&&bﬂ €hedE-Gid RPN 64, the Bﬁttes 1s constant
magni tude of the electric field E has a ve

.
10 througheupthe drfexier afttee Gappeiigyas \ongersyaeis 1 acy] the é%gea@é ﬂterpé@tfss
Since ‘?I?eoéfi%&ﬁ& ﬁ@ldqs tl”f% n%%ﬁ?&t o(fghel IQMICH &Sh % ot@ntﬁzﬂ Wi the fleld 18
insulating mater fa %ectrlc) tween the plates
constdniiénskiepadaphdion, tte amaninelerof diuecdekttid fisldi I dieasdrpginiple relation to
apa itance of the c citor and preventing the plates
the voftagin ':rimsffﬁnﬁ ¢ plajes ﬁp‘g@@ﬁéﬁw&‘a‘m@nt is a quantity
related to a changlng electric field. It occurs in
dielectric materials and als& in free space. The
di spl acenent current is heyatically defined by the
rate of change of the electric displacenment field (a
known physics term also caIIed el ectrical field/flux
15 density) D Equatlon 2 wheration L o mhere t he

permttivity e = eo er he relative .
p&yrﬂl%cel?&ﬁ fhgm H‘ISUItaH’ég ma@r@k?arc}l@e%fﬁw beswpeh hpglates the separation d
can bPRATddlthyd 1tn¥r69§1n% fh%%aé%ﬁcéof&h@éag)ag’t&%ng é'v)entlﬂ%jthE gﬁltes from
present device n response to the appl |e DC vo
touchimgr oss the el ectrodes, electric double |ayers are
created at the electrodes that shield the voltage
a@%ﬁlzﬁ‘ém@ht &hRnels Q}uaﬂ@@%@lai’e‘@@& & ch&h é’l@étﬁé‘ﬁ@ldaﬁrog&%s in
t he 'el ectrodes does not “result in an electric field in
20  dielectrivembtgtikls @iid alse it fratsmekce.due to shiel ding by electric
doubl e | ayers, and faradaic current is necessary to

aQHbﬁ&%m@&ﬁ&ﬁQhﬁ@&h?ﬁmﬂk@%@!ﬁhuk&me&B?ﬂ%ﬂhk&g%h%&&Q§$he
the el ectrodes is switched atine scale faster than

electricliespldopmentalicdd, (bjknpwon thcsftoltrm asvecatiodibleetricalyfeald/flux density) D:
effect of shielding

aD aE
o at

Jp=

Equation 2

25 where D = ¢E where the permittivity € = & &, and where

e & is the relative permittivity of the dielectric and

e g is the permittivity of free space ( 8.854 E-12 Fm™).
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beconmes negligible and an electric field exists across
the entire channel width. The AC frequency required
W0 o09a1dtypi cal case of 10 mMionic strength el BCI/D81098/¢69638
| .
In‘%é greg‘%é gg%&{ life keag&%n (?(IS: ghre_a§8%&K]§E.\%ﬁrl%%@%?%%g%ét’\@ﬁ%{r%es electric
doubleibgsrsalr¢ erca@at lamye feleetrddr;s thdtahgidie adltdgeeppbetyt th&@Octrodes.
et DC bias to achieve

k r hi gher, net
Hencqyp i Fpldastiagrds sreielopulcgt BBt FolES WeltiaiR Tafyh the bulk of the

channE?dLﬁzC{@'sﬁleﬁhﬁ%]%n&lecthf: d8iMsle YH%/EFS iR APRIY RCRSE nbi&sary to
luid flow channel a DC vol'tage by itself, the voltage

achievpenconiatisureweyeofif thheJObh@rm:mss e letttades iselitdbetl 4y time

sale BRePHER Yidfn Bt ST s P PR b e 8 i Gagge

beconZ8meglifibRUGNAH lechiR: ﬂi&dﬁaﬂu@ﬂs RgroM thekRn@fe dhbenet kiadl‘tﬁei“he AC
(beyond -10 nmfromthat wall). If one were to ap

Frequasy JoUREod BTG BICIVEH A | SISO D T thick
dlelec{ csl ofprsa%dggl }ggat%srtl h%c% Sk o% ? 6‘ HI%)IS Wkﬁf f"leh tsprg{f]:n M&thod

ric u e app I| equa acros
uses aﬂeﬁrﬂaﬁﬁg fibian mhnglh@w@fuenéyhesw\m{zamug{e@ Gl th & nbt BC Gias to
woul d still be zero. In the case of both DC and AC

achiexgpy ned glectricHeal @ agrassgthe pleetredes magiedt Ia fiadpig cagpdss t he
entire channel, resulting in a force E which is high
afe MGyt fifa o;ﬁgly Eé}Sssocﬂé‘ﬂﬁfﬁ' £l Qhﬁlﬁglraeﬁé%lt%é E‘y {t98F, the voltage
di stance fr hat sid By way of further

near opg phugiaatoif ol Channa’mwumtébcs d‘uddéd/\by moelectvic shirlg l4yer bghin about

ound by any t r t hat. sent . net hods
tonm A0 thehafti spllarhedieqtt Rk ol 655 B ey ko Blghout the
remaifin@ GHEQKIfMRSinh@f(BSH BNl 2 18 nil RS tRit VRIIENPBRAR R th Gbp§Dnly
by the action of an’electric field on the nobile ions

AC veltage.oviltigh W@“@Wﬁ?@@dt% B]aéélnﬁsresppnéﬁ tigleed theolons €-0.1ms), the effect of
the elec?rl helg ouYglgn pgﬂleﬁ eg zﬁ% ac oasg %I}/eﬁer}lt&eugﬁa%%eel %Q £V Sfethe average

electrﬁHMtﬂwB@lﬂFE&llfbé 86, @ethetche cﬁbjoﬁCDCSanSlAC &Gﬁag’éhﬁ%@as a time
Thi s arrangenent of a screening cloud of (inmobi
averagaddp(g disldacsersithg @dirgFhannglnraspiige deg foes Ectvhighds %ﬂgh ay@re side
s referred to as
ofthe T B B e RN e St Bt Timit o
thickness, the fluid is not el ectroneutral

o&asvé%m@rftwr esPlBRtNe itNa RessaittViRgubWIshHiedo begpeid by any
theor;yj"tlllzlt t}f’e\?mﬁre AT ARIH.AE aﬁcpﬁlélée@ eHﬂJ uézfrHaﬁ%)J tﬁ%@ﬁ @%H)kmﬁ:ms

In turn entrain roun
Electrplemashl; retfigys ftd amlaﬁs cﬁ]pﬁsnmrﬁéﬂa@itcued]by ﬂwaat:tlarh ofdars¢ledtbatieldron the
ionic c in_the flui r 0os

mobi gt SRR SRbHEMER tselie OB S GeS g pbiseEoT eiven

surfaceRENGEBNImerkdd @ld SBRFioWRSRtadin 1086 taf diffudd i8h @1dud forms to screen
appliedparallel to the surface of a sanple container

the obgact'e betace @H@gexThlbmtranggmﬁntx@di stechmgelaldaf gesmokite) |Charges
se of

assochy 8o SpBim @l iR And S hREr P RRERubl P R Shetered

to as 4 ‘AabledsiRrads eliefeaidtbRnalingt gheethidkaeds Bledluid ket dr ag
al ong sol vent nol ecul es and set up bulk fluid flow

electrqfugale {oagaquently, plectisrdicldsasyna An s ragipmeilk ssihin motion ions in the
dlffus? ?(ﬁ}.el laﬁ& ifeSe Wﬁ‘fj i ¥ Qﬁralﬂrc’&lg sﬁ&oﬁ%\f@ﬁﬁg%ﬂeoregﬁﬁhg Bow fields
I'd punpi ng systens.

reflect the spatial distribution of ionic current in the fluid. Electroosmosis represents the

simplest example of an electrokinetic phenomenon. It arises when an electric field is applied

11 0f 32



10

15

20

25

30

El ectrophoresis is a rel ated phenonmenon, which refers
to the field-induced transport of charged particles
WO pave0sam i n an el ectrolyte. As with el ectr oosP@OBUS2008069638
I . : . : A I
18! 6 @ild dufrald 6 4 EL&TahESor TR L8e LANihD kP& s KPR
para ?ayer 61? at‘%we p%\aﬁﬁicke. I%Tc‘ori N cont rast ltg ¥ EesearFicearlrges’ »
in thecasaf atshlecopaixidealetiotls éhfthd mnpobf teatral pH)MAsIcounterions in the

Cc ensate for this fjeld-inpduce ion of ions (and
electr?%?quﬁ_ﬁfﬁfiﬁrﬁ@e sesmEged %ﬁﬁ?ﬂcw f?%@?ﬁa Ae o8¢ aﬂﬁé%ti mpJecules
and sélup BaiK @hd il ThisQPRE! &8Ik \3RN&IahHallif n&@6W IS anB may

a gel or nediumwith a solid ' nesh, which will retard
be usedre ajomitagepadtyist Bsidacoginl nigtens. a certai n basi s,

e.g., size. As described below, it is contenplated

hel@ubpRiredif R dRlatddiheRotbldn, RBidherd todit Helfilildted transport

Wi t hout inpeding gel's or solid phase. Referring nowto
of chaFgeglmagticles iveqreed is aplelagsblyst. édb vaithhpleeterfdsmioslis cancdedtsefield

havi ng, wel | s. 100 defined in.a |ayer of SU 8 .
accelqpfly BB lenS i R e ASGeb Wl snd¥ Bt In S Rieda e gptir case.
the pagli@€ {t§c00ie ndob2le Sip A61E doapestte tfbethl sayedd-indliOe Bumdtiex beiods (@d the
between the wells so as to define a fluid fl ow channel
resultingdorjm ewicrit bYLIEYingdr Wieeappetits direstion ddectrophorgpig geprsally is

. .Qr.esi | a : : 1. catii i . .
carrilf 301 800 8 AT wii Y sBRP R EATRARIERh BRitelofiE Parictes
accordif@ tanmmcaegpbasif elehatzet Ae dgacebahbel o yit txcongmplated here that the

. partjcularly well suited for, 10 nL val unes. The | ayer
particlpy yifl b i hwtividdghdpigoytdipepdipg gels or solidRhgse.pat t er ned

to define at least a part of the reaction areas and a
f Rafedrifig oow ehBizned ),.theFaés illayteated smikedflndid dew@mhaving wells 100

. phot qr esi for ease of fabricatio t a subm cron

defincddgpdayer pr ég‘%Plé?t%rFFIétdﬁto g?lcg dﬁwﬁ? EEPmPpHiGsgn elecode 112

space@A¥bv? Be thyePBl Oaﬁlﬁieg%%gin:g%ew}@nvﬁﬁé Welld & KLHBEANOL HSid flow
the reaction area or well is offset fromthe channel

chann¢bips sieviestcHohbgtween theedactradn | teptdithaplbtpeesiat legen k1) aofl

a _certai rel atively narrow) .wi dih . or di,aneter. ads
comnfiafSib b nieSuEh i et v Eleiti Pt SRR o5 19623 deep.
in that\@k lpfesert d201c0 ﬁwpa@h@ﬁ&god_@u $difedi f5r WNEE votunees\WBhd Tayer 110 is a

formng layer 110 to define a bottom portion of a

well fopsning lagefie. \wdhyes phtsracheedefing ahsast @eratint theoieagtisindeeps and a
fuid )l RS LY Be 101419 BLEGLITRSS ph SioARPRE, LNl o
andmaelasyn§ewel, 1 Ch enters the'devi ce as

submigtudvaalal It & prefrrkd that Elhegt dspelg satiol@. andiw B8 1 b€achieved in the
referably formed of ITO (I ndiumtin oxide) .

well. Bpphaxyorat-dhgreaetrniea o Wi isadiseifremdhe drai (Pntheiciihine) to a

il 581 S015 SRR DL R RB B Lk a2y o

flow thropgh tlenfluit dlomothentdiahd entoliwellech sécondl aleetrodeabld iofinder the well
.Si]icon oxide or parylene or. silicon nitride of ~ 100

formifg{aye B Seinga BT eariog o aevedh heroels haedeen fspGe

(etchedR® nlol&d) &Y Bfe 1ayR8 SHOURCHrdHeRl BxRed td RO AuRNEhdIRBrials in the well,

Further as shown in Figure 1 and Figure. 2A and B, a

whichvagitara the dswige ae shiob® {tRimgur k161 ElestradescltlS anfd 14 heecprefsoddy formed
nd s charged such that,.as w.ll b scribed in
of 1T BRPHD Rt torfFulhicn AT ARGEHRNRJn Flae 1. hese
electrddts fOM ERBARIIGPar0ePshbdd, (ah tHelPuiDohdndB) Hid thé @eleld etween.
is positive, in order to drive particles (atons,
n?tl i§ ?nlﬁl)oer’?a’nt %er?oqg tha?zt1 gﬁeaectric layer made of silicon oxide or parylene or

silicon nitride of ~ 100 nm thickness is applied to the electrodes, e.g., above the ITO layer, as
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into the wells. The ternms "top" and "bottoni are used
here for conveni ence, and the device may be confi gured
WO R009AtA10US OF | ent ations with regard to gravi tBCDUS2008/069638
howPff 104,31 @04 e0s i AY3 Rt 9 bl Figte 20Ed B
SO ?’? @? % i ed tom)gV substrate 1%g t\,:thlt cﬁn(% s
Voltag%m,derce 198 ,(Flgﬁreti() lcomdctsdhd: elegi@ies and 1sq:lha1rgbd saardthatsas will be

descrlggd3l !r?ac%ﬁe}aﬁléeéogt g &qvﬂw}l!%ctrfogé g}]ﬁ gSSlJl e " %i] the QX eleetct%]c?edl 14 (at
the boPBRE QRS Wells [gmié@srltlvel th &QeCHeIRE %En}hcf@%t(gt@ﬁil’s ﬁ@ﬁgﬁeg- 2Rads, etc.)

cont ai ni ng mol ecul es bound to the surface and
into t@w@hdih‘gteum WWepdhyd dragtosiicumused higed ﬁ@g ceprengnemsdnd the device

wel |.) .
may bSrC “@E‘FS% H]e‘é"“{o PH%IHB%%’& Q‘s“”%%rdl%% Sl lt? i Pﬂ%rﬁ%ﬂ‘%“ 48k
rel ated patents and publications). The beads have been
d&efe\w@ng@gadmtot Fig. vghd toarcéeatrWe il%]Sdtpplliwo_hls@bame 120, which is

ass ed in_enterin
made § 2o} 8%:‘1”%1‘3“&‘51"1&? Phal Zﬂ‘é g ‘%MB %%gor‘&lé%lw‘/?r id0 by
any etékdd or rﬁzichh}édrmﬁﬂafes suchsel s&fptlhltl@e ﬁho@é@smﬁaﬁe@pl ied to
drive negatively charged nol ecul es such as shown at

%n at g)ye\@n[qurétn?e% ch %gg’dsaﬁg corr;ttalomrtl h]? mo em-lrlp:se ounde’[C ltlhe Surface
C (0] enzynes, ar ge Specl es.

and e&bﬁhﬁrg)bﬁwkcﬂﬁ a@rs@oebﬁlals ‘beﬂhg domtamad &Uth% aasbiue 1bo{drerbead ger well).
cause a detectible reaction with the DNA strands on

Oligopyrdeqsidgtiare aftachied 4o eerhepdt 3sdh kpowninily artses-relaedipateatsgnd
pubhc‘g%ﬁ% hﬁe l?erags Ea[\%fb%éﬁ 8iePld %ﬁ" @8 Lig bg lffu{ic?flow'&ﬁ6 AN& assisted
char ged ol ecul es are Aucl eof I des
in entmﬁmg.:helwl@/ fha eta:cmrf&ﬂda achieved by efrebrpdescl 1@aind dé4 abelve and below
at e, he react| n area, inorganic
the wilfioehy Plgead e Blegie S 6 agplist v sg'c}%ﬂtc%gfggﬁ gfolecules
such ds&h8wn aPYIOSGAHRMEL Bls afFHRS BleREHIY Th& nfolRGles ARy e nucleotides,
faceplate 126 is attached to a thin, transparent
enzynelseqtatodehdipdd spdvieshThasnblecalny amdideliegtd inca so@blertyffer and cause

t th The el d .
o detcp @0 e e R DR b e LaFicob PR S RL R fap i
Aceta@i¥ri TGl ACERE phfertalbfonBye Rahé perlera commercial l'y
avallable source, e.g., Schott North Anerica, Inc The
o :
¢ Ip S b mal R Bivker of RS Ahcn flssed M i F B ipfafBSied

into a@@lyﬁ@@l\s&d}t[ef A& eféraideln thd Bctidmarkhliifo ¢ phb@Rbrous, which is used
efficiently transmtted from each i ndividual well 100

to genegrteya fetgeitble Bl oignakgeth RIORICMOB S endordings. bglaptc
faceplaf® 1}12%% Hti%ﬁgs d fP4 {hgnngr\?mﬁﬁﬁ@@ew \A%Jl; e ?HZ%S Rt any HRfR i

coatln@ofmﬂne erioaioyn (bi&halreaaﬂbrdﬁeﬁéﬂhemd‘odé BrtyankpRGR S the light to be
| ude an array qﬁoto- sensitive diodes, one diode
Collecwdt Khe figefaptis |f%‘éplat G @y beitem W@Flaﬂwaﬁlﬁ@ﬂ%@umene g

Schot@NMn'l Q€. ﬁﬂe? 0 M‘@fa!c ht\é'lgi:@ﬁ% @@Iof Il b&idle of fused fibers

|ntegrat inside.Sinc eac pI xXe ts own
ali gnedrm k)alfallelra,ndtm@epdlxe]ar fosthe bbtom edrfacw v eﬂllnl 00abt thiseway, light is
) S ctor 128 are
effci Gy it o GHE01 IS ST 116 Oy 3 B PTEOF RElhig MRS
sensot | B ouble@d m&fﬁbe%bﬂlc o aWith sJehQHé afe'é@ﬂﬂldeli‘ hcWRdIl.-As is

Each well is coupled to an individ
known, CMOS, which stands for Complementary Metal OX1de Semlconductor imagers

include an array of photo-sensitive diodes, one diode within each pixel. Unlike CCDs,

however, each pixel in a CMOS imager has its own individual amplifier integrated inside.
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detector elenment. To take advantage of the ful
capacity of the CMOS pixels and achi eve the best
wW@omsiie2 cover age which is essenti al for | MPPOW/UBZP08/069638
SYGH SRRITHAL AV 1?'8?t LG b lAﬁt"E w ‘i 1118 The shaded
Snmeneaﬂﬁpeg?ect a 1ht %?M’ ° ?s 100 ]V éwgges ace
areas BEONIOIS qintmdnleSTdne a;hgri&dwetlﬁndlvahlahwbllsbmdaetmm/éld nyixithum light

trom b AL %t oRucke By e E el oo e fan P Bplcmos

detectoPel@M@hd, abl e fiber faceplates. The npbst convenient way
to avoid direct alignnent is to use optical fibers,

' h di dt
S SRR b REND PR L
possﬂﬂé ESIFRMN Bich h@eégérﬁﬁh ?df‘lﬁ’l ré¥in GORRAE thRfuchpst, ﬁl@%?ﬂc@fise

to the pixel and wel The pixel and the we
constieigad weth a rfar peréeft abgrb@erabf theeells RO gvithathe QMQS @asspr pixels.

. pbe done by fix 05|t|on
his, PR o Bl 40 b SRR 8P B (AR e e
pixelsgRtaRebf eetirradil @R tef patdassih 6vOfablél filiet fabpbi0rThe most
containing the wells. This process can either be done
convegignhyAY tov oihdisisg Alignmet & toap PPiécd Bherst whisk prepudy smaller in
dlmer{gﬁ)cr‘ltll"él %ﬁlg}lre-d”&? th%%llélﬂ raﬂ% 't}%rbmsr f)&ﬁlg S@Qn % Quc(ﬂeaf f?lc%plate
nnent can be set as e anount o
c1rcum‘vﬂnltsethé pk/c&;lq:ﬂi] of slidnaicge ofibie dssplafetoehd pikel dndagdlsSEmsgikel and
ea in presence of a caljhrated amount of ATP or PPi
the Wejlsss%ww@r slogieea ihds pgned s Ty eanyary eayly réigne préixjneghe image
senso%%n achﬁrﬁsffl% t{)vg%lcﬂﬁlnett&% sRds Rehykemdtyh anllé?lgio\ﬂb %Ugét perfect
pi xel' s, "but as alignnent gets better, the | ost
alignrmdny 06 thefrhigrof it plasﬂosfa cohiapiimguine IweglsutThmp@nastcyn either be done

i ndi ate per f ect tomati c. adjust nent. of
by haydi§ GRER Al e mafon & e RO TR B ShE glicR merric
used BCBleBV RGN AN BOR! BeCdt AO0Re BfnoRhQAREIIQGHE | |pﬁotochar e across the
actuation. In this technique, the mcrofluidic pla

entire ippgiesengir dredia Pé@f@h?ﬁptfcﬁ aadibtated asnavgk ef ST Prow PP pisay before each
run. If Iho% eﬁl glc 'I:lg %1t glzréll ceagt%rg:ﬁogst tglé] e alrfgatr g%{év%eltﬁ]l% %&wﬁjiualrbMOS

pixelsabiiti a¢ ahgﬁin&mtgbts&)eftae dreacdt phoem ftuxalifiMiheo LMBX&I“nLinO lipiBtensity
the plate to a single position each tineg.

indicaigs) P et ARG AR LA DN OF ﬂr'«dme@@%a pedl GMOS sensor
plates%ﬁfl bk Q{:lﬁ@\ted.ftﬂlroug?ég@g:aﬁ&? otgﬂ %o%?eg#rﬁ‘é‘%@%ﬂ?h ' ANAE @échmque the

I ezoel ectric a ors ca orces are
microtionfieplaiediolder swihbe adp.hppedl Wwitlh asingleso rinflﬁ'ple?plmzmnletthlatactuators
lignment withi be a hi eved usi ng such
Once al?dﬁ‘ﬁt? guseridn Hiedtoldsiine PiRoIEFrE AUHET F0 be ety gipdhyith a
feedb&@ck fd e @IOLHRPEN0 nREIEE D8eaS 2 & n%ﬁiepésﬁlotn%ch time. Our
facepl ate as possible. Therefore our wells are
calculpadyrsiiodicad thrat ghtofderce sipoudd be hlacflf:aoeﬁwlr atogingtheplpkes toward

. de ition and ttern er of SU-8 on.to
aignifiih s toe e e o st e RBuaaR R 10 has
also bedi iHom@nBt atidhmbet WitiEa ks dafe QvigBvdayusity sichlh k&@®hique. The best

coupling from1.6%to nore than 90% A schemati c

positief Bwthﬁgweliﬁr tthierms plolig v giticiqne it wodfl be lae clopetocthe fageplpteas
poss1bqg dl"hg?e%g'l@lo%y %e 15 al%Wctakela If gél‘lg dh ?OCPZ (ﬁ' th% fbﬁ&g‘%ﬁ% élérotlghrgﬁposmon

ther
and pz&’teﬁﬁhg ad®yer of SU-8 on top of the faceplate. Based on our simulations, the optical

efficiency can be greatly improved by this direct coupling from 1.6% to more than 90%.

14 of 32



10

15

20

25

30

material coated (-150 nmthick) (112 and 114, as in
Figure. 1) onto standard glass slides 200, 202 to
W(aptp)pmmnua electric field in the channel, travRCBES1008/069638
t Cscbingied deQRiR rulih@no TRy JbaAS BAE Besk E AePloBGhd Rffique i
are ﬁurt er g%% uJ a ﬁ)n ?ayer%%esé% r?gc o{‘l auets
shOWIdlnd]:lgﬂ:lEQIPC 112 0ds erﬁ&ﬁilmﬂnm these IRahgwe e im@liurg |t1|n|onxuie (b’Rﬁ))jdectrode

e 80 B 5014 85 50 g M D 200,

202 tdi‘ip%q?}t fele¥R i B4 id BelcBfidel tRAVE & REMEUREETINGf flow. The transparent
di'spl acement field. Thus, the fluid channel has one

ITO e@ﬂb@@@r@ﬁmhedcwetdwah dithgh dayer (20 et diskbdtah 204 20h such as

paryI 583 Filo bt hLC b FrasTEio Gl BRI d BEROGT o preven

corrofd6H b1f tB8 8ledti€dead @ Qo 6RBLr @ siWhhd toAfablilielte terel e ticBdiSflacement field.
Parél ene is a generic termapplied to the fanmily o

of
Thus, @hesfld channebbasang syiipeeGoptgd eth WW@WéaNra‘ﬁ@CE@n contact with
ryl r [
the ﬂd:> ? abﬁd%g%plﬁgm ogélu?g?%glt}eeg{qf% & !(::t}(;?’]c{s‘]:tp%n h{yg&%n elfctmfde portions
are al§o @gteengish a dirtbctritylaire. Pargleat i‘s@dgenEtif telﬁmrapﬂﬂé‘tbtrol thé fapfily of
of Parylene dielectric materials is found in
unsubglityeg a9 gulsH eth Seyene §%§C§&’§@§?neﬂﬂ ilgvegpar@?ﬂlﬁrﬂy Righ
I { I
dlelecgﬁcasg%élng onge ler re'ggﬁl dsoﬁgsl nt ﬂléﬂsﬂz h@éﬁh &t I?rg#g:ngf ah@trﬂa(g/rbeq;referred
Furtheyl chssnpltlay ef Psnyiﬂmeaiwl@hmwnamrlaBGQfoundEm @Gr%l@GSZSSto Mahoney

) apted f a | ca rocess n which a CMOS
1ssuec€g}1'§1gfg,i 139931 %@g@gﬁ%’gﬂ{eﬁtab@? he vveI: andI under a

transparent layer 117. The well el ectrodes are
pleFeuabl B a geadtac dfyinalecsttred@mray is shayerln tlnetmbbdiwmehi, a glass

but are for Q ries of wr
taer 3ih o€ o A0 IR Bl a8 TS sd Torn Lo F BT ottt B whicn
a CMOSIsBhddg id AXRM.didBdly BIIOWIhd Well hd8sdePh tfai§hardit layeAl 11 NBe well
bottom portion. In top view, the wires and el ectrodes
electrognglage prefeiraply peatdédlbyg élfeleatrgwlraﬁer (RgIrshpwg), §ustjaderencd out of one
or botﬁro?lélrggrieesa I'\])vﬁl\égllll? t(;]ree b toEiom EOl’ﬂ underteeavrvel? Formm ]ﬁyer
sensor. i's woutd a1 ow ¥ ADPT caf 'O 6 &
and aleh g eersadie of €z Wdlg aOthd %btt@ﬁh pi)tthﬁl of topMid SBOGDES @ﬂld(ﬁb&rodes
| f each well (pixel) was 20 mM square, for exanp

wouldshenig|the rmad argrid {gringng wqqareaawrrdeea@h Ao @trth%botm @9rt11>n near
the seﬂMrZ@ﬂa% %Scﬁf(l)vxﬁ Re %ﬁ%&o@oﬁ%lﬁs \Qf?lgelg&ko?&ceg ofl ?heo(;rﬁé{ﬂ cﬁ%lze of

char ge e Wwres run adjacent to
CMOBagtiisonpiatlst ]ﬁea@}e%ll (p‘ike‘-lbwaaho gMesz:pmmdﬁ)r@ample zplslagleabr double

hi n the si de t he wel I ext endi ng par
wire, piba e BBl B ﬁéﬁ\@vem bt i G et S osfrovide
an A@Qﬁf P chhre@ MEnCONSI I‘i!lﬁ raﬁj a@ent @(’) #RlbotthbR dFeh@wPRr Ais@Mniectrode
t ebottomof t he wel I's in optical cont act

can benpladedawiglen dlor side well pf shelwals ettonmu§ dantiplly oue thei tietembsf the well,

an electr nthl case, .a se f, netal stri
as sheid TE 460 B ppaing g ERGice Rk EhnaS B Asaion B pputom of
the woE lWhictdidtin Bti@NESntS@ WBIM1Adentdit e el RAHJuBARDN fodesides by an
wel | . These netal wires 115 and netal stri ps 119 are

electredsn iebisese. @ sehef efhk s sdarecraciapigipdparoatewithi the sidewall of

the wlP 351 LREHABANEL NG feh O 1L UFRN’ S C QUL AIALAG, L0 5 W meral

annel Br i cA
strips S 8re(con2éiedinthdi alkape sGMBAR] bpeenotagdsktiesl abane.al SO
be used to create the
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fl ow channels. The ITO dielectric coated glass slides
formthe top and the bottom | ayer of the flow channel.
wo\g00desan: bed in connection with Figure 1, a beaduifdps/069638
i ¥ hE ﬁo@/ s‘ﬁfﬁt: élré Ebn@a 1ng tlﬁjfi ﬁ@\g'cﬁgﬁn‘épgﬁdat'hg Wals %}%l‘ggq)eads 18
particles a“vol tage source connects the
fabriceteé ¢t BOek6- i) }Hﬁ tlluok)c HDMS/BIIhV@T@aBk&DSE cdlhéscpbtﬂlﬂed tesreate the

d f he wel | bead 122
fow QBNFEITHE TEOHRC R AR EorUSer i e G foe befich ger o the

flow QhhSGPINACILRLDAESR bBfieckiBRMithANWeNa B B0tk des wiid4n a fluid
Conventi onal photolithography technlques can be

medivgp pdritaidingwhaged gaypigtes d 2thi ang.a vSlfege faalrel awangaghthe electrodes so as
rocesses f

to el PRFRRER of Mo Bradle P R AR AL P E e M 4B frag 129, the

well, Bb8adhAe@S SitaddBeBlol iOMaCthad Elh&ladsldhlgo@lfclévtﬁbs for reaction with
aspect-ratio wells, which is critical for reducing

nucleetifispilékl crosstal k between adjacent beads. That is,
the reaction area should conpletely contain the bead

GOvavertidaalghousitiessghyptdhaiueé cdne {Ppat&rdredl-8 patterning. Such
enbodi ment of the present device, it will be agtarent

fabricptieq pracepagsi fer §UoY haveraieadt ags tessidstndyyetifigghat the Stanford
t
nanof@%\?/c%’tsllglj(l) ﬁaecgﬁ% hfa}%% 8 ggécelé%‘hggﬁ&% ﬁgncé%t%: I%l%?%fé}‘ a rTBect -ratio wells,
whichCie upitied féraedutingetieviict @tdsyralkaretweadnl afhcehterehd0 dhata) the reaction
nd different wells may be in different states of

area spppgg Q@@P?ﬁgﬁF@gmﬁﬁ@?%%@1on or repul sion at the same

time. The el ectrodes may be nmade of a variety of

t Canepthe ebdveelesaiption aff khe-prefiedud tmbedin@yeststhe preséntasvice, it will

nmet al  oxi des such as.indiumtin oxide (ITQ, anti y ,
be appigHE hal Ay ARy & aﬂ%mﬂit“@a“d)ﬁ?t&iﬁt@?%ﬁﬁ'?d%oé“éléa%iﬂ“lﬂ%htfﬁogqﬂlS“awd, it

can bO¥1vi&dnedqRGn Bhe YWRb&AMeR:, CATHRA| Yrali o€ go@;ﬁe& {oMIPGH RiYhIly
el ectrodes in electro-optical devices such as Iiquid

contradleg steairodi 1sapt apd diffenent etedls magydesn diféerent ataspanf ehargédspecies
detection. In devices where the

t |
attraca’fé‘a or%eﬂsﬁog ?r@‘gé%?“é&n}eher mal ly or electrically, the

el ectrodes do not need to be transparent. For exanple,
t Abe digviredss meay Uvenadsed af\@tnem ddtanpragnt diecesnil poomfuctive layers,

eact.i on. ,.See 748 to oczkowski, et . .
such 4 et 3R on, oo AR tod PBRT i SR doguamium
stannad@(c@ﬂinlnﬁﬂ tiafoxalehicach HOWRRRES ¢mon ?u‘d&i is&@%ﬁdr@nt electrodes in

i mmunoassay can be carried out b%? bel i ng one
t

electrp-pptind devetsaneh of gnid arystabeisplase h@@@@ﬁ@@%aﬂﬁ% wanspagsat for

purpoy?[s%f OE d'e\l%ctl %?ge&ce% W e?‘eS ?1]1% qez@? ¥n Rn]r?l%:%ﬂugfﬁ(%h?rh%dly or

Ve of
electrlc 2132 It}veaeleaﬂjaidmﬂ@ hbﬂ’lgaealtb Bm&alg;@mreﬁm be@dynﬁlaylw ddw&xte\flﬂ@ﬂbe
two conductive | ayers. and neasuri the el ectrica

used fopplgetricaldetecion phi binding reachign| 265 H§t5e284d4§é9 éflrogzlgwskl etal.
Februglg}‘/t b@él eﬂH@%ﬂ‘ l\qg@odT i ¥ Het];:éltﬁm HAHndiAERGEHRES A

suc urt type of capaci t ance- neasuri ng
voltarggtst mnnmnozissme@ndaemarrredafut by bdelioges iuuamrenieam'tanh with an

electr(?ﬁﬁllg? tﬁ%as%z\%ﬁ?a 3’%0%?5 rP?i‘fe 329 ?;@Bﬁg;ﬁlﬁe O(Vh i{],l 1@%0% illustrative of
one such technique. Another method involves sandwiching an antigen-antibody layer
between two conductive layers and measuring the electrical capacitance of the resulting
laminate. Giaever U.S. Pat. No. 4,054,646, issued Oct. 18, 1977, describes such a method. A

further type of capacitance-measuring system includes a pair of electrodes coated with a
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substrate, as described in Arwin U S. Pat. No.
4,072,576. The well-form ng | ayer may be forned of any
W0 p@e121et eri al . Phot ol i t hogr aphi ¢ t echni ques PEUR08/069638
bst@RNEYGhet @d Rk hRK Mk BonchidSra hi¥eQaiByIHER § 11§ biad with th
subst ﬁ%nnelﬁs eang react |Hlon artelas%a for eigvn'p% &%lfggs%r#{b yith the
substinte, 4S1eGc1AEd, id AdwiroUEh Pat. Der. ¢#72,586. al ., 1 ssued
Novenber 1, 2005, entitled "Nucleic acid anplification
Utpinb Lehing Wagite OeHddGHSiny &RALL PRAOTMAGESphi
m crof? %c]@{/!rceag are constr ét edlgJl east O?n % PLc
technignenmey hsempbyecttormtttem tht fayanthtc o pgtes o tled! diwnsdlngidereaction

oo S AL RS 1 DR EBDE ML LRSS, e
2003, @n8tled ‘WN@ic §did@ })llﬁgg%)utlﬁ(iin%rlﬁi%rcgﬁﬁdlé 48vidds6: AaBEcREdd there,

Publ i cati on WD 01/01025) Utilizing such nethods,
microflghicoddvided iats apavtiretes! @densbia Rﬁtetsfrcgn ethsfomenh inesttersds aitd on

flow thro chan th 'c i.S
consup Y Pl UG EPRC o By SESLEGi s ansgpaiiciar
layer éfvapdigdtontri@hodr (Secs epaNaigetetfal qODO() Scidnov2gh armel 6,kyd PCT

an el astoneric nmenbrane or segment. NMore specifi cal | Y,

Publigagpn AY @ O A4 PR DY iilesn sristchsrrshodsy Biisyefllyidicrdexjcey can be designed in
f f t
whic s%médroﬁ?\}(%vﬂ@lri%ﬁlcom r nﬂé]ﬁ gﬁ%hgl cfsgglck %&gﬁto%lg&m Ffeggf‘?ﬁ &)grt with
one off Iﬁbﬂ:SdoﬁtrBI ¢hanhdy eiat Wctsbpatrlited fﬂoﬁwhe filawnelajined Iby&hlela@tm’nenc
waf ers by phot ol i t hography wi th photoresi st
embygyg of pagfent formec ?@h Ertaig éa%aE%mﬁﬁaOﬁ%HlVﬁ}V@ev@éw
fabrlcQtYn gt B@thépfn%lcﬁ G81t ﬂog ga;”e?st (%lastp hRte rl@}%k %ﬁth%i\?/@wﬁllo? cFdnfels) and

fornmed y exp05|n hotoresist to
bottorf Myem/(ethsibmedle V@sleo pmtbnhe flble ahanmet)| cmwﬂmmomfsrs ayd
photoﬁf}lgtgﬁag I%ﬁvgth o}&fgg?s& %lgﬁlegr) aﬁf{%rﬂ@h ggannﬁ?lsl #tggglhbe (A)ntrolled
prems@l%lhfyr 186 sgiRdoRingRate QIRKBresiSEHRARASs 288G ormekPh( B3BGh) theThe

phot'oresi st material may be spin or spray-coated onto
photogesistitysy V dight llowed by dewdlppraem. Medteeflaw pegspisiaad pageetion
m.ar. web, to, th alya | abledr
weatnep) LB A e el Bl T Ao e Y Y R g Thoken. 4

Scheréedn@rg. ®. Quake) Sdicdse 288TH8(2@I0))avai | abl e from M tsui of
Japan under the trade nane Ordyl PR132, epoxy based

n%g I b&a?eswe&ggngﬁmgxﬁg%oﬁﬁ N ypr& %&itgé) {)1%0 glggtgl‘te guch as a silicon

nmours an rpora

wafer\OF bppliedtaga,filedr.wabndelie WEI{Qr Q@ cati@ el g aRhlﬁlmrnyﬂn@hotoresmt
material avai]able from M croChem Cor porati on

materilsjpelyde pElic birsd aratariads, syclich %ﬁ@l@@vaﬂabéeofm@d\éﬁmagf gapan
under%@@ﬁdeq{aﬁ{eyO@f PRU& OP&E}%’JAQ& hﬁéteyﬁfsds&?:h a8 al avallable from

I nternationa LCexl ngt on, . and referred t
E. I. DuRoat daNEmoas a%%ﬁﬁ))any ﬁhd)ommlopl aﬁw{ﬂim@@h rﬁ)abtlmdelsuhsttrade

' such as ter ai | e fromHD
hame %ﬁ%’f@s\ﬁ@i Letegipl eflﬂa]?ln? Maﬂfﬁg%f;mt ‘W%‘é%ﬁﬁton Mass.
under M&Q naﬁfetfﬁﬁ SaR)‘i’lsﬁ(éH"&!; d }%§¥Hﬁgﬁy%ﬁ§hzﬁtlntgﬁfaﬁ§ hddd 4t9.ekh@rk
luid side of a wafer s raté
Internat10nal Inc. of Lexington, Ky. and referred to 1nternally as GSP920), and polyimide-
based photoresist materials, such as a material available from HD Microsystems of Parlin,

N.J. under the trade name HD4000.

After applying the photoresist material to the fluid side of a wafer substrate, the

photoresist material is exposed, as through a mask, to actinic radiation, such as ultraviolet
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photoresi st material is exposed, as through a mask, to
actinic radiation, such as ultraviolet(UV) light to
wW@2av@e12112 he photoresi st material to provi de | BPCHUB2908069638
{0kt b fednfeh 006hSedidl 1 BRVRIAbLLRSE fr TR 85k Zhannels i
(UV)dg%n evePoﬁ?é%)ﬁﬁe gﬁo%érespsfﬂ%%terﬁa%. %ﬁ@i W&hannels in
the phpairtest medernpth apon dsickipingthe phatordsst tagniall 8he Ipofp@dedyhotoresist

di ssol ving uncured material fromt fluid .
materigh & 1Ren 9oHEIoped P AL oy mgiiaCigss _é‘i*a“ﬂ'?? g dlyid gmag/wel aras
of theGBE o a dNVB1PENEIHORINY 18RI E18) S FRYMREIs T8 yasd Rfbcted from
fromtetranet hyl "anmmoni um hydr oxi de, xyl ene or
tetramgth yb hanm cnivny dydioaidoordenesw diliphatisaryldoovatbons,sndiuth ¢gubgrate, and

2 SASPBIE BRSHELS, Kol Bl AT I a5, 191

issuecEMal tl b D06 PEMRRE SPFREssTBNKb ARGl A a thifloClAd £lebtish device.”
ej ection device." A general assay protocol for

nycl eot i de _preconcentration/ washing i.s as fol l.ows; ..1.
TP AR RRART EluRleb O PR o bR St
2. The flow channel is sealed fromthe top with the
L1 Foe diow chenndl ¢s igishgBedwitd ¢he BNATHeads.| ow channel is
subsequently filled with the solution containing the
2.N %h %gw A6fnel & s@éﬁ f}oﬁloth%'tﬁrg Hif ‘?ﬁesﬁft?-ﬁie‘fe%ﬂfﬂce@s%dsnhé’. a
hi'g requency source and a hig requency square
pul se (Vpeak ~5 - 7 V. >100 kHz) is applied across the
3.cTaafiel. chihad i sibsdquentiyofillayeits cher odutibh&optaoningléhs nacleotides.
AC field to electrodes 112, 114, electrode 114 being

' Ly i | | tt . The AG field i . th
. AR L FRs et s salewed i £ RER Simyenss” youte it Heha
f T&Qﬁ’&l@?){(}%&fﬁ?g@w pealr-8at ey & akHHGK higplicRcdss BREBannel.

of abou to about 10 MHz. This high frequency
AChat ig| the meltdgefsperse f h&peofvidge an HC field tekbleetredes 1dduldheclectrode

ol By A R SRS ) LGRS D vt

W?tﬂf&aﬁl@ﬁbd’ V¥ héndD€a ¥Rb i@ padtplabBtorafeaiisn 1 0kHz, in a range of
el ectrodes and there would be no DC electric field

i A89uid Otkklz tegbeidO.MBz. A snal | DC voltage (-1.5 V) is
superinposed on the existing AC voltage, again from
D e e T e e i Wb Hhfpat forms
Dhlxhb ekdgodir-li@rié inteypade] Bxthawssgnéea aithe A€ N4, the aldstricriouble
the wells. The present device nmay be ysed for wi de
viebrgu L uR OC Bt appirL ity 4% ofetide” insdudleNauya be no
I MOL¥&rit FRSIAAHE tHfchamd eot i des. These i ncl ude: Primer
el ongati on/ degradation assay In this assay, term na
transf erase activit§>is detected in protein '

5. prepaal lbComdtags (N1 YD potpgimposed od ARFexising ALS pRagepagain from
typi. cal e 1 pvol X T 0 0 dTL .
| (Bl 5pleRd 75 DGR ket PG s ol ener
25omdvhifitt ficdiGhe DPNA Beddls oPaddepelled away from the DNA beads in the

wells.

The present device may be used for a wide variety of assays. Preferred assays include

those that involve transport of nucleotides. These include:
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nmg/m BSA, 4 mM MgC12, 4 mM ZnSO4, 5% gl ycerol, 1nM
dATP, and 20 nM 5' - 32P| abel ed (dA) 10 priner. The 3'5
we@otlignse activity in protein preparations BCEUS2008/069638

Primes ERLERAEH /iSRG NS 5@ assay in the absence of dATP.
————Fggﬁgvr§—a§§—mrfﬂ%%%€n at 0, 5, 15, 30, and 60 mn,

S Up i eaveant, eatmindl lrafstéi@sdmtivile i Cde@edtid@dkin padtdin preparations by
) el ectrophoresed on a 16% acryl am de denat uratin T%el.
incorpey FinRat dAdFeintn PN A 7o Pig Bfocedyss syobrest 13@@%&% g 130 nM
TdTLY gglr%%% edg?‘%?n%ﬁllﬁ 2?@0%5‘ f Hzgo%ogﬁl?@ta? gglyl%%em 6% ;ﬁngLI, BH GG 0%
mg/mITBaA, # heMIMpQl2M M EnIBrnddaadlycerol, 1 mM dATP, and 20 nM 5'-32P-

xynucl eot i Lransferase | sof.ormPlays No. Role in
taveleg AR DR Y0159 mTreE Ftial BPURTS Frgpantienopgseatched
using Maff@ a§sa9/fin AL s&ce M 'dWHP’l @ﬁqt%@ laﬁésdv§th5‘\lv§ a3 3Y5 UREand 60
a device having a plurality of reaction areas, where

min, sagelhmertad wWidn @roamids dyewesk] andesd¢afiopbioresedhnl il @hecrytamide

onl.y o ead. DNA | | es are attached.to .
denacfiRlids &1 0rodRES e malB it EpRLEEHORASE bider apicodak film
(Bionak IMR Y -t7000 eScePE @i Jogmafl ofdiNnimlogachofhaan:. 64 asmel eEvidence

of neutral materials that may be used for the bead

That theyEppg Mugingdsrmppe] Deaeryrelaptry]trpsfepaseypeipen Phap Merkele in the
r .| hked,, pol ysacchari de agar ose,
Cbnu%%ﬁ&@%ﬁ?Em%§5%£§té§$¢ﬂcgrey Properties)? ot her forns

of agarose, latex, etc. In addition, magnetic beads
Clonahaalysds ofdNA. ggMultinle ABal¥ssi n Exanpl e 3. Because the
process of attaching DNA or other nolecules is '
| ApBrapgaytuses hilevied havingeapluralityof igactipmpiicast Wbers eagh reaction area
. pyl.atjo j . t
e S e o
chargedhisdadebisingndtiads Riowh @l the witt WithOndbEeics 9f BNA f@dtatidbead.

the wells., Because DNA is ne%atively-charged, this .
Exampjes pf pegial majepiaia spryaliciishy Ty e Readdnryde alptsy pelyagnylamide,

Pl LR TARE bt M it ORe
Healtlpapu Patpeares pfotHokferovatf @daroea dieex, rtd readietvore enagiiéte Hohids may be

s, BB RS BB B e A NBE A A e
imperPRL, tBik Wil ke s RO P BAFh1TRIE bF Badls aiHd 5%9@1@&81{ §8th BN & CdddYone
to oligonucl eotides or polynucleotides of DNA (or ' '
populRigw) withehit ERNar Both ipepulpiiosess pet if thre fhew channehend iy AC field with
acting.as, seqguenci t enpl. At es actin r.ebes.. .
o viiE} PRUAE RN S e TR e P Ehordt 2R i PRI in DN
containidgebeaddigeiReathsurb@ih e wedig! with Wiked behdsemiveivp eirbug@nghich that
attached to biotinylated DNA/ RNA, or configured In a.
they afig washgd apvay yTts repaksinenepiches! rapyaion af DREA-gpated beaghén the
: f ' i . he : i t.
deief AR LA BTHRN AR Ve I ACRTR, ARSIy .
DNA @natedibbads aietydeta warieol @danoen bEhe ntasariatsache conyeckel dreytly to

oli gor{u%%%{ig%; qt} ?prob%l?lg]ggqlfgeg gg ?II\PQ f(ql}jﬁ.lgégy ’é)iz]llpcr:llf %gf;le%gprgg é S sergiofturther,

ity AL S SRR, RS AN e

polynucleotides, or the like. The beads may be coated with streptavidin and attached to

biotinylated DNA/RNA, or configured in a wide variety of ways known to those in the art.
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nmet hod that depends on the type of barcode, including
but not limted to mass, electrical, visual,
WO Pasooeatence, and nucl ei c acid detection. |n PEI/ES2088/069638
arh, [

Eo R e P L O in B be 2 SO LR BRIAE 4 bascode s a
spemﬂlmﬂag thah & dskdve mhanﬂilp tieted:'t aamﬂ]ﬁp.llb afhiedrar oédehaalylb¢ amgntyye of bar
sone .of which c Ies to. be zed (e.g.,. .
code IEhQayn oL ERBE B Bta% &9 APYG! F8P- 3@@ Ge i aftpctically
respoittifd B ERhd FRHQF W AlwiBP&E RSt BsWs. THIthf @(Bd%@tareq\cl!eoded using a
sequences, different proteins or the Iike). The beads

methaglrtbatpigpenda ptddhd e of bargedd, §1clushiel hutewot lifited tdpagsaelectrical,

visualp e End PSRBT R Tely el BERREIR Ay Engecn
reactiéd &reh eapPeNBleNEhiedas wel | as protelns and nucl ei ¢ aci ds
( DNA, RNA) NUItlpIex anaIyS|s i's carrled out in a

n er, .of f. hun ds
o RS el frou Poc Pl 88 oo p s g Cor LBRaLERR of

beadsVW&1Y sqraé oﬂwﬁk’ch%@htaﬁf myREH1SY toel dhaByz€l (ef £ r]BNEA)f\lvhld:rSm the beads

channel. Once the target nolecules are directed into
containgy pplgeudes Geatain dif feclay ﬁéecé%;e(é@f, idfharPRt LR Grsegucages.

I [ T. +H

dlfferérﬁ é)}(ptg ;ﬁg ofa@l Zgigc ??l fbgzgdasgag%gﬁt(f C?%ﬂﬁ n?/t?/ gvcééls rfJHPlg ?ﬁi?ltl‘lﬁzei?)y bar
codmg.ﬁﬁiellﬂ@iﬁadmmad @hlytberlgspﬁbnblaé tccmd@)rdsentl Kl€inldi Ay shéwen in Fig. 5,

targgi nol ecul e.. The t "bar c g is used _here
even qegauXFs {5 IFHOBPIVE-FS sqla%t% ra¢ grdeie agidh B A RNA).
ol i gonucl eoti de or nagnetic particle) that is
adbdaplak enialym fs chireedtoar ged numbaatime]ls.eitibie maghibe exntthcyorder of

hundrg(rés[ oto{lhc %us%;gﬂ,s ogéh I d s ﬁgoé%e ?I}%g{g Séésaezagli %%gégf %tsu set of wells)
with al-dnzf@feﬁ’c fluiftch@nel. (bn%% lﬂl?éjta k Yaotebuled ggjdlre%féﬁ'lﬁﬂoqulwdual wells,
Fi xed address anal ysis of sequence tags.'
reactahtslzed spectimplly addrssed, @ethomg]ﬁdmlnsgfqr ghetrh]ea]pm@g/@m The results are
| ude cular r. net bar code

read o Giribed Aoyt S ReR Rty Qe e S et fa code to

identifyEhe lﬂe&@&@mol@d&@ tThe RerRAFARBINELE Gscd @RRBDESy toSdfedh & £unique
enhanced raman scattering, surface plasnon resonance,

molewled@wéls&,s@ﬁct?él,g%mmdg e SeEnetis, pacticde thairis pwseeieted avith the target
moleclu?eg 8{‘1%{11 %?regt? n@ﬂhrou L QURY gupé):&t s%c}f% n%)i)%%t Fl? Ng&%ﬁ% pay be

are s or noi ave,
foundgd: veil U8 dZﬂlﬁSQdo Cﬂﬁﬁﬁnﬁmﬂ issuediJalyl IGROVE eﬁﬁﬂé‘d “Fixed address
gnature in nmass spectroscopy. Mass | abels are useful

anaIY%@ﬁﬁeﬁa%réfe $385CtPHETIBPRIS that crihe ysgd a%f‘@tfféag fQihe present method
includ@ rrﬁ%l@ﬁfl%%r%ac‘l ﬂ&%@!ﬁ:? s E1BER! d]ﬂqgﬁgﬂscéié?é&alﬁ? ﬁgcg&ﬁl magnetic

nbr nati1 ons of el s can a
resonmefa]léctroﬁqxaraemnﬁh@nesmhm serio@dati anved mhﬂa:ﬁbatthmg' mgyrface
for exanplg, 265 uni gue conbi nat | | abel s, are

Plasmﬁ@é?sﬁP?rl?F fEEICHY T ElFﬁSH BOTRtTRT O e%@%’&ﬁ%ﬁ{l‘éﬁ Iqsgpance raman,

mlcro%mlrﬁ’co%%ﬁlagblfl fR&NAbeld H8EGMD Qlﬁ{dé‘%} ﬁfo‘f’etfé@'fhabﬁave or which
uni quel y I abel ed and det ect ed a | owi ng nultipl exing

give thmidbelad comporent, ofdistinetivd Besosgutureithodss sPottyarerys dlass labels

chai n reaction This stan %» gﬂ
are s B BT Rt R ST BT £ GRAE Bripeds ar pentie
nucleic acids and carbohydrates. Combinations of labels can also be useful. For example,

color-encoded microbeads having, for example, 265 unique combinations of labels, are useful
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which is conplenentary to a pair of oligonucleotide
prinmers. By adding heating elenents, PCR reactions nay
wheoogataiizd out in a device such as ill ustrat eRlCT/HS2008/069638
[

for dl{) gl gfﬁﬁlg é‘l&gﬁ %ES? c% ggﬁéhrtét %fjexafnﬂfle %g%%ehﬂlgggg d%tectors can be
uniqudly 841g]ei5thd daredted,a965r1rﬂgaﬁult1bﬁxﬁ1g5mﬁ adndtion Cf dwgilsclosed method.

i ssued April 30, 1996, entitled "Methods and reagents
Polynfepdseichg€inpélcyioRr ase chai n reaction anplification of

| ong DNA sequences, " describes nmethods and reagents

f&hIStsmdalwlrﬂsw detactsohe BfesEA of aabmrdescqhenegét 2 mpdecule,
Wthh 1S {:ﬁl%@féﬁlsengﬁly Eo np%ﬁlo éfy JIFI%)%ucﬁeoC[% plrlllr%e?o f yI z?cfc]im(gngR?mg g_lgglents
PCR ileh&@loi®e siag e a8 quolnyndsvasesuth agmilkested h Elgelrerm mCR s
conmbined with a | esser anmount of a_secon

descripeh fipamleindRic patepirsr et s Yok Salks Hongh @8-’323/%' 4:6§3,195;
4,8008%9 UGl L6531 AC i 51@8{% ?Fﬂ%ﬁ% '195%9& 9%%1 b t@@@' érﬁmﬁd “Methods

Pyrococcéus’ speci es rnotoga mar’it
and rqagﬁsefdr thmpdi;mderamagham sactive zamiiﬁcatjon of loag DOiS sepehods

uencin nt h uenci ng The
descrigy BB, BOHBHOM TS TR T N RSCRI Ay BEloBgeT than 10
kilobSEIMEME ip BE/HQY%%)&HSBQ&C%O§?@CBP g e tRdds@se compbsitions consisting
SequenC|ng Met hod Based on Real - Ti me Pyrophosphate,’

of a pSmiaphiberm@&ble BB BE3MERIOBPmairiHysthermsphilNe wombinkdavith a

n " Anal . . Biochem , 174: 423 4
tesser ARG ol o - pRAE R FRetsy Eiseii B g Sheas
exonukle@fd adﬁﬂﬂ%nﬁﬂ%ﬂﬁl@@d)d&ﬁs hto@ﬁomomaﬁﬁpﬁale\!@B D1dr, Thermoto ga
| ssue 1, 3-11, January 2001, pyrosequencing is a DNA
Hwﬂﬂﬁéﬁuen0|ng techni que that is based on the detection of
rel eased pyrophosphate (PPi) during DNA synthesis. In
aThapeRe ndth@RZNABIILChd gRtibd @NGariodk sl dRls lof DNA b&juencing-by-
generated that is proportional to the nunber of
synthgsfieor por at ed nucl eoti des. The cascade starts with a
nucl ei ¢ acid polynerization reaction in which
Pyrosequengiagi ¢ PPi is released as a result of nucleotide

' [ b T I d P
D3RG e DBl R e B SRS eab Byt e
Rona%ﬂi' €], PAREGHeRitRIcBRaTEYed h RUQL"flﬁfeqsﬁoﬂlﬁsﬁlﬁtéj" Z&ence, 281:

uciferin and generate |light. Because the ad

363 3019881 andetymak ndviNew tMieshebefukaquencyfig PV, t én@ll BtO@h@an 174:
4234€§&g§%ernlned The either RNA or DNA. Fbmeyer, because
ynerasesshOMIhlgher catalytic activity than RNA
ymer ases for I|n1ted nucl eoti de extension, efforts

héxﬁéieﬁyééqqd firnBosedi. oRyrdiequeseingShedsgrightean PNA $Q§1r¢pm<é@$”
Geno R AP TEL181, SL ALAL PHE RIS S
sequeh&@n grltercﬁllnqtld: et it babavorpdb YeRE @seof rdldgseA byraphibiphaiel (@D during

used in_pyrosequencing is a reconbi nant
DNA synthesis. In a cascade of enzymatic reactions, visible light is generated that is

proportional to the number of incorporated nucleotides. The cascade starts with a nucleic acid
polymerization reaction in which inorganic PPi is released as a result of nucleotide
incorporation by polymerase. The released PPi is subsequently converted to ATP by ATP
sulfurylase, which provides the energy to luciferase to oxidize luciferin and generate light.
Because the added nucleotide is known, the sequence of the template can be determined. The

nncleic acid malecnla ~qn be either RNA or DNA. However, because DNA polymerases
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version fromthe yeast Saccharonyces cerevisiae and
the luciferase is fromthe Anerican firefly Photinus
W@geabia12 The overal | reaction from pol yneri zaPCDHS2008/069638
show higﬂgt ca@aq%t?&ﬁdtl ﬁgtt}?aiﬁ%NR fp%ﬁéﬁ‘nlA stelg &} lﬁnQ’ecﬁﬁﬁle@hdé O hsion, efforts
nper at In a pyrosequenci ng

have reeadddused yn tedse 6f xpidbed DNQél'EémpihtecfoM Bsosegiencing. Standard

turn, gener nore than 6 hot o a o
PYYOS%\?B‘FIBg yth ﬂgﬁf E?@SW AEAeaEE 8f kse ?“H‘f a %ﬁﬁif* ]c%?lalt which i &
relati@BBibY RERGERATRY AT PQHEE%S@ d8ed R RBYdnt Rk i€5 rdcURBinant

or a charge-coupl ed devicé (CCD) canera. There are two

versiodiffdne therpeagyaodagurayrsh ngrestsraatae@ theducigayhseds ﬁrhmstbe American

e OO0 CERTSE S o B i
place WwifATHO3- Hlsé@& 1OV teMpérbird. DR eRM YD NA $it @m@@&ﬁléh@ﬁgreactlon

previgusly. In this systema washing step er f orned

yieldsttox 1@ mgVEF migkecales askicly ip §irp ageaeiata mpreghdthd ﬁd@?élmtpleﬁeat a

Wavelglggtb tok ?&) nd nlletequ. lfp Qﬁg’lﬁltpﬁl [1%?‘5619 gfsﬂ&'d@%c%ﬁ%ry% Shotddiode,
n eot 1 de-de gr adi enzy

photoimaltipbidtitdd, dra difakee- c@uf)l@d rdeema YOED3 yaham Thsk mteltwn dirferent

this enzyme elinnates the need for solid sup% and
PYrOs¢HeRT IR T A teviaS i -ABAE MFasey cBras (Ragrehhe al. 1996) andliguia-
phosc A BORYERE 00 BRSL B0, ARG PRER BRIy 0 e e
CHZYMSEUI dedeshedt frevipyslp ;ih disip bystan aetasbidg sequs peformed to remove

sync tion. of nmer ases -0 e  DNA strands
the exgh CHOMAL Siss Foat B or e FUBEv-af Do et ueheing apyrase,
nucle(l)tﬁfégd fadidY &Rymbtfrdns pialo, BXRESIRE] th@hkd PRyt hBEhd SRtem.

met hod can approach slngle nol ecul e sensitivity dué to

Additiq'nrﬁf ttleisi enﬁyarm leﬁléﬁ'fﬁi meéneci/ fagfsoligl glmportra@d dgeingaqlidsy washing
thereb enabhn [ARE rrg)se gln CSEHOS Fur ! e smn tihec! al |
gequené pspee $|n1 ed(% RN necessar% mashlng
st eps, subsequent chen1ca| steps in order to identify
pW I@MMVGH’(EEWQ mm:esmemtlvwmﬁhetld%h@peprymp&lpmhate method

L ed. t each base
requlre roniza d? fsa]%ol mgrea(s]euseon théJ ﬁl\fA st)&? %Igffilfll CUeIePI egwn to

restnoaseqmrsﬁ&eeﬂeyd tabek MARb g 1shmﬂefpbe{ea@hatdlee &dtéctibos MeshddcahR@proach
. . sequences were recognized. The present nethods using
s1ngleép&§chrl% RGNGHLyity dye t itegh geangiyn ietfecdencppf lighigprpgystion by luciferase

in the %P&%HE% ﬂ:ﬁrﬁ{eﬁgoébﬂl\é$vglraﬁ ngin g%ﬁéd%‘ RnidedD ‘?P{eeﬁ”qiﬁésﬁry
i'n pyrosequencl ng he react ant ow into t S
washibgttepy, sulssdquens shangictlhreepa bhiovelet tositledifp tpgzmphosqjhlat_sp presence, and by
robl emati c. afeas of s&$chron| ation, rea

the inh{AN L RSATIRI TG CY FREHAHRAIAL Bretsabsiised W! AP ol bases
seque@t’leﬁl]y?’A%BdffﬁaﬁﬁésCiﬁac@&rat@i - detdriBHiR hé%@ﬁ&‘%ﬁe %tretgﬁ)ean the

enti'tl ed "Sequencing by i'ncorporation,” nethods of
sequesey yeme ieggeiogedsynt hesi s or i ncorporation generally al
i nvol ve the addition of nucleotides or nucleotide

angk ?&%eﬂt%&ﬁ&ﬁtdsﬁl% bR Ss SPWA %hagoﬁuéfé' lﬁlbl%na%éjenzymes
tenplates and prinmers, e.g., DNA o NA.
listed pbeequovide sigarfsant improvements in pyrosequencmg The reactants flow into the

wells better, addressing the above-listed potentially problematic areas of synchronization,

read lengths, and speed.
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i ncorporated into the priner, resulting in an extended
primer. The sequence is determ ned as each additiona
weomphenent ary nucl eotide is incorporated i nt oPCHES2008/069638
PrimePEk BB oANd the steps are repeated until the entire
————réﬁgﬁaré sequence or a portion thereof is determ ned.
| As@eecrivet) 0d USENG 13051 3tthiParcepdthodissdcddeSepteaibeo j 2003, aftitled

.. hucleotide analogs, or a fraction thereof, conprise a
Sequgncipg By mcwog%twp BEHOR Rfeearansiedy sYBEEsiner @fswomoeh
LRPAERANbNe GRS rAuPROSAR AL GubofieGRAR S ARAUR:
gaﬁxTﬁg 3'-5% |ngtgroup§ prOV|3% Pev%rs%@’ % ]%ﬁ xtures
comptlﬁngrhmﬂtlic anid thihplateadde dritersac.gr, MNAgr RINA. éF he nacledtides are
chalg ﬁﬁse nucle 1de analo%% resul d d
incorposed i g Pteer p‘iﬁF pe ingieextendpy grpCh hﬁFB‘ﬂ}EnF%ls etermined as
each dddRidaal domplSHOUES, nu@}egtlde RYn@rpKae e t}ﬁgﬁﬁﬁeladﬁg/tﬁé st@ps are
phosphatase to produce an extendable priner to
repeated untigthe pugle éonpldesequeacaddedortioh drestyf inddtaming.
conti nued sequencing of the nucleic acid tenpl ate.
REMBYA mBYdifB® o3 'thib hRetddN the HuekBLidS &Bﬁ&l@&?&e‘ dhalogs, or a fraction
performed before or after detection of the added
thereqﬁmnmsme de.-blogkiag @rmanémbt@@nctﬁé)m labgl mcmstsz, whichdpicallye
complﬁea &pgltss gln (?orrabcgr c:a ¥ t I r%ggl g %%§O§% r%]tgl,%oups pr%Yiﬁi% reversible chain
termifatiof WHeL Addedue h%@é\mﬂg swtlyiei @eal dhvin, Mee M@Seotide analogs result in a
phot obl eachi ng the fluorescent | abel after detecting

non-exiengablreprimeic 188 8i-leckipg siogp i iirHy repmisei s &s égﬁq:dﬁcwg agent

and/ofla lélll(gsp Fslél ﬁ)g[%/rg%“?cte agee§({e'i18¥@ag{<1rélreg g)%l%?lé@g 1P nu eotldef are

addedeﬁrat@ly allew@lg dontlpmﬁl\/seqlhenslrgrtﬁlthdamucﬂdu mdwanplstevmrabval of the
sequenci ng cycl the fl ugresce

3-blogkipg émlpd%gptwélaﬁy berforpeg ek Bht fi%l?EFeéB?ri eleth Addedrpyleotide.
been added to the prinmer. Rel ated nethods using dyes
ofn fidatlarestbedimdnabethss msthod, tht edcleatides dbheudetide nadlogs comprise

nucl e i have. been devel oped.. where seque| ) }
aﬂuoEFéff‘é‘rt gSF%‘anF%lg ysynihatisunye Jueresqeatys 3%93?%@?§a3ﬁalvolves

photo@l‘éﬁ&ﬁ?é & FlbHRESS SBRCA A QEREH DY & adaell n@é‘l@(‘;ﬂﬂeePh&tBﬁeachmg
Sanger- ext ensi on nmet hod has recently been nodified for

compu@@ applyang alight palse thatietioys eguednesis g as 9@tepu¢ble\Ahved; fe.g.,a

sub-mcroliter vo reagents
backefGBYIEET B Aodeiele bSrbharestl SER pRINBSRRE R Er Npuencing
cyclesUth% fldRdsced¥e.of TacBdtRlebaded, 6. gSQﬁﬁfor@Eermnuclef)ﬂldéothEt%@ BE&h added
detection is performed on-chip wth one single-node
to the@pmetal fiber carrying the excitation light to the
capil lary channel, and a second si ngl e-node optica

f ReRitedcabthedd usiey dﬁe of HueesaeRbelp AGLEIARd WIEHHE G hinal
reads are estimated in the range of 400 to 500 bases

nuclegjfiedtave seqngievalogedy mher%wﬁvencwﬁmmﬁ@w@sqrn@%%t
ceco o PR GRSG AL LR OM YUALIRE Db RLIARL exensin

methoﬁdme recerfl Nbebnrreeditie® for RERinaapdutdrnsad hidrostquiedoipledtl gem, which
and urlflcat|on and gel electrophoresis of the

requirg Pl&as atlerlgelitss VeRIFIFE REFTREeM aRfteYestablpq Bideppyribonoucleotide
tnphog]:)'ﬂa'{ésafﬂ 9R, Pht. NIEBGS 356 asald E@(ﬂ)ef gagl ﬂﬁ&esé@h@é@etwﬁ)ﬁlqyferformed

require significant quantities of tar get
on-chip with one single-mode optical fiber carrying the excitation light to the capillary

channel, and a second single-mode optical fiber collecting the fluorescent photons. Sequence

reads are estimated in the range of 400 to 500 bases which is not a significant improvement
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DNA. Even the nethod described in U S. Pat. No.

5,302,509 to Cheesenman, which does not use ge
web@ontaphor esis for sequence determ nation, reQUUS2E8/069638
over tA¢ aﬁlgﬁﬁtof de ehéé 19Fb %mtﬁﬁgh &ith tfa‘?htggl% gé Qr %r[mxam Gilbert

present electric tie d appar atus may be ada
methags slaythermare] the ﬂgpﬁund:thcd BqbetNRER ampdxiﬁeatnm czfndnpllateelDNA and

..proteins or of el ns mal | nol ecul es.. FQ
p unﬁ%ﬁlop RO BF) ql‘i"g@p é‘ﬁrf %8 )p?lﬁgml’f(lﬁﬂnge ferepsing éf}‘ggf n&l‘% to
initiat{oM df! nhé:’éregﬁ‘ﬂahbﬁ’ Wlacli RSOk te WRQNIGBYuife ot HOTE {RLRItROEF target

any inhibitor are present "as charged particles in a
DNA sEﬂemthQ)methAé kscrihgd trh@ SefreNg. M302509 heChesaemamtvéhich does not

tQ t he hor rocess
e e IRRIERAER, RREDEu R P HEPe 6 RS S elitinion pa
molecal¥s] body f| xed on a m crotlter pl at e may be desi gned
according to the disclosed nethods in order to inprove

LRl IR SR PR S LB BB B i

contamlé@f?ﬁr&&m &K cBEeQ@&th ©r Mm&m&aemeg hﬂoﬁ example,
exanple, the electric field assisted trapping of 1 mm

an lmmpblélﬂ@% eRAYMe By RE Gnéstedowis subsHatedwitb or Wi*rﬁh@)é‘l ipkibjtgr) whereby
e s BRomIEIN L CLpEE, Bl PLASH 0P e
field movdshheteadthtatovsdréeths entyirhe adthesey prooessaingesshidelarlihe

el ectrodes were fabrlcat%d on a printed circuit board

immugeasyfopmals Haing § FaPUE A PBY fived 9/1? fiereytes plefs,mew he fgpigned
accoré'ﬁH? lté’ thB ghs%lo\é&i fn@gl%déiﬁ{ Q88 tb hﬁ %@%W&’f@:hﬁ%@ rpégfehts (antigen,
ut i on. mm t hi ck currgnt conduct i I on
labelinearsitadg) tbcamdéd)ntﬂne chptuteomtibbdy.he wel | and i sol at ed
the el ectrodes fromthe sol ution containing the beads.

A nulti-output conputer control|ed power supply
(Labsmith, HVS 3000D) \/\EgAlMBHEtSo i ndi vi dual |y

RO ictel T Hi
e was

p iql |

1%% ?—%F@YCH’E%E%&%%%‘PEIP e h O8] E Ao R tene
beadSﬁmSuﬂeeﬂ) wm wells igillowtratech ghsashdwh ik gnirel 8, fbhmlﬁ@tmimyeﬁﬂs were

prepaie g BRI SuE b POTR BigCn SRR St bttt qpe side.

The e;E:@ﬂr@dels Qrer@fbricited b agsinaIcec6i@BsAEURNEA diécpREdould be
inside the well in less than 10 sec. Volta%e was

individpgly astivaied by plying aofltagmadrossrtheslegiradsdad daicrolution. An 80 um
f f

thick %r??glltq:&% Elf%aﬁgﬁ(grl g‘%iﬂb ntg kf’%r%eidgg ?0 dérﬁ Sf Pl% vlfe(f{]and 1I§]olated the
electré@ded chinir@atsolutibe kenthiirg tBEbeddsr ent  t hat dl rects the

beads to the nenbrane inside the well. In the

e | i Lk

I T, 5781 S R D 130 SHBRLD060) s
to indﬁhklhfaﬂmastlva’fdf‘la’( dbarele. Ahapd gedPikbn Bpiflisres@atini@oscope was used

. displacenment currents from
for imaging. The bead solution was prepared by 10,000 x dilution of the stock solution in 10

mM Tris-HEPES buffer. The bead solution was then filled in the 3 cm long and 5 mm wide
flow chamber over the electrodes. A nominal DC electric field of ~75 V/ecm was applied
across the electrode and the bulk solution and the beads were consequently trapped inside the

well in less than 10 sec. Voltage was applied at only two of the four electrodes and stacking
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conbi nati on of AC and DC vol tages. EXAMPLE 2: ELECTRIC
FI ELD DI RECTED PRECONCENTRATI ON OF FLUORESCENT SPECI ES
waRefogiorainyy now to Figure 4, a prototype devi cePETDS2008/069638
of parﬁ@llg s@ljvg& Bﬁ ﬁdf%n%%ﬁﬁﬁé hERVERTNLY afictﬁﬂi%rsgg In this
ecules Is | ustrate evi ce conprises a sheet
embodifneat, 2xfde M DAicokrest thatabieets ghxsk@tis rathe lmeadlbrme()nhdw t}rﬂtgvell In
om di n the she Thi s appljed to a
the erip TR IR T ERE BT cbbie i ARFEr AN B cREPS gr prevents
these BRI IrRHAst Phefbrl thUTe kXSl AR reRfe @pAcend? curfents irBm
glass slide 404, formng a "bottom" To forma "top,'
CombmﬁmmeﬁA@Iaaéﬁ%WmeﬂM was simlarly coated with an
| TO | ayer 415 to forman el ectrode and a paryl ene
EXAMBLER: £1 FEGARICHAEL Bdd IREA TED PR HEFONGENTRA HION OFode i n
FLUGRES@ENTWPHCIES ui d, whi ch can be contained in a well
412 formed when the two slides were sandwi ched

t Bgtarrieg novatchighvhp frloneedence gﬁéhgwm@ ojaeprigiialdirected
movelg‘l?frltfa Ayfggﬁr%&? %:leﬁ:ﬂle% %ﬁ?@ajed 'ﬁ]@ 'd@%ogg ?ﬁseﬂ‘ Ja%hX@%f a2s % uM

enea Ive cop
thick ¥iiSon¢s@skelt enawramem hztvl‘meg elieet diagetr holetih t’heSdhgdStaThls is applied to
gener at or, sol ution with 50

nM
a20 nm parylepp G@FCCH@alaﬁrdé)ﬁ é%le@hhadotgﬁén erpjicddapde 0 P b2 Jaygnd06 on a
1 in. 3 ﬁ{‘:@gss sitak ﬁﬁ gQG‘BSt%ng To¥ohi& ‘ftcﬂJ WY olass slide 414 was
procedur e: 3 Cona ctive copper tape was att §Ca|'1e to
similarlyecoeted o thchnl ITO laggret] San farheargélestsodsland a:pary'l'ehE layer 417 on the

@ si,]i.con s.placed o h at tom ass sl j.de
bot i i BRLE R PR HE I He Gl Ml BT rarH SreBgonteal 1§ el 412
formeh%fenltﬁh thes1eRs kefe é&ﬁ@wfehéd fdeiet h the fluorescent dye

so ution. The second gl ass slide vvas pl aced on the top

AEPasBEt D 3RBea B §aRanirr Fose Tt Shbratuneine

dewcé @mmymdﬁyeé b¥ncdth MeFiid Aelp: @éﬁdu@t@\% erf thQAWENERd to connect
across the top and the bottom I TO el ect rodes on

the elegitiodessto the gignal gbosratoand bel ow the wel | . A bias vol tage
VDC = 1.5 V was applied across the bottom and top

sl D 4eMUTisAq01 &N@idN BERBOEAM Alek 21 488 HObRSE@NEye (Molecular
Al exa- Fl uor nol ecul es near the bottom of the mel¥. The

Probep)eway placedrie thenpedhadcardmgyigrtbe Sllomgng priocerhre eldyg dopdudtise copper
phat.o h.in B, t h f l.uor

tape was g tan rgg tehse €xB %sr%lc’itfﬁoq etr on he gla%s ST qfn V\%lcone %_as]éet\yvas

placedXh tlﬁMo&lﬁ}l gl&saD@é htﬁﬂpraﬁé@sgalhhehéélidd &o drangseal. tihe tih@m hole

Itag . No_ preconcentration is seen when only AC
in the\séﬁiea@és He%mltb ﬂ@élwwa@téiwolaﬁﬁn i i ey elags slide was placed

on thedt% oF Hgéqﬁl@p QY §eal {hg‘é }?{3@?@ Well(é:%}ﬂagﬁn fi éc%ﬁ Z?rﬁélglgnal

rent ere see a quati o
generq{tDEmWast dperdted mqirbmde 6fV A gakabpeak, dOO kHe fregqyercyaicross the
ri c t erface,

I h Wl .
top anédﬁ%{%?ﬁ%’%hgte E}g eélodi‘ %ﬁ’ L Sn%b%VG@PIQ(E’SIO%S “elleprhipsyoltage

Vb :dpyyo@'?éazﬁﬁgﬁéd WAL At ¥R GRhLhY iRk & e dofcaRRlibS bt

fluorescent Alexa- Fluor molecules near the bottom of the well.

The results are shown in Figure 5. As can be seen in the photograph in Figure 5B, the
fluorescent dye concentrates near the bottom of the well when +1.5 V DC voltage is applied
across the slide along with the AC voltage. No preconcentration is seen when only AC

voltage or only DC voltage is applied (SA). As described above, the present device uses
25 0f 32



10

15

20

25

30

and there would be no electric field in the bulk
l'iquid. Hence the ions in the bulk solution would not
wexpeniamce any electric field. By applying a PCgHS2008/069638
displat:érﬁ&ﬂ%ﬂﬁéfnt@ﬁ Ife (81l QC ﬁéﬂ@ s@é 51%‘2/% EQ]EM(H]‘? )etb évrehtcthg %‘Hﬂa‘ﬁon of an
'ayer vanis Hence, it Is e to ave net
electrieldeableilgyer ethed hlqmdtdleletmb kntbllfapﬂ:l, d/hmdhemlla:ohcteglkrate the fleld near

frequency AC DC b| i.S.ap The AC .fj
one syrye o teciiedeitie By cigy g Py SRiekf B sateriis Pravotiase
and tHARUPL @ d b Y8 Tejectdhi BEiPIR Dl BALE H& P8 i8hERthd Bulkisslublon
in the solution. One advantage of this systemis that

wouldweot gsparsncnareléciriatiaidc By applying o logh Sieqerney édi fieldydi sifect of

e B B2 IR B PRSP RS B

liquid PMRERHEBPHAf ey AEVIWRR 2 WRS bla® sdpplied . eithe@$S €ield @lilaysed She effect
shown in Figure 4, with the follow ng differences:

of volfage phighling dug te dbeiaubimiayen aiiaE s, createreiiv eleghig field in the
0 I L,
solutl(l)_? r{?ﬂ‘g}fgyntggé éfqmé &%&n A%@a{ \%Q Eo Wﬁtrs %e%ﬂ fg‘.yﬂigc Q?%%g %}u‘éﬁ%
electroigsis pia tﬁ@i}lsfa:\rﬁsto dchredle piccugcentpd@r. t ape was attached to
the exposed I TO | ayer on the glass slides. The
EXAMPIEG0Ee ECAFKEIFIRRD DIRMETED PRECONOENIRAN@Ns OF | de

PYRGPHORPASSEd against the slide to forma seal. The 1mm
hol'e Tn the gasket was | oaded with nmagnetic beads

c dndeaiiaei way congiyures], essfenmtiaiy ed shoms iplFagerd 4belthwhet fodowing
s slide to hold the magneti c bead ati onar
ditterdhe et 0 R GHOEGTIRET PG P A DO CpHemaliplier
tube vﬁﬁlaﬁtangbenli@tﬁ t§@%ﬂqm|a§§ﬁox§ﬁ hoe evasipl-aqed on the top
of thé gasket to seal the top of the mell contalnlng
chem, cal s. were as fol
ol i PR EMTE 02 ag FeRarC ot ForsEint S Ahieqyq the grposed

ITO 1@1& bR %X%a&d@@ ml&g{e\a;a@ke& 8@% pidesd ﬁﬁ msé(r)ﬁéﬁt%@t HhdsRlide and
Cl ences vol age ea 0- pea

pressefdraggineintby slideato feusp b isead. H@r Emsn hele in e sariet aelnded withn

magn%thcsbegg% cf‘ontaEls}u%% %/19 lntleasgg Cfna%net gfc%glace&/@ Foxd elc!%lzﬁ % EI&F g)ﬁﬁold the

om an eve precon

magnétfc lﬁﬁﬂ@ﬁﬁi@d&ﬁﬂaﬂ'ﬂhe frﬁhﬁiqwleeﬁl the giskbmamﬂddo&mﬂ@f)ylbbﬁos hate
. Figure 6 shows the out ut of the Ehotonultl ier
solutl@ru Héle\ﬁmqﬁldms widhwsa plaged omc %roysofalbf'pgqs of tacead dhie topef the well

contafﬁ ¢ LhenT Qﬁs lT}Q%e%&ﬁa&E af Falfo% Pg\%ph(l) gﬁlg@ %81%%819 emagnetlc
ction I ncreases en bras 1s a
beadsllmdeé &dthdA TB saléntrasd, iaod leffepye oppiisqahade 45¢ anfetSuaences).
enzyne beads. Wen the bias is rennved t he background
Qp%lﬁlgg 3 aq(dtlé—c}?eﬁk %&ﬁzofré W3k g liddS¥Rlss thENGp and the
t sicgna ronlenzynatlc re ctlén i ner eases due to
bottom ﬂ'ﬁ@cshd&n BiatviobagooV pfy rlcﬁoﬁo;sqsh@pbemmrms uheelsottv@@aand toe slide to

. enzynme beads at the bottom he well when +1.5
achie jIRRARES LR Oﬁspﬂ%@?ﬁp P Sudeql et g DO of e well
preconcentration is seen when only AC voltage or only
DEig\uoé 6 algmsi the amplu't eftthe photbiuftipdieatvpk evithradrvethont theds bias

.are ze t en
apphe?l across t cthanne s1gnzﬂ%rom t en?lemllummescence reaction increases

when DC bias is applied due to increased concentration of pyrophosphate near the enzyme
beads. When the bias is removed, the background light signal reduces back to the original
level. The light signal from enzymatic reaction increases due to preconcentration of

Pyrophosphate molecules near the enzyme beads at the bottom of the well when +1.5 Vpe
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and there is a magnet underneath to hold the beads in
pl ace. When pure AC field is applied, there is no
Wee@goraent rati on since the net el ect ric fiel dPCTIUSI968/069638
1tagey} KpdileBUbDsd ol EorPiikys e%h%i aRPAEGA 1
voltaghl Fplellidel e SRIE NORER B Rl if b el BRPACRPltaze oronly
DC veltuge ishappliedidn ithns bkm&nﬂdal Ihagnequ belads tard thised o nmhoblhze the enzymes

ot 0B S e S P o LA v RSB Seppied

there ﬂWo%&%ﬂ@&ﬁfaﬁgn ORc@ Rl AbLHE Flef inRhPbulk liqh® is zero. When only
preferable to isolate individual beads in reaction

DC figldli$ pplitd, theclatirizaidubladayer ghitlds itgrrppliechdoltpgnendthe ibigin the
vtk g b e S T B T 2ed on 0. 5 rm
exa BB 455 HLERS PR, BISRLL AR kAR ANERRTRRY]

LA 2 TACT

o! aflk B 2 Ry ¥ 139501
I\I-F[?gﬁdfg%%ylsa Hop op_\?f? N uet HF% gsolglal%ﬁﬁdée ?SO%)
individuad bbhdsyidrenctisueellni m de (NHS) . Varl ous pr otocols for
coupling ligands to beads are given in "Particulate
S 11k aBARPAE ighf YBEH hRdalefRd hith ife FETAu#RAGS . deldSt
6, §51,a515. Th%s -esgé rs thgg pgrtl cl pate iy oooen
enzyrrﬁezs r(hatieare ofd AHP (slelﬁhrlyhk@)gms 1m\mbbuhz¢tboraﬁrﬁ non golgstpsene heads

functh]ﬁaﬁ]tZﬁ@r étﬁ%%«h%%yggg ﬁ,' f%rao eél'?bCI ﬁgg«%a:gg lag:{ S‘l t%]nes?ormed
into aMf@lel refl@fvieneds lebRRAIsiH 2 B A &th R @H RSy l)TNe%ylcarbodumlde
relativel y-transpar ent pol ystyrene beac?, are iuch

(DEC3 aied NérydtmﬁuqcmmzieaNHﬁ)nb’nmwsangmqole iher qvuples figande trdlaeads

are o1k Bf Pl AP R BBt L TRl T T g 115

ThesethSfélsﬂéﬁhl thén papaiphteln F&nAtianst hrerle!InkeqR aneede amthAgroups on
hi gher amount of enzyme units per vol une of the
the suyfaefopfi the seavinss- et of Paentl rgsiquss in the epzymesdp ripializedly
\
emplo&ﬂ%ﬂtt\% s%%ﬁ:?ﬁlrl—%gea Slﬁl\aﬂl}]%QH%aZ%Htg?%ﬁ %%tﬁfééelé fgﬁatl@glgdtransparent
polystyleae dazdsmes muPh SmefflerGhayr the 2,8 jandob-t@n&parent irmgnétld tlefallyused by
| uci f.eras nd ATP sul furyl a respectively) at the
454 (Mgreysetf ahe (- pifgdgnder SE’MWUI??F Fgteals e RubBedilonta. dcandingly.
the blﬁtﬂng E{l}ﬁ@fty Ysedrglﬁgt"i’éaﬂl %nﬁzﬁﬁ&g §nd pﬁl%]ﬂéﬂ a{rh&ﬂlt of eﬁf‘ ﬁr%%nits per
charged beads into the wells Is then a hi eved
Volurrbt;ofttltr@rmraeblhiat@lnemtcmai will e¢sailt( Bartliegindie, thEgegatpleainerges

provifhy tyShOcBoii gEd oy SUBP BEER ap§esiteh RSy BRL L& htine

enzynhc@ f SAHI6E86 4 Zhdes.8-5UB @6k Bf1Y R ikiREAnPAPGuffaseRk %ﬁ)ectlvely)
the top cover of the fluidic chanber. A potenti al

at the @’wtcfseqmeleg ot of MY wid papyifl¢ the bgedsosish aiheffeaiye aggative charge.
el ectrodes to avoid any electrolytic reaction and to

F@Mﬁ‘onﬂﬂf BbRAUisHI¢ chirebdlbeali® thtYieWelkhegRn %l:lﬁ@&ddQQEﬂie use of
d alsoaid in deposition of the 30 nm pol ystyrene

elecm‘}éﬁf@%(%ﬁ‘tlﬁ) @NAIHPWW préictyl n thecpipt {ranspakehnkeledt fabricated by
deposﬁho%do% 'thiy. A s (%Of (ﬁ% I Hidﬂ?gs Srlllggl%tlh \Is?gu?&alr IGte u[ggg oh he fhber—optlc

faceplate and the top cover of the fluidic chamber.

A potential difference of ~ 1 V is applied across the coated electrodes to avoid any

electrolytic reaction and to achieve an electric field ~100 V/cm. These electrodes would also
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reduced conductivity of the bead solution, the

faceplate well coverage will be inproved to -80% W
whaooe/otambnst rat ed sel ecti ve t r appi ng of 1 nmm PCT/US2008/069638
aid in ng %s?t?%lg(ggﬁe ?@ﬁg'[:p %E%ﬂggfg ]EAn’infdr @t @gg%@?%gggfrene

enzyn&Unmés, w}nclopm:keesstameandrgaevceclmga \Eelepo dleoubmgerdmtabmtmm anfl

t he nucl eoti des, near the ction S, we |y an
recuces (qriE Y o QT8 SPBUPREE RGP It 5raeq L be Tmproved to
~80%S W98 YieRbh &Fafe SRR A ARG ROLS: poE’;P kyrbR RA8¢ QlSlde wells with

during each pyrosequencing run is confined to the

microfabaictted nlepieddes fys dencrétedan EXANPEEd)w t h negati ve
charge going into the well, and chem cal cross-talk
balwReRitkWabSH L& t%t:in%vé"&lﬂvg Peecéﬂc@ht%t?o%%f R IdoSides
critical for future downsizing of the wells and beads
near thereagfiqphwvellsdersieplyl aateﬁmldﬁranmr&ehe the fldve dixestioinnghis sepegy

oters P e P PP B ShE Hugy B Picled o e

reactiG e O afl @Fec B4t ficdd \&ﬁtﬂl&le‘g&idesohaf@h | o®irRIRfo0BE el Sand chemical
i nval uabl e for enhanci ng washing efficiency to achieve

cross-fadia Betieaisyo adiaceRewBlby AW bg reinimized, rlddely geHeal agr future
r f
downfEREF [ el |« A0 pBEL (B B0 JEle MR hls LI, € yiafing step can
be made ghi’re sfifgivat b siaipl eavbrsngl the eleteiaselddicectidn bhed kepcalrepefling the
al] the wells. Subsequently a wash _is perforne .
nucleqtiges gyl B Welit IThes apgerach dringtlu luphle Fessehansine whding g§giency to
achiefipheRLEEe sequences provide information about the
key, which would help us to prine the systen1 Thi s key
sequence.i s r%hoved fromthe actual sequence %)ter

bas SR IRE ?1G R BVFHRE TR X REE R ORBeRiKHES i wash to

meast?& #RMYNY siofiNChIDleMc ThE 1RRME &BF CIie 1fhd S8 R4l (RI Qébh' well
nmeant to exenpllfy and illustrate the i'nvention and

release hiowildiberoquaben albdin veedls) $uhscqu¢gt1y hewaslm operiofmedtllowed by cyclic
..inventio ed the literal and
additigf iR hpct duf iy e RSttt Sroxidraningiumbant e key.
whichOk ol BkipGatb ?ﬁﬁwﬁﬁé‘iysﬁ:ﬁﬁ dhii S kedylVe§uchP€ &l tbmoéd #6mah&actual
i ndi cative of levels of those skllled inthe art to

sequepgsi after bas-qallinerie pperdathagaspeat serecricpferpgeambly convey
details of the invention which nmay not be explicitly

set out but which woul t ood by workers in
the field. Such patentgcﬁﬁsgﬁgﬁﬁ ations are hereby
i ncorporated_by reference to the sane extent as
@ﬁ aﬁ% SPpEtf FECHPHON BriBeanhn SNCERAY 319 IHE%fF%%ﬂlﬁt”éanHg?n and

should ﬁ@c)tq{ees@gr?as 1Rt EQH@Q:OFQ bf {hlaq'n\@rlﬁgﬁ)sxﬂn@ﬁ isARBiGEd JQ%/ i 1R44d1 and
enabling the ne material referred to. CLAl M5

equiviaattscoe ol thé apmindat clalmsAAdg\pateetsfom pullaratignnigeinned in this
specifgciﬁg!)%grlquclhca ic"vsea(% ?évellq of tﬂgse fdllleg ¥ %he%?teto fv&llhlilcl:hdthg Ii])gtrf]:nt Il)ertams and
are intended to convey details of the invention which may not be explicitly set out but which
would be understood by workers in the field. Such patents or publications are hereby
incorporated by reference to the same extent as if each was specifically and individually
incorporated by reference, as needed for the purpose of describing and enabling the method

or material referred to.

28 of 32



10

15

20

25

reaction area with an opening exposed to the fluid
channel and a bottom of the reaction area offset from

wae @btz channel, the device bei ng constr uctRdI/U82008/069638
fluid flowin a direction transverse to reaction area
openi ngs, conprising: (a)@ Ajwigt €l ectrode adjacent to
the bottom of the reaction areas; (b) a second

What‘;gcqgih{egqlg adj acent to the opening of the reaction

areas; and (c) a controllable voltage source connected
A vide&of EdrBlin 20 b36168108l RIK6 I HOHR%t WAk CdhelfFuid channel and a
controllable to provide both an alternating voltage )
reggHopABTWHhA8 opening geresed ieds fruikchanpeliand |ag>@ttra@cﬂf thggaction
I r C ' ' :

ok AR IR g AR A fck TR bR BhaRl ol hidhow o
disb@ioahyanetrasegedegpion hea openiagd, kom@rising:t he f1 ui d

channel are directed into or out of the reaction area
by (badired edatrode adjacdnd tdodt begsmtofi heak stionagas;, 2. The
device of claim1 further conprising a reaction sensor
coup) ed stntlkeiectredeidjarenatoghe bpdnigedfabe rqagtisreaeid; amb

in the reaction area. 3. The device of claim2 wherein

t hdcy eacbntorilabnasdiage soped emseaed iotbe Gipdtiand farosg Elatteodes

coupled to a tr arent. el ectrode. 4. The devic .

CF o Bt spat PR Atins b o A mailis e 31, § Bipkias
phot %ﬁﬁ‘g%i BeltwEentthe MR blecRodeTdH tHEVICERA BfecBdR tBcfeate an electric
further wherein the reaction area is a well that is

si zedieldbbatwptratha fiorilclectipnde druktlic s@ondkhlgcdedd;ce of cl ai m
S5 further conprising beads that are negatively
charhgeaby chargpf epeséssile e flyid o) the Avil chiserdjare dirpsted into or out of the

tivel h d . 8. Th
bt A S A S AN
devi cConpri.ses a et
J

h f h o 9. '
T%lfl %CYI%GI oﬁial U{ %urﬁlrer f%l’l'el I’éﬁll’é’%% Fegagglgsgansor C%{.lp]t-gg ?? ﬁlge\fleé:c%on area

C m erern ad] acen

forQleteRtth¢ Feadtidi3iin thea¥@dtiodfardal O, | ess than about 150 nm
thick.10. The device of claim1l wherein reaction areas

TAE Qe el bNasind M whBreiM@E reactiOh k&hsBOHBRse s £ FiBEBHC farc:el_[?]lhte
the group consisting of photoresist and PDVS. 11. e

couplete afanspapmheleoiiede.ei n t he el ectrodes conprise a

di el ectric coating on surfaces exposed to liquid in

Thhdefitaipioclaia? mbkreil e rddeaonl sanscecaiprokan MMQAS phetogdmitive
he dielectric coating is one or nore of

B8 p- xyl yl ene or silicon oxide or silicon nitride.

The device of claim 1 further wherein the reaction area is a well that is sized to contain

only one bead.
The device of claim 5 further comprising beads that are negatively charged.
The device of claim 6 wherein the negatively charged beads are polystyrene.

The device of claim 6 wherein the beads are magnetic and the device further comprises a

magnet.

The device of claim 1 wherein the electrode adjacent to the bottom is a thin layer of ITO,

less than about 150 nm thick.
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10.

11.

12.

13.

14.

15.

16.

13. The device of claim1l wherein the el ectrodes are
formed by a wire grid. 14. A device for directing

web@egediparticle novenent in a liquid, V\,her ei PCHHB2008/069638

Tﬂ@ﬁ&\ifi% Sisclﬁ(ufl WhE ﬁgctidgil fef £E8G1eAn sohd polymer

conpri si ng rst ectrode coat e
sele@tdfibmi the gmlprcoaS1stmg adpbowraet efid PRdS. | qU| d | n the
reaction area; (b) a second el ectrode coated with a
Tde abwcd 6f aifftt @heRlin 0B cRRroRREdHpeiss b deldtrid dratihg ghisaifaces
in the reaction area; (c) a fluid fl ow channel
expospd ireliavad frothe flaid dwebslon ar ea; and (d) connections
for a sign enerator which applies both an AC
The ﬁ@ﬁgeofgddrra Dehgetsthe diclestréc ¢aatingés dnieros mase eEpelydexylylene
o9s1ﬂcthe e osqpcelne{:ndreode whereby the el ectrodes are

IIOXI
cons arranged to gener ate an electric field

TRERERCH Ioth Ml s BB roforBrTyY 4 SRR bead.

155 A nmet hod for novi ng a charged rml ec Iar species jn
Axdevicerar digicging chrrgreArticlginpVepERt s A yergin said particles are

d{r Q& Inea AaBfor 4R Bnd 'éing channel communi cating with
e reaction area, coO Ing the steps of: (a)

fI n I

chathof R LR PO ML ¥ e REm Rl h SRR liga in

fi el dhdh@uctivg amegposi ti ve end and a negative end across

the reaction area; and (c) directing the charged

er I (b): u Iaaccoslpetﬂ'ce‘edd eriatedt wigh p datdcironmatesal dyyanaquployitegjdeof the
g 51o eelectrlcfleldlnthe reacti on area

oppo ]iqfl lfld ¢ I WA g on the nol ecul ar speci es. 17.

reacti n area

ﬁ% bRl BhwEhail oy Phe 0%25%0 jon F8% dfler oi 1 sai d

hod resu n a reactio hli)
( )C uf:%r}negérl)oe%s flgr a s1|%1&ael gﬁ:nera{]or w% qc\ﬁe ms)lph Oatfr% afl Fégﬁvoltage and a DC

18. e viokh o the ficsk alebirdde dndlthd@kotdEpEttSeN@hébby gleep
of reversing the electric field at a frequency of at
| eastelertipdesiaze conytruqtpd apURIECHF0 E9NETAK ABCIGREF ekl hahween
freqq]g%lqy is a mninmmof 10 kHz and a maxi nrum of 10

" The nmethod of claim 16 wherein the bias

H ldE\qg@of cﬁalﬂ{ 4 SRSk’ % gtl%r?&re% {ggﬁ: ! 01;-& ofﬂyaaI snilrsgt}gbead

ereint ectrlc

Aanqgtlljlod d{/ncl:g\]fmg a charged molecular species in a microfluidic device, said species

moving into a reaction area from a fluid channel communicating with the reaction area,

comprising the steps of:

(a) flowing the charged molecular species in the fluid channel in a flow direction;

(b) providing an electric field having a positive end and a negative end across the

reaction area; and

(c) directing the charged molecular species into the reaction area by applying a
charge to the electric field in the reaction area opposite to the charge on the

molecular species.
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22. The nethod of claim 16 wherein the bias voltage is
reversed to direct the nol ecul ar species out of the
w0 e@eiam area. 23. The nethod of claim 16 whePE&Il/NS100&069638

17. Tﬁk %geiﬂ#ggoff ?a%lndlé ¥, Ql%uﬂlhg(féarclcﬁ Qﬂeﬁ%ﬁtﬁ %@Ecofn %gﬁec&gzﬁ sRecws

enrtc |ng nucl ei ¢ aC| coate
ad wherreof daid iethod essiutte in £ eaptiidshargedrnde shapad mblecqla) species and
flomﬁn naked and nucl eic acid-coated beads in a fluid
WEE PlgcHak §p5GIeHi recti on, wherein the fluid channe

connunlcates with a reactjon area; (b) providing an
18. Thp erethqdcoticlamg oHauthergompsisietthe gep atreapiaing theeaetig dield at a

ﬁ%HQF£?8?§§m §of €AGLI on area; (c) directing the

acl d-coated beads into the reaction area by

a, ch to t electrlc field o
19. T?E ogg)gf eclaérl;]la]tG%gh tceogr%%ugn% m1n1m m qeskl*q aen(c:itaI nrl]%mmum
oamgkneads that were not directed |nto the reaction

area. 25. The nmethod of claim 24, wherein the

20. TRE e ddbird HEmAR KBeit QR lﬁhmol@ag@héﬁt%dd yvef. reaction
areas, and wherein each reaction area is a well| sized

21. The nfe@l{btdadela‘?Bl 16 WhGeRgRelectric field has a strength of at least about 5V/cm.

22. The method of claim 16 wherein the bias voltage is reversed to direct the molecular

species out of the reaction area.
23. The method of claim 16 wherein the electric field is an electric displacement field.

24. A method of enriching for nucleic acid-coated beads in a microfluidic device,

comprising the steps of:

(a) flowing naked and nucleic acid-coated beads in a fluid channel in a flow

direction, wherein the fluid channel communicates with a reaction area;

(b) providing an electric field having a positive end and a negative end across the

reaction area;

(c) directing the nucleic acid-coated beads into the reaction area by applying a

charge to the electric field opposite to the charge on the DNA-coated beads; and
(d) collecting any beads that were not directed into the reaction area.

25. The method of claim 24, wherein the microfluidic device contains a plurality of reaction

areas, and wherein each reaction area is a well sized to contain only one bead.
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