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produced in a mcrotiter plate format using

BackerS@id agnductor material as a the "plate"” to provide
the substrate for the measurenent el ectrodes.
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For exadiifk YiA Bhgetadtth. ABf3Ysbf and Bzoelectromcs, 12:29-41 (1997), the authors

described an electronc impedance- based device for measurement of cells in a liquid analyte

sample. The presence of targeted cells in the same is indicated by a change in impedance
between evenly sized and spaced electrode pairs to which the cells adhere. U.S. Patent No.
6,376,233, describe how such a device in combination with other sensors would be
produced in a microtiter plate format using semiconductor material as a t}le “plate” to

provide the substrate for the measurement electrodes. Electrical conduits extend from



bi ol ogi cal nol ecul es and cells. For exanple, U S
Patent No. 3,890, 201 describes a multichanber
woreadyherenp conbi nation device in which el ect rPCEUE2003/022557
conductive strips in the bottomof the chanbers are
used for neasuring the inpedance of a sanple of
electrodebl i thenp33TRgest devive\M i atous plxpbs, eandiic several direcivhs,atheough the
grown, and U S. Patent No. 4,072,578 describes a
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barrier 2 WD 2004/010103 PCT/ US2003/ 022557 function'
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COo cel I Ssue turé Experi'mental cell
Giaever &E3@dKdese COR3,“Micromotion of mammahan cells measured electrically”, Proc.
Natl. Acad. Sci. (USA), 1991, vol. 88, pp 7896-7900; Tiruppathi C. et al, “Electrical method

for detection of endothelial cell shape change in real time: assessment of endothelial barrier



vol. 204, pp 102-109; Lo CM et al, "Inpedance
anal ysis of MDCK cells neasured by electric
weelokosubst rat e i npedance sensi ng", Bi ophys. JPCT/US89%022557
vol. 69, pp. 2800-2807; Lo C. M et al, "pH change in
pul sed CO2 incubators cause periodic changes in cell
functlonﬁ,rRIhOINﬁgy "AcatxGrer({USes 15992;:@11 89 @&é@ﬂ@WPZi,QEMC Madt al.,

« 3
Monifhging piBisn o8 Sonthent oL b g Sh s o e Rkl %eﬁlﬁ?éwcha 1993,
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morpho1byli, ERpéritgernval ddllhbs)éarchﬁlﬂ%ﬁ%lﬂ@ﬁ @pmmxgnMM Poét al.,
. adherent insect cells using an inpedance sensor
Elecmpasuewts candiggiped {pmonitos thepfteg nﬁm&@&é spreading pheqisdn
I n
tose Gy en ot 54 99, 90 PR, BESIG g ppecanes,
“Meastirbtnent afrmngoﬁhage adiieaatce bad spreading withivesakielectrid fialdss, J.

Timunglagioa] Nesajods 6590) At 12760, 787 s Heghe SHembL ebiiinganotility,
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an area’ of PCT appl i'cation
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counter electrode are situated in a well into

3764), sholesggelestesds hef enareal ~ § o iaad thesmad) gleciiodg hn@m @ma p§3><10
4 om?. introduced and into which mgratory cells are pl aced.
A mgrating cell's arrival at the sensing el ectrode
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ce nd a sensing electrode, which is
Pubhcaéw&%o@?/opﬁg%ﬁotc{?é r@mﬂl@ﬂareﬁygem%@tedfwéne%q% celh paygment.
At 1easgf§1f%gsce§19m %Ie%ﬁaa@ eaii8msht ei@éu%gamdoarcduﬂ{& @163&@5& are situated

t est npounson cel " mgration
in a wetlanfoawlinly atbmontplah’ele chemicali gradhemtfstaénlmu;g amdxu;n isattodated

and 1ntp ﬁvﬁ?cﬁilln ele egfs Qg?egsgm ed .0 rqa]h § ) t%g%ﬂ%{]n%?e ee ode

is detectéd wal:haafgean hesRh& Hic8 bbniddt b%t\ﬁe%ﬂsthé‘ébll Bldefdchghle 1 n
t he absence of a test conpound. [0008] U.S. Patent

electrodg svhich yemaplgsthan theg:oomer le@zrqglneslihmmtem eAnrtid used toydwtérghine
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the s R o i AR HEF AE RSPt R il ey oy Bl S e

time off 2 fiedl@f QEnlgfaﬁtyfoeﬂ ata !;dihsmg @B’ctrb@e qm&itbﬁeby&hél d@d@ﬁe' change)
esponses t he dianeter of neasuring electro

in the pEpRERPeeL & fesirPompound it thelime offpraive igratary gsdl at a sensing
electro&‘é)ﬁ' s%eﬁcéjﬁz?%t c%ﬂﬂ)ouﬁ@n' tor changes in cells as a

res u resporises to environnmental and chem cal
[0008hHHIS. @agaasNoHdiM/le:téS dnliicg05i ppe didsetse asinsidar hyhrid sensot ok
resg €s .0 single cells. V\D204/0013

measurgpae: 6@}% thig-¢aSe. 783 OF Hteﬁ

commoi%fétréﬁ%\é efefrodé. |l frdrty nReRRO R R efl '?sspeﬁ‘éek th@ aaiﬂe&@ of
relative to

measuring electrode is smaller than that of a cell. The sensors can be applied to detect and
monitor changes in cells as a result of cell responses to environmental and chemical

challenges. However, this impedance sensor can monitor responses of only single cells.



the el ectrodes. [0009] United States Patent
Appl i cations 2002/0150886 and 2002/ 0076690 di scl ose
wo b@4/ouge3 of anti bodi es i mmobilized on i nterdi PCT/EHS®A3/022557
el ectrodes for the detection of pathogens. The
interdigitated el ectrodes are incorporated onto a
Furthermonré, dheseansitiaity lofi suthalegivanendicatly dopsyids ontieodelldodation gelative to
h 1%1%5?' e is passed, and binding of a pathogen to the
cele body- coated el ectrodes can be detected by an
[Oowggﬁi%&ﬁﬁatee PhitReABNEAt R W10 1S DeSEEhdel 082 100 P69, disclose the
The use of 'interdigitated el ectrodes fabricated
use of zmﬁlbgdlles tomobilized pipnterdigiiated elpstiodes fbsthe detsetiansof pathogens.
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nputer. 36: 365- 370 (1998)), Wl f et al.
can be (lﬁr:@g@hx 81 &NcxgRdc B igwedauice Havecsn spaced glectiodes( 1998) )
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S are able to contribute to the |npedance S|gna
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gaps ark @B&it 50NRicRIMY; havEless HBA SPlimEPSTcieaY, Bf oty AR AS et aBMNMbout
out put connectable to an eval uation evice. The

50% ofrthe e¢llsrrae able e eentiibite fadthgimpedsace sipeadi t or and a
[001 {Jeﬁ eImaqgnt ?\}oe %t2r88 q§6 ﬁggﬂs%aavéiéq/ 3?'3 Sl'e%% ‘f’f?el presence ofa
nent stiucture are located on

compoﬁeﬂn sf mh@lm@h@vmg asldiist bR tefSihetcdet s aﬁﬂ at rem one electrical
electrjcal sensor is connected to at |east on

sensor each ey g agpeastren PRt copnegiahie fo devapiatipn d?:"é?ef The
referenéf 5 WGin dlglta'!&b&) LR and &7 fenc%ﬂ%&t%cﬁa e%@i?ﬂavmg an electrical

ectrical Sensor "neasures t yte under
measurem\zm&ttlrug‘am ane logatatemsaucdnmyoia sutstrpteo [Thg nteasurement structure of

the cledipa] SPLELH coBMGRG A (MM LR OBRERIGS PAEET BB Teeptor

cell serPin@\s d8o1B ?ﬁ:&\les%ﬁsotr heherSia RREPE]ectFiBallsemidd nIeQzﬁlres the analyte
measur ement structure. The receptor is at |east

under ipgastipaidnbiambasugng e sorpiwlogit or piysicdegic property afthe recftor

cells. KSélslé{lélﬁ ﬁglgl cor%géfg# i E:rcg P?rtgﬂse gnr el %’%I‘e 13 %?ovﬁ%egfoe}wée tF'lé receptor

cell and the reden@meat sthutireeBlsdifceehier 0 REIehst pattially Adherad tosde Of
the presence_of the conmpound in the analyte. [0012]

micropprogs ipgrlasier: Kae msasgement sirentwie|of shesreferencs sensorisdiaerade
{
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ode i
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0018453, Bteai onh S50 ness oo drarl ‘s oy Sh lugpd

recordlﬁg BPhéSE ealsaarﬂl tHE ﬁhiv&dhapaemqﬁipe@ame i SRl R8RS AREkn 1 ohm
reference el ectrodes for nDnltorlng and neasurlng

and 10@ kexdirr itcafrequenesnefi latHz with ad elaCirglytid solutiengomprising 1.4% NaCl.
U.S. Patent/I\PS%Ol%E/é%g ??issc%ses an electrode array comprising a plurality of measuring

electrodes and reference electrodes for monitoring and measuring electrical potential in a




neural cell sanple, wherein the inpedance of the

reference electrode is smaller than that of neasuring
web@entmaes. However, these el ectrodes are notPCT/US2003/022557

optim zed for a quantitative neasurenent of inpedance

at the interface between a cell and a m croel ectrode.
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aperturg flegiricahyoltiee chayige & mesitored When aldekbor othat garticlbos forced

troug P08 3R, PRk FRER: oPAE e i BBl
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Apertufi§t a5 T&‘tﬁ)’kmﬂyﬁﬂﬁg%&sj 30(5(%/ 109 r1 05 négﬁtggﬂg% RAsEf, Berg et al.,
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at al. demaiﬂtr%ﬂ use 6ff sugh MiGbeEEMdddE ForCdaitigl celRR s IﬁQRgzo%en%y

Proc. Natl. Acad. Sci. U S A, 97(20):10687-90
measuring sgpacitapesrhengs, whenpmeddhis cusedso eass bmo oppos3Eg Elpdraies
f C
oo e 900 551096 UL Bl LSRN ey i s
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electric8YssinBA%o B liRg tbe ct?llttﬁ9§ " &?Ar H}Q{A%P&xlt lgfle cre‘@inﬁqh' Hhe

each well by applying a | ow vo t age, acr0s
systemsecoggrise mulbple meﬂs;m@ epthadfedhicinceltstaes miotiumdmdms teact}mf

which J&?r qct%ﬁlegﬁ%d%n Ceﬂlaa [ ﬁ@}e;sggt]eﬁ)é%glg %r}%g?qsrg %?el%&rl]c::ai ggndtugteance

within eaolm tvell Ib@r@ppﬁn@aecfﬁw\ﬂﬁél{agel ROkEhaAd6s:% ﬂ'ﬁﬁv(ﬁ‘ el @kBles placed in
di fferent proaches to the use of inpedance

the well god measwing E’etcﬁnduﬁww agrossebe Elsstrodesatogaemplos therlovel of

growth Wﬁ@%eghc ;9?1%1% Bk cérT s cbnf%ineaglra ??’Cht%% 9-232 (2000), uses

nce etect the presence

[001 @fOtbas thevé ‘akemdlffemdt applodohesthe RSB lﬁi}ﬁ&’ar@@ BlaG@bhOfiks to
290 and PCT Application WO 96/ 01836 devi ces

91
assay malEgion i RN H AP Iy OBEcell oBeisorss 3348242 600), ascs
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published application DE 39 15 290 and PCT Application WO 96/01836 devices are

disclosed as having electrodes disposed on a substrate for use in detection of small




nol ecul es, especially pol ynucl eoti des. However, these
devices are limted to use in specific applications,
w@nw4mtE@onot i ntended for general |aboratory rBGEHSIN3/022557
[0017] OQther bioelectrical sensors rely on changes in
capaci tance or other signals as indicia of assay
moleculé$ %é'rﬂet::ﬁlly befyneastics., HdWepal tiake 6v2@R aftdinilédol uss s sprcific
d for detecting the presence of_ a target
apphcat@@w@d@ee ot infendled|fay gen&eql éﬁbgmy(ieseﬁiﬁé met hod
£ an
1001 R S PRI 8 £y b Bl Y B MG oGBS S
indicia dﬂébs’aiydésiﬂ% l oP\orlcmmbR»( X USsysitecht 5;@162;062 zlsst:losw mnthloéior
nprising at least a tar eque ce
detectms Flt?dé”e%qn%‘l’fea TR AT ) ﬂ%ﬂeﬁ\ 3 spprises
AkmBlhyAC @&ﬁlﬁ&m@l arldDa ﬁ’orf kér6 DELEEHSRAL to
applym§f9§%st§g)ru?%gﬂ£&ﬂ% ?I sing an el ectrode and a seco%d
a hybridézatioh compleky sm}slﬁ)émdmltlen yomaled caepasing ayleaa tpigekeapaIce

of s idt uence ctin
oo 5L oS B U S A N R oy
attachec?tloeacﬁﬂépéleénroﬁ%%er ARIRY c&Bplidifg bislelectidd@nad tal seébnalmleﬂtron
conpl exes, organic electron transfer noietjes,

transfer nmnab'l mﬂedmtmg g rsysenee efrsidarset seqnpice bypletasiiag yleearesence
oo G 258 S QDRSNS BTGy B

trans1tldﬁ'~ih€thl MplekeDNAgané bl&c@breﬁnﬂscﬁahmremj metaﬁdmnek abel s,
measur ed_ Far adi ¢ i npedanc
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thiolate gg%q?r}]ilcggg | ?vg%#sgr% 8%@1}&2&%&% gg?t %&ggﬁgs to
occurre& hegpd ?e‘éhﬁﬁu@fichgv%ﬁ‘irseﬁéﬁ@vlﬁ% 1 Npl/nft f6HBHmPRODNA fested.

passage of hr ough menbrane can be detected .
[OOl%},BlaelsemsairsenSIemMe ralsotbigen a@a@mﬂ ta@seingletqctien of gpfbpigration.

ce. s, |lim egi
For ot SR SR AIA NER Uk B,
throughfCinbiBral chipbedabcttdby aeamor. Hywevi, thentefalness df@20Ofamer
This invention ains to expand the_ usage angd

device isgiphitedayi severa¥ desigadimitations ficliding, ihpReEARRIHEYs theenent
concea %{ ot t%% Ect?Jeeﬁﬁ}fEtQ@&f(}th% 81dl?°‘y RrmdiBasiy i ng and

non-cell particles,
[Oozapﬂubir@b@@rﬁz&ins tP® hmmd Itlognsagd ancbambhpatdmojf@@cu’md field
conditions of_ c and rt?l\él des devi ces

impedap PRI MO GG A BT ReTRLS [ geary igdind gapine ool
and mo%é%%%n%ll%él@v ENIThON i A0 $hisibid gﬁﬁle af® paRdlogiclitconditions

esent inv on'is directéd to a device for assaying
of cellst andyebvidssddviicespdpperatusss alisyistenss fpothyseabises: des and
pol ypepti des. The device includes a nonconductive
substrate, onto which a plurality of sensors, each

BRIEFISIAMNVAARY GINTRE R\eNedN of el ectrodes, are disposed.
The exposed surface of the el ectrodes |ncI udes capture

[0021bIncmng aspect, tthe pssanh invehtien m@,regi@ﬁ & 2deien for assagng target
small mmiecu?es, §ith n?%o@nuc:qeotldev%g 891‘%%91%9 ST ARAR0R0Q22 557

nonconductive substrate, onto which a plurality of sensots, each including an arrangement

of electrodes, are disposed. The exposed surface of the electrodes includes capture

molecules, to which cells may adhere and/or small molecules may bind.



[0022] Such adherence or binding causes a change in
t he i npedance between el ectrodes, which change
w@e@dioEs3 a signal indicative of the adher enceP@nUSM®N3/022557
binding to, the electrodes. Further changes in
i npedance are neasurably caused in response to changes
[0022]8uth edhepdies babindih gafansdhahenkede hesingredmgrbgtween electrodes,

which chapsgS9-bhs SEPEITBULHF LA LDgIeRcq o gt DHEHIEgy e clectrodes.
Further ?}é%{gggiﬁweﬁmce a[ré)lggggmég?}y\@duged%ﬁ%ﬁbﬁg@tﬁtchgﬁgds i€ the

ance changes assocl ated with these events,
populativatdfadiseret eslisrop bbumtimbteculeh suelses asil gromsthoa chengadndhe

enbodj nent qf the device utilizes a. mcrotiter
Composﬁioé‘t‘g{ﬂﬁ %‘“gég‘?lﬁwlﬁfﬁ'%ht%f%l %@%‘%ﬁ%}oﬁl wel | adapted to
[0023Ffowikd Hleaéiﬁé}ﬁa{t%@t@ﬁﬁg%mﬁe cRAEP AR ated REICBYeCRents,
0

according to this enb ment of the invention takes
methods hes pravidedofor the usenf Bredlsvicey Ons gmbpdimeat pf hedevigppilizes a

. .whi ne, or r.e. cont ai ner :
micro ) A g SRR EL R QPN g oy Blbin
equipmB@l TBBdbvivé ascofdhgtd Mixsdmtibdirbert o€ thednsitioatigkes the form of a

El ectrical conduits are provided wi thin one or

noncongucire Suksraterlale: R7e PAHGP, o GF OB FHEEINTTS 40 SEYT greel of small
ol A FEPASE . 0 sl Neat

ound noi se an
substrafeo Bisttrical cdraiuits ardirovidedwithindmie tor nurepkeessidhe syega4] to
In one aspect, the ipvention includ a glﬁvj ce forf dt
conneoljis HYP FHPSHEI P 80 HRRFHRCHERAL BIOEESSOb nl i opiiLy g ganfigured to

minimiZé'h ;Ic? gl:%hlg&‘ ?&QQ angg@ ?g’lfelﬁﬂﬁ%r é’cﬁndhﬂﬁ@-@@ﬂﬁﬁt BRRRESSe.

resu romt s and/or nolecul es. The device
[0024Hinlond espest, $hebisverdion indudasg devise sppletichins eeldisanglas meplecules

| tudi [ d al i f
o OSSP B B0l S koS LB KR D5 o

and/or BRCHIEE ST ddveasihcludes LAdskAtOHRGng arslomehgahdsiibage
is separated fromat |east one adjacent electrode in

longitudinal axtissandraqluratity efelesirodn apaysaiesisioped o Hhecsyhgitats | Kash
teri.al T { : it '
ctcrof 5 oI o L5 9800 o el s

one adjbédieslectidi® il dlectfodt Afragisp amsepante ofxoncamducivieveaterial. The
clectrodeypa aCtHeatiF L0 BRIPbARALS GULATS L Papljess hansbout 10 times
the widgyggfgéthé UEliAaL b¥ndRedMaBcRfe hiteridIVTLOBPASE B¥o BlRMiRIEO Elﬁcﬁriaﬁly

rate without intersecting another trace. Eac
conductivatraces sxiendiak schstantially bongitudingdyt foome ofiithetwet opipesing ends of

one of the el ectrode arrays. 25]. The. "| ongi t udi nal ..
the subgie WD SR ET LN SO (34 PR Bk s legiraf yopufpicon
with atli&t SHRFhSEEetrodE@kragxanpl e, the |ongitudinal axis may
be parallel to the centerline of one of the two
[0025p g ongittidinah sxis feefers genpsallyitp enexisalqng asurface ef the sghsfrate.

of -t i dth).. .Simlar i, skanti.al.l
ForexiptttFe it 3Bflog pore i R RabBrigt ofope gf o g omeest
dimensidi8 off eeGubsietit@.g. ke SenghtDOABE widis). Sibskarlgt ‘Gubsiyntially
. include glass, sapphire, silicon dioxide on silicon,
longituginally” ye&iry testhe gergral ditestion alpng thejongitudit #sr ed as a
| : : | | des
0035y 5 B A ol oy s
polymeti. STiessabisteste trlag be configuatedss angafe. Woa pOTdd @l @AOSBIiment, the

PCT/ US2003/ 022557 o .
device irgudes ap ural?ty 0 ?eceptacles. Each receptacle is disposed on the nonconductive




substrate in a perpendicular orientation thereto, and
each receptacle forns a fluid-tight container
was®eoiEded with at | east one el ectrode array PCT/URm03/022557
substrate. [0027] Up to half of the electrical traces
may extend to one end of the substrate, while up to
substratBad 4 %@ﬁeﬁdim;lﬁ @ihtatioalthdretacas eaxti exeptace fdrersct fad-tightl

ft bstrate. [0028] The devi | i ncl ud
containgagson i€ P OBBE REBICIR S OB PETEor el oot r ode
[Oﬂzﬂyﬁ%‘}alg%qg?@élfgg\ﬁ@%ﬂ]S&Irlﬁﬁ’ﬁi@ﬁe&f to@RE Bn@ bEMesaBRradd, Fvdle up

equa na preferred enbodi nent,
to half dftiee dbaxital drless exbanid th dlveeothenandoff thefsubgirate.cr ons at

ir. widest poi.nt. | . further preferr . |
0028 deenineyehe iathds Seed tabraenReuftieE i ofplectrode
arrays. their widest point is 20 mcrons. [0030] Each
el ectrode array may include a plurality of evenl

[0028]3%e etbcebdestafodeh patragle anmEsameyHent savalyighse e prediesd
e, % SO S L S0P . 0

further prld€eriel hbtinyer®fthe BiEebetivger aljsdnetledtodes estheiir widatpoint is

~electrode array. [0031] Alternatively, each plurality
20 micrgps.e| ect rodes may be organized in a concentric,

08 B P oy S e e

Each plptalityedfielectotiecmay babrganizkd jn origtndigéaed fasbionobesnei n

.each el ectrode array. [00 e bus. di sed . res
embodifrgiy et ana Pt Sreve bl hotes traraiy oL RS R Jirodes
ineachteg@tro&lﬂa@l_ity by an expanse of nonconductive

substrate” The buses may include a pair of

[003¢] Altrmasively, eadigiuditywl dé¢ctrodesanagbapiganidedil # cqugentric,

. .di.amet f e electrod rray. . ln.an j t
snusoida| §F s o [ st oyt 1B o SEBRRA R patfof
the pludhi§f FicBn AR L all§ GeRindeH @ldcFodddiis pakadectdds blay. _
nonconducti ve substrate in _a perpendi cul ar ori entgg\jt}l l%nthe
O.

[0032Hhedws dispheadaienrest fgrthgpluradiseof eleciogdenray be sepagat

Jfluid-ti taj . di :
s A oE RO R0 1 sy i
electrocfdgjot@gl!i af which elﬁcumgy Gl@ﬁ[bd _flﬁif Pegiﬁaméta&ﬁ&he tlectaoder zefalgr dedne
enbodi ment, the device includes an edance apal yzer, .
emmbodigiegl £14 Qeale ASCBRREES SR reeAP eI TIPEIET §Pe rectgele s
disposelﬂg)glglﬁé ﬁ&ﬁzlohaucgﬁg ?Waﬁé‘?ntarp@[j)gﬁcéi@ﬁl%? beédiati i tibRto, WheRin

one end of the substrate. he_lngedance may be
further ehserepthcle foams rdlyidetight conmatiensprfquadingdhe buses. hironeo

et 33 i S B S B TR

[0033] Rt fe?ed eRBoliieens Uhd a6k iBEludds dndfpedinte afhiosd: eRdetally
in each electrode array. The capture reagents are

connected bl er @ plusaliisof thetedeciically spndyichmel frages #b fhse fpagni on at least
0035] .l nbaodi h ' ' .
o end SRR ETRBE FES b L0, B rnin o

about 10@mauboGat Mz bet ween the el ectrically conductive

traces and an i npedance 8 .
[0034] In a preferred embodiment, the device includes one or more capture reagents

immobilized on the surfaces of at least two electrodes in each electrode array. The capture
reagents are capable of binding target cells and/or molecules.
[0035] In one embodiment, the device includes connection means for establishing

electrical communication between the electrically conductive traces and an impedance



WO 2004/ 010103 PCT/ US2003/ 022557 analyzer. In a
preferred enbodi nent, the connection neans include a
worehanileal clip adapted to securely engage tPEI/US2003/022557
substrate and to formelectrical contact with a trace.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0036] Figure 1A is
analyzefl Wﬁ]‘eﬁ emimdﬁﬁam tht camectioramdansi indudQOmechdnicaholip

el ectr str res of | ar
adaptedge 5@#@8&%%%6&*4 frtsend T pdind i pisee
has electrode elenents 11 CGa, 11 b, 11 Cc and second

el ectrode structure has el ectrode elenents 120a,
BROBE D:EEERIBHEONZ@ETPEBBAW%I ements within an

o0a i dAcis Sephiatio o SrEitP 3 Bris 9Vl b oeuBle
structur8d §CahRAR sﬁhﬁﬁ@d&*éé’s dep6sited oft QRUBEFake) Fibyy SI%StréMﬁuct’ﬂfeehas
al so nade of el ectrically-conductive materi al

electrodgclemertts | Ha, éﬂ@fbllﬁ Oerprrd geppndyripetrode Spefysrhag e@w@ﬁlﬁ glerpents

120a, 1?(5b tlb{)?gﬁ&]ﬁ dt EiaatJ&k%&&{t?%h{)&ﬁl élélctr gig @%&Hevfe connected
connécti on hs of connectl on buses may have an

to each bty bjihrmglapeditmlﬁ@ctloﬂlﬁﬁﬂode des E2% nTElkb ﬂme]ﬁlﬁaroﬂ& eementd,

s s d4E e e S ARG L o
film, pIRAEE ﬁﬂﬂ gig&mkér 20 ok ﬁfaﬂﬁﬁﬂﬁﬁhﬁorﬁeegae@dneﬂﬁm s

nay corre or nay I ghtly larger than
conducnm/ccbmestiorgpﬂthg/or cmaédtion bum&nilth) hEa}U@tVleMIMHImHMDMmg

I AR R e e
circles Ml oR AL Bne. aTREcWRAI arbd St QectRVde 3Mmot® dndapé Bettviat

are comonly used. The whol e surfaces of the wells
electrodvm}emente oAy cettestiont telosotay bgstighily brgﬁy than, eyagy phdightly

smallergﬁari, &gl lial\aéﬁolp{]é ! acﬁ Iq%) grs% fli:n lef étﬁ?ﬁ@ Rfe d&ﬁ%até %&' Weﬁc& a

cubic stdped wall), 08 Ei@ﬁlﬂe hamt well-prvg atoageelt ﬁlate Gﬂ$84mbﬂl pratél that are
nol ecul ar interaction occurring on the botton1s rface
commogky ysads dhgmihiole sustares afdhauyells rﬁabm goveredmpith cleghipdes {g epsure

oot gy R ML eSS ShSF R A i

the impedanve chapet d'tanareatigemmalhas aunedim@e et om-eefntm molecular
circuit, 130 1is theP{e;J ectrical onnegdtC ‘g tra es t
interactiqg} ARELTTS e SRR POFFS AR s WARULEF R oy 4 sma
variatiolih Wi ifRAadcttn @ifred 2CtweeH elkcGONNGRICHIE 110 @1%1315203 a0 are
extend i'n any direction in the plane of the
connecdrepadsshigsan b ggmecma tp gn axtsmlabquanqeemaég@meat Gienitofl 30

evice 200 wit ct,rode L ructur
s the oL e it ol Brteife HeditRuseP a1 B8 fpace
structur®h 11 Y6 bhd €30, 2d6bhaddinebtion traedtiah $Rtefi® it a3} direction in the plane of
i nterconnected el ectrode el enents. El ectrode el enents

the eleqtipden - Bigove, 1B rowhemaiip renrfeéen’c@tqnaﬁ@m dgice 2AR svithfyyo electrode
f Ayl e r
sk SOFHA: LOEENARSAL B LR eRLSEL LR, L I 20
compri§e2hOhip2d itercd@eted 2Rdirodu dldrhente aE]%cﬁthCfﬂemekﬁs (210a-210c,
structure ar e connect ed t hrough arc

2202-280Q @rg TecnBylar BpeRd Rastsa g %}méqr@&t?tsg glegfadestructure unit.
S1rmlaf(t3 %E%n o PANRRCAEARD AR B heAR (2 AT ﬁ)g NSl fﬂ‘)d? QitleGkl 8l6trode

ured through the electrical’ connection traces
strucmrz&ﬁ)e corimguied throGgh srcashapededtattiicaltyeamdsetivegtaihsror sfecode buses

(225). %%Xrllgc%og%gdgl\%& artevc\:gm?ected to electrode structures through the electrical

connection traces 230. Figure 1 C is a schematic representation of a device 300 with two



WO 2004/ 010103 PCT/ US2003/ 022557 el ectrode structures
of simlar areas deposited on a substrate. Electrode
w@reogotunes 310 and 320 conprise multiple PCT/US2003/022557
i nterconnected el ectrode el enents (310a- 310f,
320a-320f). Electrode elenents (31 Ga-3 1 Cc,
electrodd 2@actB20 67 siatifar beas depositediron 4 substraind Elestyedhgruciusesd 19rand

o L S e AL ST U0 T O 55
t i .
EIectrod% f@%ﬁ%%@q 092Y b 3264 g@%d)%g@regfaﬁgﬁﬁf Bne3 h@?og%‘é}%a frmaednd

are connecte connecti on pads :
interdigft 6B FectFodpatmctire snin Biffeesn fiiom Figpreele andiFigure U3, the

tem for nonjtoring the inpe ce a as a
electrod? ¥ Eres fevifg Hlo5 A SBruE Al Be: (80 CUReareheamspied o
connectgg%gs tep.the el ectrode surfaces. The "Y' synbols in

the Figure represent the capture nol ecules on the
[003 7 Fegire @ dea schentatic eeprespriationof agisisan formaqnitesiag therippedance

t ar get ecul es th 1D f
cngs 3 S50 BERSHEEb Pl AL DRI gecroc
surfaces. MIRABGNTEN{bAW indhe Filagreabpetond descaptur@moteoules he thei abatinode
of target nolecules. The right panel shows the
surfacesreRmU N ymbotsdapresent thetirgeiumelecphidiahen tand torthe capture

el ectrodes after the binding of target ecul es to.
moleculg ¢ bsplrech e thechsck ARG IpRsduRiAZo) & IHORERBRGRYY t

- ' I - Q0 iz j its.
thebind e S A B0 b U
pinding) OF H1R eddctrod fOAIRS khebinding oBtarget mcderuinsdt ke cappreseleceles.obhe
: of .a nolecyl ar assay, 96-well, el ectrode Bl.ate vvi.tth
impedargs & BIOREAECALS LA BIALVASE PG TRBSPTeeRs T Ciretics
Impedah&%ﬁﬁ?é@ta%jwbﬂ kRown BHASSd Kilfed i dhe arfOr r €SPONAS O

bottom surface of the wells. For sinplicity, the
[0038]Figiut Bries sclemiatic mepresentation bEa mefeculas agpay ¥-welb alpsfrode

h ... The. electrqde lings.4 on_the | eft of
plato vl QRipeioR e TR b iAo R B g ot
corresp@dsaY bbforh QRFRG ofttRe Wl FHRlsichpIRGY AME StriEBRY Hefifing the walls
circuits. There are two el ectrode structures formn

! g
of the wehs efeanot sheien.s Theieleeirade digps 43Gen thgdeft gethe Figuse 3pey  at
! t . I t : '
comes S35} TP Pligh MR b 20 S0 SR RO Bamen
circuits s Theietaue avdldlicttradeadustnres Hermday hx electrade stiuctist vt for each well
' pur poses, the | ectrjcal connections are shown fﬁr

(or for & heagt sqmac ot the avellp) and tpsdworcoBReCEing Pafs Frefpedfor p &elidpat

i i ] ChroRi d , th
compri 3 En o RaRRRL GARF Mooty LR dRvRis® Tep RSN puposes. e
electricall conheatides stershown feronlpelactpddrtseructumsriian tyo aprleft wells 460

and 47 GREARIOH § oG SRk arsfodeBtaRte el Ui EPRie
compridifg BRch bR R0 aPlatdedhSridhg il hirshoemRhBdMEtes, dudAtas a

can be used to nonitor nolecular interactions. [0039
bottomispgymicsowall plateesys A atierotiter plap) essethetabe sebsptedprngscthe baftoms

, Lee ' bindi ; {
of welly G R5al:B brtalBe SR S ractiF bRl R HERER R 0o
[003DTFibine 44 isgiichembtitereplicsentflvanddn eeeict fadreatitnghs nwilocule-
_ .. nei ghbori ngNdl sc-shaped el ectrodes 520. Thgq [ n;)etigr}i:e
bindingyapgdeteeyBveEe ms‘%eeéecapé% erdiencighbosing clpofrodes. In the
figure, ﬁ!e‘%ﬁstc[&lqsg‘d 888 ddegb nl &x Sgi%ﬂﬁ&‘glfgddi;&shaped electrodes 520. The

impedance between the disc-shaped electrode 410 and all electrodes 420 (that are connected

10



WO 2004/ 010103 PCT/ US2003/ 022557 together outside the
device) is neasured. Figure 4B is a schematic
WO epresan ati on of a device with nmultiple di scP€HPS2003/022557
shaped el ectrodes. [0040] Figure 5 is a schematic
representation of a device with two el ectrodes of
togetherdiutsidy thoidevias)da mebsifleda ritigH20AB is @G¢H§mEFicgapresdititionaf a

schemptic_repres t f a nolecul ar assay plate
deVlceWMbc‘ﬁnﬁ}P}Fe disgshypess ‘l’l’(ﬂ‘g EF{}B@‘?Sure units each having two
SEGSI tved dlé@Fodes 8f different
O Rt o O e
areas 510Nt $20] 0042] Figure 7 is a schematic representation
el ectrod eonetries that.can, be used in _ the .
004 Fighet 6 i 5 el an e atoll o £ AR EALRESy bl bEnine o
electrod€ shotuteNin®it Ghat ARiRdwoRMdcBbI&, A tepedeh@OhéRGRnRNT Malyzer
ere the electrode width can be |arger, equal to, or
is switcladefor the imipadanch mcaslrese GRONG Asuing p@ys. cast el | at ed,
[004@;17%55%1% & eCt egld é&e%gﬁth é@ﬂsof eqéc odg g?&ﬁl%tﬁg?thﬁf s in

es ad rode |1 nes;

the presdit @V&ﬁ&h (fd)ﬂ a%he@ﬂlg G tanalygink n@dlaﬂﬂdsso deA)stmﬂaxdﬁgltaeezl parﬁﬂﬂ)hne
si nusoi dal el ectrode_ structures; conce

electrodg jaraylerse Serqlesade widtrran bl f’éiu? {0 & Sﬂ&ﬁ EihEn e of
electrod%ngg? dln’ﬁs)(%t) ggﬁgﬁtefﬂzﬂff&? eRSurSIPthuchfed: 9?(?) él&?t@dé Qtryctures with

rge as over sevefal 'hundred m crons.
disc eledtreict afiddd ancthe ekctﬁdd&dtnesxdkﬂ)a castellated, Sterighit etficfrbée sintctures;

7(E) .Singlfqlgfls 2 ucge o s?l'}gs)cong e(? ?llgci:tgo e sg‘gg LGl‘g %: SREFstio
d1mens13ﬁ Q}‘ the%ﬁc@cr)odesoﬁ‘fan(?)% REEMAR AR thah 10 miiSkbuk, i a§ M@@&s over
Preferably, the total electrode-region area (the area

several hmiredjmgonm el'hel totet atcxblcre @leatmldet drea grake ofetifferent shapes such as

t d t
regular Giaben % B tepRoLRr TRl Y AR et TR oF St B ThaE (BT
7(C), 7(D9), oh‘ Bﬂﬁﬂﬁg@m&e RiFEpes | Prefirity, (tBe thial @leciroperbaivnearea
anal g%myla connection pads (as illustrated in

(the aremy,mden )ele&ﬁ@ldeﬁ(aBsi yh grite befecn therrdectigled coYSfs peatkidhe

complet{g%oﬁhﬁcsg]{'@%e oﬁhg bs(:xF : }?g&g?dé((:sﬁ%l% ec%enﬁ&?d #nd

1mpeda1td@gﬁe@brenaaﬂd mmum &t g. eahlempedamb anzdmue):ha omr(elétlgmpais‘(és)
Ei gure

ilusteatG b i A b a8 e irebly e P et ey
(Figure ei?ﬂﬂ §Gdr0 ﬁg(?)rﬁﬁ%"glfr@ Z§E|)53 SNaRmECEl LA eRhRABh®ugh

inan el’ectrode ucture. [0043] Figure 8 shows a
additiorsit lentaickloconegotios €Figate HB) amd Exggmﬂ DarpliniHigwea {4h (Chand (E),

nol ecul ar . dete b uring the cata
comnectiRiGiRAE U0 G Chnsg AL ar e PReetuRRe Rt bimget tectrode
elements3Vifh 66l cRBBbde stL@E)| €s. As depicted, neasured

changes in inpedance indicate the presence, of a

[0043 i guirg 8 shopys edekematie senreseatatian pdighel drplidgatiaainmelpaular
detectlogln%gil ﬁgasﬁ:ﬁggﬁ{ %Hﬁ g)??%urﬁ:g@oofgagﬁer éﬁ%eﬁ{ Q(ft%q ol{rllﬁg

a ces
targeteddreall moltRles.C Ak depltted, héRdiedichamdes upmqmdpmdeand]saté thaem

the solutjon onto el ectrode surfaces. .The | ectroni
(@Stg tcace

presence of @ #aiabis papdichEem heenzypierppdia§H reaglions sthp SEsgRIr
In one P} Ypfbadt) theCRAbfh¥ bl Hliatdl RIUGNS 0BroR EhESBEEOTES -

electrodes, catalytic products are precipitants from the solution onto electrode surfaces. The

electronic impedances are measured to monitor the presence and quantity of the catalytic

products on the electrodes.

11



11 WD 2004/ 010103 PCT/ US2003/ 022557 [0044] Figure 9
illustrates the dynam c nonitoring of catalytic
w@e@dootiopr eci pitati on on a device of the invemtT/U82003/022557
The device includes a glass substrate (1 cm squared)
on which a mcroelectrode structure unit was
[0044]<’Hi)gure atikaktratse it dynafhi@monitomg oﬁm&rlyttarpr()duct Pre@ipitation on a

o G Rl SSRGS ST BB i
microel &Bozi'l'e s{rﬁg-gfé @g([v(/a%%b et GAd\(R Y. Zoiﬁictr&{) Reer @ 0.03 micron)

rcat use t deV| ce, a hollow plastic well
film wabdepasedion tHei ghase sul:ssh‘awe Thesnibtetstiodostrusaire unit having a circle-

eI ectrode deV| 1 he ect e str ure

o lng A1 TRE ST St R AP P e T i i, ol

plastic &aﬁﬁﬁﬁng\@ﬁduﬁﬁﬂ ﬁﬁp& Qak BSnde&ﬁ &h@m%d)électr'ﬁﬁe dswicé asthadthe
he m croel ectrode was pre-coated with b|0t|nylated
electrOdwwm@resl@nUWﬁSa@@QmﬂrtO(eBm}mﬂéIh%WeiﬂHW Whettlop semjetras

added t%Fﬁ \}\}g ¥ :fln thhﬁrsﬁﬁggp%‘%@ﬂgg{lég %E(fe? sred g g a{"b&ted(o%gg)

biotinylatcd Sovieiselium siblati (BS A foslowad 8 &ldching with 3fg/di; nilles room
added and_ incubate_ at room _ tenperature for 30 mi

temperategie| foRaltimisy Adier Brigf w%wtkmhwp #is buidpred spline (@B},
s IR TR, o ST o e FOE)
temperdteterfaz?) mimjollvesd by @mtﬂ:nsme wiash with (PBiSo A lkalihet phosphatase

substratrﬁ%ij‘sﬁ)?@ﬂﬁfr&%\tfﬁe e?@%@ﬁ) glﬁ%ﬁ St UCt u S h%%%gﬁ%g

mtrobhx%rié’tlréé%ﬁﬁm) Hagadid 68 QLA 88 ¢hd I‘éﬁ§taﬁd¥%e‘éw§éiﬂﬁb ERbBode
P/ NBT were converted into precipitants) results in

structurp$ mcﬁhp plaati¢ well poemersuyed usiay aw Alecttic impedaacesnayzer. The AP-

e S N

prec1p1t§€161&1(r;s SFR ) thél\éﬁﬂfaotes BEeleéfEUd% strpétefd upits AThe Preafitation
e el ectrode surfaces and hi gher resi st ance_was

caused pipipstAaseiin tipesisianae befaisem terplechpda siryclyre jnlsh t Wath time, more
. ..el. i r i
prcoi SRR PHE LREEAASY TREL AP RASU GO T
time-depaident ABexetivitygatt the @)ectrbdeihfacEngs neonitOred foyvseasuring the time-
guantitative det ect ion of fibronectin_on a_device of
depend@q{éesthg wetvesn he slpgieds stractareps (see Fgge dbvi ce was
[004§] Mbh@f, Otsﬂoxtx@g g é}ﬁltéttﬁ%qieké&ugﬁ gPfiSroRectinBid £8dWee diBe
device is a ss substrate (1 cmsquared) on which a
inventien gy nmedancrecanelysw dbe dc*ece was simikas tof thb ohe nseddn Fipirel 9 -

Brifly i 48P 6 AA ALt e b BB Vst ey G piygere

unit wa$ FAbHehidd € GOl {~ 012 WiiB@n owdr ICil (203 - ickdr) §il@l vedi depdigited on the
eonetry was patterned and fabricated. To use the

glass substyptge The migspelevirqsiesgurure it having fn@wée opylinfgdectipdg pe

scomerffi8alPRAE o I AT PELECHE AR CTSHABy Sakhibell fing o

structure un dse t 0 “‘exper
cylindek sigppl Ghvas dopded tofiemidieclsarvdt dems sathaettie tehactrbée pheaire anit

wel | Di fferent anount of flbronect|n§§5 gog SW&%?Q
was exmsd tpeRpgympRistionideamp e péhep (hesemplopy addgd & theplastic well.
&bt
i OEHR B f QOD G SOT44, 1082 R Bty o
then 1ns1hafeaa¢ eoom temferdtmmerfer houmol ’Hnminesb atibh step uﬁc‘euéf@é lmthetchmng

of the cf:ei:vme surface w1lax P brongctm molecules. The surface of the device was blocked

with 3% dry milk at room temperature for 1 hour. After brief wash with PBS, mouse anti-
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with 3% dry mlk at roomtenperature for 1 hour. After
brief wash with PBS, nouse anti 12 WO 2004/ 010103
WEMDANBAMD3/ 022557 fibronectin (1:200 in di | upCDOP2008622557
added to the device and incubate at 4 C overnight.
This overnight incubation resulted in the binding of
fibronetthe(Inzoosa dilntion)iwiy aided td the deviee aﬂchscmhatef athy Ghercernight. This

the d f Af t hi | kal i
ovemlggggiggfpélpgél C 9; lflf{ g’g 6‘5\416 angﬁ?‘% ar}gr’oﬁ n?cé@ maleculayieg
ﬁbronegtﬂg d Vb B&i8e Alrfacl. O%ﬁ%&flﬁ% %Il&llﬁ@ﬁhdkpﬂ&hﬁe(;&?} {p¥Rd goat

ext ensi ve washi ng hour T ncubation Tesultéd
ant1-m0use IgﬁwA'Padl@ldellnd dnqglba’tle agrroin tmus@turg @r beamdollewedlay

extens R A B BOR b St e S A e
bound 19-tRE ﬁféﬁse“a:rﬁhﬁ%ﬁeo'fm' diiay ieabosphat eAlNBRe phosphatabdiRibstrate

tetrazolium) was added and the resistance between the

BCIP/NB B dffiondfigsmey Bsmrseb,ronw -4gblopr-3srdayl phesphatpelN B aisiob g
te‘urazolﬁJ g%vas ﬁ%c?ed a&tﬂ eres a?n F&&fﬁ%? ﬁ\ﬁﬁ&?ﬁ'&%ﬁg %ﬁg@ﬁs%ﬁqe dbﬁgnc

well wasithénsiifeg @blﬁigtaﬁréléﬁ:)nd @gedhtceianalgreci Thd AP indidts@teactions
ure_8) on t he surfaces of electrode structure
(AP’s Suh&t%e B¢ Teweisicony frind IR edpitants) resulis deprepinitptinn (see
Figure ?F@ﬂ He NG00k Eﬁw?&éﬁmﬁhﬁ&ﬁﬁ&d The ?’Eé&%ﬁl’cﬁ'ﬁﬁn EQﬁste anYﬂctr@ase
| me, nore preci ation occurs o el ect ro
in the rssnstﬁmé)st\med the ghc&rodeesuusmmmtsmawmma,mde pThepnatlon

occurs g e deeRG Suees AR ETBRIBFRETICO TS ToRHEd: o AP SALEQbpwD
the res@t%néé Jhta}lﬁes% 30 gnﬁ a6 addidy t‘H@ §@5s’trﬁtemdBTnTHe 8&8ce can

surface of the device as 1ndicated in_ the figure.
detect 4s006)s F9 pgieokfitronedtinesnted oot the sirfaco of St deive agtindigated in
the ﬁgﬁgr el ectrode strip) for nolecular detection. The
‘croel ectrode strip contains mcroel ectrode structure

[0046]FiErel1alNL SRR Bitrdeleditods biript(Br Sbdtidde s —fbﬂ fibletigr
exanpl es of the substrate materials inclu gl ass,

detectiqy). 5@@ mcrogiseisedse WD peTBing AEcroelestEde s UCtyE wrfabﬂcated ona
e ERL S5 4 0L e, LSRG BB s i,
sheets cﬁranerpbnam edrapiics; pblynizo meﬂ&brMespmkldatopbn-seulnabndg:tor (e g.,

o als,. A varjety of bri.cation o
silicon ’@P‘ Bisiliiong): Aeehgas (Bg%ﬁ'a %éeanteé&lrf%ﬁ?%rgl & Qfer
msulatlﬁf; g eid he Vﬁh&k%? LWBSLERIR A &%l@f(ﬁlé&ﬁirﬁﬁg ﬁ@tﬂoﬁ? can be used
stbstrate. e surface of the mcroel ectrode
to fabrigate ay proslpe&:ﬂhie ingicroelestroadesruatvee amitshor thd sastiateu r{on the sorface of
cho ed, nol ecu an, be nucl e
the miQRRIRBEE arrdy, Sped RS BRI 1B s el PRuc il S5 EbsorBSt e

anchoré@Blcedk c60BP al16i% acilil feiides Prbtein 26aBiHe nRIMIuWs&Hch as
bound, or absorbed onto the surface via different

chemlcmpm%nds@ The mealeaudgs ot bR eRiorads howndyit phrgriedamin s surface
via dlff@{;%’? #lsét% caﬂglt Jil%gﬁ%al %eﬂéoo%g?woﬂ%rﬂﬁ}{ le!? u]iﬂ%? o@@%ﬁic\ﬁfmethods for

coatingf By ﬁmde byssndarabmguoﬁ,mptmmmo@ﬁngmf ®olebale Sohutibh deltowsd by
desi gnated_el ectrode structure units. Non-limtin

drying,spgitie o€ meleculrespiutions Radrnigaatedslecipde sEBCIHSHS &%pdﬁniting
examplIBYf said ?ne‘@cL SR uﬂ#faé@ Mo%fgbgg&f'ﬁxlaz inchieh&RRbular self

reactions on ace i cal or chem cal
assembhg tchadsakreecticms dn the surface. These physmal or chemical methods are used

to modify the electrode surfaces with anchoring chemical molecules. A single strip may

have multiple electrode structure units. The surface of different electrode structure units
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to nodify the electrode surfaces wi th anchoring
chem cal nolecules. A single strip may have nmultiple
we@bk@entwmoe structure units. The surface of di fPEr/E81003/022557
el ectrode structure units 13 WO 2004/ 010103
PCT/ US2003/ 022557 may be nodified or coated with
may belinoflified o coatedh Mmr@ffmntmgh@mggnolpﬁé@s sopibpt each microelectrode

m Cr. ele r ode ructure unjt |
stroctufp PR sifdRS it S difaiibhe O aR e LR TRy fpund or
absorbedl or sBSAViBedeRkit&t MBTeshISSoki Bl @ﬁiﬁ@d)fﬂﬂbﬁféwcﬁﬁd@ﬁnichﬁe units
surface of mcroelectrode structure units serve as

serve %"eﬂ@PtHﬂP& tnodesudesu (Taeset mategales pd easinle solphomcandripd to, or react
it s e SR AR i 1 B BB DR L i

molecutlesp felbbtrﬂbgmp&&du&e betgcen atiewtlettodashadanseyiith we lectrode

m cr.oel ectrode structures within an el ectrode
structuge wu&wufbe ehangedvind sush changsyaig Iawaur@g ORMORHAsd by Re
1mped£ﬂ%@%ié£12£jer% 1rﬂgéﬁa,t(19é ﬁgaéﬁ)‘m? @1rcd1f§p%q L€ c?s%?,ltﬂg &ﬁ%e? olecules
uring circu n sone cases, t
are lablehdgeth anzlmes (fos examm;de Iaﬁtadaheﬂhmphttam ApPmagigfredl). The label
exampl e, alkalin AP in F 11)
enzymES el e GRuPE AR R Spmfert ot Fifsfratst ipe Figpte
BCIP tnFi&@81 ¢} fnt®proi®s STHS lroaha§ areftRén BuABRItGred b @earicn
Figure 11) into produc The products are t

imped#ises bqfwg@n mg,crgc;:lg@fqde@truqztmdng;@@nméq \mtemoducts may be insoluble

ctro F ex. oducts
and cafl TGS i SHALERRE Rricrh ke R TR S T RECEHS e
target mﬁlebiﬂles ﬁlﬂe%‘tﬁ&é&@itﬁ Qeleaifs labelingl @oledullesO UikREe 1BBEIRR, mélbules
target nolecules are | abeled with certain Iabellng
[5]

may HW@]V@ spgealic chgraisd rpaghions. ndchow eld resylt inpyodugts dhay ean
t
o SBEG) 0 AT ahOTLLERG: o SRt i bampe
the pradogts dmrycbce inetldde andmag pm&qntateecmtcs thdsusheas of ere&odel-_smm:tures
cts nma i nsol ubl e and

The d%xa@@i? Bt m%@%ﬂqgéﬁ%?ﬁ Brodupte By @@cmﬁ 1@9@5@% REASYIERER! FeR s
prov1d€rH@alﬁﬁl&%ﬁ%aﬂﬁta%%rﬁﬁu@ﬁ abte tbr%él'} Z‘?&fg@?‘?ﬂ% tlgéns‘gﬁﬁfé c

i npedance neasurenment can provide
Somh09uant|tat|ve i nformati on about target nolecules in the

oofEGs 1R&) Shodle poies mal By plotibe< ity Sy BRI GE

arrangéd i Besy by Sacolurh® vorHguation ok subartié. Q’FH@&étél[!; Fhdelectrode
substrate. The details of the electrode structures

structugigs,weerp 8ot shawRrexestt dor the bvo elpeirieglsonnestions (sdgctrode traces) per
I
electrod? Qtﬁfc?ﬁlj R fgfé Eét %ethé 51@&?0%)6 ﬁ’gghélfeg éc? ?%lglceég@ n %aéits l1Jorcgcsc’ad on

structure uni nnecti ng
the twd ends @i ﬂmbstmtaa@ae bbthetvedls timal “ﬂdﬂé vtre\m tlein ¢i§ tl&fe ishe active
substrat | : that is,

€. e o !
sensor @pxopiat SW%%EWP{; TH%@\VLﬁWPﬁ a&;.%@eﬁ%a C%'ltfcﬂ w@atElmorie
structuiréé‘?n:{:y“ﬁdve%hbué %eoiﬂe'tﬁészsﬁgh ?ssth@secsﬂ%ﬁ% F%&i s 1LAENRC1E08E
structures nay have various geonetri e s thosé
7A-7Fshown in Figures 1A, 1B, 1C, 5 6, T7A-TF. | 0048]

j,gur e sho VlC el ect,r ode
00 Pl FABY Y Refodlvist L e ot Rt itavere
arrangdd\én Qtﬁfb?trht% afheldeRile bk re[b@@o&é St EER erdROBsHNN XBEWTor
exce or
the two electhlcal connections (electrode traces) per electrode structure unit for connecting

the electrode structures to connection pads located on the two ends of the substrate.
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the two el ectrical connections (electrode traces) per
el ectrode structure unit for connecting the el ectrode
W@ Reogo1unEs to connection pads | ocated on the PEDUSNIF022557
of the substrate. 14 WO 2004/ 010103 PCT/ US2003/ 022557
El ectrode structures may have various geonetries such
Electro@sstidense rmiplave varibuggeonseties, sudlBas tho, showndn FigwdA A, 1B,
0049] Figure 12(C) shows a device having 16 X
1C, 5, 6{/8cth-ode structure-units that were arranged on a

cturB
v i) 2R e s st bt v

arranged lmn\&substlsatml Rach@Rchrode sirudhat uoithahan ingwdigiteted electrode array.

o0sGBBEE 08 eI B i B b

conneci®h pdds GH IR digedbf thERELIAGR Mead Rateclbds-eRlctingWnits shown on
conductor lines that were arranged accaording to the

Figure 5{AQi fhe B@B\w@rd lasdl boeetpepiarses Wéﬂ@ﬁ Hwh Wete aTagged

aCCOI'dl%&)A%S géa%gnsgo elji\af %uftﬁg %%fee@lorgg)t% §1{o i %ﬂ@l%p%t h two

[005@ TEgiire QdEB)Shb e the setiblly Svith] (WOFX]B boayds Boridﬁa(l@ timlsolbstrate
e assenbly with two PCB boards bonded to the
haVlng%@bglﬁ?tﬁitdéStfHﬁWF%‘ﬁ“@x el ectrode structure units, with

gﬁ%!lr@ {Ig)os% N‘T‘B AR Hﬁﬁ%%ftﬁ%l?etﬁbét%t
[0052 nnect 13 ge con %:I?lc)) I nes. O%ES] Figure 14 ©
having 6k elsstradef dxtuce waits, vithheedle slmpbé Pmptmwormeﬂnmc&@m g

to the ed of h ensor plates. The flex circuit
underngpth to RONpe F%the,cgg«glazﬁ%rﬂ}ngp shaped, electri cal

[005§PP<‘1 tlQ{&) PRwsRA HicHR $hARA! B 4428 16 RBhsdthalth Yhe edges of

ctors on one side can be bonded to the connection
the senmqb@t@n Tdnedbmcmgulg heswmultipleirestangulap-shmpediglectrical genductors on

ctor an_ be connegt
voth iy gt EE 1L QLA LRI B et TSR hehded e pncotion
pads orf«‘:i 88hdel shatn G PEueé 0Z(\)evhilROMD ekitliRal cdﬁﬂud&tbﬁ d‘ah <bl§ connected to
circuit are connected. [0054] Figure 14(B)

sh
an impegsBenBpaRUSIMnh Bireyiisy TR CRBPPOBYRE glecirigabpangusion opdoth sides
of the ffet;} \ﬁ(@mlt Dre ¢ Ph}gﬁcﬁ% 12(A). The el ectrical conductors on

ide o lex circuit are bonded to the
[OOS@PEQ@[@HHCBI) fhads asdenititeofitae ifiee clr@ﬂﬂliﬁideﬂ: t@a devidetas sBpwn in

hows the assenbly with two f ts. b
Figure {3 gbe eloatical mé}lﬂ@rw C@Pékﬁ{e b %@t} £ g?ﬂ%ﬁé to the

connec{%ﬁ Reedlsgeshaped POGO pin connection from
rneath to connect to the conductor lines. [0056]

[0055] @gme 1314@)))sh<sxhsaﬂss aewm‘tﬂywﬁh ¢Wo fex sircwts ltpmtibdato the suhstiate

having B, SRRk rpRE LB SR Brls o RO O e

undemédﬂsiﬁ)é&qnémoﬂfet&ﬁaﬁabﬁmew%?] Figure 14(E) shows that
a crossectional view of nmetal clips connected to the

[0056bFiguetl4oR) s cedyiy efdaetal odip thaids madsermetal waes #nd canbe
used toogopu?erctlﬁg go co%ne&tm% }?‘aldg Shoat §iab be ﬁibstrit % the other side of the

substrate.

[0057] Figure 14(E) shows that a crossectional view of metal clips connected to the
connection pads along edges of the substrate to the other side of the substrate (i.e., the
bottom side of the substrate here). The substrate comprises electrode structures on the same
side of the substrate as the connection pads are located on. Needle shaped POGO-pin

connection structures that are electrically connected to an impedance analyzer (directly or
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bottom si de of the substrate here). The substrate
conprises electrode structures on the sane side of the
wWG@aipsNIEdE as t he connection pads are | ocated PCT/US2003/022557
Needl e shaped POGO pin connection structures that are
el ectrically connected to an inpedance anal yzer
through(edbcltlenicl syvr(izhes) t5n Wen 20 ddédxd @bﬁﬂecP@TﬂleﬁE@ﬂ&li@Q 2/ Hig bottom

sde 5o 3,06 SEDRATEH BAAER PSR (o Eer e ondhe Fhspate
[0058]{1# rgﬁﬁg?%ﬁsv@ BR0tH&EYpd éfxﬁétmﬁ%ttﬁ@t ik ghaldBer fleff M@Q 8nd can

ctur on the subStrate Figure 14(F) shows
be usedam otriverting fpeconhectivnagladeon pnet sn@a off sibsteate toothe wiltea kidavof e

s B 5 i R SRR oSS LpoBs We

examp1§ lb@z%bmhﬁg) tlift%nﬁefdubﬁ hévh { Mintbdbigcdivhrref met al clips
héeémto be connecte to for exanp

[00531611@# il ﬂg()‘r) sm“@dhﬁ@@@&swtwa@lsvmﬁ ofmetal ﬁtlﬁ%cczzm%teql to the
connect?o%g%;v ]a{ogrlg # fQHé &lb%é&g% thd Qeer Eﬁl@ of heduBsirfie k!
Vi O connected to t connecti o ﬁ
bottom 8ide 0g {1RbuBsiran hérb)e ﬁmﬁétaladl@s tate thtve carireeted Qi pdmtaalfclmhm

substrate (i.e., the bottomside of the su
board tqywhief, anmge%aca poalyes sanbecamErd kit ar épfwfix dor
exampl@'\ﬁé:é’i%&rdﬁg% cﬁe?) whi ch an i npedance anal yzer can be
necte rectly or indirectly (for exanple, via

[0068] Rigire AB{A) slmlscat’@d;t))m {iowe0h 96+vgallr1datb57(nﬁ) sig ldovise assembled

on the bgg Ma@hedeme pﬁ%?&éﬂe %dgﬁg'g&l]&é{#?téé‘ll ﬁjad evg&mn pads located

on the AkBCSRIQeGES UCt Ure units with connectl on pads | ocated
on the edges of the device. [0061 gure 15(B) shows

[0063] Hignre d A1) séwwma l:@ttgmw of p Patvecl l’éﬂﬁ V§th<sn§ dovigeassembled
on the bd)Zt\?}nn‘?éaé:ﬁ ﬁ)ggﬁ] 11&( u% gL egéa QS l%fx elgc%roq'e qg’h&‘u{eﬁﬂﬁts with

ructure unrts

connec§@NHHAS toAfedrsdise le@g‘e@to@ﬁlem&ﬁch e Thd §06 sidt detiecaddiahe Bdx
The two side devi cees have 14x el ectrode- structure

electrodgn pructygermite grtheornestiop Rads ascslocated ar g iges picthe dgdee:
[006%];1?1%&% 1%%146&:& Wﬁ E&lgéfrsﬁu&tgrest{ﬂ fho?” (2 tgillﬂfs”OGO-pms.

struc can hold PO
This stritiuse @hrbeatsed eithaie 96 weH @thtasi itlhsttatel lﬁ&llgmﬂ 1PA abd$5B.

t d Fi 15B. 0063] Fi 17
r006}iEe i o<k sy B Bt Ser ROl TRER L r o [ 0004]
[006k] fgghh% 188hSRous efé@tr@dees@%ﬁ PAled at¥itP R 2SA B Us&Ss f or

nol ecul ar assays Figure 19 illustrates
[0066] digure d R allugbraies @ppﬂatasnab pnnmpleﬁoﬁtheomm@rmg offriodesulaar
based on |npedance measur enent .

reacuo‘[%@%’%‘?m&?gaﬂf’goﬂé?lﬁ APPSR 5 e cross- sect i onal

[0066]F12h:20 90A, €, Hemi @) o8¢ crofiescptliat Gfawihg vLaHe e SftadbRent
two el ectrodes. Capturing nol ecules, depicted with "Y"

inventiepysHowiag tvey @ectm@ﬁo%@run@ﬂ melsgulep,iepisgercwith “¥r sypbels are
anchor% plsag&f %&Fecu fked %’? bﬁl!h‘?ﬁro sgﬁtgc% of%@%lg%kﬁs.?g%}gtgﬁhfﬁml%ﬁ%s

Pas t nterac
may berml ﬁm]émstthathﬁayrmmwt e,dthoargmnble(amlesito benmeasasadpl eonitored
sql utign. Capturing ecul may he ant|

ina sarﬂgﬁﬁ(plaggn Cp@tgﬂa%mo}e@g{g e antibodies, pept1£s OLganéls receptors,

proteins, nucleic acids, nucleotides, oligonucletides, or any molecules that can interact with
or bind to target molecules. Illustrated in Figure 19(A, C, E and G) is a measurement of
background impedance Z, as measured for the electrodes coated with or covered with or

modified with capturing molecules.
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proteins, nucleic acids, nucleotides, oligonucletides,
or any nolecules that can interact with or bind to
wa a00g®1010®| ecul es. Il lustrated in Figure 19(A PA/UR0BKEL2557
G is a neasurenent of background inpedance Zo as
measured for the el ectrodes coated with or covered
[006Fidure19 (BPidrbssckesiidal dapting ofigdavideadheptesehbinention

2004/ 010103 PCT/ US2003/ 22557 067] 9
showingcgselecirades withicapiHENg Fg e&fl o8 %B{ﬁ??f‘ew%*ﬁ FJ%(g & eP%‘ él@‘e -
surfaces' &Yﬁ@élk%cﬁg oM %hg%ﬁ{;}&@@ﬂ&d §§p1We& k*/lﬁlap"uiynﬂﬂ)ls and

epl c on theé surfaces
blndmg of thte rwptﬁteembteodles @nghuning ﬂmoleaulgéandrtarmt ulodesuled dprinca ed
) ynbql s_and ..bi ndi n
molecul iR oF GAEH P A RO TR AR O R g e
captunn%%&béhlem ﬁgéiln%leéuﬁ'és%%é Y 1061cOMELGHE @Ry BitédadtReth
alrs so target nol'ecul es can bind to the
capturlngamlmultﬁg Mg@mlwlesm agemplesobiion &5 smct%t%bwm a sample

y kntera t
s34 ST L0 A R i 88 L DBt e
target rn'@%chfés ﬂla@admin@ibo@l@é Whti s, Ayeptide, ﬁgaﬂd@,SreOéptdnﬁtIﬁDEBis mtazlelc
be nmeasured or nonitored. Like capturing nol ecul egto

acids, necieqjides.raizonutletidessgr 2px mpAequiss dhal san Hyiergialdl or bin
captunn%eﬂ% egl,ﬁ%Su CIIIlllugt?zﬂ%f ('BZ Fseaplrg%% et Irg Bﬂrﬂlgerdag%é%ﬁ hfmgabsureesd for
the electrbdds madified tvvéﬂhaﬂptuvmg hlodJercubs talwhich tergpt mo]em@es bind. The

Figures i dg B (B ot B B DR IR BETV SR R T e
changedé‘fr&% % 358 tZM 'c&ge h&iﬁg‘ tes c&rﬁhtMH Bh diSstAbs 4¥8 InRsaiMiRiSwith

figu es ih (A and (B) are a pair and show
capttmﬂghﬁbletlﬂes (Apeddn cae:omhtlvmént target modetates\hind tolike caphuinged
Zo to ZM corresponding to a condition that
mdecul@?@@'rodes are nodified with capturing nmol ecules (A)
[00691@5'%1&@ 19(BPBdickdedtivnb] draw oﬂﬁQie@Ié@'o@ﬂldﬁrBSént @véhipn
ring nol ecul es (B) EO 68] Figure 19(D) is a
showmg:*rvwmle@mdes oVt capiuaing mplestules, dapigtedWih “Yheypbelseon the

surfaces w%ﬁl t§ 1 g{}ode & p%@”\x{l&l atg’%%gtt ﬁbl‘?@ﬁ%? %ﬁé t"!;}lgﬁa?ﬁ gﬁh AT ac es

blndlnng) tﬁeh&pﬁire afol@its. Differentt frort @Igﬂé lm)ﬁmgeemolddebs berecdire
synbol s and _bindin

t he caﬁl;‘ re
labeled iibclablive T ppeTiey Srtbeling ﬁﬁlﬁcgeﬁ %Pfé?dsw t &r §@pbols. Capturing
molecu{gg %g%l ng& nlﬂcﬁéﬁll rf%rm biﬁﬁé&l ‘i‘ht%ﬂcﬁ@lp@ll ﬂnBE:cﬁ'IQ} BRdnE DaRé so

partlc eplcte Wt h
that targeh pidliedulbay canbimﬁultkscaahmmmncgectulm IIe\ba]H%mbbplnlﬁaor particles

| ar int i on ar m)l ul ar bi ndi,n
arethe PRUSEUIES P BROH P bR e Bie i PP Rt T g 29, in
anotherrm&ra%l BSplifl AREd 8 oA BiRAU RSz P noldilds GheiShe Ak endlécules that
nol ecul es or particles that woul d i ncrease the

may mtmpbmath ceptringyelastles. Z’W/&rgz@lolepwes Hrbtae spdptépn qreuspected
to bein aagg)arr r‘?g%/ %Ocl 4 e%rggrtg ﬁ%&lec?lg,a %'f gﬁ%gst t ?r %?eta% glfllﬂ%ﬁﬁorg@yL&@

captunlngJnerdéhl%s targ@f metecmeé eay heanmﬁbdaes§a{ttgeﬁs @epmdes,drgands
suspected to be in a sarrple sol utjon are nol ecul es of

receptofs PENEIES, IUGlciseaciisaBiR el A6, ofeeuciides, of PREmofegRles thapgan
mteract'Wﬂtl? 60188 to E%ﬁ"r&g{egsﬂ&:e&ﬁ% gﬁu&@fe(pﬁ‘l @)5d P &Sement of

gens,
1mpedance ZML as measured for the electrodes modified with capturing molecules to which

target molecules bind, wherein target molecules are labeled with labeling molecules or

particles. The figures in (C) and (D) are a pair and show that the impedance between
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receptors, proteins, nucleic acids, nucleotides,
ol i gonucl etides, or any nol ecul es that can interact
wowaoh/oornodbi nd to capturing nol ecul es. 111 ustrap€dus1w03/022557
(D) is a neasurenent of inpedance ZM. as neasured for
the electrodes nodified with capturing nolecules to
electrod¥¥withbe dlanged froml BaoZas, dornasponsdh@’te iarconditige thatrelleettades gre

modlﬁc.acij1 }rzvgthlrcggt%h%g @;V\ef)let:cgl}ﬁlg %el I(Qt%él cgnglgllop%im gargﬁparltfwg? el{;ﬂ%tor}ﬁe
captunng pigogg@fg%e(sﬁaewa@gw 1&/@31&(&9# SINER FPéﬁfé LRBY AR/ R385 7

ange omZo to
amplify op ﬁtr&&plmcbae@ﬂteomaedamdchaneﬂ of (FatL-&d)e Q@lﬂ @d@ématl@g example

th capturi.n m)I ecul es
ofthe 1o 5 A ieh Y PR F G MSPECGr S TR SNE e Bt 6P,
electrodg‘%}ﬁ aEE&She PlssagetTehd i0fs SIS 8t Bk eRBirbdCduefacésnd will
Figure 19( are used to arrpllfy or further_increase
result intaHlergerchenigaioémprdangeasoneqsaad-teby cenchestrrdes. | Qup ¢amgle of

t he l.ahe e

etng 3R e PP LSRR AL TP KBRSl o i
conducti’MgI br @feh%hdﬁd‘h@g pasdey Qn@fhet Beannysle &f tabelﬁi@pm'mdesmay nano-

the el ectrode surfaces and will resu| @ ug%sgag
sized or @higraysizechl 1@%9@@&%@3@8%3’%%8@%@%5@0 1Reles

f ZRAs or

oo 1%, ARS8l sh ANPLARM FAIA LTSS P
electrons @i elecngde arrfaevemdonitidesiling ajargeichiregs.in Anprdagee as

exanp %]Bel ing particles may nano- sized or
measurfﬁlﬂmse%% Phosomes i nto whose surfaces signal

[006%?@%& EXD 5P LREUERB oI Arawing %f@qeaib@dfth&rbﬁesa{teﬁmﬁsn
beling particles will affect the passage of

showing tveo electsodws withl capturiog modecutcsedapiated WEHEYS gymbelesondthe

|
stco e b b B SRS, B RSIRTCE S
binding®b BEScaPREE hidMuled! BYffdtentdfond Filgive D%B()ftatgfet?mbleeﬁlemhere are

invention showi ng two el ectrodes w th captur
labeled mithdebsling melepilestas dabriipg paricles y denigted with t’h éymg&sf aces
d
T
bindingraire e ke tar g3t nfcdeomies chut bimdFo @lﬂ@pﬁﬁl@lg)mole@ﬂ&}e {Labeling

nmol ecul es here ar abel ed w | ab I [ n | ecul es or
moleculeasépmﬁgleﬁalfqthe CuG% Bt E%&lewtfiahwwl lgﬁf ¢ impedance
change S?FZ ggln%t)&l%y{"l&% ﬁlﬂlg%iecﬁ&{ §6H1€%n fhﬁ)sr ¢Bs@ the signal

rinteraction or |l ecular “binding pairs so
amplifitdtmh cxfalneglebelmy realedudes Qra)arttmﬂesds achigvied tbap%wmgy reaction
beI

e EAEERE E05HERS) PSP RSB ioPAE LA hon. T

reaction ﬁ%ﬁﬁ&ﬁ?g is G&}RRER1 Rfprd &@00n this RleB3ROd i fav@ tesultiag the
arrplf%/ etection S|1g In this case, the sig qj@l
impedageplid Pareelegfodene waetanolagnlpnmay be ady Belegalet haf may

achieved thr t [ '
mteractr%]ltlé gzmt%%n% y o%gt?l?s? gfaggét rgélﬁc%%ﬁeﬁtarseag ebs%i\}’t\ff)g%r LEDel b be
ina sanglﬂb e6luties atemsletulés diinterteto beanedsined opnoditated( Rike dapturing
eposited or precipitated on the el ecé g urfaces,
molecuiesp raet Apleckiss mayhedaHeedisamBEanfReRtess EPgdecebion,

protemg_ &hrugfeﬁc JRhLh 1@0?1d€?3611g§n&'f%f1d@§’ |2 GHY BR1dclRE tﬂﬁﬁ?zfan interact with
teract wt ecul es.” Target nolecules in

or bindao saptplieg Hmllaaulesanllblstr&ad; e@) et tmeatueement of impedance Zyp as

measured for the electrodes modified with capturing molecules to which target molecules

bind, wherein target molecules are labeled with labeling molecules or particles. The figures
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in a sanple solution are nolecules of interest to be
nmeasured or nonitored. Like capturing nolecules,
W 20090101001 ecul es nay be anti bodi es, anti gens, PCT/US2003/022557
peptides, ligands, receptors, proteins, nucleic
aci ds, nucl eotides, oligonucletides, or any nol ecul es
in (E) a(ntieﬂF) man pantaad alodw vhiat the 1mpeﬂlarr¢é betveea pletitrodtg will be changed

from 24 Ry i REZSSPRSIBELS 4 SomdifaBlbitsiechmgesire SOV idb g
molecul¥si(R) &&PloY ddrditidh ek ‘tﬁrngét rﬁ&eé’ﬁiéscﬁln& FHa %@E eﬂg&hﬁgﬁxo?e%ules (F).

bi nd, wherein target [ ecul es are
Labelmgamllemﬂ eropagitalisdn Figurp 29(F) eteased Thamplifyor Gethed indRase the

- R G

part1clewuﬂ Fighte DIANB@6hiedddaRtobeh obridl FeacGO B&%@&Fﬁb@l@n fBoRcules or

condition that el ectrodes are nodified with capturing
particleggibsgmedeqatipn 4R n!(liecaﬂ@an@ohltl@m Thmeactmngm)duub (BLisl es

deposfc&l ?&Spr%flgfstﬁgcrl Sﬁg} t%;iéé: de\(f%%ztfﬁe)c% @? é’aifégﬁ of ¢Jectrons
and/or ianphti thy ekactrcﬁdershi‘fecresj lﬂ@chﬁ@&ﬁa Idﬁ@ impERadRREM N aMdeordition
nplification of the labeling

show "h%ﬁ%f@f}l%)é@ 5%&af<feé|aé§ Pagiquiay gremple Of Figuse BM)eved
[007OFF1?LH? Roggy fs%' c?osE L8G1onan dlgﬁaﬁgcgh A&REL?EF}% sle% A

les Wt sone reacti o

showmg Bra @lp@tmdes'mmhrcalawnng magecndhscdepid®d with “ye pymbbl@ dorDihe
af f ect

t f
surtacef 3R, BILEES 3P0 it imaerioo o SFPFGAS M ¢ homBhdbenbae
bindingSol tHeatPtiwe hRRQIRE DEf@eAtHIE Fi r_%ﬁPf g%@zec taxﬂg% pﬁere are

condition show in Figure 19( egar

labeled pyaﬁhtlﬁ@ma malscags! «éepmtedrwghf‘e” $90b)ls. Coputhg Elomfwuhs and
devi ce_ of the

target rrfb%ch')es 'tSrmfta Ho?e%ﬁl’a? ?n%%ré%ﬁbortﬂ@e%qa‘&p%%ga% §othat target

esent 1 nven

moleculeapzimhsmdlg) e logstuti @S motiepies | E@beuntgfﬂnoléfcule%mme%noleaﬂésﬂﬁat
surfaces, of the electrodes and wth target nol ecul es,

would i 1%52}38 theimpedance charg)‘;mf &¥weraf. ingnpilienyondota mPlcfa;dtembon

sl TS o B0 O S B i s

labelingdupleatlexis wpmhvéd thiop pb ehzymdCmptiatedng collyeediteastiGRGF substrate
cular interaction or

| f
motecull {3 p Ao o P BaFoSP Lot E b gedaicngrisbon sicpanited
or precipitdiél 6:0thle fé@cﬁ@d&? S fabek, %hﬁﬁ# éﬁ?ﬁ% : gg giyg?gofmé gft‘égtlécgcgeé is

are the nol ecul es thaf e 1 npe
measuredh Jiggget grolgcEivEmagde, anjy mcdcmlﬂduzethat\ma}dntetamt am;hl daptyiring
t
ot 8 S5 SUIE o <h 5 er Sd rstvion

are moldcale loff iterbstit@ben@asured GCRbAYREd. t Dike YGhmenZ M %FecHEE' tQLtg@fj
cat al yzed reactions of substrate nolecules (S

or
molecules gy b pahodineanisensy Beptidey, ligands, éeceptzgﬁnpmimm, abeidic acids,

| a e reci pitat
meleoilg6hL el Agea0al- ety BLES AL ALET bR o o
molecules. dﬂmtmﬂ@hml(ﬁ) 1srmsas1umﬂnen“fafgﬁ;tedﬁﬁd% a5 niBYIr& LR Me
may interact with capturi ng nol ecul es.

elec“"dﬁsa‘?l& 13&8‘1 T&é‘&glt’%“s‘}ng Fodecylenie which tergpomolseul §$J§1|@écwle<ttemo

target mbRchBs @eIHERIIGVHO] rfg'i-a fa‘ftlﬂ:!
becmefasﬁr ed or lrmr:ﬂa%l!i ore OEE| ke capt J?Susr?g"‘fenn% Lﬁi@ and
(H) are 3 paigyand shaw tb@itﬁh&amlpwdynd@daeavnankﬁd)aztnedes wilitbegdasged from Z, to

ZMEP, co%%&nﬂﬁl% 'foa gn@ gon tha? gleg o(fes are moélgel:? with %‘éﬁt'uﬁ'ng m%(l:elc(ljﬁc’es
(G) and to a condition that target molecules bind to the capturing molecules (H). Labeling

...4
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nucl eoti des, oligonucletides, or any nol ecul es that
can interact with or bind to capturing nolecules.
WO bdoustriat ed in (H) is a neasurenment of i nmpedaPCBUINER022557
as nmeasured for the electrodes nodified with
capturing nol ecul es to which target nol ecul es bind,
moleculdyen Eigure 1) ete used exathphifyaordurttied eheebseiticinlpabialde féﬁange of

(38 530S oo ool e o o ség%mé&hﬁcanon of the
labelin£hRfdchRE &Sachevbd ﬁﬁo&éﬂ%ﬂ?ﬂo fnﬁé?ﬁﬁtgcpmlt Gital react101e1s of substrate

correspondi ng to a condi n that elect
molecules §BX lﬁl@cFOthOh a“appmdumg(ﬂ}ptf &mdneyme(n@mmtﬁreamcm is deposited

or prec1§§€t‘ght %lglg e(l% dE gwg?eciteﬁ,grgli C U e fgllf@é ?th <tecl‘cl1rroldgsg is
nleasur&CTTliéS[%@&ﬁfnq&&ﬁﬁY(P )Hé'd%ﬁ&h@& ok ﬁre%i;ﬂtldfe@ o%%@legtﬁ et ocf‘es

mplify or further increase the inpedance

and WIU( Qfﬁmbi@daassaﬁe Pﬁ¢1§ct€<zil§emd/t<>h éonis ab‘éleue&nytm@ sufices leadmg to a

s AU RERN, NP RIBLALL G0, O N5 BRSPS o
particulea¢:ampiedf Figaietliogns Sminei)a)xbﬁ?ﬂe%toﬁ‘ suéHJérﬁ?xhibfb‘ase(d%lgﬂaﬂ‘ a
o)

roduct t he enzyne-nedi at ed

ampﬁﬂ‘?agilﬁgta%eo#sp-%rh%éggég‘?%é or precipitated on the
[00711@@&1‘5 Q@@Aﬁ%ﬁ%?{}éfé eal ﬁ%gﬁ'é#k@gedt%mgﬁ &gfgg@n(cgfcirtcrfrgle-

ectrodes 1Is sure e reaction pro
on-line dl@pmdq @tdlctmresnhmwmth aiHéhnmnort tiee ghe eS80 anlierdu a6 dimeter =
ct t ? e of el ect.rons and/or ions

90 mlcrgﬁ) Qaﬁn%caé?cg glagssu Bﬁ]:a r YHIQHS g0 itjons. ”lfhgr s substrates
containin@RELBDEE stElBRELare Hé@tr@&m&’év‘ide@ n PF&QQ(‘,NWE{‘ %’*Hé?en]’f%ﬂver

can be regarded as a particular exanple I gure
elecﬁodfgtrpyﬂﬂ%é@révr@b@m degicef Tha @urprfrﬂm Hetede sirgetates was

ot R SRR, RPIENE, Pl 455 B chO0HH oMo

labeled bewins banmeﬂlfmﬁm@nd b lowed byl inb&batihg et él’éi@roﬁ&sf Gidp@Fidin
lLine g mcron, circle

é dth = 30 m cron,
modifiefplifine phosphaio ol o iy ptaidinarnd e Hkglinespospists (4Hds bind
to biotirH 6 e cHRlrb S8 A ropdhREh BRI WEEH et onte the

containing e ectro
electrodpisaifades, the el was veshabentisedlyowith Triebefftr @BE=7.6). Tris

solutiongiop e EUT L7 IGD Yok inlrargbr s Tﬁ@wﬁ#&aéfq&p%gf in
DMSO nmﬁgm ab el Qsidb@sation) hid ﬁ’BTC(?%! 508 ﬂs‘;@ﬁa ﬁ‘?ﬁ?

with biotin- | abel ed bovi ne umna
preparedyip deqionigad watgr hh‘éng reotmg/ddsoncentatiept was ttibm addaddiol tE@l

well. h@e{é@l{xéeﬁgea{éﬂ %g_%h es }tzeog%nl[ \{vrBfSr{qrgg qtl}éa c%ldagflﬁ gﬁfeﬁpé time
points afbrRRIIRAG I Jo?tﬁﬁ)?l (}ooﬂ) rlﬁj}ﬁ&ﬂtgﬂy'}ﬁt@g&{ &gofbfﬁe was

coated onto the el ect

I T f 6
ol B e o . or MRy T GO S Bt e é’{ess%lrwwn
was adddd.i s, BCI P stock was prepared in DMSO havi ng a 25

00 ﬁ%lm concentration) and NBT (33 ul in 1.5 mM Tris,
10072 sguse HUB) hayvs %ﬁ%‘ﬂ’eﬂﬂ@ﬂquqﬁd@—qf@ﬁaz@dd watp@ncmﬁwrﬂmgsame

s BRI el T
s 09 B 55 o, RSB, 2 0 a5

(A) mirufl§ after the solution was added. Note that the reactance shown in Figure 20(B) is

the absolute value of the reactance, in another word, the magnitude of the reactance. For the
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solution, (b) symbols of X, o, Afor 13 (X), 28 (o)and

80 (A) mnutes after the solution was added. [0072]
woe@uoe129D(B) shows a frequency spectrum of neBCUDE03/022557

reactance for the same electrode structures under the

same conditions as in Figure 20(A): (a) synbol O,
measwiemmtﬁa&@remynahate]y adpd ittei anlditoh dfflee sbition] the redclgnce was

s e PO S T B e

and 5 MERC IPBfl 6erSReNrdnienty, W@a&&(c@)wds%agéchﬁr@qg $9hS BetWBLHEOHZ

of the reactance, in another word he magni tude o
and 3.155MHa a8d Hieetiveiamatuse apDMME. 2004/ 010103

K ' ly. af
(00 BIaiER e et pe PERRIER Mo 867 .4 RoL Al pbin i e
solution aypa aidddvatoi the nallus thehesiviease éidarca 'ikﬂm%@ﬁtéﬁ{/'lé_gémﬁe solution

g 'Uthili%e in nature between 792 kHz and 5
was addg ¥¢lr ement's, the reactance was capacitive in

ndyctive |
[00732{-7 gpge ig)?f)gﬁj%r}at}cof%t(l}% %@@cé&%a%%i@q %?fﬁeex?tg{m%p%lp safigr the
solution ek gddadgetortbawall ¢alihetreatitiice henturtd iempdintetysafedr i8S soli®n
added into the well to the resistance
was adﬁ% 1§f9 tg“a Wﬂmadl ately after the solution was added
[0075)Figuiea 1M@§tfates[tﬁ91754:ﬂﬂt§: fl'og k‘fie%lf@ée@ctlbﬁ @nd ﬂfsbﬁm?{ati%ﬂ ?EDNA

react ance neasured ferent tinme pol nts
nucleotigs aubﬂﬁntlcmsmam&e@EArdemcp h Ehwél(IEA de\tltfew meALss aumrate (~18

mm by ngﬁgﬁiﬁ ﬁ ﬂ‘iﬂel%' e[fi‘%stgr?éj: af tcg'%e we{q !Iﬂélflg:aé?(ﬁ%ra(qggg ma2byS8

configuratioml wiseré thie uspte6 niitGpaehe &g . 3@1@65@2 nfERAS bR C%f(~ 0.03

D% nucl eoti de substitutions on an ACEA devi ce.
micron)fmhwas denositedsomthg|slass suhstrater Jihe clectrads struehiyy uds ham')lg a

circle-oR0h- WM QbetBe gegrﬁ L@? gﬁlei&grc]lﬂ%djﬁf SRR Vd‘ﬁ%r%?tfﬁal?)r()ln%%ro% line

arranged i n gura I'on
gap: 80umiicton) wras paﬁersqmbandrfgbm&t@i using 6&-fing ph&oﬁthﬁ%ﬁbﬂ? jecRYigfe
was ?}gBOSI ted on t ass

(Ph"torg%%giﬁ%sﬂ%on ke \2%‘?4 Qjémfﬁ theg dight soure QXPHWPar@O@TCSISt
curing, Bhét6teBsOdevak ollp et &LIRRL 6P g&d gﬁé?ﬂe}eﬁ%vﬁf 6fr}§m\§4n%g1%389 or other

m Cron, C|rced|amster m cf on
metals)yTerusn hewdguicpza htdhwepﬂaatr(dwélhktnpmavlag lﬁszyhgddrlshaipeﬁ; | m

oo 0L RBE R SRR 10 3 st
were expbsdas espediment UghidGamBlRobRinaas sdmslevak Q@ded"\!@ tthfﬁlﬁﬁicqgells

of gold netal, renoval of remaining gold or ot
The Se%taé?asélamwf@r lfsaé’ou%nmwct@e digniatir|of thaplastici weellsds hbout 6. 5

. By e U e” B B PO BTN b TR et

rinsing with ldetomzed Wfatdrs Thmroélgemﬂmde sQueNRR shEEAE fdrl CHMAydia
trach ﬁmfégﬁh sanpl e vvas added to the plastic wells.
rachompps Tay fagiome REA(pearatier NosDEYER werawymtliegized or the test. They
1) dpRk o fore
e () ok ol phditol st ULt 3 BHA oD pleis)
ZZZZGMMG%CGM%GGT%AG@A@CAO%@MM%@@) (2)B2eRer

wildtyp®5! RGeS et MRS (" BEL G A AL 6T A) and

(3) a 20 mer mutant 5°end biotinylated target sequence with a single nucleotide substitution

(C to A at the position 9). In this experiment, the capture oligonucleotide was dissolved in
deionized water at concentration of 2 UM. A better DNA coating efficiency in 1 M KH,PO,
than in H,0 was reported by Tonya M. Herne and Michael J. Tarlov (Herne TM and Tarloy
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trachomatis 16S ri bosone RNA (accession No. D85722)
were synthesized for the test. They are (1) a 40 ner
wG2@adi1gbophot hi ol - modi fi ed capture ol i gonucl eptT/U82003/022557
sequence (5'-
Z77Z7ZGATTTGAGCGT ACCAGGTAAAGAAGCACCGCECTAACTCCG), (2) a
MJ, Claeactazization 6D ApePBbescintndhitizddronl Géld Sutfacael. Asa00kdHe Soc.

' i O5 TCITTACCTGGTA d.. (3 20 t ant
1997, 53, SRR BB Iy Ao Rl CreomeE M Y P e phgmucieonde
sequenF‘é{ Qbﬁ al bele u@?_@sﬁ%ﬁ&%‘li?ﬁﬂmléo@d@ Qzeféo lded ﬁ?eﬁ%ﬁ%éﬁégg an\cg%mcubated

nthis exper| nment, e capt ure I gonuc eot |
at roonylfeswetaiurd fon hates,dollowe byatvesh with plosphatt baffted salincAPHS).

e B AT O BN T S L
with PBQIHo® DNK'%;:&%EM&D %J ché]i%\{thglll Q @H&g‘é@%&l %ngtrag% os

. PCT/ Us20037 022557 aracteri zat|
oligonuchnetidé sdquentes mn MritliAgioh boffer (110 MANCIGhiE 0 S0 Tris HAYé:, pH
9 - 8920 Far ,coatjng the sensor surface w_th
74 a“dtjﬁlg%ﬁg’i’%) &VBF %‘%938 kP S o LgrguelReade-aqiecpepors Fof i
negative @Btk SndDNPO s Gk | d&&ﬂﬁ?. Bri@®idgiRmh & &A% °
I ncubated at r%éomtgnpera ul;le for 2 hours,aggf%v\cgg%o

min foljgwedeaytivaghiitippleesphate buffierwidh 20imddNagd HoPBSlection 6 IBNA
o R RRRR o] ALl bR Do Pt SRR
labeledw&[ihdbz%F)h@tase (lgébop!dﬂaﬁoﬁ it mb&feﬁlj\@vﬁ%ﬂkg BEedh sdndt¥ha

i mut ant ol i gonucl eoti de sequences 1'n ridization
mcubatpd, for P npin.apregnnsaipowittie folowed Byr washbwith Eris bpfier. Afiér ansh,
TA) . wer.e, added. to t.h e .
100t ¢ ﬁ[%‘n ke bap gt Sty ana p E TR wargided gd theeactipn was
monitoftd oBle indfed@hcevmaly2edadeal MR MBS | SeLigut
Cat Are TG RRl 2O real T8 by wash i %%h”fo%gﬁasﬁgmﬁb’
hybridigatiop betwiiep theserpive Kequencermd thiewidtype targdt sBi&nce can be steady

= : ; ot i ¢ einale. tid

R R B S R

generatphfremtibe asmtifd oY) sehsotihi (0Mminh MedeShdbibhAN] theassisseed
i ncubated for 30 mn at room

t cg C g senor . and i
measurgC ¢ Betieen Flseirodeatrusiresisivash WAL TNP Db reanutanssequence

ith si : ' bstr.ate.m x

R i B LR  R

sequencaeh €hd sigead diff@cianealt $2 etin batweem thetwilldtypfseqafienni the htant
the specific hybridization between the

fi.
Sequenc@é%%%éd‘sequence and the wildtype target sequence can

0078Figireays a sleepale sk | i
10078 éﬁi al for which s pgézb.e%@?%lf%pﬁ% i for ARG ine E@S%lgfdm
change gethe celisete pdlired toctha elgatrodesurfocesr ol sensor at 60 ni n.

: . Sj | j.s_th i st d 5 kHz
1007360t 25 4 ERinali® e ot BaeRinarios Woelshgde
surface hivebesti el fi &6l Rfeculs tiht BoRedte clVsdiRebhsl e

bstitution generated very weak signal conpared to
(00781 s %ﬁf%ﬁp@he@éﬁ% diggram fpp gelbmigrationassaewberedhateli§ @re

initially Brdtw BE L\BEWHL RS oW 10 ant
itally B O A i g fihod RS B8 b1 To iR g e
Figure).r € wak nf thieiveril infthaplajesis enmidlyrlocaed &ieek Bertthedetection region
'thii edance chan a.T the cells are adhered to the
or wi g:ﬁgec e?eé:glgn LOHem, plate 1s then removed. Cells are allowed to spread and
migrate over to the detection region defined by the concentric electrode structures 2410.
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[0077] Figure 23 is a schematic representation of an
apparatus where the electrode surface has been
wore@i+01Em wi t h nol ecul es that pronote cell adheGT/osm03/022557
[0078] Figure 24 is a schematic diagramfor cell
m gration assay where the cells are initially grow on
[0079 Fr@e\RH i zﬁgﬂh@ﬁhaﬂ@ﬂiag&dl foy neurite m;@dma dmflctioml Atsmgﬂenmuron
shown on the Figure), The |1 of t wel.l . b
is initialy pealed & fygmeRERn AR Sing e hermettion AferP et isatertBres by

imp edaﬁ{e%%e B in tRE %ﬁé&ﬁtﬁé‘:‘e‘i&ﬁbﬂ@ﬁn{cﬁﬁbm 10TRehdlidéfioh Segion.

en renoved. Cells are allowed to spread and mgrate
[0080J]\Fegure 26 ilhestrdtes ecsistae padjfeactantest (rasely @9pqcﬁye@@¢¢é@n@)rﬁo& 8

N IR T T i U

resistanfd AR @RBtARG 10 ORh. t”ﬁle‘%ﬁﬁ@ﬁt@&ésfbfdﬁé fattafce w&e@ﬂdt@d&n alog-
neuron is initially located in the neuron anchoring

scale. Natethat thegotasity dor theitegetangernt impshphihe dicguensies |Wﬁ§é’@&f%’é

ot SRR RS ORI SATERLE o G S s o

electrodek héed faBti€fed BSiladsanbRrafn( 1repaby draeby traim). yT he expenmental
capacitive reactance) for 8, differ nt t

dovices AP ORISRt St EMBTUUER By BHing bt 1o QoRpal arayiinder fhaped
plastic tldgést oxfep glagé)&@) s‘%r%1 €S b WARARIRAEdS ﬁﬁfc&ﬁ@é:@/efesfaﬁ’ﬁ'é‘ted-r M8pically,

€ reactance were plotted in a |og-
the plas$16 aﬂ'ﬁs hidbtanichabetveen gd mmi dangd 4. Z)mm ha theadtthatowmsgiued onto

the las bty b EHor BURIEES GRORATPOHPHLRINS RO e

contain fsgéﬁdechg’ las@é f:lfb% £¢n thy RE8 oPthe v@élfé%f e d@faﬁ?ners For
ricated 1n glass substrates (1 cmby 1 cm

experinienés, slspemmmmfablls wevedieer media sveprerdded fute tb@EWéHS (or ﬂuldlc

contin GRS S8 S80S o M

followiftg 8411 £tﬁ1@ﬁm§ﬁtr toghdlslegrote kerfioeh td siahier: ceﬂ)amc}ﬁhém and/bhgrowth
plastic tubes had _di aneter between 4.5 mmand 6.2 mm
in the weehls (erdluadig cont@ineis gl ued onto the gl ass substrates.

[0083@?@?1{6%% llﬁéf&?ésr@tgﬁﬁtét{l\g H@ggfeﬂﬁenPQ %ég]{glugﬁltgtﬂg\? @?‘l{)drdﬁ]
structuiieh 6f 3Blgbométry.he wel I's (or fluidic containers). For
experi nent.s,- suspensi ons of . cel ' dj r di.. .
oo T i B e e A e S B T eraion
using tte éi&étfoﬁé@tr&étﬁféQ*oPBé%n@@Btgé&%%Hfst rate were used to

nmeasur e i npedance changes ow ng cell attachnent
[0088}Fipine 29| ilustradpebarealbithanesitorngiNEDB TS e¢ll death ehead ity

h r flujpdic containers).
“hra"“ﬁ?fgjéﬁg) “g- \L%%elf‘?tr?cfel ﬁlfmﬁﬁelsé’g g%lﬁfﬂ?’i {IXI i ve neasur enent
[0083] Fighle! 30 iUaithded Qs%ﬁﬁhﬂ)ﬁﬂﬁl toxidity@iffetes dofferdid time intervals.
geonetry. [0082] ure 28 |IIustrates real tine

IOOSﬁbﬁgmraanusifatN mm ca semPEESog among o diHprent ¢l types using

e el ructures of 3C and 3B geonetry.
the ele%&g%m Prfﬁrg§§§%lgﬂ%1eﬁgt rates real -tinme nonitoring of
[OOSNI FigBrE?zSZ:ﬁhbtraim*ebrddﬁdbﬂ@)dohmpedb.rtdeamashreme(lu\/) usi ng

he el ectrode structures of 3B .geo 0084
[008§d>F1|gmeL3§t Hlgpigaloy EesPreBIA R SR HERT Ok tias‘( P@P‘%@:‘“%P%%@P aving

electrofd ShRAGA! fabliBRed B 85Y¥kSte. The gold electrodes (thickness of ~ 0.2

micron) over a chromium seediﬂg layer (thickness of ~ 30 nm) with different geometries
and sizes are fabricated in the central region of the glass substrate. The size of the glass

substrates is 1 cm x 1 cm. The electrode structures on the substrates can be connected to
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[0085] Figure 31 illustrates inpedance conparison
anong four different cell types using the el ectrode
waeootupes of 3C geonetry. [0086] Figure 32 PCT/US2003/022557
illustrates reproducibility of inpedance measurenent.
[0087] Figure 33 illustrates five representatiyve
electric dt&otion $nteffadd@es Erﬁpédaﬂcm measatdmenh plp(s;nlsew an gmpeslanest anghiEer)
structures fa%f@cat n a sugalt te tr ol d
via connggtioax glesdrogle ke en Sldeéo 9 %SISSH? er a

[00883?!;;?{:@ mlﬁ@ﬁgbyget!e&%?xror (ﬁeﬁhﬁlﬁﬁ@l&%f@f differdft éﬁmtyp%stdﬂ the

erent geonetries sizes are fabricated in
testing deeioes:. arhazegelbtypesf weﬂe;éh@NHé 8T8 ¢bls (maguse frbrfévl@its,iéh@PAﬂf@ﬂS

orinedefiangptetsh HeeCapepiipte el eIl bR amary typen

hepatoc S FBL I3 T@%&ﬁg&%/ RA2 5B ele@lriet hicge cbatedovittofibronectin;

I nterface (i.e. rrpedance measurenent circuits or an
for the HAﬁaeuhHUé/%athg/ zlectyodee wareenatrdctitl gelatin cFersgeh prlfype, two
cat e on & h S I ]
s T L
seeding. degfrlﬁf[c@.ﬁi ineRabestiy PHstanoe tvvfefb sebr &t Nild 308 \celtg STUVRE, RAE, and

pes were the NIH 3T3 cel | npuse f| br bl ast
pubhep Chils PRSICRNINSS. FPBIERNEC SSPTECTLABEIRES F5f 10 PEpREGEmu

shown urg] Iﬁﬁg% § p’g&;l Qﬁ'@ gﬁr WH{I%#%SU‘B% %g?l%ﬁsgg (ttg glFtHﬁirtM? gty shown
in Fi gure Be ¢ardRigareds thraugh tFeghreB T hwére lgpmtmcteldrby glting bpt’q@;n oss,

el SO oSS ot SRS YAl EH8h: e

were fa rﬁq{eﬁat 1&?&.@ QubRiates tf&ﬁﬁﬁ M BothaRA S PR Avells (6 BuldicIontainkrs)
urs a seedi 2)% ni ficant i ncreases in
and the plasm@tubns:ﬁamﬁhe“@hl therw siorfigidicegantaingrp)\/For expgEmegtsy

suspens(3 BF Prifip aedfbor e thefideBe i B, Poud B PlRic omainery

Electrod:e' GikBirgSort he Qukiratd \@éa‘é Bsetlo rhéddurcdipbdugce eh{an(gmsfoﬂswahg

to obtain the results shown, in_Figure 34 (and Flﬁg re
cell attagigmentrto thgrel evtnde surizoes {gmenitgyrrstlatiaghngent gnd(py grqytir n the
coni cal or cylinder shaped plastlc t ubes
wells (05%11(??}“%13%%?3 strat es on which el ectrode structures
[0089\]@’1@% 3briilesitaed real hieneghasitorsigld PAR el frolifesationtoa the testing

bot t f t [ 1 f di
A TR RN AT e
1,000 cé:lfégt Re&iShRde alﬁ%a&ﬁﬁ%@ efERbSureSH YPBRERANSe PitereAs b 1N

or media were added into the wells (or fluidic
indicatedan tainiter fe. cellfreltferatiae ‘40t indicates ﬁledneqsn@n@ubmm%fh@tely after

neasur e edance
 secdingy (e N SRR VA P LA Doty figh RS paffitel
seedmg%hﬁﬁgﬁﬁﬁlcﬁm%/ Rl Swlﬁwaﬁom NThdeeliswatd $highsedding dknsity
contai ners 008 Figure 35 illustrates rea

proliferated imushi fnsjerdbalpmlsa@rh a Jomest seeding depsitynS¢: Ir‘Féed("é%é‘?q%’éy
| ce
[009§f1¥ ge§tra tlltés ( asuu mcrtt P?céiﬁgytnet gegt‘(?)l% &e@?&§ and
by MT”RQ@@.?I sa@ﬁba@mwcem ams eel\m(rle 0@9&81]13 égDOtheﬂs,thSé)ﬂe:nﬂs 1 ,250
time intervals as indicated.to_ npnitor

cells ang b op Bp)ay o ASded thes tﬁdh%%?ﬁfé%g ece Ay Bpforoncetin or a 96-
well plds IR @b %Lééy%lfsﬁlgrdevﬁgse e fic e% ﬁgﬁn%%ukeﬁl at 18%ours after seeding.

rési stance ncreas the cultivation tinme
For MTat aseay, leelieiviere stained with MTT dye at 16 hours after seeding and then read on

an ELISA plate reader at 540 nm. As shown in the figure, the device can quantitatively

measure cell number changes. The results from both methods are almost identical.
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seeding densities, indicating cell proliferation. The
cells wwth a high seeding density proliferated nuch
wo amberoiohan cells with a | ower seedi ng densi t RCT/B82003/022557
seeding density. [0090] Figure 36 illustrates
quantitative nmeasurenent of cells on the testing |
[0091Figure 37 dhdiratey réffdduathslity of Seststarick yedsurgment odithe B¥Eng

. | 10, 00 | | 0 | | 500 cell 1,250
devices . The EeniiRicia Ry SEH St @ it celepinan p ol o
hepatocgtgg.i PR 1sRBNRE fMehéh bR Sds inleaBiired iifiredivRlY affdrat&ling

r the assay using devices, inpedance was nmeasured at
(t0), andl 4 hbvars reftenthe speding: diigrjficant dReragpy imtpsigipnce walpes wWisrsgen in all

. Staipned wt T.dve..at .16 L
devices Fﬁ@‘hj’] Ecélgdn%tﬂ)a 1gn ind{cating ’gp é;te{ei %ﬁéc}clegé;ntt & d %)iga%kl%gorgg Hiectrode
surfacesS(aANVBtHeP rdgihsfof gy bstidiesuificeg) e ThaC Vi fan0 ist4d%\eal Yor t4h is
nmeasure cell nunber changes. The results from both
2.7% asrAlpwods therréghd had#ids RO i cal . 24 WO 2004/ 010103
oS0 A7 B0 8 e ol
on-line tRsirodegstaiesireefabrichied oneglassdubsthitdsiundenia® doaditieds: ¢a), 6pen

symbol Shor Gt A G LR B oot Db er At Bte FirEeRoh ey
substra Ifsglﬁ?%e?%g ke dulife m&fitin SoRahise Bl @flfo $A18 waS @8idio a well

cant 1 ncrease I n resistance v_a ues was seen I n
containilglthe elestradesstmttues; () shbid symbeluBa#d oninitasicells Werng attached to

el.l aftachnment .an r eadi ont 0 el ect rade
the elecfiaaft HOPIFBGIIREDGREE 6 BUBETPabuR SRR B T A ere
added tb e Wéld onthite Hedidcabdd dudnsres n RG] sdr@WNsurfact.NBuring
right hand side panel. [0092] Figure 38(A). shows

the 2h 40pmiutas perias theriesll wpsrlaeed iB1o aiisaePEinre msplytenfhat Wesset at

o~ . Chigl B84 0ONn-1iRne 4 . ' 1t s
o7 offt 460 B35h LI AL RELE AFRLOL 11 18 B PRl ERlER AR i 30
micronS¥EROY betRe tihes 880 aticromiahd e chatimiauscrsles orthedireatiave 90
) not attached yet to the el ectrode and _substrat
micron &y dipgietss) In thés exaapire the fptalpga sevTethibe SiRcHP Sﬁgdﬁhﬁ%@é
I £ ai i |
betweelg @e e?ec%ﬁe?z?cgfegg%ﬁ tg a‘g?ﬁjgo%f?’qg%ﬂg%ﬁﬂetéﬂ‘ Rl efeirb@@ructure

ructure, O mnutes (cells were
on the gladsaabstrhtd forms hdotidreof rodeicalriasadoselt wheredhg fogskameter of the

. after the culture diumc aining, HT 1080.cel] | re
well s ShaCly 4B RSP e as ot AsnBresct 1000 S Rollfee
experin®ht,1tH@1 Y60 nidOlikOvBISHE HAAR tisEh duliire AbEiumttoARiRiNG biesut 7000

period, the well was placed into a tissue culture

HT 1080rmsilbstas pddedeto theagellseomprising thexlgpisodsugracimrg @ibe botfom of
h | ectrode structure is of 3B design where the line
CWeWi dth is 30 micron, the gap between lines is 80

[0098) Eiz0ft 33(B) §HesvsGofdqu ettt bemeaturédreadtameSohthe 8are
mcron in dianeter. In is exanpl e,

t] b{f t ot %{ g{ e%
electrodeyyaicRues Wuler e samsroadidions and ays 3864k idp thag e absolute
magnitfESHORER R HEAONA Hlogufld (4 oo oy o e e
Figuress2@)o Bixoept dbr leigle Grudueaties hApdMHmethd abole 580 ki thersactance was

. diameter of the Il is abput 6,5 mmin di ter I
negativgiesPagdanch e P ﬁ%?%?&_ Yrug B R MERSHEF Sﬁ@ytaﬁsr (within
10 minBPELE B8R cult@lcthedhR cBhiGHMJ 11030 MTR/28 hdddato kheSHoIE

culture nmedi um contai ni ng about 7000 HT 1080 cells

containiwegstha dtbetiodostrustirese [Hos theoeptinsengeastred ef 4@ wirutes after cell

suspenssigrrl %f%ts g&(?edqrqtottﬂee wgﬂ tcct)l%g}n%g the electrode structures, the reactance was

=

negative throughout the frequency range measured between 100 Hz and 1 MHz.
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the well. [0093] Figure 38(B) shows a frequency
spectrum of neasured reactance for the sane el ectrode
wa@eootupes under two sanme conditions as in FiBCr/BS2003/022557
38(A). Note that the absolute magnitude of the
reactance was plotted in log scale (in the same way as
[00941 Rigues38(€y shows tht Greqesmcg Bpectiinreshe fasto dfiresistance measured

i o Lt S 00, T SR8 LA
attached?hleﬁferr%ﬂs ?ﬁ\fsﬁgtteli' ERigiRASYARd shortly after (within

m nut es e tissue culture nedlun1conta|n|ng
[0095}%@8@381&1) Ishowvaﬁle digdeehcy spediamuef the ratiorpfapasiange mésured

ct ur.es. -For
wits o g e T B RS AR s SAB 08 ST e
attached'¥8t theGdH118! hl‘l\isﬁﬁteﬂ ReFRuac3s(aYeNstd thait for #s caldmdntlon of
reactance was negative throughqut the fre u ge

reactanogwals thapdantieé heTetrtange sk cappigancoand gy @ as
tak CT/ US2003/ 022557 [0094] Figure 38(C) shows the

en i oraé:f{ﬁ cy spectrumof the ratio of resistance neasured

[0096)Fidire 89 (A)ahbwetipttabfitquenbye spflca'a bf odesusadr ksistescd for cinele-

resi stance neasured w thout ce t t ache d{g kag
on-line gleeftadestpriuipsdFbiicaigdion s ﬁ?@“ﬁ@é ppder g gadifipn; fab open
symbol, sﬁgx%aaz’%g mn%%lggpe ﬂﬂé? %Ms ﬁ attrat?tg@g%g g%t:}ﬁ ttlgea%lbtgtr&ﬁe and
substrate bacice)dhe tsaub au]euare mednm colaamstgafﬂi bo&mgmweﬁj agdedroatvell

ARty By A PRI P R
the electrBlld hd BG40 Etﬁfdc&% aftbr tHeRulteRGhANER chhtai®ing HT1080 cells were
capaci t ance and uctive reactance) was taken into

added t@thcovells cop@DE] thEictpaired BguajureTRIVERe el hotipmy ugigefe gyring
the 2h @%gﬁlﬁtga%%eg gtn&% &e&f\g%sr ﬁs('b %tn?fa %ecgfsx% cﬁi{l&é:lln@ub Q) thét%s set at

ricate ass substrates

37° C ahd$8y COYRYEIO M teleRt8 de étﬂjctureilﬁfﬁBs&estgnl whadnmetunp vaﬂthels 30
(wthin 10 nminutes, cells had not attac

micron.ghegan Weﬁh@es dubbmicrpr agdthe gerdyuoph é‘f @ﬁ eéﬁ‘Fi V& 20
micron I & tall'ﬁlrae? oﬂ{ i’eﬂ-thkg%l ) Eéve\“@ﬁth@@@@@ode@ aﬁd‘ﬂ‘r‘él éaps

mng ct’roestructure (b) solid
betweer? thedleciiotiest mreépzmldlts awirle odBtratie diamstert Fie eleétrofi%@élcture
and substrate s re msd

f ft th
o G S s ST S S oo
well is 9&3‘&? @'S%ﬂgnﬁ%ﬂr%&@ﬂ ehShdtidet HiagSted s d0a8t 3vBinh. Patthem

surface. During the 2h 40m nutes period, the well was
experinpingded] 100 miczolitbrsexeme of the tissuerralibeetaedivg gontigmng ghoup 3200

BT 10835efs SRR Tt oM T HeGe Bl Bl of

the welpet ween lines is 80 mcron and the continuous ci rcI es

on the lines have 90 mcron in_di aneter [
[0092EigptecdIBhrdhows edicqupray spesiare gl W@W@é@‘i‘%‘&é@%‘fﬁ SiHe

oL ARRHE R, LSO, S bl

magmt@deanﬁﬁaztﬁasﬁaﬁcﬁi\easfplmgﬁ ia lbg)tdam‘(nmmeaame wiay 3 t]m;mmms in
ere the top diameter out
Figuresnf)i RXaerideitiagh fpdieasiss p ENH& %ﬁ%%&vﬁﬁé& 1&‘?2’ e lzs‘s%mceé”as

negatw%ap%%an‘é@ eactance) for the electrode structures measured shortly after (within

10 minutes) the tissue culture medium containing HT1080 cells was added to the well

containing the electrode structures. For the reactance measured at 2h 40 minutes after cell
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experinment, total 100 mcroliter volunme of the tissue
cul ture nedi um cont ai ni ng about 3200 HT 1080 cells
woer®saddesl to the wells conprising the el ectr ORPET/US2003/022557
structure on the bottomof the well. [0097] Figure
39(B) shows a frequency spectrum of neasured reactance
suspensfodrwdshiddedine the vetltcontienisg thecfectrede stnd:éurei,\ﬁhﬁ sactence was

conditions as in Fi re 38 Note ol ute
negatw%%qﬂgb%ré ofequsioy et reavakbemeer | (it bl MHEED) &
et 8 s

oAt 0 s A

with celt—e'amhadl omomhselewtﬁgiatsuxf@ce(s tafrattistics messered Nagou; eslls-
Iec sfructures sured shortly after
atta"he‘{%‘f hg rgsu tfélqlfﬁrﬁffiég 3‘?@33% cul ture medi um
[009§]‘F'i%@é [70)Y] shg—\ilzs 0431 ﬁ@@dldn&y ¥eetragdsdhd eatibleE rewetdnce measured
a

ining the el ectrode structures. ForWBHe react {%
with celiratiznled enratthweetcpdﬁ smf@@qs t@fheéﬁﬂétélllqe measyied 8wube)

attachecgéc’:r %%ésfﬁﬁﬁté/ ]?1}] %rg? %hzﬁ q'gretﬂw' cmc‘alébci%ﬁ o‘f’?éalctance

res e reactance was

ratio, thB pEREtYEf thbfdwgh@w(ﬁ et, b@afcttaweemdynduang@reaﬁama) &ds taken into
between 100 Hz and 1 MHz. [0098] Figure 39(C) shows
accountt he frequency spectrum of the rati o of resistance

[0016'@%?%{1@20@? g eg t 1ca"ilﬁre RY sP&¥A of eraﬁlr&ﬁés{%%ce for circle-

SI sta asured W t hout cell s-
on-line alettasdeestiutinrestfitericatesluint gass|subma®tuaden twomogdwnssiwppen

st 05 U R0 P SRS AP B

substrai@ @{uqaéegﬁthe kg lcAHGreSHEF @A OniafitdHTI 680 &liBRGS adBasidradell
hout” cells- attached for the results illustrated in

contamiﬁgghn ele@gda)strudiores (h)h;ahd spmbeln2ls4¢ alivwiesicEdnwere attached to

ol SACHAT SRt R terbR R B e hEAGAER o cltover
added t8 €feOkélls cohRiPheRl@ubae 4b{cAresbioihs vtemmlm mmuemmng
spectra of neasured resistance for circ|e-

the 2h Aélr@@utpw@losis thgardh was plagsd la@tae%ﬁsa?lmﬂ%%élcg%%% ‘ihaft ‘@%S set at
0 (0] t

57 C SRR ARSI (Rl iy UEhal s i et

microngthe gip betweaniinesisB8 triabe asditHeaorgiucuk eirtles ewéhediries heee 90

micron L5 e OB el bR oS v e e h ek e
betweelg gdé?ec@ﬂoﬂé’st &?reﬁﬁcﬁfdl t8 aWRCR ABIARNEdidntster! MRl @EbAOSteCcture

substrate surfaces) after the culture nmedi um
on the gimtsabstratq;foﬂiﬁs abstomeif |a§omaleshamml wherelike top|digmeter of the

wetis S50 BT i L SEAASHSHANE) B 5 X5V B

eXpeanér@QSﬁl lmﬁlo@oﬁtblsﬁdl@mé oF tHentRshd At edithadontiising eboa 500
C and 5% CO2 | evel The el ectrode structure i

HT 108®Epeaé wiag pdder de eherwiells qommrigingtthe plsctnusle sipeiEmon Ehﬁioﬁ% of
thewelh)etween lines is 80 mcron and the conti nuous circles
Oon the lines have 90 mnmicron in dianmeter. In this
[001expmigh@ 40(B)eshboisal frafuercycspearan of measiralicacides fanthetshae

electroge FHHCEU o esfj:l,\r%gg‘q\%{] seam?elffg)%tg{t}ggg ;"D C iét(fr?: %g?&‘ é[gotg tk?a{t [d?el a%sgﬁlte

magnitude of the reactance was plotted in log scale (in the same way as the curves in

Figures 26). Except for high frequencies of 1 MHz and about 580 kHz, the reactance was
negative (capacitance reactance) for the electrode structures measured under both

conditions.
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on the glass substrate forns a bottom of a conical
shaped well where the top dianeter of the well is
W@bwun1805 nmm in di aneter whereas the bottom dPEIBES®N3/022557
is about 5 nm For the experinent, total 100
mcroliter volume of the tissue culture nedium
[001029 !B‘igallrmﬂ(gi) ahewd th'é&quuéﬂéyb@&@rm bf the wat® eitdgisianae mensured

with celbﬁttachpég% {tl{lesélggmp@%]af lps?eéfg(; %Zﬁ%;&ghﬂ%mggyﬁﬂeﬂgw t om
attachedsig?ﬁlte rggatgfﬂl\ﬁggéﬁrlﬁﬁlglﬁé%(g ce for the sane electr ode

ctures two Same conditions as in Fi gure

[00168) GFure #8(DY shénas Thé Erequnmoy spestrumenfithe wile o reactmce measured
with celi g@&i@ 5@"‘%&31‘3%?%{;@ a‘geél)tg Cal & cr(el ne%@r%ﬁ%ﬁ%u%ls

attachecf fo? BHLSRGNE $1l&ftraﬂedMT|F1 %m@lm@g UNo@&ﬁht lfdjiztmstdaﬁ:ulmmoa Retance
negative (capacitance reactance) for the

ratio, the pekantmféhe;tqagf@nw @s., vepasiiang and ductivr Isactarge) wes Giken into
t27 WO 2004/ 010103 PCT/ US2003/ 022557 [00102] Figure
accout4o(C) shows the frequency spectrumof the ratio of

[001041&111 & BEE\) RS fefiafuhicycoletirfbfrasibiankceorntio fomdifferent

el'ectrode surfaces to the resistance neasured V\fp{h %{d
numbers; ef ¢alls agdeddatocihe Meslls compriging fhesame|tyrss 04 CBeg goirode

structure % f%c’%raérﬁ gf%ngﬁgxg’: é@? rfgglgrgﬁi)é a?sltg QWEm ARy &f 86 'ﬁ%ﬂﬁéhcz spectra

ance neasured "wt
shown mehguratssm)ha&(a)mhd 40@). ddrmeihdé tecalfidate §celbnurhleer index” is

resi stance neasured w t hout ttached for the
based op gugl} Frequeney Feriss @g@ﬁtamf‘g{fﬁas tm?i%} aetﬂa?‘@l%tﬁ magpmum

value o{' 1:111& Sefddet katd e%Ha 8bn S8AG €ne? Bbindhe biRiR@hakaihdey ToE “cell
| cap aCI

react ance .e., ance and i nducti ve
numberrindicésd male)llamlsthtsa’kayfor acﬂcbng edlsef differeroomobersaigpe 3200 and

500 areil . R AGR Dt SRHORFD. o1 QoS et o PR PRt ceft

lal’gertE&éH?Fﬂlﬁllﬁwlﬂdéﬁ same types of circle- on line el ectrode

structures (electrode geonetry 3B). gure 41( % IS a
[00185}Higury 44 (B) shews ﬂ%@%@ycssﬁ@é%@ g reé%%?-raﬂo rﬂ?rg@ fgrent

numbers lﬁ)%ﬁ%l $ a%ﬁéc@ntc?ﬁ% \é%fg?ggpggﬁlg v#l@ﬂ: th/PesCH chid ea(;rﬁlmé:ﬁleétrodes

ency spectra of
(electroﬂe %b@hétf\}eEB) aligo® 41YAj israsdunmiedrg ofithei fragubiey spastiashewn in
val ue of the resistance ratio and then subtracting
Figure 30y 39](Pbﬁﬁl(iﬁ%(mam num val ue. The "cell nunber

[0018@?1? gﬁ%n lvx%tc%g}ptaﬂg& é(Pﬁ/er Qﬁcyas‘ﬂgétﬁgoﬁﬁéalsﬁre@clrgmstance and

ers 00, 3200 and 500 are 5.
reactanﬂ.e &2 fandni@rdigﬁlatecbslpﬁmde\sh‘hymreﬁ\mf digfer¢ng geometry ha‘g@g diffgeent

unmber. of cel.l er t. el I
i by oS e ant et 5 OSSR P50 AR o e
electro&@ﬁﬁfa@&c el‘HeeifEéchaﬁ&r arndirb4RAR P bpecht IBEHS e]!éf:tr@ﬁﬂ dtsicagsadithout
Into the wells conprising the sane types o

cells attalchcﬂ weromdaswied sherdly rdge@rithie 1 @ mmtgg% C@]&)}]&?@tw a‘gnghed yet to

the ele gl\%:qg ]b(s}_r)rrg }uéta %Y%T%I%IE(%} g(ﬁ%‘%ﬂ{:ﬂmﬁg 8¢8 LAls was

added to wells containing the electrode structures. The resistance and reactance spectra for
the electrode structures without cells attached were measured at 3hrs after the culture
medium containing 3T3 cells were added to the wells containing the electrode structures on
the well bottom surface. During the 3h period, the wells were placed into a tissue culture
incubator that was set at 37° C and 5% CO, level. The electrode structures of 2AD
geometry, 2BE geometry and 2CF geometry were fabricated ona 1 cm by 1 cm glass
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[00106] Figure 42(A) shows conparison of frequency
spectra of neasured resistance and reactance for four
WO paoerodilgs t at ed el ect rode structures of differeeit/US2003/022557

geonetry having different ratio between electrode

wi dth and el ectrode gaps with or without 3T3 cells
substrat@hbAG R eRcledd WRith of §6;8ada 48 uiitmapmd Having dedtswlagaeof 10,

and react ance spectra for tge el ectr.ode t&L%’uct e?‘g the
18 and 2§ miseus respeqtivelyarkhsapraroneied thaelegirodgs BgPSpgRpen

t
electrodt(,s%’\f”é% ?Ir%bd é%g%ﬁ%*gﬂs% r g%lgjys%ulr:l‘?%oﬁ@% 2b#a6 Be Une B and Hem

ces) the tissue culture
diametefTEThcfiouth Eleﬁtrademjnﬁmemvhg alertrodewddit and sorbeigg both 50

micron %%gtf?%g%% ,pgxgtegglggg hg)? éé)tsﬁ‘%sttréx SJE 3 Q/r%tezi:tﬁ‘?élgctrodes
and the L}fw&rﬁﬁl& LRcBbdANEE oi’\@fe%gaﬂgﬂ ﬂﬁtﬁe ahvidg 6 mmiysrmirhie

ture nedium containing were added tg the
dimensioe| Insthesrexpeniiness; dogice] éxamcbldest@twﬂlﬁh%'@@ fonmm jedipgapter at

the bottcgtgé%’eg%n g]l?lﬁ‘ﬁ g)a@etg}agg é\'ébré gx}égﬁaﬁﬁﬁé Iu'g& gire t léoﬁl ‘Pﬁé e
d1fferen@fnt§a1 gitatd d]effodds? Foe ’d@ electibée shraireolf2 AD rand QBE@ombtry,
AD geonetry, 2BE geonetry and, 2CF wer
the elecfrgch Jtiig fuser Wﬂredoqat@g@tﬁbe qeni 1§IQEs Oﬁg‘ 12‘6%‘1‘?% 1%16%‘3
electrodgfgr/ eg §§ ﬁ%’%%gn%etr Yoe {heaﬁ @B e, SheBo iR &renb %fé

ron avi ng €l ectrode ga
coveredWith (18 cRRHH02E: aiildtgapmbetweerpﬁe teleatfb@es Phior tr e exmrgn@@ the

oo S LRSCES ST e B, KeL e Ui oL L5 01Ep i
Evidentg s eg‘z}%ﬁ'&&t@l dSRIBLL50 midien Elmlfdrfgarﬁb ﬁﬁﬁb@ctﬁbout

aving el ectrode wdth and gap bein
0* cell§of 3rrB ccehma&x&denﬁ)a;be wels, ediuomgahe@m B7e quswpgn tﬂw aeighboring

ubst The ar cove d Iect S
elecﬁo%a&saﬁﬁ@éﬂcw@ ARG s DG tE R and I bifltmment
relauveh@moe&oﬁn@&lpma%m@iehﬂdh elEbRES on In these

experinments, conical shap ed@)&l{ astic wells havi

[001 A7 Figure 4208t showa the relpsiondhin eirselar@bsr indgxesdior ﬁgf%gqn&s S
) d
e 51 SRR A REEb o gL ER SRlcroc s
The celbhuirbisdr hids is c%l@la’ﬂétﬁbﬂ&fatrgﬁtﬂfg&hﬁfmm tlhaana»_tmmm xtle of
structured were | ocated at the cen egtlro S %{gctqeth
resistange (the Fssistses mearureh bR pberoEctt o die pe estothe
res1stan%g g{ggglﬁé(d @ty by Selﬁaa'?% U(p{%ttﬁ@EEctrédbesuP@Eés%Mﬁésbéndmg

covered wt ectrodes and gaps between the
frequeneiee): Emﬂéﬁﬂy, fr & neart;ocdnhtenteelqm@lodmndth of A @mc@ln@@ﬂ feycheme

and sybstr hor hl
numbei@ren d0LeAf af §H pelroneEE e el demge BRRD sRHsteen
i t inefll ﬁhﬁbé&ﬁn@@d A9diared b the
thene1%{%n§h$@f(eg§%ﬁ% ré%%idgﬂe%%%?%f 3T3 cells added into tr}{e
data, a wighiffisantriecteaseriy thetvsllgapiber inderistaghievied Weth mefgrass Fitie!
rodes resulted in increase in the magnitude of
abou”%‘n‘béﬂ ghite change after cell attachment relative to
[0010BPSi8uR 4318 aGehdmatict i Tor aitratladic caaeml-bhea 193 Electrode
Figure 42(B) shows the relationship of cell nunber
sensing.ndexes for different, interdigitated el ectrode

[001%?@151?&% ﬂ@%’s@ﬁe&%fcﬁ%% C?Oﬂl{ldl cﬁ%ﬂe?ggseanla o

e gaps er I ndex was cal cul
electroty sedsingr Edctrodeson@’ fand matd’@nna)tednmgeﬂlat)laud éf(4’ and 4 are

connected together) are used for supplying a constant current through the channel whilst the

electrodes 2 (2 and 2 are connected together) and 3 (3’ and 3 are connected together) are
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resi stance (the resistance neasured when cells are
attached to the electrode surfaces to the resistance
wore@sit@Em when no cells are attached to the el BCI/USIHO3/022557
surfaces at corresponding frequencies). Evidently,
for a nearly constant electrode wdth of 50 mcron and
used fof grongenieg thewveliege. (Whewthe Tols arelphssjnghrBiER tetelgionakdfiae by

i nt.0.,1he LS., teducin h ap,si.ze between , t he
clectrodB2daAH A5 o e FRHBAC Rl el 10T 8 iR in sha vottage
betweeh 6lbIREdds 2A@X). andl (@3Ndli cated by the data, a significant

increase in the cell nunber index is achieved with

(00131 Higwig 45 ip asehenestic didsmamn for iBipedaniee ghalysis pHOAES particles
- i tic.di f i cr.of | ui dj
eing R0 Epiitl P DB et SR e

substraé4 i s a schematic diagramfor mcrofluidic
nel - based nmultiple- electrode sensing. Electrodes
WOliPﬁggma 44 19 2 sehemagis fiagran shayyag Hersimylienequg measurainent of
impedafiécchafi t f upplyl ng;a
P PO PR Bt Bl AREabn by M BRI and e
conduci@vityethenge s 2efl@tedandhctange efinpedied nicagath et 1,)amnthe3
solutio 3" and 3 are connected together) are 29 WO
004/ 010103 PCT/ US2003/ 022557 wused for nonitoring the
vol tage. Wen the cells are passing through the region
defined b el ectrodes 2 (2')and 3 (3'), the inpedance
RETAIERRgBS CREXHION OFSTHE ERYEYEION t he vol t age

t 2l rqdes 2 (2) ,and 3 (3')..[0Q110] .Fi qure 45
oot PE'ERFERGE, SEQRAGTTs A poul ¥ npeliibiican ey Ratlep fesrinion of
the inveatioglsalipided it @& subSctiend thitqybwa n cro-pore on a
substrate, where the electrodes are integrated on the

substrate. [00111] Figure 46 is a schematic diagram

ahowi ﬁgf% n?i mul t aneous neasurenent of inpedance
change (] ﬁ) o nmonitor cell attachnent and adhesion to

[00113 FFI oetledty ofttisclane, bhénotthgndac M;jli&hit@tidhb ﬂfé@%ta%l@& des§r2i§tion of
. _reflected in the change of inpedance neasured at
the invepfion i ieq o B sSbprms BRI PTI ON OF THE
[001 146k Gbih QO AedwideOhil ?écﬁﬁib(@ﬁnﬁfscightgﬁé e ﬁs«adql%pegrpﬁ vie the
d escrip 0 he

by way of limtation, the detaile I on
same meaptgnasi 18 pomgon] windlerstaoadthy dnkef sriiserg tskidlnis thdwat tof volkibiotis

. . A flnitions [00113] For .clarjty. of . disclosure, and
inventioftheldReh Ut ¥, Retisaonts,PutiishisbankBationa asd Pkt pébWostons

referred ttd) Reriettva8 inddRpdrated by kéferdndd Th AdiPEntTHYS §£1 §&HH '
ol | ow. [001?)4] Ol 2ss def] noa ot he?t\%i se, %legtl&hg forth in

. f €S . . J
this sectioudp FPRUATY dher abermngs inpansistenhwith eat¢finiionisat foatdn thegatents,

. i i d f
ol R BRSOy RATTRE MR B e B
referenchghedgfnitidh ketifattle it this sagtivni frataileRer AY AEASHEH that is

. apﬁl i catjons. and ot her publications
incorporated herein by reference.

[00115] As used herein, “a” or “an” means “at least one” or “one or more.”

[00116] As used herein, “membrane” is a sheet of material.

[00117] As used herein, “biocompatible membrane” means a membrane that does not
have deleterious effects on cells, including the viability, attachment, spreading, motility,
growth, or cell division.

[00118] When a suspension of viable, unimpaired, epithelial or endothelial cells is added

to a vessel, a surface of the vessel “is suitable for cell attachment” when a significant
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referred to herein are incorporated by reference in
their entirety. If a definition set forth in this
wG@e@iioonod s contrary to or otherw se inconsi stBOI/USZ0D$022557
a definition set forth in the patents, applications,
publ i shed applications and ot her publications that are
percenthgs ef the celtarp adlairing ththe suefher @fithe yesstlewitlsif itwblve hourset

rthin i s..sectjon evai | s_over. t he definition
Prefecap 4 AT 355 Sl BIENRE by 18 B e e YooeH pefmmivelve
h . g Mélgb [1] [1) r n [1] . [1] [1] [1] N
. MRG58 ORI kit il
so that afjeast 76%0 qfgheesllsiare jdhetngjo the sukend widhrie itwelve hours of plating

. “hi o i.blLe rapne" means,a nbr.ane that dqges

(. add g VTR, 3Gl P ER 1o BERLNY], EPRERS Brneiam ag e

that is sitalilt lfortag]l atthélanéiTeatiits ik @adi 906 ofBld dellé ¥dherigE QMR surface
or cell division. [00118] When a suspensi on of "vi abl e,

within tyelvghoureef plaing dpstarcfeablyn thetsheepropetiesof sswfidethat is
. f. “is.sujtabl e.for ...
ey Pl 83t B RSP sy R B LB A SRy

attachnent I can

eight, siRCIuSROURNEL@HIRIngD eT e Rateatysired surhiee pRIpeRtica!tér cell
S ce.of the vessel within twelve

d [ to th f
stactirlsBid Wt S fo emicplieossio Frinediigr a eid andlor
with a b%gé),eﬁﬂd]& ﬁ}@sfcﬁﬁ¥ ﬁb‘z{t&f(e.eg. %at'h{b?t Vz?cﬁ?rz as%ﬂ/éﬁ? Lt o BYE%}qéérﬁ%cglrly

ours. Moré preferably,” a surface S sulta
treated (geg. Icoated axthranstor ege swidcalee opbiopml¢dubs tha eréthetes edll

sttachunfif by 58 iRt RS Mmoo B SPAiIe pifise Thas AR o

preferalilipés se@iabR!fdr thEMRACHRMhSo PRt OF Bl type tfare Y8 HEE&A in an assay
properties of a surface that is suitable for ce e

that useg theipeasmpatiblesiwrfage (erg..anembrage), agdmost irbferaby, laows the
i . i t hi.n.twel ve.. fo.
st Mo o} ORISR, s PR e o

assay. surface that is suitable for cell attachnent results
'l at. .l east 90% of fhe cells adherjng to the surface
10014} 2 hiomBleshier cetive” FighfOa(iEgn RSB EceThatomATiAG: & Moleoule
that is aRAMBaIRESIhifithaSbIb ' cheRichARD
o s QAR A DR PEPBRERL 5 O BB AENER o o
based on peaommnte witurhllpnccaning Eomblculewbt bioshdnaissly. ForRtiaple, a

. sically treated (e.qg. atment with plasma), )
biomoldiF 4t ah b %1 axtaecta Y4BT CORBRRGH (v FHOORECti
collager¥Rrog ariRtiesieafierebs, Bf MUoBHIHsE R biBEMAPERHES pSBIYsin

attachnment). In the present invention, a Dbiocorpat |eb(ire
polyornithing.qwaich siearelymeris melsprlanigsed pn dieonatiphlly becusmng abl e

. : | f th b
biocherdiffs 3t BEIABIY. ivdic o Rk Faskl BR a By Nek Ren

biochenfiealgsychrm ahiiensdids AndseBdinery @feahditiniers 8 1heWatutdl&-occuring
ttachnment of at | east 90% of the cells that cont'act

. a
biochemi¢gls-hi ocompati bl e surface during the assay. [00119] A
00120pIAN Rk BEHIRlar GORE Anpdrin® i€ QA QMO Aotk age t hat
[ ggn’pri ses a ﬁ%ﬁ%%’*%&n‘?%a?@ilggg&%%bertgﬂ %/ccgr&}]ﬁ i ng
extracellylaymudtex of en enintil. dodaarticealompoest dfiapeh@aictialar SRV R6m any
nore natyrally_occurring

i BN sy PSR I b S St Dponens

include laminins, collagens fibronectins, other glycoproteins, peptides, glycosaminoglycans,

proteoglycans, etc. Extracellular matrix components can also include growth factors.
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bi onol ecul ar coating can conprise an extracellul ar
matri x conponent (e.g., fibronectin, collagens), or a
walesoswatidye t hereof, or can conprise a bi ochemPCHUS®OBR2557
as polylysine or polyornithine, which are polyneric
nol ecul es based on the naturally occurring
[00121] d@fteldcrads’ i ysirneuardvingni tigh plectrival opndedtivitidhelds) a8s

BRNEN - N T TN T

materlalgaturally occuring biochemcals. [00120] An
extracel lular matri x conponent” is a npl ecul e that

[00122¢ Asrused hereingan ‘eel@qﬂ@de srugtutie” nefersite aginalael %m‘mﬁa Pal‘qlqulaﬂy
can be a co ex
one Wlﬂ%%%@}l X gm%eg %Gu gts 1?51%'140}#03{ St%% Of‘esﬁ( ggﬂ ﬂbfn
of at 1eagftw%>aéc%ab kléhhts ARt htdelé@ﬁmnamlﬁectdamgwﬁer | Aglivitrei eﬂm:node

Iagens fi bronectins, other glycoproteins, peptides,
elementgwtbms ' ehesiiogle asiure ) AISIASHH %ﬁglﬁﬁgnn . Extracellul ar

oo AR STRE OB, et o

electrodé elre@tifepsiech dssfor exdniiple,tafirgehli prgj eatidm gifaneh@txhgntatai
conductivity, that is, an electrical conductivity nuch
ebCWOdﬁﬁﬁh@Pﬁ%han the electrical conductivity of the
[00134](A Qké bh0Qin AREGEUARIR strh&&ﬂe%ﬁil »A$ twiS bR eRicod@tructures
I'ec dé structure” refers to a si ngl e el ectrode,
that are pamdtnucteldao hyve dimensiprisrend spatipg suchghatibeysas, vhen cqngected to a

exanpl e, el ecirode str
signal ST GPEIAES BYTILE SPREEt viaeeaeal friia s Beigof spaggg around
the elecﬂB@e ShRAIEL. Clﬂ’tleerreQ @fé@&@&@ﬁrﬁcﬁﬁ@hﬂ@d’ of tl% brebé’iﬁ ileatitn cabe

el enments wthin an "el ectrode structure” are

measur@inqmdanmhaygasoiun tcecdlpttarlypatdp apslegEeds HEiags: Aon-limiting
tro f.
cxamolg GO oS TGy BEIRER0uet ALORLE spbas o
anmemﬁééﬁkhﬁdegnﬂxmﬁaﬁﬁike prOJectlon of an |nterd|g|tated
el ectrode strugture. 124%%As use

[0012|“Edeciroge traegsy éﬁﬂl"é {1y -copdudtiyg paths H@.ﬁ e'tgﬁldeﬁgmtrodes
or electisodg i Sor él{}fg%d@%t?uc%ﬁ@§ fowHed B v\%ﬁi &68n P& de¥i8e or

paci ng at th ey can, en connected to a
apparatss @amabmmﬂng the ed:qm&odﬂseoraéec&odm elbnlentsg’enbpm@ siipctures to an

el ect ical field in t region. of spaces_ar
impedagfe e QFLP e efrbé%m By B LiS BRI PR ﬁ’et"ﬁ}r“gee“w“
padsonqﬁgﬁgwggoggﬁid%h%sent invention can nmeasure inpedance
changes due'to cell attachnment to an el ectrode

[00126) A Scenneigm padh’ns amayea e anpprasatys o eetiserfdhe st ur e

di gi | '
e B e B BB Ly
within atfibR€ bﬁ@éi@cti*dd@%@ﬁcun@fcﬁh & Hptufahearlayleeion dnd tvihich qaabhs

that extend from el ectrodes or el ect ro&%el enents or
operativglp eennsatedde pxiemah dectriealgiauisHE- Sorf IBIPCHBGH BRI gRen circuit

ora mg%? Vgoglece QQ&E 1ld§m{e% 101‘1" gltl b@gnﬁeﬁﬁorﬂg : rfdocﬁil‘%&peﬁance

errensor e estructur 0 an
measurtmpecarRai @fwélgrmémura'd’mmdmdhmt brandigert,ythoiigh anieginsepriate
electrical é/on(c:lgcr:tgoenangannosl shc asqgad%%rr] Qﬁgetsl Qch electrical conduction means may
also go through electrode or electrical conduction paths located on other regions of the
apparatus or device.
[00127] “Interdigitated” means having projections coming one direction that interlace

with projections coming from a different direction in the manner of the fingers of folded
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pads on the device or apparatus. [00126] A "connection
pad" is an area on an apparatus or a device of the
w@e@gmntiod i nventi on which is electrically conneCt/es2008022557

at |l east one electrode or all electrode el enents
within at | east one el ectrode structure on an

hands (veifiptheatucat tiat intetdigiteted atedtrodd dbments prederaly oot vesitget one
connected to external electrical circuits (e.g., an

anotherk npedance neasurement circuit or a signal source).

[0012‘51'1 %sqiss& hErefth “HiGRPESHabRMy BESIMRNING af ERBIE6d dmaatinieans

| npedance’ nedsUrement” circuit or a signal sour ce.
that, if aceell ibeandbmése positionied shiithat the setisod @ﬂ@h 08 A 516‘611@?)‘?1“(?@’@?% of

electri cti.on ans .s eads_ 0
present GyERe, SR mP BT g kB Ge bR g s B S e 49%%1@“%6“‘
calculatéd 86106 8v@hgdifhbiet 68d csibnedohiod @éévh& dr@pp&ﬁﬁls off the
other regions of the apparatus or_device,

present invientéorditlyi 3i%as oF therﬁé%@dﬁ slemegtspins the size AEthe @ﬁ%@et?f Ren
electrodgle da%? e(r?gs nér@%%rrtgﬁi %&u‘?‘gG% ﬁﬁg%r:%@fe‘?ﬂﬁﬁ; ?1‘69%? {HaAEH0G 6‘0‘%’ et

I on nner o fingers o
more préﬁkad)@yll gredfer maa@ﬁma@ Jaﬁﬂ; eRGIMbISINEBrabR2gBater thamdisout 80%,

é}@g the caveat t nterc) djgitated el ectrode
greater Wap RoHt O0pt, OF giealst aa F5¢bnt act one anot her).
[001 i% %lsgl%tkd ﬁ@reﬁ‘hs e} 10Rf ﬁb@ele&mcﬁb @ibriehte® B8R sdill sibstate” means that

Ing an el ectrode elenment” neans that, if a
the at 1east| theiaectmdckom fabpoaed pomede o prioducetl o tm&)@ﬁratar &he affleast

two eleyadg i 1 g BF Sang 8F of Ui TR FasH (s ALEERHsE oot
substrat@I Tat 5EE R RPNV mulapIe Wyt thefdt ‘Pdﬁbﬁth}@ chocfodetcan be elther

di aneter of a'cell used on or in a device or apparatus
OntheS@mephentlméﬁfémtlaﬁﬁéﬁfﬂ@rﬁwﬁtﬁé@ sizes of the electrode

o SEREREE Bl PR g ol s

substrat@? @RhEY thhi(he aﬁl*é@dﬂ tw@ @%trcycws argfabgcarededrethalbinyie gide af Ehre
t han about 70% and even nore preferably greater than
substratghout 80% greater than about 90% or greater than

[0013;*16%‘% use gq"/ﬁere%lp @139t f5o RELLAE rfﬁir{%ated% a kBRASH1ah¥f said

dbricated on salid substrate" neans that
substratt encats theq $ffth¢ mmcehdwxiting debstlateehaS aprliipla laydrso therph thastgwo

d th bst t I t t
elecm’%fso : g’a%aggdctﬁﬁﬁ% : a{'%é& ]%1 %§ﬁr?§% g? St he \é\ﬁbst rate or
[0019?] A@ﬁseﬁ'hfefe%{ @‘Ekﬁd si d8e@fodbdBaveStbEAdtALE sanl® Sur$aeh Stdadieeans

have nul tiple layers, the at least two el ectrodes
that thecsarfactﬁeareaSt dfdhe clenirodnereserms toraromotshstantinfs diffrent fipm each

bst r at 0
o, g B BBEHE sk A 0k LB IR SR gy S e
electrodeld Réferrad & wﬂﬁﬁiﬂmﬂult@b thbeveéhll Hesahblt vhargk ée impatiaaceampe
fabricated on the sane side of the substrate. &T 0131]
same opgmijgrdegries asithe 1m@@am0@afé1@nsweép gell piipslmentey 1e

other ofth? %%ﬁgg%%:}gfgeﬁé% gcg 8 ol %&sﬁ&ﬁe dwﬁéve shﬁstéxﬁr%uy the

ate has ayers the at
same suré&s tardayviny one of the electrodes can contnbute to overall change in impedance

upon cell attachment or growth on the electrode. In most cases, the ratio of surface area
between the largest electrode and the smallest electrode that have “substantially the same
surface area” is less than 10. Preferably, the ratio of surface area between the largest

electrode and the smallest electrode of an electrode structure is less than 5, 4, 3,2, 1.5, 1.2
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el ectrodes are fabricated to the same |ayer of the
substrate. [00132] As used herein, "said ...

webk@antaaes have substantially sane surface arpal/URBanE22557
that the surface areas of the electrodes referred to
are not substantially different fromeach other, so
or 1.1. MBatpréfaeblyraeca hest mhwelgerodueof m dattiodastregimesare pearly
growt h on any one of the electrodes referred to wll
1dent10aldlindﬁﬂtll§@ltsérﬁ‘éﬁﬁtr% overal | detectabl e change in

[0013'3%? gé‘élﬁ%r& %ald Ufee Rbs 2 lsﬁPfAc% sy RR cal$ afidt®iment or growth”

ance c ue to cell attachnent or growh on
means tl&Yhe edédnede mﬁd/dsﬂrmneéleznitordem afelﬁaeappe@tqschas PPPropHae physical,

rds, where el.ectrodes ant.i.al e
chemicab g bialogien) Brapory RO o Ts e iB1eRat PRtk dnbdtion e Bfifase
and newt c%nQ Xﬁ{ @Ah mﬁ@%%%cﬁ RyilifRRE BaIE SultuP R we £t thatstlﬁ@cwm‘nhe
on the el’ectrode. In nost cases, the ratio

apparatusf I—Bmdvax; é lan@aaecmmaéhﬁ thdevien; gethe sufesertherael spriainne
est t hat _h
substancsea ppcgeg@ar&fog g.g or g)hovﬁﬁ ahec‘sg@l§§eg$%rg @hﬁsYarﬁQ@ e}ta MRitrients
or grow¥ fa&Hfsf @ﬁﬁoe%’uﬁﬁh&ﬁh%ﬁ@&ﬁﬂG PrefegBt wheh esusrptadﬂomnﬂvmbﬂe
smal | est el ectrode of an el ectrode ructu letj
ummpanrd;da apithelial or@ndgthellal sellyisadde tothe d@&éﬂ%ﬁ&@% e for ce
attachm gvb{%{%\%gl%/ SIQ ?507f 1OLelly ate ach{f% tig ¢ o%@%ﬁﬁ?&e%mtﬁﬂ%w@ﬁve hours.

es of an e e structure have
More pr@@@éfUly, a sutfaed thewik soitabilelfontcelt aftachmehtltas surfece prpg@m,sgqo that

at Least 7y o oot s S BB ustacR ™ eaiiLy e Cubd e
adding ﬁélﬁ ¢ [RYRuAPd R rwé‘ﬁﬁatedo%ﬁﬁ‘fsékdtﬁe 358 Aedibe) BcAPRAL Pfdferably,

appropriate physical, chemcal or biologica 0
the surfaveqpepdriiesfausotfadiant is shitablofor opll attashmentigsulisip ayleast 90%

h t rf
otthe o3} SSEle P 88fin RO SRS RRE MR RHPY o
surface ?fogeﬂfes 0P PR ¥Bat idAMAYRIfor ¢d1 dtclinént hexults SmatyledshOd% of
devi ce, or the surface thereof, contain

the cellsadjsnag ceti_:le sefecsyeithyin eight, s, fouy; B9; hquf%ﬂ’fd?lat&%awt h.

gessar t W h
001 FACHEIRERS Lo S0} PGS 1o Srfban by BN anfgdiihl
electrod®s’SHiS DR IEALQRe Ripedianda k&,tweemmr rRing ea:id ebgoirpthes waﬂd bave 2

_._endothelial cells is %dded to the "surface s I table
s1gmﬁcﬁ3@$rche1&e| thatgpp Be Hetsred by dRémpedanre el yZ8H05 GIPLR  cel | s

measur&ﬁgl}t {vﬂgn hRide Pfé bq-iﬂdhfl Fé:écﬁ%ﬁ Sdclrst opethy %leb@b‘d&surfah&r @he

era a surface th is suitable for cell
1mpedaﬁ¢d caxahg@nferh tosths kitffetc:te:epn upmdan%vaé@StWiml melecyle higding

reaction Qb ORI LEP g g agerats i AT Bt tion
occurs SRHIREctBle é"&fdcet M‘t%rrféﬁﬂ@?/' ®6 &nﬁéﬁ@n@eﬁﬂﬂn@@tﬂfﬂe Yo thEv en

nore preferably, the surface properties of a surf 3 %
differeridedn impedeuterables vhen cells areattocher i the clesiode §mﬁ%‘feé{1 When

| east,, 90%. of h i &hi n
cells arp g 3ffachs éﬁf?gh e&f %I%F%acaehﬁ%h%?‘tg%erg%%y, t he iy gﬂr(% ace
morphdloSP6Ef delie §tt&heditcﬁﬂhé fe&@&oddﬂ&tmplsslmw%b of theappa&htius changes.

attachnent results in at |ea

In moshetises; iliesheres Rampedange is | lpfeer a0 B gﬁnfo b“s‘iieiem?bg%r Prefeygply, the
detectagﬁ Lé'hﬁneééf ﬁ‘pdeagge islt £, 48L9od18F 89, Mcﬁ@ bRy She

A ance between or among said el ectrodes”
detectab&&ih&ng&xahmpmncmdek@anmab 0% dmpodanaﬁbﬁglesa ptjamong

I
electrogeselg Ecyrp?cd ﬁy a\l‘}ggc!t%nh%the gequency of the applied electric field for

measurement. “Detectable change in impedance between or among said electrodes™ does
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significant change that can be detected by an
i npedance anal yzer or inpedance neasurenent circuit
wok@a/onabecul e bi ndi ng reacti on occurs on the BCBUS008622557
surfaces. The inpedance change refers to the
di fference in inpedance val ues when nol ecul e bi ndi ng
not reqlmeab:é 1mdmwmnmttaudfreqnmasdz¢mgqimcaaebée ofDstegtable change in

t d wh t
impedagdhipopr & OF SHATE A SEELORS, SRNAFRUERY defitfdiihge B
1mpedax‘fééaa@9§y élﬁgls ﬁ%qﬁ&c?fq@r mﬁltip EfSfiRAcibd). TIREHANG émypadaneshas

when cells are atfached to the el ectrode surface and
two comyfvmentscredistancerandnenctance foreancesan he dividad: m@dév qeaHeES,

capacitigE et AEHIAT o RSB B PEIRs ey Mg ragheGen o

among 5aﬁt§el§ﬁﬁﬂ%§t 1¢§uisdtaii@p that eitlier 6B bf sistce ztrhleremdtatcgélas A
npedance is larger than 0.1%to be detectable.

detectame élﬁaélrga Bl any single rgaycacy gpmultiplafisuenaies niels REssents
0
apphcat omi’ i; d%ﬁ s hl‘h/éi’neléc{?lcaq & eR tg&]g%e 11?/}24@% :frlf‘etr rﬁlgﬂh&i (f)é%hﬁe
measurdri@ft daneh dmlpé&mee 1mchmvedh by, (@) gpiyiog eszoltsget betwead dnangong
function of the frequency. of_ the a d.electr #

said elegtredeg af 3 givenEEgURS HEP Uk 15&% 8‘?1 EhVélg specific voltage

6es ol RS
waverob RGP RgIAe At Lodass aesiiiold) o
multiplé frp@tacies; or havige spcifid wavefeaue dividing ﬁ?@lwya%@réplﬂfa% galue by

e cngp LSRR e BERSRR BT 50 s g T

ofa sm%l@rﬁeeqa&ﬁ:? c@fnp@ﬁéht sbghiRiple Rsenys drdaving sﬁobﬁﬁe current wave
requenci es) addi ti on, inpedance _has

form) thyo mdwlgctrcrd@s a@d mentomrgithe yakiassrenlicd é’é‘%}’f@&H@é apgng pad

ctcaoffh {85 s VBB ROBEL B SP ARG BB AP35, B0Kkng
the voltagd MRS valadby theadndmgsiitidedie ﬂbetq:ulve é 1mp|e§1artch aalue
either one of resistance and reactanc

© aigaiabsch cehmvgsres degmirigrect 65" dFots g b
descnp{ (%1?&\5‘%1%@ 5¥ ecﬁw ﬁl@ Q’OR&WIIWWI&% the Quﬂbﬁ%ﬂiﬁﬁlﬁﬂ’e Vabue to

el ec rlca r el ectroni c | npedarice. The nethod for
derive thé anpafmmadamé’ntheé‘ﬂuss:mﬁ ’ s dpeclfon the vaduescificerent ab}pll‘fl(dﬁ)and

voltagegifei Fks BEGBEL( BICTISPTERI LS| eHE Ragedapye 1 in

electrorﬁ@& Elgctﬁé’ﬁ%k(ﬁde‘és et &&Q Qot MRYRE M scdfdnyRALEQE! Ng t he
el ectrical current through said el ectrodes at the

[00185leisresed jnexein, “saidlat lepstawp clegtredasibess shstantigily, different surface

S SING YRS W -
impedahfPEHIARE @ua/tdl déh attechmenp pt gﬂoﬁi@h an tiel le@er électeaderveititnot of

a single frequenci‘3 conponent (or m,l|tIfJ ﬁ frequenci es
contribyfe t hgiaygradsist ispedanpe Qg same phsiFilap ?%ai;ﬁﬁ §fitgpedance

change%lug £ Ee‘i’lda‘%t%c@ggnt'q?g&&v?ﬁm | ind B, %9' e@&@désesljﬂéf%ﬁt@bb ghyeen

ctrodes at 't requency
1mpedam:1é thang@chﬁer egetntheanen or pawithgn gpderger elevm:mhs sigpificantly

din e voltage a |tu e value b cur r.ent
smaﬂerathfarr fhpianedary enge de fo/ B TR AR e b g S%e Sm%l%
elec‘cro&’énpr@llr iR Ak ratiB %tf sﬁz%be'ﬁ?@a%@’tﬁee%ﬁhg %@ésﬂbl@@cr&ie%ﬁ the

ance.” Note that in the description above of
smallest dleatr@derlg ntone thaol 10a Fecfaraplyi, thedetio of svefage atehdebiaen din largest

electrogeng‘ld the smalYest € ecttrgde is more than 20, 30, 40, 50 or 100.
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derive the inpedance value", the "division" is done
for the values of current anplitude and voltage
wa@ppkotuoe at sane frequencies. Measurenent of PGIIUR2003/022557
el ectric inpedance is an electronic or electrical
rocess that does not involve the use of any reagents.
{00336 As Bpedreereinetniléip ks pajrs 0f eledrales bedsttredestmbmodsrspatily

srang e R 3B il it s B4(TBe ETRTF iy

electro@éxcdt eichiode Steudiiiaé of H@evidJRAPFAERS Wﬁalﬁ“ﬁr:h@e? &) thatch
attachnment or growth on the [arger electrode wll not

the spagighpopfigwretion of Wals efemalti-wdk mieroalsteso thpiedher desimble, the
: il ar . he i nped due. t
dovice ST B TR TSRS B30 LTPSIART) IR SeE

bottomse fritivbdlyplatel yuchi thadetisk vediB g thedugltil Welt flitroplate will
nt or 1gr;rowth on the larger electrode is

attach
comprisy ﬂﬁ‘?tfqrég%\ﬂ’i plectiodesimeiireshan t he | npedance change due
[00139] &€& h&edq{e}é}ﬁ,g%%ﬁ ingttrrﬁ%é‘/t-c{agtﬂflﬁ% E&gﬁi@g@{p Bl means t at, in terms

el ectrode. Ordinar : ace are
of eleciyistoprrartivhaht pogest ofiededtnde, ardedtiode amdRbl £6Witching circuit
‘o tr.ode is nore than 10. Preferably, the ratio of
18 ldentg%er%?bé' cbé’%éP &V B8 ?@8’% RUDher qudaselmn Resiten BaBbeind t he

[001SBPAS 85l et 6t eatewbE coMhiSs & 09 A
3%@ 2004/ 010103 PCT_/C uszlo?)s%%?g%%y S'g‘?‘?)é’onl liéA's'%fscjeegg
means that tap fowestnrmbe of opHs s well islab beastods obthedli gesir mntsber of cells

: t Lal | d di f
ina wefl, PHALOSS aRABMLE ninho B SRRAER SEE0 1 ket osbr 10ohdive Do
95% oréP% ef the highdstiuatbee bLElls Qe wellr Ndrd hesTe@blyR e B\l dEcoRfains

., apparatus are spatially arranged to match”™ the spati al
anldeneg*ﬁfl}’ﬁi]?%‘?'cﬁﬂs'of wells of a nulti-well microplate so

Sd deyj ce can-be i,nserted
e gt S ORI B
intendeg plmp_oe?g angl Tvlall ao?tbims tand f;@s oﬂvcltlfs'; i hotﬂileaésgéry?d:ﬂalﬁ RBadhhaéil
. mul tj.pl s of_the ti-wel| microplate Wl
containg giash A enlFu Tt Ponomp ks it Fiied Bumpopoi g pach
well cofigind S@ehRILRI dells, I RABRHbIERT &ich %lcc%ln% same type of

configuration" nmeans that, in ternms 0
mammadigh gl £-gn huntsa cplisior differoft mammedlintcelisle, g. Anmedreetls adwell

g i.{.chi ciycuit is identified by both a
as otherHoh Honfh Rl kIR Sfep & nige. ot pOSPEKSHForRber
[00146) Q3B Asreiis €eadnardl ddntai@AC N séRlily GAER! dRicentration of a test
sypstantially same nunber ... of Cells" neans that
compound e megRibiat srgheil contams|a testicampovms] With e setiallyedibtted50%

. i t . .0, P Ly,
cononBfich L ANt GMNEE i A6l gl ot Bt Lo SLLLET BN, .
[0014710 %s Bedherelit);dos85ehponsQ I médne thy enD IR RMsIAP of

re._preferably, each well contains

s, i [1. M
responsE G oels o B SBRTAHOTL 614 (5t qopipea]. e tseansher e can
be measuRRALY My} di%fgn@gﬁﬁmeteré HY e;(%iﬂ \%g% ?egfeéolrrlﬁ;cuﬂg ?J]%ﬁée%?etd’to

for the 'intended purpose, ea contains s
have cytojqyécibfandetanss; celltdeath. Titen tecesmasy of duill coabhimenduked by

percent 88y At PSR apl) e el Bt b camrpund.

[00142) AREksbbRersi), Ve elcktrbdesMar el i theichfheA%h: Wrldchannel, 2

contai ns sane type of
length that is substantially less than the largest single-dimension of a particle to be

analyzed” means that the electrodes have, along the length of the microchannel, a length

that is at least less than 90% of the largest single-dimension of a particle to be analyzed.
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manmal i an cells, e.g., human cells, or different
mamal i an cells, e.g., human cells as well as other
woorvdhumah mamal i an cell's such as m ce, goat PCT/IIB20RE§22557
cells, etc. [00140] As used herein, "each well
contains ... serially different concentration of a
Preferailghe eleonmpﬂw Ve, pimgshd leagth ed e miskdchearel,zi langth thabistat least

e S, BRI L P2 PGE Bk BB mgon

of a parftc]Mo Be 4n zeg 01 M etc. [00141] As used herein,
c}ose response curve" means the dependent rel atl onship

[00148] Aswssdbersin, Stheawictasleotodds spaibthe eaidiedsight af th@ménocaamel”

s e R FIRREFE S o By oP T e

Preferatq9 rmwedt@déyﬁfaﬁ@t REst180%, bave 95%tdﬂtl@e<emiré Meighicbfalzaise
deat h. Then the response of cells can be nea ﬁ
lmcrochaynelp Moereprefgubbt mierpelostegsies spanrat gaginl 0970 efdhe §HT§P§'€E tof
themlc g cells are treated by the test conpound. [00142] As
¢ rein, "the electrodes have, along the |length of

[00144]Ased Q@Mﬁ rfeh apaturd Raviigha pdratsizieshat ehsdlatot dras kl;ghtlgéager
than the ]| argest single-di nension .of a gtalrtlcle to

than sizg QAFYS BarticHEd dﬂ%an{s fl SRemreas Arnogtisiee fhat & loast Eqpgls! iy
particle s%%ﬁ?hegg f‘ntd t he@?ﬂﬁ‘&é siz€. H%f%di‘h pbiRalzeland %hrtlb%asﬁe are

rgest single- dlnen3|on
measur@hmttemhsaoﬂsmgiedmmbmn@dlues6 WO 2004/ 010103

USZ [ 022557 Pref bl th | ect,r od
(001 Ichs e et o Fop s st Sesiieads S5 BRER IR Bpr,
conduct%o% iu%@ﬁ&te strfSén Whih cRLRfBde Q¥ eicbHibe RMrd B 230 %one&%/d or

5% of the |largest single-dinension of a particle
1ncorpotaiiecb eTlaeriadny Hesiting] @c@mlsa]s ofthemnoacrondyasing substrgee strips include

N R T e

(like thdRF6F maRUnturih B Brigtelicireuitbeh@hd). Hledilode mrwdtmelmrmhivmg
Preferably, mcraqel ectrodes span at |east, 80% 90"/108

differeny gograetrien garshg fabacaied efadsron the subsirate st any suigh

mirorB 2 g L 5 o i i
geomethesr Bchide 11&ardag1atddwla:t1hde.s nlgCIa-OdeE ed¢ctrodesy dxarremda)mlmeo

R I AY TN R P
these el@&}@;iesget)ﬂlefrh% mBAdrY ?r'oﬁ‘l BisgRlkd tle:sk ﬁﬁﬁl 3 afor3 0P ¥sfhah O

particle size. Here both pore size and partlcle si ze
mlcrona]OelS largasuioent 200 mieronsovst 560 migren,divee hsinan The rlpsacteristic

ed h I
dlmensgné 8? aJ(?oeéecgtan ﬁeorﬁ%tgﬁsnfefq;q gct» % glest(r:wglg uoifitﬁénaea{ode elements,

or smalfddbsdps et denlthP adifcenhiledirade %I‘eh{emb? or sive ef ze&béaamg feature on
structure units are fabricated or incorporated. The

the eleatiodle pometring Ehammredediode ﬁ@lprf@n be o A ssMRPLEI g the gresent
mven’ugrﬁ1 ﬁg’ eﬁ&@l&& %GOH‘I%{I% 5 thy BQQ&rodgl s félc@ai 1 shape -

Sul‘at or - on-sem conduct or,
having HeasRith 6f th etriptseedndessmaenftamicion togover 10 mm, and havmg the
pri nt ed-circuits-poard) Electrode strycture units

length Gt Hgp v eeay et ge%@ﬁr%@ gh L DB 2P SRR oFomety of
the micPSE18dADd8 YRk mdyeha¥t bigBo¥rPhindth (adth ®f 200 micron and a length

of 20 mm. A single microelectrode strip may have two electrodes serving as a measurement

u

unit, or multiple such two-electrodes serving as multiple measurement units, or a single

electrode structure unit as a measurement unit, or multiple electrode structure units serving
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m crof abri cati on, m cromachining, or other nethods.
Non-limting exanples of electrode geonetries include
WO paoerodilgs t at ed el ectrodes, circle-on-1ine el eRCT/U8®E3/022557
di anond-on-line electrodes, castellated el ectrodes,
or sinusoidal electrodes. Characteristic dinmensions of
as multipleedertelde struaie witenii aicexemplary empodimsni, ades lmﬂ‘llplas

less than.5 m¢ran, or |ess than
clecirode SREHCYG 47 BTOHETLR SOgaF CB PR D Bk Eiage
structurd QRitEH8 P@ﬁh@ﬁé@zﬂbﬁg thd '.léﬁ%ﬂxsdh%ﬁoﬁ?f)f thaetr). ETHe ddélfrode structure
geonetries refer to the smallest width of the
units mey rof uuercdishapy szectaogulsmwap@sxr ciyglsshereswEaph eflectrode

structurg ghBCRY gf b i edfout ST 30 sREroR S hiclod, SRRk Bn 2 mum

x 2mm.M croel ectrode strip can be of any geonetry for the
present invention. One exenplary_ geonetry for th

[001461G4&&)1€ﬂ6é deved & samppleprefars to anyihing Which mapentain Ha%ﬂlﬁ@j to be
1solated %.P.lpil%‘ilyd %eaglgg%zf\i}ﬁﬂtﬁie?ﬁé (ﬁéehn l)rtef]n% a%gé‘ﬁsﬁg éﬂaﬂﬁ%st 0

mlcroplbt%b \bﬁfi’fétﬂoasih {hia et a[ipktd;]amlbnt a heviaanSnayrhe aﬂlnologlcal sample,
exenpl ary_geonet r the njcroel e ri

such as ﬁmoawglef@ﬁépr % bt QH% LELT ﬂmafes 23% %h H’%&nga de

, suspenskcg?/tgfc{%lls 8 o AR sfdh 35 BYY SutBrS hRBIEE tuhﬁg &184d, pRisMBYserum,

ectrodes servi ng as a neasur errent Unlt or
saliva, seieni gbel, Splmhmt wretedlepinabiied, tarsyinngusasmmistic ifiyidor the Iike.

oo TS S el S OB G B e
intercel Al USbMhSccURAt 81 Bh/bMfe %&@aﬂ&@%@ﬁ%@%uman animal, plant,

PCT/ US2003/ 022557 as nultiple el ectrode structure
bacterialfiungal or Nlremr@mmmt‘ém@m& AdBgRtiva epithgham, myselp prénerve

. ect r,ode.,st uct
tissues. )&,na%lﬁse%{ tF 8 1ca trIS|S% r%tl%] elggﬂlg B%? 3%8 lsrﬂnéo? lﬁ)g&g Ira]ﬁ?rées
and ind&/igua) @51'1 ). 011%1)1610@1&@1 dahipldsangt furttier iactude nelbiuspdﬂmons

stri e electrode structure. units e of

solutionfiea a@@ng Righegicad molesgles (g &1 PJPteéIﬁaﬁ%zyn@F cleld #¥idhapes.
Y upy size
carbon@g mle s%h{%%gﬁﬁgggmﬁﬂ:@gﬁg o 810362#15 az ron cu%%%? I g)r/ ger than
[00137#s used2renain,[ 0 ibas] (f1a&l) lssm;ﬂeﬁ eefetsrio a Salapbl that nawkahysexists

S T N B

naturalﬂlrex@@@inyazﬁgl ifl Qtaﬁ@}gea% a&dﬂlﬁl@o“r 125, Bué fs%ﬂ’:}?f&&ﬁaschr llcﬂﬁ& TR,

the present appli Ion. The sanple ma
solutlolh) Dn$usgmsain eatpphieg thesabid oasasasabxp&ﬁ mgﬁeaall axamip, aliquid

cal les of bio
sampleid et ARG, BN SR ShaphSof B s AfiBecg) gosue.
cul ture nmedium urine, blood, plasm, serum saliva,
senen, stool, sputum cerebr aI spinal fluid, tears,
Rucus Dexiges and angthedsfop anglyaing qrassaying molgeales apfcelie s
o0 35RO P APy AT KB B M Pl
multiple I?.ﬁmpfes ofitodcules g afnpﬂmhemnﬂlteﬁ)lmfashoh u mneraﬁy; ithedgvices

t, bact | i t
inlude? AL AP HPE GBS B 1984 i ecpLen GO o

substrald, $BEsn t@%ﬁﬁ@ée@%f Qefld Qle%&ﬂa's%?é mblFRHa A apRiré MoldedRs to
of gans, tunors, I'ynph nodes, arteries and individual
which ta@elt @m)ecull'ds enb |sgllubgn c2anl bIB@rcb elsasiayo Copnesden pasis|ongaid

substrage whe?elilrf’ d %{ 128¢ two electrodes are electrically connected by traces

respectively to said at least two connection pads. In use, binding of target molecules from a
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sol utions containing biological nolecules (e.g.
proteins, enzynmes, nucleic acids, carbonhydrates,
w@e b@riooeh3 nol ecul es bi ndi ng to bi ol ogi cal nol erei/883003/022557
[00147] As used herein, "liquid (fluid) sanple”
refers to a sanple that naturally exists as a liquid
biological stilpledprefergbly imsdiinidrydo captufel idldculds 5d életiode SAMICS Tesults
fers to a sar%)l e that naturally exi sts in a

in a de@3lee cHjis 18 RpeHancRbe oo qraonisaishat Teast v degradenr ed
[001&9] B dnbfHét Sspebd, H‘Ie‘%)reseﬁﬂh%ﬁtﬁﬁi i9 leééfé@%@d&[&%%ﬁ&s@éﬁh@ 9

the solid or gas sanple materia For exanpl e
molecuj¢sdgy iadamsbrﬁplvélonanhleh dgwpascsmmsesm) |ad10nﬁd>ndmdungmibu1trate;rb) at

least elec‘cgrzvgg %%oq ﬁag)t aflcltP&(lé)B %glbsl l%ftﬁg., oyher t ) 3f,?q§got%ald at least
two eleﬁ@émmeﬁlréﬁlﬁs aelehst twb QREASde éi%eﬁ’t@ VArRIe §i) MRS suPBSAYIFRGid at

rget nol ecul es of the invention pernit analysis o
least Wﬁmqutrsﬂ@ stugtwies aregpodibedwithsepture molswips o, wawhaaugeabl e

ces
el 904 Oy BPBEERLL 1SR o] 955t Bl opeios pas
on said falimtiateg twbereim szﬁdimde&tl bes eRtieodaMhRERIrdy e&é‘&nﬁﬁét@@%ﬁe&fvdy to
re nodified with capture nolecules to

d g‘ﬁel ectrdes

said at Ksﬁmt 0 CopgEtionPrdschersin sqidbigdmgrof tasge areleduias, in @)soktion or
| er

el ) NRILGRIBRI ARSI S S s

beﬁveem@mmm&wcbgt leashveselectesieastittuedsy to said at | east two

nectjon In use, bindi.ng of target, nyl ecul es
001 SRR e BRT Se et Gaveton L o selsyice framenjiosine

cell-subSaie |11ﬁpéd¥h@é el devidk @RAPHsEER) athln J.é’cf HPétﬁﬁ«ﬁ lbﬁﬁt least
on el ectrode surfaces results in a ab

two elegtppdesfnbaispicd op atseke side Dfﬂtﬁcﬂh@smqs d?vlairelhdasa:t l¢asbtwo electrodes

In ano ect, the present
have sufy SRIND RS oot AR bl D) AEGRTERF Epanchdfy i sai
substratﬁpkfhm_euhaaldl a l@s&ﬂ&[ﬂl&tﬁ»@hyﬁb R@Bunaddkdab sﬁﬁ\ét Ee8st one connection
d:i C%Bréglsgs:, a nonconducting substrate; b) at |east
pad; in y @ ?Vﬂ?j%@S§§P€f&‘tﬁﬁ“§§blﬁaf%fr¢€éléﬁfé@hm¢ntgag@wh lpad eelt e,
ct [
attachméftﬁfd&;%trﬁ\?r{g)sorﬁgg dg{m Eﬁlit %1 cfe?e@ B%:et cfho (?ﬂnge befwgen or

among the pt ehs twarefeatredesof sal d at Ieast t wo eI ectrode
ture nol ecules to

t t dified with
013 B Bt o S e
11-sub i d
el b s Sk 55 LA AL

least twg @ke@eiﬁsé@brm@dmﬁh@mm@sme sibstdate, frowhishitiee ailleast two
sai d bindin

ction ads er.e
electrodlefﬁ'cﬁ)te shﬁ\ﬁ ec W%ame ﬁurg & cf‘lré(?t’ V\g lgqsp o%%go&ggqt@a n og sa1d
substrate, oilhﬂrelﬁ r3a1t1@t Cafittwo @1d¥RLEE Hr8 SofiRetel §S sdid a8 LRE L N:Etion

faan ge in inpedance between or anong said at |east
pad; an Ppetaneg anayzey eewested tp Gl @B or inporg nmnompépbmvherem

cted
the dev1%€%s?a{)§ll§%9$ Sdlﬁ}‘% géilt gﬁilelr%rp vthx %X ﬁ&%cMeBEor growth
on the dedap residts in a)ietactaiﬂa cm@a Gt irﬁﬁec&ﬂ&lﬂﬁd’tﬁbﬁb orbﬂncﬁig th&a&Sbast
two electtr\l\ﬁ el ectrodes fabricated on a sane side of the
g?rate wherein the at | east two el ectrodes have
[00152Y b8 étaNArcMhdr MspfeBE HRASRs R 1f4s oot mg) Sdeile fFaSt

one connecti on ad on sal d substr rein sald at

monltoqngﬁ}(l-spbﬁgra@q lamedwesWhlch devica emhpﬂsdsoa)&aioﬂcmddcﬁﬁg $ubstrate;

b) at leaflto %?é?:ﬂgﬁé 518 tures fabricated to the same side of said substrate, wherein said

at Jeast two electrode structures have substantially same surface area and each of said at
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pad; in which the device has a surface suitable for
cell attachnent or growh and cell attachnment or
w@eawninion t he device results in detectabl e cheemesion3/ 022557
i npedance between or anong the at |east two
el ectrodes. [00151] In another aspect, the present
least twd éwa[’dde&ﬁ'ubmre@ icomptiew tvo oa e elecisodectlements:t 6) Iatnlgast one

cel | -subst r ance, i ch, appar at |
connectigy. pad AR Saidhae eﬁﬁgﬁfﬁﬁaﬂ%vﬂ %3‘”‘2 ety SprpiEs are
connect&l tg%tafdoﬂ Easi &}ﬁrcbﬁﬁécﬁGn PAd;ier&ia ke Gdvite 105 alsindace suitable for
strate, in which the at |east two electrodes have

cell attaeiuinant angioatth yndeateattahnaeter gravsth O@)th@tiew%ea@ﬁulﬁﬁa a detcctable

conne t|o ad on said d at
change II‘léﬁ’?F HQ"@S]? PLyReug he aggﬁn eC %) tibElec sgdl-l% ‘| east
[00133] PréteYab &élpﬁtacﬁﬁgnt origeowkh oarthé mt%a o€ mymﬁ:’thy Ekectrodes or
connect e he one or npre connection pads, wher

electrodt: h@u@ems uethh aboxee deyioea sesubivin detciablethapgs o lﬁipﬁ%}?ﬁgﬁ‘tween
r h Ghaent or growth on the device
or amonlggg q?éé"‘irloggggr 99%#% change in i npedance between or
[001 4]0 gett Anothat aslpeasihe preventeheatiion dedireciito 521_|ev10ﬁ fortinpritoring

I T TN R
two ele&%‘é%{ SpHOAE bﬁ% ‘safhk sl REORBEdE, TBe SUBSE fvd €lectr&1)es at

ectro e structures fabricated to the sane
having mbd@nmﬂlmffekeatmfacamas \shé ceinpansaoriconasctingsaid atlgpst two

o AL T RO T T T 55
sultable RET ¢ dHSARLRN A4 27 2rowth 8A8 kaitl b6l el ebhieatisr g&bﬁfﬂﬁdmthe flevice

onprises two or nore el ectraode el enents;

rosults ingaistoctiee clmngm@onméﬁarﬁabemeg ar Anens e @&%e.és" %éﬁeéﬁﬂdes
e

least twl @¥cEBddydss @ sefideanalified bablcell ﬁdi’resmnqird)mammmrmy)t or
rom h and cell attachrrent or grovvth og t.he device "
[001 3k herchangs ig 1@9%@@?%1 1@ E&%ﬁﬁ‘q the,2h0yp SEURTSSOp ATSHERS targe
L f ¢ WyPsixitabl f
el A R b L SRR S B Sbetst ot e
frequensylr Facexaniplathe mfpecﬂainee ehreb¢ megkaisedoin 2 fedquendyodaging from about

e e B B ST -l
about 106 B6/t6 Gb&RgeviBl,! Yat whf&dantORIpstallyh Matticnethe frequency, i.e.,

aspect, the present invention'is directed to a device
the 1mpédnncmm1rubmhange agcle¢quesetheltangese | rrpedanc e, which device

o015 35573h 5 BERSIOHEE LRSS BAY B pBlhg Glssnce

comporaPatd AR ctahdtofipoh@s The\Weuctinee t:zﬁﬂ@&ﬁwdh@mw ¢wo categories,
substantial |y fpferent surface areas; .and, c)

ans
capacitivgreastnnae and wgu%fedeaﬁtamé alt casgiWhep @ iTpBereacs has a resistance
Wik Baitiiéh
compo%%] a&% ﬁagjsq CI%g %'r %iégé i algtlh gleﬁ g&%&@% %astot achmgn%11 or we
a resmt@{o@\bbﬂlpamﬁn aad a camlcitam:btcambnmit Archgngenteither rebietance
device results in a g &11 ect abl e chan%)e LN, i na{edanc
componsEi REEACHRCCHBIRGNEH T Rpth GompOneRts o3} Pstityifachange m
1mpeda€%@f erably, an electrode having a smaller surface area
an the | argest electrode of said at
[00157)] Any suitable nonconductive substrate can be used in the present devices. As

used herein “non-conducting” means nonconductive at the conditions under which the

device is to be used, in particular, materials having resistivities greater than about 10° ohm
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| east two el ectrodes has a surface nodified by a cel
adhesi on-pronoti ng noiety. [00155] The change in
w0 pgeedianee to be detected in the above devi cesPEDUS2003/022557
assaying target nolecules or nonitoring
cell -substrate i npedance can be neasured in any
meters, 4idi prafetadly geger tin absieq0oluy mdtay mereaprpfeably Breater than about

i npedance can be neasured in, a frequency tangi.ng.fro
107 ohmymejeis. Exowpiarssupsbies Sotommise FHaY PRSI AE R put 800
limited ‘gg%ﬁé{g“;‘ﬁmge %&iﬁi@g&%ﬁgﬁ()ﬂ—r(fi‘ﬂ%ﬂ&& (SO Maesf glddiQeldz quaxtz

e I npedance is typically a function of .
glass, leadglafy @doeosilicatd glass), sapphirei ensedaqwlymaéruplestitiange palyimide

(c.2 Kapiapr o o nougsist o7 R oofperiets B REbUFE heivinyt
chlorideg %%&%olw?ﬁeﬁ@ﬁﬁi B8 esROTRERENLy, tHwibsteae hiadithe sodce

I'vided™into two categories, capacitive reactance
of the substiate attuctt igoimgrte iderdere avith moleeabingiag ecagHonshalgyilqecur at

as a resistance n : |t r ance
e suvo B o AR RS MR B St 3L o
noncondi@GhS biREEic CUTRANBA bxpRed o wip deitgihe ascafpdevice of the
change in either resistance conponent, or. reactance

present yyAREEA PreferablytioconRstihlen SybEP waisdpls that ar “¢hange
biocompdlipld J%%%%Eh‘d%-bg{ec%%gﬁhe@“y{cﬁgﬁ%p% b En IRASRABHAL LiER as

fate can I'n esent devi ces. used

polymeh@thomoleagar eatitgic Thagibsirata msaterih owy de porons canoniperous. The
condi tions under which.the dev] [ 0 be us in

substratp gt flge bemadeyat &PTEPLoirew herh LOFE) | it 585, {3 b

refers td n%ﬂl@clf‘alﬂ%d #Qﬁb%ﬂﬁélﬂ@nﬁ@ﬁm AL siéel/ JgHaRA B/ Rkt

!
ters, and preferably greater than about 106 ohm
with etohed erefal fibm @atteras € @isbppaymeticras). t Ferrelestignics indystrp pirinted-

. . Jmeters. enpl ar ubstrat es [

ceui 5 p TR R BRI PIRELEE TP pen

applicatib) ¥iedECI® BoitiIchk BAuseH thipatem @esitddsldcaiode céifguyativat for,
~glass (e.g., quartz glass, lead glass or b roilllcate

detecting|aad sycasyragone wle%@rtg%ﬁ%t}orbén%%ﬁ}eaﬁ'{% ffe:,ﬁé%“ s

. ol yi.m d i mi i i .

mpecs A0 st S PpIARN AR BRI L feed Al s i

device 6ithopiesant ipehyi@starbe q@atedpfon pyimple vathchalyreers oe biomolecular

. Preferably, the substrate and the surface f th
coatings, ifaqceeraty. 08 THBHIOHBE ﬁ%iﬂ}?SFﬁRBéWP%‘faé‘C%%P%S%%°8%%ﬁePa(FB
sub strat?% ﬁ%‘c A e&iﬁ_c?s%& k@ kall_stiﬁ' AbinWaldevi€ 64 %ppﬁi'atust drahspReddt atvention

rface. For ce substrate | npedance nonitoring, an
can be @atddafoe evdmpleavithorlzmes we biomeplewibas cpatings: thgendes fhetsarfaces
. expqsed to cells during the use of a device of the
blocomﬁ?“gﬁ%nt invention is preferably bioconpatible.

[00158P% biiGteFah Bhidh Sodtidlio MhRhRE tarddt AfMFGRRsIRD b Solation be
mede bi oconpati ble by coating with another material,
suspectedirhe sedutiquotapbind tor Thiesesfinganrreonian sperific qapgire molecules to

., supstrate terial I -

e G020 B L A R RO . o
molecu(é?@ﬁ)ludih@lnﬁdlﬁs a@lr;glsﬁolgchfll&s, Péceib l(fx&ﬂ@bulasgémibpdie (amainst proteins,
mechani cal asse i ncludin ers. of fiberglass .
antigengasteic apd mokegrley Sh SR BT KA FT @M&g%&lﬁ eppical

molecufR! ét@% Blsat{}pcognbiﬁﬁﬁvgx%f thédgoeEns) . For el ectronics
I ndustry, -a pri nted-

[00159] A substrate can have a coating that can promote cell attachment. The coating can

be a polymer, such as a plastic film, or one or more biomolecules or one or more derivatives

of one or more biomolecules, such as, but not limited to a polymer such as polyornithine or
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circuit-board is used to nount electronic parts
sui tabl e for packaging. In the present application,
wo b@4PCBoboard can be used to pattern desired BCBUS008622557
configurations for detecting and neasuring nol ecul es
in the solution, and for nmeasuring cell-substrate
polylysinepgptdescor pFoteinsyor extreselinlar RGRx otraporentssor ferivagives thereof),

includingy BOGHY LG8 (OISR RO Sl By SleBen S5 oF e, "
glycosaREhYdTafs, One Bt HERé g@ﬁﬂd% lyc&RRadit Bifeh cbatimpeeeas ?thMablEQiut

monitoring cell-substrate |rrgeo_lance, the surfaces of
optional¥gBoves thsstntiae surfach af a avhstretepbadsiexngsedio of cap b gprpigeted by

devi I at. f th ' i .
cts a5 552 BT R AR RE gl e e BSem
solid orGRAA 8gSing ko beRdRiplt BEcEhpIERERBurdufbi@nplatilbd #nd can

_ [00158] A substrate can have_a coating to which the
simulate gy rpplicatop seiwrdly qogumingsria¢edglapmatigspect ed in a

[001 §§l|p'{’ﬁel egﬂa&fﬂ[ﬂllﬁ 'n[ﬂﬁirl%x gmt \{ﬂ?ocuﬁﬁgﬁfaﬂg afidal 6N Bidls #R&GLELL

ure nol ecules to the target nolecules
framewognthsipeablizecdshys didydaysan ifipertagpolerie catbideudngmtican be

.. any nolecules includi.ng nucl ei.c acid nol | es,
prolifera i, SHEFaHENCEaPG SToRANFID Y REIH{ing RFHSEYpr S Loy many cel

| AN | A% log8i. or
oo K A UL SOt ol oSt a0
Extracetlohio hmatrix moleofiles e boated off 0bEG&Es ¢ansubside an effeeitvehave

. .2 coating . that can pronote cell attachnment, The
physiol &gl i Bab PO APy o G ke HH T ORS: A ST fraggilr
matrix GRErA! déFREE RIn®B8lsef WsQfes,Ur aPHRRiSl) cdibeca EghpléRbiiviase
~of one or nore bionolecules, such as, but not limted
containing glyqeprateis, collegens eng projenshycens. fondmiting eygnples of
4/ 010103 P S / okyl:ysi hehes or
o LA SPE TR AL c AN s oo
glycoprdedinswath ¥efbitonestn igminin, Rittonedting thrombospohdini tensacint An
elatin, fibraonectin, lamnin, coll aFg’en, ong or rmrel. .
extraceljplar WAl 698 QPyeRHL, commise addiBpral GepPORRGT SRS, buppet limited
to gmv%cdgct&gati ngs can preferably but opti onal Iy cover the
T entire surface of a substrate that is exposed to or
[0016A]Fdvexampleadfatigddy)’ Basetrest MiembrepetMatringBDoBioScigasdsy is,a

coubit b oS S P Ao o SRR AR SR
(REHSY HORLeEhrdBntd, Wri@m6H riéH RNRbLBCIRS nfeh fReins | H3A{o céttiponent

replicate a'naturally occurring extracellular matriXx.
is lamifiopfbBowedhy cellagen d¥| haparan sulfateiproteeglycansrantashin endraidpgen. It

ani ||s.forns the.structural . fr.apewor
aso cofirg ity Bl e S s AR b g pe
growthGhdtb8 M Gddu RaturablyGh iHeeTIAS t@ior. M gr ati on, shape,
orientation and signaling pathways. Although many cegl
[0016¢ blagise.cardayicecafithaprserns ivepdan endnlids engArameredscephiclss
wiich Y4 BTl e SyBN LAY 58 v SHAALEE Wbty ened
to or foamed fvithnt the subshlatesirloatirins dhersnfifsitchas.efor bretmsleppdlstfonma as
) .pronmotes key ce]l functigns. A giyen extracell ul.ar
in 2 migRgjer ;efa_(q%aiha @aqtiﬁercrémwfsa&ﬁdamcs B fh6 pgpsop igxepuion ipgludes
microefblrbdd Gif devERMBIPE: RretOEMILtaBhetd 18 Rastic housings that have

openings that correspond to electrode structure units located on the microelectrode strips.

Suitable fluid container materials comprise plastics, glass, or plastic coated materials such

as ceramics, glass, metal, etc.
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cont ai ni ng gl ycoproteins, collagens and proteoglycans.
Nonlimting exanples of extracellular matrix

weospomans s i ncl ude col |l agens (e.g., fibrillarPCT/ypmo3/922557
V and Il1), glycoproteins such as fibronectin,
| am nin, vitronectin, thronbospondin, tensascin. An

[00:93] Assubsttant af a deticé of tha prdsmtllmtlbly carolgyiei ke or more holes, or
h as, but not .limted to,

s, B e RO S O Wi
1mped§@§ SR ctMEBEANRtaMAh At fole h1936 tENGHRRE s c% of fa SIébstrate

sol ubi I'i zed "basenent nenbrane preparati on ext
and the ynper suiticEeg Blemubstiate-oimpriies nne ox(rREtd%)lea(mdssg tmmm the

r Il extrac [ roteins., Its
substle o B2l it CFRRRS BT s 1P+ el B o g i dpvice,
such tHan(ha célls domhdtaoahRugh ﬂﬁg{dlé‘saﬁﬁhe SpLeab) P‘br%ﬁgm giedfﬁg?)Bres can

al so_contains TGF-beta, fibroblast growth fac

be leSStﬂFaéls%l?eufpi BEGPAS §E frsa tenwhewr], misreh istdiemetey Madidior other

r ra he EHS t
soluiof B8 B8, I G RO, M et Splaiud Rt Brem can
chemoattredtards dongs, or tesropnpoRa Nt ATpESnalW i itoGidey Beratl thel kithstrate
ont ai nerspt}?%gch rece tacl es may be reversibly or

where they canpermepte The poropses S’F@%r formed within the
t f | .
[001%|4Fﬁ i AL Sbj &rt o@ ﬁfe ﬂrg&gﬁ ﬁrﬁk}gnﬁtg)?ﬁ t (%e?ﬁﬁ%prégé}sn r?’ Sﬁ gﬁaé'ﬂ?ltatlvely

f or imed
measure )mchmoeltmt ﬂa@eﬁamﬂ@ales for téiis vahiels emtin bnsepedtadtd kb wakaple

solutlon S (L9 Ctﬁgge%ﬁiggldﬁg%({e ot ev é&e?l s%%f&{;%cr) etégé%sgrlgé ceHed the
sensot@éd”&ﬁaﬁ %ﬁl}ﬁl@eﬁélé‘&id’d@ﬁ §nd‘3ﬁ15 ?&ﬂs”ﬁ' e%wi%ﬂ éééct}o‘ag@t £ n%lnttopiﬁg

m croel ectrode strips. Sui cont ai ner
behaviqpef gelisaltds prshgsradsthatslleptnodeshe aytanged sush thdtasiter thecGaserlarea”,

e TR R SR SE RS S 1

attachneentiefid @i voith tHessupstegent the ByHE6T ﬁ@@h@s@ﬂu@ﬁ}éﬁobaﬂwsf ﬂéa{lﬁng
In sone preferred enbodi nents

in COHtBﬁ?%‘?Z?ﬁ attagtpRt of e ¢ell Wil atHeast enalgeirade or |elvp§démdanem (or
portion @?f)&%ﬁ)ﬁgt@eo?)%%th@tsﬁ@s@ﬁ%e rﬂl aanﬁ{lsp%%tgg? hed)lr?sgg 1118\"’;1’1 l?)ﬁe

surface of strate
substratg érst paatien d@mqmﬂ wdisb@emompamd eyelfhid cadgiser (FhHeexibRS
substr s than the di aneter of the

wellin 0y 4 S Bt oo 0. 555 asprgs. i peigredinat Baetmsor
area of & Rdstrbfeevitighéisdsithe @ﬁltfa&Cfe%ﬁﬁ 8rgRetibe vﬂﬁ%}?rcelgﬁ;n &R closed ina

substrate. For exanple, tRe pores can ess
fluid copigingt swhras@arwelt, Tlaat nesns; whsan debvatis dssembled o i lﬂuldlc

contam&'»@ﬁtetfhg el CNES% %eglcs)cr)r ok hlglf:glgilﬁlr#ltgItﬁﬁnﬁég%?xg%hfeg%%ggg arng

located fdmmﬁ@ﬂhé e Atm SUrFas of Bk MRREE cGRARNRON AESseh&@} area occupies
pt i ongl |y be provi ded beneath the subdtrate v%

the entu‘tehlélyere AttRrR SHEagED tth@ﬂp@pc(mpgtagmﬁysﬁrlagb prqbabiliydf 4 d:el]l S
contactif af? Ble€&d eqfnezslﬁ %Eﬁéletﬂ (51% Z’Féba%ﬂﬁg’eﬁfig%}%’ﬁgl é{@ﬁ’ge{ fhen 70%

sensitive uanti
probablhtarrgeltmum mefwkeéﬂ;y o Ereatt Itl&.n\m%fsroaalﬁhtw or suspected to

solutions. To this end, el ectrodes are
100163 Thite 35 OB re i frel et 26 e presehicneion, adevienst bepest

invention comprises more than one electrode structure and can be reversibly or itreversibly

attached to a bottomless multi-well plate, for example, such that the substrate of the device
forms the bottoms of the wells. A particularly preferred embodiment of the device is a

bottomless multi-well plate fitted perpendicularly with tubular fluid containers with
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"sensor area" that conprises electrodes and the gaps
bet ween el ectrodes. For nonitoring behavior of cells,
wo poou®1qanef erred that el ectrodes be arranged sechusivas/922557
over the "sensor area", there is a distribution of
el ectrodes or el ectrode el enents such that contact
opposirgnetfeorendswhinhare attacbéd m acfuitl-tight fashine tethssrellhearingsurfase of
the subSERSOr area has a high probability of resulting in
¢ subiie-act and/or attachment of the cell with at |east

[0018PETIR! BEiHICBHRIMREs 6 (BE HEVAES i iSRRI alyMe of RAY HiaBidtedbr size
portions thereof) on the substrate. In nost as ects of

sufficientte 1etadss @ hiologicad Auicdbsample on ths siqcipde gagsors O&het eyige-

Howevg x§?%§§ g)bg\%ml s??n -anﬁ%?%g gﬁe(g é Srgeﬁdléﬂlgrb}g per B’h‘fe[r fglfu? '

contambfs Wlﬁﬁsﬁ)oaﬁfgﬁfpfeﬁ endld asiad epa@pey it G\dll bh appltsblateﬂem d)he d1ameter
a of a substrate wl|l mcl@i esurface regi o g
of the C‘&N‘?@Wﬁ:@ thevaogth ofdhe eentainers shauad BrpisTadLY begysh ﬂaager than the
885, when a device is
d1amet§r§i§tgﬁ%ﬁgll %ﬁd?ﬁl &%d‘?dg%rgglﬁ?%% rc11e W t h the el ectrode
[001$8hEnem @pedallamiefegred prbndinten ti dimmeten ofibrcbHluid container

isposcl IR ey hE GRSl e 6 P o v laner

oppos1t@ Wﬂb@ﬁ'ate 108 £™d & of 'tHérh%ﬁltalﬁb(? tait@dﬂea% fh’é‘-‘sﬁbﬁfaté h&r
dic container. A high probability a cell

examplcothc dwua’ag: rthemeuthrafdes mmm@ramag’rl@alf@rsmmﬁﬁcawoto permit

rob ef e r.eat
enry oAyl EoRionip G AR Bh b R Timrs Soment
shownptrgyogbl lity. [00165] Thus, in one preferred aspect of
present invention, a deV|ce of the present

[001|6§1/Hm1g ercoprensonalasicrite plaiael e 96 medmigakasst tefriangeen
e 808 SRS EHGL SEbY o BN Bt AGE Bt Roui e
a diamétblebeswbai 4 a7 nfm;tﬂrefefhbw otwedrod amd 6 5enthofh dmslam t he

wells p icularly eferr odi.ment of .th
configHigAT@Sing b BR £ O BEIRFET fong fipreppey, Gepaedveen fluid
contam@fsrlﬁ%%hﬁh'lll 8f suéh WohBinkiithad bé %}%Brgxﬁ%lﬁQ'S%ﬁ] Wht18 tift3pace
WO 2004/ 010103 PCT/ US2003/ 0225 opposi ng open ends
betweentluchcantaners imeadjecknt roves ofﬂsmh-iccmtagmrs skl erappooxtihately 9 mm.

st rate. O 16 T .
The digiqipSE B i G et fe SOTRRE L iy B Felled ipe size
of the s3As6r AAFCnBludRHg thé gRctrddélcldntdr®indtthe g@ﬁsadeﬁw@en them). As will
bi ol ogi cal fluid sanple on the el ectrode sensors of
be seent hpdowapiagueterned garpediment thﬂ;seascw@rqamwwgs rrRarkyjentigs| surface
region 8% ﬁ%%ﬁ(’lcg t&ﬁ'er? rsB&{‘ﬂJrFaEé i?gg 1Weﬁgo§eldb ll“vﬁfl bfeleﬂ&lgsed w1tth1n a
contai ner’s PEN€Nds as an exanple, |
fluid coMtdiherb eTtapOif € diﬁrﬁétei itbﬁthetshbstfht@«am&léd efaf ofithe contamer is too

ontgﬁners at the mputh of the contai.ners sfi %
large, ihWalt lepupygryiitly tpape fozeigeirodatzaces peendipg foperlediodesiorhe ends

ot edgéé’%lf b PEBYRAe \gﬁ fout pﬁ uﬁﬁ?% é}hs:go‘:a‘%r dérﬁbc?ﬂni@ﬁ’ﬁ@fja 96 At gﬂt%, fthe

I'n an especi erre ment, the di anmet
diameteafohtifel substral:@attmhné end ofi thp cmﬁainane g nnlmemd tthendibinetenof the

substrat is | ar g r at. t he uth of _the ui d
sensor 3R AooT CREBRE: S et DOBBOR e ARad e Herg thg sensor
area 1nTﬁ§u§ PRt _EREfo tﬁ& Eu%ﬁ ﬂ@ﬁinetdooyttﬁg 11§1‘ép§itafn%§e@ of ﬁfé&wo%ﬁﬁﬂﬁ @d
di aneter of the mouth the container may be o

electno:ellz eondifcting cemnection b@qemliZS

[00169] The electrodes or electrode elements within an electrode structure in the present

apparatuses can have any suitable shape, e.g., a rectangular, circular, a circle on a
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entry of an autonated sanple applicator into each
container (see, e.g., Figure 8, elenent shown at
w@3®)/01100168] Usi ng a conventional m crotiterP@i/asm03/022557
well (a 96 well plate) as a reference, an exanple of
a suitable dianmeter for the substrate-attached end of
rectanguldrdink|(Udiskleondiab e squatd ah hrectangedlaniies era teuspisehlize. gbhey

can also g e sy s L aad Rispilatsr ShF

examples %F@fea? elteéifod%eﬁ&&m*a@by\ae&rcfdetshdcmmﬁh@lfms dwicaofthe
um such containers woul d be approximately 2.5

present immgntici drestidves inFages batdvben fl ui d contai ners in

[001 SJB? gt r mr’gspd%]}qhsﬁ’;] ﬁrt; o ﬁ I%tsg‘ntv‘@’élnﬁi)%eelectrode structures can

be interdpigstéd él%@traietsﬁebeebsenmm of bencentiicalsravderstyucairs(EESs),
related to the size of the sensor__areas (i T’El udi

such as thhee &picted poligaresidhd €, 2Aqud fdewrey¥. pEpn e %éﬂfﬂg‘?-‘\%de

T

more CEPSs. dweﬁ@tawfd@l@jtmdsmmw {[BESS)’@@Jherfurtheremﬂlﬁ@bfat or
will be enclosed within a i d contai.ner. Thus j[f

changedtSpchefthaarialo g ol enesis e BTG SOrEpistrcs

meamn%@xﬁf gk Pﬁ@veh?’rotn? Qboa'leasr ? ksaese\’i" onl the BRYS eMBfddd dlérhéfs (which

or electrode traces extending from el ectrodes
may 1tsd1f)bd ﬂmalm dimes, cnrvedgesp, dorm meglew ban catners, ¢ig.) @rpcbranches,

ovtroie WGBTS LB e BB W g om i

its edgeS COHBINAET toltRe &réﬂﬁbﬁdlﬂ?' b @icPatl GRS elobtrddea]ens@n Siangpleaf
using, for exanple ectrodes shown in Figure 1A is

such large BermeteHeirusturbears @déamrondsereling eleptragigsirugtares ofisieson-gne

efi ne r f
ety 03 50 B il 265 o SRl i v
in Fignfe?B ah@9106 OFlethiededt@etuiedeish Mgﬁﬁb@ﬁﬁd’t@iﬁﬁb géoﬂrmnesare not

within an el ectrode structure int

limited tgtharedapicied harmmnapcaB iy redilar s Flée%f?épléot & e perjodicity of
e s 1G4 DEML B o L el MBS 010102

rectangle8)cthembelvesn- | i ne”), a square on a rectangul ar I|ne or
nusoj dal |ine. for,m o

Th h
1001 e B letiie semehin s Bretes i (B P S
surface BF A%-dePRE®he geif@ pRkieste®bn 8ViRELHQESSsurlce fg'i@fjiﬁ or will be

structures el ectrode structure units for the device
exposed)fo domézct by smeple smlntmtstm@indlag eclirandéoritarert peleades) Taggother

0170 ferred e
word, ﬂber Sél&%ﬁ? rqg%wqetﬂ.? 18 Rr W, e)%pgaed torgg%g fﬁ%@éﬁ)&lg% Jo@@red with
electrode8 (& dlé@iodd eReheBls® @ﬁd 5363 b&ivsfdéﬁfewbﬁsdc(sl(%&sdtrdde elements) In
concentric el ectrode structures (CCESs) o
preferrqdrd@s@eel eﬁth@tpé@femrmwn@enébe 16318011@63 7R %FHHPBF ‘3 5%:10 %o,
o S8 TACEB B SRRy BIFHE IS S SO b
wherelmmh&ﬁrfaemfegoﬁ@éi&losbm bﬁwdl o érafesed elithat 2 fdid container. In

struyctures Ss) can be further nodifi 0 ngeq
anothers%orfihwtprﬁfﬁeeg éP‘&P%Sé%f s prsscal BERERT 5 &F%ﬁ‘ig?{% 35&35‘% 9%,
70%, 8L 00 PESH TR 0dn FUPPEOINE ShrffeS rogiBR &bk AebribfoBld orill be

from above, superi nposed” on the |inear
enclosedlvedtm edbidtlemdret gncI thi is lixposed or will be exposed to sample solution is

covered with electrodes (or electrode elements) and gaps between electrodes (or electrode
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may itself be parallel lines, curved, |oop, form
angles, turn corners, etc.) are branches,
woedgnopm ngs, bul ges, and the |ike, giving theCT/Usm®as/022557
el ectrode path a larger perinmeter than if its edges
confornmed to the directionality of the path of the
element§)| Tetferity, ghedipfibutidxefigidaroded or denttodt alegenisexviernht eensor

structures are a di.anond-on-1line el ectrode structures,
areals“@lfp’é’fl@rél?mp?“ﬁ@te)éwé@‘i%de structures shown in Figures
g

[001 ﬁxl'ﬁ__‘%bg fstlﬁ I\X‘h%h%&llc%% eSdtsRt FPSed@fodsRABWRures,

|gure /D. Electro structures with l[arge
the two pemnmseﬂecnrcxneb@mmstm p@fqaidymmangddi imtheeleetrpdetstyetures.

de ere can _he regul ar. e
Where A edadn glFptal Broe] S ARG foseCE i B piedebde
elementSHadeSeRfs bk SRR MIkh&6n OEthe CRRtrodd\€lb@snt thitl Xtedds in
rectangl es) thensel ves. [001711 El ectrodes. or

the plane loé thersubsirase Gneherdiregtien porarad iatheynaleraxis of fhe alegiyade qlepent)
from w%n%{rt oEdegﬁlch:l{]eaegefﬁtg ézﬂ)eto%ﬂérg & bo?c?e¥s eeel cﬁgﬁé é%; 1é§{>1p&30s1te

regiron s or

side. W &@Eleb&fo lien & @If wédtapslar @ed)meh'ﬁg‘eleeﬂrédﬁ gapt kefers to the
target nole es. I n another word, the surface r@gi an
ection

average! Rinensionont thg B4 et eééif‘ﬁéé, aythe plangaf Iﬂéﬁ Whstrate Ghdhs

r
normal FOQtYlg Bgagc{r%ﬁeggof éﬁ %i):) "fxg ?élfré it gg‘?'trs g ¢ aeﬁé@dm@n tﬂésrﬁ%nt%@here it
borders meedtherre&ebmbdv eleaentdn itheppos#seidé. | nventi on, the sensor

area ) I, % % 0% % %
(001 35or G103 G Prbchsion e i, B o e SHHo%%
elementg rlaS?Ni | sﬁ@stanu\aﬁ? E£deBd BCHzedel d5dth LEBEIRWhdh tﬁé‘ﬁbﬁéﬁﬁand

be enclosed within a fluid container.
attach oa il $uibstratoy off cells whoes kahaveidr thdoibe @@mﬁorqdwén}grtbg éﬁ‘tlce This

e QSR oS e oy B0

“ contacuﬁg%t REQG i bff angectivde bpsieetrodetdidriera. Fludhed, mba\riﬂ)ﬂirofthe
and that is exposed or wi|l_ be exposed to sanp

gap betwegn glpgrpdeslemeniscprthegap §ize) @r@fqr@}dﬁss 1ah F“@t"é&a% lfss than the

e o R TER T PR AR S0 S BEIPHR ol o st

whose Yghetier &hb pe midnitordid sisiniglile deviceyto rlecd the Qesﬂ:uhty of a cell
el ectrode el enments over the sensor, area |s unifarm or
contactlas Ve NeERbeTige elFitrade slempentsriy seapyted %%@FW@M&V% Hihioch

somewl‘?‘qh Qf‘s}’)t%%g?&ﬁn%?% f%f‘%'%eg-frpehﬁﬁ% i M0 irPE REP RIS 154 EAILEIHERBing

rode eleménts are preferably
only ona reteangwelemenm eTleb eqparidehdarkyt important & the Vlhetr@dwndth is much

el ectr.ode e f retanu
targer (€51 0 ERBaLRE D510t Pl v Posbeni Rt € be AR A ping e
device. L On o tRME2A8 96t iR B8 dOWidh 1§ iR ofipafibleatith &ie@diﬁ%ﬂif cells (e.g.
that extends 1n the plane of the sSubstrate

I
width of pn everhgmeationiea it snye @nﬂa}t@ﬂhe&m the gabstrpte), éh%té’ﬂf}tb eéthe gap

betweelalﬁlggtggci«% el f rlﬁg?%% & h%? ({:“e‘? é}ga%e%ﬁ L&% éf %gﬁogﬂﬁlet Sther gap

diomenSiod€mayWhe ru@edi @r&‘éﬁl@l@rf m@ @agdptwesn Blettrode slantin gﬂtha felectrode
eorretré ‘el ectraod ?wg refers to the averaﬁ
structuigs FARges BAmMgRbopR2 &m@s 8 times dhrgyidthy of Heavsrageethused g an
@viel ! B8 edn®ld dé@d)roéfl
assay u%# Qtﬁﬁ{e gape) I??%%ﬁ\%te%eg% Eho(gfor%gr s o%éél%elcgl?t rode ocbls®
elements| cf metelice @f Weqresent invention used for monitoring eukaryotic cells, such as

mammalian cells, such as cancer cells, endothelial or epithelial cells, is between about 3
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borders the other el ectrode el enent on its opposite
side. [00173] For nonitoring the behavior of cells,
w@e@imetahbd y, the gap between el ectrode el enmeneGI/UR®Y3/022557
not substantially exceed the size (e.g. width of cells
when they spread and attach on the substrate) of
microns @84 BS MBS, 1haH priferablybetvoednenbonin tderes andi Sgnichens, and

device. This reduces the 3r]c())osiS| bility that contact
mostprdﬁﬁﬁbb'mﬁ’aee@eﬂlbpmaﬁw%o tVFE B cur s wi t hout the cell

[0017%?’2&? ﬂ%f?ﬁenea?ééer_él‘e ‘ié ﬁ%fﬁbl?ﬁo@dos%&@ﬂ@mé the

the width of the gap
res1standé&iﬂﬁl@@ﬂeﬁh&iétaldﬁ¢@tﬁkfﬂmmsse(asrthdz Wedtg af,thge}_@jrode element

pref erably |s not substagnti all e of
decreasgse Tjhg ipqEegsed {gstftaRcy og%ag\)aé ée Sgp}en v%ﬂ CBF spr

electric ?ggte&ﬁéﬁﬁ née%eﬁcﬁ@enﬁiiﬁ@ﬂeﬁ%cﬁﬂts a%h(g&ﬁe élecftﬁ)dleaﬂenh@t tresultmg
% nitored using the device, to reduce th

in dlfferpnmnmeﬂaﬁcv srghala fayestells landed o endhgftaciido ﬁléfeg% srgiony of the
trode. el
e R R e S

substrat® h&@a%le éiV@ SHRIRaMbEMIACcE fighals.eThus ﬁn‘taaceidctrgde alnhry:ntihet is
el ectro

e elenent. This Is particul ar orta
part of setiotoetigatr HeCHAIEHUPB AT ATRCTLF GEIP g TOPaTE PR
device 1%8 n? %ﬁf’ég é\cs) I%Sm%rﬂ%{eellﬂ(%f who §§1sb§ﬂ:ﬁ\é's QI{arrlﬁaﬁaﬁ clgﬁs such as

usi n VI ce. ther hand, if the
cancer &ll@ %ﬂ%@llw odbbltheﬁal celispip aleaﬁnd)da% mdttlhlstphde@bb@rgater than

ells .0. dt f .
sbout 3 argrone A ARRTe PSR ST RLDOG FEmisrion e wREh S
limited ?ﬁ tgﬁllqgec?) siAbBEbE ?101‘63}1%%&556 SigfheRSs $eBWasLa cﬁﬂlﬁ&hhﬁﬁ

e Sl ze o | e other gap dionensions
position®dpvbea ceswal] pq:vt eﬁ‘&unlablvyry wide elpsprodewilbssuls inet spgljanpedance

el enents of . St t
sgna s oo G SR s SOOI PR s
where tﬁﬁ hlaldlé%ﬁigth Qa@ﬁe s@ﬁﬁi@é{nﬂrﬁu BHer! Pecfdewlys en eleﬁﬁ(F:raiézhgnt’
bet ween el ectrodes or _ele &‘dg
width mlbatwem @Joait Oé t@@ﬁﬁl 208 abputtIRdimesahe HEe (§% e MB%‘ &t A gpee
noni t or
cell when 1 sprvads %Hie itraag ‘]I’ b Sﬁﬁ%‘ﬁat%ﬁ cﬁ‘ eI tgsréd étgiﬁ?%g%}:j g{dt g%lh :t%
device. | BreReANIS efor abeluirallo 4ot 2OOE ;ﬁlﬂﬂﬂf@lﬁ IPES/dpSATER Nﬂ@%@?
m crons and 80 m _crons, nore preferabl twe
device & tprbe neaskioamenisering kghetic &ﬁ’&é) ek aSﬁP@%’é‘Pﬁ%ﬂ ?fé:ewﬁ
cancer g‘@ﬁu%n g r%?utﬁaﬂ\l 31Tk ERBSodd B R1cttbde él@m‘éhtd% hes®than

ement 1s preferably not too narrow
about 590 mmerohh ewder end BtyaeeEbyf leshibae Heutt 26Q eiepanwifes Ingome

preferryLpagmsns ph e eSS B PR ey [ ween about 20
mmmnggg@gg&q?whgggﬁg@ld@ Il cause a large electrical

potential difference between different points al ong
[00176EInethe ptasani@ppllu@ﬁem it 1Srmf@,f@¥r@ﬁ1 fhat therelagrpdepahsiween electrode

f [
e BRSSP o U LB s S o
electro@é @[Eﬁl%ﬁﬁdﬂtlhh@)t gapehdyshd @fliFed, preferbil, did ratibed ellacjtrtah:}element

b f
widh fpregp asids brigean 800t dendi1. Ao bR B Rl idth
f t
is betw'g%xi;1 L. §a3t“?. lg tlexfi‘é% éct\é' %ag;e xgisdt@lj} M&E?}r@ﬂeﬁaﬁw %eelecétlroﬂ@ ElhRnPRidth is

uctu where the device is

betweeh@ 4R di8ds the rgaﬁmdthpfdr Bgamp)llcalf yhot dlectrode Wadthds @hmaerons at

the w1dne§tn£)?111tl c?fneaghe Lllec?tro e, t?le gap 5 width would be about 20 microns at the widest

point of the gap between adjacent electrodes. For the present application, the electrode
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cancer cells, endothelial or epithelial cells, the
el ectrode width is preferably greater than about 3
wor@ronmgg3 and nore preferably greater than aboRtT/182003/022557
mcrons. The width is also |imted by the
consideration that if an el ectrode elenent is ver
width can denge dronelebs thhmt niisronp bsibrathen 10 wen. Brefesahly athe plgetrode
... .0f such a_ver de el ectr.ode |l resu Ny |
width if 56 Sne DESHSBR &D THAER 200 e e ehTEaly P cleelR it i
in the rhiiBbehechO hicRiPshdB0Rmich, edge of an el ectr ode.
where the field strength can be significantly higher.

[00196191‘1@& elpitypde alerrem@scwhm@n@le@mdﬁ steictupy earhbg epnpestolwith each

other b%a%}z ﬁlegtpcghr %Q/nzi}lg &%&#‘ftlo %Tfﬁosl’r 6?%3 Sztglﬁ Fee acﬂgﬁglents

110a, 1110b b1 Behgitiia tie) elexftroae Istr@cumeeld()lom Figuredaayte bbmiectdaﬂes each
he device. Preferabl é}@@f or an el ectrode el e nt th@é
other by ghapae-shaped lequigadlysondigtiog ogprgeion Héceseée‘lee‘é bwses S)-

Since sH&FQe{tﬂEaﬂ?&ﬁiQ&inng éﬁ%}{ Ahb&s Ektlrtfc}e b?llééﬂ g?a?r have d fferent

cance
geometeips (thed harling:chfﬂeﬁnt eiactﬁb eﬁet& sitagthrané Idmml:nmm»a) ﬁbmrthatttof |t1$
ut 500 m crons refer

| th d
clectrod G QamERMBOUT TSGR CR R Al aHm: L0 s sBpoueato

electro di ARPt&uRfin Hﬁféréiﬁ ?éﬁanbé]é’lgﬁ‘ilé R6m rﬁ&e&hﬁ%ﬁ&féﬁs on (or
ement s between about 20 mcrons and about 250

cell attan‘rmeuhw) vxiedteode[@@natﬁq Ahthough not e dignitatiap pt fegairéroent, intsome

soplicaSads o SR T el G B0 BB o T BBl Slecton
traces (eieeﬁ&deoaf@ew Slrﬁrla:rw] it ie pRIF&IRId thad deRS d@hot Aich ﬁJ Bede cdetirode

element width to gap may be utilized, preferably, the
buses. fThus,suelf casmectianderscemarrnaye angleetrically igapatinieontingso that

molecul?:fr rgﬁ?{)nsagl?#rt ceﬁ a%ta@ﬂ-?erﬁ Qo i]hf %5 g&%@l ace }%??rﬁl v?‘fltr{o? ge%ult n

ween
a chang 1dt1mped@beb¢1weéremad1h<yng dlbgrodbe c]tnrsorﬂ]e eaibedammwﬂcﬁ dedtode

bet ween 2 and times the gap d . for e i f
buses o RISOIeBLL-FOBCUREIEIARE U EPE Ko 2t andh 23 TREHBEE 1pgri i)
to conrft tﬁ@%ﬁc@é&%@rﬁgﬁs mial) Be §ated o%?éi‘dé"t’ﬁé‘ bgttcglﬁ stpRst oraGuidic

m crons at e W dest point of the gap between
contanmdplawelm thattwupnissdbs cletordetshrectpre de this spp) whert sapple $dlations

ectrode .47 WO 2004/0 PCT/ US2003/ 022557 d
are addBe % KRB GAMAEE of Walh T8O PP I00S (5T ARagh g not
occur on'BERERBYal dohfectibh tab&d erakiMedh clestrdd? striefEin Figure 1A
between 10 micron and 1 nm Nbre preferably, the

as an exqraplesthelinngl diemetes of thﬁ atfmha.padxgéecmue eAPBLng epEechon
7
wcs 0L e OO T o B SRR P ST B el B s

cyhndelwhaqm faligietcohrdel Whichitdy opérifigCatingls bhdy0 Thedfies d1£mer of
npl e, the electrode elenents . 110a, 110b and 110c
the cylwﬂ@whap%ﬂmé}cec@m%% nagyriech mie Wsing afowhlensided pdhesive (for

exampféefgglt%gl i aF%nyltﬁ)% esi¥ et'he R¥ctbf Mvice:2RBE Gond toI the ﬂuldéc

conduct | connection traces or elect
contairletlSEle ¢lda@& e arcdiin cmcsntrhakby aligrred sathl anddond te & cingplar end of

the TuigEGRBIATE TOIE hAPIRG THATSPIRE 4G HHads plopg botor

Smfacesgﬁtggggr}aalgé}d di stribution) fromthat of the electrode
el ements, nol ecul ar reactions on (or cell attachnent
[0017G) Nphémgtmgmxa@mlemf materials for electrodes or electrode elements are

indium tin oxide (ITO), chromium, gold, copper, nickel, platinum, silver, steel, and

aluminum. Electrodes can comprise more than one material. Choice of appropriate
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el ectrode buses may result in different inpedance
signals from nol ecul ar reactions on (or cell
wa@edaomment to) el ectrode el enents. Al though nPECT/ES2003/022557
l[imtation or requirenent, in some applications it is
preferred that nol ecul ar reactions do not occur on
materials H&:3Baléh g clettraies dapunds bnsevetral s (wheshertbemateiokis) .

Simlarl referred that cells. do
conductiyggsenily oy bient i S 68 PaffREE UER Frab3ighn f netld e
the maté‘ﬂaﬁx catf Erefibi§uS&d fok palbihih P Rl RlilaP BeteOidn RRaySSY thfesent

ar reactions on or cell attachnent to these

inventiomonnection trace regions will not result in a change
| N Jd ance. between or.anmon l.ectr. .
oot ] uceRgs e drades phAE P AT B epli0h i bl O & Wectically
d ahitEliAarby eamls Gold o) tdreleessed e Vohen shiBsirates
eon uCthr? 225 in Flegure ‘igb tho% to c%nnect the el ectrod

such as glashandt/er pﬂa§tld§ arg wdx wd@ewgm trrer ofanefal ughvs (F pat b1 ¢ be

used. IIZPrféllgEu t:pgla(iucgt 1:;? ?u fig s? antWE lo!f tﬂe%ﬂctr\g}\g@@ Hegﬁocfeg Svith conductive
thin ﬁhﬁ»@érbl Hesiable tahavackiath thidkaedsh eksfd n.dneﬂumltmgrdxampkg electrodes can

et aBR S st ons 66 station) )
electrod-gqg} Pﬁgwflﬂﬁ]@tﬁ:ﬁﬁﬂ} RO e hdpdfnt | glfe thoRchidr El'télhkftﬁ)ng Occr@Sn@dh

I nner di amét er t he ar c- shaped
this type bﬁeibcrtro«ia Istinfaces waluwmit be mondored diredty with apteal mw}nmf\the eptical

di aneter. of 1.2 nm .Thi.s exe e i S
detectiongeqpijss thelight rapgyissig e sl PR AR pleodes
are 1nco\9€6r§t@d has. SREik:RY ﬁl@%ﬂp ol fehed@SadhEhiBe LIRS t}@b @ﬁrﬁieeenedaﬁdes

the cylinder-shaped fluidic container may be
cannot bésinpjteredi duedtky, sntht@d Fanlthéssegson( m@pmeebx@?éuéentaof multivwell

essur ensi ti hesi n
L e L D
some of the GRIIS @Nhe neadiwyil @1a¢@m@éiew¢tfddeéﬁ’% sbana nﬁcﬂecallairl reaztibag or

end of the fluidic container. Thus, the 1.
cells atteghedhor arov in these Wellsee e BHAdY qondpiediy QpgctlgRrasurement

methods. uf:grarfigle&h Fg ﬁ)?lg tt?af) @@omt«grgﬁ) by Z%t o %éa’sﬂ}eﬁlbﬁ‘tgrne hods,
fivaterta or“elect rBdes or electro
moleculks emae frsacabﬁs may tavenotbie Nateldddeitl{ d:é[‘@)n optivablabelnsudodsd,
ni ckel , pl atf num ilv

Auoresgg v iawies 1 ok Grge - el Reblefor Behar Bifkness of gold
(Au) axfg%_lh%zoo C‘%Qﬂuﬁ%lﬁ% G RREEAL BsétBas\iR 1RRAMIG4 Glldble. The

22557 materials for making el ectrodes
thicknesqufem&nmcpmiav@mﬁlmmdwgthemmdueﬁe pravidedrihatahe gsultisg
onductive eno Lffi It|t|
ctcono AT rh  LAstL bR A B REPALS,
SimilarBe tHeShinfdhiudERdilg tald Edrhpris¥i ot FBhELUY é matkeiais b.igOplatinum
assay of the present invention. [00178] El ectrode or
over titaiigmoel ect rodes of the present invention can be of any
100 G AR, P i BT Bl e EEL Fovi ity
present«’:lﬁv@haﬁ o &iﬂdtﬂe@lecﬂbé@idaﬁ&oﬁﬁlﬂy psoditor mlmdhesaao’moﬂsa(ymi cell
metal such_as aLe can, be _uysed..In o

substrakéamewﬁ)eb%@bsemeneﬂ optsal praliediopand fRspest é%&qf&a%@fe sofitons
under =@ oﬁﬁ&ﬂ AdeRsd ;{etbf%.ﬁ? QE‘EI dr'6§ ottierbptiddl 'd@?éct%rﬁngﬁfs' 'P%}%ﬁbly,

ave cert ness’ As a non-limting exanple
the subsﬁraie:ﬁatudml;omwhch optically-transparent electrodes are fabricated is also

optically transparent, for example, a substrate material can be polycarbonate or polystyrene

or polyester or glass. In addition, such electrodes and substrates have other important
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be made with a 300 Angstrom Cr | ayer overlaid by 2000
Angstrom Au. Since such electrode |ayers will be
wopwoailhy non-transparent, the nol ecul ar i nt ePEDUSINF022557
occurring on this type of electrode surfaces cannot
be nonitored directly wwth optical neans if the
capabilifatih &ulich e b&etrom andqubstmﬁes t:a:ec¢qrgmatetw:§ngthms@n@pm10nal

h h th whi
optical c{epﬁéggrgme%qsg@i etg%ﬁs? Lsr a]ﬁms qu% pEeléﬁgq 121% ﬁngrd)sc‘igce%rt e
novel alfi‘l‘jsﬁﬁfris{}% ﬁ%ﬂﬁ%u’bé’@a@esq{avfﬂg Eﬁhﬁ%ffﬁﬁ@ﬁrenﬁﬂwﬂidebmat can

ectly, either his reason, in sone
allow opgtivhiorliservation axid medstiendnt of giluticns 5diase p@isﬁglt@n@éwba gan be

e e I RSP S s
optlcallyafrﬁlsﬁ hiegt él%d%ﬁ §Be Hr@sdnf ﬁiveﬂﬁkirﬁﬂwv@r fof 6pt€ﬁal Omr\@ltmn of cells

I's attached or grown in these wells can be readlw
whose mmlqrmae@e@kcmﬂumomf@wun theesaine aseRigls, copginer, or well.

Iar ea oa
For exaj?ﬂ i) ﬁé]@]hrg@ h 5 Qha?r?oec u{léé g&'%fl%g PE% C eacljt&?%‘?]s d?rvalcile of the
present hﬂr&ﬁld;ﬂaabﬁlgl, @hﬁbﬂﬂmdﬁarmeelbamde- ph itteadubbtadiel €eE gmrwthgr

behavionATcka e orTher iR hopR s RIeiE e SRty e or afir
electricdl I?xllio%@oﬂm CELst e 1f1'1ﬁ1$ﬁt ecfe% %ﬁh@l‘-’\tlﬁmg 8 nb@-vié%ﬁg c@bthefbe

ustrative e5< i ckness of the th
used foﬂhﬁﬂ&tﬁh@lvaﬂﬁn ballhllmanr bieclwniieal assalys dor epaluplledgqjleteﬁmessmn

s S e B AL O S PP SIS

partlculﬁl «%11'15%%&’ asshy] %n&ﬁhﬁl&é%@é%}d Ghh i«h%atfdfé N&w GiddhyGRITP hieSgable or
er conductive material s, 4& ati num_ over

non-v1ab]et andi apoptoE BT cAl d@pqténpwew cedperecialvayions $aEep 8f ent
; el ectrodes can be used in a device of the present
apop OSi‘shventl on so that the el ectrodes can not only nonitor

0018 BeHpis JrepatdlBnsanspirenteilctrodsubdudaindiinmpiadaride()TO).

but also permt_ optical evaluation and inspe t| ? ﬁ%
With ap@mnmate thisknesse§ $TOUpyrarthe frarssuitange ofilight Qrfjjm
[ 5 t I t |
clectroqfycll p8s MEn 0RY:, Ll ol 38 él%%%%dﬁétﬁfﬁ?p@?e# 2
very th1Q| gQRI fﬁlm)esnaeelséchm ommhlé;dtrampaieﬁbele@mdﬁs: ally

ransparent, for exanp g trate terla an Pe

(0013 dbpgrors APRrat ks gaos "B Shubicg areg Sufffeiedy for

c bdedt ffpaltaies ednier
attacmﬂeﬁt @fd%q%%’%lpﬁ%m@%%%? o%éf%g?%m‘?/ US5003/ 022887 °e
surfacecaaqaabffiqmntésr itrachvnentior ghevtblof et leasd 8, ansomersipselerpbbiat least

n rdinate with oth ovetlon t
50 el RO RS PO P e PR s cEpi P flipde s
within 5’ﬁ1%§§ﬁ bppda8td. %’rblédﬁ*oﬂ@ g&eB1 0 4R 1200 Fligiaa d) that Bicbsdestd to
feature of substrates having optically-transparent

an impesanest anglier ednchave arsurfacd asop Bisticiend foppitachment Grarayth of at
uremen ose constitute nol ecul es
least 1dTe Bere %regeé?%l?%ﬂ #é)} Srgrgﬁlll%r ed or measured in the same
[00132}5% qbatode etDI¥N, 18 eleciiodess tHe. clédsiodg s’s’umhlres epd thealdcrode

transparent el ectr odes t he pr esent nve allo
structueginity i the ressBPPHRYSEHoashaye AP suiigh 2Py Slfe arcas

or surfRE nfddfﬁéahoﬁ?l fnyoxﬁté%lé feS8k b4t Bfi@oﬁﬁ?@le@§§@eygtﬁﬂcﬁ{r& ,can have at

cont ai ner rexanpl e | s can be cul tured
Jeast tworelectiolagleatents. Ia stiktlahother qxhmple, temedtioidagr eledeedestruetiire

surfacet atr]eea can be modified with a cell-adhesion promotion moiety. Any suitable cell-

adhesion promotion moieties, such as a self-assembly-monomolecular (SAM) layer (eg.,
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present invention having optically-transparent
el ectrodes on the substrate. Cell growth or behavior
we24e1ndni t ored or assayed based on cel | - SUbDBCT/HSE®03/022557
i npedance. During or after electrical nonitoring of
cells, the still intact cells (either viable or
alkanethivditey b1 pbld)and alkyldilonarve on Si@gorf FOXEua presein (o fbroaectin,

i S S T S ool AT BB
the elect?dﬂ%ro?%ﬁécﬁo&@&q?}‘ 88 ){1%11), @bty @35 ipoNy-LI9sing), a polymer

articul ar cel based assay, enzy mati c assazs can
layer andre abarged gmupnmyoeasbcﬂ i1 thp proseIGPEATBIUSS A Y aother exgpple,

the non-glgpt?gef??zc;@pgs g—%%’gg glir ag:te gpeavxagﬁgé %%'(édswﬁﬁ 4 cbl?1 adhesion
| ﬁggﬁlﬁ ¢d1 dek@sulativalsude
repelllngﬁﬁ)lie@u%e{%/ nééci;% yéﬂyleﬂ gig\l th appropriate ckness of
[001 aﬂ&dfaybly,, thetpdecttogess e@tt@d@cs@uéﬁ*ﬂqsp e’ceﬁ%iﬁ‘g?iefaﬁl 1§ 618
A e
an edge @PkRH 6f ﬂhB’)su]Mﬂateb e/haﬁeeﬂe}a&mdqetCDMdtQA witladipea friont an impedance
el ectrodes. [00181] g{ nari |

measureaiRph e HE A St peiray Lok Gt e BTGRP s whgpe the
electrod"élttlla@é‘slmr}%@géorw Wdto e BihtdiRng2688bh %he uBstBA& In preferred

pre ent apparatuses can have a surface
aspects af tha pmfaiﬁﬁ inventionf the tatd @dtavenfromreleptiode hleufentstof loa@ glectrode

ef er a t S U her
st At ROR Bataoorta ek Sy anas S isTey Bafhe
structur@ | EP(SI{GQ%G & &r8tSembhil lbdtrRie Rfa8&EAE 1taRAIOA separhte régions of the
el ectrode array 110 and 120 in Fi gure 1) that_is

substrate smhdhatdhey do nafrcantasbergh othenmaetpABeIr E&tﬁs Feve B asathehce
ffi f
arrangefBgt. yhrasdrrtp e 2R AEROT Eag g, Bt Rhing ol yer

can be sﬁh&@ich@(ﬂsetﬁjeéﬂﬁﬁte%chb&@trﬁieeCtFabﬂemontdfauéﬁ gparaheses or device

_structures and the electrode structure units in the
may invioheespii- hﬁ?f&ﬂ@f‘?ﬁ@@@%%l’ﬂﬁ%e%ny sui tabl e

[001%@23 gg?l ho s n(gg Sn %ﬁ?xsmulﬁi)lesllégé@& Blectrode structures are

exanpl e st one of the
made oﬁf h eﬁﬁmdae Bdre lti&t e]eces)desafor hewiorng miokmslar reactiedsamtthede

ments. | n still .anot xanpl e he el ectr
clectrods|sBEBFBan o SRAHOBNE GOl 2B SREHOEN Bt e pped
electrod% ﬁl@lnené%ﬁ%ﬁé?na@fv@mbhﬁ&tm%}é cofiBttiss bh@hivichebh be

esi on pronotion noieties, such as a

operatlvféj/ tormsstedi nnpﬂdamegn@asamng srowt. [Blgatrically ggndudtiye o
2004/ 010103 PCT/ UUS2003/ 0225 | k

coneety SOGHIEY A ARaT el 6B 3G oPRedfldl

elemenfsicR$sRRESH btfer ariedraidchted 60 Hifﬁﬁétﬁ layeddTbétivBen Whmheayreﬁs an

that pronotes specific or _non-specific cell attachment
insulating or poncopfledtivedasesr o¥iste F@MW@@@W@},IS@WPQ@%W% se o

sets of g]ﬁcgt al%gtrtgfesg Simﬁ:ﬁjl ety @ Jﬁ%s gﬁm@@ﬁ%’%ﬁ ele@¥Ede é?é}ﬂerﬁs to the

gr oup, cair’be use nt appar at uses.
connectiéh p&ls aldoairbsreacix ailipt @1d aré loeated on elhfé@‘emtdaiﬁrmbetween which

layers agﬁg@ﬁqlttﬁgjlgggeeg%rsr ?ZQ} qlzjqrqfx%églﬁgirogwft Rri gayeﬁagc}t{‘og]% %tructures can
be foun;th ¥1‘?ﬁt ltﬂ%%a ﬁ)& ¥)@ lg ﬁ{”f‘yélﬁ&ﬁlﬁ% and ﬁﬂgﬂaﬁﬁhoﬁ betasanly,

trode structures, "and el ectrode
micropaitiele nking ameromamatunzed electric_filed traps and traveling waves”, by Fuhr et

al, in Sensors and Materials, Vol. 7, No. 2, pages 131-146, 1995 and in US patent No
6,448,794, entitled “Apparatus and method for high throughput electrorotation analysis.
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configured such that the electrode traces |l ead from
the el ectrodes at the substrate surface to an edge or
wepw4oioidhe substrate, where they can be conneR€BUS203/622557
a line froman inpedance neasurenment circuit or a
signal source. Here the edge or the end of the
[00185) Tat padsentwippmetisbeecan dhtiodr coprise aiesr mord impgdance analyzer

comneetg} YA B dHOrs SRRECUOTRLE HeRse . PR DT B Bk o
connectﬁ’)ﬁ 0 3vhcre ftlﬁegr"eloﬁhé‘& td #H8c RbATEREMI Qd‘)ur@é’l A edmeétiondRd is

ucture ar nsul ated fromtheé traces from el ectrode
preferabdfj' eirthe tdgaodr mmelmof eldevite offile psetsmtc,inmnéloml bt éhélswbé

T

pad can '69%10199131&0\121'4 ﬁ%@ﬁle@ﬁﬁ?ﬁatmﬂfaﬁ @arl 5€loealm’etl hé ag et thda substrate
anot arrangenent, where el ectrode traces peed to

In most uscsszf aa@ppar@tllﬁ@r dezige ioh thelpagseRGnHeitON; %ﬂe‘ﬂ%ﬁy\@{h bengt e

attache t%n g%m\gﬁﬂ L Betve %%uﬁ$@on§41§&ttﬁﬁ‘%§n E&ﬁ&lﬁ%ﬁm El%lu%%hé @f these

Sfaratuses or e nul t -1 ayer
embodifiehis @fcdbhiédtiahipad car m&ﬂ .on[20M{i8 éﬂ)ntEingnmqolata’ cemprising Ane

exanmpl e, in which nultip | a ered e

or moreghnd oSS RIS AL SRNRBS FLibe Sate (see for
I or nonitoring nolecular reactions on the

examm%lpgglﬁ éﬁg irfaces (and for nonitoring cell

[001 %]tmphnmng/ogrtmnm the present appaxgtusss oc idevibes-agh &p dijany suitable

eI ectrod enents. Wi th alternatlve onne
size. ﬁeﬁiﬁaﬁ%ﬂeﬂwﬁvgﬁs e s GG b SheludytBr
mum-wieﬁ erd edanceeTeAS ULl NG, 0b1,qudt, 334, ¢63- rdnddlﬂ%-well plate. In

con i vé ‘Connéctions anDng the circle el ectrode
another@b(empm thewiredenharparakises on drvicepeansleave agizesoapptiblgdo a multi-
well m1pwgm Y a‘rﬁgriaﬁ g}ﬁft&%m ggsec}fgeﬁ]%ﬁt%ﬁgs d gﬁﬁgfﬂraﬁgedjbgcgﬁﬁﬁé%
wells ot“'é’ﬂﬁlﬁ[l%ﬂtﬂﬁé&ﬂlaay Qg X513, 24, d8hoeyaop), 634 { V&&land 1,536-

i sol ati on between these two, sets of circle
well plase.eby anodhss exanple] the piesers|dewicee havea e e2e COMRES 19 t he
bottoml%gse%ﬁlft{ %r%ll %lu@ %es 11%ah Gy lglgﬁg)?f}%dlﬁrbf %?éé§o@és%8at?iﬂ?fss

er an are llocated erent |ayers between
arrange%lcﬁdtdlﬂgay &vedls afia midtisvatlimigrdplate re. @xd 64 $2-, Di-h48-, 96-, 192-,

xaml es of nultiple er electro st ruct ur, a
384-, 76 POURRPO ol sis st P at pEfe ey PE Ry PEGHTG o
bottom RS mTRL MR ikl ?Thté’éucﬁ Shdt PoRIds offiheIdePiaE Fdred 188 budrmgof wells.
m cr omai nat ur | electric filed traps and travelin gpf

In somavembsedimebis, fhettectrode atkg farelestndostsicanes amuised isa

ORALHENC T U N

deviced 416 BUAINIW: Bh&RURO R bANsE RAllY-SVell. plids, W eZQ%ﬂé) At @8vers
PCT/ US2003/ 022557 00185] The resent appar at uses, t%e N s

the entireigurfase of gredrotiom sypiacHe! e mell; cabgrimepise ot a
ONEGS I
e

particulely), usefug et ﬂ&yelmﬂﬂﬁﬁtre tiada of opticafly aom-drasspgreat materials. For
source. A connection prefera

bl t th
examplgein gt 1@(3)»3? %fewlé@ﬁﬁhaﬁ e Vﬁ”é%ﬁl&m?%% SHEFBE eg%:?roge
structufFE'W?lﬁfs?th@ e%%ng %@ém‘aﬁe_&&&cﬁrﬁ&% fhet VIS Wb RBular

e connec |on et ween el ectrodes and a connecti on
reactiopsith these v@qﬂlsl canativy abeoniiods, and camrtecnomitprededing eificak an
mlcrosc?oepeI o?'%algelr Zo%tlca detectloer1n11dlea(1):rfs._t §}remlsaﬂt}3f,s \EVIﬂ?%he plate in Figure 16(B), the

92 wells permit the impedance-based monitoring of the cells whilst the four corner wells are
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In nost uses of an apparatus or device of the present
invention, a device will be part of, attached to, or
waowdaohiomies pl ate or a fluid container that can PORUS1003/022557
sanpl e solutions. In these enbodinents a connection
pad can be situated on a fluid container or plate
electrodeatmetusd fige nfat the calisrgeowh or ciltwert iai thesegyellg can egrabRsy
near or, at one or .two ends of the substrate (see, for
controlsesia e ot d8 BESTEG GRS ERNER g on ¢ he
[00133173 i@It%g gﬁ%@nﬁp@éﬁﬂl{se@&ﬁq{aﬁ‘& B8P Sui @bledRYIRE 6f élédirddes.i Forany

n one exanple, the present devices
example die prasent appmirateses oarbleavieiat taast font Jecirasien fibeicated fo gibstate and

Lmul ti - wel i crqpl ate .g., .&.6-, 12- 4- - -
whereingsh of g lecTogfs s R Syl yesBbpngetionpfes g g goctoce
impedaifta8RleBsurbd1BetRe8SEH cl@Ridat BhdIRE St 16dst Gevs seghtoainglhiverrodes.

size conpatible to a nulti- well mcroplate and can
Preferatiipveachof theslestipdésrhas o surhescarpnmdiciepfor afachmsnt ofrggayth of at
] tlOacgordi ng to wells of a nulti-well mcroplate, e.g.,
cast 194%6%, 12-, 24-, 48-, 96-, 192-, 384-, 768- and 1,536-
[00188]/Th ﬁﬁb @ﬁl@odih{hnﬁﬂiﬂdl&uogixﬁmlﬁctroﬂg errpyssidhé pldcecluit fapmr?tuses
can have a size conpatible to .bot t S -
can conirise gpugt-an mcﬁmﬁﬁs‘?}@%ﬁq@gﬁ%ﬂ%&l{?&}t r@% ?rg%mﬁaba 2@6 Astc
2085k i leRGrdRetelrbit §d Rpdibitsonies! |
Compnsf%ggtrs{é’gfpé‘%’%,Cﬂéﬁlgg?%gp%%eég{e%m? 8- 96-. 7102,
[001894n andthSe erabatlitherl e wedsentrpptratusgheandouipeise am imprslance
reversibly or.irreversibly atfached to.a ttom es
measurgfTIC TGN ThY ESHRAE G SRR Har's PORCIGR 1 AR TORgRaee
analyzef flaftil @ eRold ABTmAdaNed bétweer & 2L 2E0nGAbIMIMhS apgahiduses of
el ectrode area for electrode structures conprised in a
the presset inverftiont Weeferahiy, the-predent aifpatatuses ean Grthercommyise gswitching
di aneter of the well. Thus, after the present devices
are bonded or attached to the bottom ess nulti-well
[0019?]%%511 dnbBerbEbddiaee, arleamt 6aypdisof thbeleetddes @r sne¢ paicef
0

the bottom surface of the well. In other .
electrodsrstds o Hepressotaparpiuspeiswediyigualiniddressed iy tgges of connecting
. St ruct or. i - [ [ I d
e e e T
betweee bt 4 gudesf the eleotpalies of swwhtd it dficlevtmode stargyres with or without

e LB S COETE L BT 1 B et
“Indivigtﬁegfgfaﬁigfdﬁg&dm?ﬁéaﬁé thih@ie R o GO dafi dBE&TY be connected to

-structure free so that the nol ecular
such a pancf ¢lecimdemnot dletmdosiriciursan serve as controls, and

be nonjtored . using,optical mcroscop e

o013 Yncr Filbsr TR 8 S Area o P o cfloafy] o Eociece

structufes O bfayk@{fBe preftdt afharavedel Scarpiymik teatth®s bhhe dativssubfasesl the
monitoring of the cells whilst the four corner wells
apparatys.e lismofier 2othadiorot ¢l $eoT9resEe@f typrsispt apparatuses occupy 2%,
1] & 0 7 (f r 0/S o I

%, 1080 Tib ol PGDES S04 €568 BT L0 ABERE e Eiile B o
apparattisds dxpossdrtb kangld solatiogs duringranedsayahitivsed therepparstasese.

00187] The present apparatuses cap have any_ sui Eabj e
(00182 eyt aRothpirspechdbe prese IERARSAlreptos gy BGvell mictoplate
i mpRts&E Pl f wells, at least
or moB ST S8, AR RANS M LS Wi AR el sk
one of teewdlsadaprismg aatabdeaddsctibedede vivei fghinonitertngahelsculackesctions.
and the el ectrode

circuit.
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i npedance i s neasured between one el ectrode and its at
| east three neighboring electrodes. Preferably, each
wo@ootkheried ect rodes has a surface area suffici eP€T/I182003/022557
attachnment or growmh of at Ileast 10 cells. [00188] In
one enbodi ment, the electrodes or el ectrode arrays of
(00193 & pstenethtr apas tht psment ivesntion apdiresteddo B iabeve-described

B S S B
cells, an?%&élfgﬂéﬁﬂfaﬁ GEsMRASHIS SR Bt ftabkdd dr BHFn 8n MO w&fackoUr Ce.

I'n anot her enbodi ment, the present apparatuses
(0019 in getmpoibseaspect] tp gksaetanvensien is disestad te iamaiyfirwelipécroplate

. inpedance neasurenent..circuit .i.s equi val . :
o RS PSSRl S BBy of
wells, af1BhBRE o Pihe HMH BordpRSihE afl @Boverddstigbedpienica forsasniadringtdel-

present invention. Preferably, the present apparatuses
substrate gnpddanecher conprise a switching circuit. [00190] In
dre v | | lbpiafe dai

00153 SIERT YRR e AL B0 PR v on
or moreRbEeLMscAPRBd 1046 $oii monifating rdolatilyr raaldioas seckll ebgeions In

of connecting. to an inpedance nal_geger or an

one examiplss aiias ORe ALl SRHA COBPHIRG e ApAYELRSFIdRa! PErafeA8Lr ed
monitox@%xﬁ?lggltﬂrﬁ%‘l‘ggctﬁm?mrrceﬁfbeflﬁ’ﬁoﬁ.l ectrodes or such a pair

e structures wth or without nolecular
[0019@ dticietrutrodasau electrgd ostruchpesemiptised inthetpiesent microplate can be

[ ectrode(,s) or electrode,structure(s). ..."lndiyi I
arranged BLRabI Westns 1t Ak RiTe G LS ShE P B YL R on¥
pair of dbHRAE kHultEres BNRGE4s8End Qevicdis individailly sldrbarinraesofor

el ectrode structures. [00191] In yet another

connectingdodnmpedanthanadyses of amitepedapehieassicmFNbeiERitly Jaagother

I t.rad { L :
examnply Sl St eite el oo g o G b pFARRY fm p rov-
column@bnfif8ati @D A IMEti-well Aiebplek cavbe dimeated té hewitehisgrircuit

f th t t 2% 5%. 109
or ﬁlrthagto%mr e.asmp @ sw@n;ée '1212 E%uig;%? %qr 2 ]@u%r,‘eosné;' o,g\qc Qyo?xym' %]fort q@gq h welf? The
switchi@%{:ih{u?t csaﬂraigg % aﬁfan%é'hemaa%% ittt %oﬁl‘%%’ﬁ%. 1R s A AR tRer
u uring a

I ons assay that uses the apparatuses.
exampl§, 0 12] orlerof yies clemidbeor dsqrxde strudivrep frogeattieash emwelincan

e o o S B P o BB

inventidl, Undlet 2otk WEhHER, thelcohRRfibn p&didn @e %dggra‘ﬂﬁtéﬁ can be

conprising an above-described device for nonitoring
connected te e flleacirciwt diithis sase, 8 faR cheoit ia ongd board for electrical

PCT 2003/ 022557 00193] In yet a t he
comecfiiadieen aneraeriencarbirE o FkaGke ARER o
connecﬁ&?ﬁd@to‘rﬁh%ﬁésénﬁ'ﬁﬁﬁaﬁhﬁf Hasepres@Niapratngesddr mehitoring

behavi or, ich conprises at |least 10 c¢ell]s, and _
molecufsr a¢astions andfor menideringoelichehavippat Therlex At peppads of flexible

. Qr I 1S .syr ,
L i
polyimftiedsyrpd)atiBe sémeor ireP ediaicewel o€ d mimoplatr ¢angrouér aglshitable

behavi or, which mcroplate conpris pl urali of
perceniigs piihe RPINE SSHAGIHECOH! b BRI W or G P on e sSlsor arca
compriSiiQ ¥ReB6&ChERGHs, AthTRed A elSBARHE ArhyRGaf Bbbupy at least 1% of the
entire bottom surface of the microplate well. Preferably, the sensor area can occupy at least
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or 100% of the entire

bottom surface of the microplate well .
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substrate i npedance. [00195] One well, nultiple wells

or all the wells of the present mcroplate can have
W@e@4/00r03or e above- descri bed devi ce(s) for nonCT/U81003/022557

nol ecul ar reactions or cell behaviors. In one

exanple, at |east one of the wells conprises one

[oo1mammsmmmamapmmapla@ danhavmmytsuttabig npsbeicef wells, e.g., 6,

el,l 00196
12,24, 4.3, L BahhcloaiRnd P attokh prodee ey PSR vl
plate collFiEiARbR tvari 6@ hsBEnbIF b piddE s chn BetilFAel! abI e ways. In

oné exanple, at |eaSt one pair of the el ectrodes. or
[00198]én opappprodched _b@&tcvmkfés pleieer be bendsel taelerisedss oy glectrode
structurgg%hégqt%(ﬁ%ﬁ 'i),n gclal\’é/‘ hgﬁlcﬁllpc): e%%\ %@%{rgtﬁgéﬁ&l ésr;lgl&s%r ?ﬁlagﬁc Takm%an

exampléTBﬂ%JW@HEMesCﬂhé Gubstratd dhn&ﬁ@tdil%‘le plewﬁﬁ;ﬂssnctohl glass on which all
el ectrodes or el ectrode arrays of the s,?rar at u

electroc&rséuawqgﬁg@be fabrigatedin sathpnexauples e SEsals. cag b gssembled
from mqufllpfe se ur : %Ie . g éﬁ%ﬁbﬁﬁte%%g {(ﬁ*ﬁeg% Rlify DWblaf 8 §8Ils, 3

rrse a sw gCerUlt
substrateés gach oaf'reqioﬁding(m B2 weellks, tﬂsiubsﬂrattetuedch tanespandingid P4 weHs 6

oG g, <otk BB LR
substraﬁ@ge gi%ﬂio\%% R8s 8%611%' &9} r’ﬁi@suﬁ&tfa‘t@é dthsissidg €18 tAlde

can are common el ectrica
strucmre@mismublprbua(%@ whib cmfmr@wmche efthar e dynpes of syhstrates or
I nve

B o

be diffdréht 3n §ib&¥ndPdr diffbient inhuiiHes of@8&rodt REuELERN. Ci TCUI t I s a
circuit board for electrical connection between an

[001P9 Brtafollewingds am examplary snghoidiment in WhEh A0 V&ﬂbplﬁé? to
assembg% 3/211% ngoo%ttem(il SS gﬁtésrb%neéf%e& sﬁ’ﬂrs]gﬁtg%xﬁgv?b@g}lfcp&lecﬁodes are

appar a es f
fabricate@a€ ircofporaad] Eah ofen substraes sy torhmisa\upd:u 6 diffiereritl edectrode

sructurghegth of Vichae=Dpn 4 8P b Bob ey DRt by e
individgﬁtsﬁﬁ‘%ﬁtetﬂlﬁ’te APIHICH18R14cAYEE SthuctkB ﬁnﬁse&ﬁlq{e iﬁf)ﬁ@&té’& 4o n

a mcroplate can cover any suitab
incorpapated.eFigage 158 shdves dnintlvidwsil sibatate plaa oanhlh‘teIS electrode

| F
structuig i a1 Hobertd Bbngr e, TR Setron st iR oBdhs ode
substrafts (& gsa HadticRuBHRYe, %tglés§ Abstrhf é? ﬁfag‘b@ FabratddnRingolation

surface of the mcroplate wel referably, the sensor
methodsrieduding sodvagp phetolithegephy method and laser ablation method. In one

exempl%ﬁ?oqm Oc‘id2 & 3@18 sﬂ”gsﬁgeé O((*%r{%gs/ ot 81 \3%792516% 1%??0/7‘)?% pm. The

trre om sur ace the ™ m

electrod®$ttuctur&lar¥\6 2004614 A3 (H:ﬂ’ﬁdﬂ&iﬁﬁ)&) @eb6obthin COGA (]~ 0.03
The present nmulti-well mcrog3 ate can have

micronglyickhlectdRtEapmairy way|bg, a ol on e elestrody Coa@guf@%%n with
dlmens}c%z Cftg%%g)é%(y&%(:%glﬁ){ gl%@ ﬁ!@ rfea‘?ll-gﬁlé gfl‘? gur a o) tnd circle

diamets bt othsr goawiniyl y approaches can be utilized. [00198]

| t om t
1002001 a0 CcR e PSR ST bS8 b PRSP ARG plat
can be ﬁ&ﬁe&éﬁ%fﬂgﬁﬁu@d‘%& bRhhesNe PS8 ([BERER RhsiRl@sdteSive), or

plastic ultrasomc welding, or any other suitable bonding methods.

[00201] For liquid adhesive to be used to assemble the electrode-containing substrate to

the bottomless multi-well plate (or simply, well plate), the adhesive can be accurately
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exanple of 96 well plates, the substrate can be a
single piece of plastic or glass on which all
we@bk@entwmae structures can be fabricated. |n anpCT®82003/022557
exanpl e, the substrate can be assenbled fromnultiple
separated substrates (e.g., 2 substrates each
dispenseiosn 188 poitsth Biletaporndteath 4811 \mthl, ﬁ)r e8amp]@bf§t FHematichend
correspondi ng

dispens B8 ToEapEnER I 5 prpt pigperginB g P FeSBE Yo wellplate may
be pos1tf6%5& ﬁé’s‘?@%vﬂg Tﬁ’erﬂ&cﬂ@ﬁﬂsﬁatesc&hﬁﬁsﬁﬂgﬁ\iﬁﬁ) 16861&:&0(16 structure

correspondi ng to 12 ‘substrates each
units can be pespadeld lpngltlbnect%omﬁlle Ibgttomtlggs wetlate bys for gxample, a pick-and-

B e T
bottoml@s’s welll p?§tb MAlnthel ¥REHAXbr PdraligSthedd ;ﬂﬁemdlm litnyipedhesfve may

he substrates refer to that the substrates.can, be
take thecfoﬂcméme teps: r(a)sacz:éraéﬁlwp@mﬁ@ms the@lpetip e-ﬁ%}ﬁ%‘é%ngoﬂﬁlbstfates on

o SYSELP IS BhGSTe p RATRL o L T i it

adheswé%ﬁitﬁfbf@bl%@nbbe WistoBiGy ’(mhé edgeaﬁsh@élmtﬂxleMHdﬁdng subsirates, with
substrat es .on _which mcroel ectrqdes f.abri calée%w Mthe

capillary foren. e ik Aliegis TeAy o6 ptaspficaT moy S o BB BAT SR VEED

electrocfe oﬁgnﬁ%%%ﬁ;sﬁ%s ?{Efl gpa?e Bl li{fﬁdjﬁ(ﬁéswsﬁﬁﬂe@ﬁ W gh

to one o ure 15A shows an
between mdlelﬂc’du(w ccﬂublaingasubst{ﬂteam@, the weumﬂatmnma tlancher quseie

002 WS 50 B P S b I s

with su&ﬁéﬁﬁ\g fer&bs 6bthQiies iStifstiEhtWith Kl thatCdbrefntiab theoadlEbttom
hcorporated. The el ectrode structures on the

size of the msﬂmmeélsb@teorglessammrqﬁafpc Ther gfterpasiing ofithe kner on one side

bst fabri cq d
ot TRAC Rl 5t R AP TR o
multi-wRRlphité. ONh8ihbOEker kbn BOfemd@xe) nwharrmneaﬂm dlen&ndle—cctﬂhaamng
substrate di nension npy be a

out 77,2 . mmb
substratpp ean by pasttiongd %%W@éecgpg 4 frRdeysres ¥‘FF? mltldwtﬁl“%l
over athin O film(- 0.03 micron
wellsnﬂ%xgn%ilt T“E;ug‘h%rode geonetry may be a circle on line
[OOZOB]EEiQﬁ@d%(Q&thd d6(BYt show a/bdtﬂom dewed 96enelbla®e 8t/so
m crons) for electrode I|

electrodgrepniginiag devigesasesrablyd gp ﬂ%?t d&h&%?ﬁg &%@gz%}l%ewge Ras
16x eleﬁﬁé R RE uSiCRitR k&ﬁ{ew&lﬁpéa@ M Rtedi oAdhS Bilses 0B tiRSpp&rafus

, stic, bottom ess plate " can be achieved by using
(attachmlemwfmetgopae@fonamﬂesu qp@osmgpnc(sprfélsmpp@r@mg prafereed). ?For

Figure i&% eagﬁ%’fﬁ‘&%ldﬁt?%g% V%% efiﬁ%%&%] Hﬁcm&{l qui dth

connecBENSRIs ISt Hiethde@sestaT tl@&@@[ﬁél The o side devices have 14x
el ectrode-contai ning substrate to the bofto

electrogalstrictus! unifs vthecongection gy alseuacrted Pa edg@ﬁg} e flgties oFor
clarity, gﬁ 3%62?’%5%36 Tec@f%)ﬁé XtBLg ?%I%%&lﬁdﬁ% 4<!t1%aq) %%e@glﬁﬁ%g%{hg 2émebtion

e around eac
pads arfd¥lectrodepirgctus Lo Bidvwicinl thepeiftburedi spensi ng nrach| ne

In this operatlonfor dISp sin he |i qui d.adhesi ve,
(00RO e o perecipty HoBeh AL R AP G A D REST

analyz&ﬁ:?&eﬁﬁ’absﬁé%\ﬁrz&t AR § bQ&ub@oﬁlﬁnﬁ&i SabESK D oRbGdd b ehese
ts can~be accurat positioned on the bottoml ess
plates. Vitlel elqutratie stoycturks areefwanpupwargls pi erleratiog. In one exemplary
embodiment for connecting electrode structures to external impedance analyzers, the

electronic connection pads are located at the ends of the electrode-containing substrates
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pl ace machine. After the liquid adhesive is cured, the
substrates are bonded to the bottonless well plate.
w@\amthernodet hod for bondi ng these pl ates usi ngp€T/ys20d3/022557
adhesive may take the follow ng steps: (a) accurately
positioning the el ectrode-containing substrates on }he
(sce, forvbinpls) Bigese d2ARnd 12Bh| Beagiisg ofiiesy [iitgd spages ayadlahls plong

oo TP RO Py
be direct;ﬂ/ 8640116 SRCIC QN s NN PA GRS becussof the flameadphd maltiywell plate,

orce, the liquid adhesive may bhe automatical]y ved
~ there mdyrop be Rpacs paaidabiefoekeatrete coré}ﬁé‘é?l}%%ﬂ e ismeﬁ@trL%

comlectl?aﬁ %ﬁésr LS elgc[ldof‘@ﬁe! él?%o%—%ontlﬁ?nué St e @ ORG Hhid ?%Ssﬁ,lskgﬁﬁc

e dap between the electrode-containing substra
design igRduirb@forebhndetiag ehemyfating thdoenaecto. pafl G2R2pmisdottoie

ressure sensitive adhesjve (PSA h,. 1h
facing. Eoans a8pSo sach HUMLEE Ao (e RaBEbH AR sheieht G spaghetor
tines s Gl el dud bl S be e BRNRSIBRL CQIBREETbORICA Rothe
connectioh adp(sat EigufhtIB amd 13€). Rhehitigotbérf endrod the enmduetar iies can

Si 0 he PSA, the PSA.is accuratel ositi .
be accesa?fﬂﬁ%%e bpae fon TR SPRE GO PR ¢ RIG0 pin
details oY) B £0184 n REBdR-sudings i YBEwiv il atfcilcde/pb &0 patlcan Heaised

I ndi vi dual el ectrode-containing substrates can be

(see Figpresi3G)o Aéghreil 6 Isheis gpihagatic duariagiela BPGH-piyhialdrs structure
wer P55 AN bt ML ECE MM oo

Figure 18(&Yaref 1 € Wathlanpihat §protich, e Blex cireliespproabh-manilsd e wgd. In
) devi ces assenbl ed on the bottom For Figure 16(A),,
this case; 2oh cad of the flexircyis gandhave mcirlaedmandarJyiEes sRrged %&hﬁh

conesp%%%i%ﬂéﬁ%s&%ﬁ %?1#1 B Bt cr1y B‘@ncﬁg g@ﬁme‘%fdéé BERRRAE BfiBdr

e
e connection pads at opposi ng ends of
14A). THeeFleppiacuit e Hesviappdderrowd)the Bages td-thpihototai®) of thasdmsor

it Ty LB B AR B o
accesseé P? ndEME SRuctRE chiichrdgigday 14€F MavRxldeuit She®d frOEiGure

ucture units wth connection pads also |ocated on
14C is ¢ ¢ertagtigwsbafolmital deivasd €0 wites in Kigarei k4EC) asseantded t9id pagsic

sheet. sty rBEer b e daPAME Pt S 6T TERTb U EY b
in the fSHRP¥MshbRid" @B nietd ¢hifs cal PORLAlfolRiftlar PitpEscCElivofedcting

fromsuch mul'ti -well plates to external | npedance

electrodgrpatly o theiop seifacenf shembstraiain the haitera sydagseiday detgjs of an
i m S ottom si de of these | ates. The
cxnpi Tob a8 B B :

ures are facing upwards in operation.
http://whiv @aenteteRrdoml/ghore elipwkihoenset homl .chmyst ahother ipemth,odiee

_structures, to external inpedance ana({?%nzglrﬁs ghg ..
bonding:pqud pe Hied te SARRSSE HhsFoRRRgEOR Pl Igeate elqslrodsrnigping
B8l 65 £ANGHL B "o Bh& 96 WD .RAP BHIRO3
substuaig ff p SREHPICAERORAT TR, DERbCAIIRBhERrRe MO od 1) At
electricdiZBnnedenausebomagetothé POBthedrdhandsttamasidabl e al ong
bot {f om edges of .t he l1i-well.plate, conne S
R e e G Sy
conductPEindsQiBClofE e @880 of the #@HE, lor BBrwdR R ElRdkvEllNto thBeop side of
frame of the nmulti-well plate, ]
the bottom-less plate. Then, the electronic connections can be performed from the top side.
[00206] A preferred configuration for the device of the invention is one in which the

connection pads are at opposing ends of the apparatus substrate. All traces extending from
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there may not be space available for electronic
connections fromthe top side to the connection pads
warootheiends of the el ectrode-containi ng substPEL/ES2003/022557
For this reason, specific design is required for
connecting the up-facing the connection pads to becone
each eleaﬁidemayfaa eiting .endl theosd fampeleauhaﬂ}acosldmtmmdw&@atp dhe

F 13A h ht - 1.
LN YR N TR Y T
12B exebﬁ)h‘ﬁgyﬂfégﬁéxﬁl%} ¥ WeRA 84 cdsAndy e drei TRt bavh datindé aesy to a

ure 13B and 13C). Then t'he other end of the
connectxompddtctor lines can be accessed fromthe bottom For

1002} B Rrcner e Bty BRRCHT L § ERA G b mBnu R hidE B s

used to PYofide Holeust @B iA b RN tROGMstrdte p Theseetivldearel Biedted asme
igure 13C). Figure 16 shows a schematic ;wgar awi %
pos1tlon@mqm1wtmm@mngwtméttmﬂlé cloghadestPORIFH? e The holes

onnect f
o ve EDREGERRRTAS o T SoSSPAYSLBl daRnes AR pEGRa-
structur@dflﬁé eaeidated abill PAttahéTon the amntﬂatwimdrthqhdbsm the subsiaies|can
his case, one end of the f eq>i circuit can

|
be furthprcbesh g P CHICHER Pasgic A s e Giee To PRy rete s dlached
and bonﬁ%&s {oazpﬁ‘lﬁﬁ i-@Rf (p‘,f_ﬁ@ he elE&%‘t@édnYl%tibnb@ REefpERmts ﬁle@éﬂlﬂlﬁg

gure . The Flex circuit can be
circuit omm}nﬁténac'mbwadﬂweé drgasthe botlt¢re sisistaf ti wiliewel plageeat the

sensor Iate Figure 14B 4C). The ot her end of
positions |GRITeIPER ’jnﬁr%éé drugtlysﬁ’ Bi‘?t‘?rgﬁ?icfhﬁglFsr\e and can be

[002%%%@&% DYpRERA! Botfohi-HES MuRDwED PicH b e bbhgdifothd dBkstrate
ex ci'rculrt shown in Fi giure 14C is a certal n
4

that hasrumétel filpd layet, @k mignotitsr o1 othey latss havipg ‘ggﬁtcgnqqp@) e gold-

deposﬂ%ﬁ_‘fvgﬂ% éaeycfiatﬁgmfﬁl)o% ?l}ﬁs‘t{o oﬁ{l]\ﬁs%r?feaus:esj oF tﬁé Hel l LL?S@P Eﬂﬁ?ﬁ:d?l may then

be usedQ@ anRe&ty Pttt E18dtrodentribtares OMhe efecﬁdimc bomgscndmsﬁo (trestledtrode
lips) can be used for simlar purpose of co 51%7 ‘P%B)
structures @mthew@uﬁawﬂmﬁat@&@nt%%vw serngstion methads g gpve

[0026% dp ng c p] ps Caﬁn%'dg\?ce E%ltbaé dodstPfictéllon & éfa%@é&%"sﬁ‘ate using
photolifhbaphy Wethoda Sietfimppless sibstiashdintenslonyis 75 o by 82tk with

i o LT Ll
may be?]ﬁ&?%(ﬁ/%@%eo tr&fe{?ﬁe R 25 © bR B SE6Hun BB Qeaidh.

s conductive vias on it so that the
Electroé¢ emtrettie] paﬂs caebe lasatsd @hmgblee l«mg@r adges oidhessiaiar d

o 2SR SR AR RO SRR s oo

constru€RA S dikRnbibAESuiRbleBF 213! )@d@ldeh B aeH geelldh cbﬁb‘d shepedsp that
or between the wells, to the top side of

th

the top Wimetenis skent § tamen witdeithe bl diarieies i %H%n“n‘%%% gk diameter
n be Pl for f

o the A0 AR PR Sl e 3 R e EiObjcSonnection pacs,

which ¢aR\RYohfEtédtoeerhal 1mbedalncé healyeen riBet hovlonpsidsofdhe plastic

opposi ng ends .of the ap Us substrate. Al trace
well sty eppHiseg afcopHnuass cmnﬁgwﬁlﬁgﬁ)(m@e% g‘é the

f 1
L e e

with res}mdstovﬁlé héxglaamslidentegicsect i on bet ween any i ndi vi dual

[00211i€lﬁrleorderI t%%ro%d Atfl’le }6214'/_}3135%% well strip to 16x-unit substrate, 16x well strip

can be tightly secured over the 16x-unit substrate. A biocompatible, silicone based adhesive
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12B exenplifies the manner in which traces may be
drawn from each el ectrode array to a connection pad.

wQ 0@2074103 n anot her exenpl ary enbodi ment, a fabeT/T8100®MR2557
or manufacturing nmethod is wused to produce hol es at
certain locations of the substrate. These holes are

can be Used & gecdintd ke CFd@Dﬁalthd slasicvngs. T helviwbtondhesico parembvons
to the el ectrode structures can be The hol es

through the, Clb%’n@]o%thﬁ Ibaitem siieaf Hoe RIARIC I, gﬁ%ﬁha adysiveiipeugds the

plastic sttﬁg fg/ o e 1681 ddv/i&. CARGthECHProach 14644 RS 1@:5 Plastic
ricat patterned on the substrate and t

well stripgbd$xomitt stmbstm@sthyalsmg doable-sdedf adhediess (forlebcadplm pessure

sensitivg %g]gq%%g%ﬁingﬁxgtagg@ﬁ%hler Qqe%%lcﬁagct)c{egg Contﬁx n! E that it has
16 holeRPtiAat Sre 166 8eLHRBHEYNEinE PDAAGHI ©hd 06 BRCERAFRTGS the 16x
nmeasuring circuit or rnstrunment can be achieved from

substrate log ththetlomlastidavadls on itlee lrﬁxl plasmewll gitipt Ehadiamater of the 16
holes oxﬁ Sélat g{f‘gﬁgg%ﬁ?’ ogﬂ% %Snc{g%g%tley %f aSt ?%%bme p‘iiastlc strip.
In asserﬁlbllbll the\&ﬁb;&orﬂhgahﬁas 6l en@sid@ ofihe atlRestRAs @b@&i 6166 that that

has a netal filmlayer, or mcrotiter or other plates

adhesivp is/dliggen ér trshieonddn tmlwcmelb%b%wﬂb gacki hoke e thg;aéhese\re

corresp&gctﬂ?% to o%cha%ll?c%}e ﬂr}g H@%L gtlgﬁ esAt‘t)%‘ tﬁ%gtth}é\% blep ts1d’5 3Pl adhesive is

also pediteofffimde tt&tadheshw @3hat The 1@l adstraaican ﬁ@m ibe aligmedanti dond to
the electr ctures, on these nulti-well plates

the adhesiyp tE?%tels\s? ‘?QSUQ ﬁsé’é‘t"i’edlrﬁtﬁ%t hods descri bed above.

(0021903421 ado@héasﬁeéamh@preaer& Getveriibi, tﬂsgfeg&t SA3nt6h is directed to

constructed on a gl asS substrate usi
a methqdmftrxmlmm&mglitawy pirteshsoitabld e mqalnallalqlsac’sfs basedsinredgotric

oo TR Gt SRR S LSBT i
or for eRb&ItiiPd@arte VARSI Monitthivig € celf BeheslohNcdlNgowfh ot-déNibiological

device arranged in a 2 row by 8 columm configuration.
states. Ehemethodeof danpresant Bivepimscosamisps (IduavidihgA momgconducting

.Uct-a
sl 209U S LRSS PR TSR
electricslty ¢qndaativdimsao madke elbrodasior hledtrﬂd&ﬂﬁhﬂﬂﬁeﬁiy sy lasdror

devi c Each wel| is coned shaped so that _the
ablatiory fofoaﬂ chtediin, @)@%mbh@g ghefhiRio Shtiarpd H@stEaden to bottomless
- A de! t
multi ngn?mgesﬁ@ut?lg% é% hat desu | cl ent 1s pac@gatgge iﬁ? g&% ?‘l}?gdlment

of the nuitlemtsrod mlnecpremmn sotntom, ﬂac*abstratdsl arhmade obeatedals selbadd from

rn i npedance .anal.yzers. e bottom si,de of_ th
elass, pEREEF H0ast I e GhiET SOBOHR SckCam SRR UGh S an bp Sibstrat

can be MEHI&B b'y%uﬁé’d]é‘ Bﬁc@&r&soto%@ r&RE YoPdegoSition lof efe@@icalrﬂoﬁgﬁ&we
2 by 8 plastic wells. Thé bottom side of
thin ﬁhlpﬁ aany laperatoryproqgdirs fgmwalmggmsy sificen wafg,tpha stleswe@ tan be

e ol B S0 S S B S AR AR S

surfaces’l.ﬁlny%ehllecﬁhafrypo osain chanisuBdttdias. secured over the
16x-unit substrate. A bioconpatible, silicone based

(002312 sibyefortsd cmbedigion oftbe prsspEmAlEE0dF TS ST Efies to
be depogﬁgdjoﬁ Sid g%e%teh RiPod Ilﬁgtapﬁfn’is i1l PYIASH G, WRekell NE

cous adhesive can
copper, platmum aluminum, tungsten and others 1t is possible to have two or more than

two metal types being used as the thin conductive films. For example, chromium film can

be used as an adhesion layer on glass or plastic substrate and gold or platinum film can be
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t hrough the channel on the bottom side of the plastic
strip. After the adhesive is cured, the plastic strip
w0 gooioghtd y bond to the 16 x device. Anot her apEr/uszh3/022557
to bond the 16x plastic well strip to 16x-unit
substrate i s by using doubl e-si ded adhesives (for
further dspasitbé on phrecathasien layen S(Dihen/eﬂe(m‘imi son@gl}ive filmé binsalso be used.

For xR filinsAt SxBERER be Sien iR AiREheseamly. ecinicnly conductive
polymeg Gilth€ SRO4166 Y uRAS HibRi1y QohdR (6 ﬁﬁh@&&ﬂ Ugﬂetdsbly ious

the 16x substrate or to 'the 16 plastic wells on
methodisstctmséb@mal \WEdnioraion; Qiectfﬁméﬁaimﬁmpenatloﬁ sphﬁaerilr@ ddsmhémg on

e syl B AR G PR 2 o] i e Gk Biicaty

conducasesﬁniml dan B @ {TEeRPBIdkh &8, ddpbfdifig OA cORICEYRE o Pfhe bRBtrical
hesive is peeled off so that the adhesive is

Condm%wf? Hheand en zoumed pendustanerorgrgstancs. \@elth@kmasg of almtncany

0 to eac
conduc R AYROLE 118 SRt SRAESBARL Mok €751 o
[OOZlh]dnthe&rmé emod]mamme bederfificthsd3(NabHAbRMOE Shakles ®11 be
the 16x substrate can_now be aligned and bond to

t
used to pRBem e B o e HAR 9/ BATIRRRE B! NaHtems Pa thedpser gblefipn
masks wO5RE sdfle ¥€HheFBOLPEY o ARPBREOdesidp %%f@{r srhéxc{ures to be made

i nvention, the present invention is
on the sybstrasel Ifis Mklbﬁﬁgtodlaw thewebinetpy af paitesns dfahd Bsérablation masks
nol ecul ar on e i mpedance

being (R R e 5 B o RO 0P a P IBR G erated. Tt

also po.ﬁitﬂ@ to e shd gdvin Bl TPa@éinS ¥OGE 'lﬁtale%latﬁfn th&ics ﬁhﬁﬁ% [drGer sizes
edance- based nonitoring of cell adhesion,

that thatﬁ Rlegrodssior elscpdsgitmaturesgo e gsnerauaé Fett éxathpls;, a2he or 3 x
mask, 1. gr ﬁ‘?eg&tttgtr%;/o?ﬁgé %slg&{m%w &S ?rzén%: L If%]ea%g ﬁ]&ell?qtrgdes or

electrodecstrdumtas\te bé imakds, can bs aked. Slﬁkﬁgﬁl'gd&s%r aﬁl@ﬁoxpﬁﬁﬂ@ﬂbﬂ {9 figh
g%ﬁ §§ conductlve films to make el ectrodes or
Pa“eﬂ'ﬂag SE e sireteflps, dieames iplagesh begvecsthe thinblmicpaad sibstrates on
t
which RO ok o ke RSETRA KO L el gl

paths. to formelectrode-containing multi-well plates. In a
of , t he hods of the present

10025 TG S el BEk pesfbluivifie? Fatte Sommeiat don Gpgpie, 200
micron #@edSt Behnh [3) oBdradseh e IMERYty o? ltﬁ’bsltaééf%earﬁ & %Lgtﬁél'y uniform.

fiber glass, or a conmbination”of the above.
This laser ppgiy seeBs oves rﬁheu@asdq andmeathes/ths lsubsmﬁateahmugh appropsatt optieal

t i 0 f electrica nd
paths (8ol n S RATIehiBT, e ot B o7 P W i Gonghtite fim
regions smﬂmspomdln@f@!he e St InGth¥Halk C@RerB he 148 BedRis t?a{rﬁgﬁ‘\aﬁkg The
ubstrate. In some cases, nechanical scru

laser be%ﬂﬂ "Ylﬂz’ f &t thin condveivedilmaygions percespeatiyg tocth@mgams on
the masﬁé ﬁﬁ&e%ﬁ@ﬁgér%te is ﬁ&%ﬁl@a{ tglabs R & %{1{ WHF l%sgrs c&gjbe

he present net ods

used fordwo shlption ofithimeahdsethvetia eISVCs&BmliHi laset ﬁlpaftidu[@ suitable for
pl ati num

i ncludi n , chrom um nickel, _copper
patterning ?ﬁlwtﬁ%gm?ﬁkb%%ﬁthsﬁalaﬁt %@W?rtsubﬁr%s o pramnie.rexviener

laser at 19%nBlndRAE nhh@A belid®y. Met al types being used as the
thin conductive filnms. For exanple, chromumfilmcan

[00219¢ Appeapriate energydintessitis kayired dor dplatmg thin cphdi&hlvé: films. For

example glgﬁlﬁ%g‘% ﬁﬁ%‘p %&%? b)gigo%‘? a |2n - mbfe Iulsgg t%aa%la*%g thin gcyl\gi) films up to

0.2 micron thick on a glass substrate (with a 0.0075 micron - 0.03 micron thick chromium
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further deposited on the adhesion [ayer. O her
el ectrical conductive filns can al so be used. For
we@x@aplmEg3 i ndi umti n-oxi de can be used. |n anor¢iBDS2003/022557
exanpl e, electrically conductive polynmer films can
al so be used. Electrically conductive filnms can be
seeding tspr)s iThese Wiio urrskilled in trsthablationudlthiadilmhen mbstrates can

vaporati on, electron evapor.ation
el e o i Gt PR LS (RB) Thef fye
duratlonoindg P&‘ltse Y% Embérl H¥BdddofoP %l%ﬁ?éﬁﬁ%reﬁ'tﬁﬁtM§ alditgd here are
conduct I'ms can be different thickness ependln

followmgramdnsjomubhlcat;pnspr(tvhl@Séﬁlaélcumfpﬂmtloncféhb@@tal {agionjof

on subsfles dRerR A IO A S ii‘lﬁ%g@%ﬁ%he@t?’hﬁﬁ%ﬁnw 8

various a29f bh o&%r@@ﬁ%%b@@ﬂaﬁg,ax BIY. ChuaRROMEY CP Glntgbmpoulos
0214] Er eferred embodi nent of the pre 5
in Appl. dﬂwnoersManeezgé cietise sk Perrersiege yoluma 66 &P S43vd 21 b997 Metal

i eS¢ G REAFDEL L S By SPNGAED = PR Y Hncne

R.D. an@Xel/PeHQ &0 ABHI ?h)@f Léthee, bk dB (bepp 076216584 t 2R Be “Excimer laser
structures o

be made, on the sulstrate.
brocessipg ok f el GRS GHbosESRSLPYra st seria s ki Hidopnd
| at t
Basting 1. 4738 RGPy Bl S B Ba Mgy PR lon J8ieh
Excitatibss, ahdﬁan@wam@) ol BN epp hé3-46€0e84y of patterns of

h aser abl ation l.ar Zes
002}l e rorenipisbaor AL B B ot i Bety e o ERE g grere
using ard@d eS1RfvRd. (1§78 BX%&!&E(Z% las@r éhe¥gy BfensityXbetWe&kK0.5iané 1, J/drhfeand
patterns on the nmas eing twce or three tines of

laser waviekengthfat 248 nat; EDtsynciseniged metier of g anask pnd thersabstyage wish the

s AR SRS A 28 BRI AR T b Bl i

electrode| B Indi8 ivdeshe ld3er ilatiorkiweR aedl ed substrates on
which the thin filmpatterning i.s taking pl ace a
[00218]Whers lysercdlafipe fs uespFopaticat Bin fime el conaaftt% mat %ﬂgi 8%
substratid'for! n?aic%{ @8&&&1& 3 %1&&6? gtrg@cﬁl@s R Vi%eg bf‘thE resent
geonetry % or exanpl e 8 mcron w I ong)
inventicay BEcawhe @ﬂatgeezrean(fen sxmplejlatgeethaa@e’inub%dmnn% even 5 mm’, or

rel er |for hi s Ias scans_.ove
even 20,7580 ahCHEAERUE IO HRIFIRS o AR ABp P ST eatignvention
and becQﬁ’ste' df fi‘!elah@@ﬁﬁ@elécft&ﬁe SHAETRIES (folr BEArsle WedRas %I%}nenfghﬁvmg
'aser beamw [ ablate the thin conductive film at
100 micreywodth and 20 ampxon@an betneen ﬂem)e@xedmr—elviateﬁ eonduskiye materials
wher he | a mis transparent. The aser..bhea
may cofiS ety B 5ERERS SF 1 ROV LBRATR LR I8 7P E R g0 o S the
pattern&OfubSIeAE NEHeBEngd Be GHAitY 0 HAAFi 1A Dattbihed Biﬂfshstemmer e t he
| aser beamis not transparent or is bl ocked. Wi

[002&2]Ere quatirissusahers éncludedipw elean Hisspriags thth%wbé?fatﬁih}"’ﬂl be
after pr&es%ﬁ%l ]TIIOV 1€ Ealrc! elﬁ’{e ?asgll 5’(**&?‘8&3 ﬁ1 %?ﬁ%ﬂlﬁl%lo woul there

er ni ng Helt
be re- d@o@ﬁsSoiOdfblzﬂed mmehals whshé airése oFoondexavipdlectrodes am:bWould there

aser at 193 nm.and 248 nm can e US%EE'\S"[ éﬁ
be re-dmﬁ%@ﬁ gblaied mterigls onthe prrfacys ?té ¢ &3S ¢ efggtrpdefgThe
re—depogl]é BobRNVE #d Neeeéednl q'ég réj{?&ved% ARt for tRLe16RRIY in the grocessed

tensity o / cm 2 can be used to ab
dev1cestth iperfoxh prdpeﬂyrm elpcttio imPedaned measwrdnhgntkordn parfgimses

producigﬁggﬁt;ﬁrn%% d%@ce{‘o 2 9.0075 micron - 0.03 micron thick

61



WD 2004/ 010103 PCT/ US2003/ 022557 seedi ng | ayer).
Those who are skilled in [ aser ablation of thin filns
wW@eoogbEdF at es can readily determ ne appropri aP€r/Usxes/022557
wave | ength, energy intensity (fluence), |aser pulse
duration and | aser pul se nunber needed for abl ating
[00229f] fAndinfpoemmraspdch bfithkipresent @Jm@nhml@de@ thew the[* neod/qpﬁat

povtn SR 250 SRR RSP ES Qg B3 e

that can b'é’ifgdd?i?rreﬁaé%rb}ﬁ%@x ?leoﬁorhé‘ Edlvéid Iiikef Whies 0 acaomauart z
crystal m crobal ance a various argon background

depositedrarseaied ot thetspbstraiaprionto theslager ablation prages igsgerificial film

s SEGLERSH| i e Bl B

process r ?H@’c&ﬁékn@mbfﬁﬁé §Rfificiay ﬁhﬁ infhy b2 aXg Bliclimse rHowbyerﬁprelfeeably,

d Key

the sacnzﬁml ﬁlmﬁb@lme@éﬁléﬁs o ml%ﬂ(@l?%ss ﬂga& LB OT fess g 1
f Iffonh b tHIBK S8

micon i Rl oRREGERRHH Al st T kB S

solutlonarﬂb thBésstr abiption, prdmresﬁﬁlpfértbﬂnqhwﬁb\tm sdcaifieiad ﬁhsourthfes

aser-Material Interactio C .on an
substratp%sexﬁﬁ}ﬁmlgg%mngo es lbslirapeﬁ bmﬁ'é)g s_uLl@?c (ig)galll gc{ﬁip]ﬁ% remove
the sacnm%}?f]%q%ﬁﬁu o Weﬁtsf UselRSRHrifRM Blrh®Wofld refioRe the re-

mwe were using are as follows: (1)
deposman Probiemkocoyfing crste petiengyclestrasiesitiycese ineraihe invenid

t t,. 2
spproach, Hudk Tt BUAOR T B DhCL b fioerHbe Rk sebpcs o be
subj ectédht% a tAOYRSEK Abshin®pioesdiat tERare Yk ﬁeQieibGsn‘mi sec. To
ensure thorough renoval of the gold filmat ?Iectrode

IOOZQH;f@r ewnele,t tha tesereroressed S‘ﬁ’é#f%i?ﬁ‘ e ppced ategleapmgo 18]
T
NaOH) 8bR€ibA, qdes p&ioddfaihe (fdeesinpletiuions, diow S Inas) &h@mﬂz

the present. inventjon, becauyse .of IZ@gﬁ ar eas

hours, qs,ee LA hOWa) G SOREIMAISHhRpAE Hicqgion Neliss WS&&W"SM%S
are plac%%i%%&p dg%[%lloﬁfcglftgﬁ}d'vpr 8y (Mas%hi%%d'v@g@r sﬁﬁib}fﬁﬁl@élﬁﬁcal

ces I nvention and because
stirring bhrst Soatd re-eleposite cah be rm@dsbwﬂhm prasssses.oln anogies esample of

. electrode ele 00 mcro
cleanin1g 37 gais et ABSTe LRy Sy Such datief oy S8Rt Rbeyig
scrubbiflBbe e Sirfab&Y SweRBcriBbike toh bégorruitiag estiaf balh@r Q-tip, or a
substrates and cause a re-deposition problen1on t he

swab) soakadewitlewaten s aeids er otherf sobutions Imyet aueihersxagple of cleaning the
atterne b
taser prpiRefidl hEFBES Rt T ABGR Bl 8P kIeAGe HihddsHscribed
in the abbRStwot@mpslof cleningfbRkiony atiassdhagicalombbamy (@ahexhinbie,
the | aser ablation process for patterning is, would

with a Qt{t er a pgal)e- deposits of ablated materials on the

J PhtfchRie bsih%t

00224358 oAU, SELEBIRS R S ol

bottomtelsemgapszen platesdn foﬂneelebmctermmng'nmltm@lldé@tg%ﬁ:ztnsltlhze

woul d have to.be c| eaned _or r 1n rder
doublegfdsd presaue SPrrﬁltt\ﬁeadbP%}seésé’éano &?P\?%ﬁ g thEFin-im

pattern€d Qﬁﬁfrﬁt\és lobdRtoR Al 'n?ul’u 'W&ﬂ;ﬁﬁt%@ czﬂﬁﬁ% L@éﬁ‘)‘f liguidradhesives.
performre producibly from one device to anot her
Exemptiey pppgoadhies of bonding the thin-film patterned substrates to bottomless multi-

well plates by using liquid adhesive or double-sided pressure sensitive adhesives have been

descried above.
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WD 2004/ 010103 PCT/ US2003/ 022557 [00220] An inportant
aspect of the present invention includes how the
WO p@4@epoesi t probl ens” can be addr essed. | n onBCT/US2003/022557
i nvented approach, a thin "sacrificial" film of
material that can be readily renmoved by, for exanple,
[00229) e 1e8OpréEtted dnmbodiments fothen metiels cﬁmreforrmng gigstrofiesan the

t ed th bst t |
oS o SRR SR Gi JOhP Rl
or electxltoﬁe Qﬁuéggjegl Ak féﬂhéﬂédﬁo@ﬁg séiﬁ‘@m@@of tfa ﬁbﬁdbnﬂﬁﬁﬁ’é%dbé@ﬁate by

["ati on ~process. hi ckness of the
any suitslsle mdthods 2d.o.f photolithy gltaph}ﬂ nl;“;:lettmdsk neslsctmd@\mnts within an

ferab |
ctccrodB e S35 pesbEy B i b BEDERBRLRARERS,
micromAiAR melitls %@%r fok egiraplef Hli® PRy hen Phalaensils bf

materials or deposits froma thick soa sol uti on.

Microfabrieatias 899 lﬂlmateb h, Py béBseslifed bﬁMarr@ ui-RE Brpgsy One

typical %&Pg];ﬁlﬁc Iﬁxgcla alphg{rl}ﬁ'b §%ah % élielfl%cﬁo? AKIT 5%5612%1? K. As anon-

limitingSdxARIps, & pRStolithopfBY enetlidieio pacducé ke bhbtrédd mdywmoﬂng
some sol vents. Use of sacrifi mﬁ}qul | ns. woul

substrate ipas felloge pBb@ sybstats ey RerAiy SEEG MatFrigh s SP%%?F%WSEESS
s SEH L0 U S A AR L L 5 ROH o
titaniunh &€ NOphYcad fellowedisy & depsitoantHe0 -200 Jnm;ﬁxgdk godd.aThe

t horough c| eani ng procedure to re depos

depositopanB 01V B HTIRE B VAT B PSR Bl o PRI SLiTALeY L pgoed on
to the ggﬂlnfélk‘}gto%i%ﬁﬁldthic%%s%ﬁ AN pokA |téJUNUF%1t ihehgle X ammsk e,

as an exanpl e HCP and/ or base (as an
contammgaanphmgdom reyaiDhi eboﬂrﬂzdel my fTbe e&pcp"éd PbQFO@ISISt isevelepad

1. hour hou
o oG5S iRt B BB 088 st
KU1, aﬂd"&ﬁe@@ﬁﬁdﬁ%@ﬂ%&%@tﬁé@s Ma%k@&re p?d(Rlc@d aaethetcidiydsing
itati on can be provided uItrasonl C waves or
electroggmmﬁmﬁms O%tllt’?ﬂrhlﬁ@r%a on gl3fRs. r e- deposits can
t I |
003\ SR FROREER T I O by o

For ex#i{}e, tah&ldb&odﬁpatt&n carebemadddysingsiasay abtatiban |Hmllaser ablation, one

scrubbing, on their surf ac S..Such s
side of S FbRIATHisUEAPBTRAV S § o kPt LA ol deipible deaoldfim
of aboltlo L NRLEN 2 sé%Fl C(%I‘ia &loro5 AR u§1§lk W I suéas/Bipor deposition
anot her exanpl e~o Yeanl ng the “|aser processed
and/or spm&hngt Bhe thommetad filld isithen ekyosediond Yasari(os., @ exe¢imer laser at
cr.i bed t.he above t

d
248 ol GRSGRNG UBIEOY FORGE LA Do LA B R S r Rt it gy Crode

array. @8I Sons Whik tRe fadit B “t@hsparearab khe Ia@é}2t213]lasbﬂh1m and
exenplary enbodi nent, assenbli ngt the thin-

mteractsamthsmn settal fiex angtthe metal filya s Sngted off fiom rhﬁvs@bwa& aSl@%e the
| ect ly
s ST LA B bRl 588 i

possibiRNe thkdse ?Kﬁi fi Y€ Mser @ﬁﬁﬂiﬁw (wage lehgtht initensity,|pulse width) so that
patterne strates to bottom ess .multj-well

the Tastyapen gbkte the 146 SR dasnn E5re e minimakirchpp e ubbEte. At
the reg?&% "v?l ge{%glg rr?icsk gso%%dr?le% hRe faPérnﬂlfe 'nﬁéﬁlﬂ'ﬁfngt?%ﬂ;iﬁﬁ on l}lé? %ubstrate

Masks |areqprbdiuc&d leesinwezcially dsmg bbe&mrdb@npwes!ag mhmqnss o1 Wléfa%ﬂgh

resolu‘uon %g’tle;/ @ hsg\\lvv oba?g lell c? mcl%se(ir3 %bl%? 2o ad thin film patterning with laser
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62 WD 2004/ 010103 PCT/ US2003/ 022557 [002231 In |ess
preferred enbodi nents, other nethods for formng
webk@antaaes on the substrates of the inventi onPOEYR®03/022557
enpl oyed. For exanple, electrode el enents, electrodes
or electrode structures can be fabricated to the sane
ablationhfl eeadfly bllit&)sa appmpﬂate pracedsralasd taaerev e length, igtensifpmasks
nmet hods, tolitho raphy El ect rodes or

for PTOdE‘I“B%F}eB’B@eé |°€ﬁ%$?‘§yme{' R léﬁ’iles el ectrode array can be
[OOZfS? %bz%%&@&h%@th%@@oﬁﬂﬁ%fﬁ%&ﬁ@ﬂ oBRhidrafhéhining that can be used

Nt Cro rication or mcronachining nethods (see, for
for fabnezxtargﬂl@:trodb_ ot hbqrmﬁnentmomdﬁ&m pibsirateg For example, the

fab t
methodq\)gllc %ﬁ%&%@gﬁeﬁ%ﬂ ﬁflégl% fne@q}gg IEI%ed v m FIH n% Pﬁgﬁdﬁg‘%lﬂ"gﬁd
(PCB) c@uﬁrh@éoQJellisB@ Sirandkingretebiasiics of elﬁcﬂi@degtractms eheatipudes.
a non- limting exanple,. a.photoljthogra théxfl
substratesy Fhoshisho arp SHIGhin SuE BT iagH Ghind TRISFOTRACL G B P
choose %@{%ﬂ g f‘&@ﬂczﬂ?ﬁ rﬁé{ﬁgﬁsr@h%dg%gcc e@%ﬂ sbdihhSerial and

ass. starts with a cl ean
electrodg ng&ridl, hmti rbq'iufeldrgébmd&p oS lugidn értdlecirotlbd or, elentitods elsments.
ayer of chromiumor _titaniu

| .g. 1 ) .
[00234Jilp yohrmothyr excaaply aradipent So dediss Ogm%t'%rﬁ%ﬁp%?‘&wn’
device t;l@e% th ﬁ%ﬂ%fta' PRt B8e EPI0B VR il AEXARHIEEHS such

evaporati o otoresist Is then spin-coated on
electrod‘ehﬁ‘lm(mlr thiésioblectrodenitGpsoare shivekindggurandl] end h3. ekp@@ed to

ht. t hrough, a nmask n n
e Soch PGB st A Sl RIS ved
as the séﬁvcﬁ! WReH ml%bfé@trcﬂﬁk%ﬁb@&é Sitsthey Rbeipged opindoipoatgh | ’Ehe non-
a chrome | ayers are etched subsequent| é with KI/12

limitingmumigBE of mmnmmuctmsspb@ra’twnps n%@re golymer presehipisy slass,

rmerc i all u

plastic R0t eran o e SR ARGARE: fisd LI pRot oves

manufab@EhRE bANRS-ceefitabsad) @laétﬁﬂefsﬁﬁctﬁ&bmlts aavmg diffizent geometries
el ectrodes on substrates. . For exa mr} el ectrode

can be fghrieasedoransdann the gebsiateriyin By apy %’btla Capgler
mlcrom%pﬂlﬁl(n%,? &tqﬁetﬁbcge 1\% LifRing ek bﬁ:& %f bl%ctﬁ‘édeséeometnes 1nclude

him 1 ayer “met a m (for exa
1nterd1@t!a’ted eielctrmlesoélrdb«mthr@ edectrodesg dlamosé@nrln@ afpctiodgs pamlla‘ced

nm usij n ods as. Vv r.depasitio a d/or
elecm’%‘fﬁtﬂrtséﬂ“is?ﬂéa ~Chittdr o R tiseh SBeuBs
geomedq@sc'ﬁ Exg‘iﬂom ay sﬁm hé'@'és 39 & imidfon, &8ss 1HAn 80 micron, to as large
appro riate intensity through a nask cont ai ni ng an

as overi208 ggcroh, oven 309 sdceheeter ddam. The abaraqxpn&tw@mégﬁlmﬁsof the

electrocreg%eé)pneh}ets gg%ﬁk ‘ﬁlk}a srrﬁaﬁ?sé ?P%%x%ﬂheﬁie%nﬁﬁg e ﬁl%ﬁ{s' :Ité?r?allest gaps

betweeh BR dMRicaht dlédubde sleatdhal e6kiad 6f o repenting desnlosnrtht electrode
Since the substrate (e.g. glass qr plastics) .rea

geometglies. f ék@nmplw these draensis caf pofgseRREBIEIS ¢ %%?Cfﬁogé pddth
and ele? g%p? 1 hs&?ﬁe?ec%ﬁé %&th@&x% élgcgl%?ﬁ gt%kddaﬁ VR fYRVR small

e l"aser can
as less &i@hatrﬁmtd'me oﬂEtsﬁtha:ﬁ lll) miesod, foas large ef dvae 200 mindonj ereer 500
. effect on the substrate. At the regions where the
micronpgek 1indme p| ocki ng” the laser, the metal filns remain
[0022%) Hi@e1§ URREs @Aq For MBSKS R BIHTHA 88 of MTBEHeHY fr the
ng el ectron amwiting techniques on ultra-high
presentrlﬁsmtmm Omne pkanphry Favowmirywihotha ctecRde $tggs isrre¢tamrgylar shape —

having t ahe Wl th of t%g stnp rt]wgénl lreT%sF%ﬁzgx{ ) l%cr]]:gn )c’g over '16‘ %r%ﬁ and having the

length of the strip between less than 60 micron to over 15 mm. For example, an electrode
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63 WD 2004/ 010103 PCT/ US2003/ 022557 abl ati on can
readi |y choose appropriate procedure and | aser wave
wO etvginio3 nt ensity, masks for produci ng el ect rpdEESIN3/022557
t he pol yner nenbranes. [002251 There are ot her nethods
of m crofabrication or mcromachining that can be used
strips m%ﬂ(avfe alpebmiatriy hgvial actidthoe 200 mebmotand ddengtle pE2Q B oA single

i SR LSR5 S EBE SRS 16T e i
such twcrp;g]{czgﬁ&@s F%%?%éa&%ﬁﬁ?fe%ea@@%nﬁﬁﬂﬂs,doﬁ $§ifglbeledeedt difitture

Ing e es or electrode structures on varjous
unit as asndasteateRtuniT oo seiliiplo cketodsistiupiaee WHisHeEHRE ampliplg on

and m cromachi ni ng can readil. ri.at e
ciccodf e R S Bet AR en VAR R R Bl Syt
units ard @b§¢atcd orfd) ginF@ BicideR@od@dtap, thbse cdevtrode Sttidt@x@ units are

geonetry resolution for electrodes or el ectrode

positioned el the. lengih deationmiyhs stepot heFleaidetae e WS #eRf of

of the dey 0 e N ] '
st e B PSSl BRI T VALK L BRI sy
occupy SXAfFBIa6ssahars ST icreh bg 50 aderos] toilpgenthan2 onmed oty dolée
strips are_shown_in Figures 11 and. 18. |1n ope
examplearpndimpenshowndy Ereugy ttheoé%ct%o@F SEY CompIises gHb“GFLHPmen‘
i i 3 | ' 88 féRrfohinp the
i, o108 SRR MREh A i, Wik 28 jersi
measuredient ofaolzoniat eday faetioro N this wkamplg, threerasé elscisical degnections

. non-condyct.i n ubstrate.str.i. i ncl ude pol virer.
corning (AT FaSh gJPRERde TP 1R fidf peegn it o diditica

connect%oﬂé‘ Hap RN inPRdSREbHeQRAH Bletlectiolb Sfiudh@s within &Rhtehofede
or manufacturing printed-circuits-board). Electrode

structurs tmitistrocasuxedi {Theseatworsdeatiiidal epmnsetiosaiie thensannectad tpthe

fabri,cated . or de on.the. s t e r .
cormeatigitplp 5aiH opRaBEce At o T Bhad B @i s apce
analyzeF®iipa8anMeRedstniihg EiR@iite watpdegscdfio ebrertt thee @anentibn ipeds for

include interdigitated el ectrodes, circle-on-line
the meagyrementnfeiectigah Faprianse. |SuREee @@fﬁcgeé% strychue gpfts gy be

| SGLL : & L gl i &r asit@fchbddpturi
coated iR E rosBluREMRANAR, oS hERLE R BOIeck g TAFEihE b furing
or anchérirgmakcslkidayds usebfor sirdweSofditierant elortrodestruchmagunis. In
mcron, to as larg ars1 ] over

. % ver 2001 .rrte.cr on, r 500 to bind
using sugh S}aSHOdHEPS PINE owung ey e By fBie popings My B e
to the efgpt‘??c}?% 39 g@l@??&cfe'sﬁ'ﬁ) UBH e “ERctrb® shiiptdsestit Wydisthg

e el ectrode el enents, or smallest gaps between
various birelirginatheds inehwintg logied edhesivas, edhasivesapas (schas double-sided

repeating, featu on the .electraqd rLes.. "
presuns BTy B RS SRR b e popicon
correspbiRlifi®todd nflaSGrefRAtunid @k electidde Slr@tireant) gadservebiuga,

both el ectrode wi dths and el ectrode gaps can vary from
measurerserd ivegllll for HquidsgmplepaAfisr bindingihe dﬁctr%@sshmﬁéﬁ theplastic

.. mcron, to.as | ' v, 0 h
housmg(%- sapn é chk}té?nsfaﬁ%g %{)}8%?3&5 %5%%8(916‘ 1 cggc éﬁsatgéaiyg. %oarnot er
embodificat f€LsiaE ko¢eelsdtiddp stripaeabk opénidgjn gestivitouying anaytdnelose

present invention. One exenplary geonetry for the
two or EpreaneasHEemat Pp4S- s rect angul ar shape - having the

[oozﬁdfnﬂr%r@grﬁgvlﬁeggpgfge%%gtfcwsmg' RS SleLiadt $9pdTi 16/0RB aptoRHET

porous materials, which allows liquid samples to move through, may be placed onto the

electrode strips and then plastic housings are used to bind to the electrode strips and to

enclose the porous materials. Plastic housings may have one or more openings. Each
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| ength of the strip between |ess than 60 mcron to
over 15 mm For exanple, an electrode 64 WD
wWQO®4/00m03 03 PCT/ US2003/ 022557 strips may havBCHUS2003/022557
geonetry having a width of 200 m cron and a | ength of
20 mm A single mcroelectrode strip may have two
openingel@ld enslese fd¢ast O MeasaremeatuMiEnSinte pwmtls meteripislatlpyw|liguid

such two-el ectrodes .serving as, nmulti asu n
sample g gt $9digh Baw SETPIaduo Spd Rpu el Syl it in he
m’crodu(ﬂ?)ﬁ%'f SHERo YN '1&1':5;101%..r off@x’é dtRtelBLt rode str UCt ure

ts setving as multipie electrode structure units.
[002291 Ixn et aaothep hspegt tﬁth@plnemm inventier thapresqut inventé is difected to

T

based oft El%ctrfé‘iﬁ! HARe @eﬁak@é}goﬁthﬁcélpdl&tfbpﬁtd’u@ﬁlbhm dhfelédﬂz@des or
strip. The el ectrode structure units may

electrodg gtragteres éhlawtedmn thestrignguiose eﬁh@gmpeémwéﬁa&qdén@m@ﬁ!@g of

cell ath%,lg]E,] qo %o (%ocgﬁ b%ol%ﬁgal lé%l?es,s g‘h%ni%e{%d oﬁﬁg #1%%4&12 :}I{Vt% tion

compns%s ) %ro?zmﬂlg 4 ﬁoﬁ-h@ndueﬁ@gmibetrﬂﬁﬂaﬁ demitlrlglmd)amo cronﬁugmee
e el ectrode strlp conpri ses sur

enen
films orusﬁld §ubs€a@h(3aﬂ°am@ﬁ of g eﬁ“’é’é‘bé?%déw’éﬁ’ sda é’l%f@ elsetrpdes or
electrocfé? tltul:@tq aggl st S68id:P6E &%ﬁﬁ@d\’@ fﬁﬂl ﬁ)rb%talﬁfﬁﬁﬁ ﬁﬁrﬁ Pefidmed

reacti on. his exarrp e, there
substratay (@) eptwtaﬂllypaittlngmmeﬁhn pmm@bsnba@atwmtcf eloctragigshrips of certain

| ectrod t th
seometgy, GEearea el Grblot e bitiested B p BRRHL e Bor Rt e
5) asseﬁlb‘fiﬁ% SR @1 doHE Eﬂrﬁ'bQ§ aWdsti RoRAfthe! Rftdids least srépehidg to

is neasured. "TheSe two el ectrical connections are
form antd%hmttrode strizoasy wherdisnid atdeast ong openprgis aligeestwith elactrasiss or

electrocgﬁg'ugt}%{,s ota{]t?lie ﬁ‘k&%‘&# sgggf:%lsqﬁrpﬁére e )f)tog nge%g Pg ﬂ;{éﬁ@eﬁl@oﬁdg é)é the

present i cBABMNARE siHIGERs BRIARISIOL @f[ateﬁﬁﬁ@sefl&ted fedif pOB @S RastioS,
of electrlcal i npedance, Surfaces of el ectrode

glass, ceramigs; fiber glpsst er Wbs@aﬁoe&iﬁléfoﬂwec dhe ﬁl&&trmetcﬁn be cleaned by
suitable Cpg%elﬂ'u&&gto Rl &G fﬁlsdeipggltlglp ?P&%tﬂgalr&m W€ ﬁula @}ﬂ'@ ey

uring “of anc ng nolecul es nay e use
laboratditt rpff@e:eﬁrecfor diefiufifg ghats, silieat wafte, [Hasticovare eanbé tsed foncleaning

usi such el ectrode str astjc housin havi n
of the smﬁmﬁ?ep seg)@rﬁawgsmﬁﬁvnwéf %gwl%ofﬁ#ﬁau srgtesfigaces may be
necessa?yﬁ)(gﬂtﬁﬂ% 1ShduBsd@. form "el ectrode strip unit" or

e

ctro strip test unit" by using various binding
[0028@) Incgs e fenet ambngnmenquf thie mﬁsemmﬁbodsadlhetgp wendugfies films to

be depcbiish O A SRS el P BB R SR TY e PR BP0
those ﬁl}a§ bilitaBMe fof AHakRBRAMELWAIL idl’teéidé@ﬁ‘ééﬁ gl Sumilrly laser ablation

ectrode structure unit) and serves as a neasurenent

methodwe e rirefertef] gnproactufop hin filmprigerningriaifshyiceteacatiedt r ode
%,ﬁ s to the plastic housings, sanple solutions can

microelGelrodssi i ed to each well for nol ecul ar assays. In

[0023 0Pt filnEpdReisdRnbstiatk mis begus Uth steips of electeodetsmgssmth
each opening in plastic housing may encl agse
apPIOPHEF OT FREATES EREAEITMG dmeption2Bar erpBpls: & ﬂéﬂz@w&a“emed

substra%g%}gg% % ?Gcbtilpl%r{lgig gﬁ@gtog ?? gﬁ{é ﬁ§ \MQ i?ﬂ’n 27? T[ QI%ctrdd%s Qf‘ﬁectrode
structwga prpedy taeranpadeort the sulgirateruftyr thén-filra cpetﬂemmgothte Isebstrate can be

cut into 15 electrode strips, each of which having 2 mm by 20 mm dimension and having

appropriate electrodes or electrode structures that can be used.
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el ectrode strips and then plastic housings are used to
bind to the electrode strips and to enclose the
weorenwinat eri al s. Plastic housi ngs may have oPET/U82003/022557
nore openi ngs. Each 65 WO 2004/010103
PCT/ US2003/ 022557 openi ng woul d encl ose at | east one .
{00232 BiseHeasRentplatniembo@ihtent apﬂmﬂulmg nabbptradssﬂam tq)q,\phastq:{hqysmg

npl
to form o BtiEodeetray Wl & Airone sER PR b o hAAE TR it e
sensﬁwéﬁﬁ@kl@eg O @nbthefShiEmeht, AREmBlSE ik él@@cr(ﬁiefstd}) to[aQﬂé’sZﬁ]

I'n yet another aspect of the present invention, the
housing po fseran ¢lestedeistip unét atickestrodeistrip tesh upib eHOBAET use of liquid

el ectrode..stri
adhosvho FReR}y Sppoctet oot L8 e ety S BER SR P
bottom1ésIRAAARES slalesBY LRg Bhuitiadh&édd oraloablersifedrpatssore sbmtﬂb
on el ectrodes or electrode structures fabricated on
adhesquﬂgvgbp@rp@esgmedahovm ectric inpedance-based nonitoring
l;
0028} S AR5 e s o s
compris6@ A4 1&86e, apparatps onvthel syegera cnmecttnmﬂlumpedzglcs abayzeave,
(2) depositing electric conducti

e
impedarsg BRRPUERE SO TP R AR OB PRty Eletss Sty o6
1nd1rectfa/' doﬁﬁe % TRES eGSO ABSreQhey SiREétT ﬁﬁessfréﬂd@ ?écﬁt‘ﬁc@y
aser abl ation’ of conductive filmto obtain
measurihg cmemt blrmgmﬂame nealyzes udscanaeetjon(payl ipprefesehdy pijthe edge or

cutti thin-film terne sub |nt
perimer b e B B SRS UL A ot Py § A or
the presElli‘t' 1ﬂvefﬂtlbﬁ‘ A&k ESI&&S@’OM&E&@&I@C&&GM s@tla &Snnaéhcﬁi edtcande
5) assenbling said electrode strip to a

OPtIOHaka bs maca ¢mus¢tmg ptaﬁaethatcc@mba ilopalized fodhe edgspd ﬂ%?pféq’w%gmt rgost
m_ an ectr d & ahkh R t r |

uses of %ﬁ% 18%%%%8 arefsgn v ﬁ% &Q;}?]ce nggat% ea%};bsfsdg ragpﬁ Stél%: ?ﬂ?cg Jtached

to, or withiUCHble®$ adThid bsth@chitede cSﬁt&inpSoldtﬂnaampkeﬁ dn tieede

enbodi nent of the nethods of t resent |£t venti an,
embodlmﬁ@tsmgm%lp@@a%?@ bl it 1B SPRARET A CPRBRRIDS one
rofql or a
ormor BBk B850 GETAR iy ARt rdigate, o) 2,
[00254] m@mfblaérl empodiments o€ thetppedent ingadionf @systhapthel conaprisss a
el ectrical conductive thin filns r
device oftBe BERSPI TRERUER A5 W&KGF Inggrfacg e Geelghnd Bhg iR tance
measur&héﬁ%ir@uﬁ‘@ﬁ@s&%e@?e dsedubaic sGheRe), e coﬁfoltah@ switch the
substrate. In sone cases, nechanical scrubbing of the
impedasesmtasatenat ciraisdo duferans clogsedasimetpre Bnitinishgapparatuses of

N L

computSER{Shd Qftvale ﬁ@gﬁbnﬁs%h@ttdaﬁfeﬁﬁolé edal-fidlei hgaselearnt mdﬁomtonng of
strips are the sane as or simlar to those fi IPE‘B
1mpedag@ﬁ befwpen theelevardasgr Alerpdasiructuses afdhe apparatisse gt g Hvesent

r .
mventl%rb pﬁllb%% X%ed%?ﬁedﬁ?é ?%ﬂ]a%gl% Pgrg%tgﬂﬁtl&aﬁlyt ﬂ%lly%c?&ﬁf $r86kssed to
derive dppastiriatsiparaimctenet gcﬁnbmdelar re[a@t@&ﬁﬁheﬂrur nelf inimbgrdedes) pedl
substrates may be cut into strips or electrode strips
displaygd om2 QIB©Bpri ate or required geonetry and di nensi on.
[00238( Pl%i%‘%qﬂ/ &he tfvbﬁr@ Pfd 4% Rad 61’?5 R8Hore D BRI HAGWiInFERARNE (1)

recta O nmmby 30 nm Wth electrodes
electromicalit mtdim@for connectmg impedance measuring circuit (or analyzer) to one of

multiple electrode units (electrode structure units) of the present apparatuses; )

controlling impedance measurement circuit (or analyzer) for measurement of impedance
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structures properly arranged on the substrate after

thin-filmpatterning, the substrate can be cut into
wa200eloeady ode strips, each of which having 2 nPebySR03/022557

nm di nensi on and having appropriate el ectrodes or

el ectrode structures that can be used. 66 WO

between 20 @oA% QOB RETE LSRR BRR6H at 00O B8R ltiple Heauencies; (3)
_exenpl ary enbodi ment

senbl i ng an el ctr de str%pto
processiBg fiodsaviEecBweIage (aia1e AR dn Ror Pl ogiepfly TRt o
parametgtjs Zé:é Ofdfecalal téﬁcﬁ&?‘ﬁudé’i‘ idr cERR ﬁm’ﬁBéﬂ 1hé&) d@y Bisﬁta?ir@&ﬂe results

tre sensitive adhesives. |n another embodi nent
ona moﬂﬁ(&emstdrmg resulte] (r4utoneticllyiperfooniagpbes fugctidig dsﬂlmlgtl 4 at

n electrode strip unit or electrode strip test
regum‘?fﬁ’r'f?g@%lrﬂﬁ%e” & of liquid adhesives. Exenplary

approaches of bonding the thin-filmpatterned
substrates to bottontess mul ti-well plates by using
g : sjetien pr essure sensitive

[002%&j gflg p%/eg%nt ea Fl}}g o%[lln? i Pa‘t’é’ ?a.nt tLeO(g&? gt;lslg‘:{t‘sure impedance

at a physioN@ital ibﬁ,cohéb@trﬁﬂuﬁﬁéﬂ ﬂd&ﬁ)n—;ﬁ@ﬁibtdg&aﬁlmrmthom Further,
appar at us or the s stem Conn ct.to an

the devigmandymlti-yell micrpplg PR e %fd eflsSupendeg in
the well§ 8P5]tr?a:;c§:1{ac? {5 tﬂ@gtﬁfacgs ?P&lg 9&%@% ﬁgl‘;f:tgmﬂi %%ﬂoﬂaﬁ(‘ierreéecttrﬁde

structurés f]l‘leafopbmtllon pestodalowith apprpriate voltegesumlitgde; mayefformoiime
i npedance anal yzer. A cgnnection

' bl
duration, bl RISS A eise s O S0 sy LB en e BBLRLP JE° T e o
electrod@ ﬁﬁ&ﬁfe US89 kdrRhte Bidbirie rﬂe‘?\i duFridiedt s@roﬁ% télb@ropdtat@the

present iRvention. The connection between
membr&b @df beltsd é\s’hﬂmﬂhe @r@semnbme@ or mamomiatﬁ;s cavhd weaiory be via

electrop?)}:?gg]gg\% 8qrﬁ1a gflhat 5 e5e1n gelfécf’flle %e%o ttc{%V}clag oplglg:??ﬁgtes

are particﬂlé?@ﬁﬂté?l"for BleStedpofing aﬁheﬂ@ﬁt defist of an apparatus and

attached to, or wt (glﬁate or a fluid contai.ner
[OOZSHéEhemh@(tsnfoa p}@c‘g@}pqmqlmg]a Fapt ealls usingitherigsent device or

multl-wlepgx?larog ntsscoa ngﬂl%gfﬁhé{gmga@g?ﬁg?%g gt:;] %ﬁtﬂ’g?&ﬁ%}?\)eeﬁ fmul’u-well

microple@NatAbaxe bﬁe wBlll of whithlnyicropdate contaihs blbeirc&tebg er electrode structure
perinmeter of a device. [0023

units orgip DETAFBIREacst () RERH SHROM I EHALS hie ZeGy edsrfeplsgting
wells, (§Pﬁb L}éﬁg SieBricASblESesPuldeD B RE BREBROAdsRY BRLIt 9 eRESSporation of

nterface el'ectronics, including i npedance
the memmaseioLiie raena:admemdtto threch ostaint smm@se ¢&thg wetls.eEhe vetheds for

Swi t ches), ntrol . and S ch the
cletroRpg TR AECE P LTS 16 HERFPHAGRE il RD e e pogprise
the follb‘@in%s 12&364"&11@8@%&%%&@&1% milA6w Al RER6late/aaedst o well of
a systemof the present invention als

which mmcbpla;te som:ams anfmctes navlen@owwmr @umﬁd@rthﬁbowm&rcf%ﬁ% @
adding ﬁ}% EHE gheoeé?cﬁggﬁs- aﬁée g we n @g g&ﬁ&lx{ng g{éta?})‘% voltages pulses to

the eledtiodeEiolte st i@feldcpapRa! &f the ﬁ&nﬂfraﬂdtﬁ’ thoe edle mm the wells.
i nvention. The neasured i rrpedance data can be d
Electropeiiatioi condhiiony vefeapprangiotavplizes awplinide avelfu, fige duration an
¢ Y'e85d El%ét% Qaﬁ dnrl';@lﬁé‘i
numbeta&&{ugsfgﬁ cﬂ & @cﬁ&ﬂﬂtg&ﬁgfﬁ% %}Spegrén I %ye § od cle o i ency
and a number of artlcles and publication also provides general guldehne and poss1ble

specific conditions for electroporations. Some of these publications are cited here,

including, “Cell electropermeabilization: a new tool for biochemical and pharmalogical
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[00235] Preferably, the software program has one or

nore of the follow ng functions: (1) electronically
waewotohiing for connecting i npedance measuri ng BCT/U81003/022557

(or analyzer) to one of nultiple electrode units

(el ectrode structure units) of the present

studiesfryaPdewsde,sS. aG@ M. dduis{?lebﬁﬁml Bmmaet@aaungm 51- 237
ui t r TBasur enent of i mpedance

1993; “GscbBntueb oot blsoey oh o s sy T %e{fweéw dr Valusief0: Pp

297-308) BOU! Fes PlorLloBOF LARE e EHE Wi RS ir kU, % in

frequenC|es (3) processing the acq |npedance
DNA CeBiology, Yal.i% ep émﬁap;woe“mewwmw adlsdrentasells in situ for

the mtrﬁc‘?%gigp 0 %@%?ug@ﬁﬁngch ujaa{yr}%ae aC;LI—fE«" %i‘ Baovif%glleHL Todd

A, SIimé®W €, Berbtt BMVNAK sl s Zaﬁﬁ%-fﬁ'd}o%ﬁﬁfob 82! Ivie hods
eformn above functions 1 throu 4 at regu ar or

Moloculqrrr%glﬂgw oli A% npridet 141995, VBehosy bbAdnmmtgeﬂm after in situ

. 1. Th
oo ol RelUal: 67 W QREE bl P el eyl
Techniquepcdaind® ppa3t48€85[7h2(3020| ogi cal ion concentration or at
r00238{}R e SR eRareL s rorRnG PO AR SHAeIB i S B or
momtoﬁﬁ%ﬁ%e@ BRI&h r\Vﬂifch ?a?elﬂllo?i D ?ﬁ@éngp O@ldl%%?ﬂa Xﬁo‘,}e degcnbed

ed to t e surfaces o
dev1cesellr sutlioddlsnisropddte fermoiatainguadlecids:. reﬁtleﬁi rb()radamg is@fple
rotocols, w opri ate

| [
iSRSl BB S SR B L
device; $PircliBdiing @hhBRSn PAAESSceb G1I8RRNE &bl of el Ed'uﬂ’é:al‘%é

or electrode structure units to enerate e tr|
Capmemcéﬁwl@u fapd €) wenitetingmghange of Enperdapmlmtwedﬂm ammethane

t he nt . devi ce mcr ates can
etetrodgs f BotorgH* bisFer Bo BUFRRT /25t ABllaRaF5eShTS and
[OOZMH& Iyemnothék h@ecﬁ, R ReRaCHbestn i§ 8Re@bd 15 LMmOMbATSSassaying
are particul ar suited for el ectroporating adherent

moleculgs i & e selvtion dristomethad cpmpristecelpropiding tayice comprising:
| ti
0 sl P SR MRS 5D Bl il it e

substrataf 6)/& lefssovd Gredectidnt padweh ksaid Rubstp, 8hereitaid efishst 66
of which m creggl ate_contai ns el ectrodes or

clectrodgf g PBRLFEEATSY LT & GFF EHoCHBRE AR BRIPY Rlcasldingzpmple

solutionAdon@f3i3Gar@bt MbRMIBYCEd &evﬁ& %)gg?xcubatl the s ple olution in the
el ectrodes-contai ning wel appl §i ng elrecty i cal

device tg @llﬂwg@§6m$b€§6$ T@ tefwued m:lhle@tﬁetrodl@surﬁ&eﬂ ;d) dding reporting

molecul?g enfe%,'sro lgt t I on ]acgc tgﬂ&f:&?&ﬁlgg&%q §odu ftlotapﬁg s{%ﬁ{cﬁ&@%%?lg}rn%g tfo
allow the |r@ﬁﬁ~ﬁﬁg3ﬁbﬁbule§]to%i§@ ek gbiehbRolsd; @}meﬁ‘i%orﬁ{gea?%ge of

device or nmulti-well mcroplates conprise
impedancg | bebyieRgr ameRe ﬁtecmcaﬁodgs trmenitor éham"smnmbeﬁqmmhty ofiteghbt
molecul@éﬁ{aoﬂhﬁ s at least one well of which mcroplate
tains el ectrodes or electrode structure units on

[002401 a‘hb q;rasamme:hcscmﬁn béAked t@dﬂd}rﬁﬂ)ﬂaﬂﬁsﬁﬁﬂbleﬁpdrﬁnétaﬁ that are
ci es-containing wells Iy|n el ectrica
related t%’f“% ‘ij’i%r TRATHORS OGeyIIIg R @P@Lﬁtc %@HF legarnple, the present
methodﬁéa%q{sd.‘tﬁ’&‘éf)ﬁ‘%hg@d&énﬁlﬂﬁl%@é‘%gﬁﬁ of Buﬁgﬁq&etgll&ﬁ% %?}eé{ﬁ%s that

troporatio rtions w
are presgilin agampippblutionle, waveform time duration and

[00241] In yet another aspect, the present invention is directed to a method for

monitoring cell attachment or growth, which method comprises: a) providing an above-
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nunber of pulses can be determ ned wi th experinents
for a good el ectroporation efficiency and a nunber of
wa@eatoh@Es3 and publication al so provi des gener aPCT/US2003/022557
gui del i ne and possible specific conditions for
el ectroporations. Sone of these publications are cited
describigd ppparatiise multigell hieoplatd foc trromtemm@adfo]-éubzame Gmpedanos )

o R By L0 B S
well mﬁropﬂ&té aMd cb- hiﬁnﬂonh%nﬁbéﬂ@ﬂéé"ﬁetﬁé&m}%on@%@eleé{%&es oreldetrode

51- 63, 1993; | ectroporation of cél nbr anes’
arrays quﬁ@ﬁ gaud '{:eli(attacgrr@phylsgrowthm st agBratppor 129Hi-gelb mlcroplate

002430 LSRR Pl B0 SENSHE L e B B
related % cqipatithmER or giONB; FoEkemiplonhs ?ﬂebé?fﬂ n&-fthcma 28 @her
s in situ for the | nt roduct | on of nonper meant

°°mPﬂFFoql*f‘é?fm1@§gt hegmews or Bumper aficellsthry are Bitanhaé fa or-grownoddhe

appﬂa%ﬁﬁngppw (r)n 1?‘3;?%2& %/?Iﬁ%e ﬁ%&@éhﬁpﬁo\%ocul ar Bi ol ogy,

[002¢3) The418§seppm93wdiiﬁan Hoede( t6 Reteoniae whetheAdltver sombponad ksn
mdlgft‘e in situ Uy eectrﬁpor?m;on noni t or ed
odulaky &€y P}"Eeéi‘ls? { Cechpsaegh @ftachmenf agrawih, Rr to ggreghcler such g n
modulab¥r0 For 8616 liﬁ@preya‘lt me?ﬁ’bds REn 84 8omfated %@%%m r%pc%ﬁsa}tagﬂnent
yet anot her "aspect e present invention 1S directe
or growitlp isgmenitonestiinthe prqmmetand abggntaefpetestrooihrgouhd snd thisintdthod is

: rOV|d|n ove-describ
used to st PG AR vl R s S i e ofthe cels
Generaﬂp,l ifg presénce 8 ttésp B F&ﬁnd&@ﬂﬂt@@n SRAERL&I celtib Rt or growth,
npr|S|ng target nol ecul es or suspected of conprisSing

such a GOgAENA FEEIGFRS % § cspHackesw] ererow)h stnmulbiet. Fgmeasmy,ofa
t t I I
presenc 31 A8t AEMDSUR S e 0 B B S S °°

compomﬂpsad@rmierdnleats\mﬂ aptaclan®mor glevth eligsitdrodes to noni tor
resence quantlty of target nol ecules in a
l"”é‘@eﬂf SipEFFeny He Séﬁ cqnrpeysed inpop vashiesl] attasbmgpteas gtiowth.
0

For exahﬁb‘féé ?ﬁé ﬁe?gselhﬁmgfﬂgg%%%pb ng%lél}g% %\%jh %nl?éf?a%}’é d&a‘i’ls can attach to

or growcasnipe seréase of thepappearatiisny ima celli of eiletmnimr wsll ngeroplhje ¢f the
non- conduct.i n ubstra t tvvo el ectro

present ARG ARG N RSB B0 B mitisf e T e el repythat visble

or detadh@Rat oft - 518 6. %e&ﬁ%n%eﬁ@&ﬁca%%ﬁhéﬁoﬁlpﬁé@ QERifining
said at |east two electrodes are connected

the amouakerapimbee p@Vl@blesm ingn-aiablecadls. fThe presenientthals qaadisp bb)

BB S R R ) s
ofa teshdxemp@end andaﬂhle cmthca;r geked ol ReaR WikiRe shiduad cbRpb
rode_surf aces; ? addi ng reporting nolecu es in

modulaigs é’@ﬁ’{i&t}’ 8 the gells dneg hek exa@yple, s prasanh giethpés @) be tanducted
wherein! tﬂe §$1Pﬁta@1mbﬁ‘t (;r%go Vi %ﬁm aﬂtedacltyJ (n)%lP Wi u g.{l{i 9nethod i is

nol ecul es to bi
used to payednt the tasgcqmpzdmdg'er angrowthrrmdﬁmnﬁgmﬁtstween or anong the

(0022 RSHiRioRS ab e syl oo e immcn and w2t paherppteied end
analyzedifBSI rRAfmpeadhcl %néé&?r@mteﬁt ORickHy, fR%ddtbikiaRlE RIS GtiSch

that are
or adhere to the substrate. As cells die off, they start to lose adherence to the substrate and

the detachment can then be monitored by cell-substrate impedance. For example, the

present invention can be used for cytotoxicity assays and for monitoring and determining
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rel ated to nol ecul ar reactions occurring on the
el ectrode surfaces. For exanple, the present nethods
w@2amw4purvher conpri se determ ning the anmount OPCTIUSDES/022557
of target nolecules that are present in a sanple
solution. [00241] In yet another aspect, the present
cell phyisivlegital amd healii staredse Chemical petpounds bavinginxie eff¢atyorcibp cells

Or susp %:t%i\a}qc &gﬁlgltg éﬁ)[ig %étgé’g g% @%g %nﬁl;ega%@ié %{IB rtﬂescqﬁ;tﬁreaghamb er/well
in whicﬁ@é_l'isl*ﬁlg BR3LA28%8 EnerHRaCdInREn@&RAY Rad %o 6411 dBakii Via \Gefferent

mcroplate for nonitoring 'cell-substrate inpedance; b)
mechangsnisssubl agammptaepisomidmgerssis] Asteellpdie @il from their maea vigble states,

sai d apparatus Qr _in wel i It d: =
the con fepLcat i Hop o mob Gl Rhfa T e dchment o e
surface ARREIOENSS flaCheRdas bokeaallgaiontered byrthajtspddandaohiahgy of the
said cell attachment or growh on said apparatus or

present apentiomeT husyryiptpsicaprecess ogpbepponitaed rusahiimeay Msdeesesh
gne used to nonitor any suitable paraneters that are
related to cell attachment or growth. For exanple, the
[002p6 )8 @ndtherédaatiie, taanpresent heny candused dordromtaricall prplifération.
anmount. or_ nunber of gells that are attached to. or o
As celgpiagidh dimBon RpTR BN T reIEeY ORdRd CIRrarsshadsr Fhiswill
[ ' i6:PR243kctth @1REBESRp JIBARAUISELi
lead toggaﬁgéggﬁ%%&;%ﬁ? gh%%t%g?%ﬁ%gm{\khp@t ﬁ%]reca t est corrppound can e
when nooelld ax¢ presenter noicalls @rastiached tetheslestrodegirfaces. t achment
rowth, or_tq screen for such modul at or ... For
(00237 Fhs escptymefiods Bt D5 e, S oRigt ot s el el o
itabld &ls CEké deOdnilBIAIMIE plaint GBI, Figigalcdlls, Badterial cells,
s pr egencemg%m% of a test Ijconpound agﬁd t he net hod
recombiinant ¢alle@nd sulieedeeisne whet her said test conpound
l.ates Aattac of
10020818 B} RSB ETR pRhes PR s eBed Bl Frooa e
monitolin€ E@Pa@dheeh] orgirbwh) With msth@l costiprises:s) phovadiag ap abovd-
_is considered as a_cell attachnent or growh_ | )
describad mipdfi-srel micropiaie rty @ftgehing orgrowgsete it pivel of gad multi-well
micropfé?mmﬁﬁgﬂ Ja‘@l% WehohfRiSab£arEHy Shd n@hbaIITEAL t}fHe of cells and
gro , such a conpound I's considered as a cell
seriallyatiffarehtnentemiratign ofik ttest cdriyiundy and] ) @2erdforiip émpedanegietween
nmet hods can be_used to noni'tor viahl.e cell attachpent
or amof I ARETRASS PO RARBRE A E B ETIAD FORIGIoE B et of
said test CRHMSIRIGIEI Ria @t Yor ¥idRh e cells can attach to or
grow on the surface of the apparatus or in a well of
[0024BElnmmieteinbadirhent; the pysisentenatifod: dae fushes semprisadetpmiining the

and .t.he nmet.hod .is used tqg nonitor t ce t
e el AR ot et el B e Fo Gt PR B furtcr
compriS€ldt&rmidiig wHease fe 188 cbAPSWRER ah uhfaBeistao i o th of the cells.

_determning the anmount or nunmber of viable or .

In still pesyihericahodinaenty the prasent spethedganfarthes gompase detspnigipg the dose-
responé:eocﬂ%%ﬁge ygg{e{oﬂe&uhﬁe cell attachment or growth is

nmoni tored In the presence and absence of a test

(00250 Pl snesemn dppidngtuses] ntmoplstesiambimtihodetanrbe used whstmiér cell,

) said test conpound. nodul ates viahility of the cells.
tissue, PhOYS%PW&@@%F@}OEWSa banios o pressdses ans cefl exsien

11 deSRNKEHE Ind WLESisiHA B@. cel | attachment or growth is
e estlrrﬁlafglég%z;gsromhfactor and the nethod is )
[00251] The important considerations for a cell toxicity, cell death, and cell survival

inventi

assay include determination as to how many cells died and how many cells are still viable.

Current methods for cell toxicity, cell death, and cell survival assay include: 1) measuring
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used to screen the test conpound for a growth factor
antagoni st. [00245] Conditions that affect such cell
wa@edaomment and growth can be nonitored and arel/ygmds/022557
by the inpedance nmeasurenent. Cenerally, for adherent
cells, viable cells attach or adhere to the
concenfsativsit ofanteacellslac AlTPscodientrafién tot dﬁétgmsmfmqll Yigbilitys(@luorescence

adherence to ubstrate and et ach
vased BEfon S hohs 2bVET By b S fap iR E LAY «<fdP
determiB¥ @BPYRDilft{ EcolsraA At ndavBaheaN 28d3) Beopisscdpecific staining,
cytotoxicity assays and for nonitoring and determ ning

e.g., TUNEMW@ssagDdigad relipare rd@mrrm@ b3 flupreseence sigjned cells. All the current
or con\)%lgtvc?nlﬁ mteg%(o%a Ifoerche: glltt h?]; Elgatt}g,ﬁa?ld cg;l; ?@gﬁg %%?gg%qgﬁnahons

in which aivdynge tadst ﬁltﬁfsix%?feﬁu@ﬁ tHelge 6£EApRnsian cllmimaﬂdeﬁgenm mdisa
the culture chanber/well in which cells are present.

end-poinhassaniiet degs nod ppsideddnsigynfosnd i cel| death via
[0025\5]“ dial 5@@2&3@ %ggﬂc@% 20 SRR LSRN RBRYAST S-

irinitial viable states,
Accordirzty, ¢tehimait tdthhngotviic fati tntagoristarayelss 1nTopﬂ|d®aﬂth}l 1n1bffelging

woul d he losing attachnment to t uch | os
with the o3y th AL AR fAYo i é‘iﬁw% Higsibies'a procedure
for cell gmﬁg%ﬂa SrGRHAPILp1fingd h% 10PESREAE T7RURS &ﬂtureTﬂéb‘ks with h12 ml

OX1 C process can be nonitored in real tine

of EGM n@dmr(growﬁlmdw)cmr flpgo Zgﬂ}owmg theorete to @ti@@hplvermghz and
changify BF BRorRimaits SR BB shSlrolh bsln e pain ofes L dogm g

allowmgw’eﬁ gESlthFopaih@wbldeye! ect rode surfaces. This will
to a Iar]g]@r mpedance changlit or alteration in

IOOméhBheciollpwm straserca PrepraEmioE colhsuVivigbassgiidy typsinigingeells
s B SR 000kt SoRLEPAAPIRG b 0B 0FoFl Sakt ol

cultlvatﬁﬁg’lﬂhé l@éllSiihtthie l@ﬂﬁﬁh nlcerdlal@i ﬁjﬂtohemigm;:’%) reoving kgk@wt:hlehéﬁa and
ary_ cells_include ani m S, el ls, .
replacmgmﬁg ekt factop es Wi siamvedte calls foiad ikt 3 andiae ssrip!
dﬂutedg%&twfs&ofﬁh Jt%?e%gd whil aﬂ@&caﬂam%gﬁe éﬁﬁ&@ for 11 and 4)
sent Invention is directed to a
adding amenirtspondipgeebWihafattar binfactbrsdo egetowehh and\mmimungtth oultivating
H(S:r?(gp% ses: a) providing an above- described nulti-well
the cel Yite; b) attaching or growing cells in a well of

[0023@] BhddlblwviNeilhustratb £ probatufe R MET @ss%?cf) MR 72 Gont &
subst anti al I%gsarre nunber of sane type of cells an

daYS) aldingalJ yl afiNl rde'msol@bm@rﬂaplaweuanﬁcwba@egtfordbﬁrb@mﬁ gt37°C in

o 50, R SO SRR D B BRSOl

ovenném alBMC, 95%tdune 5¢f €oe inccﬂﬁatoﬁ an@l 4) 1%§dhn§ atpsiatesl a3 7006310lnm on
achnment or_gr.owt h. hﬁ?@%t I n one enbadi mrent,_the
alg

the EL@aAealemreaﬁquh &h¢ daia fram Eaaen ae apRlyZadsHie g Hxqel-based
statlSh% n_E%g %nn@&%lﬁk% aféealnh cﬂ)s@ ?&goﬂ@ clufvelsr(‘) @G&H&%& 50%

prese can turther ri se
inhibit@}ytcendﬁntmﬁ@l)MMeheregdnaratedst conpound is an ant agoni st

tQ e growmh of the cells. il .anot her . :
[00253b5 PRERRDE 2ppsa F"és’é‘%&mlﬂ%tte%‘ti{] e H%‘PQ‘GBH?}W% the
above-GRERELH fobchutdie cQP&eeused to measure total number of cells by measuring the

electrode impedance change. A correlation can be established between the change in the

impedance and the cell number on the electrodes. Such a correlation may be linear or may

be non-linear. The advantages of the present apparatuses, microplates and methods over
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response curve of the test conpound. [00250] The
present apparatuses, mcroplates and nethods can be
w@e@d/otaononi tor cell, tissue, or organ biol oRCTEE2003/022557
physi ol ogi cal and pat hol ogi cal processes such as cel
gromh, cell death, toxicity and cell division, etc.
conventjd@@Pmefhodk fori qwﬁdmnat}t, celbdeithyendiceld servivat assay aiel (1) the assays
death, and.cel |..survi val

performyd P eoRe: S R bHORoRLR cHb P Bipan R S R oE

after ceﬁ@iﬂe%e&fe@ istbithé wi¥il@Bldfor aftekHhe @REmIval EfiSoun@s hH@!Heen added to
toxicity, cell death, and cell survival assay include:

the wellg);, (Meths msamgperiommdmg/ﬂmmmt PEntimpeoBemEp 56l conditions

P
e AR IR e e -
inventicheth @&drifoR cslY Séreificnshn M’Eﬁhc&ﬂﬁﬁ@tlc infragdtibmg

i ntracel | ul ar enzi%é matic activity t? determ ne cel |
[00286] e fpHwWingsemp %mst@t%@e@msm )assaé{NamS)t hepygtsnbt i ¢
v BRI BFSPIO) g o |AE RS R B
for morﬁﬂohhg oell- sﬁlﬁstlfammqfeﬂama a}herﬁethb eltstrody surfact hasdf)elen pqugad w1th

cell death, and cell

|
o S5 s CE ) P B 2Sh LT b AL et
into the?ﬁ%tﬁrbz'(t)l)éfmﬁdggﬂh&a&cd}ﬁﬁg & Elﬁrfac@ "él@nélﬁ/ RmRRbIPBI N 16S@aY per

rovid inetic information. [00252] For
well in 86 mlllpl&w ini 104 ul a sdymegmﬂtl\fa@@g dhescells én e geowibanedium

for c surviva cor r.eat t
for overghy R "PRRYOE Siny BnTe v teblgthea R BB Taglly fhefyedia o
starve th&W QI 18F 20 Bour¥d 5) fadﬂlhg s&ﬁaﬂ‘(ﬁlﬁteﬁ%@&\mh fabtgnaltagonists to each well
transducti on pathvva : Thefollovmngdlllustrates a

in the npc@@@@m@ inpwhatingithe qmﬂtarq fay | &aur; §) adding a prrespanding gnowth

factor 06 ae’scéé:&%:t(l?rg% r{N%l C-)rfztaf ﬁll(%eﬁﬁte;: yjp&ﬂ{tiglrl{rlgqg %glfl%t{uféol?,lmg ﬁgﬁs fﬁl‘ 3

days andehdrfitoridga¢HaaghirOiviiedingb bemredn ¢breanginpy elcbrodss amblectrode
medi a; and _3) changi ng the grow di.a Qncge again

arrays igfepe well d&ashsﬂraﬁaver r%ﬁpﬁ@og ang 8 Sa&‘imng IoRe{auss chapge

and de 0%11-1{ Wiger ot ce-lif‘fmrﬁﬁ’ér 1%’}%)&1 il ilgeBhRR cBafeocedur e

survi val assay trypS|n|2|ng cells in T75
[OOZSV]aTE‘thﬁprasmht alqmdatﬁsex ofl ouplte-slell snipmplates danibe 1961 independently in

fvolumeand cultiva t cells
the prefei RROgF oA RS BT APRATHARE o5 iR HGT e 570
beusedna‘%dal@m@&dalafg%iah@s%e’l& ktem, growt h factor free nedia to
starve the cells for 24 hours; 3) adding seri al

[00288) Theepregm wethoida carobe qmdagtgda rrgmgalbo ‘Bagciressat methads can also

bat i | he cul tur our s
vecond USSR WSS PRl Bl B O
automa@ddd 16 @RbthBriéAghplE) tﬁd{iréseﬁﬁﬁlleﬂl@ds thicbecadndacttdwharettogs.

00254] The followng illustrates a procedure for MIT
moleculps geagtiony argmaenitopesl. hours (t hree days), adding 15 ul

oS5y ET BP0 MR TR B

reactloxadﬂbmgmg@ Baseld omfnr@bdamos aledduremend i ncubati ng t he

[OOZgH]jlt*“l%slrer ]g‘)\gg: Eilg n é%é |age[7 ggssgv(se%/’%grzy;l g@g\%{)}gog AL 3 henv(igebgft tﬁé f)resent

invention showing two electrodes. Capturing molecules, depicted with “Y” symbols, are

anchored, placed, introduced, or bound to surface of the electrodes. Capturing molecules
may be any molecules that may interact with target molecules to be measured or monitored

in a sample solution. Capturing molecules may be antibodies, peptides, ligands, receptors,
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the ELISA plate reader. The data fromthe plate reader
are anal yzed usi ng an Excel -based statistical data
wapakpriing) tenpl ate and the dose-response cur VBGI/U82003/022557
even 1 C50 (50% inhibitory concentration) val ues are
generated. [00255] The present apparatuses,
proteing] wrcbgdt atids nadldotives haigonuéletidasndy angimialecubdstthatiche interact with

. above-described, procedures, ..can be us I
or bind B ERI %G ARR FEmIE ratE et Dra R B B
molect] 846 afsPasIaphigife ndiscAldselSath Ativoaies Reyeeldticd ABsbrbed onto
bet ween the change in the inpedance and the cel

the eleeftnfsepradeest Hdtemabivelyonel antihachessmenbe labeled vithrhigtinyaolecules
i hea . nilLine . vant. Sq:
w0 that (SRR 180 e AR BB R AN AR B e
surfaced@hrdQ P4 6O EMLBIStiIPeIhdluG2 QO3 2hiple, segnyaidih adtculBtahotksd as
for cell toxicity, cell death, and cell survival assay

capturigg golecpes; e thigshigdarggmplsewiss i ag mgniteied o assared may be

labeled Witk Bfo'tﬁgn&?cdl@ Hottﬁ t b‘?&iﬂ-laﬁ@l@g 'taér!gé-% 016 esREn fbrﬂd t% czcil}/)turing
automated affer cells are seeded”into the wells and/or

moleciaéd -estraptoaviemokzatlec oo thervditdody surfeeenthacldhdidtin-atibm

) wells); (2) the assays perfornmed using the present

mteracipRrent j on to moni tor cell conditions do not need

[00263 - O8REAtcl & FASELO(APS £Rkbhsuf@idh bf Pibkgfodhd hﬁ&@ﬁ@@z?sas

performed using the present invention to nonitor cell

measursd fieli the elestredas cpated Wt dxicawarpd wiithfos malifieswith cQRE8]g

he foll ow ng, examl illustrates a,cel ur,vi val
molecu € Bl ARl E R Bindiclehiith 7 BlhcBd 5 pbsofisitay boupgyto the
surfacd @ tHO Bisetrddes BF QMY Ellif®1eAshydical SHhaintaPinethods. IN6SSititing
invention for nmonitoring cell-substrate inpedance )
examplgh of hysiga! gieghods aeoating mek inehixlerpagsivedhaemi ony Spinning coating

o 48k 551 BRSPS ASTBE SRR ookl YPALGAE0
electrodé sthhﬁurmj'un'rtﬁl pNaﬁ—(ﬁrrﬁtiﬁg)éthrgi | ed af ﬁmi?rmemeﬂ§f&$ﬁface
..conparable to 1 x 104 cells per we in 96 we
modifigiionauay Helpge nmlecaér 59 nved neRerRieRliTgariPAYOR His suEpecs
Thse 35 oA TR s BRI LA
anchormgaihamiaal neiewuies. t he cel ls for 24 hours; 5) adding

Lal dj ed growm h. f or .antagoni sts_to each. wel |

10078530 Firures] b SRS ShiomAE Bk iRy SRR i uSRt infention
showir%&%iel&‘lroﬁé’éj\kzﬂﬁ cabt@fig s Remds, MapRtawith “YagnMol9lon the
actors to each well of the mcroplate; 7) "continuing
surfaces 9f ghel qleciadenand widh tegdt sndlenules, depigted writl “rSrsynbolsragd

. [ [ C e r | ect r.odes or
sincin R0l PR SR B TR e SRR
moleci@rihRelictian dr holeatial iniding gaie so He thags endtévang&an 8iid to the

derive cell-nunber or cell-nunber index fromthe

capturipgmidegiiss. dissgerolacniss 51y bersay prelecaias thy peayantesass with

_ o | oo _ . v i
cp AR, OGS A4 £ 3o EBRROAEL i s
solution ppamalteosles o binteanast ta benakdsurddoorapdratoes]. ddke capeuritpatolsules,
st 220k B R S LR i e
acids, ARIdOAESs, ©BPolcERdeD 61 &?}ﬂ%%lfe%ﬁfés {3t BarVinfiact Qﬁtﬁgg Bt o

ode. In one exanple, present met hod can
capturing molecules. Illustrated in Figure 19(B) is a measurement of impedance Zy; as

O

measured for the electrodes modified with capturing molecules to which target molecules

bind. Figures 19(A) and 19(B) are a pair and show that the impedance between electrodes
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automated. In another exanple, the present nethods can
be conducted wherein the nolecular reactions are
woreewpones. [00259] Figure 19 illustrates operBtT/osm03/022557
principles of the nonitoring of nolecular reaction of
bi ndi ngs based on i npedance neasurenent. [00260]
will be Ehapged ﬁm( 2y toG, Eomrespodliing te 2 cpaditions thet ¢lestzndes rranedjfied

with cag\tu&Ing %(g,l es g ! he ﬁ{‘) %rHJ Q2 lﬂ)gél% gg?@t%ggmgfﬁﬁes ind to the

captmﬁg’ﬁ%mcﬁles@lgureQQBblor ed, pI aced, introduced, or bound
surface of the el ectrodes %g uring rml ecul es

ma
[0026é] Bigyreni(R islaeczosstraetiona) daming eich deniqerpfthe present invention

o3 S5 RS OO GGy Sy paIpbf

surfacep eptheditroti¢symd dhath w%eemowcﬂles ,[@pi2d20if I @TBMBols and

PCT/ US2003/ 0225 t l d

bmdmgqtedh%%n%réénol%ﬂ"fe@o gﬁﬁf&gﬁ{ Fqéfreilﬁfman{ﬁrc' %ﬂi fodecuigs ere are
i

labeled%’ﬁh IaPElﬁ{gglﬁl%%eéﬁlggj()erslggelglgﬁ)qﬂ&%es e R%A{edré@‘dﬁw ol gli}fegn

Captunag m&lscaﬂemdctargettmolagﬂeﬂﬂoanm melecﬂamhtewmob otdimeiccrry

bindingapaits s ALa: 05 B FR St ko abe Fargiibte olediled Tatktine

molecufdsQr EBIHHESMS $nol&cds R haicRk it WA in8fadthe RAgédAce

can be immobilized on the avidin-npdified el ectrode
changesf { frac€s), imanothgh wad, do amblifit the dpfeetinniignahs Taigenaleptles may

be any fisf @Rl5R Tk Py RIEE ML o BB PR Res ina sampte

solutiofBNédspEell Prbeds adxmaplesdlutid ard MbRLEds ¥f ihttrddt &f bemeasured or
nol ecul es so that biotin-|abeled target polecul es can

momtomdn d-ikecaphpingrpelgcules rwésw@@ecul@tm@pbwm QfigsrAvkigenst es

g

molecumahatroanmtaracrhwﬂacﬂdgnm tmchpltumgdaasiemle?sa IHBstratmhthIgﬂe 19(D)
for the Iec odes coated wi.t ove ed
is 2 mepgHe ey 91 fippeag wsr@easmﬂdf L efec {ﬁsa?‘?va«aﬁed with capturing

molecull®6 %ﬁ&?tafg%ﬂm%fecél%g BReAhERIn @%g%?ﬁ@le(:@les HIBAEAWHR
or bound to the surface of the electrodes by any

labeling uioierinles op hyriclesl FignrasHE cad 19EDhand . paiomd Isherw tthatghe

impedas Bty e HleesFolés s be FRnge folia i SRl o ©

conditi&@tHat blesirddel hRwWasHiRYd dithicaguriap alolddntes PFighR BT)|a8d to a
sol utions on designated electrode structure units.

conditipg haf tauget intrdecales bpiddle tag capﬁmﬁgdaolewﬂ@sf@@@w é?Db ukghgbing

motec A LTt LB 0,0, P 9 25RO o g

change®@T€H,c-db). r@idagslinitgesatple@f mmgﬁallﬂghﬁolednﬂéﬁ wawBe certain
surf aces VVI t h anchoring chem cal nplecules. [00262
large oygagigrraolegplessyhose pegsgace- b plsrEpdeailatingt e Passagy piibe ions

or elect?én t%ﬁf&g@&ﬁ@ﬁ&%@@&ﬁﬁnﬁe@@ %a}%h%%o ?géag}%‘é%

measursdl béta\cees eIEf:trd)des Ene @Kamﬁle&f dabadling pdrtitles pey benhec-sized,

nd
electncaﬁ non-con(Yl\ﬁcmg, or semlgonductmg, or even conducing particles. The presence

of such nano-szied particles will affect the passage of the ions or electrons at the electrode
surfaces and will result in a large change in impedance as measured between electrodes.

Here, the labeling molecules or particles may be attached to target molecules directly via
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bi nding to the capture nol ecul es. Capturing nol ecul es
and target nolecules forma nolecular interaction or
woredoeoulley bi nding pairs so that target nol ecuP@BUSEN3/ 022557
bind to the capturing nolecules. Target nol ecul es nay
be any nol ecul es that may interact with capturing
covalenioading éer, any othgs tynes o€ bending)i oy indirgtip via asigregnitben yplecule

f
o TRl B Mo R
[0026@] lﬁgulﬂe(iS(F) i§ abﬂﬁt sé@ioﬁﬁludre@mw aldlevizeof ﬂmquesent invention

gens, ept i d ands recep tors, YQI‘ ot
showing &‘Q‘P Blogirodss L Caﬁt}\ﬂnééfi‘?ll@’ées éﬂ?l@t@qll Walhe i @ ok on e
surfaceE'rrgf @g &}e@@o&%@%ﬁg g?{rh ciép% (1%‘919'“ 9 syBBk4hi Ng

bindingnpakelcaptrramoddculesp Riffacat ﬁbm&éguraéé(sB)r mga% aroleduiss hore are

el.ectraodes nodified with capturin | e t ich
labeled veftylabelipgiaelailes orphtine s ﬁﬁcﬁ 5 deBipiay v i Qbogfe a
Capturil V\%’rﬁol@dﬁ@esiﬁ@%&&% olbAfed ﬂﬁﬁ%%&l%cﬂﬁﬁﬁﬁ%tlgh %PHo@&ﬁﬁar74

2004/ 0101037 PCT/ US2003/ 022557 w Il be changed from
bindingZminsso ZMt taxgﬂt mad panhesi ag binsl ta th@mrammmolhaﬂeﬁl Ieab@hn@l es

motecufis r PR tlsles Bk aht Tslech iR oY patlsd Bl ou i inblenttih igbdhpee
change ORRLY-ZAGinTRbeshas, (& hapnsy dftion OARAOTh 1 sasertnd el

cross-sectional draw n% devi ce of the

arnphﬁmt@@éﬁﬁhq Jabadig Imleaéwow Regficless eclee\tqdd@@slgwﬁlﬁmn reaction
vevec R DO 5 591 S M 0 R BARS figb oo

reactionipidaég® )\é ddpositéd di')pi‘élﬁi)l&téth@h tHelehadtrﬁ@e §urfdchs resapingrthe
nol ecul es. Different fromFlgure 19 , targ ei,fé
impedapgg LuripEWesnsslectrades. Tangel malefiletmpy ewgw}ﬁw thag 13y

interact @ﬂ?&ihﬁ% m){al%bt!d%’ Tz{%@ﬂh&l%@tgesl‘ﬂntarbamg}es RinSor suspected to be

ecul es and target nolec orm a
in a samplk eclution aiemiale@d¢s aiinerestipl beoutaaured lor noiniigredaililke capturing

t t | ecyl bind to th tur,|

moteculed: pstef b8 Reyliputar hy Hifilesd rhlecy nsaRafa hidids, Bosmiers

proteinfReRI REdsOhudidiides; |o°r’1 oﬁméud\é@ W dny POIRARS thl@an 1nteract with
mpedance change of (ZM.-Zo), in another word, to

or bmdampaptmyng meledeles cHiusimated g?@gureﬂ&(@ss amesaswemest pfypedance

Zose as iRt B Hetpctidtts ABYilc v bt IaciBRIGH b bhich tapget

moleculds HRaT fv\&l@rdirﬂtabg%t infolévutadnipd Bbsled withAsbeling nidlb@des @ pakifcles.
interest to be nmeasured or. nonitored. Like capturi

Flguresfﬁﬂ(@:wdels‘?(m AP gopitmpr b dapt theyimpedanse ppideea slectrodes Wil be
change&rﬁto |c a p@cﬁ{résg&?d J%togé&%u AR QD d;p:{rgtn‘fdcﬁ‘ﬁed with

|gonuc etl
captunnthleteahkes (Hipat 106H)) and & ac«indmmhhﬁtrtaﬂgefndoteoukeabmdrto (1113

capturi RO OB FEe DL b Lol MRS S ercos Bavisipsrip Pl LOGF) are
used to 2t fg{ Qldﬁﬁhgioiﬁblfeh&QhMﬁlﬁedéﬁEg éﬂahgeg p%w €he Signathi ch

[ ecul es bind, whereint nol ecul es are
amphﬁbabml ddhwxhabeﬂmgl m@ebulﬁfgomte@@ﬁ ipdi 1g11re rba(rﬂ) ichabdevelithyongs

certain feis(in Aot bR Gofey b SR W SORE riabfion (3 hupioutes

in solufiéh. ZNle re&fioh e&aﬁ@d(mstdep@slte@ onpheti F)ﬁﬁlte& batthetleetddedeFaces
are nodified wi th capturing nol ecu gure 19C) and

and wili gffect the passage of electrons and/or 1ons at the electrode surfaces leading to a

large impedance change. Here, the labeling molecules or particles may be attached to target

molecules directly via covalent-bonding (or any other types of bonding) or indirectly via a
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condition that target nolecules bind to the capturing
nmol ecul es (Figure 19D). Labeling nolecules or
weantiolies in Figure 19(D) are used to anplifyP@r/Us2003/022557
further increase the inpedance change of (ZM-Zo).
One non-limting exanple of the |abeling nolecules may
recognignoeeleaile coue gehas M1mam@he@ga@bc¢mgs@tybpém%@nmmd

recepigt i onieapioienapdlof B ARRAR et P 4 Bl

exampﬂsdfqng@equjpge in inpedance as neasured between
el ectrodes. One exanple of |abeli na particles may be

[0036:5% Biewre, EYH) i @r@ss-se,capn dewring ohe deYipgof e present invention
showi etWé) éag%gl%ﬁé% \Qgh ¢ rgﬂlofe%ﬂlgg Cde Fégﬁ@sﬁ ﬁ(f ?ymﬂ(glg 3 tPﬁ o

surfacersaﬁﬂ&xﬁe@xfodbmald WﬂB taiget&hcﬂedtﬂ@née;ﬁéted véthet @tsynﬁﬂﬁs and
surfaces and will result in a_|arge change i

binding #g,ibg sertureguoleaes, riRutept fanFignec(BYdaset m%\eéule% Igge are
Iabeled /8 Ildb@ﬂn% HleSSq dle?fct&fsi'fth Gk’e V\D 5.8 Oﬁr;xﬁoﬁ%ﬂx%fjechf%s and

t ar get ecul es y via 10103
target AGIECWS2 0B DPRESTar moaradtemtor moniekivtey bértdmgpgﬁrscntohhat target

molecq.}%qp cg&hlrld t*?)g:g% Iﬁrp D I d ]%ge g{@%hé%g@ Geu e%o e %he mcﬂecules that

would M@a‘se 1R GinpBddhce @Hiﬂé@ %@zz&g;tzog R aAétHer @&ﬂpiﬁmﬂ)li@ @@féctlon
[00264) Figure 19(F) is a croSs-sectional drawing o

signal. d@\,thxs casgst thel«l@bq}mg‘e@ipculmn fsnzymes shdwigngl atnmilﬁcatlon of the

tabetin i S5 ¢t SR e B ale e o PR b Rt e

moleciilad (3in AB1866H. EFhe slopuGi(BLoMhé bnzymé-mydibrl Seafien is deposited
binding to the capture nolecules. Different from

or preomlﬁamd@nfbe Blectrodg ij’éfac% reselingémpedagce (Zaer) efifle slectipdes is
measmlvaﬁb%f%ﬁmm ng&gh%@ %any%&ﬁé&ﬂ& tpﬁfrﬁe} €e§acé “%Péag&%ﬂg

uring nolecu and tar
molecuted. émgeasncﬂemﬂesanmhmld setutiontoe sespectod tobe i ﬂmﬂl@$olut10n

in airs othat arget, nol ecul es can bind to the
are mog%?ﬂg’ wgerﬁw% F@ésurﬁ‘;ﬁ%‘i%%&f e‘&mﬁ’!‘& GRRIUIIRg %W’eé’l taget
molecﬂEsemg;hﬁe aRtreeis eﬁlt%%n§§%i Qfgafl@sa}e k'sd phﬁ&h@ Qﬁl@leichfcms

| npedance change of I'n anot her “wor d
nucleotifgsl oligondeletides, onarssf lgnkbuleat that ¢angnterest yithios bmdgnahpmnng

L, f i t b ticl
moleoiY el R B gL Ao Peert GrimPRue e Zover AUBFT A
for the McB6@dsqBodified ¥ithi capRSinPinidlecaRI®o WhARM! thipet mblecules bind,

nmol ecul es in solution. The reaction product (P) is

whereigdyyaefimelgces ge é@hekﬂdtwlebbdmam@lemlet@rrm@clg% r¥igerss 19(G)
and 19@12)?&513 hlolf ahfiSn %\g% g@ﬂ?:ﬁg s §IEau ) rv{?ﬁ%% changed from

Zo to zmj; ebaedpontinig t6 ambnknma@ tHao bleatddes are'lfﬁécgﬁéd ﬁ@ﬂh&ﬁpﬂuﬂﬁg in
anpl e_solutjon or suspected t in a sanp

molecu&@ﬂ (I 8: 8 l%fﬁb%ﬁoea&ﬂnégwafthat ﬁ%rg?té@(?le%%@nwa% rCéEFuEPg
molecﬁngs{/@@?frg @9Ht E@oeﬁﬁghﬂﬁécﬂ%s e E%%tﬂ%?g ’afﬁsggk%é@bﬁﬁ%r%her

e anti I es, ~anti gens,
increasedbeipipmdance qhamgeewﬁ(ZMEﬁZ@)L dn thimcisdsthe itu]uelmg)mom:ales are

ol i onuc eti r | ecul.es.that .can jnpter
enzymg Bion 6o s Y R eI E TS aplfi Uit (it Shgyme-
mediatEd Gﬂéa@alﬂ*@efd@sadtﬁm@ oPRasHAR MRl culs (SyReAfNgfon. 4R Rsduct (P) of
nmeasured for the el ectrodes nodifi'ed wth capturing

the enzypieapediatsd reactipn indepasitpdtor prasipstatedes the n@pﬁvﬂﬁeauefanes,
resultu](iﬁ n%J ?xl{gc%l(ggfglj) F ot eel‘ectro%gs f‘g(iineva\lns&rgd. '?ﬁe reagtgon pro?lucL{ (ﬁ% 15

deposited or precipitated on the electrode surfaces and will affect the passage of electrons
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Figures 19(E) and 19(F) are a pair and show that the
i npedance between el ectrodes will be changed from Zo
wo 200ZR10xorresponding to a condition that el eRCT/U8®83/022557
are nodified with capturing nolecules (Figure 19(E))
and to a condition that target nolecules bind to the
and/ordexstal therfdeqtiside sutfesss(Isading o allg(ge)inpedase changenblees thees

RS S R BB S D S
bondirgy (gnaly othemtlypés efdiondingPbr inbieedtighid 4 rgopmitien wodsuld couple

particles in Figure 19(F).is achieyed thrqough certailn,
such a pigtpayilin éPﬁ%éﬁCthdbeqﬂilhgth@é% P’é‘!ff‘&FPtﬁ%rPEW- e$hgpandition

S Qf; [ l.es: i Lt @Ry agtl.on
show BTTEE FHE P8 re Ref RO il ? Sl Tl (17500
exampéds@( suchcmzgmefasebsi greah dmplifitatioh faecdesthieediadigge 8of

el ectrons and/or ions at the el ectrode surfaces,

| eading to a |arge inpedance change. Here, the

| BRAMPIEIORRCAT €8T ATION METERSDSAND A T IeANGENSO

target nolecules directly via coval ent-bonding (or

any otlmmedangediyeqifenpy Spiéctiyin fio ehutar¥ssgysvia a 76 WO

4/ 010103 . PCT/ US2003/ 022557 ogni tion nolecul e
(007811 SRS T DR oo G BRPPia s Ppaont Banfty the
resistaBH R PAAYre@itin@S0s. VBthemBGQMYy Othe ihfélifce ZhEegROEEd A0BIlows,
show in Figure 19(F) can be regarded as a particul ar

exanpl e of Figure 19(D). [00265] Figure 19(H) is a

ci__o§§-+§ggsti onal drawi ng of a device of the present

i'nventron’ showi ng two el ectrodes with capturing

nol ecul es, depicted with "Y" synbols, on the surfaces

of the il/_ectrodes and with target nol ecul es, depicted

wihene § =+/—byddpadtingathat fobihadienigl) reactdnee campaeneat Xs, the voltage

. lecules., Different fromFigure 19(B), targe .
apptiflByeE {1 88 dpgier it ot oMhe Shtent eaeltmiBh BT o e dserial
resistafi@Pihetvefiapd ddplied ovenifaGh PhaseHRtnthb BeréM|oBfid BRHudRH. Asitis

target nolecules forma nolecular interaction or
well-kpgyyeiay gleptropiowsid-ieqiagal engoeerings the ampedanceredneadsd lessexpeassed in

trms B Ereh o ERb by BB SR e BRBUOPR, ™ npeiance

change of (ZMEP-Zo), in another word, to anplify

det ecti qn " signal. In this case, the | abeling

mol ec A9 "4F SPEEA Pl and signal anplification of the

| abel i ng nol ecul es is achi eved t hrough enzyne- nedi at ed

or catalyzed reactions of substrate nolecules (S) in

awiid P \A01 . NROereit Ghese Rk pRfsidliqs & Yo AR LAY &ial

reaction is deposited or precipitated on the
reactansp.cutpetsdie] waistaaceand parslidl réangnesypedequiwlEMERYseovhd dre

-1 46l rodes i neasur ed. . Tar get | ecul es any .
skilledy BEL R eloc TR0 espring ot e Sho ot s fioeon
from theafa@fhctefol £8dsliR $hd dthér exprEaion. SPortthé Sike T chisPREt RfsibRncy,

be in a sanple solution are nolecules of interest to
the desgeptirseandrdisrustioprishihe present inyaudio ajitizesithgexmsession] of serial

: I . S .
ressta o T PO B bR o B oo e
simplyrcali¢embistdase aml tegataneel et i des, or any nol ecul es t hat

C interact with or pind to capturing nolecules. .

WO’{:@ FE’&F%{@&S SOV @B}C@Pﬁq(wcx Pegirppimapurmdfesigipnce for circle-

on-lind IRGSBE SEutMEE (1A% WRBSLBE thicron, line gap = 80 micron, circle diameter =

90 micron) fabricated on glass substrates under various conditions. The glass substrates

containing electrode structures are electrode devices. Plastic wells were assembled over
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for the electrodes nodified with capturing nol ecul es
to which target nol ecul es bind, wherein target
wordoaoulies are | abel ed with | abeli ng nol ecul esPEI/US2003/022557
particles. Figures 19(G and 19(H are a pair and
show t hat the inpedance between el ectrodes will be
electrodetstimggesfto domm Z est devzcpr;hecsorfa@qfdh@l Flagirads Sﬁue@m iwason

t
immob gy SR R Bheetesulst o i aER e BugBRafl bt
labeled Bobihe sOrubh SbGRARE 4d ﬁﬂowé@ﬁﬁﬁﬂh%m@ﬁh@b!l@&r&&kﬂn streptav1d1n
Labeling nolecules in Figure 19(G .are used to a%)to%md

modifiegralifaling phpsphiatectp elew Strmta"flﬁrpe@a g @H@h@@mﬁsphate
to blotng Nﬁ}meéggtr e'guﬁgc fsq;e&) Alggl% v@a%%logt%d BhS the

SI gna
electrod'ﬁliueiﬁbléseﬂlel weelbwhd ﬁmﬁd theadighly erithyTres buf&d (pitetl 6)0 r Tns
lyzed reactions_of supstrate polecules (S) in

solution g BGR(15nb Bk stoe nok.5 mlHgiseR Srle s pieered in
DMSO "h@é‘@g a00% ﬁlg/nﬁeo% Sdrlu orﬁpangm pishatisd. s ’tfﬁs: B ESbhEOdES

ces, resu t| ng ance ( ZMEP)
prepared lire dé izl wa;terr%mg €Zh mghel croaa@ttradmn)o mad tivn adBed inicsthe

well. TERGHARPY FeahreBeN e T EeGiAH TR BH El S G o e
o AN TR RS O, S

aces fo a

L P A e

was adR@NAVAE ehAfmAMbdRtdagEactivR 88cifin @H Qiefkgécu%e kg ehd ¥
via a recognition nolecul e couple such

productifdhbis meastipn precindtatpdron/tee eledtiade surfe¢dsadg r%snttccb@ranan@ease of

d.. T ndi ti.on shaow i ure 19
series i O s 0ot Eor T Prrelfle RS Hisribal R frppibiby Glss
than 1 rhiHule) aftSPAmIitiGXeMaE Sslutidn, ﬂié%hz?fﬁééﬁﬁ@hiw@&dcﬁdrgdid hot produce
anplification are descri bed in Fi gure 8. EXAVPLES

much pegiraatiar porhaeyeiods sulenprricaiyr iengeh frequapgk fagcaround 1
t

MLz aid SVEN ISR (anpl LB i A5 o A by e

electrodeargoareaytand emmziayprbbmy ofhe atedivne (dRsctdcal coetuctigitycand

e e BEATTTES B2 o B RIS ol TP B
lower ﬁteﬁﬁex{c?égr {retd eﬂiﬁ?& k& @ﬁEdG@@QS@‘hﬁol&atlbﬁeeﬂé& tl@agﬁng to the

applied over it 1s 90 degree sed-out fromt
frequency rlcleanﬁegtaﬁmgtameramdgphpaatandéo((seteh ﬁ)r(exemphl. $chwan H P., “Linear

o430 Bt B PB RS, o OB, Vol

20, pp 268L28KM9YM JafdbneDE HchR i, HIBAH @és%f&wltzc alA RRMHeRRREA Rebdel for
t he |npedance can al so be expressed in_terms of

the polgsizetipn anpedasseselpacdapneanakeyatasiipdis”s inddehiidel Rpg., ¥sl. 6, pp
579-59 o'ﬂo? ¢ o%ﬂﬁpont%f 1%@1111&59 afterzgﬁ% SOh\(Ich?r{ \‘?/a% 1ntrohuc 10 the We 1

vert ess ese expressions (serial resistance

precipitation 8f the peddiicaslie entynanedihied réaetiond @nsel aamgepmmegd 1ﬁ|the
r eact ance‘)h are equivalent. Those who are skilled in

impedapgeiypeihihe g tredese Heawise OEH@W@@&M@C@&M figlggeqnglucting
nature St&hd ﬁﬁcﬁﬂtﬁh&? f)f@dﬁfz’c dnthE 91%@&0%% surfaces, the frequency spectrum of the

resistance of the electrode structures was altered. Typically, there was an increase in

-

resistance for frequencies below MHz. There was small change in the higher frequency

region.
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fromthe parameter values in the other expression. For
the sake of clarity and consistency, the description
w@pa4diEessi on in the present invention utiliee€sUs1ve3/022557
expression of serial resistance and serial reactance.
For sinmplicity, serial resistance and serial reactance
[00268]FigwE 2P(B) shaivs edreqwcgtsaemumﬁmpmdam@ancp oy same

cloctrodgsifitines b e SHDGCROHER A& ML EOTF TS @) BERbde
immedinieb i 2696 o ANBISR (&) SOUPHF oF Sn Aelo 14 4R FogFand 50

gl ass substrates under various conditions. The

(A) mingfpsafarteasoleimn wasrdded eNetertheidbe Berigreqsheynap @%g“re 20(B) is

the abscluE BB AP AFO B e RO D 87 SR B BE O P Eieidhes. For the

measuréﬁérﬂ GAIH 8t Rty Bk the8ddiHEY bE@e sdhBios Hhé AG6tafde WhE
el ectrode structures was inmobilized with al kaline

capacitiyh @smeéoeﬁme@dmgnw 09 kigand daductiye irveatee betyesads2 kilz

| abel ed
and 5 M e TR B RS AT Bl By bl e
and 3.18% kBl el RAeaPRah Sattve a@lslmes t\mmmynw—memﬂdfrmdon

al kal i ne phosphat e g P) to bind to biotin on th
occurring et theslretiode surkees, hemradudt of Bus warknnRIgeRitateden ﬂaﬁ glgeérode

t: I
surfaces\f\%@xggulge%lg %é :?1\?/% L %F%eﬁlggfelagfé%&??ﬁﬁe EfeEﬁg&E h*’oi?ﬁl% impedance
measur@nénttalen imomddstely (igssBﬁ‘a\rPl (rihﬁuba) afﬂﬁla@dmbn @Iﬁthersolhtlbnnﬂhe

Tri%,PECIPstogf was pre in awmgroa :
enzymerpgedipted SpRcEiRR dit 195 RICd4 A P{°§§31@F1°1P ﬂni eelepirogp puriaces,
typlcallgl,gt_ﬁe ﬁigﬁcﬂfeq‘g@ﬁcy reeResed 1 M%ﬂd%b?§Qm%&eﬁlﬁe h@&ﬁbﬂﬁﬂc@and

ncentration) was then added into the
reactan¢e)~pmnhanﬂsedctelamuﬂblmeﬂnb clwatroge géamnetnoandraientiical propedy Déthe

e g o R PO P g S MR g
over thd 88ctr&R! stub@bs. Attl})wéﬁ’ efici@$, there @xistsfao-chiled Xlecte
(o)and 80 (A mnutes ter the solution was added.
polarizapjoph eﬁfﬁcztymdmgm ﬁl@@@qu@mftdenﬁlct@@wmﬂaﬁge @1 qapecitance (see, for
I uf
oy S0 SR 2T SE R A Do BBl P 0BI0ey
matena&ﬁ mn«t:me&emed Engg Mok220; 88 I269<‘2I88,619§)Q Idren, @.c8d¢hvwemme HP and

Lhe i npedance asu enment, t aken i nmedi at el | ess
Geselowﬁ%m 4 mathrmadicalme dhe polgreaonimwedzIce of edtee %écemaker

electrocfeQZXHﬁ/Ié@ BALE r@ CB 58_50 Y0 oPRUUAGiiHUE 13 mlnutes after
€ Iy,

récipitation o ctrode surfaces, typical
the sohItima wrisghtrédvead erthy W@H geclpﬁtammmf the lednctan dﬂl@d:nzvm)s mediated

reactonsGRBTYh Gt ARTRd U5 BUEHGHE TGLEBPS SR Iet cBErUEspr tho

non-coﬁﬁl‘éﬁﬁé by liffe-doudiiag hb!t'ifll‘e( &f tﬁG Pfécﬁﬁiatl@l@ BrdGEt ot thy eRBEode
dielectric permttIVIt he solution that is

surface$, ihe Gequsady mtrumhvé tleq @@¢tmweof§h¢ elegtrads strpgturds gygsalso

altered. p@efg‘?,rflgt;f{?% ﬁhe 21?115%8 %)c(:c:lfr}efgloto ljilé o{ng 4uﬁeecfj re?lgtglgcﬁ té ia?gee relative

change @@fé@ﬂt@ﬁéﬁ odc@ftd Forigch @é@eﬁd@sﬁ CRé¢lateddy, (sheiehal g in reactance
exanp Schwan, H. P. ‘Li near and nonI i near

occmeéﬁetbwﬁi@qq@awa& {forgantplea s B O0iHAI materials”, in
[oozéﬁ’ﬂfggé{hl\%gﬁ%fﬁgﬁgaﬁge ée 8161\%8 at Hﬁfef%?hﬁ% ﬁ%%ﬁgl%]ole&ﬁ‘iagl

reactiod (ife. at different time points after the addition of the solution), compared to the

resistance measured immediately after the addition of the solution, and the resulting ratio
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the pol arization i npedance of cardi ac pacenmaker
el ectrodes”, in Med. Biol. Eng., Vol. 6, pp 579-594).
wao-e40hoxondi ti on of 13 m nutes after the sol BECT/USR200&E22557
introduced to the well, precipitation of the product
of the enzyne nedi ated reactions caused a | arge change
plotted i(mandly, relatiye dbange ibessistsape ehssriel wsisiaper) s a Basalgs of Hte

frequen ) PRAS A st sh B bt bhinE IRk ) PAEn gty

there isfsh@gUgHOYchaRECTh Theinfedbit® (il Bl Gt fisesepibl 1TeEl§taﬁd:eg cthe ed is
structures was altered. Typically, there was an
close tq one SWith depreasingirequsnese this Fatio iggigases vkl ibtgaghesppeak-value.

with adelBle 8 52 sy BB G B b o h BLERS st it

signiﬁcﬁh@whghaﬂma) osfiows a frequency spectrum of neasured

[002& § zg%pceqsg\lgtogotl afe 18% g%arn%g? ﬁmerr% o a%rgg Ebgarrflacalglgantcg (\efalue

and usd t)f/fgﬁgélgegffl m)@%&&a{ncégcgirﬂoill%& £id rEﬁ@ct %I%') ﬂéﬂr)]lg@tﬂar &Qatson taking
place omthmle@rcaibtserfacteia er mhqmtthmyawemcmamﬂ) t@actidrathat bemises

precipifgioF hERE Setehon Bro e fo it EiearO e sithces (55 Bigitrs LY

Furtherhitge, re&?f‘e%ﬁ&ﬁ 8f infjRiaddasn téRR DY hRARA redigtkdd dnAWBkALE bah also
after the addition of the solution, the reactance was

be usedcfapdescribing thechrageneimpedoresidug 0e-modasylas CRClions qeaerTing on the
electrocjl %%atcéve in nature between 792 kHz and 5 MHz. For
ot measuremsnts the reactance was capacitive in
nat ure between 10Hz and 3.155 MHz and i nductive in
nature at 5 MHz. Wth enz ne- msdl ated reaction
jequen e GRES8ES t he product of
t
l°°2‘7“ AR AIAshEL @égﬁse b, SRS T5 R e
on-line elee&bd@dﬂmturEmfathed omgmmstrnmmﬁeemnéorﬂaimn (a), open

at el Le t han addi.tion of th
symbol Rty Gt i BFesiienePapdaot ulehebrtan theirode and
substraférsg%éh%? BRI QR ﬁlaalh&rbo%lﬁlﬁg}m@@@ Eélﬁewa?sLH'dﬁ@&ﬁﬁa WeII
t ypi cal g., around 1 MHz

y, the high frequency
contalnaigdhe)elepwm“@@r% r(b)sﬂ%tgamm@b Al 40meinutes (el wiews at’mchﬂcg/to

et B s RO N e v

added tditled welly ¢dntdiginpitel dlactiond s@hcthiRs of mwelpﬁoﬁdﬁahuﬂf&e Shortly
i ntroduced over the electrode structure. At | ower

after (withé L@ minues) celepriainingmediamswasasidpd the gl therasdle did not have
enoughgﬁﬁéa{o d’ﬁﬂ ﬁ e %[et:&&ies ngx?sd&l&gcoﬁl 19ch% {h?igfﬁ%?ﬁéﬁsured
resrstance and capaci see

1mpedaﬁa(a(1‘ﬁdlaan@8calfm@mctahbd3 for theieheabdastehcage lwllﬂhem cal-e@tmﬁﬁhg
oI arl zati on ﬁ‘}?g?t oI ogical materials”

medi srihte sapmggor the game, gs thgbobigiged fagghe cejlaﬁe?]me@mn added
to the w%@lh‘m ’thé'&))nﬁﬁfé)n WERARhOWIL Free ?ul @%%Hﬁlﬂp&/hé:ﬂkroﬁﬁ’&ﬂlovg%e
he "pol ari zati on | npedance o 'ac pacenmake

electrod_:else@twhﬂile&é celi-poriveidingBhaliumBvey . intrddiced Gyer pipe SE@rdsi@sput the
the conditio n after the.sol ution

cells ifi et S5 <BABELEMS B et fefle HosFRes B khirrss Amiel oy e e

ﬁequen!é'jf Qéj HChroahdtl MHQ RAY BRoVER Hhddance (tﬁ'&*?s%ﬂc@ Rfd Fe@t@t%ﬁé’e) §s mainly
e change in the |npedance bet ween t he el ectr ddes.

determ1Bg@ gm the @gcttng geometry and electrical property of the medium (electrical

conductivity and dielectric permittivity) of the solution that is introduced over the electrode

structure. At lower frequencies, there exists a so-called “electrode polarization” effect,
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non- conducting or little-conducting nature of the
precipitation product on the electrode surfaces, the

w0 e@guoeney spectrum of the reactance of the el BCI/DSIHO3/022557
structures was also altered. Different fromthe

. changes occurred to the neasured resistance, |arge
leading tq the ifieguenshidapradent resistencerand cepasitenasd((sess fdricgample, Schwan,

& i es. Relat] .snal | anges i n.reacf ance
R R R e
Biomed0Bng#Vol. RO -288, 1 992; Taloh ODQ S ch@ &, Hred@eGeselowitz., “A

asured at different time points of nolecul ar

matheﬁtéfal model for the polarigaiorpinapadangeaf cpriasipaceipaler elegodes”, in
Ct i . t .
Mot BUEELEY 01 570901 Al RIRREH A 0 58 05

contailsing utedom wasthttoliecedes tiket weld) whidhi voasGlacéDi6 Q4isdddcdidre

. CT/ US20Q3/ 022557 _plotted (namely, relative change in
incubalo SpLoVeAdR 48@!_3@?8@ e oplls pereamitd) engeth T eﬁt%fil %‘E_SPWéd (as
conﬁnﬁé@gy‘ﬁﬂ&ﬁ%z(og%’ )kaﬁ%hhﬁ(r']on ¢ theak1ssh @f&ex‘égit% ﬁlﬁﬁcdv%réamggg

(Figure 2 t high frequency, erel1s s

electrodes)c Bengse pfithemenicopdutdingmatursmof the selt mempbranecthedreqa¢ncy

I.st t ti,0 | t A
spectrlf B B Arigtce of Ty o Rt o/ ALPRETAPiGaly fopg was an
increaded A CEinteR-nitAk e Fadutdcies VY kHz BEDIEIAS) N ThbRey 4 SHIEMaNge in
) further, the ratio decreases. Even at 10 Hz, the ratio
either jogvez oy higherdieghpiaygagiony hi gher than one. [00270] It is
002180 S B P Bluchey PN (G0ANT80 AL e gyme

electrotib etritct@es amize two samacdmtiti@nrds i€Figari38(AR (B) bperbyatibol, shortly
reaction, taki ng pl ace on the el ectrode surfaces or to
Y

after (wibhin 1 9rmiphigs <Ry hac nat aftaghed yeiadhe elctiariand quasirgte surfaces)
the tisddk %?!tlﬂ% il c taibgg Igggtgd) RAls %? ?ﬁdé‘eﬁi 49 v&tlelflecoﬁlta%‘fi}lé fge

surfaces (see Fi g nmore, expressron
electrodé stirumbeeaihg eolidsydror2hof0 mamddsl(edlisvese sttahed toathd electrode and

reactance.c al so be.used for Re] t he chan
substrf 1380 3G E DG BTt mROFUE G dpsdd | ReDR wirs adige bbe
wells doi@inifd Belel@H8dSHFIBRESon th-wlIRALANGRAEE, SIMBAS Yfter (e.g.,

ectrum for Cell Assays [00271] Figure 38(A) Shows

S
within tIB prinelesfacBganiatyng medunnwas added sherwell, tesséedls dit rotthore

CJ: e- -l hne el ectrode structures,fabricated o
enougtfE R PRIl i S etHaiaR by TRk pip iR
impedaiairebistatideaintlryactdricey fot Wel ddorod® stiidhit &fith B8 lcbi$-ch@fining

not attached yet to the electrode and substrate

mediung,yyas dacsame; pralpostiiie sane.iag that abtinethfeighe selhiisg mativno adled

h .| ) .. i ni t t

o the £, A YESBA, L Rl R 0) N S MGy e

introduetd avdrelik ¢lectradbg oe wédheh tlndellanttanibg irediven sas frawdsded over the
t he,.cyl ture nedi um cont ai ni rﬁgp 1(}80 cells were

fter
electroflpfuth e ellf dicpet Faveivugh fimego aiies FeEds SIS es
. : ity 10
Ll )
determiried bydhe eeatiadleigoombtay end elacttighl conduetivisy af thechlution e is
hat, t he .measure

. el ectrodes. . This s _conf.irnmed by t.

inteodu P Serbde S Ao b EEEr et st TS areet ke
“electrédd pitdridation dffect, Neade fotEOREAIALY Bependent resistance and
capacitance (see, for example, Schwan, H.P., “Linear and nonlinear electrode polarization
and biological materials”, in Ann. Biomed. Eng., Vol. 20, pp 269-288, 1992; Jaron, D.,

Schwan, HP and Geselowitz., “A mathematical model for the polarization impedance of

82



medi um was the sane, or al nost the same, as that
obtained for the cell-free nedium added to the well.
wo-0040ka0xondi ti on when the cell-free cul ture PEHUS2M3/022557
was i ntroduced over the electrodes, or when the
cel I -contai ni ng medi um was i ntroduced over the .
cardiac pheaaleriesctndes’t, e MedeBidd. Thgl, Vidlt 6,pan 9erfdigFox thasondition

ot 2 A e e R mETE S Fah B G o i s
placed INPEABOCRNLE BRUBA S oL 2R AIMIRAS HRG8Is WereBVdH dhough time to
determ ned by the el ectrode geonetry and el ectrical

attach snd sprsad (esebntimecdidiniaroscepeetantivation of sheiedlsiiy theyregiqn not

i el,ectric r ttivi of...th | ution i.S..:
covered |15 Hidelsfioye Prittistih ¥koRlbt Sepe bl AR nbiRbpdsine nature
of the ckll @SSl the fidy@ERcyepestiigm af R réatdned of leatdctrode structures

arization" effect, 81 WO 2004/010103

I
was a1t¢%°€¢_, Dyaod/ iz Serchapgsigi thyresistansre the maige rgtivebangrareurred
in o 5 SRR A TACKIREEL AR GRoh AR Al AT £ R
significantdy bgriacse! oftiad @flisaltachediontoha eleBiroadeed. Eng., Vol . 20,

[OOZ%SEEFQ_ Segt_h(’a %ﬁ%zéfﬁégh%q?@gm%ﬁ%@née}lg}%@ bl to the resistance
measur@«fl’kv?tﬁ&&ﬁ:%ﬁé’-@ttédﬁ@@ daise: ffis 86 %ﬁi‘fel@é}@l%ﬂ% 8fange in resistance or
el ectrodes”, I1n Med. Biol. Eng., Vol. 6, pp 579-594).
serial résmatarich)easaofiui¢tianoof thé fiequetOy,tjpioallys wafobesrve h@edebhaped curve

. C | Nj medi um was, i ntroduced to the well i ch .
gur R, "M 1Py e ot Yaor ot F el hap iy ppic s
case, th QB4 #es@stanck]) ehs@tib $s M ekiSladeBPoRN OWER indréRideOfréfubAGH this

and spread (as confirmed by m croscope exam nation of |
ratio ingigases ahiilst reachasa neakivehren dYitle ingreasing Bie frepuency further, the ratio
| ectrodes C ft t : .
acceuf EUEARSRL AR EL: RS ARE SUREEH LS Blsvi
plota rﬁ_l@ﬁi}éél?lﬁgceinctﬁe tdaetat o dapaeitadted vummrels‘?qs\eme cHahge ﬁgkhe
ypically, there was an increase in the inter-nediate
reactanpy EHH_%IHE?F @ad reflegi hecell aiterhmany to tpeleeredesusiagds (Sentiage
| . Q
3300 Py, e YRS A L SHED Y Ok 008 b
can also bacsedrforddsaribing ¢hescarge il impedade da¢ touesllatieshmenddo thtewo

ane_conditions as in Figure 38(A): (a), open synbol,
electroé%%g{apv. after (within 10 ninutes, cells had not

(00224} BichRdk ¥ efue @ tHeNBsifhfEd rhR6 . ANRe ﬁﬁb%f&lgéﬁsi‘étéﬁé@@ﬁﬁbell-

the tissue culture nmedi um containing HI1080 cells was
attached tithd clestradasdb ithecrssistanes when recellesttachedipethe elegedaskand the

frequerl ot o PR atog e R R iy el B AP RS oot

attache@ bh iht @edidE YiRfERNAGY HighQsuch 208Bntkat Issthesize ofdeastilk,ovhat
the wells containing the electrode structures_on the

dielec%pqopg@pq becslly h@/@@r @ﬁ@ p@qsyagpq@rm@%@rgi_ intraggliujgr gomponents.
For a offik Gl 651 & BP% i Btely TR AURTEHIE ol g e
electrodd agfarorteslt inlhigBerpak ealnt forrtrelrany ahb die Hipkerfemaemoydralue at

.. I npedance (resjstance and reactance), for_ the el ectrode
which B peh QR 1< F50° GUE BB grderetmilan B! pical
conditiélzﬁ%igf R exPbABR a1 ERGR gﬁ;se)' as that obtained for the

ree nmedi unt adde to the well. As descri bed
[00255binecontperisarniwith thediestlsrin Wignres 38(A)38(B) rak38(G))t Bigare

39(A), gB&i):J ﬁg(&‘?1 Shows the frequency spectra of the resistance, reactance and resistance

ratio for a similar circle-on-line electrode with more cells applied to the wells comprising
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i ntroduced over the el ectrodes, or when the

cell -contai ni ng nmedi um was i ntroduced over the
web@apraaes but the cells did not have enough BPCTBS1003/022557

attach to the electrode structures typically, the

hi gh flgﬂguency (e.g., around 1 M#z and above)
the cirelesinslinariectiosle saietiues od éheehationedelbyFigheescl06a), r 44B), 40(C)

showsEREHIOF s SBbIA3Us SERESERN HEeBodr Lo i o, A
[OORME?IiglflfeeﬂLAEﬂE)lW@She frb@lefic PiieBlrs ofresiBtadad-kA1d for different

electrode ol ari zation" effect, leading to the
numbers ke ‘iﬁlﬁ‘ﬁ@n@é wtells samprising thegame trgs A€ ciralsa-linsee,

R e T

serial Fsistandi mnmmngt‘anq 2kHig Ivvlullgtfkpedmg wm ﬂﬁBZOr?D%m re!;lﬁltéﬂnld&l% and
o, D, Schwan, HP and Geselow tz t hemati cal npde
>17% Efaarﬂgi’ %S%@P&S}S?&P? 8FeUTREHant &h30 @z‘z AREFPESBYELY1 A £813, the
changé:> ﬂﬁé%@%a@%ﬁé@gan :ﬂéH I%:‘ l?s%% ?%Qﬁ%gl%atﬁié%kﬁ géi%nsmb Between
the celg Dwdbftrl aa)d th@magmtml@ oﬁltheinhesgeathtreactMe (e|Rigwe 1M, forregample,

h | h
the reo e P 2R PR ot i P e it
numbez @hd thewed fmtﬁﬂa 6Mthe RBMHR ih kdiBtahee). %ﬁﬁsﬂm@a df ﬁﬁﬁﬁﬁ%sﬁﬁ&ce

confirne m Croscope exam nation of th e cells in

and pagalis] yeagfpege %vsedct@\%p@as thy mepeured enmd@uees Jt.is elsd eossml@ h

demorip B8R 4o Stone KRR ol BRESTIRES AP R ibeuaorme
change:se'mpmanelaeﬁﬁtaﬁmlﬁy@wa@eleres&mt ures was altered.

Different fromthe change in the resistance, the mjor
relative change occurred in the higher frequencies

W*Pler e f‘)&?va@i‘é ? olémﬂz? I{t&q@tl&lfln&g? reactance was al so
i ncrease st gn f the cells attached
[002)#7] Basedeorethe depemienst. relaQ0&RF] betdearetht akasirbe impddancendnd
t ance.neasur ed h cel.l-atta

r.es.
molecy 3Tt inde i R ipia 1A JEH v &59-62 ﬁl}t%qgafﬁ%wl%{ﬁateﬁpg?n index”
from thethSastRidi ifhpbdaide |fﬁéqu§1{%5/@?éc‘t’1‘§ m@9§nieﬂlo'a$ $br T fRGEnE Such a
serial resistance) as a function of requency,
molecylgiinisactipn llwl?X@bB é¢ viesda Ipemfoﬁhwpgdweuﬂmm( feiverat methods for
{ Wer freguen is.small or. no
cateutifl Sl o fopoe B I ERack pbrT O i80S maiger
reactarice %iheh atl&ulartif@ractibhsodctr GOMRE @Hcﬁ@&@é&fa‘é@@wﬂﬂ%spect to that of
i ncreasing frequency, this ratio increases until it

the elegtgngeifuefages paiok 1o the peentippedmpleeylanioterectione The dgnedioge

st WEfca ) D86 RS PR Ao Ml

place mowith bhrae samplelsolutians ever thevdteativds geudtires Resonediied deerred as
or. capacitance val ue and use, the_change in the

baseline impedanee TRISBRT eRFoahdo pRirindBe bpseding énpedanesiistranasuring
the im éaaﬁé%eof%eeé’l%tﬁgﬁs SHEEALRR fs&ﬁ@tﬁreg et a?solét?énqlﬁrod?ced into the

urt her nor e, expression o ance 1 n
well cqmmmng die qleaticsit atm@uaa,dvlnewnttmmutmﬂs tled sameles thes @eed for the

or _descri bin rrpedance due to cell
impeddBf nESEmEnd S oG REE whele i Ralcadar ipding agactprpis
monitop&iedkcystwithdak tHeh@rg%ﬁﬁbI%Eﬁ@§ %efeethe Qurflce®f thd dEctfodtd & of

the resistance with cell- attached to the el ectrodes

electroggstiysturpsisialaomekorash @’rlithm@‘ ceedred withax rmmhobdized svith capturing
molecfil€ct rodes) and the
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frequency at which the peak val ue occurs depend on,

anong ot her things, how many cells attached on the
web@entwaae surface, how tight such attachnment PGT/US1963/022557

size of the cells, what dielectric properties the

cell s have for the| r plasma nenbrane and intracellul ar

[00?c7 hbmwgmplq;dre molsowtprintesgotipn éndeg|cpn by palsulgied iy e
e flqne %&%ﬁeﬁc&agalwgfnﬁ tﬁé L%les?efntﬁgaegﬁ%gj (ﬂVldi}%rth? he

measuted résistaied (When hiotpealar nt@attRnaykessihcecorathe elddirode $udfaces) by
peak occurs, for the cells of the same type and under

thebas@’?‘ﬁqeélﬁtaﬁ?ﬁ/m ol ogical conditions (e.g. in exponenti al

R e liay A SR SRR G R fuency

spectrtﬁQ(B) 39(C) shows the frequency spectra of the
t ance, %cta ce and resjstance .ratio for a

re

§i“ achpg BP% QAL the maxunyp vplyg o thedrsistanes el s

[OOZWDC]? tﬁﬁ daSe, hRrd\e! ﬂeir—%&mgﬁio?écﬁ&r ﬁﬁerm&ﬁ%é)@ %Q&Q%es that no
/' US2003/°022557 the circle-on-1ine electrode
molecwdarreastign escum onftlee dJextrodasyubides. AKihgglres yalne (OA) mom@(ﬂag
e sul t. es nber .Of

interacflt Sl R e it BT e G pEBS TR GtoH e sy TR fpions
occurrddie tﬁd@mﬁuﬁaﬁét ra of resistance-ratio for

different numbers of cells added into the wells

[00288 sy ansfhey exaBpleqthe majeralar giteraptiel dencan heecalculated by:
r J
o Bt 0 T ATy AESHL NS AP i
measureé sdsitance éwhechivldcayr Afteractidktitke pllidel st the eRAirode si2fakes) to the
and, 7000 cells resulted 182% and 517% change in
basehn&é‘?sﬂsé?nclzae3| stance occurring at - 5 and 30 kHz,
RRRRr deRMini ﬁie a)&}ﬁﬁm \%?lﬁ:‘]ﬂghé RsisfBcSElib %lver the frequency
react ance can a e used enmonstrating suc
spectrupe| at i onshi p between the cell nunber and the

nltude of he ch e |n eac Fi.qure 41B
AT B 1o vl ¢ aiteoild G nel Siet BEGuai sy lisah the Tn

this cadésﬁgerb Qr hbirlshd &h6leb@hAntePttibh PndRQt WREEtdshBatGRI holecular

unber and the magni tude of the change in reactance).
reacthIFQﬁ%tUh‘é@lnﬁ}eeeleq&rodp swriices| Ahighes valne ef “malgcylar iatdrastion index”

t S $8 the neasured i

mdlcatésetﬁ&tsﬁgl%gnﬁ&retgg %ﬁn&l%alﬁatp 101’1? én?rﬁée%gsgsn%cé:ﬁ%eg faO t%e
electrodeeduafacenshi p bet ween the ceI | nunmber and the magnitude

of the chan?es in parallel resistance and/aor parallel
[00284 bl ops s ample, themaelpqul iisrastioninde grmbe palewptad byon

AL o OBELO 1 BOSRS, BIL gRAUGH LT IS e s
reactance (vdlemanokauulanimmractloh take phaesonthe elbctrmrsiuvfaca) to the baseline

i so-cal l ed "nol ecul ar interaction index" fromthe
reactanfidasur ed i npedance frequency spectra. Various methods

ftﬁﬂlrfé%r ‘Eik!{e?ﬁlhﬁﬂg ﬁié%ﬁnumaﬁféqh e ﬂeﬁt%c%“rﬁﬁ@@vér @lgeePquuency

can be used. In the follow ng, ustrate severa
spectrupret hods for cal cul ati ng such a rml ecul ar interaction

index based on th change in resistanc r eact ance
ARE AR REE PR e e BRRrom Vb it Do renaeratt  ode
[00282] InakiR Tak¥, bkeFRsiiREE-zdr “inbBREulaf intdrB&tidRl i88d " a@cates that no
surfaces prior to the nentioned nol ecul ar interaction.
moleculgs gegchipe @egre on the electrode surfaces. A higher value of “molecular
interaction index” indicates that, for similar type of molecular reactions, more reactions

occurred to the electrode surfaces.
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(resistance and reactance) of the electrode structures
prior to the nolecular reaction taking place but with
W@ 200e/0880Pl e sol uti ons over the el ectrode struPtTUDER03/622557

sonetines referred as baseline inpedance Thus, one
approach to obtain the baseline i ance i s by
[002$é§§uy¢tngoth@h@wmp;b@mmemantmg:amuwgmdm es or

T R A ot B0 e g Bl o

measul’feh Qeﬁﬂﬁn&l(@men&n&lbwl&aﬁ@ra%ﬁoﬁ ke plie dnftid elbdidbde surfaces) to
npedance neasurenents for the condition where the

the basﬁh‘llf‘e@ﬁlsﬁflc%l nding reaction is nonitored except
Shal etk bELARh IR PPl LS b AR R heds By
subtradtmgbnelfroﬁoﬂlenremistm&hatﬂr i mobi i zed with capturing
Cul es, gcﬂié 3é004/ 10103 PCT/ US2003/ 022557
W%W¥4q¥ #preEhapgseyalif ecul ar i nteraction
[0028‘3fj eH thRAabe a%focdij b ‘Eymoﬁ;cul%f"ﬁﬁerg@c%liﬁ 1nd10ates that no
frequency, calculating the resistance ratio
molecudarvieatitiog ochiers onglaseleathde emfme&nAdughdn enlugolf émuleamlar

. nt er ac;n fn t he eI ode ur faces

interactfft THEE iFal<d Sae o BT witl o Mg GhIe8 Euaition oG Fachons

occurrdiBsithaleeaad déssutfacdshe resi stance rati o over the
frequency spectrum and subtracting one fromthe

[0028ak Itrsivrorthwhde tomqmie)ut m Btismetaceessiny to pcm@mph p fimplgicylar

Iy eractio

mteracfifi i 5o M Rl PR Tor LD AR w8ewer o
reactioh benditiest ¢ved meSdlle’cft@d@S Ao@ualllyg B¢ mdfbhéoseto dinddtigaie ar

interactjon index" indicates that, for simlar type of
impedapge Belupie-§- e dsinpirtixeddreluprat of arsmayauimn Fkuiveshangs

e r

e PPy G Eies) e lichlbe BF Bl o AR e bUfigying on
the ele@axle sodassr ed frequency, cal cul ating the resistance

ratio by dividing the neasured resistance (when

nol ecul ar interaction take place on the el ectrode

V1 f86R%N0h B tdlenuriRs Bldege T esi stance, finding or

detérmning the maximum val ue in the resistance ratio

[00286LBasedenfthe q@mdgnt rggtemishiprbetmebntthi inegsuaed iogpedadcascell

mamber {nSleiacFRELY. BRaltbigba gy ralheteliesTRbbed i dpetf '

attachnidhit etaBR] it m)dsgudw«o defiell £83-e81edNatll ROMPE iBEX Wr cell 1ndex)
reaction occurs on the el ectrode surfaces. A hi

ghe
from thggnepsursfl impedanse fraquenay epestn Yaripwgagthods foq p@lawletsng such a
r I
ol b8 a8 1 NOR BB B SR RS
calculating such celampiber irdeebasel ea hedhangé By @siktandt dritef¥ancavhes

cal.c Llll 8 OL b){: i
cells are attached to the €lectrode structure with respect to the cells not attached to the

electrode structure. The impedance (resistance and reactance) of the electrode structures
with no cell attached but with same cell culture medium over the electrode structures is
sometimes referred as baseline impedance. The baseline impedance may be obtained by
one or more of the following ways: (1) the impedance measured for the electrode structures
with a cell-free culture medium introduced into the well containing the electrode structures,
wherein the culture medium is the same as that used for the impedance measurements for

the condition where the cell attachment is monitored; (2) the impedance measured shortly
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at each neasured frequency, calculating the reactance
rati o by dividing the neasured reactance (when
woredoeoulley i nteraction take place on the el ectP@r©s2003/022557
surfaces) to the baseline reactance, finding or
determ ni ng the maxi numvalue in the reactance ratio
(e.g. 1Qpinutes) eftpr thg gelhegntaiginganedivmaras applied tadhe welloermprising the
' Vi i resistance .ratko. [00282]. | n
clectroiy rdEREELUIEN ffbdfdnl Wt G SBRSRLRRAE colieiBbind
mediurh RdéXion] dells dateshdve@hiough tii® testtichto theatdcirode artides The
the.el ectrode surfaces. A _higher_ value of "nol ecular

length phthis shertrrerior mpedependrrtealblype Ard/or sustace ireatmgnt erypedifpation
| . :
on he SFLERU SIE158) 80 Sy BERSHLONE pe ALl ven

the cel R@T HISREADRERAGBEIDY {eDiaRBBdathanty(elz. highitbreperaneanpéamehtie
e calc each asure

L0 E0 PSS AR o SR Bt Gt s
should SoVhfcR thel di8lect® ﬁlé#%ﬁ? of BRI REARMGSVHIENRER e BL 8fdhBdies).

interaction take place on the electrode surfaces) to
[00287 Ihersedxiamgle; theiost anoder inden cavbewlladatedby:he rel ati ve

(1) R Tt P T RS P PR FERIESE oY fRGihe the
inidaS@ied kés@arte (whdicdlle ladd dtieh&d@BEcMatddes) Uy Bddelihg

this case, a zero or near-zero "nol ecul ar interaction
irp™ance; ndi cates that no nol ecul ar reaction occurs on

@ i S RRRRE T TR e Rind e By 6 Begpency

npéetaimh ar reactions, nore reactions occurred to the

el ect rode surfgces. [00285] It i.s worthwhile to point
(3) 3 spbEactipg opsirpRthnmagwayp yalug iyleiredstaisenatip-
[00288PIEGRH Ate, al BfoSr3ehi- 2o FRABXymb P indtk? hx}dg%a% at%lgﬁlo cells or

i npedance i'nformation for nonitoring no
very smabipimioan of oelth ar¢ presend weror ttiached éxthe ettesodemtriaakd. yA higher

value ogagqlﬁ%?rgge?iii%éd #qﬁ%&%ﬁ]@%}?ga 'sérgn? tey%ae %&%e:./ﬁ? g ggd c(,fglsqm’derat

similartﬁﬂl_sfﬁbllo‘gﬁ:ﬁa%@fdﬁﬁms,frﬁ&‘élé%ﬂ@Xne a@hctRl 1ot diddBde surfaces..
requenci es)

e

as an indicator of nolecular interactions
(00288 iy ariothyr exampledhe pelbnymbky isdaxfean bs calemateDdyi vat i on

T, e

mibeed (Bitanca cobenadetls Yire 4ttahad tolihecle@tddes)bTRs baseline
attached cell nunber) and cell attachnent status, it
IrSSINYEEi bl e to derive a so-called "cell nunber index"
ccel i i .
0 B o 0, SR RO ey
spectrum

(3) and taking a log-value (e.g., based on 10 or e=2.718) of the maximum value in the
resistance ratio.

[00290] In this case, a zero or near-zero “cell number index” indicates that no cells or
very small number of cells are present on or attached to the electrode surfaces. A higher
value of “cell number index” indicates that, for same type of the cells and cells under
similar physiological conditions, more cells are attached to the electrode surfaces.

[00291] In one example, the cell number index can be calculated by:
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cell nunber index can be used. In the follow ng, we

illustrate several nethods for calculating such cell
woesetoidhdex based on the change in resi st ancECDUS2003/022557

reactance when cells are attached to the el ectrode

structure with respect to the cells not attached to
(1} pecachmeasureshiseanenels calculating thei raprsensa @félqbse@,uvgimm@@ measured

ARAEEACHRN B Olre hiErEH B QIR (ALY F! ME BRserith EihcDBce,

sane ce UTE Hedi anigver
(2) findiag ecdetatdnidi thkcindx @i alus Gtk réReGnt Efatiorder &% frequency
basel i ne i npedance. The basel i ne inpedance may be
of°Si™Bd by one or nore of the fol | owi ng ways: (1)
i ed tures
Bif\ﬂ@héuaugtét %?F glg) {ﬁg ul't uﬁ&%ﬁuﬁ ﬁ{i uc e(zé faﬁtg 0 the
[002%2]IIn Soscased g0 bhecagizert foell ausﬂ)emﬂw’ ‘dadicatel draenhd céliveor

culture nediymis the sane as atuedforthe
very s B EREE S TS e A ELOT B et PE S B SHR BB OHEREs: Hehigher
value 6€tckll AldnBENRBEL” ihSicARS 0 rf&dsam(ez%%é &ané BRRAMAGE]s under

measur ed shortly 86 WD 2604/ 0101 PCT/ US2003/ 022557
Slmllal(leh}@mlqg)ca%wmﬁheg)s aforeeellshee gtachetionhatlétnaiersadizces was

the well risi th ect rode
[00 ? gtraélgthgngfaﬁrgﬂe Sql )t(f%hﬁ%%ﬂ]ﬁvﬁﬂ‘éﬂ’%e short period
(1)aﬁft @bh efabured Rt @ichty)TalciiRAing MeAdsisfah@vati6 BY ldSvidiag Mgt
have enough time to attach to the el ectrode surfaces

meppired Fesifirnge ovhanrhells steottachndtp dep dlegirodepdn theheseling resistance,

(A UGS 08 Skl S RELAED i
tstmbtrecttmgtomd&msﬂreuemtmmﬂ@n aI | the cells in the
Ki | t t t t
it Sl e enes VInd or eagents (e
[00212f] 8K B¢ ase,(LBI-nhfiber 1%5{"01‘3 dEx?‘{JEﬁ)agéﬁ& @hﬁﬁ)lé h%&ﬁéﬁ‘é? boints,

and/ or reagents shoul not a ctric
insteadopfoghagle ye@f-fr@cruenmhikaﬁhmah lexdmplss. o&gamtatm:r@ benéarqﬂﬁns‘)ccll

ek SRR 5 D) G L HIRSL | S0 25 o

numbeg alden? Hdidaees g, o8 Sirsd ApE o f fildes Md cliy uliagihng:
measured resi stance (when cells are attached to the

physiolqgicel peniitignspiporernellp aeseitiagecd todks dleciredes. (2) finding
t {
00295 45 SOEOHA 1 AR ARk N6 SR SHRASEe pyoves

index”canutﬂmmg thb anpmanwmfmaiamen Iféy mbxﬁtdr@lglc&ﬂ apaditiba é\@r the
a _zero or near-zero "cell nunber

8 t hi
electro ?Fde'g dl@ npeaﬁégg ‘P%?F tp girge]y use dmpedages valnes (6. g akb single
fixed FRIqu&Rly! §r &N erﬁ Qie Q:Bax?gtetﬂaeg]lﬂ?&xa etttl?f‘f‘tlll glg)c(ffé’qﬁgfcws) as

surfaces. a ue
anmdmatdrcMeélsconﬂuabnsfor sanme type of the cells and ceI l's

10087l Lt Sre ok dh ot vt ke “pdbmaer iples” and

use such a8 &Elo BHAHP LSl cddiBiGR! ThRHRE Sevie @&va‘h@d’ée? &f using “cell
calculated by: (1) at each neasured frequency

numbeg gidex| @ iperjtar Io;el g@smb ragor aﬁtaavhmntwpdébr\mhﬂmtg’ Cbhd!ltlons
[OOieyl%zg# eé; %?1' Béggrl $rﬁga%ce of c?i%t%ren% elegé]oecg geometnes by

utilizing such cell number 1ndex.

[00298] Secondly, for a given electrode geometry, it is possible to construct “calibration
curve” for depicting the relationship between the cell number and the cell number index by

performing impedance measurements for different number of cells added to the electrodes
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resi stance, (2) finding or determ ning the maxi mum

value in the resistance ratio over the frequency
w@pmaentun (3) and taking a | og-value (e.g., bareduswoi@2557

or e=2.718) of the naxinun1value in the resistance

rati o. [00290] In this case, Zero or near-zero

el |
(in suqh prsKperimeixit i3 inasEnble mHeisuFghudhs sodpd cofisave ﬁﬁﬁtamhed
|
to the Q#ég@fc{re k efacgegi f Z"é@gﬁcﬁﬁ ﬁﬁ%&tl&{]cu?{r 3 o?l(‘ariﬁ% ﬁﬂbeﬁ
measurdinlé is pentdrmad dsistthat posfsu'bte to@stimaty pell nﬁmbtrd‘rasm It]hesneaviyl-

cells under, simlar physiological conditions, nore
measuged ¢ell ngmbenindg¥hed to the el ectrode surfaces. [00291]

d
002 5B 8 5 RS PAOGRE s s
condlt(o'h)s Hor masamerebstno@jga‘omwandyamc ahwbéraaficals, talsarface treatment

v bR ABE S BB S R G BEH l SRETRE Bt

surfacbaﬁ&/bfmefgﬁﬁc@m&eoeu(azf)acﬁmaﬂl ng or determ ning the
maxi nrum val ue in the reactance rati o over the

fr equency spectrum (3) and subtracting one fromthe
C. DevA%eé angn%egb sz r ﬁ%oﬁtozrg r%cc‘etlﬂﬂfg?aﬁ(% n%p ngth 292] In this
i ndi cat es that no cells or very small nurrber of cells
[00306) [RIyeSABthed APkt Hd mesudinventidnds elreqitd RAedsidd fac®nitoring
A higher value_ of "cell nunber index" indicates that,
cell migiptiageeresreVyibe Which dryicesomprispiandioncendygiing subsiraecamprising,

o YL QB 6R0 00 GRE8 6 Eh 5ol s

electr@ieitd @mprising atdeixt vanelbdrodas, ovticedie shit first Cll atischemaharea is
measur ed frequency, .cal cyl ati r S|sta ce ratio

separalg] oy R SGC AN iods dioe by el Snibioh Bieh i Pe Tepgval of

said bR EMRM 4t rhf(%%tfdnh tg'ragﬁ‘qsﬁ‘orﬁ Qaill Miest Q@ﬁ ﬁﬁéd?]ﬁlent area into said

resi stance, en calculating the relative change
second rlereslestren ead baid eelt Mmigptisw oiegrofvtherpsultsciy aphange of impedance

subtracti t he si stance ratio, (3) then
betweph, LApoRg %%ct%ﬂ%l s Fhsé*[q atand @8"% A& val ue. [00294] In
[00801 STHeARSS collGlabhettheda dah deve aﬂyssuﬁﬁéé sedbRasLeklfMtachment.
multi pl e-frequency points, instead of single

In addiiéerk ilfer%qwﬁcelgﬁtaphln@ntM§ mogifad| veigh a p@ha@%@nzﬂé@mm&n moiety
o ol 5SS oIR8 sl S S ot

moietiesiBelnding @exones ddictideé $n the above SuctisaBe canyixeusetl it the present
. cells and cells under simlar physiol ogical
devicgsondi ti ons, nore cells are attached to the el ectrodes.
[OdSGQ]Sﬂé] firkt ce'llsaé%hm\%aﬁanh%&@cﬁﬁ n%tr&d% %}ea' of ﬂreQSeﬁ‘tQIevmes
necessary erive suc cel I ndex
can havei almy zsuma@let ¢onfigupetidas cEori exbmplenss dowincn Fagure tléﬂhﬂ ﬁrst cell

cell condjtions aqver the .
attachment area anci the secon e‘fectroge area are concentric.

[00303] Any suitable cell migration barrier can be used in the present devices. For
example, the cell migration barrier can be a well that is made of polymer materials.

[00304] The impedance can be measured or analyzed in any suitable frequency range,
e.g., in a frequency range between about 1 Hz and about 100 MHz, or between 10 Hz and 5
MHz.
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el ectrodes. Actually, one may choose to directly use

i npedance values (e.g., at a single fixed frequency;
w@eooan1@E03raxi num rel ati ve- change frequency, orPEI/US2003/022557

mul tiple frequencies) as an indicator of cel

diti .. [00296]. Still,.it is. f df
B0 e Q082 S bk P SEI B 280,
monit &H%igi‘ﬁfé)ﬁ)brg%mnbvhﬁh nfehdd (ﬁ%ﬂiS&é;%‘ §rqv_fcgﬁg én Ei'l{)cﬁ/e-

several advantages of using "ce nunber index"” _
describadevize foembnijemvg dellanigtaionar geotthebtplagiag osllstp Rbionitgred

condi ti gns. 0297], First, .one.can are th .
on theries  AERER R St DaPBRTE B oae G EBar - add gljowine
migratidd b gbRth StEaR Gedik ot/ e SisticBll @achin P &3} irfde e udtond
for a given el ectrode geonetry, it is possible to .
electrasigrizea; and d) manitering 3 drngeefiipweddnse bgeysicaor agopg glectrodes in
.. rel atj onshi t ] e cell
said s Bl OP LRt BB Rr SBreRGh b BURRBE AREHE T2t < o
[00d06] RHeeRésehtibibdOfandrd Used Rdtdedtdrany beitablepirundiess th@8ire

WD 2004/ 010103 PCT/ US2003/ 022557 (in such an :
relate@iogBigraiiomor grewihs Hoppxarariptthe Brosent netlipds cp Bitther gomprise

- - t
den 553 S5bb B LR Bgsghcte e Bl ced o

area. | npedance neasurenent is perfornmed, it is then

ible to estinate cell npupber .frompthe new y-
(003 estiescBt Fepab e Geaeskio (o0Rue] R et colippund can
modulRHTPE! incRASX oCdRréabs PnibRitibe 8ot U@ E@edt fot S modulator.
surface conditions. For the Sanme el ectrode geonetry

For example; shrreprasembmethofls carl basconduesed whersin the geWangratign oegrowth is

.larger, cell nu r, index indicates .a tter . achpent
monitp 3 9 fne erep e 6l Don ol s LA SR A B b B0 AR
deterrSidé hdeef &id €8t J;oxﬂllsdlﬁg i ates @nighXioh @ grantl ofeid@dls. In

for nonitoring cell mgration or grovvth hgo:%OO]_ In yet
anotherresemple, dkppresent meghqss eabr cqndyelad Mbarais theicel stigetion of

oy ] g [
growi{ R k@l LY BIEAIIC Br affich sl r 88 (BB usoll ) &foon
the tet @BRPOWAdYr an antaghidstifsiidemafat@ai d substrate, a first
area for cell ?%%g hnment , surrounded,Qy a second

[003P Bl pasyeerasnt g qdinyipbais of agusitey {fculineded piaans (cell lines
or e Rl At SELnSHIBERIR Ny GAOA i b7 pRhSLad

outgrdveth thiag beenvittiatied. nThie measirernént isedryt slosr andesubgactivasBy sit¢grating

m grati r o qar. h fromsai.d first cell attachnent
the iy ahioqtpedine it LsrsoR Bttr i sedhy afFontiioar!
techmﬂb?)‘, ahd SRuficy OF Mt HedsBRHichShdsbedn ﬁgﬁ[ﬁ@@mgf inpFpefia H@Evever,
bet'ween or anong el ectrodes in said second el ectrode

the sysfiemids VEIYOID&sivchands fluosescensilabeling isonauirad dpaddisian, hesause of

an face. sui,table for. c C . In
the IR ropkHdyR iRV bAI Sndhff ot IRbe RENTMies. ' 1 ¢ o
[00309} TR &ides asltiestibed Pslowalldws forsingle/neurén positia@agearidnurite

efficiency of cell attachpent. Any suitable .
outgreweth|realdined measuserBeRst (LA scalpeidhe devics eraapparatly Genbe dpigned

basedg}%“;tgée %ﬁ{&ﬁﬂeﬁ‘l&& I%%r @Qﬂﬂﬁe,%ﬁcaﬂoﬁgtu@foﬁ%&apﬁl ﬂ{ﬁﬁ&eg Rill BEthe 10w-
density arrays and the assay will be semi-automated. An apparatus for high throughput
screening for drug leads will be the high-density arrays, which fit the current screening
system, and the assays will be fully automated. The software package allows basic

measurement, calculation, and statistical analysis.
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devi ces. [00302] The first cell attachnent area and

the second el ectrode area of present devices can have
waey4®uitdabl e confi gurations. For exanpl e, as BCDUA20031022557

Figure 24, the first cell attachnent area and the

d el ect r od tr _
[00358@5 gagﬂr ng Er? }ﬁet A0 5%&)%%? T?lp %fers]ggﬁﬁ%enhgg zs dé }:ect fga device
for mofit euﬂ?evélﬁgt%wtf%hlclﬁ NP cdngﬁ'ls@@bﬂ ndiﬂcﬁhélﬁdt'mg substrate

arrier can be a well that is nade of poly
compnmlgeon ¢ surfackCOGD nm@numﬁmmg@éea@aﬁowmaw%ﬂ%mwth

d i.n any suit fre

ot B St R B A ol R0 sy S s o
are capbleRF o RRA At abHan@Bdf npdibiice bEBvadD cﬁ&ﬁﬁn@b&ﬂ&?bectrodes when at

PCT/ US2003/ 022557 OOSOS&In yet angt her , aspect, .t he
least ope e&sais clpaiidiat s lqagt rartialisteoeried by spgigreingdjeuron. For

°” 9 188%20%, 30%,

exampgg an§g nﬁﬁédﬁ?g%/ ﬁ&{egg{}/ﬁeéwalg leese,ltg:\érqil /gec?%g e@l%ce 0’Or )
40%, 511%1,!60% 170%, 864, 9090 Qﬂ%L 29 @r 100%wiflat lebyt opk af said eteetrpdes is

to be nonitored on the first cell attachnent area; c)
COVereﬂé’Néﬂhdr%OWWé 8N mi gration barrier and all owi ng

[005113 b hQRoR anHoife & caf @btk &8/ duPfabs QMablReof bélﬁitta@ﬁxlnbnt In

ment area to the second electrode area; and
additiogh) tmfmemtonramn]gormg(ﬁmmw efmodifediwitbe q@&taﬂhmomproamﬁlﬁg moiety

electrodes in .said seg ond el ectr.
o oo e o S SEFGR A7 HEBH BUSRR TR Ren,
mo1et1@§§ﬁh@ﬂﬁn§ﬁ‘1’é R8s 8&BAbPINTRNAB0YE SebtiorsB] dadlbeaispdiratire pessent
are’ related to mgration or growh. For exanple,

appa;ratllses for sxwitoring nhwils ovtgrowilly t her conprise deternining

b
o 8 B O 0 e
presenfB A Eses 3iin Beyelm§Guitablel edrtguiAtidnyeBothevandld, @s shown in Figure

conmpound can nodul ate, i.e., |ncr$ase or decr%ase
25, themeyren 4nshoidng @qe@ml%theéwum? aygrewi deleetiopppaean be concentric.

In anofiRy gJ(aﬁ{l E&{mﬁ % a{er&%aﬁ’ be5 ehlter iR e %@ﬁ‘ aPthe

con wher el n mgration or grow
' neuﬁtﬂﬁﬁgfmﬁdeﬂeﬁldﬂlﬂe@’me naltiple bisariaeorstgmentadectrodes. In

ound_and the thod is u ed to determ
anothe) GRBplESihe AGHED RGPS A A 20 DR GPET Sy Fogiim A T Heurite
outgrot\xlflﬁ dgtg&c i naé‘!ez{k c gﬂﬂ'fsg HulGpi8 MRER sedént RIREBMs. met hods

ucted wherein the cell mgration or growh
[OOBm]ﬂhemmwnmppbgat@emgT farthercomprige emithpedanes il yrer eangble of

t he t ho ed to screen the t 0 an
moni e S aEobim R LR o G 8} ofREROUBLAS
[oob eNIh Retdd ity mﬁ tle progut infvemionris altbdted at eheth@drfons
cell "lines or rlnary neuronal cell cul ture) under

momtnmg @@m@@tg@mh,ew@ﬁ yretodrrOmpYIS G PLPFON KRG %Izeabove ~desoribed

U diy T
B Nl
neuroh aﬂ@iohﬁg awai &) dilowdngegoent of sid naadn fronrths netpyn anchoring area

conput at i onal
into the nrgpmte outgrowth detection area; and d) monitoring a change of impedance between

or among electrodes in the neurite outgrowth detection area to monitor growth of said
neuron.

[00315] The present methods can be used to monitor any suitable parameters that are
related to neurite outgrowth. For example, the present methods can be used to monitor

length and numbers of neurites in cultivated neurons. Although the present methods can be
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technol ogy, the accuracy of the neasurenent has been

significantly inproved. However, the systemis very
wexpensilve and fluorescent |abeling is requirepCT/U82003/022557

addi ti on, because of the slow workflow, this system

is unable to neet |arge-scale studies [000309] 'é’(iw,e .
used tojgonits netrteuigoWieel HEnganaurs.is1smsFiemblgobepsed Brhigh-
Qsi tiQning, a Ite. rgal .t
trougRER bladire 47 SRS plsBio Wi BUEHERLITE R of pemrons
simultdRoedsi gned based on the requirenment. For exanple, an
apparatus for research purposes wil.l be the ]| ow
[005¥8ha! ¢ Yioapresep maeds i LBy e HBe SERhOCH feghfempguad can
; f g BRRHA, or36 56881 89 shdl a ib&dator.
mOdulﬁg’J%g’qg\n&I@ éégoé dtgﬁrggghef gﬂﬁ%éeﬂgl ty arorrays, whi _cﬁ fi% thc.aa o
For exanmplegtht psesertemethgds epdteemdutad wheseindhapeuriie putghovth is

monitoggb i\ PERAETCo A TRE O v famBieus 864 Pareiiad PR togo
determe wRARLALR1QS dggffo{:ﬁﬁgltgﬁgl%g g meulif0kSlowhie.ChY dofigt v,

In yet another aspect, resent inventionis_ . |
examptt, teqirewent methode varcles ¢anductethivhereinge newriteroatgson tris ainulated
whi ch a al.us. conpri.ses _an.no '
by aniigl Oy ERRGH S8 Rl FERe0L MNP AL e RABRA TR oran
antagoﬁfsﬁ&f@iﬂgtﬁﬂtﬂlgﬁﬂ. by a neurite gr ow h det ect! on area,
wherein neurite g};}omh det ecti on 1firea conpri ses a

(003 Ws: Thiotodpeens GussiehEeraapls WAGSBIeETL PPBBABE 81 1y
opera’u\(g‘)lﬂfé1 Hﬂg taB{) zfrlaﬁgg %Qﬁlﬁﬁ?esftéesg)glﬁ gﬁbes‘lﬁ‘ﬁteagi? g%iscﬁxai ﬂuﬁllilﬁ‘}%f r?ga‘:‘sﬁrement

east” one o ectro is at l'east
units iPmebipatdisd. cBachrraehstmenmat whitgcomyprisgs maltipde elefivodes Xammge,

approp%y&:eh%g?neepgéﬂ;l }%p@‘rggdlgg%gb %ﬁgﬁgﬁr%g/%e%g/gdbl%%o a%(g}g!ir?g%g}évidual
neurorP: s o %(y%é)%{rg% ?8;%1&{8 A thé §RErat@RErftes ?%eﬁ _Iqﬁf)r%ﬁfiﬁt@ @RStrical

covere grow ng neuron. [0031 e neuron
signalsare hppliedfoshe electagtieh fovprodune positioning deleetedpheretioforged (e.g., see

. attach o addi &i.0n, the neuron apchoring areq -
rvienb RERE R S % BB SPEB b el
devicel @i BOERRSRchhlogy {ddsi Cay Jahd Releke ) cghebd dgaddiy

~suitabl e cell-adhesi on pronotion noieties, including |
Publish¢re, Rehdd.Sdbs ppilBéd 3Ph Inteac sbodinmas themesuremaent falt Gawprises

in.th esent a [ . . j ' ite
oo B S35 sy SRR BER LR, LI BUA oot
embodifeht, {1 Aedsgfepvdnhutiet@aprises a aettar Wuatehsdectpriesanbunded by
_apparatuses can have _any suitable configurations. For
multipdse segment glestpdasn Tihe gepagatupmay fiprthex QSWBHS%%WF‘W&G
1 S.
O g
[00a18]a chrudeethe neervnaells atrsoitiltde cormghivaticans dre ingrodwasd ontoghe

cip s S HURIAUE e BReGIoRR SN G S pL Rk S P

applyii;’]lg SIS eftHie A V‘b@tﬁgé&% 2 1€ CARET ths ANALE cE18dbRdbdamd atleed onto

urite outgrowh ction areas conprise multiple

the chipi sweface, siegtrival irepesieneettween] tho gleafrodps avithin temicroelectrode
array 1% %g%%r?l‘&l%gfe Thé %rrlleafslyr%ctl E]rrelrged%ﬁ)é@ Vallizes aft uded RS g%\?eelnmgﬂ&? Sbout

the neurite outgrowth. When the axons and dendrites grown from the positioned neurons

reach on to a particular electrode element, the electrical impedance at that electrode element

is altered.
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nonitoring a change of inpedance between or anong any
two or nore electrodes. [00314] In yet another aspect,
w0 b@4prEsent i nvention is directed to a net hodPdDDS2003/022557
noni toring neurite outgrowth, which nmethod conpri ses:
a) providing an above-described apparatus for
D. ndeparatnses and mptheds farginalizing »payfigle in amiexgchammelr on
to be nonitored on the neuron anchoring area; c)
i .d n .fr. €. neuron
(00338 PO bl et i G B 0 R Pt

analyzinge@paréiold, ehichippiratis 0empriek angbstade d:dlﬂﬁﬂ@fi@rgb@b&l@ﬁﬂel and
rowt h detection

. OL .anon | ectrodes i.n the neurite _out% t
a pair af %180%1% fedrongosits sestes along saidapicchanngh pach offaid
el i -
cotr e g S Al S R of LR Mo B8,
sectionst arealod a pattilptodsemnlyrat, widscit passhge ofsaill gapticlthirbuph said
! uJ eE%th ang nunbgrs f neuritiéﬁin ul tivated neurans.
clectroge P iy Relf muicTRChamGt sshetatrs dchangr Yfampedanee betieen 19403

electro‘a@gfﬂdggﬁpé’é%Q%Znalﬁét%gidt&nm&i tor neurite outgrowh
|

of a single neuron, IS preferable to be used in
[0032QYh- The daegirsles ofithd @resentgpparatistrefon sealyiing apaiticlerin the

. I¢ f Lural i of ngurons. si t aneousl y.
micro b 8 Bl o e et Beeoc e BT Iy BEERRRpGecach of
the elesod dzein hates burCRERRHM Mitht ©gilals tHOSHIS BksSthah 18 sanleN hAASR ten

or decrease, neurite outgrowh, or to screen for such

percenj thed giigesitcapss-seetinnabyranpl epartiple tp be gealyzode th eeshe anample,
. . ; o . _
cch POREIGILANALALR 408 ST B0 TR L L0

substamtizllydessi thanuthedarigest sigleadificndombes Partickab Be afdyzed. In still
rowth. I n another

co oulnd rmgul ates the neurite_ out
anotheg 9% &, the FecisPLas SR shap o BT BriZhEoB giereerdpler ei n
[0031§ Nepd bhRs QY Bﬁfaﬁ’é%ﬁ:s 'c%n ?{Yg%?ﬁ%ﬁ)le m{mﬁ‘ergﬁ%fe'c{rgdes. In one

outgrowth st mulator an IS used to ScCreen
examples ghet pyssent appacaimets bomprase twanptaay ofiitstelatrodes, said two pairs are

TN TG AT R
or is led1@1af PRALAIHSSIRAERIM PRI AYPal it StHaRt a{nﬁfry%ed. %e#?&b?a,caﬁohange

. plurality of nmeasurenment wunits is incorporate
of impgdanse pefiean thetivo pabspf the esicraglecirpdes isteesuraties, havi ng

r op.i trical relationships. The.el ectrodes
100288 0t e hef BOUTHL i rel ot RisPilis P tooiai i Feur pothe
electroded, eaid elice palird SpatatedTrond Badheh &G BE RSt SFAKS M@ Annel,
.appropriate electrical signals are applied to the ]
Wherel@ﬂ@%?%d@éhﬁ Hegrulsterbebents asivsed i spplytvodpgrsrasd ihe pair of
the ele&t%dé@ifn {He1Hidd1eS§ ﬁseidrtg gér?é%t % CYI\?IF% JFeRcRigs ﬁ;'ll;oeela o
El ectroni ¢ mani pul at fon of ce on m crochip-based
Preferaipdsy ithediange oBratige petFeet thel gyl fdisindGhend pdir éelonitored.
[OO%HCkgInLgi Harwood Academ ¢ Publishers, PA U S A,
1350 FE A0 SRS RiSHE BPRaFEUSTE SUPBYRRET RAtistof the
microefRBaess 85d _féhr(ifliﬁﬁ Sdpafahd Crid relaﬁ{ Sht 996 ﬁh\ﬁ; lféal{ﬁg#ﬁ%rﬁg by

. multiple circular, segment el ectrodes.
microchannel, wherein the two pairs of the electrodes on both ends are used to supply

‘@)

voltages and the two pairs of the electrodes in the middle are used to generate a change of
electrode impedance. Preferably, the change of voltage between one of the middle pairs and
one of the end pairs is monitored.

[00324]  The present apparatuses can further comprise an impedance analyzer.
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enbodi nent, the neasurenent unit conprises a center
square el ectrode, surrounded by nultiple |linear
waeegnentioel ectrodes. The apparatus may furtherPCDDRI003E22557
an i npedance analyzer that is capable of determ ning
t he i npedance between two sets of el ectrodes. [00318]
[00325] ush yat heoth@msmvt, b¢ present inventiemisalitested éna pethadrier

oty AL SOHEE0RE fcE Dy B M e M

for analyiihg 3 pattidie inapicyd chgmselti B) allb@ig] egdrticle 3 ba/alalygd to pass
ghals. After the neuron_cells | anded ang adher ed

throughghg elcctrils Rt g theppicsrcbiangsg] & generas @ Phinga oh BePHansRRsiveen
said ele%ﬁp(fd §! eﬁﬁtéa ‘ﬂﬂ%ﬁto%ﬂ% i@ cﬁiﬁ%e Tk ﬁggﬁaﬁ&t tro%ﬂglgzdﬂgaﬁ@ aﬂtléle

asur ed nce values are used t
[0033@ i v&he pfeserimateiiads alrobie usddhe nmemtor irey smitblgie patametan eﬁa
he axon and dendrite

% g fromt he@B%SI tioned

particley §gF GFEPIFdHEPIEOHHL P50 B AR PETheLomRprise ARREng ARIERY o

numbertotf?;aﬁ cf‘é(;‘;)r "I‘h% rdsBRGAARSE @h behiddd B!iBsHifop g%séﬁhﬁ'[ﬂ%rﬁamél&.
2004/ 010103 PCT/ US2003/ 022557 D.

The presepyp m@haﬁs @an herdseddo h:miﬁof callsas aiellzis mgn-aelp partickss e Ekemplary

cotsin LG, AR el PR 1 R0 g

cultured®&MsY 2hB Pradeandthdds@an WO usddl tBRRGHi Rk by ﬁmﬁmelpwmaers ofa
substrate conprising a mcrochannel and é)al r of

cell, e. gelﬂé‘i:wfé@éﬁmﬂ(@@&t{e@fcp eb o¥setSens ptds Pape A ér:@d Sci. US.A.,
97(20): %6%;709”6‘&66 %@]%Bléfothe]sﬁN% co% e%ﬂ)f 9%&1 F"}Hblﬂ

ace ess han W Ce t he
[0032Ar geld yetasSiher Spadt, the pfesafte@veaﬁommremedlt@ ah @ppiaeatus for
anal yzed, wherei n passage of sald partlcl hr ough

analyziagq gartiglee WhichdBPEaiE CoMPESES ) rﬁ QﬂnE?élPFéﬁWéar ?ﬁ EPY ’é’éngaa

oSSR, HREPR0SE MRS doc gk AR e
nﬁohw@bbdmpdﬂesohmdmhanpﬂasanhnambamacmgpsmﬁ@anmmahyehmgnga

h h
pore sidB it edudls ety s LR ITGeT ar 57 Of Y RO ARty S Slegtyades
sultable%r déteamg Sies %@ﬁn@mﬁe\(@szﬁd SO G CauBé BBy 4 HahsiOsHdHes of

to or i he sane, a half, or ten percent
SMdeﬁhbthawgbsmd@pﬁﬁgesect|onal ar ea of a partlcle to be

al y anot-her exanmp he ... .
100338 1 8RS Y R By 5 e Rt sty pickoess. 1n
one exaffiplé, I mBMblane datk BAGtA thidkAéssiffom shiis i afitioal tb ybbe 90
than the | argest single-dinension of a particle to_ be

microngn i1 guatker expmple; the membsenregandipgop fuckneseiramabpyigy@icron to
about 3? Slgg% n[Phﬁgthgpéﬁa'fﬂEpIQ ‘?lllegll%mgfan% I@gn Hlufer a%ﬁﬁﬁ&%lthat eg%zrlse to or

resent apparatuses can have any su
is smalletitharm mﬁmﬁbleaﬂarpad&se tollre ambyzeéxanpl e, the present
rise two pairs of el ectrpdes, said

003395 351? abegfuge 0 s%8p BpessR P W@W%@Hﬁv@?ﬁ@ry itaRlg POFRsize,
dependin%"b@lttﬂe Gibe Bf‘fﬁe icfs 95‘ alP6d@ e} %ﬁgﬁ@ tﬁ@éﬁerﬁ%"@dn%ave a

or I's less than t argest singl e-dimension of
pore SIZpaJrftabcllttél 60103é5a2(hl39,2®'c60 Preednsy abl y, a change of

00330Pe s 550 Flediils b tha o posRisnnrisel i 2y sigple tocations
and corlff}@rdtioas Rt orRRRANAIUHE $wb IERIrb&S daf be GocaRdidloh tﬁé oppBite sides

of the membrane. In another example, the two electrodes can have a concentric dimension

surrounding the aperture.
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el ectrodes, said three pairs separated from each ot her

along the length of the m crochannel, wherein the
w@200181063 t he el ectrodes on both ends are usedP€DUS2003/022557

supply voltages and the pair of the electrodes in the

m ddle is used to generate a change of el ectrode
[00334}eddneae embedxmeab Ihye, preseat appandeses tay wmngse Aytratinno

membrpfiR PRl BUlaRh SRR fret Sufibten s tine 29

sequentigityor Ins@ofhet émb@dlmSntQ fhe@i&enﬂé@'éﬁh@&&@ EaPRBSer Gith %%ﬂ r
airs _separated fromeach other along the | engt

impeda?‘ﬁ%anW%?Fochannel wherein the two pairs of the
S 185 PO O OB Se FIo SHEETF
analyzmg e@attm:leg &r]mlalhethad chrapgesof) prévigil faﬂ%o#é@&@ﬁﬁé‘@apﬁ)axatus

bly, the change, of voltage between one of
b) placigis oL ePPRNEE 5 L o eineheapH e cpsaimprnicing seid

particle[t8QAAhroli3R tRY SRRk, %Rpﬁrc%'i%ﬁg 8%&%3)&%@8@(13%86 A daf

an’i npedance analyze
SOIUUOTP@ID/S%M) te/tomeis pass age(lﬁ?»aﬁ] pahmzlg' ﬁtro@mahbarp eﬁﬁﬂﬂ@tanalgzh@ said
pamclepresent invention is directed to a nmethod for

anal yzing a particle, which nethod conprises:

[OOSM]OVI dhs ?r@@nt&ﬁ&ﬂcﬂs@ﬁﬁ BE h?&ﬁto@ﬁ&ﬁf ?%H%sulf‘aﬁfe ;ﬁgzﬁ'a é{s%ga

article in a m crochannel ng a
Pamdet op &xanlpythe aresent prethodschn be gkedtth wdlym:ﬂmmiedmlactnc ipfoperty
ofthep%ﬁfclén crochannel to generate a change of inpedance

tween said electrodes; and c) nonitoring said

[00334]angé‘0 dhcilitaresialysie, the péﬂi@le}/@"aﬁ beABEIRBK Hh & h8no-EiREBdRIectric
present net hods can be used to nonitor any

or elecﬁ%& POAEY o Pprdrrably Be gang-siged @s}epm as elqegic remtmael cotrtpeise an

bodPk a anpunt
entibod LR Sl ey s K the pdFlMlo (R BE. ARR o eo0E2 T Hibo-
sized dlglgg@lct(m eleotrictrovietyroan duaiatgaihd parpalet icles. The present

R e TR
particle€ eEiénpl@ﬂyftfélls ﬁﬁidd% ’amfn'f%ﬂ Q@llls E)ﬁa!n& Sells bﬁﬁx%ﬁlc'ﬁﬂg b%@‘!eh?][ cells,

reconbi nant cells and cultured cel resen
recombipakiifsts a’@féﬁllb@edméld Tbe poasérttamethods canibt abédeto pﬂcbrﬁtmtaﬁy

the.n ic acid con
suitable Baydfoeri§ oF .51 %, S0 AREE Srnfiih: oRgizbiibsef thegds, o
facilitat® Zlﬁams)s HROET-20 be 2HRRY-wib £haialk dluaan%e&e&k%ﬁ&egﬁ
Pref btl h cell is mpnitored. [00327] In yet another aspect,
referaly,d %P@é"eﬂ%eq Hilestti oncleairigimeietyedn comariscappantiods tlfabr
ificANRbi%dd | 11S6s: 8
speeificBlybids g ot eahiypdf K PaPRIRGRY! TeGREPPiRe Botdthidor
electric momgy cai ga goldpuitictd. e to be anal yzed; and b) a
menbrane separating said container into two
el ectrically isolated chanbers, said nmenbrane
conprising an aperture having a pore size that equal S
E. S stélﬁs ahd 'lﬁetﬁbdsgﬂaiﬂlxﬂ o
y and two el ect rodeo “%m&[ce l%%F ﬁ?‘gﬁr ? g%egalg(f‘%:%gﬁ%% of
d medance in said solution caused by a transit passage
conduct said particle through said aperture. [00328] The
menbrane of the present apparatuses can have any

[0033s}i t dhlyet drtvitiek AgRSt, tHdpresent invention is directed to systems and
methods for monitoring cell-substrate impedance and solution conductivity. Any

apparatuses, systems and methods for monitoring cell-substrate impedance, including the
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one exanpl e, the nenbrane can have a thickness from

about 1 mcron to about 100 mcrons. In another
wex@apliEp3 t he nenbrane can have a thi ckness frpor/EE®0O3/022557

5 mcron to about 30 micron. In another exanple, the

menbr ane can have a thickness that equals to or s

ones desgribgdein thyzhova setions eed thepe compmprlyknewpdn th@ agin g1y bepwsed in
the pre%teQ §§s?e1msT 4 rﬁ&g{, 4! r&nﬂp tafh‘%ué%é ‘(}ggtglﬁsd IQ%’& g ot Iﬁﬁﬁton],ng

sui por-e I'ze
solutioh hen(bmtltiltjbﬂmSal“e @oimaq(mmya]q)mﬁdm the brt exrabehsed ih ke present systems

erture ca ve a._p | of about 2, 5, 10, 15,
andmeggjc{s ee%?»ggog% e 8{23 %é%lThe two el ectrodes of
[003t3|7j3 Pl 9h& Emﬁ&ﬁﬁfeﬁ# ‘ﬂ?eﬁ;?rg&i’f‘m@@ﬂt?orﬁg YirS4kd fbbd[ gy’stetnht(;ort o

l'ocations and con tions. In one exa
. monitoghg ctli-saetratcampbéarice aadl selution ¢dnductppnys whﬂ:h$|ystem confprises: a)

o s SRR o B SR 38 i
wells cOR@FikME an affhrAGs %Q%rﬁt%@%@ BelRclbsiarARpe8ARe déscribe® R3thb

I n one enmbodi nent, the preéesent apparatuses can
above segtipns; sed ) amgans! fpr peasuring s conductanaca gsdluition sasdiuss in cach

mico S54RI g AR RRAE M30htlr pg vt on

said substess ahd @grbadfoaidas ﬁfeaﬁ@fa;r bppltingr 169NpRIthss AT sighfIRRARDSAd
anal yzer, [100332 et anot her aspect, the present
9

electrogep bty s8id qlectigrlrcere SUDMeread HetabmoRigm, apdh i1y olepigical means for
synchr(ﬁg{) Is/lé/‘ﬂa ufr{‘ﬁl%tglg cg%%g{%g ds8 ngl' fe@tsf?deg) sabd %& ﬂ+ &gll %e;hsed to

monitoc ettgehirent) greawth ar metdbelit actb\etyaxfa:leyz ﬁﬂltalﬂed inecaclomiel ner

al_|l ow article tq assthr ugh t he
l°03§3ﬁrt &Pénotﬁ%c?'% %ﬂsgr&c'ﬁﬂﬁ REFSERtaRYERgen & lrﬁfr%édaﬁ@alstﬁm for
monitofifth @ell—%s&hﬂeQﬁpééﬁﬁ@ dnd¥olhidh $Jlﬁﬂ§ti\ﬁtyf3§fﬁﬁﬁ%?st@1fn Stpfises: a)

particle through said aperture to analyze said
a substysdg défiling a plwemspf fﬁh@ewmmwelhwnhcsdbstmswfacamoh phHsaid
.Qr an rarret

wells RRRE of fipait B storBrAE e oo tmoBes Safptdin the
above fbAchsPindh)al fBLIyEEmPdRRRsing: 1) 1dabieonRFalrl of! |eﬁactr5@@3aaé1}yted for

To facilitate anal ysis, the particle can be |abel ed
insertiog inte aafifshyiell on seid substtais; erd G1) crevigyedepted fqrmpebgmg alow-

voltage%{%feﬁgﬁa@ Iaé/rbsst J&‘r’d ﬁf%?ﬁal? bf&g%t%g%é %%%41 d Aecft J)(f G o éﬁbmerged in

nprise" an speC|

solutiom ntedAmt in stahieﬁzpawbll Cdnd istﬁxéhl@ﬂ&lhstﬁ}ﬂasuﬁhg Gheprefent a@bss, said
he o- S|zed dielectric or electric noiety can be a
electroéqﬂ @ug

systene P bg wed s monpier atfaghmaent, srevio ersmetrhobraqliyity of

cells cdn®iff@ihl9%h %! s as well as non-cell particles.
Exenplary cells include animal cells, plant cells,

[OO%Q}@atillwbthsr ethbadimeng thegebdent, invemoari ditested wed nsthad dor
oo b S o R S ST B
prov1d1$% e ab@deﬁie@&‘iﬁéd%yﬁ’c@:ﬁ%f bnitéHing/ditiubiit e RhpdddBeERld solution
conductivity; b) placing a solution comprising cells to be monitored into at least one well of
said system ; and c¢) monitoring cell-substrate impedance and solution conductivity in said
well to monitor attachment, growth or metabolic activity of cells contained in each well.

Preferably, cells are monitored in multiple wells or all wells of the system simultaneously.
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facilitate analysis, the cell can be labeled with a
nano-si zed dielectric or electric noiety. Preferably,
wWao b@4emes si zed dielectric or electric noiety BEIUS2003/022557
conprise an anti body that specifically binds to the
ceII to be analyzed. Al so preferably, the nano-sized
F. Examplesctric or electric noi ety can be a gold particle.

[00§4mJ %éta%‘@gﬁxgﬁg g)scar GIEIQ %1% 1£t%ﬁdé§qg tl 1 Wé%[ug gé tg]ﬁﬂx? i tﬁ'eq]%\‘?entlon

anot her aspect, the present invention is dlrected to
systens and nethods for nonitoring cell-substrate

i npedance and sol uti on conductivity. Any apparatuses,
systens and net hods for Egmfpledri ng cel |l -substrate
|npedance |nclud|ng the 95 WD 2004/010103
x ey 0 p 2 difi A & elestyodes attached

sectl onand those c&mpl,mhg&% in the art, can be
used in the pr esent‘?;y?;‘r‘errs—am'gﬁnet hods. Any
t ho 0
(00 SRR SB I TUR SRR, TR 50HH e Rl STHRLERL B ofcfagtrodes

attacha Witk anwltRout G 376 éd&‘lE t)heﬁlﬁﬂfor HytlresiBanc hdFe4dedds is Ohm.

See e. U. S. Patent . 6,235,520 Bi. [00337] In one
The méeﬁw&%eﬁthe IPRENER wgemlottqm tpgrEcales Nett et g Ptolzﬁﬂéy for the
reactarft‘)ésa't ﬁf@stf Hthe eEanels Qs \%Eézttll}{g g&g%&%eeream&& n ‘i‘ﬁe ?ﬁgwter of

sol ution con |vt em co
the elestrddst fon2 A Ad QABn IZA@ aAﬂD, andBAtiy 1 afmpths drmaernjf elieosledttodle for

28E, i AR T oot ohg: eR1006 8Se Per U IPrpLa e
summ4&l8Ra i Paele 1N THRSurRlT eﬁa%ﬁ&élé%%re el Pith cHEARSI Jr

measuri ng the conductance of a solution nediumin each
biologigabmelgeiles. kehis emamemtnﬁbmumg vias)used. pAftBr gfating, NIH 3T3

trod d id
ctt £ 658 BARLE rhRre bR ELHRishrt B Bl Bt
(capacitmwmtatnae)ewere@a@sma lat @ﬁéﬂqmaaldtetﬁéfw@é&ﬁe@th%e&) and at

sai d el ectrodes are subnerged in said nmedium and

two hours affer thesseeding A, Fe alesistance asq panlaeivive teAcianae asy fiinagon of

frequelftfggfg? %gﬁ?%fﬁ?e%g %ﬁ-’:‘% ?taélgct%dt% Cg% hIn%F&Jage y% c%aarﬁdbe

decreaseini capdcjtivaf readthice vearatainrigdll Ifﬂe eliaeﬁodtﬁ‘ﬂybes zﬂtﬂt@ﬁ&ﬁ\]wﬂh NIH 3T3
her enbodi GHFSS]rFB the present invention is djrected

@ houtscfl 1 $57ding the o FAPAES téletr comepending mirraslequedes on
Y. i

v S 0L 0SB VeI 0 19 TSGR 573t

graph sninomavaek s r@msianeﬂmsltdapaoetlmneﬁcam,e chades af a garleni freypednlc g as

oG9 B RS APRBAHS, i DL B 5L et

and caattiveSictance WS billyRBen n)th@bleb iRt a@d&ﬁe@@«hﬂh I@lf[—I 3T3 cells.
el ectrodes adapted for insertioninto a first well on

said substrate; and (ii) circuitry adapted for

Table ﬂpﬂuﬁﬁh&g eo? l?t‘é"of W& des%%%tsl-g]g%g%@gtcgoés said first

rodes en sai G¥&%ar e subner ged
—A—solutionrediumi-A—said-first-well and for
Elem@nck%é‘f@? , Blectrods ng tREE§PRen| Ditneissokhi d
Structigf oot Mefedal § Strcyast em |dEHCOB) used activerased t or
Name gt t agchnent . gdoweh or netabolic activity of
2CF Glass Interdigitated | 48/28 6 mm
2BE Glass Interdigitated | 48/18 3 mm
2AA Glass Interdigitated | 80/50 . 1 mm
2AB Glass Interdigitated | 80/15 1 mm
2AC Glass Interdigitated | 50/30 1 mm
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cells contained in each well. [00339] In still another
enbodi nent, the present invention is directed to a

woreioho1ddr nonitoring cell attachnent, growtPCDDS2003/022557
met abolic activity, which nmethod conprises: a)

ding—an-above-described system for nonitoring

2AD ,t’pflv  (QUASE | ot erﬁ_’@&ﬁﬁ%ha a8d0sol ut i hMM%onduct i vity:;
bh) placing a solution comprising cells to be jnonitored
3C_into pEldseast| Cielewmmtlineof 60460/d88ysitEmm and [c)

3B _noni t pGiasg cel Cirslelontlirgt €30/”pAdance Rimeh sol utli on
3A conduCGlagsty || Oirslglol-1inéel Bo&ke/ofoN! Tof @t Tachnent,

each Epton) e nonitored i{n

gr OW NpREH JEET alrﬂ r&gg?@lﬂ eP/?s arcel s contarmed in

II‘DII tTpre VVE1 s UI -aH—welHs—of—the :r_yot e

|t 004 10103 PCT US2003/ 022557
Electrades V\Z%lﬁ %q? j 4t elsctegdes and have

valuey §(y §8&5t %O/ﬁ 45&‘&9 é@@S@aﬁ 45618 fpb P‘Ft’?ﬁdle Wik andyasn tidth,

respectiyglifpl e 1 Resi st ance and capacitive reactance for 8
different types of electrodes attached wth or

Electrodes 3oy B8Beal| 3 f10@BdltjonFitgkner @fld bil uihe)adl@srodeshaimnce

30/80/200B8(/&GHE0 At 60/160/180 thrfiticestRR{i.4. Yinepwidlh ShEaickqHE Line) gap,

electr@letcaciRatiaétes) r@pediveliput NIH 3T3 cell's. The unit for
both resi stance and reactance is Ohm The nagnitudes

of the reactance were plotted in a | og-scale. Note
that the polarity for the reactance at nost of the -
frequenci es was negativ itive reactance). The
di aneter of the el ectr%%g%?‘CZAA, 2AB, 2AC, 2AD, and
3A i s 1 Quantitdiediasmementodf ceheushethe3®deedtayde 2BE, 3B
and 3Cis 3 mm The features of each el ectrode types

[00342 Figirie@7absteaned qinptitativemeisutindnd off edlls@isihg tHOElectrodes of
surfaces of electrodes were coated with chem cal and

3B geqInelith gt ReAPPARI e o8 SXPITANEIS Were,construeia DY glhinedetion less,

|
conc B8 8ol 8 SRS ot e
fabricated Hteaﬂwcembbsdmdatchamﬂer dfabpatcs.§ inne on eacindrihs)wasgheed onto

I TR e
contau@@l B A asROuBAPRAh kheiRall EAGE ARAE (cﬁsﬂlﬁdlfc %Bﬁ@agagfh) O8erial

guency for eight different types of electro
dllutecblgg-}rﬁ"{ﬁ gelly (11910@9§911$, A,008sels, 21568 calls) 1,260mclasml 625 cells) were

L h L R eSS

with ﬁbhm:aaﬁi Re}istan sl resbtiice ydrbichsue £ OHRAR Gnitediately after
eedméS@ eI ectrodes on which cells were not attached (0
S

grlodouseaiiar seeding - dbe Puryesrspraselit cetisence(apyl capreitive

I e
resctalt st 9E 0N SUBTIUAEES, MIRGLAS] 30580 RSIRR L b Fpotnc
at the ﬂfmuencyc df@%dqiﬁcwas maﬁ%(@hlamﬁﬁle\téddmwﬁaﬂdﬁﬁe ahaghitutes of the

and capaci t I ve reactance

Changes resistance
fea"ta%& P’Veer%ﬁ% %P“FYP Rieatep g&haﬁﬁd% retancsend RrRasitie e g ace
for the%ﬁicjt@des ohfPBich- ceﬁé’Hé(fjfpﬁéf bedn ARRLTT6-He6 QLRSLEALRS: the

t hat have been test
resistance and capacitive reactance changes after cell attached to the electrodes. The current

3B electrode is able to sense less than 600 cells. The dynamic quantification range of the
current 3B electrode is between 10,000 and 500 for NIH 3T3 cells.
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El ectrode Substrate El ectrode D nension D aneter of

Structure Material Structure (mcron) active area
woovm/0Toipe 2CF G ass Interdigitated 48/ 28 6 nmPCRBR003/022557

G ass Interdigitated 48/18 3 nm 2AA d ass

Interdigitated 80/50 1 mm 2AB d ass Interdigitated

80/15 1 mm 2AC d ass Imu;lf_éitated 50/30 1 mm 97 WO

R UM OLOLPR B L QPPRR Call it 330 usine the 3C and 3B
I nterarl gII 1 €0 = =

60/ 160/ 180 3 nm 3B d aslscttddes! e-on-1i ne 30/80/90 3 nm
3A dass Circle-on-line 30/80/90 1 nmm Plastics
[0034B] Bigtirg 28 dlRetafed &) titnkan dridtoyin o€ NIHGA8Sand Yorcind Wdrtic
2AC, 2AD, 2BE and 2CF are interdigitated el ectrodes
endotheli( P el proliferatign nsing te@Cland 3 plvotrod/ The anppratgsesifor

eperif 8L 5L 04, S RS4RIt or e 26
Figure 27.r Tive-thousand €ike hamdred NEH 8 TOrvehs hr'/ldm’,é(/)@PAEfcdeHd eﬁre seeded
havi n 30/ 80/ 90, .80/ 9 nd_ 60/ 160/ 180 for .t he .
onto the pogtg plecigo leg %@5 Nﬁgéﬁ celi Sleqkrode Was cpated vitgdipronectin;
o PARLESS DRGNS b8P gy LB RS ABLY ol SHRIR Ao
were mehsaced dadly th @3U®R} tiel ogll peolferatibh. (Ndte diat shepodarity fatthe e
measur enent of usi ng the el ectrodes of . 3
reactanfE e FSRtepc o4 0 e 38 BOFUH o (BB HE Gt apEs) nd the
magnitG@RDIFIMCeBEtaie vidrb ke Ob AP B&iSes the BREAAEMONt immediately

cylinder shaped plastic tubes over glass substrates on
after Seﬁ%mg lof 8 asilecHerse the oppacitivefraniansgtvebiie siipen i thetfigure is the
absolutéggﬁél E‘gg e hﬁ%n%@?ﬁci Cay %giéigzg gel%%ga?ﬁl;eg{ném@ag nwgtﬁ SIFGZ rl@ti&a%%lta time
(days) BiHash £€ll 8ped, didivginglrell pallifemied. TIRENEBITS cbRErdwil 'F)cﬂt@aued

contai ners) and the plastic tubes formthe wall of the
at day 4yavhile RAE cell grogvth pladssned #eley ), susgesting the NIH: S aellspovfiderate

(10,000 cells, 5,000 cells, 2,500 cells, 1,250

ﬁmwr%ﬁﬁ#éEand 625 cells) were added into the apparatuses

and onto the surface of the 3B el ectrodes that had

been coated wth fibronectin. Resistance and

reactance were neasured at O hour (imrediately after

seeding), and at 16 hoxmaflé ¢r seeding. . The curves

epresent resistance and capacitive . ]
Reaf-t]gle monitoring of 3T3 ceﬂ deathEnduced by ultraviolet (UV) using the 3B

electrode

[00344] Figure 29 illustrates real-time monitoring of NIH 3T3 cell death induced by
ultraviolet (UV) using the 3B electrode. The apparatuses for experiments were constructed
using similar methods to those described for Figure 26 and Figure 27. Ten thousand NTH
3T3 cells were seeded onto a fibronectin-coated 3B electrode, and cultivated cells in 5%
CO2 incubator till fully confluent. For UV exposure, the media on the cell monolayer was
withdrawn and the cell layer was directly exposed to UV for five minutes. After UV
exposure, the original media were then added back to the monolayer. Resistance and
capacitive reactance were measured immediately, indicated as UVt0. The UV exposed
electrode was then incubated in 5% CO02 incubator and the cell death induced by UV was

monitored by measuring resistance and capacitive reactance at different time intervals as

99



reactance data froma given frequency as indicated.
Note that the polarity for the reactance at the
wo e@goency of 792 kHz was negative (capaciti vePCT/US2003/022557
reactance) and the magni tudes of the reactance were
-To curve indicates the baseline resistance and

mdlcat@da p“ékq figure shevsed tha easistange deqlime aftectVospeswatindigpingd V-
ncucef U BT ROL IS AL SRR oo IO i OIS0 S

and celbéd:dth adté pableddl tod 00%eat 2B hcmrsaﬂesUVTéa@oauer Ehé celBdkath
ctrode is able to _sense | ess than 600 cells. The
measura@ ﬁ& H?S&St%iﬁs Fras cregleied Avith-gelanerpheiey changeeplsenigd under a
nncmm&%ﬁ3@§t : diwpst ween 10, 000 and 500 for NIH 3T3 cells.
4/010 03 PCT/ US2003/ 022557 Exanple 3 Rea
time nonitoring of NIH 3T3 and PAE Cell proliferation
usi ngthe 3C and 3B electrodes [003431 Figure 28
illustrates real time nonitoring of NIH 3T3 and
por ci ne aortic endot helExanidd\k) cell proliferation
usi ng the 3? ang . The aoparatuses for
experinents i nmet hods to
ose descr.i bed for Flgure 26 and Figure 27. Two

IOO%ﬁbEIgaﬁ%JW iustrpigh HrsofoRfanacren ag ditierep e intgovapsagCsos for
NI H
Tamox nglidl Efeht ﬁ@%@?xgg H\%gsslﬁ%g%f%&? ﬁ}%&ﬁ(ﬁﬁ@ﬁn o? he
cytotoxfioeffdeAbl Eminbxl,fert drethe Il\HHta'EBd@Hwa&‘he BQtebsttrotléshwere }uséd fcor the
Re%i t ance and ?apa0|t|ve react ance were neasure

experinget) Lhe apparatised for erReriagits Wrig) Gopsirustsdgisinggipdat methods e
those d@é&h@édl ot Hiflire VB%nd SRGEGPE CTRL elbifodes %f%ﬁéd%ltﬂﬁgroh&%m

was negative (capacitive reactance) and t
and seeded)wiithuded) 0N TH &’53 cadBpenalcetrader é)whahmcellmgacbed 100%

contucgP 5y 5P MIEEEh B e R e o

reactanS&6fthe lh*éaﬁeﬁ%eﬂieﬂﬂéfré‘dd @it fiBe waksbasufod\ud diferent fighe intervals.
resi stance and capacitive reactance increase with the

The pexcgniege af ¢ebhviahikty wistalpglatedasfotlowing |t y pes,
indicating cell proliferati NlH 3 cell growth
ol atéeativel vViabilityay100* (Rro e Hoad)/ éﬁ«m ogt pdm} eaued
at day 5, suggestlng the NTH 3T3 cells proliferate
th ge%}qgll, = f
where Igé cell I%é I nduce reﬁsﬁﬁ?%%* %?%tgﬁ)ﬁb({ﬁdﬁs% ?gg a?%lhﬁ
3B electro [00344tg§|gure 29 illustrates real -tine

given tigintesy slngndoouichil 378 Dt ¢trldetieresisienseed thsycontrol electrode at

ultraviolet (UY) using the 3B el ectrode. The
TO anda%bﬁl&rsameélé%e ingrvalx Plera the resistanse 8seoles th@mf@ic@hthon gjap ghe value

s S RN L AR A S UG Qe
hour mmnmi (ﬁlj ithe AN RGiri mtemt(ﬂQd aidBthel 48 dtoup theerval(th 3§ dtet siviie drhile
at r till fully confluent. For

0
10505 ey Séoﬂmi kDRI DribleEs g figpaily dygigrent. This

strongly suggests that appropnated treatment time for a given chemical compound is crucial

to determine an accurate IC50. Monitoring of cytotoxic effect by real-time measuring
resistance changes between the cell and the electrode showed the great advantages to obtain

accurate 1C50s.
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wi t hdrawn and the cell layer was directly exposed to

W for five mnutes. After UV exposure, the original
woreaialores e t hen added back to the nonol ayer. PCT/US2003/022557

Resi stance and capacitive reactance were neasured

I medi ately, indicated as Uvt 0. The UV exposed

el ectrode was then incubgmde bn 5% Q02 i ncubat or and

tli%gis&lﬁu; c&’!@aﬁ'ﬂoﬁ Qrgg e ﬁ)ul? kénlfé\{e%’%éu types |u§1]85 ?h% ﬁy electrode

MEASUT TTIg TEST ST AlCE™ dll 0} cdpact trve

003k EuSEy s il Bwadtest ﬁ%?%a?%%a%%?ﬁgmﬁqgﬁwg SFgR el fes using
the 3C ERGIr6d R&istRics ForFodf delItypdy vRoro aRbdiRed hoitl ©8RBI0WeddNdde. The

i nduced cell death. The cell death can be detected as
apparatgsgs| f9r @z@emmﬁé@rvger@fswtrue}vd asips simidar matlepds 60 thoge deseribed for

Figure %.ﬁtaﬁ dea ) 'gﬁ)e fl)gxoc/& érggsb%vg% LﬂﬁesNﬁ& 525 ool @RQE %Fneobl agts),

measur resi ance was" corre

the HEWGihcélBl (huried hdpatoegies); HHIQ@E c@lhﬁ(qéfg/@ﬂoﬂiéﬁs belﬁ;) and the
nm croscope (data_not shown

HUVEL hresepn enogheligicelldr Eat thﬁlﬂél h @Wﬁfot&p ﬁﬁ%@@@& ebp&j@ﬁeewas
coated ?(ﬁthgfirﬂ\fglﬁégﬁﬂt tﬂe% aﬁ%ﬂw )eﬂﬁé gltgctgfdfe ee{s ecﬁ%t%? Lyif| Jatin.

Two elecitoeley wies: wsed forrmeeiscaleypbys indmhtetli For N3 T8 rand @{EH-GIZh e

10,000 SH°% % Pt eleERas dora Vo aogaf Eslre

seeded @ﬁﬁ%a@h Bﬁ:@ﬁocfeo "Ttﬁ’f@ﬁithﬂ@‘é%ﬁ CWRICRIVEQBREANYE WRFE Mshdifed (only
simlar methods to those described for Figure 26 and

resistarice gataevead shavrehest ¢ et mmd OsindBroz ddwarsaftenseading. dro ﬁrmft Ga,

rosista Sy FRs S el o OB oo oY P SR horgpEein B gnce were
seen in NTEU3 "BﬁceTETTHIQ'VfEEDaﬁﬁalSAE @eRdatt 3ot e e| hoAgadt bR ebase

Resi stance and reactance of the treated
in resistaape wap seeprin HEPG2 et 4 howrs wleiesepding indigating the sowr atechment of

[ |1 qvi il i .
nepio AT} QLU TEIESABHSTBL008 O bR AL, i
incubat{d® @ata et xhdwiiand céabhed toftlateant atI )19 \hboer aftekbeedany Rt X is
resi stance of the resistance of a treated el ectrode at
TO and at a given tine interval, and RO ctrl and Rt X
ctrl is the resistance of the control electrode at TO
and at the same tine interval. Here the resistance
used for the cal cul ati dxame{he value neasured for a

particul ar f ?lﬁ &% ﬁg ol in the figure,
t he 1 C50s atR Btk Edned { the 32 hour
erval a
T
reproddmlhty(\tlé‘ﬂt)astembleSevah sleatrédesi(3B) §dedamdtu HUVIE@I aht appdratises
st.rongly suggests._that aploroprl ated treatnent tine for

for expgrigeyié wesheapsagted bsindsinylar gieghods tasthose deserahred oy Kiguxn 26
and Fighff€ 47 4hatiGe kfeefloddYRkd Qdétélﬁw{tﬂ ﬁsmﬁﬁ &(ﬁe%déec{)\fvﬁﬁtﬁ 0 HUVEC

tinme nmeasuring resistafice changes weeh 't
cells pereldctradel Thearesibtender forleachlebaveddé vas greasie movadib@byesftcr o

cc urate | C50s
seeding 8 t) anl?i 20 hours and 30 mmutes after seeding. Significant increase in resistance

was seen after 20 hour incubation indicating the cell attachment onto electrode. The
average resistance for to is 47.4 with standard deviation of 3.9; for t20h30m, the average
resistance is 284.8 with standard deviation of 17.2. The coefficient of variance for t, is
8.3%, and for t20h30m is 6.1.
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100 WD 2004/ 010103 PCT/ US2003/ 022557 Exanple 6
Resi st ance conparison anong four different cell types
waigiongiaibe 3C el ectrode [003461 Figure 31 il |PSI/D8108%022557
resi stance conparison anong four different cell types
using the 3C el ectrode. Resistance for four cel
types were neasured using the 3C el ectrode. The
appar atuses for experinments were constructed using
Simlar nethods to those described for Figure 26 and
Figure 27. The four cell types were the NTH 3T3 cells
(muse flbroblasts) the HEP-@& cells (human

L. Hedemiosdior @FCtlﬁgrféllPﬂEV@@FlP]@c'{lﬁ g é%%@‘ﬁ%del syrigeq theoughnd

bV SRR DUREDEILAARE R i s bl oMt T,
fwheraim émtdenicefcomptifes: PAE and HUVEC, the el ectrode was
coated wt | Two el ectrodes re.used_ faor
eac?’? cel Slt%%@teiévms e APRRFINEBHS ffone:3 givdmakpcigp
l% 0 C@bﬁalﬂ?ﬁ?elé&ﬁ@@@rﬁ?%\gosﬁ%ﬁd Shaid fuBdRate fv@ﬁerem each
UVEC and” PAE, " 20000 cel seeded onto €ach
eI ect r odeectidde arrey irstwles et lead twapkcirodoscandemlndraindarther each

B i o ouRtes BiadTE LRR e e o geetode

resi st angeaWRsan Bpantc® noh-cdAdidioy hifatedal, 8hids2QHoB having a
Significant increases in resistance were seen in NH

3T3 cel | Widtheilsovidad PPABOE moresthan abowsrl. Yanddggssthan gpout 10
contrast mgyﬁo'wﬁdﬂh% IR g n%ﬁ'c% &‘% &F‘}’%ﬁrﬁ L aélpow

HEP- G2 a‘il urs ater

at t @chneglecteballynRpaicicy tases @ctédamgeﬁub@ttaﬁt ong'Eﬁﬂmally to
resi stance for HEP- & jncreased steadily

over ni ghtne qfibeityen enpasing shds ofdhe sehsitate vaﬁw @&@Fﬁ@&ng 0
pl at eau
Repr oduc:ia-L0 l?é?r 3?&2 ?Zvili%%tinaﬁ%@gfne&glsllﬁﬁegﬁ e g%%l
Fi gur e 3é@nmmbmisitiontveith atdpaso dueofihe elegtrode amsr's.st ance
measurenent. The reproducibility was tested on seven
el ectrodes (3B) seeded with HUVEC. The appar at uses
2. 9k devies 5&d6?&h§td’@!aﬁnq0%ﬁ&{eﬁﬁéaﬁﬂsd¥y§!rﬂ9 cSPHiAT, ﬁ@t hods
to those described for Figure 26 and Figure f7
enpdineptiberndioxide omsiidomior b pdymei.n and seeded wi t h
15,000 HUVEC cells per electrode. The resistance for
each el ectrode was neasure i mMedi ately after seeding
3. (heXevia®decdedin@ty Clagh @, Wherdi e 8Sbstrhteds cSiERAldas a plate.
Significant increase in resistance was seen after 20
hour incubation indicating the cell attachnent onto

. YRSy LSRR A S Lo

vewreit asbharetcptacBvis dispbded optthe da:iddndwivatsﬁlmtram‘ ink7. 2.
The coefficient. of variance r 8.3% and faqr. .
@%ﬁvlagowniamfé&ervb wber&mf%@t ap%wceﬁz@eﬁmsz%ﬁwd-nght

container associated with at least one electrode array on the substrate.

Claims

5. The device according to Claim 1, wherein further up to half of the electrical traces
extend to one end of the substrate, while up to half of the electrical traces extend to

the other end of the substrate.
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Clainms: 1. A device for detecting cells and/or
nol ecul es on an el ectrode surface through neasurenent
w@boosmpEaoEnce changes resulting from sai d cel | BCHIS2003/022557
nol ecul es, wherein the device conprises: a) a
substrate having two opposing ends along a
6. |'Breflevisgiagedrdiagite Clain 1 fthar gbinpyisiog clsciwical wates hetways
pos.11.Q e, substrate, wherein each electrode
gﬁfég&ﬁﬁﬂ%@ﬁagglg&g%delagrg % two el ectrodes, and wherein
further each electrode is separated fromat |east one
adj acent electrode_ in the electrode array by an

7. Ksle¥ice grconding & friava b, whersin thei elgctrodes of carleleptarfls array are
ha\l nidth at its wdest point of nore than about
1. Shg%gaﬂteéms than about 10 tines the wdth of the
expanse of non-conductive material; and c)

ecfrically. conductive traces extendi ng substantj al l
8. Flldﬁgqtema PreqFipE i Cleig - Sftcrit the leclpe ot Devied wisth pR 80
SHRRIns At eWiviiBQ¥ boigt €r secting another trace, and

wherein further each trace is in electrical
conmuni cation with at | east one of the el ectrode

rays, 2. The dewice according to Claim.l erei .

9. e edios Bl Be LS VFRLE ST 8 b Betpty Pliseen) PREGiRs atthei

diigudt eindis 20 mick@x, or a polyner. 3. The device

according to Claim?2, wherein the substrate is

configured as a plate. 4. The device according to

[ . ri Si,ng.. i f . .

10,318 dSbite ol kbR AT, SRRl E@HobY oy copmisgs gprovaity

tdfeverdn epusedieletiveieparst rate in a perpendi cul ar

orientation thereto, wherein further each receptacle

forms a fluid-tight container associated with at

| = aral . .
e g e iR 10 Ol ToP i 4 P} B Blcofoack organized

halef ingérdigiieted|fadtiori.cal traces extend to one end of

the substrate, while up to half of the electrical

traces extend to the other end of the substrate. 102
12. ViR 22016 QdQH@Re RETIRA0 IO AP phiralf) B ERYIrS&es is organized

according to Craim1, further conprisihng .electrical

tiR 8 cerceptonsiansoidal jon castellagedl fashiert. el ectrode arrays. 7.

The device according to Caim1, wherein the

el ectrodes of each electrode array are of equal

13.Witdtdasice Sccoldifg deClai@ 14¢ GBE@inEirther 48l&isfdne buslkatied!ss up to
the el ectrodes each have a width of 80 mcrons at

thaliof the iwehtyefiipterdigitaiqdelegieades & eash slegirade 2@yl ai m

8, wherein a gap between adj acent el ectrodes at their

14. The device according to Claim 12, wherein further at least one bus encircles up to

half of the plurality of concentrically organized electrodes in each electrode array.

15. The device according to Claims 13 or 14, wherein the bus disposed nearest to the
plurality of electrodes is separated from said plurality by an expanse of

nonconductive substrate.

16. The device according to Claim 15, wherein the buses include a pair of electrodes,

each of which extends around half the diameter of the electrode array.
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wi dest point is 20 mcrons. 10. The device accordi ng

to Cdaiml, wherein each el ectrode array conprises a
w@bkwsaliny of evenly spaced el ectrode pairs. RAT/UI1963/022557

devi ce according to Claim 10, wherein each plurality

of electrodes is organized in an interdigitated

fashion. 12. The device according to Caim 10, wherein

: ' t,.0 IS 0 ized -in

% 258 dBytk Rooldinglo ORISR SrRBHY £ 8biiho Fpeerianies

d evhieroin eavhaectiptigletio dispased ohlthe Wheoaiwetive sitieatedh ol east

one b%f ﬁncircles ugto hal f of theaéglurality of o

i RERPYE pqritalion thergige whersinslirthersgagh tocspiaclafprns, a fluid-tight
Thsnteiam &@m@ﬁgﬁ%%gﬂﬁgg Caim12, wherein further at

I irc

east one bus enc es up to half of the plurality
of concentrically organi zed el ectrodes in each

ct.rode array. . e device according to Clainms
14 JRE DG oGl 1o Chiam D e Gautamasirug skaped pea hbe with
PbpiscatdgtapeR end®, 86 ERHSSwhiSh %eiHEHu@&-ﬁghtf Joﬁfyc§§itﬂ the substrate.

plurality by an expanse of nonconducCtive substrat
16. The device according to Caim15, wherein the

i . . | ect.rod h of ich .
R B0 MRy 0SB B e
athreayd id EhtWOwAD0AE Ik EAR iPRAPANINO ddaR er of the oPPBsing

d%%ice according to aim16, further conprising a
pfiffality of receptacles, wherein each receptacle is
di sposed on the nonconductive substrate in a
per pendi cul ar orientation thereto, wherein further
20eEbhdeveeeptading tbdTlain 47, Whtréln thevintaig@a hiiai@hged on the

surroundi t he ses. 18. The device according to
St ﬂ%@ﬁﬁ@?ﬁ%ﬁggﬁﬂcontainer is shaped as a tube

Wi th opposing open ends, one end of which is in
fluid-tight contact with the substrate. 19. The
21t dwicsrsorrdinggot@aig) 20, wiessin teanwérwdlLisftdaeh cotiginer at its

dj ter of t cont ai ner at e end in contact wth
crd s"ﬁé’{“i%%ft‘gﬂfgw firals lst%éﬂtzgﬁl@n Ogfrihepitig kel cach
opphesht@ntfigd. 20. The device according to Caim 17,
wherein the containers are arranged on the substrate
i n honeyconb fashion. 21. The device according to
' , ' ter wall of egch contajner at
2, T oot A2 8 L 8 Mersi e e PR (8% Bl csiay are
nofiqpalnwititte. out er wal | of each adjacent contai ner.
22. The device according to Caim21, wherein the
el ectrodes of each electrode array are of equa

23V KH R%ice according to Claim 22, wherein the electrodes each have a width of 80

microns at their widest point.

24. The device according to Claim 23, wherein the expanse of nonconductive substrate

between adjacent electrodes at their widest point is 20 microns.

25. The device according to Claim 22, wherein the expanse of nonconductive substrate

between adjacent electrodes at their widest point is no less than 10 microns.
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23. The device according to Caim22, wherein the

el ectrodes each have a wwdth of 80 mcrons at their
wor@estoipdi nt. 24. The devi ce accordi ng to C aPem/BS2003/022557

wherei n the expanse of nonconductive substrate

bet ween adj acent electrodes at their wdest point is
26. Tbe deGeopansording torhlaing dv fusbeneamar g A PRSI 4iGH a’égl,y zet
erein i Bse ces at their
SEEEHY LeBaRR R of} pREREPOHE I AT EbRicve races
Rl % at faast dil efill of dressubdifite. WO 2004/ 010103
PCT/ US2003/ 022557 26. The device according to O aim
1, further conprising an inpedance anal yzer
27. %jh% Atk Q&Ho)’diﬁ% Aetifdet dikdin e iﬁﬁ%)@dlél'lb@hé th¥as@fedtdbe
el'ectrically conductive traces at their termni on at
|fsgsdncy menghmglfrofn dboet s lillzgo plaué 1 MHz. The devi ce
according to Caim 26, wherein the inpedance is
nmeasured at a frequency ranging fromabout 1 Hz to
28.RUkyite Mbrdid8 to ClmAe WheRiPme @ledirtglly cokduaiine thaces within
erein the electrically conductive traces within the
shbubstaate aver eversdayidraningHating lB¥dul ati ng | ayer. 29.
The device according to Claim1, wherein the
electrically conductive traces are further disposed
29.1The@e51R6 @é&r@i%? e CRfimt 1 evietdisthe @leetrically cdindicties irgees are
according to Claim 20, wherein the containers together
florther sisposed ingesepondplencor the bsidfot i ter plate. 31.
The device according to Caim30, wherein the nunber
of wells present in the bottomless mcrotiter plate
30 Ehealemicahetortimpue Ehif 20y svhirefitibe ca@aingsdogehérdorm a multi-well
according to O aim 20, wherein less than all of the
choronless pucrgfifer PldSoci ated with an active el ectrode
array. 33. The device according to Caim 31, wherein
| ess than all of the containers are associated with
31 APheatevice acedrdingrto @dainr 3@ yhedin thgmambeyplwellsnrsical Wghe o
aim1, wherein each electrical tr i up to 10 mMm
i shOmL AUES e Sl berBee BT P ace. S5, The
devi ce according to C aim 20, wherein the dianeter of
one or nore containers is, at the container end

32dTlspdryisg aopording te (Haim 20, avhegeinijesmiben pllpé theontaneghiey
g@é%?ég%gﬁﬂergag\{{écgleag%%%%gjggg to Cdaiml, wherein the

Frcate the substrate by |aser
abl ation. 105 WD 2004/ 010103 PCT/ US2003/ 022557 37.

33;"E§%gq%§q:ca§p@gac Cg}igsto ' g:(‘glglgh% ! o]r,(ydg}%gerlrlll ?egé thva\lhn %{l%lf r1?het cho%te{ir?esfse zrlre

associated with an active electrode array.

34. The device according to Claim 1, wherein each electrical trace is up to 10 mm from

each nearest adjacent electrical trace.

35, The device according to Claim 20, wherein the diameter of one or more containers

is, at the container end disposed on the substrate, a diameter between 3 and 7 mm.

36. The device according to Claim 1, wherein the electrodes are fabricated on the

substrate by laser ablation.
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under dry conditions. 38. The device according to
Caim1, wherein at |east one of the electrodes is

w0 paburdomnl |y addressed. 39. The devi ce accor dpeyUSI03/022557
claim1, further conprising: one or nore capture
reagents i mobilized on the surfaces of at |east two
el ectrodes in each el ectrode array, wherein the

tur. agent pabl [ ngli t -

37, TREREHCG ARERERLD o SAAIR R4t s A KRG 1 bl
aeddr sirpesidtionspl ecul es in a sanple sol ution, which
nmet hod conprises: a) exposing one or nore el ectrode
arrays of the device of Claiml to a biologica

38. ’i‘rﬁ?ﬁéﬁfé H&Bﬁﬁﬁ%ﬁo g{ahg‘i“&zﬁ‘érgfn% 1éa%&{%toﬁﬁé él%ﬁﬁﬂféé Rr
nol ecul'es;  and, et ermning ether a change in
indpedaaiyeaddessegds bet ween or anong the el ectrodes in
one or nore el ectrode arrays; wherein a detectable
change of inpedence is indicative of the presence of

39. 88 A64icE Rlcbfin@ R MAkH cBitplisinghe DI of ogi cal
sanpl e, and capture of said cells and/or nol ecul es on
t he soné acmoudf caphe tragents enebbitivedoiethe sudfaceTiof anleash buio

of clajm40, .wherein ste a) .is.automated. 42. The

et o BIRRagss F At csepF Ao wgfedf Hier¥ Bl ooty &2 Sapable
aut omg BhdirkIargbh&lNBhdOSmBLkelesi ng to C ai m 40,

wherein both steps (a) and (b) are autonated. 106 WO
2004/ 010103 PCT/ US2003/ 022557 44. The met hod

accor.di [ 0 I el SS i . .

0. PSR bR Bl AR MUY ol A3t Scfftion, which
plethoddiongprisbe bi ol ogi cal sanple with culture nedia
sufficient to encourage cell growh. 45. The device
accr di riFPESNE RS AY HIOTE d¢ aayntitas dgricefinain | éna
nmeans for establishing electrical conmunication
bet ween hihlogicel samplé susbéofedofmpninining targeicels antdoranolecules;
i npedance anal yzer. 46. The device according to claim
1, wherednd,t he connection nmeans includes a nechanica
clip adapted to securely engage the substrate and to

forgy el egditrhfiming viRMeAS Ehaich tn Andddas& odthrs bERReHRY afifdng
according to claim46, wherein the nmechanical clip is

adapt ed4%l. e]‘]e%{ergad%qn Ogé %Bliege%cg ?gglg?%%;on wth a PCB

boar d. Vi cé accordil n m 1, wherein
cells, or | ecul es.are captured on a
wher&in a detectable ghange of 1mpedenc% is 1n%lcat1ve SFthe presence of target cells

and/or molecules in the biological sample, and capture of said cells and/or molecules on

the surface of one or more electrodes.

41. The method of claim 40, wherein step (2) is automated.

42. The method according to Claim 40, wherein step (b) is automated.

43. The method according to Claim 40, wherein both steps (a) and (b) are automated.
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el ectrode surface. 49. The device according to claim

4, wherein a cross-sectional profile of a perineter of
w@aiod/ooam ai ner is contained within an outer pRCT/IE1083/022557

of the electrode arrays. 50. The device according to

claim17, wherein a cross-sectional profile of a
44.Jdheimethed acsbrdisgiaClhom 4 whereinghe assepisfodtangdtéd cells, further

i_net f by .t he .b .51, T [ . .
LB SR ea bl e oo in
3o shetlbadR@leligewthabout 50 and about 100 microns at _
their widest point. 52. The device according to Claim

7, wherein the electrodes each have a w dth between
45.?_181%%Vi%9 a@&%ﬁ%‘%&' E:la%g 1[1}11(1:1 grnéc’on%risgnhge.l r widest point.
connection means for establishing electrical communication between the

electrically conductive traces and an impedance analyzer.
46. The device according to claim 1, wherein the connection means includes a
mechanical clip adapted to securely engage the substrate and to form electrical

contact with a trace.

47. The device according to claim 46, wherein the mechanical clip is adapted to form an

electrical connection with a PCB board.

48. The device according to claim 1, wherein cells or molecules are captured on an

electrode surface.

49. The device according to claim 4, wherein a cross-sectional profile of a perimeter of

said container is contained within an outer perimeter of the electrode arrays.

50. The device according to claim 17, wherein a cross-sectional profile of a perimeter of

said container is contained within a perimeter formed by the buses.

51. The device according to Claim 7, wherein the electrodes each have a width between

about 50 and about 100 microns at their widest point.

52. The device according to Claim 7, wherein the electrodes each have a width between

about 10 and about 30 microns at their widest point.
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