17 June 2005 | MPEDANCE BASED DEVI CES AND METHODS FOR
USE | N ASSAYS [0001] This application incorporates by
reference United States provisional application 17 June 2005
nunber 60/397,749, filed on July 20, 2002; United

St ates provisional application nunber 60/435, 400,
filed on Decenber 20, 2002; United States Provisiona
application 60/469,572, filed on May 9, 2003. This
application also incorporates by reference PCT
Application No. US03/22537, titled "I MPEDANCE BASED
APPARATUSES AND METHODS FOR ANALYZI NG CELLS AND

PARTI CLES, " Attorney Docket No. ACEA-0203, filed
concurrently herewith. 17 June 2005 | MPEDANCE BASED
DEVI CES AND METHODS FOR USE | N ASSAYS BACKGROUND OF
THE | NVENTI ON Techni cal Field 100021 This invention

rel ates generally to the field of sensors for use in
cell and nol ecul e based assays. In particular, the

I nvention provides sensor devices which detect a

change i n neasured i npedance between and anong

el ectrodes, fromwhich the presence, behavior,

quantity or change in cells or nolecules in a sanple
solution can be identified. The sensor devices can be
used for nonitoring cell or particle attachnent,

growt h and nigration and in identifying nodul at ors of
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devi ces can al so be use or anal yzi ng and assayi

nol ecul es. Background Art [00031 Wth the advent of
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concubehile Bereemtinl y si zed and spaced electrode pairs to
which the cells adhere. U S. Patent No. 6,376, 233,
descri be how such a device in conbination with other
sensors would be produced in a microtiter plate
format using sem conductor material as the "plate" to
provi de the substrate for the neasurenent el ectrodes.
El ectrical conduits extend froml



17 June 2005 electrodes in the 233 Patent device in
various planes, and in several directions, through the
sem conduct or substrate. (0004] O hers have l&duhe2ees
in using electronic nethods for anal yzi ng and assayi ng
bi ol ogi cal nol ecul es and cells. For exanple, U S
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conductive strips in the bottomof the chanbers are
BACKERHOTRD OPa3E iNvgENgONTPEdance of a sanpl e of
nutrient nmedia in which aerobic mcroorgani sns are
grown, and U. S. Patent No. 4,072,578 describes a
_Jihﬁﬁﬂﬂﬁiéhanbered modul e attached to an electrically
non- conducti ve base within which electrically
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mlgrz&ioﬁelhﬂ otigiepafyingwhdbduilitoishd cellpestdbRtat, eAS®rantl Aigration. The
neasuri ng the cel]-substrate |npedance conpri ses one
sensog dgyiresgap alse dgaisedforanal ywing gnd assaing swdgculesd one | ar ge
el ectrode (a reference electrode) on two different
Backb@¥Bd 8¢ The difference between the el ectrode sizes
ensures that the nmeasured i npedance change reIatlve
1%@§ sent. on
[06({3 Ct r ggggeglpgf? o] e‘ﬁlg%tﬁﬁllnf:ﬁtt@é%ﬁ% ey 80m80ﬁ11110ns into wells

of a rigrdviesr plaes a auzest, OW@% abvybet-nbdlleae dbveloPpla®y Shich include
single cells attached to or grown on the measuring
all of dhe,TAMmRoFER's negsREAry fpnabEe iPhtied ells opamalbmolesales g a single step.
For ekaﬁﬁélb’ 48 EhR&, é’[%[“ Bz%éri}grs%d @9&9&:1’-&%3 12"’2§ QH 1 11997). the authors
bi or €act or s, hi'n cel tures, the't ng of
descrkb@tlrpm aledsorfio rmp&d}n@et- ®X$ed| d:eyl,ce rfcmsmea:sutemﬁlt oﬁidlls ok o liqEivd
cel | I|c act|V|t cel
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smal | (measurenment or active) electrode for
cell -el ectrode i npedance neasurenent was reported in
many publications, including, Gaever |I. and Keese C
R, "Mnitoring fibroblast behavior in tissue culture
with an applied electric field", Proc. Natl. Acad.
Sci. (USA), 1984, vol. 81, pp 3761-3764; G aever |
and Keese C. R, "Mcronotion of mammalian cells
neasured electrically", Proc.




Natl. Acad. Sci. (USA), 1991, vol. 88, pp 7896-7900;
Tiruppathi C. et al, "Electrical nethod for detection
of endothelial cell shape change in real tinm@:june 2005
assessnent of endothelial barrier 2 1 7 June 2005
function", Proc. Natl. Acad. Sci. (USA), 1992, vol.
r
ctecofes 00 NS PP ol g AVELL AR P
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Bi oTechni ques, 1991, vol. 11, pp. 504-5168° Kowol enko
multiyghargbergl modulgastachesiie an clstirieally ophaepstugtivebasn oathimuhich
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Li on 20 086280 descri be ]
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to theApédasé wheens eslts dﬂ@pl%bﬁﬁ foh @lgkee] ém&yrsmaﬂy S4rRG4tE@USth the
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e BP0 QOGS AT R 01 e BRI o s o
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maxinhuri¥ef 6f céllsiei mehitckedri gratory cell at a sensing

el ectrode in the absence of a test conpound.
[0006] The use of a large (reference) electrode and a small (measurement or active)

electrode for cell-electrode impedance measurement was reported in many publications,
including, Giaever I. and Keese C. R., “Monitoring fibroblast behavior in tissue culture with
an applied electric field”, Proc. Natl. Acad. Sci. (USA), 1984, vol. 81, pp 3761-3764;
Giaever 1. and Keese C. R., “Micromotion of mammalian cells measured electrically”, Proc.
Natl. Acad. Sci. (USA), 1991, vol. 83, pp 7896-7900; Tiruppathi C. et al, “Electrical method

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



[0008] U.S. Patent Nos. 5,981, 268 and 6, 051, 422

di scl ose a simlar hybrid sensor for neasurenent of
single cells. In this case, an array of neasiJrliung?2005
el ectrodes shares a comon reference el ectrode. In
order to nmeasure single cell responses, the dianeter
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to environmental and chem cal challenges. However,
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. detection of pathogens. The interdigitate trodes
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Bial. Eng,. ter. 36 365- 370 (1998)), \WIf et al.
cultoB s hied SRETESMT o BlooNPboATS: SOt b 10808} 51 pp 3761-
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These net hods use expensive substrates suc
cmas silicon and sapphire and, due to the el ectrode
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cells are able to contribute tot npedance Sign
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and idte akichangrabgaiells e@lplacedns atigadaah célBY bithyabatRasdhsRIFRNctrode
out put connectable to an eval uati on devi ce. The

is detoclidehehange Hsgpeacs dyp & eotasd beiisar thegiclland agensing
electrb®, $HERGS s@hBG hAGe BAGR Aiidle Afhe Iy?t‘étglgdr%ﬁglﬁ used to determine

nmeasur enent structure are located on-a
the stisubdgtoryadrenhifteryrefastunfeest nompounds burcell efigratibe by comparing the
tim ec%gi aI.serorl'% connected t at Ieggt one
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in the pRE¥hRDIATeR cHMBLGH Wilh HRARSO6F aribg fo?ia@nigﬁﬁ&? cell at a sensing
el ectrical sensor neasures the analyte dnde

electrodpiadhe dhaencswipyesteemspeundy a nor phol ogi ¢ or
' ' f t l. A,
I e T ——

measupémditdE dingRicsBenInt the dags eRb@y of measuring electrodes shares a

common reference electrode. In order to measure single cell responses, the diameter of
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.



cell and the neasurenment structure. The receptor is at
| east partially adhered to the m croporous
interlayer. The neasurenment structure of thd7rJehep@pice
sensor is free of connections of function specific
receptor cells. The change of the neasured property IS
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the eipttamizs. el ect r ode array for stinulation and recording
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370 (Y453 Vi et pidsetort i Bloelegironiss bs0T P 419985, and Hening
et al. RinfikAGECBlugab! §1 By (ztﬁnpg TG Mbdé‘%‘%ﬂge&%‘ shﬁsftmtes such as

counti ng prrncrp e. IS case rrent
silicon pptﬂ sfq:thtre and, due rtmﬂue@iectmde cqpifgunitionothetiveectaple rwndmhe and

t| e i S.Nno or ed mhe a cell or
saps e R oDRpicRe) 3% & RE N pRiBRHR eI oty fa Sveragd of about
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device is limted inits sensitivity as well as its
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103- 106,, edj.ted A.. Van den_Berg et al 2000
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measiterh b bl HENQBRR A PG EIREIALC THERREL AL Bure of
conductivity “or inpe ance based measur enen
the eleaty¢al semspt B cphuetsl tort kastione oim*rr:anm-epemﬂ'ctmladledremhﬂeﬂ receptor

i ncl ude ai.r of electrodes sposed on opposj ng
cel sirfe i ToR e e T PR HA G CIF G Seiter ReohBrabt foyte
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el ectrodes. Simlarly, Song nonstrated use
cells. g staptnreds ipensinatibleqtisto pupusiatesioyiniy pxm*hdedlbam@mhe receptor
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Song at. al Proc. Nall. Acad. Sci. US A, 97 20
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[0012}U.S. Patent No. 5,810,725 discloses a planar electrode array for stimulation and

e

recording of nerve cells and the individual electrode impedance is in a range between 1 ohm
and 100 k-ohm at a frequency of 1 kHz with an electrolytic solution comprising 1.4% NaCl.
U.S. Patent No. 6,132,683 discloscs an electrode array comprising a plurality of measuring

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



electrically nonitoring and recording cell cultures,
and for high throughput screening. The systens
conprise multiple wells into each of which célluge 3p@s
i ntroduced and into each of which a pair of
el ectrodes are placed. The systens can neasure the
neurfﬁ k8 bdrhMial wisead wied ﬁ\ﬂtfeﬁandé" of lﬂﬁ&e?@@&be%e&o?é’ 15359‘93!1 ¥11 R that of
| ow- vol t age, AC signal across a pair of ectro
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hrou 96/.01836 deyjces are di sgl osed as havi ngbf el ectrodes
through the APEIiUIS , S@%&%?%SP fhe seultgrprigeiple fhegipvisre is haited in its

sen51§v1il}7 a1 Pasd B8R nafR! Rfkd ff'nscou d(aﬁlilﬁg B, &1@ LeRL i ‘3 iI S.

However, thesé devices are | to use n speci
Pateng ok 2’3@56 Hi¥sand32h 98423 andtLaiseh ehde d‘Sbmlatlg (5] IGanntmg w1th Silicon

abgr ear ch 001 r tr|
Aper R0 YolsP AR meers Abod R 08 REeEBY &t i den Ber ctat,
2000 K1gwal Scadsmid Publichas 0f assay results. For exanple, US
atent 6,232,062 discloses a nethod for detecting the
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includmsppmierfteldcoods dilg;hﬁ&cﬂﬂri@ipo@;ﬂg cRigplaBxof thdintcrochannel to create a

detectiauied e IR bereEb e Chdigree: nthamedsac bamibarly, Song
at al. @&hgnstﬁs:ﬁ Gsb MP%ch hﬁ%&%@u&&@?&ﬁa&&?hg gelﬁﬁé(ﬂbﬁﬁt dohitent by

attached to a first electron trans
measmmgﬂapwitagcachaegewhsmd eclhisdtansedac pag l@l tezotdppnsmg electrodes
d det ctin [

dlspo§eé1r 41 gxggl%igﬁtgéllﬁgp :ag]lmée 1f:]6: t%l!;]ﬁ‘g S‘ ence g%%:j](\j/atl. Acad.

Sci. (h,ykarl [@qom g@m@bg Exanpl es of the second el ectron
transfer noieties i ncI ude transition netal conpl exes,

[0 5HHM- Eatentelde roor3 T42n 61285.580 ied 6é§2 lﬁ%ﬂablb&m@?&;ns for

et 8 B L RIS AL S g e o

systemtdmpi'lsfeonuldph‘e@&ﬂls @ito @fhctsohgthieh belbar@iHt@dtihesd dnd ifach of
Wth e rlcfﬁCt rochem cal . redox | abels, they neasured
whichempaigpicelpatigderatie @laspd c Thesypismsangn ancagyre dereelegirioicondugtance

ISl ORI ULr 55 ARG e
the thémtquaseriag meeme(ﬂucmars:e aerobd thie telectrbdésDroldomitr And lef€irof
001 i.oel trlcal sensors have
grOthlogg’ Eaé’gﬁm 5‘%}5 é’% ¢ g“?"? ét ‘E"F%n of cell
[00T6 PO REIsAve ta'ﬁ@ﬁ dBHRIR hfprohdhel REHAQWL GieinﬂJed:gc@ MBLashitRents to

Pat ent No. 4, 686, 190), the passage of
assay molecules in a sample For example Ong, et al. Sensors 2 219 232 (2000}, uses

impedence changes in a circuit to detect the presence of bacteria in food. In German
published application DE 39 15 290 and PCT Application WO 96/01836 devices are

disclosed as having clectrodes disposcd on a substrate for use in detection of small



t hrough a nenbrane can be detected by a sensor.

However, the useful ness of the Craner device is

limted by several design |imtations includi’dgne 2605

one enbodi nent, the conceal nent of the active surface

of the sensor by the menbrane. [0020] This invention
mole@ﬂl&s estp‘écﬁﬁ_{;’ ﬁﬂﬁrnﬁagotﬂﬁgg A o%gelaﬁﬁgé F44R 'H.]'eolﬁr{lﬁécﬁﬁtlfsk ?I?Lpeci fic

I npedance measur enent and ot her el ectronic
apphcmtalt)hs; dsd ﬁmnmasn,ded gy gemdrah hbyardrpgeseadchs  and
articl , and bi al ogi cal
(00T B BRieieh Tl ysorR Rtk B sige? Bhsaan g ot whersignals as

indiciaRd afapYésdRS dﬁ#leﬁ@ EgleaQBfii'aﬁﬁlﬂé ©32 8p8 dRYISE&BmERLd for

t hese anal yses BRI SUMVARY GF THE | NVENTI ON'[ 0021]
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BRIEF SUMMARY OF THE INVENTION

[0021] In one aspect, the present invention is directed to a device for assaying target
small molecules, such as polynucleotides and polypeptides. The device includes a
nonconductive substrate, onto which a plurality of sensors, 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.



| ongi tudi nal axis and a plurality of electrode arrays
positioned on the substrate. Each electrode arra
i ncl udes at |east two el ectrodes, and each éﬁd@ﬂ?éa@ﬁ
is separated fromat |east one adjacent electrode in
the el ectrode array by an expanse of non-conductive
[00E3] Suitahdheldhee oﬁbiﬁ@ing(é@@se@ a%hahgd 1ﬂ 113 1%peﬂ51§0e%gz?e%h electrodes,
. point of pore than about 1.5 and | ess than about
Whlcg Fhange prasiicos @Elﬁn%ﬂﬂdwﬁélvé xoﬁﬁwg@h@fenmm oo hadotg tvethe electrodes.
es _electr.i
Furt{FUERRRS 1 BEL Y T B R G b SBangls n the
populad’.mg Df adtienal dejis bobame lﬂtﬁleéﬂl& bidh RBRRDEVEtheR d%hm%: ih AR

substrate w t hou rsectlng anot her trace. Eac
Comptolmélé’g &ebﬁugﬁg@ﬁwg%(p o drRual Byliidizationg-t h at | east

(002 T@tvafdﬁe@sh?e%&?g @'ir‘h cel%géﬁ E;Elé]&latL‘(P Qfﬂ tttlflég!: g?énts

axis" refers genera an axl s a Sur
methedrearg proyidedtfer the Ber Ofdha dphef; (f)hleelhbaitbn‘lhnlﬂlfrthé de:eSutlllzes a

al,l el he centerlipne of one of the t
micrT TP ki hBich S hERaT sl B St Resg with ol papaying
equip@iient. hfhd\ﬂ@ﬁ&) accédHgl tathiY embSaiRhAGH thatdvéntion takes the form of a
| ongitudinally" refers to the general direction a?ong
noncilChyibsieale plate, axﬁosvhl[:ln)oxzesqr b conbaitersaiosenays cell or small

mole&ﬁg Iszlflglg ?éc%ét%clesc‘ %@gﬁuceg é%r?fg{a‘llg %%e)ﬁg%ﬁ}a? nﬂ}?tléoldlslglgqg the
substﬂitat ]Electhlala:oﬂﬂlﬁfseii*é P vRIH adibie e ortthre g8k 6LtHeRGDIHARS to

plurality of receptacles. Each recegﬁacle IS
Com‘aﬁt % BB seisorie ﬂﬂdW@S‘??é'G% $ignd proceysoryhbe pomiyits are configured to

minifiP 556@(9.111'(1%0%6 ﬁaﬁfor 9515 l%t doBBuit nﬁér%rgncea nd

each réceptac cont al
(0013 bmrwtaeplecw thé ll‘afbnticeast:ludﬂei ﬁvmdfbodﬁe(amg&}tll@md}’ Mramolecules
S trate 027 to half_ of the ectrlcal traces
on aaniif D4E uitincb duBieh wRy B o SRR g lipg frqmg the cells
and/oP&olecfes! TBe BEREL ﬁlbﬁlﬁbs 4 §lﬁ>§§§te E%4iBP b 8 ﬁcf%ﬁlcgo%nlgg F\loggq

of the substrate. [0028] The device may a
longitedimet axisand a plamdisy b‘é@le@mde adpm:mmqnad ps thef subbteat¢.r Bakéd

electr%é Q%%/ 111%1%8@584& llt;la_lrs]{s teﬁ elec thio gse% (ﬁ) ngczla eg:ar%!:lg %{gﬁ%ﬁtgﬁﬁon¥ at least
one aﬂjheene bl%eﬁrdidﬁiiﬁ %@ﬁé&rddawﬂaﬁ bWaﬂ eRpPke 8PndH-Edr@&tivematerial. The
their w dest E0|nt In a further preferred

electradpasiankitth atilsevidess post nbmaredhpmetat 1 Slasdtless dean abput 10 times
the wkﬁl’?bf th@"ggﬁﬁltse BEAdHL cdnﬁuctf?\g d'g&gﬂﬁpsfhe nggég Llfsg?ncﬂldles electrically

el ectrode array nmay Inc ur al
condigfine gaces lepehding sulptintially lcEgcrtndlphlly @l dricyaf tlie teloeqipbﬁd €8nds of

ed in an_interdigitated fashion. In one
the 5“5%3 PHBHR n(eSepinpAnogicE it Bhoh iags isdn gisertsakammtication

with gmﬁsmﬂérﬁltﬁgmeﬁodb%gsdl gitated electrodes in each
el ectrode array. [0031] Alternatively, each plurality

[0036] Bieedonpd mahamis biefess gensiatkydo ian azis abmgersurfiace of the substrate.

For example, the longitudinal axis may be parallel to the centerline of one of the two longest

dimensions of the substrate (e.g., the length or the width). Similarly, “substantially
longitudinally” refers to the general direction along the longitudinal axis.

[0026] The substrate may include glass, sapphire, silicon dioxide on silicon, or a
polymer.. The substrate may be configured as a plate. In a preferred embodiment, the

device includes a plurality of receptacles. Each receptacle is disposed on the nonconductive



sinusoi dal or castellated fashion. In one enbodi nent,
at |l east one bus encircles up to half of the
plurality of concentrically organi zed el ect rlddese 2005
each el ectrode array. [0032] The bus di sposed near est
to the plurality of electrodes may be separated from

substba@in PpeipididularDYieARiSX BRAISE, A eﬂ&ﬂ%@éﬁ&@% fotfns a fluid-tight
substrate. The buses may Include a palr o

contagieg esspoidied, withaa Heast ohiledirodz taemylsn sheowbstrdial T t he

j t f.the electrode array. In one . enpbodinent, .
(044730 a6 haor g5 FIrER RES syl a6 e SEBE Puksral white up
to halfloétteielectahtri@s @Richd tEtheDthed AP OBME s tiahe
nonconductive substrate in a perpendicular orientation
(Og3%07be gevighiapeplio ticlidersdqetricat ages befytest ladiatent peirof electrode
arrayd.| Ui d-ti ght container surrounding the buses. In one
enbodi ment, the containers are arranged on the
[0829The eleetrades hberhehrtrodastiyomay bO6Bajual widthafagréReed

nbodi nent, the device ing¢ludes an i npedance analyzer
embog ey HE BEF00 SR B DA P0gTeEg RLITGIT gt poih el a
furth@|peGbiré L ahbodimeRI Ml dap Belifdf &8jaflnt ERGIbads gi'E tHefH wilst %Bint is
| east one end of the substrate. The |npedance may be
20 migesisur ed at a frequency ranging from about 1 Hz to

R e N S
Each plumihy bt ectraies g bewifaeRd ifhn dlteiBGled M), GELAODES
in each el ectrode array. The capture reagents are

! A 1 ay P
embodispeig| 4 legst gsiehus geeirclesgiptto helflof thermdyuralityrasiiaterdigitated electrodes

in each@erad égnape enbodi nent, the device includes
connecglon nmeans for establishing electrica

[00Sd iviternatitely ma&eplw;mimy bflﬁec&fcsleg g ag B%ggﬁﬁ@@i ufa bcy@emlﬁc,
. traces a | eadance | une anal yzer. n .
Slﬂ“ﬂ‘*%@éf_@%‘&@&%-n@rﬂqe epﬁ@ BB 15380 ned i $niFrdes o dalf of
the plIRHRAGY Gabentliddly RS HMA %1&%&&(‘1# Bl elERRAY irrhﬁe

substrate and to formelectrical contact with a trace.
[003R] Bre DEIGRIRT @hraSFtoTHEPIDRAY hMXSedt@ashalibguemrdtéd from the

chematic representation of a.deyice 100 with two
ptorlfy BB SRl T BRRRRARy: Asfarel TRE MR vcindlee  pieof
electré@BOgch @ whithax 83l hfoah@ halftHeSHiaRtECH 1tRE BleSttddeGH14Y € Tn one
has electrode elenents 11 QGa, 110b, 110c and second

embodimest, thrdeviseralgor ineladesasplutatie efogecptdchavewhereini@tmreceptacle is
. : - . ectrode elements within an .
dispoefl A end AR ot E Sl Ik bR B ST Bt yperein

furtheaeachabagpedlconnes fluiiti gt eehtapdestitiindidg thd bikes.t Reone
| ectrode el enments, such connection-busesné125) are

embodmet, i RonENnGt BeRREd qn. the sefseretee haneyspmal fagheony .
3 : Ay e . _
[0099] 16 a Jréfeffed f&:nlﬁ&ng mé%ftﬁel d@vrc%%cquééslaﬁl}r%}ﬁg&ang% L |1€£ea Hotrically

or titanium . ese electrica -~ con
connegted treet pomplpedlity obHihe elenirmally omduntestr{ck?2 5i) thaid yerfis @na [east

o B3RS Mo e 08 o T
about 1 Hz to about 1 MHz.

(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



circles added on the Iine. The overall area of

el ectrode el enents and gaps between el ectrode el enents

may correspond to, or nmay be slightly | argerl’haa2005

may be slightly snmaller than, the bottomof a well

(e.g., a cylinder shaped well, a conical shaped well,
analsRE n ook BERGAIR. teconRbcs P IRRnG nchdsb mechapice clip
adaptgd ¢o sesoraipengage fedubsine siobdosnieleaities] @htdcheithvalthase.

may be covered with electrodes to ensure that the

nol ecul ar interactions occurring on the bottom surface

of BRIEF BEECRIBITON OF THR DR A WINGRE | npedance change.
Thi s arrangenent has an advantage that non-uniform

(00341 Etgwral A 13 hechemetis sipresentation ofn devicchidObwith tm elactfalee
t : It in only a.snall ariation
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electrodes. Figure 113 is.a schematic representation
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o e et e e
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comm;ﬂﬂwuﬁe_dr d8e whobuyfathefehewells may be cornRICitDBletti@1es $o ensure
o e G s S S BB o 2 S o
the inffelibfde WhBfzcOfThid 4 AN L
e inge e D Bl TR @i 8P 4P AR S thoP o R {iR] Al Rular
interaptigrepessnigcndtie bottan sudeceaif gresnwsll§ 300kl 840f in only a small

: ~320f) . Electr elements (31 Oa- 3|, Cc,
variat R 35 el i B P R Bl g MG 1091 hoare
connectivrepatisghdt @tuele edrtetted dearbéxtetahiueditick mdbdbRES ircyit. 130
mFigure | Aand Figure 1 B, the electrode

_ fro
is the §{€F jicph foageqhigntigesdhal qopperss e sprtrctonpahtozhe dectaortt

s BRSRFER6 5] SERMIGEEEH b SEPRIEK] B0 e ine o

the eleyotiemn Higure hBns ke chengutichepresgpetian o€ an dBABgROEWitR two clectrode
result. of the target nol ecul es being captured to or
StructiEs AEFIFas HESIoREH G A8 & S role eBlecpils StpetusgiGd R0
compfiftEniitigiliftef @RAESE W lediRe CRATS FTRLRGHRHAR & E](F 210
el ectrode surfaces. The 11 synbol's represen e’
220a-2H}dy ete raghiegldrdinies hed togetheriord andntehiéeitagt dlecrode structure unit.

Similar to Figure 1A, the electrode elements (210a-210c, 220a-220d) within each electrode

structure are connected through arc-shaped, electrically conductive paths or electrode buscs
(225). Connection pads 250 are connected to electrode structures through the electrical

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



nol ecul es. The | eft panel shows the background

i npedance (Zo) of the electrodes prior to the binding

of target nol ecules. The right panel shows thelune 2005

nmeasur ed i npedance (Zm'ie,,,[, binding) of the

el ectrodes after the binding of target nolecules to
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e O TR B depbifed (TP EURRGE, PRl LRlclftpr {10 anc
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i ncorporated into a substrate that correspoﬁas tad

electigde stspsturgs havdes electrors ahesnents 3 Far3 iicrapd 3204-§20d d1e connected to

r defining the walls of the wells are not
COHH%%@&E{ e el ectrode lines 450 on the left of the

[0637 Bigerd2 &y eschempierptaantpisisof OfysteheforhohRehi s the @Bedance
array tlﬁ connect to exter nal | npedance neasur enent
changg gsq pesult ofthe fasges moleqptesdietg sapigedstoron bpwrdsto theelettrale

surfaddd. §hg @V’%%Péfs fiy %l#i?urg Q%ggcﬁkgg %?ﬁouygerll!ﬂec&l?sr ol t%rs gg:tgtrode

| east some” of the welFs) connectl on

surfagdse The €0 b Atibéls YéréschiVAb tarEQMRIIERES tRat Bh B OWR: capture
structure unit used in the device. For illustrative

molegulesp odedeft pheel sisdvecthe beckigraodnsptimos (&) of tHeartboss prior to

the blﬁﬁ}&% i}? léﬂ.e} g%&r{gﬁ g %sg ;&%l{{@?pf ' { V\Dhg - S_el.{xé.i i\l\n’?}!ff:ldgnffé?%mnlecul&
binding PO EREPodR @REr the birRird! 6@%{@& 181 BS{o AL CaptGRMBILRHERY The

_ el ectrode structures to a plate conprising an
impedanca iigaatiinredby aniapsdageesinalygersor impedanet eessuringropeeitd.

. g, W.Grotiter. plat. .S0 that the substrate
Impe&lg r%%rsgn%lﬁzeegsb%r? t“f)@lrrlscknlogf“ t\%l?qosg g%lﬁ)aq f‘lﬁla aao ntai ners that
[0038hFierd Bt scherfiBiiY rePresdAtRGWAMb1BEREAEdy0 06wl 1083 ode
Figure 4A is a schematic representation of a device

plate piff defegtion migioelpeiradsiasayt Bbripatediprigoompatisrinte dubsiesa that

i i 1e| i ctyodes.
comsRAELHELELELL PR S | ASHANLE G, 66 AR e v,
of thervedl sbonstrshodns The bizpiea edimes 450 de shed2f) of THeeFiginepedance

bet wee &Ih% dLsc-Epaggg el ectrode 410 and .al
conneg i b5 a5 e 3P RS Ods W gA SISO R tomal jpRelapppmeasurement
circuitsO THehRedre OGMb %le@'@oderb@ruGﬁYés%%—?ihg aﬁgci%éﬂl')@éjstm%hﬂ%ﬁt fbgleggh well

a schematic repr esentati on evice wt
(or fogipideast yemme shthpectlls) andtthedies, confEtidh peigare @sél fos aavell that

mati c representation .of, a.devi ith two
compRfaTA s el ERRERFP LN i muito T ilustah rymaenps the
electricalgéon@ediions a shoWE To drity ERPEaReMiBiuk@Trdh two TRIGEHERS 460
ﬁisay plate with nine electrode structure units each
and 4 DigaRARAE| te &rrbBel a I8rvelinstastindeplaieds tr ditaehthe substrate

com ﬂﬁﬂ%&% del struSiiidsGH a1 i TRe et
Panong the nine unit s.q) t'g{“)%é SI#R Jf%?i}lcgl%%’egt "m%eﬁaﬁ‘ﬁcé asa
bottomlepy meeowelt plate (efg. ehdabtited plage osvathiit ts siblalte FammdaBe bottoms
Hsed 1.0 . . . .

of wells or fluid containers that can be used to monitor molecular interactions.

[0039] Figure 4A is a schematic representation of a device for measuring the molecule-
binding impedance between one single electrode and its neighboring electrodes. In the
figure, the disc-shaped electrode 410 has six neighboring disc-shaped electrodes 420. The

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

10



the present invention for assaying or analyzing

nol ecul es. 7(A), interdigitated, parallel |ine

el ectrode array, where the el ectrode w dth ddniube2005

| arger, equal to, or smaller than the electrode gaps;
7(B) castellated, offset electrode structures; 7(C)

togetRdreftsidie EVibOtismResutd, FighteSIB 8laQeRIRARS AUUSELRN of 2
. the electrode lines; 7(D) castellated, stralght

devicg vty mpliiplestisqpype saped eleciydasi nusoi dal el ect r ode
; I electrode .structures. T
OGO PS5 b RORBRRL SR RS B e O rorem
areasSivfillahd 8230. ess than 10 microns, or as |large as over
0§ﬁi ral gundrgd mcrons. The total active el ectrode
l 1RGO 5 PRt IEPrEREntalip R @ Belerhlarsassayerefie ayith nine

lectrdB@RRRtlrk ki i (R
S8y AN SRS gty e
is switghed forr thg impedanee measorpment amhegthe niRrefisr abl y, t he

| reaqi- i ncl.udj h
040 Bl P8 RS T e Rt B P oot ity b P rsed in

the pregedit invehtish foe aamliak Or REAyAR Mdldcars. 9fA) DferliRRated, parallel line
chanber. El ectrode structures are connécted to

electrpdgwgnh sdcredhe sleetrrde width euibedarger, gquad o, iomsdBierdban the

clectHELAE N e AROR LIRS shBietn G MRy sy wih
disc datrelleciddedien deai@niode lifdsi JM)ecadieMited Firgigheeléétfddeaftctures;
re. 7(E)), or connected to el ectrode el enents

=
7(E) §i Sglﬂghelcqmetsvaﬁates:e?(_@ Eeqnceninicelashieds stetyres. glheechagaggeristic
dimeith &1 tHLERLS tan Ecnastlngﬂ‘lrﬁ 1ds Man 10 hi &r@saarg{: as gver

connection pads are also the electrically>con I hg

severg dwndrst intprons.atkestotd atticoietotle etea et belof didfease sligpes such as

w thin,an el ectrode structyre. O Fi gure_8 shows a
regul e e Lol et BHE AT 7 Bl ficlesbiestrarst (e
7(C), Tab P ol Rlier rel@MA Gk i@Epuly SHBRS UPHA&bINEhE #t8l dEdtde-region area

products of an enzyme-nedi ated reacfti on invol ving

(the apeqripduding Sesl¢ctiodescand| the capadetiegsindched cotrslas)nosers nearly the
ik Lo th f

compfPRfER LhaLEREAERL AL "R RE wERTERAE rEhsPedin

impedancd Meashesusat cBeuifsde.g. an infpeditcANETRrAIM BRINGBE Padd (36

. enzy .-med} %éed reactions occur on the surfaces of

iustegRALs Fighies (A and D) hep s ibesissely finked piolestiode plemants

(Fi gutlterThR;quil ek @fb)odﬁHcFingr@ QSE)?chéleegt@& 'Ejsﬂeém)%le Rnftd t%lgdu%h

- edantes ar'e neasure o nmonitor the presence an
additieped mlectrigalofonnérgioo g Firet 7(8) and Biduod DY) hiRigwk d¢AY, §0Rsnd (E),
11 17 June 2005 [0044) Figure 9 illustrates the
COMCaK}%?ﬁ‘% il @Fie\[?éu"&f‘ﬂl%'é‘i’%f%‘?% cQIGEHRN trsice tahFenmertaiectrode
elemeffd vithifl ey EREréde sthieukdaventi on. The devi ce includes a
100ﬁlaass substrate (I cm squared) on which a

Hrige 8shewela sehematic nengesentationas sigad rinplifieationGalndol ¢eular

. 1.CI.on ver . (- 003 41 cron filmwas . . .
detetfhucy Tt Tl oo s Ph oA el fBreion s pudvine
targetal ¢l moRculBs.t AR assifed anéistirel @harfies ar ipr@aRlegrdit A ehe

eonetry was patterned and fabrjcated. To use the
presen%g\()i g gatalytig grqdyg) from the enzyme-mediated reactions on the sensor surface.
In one exemplary approach, the enzyme-mediated reactions occur on the surfaces of
electrodes, catalytic products are precipitates 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



plastic well having a cylinder shape was bonded to the
m croel ectrode device so that the electrode structure
unit was exposed to experinental |iquid sanpl7elwmbetos
the sanmple was added to the plastic well. The surface
of the mcroel ectrode was pre-coated with

OB A R LR BN A gonn

deviawiof theAhw enticor iTak desisbimindes biglaphaspirakg! bﬂhfsfqﬁﬁred) ont which a

PB din alkal hosphat
micr A e gl o Rt He S B B B Ot o 4L icron)

film %@ depRsidur @k loRMe it X TRE NS E(J -
Al kael?plgne phosphat ase gubst r atle %%I@%?HNe\é&rﬁ tfur?f'ghr?intshavn'ag acircle

on-a-Hog plectrode geppielry GHas patieraed aietbigbripdted Jlvatse theNiBTice, a hollow
to th
S O
electiode sqmllca&telumt\nﬁslexmd W® agerigtbntis 1iGGid3BmBledshen the sample was
ce an The AP- nedi ated reactions (AP's
adde‘itﬁ’o‘g‘ plagtc well PﬁlBﬁuIW@Pé‘ f fhsrvisractastose waﬁ)pr@cqomedawés)
blotlﬂ'ﬁeﬁbﬁ Béﬂh@?erﬁfl%?dlﬁﬁegleh'sg ?(ﬁ)?ed':ﬂdgﬁi{)&égm/ﬂﬂ 3o4 &ry milk at room

surfaces o ectr st ure
tempgraticé fﬂrﬁﬁtrmmnAﬁelahrEé' ovaahing withga®ephiare blferéesiliat PFRS),

srep P SR PO CABrl (OB as i eband inpehsissatgpam
temp&b@Refor 3O $ihif FEIMAR MRS TBARM WRLh wilePBS Hﬁqaﬂﬁpgﬁﬁigﬂétaép

acti vi t/%! on the el ectrode surface was nonitor
substypBGH/ NS Tt (fom Sigma, B@@%rﬁbmnq—é@hbw@aeaddgéph@hammm

nitrol:ﬁlx?&i&?o?ﬁm@%a%%ﬁﬁ&? t; u[ ? isq létﬁﬁ?rﬁ%]dgtb? ge%{esfag%e %tween tJhe electrode

hows a“qua

structhrds ri1® treqilisic orellavaaneltredfusing@n elddufIThipedaR¥ ahfPRIaNER AP-
ysis. The device was simlar to the one used in

medlfﬁF W@l@s (ABrs sbptyate BRAPAIYY werei conuertpiddnto nsedipitates) ecsplts in
t
s ARS8 SBLE TSR 540 45,1 L ke

causerhiag rimangase id ﬂme\wssstnimp drsivt&d tioneledimde gir@ﬁﬁre&tmhst r'Mifh time, more

F mcroeletr tructure unit having
precq% af 1071 ocelrs an g cérloa% P Eges an‘@é’ag{%qrrrylme e e gd-an bhe
time-depRhd HANPChctiTRy U8 hel M tDaY bGface v %dlﬁfﬁ’r% @%éé’éuf@ﬁé bhe time-

having a cylinder shape was bonded to t
depengrafiresstaraerbstiecandls @bctgtlﬂetShactutmuEI(mtﬁlgxde 9%t ruct ur e

8]0 R PSR LA P
invendombin imeddahtdunanest imhe @5V1BQ was SIBHRE tAMd 059 uR)in Wasure 9.

, agtggd into plastic wells and then incubate at room
Briefly ths devietiiset glass substesta d. mmugtrqdﬁ endishonmereglectedg stracure

it wad £ a - rdsa fiRranectin
unit erzrltgal iﬂgﬁ %g o et 3(8?{‘; al:(}‘eanjj t he dqu:acré%\r/\?a%tﬁgmocakegpowefl g the

glass ﬁ%s‘datty ivhe mlabelectmdets&nptermmmﬂmvﬁnya tird@Bfi-a-1Aetedetrode
12 17 June 2005

h t
seom g, BRI 1 S60 Mg S Bt Ry vies Sdlen R Rl having a
cylinde¥Hape wal Gohcﬂ:ﬁqg ﬂ{eerglc%cléctro@e 9&’\%@%9@%1: the d3kode structure unit

over ni ght incubation resulted Int Inding o
was expmged tosgrpetimetlr loped samplevher tHessmple was added to the plastlc well.

Different amount of fibronectin (5 ng , 500pg and 50 pg) was added into plastic wells and
then incubate at room temperature for 2 hours. This incubation step resulted in the coating
of the device surface with fibronectin 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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fibronectins on the device surface. After washing,

al kal i ne phosphat ase( AP) -| abel ed goat anti-nouse |gG

was added and incubated at room tenperat ure lf/dund 20sur

foll owed by extensive washing. This 1 hour incubation

resulted in the AP-1abel ed goat anti-nouse 1gG bound
fibrofetih B 20D Us@hABhY whi mcféﬂe&iﬂeme%e %H& I&QMM%@ a4 BE&night.

Al kal i ne phosphat ase substrate from Si gna,
This germghisinghstien resgh¢binghebindigydf ﬂpﬂqmgp&eaine =filBiectin molecules to

fibrofleiO0N R debih SAER, Wit iR S diin® e el AL T eout
anti- m\ﬁuse HEG swuis edd&ﬂsarfdgnﬁrba&ki ¢ tdoint tehnifReARRTEr PAAINERSwedbhe
actiaons. (AP s substrate BClI P/ NBT were

t
exte“élé’ﬁw d‘?lgae?ﬁ#g ?@dv%b@mlzegefulﬁeéslg thesA Priaslescgqst aeti-mewse 1gG
bound &fie nfouS'Ati-BbroRBetid ¥ G rdfeﬂgg %nﬁfce EhAEhng gﬁosﬁ)ﬁlt{é%é HvStrate

units. The preci pitation cau an | Nncreas
BCIPYNBI sffeonc Bighet BELP: I-benel-échivosa- mdcryh phmnpaamnNBsr niticbhue

I d
5 TR B 2B SR R e s

well \ﬁrhsgblé@uﬁﬂﬂﬁiéﬁh ahrwec{%hgeﬁﬂi& aﬁﬂ?ﬁé}ew Aﬁgnéﬂlzﬁe(ﬂeta%ons
t he substrate BClI P/ NBT he device can detect

(AP’ Sa%lbﬁtr%% BEIRSBowprg C@ﬁvcfrtﬂdrlm@exreqmtawamulmm @wetihgation (see

P 208 U8 6, LG, 0 bbb g v

in the(r@ﬁst&rh@&iet%ﬁ thd ﬂb@}odfe@ﬁ'udffﬁfe&ﬁﬁtls ar wigheie6rh&re prediffitation
m croel ectrode strip contains m cr oel ect rode structure

occury A fhe legtiofe suréasenrndhizaapetistance vasmensundn- Thedigimghown
the re%é@ﬂw &ﬁné«% 2t B i Qﬁ&r ﬁrﬂ?& Sls@hR E‘.éﬁ?’/ﬁﬁf ’Ellleaée‘c(/ice can

lastic eets or ne ceram cs
deteclmsdhﬂaaﬁeﬁ) Pg mﬁ[ﬁbranf@:ltmm:natsdé ohioche siefaot of Ehegieylce as indicated in
the fsilicone-dioxide on silicone), fiber glass (like those
¥ printed circuit board) or other insulating

[00¥8] Bigh! 1914 tMdds a8hdrd ecifo§é Qflﬁ ?61‘ elé@ltdde @tn%‘j for molecular
m cromachi ni ng nmet hods can be used fabricate or

detectipgrodhie ém@rﬁelemo.de@@um@qm@mmsqrwwme sumttus umits fdbeicated on a

s HE A AL AT e G005 S 855 g

sheetﬁh&ﬂfrhiﬁdne thamian b9 tmeRibesiel, engddloNén- E‘éiﬁﬂc@ﬁ(ﬁlcﬁfi'(éi g,
i des, protein and other nolecul es such

Slhcmafh léﬁloﬂét!'&ﬁ%‘i)nﬁ%er glase (liks: thess fos prntad B@Cl&hW)etd other
e i, PSP e Mgl L gy o

to fabpénts bx:labdn@tthc)dﬁcrbdectrmieatmctgrermms ioncheisibsP@s.s Onahe surface of
of. np| ecul e sol uti on

b ' t
the iRt By’ St To ER0R Fando Hopatd ol eodRd. She
anchoftl@shélBaile Gar?éeelﬁiclé?(gﬁ‘clétﬂ ﬁ@ié!;r otdRh Eﬁ'd 0 big@?%l%é §fh as

exanpl es of chem cal nmethods tor surface I cat1on
chemlﬁ@l;ﬁonm@umFEeTh@memulas cayeled aHChwéﬂbiuyld atabsorbed onto the surface

he S si ca henlca
via dlffgr?ﬁ C}il 51azr11eor L(I:S%raw tﬁﬁagsl IJ ﬁgntgrr% h]eé ys&% gnethods for
coatmglln’(dj/ iBEledOpdshige ahsiptionl spﬂﬂﬂuﬁg dbfmg ﬁn%lét%‘l@so?ﬁt[dn@oﬁ@%ed by
have multiple electrode structure units. The surface

dryingopaiing ehBhiecdr selytiomeonsdcsisasiad elegwpdestigture uits. N on-limiting

examples of chemical methods for surface modification may include molecular self
assembly, chemical reactions on the surface. These physical 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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17 June 2005 may be nodified or coated with different
anchoring nol ecul es so that each m croel ectrode
structure unit is surface-nodified with a uniiglec2gde
of nol ecul es. The anchored, bound or absorbed or
ot herwi se deposited nol ecul es on the surface of
may B filodfle@Gricasted %ﬁﬂh%ﬁff%ﬁ éﬂah&fﬁ]g ﬁ@fe\é@leé?osﬁlﬁp&%aléﬁ 'nﬂgroelectrode

nol ecul es. Target nol ecul es a sanpl Ion
strucmrmmt &, sutiace-maditiedwittha smth tyapbﬁmoifﬂyuiml @hej hl&fhorddDbdiUnd or

o i B RREULES, B0 AL RN oo i

servesdsrdaﬁﬁlﬂﬁg snoéculisn TafgeehRdchRE & a S4hpIE LoLBon Bt bit b, op Feact
nged and such changes are neasured or nonitored’

with é i PEh PRYERE MAdecainsl ep birdingipiigeast motrsakes pitlaghe capturmg

JolS ecul.es
mOIeI&Iial%éé lé1eeg§1v(\:/| 1#@32% Rg@%?ﬁ glrﬁllé)@(l gat? sttruFELr?s WA an YeStrode
struciunowphailbbechadRed smdriughi chankty are'ﬂﬂ@shn@b ek moanaaes aar e
. then uaed f ot a(g;tal¥t|c reactlon to convert enzyne
impedanSe pPalyZes of frgpe Furingeygiifsy Isene eases.fhq Wpgst molecules

are 1BERE YhihSenzy6s %P%p?e A81ihd ﬁ?bc IPﬁa‘[ Atl’qg %ﬁjguki’é( 11). The label

el ectric inpedances bétween tro
enzymey ar¢ thanased Fara aasedytjsl reactiondo pooduchngymayutisaaien gfor elineple,

ate sur
Ber R EERF 1B FEEORHEC TR Sotiiis SsthErbeBontored py cleptiege
impedaiceCbit@ Sertmierd SRioad sihdttires EFbadxampl2 AR ﬂrﬁ&lcts may be insoluble
nol ecul es. These | abel i ng nol ecul es” may i nvol ve
and cam precipitate cpihihe s freead thomicroglpitiode wowdtares.e Budther qases, the
e OO G BB RS MR st

may iaxalvpkpscifid ¢thenpead dmtlsnsrra&udhemmﬂﬁ &isub ke pddetseat can be
rfaces of el ectrode structures.

itate rno H&@
moni Byl oy Rncsitned B SpERAce feaoisn action clse GRS ctbyeso Ton exameple
the plodRQH ARG Ber %@W@Mafﬁ&a@ﬁ%'ﬁ% fh %fé‘]%égﬁ ﬁg@cﬂﬁ’ie s{rctures.

quantitative informatio out target In
The dstentivreor metsutddo sugtopaddctiby akmmwmheMawrdﬂmt@m

15x Iectr de- s ructure u S
provilE il 2 S GBS oB o e Doty tnavese oo st
smunsmbstrate The details of the electrode structures
are _not shown except for the two electrica

l“%bﬁé&lﬁ 1244) ghervesc devire haymgdSx etﬁ@trod@swmrg waits that are
anSTHE LS, bkl SANIGAHLAEN b Wnlafi RAR3H o e ¥ Trode

structﬂmb atermt shovinexcept foh ehewerbletectiscaboorhebtions\(ElkdtiodeRted) per

) ere | S no active se sor associated with that well.
cloctr tGHUre it foricgnpeting therslectrode slswatirss togompectionaeds lpgated on

| By Duoaic] W Ot U BRG] Bg, PG, Ao foive

sensoFjsgorigted HitB)thattveals Ehedenli el isanilingl dsta oconeobwtl Ol Rctrode
tructure-units that are  arranged on a substrate. The

srucrfft Ry 855 HiouS apdBrrBue e SRRE RV RS Lo

7A‘Hexcept for the two electrical connections (el ectrode

races) ger el ectrode structure unit for connecting
[l]Oflﬁ}sFlgure 12(B) shows a device having 16 x electrode structure-units that are

arranged on a substrate. The details of the electrode structures are not shown except for the
two electrical 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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el ectrode structures to connection pads |ocated on the
two ends of the substrate. 14 17 June 2005 El ectrode
structures may have various geonetries such lggunsdee
shown in Figures 1 A, | B, 1C, 5, 6, 7A-7F. [0049]
Figure 12(C) shows a device having 16 x el ectrode

Elect&ide $alicttfes witylifive RaolRomaiied Be@thsAhosR sABRR i RlcBires 1A, 1B,
Each el ectrode structure unit has an |nterd|g|tateg

1C:5eﬁé@%T5de array. [0050] Figure 13(A) shows a snal

[O(Eﬁlé ction tgg%os&%dﬁcee egg’@fé ﬁ&gﬁgec%&k}??ﬁ”%?gﬁ'ﬁa@?t@e

arrang@iored sdtstratde Fathr eledtrirde strnétife Oy afMntetdi gfantsa elé’c(tﬁ)ie array.
has 16 gul ar conductor |ines that
l“@@ﬁ@lgarer ﬁ%‘@i g’m“ésc"t%?fd ﬁé t%aﬂ{dﬁéats%a O Mgebtor gemectingto the
&QBH &dd
cons e RS o AP b € 10 o Ry o on
Flgurf? H ( biderfaibodrd bintp meetengilectanddetoslimasahatrvecrel lnrrmged
gur e ws t.he a tht

accort I8 InepBith e ookl (R IR SR SRk cb F re L e

[0681] Bigiute E3(BY$Hosys thé iReBE AL ith BRAPEH bBQ@@behaibd to the substrate

caonnection from underneath to connect to

ha““&dﬁﬂﬁk?ﬁ?dq$ﬂ@§“eP@§53] Fi gure 14(A) shoms a flex
t
OB1Fs £ R0 B 258 00 SOTBERS I TR
having éﬁtemguﬂmhaﬂ adl,ts elithaietdle ahapd POEO S cothect flom
undesi?gghmhere tg% ctrical conductors on one side can
TREAH HheR et do Hreronrdvidinedn pads on a device shown in
[00339B:EreHA(A) sHidWs! aSfiext @ﬁuﬁ e thd E@{lseaqgld&%h%tﬁllgct@ﬁ}hebe%ges of

connected to an | npedance neasurenent CIrcCul
the seaenrméagso ridierfiyxefirsuit hacmbltipbe destangnlar-ohapedt destic somfuctors on
onnect ed. re 14(B)

| ex..ci ar [ 00 u
both 018 eSS 8 s inFuSR IR 0B i com B aedrti o upetion pads
on a d@sics BRyWn inFiglnedR(£) JRi{Athe Ib@rill @6kduictit c&%kdéaﬁ.h%éd to an
on one side of the flex circuit are bonded to

impedageiBet RN gEct Thecogespondingedatigal Fiingiulrc@rﬂm bc@ sides of

the fi %ﬁﬂgﬂgx%ﬁaggﬁly with two flex circuits bonded to
t substrate avi ng 6x el ectrode structure units,

[0056H4] Fignredd(B) shbhap askeROGD fthe fleovihadt banded tOMlevice as shown in

rneath to conn ct to the conductor lines. [0056]
F I@T%rg(g\)ee@a elfsft@ﬁ'cﬁfag s opgae side eh the flex) qisguit geg bandedrpgiée
come@ﬂiod@c{dglofmer&%w@nd can be wused to connect connection
pads on one side of substrate to the other side of the
[Oﬂéﬁﬁsgmratlé (C) pigoBthe Fisgmbly with Byo Sboviscutitsdbnded to the substrate

SRRl G B S BRgRSE Hthen
underdalttto cdhalevt of the kendiehstimes.e (i.e., the

[0056] Figure 14(D) shows one type of metal clip that is made of metal wires and can be
used to connect connection pads on one side of substrate to the other side of the substrate.

[0057] Figure 14(E) shows that a crossectional view of metal clips connecting the
connection pads along edges of the substrate to the other side of the substrate (i.c., 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 substrate as the connection pads are | oddt/age &¢05
Needl e shaped POGO pin connection structures that are
electrically connected to an inpedance anal yzer

througld eleeRdriy switchls) dah tetNBe 22830 codiifeotidth&mel ERRY ¢h the bottom
wi tches) can then be used to connect to the netal

side S@|thi$§h%mq4énwe1@wr 1§ pernesied o the qledﬁﬁemeeon the substrate.
ORISR E) SEVGRLRR: s BB DR G g o

be used tonmnaéct ccbmmctlbnapadssmrmﬂ aidafofyebsdatent nmotﬁﬁch@e%f thbe
one side of

nnect|
subst%auebd{ § h 1[5[@?3 %fo Iﬂgglcgglpfz Rlows theay tp hegonngeted to (for
examgPét Bﬁscﬂ@é}ﬂlgf) & cdribtidnREs 8h a'fa?ih g el ﬁ%oﬁjc‘ll ows themto

e connected to (for ‘exanple, by so derlng to
(00594 Rigure HHG) slensvsothatee grossectéanat vicwio fim éidad 1@5 cdiie6@d to the

oy 5 AP oS R S0l ) S el by

. bottoinfwdesoﬂlbé subk@att GefeheThd Mefal Slh;iiﬁir@fheh Q@m%éb:ﬁtar;ﬁ{rﬁed 01rcu1t
the hottom side of the substrate here).

boardrr@t@w}tm igpedpnee Rz oan be cernestedrto diredlyair rna,djrqctly (for

exmn?&?ﬁgekﬁu bganaﬂ: nmpedance anal yzer can be connected
0 Jlrect or rhd rectly (for exanple, via

[Olfﬂjaﬁi@nmi_ SQA); Hb}d\a(sff&)tton[ ﬁ@ﬁ'lQif a|§6g\klélﬁplh5’.(v9%h SiR@eBicas assembled
t - t t

on BT K 8lce e B o el il 4 S o padsocaed
Onth@&ﬂﬁgbg@gdgheycture units with connection pads | ocated

on the e%%SS of the device. [00611 Figure 15(B) shows
[0%1%ﬂ@d kshoofs apotemudew ofh &bevell plhatesiith ije‘devae& assembled

| dle fo
on 0 355ER. Efl P A A0 O S5 I LGB s i
connee OO palsiiGdutdliasiStht 0@ ads ot i ddiites eUBeavPSidd A&/iE8 Wh6& Pax

The two side devices have 14x el ectrode- structure

electrgy- sYueirreringts idconpertion padwalavloreed pr thegd seshef theldedces.
10082) 86 ABEES » PRI 104 SFry Br B R ol P OGO pins
This sTucwretanbetusedwith nthd@6-weh glasést iludtheedio Figlrks 182105158,
[ str i n Fi gures and 15B. 10063] Figure 17
'“"Ighwg“ al&fuﬁl"wslf’éi} lelay%"F‘gﬁFF‘&?ﬂé SSPFYEG ur . [ 0064]
[OOEHF‘-Ieg&e]lg sEEQ¥EN @l@ct%(%%ﬁpgﬁe& HEFiPe in‘%ﬁﬂe&?&f'a&% for

cul ar assays. [0065] Figure 19 strates
[006PE Fagure ﬂﬁrllhptfﬁm pp¢retonst pribeplesnf the manitothg nbineteghlar

ndL based on i npedance neasurenent.
reac“%@@%ﬁ‘?%s rﬂged&" CHIERY B r e cross- secti onal
[00d6 Mg IQ(A 6C CE\md:G) afe drb&- &Eﬁ%ﬁ[‘ﬂrau‘u?@frﬁ AR eToN ];'y}gsent
e

two el ectrodes. Capturing nol ecul es picted with

inventigrahgrdng tgroeelectiodpb r Gepturn cmeleculen depigted edth 6F” ﬁmlmﬂs are
anchoIe‘a, ﬁl%éd?ﬁﬁro(aﬁcédb Er ﬁélﬁ‘lﬁttf) Qﬁjr?ac‘ce o%pe L trogesr:'%ap(funng 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,
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 measurcment of
background impedance Z, as measured for the electrodes coated with or covered with or

modified with capturing molecules.
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may be any nolecules that may interact with target

nol ecul es to be neasured or nonitored in a sanple
solution. Capturing nol ecul es may be anti bodi7eline 2005
pepti des, ligands, receptors, proteins, nucleic
acids, nucleotides, oligonucletides, or any nolecul es

[0b&BFi 19 (B)ES @%ssyg'eétlibnapara (Eiaodéaﬁgégﬁﬁhé‘rgﬁe&%ﬂ L&2ntion

Illustrated in Figure 1
ShOWﬁﬁgtg\{g)rféﬁ:@nqﬂeleth baﬂk@m@mnttcumeﬁpmm With %" raAakals e the

o LN B4 A o oA s

blndlb@ ﬂﬁfﬁ% cEpthH rﬁol%&lléﬁ)Cdp‘ﬁurﬁ'gQﬁ&'e&ﬁEi h@l gefhRMCARs @Jmﬁa
deV|ce of the present invention show ng two el ectrodes

molegyl W“@&%ﬂle? Phglo}%ul@e binding mseﬂ@atmsgqtmolacm@mblmi to the

captu?i Pilg i ufcuﬁ%.r § %E cbn:? Hﬁly%%t.aglg gnerPo%ciu es tﬁ%tnrl]zﬁzt lﬁff?q{:é with

captulnlng nuﬂpnuﬂase Tm:geenmleeales Gaptanipla golnﬁbxesﬂélﬁﬁeo?éﬂiotb@ﬁ@ 8kample
a nol.ecul ar |nteract|on or nol ecul ar

solut R 46§ g eplet & oo e U S PDUPES) dae e meloesis,
targeﬁﬁ@lebhﬁlb@ﬂna?ﬁk et daifes, Aol o, p%ﬂcﬁg qitg%ﬁ%l egﬁarsa@/otelps nucleic

mol ecul es that may inte
acids Tla#céf@ﬁldm Dbgftmlslﬁotldﬁsaowyph@le&dbwﬂhamflonteﬁwsw&h bedintdao
C erest to

caprffe bR TPl St [ 00 o ot o PngansF Goueaaeasired for

the elbﬁf@l@t mmimutmcarmmdgenaew&qahﬁﬁeh @aRddt aﬁﬁ&mes bind. The
peptides, |igands, receptors, proteins, nucleic

figuregdn §4) andl (B) aer 3 prisandyshogdhalcdhe srpedance hmwwlmwcumbe
chan QiteO(I:IFJ Nd f ﬂ%%powkﬂhg t§ 'é ?@]g?é’ 815.‘[ ﬁlﬁ%&(ﬁiﬁ: ﬁ&,ﬂm%fled with

capturmg) enh@mbsm asl masmdmdnfﬂmt targfrandlbagéy sine o Mo dhstinesh
tg Sapturlng nol ecul es to which target nol ecul es
mc’le%\l‘ﬁ B)The figures in (A) and (B) are a pair and show

[OGGSFFlgMbelS‘(]}E%CFd?&% s@@t‘i(ﬂﬁfﬁ‘ra@n?é:éfr ao&jé%'f‘c((jevﬂfltﬂl nﬁ%%en? hragesh

fromZo to ZM corresponding to a con
showiagéwp elsdredervetnesgivringdnaledities, degittad iwith 11 syaiblolss of Ae

w5 SR 0 e PR P B
blndn\i:g 03Be spbirk eAdcullis A Wifferef frén Femiré Q9?ﬂ ia[:@t RIOESSIE here are

invention showi ng two el ectro es w cap turl ng
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interact with or bind to capturing molecules. [llustrated in (D) is a measurement of
impedance Zyyy as measured for the electrodes modified with capturing molecules to which
target molecules bind, wherein target molecules are labeled with labeling moleculces or

particles. The figures in (C) and (D) are a pair and show that the impedance between
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anot her word, to anplify the detection signal. Target

nol ecul es may be any nol ecules that may interact with

capturing nol ecul es. Target nol ecul es in a sldnjne 2005
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[0069] Figure 19(F) is a cross-sectional draw
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| npedance o
molecules, target molecules may be antibodies, antigens, peptides, ligands, receptors,

proteins, nucleic acids, nucleotides, oligonucleotides, or any molecules that can interact
with or bind to capturing molecules. Illustrated in (F) is a measurement 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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change of (ZM-Zo), in another word, to anplify
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electrodes mipdifind witheamiuring mplsod potoreichiarget madecuigs|bind; wherein
target A&N1&%Hds QR 1abeled with labeling molecules or particles. The figures in (G) and

(H) are a pair and show that the impedance between electrodes will be changed from Z, to
Zmep, corresponding to a condition that electrodes are modified with capturing molecules

(G} and to a condition that target molecules bind to the capturing molecules (H). Labelin g
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signal. In this case, the |abeling nol ecules are
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the absolute value of the reactance, in another word, the magnitude of the reactance. For the
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ZZ7Z7ZGATTTGAGCGTACCAGGTAAAGAAGCACCGGCTAACTCCG), (2) a 20 mer
wildtype 5° end biotinylated target sequence (5° bto-CGGTGCTTCTTTACCTGGTA) 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 | M KH,PO,
than in H>0 was reported by Tonya M. Herne and Michael J. Tarlov (Herne TM and Tarlov
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configuration where the unit-to-unit spacing is 9 nmm
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hybri di zati on and discrim nation of single nucleotide
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[OOEQ]eFigli(rg%EIilrlrl?s?rta?els five representative designs of the electronic cell chips having
electrode structures fabricated on a substrate. The gold electrodes (thickness of ~ 0.2
micron) over a chromium seeding 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 em. The electrode structures on the substrates can be connected to
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devi ces for experinents were constructed by gl uing
bottom ess, conical or cylinder shaped plastic tubes
over gl ass substrates on which el ectrode st rlifcduneéd05
were fabricated. Typically, the plastic tubes had
di ameter between 4.5 mmand 6.2 nmon the end that was
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t th | ect c.cel
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cell até%?%'mw i therelgptradesurfecey do menitpiesll aitaehnaent end/ar growth in the

he central region of the glass
“mnsgﬁqghﬁgkgﬂa?E§55|ze of the glass substrates is 1 cmx

[0039]:If'lgufélié iBiertasoes tisfa motitorag of P AtheelsptbEfef Alo8 HnGRtesting
be nnect ed e 200 el ectroni c detection
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1,0001c818 d RREStan AN Rk Anck | '\ﬁnﬁ@@ﬁk@ﬂ%& & 'alfgér&ﬁtt n‘Péjl'fl& 53 e

| ocated on the sides of gl ass substrate
IﬂdlCﬁFﬂdgtg meornggr fhelogh mr@tfe@tldlet“&f’tmdmates theeassurenent 1nmf1ed4ately after

R Y SR T v
seeduighﬁnﬁﬁ\Es eRlidading COIOpRIliT@adG. I THe @NY QMRS High secld¥Eensity
(hunman endothelia_cells), and pHuhep (prrmary hunman

Prohf%ﬁ%mbt S5 Wllmmh@ﬁsweamdwgmwyc didr seedintgalensity.
[Oﬂgbﬁﬁfgﬁrg gg%lhygﬁ‘ra{‘:és ﬁﬁﬂﬁﬁgn}@&&sﬂe& el (?tccells bn the testing devices and

by MTT assay. Serially diluted NIH 3T3 cells (10,000 cells, 5,000 cells, 2,500 cells, 1,250

cells and 625 cells) were added either to the testing devices coated with fibronectin or a 96-

well plate. For the assay using devices, impedance was measured at 16 hours after seeding.
For MTT assay, cells were 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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for the PAE and HUVEC, the el ectrodes were coated with
gelatin. For each cell type, two devices were used as
i ndi cated. The resi stance was neasured at 0 HhHn8 2005 4
hours after seeding. Significant increases in
resi stance were seen in NIH 3T3 cells, HUVEC, PAE, and
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1, 250 ¢ .
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3 [ e i dance. was
experlth@i Roioh 00 hiiGoSE Rluldplof he i hurd FRBURNGR1Rg about 7000
HT 1@54) defls wes eddsildo thedwelistdonidfifing ke dtctidlehauetaredd ©E bottom of
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ew As shown in the figure, the device can
0093 iz le HB(MPI S ws TRASHE R vGBbd
[ r egﬂ‘i ts f p?)ﬁ bgtsh net hoggﬁartrelﬁg rrlglé% [ (re}%fgcﬁ%né%?&fﬂe gme

electrgdgrebrupn® undEOOD) safiegonditidis ad ihguraB8&A). Note that the absolute
.Qc ' ' urenent on the

r cibility of resistance a .
magnfi SR Bl R MBIl i B s oy B8 ecroesn
Figured@6)).C EScepe A eashnréheRibd G Y MMAEA abBOPHEAGYL 8% reddiSice was

resistance for each el ectrode was neasured Imedi ately
negatixe {capadiageR Jﬁ:@ctance) for the electrode structures measured shortly after (within
10 minutes) the tissue culture medium containing HT 1080 cells was added to the well
containing the electrode structures. For the reactance measured at 2h 40 minutes after cell
suspension was added into the well containing the electrode structures, the reactance was

negative throughout the frequency range measured between 100 Hz and 1 MHz.
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(t0), and 4 hours after the seeding. Significant

i ncrease in resistance values was seen in all__devices

after 4 hour incubation indicating the cell Htt#eRAght

and spreading onto el ectrode surfaces (and ot her

regions of the substrate surfaces). The CV for tO is
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frequency spectrum of nmeasured reactance
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frequencies of 1 Mz and about 580 kHz, the reactance
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the wéiT1080 cells was added to the well containing the
For the reactance neasured at 2h

W GEERTOR A dighhency SBEENE BheRRITHEREIcA LY thireime

electrR struSRds RnBEMg; ot SQI%C%[‘)S&HIR ﬁtl:‘iﬁb‘?é ?'1 » Noi€that the absolutc
react ance was negat Ive tnr ougno r equency range

magniprgigod thedrehaarwe ovas ph@tedian dpcscaleNizthe 2and way um&lelﬁﬁ%s 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 shortly after (within
10 minutes} the tissue culture medium containing HT 1080 cells was added to the well

containing the electrode structures. For the reactance measured at 2h 40 minutes after cell
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[0094] Figure 38(C) shows the frequency spectrum of
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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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26 17 June 2005 suspension was added into the well
containing the el ectrode structures, the reactance was
negative throughout the frequency range neasifrige 2005
between 100 Hz and 1 MHz. [00981 Figure 39(C) shows
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cells aftAched (ree msavIren ortmgfir (ibinok) mmatesceedls Ane sotesteched yet to

the eldetr88d 881 duBsttRO s FERES thd Osshib SuRATR AR @ént!ljgﬁlg%l’fr?yvcee s s

added to wells containing the electrode structures. The resistance and reactance spectra for

acco

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 structurcs of 2AD

geometry, 2BE geometry and 2CF geometry were fabricated ona 1 cm by 1 ¢cm glass
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Fi gures 26). Except for high frequencies of 1 MHz and
about 580 kHz, the reactance was negative

(capaci tance reactance) for the el ectrode stllubma2e8s
nmeasured under both conditions. 27 17 June 2005
1001021 Figure 40(C) shows the frequency spectrum of

substrite, Hadtriglel €hrotle iidth A6, ILAVURAH; Wit BnfF BAViSs @1%&%3% £10
onto the electrode surfaces to the resistance neas 88 ’

18 ang 1§ 1@igron apgpgctively. abweated enverddahe elseiradss ahd thetgaps betwieon the

loctF 3 i D), .sho T f reguenc
lo« SR 2AY P, LKAl S RN 0905 B SR o
diametet.| Tl fomchettcondostiiaired lesingodectede hag®uint @ap Bing both 50

[ esi stance asa‘l;{(ed w t hout, cel] s- attached for tﬁe

micr?lég/ﬁﬁet abriga . apjon H)Cﬂ:}/lguql@ sgbs(tr;q}q. Testasea quddhe electrodes
and thO kg Gettvedt b RBrOdes WRAE bR FARtan tgjt] aPEr:] E%\gﬁ? \bg&hw Ofm in

. the reactance (i.e., capaci tanc
dimepgigrt rbese axperimentavonivtlcshapahmlasic wdlB0k0iE 43 @uf & diameter at

frequency spectra of resistance-ratio

the bl Py BN L RN ER oS B oot o™ B copprs
diffecanitdrdichged BRciB@IE. FYPRS eRbtrédd ShRn@i i %ﬁgﬁﬁ %ggmetry,

1S a

structures (electrode geonetry 3B). Figure 4
the e@&%ﬁ‘iﬂgﬁrwﬂe‘ﬂlr%‘éﬂﬁﬂ@atﬁér@é thessaialragionhelithe ivell Bogame For the

el 0.calculate "cell
e R AT
covened stitft the clectradtes asd papsfhctvedendid electotien gPHidvao MBexéxPefinents, the
vgl ue, of the resistance ratjio and then subtracting
electrofl 850 PbSRIE ARTH MRt hosapekly ohfged wd werersgmgmith fibroncctin,
Evidénf§i 88 nefd &dH ' el
0, S et CHRRRG S B 50 LAURRE per bon
10° callsg of 3R cglsBrded mbpihe twelle] rpdudivi dhezip yize bisveearigare gHbering

.cells, t | ar.ge he cel |l nunber i ndex.
ctectriFIER R i ety e wyBie g Mpfines Mg sareal gitachment
relativee@ahasr@E nb atll attdchimedt &f ge&fddes.nunbers of cel | s added

[0@%0 the wells conprising the sane types of

Lriguesita(Bhehoaysdhe reltiogship ef eglt nuseleer ddsmet foy dfByent,
. i i ; . v f t
eSS o Bt R gl A BETO R e .
The cpil gumberdifdey) washabailaahPasibtastigd ofe fesih Y oS RRET Fafio F
. measured.resi stance,and reactance for four
resistgrieg {Mg reTYARE Poeried Pag cdl i ftiched Brtheplerterdsrurtaces to the
resist@Re WRaSited b Ho Shifs’ £E Sfdched ﬁ't th® eﬁ@ﬁ%&%r@#_%catt Ec?rqgspondin g
t hout cells

wi dth and el ectrode gaps wth or w

frequenciesk eiently.ifhea nedrbotonstdet dentrode esdth i 60 nesioathad éa same

& tra for the. el ectrode,structures
numb A E1" B0RF 0P ST LR aHobb e i Bt o om g petween
the nefghibbting elkOtrotes vésaBed Hehirgadeasl clPhumbirasdt&d AEhdicRied HYShe

el ect.rode and substrate surfaces) the tissue culture

data, 3 signifigant spareashithipe 39ib nembersinggssis achieved with width/gap ratio of
about 1.5 or higher,

[00108] Figure 43 is a schematic diagram for microfluidic channel-based two-clectrode
sensing,.

[00109] Figure 44 is a schematic diagram for microfluidic channel-based multiple-
clectrode sensing. Electrodes 1 (1’ and 1 are connected together) and 4 (4’ and 4 are
connected together) are used for supplying a constant current through the channcl whilst the

electrodes 2 (2” and 2 are connected together) and 3 (3” and 3 are connected together) arc

29



added to wells containing the el ectrode structures.
The resistance and reactance spectra for the

el ectrode structures without cells attached Meuae 2005
measured at 3hrs after the culture nmedium containing
3T3 cells were added to the wells containing the

used Alrewdnitofieg sierwtiope. eWhen thd defls WRl Jashng HReU&UhE @%fon defined by
3h period, the wells were placed into a

ring th
electff?ﬁ?s%&’mﬁ Bu7 & the hapedenes wilheghangadeaing ipra rngs iarthie Sokage
betwdeRldcBY8ls 2 ('Qh)eanglf t,]’_ode structures of 2AD geonetry,
2BE geonetry ‘and 2 geonetry were fabricated on a 1
[0 H0bYiglrecth iglaasker2ickiiagtamdoRBifedaisuehshlysis ©f singhéipagicles
oh1%b§§t5°de wi dth of 50, 48 and 48ﬁricéﬁp, and havi ng
EOMEIPRVED BFUCYHPTE LD pSuDSIREE, yhgretBe glegiredes apcmirgrated e he
substthe area covered the el ectrodes and the gaps between
the electrodes for 2AD, 2BE and 2CF geonetry
[0Q1d ]} Eigprsrté is 8 sghematis|déagsim showing3hmsiamdtatcommmeasurement of

; ' | ect,rode structures _hayin -
impenBEPIEEe (7 T oMy el ARG 50 FOIGHISNTR eecires and the
condifctibity claingel (mnrefedt@binahe {ipaky binsietasdenaédsated at ZNEn Afcea
.covered the el ectrodes and the gap between the
solutigh.ect r odes were of a rectangul ar shape having 6 mm by
5 mmin dinension. In these experinents, conica
shaped plastic wells having 4.5 nmin dianeter at the
b METGhDEEY BEGCRERTION OFTJE ANYENKIEON at es and Kapt on
rate i.ch conpri.se . different interdigitated
10t 2Ft e Sl S4RelofiRe B 36t b oF bttt T dobibsd diupription of
the inHtof @0a®1del into tREsuBLRELALMS: Blibwct ured were | ocat ed
at the central regions of the well bottom For the
el ectrode structures of 2CF geonetry and the Kapton
S @Strf%ﬁni(ﬂg bottomwells were covered with the
el ectrodes and gaps between the el ectrodes. Prior to
(00 3] For piarityrefdisclodune; ané hechy @ o tInelitatidds tHealetiRY UEREBSon of
the inuer e %ggroughly cl eaned and were coated with
¢ my§nHPp Aedividad intetheruhsqcyions hat illewar | y const ant
: _ . for. _
O e Qs e Wnelpiny <1 ShAARER S hRE I M rgip pove the
same meghueg ais chwnyaly widesstdet eare dflvedinaiyghiibini thgart to which this
. el ectrodes.resulted.in.incregse i n the magnituyde of
invenfp SRS AL TS, Soplidhrioty piished ApRbteto o ofhes pRdications
referrddto $ierepf ardoncopdratel bﬁ%ﬁ?@ﬁﬁ&e Rh&k eireRdas, d@t@tﬁt}l@] det forth in
. Fi.gure 42(B) shows the relationship of cell nunper
this sectigpoiRcontryy toIpr themwyise inconsistend mthtaadediniitisineset foottian the patents,

- - avj j f rati.o of electrode width to
oGRS Bl ShE Rl S Be s B S b o
referetime, theldefinicibh vgr fonk i thiyBetiien ProYAIEWVeF Bk idefifition that is

. resi st ancs (the resistance neasured when cells are
incorpgfafed eEin Py TefRnet-ect r ode surfaces to the resistance

[00TBASBE) Waeh noe geblsyans at {aghed BP“otn'%E)r | gL ode
surfaces at correspondi ng requenci es). V|ééntly,
[001 1 As usedhérging membrane’tlsacheads nviteidh of 50 ni cron and

sane,, nunbgr. (about, | &4 cel l of 3T3 cells added
[Oﬂliﬁ{] &Stl.ﬁ:%d Qgﬂnssblpéba%%hb: mﬂgﬁﬁgsﬁgp% ajBembkaRe 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 si gnificant
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t he nei ghboring el ectrodes resulted in increase in
cell nunber index. As indicated by the data, a
significant increase in the cell nunber inddx Juge2005
achieved with width/gap ratio of about 1.5 or higher.
1001081 Figure 43 is a schematic di agram for
perceﬂtagé @f[ﬂé'c@ll@al‘ér&aﬁé}ﬁ{g @Qﬁ@ﬁn?&\‘)@o?! S%gs‘épﬁlt maWlVd%ours.

{ %Ure 44 i s a schematic Iagram
Prefefﬁb(l;y @t leasthOts etihn ﬁ@llb- %ag@tﬁrmlt@ ﬂ'wl serfaed @‘dhe @emel within twelve

hours> %gﬂt ﬁg?gegllbﬁéta Qlce té?]t 43 aul ge toE ﬁegga[cgzalglet&gﬁgtswéﬁe pepRerties

S0 thajaetéaitd’l(}“/$blﬁ):hb Xtel[bgaraa&lwﬁlﬁgfﬂ@the%ﬁffﬁ«%‘\htﬁlhrt@'b!ﬁf@ hb#& of plating
nnel whilst the electrodes 2 (2' and 2 are

eallsdo thsgiesssbr \Evananoge prpferably, the surdacepnensetieschf a surface
f orin
o AL s L8 8 R
withig &#¢lme Housy of platiog. r Maetsprefetad)ya nick Sirfade i:ropblh]l%s bNPadaRe ehat is

in ac in the vaol tage
suiefls oy Bl A0 ZIP}GP@EF&%M%H(&E‘&?S%"W 3 pgesils aggerinpto the gurfese within
cight, A, fSurdtveC RAFRLT Flaih AR £ 95s1ﬂeﬁ@ﬁq§6éﬁﬁoﬁé?ﬁé§/f§+ §elP£ttachment
S|ngle partlcles goi ng through a mcro-pore
the sugfpge mexmecd torhercheminallgitessted dd gstreatmentntityaraiad dmﬁoﬁ With a

base) O S o A (e ol PR gl . i cally

treated i@ pg®ated)wittoodeotink@e ncdédultor Biﬁﬂﬁfﬂéﬁﬂ@ﬁﬁatﬁﬁ&ﬁ&e@ Bell O
the el ectrodes and the _conductivity chan

attachmgntle df i BTRSEDHEVENigig @Foiﬂﬁ%‘&i&ﬁ oS ra@a Imnlzzr)e)
s S 0BT O L 5Ty s
that Ub‘?ﬁ thﬁblootﬁmpatmltt afaon(e.g. hmenhbtme) add desCpreferdbdy alibws tihe

i.ded.,i t he sectlon that foll ow,
a“achi{le“fa% ?‘ﬁ?ﬂs %‘?@ Fﬁtﬁff%f Hﬁgwn&%ﬁﬁ%ownﬁl e syEfasedunpgdhe
amaynot by way of limtation, the detailed description of
invention is divided into the subsections that
IﬂﬂrléPl /é wPioprgdaclpr coptings és dledating gn @tShH“ﬁw that coapirises a molecule
that 1§a§1%ﬁpangghc&%a€ﬁw%ﬁécm%orﬁ0%c g:la ggo%belg{]ﬁ:gl\/iqnveg from or
based @ndinn ar moﬂ;é(neithrallp othering blohﬁbléthlﬁ ldr bfhﬂcﬁemicﬁ‘l\é EdrieRBmple, a

(ﬁ pat ent s, appllcatlons publ i shed

biom ifb‘?ﬂfgﬁ%tr“&@n&ﬁ’alpaﬁ%@} 6’16{5[’513 ilé%rtm@% copgpRant £xg ¢ Gbronectin,
I

collaghfd) &b (?errﬁ/abwge?f 3 65h O 5(5 % b?({;tﬁl%ml&l %12‘3 as polylysine or

entlrety a ’nition
polyoingthingnwhigh ard polpment eteciise based (DnShesm:ﬂmfallWob(hlrﬂn g

blocheqmcals ll)tfshn%nanﬁ%tmlf[h%é hPclol)rz]mct::rrl]ée moiaecu es %ased on naturally occutring

biochemicals such as amino acids can use isomers or enantiomers of the naturally-occuring
biochemicals.

[00120] An “extracellular matrix component” is a molecule that occurs in the
extracellular matrix of an animal. It can be a component of an extracellular matrix from any
species and from any tissue type. Nonlimiting examples of extracellular matrix components
inctude laminins, collagens fibronectins, other glycoproteins, peptides, glycosaminoglycans,

proteoglycans, etc. Extracellular matrix components can also include growth factors.
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appl i cations, published applications and ot her
publications that are herein incorporated by
reference, the definition set forth in this igduné 3005
prevails over the definition that is incorporated
herein by reference. [001151 As used herein,

[00 BT) ARRRRStrodd” ib Q@ﬁ'ﬁct@:ré%avf?{g a KBE el@Em@Brc%nductl{vgg%%s an
As used herein, "nmenbrane" i's a shee mat eri

electii@d samucingity magh h@heru than thigietastrinphednidueti vigndfrtbasirraupding
Inﬁegm nmbrane that does not have deleterious effects on
FE including the viability, attachnent, spreading,

[oma] wsmyed hegeiaydnteletrodebtrudting? s4fe9 to AQQ%&%M&&@ particularly

ensi.on of viabl e, unlnpalred epi thelial or
one ‘Yéﬂ’d@f%’éﬂ’ I preciye 4as, ot syermale. 2 &plaal vlestsede staicue)f ercecadfection

of at [cB® tW8RBlrodd éleﬁk’ﬁtg Ak grf 038%“9 &C gﬁlﬁ%‘g‘%ﬂgg tt]{nfﬁw%iptihra glectrode

significant 30 17 June
elemwSeWthlh@ml“nlgcn@detmcsmeTzae eleotﬁqcalh;ecmseﬂ Wi t hin

o8] Mo i LGSR P sy s Bl P o
clectrbd@ste turB.QUERS as, MY & aRpBe 8@ ?éﬂ'lke ﬁro?réﬂ'tlﬁ)ﬂ%? ah Btdrdl ated
suitable for cell attachnment has surface pr opert

electrggde stitsturat | east 70% of the cells are adhering to the

O8] BEF D RO R o M

that asohateect@l oiave desensfondasd/sfasimg suéhibt they SaH, aieh %orﬁﬂ%ted to a
. cell attachnment results in at [ east 9096of the cel
signal SpuEce; PRETAE 2 ANNK (R gesEAte 4R elpstrical\fisld/m the tagtonosf spaces around

the eléﬂtﬁqdb RQuctMRs! pREGER AR bde %@&t&rlé {+ﬁ§ ?{ Eglé ﬁﬁ%%{d 1§ven?1ﬂl gan

surface that is suitable for ce resu
measyrp ipedanes¢had e duke to bell attichmenithenictgtrbde fttace WdmliMiting
rs of plating. To

it hi ei.ght, four, two ho
examifes B Hesefdairacie i ikt el Yo aeRird iiinie and
concehhit eidttiode enityreMaRgl t o be chemically-treated (e.g.
treatment with an acid and/or with a base), and/or be

10035k Edegtroge traeest’ et qlectigcallyrconduntine pashs thap bHsmh)Trpm electrodes

{ coa
o RS Qs P ARSI Bl 500 o Filr RRGT ab RS
apparattig foe bommicling the d@&omma&mw ElBinke MR or @e&k&ﬁ@ﬁﬂ%ké@'t@ an

. urfac su as, a nmenbrane) preferably is suitable
impedaggee gng g’t %Eﬁﬁ%?r hounday of a gevies map wpeesprad tathe copndstion

pads dﬂﬁﬁgdé\qc@é}%mﬁs t hat uses the bioconpatible surface
menbrane), and nost preferably, allows the

{'}Gégﬂa‘t Heaemectish pild” iseastre0@Yaoipratmuscmid devidealf tieoptaat

ol Py B EOTRBBL e LIS e SIS S5 0 S0 i

withinCANRkI GRSeléttiaBe @t%ﬂuﬁ'e ohRataphafds B?‘B Hé\ﬁké é‘mﬂi%ﬁgﬁ Eél{lge

bi onol ecul e or bi ochem cal, or a bl ochem ca erived
operatyyebneasnected teek tesnal phestrinal pisewts fag. mhh}ycdranwneasngament circuit

ora SIEILIB(.:I) g&llrg(%u lﬁ]% eﬁt’erctrpclaj3 gon%r%t‘f on betwe'::e?lra ceo)l(mgglon pag and an impedance

measurement circuit or a signal source can be direct or indirect, through any appropriate
electrical conduction means such as leads or wires. Such 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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bi onol ecul ar coating can conprise an extracellul ar

matri x conponent (e.g., fibronectin, collagens), or a
derivative thereof, or can conprise a bi ochgr?ij@ang%h

as polylysine or polyornithine, which are polyneric
nol ecul es based on the naturally occurring
handb{witinhgicaadas tHay fit¢rei gitard @ledirbdd £lemeild bYeTBabS JF R EMMES one
based on naturally occurring biochemcals such as
anot % no acids can use isoners or enantiomers of the
cal uri . . _ 3}
s & iheh BB S el Beste slemap means
that, gacagt gs fandoky pasitionad efithinl the sesbr anga of a déviedd arahis of the

can be.a go nent of an, extracellular matrix from any
Preseé‘%&&’ F‘@%"“aﬁﬁrﬁp‘?b&ﬁﬂ %EWI 2 FQLG’é Pf"gﬁﬁ@) CRRAFHNE 311 el estrpelsent,
calcubiitedefbrh ABEAV e pRIdidTRStEr of CRIRREEH] St in! AWhHAGr AP HUESF the
ens fibronectins, other glycoprotelns, peptides,

1
preseétoi}a(\_{ %g%i’r’ﬁ thsgiapeahibe clegirodedgnymansd tist tze Ethe gosl Hetban

' i.ncl ud wh factors.
clect Bt Gl R AR by e oo Gl rCare e 8076, vet
morepaeferatyl yegrbatethad ststiut 70%)| ar@OAdH §dr¥ picYerablp@tedts thaabout 80%,
el ectri ca{) gonductivity nuch 0h| gher than the _
grcat‘gltg?ﬂ RouLPO%eonaieatenthar about PHé. surrounding naterial s,

001291221 Gk i o : { L er
(O LAS LodonataR ol Raffho o ofisabi A0 P Mifarer pgang that
the atdegsptvexelsetrades amcdalfrimtedfopmaebe anptoducal @pihe ahbsalas tTHRAE least

tructure or, a collection of at |east two electrode

two T RE b o ol i et o et Heiget ik of e
substiafe EleaObitRfemap herentsipd hirs) tBdat 18]se64d Q98 rodes can be either

structure” are electrically connected, [001231 As used

on the,gams of omrthe differend baysrseafla substedter s to a singl e
t I t. f | ectr,ode, structure,, such
(0G30HRL SR et B oo BRecpfit MBIGIAIG HSHHe Sge BY Sl
substratel’ endaing tlianthecht leastawt lebd@oddsr e fabkiCated O M4 AmASideSFGhe
herein, an "electrode structure unit" is two or nore

substigfeact r ode structures that are constructed to have

[0ABTEAS LA “GPiReH: ﬁlgo SHERodR Ml 1& anmg\,ﬁ%ﬂ? of said

connected to a signal source, operate as a
substrgteri epcanethah ikthe nendopdiictingshibktiate hasenultpfic dayeed, tepa dast two

d-.t.h trode structures. Preferred el ectrode
elecn‘g{e%% ""&PE"@S%CPQ{"?ﬁ%meéY%rOﬁ% UOPFRfENt i on can measure
(001BPEASHRE heFedn 5efd dUe18crodsd havRshREAMRNY sife &ltface area” means

el ectrode surface. Non-limting exanples of electrode
that theysurfage areas pitheselegtodesreertidgp wee rod sebstantinthyl differend dtonr each

i i t ture,units.
otter 8 R B ARE SRk B AT BHBRA P L U0 S o e
electrqules hafetrbxhto el eonthitfuteintied @atrslbd@sctalde cledn@e tirk ﬂﬁ’;ﬁadance toa
or el ectrode st Luct ures toward one end or

el enment
same %ro%lﬁﬁgq, gEge a3 theknedange change due to cell attachment or growth on any

other of the electrodes referred to. In other words, where electrodes have substanti ally the
same surface area, any one of the electrodes can contribute 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, 4,3,2,15 1.2
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apparatus for connecting the el ectrodes or electrode
el ements or electrode structures to an inpedance

anal yzer. The end or boundary of a device maly/ June 2005
correspond to the connection pads on the device or
apparatus. 1001261 A "connection pad" is an area on an

or 1. BPP@RF@preferably, ahél gMese n6d eleBifodds 88 &R blectSHEaRULRAR: MYeGRary
is electrica Iy connected to at | east one electrode or

identiep| ordpericalomislags agents within at | east one electrode

" d b
OB AR LR S S RSy G87 Dme
meang ¢hay the dﬂ:tnoﬂp enkﬁux:mmdaawdem&mt ofthe &ppatatuMasApHloPARe physical,

rce electrlc connecti on between a
Chem&“zﬁﬁ H%‘&‘Ploéwag%rapafﬁas é&%‘%@“teﬁ@é%’r‘éﬁ@mﬁ“@h@uﬁhﬁ surface

and Rt RIS tAN LA Rt %}Q% (i EQPE qur Sifthe S{JJ}%CB (gh he

any appropriate electrica condt nﬁans suc
appatfaiisd EHowrever, rtesnotmc‘tssmyehatrtha:cﬁvmbonﬂnhehuﬂﬁbeﬁbﬁﬂ@f mimam

subst P ndatall B S TPkt OF BigPihe TBRe P onh SilsiGes. . nutrents

or grdiﬂhlf@c&ors[ &Ql‘)%%ihppllddltlﬁ @Ld'hé]iuhﬂt @%feﬂﬁﬁ@nﬁzhaﬁx bﬁﬂ%ensmn of \ﬁable
pr.oj ections com ng one direction thaf I nter

ummb@zﬁde@mhsh@ O@@n@mﬁew eefisds aldedde dret “sdifaarwiteeifor dele

attac e{vh eatggz\%é gt?%Qﬁrﬂ? (%ﬁl aa%%g?%gs é} OL% L\é’gftcp 8‘8@"“ tweéfvcdhours
Moreqireﬁalabtﬁ a pmézicerthélhy suitablécfbr ChNitackmem s ﬁﬂ%@?fﬁpemes so that

hi gh babi li t
stleaggagt g gells; A L e bR of plating (i.c.,
addmg %Ellls foShé QM ¥r RO klak ?&ﬁﬁné@s% fid :?EQ/I e A6 a};hgffcrably,

devi ce or apparatus o presen entlon
the Sq@t’aebambmey 061 swrfacsse that (mltplaietﬁl)rodeﬁ)attadﬁﬁm 1r¢sngs nat ddast 90%

d t fro e a
of theefif AfiRgfo BRI o, EB5 dlof o 2T blatie oV B Spprantay e
surfa@fprﬁliwtleswfassﬁffhcd tAYE8 khilible 0P Sclf hizRAmeht &ﬂﬁtsq}l QClhR @S% of
el enents, and the size of the gaps between electrod

the cells adhssing to the syrfaeq withinieaght % feurs 099 hows of plaefier abl y
o r abl reater
(OEBEPAS e A £ AR e in TR GBI 808 & i e
electradeslime8that the ﬁﬂﬁ&i&n&dﬁl&iﬁwﬁ&ﬁ&ﬁm&ﬁ%saﬁ%l?ﬂ@d?ﬁ?oﬁlh dBve a
. ..ab 95Y% 2 se erein at | eas WO
Slg‘"fg’ﬁlg‘g‘:'%%fe%% }’Féiaieé??d af a8 Anpedaiss prakyzsr ofipedandeat

meastr@fe lcirlc @@ Shed WRIRLRHBIARAES Fealfibn f)&mé cﬁ'latlhg gle%(ro%fages The
(g;oduced on the substrate. The at
impe

ecehangiersfarato the dtfﬁ:rerh:e i anpedsancbevahiestw}mnsnmwm @biading

diffe t,sid str The substrate
react Yodelt Yt FIeFbi e er b oSt i B B Bevinprsaston
occursC(a’nthb elettrbdesurfa0s Alengav@y Qhe RRpddcedinhh&d @Rdrs 1AUET S
of the substrate. [00130] As used herein, "at |east

differgnge insinapedprsgasea e selbscnre ottachsd treths ietbstrode swfade and when

cells are not attached to the electrode surface, or when the number, type, activity, or

morphology of cells attached to the electrode-comprising surface of the apparatus chan ges.
[n most cases, the change in impedance is larger than 0.1% to be detectable. Preferably, the
detectable change in impedance is larger than 1%, 2%, 5%, or 8%. More preferably, the
detectable change in impedance is larger than 10%. Impedance between or among
electrodes is typically a function of the frequency of the applicd electric field for

measurement. “Detectable change in impedance between or among said electrodes” does
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substrate” nmeans that the at | east two el ectrodes are
fabricated on the sane side of the substrate. [00131]
As used herein, "at |least two el ectrodes fabl’laeedlso
a sanme plane of said substrate"” nmeans that, if the
nonconducti ng substrate has multiple |ayers, the at
not ré tthd ed@lﬁ&%ﬁ\@%ﬁa‘l afl'fR § ?ég@c i
Sﬁa?he gﬁ%strate 0132Jqggﬁﬁ§g%h%gF%%ﬁEﬂ?sa tbﬁya&mgem
impegansgs PEWERES OR avens siid eleatrodas] ynlyanquiss afdstretahlecdiingeians

I, el ect.r odes ferred
1mpe§é]i§:% r??ﬁn%’sﬁﬁ‘@ f an? E ?3&018 pi {r%:frrﬁqufi?cd ?egrb#de 15 é‘Ppecg'Bce has
two dohplontiiie, redipactenad reltange (rdattardcd caiehd d@idedcRoent B ories,

of the electrodes referred to mnF

owm h on an e
capacliYs s o0 ANEHE Epeipncckel BeeaBYlS chimssde mpedance betwoes or
amoﬂg@ﬁl&@é&%dé? réquird %ﬁl)ﬂﬁatsénl'mlml He HG 1&2?0%%&1 &t tance has a

edance change due to cell attac or gro
detecggi,)e c}@pgfeq:t apy stoigle fe¢£f§l@tl¢}0@iesulnpfeefraqaelndlm Th theoprognt

o U ST S SRS b e
measﬁt@nﬁbi’ﬁdii%‘dubh ﬁ‘l‘i]ﬁfﬁﬁﬁcd i8 atHTRRAANC €1) apPRth gCE?J/Alta%E Bmgﬁ Bf f among

or growm h on the el ectrode. i n nost cases, the ra
said f‘é?ct@d?sr o @i wneliequereydes multinde fraqupsics.alrdeving dpecaﬁmvaltage

waveﬁﬂﬁ? Iaﬁ&fnoﬁlt&‘fﬁ I@lg %le%ﬁﬁ%:k bthjsc'\li}bgzj.fsg ;ego?ac{}rloﬁ?sn%%llca&?q}lency (or

surface area ["'ess
multiple fegnémias, a:rleamtgestpwﬁn “tahefohﬁ}, desling eheedlfapd Sm@ﬁﬁldE RSlue by
smal | est. trode of an electrode structure is |ess

|
the cyryent 3%13’11‘2118" Jalug o erye the impedance valiea(2GDBYE an clectimpusrent
ofa sﬁfgﬁf RERhYy cdnon@ht (b?ﬁx%ihﬂlé"ﬁef.leﬁ&%g gldl%ﬁfll%f sp%&ﬁc current wave

el ectrode 'structure have ‘near identic
form); thomeh saifl ekgiredasand nmltoﬁ@@msmltége na:sﬂd:dltet\eean or'af@hg said
s a surfac up.t abl e. for ceII attachnment aqr
clocufeof e onuBnSHpr BinTi hieorien da hie sy et emodiiding
the vcﬂfaga amplitude valpp by #HdGirRataAPIRLAPTAIA & Rbive 't}fé"’lhxpcdan value;
hem cal or biol ogical properties such that cel F
(3) Oth%"éff%%(%s thafsan megsuye gt fl%t@mnwelpﬁewsmp@ctwee dviate Itiml\nn the
d g G td 258l cm
csor o i e 1Bl fliead e b e SR e 9 value 1o
derlva the mopedaecesdon’ 'yt}tch‘dtvmbné’ idevneyr oy vl of Yidréf @mplitude and
ont ai subpst apnces necessary for cel

voltagg Ty S eRcror LS e R o4 Py AUt eimensdunes igan
electr®E bf @B tHical Pro@E LM e BbOhTolvE B2 RE of }ehg%té na

medium Preferably, when a suspension o
[00d AP Inbsiged dieredipi ‘sdi ki labst two elediotdes hied Subeﬂahﬁsall)sdlﬁ‘dﬂﬁdsurface
ment" when at

ur f ace suit bl e .for at.t
srea” il R B SR o b ot g ne i onts aoh plieeso ot e
impedahédibanganles chip uﬁ&hmel\{bére%%ﬁf & ABhrgerd1diioliacs hhat
S SU|tabIe for cell att ment has surface properties

contrigye fthe Ovﬁlta lidgtestoblrgmpedanchio @:éqm%oraﬂmllatddtgreewg theintgedance
chang§ Hﬁé ﬁ)cc%ll"éﬂt ntt Ynig g%%rtltﬂ Bl E}% ?{Bh Rl ALLNGL ] Iélgf?rﬁlg?gag#ygg

lmpeddmﬁl czlelt)ge (tE\cEm catbateachmehesrapbiyth on thg (I)ar:gt:rl c?ectrode is significantly
smaller than the impedance change due to cell attachment or growth on the smaller
electrode. Ordinarily, the ratio of surface area between the largest electrode and the
smallest electrode is more than 10. Preferably, the ratio of surface area between the largest

electrode and the smallest electrode is more than 20, 30, 40, 50 or 100,
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the surface properties of a surface that is suitable
for cell attachnment results in at [east 90% of the
cells adhering to the surface within twel ve IHdune2¢5
plating. Most preferably, the surface properties of a
surface that is suitable for cell attachnment results

[00m6@ﬁs|u@asﬁer&ﬁ%rﬁlfﬂtl%)le|1ﬁlr§ of bisctasts b Bl AR e ?Qt?’dlly
hin eight, siXx our, two hours of plating. 100

arranged arcardingelogysils of gandt gl micsoplaigdmeans thpltie nudtiple pairs of
electBBLVR N RLI ARG, £l d&)i&Sd A ?g%ﬁ 'EFa%%tlal ﬁ%ﬁafngge% 19 fgatch

i npedance between or anong sa
the smitlabqoglﬁgﬁnatlam bf whiingfta mbht-welmibephied @ohegdwhyn adirable, the
measurenment circuit

o B B Bt IRSHRIES s ES ST Gt

bottoflésh at@Swell plate) blﬁﬂ?ﬁﬂﬁﬁﬁiﬁhﬁﬁ%ﬁ df ?ﬁeerﬁﬁlltlt \961? Plcroplate w1ll
di fference 1 n i npedance val ues when nol ecu Brhdih

comprigeelestandes e elegrasis strtheturgsect r ode surface of the

.mol ecul r rea Qccurs._on
(OFRATAR L 800 5000 W5 4o S5 ion? 80 it
of elecfrrangﬂndfoﬁf)ﬂ,r the positidteof i dléciodB e didttodP 8FANEEa Mﬁlltéﬁ%% circuit
1s1de%1£eﬁl cells are attached to t he eI ectrode surface an

bychath & ray gosifen aembentaad ateolume pesitéien mutkersur f ace,
F g |l o
O0EA A5 BB Pl TR 9 e
meang that @p;b@wmt umnbh*a]fg:eﬂs in d welinissit laaals‘im/o of the h@élﬁﬁtgﬁlmbér of cells

l.ar %to tect ab
in s woflpTRRREPY’ G A ppabeitets g P pOEORC D 50%, 90%
95% $rauo9e6f thb & ua¥er of% n 8% ns
det ect abl e[gé]ﬁga@r?ge méfer%lalgga%fgﬂ:vy&e gﬁgfﬁ‘%?'ﬁg %5&}“ conta
an idepgpd aamber plaelieen or among el ectrodes is typically a
f e .0of the d.electri .
OSOEA) B A RUPOSUAH BB EEE AR o, o

mtendermaqmne,eaaem eontains 4O S aif GelRt RGE ﬁ&d@s,essady @'§at Bdchlvfell
not. req tj re the inpedance change at al

contalpy 8’6&?@%& @écydrrfyirstie cFamamplepyithe nigided Eh@ﬁgeemutlwt each
well oRARMEEMPEIVRER i E{ g@ﬂﬁﬁngQf hcRLRGE LR sa e of

requires a det ect’a ange 1 n | npedance a

mamrgaliaglcells, eenwney cglds, ondiffar@itmdmaaimmellas;e)g Humnan cells as well
resi st ance

addij t,i on nce two, co onents
os oG i in AREERS F N hen e RicE oo OF BEOKREDS (e
[002 30 ]je8DlJee $hereirf; apRbiwdV@nEARCL, a@&?al@ﬂﬂﬂ'ér@ﬁ%hbéﬁﬁraﬂon of a test
reactance@h "Det ect abl e change in i'npedance between or

compeidngegns daktash theldestainsadestcempontd/withatseralhhdilutane
conceﬁ)tt‘at{o%?ezé aﬁc&leatggthrsgﬁzﬁf&ﬁﬁe&] ?cisnic%llt%a @bgé{]g%% 1 ]Ulaﬁgﬁ M ete.

requenc or nu I'es
1001 4H mmesse hereirg fipdseaadpionst curvgradeds ehd depehdenel@fionsiGalof

tro i npedance. The nethod for the
fespoqw?ﬁagff‘ﬁ fhe g?sescae?ﬁnrfﬁb@u%%@sii ongponndy Bl tpyponse pf cells can
g
be megs;ﬁ%%)f‘%gﬁy (]\!1?1;6{(;] ugﬁargﬁ%égfse mﬂ? ?rpg]@ a tee§€tl,é)%l %ILISS’ $ Sr?lg eted to
have mmgtﬁg@maﬁm:caﬂoieamg & hew&!ﬁafledmte aﬁﬂallm:m b@ﬁlleiik@lréch@

perce l e%)&éhlgszllaeogeg {orr %naijlet) cel? er %ha}el c%llse lar%ctlt*e%%) ﬂ yt étetsthc%mpound
[00142] As used herein, “the electrodes have, along the length of the microchannel, a

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 particie to be analyzed.
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mul tiple frequencies, or having specific waveform,
dividing the voltage anplitude value by the current
anpl i tude value to derive the inpedance val U&;Jug@3005
applying an electric current of a single frequency
conmponent (or nultiple frequencies or having specific

Prefecdbly, €Y elv@xt@les hdleMlohHiHRY af the MiBOLRAREE aq8bth that is at least
moni toring the voltage resulted between or anp g salé

less thanatp.ofids 0QF°, 1SR 1P %y 88Ye Y000t 0%t tiab e Hargesfusamalé-damension
. ‘$@%i jfic waveform, dividing the voltage
Otargﬁ% Itu e“@@?ﬁ% by the current anplitude value to
[0@Ie3] e ubdichareing dhemécrvelbdt@ides {pih thd fftire ABILMQSHShd Aitrochannel”
Cﬁp asure. or getern1ne electric inpedance. Note that
meang Fia g migeelacipisSoRanderst 607oditha etirgheiblt afghe mpsochannel.
PrefeABR, biidSleVAddis shih diMexsCaUY, At A0 bf M0 B @IHIEHE B e

~ derive the inpedance va I'VI Si-on
microchanneh Mord pretorably, anicroelettradgs sparuatdeasn H00% off thagitire height of
&mrnﬂﬁ&!%ﬁ&ﬂe at sane frequencies. Measurenent of such
el ectriC inpedance is an electronic or electrical
[0QIHAL &S asdditteinlORs apaturk AMAhY & pbR&I2SBatqualYo 552
[ 001351 As used he?ein, "sa?dpat Feas%q%ao éfect?ggg§”mgmr
than gize of saidipgrtiale’i msany that ppatven hasa pdra sige that etleasreques torthe
ricid\e I el ectrode e not simlar.ta
pe lceacﬂé%l{t?%% ﬁlsagl 3? ﬁz‘i &{tgégﬂ |18rr15§1 ance r%%ogéﬁ Jeredifs 3¢ pagiqle size are
measigtd actemenof snglgdimvdnkionvaluee | ar ger el ectrode will not
i bute to the overal] detectabl e inpedance to a
["@gﬁtf&%}‘“éﬁﬁql%r‘“a%@?%@r s{ri0n Slerakpda s’ oRsagdhataenono
condu@ﬁh% sullstrAeRAR ¥n QhicH eRMHIR rbﬁ el Lhuré Fst 4r@ 8 Ficated or
_ Preferably, any inpedance change due to ce
incorperate hFgmorolimigingwxhmples of thelrmngendeiting tstitiatd srips include
p R R, ARy SRR A Her s
(like thbsecbr mdeufaéludhDpfintbd-cirbll®-Boakd)0 EMctroHE §R&BurduRfs having
.. _between the | argest el ectrode and the snallest
differez)t geprrefdies can hedabrieatedror Toademnghe subistrgte stripebyr attyi switalfle

- : q - t I t l,ectrode and t
miero AR, ALGERALKRE N LAUER' ppRLEEHRESaRHts  Geprone
geom@Beslinclide mt@0iphtatefl @RER6desAsirds-on-line kRicodesibkinoBl-©n-line

) | d iall
ctectr % RyBlin G S5 iy e el Ghardgiamatic dimension of
these ¢TkdfodR |g@bBetrid® ARS vhRAkorh RS sk b REEh R@gﬁnﬁg@%bg 18?5 than 10

. electrodes or electrode structures o
micromio 8% e grsasaver 2ibmicaen, pver ¥y, overdtom. THeechapateriatic

: Onf | [ of wells o l[ti-well mcroplate.so
dimenfiRA AL BB ea RS e BB podoE oo Bl demens,
or smdlle$tqap$ bétech hctadjacet eBchra@éTﬁthﬁts,%r@}ﬂetoif‘ﬂ@éﬂeaﬁﬁgﬁﬁture on

(for exanple, a bottomess nultiwell plate) such that
the elefiifpqs groanciiigs I hemirweleqiipds st ran be efaopizaowetny fir the present
. - ; [ ures. [001371
mvent%sﬂn.fgzdgée%ﬁlglkgﬁ] ’é%gb?r aﬁa gfg%l%hltogpe‘?g%ﬁecééﬁﬁs 1 rectar[gu?ar shape —
havingtbafiidfhroditlieon'p betamen lekwathan 50 ntiebiso oadr 101RE! AidChaving the

cannecti th sitjon of an el ectrode, an el ectrode
length g? ﬂ}gyﬂ?rg:} gegbvgw @&ﬁ%ﬁ@%{% g fo over 15 mm. An exemplary geometry of

the microelectrode strips may have a geometry having a width of 200 micron and a length

of 20 mm. A single microelectrode strip may have two electrodes serving as a measurement
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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is identified by both a row position nunber and a

col umm position nunber. [001381 As used herein, "each
wel | contains substantially same nunber . lﬂffuﬁéﬁ%s
means that the |owest number of cells in a well is at

| east 50% of the highest nunber of cells in a well.
as miftipleelabbie sthitturk QRS t InfheRREM flfar}‘?ﬁhb&hin@maw%ﬁ hulil&t
| east 60% 70% 80@6 90% 95% or" 99% of the hi ghest
clectiodgplayctae uals s fabricategdeqn a single anigrioglegireds! sjrip.ahesh elstrbde
c 0Q139
s e p A Aoy B eeo S g b I B structre
units mw:s of wgeansl-shage, orfrectar dudar-shapes ol eiclp stiapes eEachastRlectrode
Suucme ntcontalns sane téhe OE cg{ls; ié i_.s not necessary
PSRN QPP StEnHp I tharke} mcrpmBy 5P aupropyigdarger than 2 mm
x2mﬁﬁ||s For exanple, if the intended purpose is that
wel | contains mamalian cells, it is permssible
!0¢1f46bée msedelicreinoisamples refarsgo layﬁbmgfwm;ﬂmmm lebataincembiety to be

o Sors SRS 65, ] G5 AL ol

mlcrcmdaitd:s&)rsmmhbcﬁSn ﬁld}ﬁesegt)ﬂiph@ﬁtldﬂ) MRRYsafmPld Bay B & bl({l(gg?éfﬂ' Qdmple,
ei.n, "each well contains ... seria

such 45 ‘Pl@‘r% ﬁ@ﬂ@é AdilpgisH tssuen foxaslescdipidogig! ﬂm{\ifmsclude
suspeh§18h o?@ém iye Hedg&%@dhrh% 11 beidre %%'EHRH rl.gm\éﬁ i Plasmay, serum,

serially dilute concentrations, an one
salivag sgmegl, Sipollsputtmd cerd:fralajmrrediﬁumh &:am‘ niucM athniotM flddd Gﬂtthke
etc...100141 reln ose nse curve"

Biolofefl SR R TR cETh BB apsrtwufaégwrfeéetb@rr i i

intercelulangibslas: BATEHR bﬁ@bf @8 sPhctfral ﬁﬁen%ﬁ'm%qmi mal, plant,
se of cells can be neasured by nmany dapferenf

respon
bactc%r g;ng. ley yiralgrucaxe iptleding connsetivo npldmhldm, susds ped hedte

0 e cel deat h en .t he
csouck QxS SHORSRLF Y% SRR, B P GRobH S
and 1mluneluﬂl aéil(e) (Tife bivlapicel) sagplldssn@f fubthed iRElug@LeIBs1BPéhsions,

treat ed ggg%ESt coggound 001421 As used herein,
soluti s nENTIRY PiothES o RpbecolR SR e Hlse?ﬂjﬂﬁl%fmlc}%: acds,
carboffyelF A6 BRGSTcat Iﬁolel:lﬁﬁgflndlgp% blofb ?%a Lle@i ly less

than the | argest si nenS| particle to be
[00dA4Z) Arvesd hesams “thlqald (floil) shrepley m;fas thavenpialion gatuhgly exists

th L, , that is at | east
e S B S R A e B ot
naturaligrekised i@ atrenhRuanabtng eds | 36id bf gdUnGt 1@%\%2&6%&1@ 281RARI, Yiuid,

t he el ectrodes have, along the Iength
solution ¢t yePRARIRB ICOngining e Kolichart gas sarapleinaateral. Fessmﬂ;d@ a liquid

9 R 100/ 5% 0
sampl?gfrﬁ?geené:tgrég m%/ﬁequgg r}ﬁ%lﬁ@%é?ﬁltlgg SL?Sg Sll?nC(f zi;ubmg a blol]oglcal tissue.
anal yzed. [001431 As used herein, "the m croel ectrodes
sEan the entire hei ght of the m crochannel *  means
2t t BEviEscinsbmethods desanglyging pr pesaxingookeerles pud cells

|00e48]1THR deiceor Bdsaling te!a]:?&rd?&l@aﬂ fth%gﬁgﬁtgcg@é%r%lt @apalysis of

m croel ectrodes span | east
multipbsantpdesafingdiecudds in laesimple, automatable fashion. Generally, the devices

include: a) a non-conducting substrate; b) at least two electrodes fabricated on said

substrate, wherein the surfaces of said electrodes are modified with capture molecules to
which target molecules in a solution can bind, ¢) at least two connection pads on said
substrate, wherein said at least two electrodcs 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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m erochannel. Mdre preferably, mcroel ectrodes span at
| east 100% of the entlre hei ght of the m crochanne

[ 001441 As used herein, "an aperture haV|ngléJmD¢é005
size that equals to or is slightly larger than size
of said particle” neans that aperture has a pore size

biologiealt sadipld @astbradhialsslution) td&apRad bl les b Blebddd ©ffices results
t han_ 300% of . the particle size. Here both pore size
in a dgiegtaplerehres f‘eméln?édaélnc@ betiegn oF @Homgwsat“éﬁtriﬁa%fwts ehagfrades.

O e oS SR R o B s covisn for prvaying
moleedes inaosaohpbt soﬂlgwmubrhtdlaieews t;ﬁmpnstrs u}hi ehcehdetih @ e@strdte: b) at
| ect rode structgfe units are fabricated or

least G F%}Bngtsgacmﬁqﬁ Wtefiloﬁl,lsm g;@é%'fvg@‘elgfl) ppfeof said at least
two oA 8OREHEIrEdGhs Y RALY t%eele%%ﬂpéleh‘t@ﬁﬂsugﬁ if) e Mfaces of said at

menbr ane, glass, plastic sheets, ceram cs,
least tw&%lﬁ%tt@mﬁ'hctgwmawmdnﬁp@ withfdablere gbhssles (d iwthécht thee

nted-circuits El ectrode
molog s HAMLEERSE (el I S i’ dh bR R bie v pngiion pacs
on safdanbstead, axheadin BEd at RAstNE chdsdd AERNEET drd chhediRY rer:]spectlvely to

suitable mcrofabrication, mcromachining, or ot
said afRapdie CORBREIPN BRYS HierimniAll Bisdbe of rasgetreelecules in a solution or

suspedfed "E?E coIG8 1!1 fbcéagﬁﬁe bl ﬁl%ls gég[lﬁg &% d?elteec?efblé) glange in impedance

circl e-on- |ne ectro
bem’@h@cﬂmodgsaldata]swrt\hrabbdtr@dmhmm@l@s or sinusoi dal

I d ct tic dinmensions of _these
(0 SEer G0 ek ieatesraymyanipnir GHCS! reiovicadon msaitoring
cell-stibaateImPeddRB, wiith U8R EdRRistd a) H‘n%ﬁ%d&&tﬁ]l%as%lﬁ%t?gtg%) 3P least

over 20 nlcron over 500 m cron, over
two elegtipdes fahricated on agsamsmidenrfshaosubstnae,obewein deatdeshbia dlearodes
e] enent s,

w dth.o e el ectrode
}mve§ﬁ$ﬁﬁn$§% Fggaps Esgmeehmwﬁa LE?Q@@EFOQV%H?WB on sai
substrateewhattem sa@l atdeasetvaf elactfoiee el dBndcRAY LG d R0 leabthBie connection
ctr geonetries. The mcroel ectrode strip can be
pad; ig v W@ devics et s sy apneiighledaneell atiaglmenton gamrb and cell
attachfeRNBH Qfﬁ%tl‘g&?ﬁgtd'é%cg ﬁ sultd'f c{%e%{a%?é dx?‘ﬁh%&? %‘?H%‘e& 108 Between or

rectangul ar shape - having
among Hrevae baast teosl¢diraies50 mi cron to over 10 nm and having

O e P S i A P

cell- sﬂBs&ﬁt@%P@ddh@@ SviEEH éﬂﬁrd@coﬂﬁ%ﬁe@ a9§ ﬁgﬁoﬁﬂuaﬁ&' sﬂgstf?’dt ; b) at
wi dth of 200 m cron and a ? ?
least typ clesEpeest fﬁw@t@t q1i the Aape mdv e thmu@lt:am :mwbshslmumgt two

et ReERPHARNES e WPt sorfion B % FrdldSt comsrtionped n sed

substrﬂtle whatinghi at Na@Wo&d@n@Hémb Jbghediitio 84id at IFRASHE 8SRRLLon
Itlple el ectrode structure units serving 37

pad; ﬂli‘sdllﬂhléﬂ ape 248l yaen Qoppgciedelp dhiq onscRs mare G@lﬂlﬂCéomnNSsWherem
the delide AREa KB Eﬁ&‘bl@ﬁ??@ll)ﬁmmeﬁ‘(“&%w hidn Blcgll oFLESILPYS Corowth

structure units are ricated o
on theferico gksits imddetstiable chinpese nebﬁiahcmlﬁh&weﬁi dirl.tﬁﬁdﬂg&hblﬁ]ﬂ lesst
two &S 4R ositioned along the Iength direction of the

&t gf The el ectrode structure

[00152] In still another aspect, the present invention is directed to a device for
monitoring cell-substrate impedance, which device comprises: a) a nonconducting substrate;
b) at least two electrode structures fabricated to the same side of said substrate, wherein said

at least two electrode structures have substantially same surface area and each of said at
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units may be of squared-shape, or rectangul ar-shape,
or circle shapes. Each of electrode structure units
may occupy size fromless than 50 m cron by 50kt PG,
to larger than 2 mm x 2mm [001461 As used herein,
"sanpl e" refers to anything which may contain a noiety
least two blectrodeitrat@tes coriprives tdloast, mdre afdiredh cleimamt; ; fdl) afleast one
detectﬁd or, anal yzed usi ng apparatuses, mcroplates

connggtioppaf g saif Substists, pdiswsin Sﬂa% Bl leesatwo alectrode simatares amy
0 l T on 1
conn&8ePtohfl £ A estfémi’éc% g‘jflles O?C‘l %@11 A aa%%fsl.u%cg.u smtgble for

a biological tissue. br o
cell aftpaglingaie or gr@gpb asd cril alfach:ebrht&r lgmvath nmdhum\atmﬂ&swl& ifi @ldetectable
ul t.u sal i va,

chanGtin b EaPRE b Ment bt ifong Bt e epP AP thetiresar o
mmm Brefaamy%dllcaufabluhéht% gf(ﬂﬁh lohlﬂ@e surﬁlce bP&i;ﬁ@ﬂ thé lel%érﬁgﬁq or

aggr egat es of , usua a particul ar
electrpg@ étﬂf%;rewq the ftlpféjerdeV]CﬂS[ mealt m@%mctablybﬁlﬂagma inpedantebetween
or an%g s eié&?ro&ésﬁf%'é&ﬁ?«!le ﬂﬁ.{cﬁfrésal s of a human, aninmal,

bact eri or 'viral structure,
[00 Tl In:lyem gnmihetrmpedt Mbe pepért ietention isaiteled t& A deiBE 2 monitoring
1. b s of biol ogical tissues also include
-3y %%hlmpce WHFS chprce 6‘6‘931’18% Paérnogsondining siiswateitalat least
two e@&{rb&é‘s)fabﬂ_dﬁﬁadanhQ gzhﬁ@éldé BFTRE SSbJiBYe, fHr & EE%EH twdG elléﬁlgr%des

susEenS|ons sol utions contai hi ng ogi ca
hawng@p@éfmt@ y (tagent Qhﬁﬂ@ M@,S, m‘rdqu eSS fmc:bﬂmex:tlag sdd at least two

electrg&ésbtg '&Eéﬁ%c%ﬁ ﬁads‘i? ésdc on ?16 élil%%rii ei%h%lggjd ﬁgF@ F?]haSg'l surface

su1tab1é fch ueld:l aftdchiticd) oﬁgﬁﬁﬂﬁandrs@fcﬁd‘eﬂ daclin SRGP hﬁ)v&tﬂ %E the device
ural ly exjists as qu:d or fluid, g
resultg i fubql %tf:g%hle Fhagizg in fmpad t\gwr@moasglaﬁ atdgast vet decrodes.

Prefelsdﬁﬂ,phﬁefe}?@&cfle Hﬁ@\tngraaén%fﬂlte? %ﬂr?atcg a}eg tﬁaaﬂﬂgl | Ige(f%y Ld Stc% of34id at

I's prepared as a
least Mq,nlchtrods&)ﬂlastal Stm‘lfacﬂr medisieé bgiaas]] thﬁs&jmprﬂg)ohhg nﬁ@éty d or

O3 S P Girediicr e PerSelORLI 1A e SlpssenBT Srfaying torge
moledi®R o inftinkBridg Qélphﬂﬁir{ft@ impéBabEcanbe Iggéé 11?’9)‘%1 Jl{%é%%gige of

for analy2|ng or assayi ng nol ecul es an
frequengr. Hewexaawlq, dhe rawéwm@am he getsurol mcmfre:glemﬁy tahging from about

I I f
! e (U R Tk RS, G it oG R Gnceamzing frym

abouttl bé Hiem lab@s 2 Mbel qte 1mpédaﬂcé1@ Ry BUCinBEorSeHIAE Frdh®ncy, i.c.,
| east two el ectrodes fabricated on said

the mg’gﬁfg{cﬁ yeles ragennireqneneyetragess of sai d el ectrodes are
[[}m@]' fHeel g\%&d@e baRlelh 6r ﬂﬁblﬁ%&%&%&feg h?s ﬁ%rr%)g)ilgxft% a resistance

nol'ecul es 1n a solution ¢
comperenhatct 4 wactpasscooposaitd The wastanad e:m wt&meedl i@t @dtegories,
des are electrically connected by

I |
Capac’ttlr%gi‘g&& aﬁ?%%ﬁegé"i@é’weﬁ%ng& CEECS Wt a %Pf'@éﬂ‘??e}@ﬁ |adﬁsmtance

comp@ititand d\capttivdiedgthG: &B}ﬂoﬁér‘ﬁ.eﬂle r%b&ﬁg}:@% stnrn% §07have
June 2005 bi ol ogi cal sanple (prefer y in so ut|
a resisfagice gprpenenhpidet eapesitanne edrapeneot eA shafgrde sither sedidtance

component or reactance component or both components can constitute a chan ge in
umpcdance.

[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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in a detectabl e change in inpedance between or anong
said at |least two electrodes. [001491 In another
aspect, the present invention is directed td7dualie
for assaying nolecules in a sanple solution, which
devi ce conprises: a) a nonconducti ng substrate b) at
meters camltprefombbl geiteotian sbaus DUSIRE nfad] noad REFepdb] P Blebter than about
substrate, wherein i) one of said at |east two
10" o dpqtpiso ExemPplabt HosEARRENAOMPESe Mapynasrisbs, insheling, but not
I t
i G e o HHEAF SAo LB TEm o AR Bhtsr, B8 e b uare

glass, r}gadegigﬂseg bowsilivatelglasay, gqiphlrﬂtﬂe&nmb§$olyﬂnei lslﬁitld:ts,l &f), pslyimide
at |east two

ect solu a nd; c
(e.e RERRE FoRimidh fu SiprheCfy DEfug MabsSheite pei arbanate golyvinyl
chlorideasillydsw®, R RR6FIER Sk MG SRS PRITE-aBQNIRShBrate an the surface
respectively to said at |east two connection pads
of the gybteatears e aing it intprfsre with gt cawtsr dindingsreactions sipit will oncur at
t to ca ure nmol ecul es
the subftcatp UARRE" 6 b BpSPlib Ahah RBIatlG AR S S S b

noncoaluctingrybs eitelthat candaixpbisd t6 bﬁ[stcru@ﬂg tIsd Wise Gl WId@Sice of the
resent invention is

00150] In apo aspect, the
Pfese%‘ l?\éee'flgﬂ 55y e% %’EX/{"&’@OIFB#“ mybskats gnatertaly theis netat e
blocoigﬁlﬁgggﬁbe %&@ﬁo%ﬁ%ﬁﬁﬂ&%ﬂi’a{hﬁg ?\?tog)u ﬁlfepygﬂl[:eglgﬁ lélgéﬂo%ga

polymes neblgméecufar pbeemgu H&e Baltser,atevmatmal mdyhee @iroh@siontpiPous. The
ant| surface area;

t bst
subsue5h SRE B a7 o RN Rl At i B st i PaBowrd
refers\Wh & ficharfiédl @s@hblﬁﬂéhdiﬂ@&ﬁﬁ@ﬁ f'i&fi’ﬁﬁssas‘hget CORMMRGHE Binfifated

said at | east one connection pad, ch the device
with efghed edq] filmpattems (@Bl PpePatiems). aForaeimtemtcsondtgtrmw printed-
t he,devi c esu
cireuiEB5u B olopd B AOGN TSRt dAREUGBRRIoL RN bR

applicatien, dlte PER dbatkiwan bb asdd 10 p@sern [deSitddldledtdda b fi@irations for
egt, the ention is directed to_apparatus

as re
detect e TR e desscwing ellcybstrate
impeddRRA A eUBrRQERI PEBSsub&tatéds tﬁgtrh(f@ Qﬂ}bgéd R)gs iksgo'hﬂfo%s gpt).lsmg a

at |least two el ectrodes fabricated on t sane Si
devicedf thiypregety svieatien canrbendvitet, fohexamnple &a&ltpdl_wmers or biomolecular

ve s bstant al.ly the sane surface area;
coatins, TERBLEE, 13X EnoBiiFne Bl ostters Gpalte. Wl 80T Pn
substriethat &rc sapshedto tetia s udiMPa ALAGS 610é3b%§raﬂfs%f CRBEIE vk Rion
said at | east one connection ad; and d) an i npedance

can bea“ﬁ’é?‘*ﬁz@? exasmple Hitholanerp er bisaodiculas ceatinghrte etridentheadsaces
bioco % n the device has a surface suitable for cell
tachment or growth and cell attachment or growth on

[00158) Adsnbistrate cass bidstesa doating thedkich et terpeh@bReulenin ARGERNCSH
t he | east two el ectrodes. ]00152]

suspe l?rﬁjt Y ?r armg%d @

peciil i lutign sem BIdAe n EBt COHIRG M98 sevEiGcApIg wolecules to

which @b ﬂfé%r%@t ﬁl@le@ulgseéﬁn(‘sﬁe&ﬁ{:al grﬂ?llild {0 rTH% aﬁt%h! mplRs gg %nebe any
|npe ance, whi ch device ¢ nmpris a nonconduc

molecxglghglcmtrg; nuclgjc atid h@wules,vmoteilﬂnbleades shtitbuelidsr(@gainst proteins,

sk SRR GEAE 06, T PN PR AT Bl ML

molecH b tciriaal ymsmaRos & haGBorf €a and each of said at
[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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39 17 June 2005 |least two el ectrode structures
conprises two or nore el ectrode el enents; c). at
| east one connection pad on said substrate,! WHeg 8945

said at |east two el ectrode structures arc connected

to said at | east one connection pad; wherein the
polylgiené, peptids onpmitieing oe estedceAblaembefx cdd@lonedt {ACRARHvRhereot),
, Srongh and ce|l attachnment or growh on the device
includigg, fut ot lgmitedjioy gelatih fbronegtmdaminin, cefagrinere anorsen

glyco[g%né%ggpfgm{sl,q@n%r ﬁ&%%%g*(}f&éféaﬁ&te[co @ﬁcﬁ&&aﬁﬁgﬁﬁspgﬁté{%éy but

Pref erably, tachment of gr
optiogalhfcawer e catirg soffatehd acdubsttatohesisexposet @6 br @hebe contacted by
Censétruqéghes gn t he abﬁye dEVifeS esults in detectable
SISO P il o B oRdiigdl B elegiro CeSaf\FoBlRE tatdtFessemi-

solid of g&t) Rebatattecahbe WGiHpRD: chBPRIdixhite ¥EbioAIRINRS and can

._aspect, the present invention is directed to a device
simulgig or geydicatg @inagpralbepguringsextaacdlularpedsince, whi ch devi ce

' : ' substr at e; at | east -
TP Eiss BB RS UG AT ol e B
framesuolols thansteblizeb éssies hiebgibyd singloeght roltan cell @fdéhtiation,
l.fsqutan.tlaJIy di fferent. surface areas; and c) neans
Protif, IO%M&OPnﬁlag%ioaleg&ah%g@{ sighpinggrtietayedédhoegh many cell
types CANPEGIHP& RPESuL LERLE glagﬁc,t’t § e?xlrmﬁ'ﬁﬁ fono ﬁ%s%lg the
device has a surface Suitable for ce at t ACHIENt = o
Extragg] lylar magri moddcdles sfhien gbated bmsutistrates garopyohidean teffective

o S RFR T Pe T bREAIR Rl BB St
matriP(raheiladiited dbne b@Blor @idueh B¢ aRek Bal§ B8 hed c&#ﬁlgéﬁﬁxt%ea
WO

than the | argest electrode of said at |eas
contaigingcglycopericmnolagans pad Brotesglcresl Isgnlimitiof examples of

tracROSsS L9 L9 R At 5ol The change.in
extra e Ao IR R e BT ORE S i .
glycoprstedns sngh hafigrehectimp]aadning sit@hedidNit-Ghb&Pondin, tensascin, An
cel |l -substrate . i npedance can _bhe neasured in any
extracgflyla P g getignallycprpiisnadditionsl cempensnis sughas, but not limited
to, grdWiREskAfee can be nmeasured in a frequency ranging from
about | Hz to aboyt 100 MHz. The inpedance can be
[0046Hdlor eyarhple aMairigglie rBasementgviagbfane Matek (B Bi6Sciblet)ds a

- The | npedance i.s i cal,ly a functiqon of
sotuifi28H o ithcylbiind BRSEREST risalal o™ el bidR e Swarmn
(REH$) mauenaicotan @@sor {HGd fdactiiflal ARBAERIMRE 1R ot omponent

. anong el ectrodes has two conmponents - a resistance

is lam d ByepllagencBib thepwran swfsopistroglyrhes, eetactimarcienidegen. It
Iso chifaifs YLgamk: ] | e acitive reactanc

also ol YORt, EbRUMP AR AR eoue SRRk S h RGO e
growtin fstoms whshsicamaaturglpnpahe BHSanghopa capaci tive reactance

_ onent, the pnpedance is sonetines said to have a
roof6Al g ise, Eélekélaﬁﬁtﬂi's RFCSERdN¥entian san inshids oas ApBRETIecepsactes

whichGERBYE A @hfallRs. FARhIERBERles ?rpaﬁﬂﬁ'}%siﬁ{%orrqgg\;eggﬁlg/ attached

Conponent or both conponents can constit e Cc
to or fprmed;wigaa drecmbstrate or portions thereof (such as, for example, wells formed as

in a microtiter plate). In another example, the device of the present invention includes
microelectrode strips reversibly or irreversibly attached to plastic housings that have
openings that correspond to electrode structure units located on the microelectrode strips.
Suitable tluid container materials comprise plastics, glass, or plastic coated materials such

as ceramics, glass, metal, etc.
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100157] Any suitabl e nonconductive substrate can be
used in the present devices. As used herein
"non-conducti ng" means nonconductive at the ldonde20@ns
under which the device is to be used, in particular,
materials having resistivities greater than about 10
00193 A4Qbtfard UNE 2000 fTRE BFeent AEnRERE }fé%
[ thal about 106 ohm rr%ter,ﬁ rr%nre ppe?erﬁ) y épggf@?ﬁ{%oa%ﬁs’ ot
poresaboigme referigi wmbredienants Etbapleseny isuhson, at ehichanchange in
- ' terials,. includiing, but not _lim.te
impefRlCB LS defeckR Y SRiAHECRREL, for SAPI;t HheHpRSh Syrfsh Phe sbstrate,
and tHeS@Iper Watwe of Heaabstfate mpritddbhdor HbR%FectloB8Ad (HY 1R3S iRthe
borosilicate glass), sapphire, ceram cs, polyner,

S) :
substigiecanihedessdhay the disimateriad ghe qells ¢p beussrldman peshy bsing the device,
j ' t n al ycar,bonat e

such tha} e SUBRA S X HER ol BN X RO 430 X RRPE 2 s can
be less¢lsanmbofr £fnéerain, pr leshiehas ubsitaherand didieetsiMaaeeor dher

lt‘t he subst rczt(ﬁ%ﬁare not ]ﬁoi ng to interfere with
SOMUREY Uk A Hidg MG restitivforacotaing gowh fctorghe
chem8atBaéthRt Qirgat bACS: cofiouk@® dah%&m%zﬂﬁi’& r# IREAPDGRath the substrate

noni t ori ng, anﬁ/ surface of the NORCONAUCEI ng

wherethpy campeamentgtheporotresubipdsed to cel I's during the use

f ' f resent .inventi Is preferabpl .
0@oAP ST SR or LR PERE VhioltS BB i€ b adanciatively
measire aod rpaitbibiatzee Adld2elcr B eel RivAG AR B Q1sB¥ct&PBeN sample

Mth another material, such as polyner or
SO‘U“B%% bis gy clegErden gre amgased pyer thetseraeg efithasubsaytetselled the

« r -~ T t C al,so be made .
sensgl?d:rgé"’;ﬂrli&nctoe ; gi@s?éggélﬂtt%figso %1?1 d;h% g%geﬂ%%nﬁi%gog%ss "OF onItoring
behavit@B floelds; df is pefareal that checrodésdn wahgabarhihay, dvae tHedkaGor area”,
| ayers, of fiberglass sheet, optionally lamnated wth
there 'ét%‘ﬁ%t&b%%?f? E??ﬂ%ﬁﬁﬁaqrteéwgéi eleppents shifethatgantast prdfor For
attacheleQCHT DEHICKith ARUSbIHAte B tRE séﬁts&da-reﬂerscabﬂi%ﬁ ggﬁﬁﬂhgsoﬂéﬁﬁtmg
Tor packaging. In

. to nmount electronic parts suitable
In contach apg eisateehmen sifithesgellovith atHeasPeB: dedrode vanlcbizodesstemérm (or

. ' e onfiguratio for . :
poriol 8 LSS SRS HESUERAR, SRBHEUIRLL BB b mpeneine
substrier(onepstioh Agred) wilbbdeaicomipassed BP @ AR EontAiRG (FHAIGER a

substrates that are exposed to sanple solutions

f P
well) {?]nW}H&? ARy 2382Y GRIVPRET B Mee Ipthesserspedts itein prederresidhatisbe sensor
area of @8tRTate WAL iFNAIPIE sWirld2 PALY TBA ?e\%e Q!.'rh?gﬂegﬁ)ﬁlig %x}céqsgd ina

~coatings, If necessary. For nonitoringc Fsubs
fluid donfaésctn mesh, astaheelb UFlish omans fwheB desicb s¢ dsadnttsled hod flaide:

.eX ed t ells in usipg a device qr apparatus of the
contaif 3R reiehsffes STt Bing yeen HeriinCiRENpice cierprcs e
locate BrtiiRy theQfindp] WIMBhLRIMHaBE o CRBEILNGS ies
o es_urf acese bri1 oconpat i blae. 0[ 00158) %I{stzggér?p%?gngggﬁmﬁg\%umeb

the entyres aes, hgttqn@ suﬁgqﬁpfﬂh@ﬂmigmg@ntamﬂr.g&hi ghs pﬁqbala'li@orbfut_ detin
tac®h e _ L ution.can,bind to.. The coatin
contactlys o SEPERASH oL o B b Aot ERorephan 70%
probaliiliey, aral @eic profeedly £8rearn RSOV preBidiNiybi nd to. The
fﬁaﬁ re nol ecul es can be any )

[00 us, in one preferred aspect of the present invention, a device of the present
invention comprises more than one electrode structure and can be reversibly or irreversibly
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 perpendicularty with tubular fluid containers with
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nmol ecul es i ncl uding nucl eic acid nol ecul es, protein

nol ecul es, anti bodi es (agai nst proteins, antigens,

nucl ei ¢ aci d nol ecul es such as DNA or RNA orl7

hybri ds, chem cal nolecules, etc), or any conbination

of the above. 1001591 A substrate can have a coating
opposihgbpaadndp mbisit 2e aeddhed it @ﬂhmeﬂf%ht fainaedtd Well BetingRBrface of

ol ynmer, such as a plastic film or one or nore
them@?%ﬂﬁiecules or one or nore derivatives of one or
e Rl SR 8PP 1 fenf oy BLE0 sl orsie
Sufﬁqcl)@tw mlme biqlegital desd sampie o mmectmﬂe eeﬁsbﬁQE lttheld At ce.
i X nts erilv es t

How VR e RGeS ot P vl ese Rt Gopat e aiony by ubaruid

contalrRfE with opsdtd g&ﬂﬁﬂ en% A exHRBR, it Hid HASBHLRAMIMNEA: diameter
one or nore peptid t]g ycans, etc. Such coatlngs can
of thezoptainernptthe mouthyithe prntaigers @lwsﬂd preerably ibeguss largadkarcthe

mmn&m%HQégt@%ﬁa&ﬁﬂg“majﬁﬁgg&ﬁ% r can be contacted by

e use o lSp WEr udi ng the

[leﬁéthpwalfme&ncAeMaﬁmt (t]ﬁmdlbﬁle&r se&dch R EshtQher
a sinple or_ conplex m xture of

d 7 A co %
1SP0gfi Areynd sac gfeg ﬁ&aﬂ%w SR lg{gé:r afrthe g}guﬂbgﬁ the fuid container
oppodHRthE @lbki¥at BRrlat tHa%ng Eﬁécc%h difle? Egg@lte& tXthe %ngs%r%pé The

extracel lular matrix that surrounds nany ani nal
exampler i diametertof et meath of theamataind madydte cfftaa;hzlel sﬁﬁ*ﬁcléﬂt ﬁsp@ﬁut
ortant role i.n cell differentiation,

entry 8‘{?‘%? g‘*tgﬁ{'gtteﬁsiﬁnp i7gP lért Brinto LactheontyPeTant at i on and
[0(H6§hlai;1hglﬁ cPichnBy:8 midlotife wiie WBMYa 66 Well plaides a(i'@fgréﬁge an

cul tured on tissue culture plastic, this environment
examplg of g suigablesdiamgigr fogithe subgtraterattacherl &nd rftheifluidrodneaintresould be

r an e ive
y dlarl\Dﬂys Ie%f?%égffmﬁw rfﬁglo?; [F%@Ldﬁl?hb%w seﬁp(f) L]otﬁﬁﬁaé@ key
configigdtionf(using a 6rﬁsmrrﬁcdytaneair déathaterciot fdiféraﬂice) T’fﬂé §pa>ée between fluid
nat. ur al d framcells or tissues

contaipiiy F&P'&F)“ SHolbeniTReHould b sppEPamaisbrd A ghile the space

betwegth NGRIATHRSin 2
eNonl i m ¢ ing ex amj;‘icglg%% 0251{%1 %@g{aﬁ%ﬁﬁa\ﬁﬂnﬁ%e gproximately 9 mm.

The diggeps herrthe substrhtgcittaciid| cad ef the(contpiner fndyraldol terrelatedpe the, size
|ns such as . fibronectin
of the feBEwetd (ng RHE BRIEcRLAS GRS Fiie EPR GRS fhemin As wil

be seeﬂ )b‘eroaq eﬁ b p}eﬁrrdﬂllﬁﬁbddnﬁ@ﬂ AR kERBAALY 0 6QIFRS 'm%&‘rly entire surface
conmponents such as, but not limt to,

di ti onal
feglo“quféb& #evicee POPESITT BOh sufaceapgien pickosedven Wlllg@ Wosed within a
n
i SRS AETAREER 440 ERFLBSHAONSE) ot g o
large, ftvathledve vEngétlb sgtch fodadl cot:Sda trates (eREnSn g TR 6l eﬁt%(ﬁz@ fRthe ends

at r ch in extracellular_ natrix proteins.
or e IR Seisite i oo B3 GHTARIPIEY PORBMISP! GoREgE plvs, the
diamecfee Hﬁrtl@@s&b‘ﬂri‘[@-ta&adyeﬁ%ﬁ@gf theald agl?g{;%hpmﬂrlﬂ Efa&%ga? r the

It al so contains TG-- bet a, | ast
sensoray i gp fa srmplgesl ectotdiey slicom 1n£1guretlhens 5.5 mm. Here the sensor

area in Figure 1 A refers to the area defined by the inner diameter of the two arc-shaped,
electrically conducting connection traces 125.
[00169] The electrodes or electrode elements within an electrode structure in the present

apparatuses can have any suitable shape, e. g., arectangular, circular, a circle on a
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grom h factors which occur naturally in the EHS tunor.
]00162] In use, a device of the present invention can
i ncl ude one or nore receptacles which servd7dung 2Q{d
contai ners. Such receptacles nmay be reversibly or
irreversibly attached to or fornmed within the

rectaisgidE in@ i ecile-Blihé OB sduaR! 0f rebBHENaASne (gr?dr siﬁl&@{mﬁl fine. They
er

wells formed as in a mcrotiter plate). In ano
can alsQ kel the foarmeofganied dingf suchasgrue senimited/orspirels o askufeme

i I ] ' Qr. i rreversi.bl .
e PSR L SRR R RS e g o
presesionv@sipond fhowalieiguedd sidructure units | ocated on the
Suitable fluid container

' | cct trips.
1oR7BL B sore l%g%%@ §'@5§$1§§NS&§ thegprgsent inyentinng lepigodsowmsres can

be inteRli @tk GeEidel ] ,
R 0 ooi%tgc?uﬁgggjt?ssﬁf%rt%no ric BRERde Ehburdicbhss),

such gy theserdepictegantRignres 4B, )2 entFiguradFe Fwlegamplel an electrode
res. .SO referre nbodi.nents of the present
strucB & ol SO e el ERaf ok NN 35 Ghe fenos 158886t ape or

more OY’ES3| | Intkdigiite@elkctrddRstra¥@rRI(IDE $s? chilBe HRPGF meHifed%s
a _su and the upper surface of the

of strate,
changed so fﬂ%a@ Replis} lingeeleginge glemenischask dasge petimctet subgbmheses,

] €45 v3 - t di, apet.er, of e, .
meani 05 A0S B0 50 bl I R e Wi
may itshidbe phrallelditles, aiovadotoogpfothrangigh thimecohtdr€ £t aré Binches,

o B, TS e M S0t el b 1
its edgbs@BRfofhed MEdHE Air€dticBhINGof RNttt bORS REtr&E (ﬁerp&ﬂct%ﬂgs of

medi a, solutions, or géels containing grow actors,
such large psrmctes stranterss argraudamonst-on-tise cleompleumtistucancircle-on-line

td i ded, ben th bstrate where
e QAN X000 1 RS R3S UARRBE sy e o
in Figane 2Bjaadt7Inf Eldgods @ARRIred Wi MirkOperiretértdubadin¥etries are not
. ..gensitively, and quantitatively neasure and nonitor
limiteg g bete ‘?ﬂwé%ﬁ%@no@c@m@ rogiflaior areeular, brth suthsestiedicity of
the suBofbtr 3@ En 1R Qhds %?ﬁle sgggé%%rié;s[}guwgé eclﬁz&l%? %frz:lgg{ ﬁ o

arranged over the 'surface o strate®cd
rectangleshtbemselvesa” t hat conprises el ectrodes and the gaps

00738355 A6 B leBieoberonteriy dRFaELP iy e

surfac@veiheldaice SRS faBfi€Red on, WIRE &N E&ck?sugf;aéif loRtik 8PwA be
el ectrodes or el ectrode el enents such that contact

exposethig/centacthy ssamesnlutiss dncleding o¢listantlioe tasgds sioledudesi rin hinather

SRS, . ' obabi.l ity .of sultin in.

word, e ac?ealge%g)fl glrﬁ éf?%ﬂfn%eﬁ‘{m 8% R éa%%]FISOG&thﬁS 'étcogférﬁéfv ith

clectrcolae (e leietroddeements) Rt gapebetalcamelotirddes (orRMéctioas el@fnents%. In
on the substrate, In nost aspects o

ﬁmgﬁrtLonﬁgﬁFereof .
preferiefl depiras e Pﬁ%\)ﬁff}%ﬂt}orﬁ thesFBEY PELESaD GECUPYFb IaaRTY, 10%,
30%, 30“/@]7@%,)80%, |9b‘%9 @5%%%@ﬁ§@‘}é o?ﬂleaentikel'gug%lgg &gﬁ#nnoq!thé Iigvrice
exanple a well) in which an assay can be péertorned. ’
whereinsughagtica sgpiot s enclpsddsorpriifoereneldsddhadthih hehs® 6&Rbiner. In
another word, in preferred devices of the present invention, at least 5%, 10%, 30%, 50%,
70%, 80%, 90%, 95% or even 100% of the surface region that is enclosed or will be
enclosed within a fluid chamber and that is exposed or will be exposed to sample solution is

covered with clectrodes (or electrode elements) and gaps between electrodes (or electrode
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area of a substrate will include the surface region of
a device, which region is enclosed in a fluid
contai ner such as a well. That nmeans, when d7d80¢ 25 s
assenbled to a fluidic container mﬁth t he el ectrode
sensor area facing up and the plane on which

elemaitgc Prefdablyathe didtdinaioadffebictrodg drivbectrodeélembmtt boaa the sensor
surface of the flrldlﬁﬁcontainer, t he sensor area

area i§ VR AT aRPRRXIBAEDY Wil9Bner | bott om surface of the
[06372] i SmSEAhEE T whidh Rl @icRL8 gﬂbés at Yea&ftw%ae?]&b{%}e structures,

contacti ng an el ectrode neans ar eater
the twyr eradyiel qlqo;r odpelementalateyprafegabiy tieangeti am the@ectrode structures.

r d nDr refe abl ter th 90%
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a fluid-tight fashion to the we earing surface
bordefs ke Q%Eﬁlﬁ@tr@e clwon6 6} itFleppdsitaisdiecont ai ners of the

rese net er, or Si
(OB G more o E R e Y oGS pr By, e Bl st oo
elementsaivies actsubenaily catecdhige devi %nge widtHQIRYI whétStheg sﬁread and
bot %on1ess nu#tl-mell &%ate itted perpendicularly
attach gny the puistpig) of ells gvhosebrhanies isstoietroraioprskising tbpdavien dEhis

reduc@ssth@ﬁoﬁﬁﬁf‘@l that cl:nﬁtac\f‘fI Hebwl aa&ﬂraflﬁ'aas‘lggra{t{:gécpg\ﬁlthout the cell

di anet er of the containers at the nou
contagiingtad lqastraspatioudthneleftexdabr ylebeodeudémémr Ferthdrhe wild of the
the container is

o R T D P STLBMSh S e
size o€ AIRQE BBV dth b AliepdFR 8l whkn ﬁ%ﬁf&aﬁé MidhtGeRtsak rf'f\:rsubstratf:)

di sposed around each well on the substrate is [arger
Whoseaffehﬁwer s bR mepitered usingithe doreeataeduceapp paisitalityted a cell

d f the co er . attached to
conta I TERERbAME dicidoBE flen is G GRLiEL BFrent eiiee mison
somevdﬁat tispraporticabiedy larmyimpedfice 8ighhlz th somiffaticheidta ded d@)ﬁfa@h hg

ted sanple applicator into each

t
only 8§ ler i G 1 GBS SR P BORPEHER o ahe siperage vidh is much
larger I@é Qttﬁn ‘Iﬂﬁﬂcls) théh 285 lolf cgh sa@ﬁ()se %%If*tﬁmgrelﬁ ] &% Gnitdd using the

exanp a suita | anet er
devices LQistheaxtleer handy aftbd ebnuiodn‘ widtteisfih eoelparableavittethe ma loﬁ cdIB (e.g.

a.di anet er enme eerbykmt
widtn 8 6 B Rcofl SHE Hhofeafl G aiphed g S Pomate b Siensidth o the eap
betwettle@fdaicltdientt ANBEe8bmbRhat BBCLMER the sﬁ%fﬁ:@ﬁéz €While other gap
between fluid containers in a colum suc

dimengigny @ity be §seopieterifdy dhp eaxbetaeet gledr@lierameantt dfthe blectrode
structutBAGfiges from about 0.2 times and 3 times the width of an average cell used in an

assay using the device. Preferably, the width of a gap between electrodes or electrode
clements of a device of the present 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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between fluid containers in adjacent rows of such
containers would be approximately 9 mm The_di anget er
for the substrate-attached end of the cont ail AdPnddps
also be related to the size of the sensor areas
(including the el ectrode el enents and the gaps between

microhfem) 80 Ascrand, nordprefaatily belvassh aboutd RIcRIRrah830 microns, and
t he sensor area occupl es near | Yy entire

““mtg%g?g@ggeW%@Péﬁnﬁﬁ1?ﬁ€”@é0¢é@““ﬂﬁé?eln such surface
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where rﬂneg&ﬂd strﬂngﬂm dan?be si@ﬁﬂii’ﬁlllylhﬁglmo NBreferahle) dreslectrode didrRmt’'s
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width bl GPp B o HEIeS 664 et 46 e Hhecsre ¢i8m98 wiskh of an average
1l witN€ ¥tk dds Gn
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nore

cancerstﬂsj (Ehdk!ithSllaﬂ bﬂﬁﬁﬂkh@la:l&llb %.nfeiﬁfctrb@é o BEdtfdde dletent BNARIEH:
o that the parallel line electrode el enents have

about %@@r%rw%ta@ﬁ IS RfsEEUHE 1955 Egn abat 2D weycromatvideadn some
PrcferrWi eMBIdi g{e tS of ¢t n]?re e?l \,\E‘%ﬁ%o af gle? c?ehe%%ll'lélﬁ & {chtfvs?n about 20

el ectro e para
InmnnmmnésbmnQﬁOedgnhmwmk forn1ang|es turn corners, etc.)

h ut dthe ik
S T AT,
elemerltighduid be ddsfened 98% r6pREQDH 'Ef?edelEchOHQ %vlﬂiﬂhr Wﬂl'lco ?!ﬁj rtdﬁoﬁgf the

the path of the el ectrode el enent
electrorlwlg@epwxdmtoa;apsnam wilized.grefeeaby, atmade oﬁellectrt&:le element

Cir ctr
v QLGNS BLLASE U2 EAROLE, Wil P BLIEH S o i
1s betwetret Srand @ 5 sinddehdIgHSwiath. IMWMreferably, the electrode element width is

between 2 and 6 times the gap width; for example, if the electrode width is 90 microns at

the widest point of each electrode, the gap 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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in Figure 7B and 7D. El ectrode structures with | arge

perineter subgeonetries are not |imted to those

depi cted herein, and can be regular or irreddlane 2@t h

in the periodicity of the subgeonetries and in the

shapes of the subgeonetries (curves, angles, circles,
widtly et ramgy &Q)i l¢sh etimmed mesond t0Qdofd thanl I@GHMO dsfeibly, the electrode
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of el ectrodes or electrode el enents over the sensor
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molcc%@@gdcﬂﬁﬁ]st Sh 6%e%'tt§$hﬁen? Ecy fh‘é?e &0?1519&10%%&8? t&eg{ur%%i%ll nvc\)?result in

el ectrode structures
a Cha@eemnp@iaaceebq:bweéremradnhqn gaulascangesj InBoinb enﬂab&ﬁﬁerncsd Ehe electrode
ere an el ectrode elenent i s not
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el ectrode el enment th extends In
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e adiby ASUSIERLE LT FHETSPHL G0 HEEh o b ot o
occur ioh SudpPasiiéa comiedBon fﬂ'@@ eTaking H%Célédﬁ%ﬁe 9@t 1N gtm ngure 1A
rectangul ar geonetry, "electrode gap" refers to
‘éi\?@i?ifgg‘be igneretiamear ffthe prs-shapeds Blgetrissil e erndupting ¢mnectlon
r t
s LA S35 1 BT L

cylindet ghapeds dlwidst erreminert whivh basopeningbon dethsenidBe ThE fi@er diameter of
100173]  For

d
the o i fiFheR UIE CEunB0s Bh BF T Gunt bigreonpliphged adhestyfor
exmﬂl@h‘@ﬁ@d@u&k@ﬁ&ﬁ@&‘dhe@ﬂvmec}e(.‘tir%ﬁé d??%e W%ﬁﬁ't@ WeVuidic

exceed the size (e.g. wdth of ce prea
contaipgfg The electrode area 1s concentrically aligned with and bond to a cm:ular end of

the fluidic container. Thus, the 1.2 mm diameter will be located outside of the bottom
surface of the container.

[00177) Non-limiting examples of 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 appropriatc
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attach on the substrate) of cells whose behavior is to
be nonitored using the device. This reduce? t he
possibility that contact between a cel |l and!aJune2005
substrate occurs without the cell contacting at |east
a portion of an electrode or el ectrode el enent.
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Cmoagiameék%é ﬁ“’%‘F‘g’e ¢ithsge Fopthisdeasony indemesimhedimentodf multiwell
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R e e [t R e iR c—
thoG§) FarGhIB&ulardasktioRD &S b6
e 0m'crons anda30 n?%rons. gd%ﬁ?ﬁ?y%ﬁ@ﬁﬂfﬁﬁﬁﬂﬁﬁggﬁ%ﬁwd&
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' f . .the, el r od | e ts, wl]j.
uork 2 8L e S L BB g ke of gl
(Au) adé cheases.(CTh thin A0heRS @lkctrSdsSé a4tdQs ah ANBtrhtd example. The
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thicknggod the thin eondnciivedilms san Weethcuyaltesy Bavidee thet thegeoiigng
lectrddB€arkl/ el | il b BLGRE react
6248 208 S SUBAL o NN L AL e
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[00}7899adtaﬂmw&g@wc§1-1y-EQH§pareﬁlpéle&ﬂfa%!; &l OGR4 %l 8OEEe HARE

s part of an interdigitated el ectrode structure or
presenginertipnysodhasiteeeleeithdes eanumt onky, mowitr endlévelardenctions (and cell

. 0 i toring eukaryotic cells, such as .
substrh iR b s P08 SRR i St o ions
under aimlit?&l m?:lrr]omeﬂ)d & anlykencbrast stBst piLsltddtecBoPhRARY abirably,

reater an
the sub%trate material on which optically-transparent clectrodes are fabricated is also
optically transparent, for example, a substrate material can be polycarbonate or polystyrene

or polycster or glass. In addition, such electrodes and substrates have other importtant
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about 3 microns, and nore preferably greater than
about 10 mcrons. The wwdth is also |imted_hy the
consideration that if an el ectrode el ement ild g g005
wide, a cell that is positioned over a central part
of such a very wde electrode will result in a small
capatilipesdamdéch bk gleatroddand eatispates damkddidinbatwief oteC®Inkentional
. that i.s positjoned over t edge of an el ectrode,
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50 celfy. @ ' f t | i
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an Impgeany e arrycas &%%F‘i“’%eé BELGIGH feratieslment op prrth odat
least 1DUSRBMOAIR ferabB NAasPEERIR! ectrical |y conducti ng
connection traces (el ectrode buses) may have different
[0048H kherclastrode plgmentarthe gledirddesr thaeleetreds stiucturésaind the electrode

structutb {lﬁﬂlgitﬂl}hgﬁt%sg{.t %}t);;aterHgés %91)1 hefn[eoarlrllyts{]lﬂgblg LOI%fJ]'] g%rations, surface areas

or surface modifications. In one example, at least one of the clectrode structures can have at
least two electrode elements. In still another cxample, the electrode or electrode structure
surface area can be modified with a cell-adhesion promotion moiety. Any suitable cell-

adhesion promotion moieties, such as a self-assembly-monomolecular (SAM) layer (e.g.,

50



el ectrode el enents, nolecul ar reactions on (or cel
attachnment to) these connection electrode buses nay
result in different inpedance signals from rf@lJeceiP@H5
reactions on (or cell attachment to) el ectrode
el ements. Al though not a limtation or requirenent, in
alkaneiBtatcSHP Lf%lﬁ%ﬂ angl silbxdres BR&HG! & I'} Hﬁ%lﬁ E&‘% flbronectm
reactions-do not oOccur on these el ect't connett |
gelatity edlager(, ddreinit, pdeecibs §ws pronSiterspeaificyar nlotl spsolmi eélbattt&ﬁment to
that, cel]s do not attach to these electfro .byses.
the clyelfide 6 sleferidi Bt PHss aos PRECHaYe PA-ETERD); Satiper
layer bRAS Eﬂzirg&g%x@ Aldal Be%9ed Mahe plBER G AEuERAT LMD oRRr 9{ ple,
cell attachnent to these connectlon trace régions w ﬁm
the nejpelepteagdgior nppr-clogtredeanmgey $Lﬁfaﬁﬁ‘p@d snebe otifedrwitr a egtbathesion

. e| ectrode buses
'mpdﬁ$§&FE@?rl é?ﬂmﬁg%ﬁﬁagﬁ %%ﬁ% Tgﬁnﬁraces (e.q.
[00LR3] Bmdmi’lﬂ? tha eEt:lgtbﬂee aé‘ctﬁidd sttidturel,ind Ofl8@Fdde leltnents are
el ect de eggnents may be | ocat ed outside the bottom

configgyred <D th#t the Fipeliodedracenhitchiramrhploqiendes e sulsirptel syeface to
an edgé‘ﬁr &lEFhOdPsFik (Lj{g d‘”.é ﬁiteg ?%ng?nn\é’gt?ég u)g@lﬁfﬂlr? af%}h%.n impedance

utions are ad al ner or
measyvehient sihgon bargnamm‘aeo nidergolie alplelor dict cmdofEing Subwrdté where the
electrgfg occu% on such e flthﬁl cal connegt i (I')-‘F traces.
KIS EREMBY SLTFHIR Iy P eppaestian pads,en geEnbstrats, Imprefgred
aspec®GTTRY Sresdnh BrvieS], tith (BB 1L Frals A eREFsRNARRG s of ?1 one electrode

el ectrical |y condlcting connection traces nay
structgfezpig nsulatstl fionp thertracgh Qmeek@trpﬁedylmms iof enmtheraeamﬁb ed

nd aped. fl ui,di ont ai ner
srocth, O BhE St S8 amiRe R isEHBG oo RSt ePamirapiops of the
substriateesuely tHanthet s mapafhtafdt Jhchi (ﬁh&@fﬁeﬁé hefr pahy *éfbsb IH’@nother

Uslng a doubl e-si ded adhesive (for exanple
arran Where elgetrademoasgreed itw erpss ¢agh Oﬁleécﬂﬂlrlbﬂléatdmaiel’lai dayer

can bOSinB0 el BelildE ft}leuélgdn%de ?%lésa' e 8&%0@160 S%lgl'(l: aﬁpgifd %%%IS §1? device

IS concentrica mnth an
may 1evidveomuithzyéd mnodmfabmmbﬁlpﬁm‘esseg hus, the 1.2 mm

[ ter will be | ocated outside of the bottom
l“‘ﬂ 89t Eiguredy Sk‘ﬂ‘é’s &% FXERRlSn %&mﬂlpkehwrﬁﬁﬂem@de structures are
made 8% aARIhR&tOTHER YR di&dtdEOfor %{(ﬁlﬁbﬁf?gﬁ?l&[ﬂha‘? | &ehsRAG tf’le

elenents are indiumtin oxid romum gold
electrt@ckpmygﬁacesr(amkéjr maqpiitaring oeH attichment/grewtg lare anairay of circl e-shaped
I L e R R R
operatﬁlﬁailjéﬁ(brﬁie&eﬂ € arTBigiedn R/ rﬁéﬁsﬁﬁr@geéir&ﬁp EIELIri ANy BN G Bilve

factors: whether the materi al conductlve enough,
conneptirpsdrrongdhg ¢irgle elperrqd@relqmmewﬁhmg:ag}ueﬁhﬁmr@ sétabf dectende

eleme?ﬂk%%sg @% otlﬁ‘é}%ﬁ e log{a}gd QRE er nt la an be?weegllf\{zl?lbié}/aylérséean

‘ or performng nolecular  det assa
insulapngseminconducting layor exlﬂﬁ)fb?zﬁ:hlelﬁe elet:fr@dﬁsélﬁtlon between these two

i.C | ectrodes of t e present invention can be of any
sets o gl Y iy S it Fodeamer ppogioe tascelAgiaels lgapants to the

connetfdt) padPhRb P LAl & ARd BE: ISR o B et RS LA HeRFeen which

layers an insulating layer exists. Other examples of multiple layer electrode structures can
be found in the literature, for example in”Positioning and manipulation of cells and
microparticles using micromainaturized electric filed traps and traveling waves”, by Fuhr ct
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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such as glass and for plastics are used, an adhesion

| ayer of netal such as & and Ti can be wused. In
order to reduce the electric resistance of tih8gune 2005
el ectrodes, electrodes with conductive thin filnms are
desirable to have certain thickness. As a non-limting

C made W th a 300.Angstrom
OER I preSU R FbE AR "B 1 Mn SR P ok F g weBe halyzer
connc&:kfﬂlafb mnel er hﬂwafcﬁ‘mmtidn fads. (B]édtﬁﬂl: lcyn BREctly RASBALAP bonnect to a
ular interactions occurrln? on this type of

°°““f‘é1t18’a P?CL EuibrycaReetitridineemaianst Kires Adonnsctigniad is
prefel%Bt)l fAWe ARRDP pérflmEtlng%r O&év‘f&' f tg@ﬁ%&{ﬂf I chfG! LFt%ns 1% fiot a

light transm ssion t ugh th e sur ace
requlme@hoféthe ptasegdasvention Thﬂ::meﬂamdﬂ:tWGHm}:lecﬂoﬂbd @&td @/connection

pad ol SrrfaliE b8 Vi RBe ol i b ¢ Blipsd i of Mepsgbstrate.
In mdshtléfzs bEas iparduils SrONB/ i QIITARE PR iffenfidl, bl dé@icle will b8t of,

nprising electrode structures for |npe ance
attaclwérﬁ? 106 Mithen ®Pplatateciinid container thehein cogammesaniple utimis| B these

emboﬁﬂrllénlase EB‘HnE&tYéﬁl dad%laﬁbg §1 r & eI eﬁ{l{ggcﬁgﬁgr%fgbglgmop}pnsmg one

ecul ar reactions or
or mord1fisid ovetaiigers preféreblye@al dr)at Eiﬁ)élblt t¥oshdb ¥ f BRsUBRMate (see, for

t hods. For nol ecul ar reactions to be
exmnﬁ@%ﬁEHFggﬂ% ggt|cal neasurenent met hods, nDIecuIes
t Y, e er.tain
(0186} Qs‘f&?ﬂ'%e"l“gﬂi B DBHEA Qo SRS S WAL B8 Bt
size. bponeacedangé, dotmabdent dlm;hc&s uhlehaveﬁkeze;ibl(wﬁﬁtgeh gtk :&%&fgl@gfell ofa
Ay) and c in films for electrodes
matsi 3@ uictpAte K £ P d0n 2 U8 B8 8Ro 354 a6t diibckelbpiste. In
anothéh & afnbid) tHeQReNeat dppratiskbssr &@'{be?@arpﬁzhﬁ a YA LS) atible to a multi-

provided that the resulting electrodes an
well raiceoplate and epnrhaye mudtiple pairsod ﬁl@ﬁddlﬁ@p&mdbsanamggd accordmg to

wets FPLGEML A AR Q0% S LA Ve DR VAP EOOTUELING o

well pdtat Inandthee veimple ttBOpregnt 406G 3sVanAul €5 Hiak bé/rﬁbzyﬂble toa
@ﬁgcally transparent el ectrodes can be used in a
bottorgless multipfel ﬁécmpla@s?@dtcan Ao plbiplesenins lod eleptedes spatially

anan%h%g&{rﬁ%ﬁg% Es Etia glﬂl ﬁgﬁ"ggc':ltoggategg llgecuésgb efﬁﬁfc%é 0865 192-,

384-, @@ﬁ |audll B%alelbplaen Tap devios pachd Ifemer@ift)hs@fm’eﬁerﬁﬁl}lﬁtta@ﬁﬁi toa

ti.cal, m croscope of any kind or by other
bortorEs pul-Hel BGFPB e Dot Pirtines g deviea Brisqia batiires of wells

In sonfBBdrRdddhedd MbEIehr QR &Ab} ¥leEtﬁ§féss%Et%['Es c%ln %Eécpﬂedswgl[ §r

fabricated is also optically transparent,
these T@)éhh‘ﬁﬂlé platesdulasgar &taaa thadiemetdr of the vioadl. p“ﬂhyspa’:dn tiaresent

oY AR BB il AL S S SR

the endwbﬁrfaéwéﬁf th@B@tﬁﬁh k@S f e w1, C i biher ﬁh&ﬁﬁﬁl@ﬁt@ Sﬁozil M the wells
substrates can coordinate with other conventi onal

have elgeoirode stryptiresfor npedaneesbased nmltenmg ebmolecelat tegctichauEhis is
pmlc@ﬁﬁgegﬁﬁg{e{l %P(tétl' %s Iarré};);f? §ti£r‘]ag§/i l}?gt(-)t\r/a?llspzfargr(njt materials. For
exampigtin igury 15ENs pamweliplat Bmgzodass doifrisGneasuring electrode
structures whilst the four corner wells are electrode-structure free so that the molecular
reactions in these wells can serve as controls, and can be monitored using optical
microscope or other optical detection means._ Similarly, with the plate in Figure 15(B), the

92 wells permit the impedance-based monitoring of the cells whilst the four corner wells are
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al | ow optical observation and neasurenent of solutions
whose constitute nol ecul es can be electrically
nonitored or neasured in the sane assay pl atlg,June 2005
container, or well. Using such optically transparent
el ectrodes, the present invention allows for optica
. I Lo
clec e SRl Sh (R el IR BP QRN 1 T8 Bty g serve as
contrglondral cae be neoniteedd usirfgninyekalpptecal eedrbsopan be cul tured
Iate_conprisin%?a devi ce_of

| hanber or a well or
1O {hT Thy BEESHHY: 2Prrane s RV HY SHSeRIE Bhmpet dhalisgaden For
examPle e RERAL PPataiRe sl BhCleadt@hilr L AVH I fggﬁ%a?%;égggtrate and

can be nonitored or assayed based on cell-substra
whereingadiaefche eleerodeg hay atdeastthreaiesgitbotiog klentodes and tig adéctrode

; , t, [ | ei i abl )
impofific s bl od U@ Sl B G514 RS o i Bipatocrodes
Prefecably, ehalr of the clbtemies HhLaburss ays suffRiene K MRh&m &€ B growth of at

pression assays can determne the identity of genes
least zziﬁfflgssed (and the | evel of expression) for a

[0@1@8] hﬁéﬂe%%ﬁhhérﬁ%? ?le@&é{?@é 'or @%ﬁ%%t flnca &3¢ ﬁ%i)gfsg?t agﬁaratuses

nmeasure how many cell's are vi abl'e or on- Vi
can caipppicosinaltas spylfratan sptet fecintdpoaedveinguic@JIS ). aPRfdribly, the ASIC

vari ous, stages of .ﬁ{)ogt osis. [00180] Exanples of
Com P S P R oG IPORATGE (IS M RGHE and & power source.

o180 . : T h . . ‘
(0039 1ffriolfer ©ioGinich] e prosch! ShrARRLAP bRty A ARGt
measyremant @icedt dbeimpedanérameasutyingint aiscB8%eqiinalentitenn dapatince
ffi.ciently thin conductive filns (e..g. ve thin
analy S B, B RR%E bt o el b apparatuses of

the presc@cinvestas. [&9@%&% tK st SRRE hparatb RS cBI RSGBE comprise a switching
appar at uses shoul d have a surface area suffici'ent for

circuift t achnent or growth of nultiple cells. In one
I I es . have a,_ surface
(OGSBRE h B e AOE e AP RO RL U365y PSP fhen Y Padfifr of
electrdd arenydl ofitiregraseat apalabysesis ihdiaiduallpitideakédin thinsTRbARcting
exanpl e, each pair of the el ectrodes or each pair of

to an impedance analyzer.gran impedance gleﬁué%cmt cgﬁlﬁhrlﬂgfgal((‘é_s gre measured
betweh SEdh O8iEr ¥ thé¥leddUedBFsnQ ada &*egééerdelgtH}cHﬂés With of \év(i:tléout

connected to an I npedance anal yzer can have a sur
molecyiag seastipns asicemingfonrthasurficbnelithe electgodeid) or efecadde dheasie(s).

i Bt OaD b e Lo S3b g b betl
circuiSdahWiilebll £be adthebto@ tE4RA WRARS eﬁsEfrH&,tst&' E}e@ﬁ&dés&u@tu‘i'&.e
apl e

Er esent appar at Use_s can have any Ssul
[004 3 HfIn gat anothsis smbedinfeat sheseaser arens campfisiog electrodes or electrode

| f ] i : on anple, at |east one of the .

sruct B0 At oE R oG BB RFR Gonfh 1880 M Bpist s of the
appargbe nenhsthet émddimkntatietsbgsor 8xaddf Bie pidient@bfahiue&i Rlipy 2%,
50, l@JeébPogg sérycg ire_surface area can be nodified wth

o, 18%¢ gPYe AHHe <P 6n @{«o%% B Rb eyl 00kn9f the prtims serfeas| af the
appar-R6Hag sk @fooﬁg'{]i%é)%l e

PP sel f - a@sggrrbl y- non%@gcbj?lgﬁg ?%%;S/E'B' ﬁ%;r/@sresgﬁ af?arjlbur?gs‘

[00292]3n yet another aspect, the present invention is directed to a multi-well microplate

for monitoring molecular reactions, which microplate comprises a plurality of wells, at least

one of the wells comprising an above-described device for monitoring molecular reactions.
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al kanet hi ol ates on gold and al kyl sil oxanes on Si 02 or
SiOx,), a protein (e.g., fibronectin, gelatin,
collagen, lamnin, proteins that pronote spéedfune 2005
non-specific cell attachment to the el ectrode or
el ectrode array surface area), a peptide (e.qg.,
00PI3 T y%Rbe) aspctP g8
(00 E S ER0RE aopPoaPli BB s Elon R e B3P0 A Ripec
appaelkt&rfpt enpedmime et mbeitdringds call belvi@l ebidhadenpaikédyt least 10
[ga, can e nmodi fi ed th a cell-adhesion
cells, a&ﬂé%r ﬁ’cf?WE Vbt %ella that E’é“*r"}”émﬂ‘me%l HRVROD d8 sutgasgcol
[00 DYSYUA 9étia@Bher ?@c]tsbﬁcl, pPJs@Ifteiﬁ@é?llu}ﬂn id J]?eic?édets tarn%lﬁSWell microplate
el ectrode structures, and el ectrode el enents are
for UBEﬁW@ul?aé@Id mgstiontzal el debivion whid micaydae bemprifes (arplurallty of

t he.substrate surfa an edge
wells, Bef5 B¢ SARE Rl conabr TR FL ARG e Bt ARCR B e el
substeatt inygedtic@m an |npedance measurenment circuit or a
| gnal source. Here the edge or the end of the
(O8] Qg vl maltple wells en b piedls of the @seseptdnieggplate can have one
LhSRRRR strate
or mé&€ aB dite &bﬁe@gﬁﬂ?ﬁ@n‘gﬁng ?rgﬁec?lﬁrg’ DN tCﬁ@tbF{]aaVé(él’S In

preferred aspects ent 1 nvent on,
one egampleagdeast owmfchevtiodenmisesend shovt-desgibel apfg‘err@tdﬁ for
tructyre,are i.nsu fromthe traces from el ectrode

monifgringlecular reactons ré?ﬁh@?%ﬂ%)structure In one type
[OG’f 96/ TheBIGarHRS or ﬁlcﬁﬁkfe%@ﬁcthfe@% ﬁE&l lh%@é‘l%?en? E'IICI‘O%I ate can be

arate re?lons of the substra e such t
affan ingpysatableways. dn e eximaple, d hektroneanhf d:htmei&ctroldﬁs or one

L t dt
pir RS o R T e GG A R MRS
conneS:&ﬂ gv ahieshbedaicsailykder ah aapéndte MmbAtBSmerdt @QEL'UF afy] {ABther
may involve nmulti-Ilayer

agch aq@gratuses or device
examp ecthgrelastrpdesior slecispdscays of theapp@atusEsare erratzedriowsown
L QA Bratibfl %8 CLIQ9E . switchine circui
AT u?gg a?@ﬂﬁﬁu@@&gkﬁgﬁgh sf%gﬁg%oﬁ@?égﬁﬂgswndﬂngC“m“t
or furtee compudeesa Switchingriidcoit] 41g), amélecttdnad swigdCdiical Fo0sach Rell. The
r f.aces ‘EF for monitoring cel

. ectrade s é
swite g GHAE Y Aol BN Ao FOlymp ROy eRERns gt another
examﬁl%eﬁtlééég&le%ﬁﬁ@ﬂkérdﬁ‘e%] Br éEEtEJd@%B’h&’tﬁf'eX ﬁ%ﬂfﬁq&ls?ﬂw} greltl $'On

connecti on pads can operati vely connec
share F@lnmmeiﬁ@e’d?ahwnngammwd@g lagiated umtthe mieoplaieadithe/present

g$ connec ns anDn circle eleftrode
mven e

fek Ayt RR Aoy B ot b di SheAppaatisfesheam be

conneele@ ME® RIS ¢IrOHE RARR cQsIehﬁfe RREIRLR id PGAURDAR Bl Eilereat
| ayers between which Iayers an insulating or
conneRieTE YRR I Ened e resaperemeniociritios rapelanet aratyeder to

comegfit Bl B REUEF b 1Sy RS Plnuld B Tovamoingngne

moleoaalae c[:dfalc'oﬁhs aﬂéhiembﬁltdrﬁlgtdeﬂ beBARAEC The HleR @ABuiR]sTRade A FRxible
er and are | ocated on different |ayers between

materigfy Eﬁ a gy sireuibiy made of atlup goprey dyyeesandwichedbhigreen two
polylrﬁPﬂé 'Tg}]e?sﬁ Pfie BAALL eﬂéaiewltﬁﬁﬁ%rw% &€4 ﬁ]‘i)cqg l?ttercyir(l: tc(%e? San)(f: Atabie

found in the literature
per cerww dfitnbattpnamdface arep wif #te mra:r@‘late edellS Fanexample, the sensor area

m.cr t|c Si ] cromai naturi zed electric filed
compr, Srl%%g(g.ﬁa i€ },egQFél %gﬂf\éafé oF gﬁaﬁtygo ygfan ggeupy at leash d & of the
entire Bﬂﬂﬂotjg/@ﬁﬁfdeaif $h|\cb MRkopldte WBl: PefeRBEE thelsdmsot4foa il %E’cuﬂ@% least
5%, 10%, 20%,p30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or 100% of the cntire

bottom surface of the microplate well .
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6,448,794, entitled "Apparatus and nethod for high
t hroughput el ectrorotation analysis. 51 17 June 2005
1001851 The present apparatuses can further Idohpe28@5
one or nore inpedance anal yzer connected to one or
nore connection pads. Electrode can directly or
0019H) THE bl GSkell R i
I A S AL SN
12, 2948, 96, 193 8846748 lapd 1536 veelle dfye produ geseh i teictroflesan a multiwell
devi.ce of the prese i nvention, but this is not a
plate rcgattlglfr%%htv m&?lpstaﬁ%e LERHPATHY EHY beoilizéthe connecti on
[00BISMBE OnLAREddCROEBotRMSl e (RRARRECHL BohdeR @el@@tﬂodbes or electrode
optionally be via a connecting path that can be
strucfuisfhipricated an ampresrndoetingrabstidie suchtas slask nr plostic, (Bakingodn

r ' of the present inyention, a ,
cxnfi AR 00 Loy b AL AP oo whicha
clectipllasteucurescdd b fibdeaéhi Inehothbhéx @iile, GRNuBkRats 3PbEassembled

sol uti ons. &g these enbodinents a_conmection pad can
from gpuldple Sepagric b pELice cHMPAITHEY eash cprratnendiose fasalri§ wells, 3

i j ar, ,at
R8s R Ro bbb 22508, 15 e L A .
substfitgguaach ¢erBspdiding {oOB1 86 Is, Baplesndies gashcdritepdiRias; totlng«\l/ells, 12
resent apparajuses. or. . devic can be in any suitable
substf G330 S RREORMAT L Vous ey TR cowarnha chavesc
structitet @0 b afiembieltt&ds 'uré‘ll?:’oﬁg{ %ﬁ_:fﬂﬂ%lﬁ?zi’fpé&%?gag%_ t’yﬂc],iklg(g*_sz'lw&es or

. .mcroplate, e.g., a 6-
dissimyar typep @ substrates., Biwinritynss af the shhstratesatfeeto thaathpkhstrates

. or _devigces can have a size
can o UARRE A3 R BRDSY ERRE Sy bESR G BES, °L22
000991 The Bllpaiingis ah eebaglarodgiSodRait iaWhichal $a W8 plate is
?c rding to wells of a multi-well mcroplate, e.g.,
assemplegl by yspilg bostomlesgplatesgmnded gpsix sahpirates pggehichnmuictocdb@grodes are
; I t h I evi.ces
R LSk AR SF, SPAPTL el LBAGTRIL R g
structpies,reaph af ehahdomespohd weomadfithel € wiehs.r Bigake &£ ehdvedas

indiviﬁﬁ%trsiggﬁltlg%/ee?lgtrg: g{‘%ﬁgha%fe?e}dgbﬁg St s G (abyeatod and
incorptitfted. Fid@re 200 shovwdSr WRIMVid ﬁIb%tratzgﬁltéé W cl??if]ﬁ!lggtrode

reversib % or irreversibly attached to a bottonless
structyyigunits gl be fabdeaipd andoinserpbratddat Thyoeledtunds strfictinfes odeiwi ce

e hot t f |ls.. In so odj nents, the
substzafts b PS8Rl a8t ey P&%ﬁ?ﬁm& PEHANPY a
methode idchefing, shess, prdiblithdBlaphPheihesd ahd 1dsa’ SedtiohRadhdd e one
glaneter,of the well. Thus, after the present devices
exemplpry qghodiaendy the sebptedlimensiorempp be abdre 92 2rmmtliy- WieTd mm. The

re VErS,.: entire.surfac
oo RE LI S 86 49018 B RGP Byl 2B
microetibddi Metmde pedmeathy mhpbe welrtle onhielelredd édiguration with

Tl U S T

mmnd&fﬁﬁﬁﬁggﬁaﬁgﬁyﬁade of optically non-transparent
materials. For” exanple, in Figure 15(B), a 96 well

[0030 A tAsserablygd suell ¢lectodmmonginige subasates g mheict batenless plate

can be achieved by using liquid type of adhesive, PSA (pressure sensitive adhesive}, or

plasttc ultrasonic welding, or any other suitable bonding methods.
[00281] For liquid adhesive to be used to asscmble the clectrode-containing substrate to

the bottomless multi-well plate (or simply, well plate), the adhesive can be accurately
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structures whilst the four corner wells are

el ectrode-structure free so that the nol ecul ar

reactions in these wells can serve as cont r di7sunadons

can be nonitored using optical mcroscope or other

optical detection neans._ Simlarly, with the plate in
; j ' i e - base
dispefseliind Bostin ki Srou L By Bk chlfple BEARNGER CRGE
dispegsieg nBRhin7. Juthes GROGion dbedispensiag site limtidindhebive eths ovellfdte may

the cells own .Qqr cultured in these wells can serve
be poxitongdipsgowiL e gAcT BbsHe RIS HRo! WFbRteds Structure
units @t b&€&dcurtitély 6680Rd dnGRd BdtkonIM&s WeBSRRL HIPRA E%J;Mﬁ@,sa pick-and-

can have any suitabl e nunber of el ectrodeés.
placedyachiice Aftesdheliquuidpdhesiyp iy aured dhe shnirateyae Aondedads the

0 ed tq. substrate and .. wherein
ot B SHE AR AR bl ol REE S BN e
take tht Gdlovanie steppw (h)tabeuraleBCidsRIbRIng tHP EBIER - dontIBAS Witk ates on
bet ween .qne eIE trode and its at |east three

the Wﬁ‘i P%d’t“ﬁh@ stgpl glﬁ%ﬁfé@;g- 160 efigiophbsfweanmidiamo fb)tapplying liquid
adhe f feldofb&n i i

L g e L
capillaryeforebibdiliquitt adhesiee mhp be nutdemmticallyahewaddringehaspaay Se®feen the

h J bui | t-i
cloctrb PR g B it Noh b a Bl vin 2 Siveadileg in the gap
betwddh efiedl adtbode-cbRRind® GbsEATRAA AR Svell ﬁgéeg&lgi Hh 6& LGHE L

an i npedance nmeasurement circuit an ower source.
[00283 1 Bothe preaswes seasitivabditisive{PSA) approachs thetdoaplpaidetl ughasive

. : ' | fpedapc measur.enent circuit. The
wit RISy M AREIPRRF oy BRSBTSt b
size off tpatainioect], boadyikes midiaplaATheR aFef Sedling oA AASICH one side
tween or anong el ectrodes in the apparatuses of the
of mﬂﬁ’ &bt PR AP Positiciiedisiyr andrsessed against thegmitenuside of the
multi-Gdll p{lé‘cé.t RE o A éégﬁn Be MR e Pﬁfhciﬁﬁﬁl EaeleF{rggel- %Oﬂéaihglg

stil'l anot her I'ment, at 1east one p

substrgtee corr beipasitomed mathprdigningfelecabéat oredtetrade ayisnabs fohigdividual
resent, .apparatuses is individually addressed in terns
“mﬂsg}ﬁggﬁﬁ%g@ﬁﬁaﬁeto an inpedance anal yzer or an
[0020PEEl 2ivee 1%?@%5 25E)LshEwaBdtom \?i@@?@@@-‘i@e‘il Slﬁlétﬁs WRAS ed

bet ween such a pair of the electrodes or a palr
electresie-qangaining devisesrageambledomihetbottomwiFon igure h(Agceachlevice has

I [ C rj. on the surfaces of, th
16x efefiRlel MIZEE ISRl B IHEEE o8 iné s g (e ammareys
(attacladeln e$ gedonnReiba phdsdt obPesigl ek R dpgmﬂﬁrﬂ@ﬁre%%h{. ZB4r
e connected to

.0 asurement ~circuit can directly
Flg““‘s{féﬁia?aééi’%sfm@ﬂé ey dlgeiserhasdios elechgde-shryatie unigs with
comefstgglj@a_%ﬂs ldcﬁteﬁ &h tl?@&%g'%? bf ﬁ@ialggi'cge'ﬁae tvhpsdec‘ SORL 13l & ?ﬂf'x

I e el ectrode s or

conprising el ectrodes of ruct ures
electraaier stysctwt uttewph eserctiappalsalvodestaraiy cdfesl Easd ddvidd For

.. of the.entire surface of th apparatus. I n anot her
charity SIS oo AL UHGgr P 65T sEmpH BB datcen the conmection
pads af@ RREASHSERCREGUHPY ndi%hown in these figures.

[00204] Electronic connection from such multi-well plates to external impedance

analyzer present a significant challenge because of limited space on the bottom sidc of these
plates. The electrode structures are facing upwards in operation. 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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5% 10% 30% 50% 70% 80% 90% 95% or even 100% of
the entire surface of the apparatuses exposed to
sanpl e solutions during an assay that uses tlfidune 2005
apparatuses. [00192] In yet another aspect, the
present invention is directed to a multi-well

(see, Fﬂr%&?rﬁ}:l%t Plgu;'g'izmatl%%n@e S oﬁ;llﬁﬁﬁﬂ:gﬂaggss?vamt%lg Ialong

m cropl at e “conpri ses a
the battven edget loé theehlils-wehplates crgeanrsabed ar the skxirbeids deviteecannot

for no |tor nol ecul r re ctions 3 17 .June 2005
be ditelt Bt RUSpafb ViR o Becausa Ry the BamR ot THe e aR plate,
there nfayQok BE tide walﬁmeaftapyl@c@&ﬁ& e et AR RS0 S mfﬁle to the

I npedance- based nonitoring of cell behavior,

conngeiiap pRdseat they erid g the riectrodt-Lentaiaing spbsifatesa oy thag relasms specific

ey T e N R .
facing, SIImﬂeapp&ﬂc}i a smaIlILP(IB bt (st Kigede! 13148 wiftDdtraight- 11ne conductor

ce ba ed nDnltorlng of cell behavi or, ich
lines fﬁ%&pﬁﬁpg apd Ap¢ prckel all the Genductoy lipgs is sandustively-boadsst to the
conn&ﬁ@n Bhdstbe I-nguje 1'3@3 NgHAMARAYE A8 89]’]1%: ggtﬁcbngo\f a%gs can

for nDnltor substrate I npedance
be acgasbdd, fromithe ‘tp:ltwnmeﬂ'" drexamphl 4 ldngecondLittbreafecdld Qe @ r£}S©GO pin,
or, nore aPove descr

te can hav
detaifip BB CRY B ST ashion G RG ER FRRIsgAer oprbiB e be used
(see FQQHQ\IBQF SFightt 160M8w8 )é%ﬁpén?atlc‘ifra\bﬁ@%tfa‘gﬁﬁ?@ it A48 uSrure

nErlses one above-descri bed appar at nDnltorlng
whergBPBELpiaY cancagatacheenngetrto dld ¢0nk;le¢tan/hmﬂ3)0f sl P@B] boﬁkﬂashown in

N e M L AR TN N

this cmyme dnd of e @exacmhlﬁ caBhaveqasthl reB@n B wios ph&d at the
elgitrodes or one _pair_of electrode structures of at

corresppnding dystnges Andean o pougiine ﬂapgdeddq theseskgg of thetpdaterFighre
14A). COROPRY ic8uit Sarl \!\/1[58 %aﬂano d eaéegxcé an’%] bgﬂo%rgége SAYKE sensor

measurenent circulit.
platc @ligure AéBesd d4Cp| Tt sthetecrdrafalyesflead jutper BpEBMAéHS (RShd can be

r edinar configuration, Such
acces ity Tiebl e it o RKiors e d AR o ot g i Figure
14C 1§a E:é‘{tmﬁ nufber M8 wisRPH WRs th ﬁl*guecﬁld)%s&h{b%q t{o’a plpstic

, an electronic switch circui't for "eac
sheet. skm S@@Hiirr?@l?tqaﬁh (FigursddDa 14B), stz rvisasdioel, ¢lecteical enametionpins)
t her | east qne

| e
i the Z94H] pEMERIh (bl g o P o TR o e scanectng

electrédegsmitls bﬂ\/fhe\fbeb bErfeanf tHabar#OMabet ek birf4Rlside. Details of an
conngctlon pad(s) |ocated on the microplate of the

exemplaryshprtingichpesan Refouninget anot her exanpl e, the
http: x‘;‘Wﬁ{sﬁﬂt%l&%ﬁﬂ H&rttrgl?qszs@leﬂr ?e'i Hﬁlgle SI)n )}f:e?ex Cffrlﬁgﬁliofq L ﬁge

ex Clrcul I'S case, the
bonding caild be wdrta chorecethe comriectibn paie MeRedi @Ithd elcvRRTR-@htaining

substrp B T R C R N R ProGUEreS RebBTaties of e dhor the
electriPAlRSBRYCtBRPE@MAURRR th Me OB bbAL B bottom side.

[00205] In another exemplary embodiment, the connection pads are connected to
conductive lines either along the edge of the wells, or between the wells, to the top side of
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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nol ecul ar reactions and for nonitoring cell behaviour.

The flex circuit is nade of flexible naterials (e.g.

a flex circuit is nade of a thin copper |ayer7 June 2005

sandwi ched between two polyimde |ayers). The sensor

area wthin a well of a mcroplate can cover any

ace area of the

coch SHELAR, Sy e LRI hellof ol BHHEM ORI e
connewwppads wihalteoy imeeewtioa ﬂﬁEﬁt&n a8l aolivigae $ra0s. Flp8fd4,QdA and

arra can occu | east 960f the entire bottom
12B gpiitidiss g‘F“Wéleﬁ%cV?ﬁaﬁh aces Ay be dspwn doaneagh clasEodesaito a
connédti®a pa@dn occupy at | east 5% 10% 20% 30% 40% 50%

60% 70% 80% 90% 95% 99% or 100% of the entire
(097 Enensifrer gemplfiryt ¢11ebq1ﬂllm¢1ttp$ ﬁabacwa:m or.m&difdcTuringnaethod is

used ﬁu a@r%déac%aljogeé I:la{ I%Faélg) {ﬁ)ﬁ%ﬁc‘g{s gate %e %Elegtm%zlggaggi at the

positib@ls whbre el&ﬁom@%énnez:ﬁSnﬁtﬁdhelelé&ﬁadé@hh&ure-EQaﬂ bOHHAE The holes
or el ectrodes in_a nultiwell plate configuration,

can bsgpfdom}gteﬁg%%w thig filedenesitiemof the substrates o d fief B BB Trode
de
souc QR ARETEIN AU LOTLEIRPLELE: HENERS PRl con

be furtlr-fdled dutt acmgucsuzbmstas eAfieiahe acigddescon@iinifp 8sski@te is attached
6 well plates, the substrate

and bhiid}q o3 a iy B‘ieefg‘fs elstrais SpRRCCiion ) asE AR s i
circui b?ﬁlﬁfr@ﬂ&lt%ﬁﬁ IS Eélﬁ@\%dq:ﬁﬂn bR HorBh s‘f%{ﬁﬂé Lr@lt? %n‘&%{te a thc

exanpl e, the substrate can be asse
pOmUQEb@HHﬁEUﬁQubQKmadm$WQemgcﬁﬂzdhdbstrates each

SH ng to t 48 well s, subst r
[O(C&g,r% gls p ﬂ%)rfu%chg -Ilqsss n'ﬂll% H‘Eytﬂlﬁ?%%anéﬁ d to t%e substrate
that haos R Gndilf@r, lo? ndbrowed bs othr plated hhviak §§tt(§ﬁ§9an be gold-
corresponding to 16 wells, 8 substrates each

deposatgd Wé@ﬁ:dﬁgﬁrﬁ) megpl pp tb@qt@m gprfaces gfsthe wells basehablation may then
be us%rﬁéwgdtg:?ne Ligedh aﬂps‘:rh?mre%t She eIThﬁo eggrirézgﬁ%?s tq the elepgrode

conprisin ctro Uct ures t
structweek bn tomé ngtui-axell@ﬁntes&laneusé hedows aﬂﬁ]dc}{@@ fhetods dbgtibad Ssove,

109} gt S spEas LSRR drvicoomrisconpciat + deaubyane beng
photoﬁthﬁ@ﬁbﬁf‘he%ds "ThE ﬁ%ﬁfjél s sm);tf %{rﬁm&{iblp? DG 22 mm with

el ectrode structures. owng |
gold thickngsk arly2 widsoul ameit thmknmmh 03 nﬁ&onv\ﬂlffel}ahl&ﬂ&ttoﬂe geometry

SS by, usi n bott onl ess ate ed to six
may B3 IRETPIR She 05 BT B e erd it § 5 € Dy ey R EHiopr
Electrod€ Coripestaingfids Bach: 10tatsd moﬁgﬁﬁlaﬁg&%dgaxbfm% e up

to 16 different electrode sStructures, each of I'ch

[00240] s gnmstut @ ngpsursmentydevies, pbbttam-1¢ss g 6x plasBawsH otn @n be
constﬂu@tgﬂ Wil Yith e SRR AT ?Ar% x i ESY, £8 ﬁslccg):r:ltﬁ gﬁ%ﬂeg o that the

structure units can i catéed and
top didnefer is abAB 6shmws whilstithelbottotudlan@téd $4 5 Aine Phad tam Qmeter at
thbwhlch 15 elegprod structure units can be fabricated
e boljpm SidfIswss qigBt PREEEFOGE fer the elegtreric sanndgtion pads,

whichS4P 8L bafifestel %o Qgeﬁflﬂ%ﬁ:ﬁﬁ&&egﬂgﬁ&gt Phe f’ilotg)rﬁ ide of the plastic

substrate) may cate I ng vari
well strip comprises a continuous channel which is connected to an opening port in the

middle of 2 by 8 plastic wells. The bottom side of the plastic well strip is sufficiently flat
with respect to the 16x glass slide device.
[00211] In order to bond the 16x plastic well strip to 16x-unit substrate, 16x well strip

can be tightly sccured over the 16x-unit substrate. A biocompatible, silicone based adhesive
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met hods i ncl udi ng, such as, photolithography nethod
and | aser ablation nethod. In one exenplary

enbodi nent, the substrate di nensi on may be dliduhe ZFoR2
mm by 17.75 mm The electrode structures are of thin
gold film(- 0.2 mcron thick) over a thin C film (-

i thLck) . El .ode: g : be a
can b P QTR Re S i B RO AT e B
through t1@h8OIePOn i letons)idé of thelpistic oeip. 1A ME the dihbsive is cured, the
r¢cle dianeter) or other

plastig lé‘gf?é% ?%Eﬂ;]lf JB‘?{%@% %? }&gggrfagqllfiyl@f Apether approach to bond the 16x plastic
well 4P [OdEni€ AMsRAB NGy SURSHLM @ﬁd%@%cﬁlegilv@ssgbﬁcexmnpéc, pissaure

bottom ess plate can be achieved by usin I quI
sensifpye aipatises).e [n hSAPPpIack she edlwsivsiit proeesactheshatdinedan that it has

' I [ I.di ng, . her suitable
16 hos ik afe Khk8 S0 renbBeie oo fiia Th fFuptaonts apate 16x
substrasedt tb cheasiatcavélonahe t6x PESICHAL akip Mle %ié*ﬁ?étcfr%tf%et %

the bottom ess multi-wel| plate (or sinplky, wel
holes gnthe3dhesines 15 apme psy or siamla o, dhecdipmetst 9t 8 Wels oo e 805 strip.

' . ' . h | ~Wi th
s SRE Ry BRSNS D bt
adhesiwe it hiignedpe nad banlef o5 thaiptaeen sietiGtigaviti ieh oRABASE Yhesive

t he wel | z{)c:hateij ma Fe .posi tioned upsi de down. Then
corre;paRginE imedchatel Compplstingriap ABertbatoinesticsdde of tscebesive s
also pefied SffGRN BR AREW ALY tPQ?G)‘i MGG Qn KEG b2 bk alﬁﬁ%%nded

wel | plate by, for exanple, a pick-and- place“nmachi ne.

to the aflhesivetthat if bonded tathegdistie wedl stu.ed, the substrates are
e bott ess [l plate. Another nethod
(0REETS e N ! b e B35 nvpoR i O M paboy dirccted o
a meth@kef thil@nd phultpwiel $1HER8bIE For AEIGHNRA R s BASIItdnQN Gk
the el ectrode-containing substrates on "the well

impedgneg detecfion et forsel ielectpraratinebased gn eleoodes Frbuichted enwalatrates

. I [0 i ve W t.h_approprj.at .
orfor &l AR iAo o BT P P ) PicTogical
states.s The trredtoduf thid frBsenc BREhticar donipRises (1)tftevitingW mbnadnasdivg

ically noved_into the space between the

may @5) aut oma ! .
Substraieeld 56%‘@1%'&?3%9“?{% Frpdeeteilason saipulirate. 5 aratterrirgeof
electrichlfHéshdBARRSA MR S0 frlakb BRcirduds R eﬁ@t@ocﬁlﬁﬁﬁ# bm%ng laser

el ectrode-containing substrate and nay
ablatiqrhefreobduative didm, (4) @2RRbIiFp thet th-Pinepateredsehsidiésue bottomless

o U RS i LRI e St
of the Rkiesls b e reyeheiBPEIdN! Bie i iR lardAAA O matkd Qs Wledt8ffrom

mul ti-well, bottom ess mcroplate. Then, after peeling
glass, pplymen@lasiipe cergmiemn Eberi gless, erfa conebimgian of e BEke.i The substrate

Ly: Lt d d inst th .
can b GHEAbE S BREBHLANRE (P HF 8P Fobl G a0k ALttt Prangpive
thin filan Meny aboety protedurd @orolehinile @48CHi QA SN balsiié-R@re can be

suifstr.at es. can be positioned with aligning electrodes
used foy;cleaning ¢Tdbesubsirifet i #ung enses aaghapied! scrpblbing of thetshibstrate

surfacEthhy béBldeshPh®btain clean-substrates.

[00213] In a preferred embodiment of the present methods, electrically conductive films

to be deposited on said substrates can be metal films, including gold, chromium, nickel,
copper, platinum, aluminum, tungsten and others. It 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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[ 002031 Figures 15(A) and 15(B) show a bottom vi ew of

96-well plates with six electrode-containing devices

assenbl ed on the bottom For Figure 15(A), ekichmd@odte

has 16x el ectrode-structure units with connection

pads | ocated on the edges of the apparatus

et egty ' ends, of

R o T AP POl BB FLoRRRE, B SEHR be
used oF ot drempld didurhdinroxdéy cands: Usad. Ibanotiee ekample: abdtedMr e

condiflyoliniel 51788 a0 BF b s eI N FpBouchye Gngsen brrsposited
by vaios eictols Hiiht 4 tNérhdd] &RBEAEHL UledRheal abﬂ’é?x};ﬁ ggﬁ}gefring,

the edges of the device. For clarity, the
depeding pn Besubtraiemaresiglsand oaltictypé ofbondostinedilitsrio be pueeted.

: j el ect.rode structures are, not .
Pl G 3lmy R0 B e G 652 B emcmicifigt te
electficad comluctiverfilng nd\ed teqpired eshdubtased & 1rBRdtak JEP EWB MG Bk ness of

anal yzer pre fnt‘a signi ficant chall enge because of
electiigaf) tcéﬂd%“'ﬁ‘é{ﬁg BHcanRe dhingless thand00mapemaetentozs dkick Thever 1
micr&]. ectrode structures are facing upwards in operation.
In one exenplary enbodi ment for connecting el ectrode
(083 14{ &t upwéerted canttoditnait of theguieseniemathadly 18ESablith® masks will be

d Ieg}ronic onnect'qn s are located at the ends of.
used RyghigoEpliet b Rrgles  Detpaireal métems on he lasgiTation
maskg $£1€ be tHelsaf AN eSyeofiedY be l:hlefefecﬁpgesjt?r%) %cgggg HRFured 10 be made

very limted spaces available along t ott om edges
on the,pubisiatel is possehle toghaye the grometytod pattersedf tha lastreablation masks

‘ i ' t .be di t | dt )
O ST T
also possibie-tovbie tht gé@metryt ffaGeMB Y f fHetladRe aﬁﬁ%ﬁmﬁmiﬂa%%%rger sizes

e

for electronic connections fromthe top side to t
that %ﬁﬁﬁaqfqgﬁogm elgetrpdastaicgueio bergsnerated. For example, a 2 x, or 3 x

mask &€ thé Bﬁ?eh‘fsodht @b B30 bsi %\Lfcg'i)f Bired Phed gf'[ tlﬁ%t;oef? egaectrodes or

specific design 1s reqtiire or connec
electroge $tawtures tolve noslenentticornse abisusing lhse ablatiboitaior thin film

peirh 85 N s, SRR RIS RS i 55 oh LS on
whicl@etih Filn MttéintheQ8 BikBIDIMe MlladePSr QWL g@r?}gﬂéégé Iptical

conducti vel y-bonded to the connection pa
pathsfj gure 13B and 13C). Then the other end of the

0. 1in e accessed fromthe hottom Far
10 Re spEE T B B BE R B liru® pEbeu B, 300
microdetide b 2 mmy 1diez) boetohit i the8RRhdi S STURa8& beam is relatively uniform.
. http://ww. ermul ation.conl pogo/) pin can be used (See

This 1%%8?@1 feney overithemask mdseashss Sesuhwimge theoushapprogriofe optical

' t ) i an :
pi SR U USFs AL 21 IRSS FITBIAL R o
regionisgarrdspohding to the régigns en thd (iskantert i nserlbRa@notrh@parent. The

approach,. ,a Fl.ex circuit approach may al so _be used. In
laser GGV IREbIOGKsH SEAKP SPdpsiy o I regione Gorrespaning (etharstaions on
the m4sRE WRABRUhATas HelS: i$ RAGEH s tRE is M9EERS |

di stances and qanlbe cond@%?%vef@ goﬁ egﬂ?gﬁ?ﬁgﬂggggmnbe
used forf lagerablatign ef thini gandective films, UV excimer laser is particular suitable for
patterning of thin metal films on either glass or polymer substrates. For example, excimer
laser at 193 nm and 248 nm can be used.

[00216] Appropriate energy intensity is required for ablating thin conductive films. For

example, an energy intensity of 0.5 - 1.5 J / cm % can be used to ablate thin gold films up to
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14A). The Flex circuit can be wapped around the edges
to the bottom side of the sensor plate (Figure 14B
and 14C). The other end of the flex junper il§Jahsd005
nmetal line and can be accessed by needle structured
conductors (Figure 14C). The flex circuit shown in
0.2 nfiérBH ffck ddt & glaSs QubR@htk {vith AWHRE !
wires in Fi ggure 140 gsserlarbl edgtngt:ra?ﬁm9 Oz(g %Jr&?ﬁ(&{)chr?mmm
seedisg Hypar Thppr e breskillgd ielageriap|ativg E)f Ihlmﬁﬂrai; omutserates can

|, _connec t f or
readify g £ EBHp GRS VAFE . BB imeli RBvenprloReppuise
duratjourand $@&eoOpul SOMABIESr nBgled &bﬁﬂﬂitﬁ%&)fpé‘@ﬁréhﬂ tHiB1hOPCited here are
surface of t e substrate to the bottom surface side.

follmﬁ@gm S Py 1caé19@ﬁﬁqoa|c&¢s b tqf@rgla@pn B lasen abiethiroqﬁ] thin films
on subﬂramst ﬁﬁ&{:lw{iééﬁéﬂqétﬁ{nmf%n%gr an‘% dn 4 (Ii]daPtS/ i Hacrobalance at

In yet another a
vanomg@h bekgeedd poessoesieby Zhines, Q@rmﬁ oCimQ I Roads d. IPJC@H %ﬁc%poulos

in A opg%he el.ectr q% cont ajl ni ng, QStrate to a sm
o ) S S DA T P 601 RS ST 1973t detal
film &ﬁhﬁval%ﬂ phiidrfmg 1@91@%@%(‘31‘15‘5% g? ARrERIE TRl bgi P@%enough

board from botfom Si de. I'n anotHer ex
R.D. anbloery Behtin Azrwé Rlon riezm?fr, éﬁ:»l p@o[s] 1ppe 160611678, 6198]5 d‘Excmler laser

T R G e e I -
Bastlﬂig)Dt EPESEiph Boter THRMs: Shﬂr%eff‘ |L%§éﬂ]9’ﬂie9;a¢9ﬁ?é’lﬁgﬁdn@n§zgh

be perfornmed fromthe top side 002
Ex"”‘ﬁ‘f"é’\‘ e‘?’ﬁdgwd”égh"?q”@’&va’t’?loﬁplfs op 1ﬁh‘é6€‘i,ekﬂgée of the
IOUZﬁVFT*ﬁ nﬂ'ﬂcésgg%.ﬁxe&% ef?ﬁ? 'laQ:.Qr egl;]ﬁlon o%ﬁ rgéldg&rgﬁ%ﬁl%a f R &%thave

opposI aratus subs
used &g asefcdi]iowg (T)CﬁﬁX 5%8]3,7(2)] lmner AR inteadity bheainrmsigndr I/am’ and

e B e S kG e e
substr'ai%trﬁtﬁ\ﬁﬁ bl s?@e@@ﬁ WeRmANec! Tdienb ﬁlor&d{@\lﬁ Eél?)lr[}g}ge eébld film at

2A an B exenplifies the manner |
elcctf@@yg@e miprgwhanf ongriassneblaidresss odd. array to a

LGN NI G e A T

substruitg€ tbrintaki O€l bt 8o bededtode 8irh@dlifes bf—’ﬂfétde%és O thé BResent
trate. These holes are | ocated at the po§| I ons

Inve“%gécaé'ﬁf‘e%ﬁ lprgsiazeas bR examplpdatzer thae Odent, dove’, even 5 mm2 or
b
even Z%LIfuilﬁn)t ﬁ%ctftﬁl &? ?&ggg% %Eglﬁ lﬂ&ﬁ K¢ ]thec Qlcg%g@@? g{eggrﬁ 1nvent10n

and beﬂ:ﬁt@roftrﬁetl‘&l ferod eledede strnctartes (fo s extingplé,aictread edmand having
atter the substrate and the hol es on the

100 i 5 i 20 miCipa 2 perern Fiom o Keeha A serdupive materals
may cBRS be&k toRhd ﬁfrfzk@seofethg Glgsades ﬁl%réa%ls?ili p@jﬂé}%@l‘?ﬁ)f] %&%lérﬁ on the

attached and bonded to a nu
patterngdesgbstuatd, effcdinggbe quality of thim-titp @dtmmeﬂ mmes ng
i.nst runment . can be ach eve H}the bottom

[Ol]ﬁiﬂ fqu%\)lﬁtg iSSHEY ]ilerwciludﬁlhgfv 1 ﬁgur Eﬁﬁ g esHbstrates will be
after pEsUckBSg) BOF oG ot GcibIe Wﬂélﬁﬁér\éﬁtaﬂafi bschis thbeFaRAiRS is, would there

be re-deposits of ablated materials on the surface of conductive electrodes and would there

be re-deposits of ablated materials on the surfaces at the gaps between the electrodes. The
re-deposits would have to be cleaned or removed in order for the electrodes in the processed
devices to perform properly in electric impedance measurements or to perform re-

producibly from one device to another device.

61



[ 002081 I n anot her approach, bottomless nmulti-well
pl ates can be bound to the substrate that has a netal
filmlayer, or mcrotiter or other plates havilage 2005
bottons can be gol d- deposited with a |ayer of netal
on the bottom surfaces of the wells. Laser ablation
' l. n electrpdeg :
02201 oo 5 bAE pHRE sy RRD Pl BEMEE Fo-deposi
problemet tandsberddsdtssadc tTn bes imventel @pgront!, bithinehdcrflcal’eSIne 8hmaterial
use var,i.ous connection met hods descri bed above. )
that G s KR FRY e, Da i €Tl B30Il etk Obecetone is
deposiRU Sk EHEEELSh B sBbMHaRSstict W e 1AL abiSii is sacrificial fi
P phot ol i t hogr aphy néhhod: The %%hg é@gggcgﬁbg?Pg?gpﬁmalhhn
prefeepbhvevignld haysto s thim duyl udformmud tdn begehdilyt feinoke by laser ablation

2+ Cr thic ss - 0.03 mcron. Different
procsd 2200 SRR U LM TR i e R LR R by,
the sadeificiabfiln dacigesk ik fesa thAnSavickoh, 8r kS thaR 169RFdnIBF Rbd Bhn 0.1
. _Electrode_connecti on pads can be |ocated al ong the

micrqng Jesagrififaal tdms caebeplintetesistanatpods onfieppsite Siowta thick saap

npa j I t.1,G el |
R YRR SRS o ROL A S AR oo
substated. A\ ftbe VserepattBauiing, wed dubbtsatesonit lshappdted @o & BMplE BRp to remove
thestoﬁ dl@ﬂgﬁer.is abou 6'§ﬁﬂnu§bilé$'the bot t om

a&TI @ ¥ using somer V%‘lt. 1 of raerahicig filmg peouldhremygyye the re-
depostticiEprBhieits @ScurAAg of Heffaftb@RY e&@ﬁ&ﬁess@fa@ s, 8h bndiREr iBUS}ted

el ectroni c connecCtion pads, which can be connected t0
approastt. aftemlaser ablatiem o Bthimedndueive filfftsethb dastoprosésied afbstrites can be

- t] well  strip copprises a cpontinuous channe
subjeflpfRd frorolEh s Bbinb Br e 45 Bon s BE TP m d e
[002f2lﬁF@%xﬁrnFleaﬁkil@‘seWpfdcésse&_ Bbshalel 04N & $l8ccfinfofeaning

plastic well strip i1s sufficiently flat wth respect

solutipgs, f¢rexamRicgiad Gsanicgampiey | deH(1082d erbase (asragerxample 1 M
i ' -upnit, su r at

N RBRES i B] LahidAL Dgl Sn Ao 5o
hours1ébevem R4 hewrsl t Tlat selutidnnayciengyitaictlvehenshd las@nodeas@dubstrates

ladgesL¥e1A5§ 17 Juge 20%@ can be used to inject into
are pigges e iR o aepiovided by pltrappaicgyavesn osimiphespehanical
tirringMarsTBofhe relHcpOIR chilB i
’ 1ml?trg he SpI astei c se? ri p.c Afft: Eeéﬁﬁ{%ﬁglbgg%esé Ps)ecgl&tsegg@raégﬁl%{ %Ieamme of
cleanipg shetlpser pracessed sulisirgtes,|the Hinttatds can tehdeahd oy deivg eeechanical

Anot her . a oach. t,0 band the 16x plastic '] strip
seruif b Bl ARG, Sl e ind 5 R g el 61 L. ora
swab)adilagt wietswhicQlor @%a/ 0 FherRORSSHY. BIn YREARIthdr“Rample of cleanin g the

adhesives). In this approach, the adhesive is

laser mp%g‘gssgastgﬁtesnﬁr@qﬁqﬁlggusgdhg mbipgt.i(ma(g thd gesrohgmethods described
in the 3h&e t%%%ﬁl@g of 91%51{?1?% Qd}gﬂ)l(&g Saugﬁ%chgnrféal tsgru%&{el g gcs)i gxample,

el ectrode uhits on t ate ‘ort
with agD-¢ipt drca wwedbl)s on the 16x plastic well strip. The
' ter of the 1 hol es on the adhesives is sane as,
1003 ATF o sfernies cbog aGrE s ingriae (Doh-Fim patetped substtates o

PSS | S oM O R O o
doublexsided pressursseabitiyeedhesivennih dnotideambaditiest, pisasibliag ViRl thin-film
patten?ehrshgﬁra%sttg bgt?c?rglelgsollngltf?&cltl 'Bﬁte%%gﬁ ?ﬁaY(S‘ use of liquid adhesives.
Exemplary approaches of bonding the thin-film patterned substrates to bottomless multi~
well plates by using liquid adhesive or double-sided pressure sensitive adhesives have been

described above.
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corresponding to each well on the plastic strip. After
that, the other side of the adhesive is also peeled
off fromthe adhesive so that the 16x subst ritlknedfios
now be aligned and bonded to the adhesive that is
bonded to the plastic well strip. 1002121 In yet

[062RR] e fes @pREGEed¥im Bddfn #HtE DB nlAURR tfé%m&a%%lé&[r@é@s% the

invention is directed to a nethod of
substaies of_theinvepion may bepmaloved.f Ber examptaul @lﬁcrasisamdmms ebbctrodes

or B8k SEL8I A MEABAS L Bl by s s

any ssm:hisle nn’;tl'msls af., prattoleheatpliyc Elopadenstelbasmtd e[EHntOk it an
lect cell a eﬁgg ﬁfell growt h or cell biologica
clec ré’ijf“é‘ &y Ca, oo thiresupsteate by syitblenniconfalrination ses,

micrdidchiifY hidiHdds feB X7 g%%@gi'g &4 i ﬁrﬁ#ﬂﬁé’t {naﬁ'lsfdaéng)ztals of

deposi ting el ectric uctive
Micrefaiydeariame [973 hartet bippi G0, afliteccbebard Malby, GRO Brsh). Wne

orl o A B S5 i e
limiting &ﬁﬂbﬂ)lbmpﬁdlﬁlth@grﬁplfy thBthBatd ﬁl‘bﬁﬁ& AUEdoRE §Raf On a solid

bottom ess nulti-well plates to form
substEteis ap dolkowse rﬁhausnbsm@ttermay be mr $unpblanwenalm 2 ghassf @he prbeess

{
s RPETRD ey A BRSSP MBS o
titanighae.g, 1 (pahy amt follplvas b e Sepesticd €90 —f 109aim ﬁhélééold Ofrha

d conbi na |oqgof t he above. The substrate can
PO ULMAY b g %ﬁeéa%qng VBFBHR YANEEAtIoD. Béoﬁoéeawylsﬂbm spin-coated on

to thecg?zﬂpﬁlrﬁ kPRi@bn i Eé's ﬂlth %U&Iﬂ' t§ ?.{ ollug% 2 RRY

|"abor at ory proce or C nin
contaigafgan ingigaof a a:eqmeé elramoctwarrays éﬂhefe&posﬁ-ﬂ @Bﬁlﬂoﬁglsﬂfs debéloped
chani.cal scrubbing of the

e LG g A
KU ehERIFRONSINAOESrespddBodIF] MatkaRRERIES Qorﬁﬁ%&?dqﬁmn

t he present met hods, el ectrically conductive
electrpirbegsn yaitingdechniougs on glitsshigiaressiutiom phgesmet al £ | ms,

t
0035|858 S BB EpPll e
For exampl@ranrdicarolddpatterd v frhade ﬁsYI{geliseb QbRBoMS $er %eﬂzﬁﬁ?dtlon one
ggl éﬁdeCt ve films. For exanple, chromumfilmcan
side of the 3y 15 fistalgnesited ivithes, din lapergnetalsfiloy (fpm exgriple, a gold film
of abo%%'b%t ﬂrﬁbeelaéjs@e%’lﬁg ¢rPyeP l)iaﬁﬁ H'#Zh ag% Meftidids Ech a%%aelf?r déeposmon

further osi ted esion a er
and/ or‘eip@ltremmg: alhethmometakfiiny & tﬁeﬂ erposaintoal 1a@r beg., Msaii:amﬁqaser at

248 0 TR b o Lo R B e o gecrode
array. 3A6he b@glMﬁe\ﬁheralﬁ%isk‘-i@‘ &éﬁsﬁfﬁ@ﬁu "&L{h\é%sfet] tﬁ@slaﬁe@@utg Bn and

deposited by various nethods suc
interaety Bjitbrthe ingtal fikh avd thermdseldiimes apkatealtq fHfromapeisitbstratag Since the

substrgt? ’?@ gﬂ%gs% t0|9n lasf §s|) ‘?’é’lap: tdrl (érelég“a f{alﬂéed asear %étgﬁ}eltl%%ltfij& it is
posmbd:foﬂapd:lhobse\@pfdﬂnm lea c&ﬁhﬁicbrf fvarne méngttm '11‘&5 ?Spulgcfeﬂﬁﬁlﬂ' s39hat
Ive filman

conductivity of the electrical conduc
the lasghc ¢ B reeipldfiler andches op cffesti asainteal effhe anithe kubstrate. At

the reg?&‘ms where the mask is “blocking” the laser, the metal films remain on the substrate.

Masks are produced commercially using electron-beam writing techniques on ultra-high

resolution plates. Those who are skilled in laser ablation and thin film patterning with laser
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electrically conductive filns can be as thin as | ess
t han 100 nanoneter to as thick as over | mcr
[002141 In a preferred enbodi ment of the prégéﬁﬂe2005
net hods, | aser ablation nmasks will be used to
pattern-generate required el ectrodes. Geonetry of
ablatipatche ¢adil P BhddI€ ap@Bpfiatd BrRLHRE andBEKSWiNd len é’(ﬁ ﬁlté%s@ya Masks
as the geonetry of the el ectrodes or el ectrode
for prodpgipg 8%6@0466 Oﬂéhmm%memh@ngsj bstrate. It is

[0@21’%? THEI% a}@otEQrvxﬁ i'EF(}fglync% ioff 8} ltn(lz“crr{)lﬁg fua)]tngﬁwé can ll;e used

[ation nmas e| ng the sane size as

for fﬂétleaimgoﬂwt)dc oetleatadedtensdntsimi diffefent SubsRags NEsraix@fpld the
of patterns of

meth?(is (:)sualg1 ge%?ﬂg?{tlgﬁtaﬁggw ﬂgﬁ%g?%‘g ki 1@3 pited cmepits board
(PCBY baiild @fso‘b@%séﬂ ﬁ)ﬂﬂaﬁﬂm%sel&’iroﬁése&lerl&ﬁ%dégwﬁr% SI? vﬁr‘i)OLge

generated. For exanple, a 2
substigst edhgseamha sre skiflst llbmmgfabmatl@nand tﬂ]clemathm @h readlly

chood Bl P AR sy B LGBl b et
electrblié maferialyand dguBed gdgn@fy fefigudLoF ERECSIes bR E1eFRSHE diSments.
[m@hgced between the thin filmcoated substrates on

Lin yehanqthenpxemplary, embedimenipfi the dewigannf the a@eera mu/entlon
dewcle ?&‘iz@£ theQbint 6f %ﬁ&oé?ﬁfc@@@h‘ eam&hﬂoﬁggmgatEP(aﬁlp e3 0%ial

| aser source w avi n
electrgéﬁosrtgpsr yr rfoovel @adpbteips al@cshownem EfgqudQ daayl 18, MHhONY)

e A AR b B LSk s s
as thefﬁﬁ‘i[kon@@%dh@ﬁ&f&kc’érb&“e s?:HféﬁIrE ahi%s dr ?%hlggte?%pfrﬁggd ﬁ#ﬁd The non-

optical paths (for exanple, inc enses
limitipg exammessofi the non-emsiducténg substraté stripe nﬂ:hr:lelpmbfnﬂerlrmmﬁrane glass,

n res ng to. th eg therms S
plas“\%\k%%'llr %’ ?fﬁé%{cs J ?u(m Pﬁ%s?mtcplé\% @i’ﬁr glaﬂs] gikqthesetopeam
manufiictutinp griatedcdieditabodrhy. rEI@@lfHél@%&hé‘tﬁref Ui b Gidk At Berent geometries
respondi ng to_ the regions on the masks where t §
cant bg %QEFM%%WP Hbthe ﬁvlaﬁﬁ@;s-eﬁ%by any mtableonmﬂabnmnom

m1croﬁ¥a@1ﬁﬁm| aélecft?ermh% N‘&e]gm tfﬁ Qf?lﬁfes %P sl-:lact:t{c? elﬁegwegjes include

cond uc Ive excl ner Iase
interdgitiated el estrbdes, mpcie-ba-ﬂlmle ripcorbddshdiamord-ah- 1frie|el@trﬁﬂesebetstb¢1%ted
tes, For exanple, exciner

cloctrqHel ot s s gty Sofimrist SRenswh of ioppaledode
geomAABY BRY VAL S RN S Q‘Hall ﬂl@ﬁsth&y 5 hﬁcr[bff °d+'1£s§‘?hsfn°fo rﬁl%lr(% % large

thin conductive filns. For exanple, an ene
as over gp@ nuerpy, ofer @O(Smwrcln,@\rﬂr ] mpm Pheanrieeriste dlrﬁﬂ'lsﬁ;‘hlb af the

eIectrc%cE:. %@Er%%{neg %}JFr 0 §H£%§ els El:h'(? %J tﬁﬁ el(,s:cgg g}zlﬁqr{]&,?og glr]]lallest gaps

betweén b3 atjacem Rldchtbdkel6RERE] 4Rz DE QP RGtih é‘fé%fu}e orl [1R3%ecd9e
are skilled in | aser ablation of thin filns on

geomedtigss tAligrpativelyn theﬁ%@mmyoa%@a@rhﬁ ch:ecrd:pg i pﬂnnatoé elleats@te width
o 0 500 s 08 B O3k ULUGREE s LAE By Pk 5.
as lessghdn S irfi¢renentleds than ]f(] thiveon, €3 deldrdeek @var B0 micron, over 500
micron, over | mm.

[00227] The electrode strip (or microelectrode strip) can be of any geometry for the
present invention. One exemplary geometry for the electrode strips is rectangular shapc —
having the width of the strip between less than 50 micron to over 10 mm, and having the

length of the strip between less than 60 micron to over 15 mm. For example, an elcetrode
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follow ng articles or publications provides basic

i nformati on for | aser ablation of thin filns
substrates: "Excimer |aser ablation of thin Ebh@eﬂﬂwﬁs
on a quartz crystal n1croba|ance at various argon
background pressures", by Zhang, X., S.S. Chu, J.R

stnpsi-knay Gafe a g&mmryommﬂngldtﬂ &f 2yothicrdi el a | 5%%? 86 hﬁﬁ A single
|ence & Processi ng, volunme 64, pp 545-5
microe e siip| TR RAvs VP clestogritseRiing 45 mgasngemﬁn)(eﬂ, or multiple

such ltw@f? %IF?_CH?(F% S Apgreﬁ’é’ n‘llﬁ)ﬁy}e agltﬁrteg'[reﬁt vof? & i%sg?é{i)ele%%de s?ructure

unit @@Zﬁea}s@r}&enﬁ%& or ‘hiplidplerelectradestruci OESSeRdnDds hliitiple

elect%% J}Qél ﬁrg];ubgtg‘s In%}ledelé%lal}e)[:a%gélgl S I%Ségtr althgr? gp:qltg%i(: E{%\é\t?gdae structure

units Eﬂ%ﬁbnbﬁ@é‘(ﬁﬁlﬁa SRR el ASEL st ttﬁEéeﬁi\ecﬁBH?Etﬂ%&%g URits are

Excitations, and Fast Dyham cs
POSltIPesd algng thedenpth fyectivnjof Hestyip. thts slecparda sEtens lfrﬂIE may be of

squaﬁe&%ﬁﬁ pe; gll %ét'aﬁ%}l%f \%Llﬂé %{??‘l lg% Q‘Ea(ﬂ;‘(%elchmg? Igtgt\}/pzqra}l,lmts may
occupydiznBomyeds eliane®mrén ]ﬁjﬂﬁb hictbR1t0 Zarg@tdhar 2HRA x 2mm. In the
vel ength af 248 nm sy nchroni zed notion of the

BodEmen shatim it Flﬁt”@ . the elgrdrode étbﬁtcr)mpesmﬁmn@ueﬂmem

units Séﬂgl? gg f&ﬁw% (?:T 93;3'%@19 o-ﬁ% &HFe%n‘itrn]Lgéte LA? & Hs gf\ér chg(gp]mg the

measuiginzhi @ﬁmm@a&ﬂa&sshy l{e&ﬁibilS]In ‘tMI:eaSkalnqﬂ@ theitd hitel i daf coti@tions
tern,thin filns of conductlve materials on

{
comif BTt Eabhtelictind ST aBi T oll DY e e glecirica
connétibhCthb 88 iifpedali€e BI8YEGERe Rleckbhif: sf?lrugﬁlﬁ&tmtﬁﬂ \éﬁ&t di9%rode

because of |arge areas (for exanple
structgre3pwipls measgved. Ehase tgo nimmcdrconmnﬁﬁremn@) confiected to the

connd6 BRGSOl BLALLGTSHIITUIER) M it SHpeRE

esen I nvent

analysdret impetiansd mussurng Slfélfl@rar@ﬁléﬂﬂhéﬂ to %bﬁ@etcf ﬂl‘é?e &Jnﬁ&ﬁf(‘ﬁﬁ)ads for
having 100 m.cron wdth and 20 m cron gap between

the megsurgment phelpgiied! impedanee Swisae of slectrode sirictis unitaynay be
at es

coatel 8B RARKSy PedoRERRHBEAS, B BB BRI IR b Ruring
or anchbfieg moteputels enaylel used ﬁmfsultﬂﬂclteﬁ of Hiffﬁ‘mbleﬁiﬁ‘dit%tmc‘?ur% units. Tn

191 . T ality 1ssues here i1 ncl ude
using SCHF Q0 ST 5 000 GnEk e ine TPl apemie o o vged erbind
to theRIREBESItAPSs tolTOMh F @lﬁét%ﬂé%h% &nib *Hg ‘%ﬁé@&dea%ﬁeﬁ it” b Lismg

ere i

process for pat terni ng 1S, epo
variousfbinging methods inshidin gsliquid udlwsefas, fadbossiveftaps msiuthtas deuble-sided

s B S P AR R b

correspbedihg @ke sncadiremefitmiq PO Sdldctrowl Yireheh8 gt} ﬁl(ps%nfc's qaped
or renoved in order for the electrodes in the

mea%?fﬂ%féé%fé‘ofor Hewid segples ﬁ&mr ]@iﬂﬂmgﬂhﬁcﬂﬁqtspdﬁ sttigh ée theipdastic
h 3 roduc

o SESHRIE S TRES Pl .00 A1 AR B Do
mnbo@ﬁ@ﬁ%ft uding sughadldcirotie 8iSipeGiaciobpdning; RPRSEBhohdYLRAkY Bfclose

cl udes hOM/the ‘re-deposi t
two or more measurement units,
[00228] There are other approaches for using the electrode strips. In onc approach,

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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probl ens” can be addressed. In one invented approach,

a thin "sacrificial" filmof material that can be

readily renmoved by, for exanple, sone sol verdt/dung ke)s

water, or acetone is deposited or coated on the

substrate prior to the |aser ablation process. This
openidig@vould encidsefat ledt ope afcasidbhynRitl BifdvRrdd Raetdll BIAREquid

uni form and can be readily renoved by | aser ablation
sampfs; tgaws threygh. iadieg syl sriplhatethemordusimdterials wowldyedwdt in the
; .&&Bﬁ r - the sacrificial
muﬂ?ﬁ%ﬂ#?%ic niggmrggﬁégéf?ﬁgnCEB%$%¥8h, or less than 1

[00328F bnyet enothesspednafitll ptesent iavanion Tthe psasitiifii@itiah is directed to
| s or deposits froma

' . b h I St teri
a methi BRoGE iR LGRS HIP U8 (PFoq o0 e HeRIN o Ped e assays
based® S166tAB thddhficd dit & tisR6F fofrlcEM @feplfr&éﬂdi‘%t% I_IJSaEgds?n electrodes or

substrates. After |aser patterning, rates
electipge strysiures fapeeatecton e strinisiop far ebdatnx ingpedemmviesed menitoring of

i fIGi ' Usin nme .ol vent s. e of . )
ccll o388ldn, i @pwl pr e tiBHER T TRt BOT HbE Brebp nvention
comppisab{ 19 Peovidiag b mbRgosductiig sirtrb Rl (M9 defdafile @é8ric conductive

surfaces. |In another invented approach, after |aser

films gBsacisupstgte, {Himteshg i lestically senductiee fibmeto-maksaiesedes or
electrﬁ&@ﬁﬂ%ﬁﬁ‘@ssof@éihe@g%eé%?ﬁhgﬁ BF%mtdgctﬁ/et ilﬂg‘tr %3%%& hﬁ%—%h%%attemed

proce ur.e tor e re- GDOSItS.
substmteatlopfiondily, twisng thin-Gim pavenediidsratemtsdoctirliertraned certain

o 5 ) e 00y o e o,
(5) ashiaiBiingsaldullécrade §ieip t@al%%{i@ﬁot%ﬁnélﬂgfﬁqﬁgga?és 1B R ophing to

hour, 3 hours, 5 hous, 8 hours, or ‘even
form ppoeleetyode vy wt, whicesin said atdeashgid epenthgik elignddevittadectrodes or

0 trate are _placed iinside. Agiftation can
clecoLPBRERRE B GR AT LTSS By ek Bl
preserilinventiog th@sibstréied@re n@rdd OP ffitdrRl CRMbcRA FRTBYSFhebYlastics,

these processes. In another exanple of cleaning'the
glass, cerapycsy fiBEAAE T Aoshination of theeabeyp sThaswbsiraanabbe cleaned by

. ' i: [ el
w900 e R0 ST s
laboraerly Ipr¢esdur@fon geandrg glassssitibyn wafek ihstit-iuraedneie, used for cleaning

o3 GBS S SR IR B SR Oy v

necesdaSetd dWaif QIERA-BMshaes Of the cleaning et hods descri bed
in the above two exanples of cleaning solutions and

[0032¢Ha mipeeferred erabiylimgnt(dfdhe presmmp inethodsi ddrtric Qridingtiveaking to
21 |n.one,exenpl ary enbodi nent, assenbl i ng

be e on 45 Rt B ReiBPhL o B8R B P oy crcumar’s

those filmhd duitwle lforh iR miu@i-hell Pakésefek&a-60W. adiRiRAy, laser ablation
gulé$-mell%§%gtes can utilize double-sided pressure

method 4, e prefer sqagh dor thin fAoRatiemivgisdabrente requisebnbl i ng

microdlB&rddBi n-film patterned substrates to bottonl ess
multi-well plates can nmake use of |iquid adhesives.

[00E riplirafiim apiperoativbstrats honté og ifloetrigsionefdetrble strips with
Igat[terned %ubstrates ﬁo bottonml ess multi- well plates
APPrORSIAIS U TR ITIIETP B BY AR flFensiony S A euanl@l edhisr iy patierned
substr&t8 Ay e W& c AMMREr RSHNAVYD BT 30965C WHE 1 RROYE or electrode
structures properly arranged on the substrate after thin-film patterning, the substrate 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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62 17 June 2005 [00223] In less preferred
enbodi nents, other nethods for form ng el ectrodes on

the substrates of the invention maybe enpl oyedinEonos
exanpl e, electrode el enents, electrodes or electrode
structures can be fabricated to the sanme side of the

OB B e ok R P iRl inBen b At adea plasic housing

to foret eelettsods striy fniedr cledt Rk keRFReR UM af ARIREIJBRL4iGaF Sdssure
onto_the substrate by suitable m crofabrication or

sensifiye-adhesives. nlpﬁtgotﬁ;@f #obrdipsele asseigplipg ampleerode strip to a plastic
" VT A = . crofabrication,. .
ousy BB BRI g 51000 EEL

adhegbyess SxemPhaey apprpaaias oftedridid the tiio-filklB&aferned substrates to
ki ng such el ectrodes. As

hot ol it hogr aphy, net.hod f.qr € As
bottolkes mutii; Hqﬁﬁgllé&w g‘,l“lg aBﬂ%tV@MftdﬁB‘@lPéw PRESSHE densdfive
adhedVRMdGEbEN REk@Mel@HSyArray on a solid substrate is as
foll ows, The substrate nmay be any suitable material,

[0@233] Ingprgtesred Thbogdinentsef systemrdf shenpresenainskstion, ghaskectrodes
hat. is. firs sited with a thin, adhesion |ayer of
compE;E?g m. & clefvwe, etl}%pgfa?& or rﬂ?ﬁ( %y\_%em ri(gmﬁﬁ)to ARgmp apst;,\wfwr o

om um or ani u ;
impedi@pe sichsuwing@irclidft least Bho BEArBGHKpAR! Bleckbles AERASETY QN
.y nay be achi eved usi ng vacuum evaporati on. Phot oresi’st
indirgelly cpraeette; aconpention paf. wiese they cgphest fo lines fgnminapedance

A e light through Kk
e e
penmgtcp OF 2 de\rﬂ:mdnmélpﬁ?ms af iﬁhd}ﬁ\i?ﬂt)ﬁﬁéntidﬂ}? bﬂgh@hﬁh@tfa&:éﬁlﬁl}eénent of

evel oper e gold and chro ayers are etche
the prgigl wg’_é?ﬂf\- ;ﬂfﬁ eRnedip gst“aﬁ‘ﬁa e%ﬁé@@ﬁpéﬁ Ngapgetion pad can
optiohFIyHRGAA ¥ 8bnhectMBSiath Haf e RAUEAR S i treg %e_aﬁ té% H&¢il8 n most

el ectron-beam writing techniques on
uses qf agigyige iob theppiresenksinvnPp2a devitdeil] besparno fopmeppaatusahd attached
the el ectrodes on s

or. fabri in bstrat es.
to, or BEHEEBIal e o A8 LSRRIl o Bt S ndmales. bisPieg
embodiaats Bdinatition.paf@an basiafatedingd 1618 .coRfAfher 8F H8teRbmipliSing one
supstrate is first deposited with a thin [ayer netal
or mofg Yy cpplaingtss psifeably ngey of af thepdeepr pistnater2 devisver a
' Of ' t ho uc S vapor
O et BB ont o B e RSyl P oS -
devicg tithe prepers eahventiomalsa setudee irjerfacerl@i6hioR indladiag idpedance

248 i at ropriate intensity through a mask
meﬂ%ﬂ?%ci%wga%fﬁfvﬁf@%% (8- e]“*‘é'fHB?‘FéH”%h@éttP gofairol and ayitcinghe
impedahé heGhRMATenEIRASts td 81 FFRSK elestrodd FUSRAL &lms%ftﬂ?eh%ﬁﬁnrgtt%sles of

| aser, the laser hits on and interacts wt
the preseptipgendionh Erefenably, & systm of tisl paesent ioféntion ahsotieudes a

| t he bst .g. gl o
A A NS R R —
impedamdecetdédnithe electr@les BPSISERIER s@cﬁ%%%%ﬂﬁﬁﬁfs&%ﬁh% Rsesent

_ | aser condition (wave length, intensity, pulse wd
inventiy. Fhetmeaspred irgpedaneedata parsbeautproatinazanglytah and prévassed to

deriveX f6G i nic ol ef . the,substrate., At . the
o L L6 B
displayxeltcad a fiohit®r. r emai n on the substrate.

[00233] Preferably, the software program has one or more of the following functions: (N

——

electronically switching for connecting impedance measuring circuit (or analyzer) to ong of
multiple electrode units {electrode structure units) of the present apparatuses; (2)

controlling impedance measurement circuit (or analyzer) for measurement of impedance
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Masks are produced commercially using el ectron-beam
writing techniques on ultra-high resolutlon7plates
Those who are skilled in |aser ablation and /Hiupe 290m
patterning with |aser 63 17 June 2005 ablation can
readi |l y choose appropriate procedure and | aser wave
betweaen;gtamongmeeﬁsuésmr el@EKGe sthfurby AD4E bPEBiRE %&9&.\% e®! gs)
ynmer npenbranes, [002251 There are ot her h
Pmceé%mmﬂterﬂ&ﬂals?q imneaire datap deavaenirontinge biokigicadn rcjeva.m ed
frabr o
pararh b LB OB he G B5% BB Rleoff G RTeS, BT RB B Bche resutes
ona mgng@r(g@tmg|rcmﬂtstg5)1mdomht®ca1ﬂ§tﬂaﬁﬁﬁnmg%Howfd)fun&ﬂiﬁs NGhrough 4 at
re 1ﬁ%rnlted C|rcu1ts oard (PCB) could also be used for
BUALGHTHESURUTS B S el ectrode structures on various
substrates Those who are skilled in mcrofabrication

and m cr omachi n| ng can readily choose appropriate
£ Y St HG rfrthié yentionr equi r ed substrate

| erial, . and. requ
Wﬁ%ﬁe - t‘fe TR T —
ata phjmdjﬂegicsl ioh 00bttatlon oret a abRphRN0I8%RAMbA Eb’nc%Hﬁ’étﬂiWuHher
of the device of the present invention, device takes
the devige andwigrwvell micsoriate sar boureddor ¢190tmp051tleot0rfodé Ssmpenpded in
the wm‘[ﬁéhé&fm a@és&ﬁtﬂﬁé)»ggﬂ 1c£fntefi)f? n gle[:rﬂir% eg Euég AN

strips are shown ur es
Structembo Eiermnporatﬁonspmtvce]semth a?ﬁb@otﬁ'tatd Rsitag@ amphtvdBOkdvform, time

durats é@ﬁ& condu t|n Si? te is used as the strip
S R O PUS SR O 1 oltagcePlipgs e mpbied ipihielacksedes or
electrBdle $tHRATO ORiE! 8 hendiR Mitic ﬁél&kﬁfﬁ@&nf&ﬁfﬁ% t§ §1e9{r015(n§te the

non- conducting substrate strips iInc
membyanapfols. Wihils she prpteatdévices lnestisroplates ami be; used for

duc fib ass ke those
electr %bs‘%%%? gﬁc}t’g’?ﬁ%"% 459 e B, Bl gs 8eacs o pgeplates
are pasticull@tyuited fartetechioporatnghdietdn® Béllsgeonet ri es  can be
fabricated or made on the substrate Strlﬁ by any
9

(0027}t metheds &rrabrctronerrdng adherant Gﬁtﬁcmingt premnt dt:hee or
multlwmﬁ%ﬁ) lel\t&rbolrﬁ ste 'tf{u]egfogé@{%t{alﬁ g GJ i& hg ove- SFI{I‘% mt‘ia]% well

inclu I nter Itate
microplats; et loaht sne dmti nﬁwﬁiohnnﬂcmpmte b@nmn@dle&rodéast ekt RGtructure

unﬂselﬁ%% &destl ﬁénus§1dal electroﬂg Characteristic
Y MEREIIHS Cet SN 9T FAWINESSHE 11} the §leghgdeszgoptainipgn
wells, ) Wlh% é‘l%cth@ﬁsvolt'&'é’é@ pRised &S tﬁ@ ele@frode@ $8 rdstiRth élig%boporatlon of

m Ccron 0O as ar e as over m cron, over
the memlptanmof e eells adhmed Wﬁledlloaomcstue[husmﬁ the diell® nEheomsthods for

electrt%?ﬁa'atﬁl sﬁ?pen? g? ol}rEEt rth? Erers%{,t rgﬁltﬁ? P%lgqelltggat ln%%t%np dk:gmpn se
the folldﬂ.@mg,dﬂlaipﬂﬂfidlﬁg BCETRSRIeedrDRIB Rlulti-vwRlll HicEDIAL, R least one well of
repeating feature on the el ectrode geonetrles

which guicgaplase FRpgatys elegieases ﬁﬁfﬁmd@ ﬁgu@tm uméts go sl idseodh surface, (2)

adadci d
g 57161 <5568 s 580 R BHE RSB P

the elegtrodaydb kresubsn blesrsoptoﬁammiaf Iﬁlﬁlﬁﬂﬂbraﬁé of ﬂﬁ&:eﬂ@@ﬂhé@ells

[ m cr.on, tg.as IaL%e as .over 200 m cron, over 500
Electroporation’ conditions with dppropriate voltage amplitude, waveform, time duration and

number of pulses can be determined with experiments for a good electroporation efficiency
and a number of articles and publication also provides general guideline and possible
specific conditions for electroporations. Some of these publications are cited herc,

including, “Cell electropermeabilization: a new tool for biochemical and pharmalogical
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mcron, over 1 mm [002271 The el ectrode strip (or

m croel ectrode strip) can be of any geonetry for the

present invention. One exenplary geonetry fdm Jubhe2005

el ectrode strips is rectangul ar shape - having the

width of the strip between | ess than 50 m cron to over

; ] ' - . t,he rizp,between
sudifs 8 OroRS S LIS, s E0O BodlE AU N E R -6,
1993 et ettropdentid of Cell membRORS’, b MMispise, MaY., Beorsya JYVBREAI 80: pp

idth of 200 mcron and .a |ength of 20 mMm A
207388, L% Prikereptdar S adhethi vy iRy &Y Ragtislleard Bded irth in
DNASRINB BB gAY G1. BRI Nt QW*‘Elepﬁ?pd%cH J}{aﬁher%{(ltc%lnl? {'n situ for

.two-el ectrodes serving as nultiple neasurenen S,
the ingodyctign s inenpareeant sed e tesicyuR eptisUsH. t Fiets Ki, Beasnel EHENTodd

uni & taQl ectr tru re upni serving as
A, it WoPheldfl; Sy EEC £S ZAhbisHadichoifosal. Bldsinds
MoloeuttioBliolresyt VolMd8pp1ed-1 1 Rl 1896 ‘Redch RG9 o8 WUHEGEM &1Is HidiS situ

- are fabricate& on a single mcroel ectrode strip, these
clectraperationenieres elegiricalli’, by Wiggser hoKpesk 6hRd Gadieng, tnrsio
Techhi§iat {)Ogiﬂe@j@r_}ﬁ)j sbfe strip. The el ectrode structure

units may be of ~squared-shape, or rectangul ar - shape,
[0238L Iyt enctharpegect, Bag resdnt alvestisrodelistied €8 uhRtHadiths

ot S S R BB e TS s
devic@ Qg BN SRVl ate rfoﬁh@fﬁ&&iqjgﬁinolwﬁaﬁ%%&ﬁﬁ@ ﬁa{i@g gample

conprises 8 neasurenent units, each of
solutigip perppsingfasgst medeculss on suspeded of conpringtargebmoleselds foogaid

. 3 j | sur enent ,,of | ecul ar. assa
devich ) LREEMINL bl ITRSURETE0 Ry B Pt PE PR lpoctes o
captucansieailesy rmd d aoniterifgh chan@@of afifeddh&BRES: stambnkhe

i i bet ween t hese two el ectri cal connect’i ons

upits. It € _ ]
clectf?‘%‘étto PRBIPTHHE RERTERCCIE MWRIEHY phitargst awlocsles i e sefution.es
00RO A Eg&k unit LS. measur ed. :
e e@gwteﬁlo el eSct ri %g%e%rg%ﬁll(g@? %%{Elogl Igrﬁgg?t %tr? ac%%ﬁgg?(goasfagmg
molecutvs in g sample solotiopartsch metitod dompritdseagstgedingfa ddie comprising;
el ectrode strip. JThe external inpedance  anal yzer or
D & nfrEEiuREEe il At b ictioieoupUbs R AR Trerie it the
substrhRE S§ alClemn 856 LeHheBRASpdde bn shid SuPBARL WRRRM s at least two
el ectrical inpedance.” Surfaces of electrode structure
electrofies pre qenpedsed regpestively do saiduclead twp ténneatiinpadsgh) adding sample

. : r.anchor i ol ecul es. Different capturing
solutigTPeHsfR aflr ARRIRNGL BPIP 03, Eipertiting ferqmal ifitontn e
devicetofalewanigethoktilod® istoual ¢ SieWictrsde diffackts id?] SdBMERporting

el ectrode strips, plastjc housings having nmultiple
mOICCBGéH} hiputpytofhe devdes; ebinspbaging the sohutionlinstep diien e depise to

" : ' Lo el rode. stri
olow 1 pR TG FlofEbleaRARRid Motk mBlceutts: ENR RSt ey
impedhnagietiverdhe sinveg theadémsidvetotmpeanr (isugbsease siaphhetydrdadet
Inolecgll%essur sensitive adhesives). Each opening In the

AT MBsing is located at a position
[00240] TS RAREAHHethSsealBRIMELIEMnitd bhy bditaBle REHFTHEQ Wit are
structure unit) and serves as a
related to molecular reactions occurring on the electrode surfaces. For example, the present
methods can further comprise determining the amount or number of target molecules that
are present in a sample solution.

[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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measurenent well for liquid sanples. After binding the
el ectrode strips to the plastic housings, sanple
sol utions can be applied to each well for nol7deneapos
assays. In another enbodinment for using such
el ectrode strips, each opening in plastic housing may
descrétiall appratus W0 nflti-Wll enidRPRME RIFRUniteRnk Sell EARGARImBELRe; b)
are other. approaches for using the electrode strips.
attachiifg gh grogppg sdsro or pvthersrfaca efispid) appamahison itah Wello f said multi-
i GHb iG-S 0 e placed onto th
e ok R YA P i oy BE e ReR et
arrayp togonidortshel cellatachmakat st giopsh ain 6aill appemab 66Ruithell microplate.
[Oﬁgii%ﬁ materials., Plasti c housi ngs nmay have one or
4 1p BIe Y eetheds jjan Beused 19 mpitonesy suipRisipreanisus that are
relate@nG lcol$ ettahmeRo&t . | |
nateriaLs.aIIomﬁ??gﬁﬁggﬁggnp en%gﬂﬁgég ttggﬁéﬁg%gg%?ng
comprrisg detarmaiaing the amewent oh supberafsehnthet aralagached kalor @ewnton the

i L luction.of sanple tqg.all,regions of the
P paljg SE:O? ?161 & Q‘}se!l??%{%&’kagﬁggﬁl] tﬁ? ﬁ}g’i}g?rcgﬂf&’ff@f’c‘gs pect of the
[0§2483 &hé presa Rictiaids chrlBe ed$6 Bbteiine MhicRr b fesfidSdua can
0 a nethod of obtaining electrode strip unit (or
modulgig.dier dRECaSE PF fleqreise: GeHiatiychmant apgrewth, ar tassegnsor pabed
modu®lof! P%‘f'teﬁérﬁ%lb HE ggeggrg nB8h tchr?p% ggn({u%{ed%g}leléeé? the cell attachment

cl ect ropora I on on el ecC es or
or gregrthucnoniesred abthe pedsabeand tbensé 61 PRstdonipiing bt theintethod is

j dance-based nonitoring of el | adhesion, cel
used g RIGERIN WBRIRGT SBIF T §PERIUNG e dlatesrpitachimemig espwibtag the cells

GeneMI9SI€AlprdsBYRIYTa08t cEAPMIHdSBRlts (i) | gl
nog-coghucting subgtrate, (2)Sdeﬁg§%§¥%gﬁg g@???gorgnwﬂh

such g eypReund yeconsidered agn csliatladnisst pragrewtl Simylatot.e€ohvegsedy, if a

r ucti.ve fil t e el ectrodes or
prse 3 b S SROMEL GGl DS b s
compowniis consideréd Asa defl dtatiahént bbb prwvith idRipiadt er ned

substrat e, §4) optionally, cutting thin-filmpatterned
100244k heprasent methods ean hegised ta mppitorsfiatde ealbattachyentrmetaropyth.

t ' ' i n- L t ed. substrate
For fngls o BN Ricthod? Bufhd Qhllnthd UBRI GLIRERER i ftach o
or groat ecthe sudacstafitie appamtysl csi b evetlafshangultbatll 60&bplaRsofahe

| east ..one ﬁ@$niqg %o f%rn1an el ectrode strip unit )
presefhiyeatipn.caf incpeifad yusghio ppwiinibe pdl alfarkment opierawth of viable
or det@Hafdnt OFiR-Ahble BLIBCLT - ining

strip. In a preferreéﬁgﬁ%%gyﬁgﬁg&%émﬁﬂghﬁg?ﬁgggégggﬁwgum
the anypuas efunibey ehviable or nhe-viablrstellat @be presentmoktheals can also be

conto B S RS P PSR e LS5 g

of a tefh@nobad brd the@fdihdibis GhPd Rt dineSMidiah B dREP ESANS BRI
0 be read¥tfor deposition of electrical conductive

t e I ¢
modulajgs yiabjljtyget thegalls. Inapethat evayne. seeprasent frsthods eanbaepnducted
herefH @ kol - L c-ware can be used.for .
wheref| B8 Sell Sdch 0 AU Bl 1P RRbafe M SR B R g i
used tg seredybtha ¢esofom fueind st gratveh fidtok as@godt®y be necessary

tain clean-substrates.
[OOEQS]Q?ongmons tha?affect suc ceh attachment and growth can be monitored and

analyzed by the impedance measurement. Generally, for adherent cells, viable cells attach
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 monitorin g and determining
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[002301 In a preferred enbodi nent of the present
nmet hods, electric conductive filnms to be deposited on
sai d substrates for making el ectrode strips lddeng
same as or simlar to those filnms suitable for making
mul ti-well paltes described above. Simlarly, |aser
cell papdislopienl andecBidid sthties. NEhdth RhRIhSbuARKRA ok Rretfelis Bn the cells
filmpatterning to fabricate required
or suspieeted 8f batinspai efiegamithe Telisrran bl argest inter the dulture chamber/well
in wh g [ r.electyrade stri.ps
in wHECHIEHS Bhrelifl DR il bS8 Bedied! G4 Aot GfSrem
mechfigisme xuipis @poptosib bmd fiddranipars edlRelte off st thair enitiElyiltEe atates,
rect angul ar shape, of 20_.mm O mm Wth el ectrodes
the oqybaBA SatiEk Fivties LT Abeihey vukbbrya ne aiedanont to he
surfaded Buch &8 0B httRbhmehi Omftel:BARRIL &R
can be cut into 15 el ectr ode sfrf%gyyg%?ﬁﬁggﬁ&%?%ﬁgeOfﬁw
presefidoyengion. hipeyRemxinpcesstan bamamdotedvn regl timp by alps prasent
inwmgégctrodes or electrode structures that can bé used.
17 June 2005 100232] In one exenplary enbodi ment,
[00238 pIitdnioftgr axunglle ahé pdSers hiidap chiPb@ugbiast 1'116ni|&9_tt‘:§llt%901if&%tion.
Dorn1an el ectrode strip unit or electrode strip test
As cellp procgeghio i Yipipn.amers i anase gells ppwathe clegeqstsistrfaess. This will
lead 194G 5EM i SN CTRNTEE! -
cad @ B o e ST o RERA I RS SR opE pRdnce baseline

when@beelly ord @resemti gp norcells ae aahdet tote ddctrofe igficeyni t can
| ary approaches of

f liquid adhesives.
(O3 riRerre! et Faiies i Fioa e BBE PR §F B of any
sﬁta@@é&l@.@%&&pw Lt Wedihd PIndh8ceRY, Pt @Ql(lﬁﬁ %ﬂcc@iﬁ%&?e}[iﬁl cells,

or doubl e-si ded pressure sensitive adhesives

reconpinant erdlsenil seldurgdoetts. [ 00233] In preferred enbodi ments

f the present invention,.the electrodes
(0B8R her e Vel RS el MV ER A S pilee B ERelPE Simect
monitbfingteli ift)ﬁﬂl&@ﬁl&ﬂ@?@h}ﬁ,zﬁhicﬁrmethmgﬂfs@s: FVAdif bove-
[t at |east two connection pads. Eﬁggtroéé%mégﬁve

descrifipd g’gllt}-ve FRicroRtte: e pttaphingresewing calltrmeet posidmylti-well
micropR&S Shdrbifdealp @/@13 Chnthids gﬂll{&%tigﬂ}p %n'(l: X GF salle g%lg ig!f 881s and

. Cl l:CUIt or I npedance anal yzer. nnecti on pa
seriallyrdéfferentidopcatratibe o al st ampaped; amted mopitofingl Rvpeden@between

or am S e Rledindes s e Euant » (RUAT PEADe thEBisibe oo of

said tREEIMEIINGloAGEN QRS nRAdoRgeRANect i on pad can
optionally be via a connecting path that can be

[002ddniope gmbedintest, dhigeressit misthodean Gether nompiste detesmining the
hee of .the,pr nt _inavent. of evice W | e
i S B 18 T 0 Sl 1S5 o o e

compriealeeerminiag ivhether 1o MsatdRounblad ait &lagRik & the SRIWhioPhe cells.
es. In these enbodinents a connection pad can be

..saml 1 &
In stillgnother gmbediment, (hy preseahmsthed can furfiien cemptsepietasmining the dose-
resporf3E cRE S f fHetkd cS:‘ﬁp&%}dﬁ‘er s, preferably near or at the

edge or perinete a devi ce.
[00250]} The present apparatuses, microplates and methods can be used to monitor cell,

tissue, or organ biological, physiological and pathological processes such as cell growth,
cell death, toxicity and cell division, etc.

[00251] The important considerations for a cell toxicity, cell death, and cell survival
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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[002341 I n preferred enbodi nents of the present

i nvention, a systemthat conprises a device of the
present invention also includes interface ellddinod@®s,
i ncl udi ng i npedance neasurenent circuit and sw tches
(e.g. electronic switches), to control and switch the

concéntREERBER raRARIMT AMENEonekitfdtioh o H&eGhihE eLIe Ultabmt}? gﬂv.[o?%%ence
structure units of the apparatuses of the pres

based dpjeetion systerp; @) MEb Rspay.aneppunirgringhcdl hdar gnageatic activity to
deterh)ﬂl\éec%h'v@ﬂnlﬂ%%@olbﬂﬁbt‘ﬁq ealy %&%Rl!t“j; z}enrg ﬂ@g é}ggsof t spgl;:l%c staining,

prograns t can énabl e'rea

e.g., WONELassayy dedd cellppeditemidedtbyehiorésoencelsesidddns A1l the current
%Earatuses of the Eresent

el e de S ctures of the ap '
or cof YFp B4l gethorh doreUaaF 94 Al daHR sl aveavel Bisay have hmitations
in wh@dl'ﬁtﬁ@?aﬁﬂe‘?ﬁlolr Ynt@rﬁw ?e%%r?ﬂ'g: BEQE F}éﬁeﬁgvg 8}181‘91% r‘é? enisyand isa

appropri ate paraneters ar reac
end-pgnt @Sﬁﬂbf that dbesrnoit pobeide kanetic idfosphtgred on a nDnl tor.

P efera t he tware pr one or
0FSFEPG T S RAPR shion PRt b sre P e bt y
Accoﬁimgly,hrdaﬁnér@ RvithQNEe®tH fadtot %’tﬁ@&ﬂﬁ? régﬁﬁssiﬂrdeﬂ Qekth rb§fqhtterfer1ng
zer) to one of nultrple electrode un

or ana
with 41@ ggbrfth Qf‘éOI’SS{i gnat transduetiningpayhvefyst Mbe follovdng illustrates a procedure

2 I
for AR A8 Fowh ] BB Pl b Bl SR TR R R vitg 2 mi
of EGM mbdive(g20@h mdaked)\peeflasht 2 pathivdng ROt ftath oPLriGh! AtE
structures at_one or multiple frequencies; (3)

changif&,0e SEWHY madin 28¢) 0] sheasingiheierneeh tetia ange again gler 3 days and
mlowﬂg%g%?d%qomlgghggg}i% rel evant paraneters (e.g.

| ecul ar reaction in or cell nunber index); (4)
lﬂﬂiﬁébﬂwjﬁongmgelluﬁ@mstas)romdua: foovelt snm&al Sk il )‘lgypsml?mg cells

4 | | f
in 174 Bl aéed LoF T RER pe vl el plafeda R i ptsiobamend
cultivididhe selfsan thésgrog ﬁh@dl@ﬁl\/tfoﬁ Sﬁerﬁi‘%¥ rélﬁ‘dﬁﬁ LY f;tl{rll Q‘%ﬁ%@fl‘ld

The present device and nulti - m crop
replaowe‘altb 8raveh danter frappeeihimtostarye the qsly ﬁqr@m@mas) adging serial

10l.0
dilute gﬂ)gagtﬂ :fécz?t%ﬂl agln&ggﬁla tt% gat{ﬂ]qpe{lﬁg}}/d;l ne béfig ﬁb" cilrlﬁpyt‘ei fogvé |h|our' and 4)
addingra cowgdpahding grovak fats@hrffgutore e edchGRAT Aldl déﬁtiﬁhim% &) éLﬁtlvatlng
aéfed in the wells or attached to the surfaces of
theceﬁﬂgp % containing el ectrodes or el ectrode
[00254]”%%@%1{1@1@&“&%@ ﬁ(%deg{ﬁ'e%f)ﬁmoé §a)W1? Qﬂé‘pﬂr ?9% g

vol'tage anpl it ude, orm time durat
days),pdilings Sodnf M Tudgakobiontatachokels g2 ipubsey far 8 sampfsj #37°C in

059 00 Sh L5 ST R el i S o e
overnigh€aBTANArses &irt 96 COBARILARE, Al 45 ?éa]dﬁlg (M bia festal'$70/630 nm on
resent devices or mcr opI ates can be used fg

the Eléﬁédllfﬁ@ podet i Thy datst frioms tleprltsirentet edel apalamell uaﬂﬂ@atremcel based
s S8 B G I8} B STt BB Bl Gt
inhibitogt ¢@icentration) values are generated.

[00255] The present apparatuses, microplates and methods, in combination with the
above-described procedures, can be used 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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electrically", by Wegner J., Keese C R, Gaver |., in
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molecar Feagtiensrage moaiored) provi di ng an above- descri bed
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100380585 Dbl v el PiBleS al e £7ORel i pEfhotecula
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may be any molecules that may interact with target molecules to be mecasured or monitored

in a sample solution. Capturing molecules may be antibodies, peptides, ligands, receptors,
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capture nol ecules; and d) nonitoring a change of
i npedance between or anong the electrodes to nonitor
the presence or quantity of target nol ecul esl? hing 2005
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sanpl e sol ution. 100241 n yet another aspect,
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of multi-well mcroplate.

r owt h sai.d appar at \ i _
[0@86%&“%% 8 Coon Sratonakidewing Qe devicg of emspsenbinveition
showisiit#alelcBtr S B @b Rirtbatol8dules, i&E@@ith@YG’%gJ&boﬁé%tg ;

attachnment or growt h. "For exanpl'e, the pres
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indiY 6L b ey 8 BB ol Rl B Pt S e
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determ ne whether a test conpound can nodul ate,
capturing mpleeyley s barget raleruessaay beiny meleadhnthat may ingerasttwith

i ALl S TR 00 SETPL S
solutict araaivtemles of interest to be measured or monitored. Like capturing molecules,
target molecules may be antibodies, antigens, peptides, ligands, receptors, proteins, nucleic
acids, nucleotides, oligonucleotides, or any molecules that can interact with or bind to
capturing molecules. [llustrated in Figure 19(B) is a measurement of impedance Zy; as
measured for the electrodes modified with capturing molecules to which target molecules

bind. Figurcs 19(A) and 19(B) are a pair and show that the impedance between clectrodes
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or growth is nonitored in the presence and absence of

a test conpound and the nethod is used to determ ne

whet her said test compound modul at es at t achnddting2005
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. substrate. As cells die off, they start to | ose
of impEdRRTedAASReAHRSd dorfbe Flepsodsi anods fied wih exmwine melgaules to
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modifidd Wit eReirftd Rblehayd qragdr@w@) zﬁ'fdftg%tc%n@iﬁoﬁ mﬁf%i les

be added into the c re chanber/ wel
bind te the qgpesiag molauvéesd R D) dmpdmmmc:lmayl e$ aadlrﬂmiemlﬁlgure

1o 352014 B 8y TR U PTG R RR R 05T R o
hmmng aheple oftthelabelidg @bleagbsmal be eadih | llzﬁ’ S1aMe @olecules whose
ypically, they would be |osing attachnment to the
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i nvention. Thus, cytotoxli Cc process can or
One exargple bf fabeling pdmclmmspht nanorsiedl, elestrically non- conducm;:,, or
semiconducting, or even conducing particles. The presence of such nano-sized particles
will affect the passage of the ions or electrons at the electrode surfaces and will resuit in a
large change in impedance as measured between electrodes. Here, the labeling molecules or

particles may be attached to target molecules directly via covalent-bonding (or any other
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[00246] I n another exanple, the present assay can be
used for nonitor cell proliferation. As cells proceed
to division, nmore and nore cells grow on thd7dreeiftde
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typeslodbehding) orihdirectl9 vil deSo@iBoPi@RRile cBlplBQudLld Hoi-8vidin,
attached to the el ectrode surfaces. [00247] The

sugarpipetie ARtAdy ot geb N 1seenierdigand. moni t or att achment or
lﬂﬁﬁg‘]’"ﬁ%ufg 1 Ef{‘p}’ls asc't‘(')sts %Qétﬁnﬁﬁ&%@ln&i{fﬁ%?{@ﬁf cér%senppven ion

ani mal
showing|tive electrecl@m&nmmum’@ theleaules, deapitted edthcef”t smiol) 34 &le

sl oY i OSBRSS 20 Bt e
b1nd1 tothe (ﬂurc%ﬂl&ﬁllé@tmﬁgreﬁpﬂ&wﬁgﬁe lggB)Pfag%/ét %dq& here are

ove- scrib multi-well mcroplate atta
label%irwgb lig welerwes or 1ab®4EIglpadfcl®ald@pmwdtwﬁh/\7él T symbols

Capumnﬁelﬂcm:%gs a%%&gbﬂngl%guﬁes\'\fgyfm 8 éﬁl{ll?lt alg%zmtseg 1})&3} Ig-l%llec}/ﬂar

bindink pdimsrsenhat mgamtieaMmMncatottﬁ@éap@mﬁ@qua@cutasn d_4bkling
e between _or anong the el ectrodes

mole e%é’ltfg’é}ft&% é‘“‘a‘?‘ aaﬂiecgéesgrpmﬁle@ &t yrou lriléfeﬂ@ the hipasiance
chandel®® (2§ S @t 1n°inoth%f‘}v‘ar& ?@Bmﬁfg%ﬁgﬂ%ﬂm?%\gﬁ? In ﬂ%lg ARONROL signal

or gro one esent

mnpllﬁgattc@cbf(ﬂamlabelmghﬁolcudemn pmalaﬂestle achlmeﬂghnbhgh catib e ctiin
I n anot.her_enbodi nent, the

beiwSh SefipE el Rule® aER eIt Mk soB6 AEHSE (RISTBIeRIf solution. The

i aét (Phe
LA ST SR Ak o
impe

e éne betweepeledendes. uT@rﬁetrm‘@lm‘qics mey beter mmmctnlgs taemay

Y st. co 00250] Th
) L TG T
in a sargide sblatiom actnosleddsl of intbieSItU Be nMas@ed 3PmBhRbeg) EﬁdeacaFturmg,

siolo and pat hol ogi cal  processes such as cel
mfﬂﬂcgr% fgf@EqCP legigay ve apdradies: gntigens, pspiidegi Ngasilwneceptass,

protelilrzg 91215111:135 a-mﬁ 1‘1 eat@%’ﬁ)hgénmﬁ%:egﬁﬁ&t 5108‘8/ l'fl kofles” t%Lt! ¢an lPtCIaigt

toxicity, cel gurvrval assay
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assay have
amplification of the labelmg molecules or particles in Figure 19(F) is achieved through

certain reaction between labeling molecules or particles with some reaction (R ) molecules
in solution. The reaction product (P ) is deposited or precipitated on the electrode surfaces
and will affect the passage of electrons and/or ions at the clectrode 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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in which they are | abor intensive, require the use of
expensi ve chem cal reagents, and is a end-point assay
that does not provide kinetic information. 210028920@y
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enzymes and signal amplification of the labeling molecules is achieved through enzyme-
mediated or catalyzed reactions of substrate molecules (S) in a solution. The product (P) of
the enzyme-mediated reaction is deposited or precipitated on the electrode surfaces,

resulting impedance (Zyep) of the electrodes is measured. The reaction product (P) is

deposited or precipitated on the electrode surfaces and will affect the passage of electrons
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after cells are seeded into the wells and/or after the

chem cal conpounds have been added to the wells); (2)

t he assays perforned using the present invenlt/ijone 2005
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detecting cell condition; (3) the assays perforned
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i trodes. Capturlng mol ecul es, depicted wit
skille Wg?ﬂtrécﬂ apde emmaleean&@weadlm destiecad fonmr ofmam:tsmn

from th@p%fc%? @a]ggﬁ ke ﬁtlhglc#ggglglﬁ) o aC ur I %otrrgq;g \§ consr?e‘vncy,

e any nol ecu
the demyipaou Iandsdlswsbmn mmﬂ&lprﬁénnhvémi@htmﬁlzéh thé Bxlﬂe@mf’%en al
ol ut turlng nmol ecul es _may be anti bodi es,
res1sta6bep:[|rfdlosggal TCF%%S Of gg@apl&z §er1al7rgmstance and serial reactance are

simply called resistance and reactance.

[00267] Figure 20(A) shows typical frequency spectra of measured resistance for circle-
on-line electrode structures (line width = 30 micron, 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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17 June 2005 proteins, nucleic acids, nucleotides,

ol i gonucl eoti des, or any nol ecul es that can interact
with or bind to target nolecules. As an exanil ke 2005
ant i bodi es agai nst DNA/RNA hybrid nol ecul es are used
as capturing nol ecul es. Such antibodi es may be

electthide @GLQGred S AireLe@MeQice! MTBe %?&:Ero@@?e éiéﬂ"nfoﬁg @t?uctures was

Al ternati Velﬁlfl such anti bodi es may be | abel ed
immeRibizqdivigh plkalincphosphste matecbie@by firvroditinggte ahtmduted metsh biotin-

vi.di d el.ectrode
ebel£ B e TR AR Sof Bl B R o SR g
mod]fmd ebdahm!e phcmpl‘mé EﬁMlo&Sstﬁfp&whtﬁﬂiﬂncﬂﬁﬁecpﬁ@ilﬁfelpﬁg%phate (AP) to bind

, s case, target nolecules to
to bl?fﬂh‘?f{ TE‘FSE"CFSPd“a%L%’%ﬁ%Sd Mgy septayidisemedifigh 4P Wrobedared onto the
electfHk 8GHARS, (BOWEN as HaQdds é}gﬁjcﬂpwfﬂ? ?ﬂ)uﬁ@ % :72:3 y lczgs

bind to capturing nolecules - “streptavi
solutmn@qntan@ngB@& tigod BLiPfsaeksn 1l b?rmlmhs lBGZIPISt’bC&WdﬂIpﬁe ared in

ract 026 Il ust Fi gur
omsdhEEAE o8 BestlattairontEid bR LA B By hat T4 a@%iréaack was
prepdred intdesiofized Wakd BsviaRaLS %%‘l BorR:"enﬁz?c}fﬁn‘) e&gas%&hacfa d into the
nodi fied with capturing | ecul es. Capturing

well nlﬁrr@é@lcegn@awe@@mawm@@n@@ impediotely after and sbrhffentnt tme
or bo o.the _surf he el ectrodes
pointg after ﬁgwar?{f"i*f ot SiGrmbal U iavHaiels b A afghe

solutlgl)g(g l esl&ca§ 8? %%/ !ﬁ 0%91 ailog E? ?%é @gzgldl%ﬁgt I) ggmrt:}?q% @Igg;: ti]_ag gc?lutlon

t tti
v G000 LB PRI, T S,
prolet)nf thismeddtiog peecipifaketisonothe elefbddur feéshmd SeduRed §H4d R6Rase of

di ficatjon ma nclude nol ecul ar sel f assenbly,
seried RUHALSH O B PRl oo e Brdn R cap SRR bedintely (less

than Pﬂﬁmté)aﬁﬂef@ﬁd?f?&?o%@ sotaksh, ke é}ﬁg‘tn Yn J’fﬁe l—e%gttitfrb%g 89 produce

surfaces wth anchoring chem

muchfiregipitativg oqRhe ¢lsct@rdossrfses tiypically, dilleahvgh] geqﬁenay deyl ﬁxe;und 1
show n I ectrodes with

f,th t
Mtz 3 bR FREB g B Feationa o mpldmonaed bt he
electrsﬂlelr é@ﬁﬁw@]‘ndﬁ&trﬁia?ﬁkb@%@ﬁ B8 %éﬁiﬁn‘f‘(él@crng’&ﬁ cgﬁdﬁl‘éﬁﬂlt)?ﬁhd

picted with " Ii" nbols and binding to

dlele%%‘fo?%ﬂ%y)e%fuh@ §Olut@ap|1h@|tr i ijradbbetenes Qleaﬂlm:tmdc gfedcture. At
L. ct | l.ecul ar
o RAGEL 2 HEL %0 BT B PR G SB0 5 S e
frequanepidapindgntedisiandeand c&'}@do@teﬁcenqh@g Wresafiple, DehvaYH P, “Linear
| ecules that may interact with capturing nol ecul es.
and “&ﬂ}“é%’i clgiiode ppleszitipnand bilpgicalanatenidy , Agmﬁi@wéoﬁnga Vol.
20, p]p%g 7882 196978L®n, BO Ui AN Pﬁfﬁke JBLLEW:ES «af eaimo%el for

be measured or noiitored capt uri’ng nD

the POﬂ%‘I’ZQEOH mu.’vedanﬂees" camlyadyacanildp etbicesdesarih llxg@hs,lol Eng Vol. 6, pp
telns nucl ei ¢

, d t
579-58P o B omg BPRGEL3 PR GR Aiitetohuy s miioecng rsbaist
precipitiéén Sthe bdatRFthedAnRIm&dined Péﬁctu%%%ﬁgeﬂ Marge change in the

nol ecul es. Illustrated in Figure

1mpedﬁ@@5ttﬁt\@¢ﬁé1ﬁhe g]pct‘,rcpﬁg@d Baeausgn ths non-conducting or little-conducting

nature of the precipitation product on the electrode 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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measured for the electrodes nodified with capturing
nol ecul es to which target nol ecules bind. Figures
19(A) and 19(B) are a pair and show that the7i/hpeddde
bet ween el ectrodes 74 17 June 2005 wi Il be changed
fromZo to ZM corresponding to a condition that
[08268¢ Fineke30(B) ehavedd fre@bncybpddirGRaRifWidab@eM M REMEEHr the same
(Figure 19A) and to a condition that target nolecul es
electigilp struchurenender dpt amicrpgnditbrcad ioFiguEe 3064 (9BYmb6IOD263]
Figure 19(D) is a cross-sectional draw ng of a device
immegiatell aftpr adslétivm efribesnlitim, (Hsymibnky of G Ll e 6 I3d@S, 38 (Chyand 80
capturing nol ecul es, depicted with "Y' synbols, on the
(0) minvicsedsr Be selitor Mag pddsde Nt thavdhereactange shavol mxchipes: 20(B) is

' ynbol d bindi to th
e oSBEL St B simbole and bindingng fhe
measHRIREHaRS ﬁ‘rﬁfl@dﬁtE@ aﬂe?ﬁﬁlaﬁg dl‘%tol? hﬂeasjaﬁ.ltfoﬂﬁ%ngﬁ%a%gaﬂlcg Fad'

| abel i ng particles, depicte
capacula‘{ﬂ lnmnawge betwkerc m}ésmak@md{zgmd indbctive hmﬁarﬁ&rl:rﬂ\aeen 792 kHz
interaction gﬁﬁnolecular bi ndi ng pairs so

and 5{@ gF %t(lel T IRE éﬂéelrjtreé%s e%ﬁtzﬂjdze s FF@CHH’&“& pgﬁq@a between 10Hz

and 3MS5MHE @8d iddabeld ifGafilé QMBS OFitR hlyngd- ﬁl%dlaﬁ:rd%eécﬁ%n
nmol ecul es or particles that woul d i nCrease

occurfig o8 srcdectiods gerfases, (tMtop_lggt ofithis r@nmmmecmoatdd oh d_.he electrode
surfa@@Rhd Pﬁléﬁ n(jﬁtlﬁ&%ésg 3 §ér%rs] %acta];{% gletihﬁ n%gg?iﬂerqsﬁap% iMpedance

any no I nterac
measmmmenubbm 1n1'fmd§;ﬂblyr(mhsethah & $ninttepaBariatigios lf tHel s0Mitidh, the

S to be in anpl e, sol utiion are nol ecul es’ of
enzyf TR GLE "ot 19 b el B b ArecBBGon DR e eleapra Rk,
typlcem%'I ﬁl‘é%@ﬁfre(}ﬁéﬁ%ﬁfe PUSINGINL ﬁﬁ‘[l—%dba%o tlhlBQ&’zln%g gesmtance and

anti gens, peptid [ 1gands, recept pr o
reactange)| ie mgindy d@tsrmlngd: betiidesodo g«vcgnchdjﬂmleodml pipeanyf the
ract w

medidly keg%cg ca? co cﬁllc Clﬁ g}d (gt ee&tnﬁlpamn nig(é Bf) tl-iegoél?log 6i'natt l1Jsr1rllq'0duced
over theal&uur@f@ﬁhcmﬁa‘ ATRedRE 1cAMes, WerBBRASH 28E-dafkd tdi&trode
el ectrqodes npdified with capturing nolecules to which

polarigafiond efige) leading & theftequensy dspendenirgeistanest andghpscitanee (see, for
‘ article ures
examiG RS re AL AEndnEf 1 ESianEhoRRLdofis83 piclhdlilco
materfabs"waeinn. @ientd. digs Vel 20, ppzemﬁa@,a@?ﬁ:rnmfﬁ@ {SehéMh, HP and
correg 0 a on that el ectrodes are
Gesel{igiiz { Th f’\%f-‘e‘%' %‘ﬁ{]ﬂfﬁ? EC@[ tﬁw@wa@@n inpeflanec alowydianpacemaker
electratieg @Rl MédOBI(;lh@t{ R8196 L pp B0 e?or 19% @&&1901{ 13 mi nutes after

capturl ng nol ecu ‘es (F’l ure 19 I'ng no acut
the soptiop ayas |1mir®3w¢d1t0|1hgwplé pr&@pﬂa)tloaroé thesrdddan 0ﬁﬂ1e|einﬁyrn6 fnedlated

I, iincrease th e anc chan M- ZO) . One
reactidlchlEh o TR SRR e o' BPSREE Peiar R oot dieomiy b
non- c@mutm glo 1a;f1@teom@aﬁg GatiR mhé Beciphass prgai&% Bh Gite a&tsolae

el ectrode will affect the passage of the ions or

surfacgy, ghe frenngnet spestaine o therreaseance of fiasisstradel Stvuchiresr wsulto
e e B B o R A R PR B e i e
changnaneagamedccoetaicfor h(gﬁ|ﬂey1ufmib50 PRUUCERIsm A changes in reactance
occurred for low frequencies (for example, less than 100 Hz).

[00269] If the ratio of resistance is measured at different time points of molecular
reaction (i.e. 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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sem conducting, or even conducing particles. The

presence of such nano-sized particles wll affect the
passage of the ions or electrons at the el ect/rlose2005
surfaces and will result in a |arge change in

i npedance as neasured between el ectrodes. Here, the

plottédipanichg relmhve chh®g: i resifp@ickiog k@sal @YstAR e Pdst AREEHL ST the
target nplecules directly via coval ent-bonding (or any
frequsp e fYPreplly7a pekeshepebruryd isebtaimed dignragp(@p. ihbigheewugney,
there\$ Snal i i o
el 808 EROSIES AAOULBEULE UL BP0 g o s
closerte oapt Biith degeeasing 18Q@6K Y, thisgati@intakds unsil B reaches a peak-value.

..Cross-sectional draw ng of a device of the present =
With SRR e (RGOS P i hesasey ¢ v Dbt ratio is il
ggﬁﬂaﬁgzmﬁgﬁmﬁﬁﬁ@hgted wth "Y' synbols, on the surfaces

of t

e el ectrodes and with target nol ecul es, depicted
(003704 It-is efso gossife to plpth relativdichapgeon theareamaptcr oe capacitance value

o0 VIPIECH R inche R0 B b PG A Rrclid mels T tsestionsobioe

placelcmlib¢ elegrqirrsuifat® 9r tal@phiedete BhAvine-ms¥iatea rSaction that causes
nol ecul es and target nolecules forma

.Capt uri.ng
precipiGitog o e TeReR REQGUSHo theplsictreds s fack (eek Rigupa2d@)ko
FurtheR@dre] @(@&%Eioﬂgk ﬁﬁ[ﬁédﬁﬁceciﬁ Ii]EIp‘iSQ)q' pgﬁllglg}g%i:s:tgﬁéeuarnldq cfange can also

nol ecul es. Labeli’ng nolecules™or p es ar
be usedfos dusaeibing the ehidnige iresnpiddan cevdueltd moheuka s@cti®® occurring on the
ekcH eq?nge change of (ZMP-Zo), in another word, to
gﬁgﬁfEV Yetection signal. In this case, the signa
anplification of the |abeling nolecules or particles
is_achieved through certain reaction between |abeling
gdregueneycbpectna semaction (R )

. r
j t] The reactio roduct (P .S .
OGRS SRR ASend SRE A BTG iadea & circle-
on-lineedachbiaignidnaes fabredansoe gEMRubeineaimdet 863 ERRBRDNs: (a), open
TaHggg nRIecuIes may be anf nol ecul es that may _
symbpl, gty pfte (Mt} winuis, rdisded nesattarhedyeat tribe strutrede and
subst@teSAFRLE) &R tfégﬁeioﬂl tgfe mEFERRG ?giﬂig B&10 @c&lssi\%gpalggedotip a well

1
_SQ| ution are nolecules of Interest to be neasur
contamgrg tho eledtrods stmctuap by dohd symbble 0k snintitas @etls Weteasidkias to

e o S8 BB SR ST ot v
addedab itOREI @RS theWlectiBYe BRhEEE &%tﬂehﬁq Sctonl ﬂfr%rcléﬁéhortly

with or bind to capturing nolecules. ustrate
after (wiithin 0 moqutys) cell-gonipiaingmaedivm vofs adderpibd avetlethZBltadid not have

t di fied W th turi
enouglEASHCERLPl, AR IBR SRR ES B it SaReba
impedaat@ésisimice and fac@ne:) faat eRcitbddsiugRed Wil (A h8Shing

.or particles. Figures 19(%&eand_1%£F) are a pair and
medivah yap thegame s almed daaaep as thetebtainedfor thedwd-fie thedsem added
to the SRANGSH el B4 Qrre di.n .condi tion
o the FRANGEF el dMfBn e Ml oo AN b R 8 RBlebd Bas e
electrqdes,gurrveneh ) ell-amthiniog anedamd ntas antrddnedd dvar GRtelectrodes but the

ot LN BB Bt BB S RS

frequency (e.g., around ! MHz and above) impedance (resistance and reactance) is mainly

determined by the electrode 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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19(F) are used to anplify or further increase the
i npedance change of (ZMP-Zo). The signal
ampl i fication of the Iabeling nolecules or ParuneP@y
in Figure 19(F) is achieved through certain reaction
bet ween | abeling nol ecules or particles with sone
leadinig@cthe G8qudnyy dedeRdent eEsisthite 284 U&ﬁa@ﬂanc_gh@séc?ﬂﬁte%ﬁﬂple, Schwan,
e

product (P ) is deBosi ted or precipitated on the
H.P., oL ureer yulnogtipeas elestrodgmpplgfization pré brolaghes! prsesiade, of Ann.

Biomﬁh.%{%,%‘&. %1%%69%@3191}2- 56085 e§$t{v9a%?ngz{nﬁ Sowitz., “A

eading to a rge i npédance change. €,

math¢raitalal mgdetdbethu pelrieatiqmaintpeddres offeardiae patdndakledetttdes™, in
target cul Lrectly via, coval ent-bonding_ (or

M“’d-?ﬁ%}‘- EPﬁe%l- pER ?’Z@_e-?%@n %it"ﬁ e qopditiqgiof gk ¢P ynigytss afterghe gell-

contahifeme@m whLRasMidet 8N GCWhieh GAYBlRe® HED a BSsue gulture

i bi otin-avidin, sugar-lectin, antibody-antigen an
incubaigg &gstayer Bh 4@miputesbe cdlkidv et gives kooughrtife tuatech 86dF3pread (as

conn ] SABLRE BT B S5EIR) S G

clectrddasM Bgcabe of teviogeomfuctifentRsH e ¢dMMBRHhbARe, tﬁ@ﬁ\%l_{&ﬁy

tvvog ectrodes with capturing nol ecul es, depicted wt
spectiuip ol fstséance Af the slecpdy yrwires wesaltesgde cEypoudlsy, ther was an

incredde et R e RlSF Y Ecie G W), Th Wil cRllbe i
nllcrebi nding to the cap uglﬁoéessgﬁégg}?ggwkg}?'f g#{%ﬁ% ?Jrg%lﬁ]ﬁ cﬁange n
citherfpyer & higeBfrequancyetgiomsl ecul es here are |abeled with

G 0P R B s SEP St B Rometwrlronetnefo the same

electrbdd @fihiés indeftdabidbonditidR SCHIBEurDBEELY
= rt hat tar gset nol ecul eg clgn bind to thgg%)ggat)%r%l néyﬁ%]’ shortly
after (yrjthdwe {9 ainutess bellsi hag nabattashekyet 4o thetelrstnrdt enldubstrath atrfaces)

. i W h ZNEP- Z0)., . i
e 0L D5 P8 B PBSRE] o VST g
electrads@ructure (bpdtidispabop bR d0heauds RBOREARAANA 18 itmécémde and

anplificatjon of the |abeling nolecules is achieve
S“bs'if?‘r?rsaﬁja??%ﬁ%rﬁ%ﬁ AT amediupy coptining P 0B @ aells wers added to the
11 ot i | h d
wlls SN e B b Shal B B S B A e .
withirpHewmimitesh tel b canaining reddiah ved eddad thaoed, theeslld did Mgt have

i.medance P), of the_gel ectrodes i asur ed.
enougy TPRB it G e defigdene Thiyvanspucimeddo ik b ngisured
impedaféer@@standk thd FAbhakéd) Ret thé"@l'e@t?dﬂeesﬁuct{gé 9fh tﬂgeﬁ%kﬁﬁﬁng
_in a sanple solution or suspected to be 1n a sanple
mediugpwas thesamgras almdss thel semeods thattabtained foo theeccldasunetiumradded

i tQr oL apturin | ecul es, t et . nol equl es
o ne A A0l 5o SR 5 O TR S S P g S
introduedeyboths clgptrod@] fswhdnibt e¢IC cathidmg metieheRkiifeSiuced over the
%i on CI% t',ges, or any_npl ecul es that can interact
electragies futdhe pe }Oﬂﬂl Botchane grovsl timpioadiaslet the legisedetmidturgs
AT : i TBASY ' nce ZNEP .a
typlcagr%ggﬁﬁle%l% redtcﬁe(@'él’ect rg emgﬁ%rgg%i?%g%?gﬁ% {Sﬁa CaptUf' ey

determinédleuthe slectoddgmimetiarand elavel caedndactbiitythf thaMv@ktRinthat is
are | abe th | abeling nol ecul es

: t t nol | d wi
mtrod%c%fdg)gprt tﬂg F@E&O%SW%& 1 k]{g}ever ¥\rﬂequenc1es, there exists a so-called

“electrode polarization™ effect, leading to the frequency dependent 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
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and 19(H) are a pair and show that the inpedance
bet ween el ectrodes will be changed from Zo to ZMEP,
corresponding to a condition that el ect r odes! 7akuge 2005
nodi fied with capturing nolecules (Figure 19G and to
a condition that target nolecules bind to the
cardisapdcamiakg eleaogesr] @sMeFiBIBL EngIWbol. 6, 3B8hH R3OS &hdition
[ ure_ 19 G are used to_anplify or further
of 2y ‘Q)df'@géeé afifrethf fpibqenraRIng ARy Mo as(iptvetbicz Jo thewellpiwich was
la |
P Ceﬁﬁ'fﬁ.“?%‘%?#!t%%q*a‘%‘f"?@% ] (Fnted, mEBAKTRR By ShOlER ime 1o
attach pirdospgéadday gomdirmed By atiembsampecatminared of &a@éll@ﬂ&h@f‘eglon not

M ST T oy
of thepdidﬂﬁh&hb@h@ dh@ﬂe(ﬁlﬂ:ﬂcﬁhﬁ‘éirﬁﬁdﬁ (RAFBAGES of tﬁeeélgc?dd.'%gh'uctures

npedance (ZNEP of the electrodes Is neasure
was al“@%‘ét iRiHerspbliemithe fhange in e pessitanse, tbe nmcarcrelptﬂzead:}mdgeamcurred

in thetln t r%ﬁﬁé@gﬁ ]\:\a'l‘ég% ﬁlé% qna\%lhl}l%q, 0{ %tgeaé £ \2&51’58 zﬂg em?ntcased
signiféctaetly bedessef thacels, attaciadi oo {0 efectraige | npedance

. re, the _|abeling nolecules or particles may
[“@EaEﬁe“é"c‘ﬁgﬁ%Féﬂff%?@@ﬁlS%CFf‘e@aqseseddwm@qH -gitaghed iogharesistance
meas@ed Wifhbul Qs ARYcHH Qﬁ{ Bl F'gsc‘ra‘% 6?8“3&{}% att% clll;ﬂﬁjgle L&k Ynce o

via a recognition mo cou
serial @cmtmmehm alfunctiguefahe freqtdnny, tgpicalbg d%cﬂﬁérlvg alibeﬂﬂghapecl curve

ot SERT SR A oShe e bl v
case, fh%(sEl)lal 188§ EnceR IRETALIB §s &ifpr&Hﬁﬁt éﬂmﬁ%ﬁ%&’ﬁ‘ﬁéugy, this

anplification are described in Figure 8
ratio W@SEAWIJG\FW%@]E&M@UAPWMOMIW tHe, fmqupmaﬁuaher the ratio

decredgeS BHARIGY ondl§ ‘Il"ﬁgé]uf%({u%ﬁmgéb | I? ﬁli({ b? %lfal%g é)L.lEO t 1t s also possible to

ment | oned ear
plot agdatronanhge inthensdaytahéreor dap@dlﬁhw@@ud%daﬁé tHeCMah@h8he
Mat hemat | c I the i npedance Z i s expressed as

reactapgef foguguaitor pu e cgih attashment tpthe dlegradeisnefageh dsectligure
h
38(D)S. FUI?l‘gegI"Tlgeile%?X]fr tgﬁlﬁéla(ggﬁgegr eeﬂﬁ{%éngge%f %al%{]?e# ¥c%ls¥a?%e and reactance

can alecuﬁfr eyetd forodasgrittihg theghange. in Empeddmee fsetol gellJattachment to the
si.stance, the voltage applied over it is in phase
dean&? ﬂ%ﬁg current going through it. As it is

[oownl FHerpul vilde 6f @etré@ince b €le€ @ﬁer faB8br &fa%msl{c'e Rdth cell-
I npedance can al so be expressed In terns

attach%toathﬁ electredss &e mdemweawdwpmoaqelleattapm@ao dincdectpdessind the
/ +j, X
frequepBy o Wich BB ABL o0 Ut o PR diper s hapmangr gl

attachedon tic elacaads antmre, low Rgit3bdipdtacRobstianEesidnef Batals ehat
reactance%haagleqU|valent Those who are skilled in
Pa 5

dielecirjcgrppgrisy diaue {ar ShRiEplasy? mesbiang aodintrasaldiliycomponents.
For a Sl#AteY Of BR&cf1 8gls Ve IRXPERRI! QB found that more cells attached to the

electrode surface result in higher peak value for the ratio and the hi gher frequency value at

which the peak occurs, for the cells of the same type and under similar physiological
conditions (e.g. in exponential growth phase).

[80275] In comparison with the results in Figures 38(A), 38(B) and 38(C), Figure
39(A), 39(B), 39(C) shows the frequency spectra of the resistance, reactance and resistance

ratio for a similar circle-on-line clectrode with more cells applied to the wells comprising
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fromthe parameter values in the other expression. For
the sake of clarity and consistency, the descrlptlon
and di scussion in the present invention uti |§7Z8@e 2@
expression of serial resistance and serial reactance.
For sinmplicity, serial resistance and serial reactance
the cacle-onsmnqﬁlgctmab btmbtmes bs tlmmoamlem FEAgHIRR A0(A)] 0@@@)7 L0(0)
b ure 20 A%? typl frequency spectra of
show SR isva IplesSrabe o GPIeaecheL oghe Hedeeh et r ode
[08276] Fhigiir@t14l dhB& s e dyuznd0s é:m:t% Hfresi ﬂa %B for (.ﬁﬂ’erent
mcron, circle dianeter = m cron rlca
numbyreeicell b@dqdant@gh@w§§$ carapti tusthe sade typ:am sf cifdie ogllmss

s B A SN B A RS LT SHEE P s m

sena[?@sﬂiﬁnchm:euﬁﬂl@?at ~kBle! Whilg seddinke3 WeHd 7000 €18 RsliRa182% and
The, surface of the el ectrode structures was

31 7"/1 o &5 i1 £5al piekngg REPFIHE a@h&@da?toeldﬁm respattislboyA gdin,ghe
t b |l e
chan%ég? J]ﬁ%r%ﬂ%aﬁt’aﬁ%&? qrsﬁ g&kgﬁ I‘a%@n stt Hg sutlﬁnere%\/lons%lp between

the cd| motberded themsgnitmge af/ihd Ichangmml réab&ﬂc@dsB@FigEl e 41B, for example,
n-nodi fi ed al kal i ne’

h t t t di
the rd3BRET s R K37 bt o i LRI mestp Beswesattbe cel
numbH EABGE Inaghith®f ofShE SRhaY hﬁ'cﬂctﬁﬁﬁ% mﬁrdﬁ‘ﬁo%% %ﬁ'ﬁ%ﬂdesmtance

onto the el ectrode surfac

and pasalelrepctancy ajg wsed To ﬂ@rbasﬂh@mewn@)edanm isis Sl piskible
[ ock..in Tris,. BCP
demogliggattgﬁ%a cfség%nr%ghlj;rrg‘e don#up %Cf/lg @\9 cﬁ]é nym gr jthe magnitude of the

changee e parhill e résduainca abld/dDBgarh @l retlctdnBe. 1. 5 n Tris, NBT
stock was prepared in de-ionized mater having a 25

ng/ M concentration) was then added into the well.

I eda S5 Hhmﬂﬁ&mﬂ%oﬂ? d immedi ately after
atq%iggﬁ_éﬁr_ggﬁﬁ——purnrs—éﬁggr addi tion of the
IO(BGF/]JBaS@d on(tlag dependialt redaticdngip d,eamh yheam@nreadmpw@me @hd
L for, 13 (X), 28

| ut )
moleul? itERatin, T poruiE e e ecp-<alte sholed Briniorsgion s fom
the m¥stfedamp¥ iR BBdldned s %&ﬁﬁt Wﬁo@scﬁgffhﬁﬂﬁﬁ)r %ﬂcﬁllaﬁn%such a

el ectrode surfaces, product I'S reac
mole%llaéemtsﬁapmremd@ncw @B@chﬂbd olbwihg cesillasithte eswetdl ebthods for

ta f the el ectrodes.
caleutffind QR Aelor B30 PR R RIRRC rhebee Pusboipnes s
reactahbmwhén fiolgtigy inddra@iona dekul oA thOdledthile S@fatel Qvnt’h rE:!fJ%ct to that of
ated reaction did not produce nuch

di
the elfgﬁr@é? WEE 3 BROTOR thayecrtjased mstRsuisg nitaieson. tl;km lmﬂeﬂmce
(resisthl& z%l'dggacfta[ %g)gtlﬁgtﬁé/ elb&rdlte: nﬁEt%@ gnn%r 0 gn}%ﬁ:cHFag; 2 &kon taking

I npedance ance an react nce
place biestveithmsanscsaple svduticak ectirthel eleg@cﬁtl”@tﬂnytued%ds sdie@ihésGaferred as

roperty of_ the nmedium (el ectrical conductivity and
baseh@q fui/qe Tﬁlg? rﬂnﬁﬂpl&rﬂf‘% togyoigin ge@pq}tqedwppc}@@e isPy measuring

the 1m¥)9(11e3fn@é1 HERE eRXABAdRE RLEGIL QERNSLS \H{H‘i grs@u nhlog%eerd into the

requenC|es there exists a so-cal
well cppspininehe elgatrodst stasctures| wa@nenghe soltitien 1sfthcememsyhat uscd for the

istance t an for
1mpedg§c%§ﬂ%%ﬂlteg{: ﬁtss ffsplr f cg,ndEl P ﬁgr e mofeculgu( gmﬁmg reaction is
monitored except without the target molecules, here the surface of the electrodes or
electrode structures is also anchored with or covered with or immobilized with capturing

molecules.
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and nonlinear el ectrode polarization and bi ol ogi cal
materials", in Ann. Bioned. Eng., Vol. 20, ]2_;)
269-288, 1992; Jaron, D., Schwan, HP and Geslel e 2005

"A mat hemati cal nodel for the polarization inpedance
of cardi ac pacenmaker el ectrodes", in Med. Biol. Eng.,

[00278] [ ongpexantplQ tBOdplechiar intdiectivanaddx @R belcalkdlatBdyit es
after the solution was introduced to the well,

|
prd¢rPl PEIEN 1E19VERE paledlains e reshuanc zgtieebydiidanssdie
measuRAGELi QRS cQANER Fhofech A AR eGBANOEKd a%s?@n tHe @Pe%ﬂgtgg S.{rfaﬁas) by

bet ween the el ectrodes. Because o e non-conduc
the begeling resisngonducti ng nature of the precipitation

pr on.the .el ectrode surfaces, the frequency i

D BRI o el FEUD S0 BV Fite b Btanf o over the frequency
spectefmuct ures was altered. Typically, there was an

increase in resistance for frequencies bel ow MHz.

TrEdgubEastisgans frenethe saxmen eahicgh the revigquemeto.
[0§2 ﬂ‘pthiSZL%S%% z‘&w& 1‘?&: -gero [“91%%36 18435 E@%ﬁ%tio&zlgé&"tiﬁ%gégq@at no

frequency spectrumof measure
moleallautadiche osturs ot treededtvde kurfites.s kgl Peliut bORSoRsulEN

. Fi.gure 2 : mpol, O i medi ately after
imerdglit iR lcaist S 1A POWaT by OLPRRSHIT HRcHOTOmoreadipns
occurtof to tRSelbltrodaRdrBQs. (0 ) mnutes after the sol ution

was added. Note that the reactance shown in Figure
[08250BIn another hramplsghetelacalan etatctidieindeacihdraalculated by:

oLt anERb Y Sl et Behe e Gne B dvigpeste

measiiige rexidtatice ORhed K6t @ACIRRERi ATk GARRUntthy Blel
bet ween 10?—2 and gOO kHz anlg inélagjgtive In ﬁgtfbu&régh%&s)by

the bagehingEpistaoee, kHz  and 5 MHz. For ot her measur enent s,

t B df : Lt j.n nature between 10Hz

e g R RER G by S R Sap AR B i freauency
spectmnzyme- medi at ed reaction occurring on the el ectrode

surfaces, the roduci}éof this reaction precipitated on

t ABd ¢ 98T alug {p£a based ghdl G a2t 7d8) 9 amaxmeye agkeofn this
case, 8 26rb®% nEAtAIAEAfat iH%_rfcltiﬁﬁtir{o%?eﬁ‘ldié: s th %o!n%‘?&\?ﬁ%gaction
y €

measur enent taken i nmedi at e ess than 1 m nu
occurypn the chestiodé onfases. t Adighet wilienf “rhélecul aninterrtior tidekethdicates

. did not produce nuch precipitatiqn qn the
hat, 15 B0 oS of Sk REisrHiors e iiond i Gt e hoeireyrode
surface€. 9., around 1 MHz and above) inpedance (resistance

and reactance) is mainly determned by the el ectrode

[00g8 bt rong ex#aple] the molesalar piterpetianindéx canebe qatsulated by:
( ' I Vi [ ctric.permttivit
ot G alee BOMALY ClolaARE it (ARG i BV i Blpasured
reactagter (wdten menleoMar literactiér @ie phace 6 thet M@ IE ¥rBdcss)dy the baseline

1aS0; called "electrode polarization" effect, leading to
TeaClapits frequency dependent resistance and capacitance

S BAAR nSEHUBR IR ey
spectryt eri al s", in Ann. Bioned. Eng., Vol. 20, pp 269-288,
1§n9d2 éubgrgét%%’0n9‘ﬁ01nsﬁ1%\,1\1’?aqﬁmt|r$1 v%?lge in the resistance ratio.
100282] In this case, a zero or near-zero “molecular interaction index” indicates that no
molecular reaction occurs on the electrode surfaces. A higher value of “molecular
interaction index™ indicates that, for similar type of molecular reacti 0ns, MOre reactions

occurred to the electrode surfaces.
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Geselowitz., "A mathematical nodel for the

pol ari zati on i npedance of cardi ac pacenaker

el ectrodes", in Med. Biol. Eng., Vol. 6, pp 579083495
For the condition of 13 minutes after the solution
was i ntroduced to the well, precipitation of the

[0p283] Uic et @hothoee:anayTehdindiat ftbe dafatdbdbys caused a
| ar ge change in the inpedance between the el ectrodes.

Bt AAdEmetsUFNdTean g EHek e e sesistance raticcandivisingge
QRUYLE t (=TeTRo] ' - e ctra
e e (Bl BhlcRba B R Bhoct By o B 8 ees b
the bedebnetesistanogle structures was also altered. Different
fromthe changes . occurred to the neasured resistance,
| atﬁa’é"ﬂl%%l%&ﬂ&'} e re&ﬁa’ﬁgf@m?%? IP ECRLYAIE &N eRBURTastref dreanengh by
subtrhdt g Wab Glogbthe Refidddc¥@dto, smal |l changes in reactance
occurred for |ow frequencies gfor exanpl e, less than
10benHijegratmg 2bighe refativigechange valust resi stance is
u - i,ffer [ re.poj nt.s _ of | ecul at,. ..
(0T i s ' Mot I BB o s o inlcates hat no
moleadali reagionoktcirh en e diédtod} surCaEh anecigted vilhe of rasicsiiance
) neasured, i di te%y after the addition of the _
interaghpR, idgy” ingegtes that. fRssimilantype af melecglpr terctionsempoosactions
Occu@é@&ttﬁgelg&mlsﬁrfagegj ative change in resistance or

serial resistance) as a function of the frequency,
[08285] Bas wyrthwhibetmipositapethatit ismeot nsceabirainddiviesuchus emolecular

. 2000 )ys hi.gh frequency, .there is smal| or no
‘“tefaéﬁérhé’@e’f plor e LR Hien ifheionde MomuorGgmalecutar
reactib@ SbiidifdBiver hBRldcabIR. IATuyOSE: hey Mse W&il‘kctl?z use

| |

. decreasi ng frequency, this ratio increases unt
impeqagge MelBesy(€ e dik 2 visgleelixed\fregnentyc pleat gimaximbim retadiyerehange

t ] ' eases. Even at 10 Hz, the ratio
froquirkh 5 e TRLREFL i Ber Y FEnBlseer hisoshofs piopedng on
the eladtsdepmdsiebl e to plot a relative change in the

reactance or capacitance value and use the change in

the reactance to nonitor and reflect the nol ecul ar

I RC PN ali ko NS MhdeEindlx t he el ectrode surfaces or to

noni tor the enzyne-nedi at ed reaction that causes
[002B6LCBskd at ithendependdneraamoship betwreon et manuted empbemts, edR

numb3l BE BT, the Piabfhcel b, of Btached al irebe et cell
attachii@AC{ANE, 6t BPOssble B diBelsRhallod “dBSfmitl Miek M Eor COR Hifex)

i n i npedance due to nol ecular reactions occurring on
from thy mneagyre¢ trpadanen frgqueesy, spedira. | Yartua moathdds doueahayjating such a

: 002711 . Fi gure 38(A) . sho
cell B AU, ol e B8C, QTREN PN R Dty ol ekde He
calculefimgdueh celhninnber igfacikabtien tielcHed gelie Sest ek 6AL86taRE: when

1 | ass gybs ra{es nder two conditions: (a), open
cells ar¢ atfashed b elegtrodersiructuyg with respert e Hgrcels netaitheherd 4o the

electraiRtst@biuac PR i)(‘ff)_%dén%e Yﬂ%ﬁﬁﬁh@ecat:{dqg&tﬁﬁg) ofStHg éltﬁ(?]tg&ﬁf‘nsh'fatgﬁeb

.. surfaces) the tissue culture nmedium contar ni
with neegkll gtteedied hddedh sonacelledulture 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 structurcs
with a cell-free culture medium introduced into the well contaiming 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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containing the electrode structure; (b) solid synbol,
2h 40 mnutes (cells were attached to the el ectrode
and substrate surfaces) after the cul ture nedilyse 2005
contai ning HT1080 cells were added to the wells

contai ning the electrode structures on the well bottom

(e.g. SURTiAGEs) aBBOME ley]- c@ﬁtﬁﬁlﬁng(ﬁﬁfedlhinnwﬂsoapﬁh&yioecﬁé wells comprising the
cell -containing nedium was added the well, the ce P

electiglg stptursage theatrdLigpitam (ruripe tha shactperiod efier ellewntoues.
f r ed dan
meaifa 55, SA0UL LR Renh RS OF JRRRYY B, STROETBGer e

lengthvof thig slhertqmlnbd mmﬁ@pmm@l cdlegpel ﬁm&X&Ssdrffl% fadmhentOdr modification
obtained for the cell-free

on (0] P ECHTACO (o) PR Blnce PGR el B 0RE fmeshrehshen all
the c&lBlih tHe 881 ﬁb‘lletl&'ﬂ&i W@érﬁm ﬁfﬁ?mbﬂt([e% !rllll%ﬁ- né%ﬁtu}g]t?eatment)

el ectrodes, or when the ce cont
and/or reagertt (egl C'@VGSEM]‘(@féhEGIIMMEE) Heutsed, hhee treztinlest atidchr peigents

to atta ctrode
shouli¥EaBRPHRbEIRe broplhl BE heRedit® siiTisiobr e elgctrodes).
[06280yNitbde d¥kizipR thealal w@MnberpaeasiErd dasistepee and
reactance) is mainly determ ned by the el ectrode

(1 @b pashryeasrgd Sregeency cealoyhtingdhe SﬁSi’s‘fant:ﬁEﬂﬁnéWi dividing the
( . bl _
oM el Ftarse CHGE ol e ARG 6 REDEUAARE ] e bt
streustangeee. At Iomer frequenC|es there exists a
‘electr olariz effect, 81 17 June
(3 dipdih f daieRying e raanonty 10 dpantisamoass everboneauency
aggmﬁ@ﬁﬁ0|tance ((see for exanple, Schwan, H P.,

‘Li near and nonlinear el ectrode polarlzatlon and
(3piand sehtaatingrenctromithe makimuanmalue Bi t(hmE@HStEEmg ratiovol . 20,

[0@583@]?19&11% %§Se a’%%% Or‘gl%{g%%? el o uiqﬁ:»&érﬁdFBP U%H:@tes that no cells or

very sooillatunziet bf)fblls HpEHIREDE oR br StdcHEdH tﬁ@@l%ﬂ@&i%r surfaces. A hj
Iec rodes n . Med. Biol, Eng., Vol. 6, pp 579-594

value g6 SR indeR oindisrios Masgon s e of el horicsils wnder

Suml&?(?ﬁ?@{ble b8l JTRGHHBM, WRste 'cF'lisr £ Hﬁﬁ:‘ﬂe(ﬁ goa[ﬁ-‘g Gle l)(!le i rac‘%hvvas

aced Tnto a tissue culture 1ncu or oV
[004896 Inunether taenple thescellerumbgr irelex emobgaléilied be: attach

1 ReeRR Bk raiehi o fun diver dantsyotingy dviding the
ehRedurerRSiktan BEGAHER el akkRBad}RN 16 ARANCEHLAL) B ?ttljr%l%s&tne

the_cell nmenbrane, the frequency spectrumo
r EsisEnatice of the electrode structures was altered.

] HBARE o erehtfing o By Py U T o il 8y isgaoncy
| speceuthher | ower or hlgher frequency regions. 1002721

Fi gure 38(B) shows a frequency spectrum of neasured
G} plbiekinge Ipbwalin e s apased 6 dBrr 6od M rafchamesmmdeiug inghe

sggguﬁgpﬁgllons as in Figure 38(A): (a), open synbol,
shortly after (within 10 m nutes, cells had not

[00298]du Hesl ca}se,t a tapo bhecaelzewt ‘icold ﬁuﬁbdr adbstindgic@esthbi @c&SIs or
i ning HT1080 cells was

I ssue. cyl ture medi um cont
very slgliaﬁ rn?: (ﬁuf’ fire PEeseRt i Q{gattta‘;ke 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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el ectrode structure; (b) solid synbol, 2h 40 m nutes
(cells were attached to the electrode and substrate
surfaces) after the cul ture nedi um cont ai ni dd 8@
cells were added to the wells containing the

el ectrode structures on the well bottom surface.

(1Sha eadhymedstied fleguency, calbxdliting the réficut€titio by dividing the measured
cel | -contaj ni ng medi um was added the well, the cells
diTgrshice huben cells grgtitacheriorter deetrrdsskhy thabassline reacdaes,

) fﬁrﬁj'ﬂg&&%ﬂ thelax iHBRS !
(-(Er esils ance andﬁgegct%{@e \%atl}fmt he e%‘g[c Creorg@gg &E@?E%‘wncy
wispecttune cel | - contai ning nedi umwas the sane, or
| mpst, the sane,. as,that. obtained for the cell-free
s S ifiugons fomihe RaK AR IEM e gRIMBSSBIo  or t he
[06292(id thca¥d) @Netd & e@i-Ferb FEQI SuthBr i fe %cﬁ@té@qﬁm no cells or
e

i ntroduced over the el ectrodes, or when t
very sigal] owrabar of selksprepresenhonas aitached thuthe éleotrede funfaces. A higher
ueSee the.cel l.s did not have enopgh i t
valueBPEL RS Mlex URIEEG R o T o3 STyl R SR uhler
simildriphlgsiblogipabemgd it(o;ﬁs,gnoregénymd _aﬁadgﬂdg t@ﬂfﬁ e@d&lﬁ-&iﬁé surgaces.
tance js main|y determ ned by the el ectrode

W‘&?@Lﬁ’tﬁ% erepanpie, thgiindextan be calctlpted byt he sol uti on
1t hteadiSmedshtdd Y8 M CH WG io

O O s ARG e oI (L FELEERE o it )

megguessk regislangeddicn zells wabttahéd ot the beadbdeg) bptheaseline

rﬁ_fi[qte yency dependent resistance and capacitance (see,
oY e%(arrpl e, Schwan, H P., "Linear and nonlinear .

(28 hiaatoaRdmiting kies Bt Blngd i RisRhOinGakh ARLSHEPhSquent by
Ann- Bioned. Eng., Vol. 20, pp 269-288, 1992 Jaton,
Dsubtragtingane frpyp thepsistasesd Pt 2., " A mat hemati cal nodel

t: Al ' of 82 17 June 2005
G} Mo B BBLEM AR LA TRERRYARCT, Nea! ‘6ol Eng.
[00284] InBhis ppse5 Téki 9B ber Brriex halegioadibise®bn nffitipdB-f&Quency points,
: B‘i{tnu.te after the cell-containjng nmedi um was
nstea] of SIRghg AgAk-I5AVREY Nsp PbouRIFXBIND s Agpinat seroon neartzerds rsll

numb&Uh &4 8ndiBREPRLO LIk agt{}%rg%ﬂi g‘tﬁgn%‘ceiec{rggesc o L%g%ﬁa?unee %f “cell

gi ven enough tinme to spread (as
numbgingéxE rindicaprethaty forisaat itpe offthe dedls and bdlsimdehegmilegi on

. . .C .ed by the el ectrpdes) nder such a
phys@%é{affltcg}é%,{l%sé@ﬁc’ﬁ% %eq'(?fmf ﬂ&’cﬁ?fﬁt-oc%ﬁglﬁ‘&tf‘?dﬁ@' nature of
[0029§] IeRIWortRVHIeas Boint bt thit S DENERAE! th WAL sidie ‘gell number

. ,Beact,an,ce of the electrode structures was altere
index’jor pliligng theigpedanse iarmationfor menitartrigseHwoaditipheoven fher

ati o) . hi gher f.r eguenci es.
el LA A RSEALY s Ol PSS B G
fixed freaquesas ed at Smgrinfunt suitlve-dhesgUBeuehcyt, beatGRhtipleatdReRE8) as
el ectrodes. 1002731 If we take the ratio of

. .onto th
anmdfcé‘?!rgi Sfﬁl:‘? &¥&red with cell-attached to the
[Oﬂ%ﬁ'ﬁﬂl?ﬁ GEprefBR Yhafle ﬁetsm %veﬁﬁ!}ﬂ 83' Ahachad, nlgjerglllcgetrx” and

i's ratio (namely, relative change 1n resistanc
use sugleindet ta menisaranlt epndigors. fkest dresevefal ttreantaes) uiiiiyg “cell

i call we ohserve a,peak-shaped curve (Figure
numbe%ér?c%%) ko %Pm}{\cgrv%ﬁ gf%tg&‘éﬂg’y ’attelcﬁgnregt q:gl?cgﬁ%q ifitycopgdjtions.
[002911FYEL, bAe EdMeconTHRRIABR B8 rinthnk &b Bdifferent electrode geometries by
utilizing such cell number index.

[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
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case, the serial resistance), the ratio is

approxi mately one. Wth increasing frequency, this

ratio increases until it reaches a peak-valnguﬂﬁgﬂps

i ncreasing the frequency further, the ratio decreases

to about one at high frequencies. It should be pointed
perfoamtngtifripedarice infeagdremes $6i ditfereh Onunibedof Bellsalddéd athe electrodes
. (ﬂan ge in the reactance or capacitance value and use
(in sYch@n SR BETHREN It {HBPOFtaRIdP Aike St thasrihe sedetheplls dpyewell-attached
to thd &l@ctﬁﬁi'elsuﬁ'ﬁéeéf "WRRludiPa EAlbr Rl ARG H3H b 3G ot aE

Fi gure Furthernore, expression o ance
measpiyentept iswenbried; i ib Slenpossilsic dn ewinane celbanhian Gom th@mewly-

0 used f.or describing the change in inpedance

lnmmgk%c?ﬁ %ﬁpqg f¥%chnent to the electrode surfaces.

[0 DO TAjrdiThecl PR akbey ddeR caih alshBe LSS t§tcaﬂl‘f)§rer cﬁf‘fh@m( durﬁc?]
e

the ratio of the resistance with cell- attached
condigiopy t Fesdhe same ¢lperade geemetiny andaere m@nhﬁe of cellst astréde troatment

v €01 LOHR e, LERRNSPRG T FOLELARS) B
surfacedridéor bettéramhfack fon celhetteheeht, ode surface, how ti ght

such attachnment is, the size of the cells, what
di el ectric properties the cells have for their plasm

C. DEPRLY AEm@ibds Por ﬁ%ﬁlthhéEelPﬂﬁ%&%ﬂt&%ggaﬁ a number

of the cell types we tested, we nd that nore
cells attached to the electrode surface result in
[09308h by yab endtherdspest fthe ptebent imtentomisdlitebied i glevice for monitoring

e R o A
on th@ Q.ﬁﬂicb oO8isd hiebstrate] DK BRASH defil att8ENEHR RRBSRded b[yqps%gé'gd
I n conparison with the results in Fi gures 38(A)

electrgegargg conprisingafrleast tog ;alpctrcg@g Byhergosay fubtowt atth@ment area is
separcfitE@ AUENGY SRES Lt etape% Hyeas e?ltrgﬁ':aﬁi eb%lglff]t 1&1 ES em removal of

resistance ratio tor a si m
said i:ehmtaﬂmdscwl/l keratoreorqebweh fagplshiddirktaetl h&aMﬁrﬁd@ area into said

0 ising 83.17 Jupne 2005 the circle-on-1line
secong Blilrpl o nd stidicel migrafi O BopuhiaReity In shgngcces impedance
betwe@ﬂ Q)Aﬁmoﬂ@ EBUrodt 9 {Qaid §é&9ﬁ@ eﬂe@t?o(fegﬁ‘ég ts for Iess-nunber

cells"attached to the electrodes. 1002761 Fi gure
[0‘143!!1\! Eliroliist ecleatfarlznersaos @péeve anychurfaesiistableder cdlitdtachment.

no f | ded h | |
In ad%@%ghestlfi c%lﬁagtagﬁirﬁ@q{a{iﬁgg'n@ﬁ fl!ﬁsc‘lr% g (Hl P(gl]%élton%r(\),n\gotlosn moiety

to incRagCtht effRsenchof caKatRhMentS ALY HistaBle Qb‘ltl-aéﬁ)égm(ﬁeﬂrbﬁotlon
results a maxi mumof 17% change in the serial

moietieginelpding dheprnss descrigedin the akote Saghivn Bt candsdisad irghe Present
devic@&nd 7000 cells resulted 182% and 517% change in
serial resistance occurring at - 5 and 30 kHz,

[00382]pBt firstedell. attActanant atdaend chadegend dedthvde aR%kiod h)resent devices
can _al so be used for deponstrating such

b react an f@
can bav gAY PYFRH S MHRHREERS. HOREXwBPle, ABER IBRLEHRA, the frst cell
attachFRANAEHSR] @F S&I&ﬁd CRRRSE by %%ﬁh%ﬁ% (see Figure 41B,
for exanple, the reactance values at 250 kHz may be

[003@HA nyosuiiteblesel atigratien harrienei e used wethn ptdsentaiekices. 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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nunber and the magni tude of the change in reactance).
Furthernore, if parallel resistance and par al | el
reactance are used to express the neasured ilff88ae®
it is also possible denonstrate the dependent

rel ati onship between the cell nunber and the magnitude

[08303] e yetahathgesspiet, thapedsbielinvesibs idietadnd aahethed fikr| el
reactapce. 111 Deri vation of nol ecul ar i nteraction

monifqrig,eefl apjgiptign B&g@av%ﬁvlvﬁ%m&&wéﬁa@@m% PERTOBKEE 40 above-
descﬂ%ﬁ%@ﬁe?&%&ﬁ%@%@l 'nﬂ?x%ﬂ@ﬁ‘ Eneg@er | ngB c%[l 0 l:C»F monitored

i nteracti on, i S possible to
on the fipit sell Bﬁ&chmméaraa;tq) oxmévigethe cEl ongratibe bms al’[cbzdlowm g

d fr, t hod
i L e T e
clectrld;ﬁe drca;l ahdtd)endrdlotiaph REan R fhthbstBhE b Swe &Y & Bhorl TR é&‘ﬁ%ﬁes in

for calculating such a nolecular interaction in
said yygnkelesirodp @re@ﬁ%\ﬁg@tpmm@gﬁcsw@@w@rof Sﬂléa?@tlance vvhen

r ode sy
[06@62?}“‘: gl:) g%r{?tn?eglﬂ)‘iﬁ c%‘ﬁ Q&tﬁﬁé mg:\@ntBF F:ipgrc?gée ﬁn@f are
relateddo tnhgratmlmbr griowth. nEcbreaxuﬂnﬁre tltetpedssaﬁttmahodsmm ﬂxﬂm@aﬂﬁ,ﬁse
of the electrode structures

d
de‘e"%ifﬁﬁé e GPral T BT S o kb e Few ippdbesasond lpetrpde

areg, Sane sanpl e sol utions over the el ectrode structures is
sonetines referred as baseline i npedance. Thus, one
1003931 dhe presant otsthaids cathlee med ¢ deterninp edtatherea test dnynpound can
t he edance of the el ectrodes

moduJRETY. ificast BF 4¢TRRE HiEFa ) ok dfufih i SSreguiE such amgdulator.

For exdigple Wt bres@ihitidd Gait B ctldasied 9ARrett Gk 'ilﬁératﬂ%‘ BF ElcWth is
the solution is the sane as that used for th
monifoplif AMcRreISS ackHsRRCS of griest Rempeind; anid dhe whibod it bred to

erfiRle SRR ored e

deteniReRARIRE pB0 R Dltnh AR TGRS I RE o B Bhespelepnlp

anothet @mmpba;lethe presalt acthicald eeus be umidubtea witreith £ callekigFagdn or
g S%ered with or bl| zed with capturin

erowif} dighlald b5 Tietdign r srs0ah SpoSlsKEEng fhedrebod i psea o screen

the te$tSmFBLEL i @h ahAEGH AUFAN slifdf¥o,can be cal cul ated by:
at each neasured frequency, ca cuI ating the resistance

[00388] Measpramant of legsthhad noedssrofdeurites 51 aitbatddatearons (cell lines
o R 1 B B PSR e b v
outgrcd,ﬁhéram)éﬁnl’@udlﬁﬁ THRX nRbNroaéid @s vty tRe eﬁﬁss'l.lﬁje@ﬂ"\cee ]ﬁyafn'tt%ratmg

over the frequenc spectrum and subtracting one€ from
the fluyoResCrree: HRsling B HFELHS cPRiPalminmecaRyAnd. copm@mvxgylall n

i RS E0 IS eI S W
the systhm ieveytexpetsiwumil diuerescont hibgligy isvtequid ofin 200G beduse of
the slow workflow, this system is unable to meet large-scale studies.

[00309] The devices as described below allows for single neuron positioning and neurite
outgrowth real-time measurement. The scale of the device or apparatus can be desi gned
based on the requirement. For example, an apparatus for research purposes will be the low-
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 screcning

system, and the assays will be fully automated. The software package altows basic

measurement, calculation, and statistical analysis.
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interaction index" indicates that, for simlar type of
nol ecul ar reactions, nore reactions occurred to the
el ectrode surfaces. [00280] In another exangl/dungHg>S
nol ecul ar interaction index can be cal cul ated by: at
each neasured frequency, calculating the resistance
[00310] B.cbyrdihigly, ¢h 1 ahbdBer APagUhe Prasesiiftaficg i WhRRd to a device

nol ecul ar interaction take place on the el ectrode

for mepitqrpenepirits outgrgwthy yadeh spparates comprises an RopgonRdpcying substrate

compB8ing! & i Q9L TR FURLY %éﬁ%ﬁhg afdASulGh R Caem-]ﬁﬂ{é Sowth
over the fregquency spectrumand taking a Iog-va ue
detectien grea, Waseid nowrite@rowthelefci 8 prea fompasevax i aastrnvvadlagrodes that

e o e Ser R e PP SR o when
least RASHshAelccDOALY 1S aPRalt PRrtRIIOCHT Qe b Y4l 3RRPing Aelto8NEbr

val ue of "nol ecular interaction index" I ndi Cates
examplegd change of impadancergap be generpted silicaat leedtd 4. 6iYs, 1 0P 126%, 30%,

a ' teo o o surfaces. .[Q0281] .
0. SO KRR EHA s 1 LR MRl B0F
covered by sdidigadviby newbneach neasured frequency, cal cul ating

eact ance rati o by dividing the nmeasured
I“@ih@w&f‘ém( SHiRg wEh A} havisaay seacssuttaile fosicsl atteghment. In

additibhah&h8ebh aslGofiHE hRE R8N bOoliltRdRAREL i:{l?—adlfe@i%%iﬁ)gﬁﬁ&ion moiety

finding or determning the maxi numvalue In
to increage thastieciensyiod newen an¢horing e dugsuitable pabadhesioapeomotion

. ' f h ' .al in the .
moieifh hEREsTH; GRS gl bl A RO Tt B EEcartbe g n e present
apparitesds-faemonitorigarutify outgb@tiact i on i ndex" indicates that

no. ol ecular reaction occurs on the el ectrode
10654 2} Hcoacuron anchorang ars? ard G newie estarewth detrctpaeter ofithe

i "o i 1 f ,nol ecul ar ..
preseb B 8R0St ot 0 SIS, HES AL SE Bl P
25, the netirag escho8bg dikadnd th2idbite FOR28B détectmtar@imhfbﬁrconcenmc.

at eac

anpl e, . the index can, be cal cul ated by:
In anqfit Chprmier {16 AFBAR PCliRing G <a oh §e pieenicr G el ame on and the
' kot i e, L ar
AR A AL 00 M LS
anoth¢rexamyake themeuioaginshaingarea drorbecalcoter squangregtom and tiat neneite

o SOAREEL, S8 SAPRE R SE SRS ERRR g™

[00313] The present apparatuses can further comprise an impedance analyzer capable of
monitoring a change of impedance between or among any two or more electrodes.

[00314] In yet another aspect, the present invention is directed to a method for
monitoring neurite outgrowth, which method comprises: a) providing an above-described
apparatus for monitoring neurite outgrowth; b) positioning a neuron to be monitored on the
neuron anchoring area; c) allowing growth of said neuron from the neuron anchoring area
into the neurite 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 cultivatcd neurons. Although the present methods can be
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then integrating all the relative-change val ue.
[002841 In this case, a zero or near-zero "nol ecul ar
interaction index" indicates that no ol ecdl’dine 2005
reaction occurs on the el ectrode surfaces. A higher
val ue of "nolecular interaction index" indicates
used {0 @bnitdr@feusicBut @bwityd PhglBBEGEH! iRfs préeebledB e VORI & hi %h-
reactions occurred to the el ectrode surfaces. [00285
throughpyt snagsr ¢ swi becused tpmionttorghe ovtgeawthiof a plurelityd cewsas v
: ,ve such a "nolecular interaction index" for
SHnu%????%'ng t he i npedance information for nonitoring
[008dI6¢ c ul Eire preseatahethodcandictused® det@mildwefh@ctteqd8mpound can
Actual l.y, one g choose to directly use |npedance
modfiff, ¢ 1§5eg5e or dorease; Ry B, 0 HuEARY: byIch@ rBodulator.
For eXahihlBURE pRkalt nY@hsdiang Be céﬁcﬁﬁéﬁ% eif? 'ﬁ—fea&euﬂw S Bofth is
frequencies) as an indicator o nnfecu ar irnteractions
monitggesuinithepresamnce amdbatskrest afadest sampagrebandl the mBthoid\sitidedno
L, nu (. index [.002 Based on the dependen
deterf e e NP st PR R R e PE Govig ettt dapnother
exampleihe hrdsemrmetAcdsUuan be lchndichd Wihebih @hSmbulitd) th & stimulated
attached cell nunber) and cell attachnment status, It

by a neyrifspudgrawih stsmelator gd the septhog is aged toskicem thedest comgewd for an

aHMg&ﬂgcﬁ%Hdsbﬁﬂﬁﬁgn fromthe nmeasured i npedance frequency
spectra. Various nethods for calculating such a cel
[003dfper Thedelowiag ilbstraeedn examplbef thelpréehtngpatdis and its
trate several, nethqds for cal culating such cel

{11 d
operaliffirn Bhe SRGEARAFETHISETR 1 st onviielss plusdlie obmeasurement
units fsQﬁ&ﬁr?Jlﬁ@d.‘ME%h me&RutSndh ﬁni@%lﬁ@gfcﬁ éﬁgtiélg %le%{r&ﬁés{jl? Ing

structure with respect to the ot attache

approprigte gepraetticddelagonshirsu e clfrodsspedicapakle (Of pssitidmng individual
] of. the electrode structures wth no .
newro 3P4 ST AR ool o P S AL L PbER TS SreraPlie shesrial
signalt Ree spipkied foolie eRtirodds U6 pRHduse pERiind®msletelbiLl gé‘l%es (e.g., see
e

, bgseline i npedance. The basel i ne inpedance may
revievs By Y Hed By andorlengrd . Wgleeirasic maaipplatipo of erjlswaysicrachip-based

-t he. i [t Logde structures
deicld BIRSAPTE R JBRT AR B8 180 R L ERR
Publishets| P&oHtSaiAnippd 351189k leaine etdodiniane, ithé @Sasurothén @hid cbiBrises

cul.ture diumis the Eane a% t hat used for the
a CemF&fB%C&L?ﬁ el a‘f%%ﬁgf-“é ¥ Brultiply eireilare pagnesit oleetrades.nin another

bodifileht, M AEATRRent SnilOHh N6, ' &8s
o (?rreasur ed short Ie3rll 861 17 %uﬁeggglgégs(qﬁégg.él 1 ?néﬁgﬁg%%ded by
multipd¢ Hipgar s¢gment ElecitedesaiThi appanssds wmay Wartheappinpraek dnintpedance

. C [ S t he. | ectrode structures on_the I

a“aly%gt*{ag‘r%"? e ﬁ%@‘iq?{ém%lﬂ%ﬁe 1H]é’F3 RPN LP feit Bﬁ%lsmvd%
[008E8|i unTraeid] the @Burof @LMSat ARt chRYQrL8Y &2 ihtrd®Rick@onto the

attach to the electrode surfaces. The Ilength of this

chip suniesier Ipstiyideel astly gapeitigneshonde e aepise ofimehsurensant bimitewith
applyihg ?ﬁtm&e&ﬁca‘mghééecs?éda%n After the neuron cells landed and adhered onto

the chip surface, electrical impedance between the electrodes within the microelectrode

array is determined. The measured impedance values are used to derive information about
the neurite outgrowth. When the axons and dendrites grown from the positioned neurons
reach on to a particular electrode element, the clectrical impedance at that electrode clement

1s altered.
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on the el ectrode surfaces); (3) the inpedance neasured
for the electrode structures when all the cells in
the wel | were Kkilled by certain treatment (e ’glune2005
hi gh-tenperature treatnent) and/or reagents (e.g
detergent) (for this nethod to be used, the treatnent

D. andlpparatesegand snethédsiod aﬁ@lyzﬁlfgfsﬁﬁﬁrtichﬁnqi Bi@6¢H el
property of the nediumwhich is over the el ectrodes).
ne exanple, the cell nunber index can be

[Oh&%iﬁrgqtggo gr aspggt tgp péﬁé@lllf. IFEadigR éﬁdlchéngg [g )apparatus for
analyeflpGHUb 25 418 v itiDe aéf%?dt?%ﬁd?xﬁﬁlse E@osmitecg ﬁgc i atnoncl'cH:gdnnel and

measur ed resi st s are at
a palleqifefdwmdessl))cebyd oiepiiage bideealong siid hacroehand)) edohndisig
eterm ni ﬁ% t he maxi n1va|u§ﬁ|n t he resistance

el ectrod yNaving 4 syriage flrreg(tﬂ?é REVALs o ds feghihpa fwigh thedasest£eesing

sectuﬁfaBaneii oM pireicleay beumlyahUeheRid ﬁh@sa"g@%‘f%ﬂ@ﬁﬁlcfeqwo(ﬂ% said
[00288] In this case, a zero or near-zero

electioge pai 11 53 @&ff@@lﬂt’ﬂﬁ@m@a‘@éh change of ppgdasembdtwoemdagt
dﬂm%ﬁ&ﬁﬁbhﬁn%%ﬁﬁ&fﬁ%ﬁﬂﬁz@? lcﬂached to the el ectrode

surf aces cell nunber i ndex"

[00326] catEe eﬂéa:abdesfccmhs@mm mﬁmﬁsets e a;ﬁl}lzﬁlgam:@aé kSa
ical conditions, nore cells

| h | o
mlc“"&ﬂg&% ?%’Ic@é'a ag Eltl@ SHERET e [Suh ackaight] Goo@ogxample, each of
the clBRIIRE EarALR s@rfaéehﬁeé"ﬁ'lﬁ! %dﬁkifé’% or lsg )iha%atﬂe Qﬁnc a half, or ten

cal cul at ed by: at each neasure reque
percegtihe laragst ﬁ@si'mtlpwlas‘iaalf agartad¢ © Heyandiyeed]i ]fngmbﬂﬁr example,

cch B B ot e IS B P SRSty b ot
substmmaﬂsi‘l@l% Eﬂaﬁltlikglafé&ﬁt STeRlé-THMRASRINUT ol fArtdietd lfesinﬁfﬁ&? eln still
ratio over the frequency spectrum (3) and tak

anothpqﬁj;aq@ﬂqj he(derodepepnspgan the Eotitsyheigip ofm)mmfochhmel
(00RX] MRt e Bpbilfiscd ERELAAGL Al k808P cdes. n one

this case ze near-zer

examplnduhe atesenttappdratueesaehlsiso two pafsyo f&l@klbctmdﬁb GsﬁldezvociﬁlrE fire
res nt .on .or &Etached to the el ectrode surfaces.
c

separsged frbmaACh giieralons the atath af he aticiogbrape! haifisinesthateguals to
oris lfas?,rthéﬁﬂ’fe 14@&@ mﬁéletdﬂﬁeﬁs%ﬂ Sf Eﬁ?:g‘tlglg It+ Be MK e%i . P eﬁ%rlaglly a change

physi ol ogi cal c8nditi ons, S ar
of impddance| hetweandhe by paitsed. the[ mﬂi@f:l@ctﬂodem enmamhl e, the

d 17 June
0658 (B e e Pl b, Obiarist fupd PR e
electrﬁc&@,@a&h@ﬁeeflﬁirﬁ Seravatéli #biklicash bier ﬂ@ﬁ’@%@% gt §Ptﬁ5 ﬂ‘ﬂ&%channel
when cells are attached to the el ectrodes) by t

Wherq(ghglg PREROY the slestiedes on both ends are used to supply voltages and the pair of

the electrodes in the middle is used to generate a change of electrode impedance.
Preferably, the change of voltage between the middle pair and an end pair is monitored.
[00323] In still another example, the present apparatuses comprise four pairs of the
microelectrodes, said four pairs separated from each other along the length of the
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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(2) finding or determning the maxi numvalue in the
reactance ratio over the frequency spectrum(3) and
subtracting one fromthe naxi mum val ue in t hl June 2005
resistance ratio. [00292] In this case, a zero or
near-zero "cell nunber index" indicates that no cells
[00325] verh yemaddtherusfer, thd presdnk Shvaht@ordilk dxedted @Na flethod for
tached to the el ectrode surfaces. A higher value of

analyZygi DAt R O TIPS 9 PR¥EMIng sy abeserdesopibed apparatus
for aﬁzﬂ?znﬁ%ﬁ brtidfddn %%IEI%CHEH’QEI b) §ﬂ(mxﬂn%e ﬁ?}é&% ﬁvle e"néthZ?% to pass

cond | Ons, nore cells are attac
through ﬁlfﬁmi@cgrodf: 062 d8Theinmicyoeharmebohgenerateangiaage dhienpgedstex between

sio S8 SN A i B A RST  SARI
[omm ur Gmeﬁ;ﬁ‘édeﬁt @BGOdL WhR &8l temBhiforahy @&5‘&% {nﬁaﬁa&%rs ofa

el ectrodes) by the baseline resistance
_ particle Eenexemp flﬁ’é’f?sén@tlPtll@d&:%arfg@hermomgssmaﬂmg ameat lor

el IR S R L L B Rl Rt partcies,

The predeat mv@ed:mcaimgm usad tm&noﬁlﬂﬁiﬂzgl‘l{ﬂ.asl Well &y Iﬁ)nC@ﬂq;\amcIes Exemplary
i s_derived base

cells %ﬁ{dl r$ l%él&slu g eg,ce&,]& fypgal cellsy gp@;gafijl &ellsj irergimbinant cells and
cultufed %E]‘lsf r'ﬂﬂi«fﬁ'@&ﬁt ﬁlbiﬁ%d@@&lv& é@%@gﬁoéﬁlg S{l]lta[]])?? fatia et%f of a

near-zero el | nunmber 1 n on Cal
cell, exg. etmm@glsmacuiwcmmt ef e tcelbdSe. Sohghit gheProvaVare ohd"helll.sA.,

TR S0 LA S O S
[06220711i t IIQREL anGEHeE asiRbt, thePr& el ihaGhRd i Srdd& tSlaﬁ%Eﬁé}glpﬁ for

1002951 [t is worthwhile to poi nt out that it
analyzigg apagicle, pdidenpe@tussompaisese ) 4 contaibesuitalie éx COfltamlng a

or noni t ori
ot oy LS5, Tl g TR S crtainer
into twaylecm@ﬂjelsbtataﬂh ahembery, Smﬁbmbﬂib&ﬁha REpHEhYEs ap@nfe hadhg a
fixed L aﬂenc or, at _a nmaxi num

pore Prethfiiolels g Bl Bre) e gt fif pre e @mn@@s

suitabiSfor @btebtiill £&HaAke 8f infRlAnL il kQ0Fon LAY a Rhhdit pas ge of
referred for the present 1 nvention to Bf Ve ﬁ
SmdpﬁﬁwgéhHW@hé%ﬁaaﬁﬁﬂeuse such index to nonitor cell

028 e s e T e S e SR P Gk st gpickness. tn
one exainipie BeMembrige @hn Kivahi thickiess Froeh ko0 $ midRR29 tWodritbat .
one_can conpare the performance of different el ectrode
microp o ffte ehymplg: the meganacen hes # thicmiser fromdbsut 5 mlcron to
about h@%%i‘l gﬁ%ﬂ%gy exa}n%? u??eglﬂ'lglﬁ 13 % t ﬁaqr%% tﬁ]rcglée.ss ]E%a;t equals to or

s possible to con
is Smadilepihanmdgimdwafealpamdmmmemnb@twen the cel | nunber and

ce nunber dex by 88
[00‘:‘5% H’le aperture ot1 tﬂe present apparatuses can have any suitable pore size,

depending on the size of the particles to be analyzed. For example, the aperture can have a
pore size of about 2, 5, 10, 15, 20, 30, or 50 microns.

[00330]  The two electrodes of the present apparatuses can have any suitable locations
and configurations. In one example, the two electrodes can be located on the opposite sides
of the membrane. In another example, the two electrodes can have a concentric dimension

surrounding the aperture,
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17 June 2005 perform ng inpedance neasurenents for
di fferent nunber of cells added to the el ectrodes (in
such an experiment, it is inportant to make ldyrBe 20
the seeded cells have well-attached to the el ectrode
surfaces). Wth such a calibration curve, when a new
{00381¢ dariaene embsdineE ilic prasdde b uraress chi chfiplifaiplurality of
memﬁrgSSI ble tp estinmate cell nunmber fromthe new y-

OES ARG 2L SCREHS lowlﬁ@mclf: COPT EParhireipisaidompmbranes
sequeMtiHINET Ini MEer ERPoBhRA:, B &&FQ% | L
. qusu??gcél contrji ti %ns. For PtHﬁ%qts!}a\ﬁr)ﬁ:®51 e egt‘gsr%og’ghéi%&? r1rs§/:an
impedgnge gazenunber of cells, a surface treatnment given a
[0'#3?{2 er Il(1:eII nynber itng]ex indjcates a .ett?ed;j attachnent
or1 t he" ¢81 19 MEh AATES BISR P H LY e s frecssrbiios mpiBed éor
analysingfaaaaid@wite] he@bl 26RPRHL: HaMeGaShaRd 4 0@t :
or nonitoring cell m g?gti 0?1)%5? gr_c%vvt h [oosoo?ﬂﬁ&fé‘fams’
b) plagimgiaiofutiogsemprising @ nartecieiorbe anabred brihe sonfhinecinehlionimg said
rticei fass | | Lgration or..gromh, . which ~
pe I.devip%e %%)Hrréu i se%%%%?n%ﬁ%ﬂgﬁga cb?ﬂ%ﬁfé@ &hince in"Said
solution uprsié bpthe tramsit phsagaoff sazkpapficls dirdughdasd 4pitare 1 ahhlfsd said
artichy ea for cell attachnent, surrounded by a second
PAlICS- ect rode area conprising at |east two el ectrodes,
[00838] ei The deedtihhodi&ah bRtk i I ed
fr o¥n sai d%segond e(I) ectrode %@?@?to?%@%ﬂﬁ%e&%ﬁﬁ%%m ofa
particlga rhor ekamplpcthe presens mpstaddsehn be asad thanalyes siad brayisleaeie Ibroperty
] ion or growh fromsaid first cell attachnent
ofthegﬂagfc%. . .
rea into said second electrode area, and said cell

[00384) at Torfacilitagy atyRis! B8 phitild PindeINRNGEWRE a E?ﬁ’cﬁgg&ﬂﬁelecmc
| bet ween or anong el ectrodes in said second el ectrode
or clegffig moi¢iyo Breferablyethe nane-siged diekectrigapbastricameiztycen doanpeise an

antib R 4o FEENT BBy e i Al behREOET Rlso ped gty rggpano-
sized giictebtra areldetradheistyoranhicargold partistei ety to increase the
i ciency of cell attachnment. Any suitable
0033 ¢ ;E‘H%ﬁﬁ_eé?vt St icﬁ?]gﬁB?eéttP gotpres/lsap gl lon soesel
partickl€ SExéhglary 211k %lﬁ@%ﬁnﬁ’%@ﬁé, [hp?celﬁ?ﬂm?@ cgﬁsg)g @ri!lll'k%lls,

g_r esent evi ces. [00302] Th Irst ce nent
recomyjngnt ¢eHg ancheul selTée prasee neethalsatin pe eseintd ndatioe esy
- i tabl.e configurations. For. ex le, as
soitab SR BRE BEY o o i o Bl & PR S pBlvE P s
facilitaindndl s, slecelicta lbe ¢4beRday B £ Aarf-8z&0NBIRRHE iof ¢l LR %Q(ﬁlﬁtg.

Pref Q{%‘Stéuitabl,e cell mgration barrier can be used int
refer fhipanpatizedadiclegtiie or glegligineoietyivan cemprisa agy antibody that

HRAY bigls ©AR F tad f .pol yner : .
SpeCI_nat}Ferli als %6%0 eg‘?n%lesggg%gl%gglhﬂ%& gy diglegpic or
electriq maliary eth bea goiy pedicleabl e frequency range, e.g., in a

frequency range between about 1 Hz and about 100 MHz,

or between 10 Hz and 5 MHz.
E. Systems and methods for monitoring cell-substrate impedance and solution

conductivity

[00336] In yet another aspect, the present invention is directed to systems and
methods for monitoring cell-substrate impedance and solution conductivity. Any

apparatuses, systems and methods for monitoring celfl-substrate impedance, including the
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89 17 June 2005 [003051 In yet another aspect, the
present invention is directed to a nmethod for
monitoring cell migration or growth, which nethee2005
conprises: a) providing an above- descri bed device for
nmonitoring cell mgration or growmh; b) placing cells

ones teschibedinntht als@@ setibnisARd tHoss torfiflbohl ynoa@N AR ar@c&@@be Gded in
renovi ng the cel l gratlon barrier and all ow ng
the prESg aYI'HRS &1 GFOREh By apnamtesss] ysemennd mettiads Sor rn@ltltormg

solut%htcﬁﬁmmty M€ Brel &Bﬂnémf %(ﬁ(ﬁz%’ Phe Gt %%(tl E)Q 9§ed6}[1 ?he’ %%e&t systems

moni toring a change of 1 npedance Ween
and nedtleadsr ddee gi, . Ss&t@ti@céﬁdSED&ﬁlr ode area to m)nl tor

[0 ' atlon or ?f said cells, éOOBOg& The r esent
Phoadt ons emdodiian She FEt ivoniip & dedlst o passtarmiee: s
momtdmg call-Substi@teAitirddrRe Th@ G i cRHdu S AW thu%%?setrg%%r?%ses a)

t he present nethods can further conpri'se
a SUbﬁtﬁf’ée ﬁ‘?ﬁﬂm& a phrdiinbédisereteguickavallsan amulsteateswfaceraavh ot said

o b O

above:mapmm dndclam mmubﬁmeasuhng the dopALQATR Fla sdﬁnﬁbﬁ fR&8ium in each
or to screen for such

%U %on or, %Lgml
IIllCI‘Or}PBB aid gieans ip Jé%a(mﬂ Rair q W@cﬁp@@é@@p%f@fog@r@gmnm well on
said sBSIERKS bed (iINNEERi a1 hlenRl ngmélﬂgadtlbxg Woﬂ&g@ E&Q’%NE g'{“h Across said

monitored in the presence bsence ©
electr@émp’ewawecttwéem heEmérgediseaid medidet endiiipelehatd efeans for

und dul at es rowt h of
syt PSRyl s SRR o ke i el ot gerhsaised to
monitoanttdament) @ﬂﬁitﬁ dr ¥le&ibeiid aéth@ty%?'cbllé’@cﬂ[a%édQH eQh wif OV N
is stinulated a mgration or growth stinulator and

[00338] edm élaathesr eaﬁ@élln@lt,stbe peesent inugntiers ts dn@mpdmm sysbem v

0 ment of
momt@ﬂflggﬂf‘ ELﬁ)gtr Jradgmg% &E&Je%)?l{lt élscolllguciwg% \"\/@?@ fgﬁ Comerises: a)
a subs(matﬂ deﬁnmmplumht)pdjﬁ disuryte nictooRHE of @lshbstidtd uFfade, BRAEST said
crosco%$ is the onIy nean whi ch neurite

wells SomEP 0 A ARRE45ueior Staniipens CelbStis supelrorn dgseribaskip the
abovesk@¥nahdH b @B1skhem c@%ph@ﬁlgg? af fe?g onE &bk ngét?dc’d%‘sa’ D&Spted for

i Iabellgg with fluorescent c oca oscopy an
insertiog igaadirsioniel] on said Meisiralgyand (g caacry ant@pt@f fok Beplying a low-

volta%geﬁéqs ﬁgg%rogas% qﬁgtggle t%:lg% ot l{qw%é%(ggﬂde;b Q]Vg\g¥§r;1@rged in
solutiorsmedigin inaaid firbt viéllliahd @5t syR@Ea8lytheashiify ﬁlleQYﬁ'rcntl across said

%@ kf|ow, this systemis unable to neet |arge-scale
electrodegridsyStptesn e Ursrbioqeonitas sttachmpas erowdor ettdwliglabtivity of

cells cbRfaineH ROLKLEYF On positioning and neurite outgrowh
real -time neasurenent. The scale of the device or

[003§Hdn atullh ancaha:r dododesérgrae prebas éth cpfioh Relifee@dité 8 FRMod for
For e an a glratus for research purposes wll

momt%glg{cr? WﬁMP %rrfleqii}]%(’h&r?&ni”ﬁé vdugiethod comarises: a)
providsdir fﬂiéﬁ/@-ﬂ@icﬁ@ed £Vt R RRMAS R rihQ Lol b " Hﬁ&gé‘a%% and solution

conductivity; b} placing a solution comprising cells to be monitored into at least one well of
said system ; and ¢) 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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screening for drug leads will be the high-density
arrays, which fit the current screening system and
the assays will be fully automated. The sof tiddpee 2005
package al |l ows basic neasurenent, cal cul ation, and
statistical analysis. 90 17 June 2005 [003101

F. Exsooplesli ngl y, in yet another aspect, the present
' ion is directed to a device for nonitoring

lo‘i'%t(}fﬁ% ?%@W@%wamplmr% Htesied fntllvstrete ik s és limit the invention.

nonconducti ng substrate conprising, on its surface, a
center neuron anchoring area surrounded by a neurite
grow h detection area, wherein neurite growth
detection area conprisesgaf Jijggst two el ectrodes that
are capabl e of generating—ai%ﬁange of i npedance

bResstanceand zapargiveatattaice dorodi¢kranh apeads elb@rsles SoRhedf

saia éiedfrddes is at | east partially covered by said
gr owi ng_neur on. For Egg%ﬁﬁﬂgﬁmégﬂgange of i npedance
e geperated when at |east 1% 5% 10% 20% 30%
10658 Fands 26155 Trenieshisage sbbiracmn: foobsidiranomeen rcirodes
attacHe@ 36th @RA1HRLUt RATATEIEGL TRERit S bt }{e%[sgagc Ind 1%'&(9%1108 45, Ohm.

rowi ng neuron. [003111 The neuron anchoring are

gr o\
The mpgoisudespf therbagtancs weraploged ora loghscalat Natehita e pdlatity for the
area, can be nodified

ition he. neuron anchorin :
reactafiCF O of TGS Eaiat Gl R roaetimp ie b demaer of
the eledifolde f@TIYA FABSNO D ANRASIAGE 1 ARY | i&lﬁgkleof the electrode for
cel | -adhesi on %ronntlon noi eti es, i1 ncluding the ones
ZBE, 4 apd Phdy3 mpmy hbe fasbyes dmach elactBdedapesee digkecknit and ire
; t a i,foring neuyri.te,outgrow h
S T Aol s TR e habregm L ond

biologieal grodastitesdét thist éxperimesa fibforikdth wiy @2ENA fRPBHALUSES 3T3
figurations. For exanple, as

h i t abl
YT A O
(capadi@¥l leh@are) FERMEasHRHSED Oy ({i’r‘hﬁﬁdﬁiﬁ%}( DR SRORS n[hrelc(e::%sg and at

I n anot her exanFIe, t he neuron anchoring area’ cdn
two heusheler the sesdingr (A.43)i Besigtanbetand capreitivietreactitice bodhction of

t cQo i.se I'tiple circul ar or, segnent
frequelPh 8 LR GHRFRR TP PSedt asb Bty bichoy briesriaror g
decreaae recapaditiereactafii eire SEHAAR @.Ilrfﬁ«@!e%trﬁﬂéjt)&@@atfﬁ%}iéd &8h NIH 3T3

rom h detection areas conprise nultiple |Inear

out
(2 hoursfffe seedinedbe cellfesconmanmsith thels correspondingmparcetessedss on
hich G&l ' ' ce anal yzer c I f
which SO el LA R 35 AR BB N AR B SERRR g g
graph swoomarizeytheresisote adaspacP03tddatde Heiged Ao Bieen aSRRGLy as
invention is directed to a nethod for

TN t
indical e RS PR op o GRS O FReRHOYANR) Gt efrsistance
and capdcit¥eehdthite vidie éﬂ?%@élpiﬁstﬁ El_@&g%deggﬁ%% WSth MO 3T3 cells.

nonitoring neurite’outgro positioning a neuro
to be nonitored on the neuron anchoring area; c)

Table gln%:%%‘% TNk %f ﬁlfe € e%ltrg)dé]setﬁzrlt%%vfa gerll1 ttcshtfe:d.neu ron

g area
Electrode Substrate | Electrode Dimension Diameter of
Structure Material | Structure {micron) active area
Name Type
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 ] mm
| 2AC Glass Interdigitated | 50/30 1 mm

97



into the neurite outgrom h detection area; and d)

nmoni toring a change of inpedance between or _anon

el ectrodes in the neurite outgrowth detecti olr?Jé‘F‘%goQ%
nmonitor growh of said neuron. [00315] The present
nmet hods can be used to nonitor any suitable paraneters

2ADt hat ar@lasy el atlsdrdigitasalir i SEB1®Ut gr owmtlhnmFor eXanpl e,

t he priesent nethods can be used to monitor Tength and

3¢_nunberisgrbs Neyrdif@Sohin€ UTdd, Vet 5 NeYr s, Al hough

r=y

3B (e DPrEsel Tetngls, Cal. 8, g0/90 dungrﬁm(‘}? tused to

TOTT tar ~j1eur i tres, oyt growtt Haghe—heuren— it is
3A Pt efer"('illag‘s._to iémz-";‘g%rﬁf’% I quhrougﬁ,‘?ﬂt nmode, e.g.,
to be jg@é“'f‘o e dgiated g Yrowth|of a plurality of
neurond amoﬁ)llfnnnmlqu [00316] The present nethods

4

can be used to determ ne weat her a test conpound can
ElectradgaiP Ate 2AB, 8AC, 2ADY, 8BEand 2CHene srsdigitaed eldcirodes and have
valueg 0008/ h3, 8630 6040y 4818 frar 4828 for 2leenodd @idek and width,
respeetxatpl e, the present nethods can be conducted wherein

the neurite outgrowh is nonitored in the presence

oo omse € i e b i
’ 0 1'%8'fo iMERE. eJ!
eIectrB&é‘EiHl@inH{eﬂ%%\%c%ct'L %,'znOt é{?é elxa e 4 ﬁg g(r@'g'elrsﬂ‘i!e gap,

nmet hods can nducted wherein the neurite outgrowth
is stimulated by a neurite outgrowh stimulator and
the nethod is used to screen the test conmpound for an
ant agoni st of said sti ator.,.,[00317] The foll ow ng
illustrates an exanpleng%@PH%Q%resent appar at us and
its opeQahhtitAtivelieasaRPahb ]IS ANRE HKEMN BlesPddd
substrate, on which a plurality of neasurenment wunits
[00332] Fig@feD7 AlBFatedf @RI Hea iR &hett i Lot ROMRY (%Trgg Rlectrodes of

mul tiple el ectrodes, having appropriate ge FICar

3B geprrcyi dhe APRssatustl doretxpetimente sveng eonsamettd by glving bottomless,

. i1 4 Oni Ladi Vi | neuron cells onto. | red
coniefIaF el AL Wt eV CHBE o IRl i tsess AL bbieotandes were
fabricetedcThé plabtic tibgrialdn dibmerppf dRdt §.9 nid@neheald B86%ad Qued onto
he ol rodtL,Jce 0 'tif)ni ng di el ectrophoretic forces (e.qg.,
the g %é &- SewH P ARy stkates %’ﬁ'@%ﬁ@r@ﬂgm ofghewelor fluidic
contaifBA} ' i ' | . devj ces". i.n.

) B LCIOEEL) S (0 AR N SR, S
dilutedNIHGIG catla (0 celyyH,000netls, 2,508, cells, 3, 250, ceflp adB625L88k) were

a0 TRV SRL e ERECL TS o SR 265 2
with {ibirér@dli AR esBRATE Rid £h&6hIOAES mehfurdd WS ur éﬁ%QﬂLWHﬁer

_the neasurenent unit conprises a center square
seeding),gadl pb Hehows plteeetiog. b;TrFl)le SUIVES reipeeskiitresistaege Rbpacitive

rea . : fur r..conpri.se. an
ctafietild B0 o O ARPALPLROTRY,  MpledBd RORR ittt thg reasaomce
at the fraqeday o792kt e ens hoyatise{capaitie) EdtiRdPSnd the magnitudes of the

reactance were shown. Ty curve indicates the baseline resistance and capacitive reactance

for the electrodes onto which cells had not been attached. T0-T16 curve indicates the
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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[00318] In use, the neuron cells at suitable
concentrations are introduced onto the chip surface
I ndi vidual cells are positioned onto the cent’efung£0
measurenent units with applying suitable electrlca
vol tage signals. After the neuron cells | anded and

adhered onto the chip sﬁxmagk, 3 electrical inpedance
in th ,‘roelectrode

used to derlve |nfornatlggcggggt the neuri te
out growt h. \Wen the axons and dendrites grown fromthe
[00343] Fi AR D8 BINHARS red] & &ﬂt tiul ar,el.ect r
eIe%en fhe el ectrica &%ﬁ@ gﬁH%1 p&%m%ﬁaic
endothebitrEtAE) dell pabliferatian ugmgﬂ?e &3 O: Tl ZB@&ctraiesAﬂmafagpMSt@Seb for
a.m crochannel

thods for nal yzin artic [
expe Tl fonts e B iy Beftoos hitngradiafivadfoehugmtns and
FlglmeQ'?d Muecthedsaha fied hawiad MM THRQE!s Aed %80 BAR3RakklLleCded
aratus _conprises a substrat€ conprising a

onto meé:%t&‘liﬁ Repdegnbor NIH TP celfs, eheeadeatrode svak eoaedawithrﬁbronectm

for P channel ch of.

A S e R B el R R B i repance
were hwesurechdmly toinoanitoh thel cell geslife@tion. Nots afit tRTlarRy &3 R a
react h@ g_to be 29§%¥éed wherei n passage of said

¢ P &CHYGY & Z W3 BEEALyE &capacitive rrastaneg) and the
ma, %ﬁésQﬁfﬂl?é"ﬂéﬁe Ko
gns aid elect rtglgggﬁrﬁgt o an]9 us e%ftfiséﬂgﬁ%?ﬁgegn%ggﬁﬁcgmely
after spsding of the c[etls)slzleua, mqe:apacgotermaiEmcefvath ehmeﬁemt: figure is the
cle in

t anal vzi n Tl
absotBBRAE, 1HE Rl Mnc R KiarvE Pl EinSishTesticn thesattivation time

(days) ertgithcdl tybed, giflicatih@ cDprofif@Rmd L, TIRAGH 913 celhgrowth lateaued
d % ﬁg@ des c n have a surface area that equal Br
at day 4 W f%}%a‘ﬂ FREtisplgicaved ¥ slay 5, Breceving ﬂpeNaérsfrstchlés proliferate
fastert@dnOSk Cross-sectional area of a particle to be
anal yzed. I n another exanple, each of the
m cr oel ectrodes can have, along the length of the
m crochannel, a length that is substantially |ess
than the | argest single-dinension of a particle to be
anal yzed. In still anottxempixpnpl e, the el ectrodes
..soan.the ept |.te he|ohttof t he n1crochanwel -

nunber of electrodes | Ne1@88 de exanple t he present

apparat uses conprise tw parrs of the el ectrodes, said

008¥ HighieD g

00348) 1ol SERRIALEL, AR EPGIN L HEL 2] 09, Ighca vy

ultravlobet (GV) usmg ds:s3B Hactrddee Tha ragp}frﬁtu&isrfﬂf SpRHARAS e Bdnsfructed

article to be an ed. Preferably, a change of

using ?%lsag'ﬁ@edm %frf’aee%/{ ef for B@Prs%ﬂnd Rigupe 27. o@tletl;mm;iajésNIH

3T3 célB wekasdedeflontb AqRReectin- 8RR BB laﬁd 0{1{1 va ed 1n 5%
ap ar at uses C%rl se three pal l'

CO2 ingy g[tot' ﬁ}lé@ll)pg} exte ﬁ@r &Jt\édxlifosmm lﬁam’ﬂad&t dethe &bltD ﬁ@mbﬁ?er was

withdra® %5] th%fce ki layer wag 81recaﬂx 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% C02 incubator and the cell death induced by UV was

monitored by measuring resistance and capacitive reactance at different time intervals as
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wherein the pairs of the el ectrodes on both ends are

used to supply voltages and the pair of the

el ectrodes in the nmiddle is used to generat e ’dU8nafge

of el ectrode inpedance. Preferably, the change of

vol tage between the mddle pair and an end pair is
indicatodi The Bdure shOOEP Bk resistariceldecliaraifiee U\Bébé]jmlln%, mHh:thg UV-

r r at e four pairs_of

md“%’ F‘E@Pf’é@t ged ﬁ%ﬁ? %ﬂt“ﬁ%ﬁdraé cadpay ébe@mfaﬁ@w ¥gxposure
and c@ll B64th #4t6 Rehchdifrol 1908] & 8fotReif UV 9%«!&

the two pairs of the elecfﬁodeg on b Hheggzaﬁggd
measpigd by ppsisianogotasageslataddvittheclk morpbaiogs cb:ftn gehabserved under a

t he m ddl e are used to generate a change

nncm%%ﬁ%(ﬂ%%%?g&%“; edance. Preferably, the change of

vol tage between one of the mddle pairs and one of

the end pairs is nonitored. [003241 The present

_.apparatuses can further conprise an inpedance

anal yzer. 93 17 June ZQQQmHQQQSZS] In yet another

aspect, the present |nvent|on Is directed to a nethod

for anal yzi né=ms patameyiten apdifferenitintenriterealpri ses: a)

ovi di ng_an above- descrlbed appar at us fbr anal yzi ng
|0£§45

hFlgF—'E? 80 jlpstates K¢ sotfoatamedxifeb )t diffeowit figedntparals. dCgs for
ectrode air i

th h . th
T 08 0GR o IO e P o g,
cytotcbm e of §amdx16énecﬁi the & H; 3Ta3N@1IE) ThOBE tefbrctrﬁc%ssﬁé{g usezd6for the

chan of edagfe to analyze said particle
eXperipent. ?I a B EXREAHNGHES Were GoRBiustsdiusiog sanglar methods to

those SedctiBE for @@%@@5 GhePF 7. PRl 1 €fRded Qlrel c)é)gt %‘tﬂ‘ﬂl{tectm

pr esent ds can u er conpri se ana
and S@ded witht 006 NI T3 adlle @Sl) ele&maep Oese fie crem fsadﬁedqmw e

R e e L
reactaf@No 0B tread b4ILERErodRNBIRRh&Y Mere‘iﬁéalsﬁeﬂ Qﬁ!ll@l]gf‘enﬁﬁng?ﬁtcrvals

cells, plant cells, fungal cells, bacteria
The pereeniags ofast viability wasgalcelatedus dollavehpss. The present

met hods can be used t m)nll?gt sui tabl e paraneters
of & of el viabiligy = Iﬂ% }ﬁﬁ%toc antenRptthe
cell. See Song at al., Proc. Natl. Acad. Sci~. U S A

where?Ré(? ?gld QQ%le 98%ide A9 g}‘ theeggét%c%t&% tr %1{(]:8 e%éﬁo&e [%}t,‘gpt oaft a

|s noni tore I'n"yet ano
ventlon directed to an apparatus for
given ﬁ'ﬁﬂ’gtﬂvﬁ agd Bot ¢gl and Dok chi va;ﬁb%\teans@sca: ¢ couml clytrade at

% ai ner suitable for containing a solution

TO and g the P ing idgrvel. diee the nsestance usgé for therchlélation was the value
e [

e P e B0 7 L5 2 S0k i e 1505t the 2

hour nﬁgwp}((it%h)n@e éﬁ hapemtduwé(th)\unﬂ Ghed3 patrentehab(tiNake SaHRE Svhile

tes0s 4080 50ur e L P g&ﬂﬂﬂ?é%?ﬁlﬁf%aﬁg@%fééﬁéénﬁﬂéﬁﬁgg Fhis
stron g]yl’mggje%%QEatl dﬂpﬁ:@hgtea QﬂeHﬁlﬁéﬂF t1ﬁ1%Lf§1‘:"§j %1Q¥n ghélﬁlgﬂscbhlpe Fucial

said particle through said
to dctermme an accurate IC50. Monitoring of cyt0t0x1c 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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[ 003281 The nenbrane of the present apparatuses can
have any suitable thickness. In one exanple, th
nmenbrane can have a thickness from about 1 HﬁdPBﬁZWE
about 100 mcrons. In another exanple, the menbrane
can have a thickness fromabout 5 mcron to about 30
mcron. In another exanpEgeampib& menmbrane can have a
ckness that equals to or is snaller than a
2 mpa g four differgp A g3bo}C glestrode
erture of the resent apparatuses can have any
[0 6] Kjguge EbFl@%ﬁéé resisgpase ﬁ@ﬁln@‘lsé‘ﬁ amgag $ouraliférentesll types using
' t he
the 3E B4 o RelE RN G S8y F My L85 R diGrode. e
appamt'uswom)qreunmnts]s@é}a Bﬁﬂstfﬁh'edegeirﬁﬂirrr@dB&lsQB thid3€ described for

h bl e |
Figwg R SEE FieRBET Lt o £l e Wb BIHORa celipiramse Apetasts),
the HE?EG@ BellsQEahas héjﬁtdc@?esp RIROEA £ %e : @?%endﬁthehg %el'fgg TRE aRe-

I n anot her exanple, "the two elec es can hav
HUVEGr{bunan pedothabiarsiion Fosmerwmharzhglct ﬂhe Hﬂfbﬁﬂuﬁhe sle@‘éod&was

coated W‘ﬁl fgbtqglgeé:‘g%g%ﬁ ”L?hg' gPﬁfjbl? ﬂ%ﬁm% he p 4 F‘rg& é&gth gelatin.

Two aeastamge drerdusad for@fch CelbdybOYs AdRafel! q:beN’m 3783%d HEP-G2,
apertures of said nenbranes sequentially. In another’

10,008 i arerecdedinatnach slectredsp dordi UYES @aerAELr?ma@ cells were

z
et U3 R0 d 00 AL At Dt et gy
resistaret dotd Wave shcamahgtz) B‘gtnﬁe pand Bakr &, hook ier BRkbBRM For HEP-G2,
above- descri bed appar at us;

conpri ses: n
resistfiEE s By ad el ARG LA BreR ST i Pt Fesspmsesistance were
seen 1ﬂﬂﬂi—]}’?}’3ﬂcdll@ FIU@E@O%@QE el W 384 C}Yt%up@ Iﬁ%b?tras‘? bt ElnGrease

pass throug the aperture; and
nr CS@Hianfg‘éfamch np HERAG2 af hhows dﬁersa@bdmg,andlcaugeﬁe blyswt diachment of
saL ar.t i hr ou sal rture
hepat(% easit% b x> ecirgl &- Sf‘isi’s c f(f 2 1RprE gltl qrmyagught
incub&éoh (h@tatmseslmml) ﬁﬁ@fda@medatmplaiéuutaa@h %Sﬁfﬁféﬁé&ﬁﬁl f a
particle. For exanple, the present nmethods can be used

to anal yze size or dielectric property of the

particle. [00334] To facilitate analysis, the particle

can be | abeled wth a nano-sized dielectric or

el ectric noiety. Preferdxbgplathe nano-sized dielectric

or electric éa& S G ri.se an anti body that
specificalIyq%#%d%L+o—%%eE%¥¥?¥5ﬂéﬁﬂgg@gmanaIyzed.
% r ef gr.abl t he ed dielectric or
ettt ttes b “aglélmtz ISSiEneq measpiRss) Thine
reprodUCRIRR twaledskads @ah BlectkRIRY (31 SERMILREh ABNTC. 28hd G daratuses

as_non- cel
for experiments were constructed using similar methods to those described for Figure 26

and Figure 27. The electrodes were coated with gelatin and seeded with 15,000 HUVEC

cells per electrode. The resistance for each electrode was measure immediately after
seeding (to}, and 20 hours and 30 minutes 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 ty is

8.3%, and for 20h30m is 6.1,

101



particles. Exenplary cells include animal cells, plant
cells, fungal cells, bacterial cells, reconbinant
cells and cultured cells. The present nethods can be
used to nonitor any suitable paraneters of a cell
e.g., size, dielectric property, or viability of IfHene 2005
cell. To facilitate analysis, the cell can be | abel ed
with a nano-sized dielectric or electric noiety.
Preferably, the nano-sized dielectric or electric
noi ety can conprise an antibody that specifically
binds to the cell to be analyzed. Also preferably, the
nano-si zed dielectric or electric noiety can be a
gold particle. E. SYMEMDERLIAIMBIS for nonitoring
cell -substrate i npedance and solution conductivity
00336] .l n yet another aspect, the present invention
“HML§C§FW@@F%d to systens and nmethods for nonitoring
cell -substrate i npedance and sol uti on conductivity.
An appar at uses, systens and net hods for nonitoring
L. ce{alme@é%@ﬁ gevacy é@tamng, cellp ot waleagyles ne a@ﬁled;ﬁ‘odhsrmeface

2O ARSI ES B € ADOYELSEELL M ARILHARSS bipcing

sysft sanfscedin dr meldealds to s‘éﬁd/ el&&ﬁﬁre%htﬁ@ whShSdeQT BRPrises:
nmet hods for nDn|%lr|ng sol ution conductlv%gy that are

commoriVy RAGRIFORPuctive Suhstraieiaving tweepppsing ﬁ*ﬂfebg@nt
systens B . See e.g., U S Patent :

6, 235, 520 BI. [00337% In one enbodi nent, the present

i nventt)on aipurdlityed ekdtrode arayy poetiviedron saihibetitBOvherein
cell -substrate i npedance and sol ution conduct|V|t

whi ch sy &R SHSHF SBaY corFprises 8t isattPue eleaipdas # Mther
plural ity whfret %h%le%trmi@fs%\éﬁdﬂat%d %ﬁﬁ%ﬁ&ﬁ@&ﬁ cent
surface, each of said I's conprising an a St us

for noni t Slerinededst an %@ibef lrcmt-@ndmzte»@am:ta’m:leﬁm elbmbde r]navmg

the abov tiap t he
conductanggﬁg aﬂsg?% P%%n d?ﬂﬁi? ‘%QE% aPabom
sai d nmeans0 ik ud widt{ o) saill 234 6f fn- &Jnaﬁ&tm%aeﬁeqaﬁkﬁd
for insertion into a well on said substrate, and (it)
el ectrical neans for applying a | owvoltage, AC signa
across said electrodes when said electrodes are
subnmerged in said nedium and (iii) electrical neans
for synchronously neasuring the current across said
el ectrodes, said systemcan be used to nonitor
attachnment, growmh or netabolic activity of cells
contained in each well. [00338] In another enbodi nent,
the present invention is directed to a systemfor

noni toring cell-substrate inpedance and sol ution
conductivity, which systemconprises: a) a substrate
defining a plurality of discrete mcrowells on a
substrate surface, each of said wells conprising an
apparatus for nonitoring cell-substrate inpedance
described in the
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above sections; and b) a sub-systemconprising: i) at

| east one pair of electrodes adapted for insertion

into a first well on said substrate; and (ii)

circuitry adapted for applying a |l ow voltage, AC

signal across said first pair of electrodes when!8dimk 2005
el ectrodes are subnerged in solution nediumin said
first well, and for synchronously neasuring the

current across said electrodes, said systemcan be

used to nonitor attachnment, growth or netabolic

activnéy OL@ ceh%s contai ned in each mell._%00339]_ln
stil |l Ynotetfemcatiy sendusiye trages eperdiag subsiangially tmgitedinally to

directed . i [ | .att ment ., .
ar out hor “RePLIEY RS oRRineTB LEGL st AR atleren
a) provi gaciyrane inbhosestdet comnbmdicaysd ®ith fbleastonk LOEAINT
ceII-subst[aﬁe i%?edance and solution conductivity;

b) pl aci n§5TeH #PSn conprising cells to be nonitored
into at |east one well of said system; and c)
nnnitorinqﬂceIL-subst(ate i npedance and sol ution
cdagrded)ilhy device agegrding:tol Clapn dpwherein the substraterbmprises

gr h / l.c_acti Vi of cells contained in

ea@ #S@#Phlggéﬁgg Jé AERISF Oncsélltl%g’ A EPHYRF or ed i n

multiple wells or all wells of the system

simul taneously. 96 17 June 2005 F. Exanples. 1003401
THamepdqds I dedsarmsrekingioClrim &nvkereindh¢ subsisate it eonfigtired
nafs st Lidflde the invention. Exanple | Resistance and
capacitive reactance for 8 different types of

el ectrodes attached with or without cells 100341]

Fi gure [l lustrates resistance and reactance for 8
o e The fRdcqicogiding PSdedn S durtagommismg acurality of

Wirb&epttcldll whetd: i) IS¢ :
e Pl et G tebeptgole i host o B sin Rl 88 ANtz i
wer epgrpendiadar arieatation thereib durthiot ehdréiateathwecepohae frys a

f oy react ance. at, nost of the frequencies was
i Rne <oBBELR PR 1A% B8 Sbarfine) - ki &8 clgirodaary
eloaah¢ agdstrhrer 2AA, 2AB, 2AC, 2AD, and 3Ais 1 nm the
di aneter of the electrode for 2BE, 3B and 3Cis 3 mm
The features of each electrode types are different and

ar, ' [ ! fages .of el rodes
e RRITEA dRfk Red Al ElanllE B SR b e il a€E

| electrical gagee Biétﬂgdlto, orfe: dnﬂ@lﬁﬁtbtsiugstﬁm v&lgl%ghe ﬁfﬁaﬁfill}lg electrical
coatin | H 3T3, ce wer e then seeded onto the
SEV¥§¥%§myﬁ°ﬂW§“@?éﬁﬁP thesubstrage.r esi st ance and
reactance (capacitive reactance) were nmeasured at 0O
hour (imrediately after seeding the cells) and at two
héunendad) Elre devecesieentiling. to ChaimB), fiRetsir sbmprising8Rctrical traces

capacitive r tance as a function of frequency for
e%@ﬁ?eﬁﬁﬁ?%?gﬁ c??%@@“@? el ectrode geometry. Increase
in resistance and

(amended) The device according to Claim 1, wherein the electrodes of each

electrode array are of equal widths.
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10.

11.

12.

13.

14.

I3,

16.

decrease in capacitive reactance were seen in all five
el ectrode types attached with NIH 3T3 (2 hours after
seeding the cells), conpared with their correspondi ng

m croel ectrodes on which cells were not attached (O
hour after seeding the cells) as indicated. (B) Thdune 2005
bar graph summari zes the resistance and capacitive
react ance changes at a given frequency as i ndicated.
Here, the capacitive reactance value is the absolute
valdteendedNangaky ; s @in [ nc
o B P R A of o AR 5 s o
c emidth of gyt 80 micronsntetsywidkstgoime. of the el ect rodes

that have been tested. El ectrode Substrate El ectrode

D mension Diameter of Structure Material Structure

( n{amendyd)diHel deeicanedrdiDa R Clhih 52 Whefdips Sap BAGEEH adiacent
|tA%ted 48/28 6 nm 2BE dass Interdi 'tated 48/18 % mm
2 Adlegdrodes 1sabort 4f] migremsed 80/50 1 nm 2AB d ass
Interdigitated 80/15 1 mm 2AC dass Interdigitated
50/30 1 mm 97 17 June 2005 2AD G ass Interdi itated
50{at@ndedyit@@eGeasscofding keChiim| 1|, MieGR dbReldRode sy 3B

G ass Crcle-qn-1i.ne 30/80/90 3 nm 3A d ass

G ?Ogjllglsgﬁélpﬁlﬁgltg@fg SPpcgthsleghiodss i cs | nt er di git at ed
50/50 Ka ton El ectrodes 2AA, 2AB, 2AC, 2AD, 2BE and

2CF are interdigitated el ectrodes and have val ues
80(agEndsi)/The dewiog agording w0 a8/l 0 SwherdindRLR Brrdyosf electrodes is

£ SEMBAR BB "L e o st ok (or

circle on a line) electrodes having 30/80/90,
30/ 80/ 90 and 60/160/180 for the stick (i.e. line)
wi @msndsaThe desnce(dccerding ta laigalf), whetabe taabderayiof eleetrodes is

di Bl i . [ titati
ek infaBRESk Sintodia BB BsbleBie S003421

Figure 27 illustrates quantitative neasurenent of
c%lls gssqg t.he eIecE{odes of .
amended) The device according to Claim 10, further wherein at least one bus is

associated with up to half of the plurality of electrodes in each electrode array.

(amended) The device according to Claim 13, wherein the bus is separated from

said array of electrodes by an area of nonconductive material.

(amended) The device according to Claim 13, wherein the bus comprises an

electrode which extends around up to half the perimeter of the electrode array.
(amended) The device according to Claim 15, further comprising a plurality of

receptacles, wherein each receptacle is disposed on the nonconductive substrate in

a perpendicular orientation thereto, further wherein each
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17.

18.

19.

20.

21.

22,

23.

24.

3B geonetry. The apparatuses for experinments were
constructed by gluing bottom ess, conical or cylinder
shaped pl astic tubes over glass substrates on which 3B
el ectrodes were fabricated. The plastic tubes had a

di ameter of about 5.5 mmon the end that was gl uéd June 2005
onto the glass substrates. The gl ass substrates

formed the bottomof the wells (or fluidic

containers) and the plastic tubes formthe wall of the
wells (or fluidic containers). Serial diluted NIH 3T3
cells (10,000 cells, 5,000 cells, 2,500 cells, 1,250
cells and 625 cells) were added into the apparatuses

an - QG ] ctrodes that had
poetde K SRR onkor R RO & (B alrfon RSt
r encswcttedreitie a fieabtigldoatindr.hour (i mredi ately after
seeding), and at 16 hours after seeding. . The curves
represent resistance and capacitive reactance data

f r @Mead&)ae dtli 1afth G 8L ©fered - .
poclaari ty )f or t_ﬁgg ?gg%g%?eemg?q? h‘gg?rrelg%gl}]%@ﬁ%%l &J;‘gih aped as
k Hr e &1 Hcapapsiog opeapulsi arieveed o€ adicirteé)g iarfthid-fight contact
na@ﬂhh#ﬂﬁﬁtﬁﬁethe react ance were shown. To curve

i ndi cat €s 1 He basel i ne resistance and capacitive
reactance for the electrodes onto which cells had not
been attached. TO T] 6 curve indicates the resistance
arf@mehgld The deviee sgeordiegtoctlaing ¢ 2, faftherrwlretin tia diamkedof the
t I r ST t B.electrode is,able

t o BB E o A RS conkBF W€ Wit BoR dheaimeterof
qubebppgasoatdndn range of the current 3B electrode is

bet ween 10, 000 and 500 for NIH 3T3 cells. 98 17 June
2005 Exanple 3 Real tinme nonitoring of NIH 3T3 and
PAEWSEdd b hQF; I(ng; 3 r.odes
[0 Do e G R o g 1 iter@Rthe oot e Ufifeed
NI tBT substratepo heiayeomb fashonendot hel i a ( PAE) cel |
proliferation using the 3C and 3B el ectrodes. The
apparatuses for experinents were constructed using
Si(amb@ded"EhH O S Rcbial ied | '

Fi(gure 2y7r.e_hTWQ thousa%ﬁ%%ﬁbﬁgﬁgﬁw}ﬁ%%q%%ﬁfgeagl}ld
2,CSnBIPAR isdqirt ofspriagieritiedie sobrtmteihep toatieati2.5 mm from the
el . - .cells, the el ectrode was
cggﬁgg%aﬁ?ﬁa |%¥%%%%%%%?&ﬁfor PAE cells, the el ectrode
was coated with gelatin. Resistance and capacitive

r?acgggﬁe re measured daily to nonitor the cel
plEmeRdsfh i deviseaceordmegto Claimp), ahicrajn therelackiedes of each

f%ﬁe%ﬁa«&bcaﬁra%laréhﬁeanaﬁa y of 792 kHz was negative
(capacitive reactance) and the magnitudes of the

react ance were shown. Day O indicates the neasurenent
' after sgedinglof the cells. Here,

di h
« FRBREI TG a6 L ot whgreim@ich o el cliogpichas

alsAlte? bkt we. mitheis et §1ABCRANd capaci tive
reactance increase with the cultivation tine

(amended) The device according to Claim 22, wherein the width of the area of the

nonconductive substrate between adjacent electrodes is about 20 microns,

(amended) The device according to Claim 21, wherein the width of the area of the

nonconductive substrate between adjacent electrodes is no less than 10 microns.
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25,

26,

27.

28.

29.

30.

31.

32.

33,

34.

35,

(days) in both cell types, indicating cel

proliferation. The NIH 3T3 cell growh pl ateaued at

day 4, while PAE cell growth pl ateaued at day 5,

suggesting the NIH 3T3 cells proliferate faster than

PAE. Exanmple 4 Real -time nonitoring of N H 3T3 cal7ljune 2005

dedtrheridedBtedidviceuktoraitigab llaifV ks @ambﬁgmg Bn impedance

electrode 1003441 Figure 29 ill'ustrates rea

mo ARG Rlseircally ppuspecd 9 #ll prenphyralitd b be etﬁytncally conductive

ul trhaasia@hiRtr bl S5kiNehst e 3B RURCLPGe The

appar atuses for experinments were constructed using

S|n1lar nethods to those described for Figure 26 and
cells were seeded

th d NIH 3
?a%e%d Jé&cu %g%%‘ilf‘&é" gﬁ‘“@ e tYIsERn thedmpedancevat ed
CehieSSUrﬂl z&%ﬁ%dﬁﬁﬂﬁﬁg &ond ddout T ¥ 26QRTI Meft . For

UV exposure, nmedi a on the cell nonol ayer was
mnthdramn and the cell layer was directly exposed to
r exposur
e e e et onfihd 4 chim, 1 WS L e laitcaly Soncove

Regacm awithén theGubstapaae thweed RAE bANGAlaNRE Gay@Easur ed
i mredi ately, indicated as Wt QO The UV exposed
el ectrode was then i ncubated in 5% C02 |ncubator and

t h@infe@libd)d8R dRyicD JUSLHn LYo i8S whBRM hLEdR 6113( conductive

nmeasuring resistance and cap aC|t|ve feact QR
di frfiegs eret furtheralispobet nal so@s] Iﬂamelﬂf tHandsER5
i ndi cated. The figure showed the resistance decline
after UV exposure, indicating UV- induced cell death.

Thenealdd)deatdbvieaRcdddifle io@ltaﬁﬁ 18SwR&Ein¥h@8, Ellg&'g 'Eosgfgba%

after UV exposure and cell death rate reac

at forg aypultiswelf b@FOHUQSSe'RmmtrrezlatEhe cell death
nmeasured by resistance was correlated with cel

nor phol ogy changes observed under a microscope (data

notarmshdati The Bxatph@oRlih CRASIafr® 9 t@ﬁ@?&hftﬁ@n@ﬁb&loff%n? nt
tlne m@ﬁL%1 | s 100345] Figure 30 illustrates 1C50s for

Oféﬂnfdﬁ%ﬂr@mottt?rr@atﬁ iy erymber befvasn)Gsandd, 536.
TanDX|fen at different time intervals were neasured by
real -tinme nonitoring of the cytotoxic effect of
T pmendedh Tha deties ddcbrddiBtodihing 19, MieraL 1@k Goihrafidgshaver e

used, for the eri The a ratuses for
exXPEIFEHS Wﬁ%ﬁgﬁﬁﬁ&?@& e&@‘i ge &I ar nethods to
t hose described for Figure 26 and Figure 27, The

el ectrodes were coated with fibronectin and seeded
wi(emendeddBbe dpvicergonding to Giaim 30, odtercin éess Gaaalltofehe

fl [ly diluted
e S R LR A e R
Resi st ance and

(amended) The device according to Claim 1, wherein each of the electrical traces

is up to 10 mm from each nearest adjacent electrical trace.

(amended) The device according to Claim 19, wherein the diameter of one or
more containers is, at the container end disposed on the substrate, between about

Jand 7 mm.

(amended) The device according to Claim 1, wherein the electrodes are fabricated

on the substrate by a laser ablation process.
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36. @

37.

reactance of the treated cell-electrode interface were
measured at different tinme intervals. The percentage

of cell viability was cal cul ated as follow ng: % of

cell viability = 100* (Rto - Rtx)/(RO ctrl - Rix ctrl
where R0 and Rtx is resistance of the resistancd7dina2005
treated el ectrode at TO and at a given tine interval

nd_ Rt X e reS|st nce of fhe

cofafed) THe A0frs Bitordibita ity phERUZHICH e of € electrodes
[ ntsenMaidualﬂ-,bmﬁiréslaed_r esi stance used for the calcul ation
was the value neasured for a particular frequency (31
kHz) . As shown in the figure, the 1C50s at the 21
ho ral : r terval t32) and the
4o rsnb 1R Aol HoprdBE Lty sl bRl 02"
t henel® rhere rcapmteajeagamk itrhmlﬁrizddmmrthé mﬁ?a):es @ﬁtﬁé YelleSst 26

n|f| ant | fferent ﬁgls strongly suggests that

% %{“e?j’)éll Fl? ay; rerely thg ceptyisricateaisiasasapable of
coma@mgcﬂaﬁg& RIYEhBdr mbRcged er m ne an accurate | C50.
Monitoring of cytotoxic effect by real-time neasuring
resi stance changes between the cell and the el ectrode
showed the great advantages to obtain accurate |C50s.
100 17 June 2005 Exanple 6 Resistance conparison
anong four different cell types using the 3C el ectrode
[00346] Figure 31 illustrates resistance conpari son
anong four different cell types using the 3C
el ectrode. Resistance for four cell types were
nmeasured using the 3C el ectrode. The apparatuses for
experiments were constructed using simlar nmethods to
t hose described for Figure 26 and Figure 27. The four
cell types were the NIH 3T3 cells (nouse fibroblasts),
the HEP-& cells (human hepatocytes), the PAE cells
(pig endothelia cells) and the HUVEC (human
endothelia cells). For the NTH 3T3 and the HEP- &, the
el ectrode was coated with fibronectin; for the PAE
and HUVEC, the el ectrode was coated with gelatin. Two
el ectrodes were used for each cell type as indicated.
For NIH 3T3 and HEP-02, 10,000 cells were seeded onto
each el ectrode; for HLTVEC and PAE, 20000 cells were
seeded onto each el ectrode. The resistance and
capacitive reactance were nmeasured (only resistance
data were shown here) at tine O and 3 or 4 hours after
seedi ng. For HEP-&, resistance was neasured at 119
hours after seeding. Significant increases in
resi stance were seen in NIH 3T3 cells, HUVEC and PAE
cells at 3 or 4 hours. In contrast, subtle increase
In resistance was seen in HEP-Q& at 4 hours after
seedi ng, indicating the slow attachnent of
hepat ocytes to the el ectrodes. The resistance for
HEP- R increased steadily after overnight
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38.

39,

40.

41.

i ncubation (data not shown) and reached to pl ateau at
119 hour after seeding. Exanple 7 Reproducibility of
resi stance neasurenent [00347] Figure 32 illustrates
reproduci bility of resistance neasurenent. The

reproduci bility was tested on seven el ectrodes (3%3)ne 2005
s e Gueuhded )t A ntdthddGor ddheyiag pagaicaiesmd/dranolexney nBakple,
vverg.cﬁonskr(gct ed.using simlar nethods to those '
deEOIT IR PGP e 26 and Figure 27. The el ectrodes
wer e ggoat ki t | ; ) VEC
cel | sagper lenbgg%lﬁgogg &%llrl]ée}er%{ekg}rg%g%?%syg?ﬁ%e%gh&%?ggfq?logte(’ a
was measursemplerediaitieg gr aisperted sfaediagng tapdet calliand@yr
hours and n’ﬁ%(g]emlnut es after seeding. Significant

. €5,
i ncrease in reststance was seen after 20 hour

| ncutbat i onletehdint@l Whghéechangd inAhipREAHER BE S b@ween or among
el ectrode. The,K average resistance for tois 47.4 w %IH
standard §&¢iradssan oge omore st elet@ds@mayshe aver age

regi I | deviatjon of 17.2.

" EhS ARl ate b It S ARl

t 2088 @ndoi mobcilles iDshidl Sanvle end QASureAYENARIRN kA HBnNk 8l es
amended) A devjce for detecting cells

is clainmed is: |

oroq'r@f’ég%?‘i?sosféi’f%é’ﬁeé'f BYOfS elgeradgargg®e  t hr ough

nmeasur enent of inpedance changes resulting from
attachment or binding of said cells or nolecules to

s alameadlesy (The deethndracaordingthiCi i3 ivderdn thersase is a)bidlogical

N R T RGP R e T

el ectrode arrays positioned on said substrate, wherein

each el ectrode array conprises at |east two
el (@Eendade 4 he davics apcerding toHeineil nfusthetrcostetsingode i s

S I . ] nt | ectrode. by an
a%ﬁ@%g%g TF} aﬁ ok a u g*’ (l(13 g(zlhlﬁg{ﬂ(gnr ll%g#,%cfgra?séa @F@Bg © %atémﬁgv i ng
a eimdthimiedtionthetwie eisd elgaficdllyddoniBitive thae AR indpedadid
| ess, than about 10 tinmes the width of said area of
nda¥6tduct i ve material: and 102 17 June 2005 c)

el ectrically conductive traces extendi ng substantially
longitudinally to one of said two opposi ng ends of

s drmerdeds Thedeviceavdonding todilainh4d, evherein the connection means

comprises a mechanical clip adapted to securely engage the substrate and to form

electrical contact with a trace.
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42.

43.

44,

45.

46.

47

48.

each trace is in electrical comrunication with at

| east one of said electrode arrays. 2. (anended) The
device according to Claim1, wherein the substrate
conprises glass, sapphire, silicon dioxide on

silicon, or a polyner. 3. (anmended) The device 17 June 2005
according to Caim?2, wherein the substrate is
configured as a flat surface. 4. (anended) The device
according to Caim3, further conprising a plurality

of (anteedef)t Tl desice b ¢inp 1€ Aatn & CORIERtRe hsciihRAPSHFs

on the nonconductive substrate in a perpendicul ar

or PaRted P Sormt meelestycaliogpresiipn whitragirmteshairuitdoent REIRS.
forms a fluid-tight container and | east one contai ner
Is associated with an electrode array on the

subgended) Ths deymeeomedipg ThelaitaVi edeRCHE dirp@ dels & RbRtules
1, further, wherein g tglhalf of the electrica

t r%rgggptgggp&pﬂezec&qg &HECSf the substrate, while the
remai ning electrical traces extend to the other end

of the substrate. 6. (anmended) The device according to

C @mended)flie dieice eenonding tnGlagh dc wherenl a paracasr ofiké ¥@@diner
adj L rpde arrays.. 7..(anende The devi ce

acig g?%‘lﬂﬁlﬁgltwg&g %F T p‘\#?@'?tgf ﬂftﬁ’ﬁ g}%éir ¥Bdés of each

el ectrode array are of equal w dths, 103 17 June 2005

8. (anended) The device according to Claim1, wherein
ed@menfed) Hbe dpuee aesaedingitosClaim j whereinfeagibofthe 8ctrodes has a

' ' ' ' 2nd The devi
aceiPPe@bel gt O at ah Fin ol TR SR A0Sl acent

el ectrodes is about 20 m crons. 10. (anended) The
[ im1,  wherein each el ectrode

device¢%@ ralng to §t$ ' 1, : :
ar (g 1B feve secprdipaio Cline . wirainyhepidibat the gap
el ek éndRfacerdtlelectrB BN BB e LN GbSIR Y P Gfd QE@R?G!@%&Q

Cl ai m 10, wherein each array of electrodes i
organi zed in an interdigitated fashion. 12.

( devi ce accordi.n Cl ai m 10, wherein,
o R RAG) THE 08T ERpRRROCR A} 5 frBaomptisha s puraity of
C qBactes Cwhé&binusenh fabptade CAsiRtd &t 8d shBshian -2 13-
(amended) The device according.to Caim10, further

wiisFRepficgler |asigstation giemie, fugheragwsein seddreodptavlaiforne a fluid-
gﬁirgg; aintfliﬁ]&', Rl aldst é(neolfecc%lta%‘fet is %gr?t%inlecrl] welﬁ!n?rp a gtlarlen%trep gjre‘med

by the buses at a plane of contact between the receptacles and the substrate.
(amended) The device according to Claim 47, wherein each container is shaped as

a tube with opposing open ends, one end of which being in fluid-tight contact

with the substrate.
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14. (anmended) The device according to Caim 13,

wherein the bus is separated from said array of

el ectrodes by an area of nonconductive material. 15.
(anmended) The device according to Caim 13, wherein

the bus conprises an el ectrode which extends ar q@mdne 2005
up to half the perineter of the electrode array. 16,

49 (arreno@d%) he, devi ce according to C aim15, further

* cofBFIRsFig d&"’lfFé‘F?(F@lﬂ&ftO B ABa wherein (e diamatereidhe

r e6&Rhiasl £ theSerfdlii LV trate
in a per_penez(?ﬂgullﬁ gﬁﬁggi@m 21{8 i%gl?]@{aﬁeggg{ﬁgﬁérftﬁ?rfﬁgimmem of
whiicgipposiag ndi04 17 June 2005 receptacle forns a
fluid-tight container and each el ectrode array on the
substrate is associated with a fluid-tight container.

50. 17 (anfemded)de@)dcTive aceording tACEAMATNIhERinGha L idfers are arranged
V\,herg]l n each cgontainer Is shaped as a tube w ﬁ}

opPdHieryPEpinindivgsycogttagion of whi ch being in
fluid-tight contact wth the substrate. 18. (anmended)
The device according to Claim17, further wherein the
51. di Gmended)dhetdeeice acmokdihg & Chim ShewBaein the 600t Rl ol
the substrate i fsmaller_than the diameter of the

h
opfBLAR 4 Hpoinbof comtmshishyherbsioio i tabovtd hgm Gom the

d it #81 o8k §liAcdR ookl Ners are arranged on the
substr at eoi n hor#ef/con% ?iaéﬁi on. 20. (anended) The

devi ce according to Caim19, wherein the outer wall
of . contact. with the

of nt.ai.ner at..it ol n

2. 2, oA TR RO hecRiving BB Py PRIBS clstirades apsach
of cleakle adhpeRNf eIl - 21. (anmended) The device
according to Caim 20, wherein the el ectrodes of each

el ectrode array are of equal widths. 22. (anmended) The

dey| ' . 3 - i h t
5. ¢ RERERIGHTRE HLG hRoffifl 1 il 87 UG ERtatag efeFiaodes has
wi alegith pbHbdut 98 Snicloasendedidestipidevi ce according to

Caim22, wherein the width of the area of the
nonconducti ve substrate between adjacent electrodes is

54. ahakibnddd) Thée ONS c%ﬂd'r??t‘g‘?ﬂ Uﬂﬁﬁ |8 diin
tg%chl al m).?_l, wherein tHe w gl?(ﬁz%’f %ﬁ\g]}ee‘gldg}cgﬁﬁgare% of
ndweevrdiuet Yo ubsitais betateen hdjaouneeleattjdes édboal Brini@eas | S
no |l ess than 10 microns. 105 17 June 2005

55.  (amended) The device according to Claim 54, wherein the width of the area of

nonconductive substrate between adjacent electrodes is no less than 10 microns.

56. (amended) The device according to Claim 1, wherein the electrodes comprises
indium tin oxide (ITO), chromium, goid, copper, nickel, platinum, silver,

titanium, steel, and aluminum.

57. (amended) The device according to Claim 1, wherein the electrodes are optically

transparent.

58. (amended) The device according to Claim 1, wherein the non-conductive

substrate is a porous substrate.
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59.

60.

61.

62.

63.

64.

63,

66.

25. (anended) The device according to Claim1, further
conprising an inpedance anal yzer electrically

connected to all or a plurality of the electrically
conductive traces at their termni on at |east one

end of the substrate. 26. (anended) The device 17 June 2005
according to Caim25, wherein the inpedance is

me y rapgi.ng fromahout 1 Hz t

b oot e Py B L OO SRR R e e or

A detauting ostiensd thetehetrolleidth Getldye GUBIUCE. Vighes BRAASSSUt 10
wi t.hin .t he ﬁgﬁéﬁ%ate are covered with an insulating

| ajflies thegize ed) The device according to Caim i1,
wherein the electrically conductive traces are

further disposed in a second plane of the substrate.
29{ameagedidide)deTive adevdiog tattimdi, netein Ge dieticd 8 used for
mh?%g&qlﬁgﬁ qu ainer tggq}her forma multi-well )

bot T orl &ss niet Of iEFRPEigieal adracgyt electdss ischetwern abev @& times
ace@t £Hong3 titheSHa sBesFcehier ei n t he nunber of wells
present in the bottomess mcroliter plate is a nunber

between 6 and 1,536. 31. (anmended) The device
acGAIALaY 1 Rl 8L ReblinICERIN 1| SR80 it OF IR,

contal ners are assocCl a W

ar degctind2ell{ ankthe e} trddiasueiayd SenAskal #ithd ctita$hadidn 30,
wherein | ess than all of the containers are
asORICHPRIYFWh an active el ectrode array. 33.
(anmended) The device according to Claim1l, wherein
each of the electrical traces is up to 10 nmfrom
each nearest adjacent electrical trace. 34. (anmended)
The deyi accarding o Caim19, wherein the dianeter
of Bt ThRGPEeE aiiPuliRe touCindh SLowhohuncbmectr wesiond
dirp@9aen fididth e sSIBRH RIS thelBd @ : r
35. (anended)ﬁThe devi ce agg%r ingsko %1§¥€¥Qﬂﬁg ein
t HeoRqraQeswhard § Al ayesberiecutreete enmacetelasmotte atreponynta, a

I - abl af i .10 200 36.
(ﬁ%ﬁgg)‘ﬁyﬁg&l \9?%@5%@5&#‘% %éulggné ai m51, wher ei n at

| east one of the electrodes is individually
addreﬁfeg 37. .(anmended) The device according to daim
1,(amgndedd The devics aqeprindfod laim @ reheseip therpsotearpremotss

| rpRhfiL AP RGO T HBGRRCAherldl AL | east 1ho
el ectrodes 1 n each electrode array, wherein the
capture reagents are capable of binding target cells
and/ or cyl es. . i
QamendeHP Jf“ﬁe device according to Claim 62, wherein the protein promotes non-

specific cell attachment to the electrode surface.

(amended) The device according to Claim 1, wherein the device is used for

detecting cells and the non-electrode surface is modified with a cell-adhesion

repelling moiety.,

(amended) The device according to Claim 4, wherein for at least one container
associated with an electrode array, the sensor area occupies at least 50%, 70%,

80%, 90%, 95%, or 100% of the surface region that is enclosed within the

contatner.
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67.

68.

69.

70.

71,

72.

107 17 June 2005 38. (anmended) A nethod for assaying
target cells and/or nolecules in a sanple, which

nmet hod conprises: a) contacting one or nore el ectrode
arrays of the device of Claiml to a sanple

contai ning or suspected of containing target celll§ Junc 2005
and/ or nol ecul es; and b) determ ni ng whet her a change

'O 2 é&%&%%es%ﬁgc%éﬁgogﬁl\éﬁg %éq n . wn .' el@%%tlerg?lg cal cénqlection
debeeicablie inipadgre Qhallri AH@ Bl dctridaNdiERTIYSe %césﬁ?via a

presence of target cells and/or nolécules in sa
safpiteingAEcWhapt ure of said cells and/or nol ecules on
the surface of said one or nore el ectrode arrays. 39.
(amended) The nethod according to Caim 38, wherein

t hénsandpd)el ieglesichiaotcnding @ Claiand, fur@RM s figk & PO Bin
medi a_ sufficie bg{or,target cel| growth. 40. (anended)
ThaTHVE helkiR b Ohpin aregornsrtad tofagnpession padsraneirisgd on the
anpgmpedance anal yzer and connection nmeans for
establishing electrical comunication between the

el ectrically conductive traces and the inpedance

angl| yzer 1 nded). The, devi ce according to C aim
5ol Ed), A ATk Al B b BRE 0 Sl Somprtting
mechaii calpréVilling adRAlBEdiive Seutidley engage the
substrate and to form electrical contact with a

trac®) 10genpitngan dewscallyzonduntive didd)onFail substrate and

accorgli ng [ . ein. the chani.c lip.is
ad aptczd t gtdﬁ%rﬁlrrﬁ%aﬂr;]% ééllf]_'(céhg T B{:%nﬁgghvﬁéﬂﬁ g ﬁn%e?the urdfity of
printed cictectrode dremys dsinPCREr aHt@ion cMBOERALcTRERIEVi ce
according to Caim1, wherein the target cells or
nol ecul es are captured on an el ectrode surface. 44.
( agxpied ey ' - al : rein.a
peri rrefeégjl)r) T;I)—lfB %% he ccgﬁ;tlfgi?l;ée@; ﬁlrpmgr E%ﬁﬁéﬁ%n%g éav‘v}%ﬁiﬁ %f' ﬂs rate
oudfeer laser dhiastomrof dlic ¢leeriallycondaivafilays. 45. (anended)
The device according to Claim?7, wherein each of the
el ectrodes has a w dth between about 50 and about 100
M (@fieAideddThe hfethMddFelaim @on Qi | ce
aéﬁording to aim7, mthg?ﬁéﬁﬂgeaﬁgﬁﬁég%nﬁﬁgnlg%%
pattemed plurality of electrode arrays is assembled to a bottomless multi-well

plate to form an electrode-containing multi-well plate.

(amended) A device for monitoring cell-substrate impedance, which device

comprises:
a) a non-conducting substrate;
b) at least two electrode structures fabricated to the same side of said

substrate, wherein:

i) each of said at least two electrode structures has at least two
electrode elements; and

i1) said at least two electrode structures have substantially same
surface area; and

iii) said electrode elements and gaps between said electrode elements

are arranged so that there is a high probability for cells to contact
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73.

74,

75.

76.

77.

78.

79.

80.

bet ween adj acent el ectrodes is between about 10 and

about 30 mcrons. 47. (anended) The devi ce accordi ng

to Caim13, further conprising a plurality of
receptacl es, wherein each receptacle is disposed on

the substrate in a perpendicular orientation theéidumg 2005
further wher éﬁl f e@t&td@ elegnep vdeheaifl aelisara iftraduded ontglaid

cont ai ner, $ast one receptacle is contained
within a perlne af"f or med by the buses at a pl ane of

cont a:c;t beﬂt Waenwbhenii@tien padd 10catadeh the sshshaler ate. 48.
(a The device according to Claim47, erein

eal ef&‘ %.‘1 dryice has ayuriace sygablg for sl ajipetmens pogiomh endsnid
engesn, atbBm [ cont act

B Ry B o G P el e O iR 26
Th@nﬁd@@éaea&zmroman@ngsa1dt|ehactrod£¢lemhmel n the dianeter
of the container at the end in contact with the
substrate is smaller than the dianmeter of the
0 pfaerfend¢l)amd.debide adRRBAL AR G208 NLER TR ﬁﬁfsght@ 9:0&1?» ises
Claim47, wherein the containers are arrange h&
suBassy spahire sHises yliods dasheam plastics, ¢mmpoised). The
devi ce according to C aimb50, wherein the outer wall
of each <container at its point of contact with the

s Ulastenddd Tihe deyice accahiinig toCRin TR f whdFeihiBe n@HERHJuWRJ
of ach adj acent container. 52. (arrended) The devi ce

PEHE A RPTEYSIURSIEAS. wherein the el ectrodes of each
eI ectrode array are of equal wdths. 53. (amended) The
devi ce according to Caimb52, wherein each of the
el (esendadie hh devicaampdtilg ©f Claino G2, Wikkreih chiolsctiide Ieleinent hasa
Wi dest oi.n The dev| e accordi ng

4. (anended
o 5/ se tg?l §0Hl f 8TMPFO mat,ngqfé:lrgﬁzé(gl -lipe, dlamond on-Ime

nqmmagm&d \estelieed 4Rl SmReiMeSdnRiyacent el ectrodes is
about 20 m crons. 55. (amended) Thé device according

to Caimb54, wherein the width of the area of

o SR th B SRR BGHRET ANRER Mordl gk Plgents ne

acgaps bétngen theClairoid cletbats aidurfdige®iChhl @Qﬁ:&hé‘f%ﬁ% bf B

tin OXIde | TO chromum gol d, coppe
nlcfh%gat ﬁﬁé@trw&}ﬁ? %’?tP\ﬂé’r levigeicpnigriam elgﬁr@ée elemed
al um num 57. (anended) The devi ce according to CI aim
1, wherein the electrodes are optically transparent.
(amended) The device according to Claim 72, wherein the electrodes comprises

indium tin oxide (ITO), chromium, gold, copper, nickel, platinum, silver,

titanium, steel, and aluminum.

(amended) The device according to Claim 72, wherein the electrodes are optically

transparent.

(amended) The device according to Claim 72, wherein the electrode width is

between about 0.5 times and about 10 times the size of cells.

(amended) The device according to Claim 72, wherein the gap between adjacent

clectrode elements is between about 0.2 times and about 3 times the size of cclls.
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81.

82,

§3.

84.

85.

86.

87.

88.

58. (anmended) The device according to Claim1, wherein

t he non-conductive substrate is a porous substrate.

110 17 June 2005 59. (anended) The devi ce according

to Caim1, wherein the device is used for detecting
cells and the electrode width is between about OIEJune2005
times and about 10 tines the S|ze of cells.

eUrRaary THSGOREACOBRER Cll a7 v f’ﬁ'&m%g{f LR

beumﬂéhdadﬂasedtaﬁkﬂmmqmmﬁsnmﬁmbehmeen about 0.2 tines
and about 3 tines the size of cells. 61. (anended) The
device according to Claim1, wherein the device is
US@ehchaéd) THEIdRGiot Btkoffihh fo N1 Cw BB HO0R!- eE%C els
nodified with a cel esi on pronotion RO B2.

( aPRSRWEEN TThESY M@@dm ki grgup corSistingobd selﬂ@ﬁéﬁnbry

th ronotion noi et sel ected from
&oﬁ%{%é\g%n A3 REcro pre.ordRpiE eégf@%‘il.lﬂfay MaKHH ERFAPUEDISa

( ShMein, ayRiym&@Ngycd and'® EBard %waﬁ gl lular matrix

conponents, a protein, a polyner |ayer and a charged

group. 63. (amended) The device according to O aim 62,
t f|c eII att achnent
t oCnled 18 BEALEAORLATR Chim BB cau R bitEwe
acwpecific mgll atnaoﬁimnmoﬁﬁe elw&rd%lsnrfhdsae protein pronotes
non- specific cell attachnment to the el ectrode
surface, 65. (anended) The device according to C aim
s.and
R o1 8y h L O Brontn &1on.
c eipreifid eld hitashmenttelthd elgetmalestsfaces6. (anmended) The
devi ce according to Caim4, wherein for at |east one
contai ner associated with an el ectrode array, the
s qamefided) The 0OGEPARErdRg ofaim 70 Whef@Rdhe B 1§Qs°é>d for
95% or 100% of the surface region that is encl ose
widetscHng pls agd theananeglectmotie surfaginmod (g widva c¢lhadinsiod)
T cording to Caim25, wherein the
elt}ecétilﬁllyéc%? ggnnecti on between the inpedance anal yzer
and the electrically conductive traces is via a

(amended) The device according to Claim 72, further comprisin g a plurality of
receptacles, wherein each receptacle is disposed on the nonconducting substrate in
a perpendicular orientation thereto, further wherein each receptacle forms a fluid-

tight container and at least one container is associated with two electrode

structures.

(amended) A method of making the device of Claim 72, comprising;

a) providing a non-conducting substrate;
b) depositing an electrically conductive film on said substrate; and
c) patterning the electrically conductive film to make electrode

structures using laser ablation of the conductive film.

(amended) The method of claim 72, further comprising cleaning the substrate

after laser ablation of the conductive film.
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89.

90.

91.

92,

switching circuit. 68. (anended) The devi ce according
to Caim42, further conprising a POGO pin structure
wherei n POGO pins are connected to connection pads
conprised on the PCB. 69. (anended) A nethod of

produci ng a devi ce according to Claim1, conpri silddpne 2005
a) providing a non-conductive substrate; b) depositing
an j ' L m sai d substrate; and
o) CEAFRLD R I EOTEUEND Y2, b T Red Bblrod PP g radaee
t helegtrarteatiuttpresfis asstmablet osle bettsraless maitRgell pRES to form an
ablation of the co duciiq\ﬁ% film 70. (anmended) The

e PGPS EoRtaNRg BRU-PEHPMEE. conpri si ng cl eani ng t he
substrate after laser ablation of the electrically
conductive film 71. (anmended) The net hod of claim 69,
wherein the substrate conprising the patterned

Pt TR et} Bfo R BlP S haance which device

el emhprisde- containing nulti-well plate. 72. (amended) A
device for nonitoring cell-substrate inpedance, which
devi @&  cArispFasRcting substsses- conduct i ng substrate; b)

at | egst : r res.fabricated, to the
sarre%Zi deta sé&&tf cgégﬁg(?% %{Lbé?ug%lélltsetigﬁm %3& t@i@‘?ﬁsaélfe Uds of
at | east tuid sebstiate; eatdy (ftsnidainitroesiphiass Aleak€@%tcléd@dde

el ectrode el enents:; Yg/gnd, ii) said at |least two

el ect r ode SEPFHEE ardwherginedsh gEsaid elearode syapiresdas pleest

area; andtibklkctsdebighagl.rode el enents and gaps
bet ween sai d el ectrode el’'enents are arranged so that

ther®is & bb it penoeetbistiil telecfrode elehbsts withaosuideltctrolde?
17 June 2Q05. an Electro e el enent en said ?ells are

i nt r oduced  oAYS WHFTED gL RUsds nofegpesed b a pample ligywl added to
connect i ogaifdgGicé:@@at ed on said substrate, wherein

sai d device has a surface suitable for cell attachnent
or gfbwt ha@hHaliyiofirecepipplegwherchnaadh resepigelov disposed an daid

device r eﬁHﬁ—tﬁndu@tiﬁif LiskARS, BQ%Q&% o1} orientation thereto, further
wherein each receptacle forms a fluid-tight container and at least one
of said containers is associated with at least one electrode structure
unit on said substrate,
wherein said device has a surface suitable for cell attachment or growth and said
cell attachment or growth on said device results in detectable change in

impedance between or among said electrode structure units.

(amended) The device according to Claim 90, wherein the substrate comprises

glass, sapphire, silicon dioxide on silicon, plastics, or a polymer.

(amended) The device according to Claim 90, wherein the non-conducting

substrate is a porous substrate.
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93.

94, 4

95.

96.

97.

98.

99.

100.

101.

i npedance between or anong sai d el ectrode el enents.

73. (anmended) The device according to Claim72,

wherein the substrate conprises glass, sapphire,

silicon di oxi de on silicon, plastics, or a polyner.
(anmended) The devi ce accordlng to daim72, 17]June2005

V\,h (gsm@qnﬁ,ed)hﬂlerdgnmc epchuding hg Clamk)l, whteid teal d@ﬁbdma ement has a

sub&}rq | F §£ nggged The. deV|? ccordln to Claim

728 EPeielrof dtom Ds SO e wsisHEa T fisde-gn-lgs sfranpyd-on-line,

selmatigitafed Qe Sed bRMANGRNE] $boR&rPf circle-on-1ine,

di anond-on-line, interdigitated, castell ated and

sinusoidal geonetry. 76. (anended) The devi ce

he el ec e el enents
GAL8Y 1 S RE R Faint NECRIR IO FheERbe 8GRt and
sogapsa'mtwmnehd dﬂammﬂ@%eﬁ‘fentshﬁe aﬁ‘ﬁ{ée& sb @t nr&than 50% of the
t he deV|ce contact an el ectrode

i ntroduced ont

el %‘ilr@ﬁti'a a”ﬁ““ﬁ’%ﬁéﬁ&@@) THeVigRtAnEast ak elseendecpleroent! ai m
72, wherein the electrodes conprises indiumtin oxide
(1 TO, chromum gold, copper, nickel, platinum

si famended) The davigerpcootdieg to Glath ADywhercim thd Bectf@ive ociaphises

Th to C a| 72, wherein the
ol TPy dléé’xgdr%iﬁ(gk n‘gfgwn &9 ﬁgﬁaffrewsﬂ %vlglatl?%eﬁhld@d)
Thtetadlam SRelagPAlginREnt.0 C aim 72, wherein the
electrode width is between about 0.5 tinmes and about
10 tines the size of cells. 80 (anended) The devi ce

SR 39 HERl 0  AEARe e mics

t i maspaad. about 3 tinmes the S|ze of cells, 113 17
June 2005 81. (anended) The device according to Caim
72, wherein the electrode surface is nodified mﬁth a

c

CQubeAl 100 LR 00, ARYGHY o9 S AHRLAR) oo it
c dhsulatifige giatanial.pr onot i on noiety is sel ected fromthe
group consi sting of a self-assenbly- nononol ecul ar
(SAM | ayer, one or nore extracellular matrix

C qaReMEAY Fhe devidd RLOidihg B (Hﬁhyﬁ@rwﬂe?éﬁg thePMld R h&{n gers
group. 83. (anended? The devi ce according to a|m

wHée By mpliiewpll srieroplaterformates  specific cell attachment
to the electrode surface. 84. (anended) The device
according to Claim 82, wherein the protein pronotes

n agannemdmrné devied decardinpab MR 98) WHeeeie HRWIERE8e bus lies

sur
outsufe the bottom surface of the well.

(amended) The device according to Claim 98, wherein the multi-well microplate
is selected from the group consisting of a 6-, 12-, 24-, 48-, 96-, 192-, 384~ 768-

and 1,536- well plate.

(amended) The device according to Claim 90, wherein the surface of the electrode

structure units ts modified with a cell-adhesion promotion moiety.
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85. (anended) The device according to Claim 72,

wherein the device is used for detecting cells and

the non-el ectrode surface is nodified with a

cell-adhesion repelling noiety. 86. (anended) The

devi ce according to Caim 72, further conprising 1d June 2005
[02.pl (aradride) Dic daveeaptadingzo Cidigr B inwhaehh tﬁ}@‘é@‘lﬂlhél@ésﬁ)ni S

di sposed on the ngnconductjng substrate in

pe PERRICITaF TGS FRFRIE 1o thhBrosp Gonsisiinginge saltassnrbly-

eagnbRGRROIRE | AND H}?Er 3 ;ﬁ; rbidinda PBW(A} tlaﬁ@?é\r%f %ﬁ‘]éag%e;&g%'gﬁp.

| east one cont al ner socl a
structures. 87. (anended) A net hod of making the

103. deﬁz{ngeglrd]gédcﬁ ﬁdgg}czz ct‘orrgl{rT]E 3 ‘gelﬂi?&s?”{l? %%Vt dl n%/l layer is an

el eletmdticialate/orc gsld o€ bi WigyisithfanednsaOoseiest rate; and
c) patterning the electrically conductive filmto make

el ectrode structures using |laser ablation of the

108, BT e S R GFih  DuHATES P Proeles

ab$;mmfmrceﬂfatth¢imlem ndhe tsur\ﬁﬁ:efdflt}m eldctrbdd firdein@ vafi95  89.
(amended) The nethod of claim 72, wherein the
substrate conprising patterned el ectrode structures is

105. asgaivhbie e d@w@@%&ﬁilﬁ? fod V\Bfl'll]w#er&hg%eepr%{)eng ﬁ%m&%es qon-

el ectrode-contai ni ng nu

desnegidicicgl afpthiment forthe swifice ofi st datede spadasaait, whi ch
device conprises: a) a nonconducting substrate; b) a
plurality of electrode structure units fabricated to

the same side of said substrate, each of said unit

co rlses at |l east two electrode structures and
106. piedd JhR deyice ascardingta ¢lotie 961 whereinrtessurise atealo§ ast-

t I ) t hat nnects said
evg?:%ogg t§[ e eﬁgs '?S@\f}mécf ftﬁ ascg}lcf' Hﬁ?sé%r{ rregrggng oy %XT ure,
wherein said bus is not exposed to a sanple liquid

added to ai.d device; and_d) plurality of
107. e@’é]ﬁ{l‘i“@t) i8¢ %%F%?%Olé%%mr(é‘é@b{?%v@mlg eélﬁsrfﬁ@@péapl@fpms a
safdd- tf@ﬁf‘c&@i‘ﬁéﬁ@sé&&teﬁ%ﬁ% Et?Efst bfle AcARIREBALGH Hit on said

orientation thereto, fur
substrate.

108.  (amended) The device according to Claim 90, wherein at least one of said

containers is not associated with an electrode structure unit on the substrate.

109.  (amended) The device according to Claim 90, which further comprises an

impedance analyzer electrically connected to the substrate.

110.  (amended) The device according to Claim 109, wherein the impedance analyzer 1s

electrically connected to the substrate via a printed-circuit board (PCB).

111, (amended) The device according to Claim 110, wherein PCB is electrically

connected to the substrate via a metal clip.
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wherein each receptacle forns a fluid-tight container

and at | east one of said containers is associ ated

wth at | east one el ectrode structure unit on said
substrate, wherein said device has a surface suitable

for cell attachment or growth and said cell 17 June 2005
attachnment or growth on said device results in

de ge.. | | rpedanc et ween or _anong, said
112. h -
el o0 T ARRE otk PRECRDRT B Re AT Enciners
acoeina nolti-ovellnmicrapBide fodmar.ei n t he substrate conpri ses
gl ass, sapphire, silicon dioxide on silicon, plastics,
or a polynmer. 92. (anmended) The device according to
113. O @hioh@&4) THR QGO BRIALR CARAYES | itk e wy Le b 5ud
por ous sabstrate.a11511§ June ES%SMSS%}E ezllrﬂr[éﬁldvéiﬁl)lmfﬁr@plate
dlebaiselectaﬁ omdhe group cmm‘a'stinlggﬁ“,a Gghlfa-eim, ?]8199@4, ee1.[ BRe. 768-
el gnent,has a,geonetry sel ecte romthe group
consi S%%éngegfm%?'r cl e-on-1ine, dianond-on-1ine,
interdigitated, castellated and sinusoi dal geonetry.

94, (anmended) The device according to Caim 90,
4. \amended) Hbe devies pasarling orfdas 1 b durthpapsmpeising e PQGO-pin

| t hat th 50%
or ERARERNFRETOND BB b AR B ol oied comscd o e

cdiftdct an el ectrode el enent. 95. (anmended) The device
according to Caim90, wherein the el ectrodes
conprises indiumtin oxide (ITO, chrom um gold,

115. CQRR@AdedH! i i o bhtan st eel ,
agd al uer%ﬁllr?g{rﬁn&hg%gh?tgkn@%gqéig?lckr}égélag\l/??fe&g{g gig]rn&i ng to
d ai @ 90, pwivislimg mnerreorelueting adesatay e optical |y

trangparent. 97. (apepde The devj.ce according to

a ai i So. issiibisab EIFERISALY paidB0es W on rrid aypsnte: and

i nsubjat i ngatteating il elechoall§ FBBRNLGCS il % ABVE B8 plurali
according to Clgai m 90, \M}gr'ei n the flui d-t?gﬁtp urality of
cont ai ner $ectegdg stryctyreinits jusing lasenabdaton cfitke ¢andpetive fin.
(amended) The device according to Caim98, wherein
the el ectrode bus lies outside the bottom surface of

116. t temevelel) THOMethod o cleizal ) 1 3 ferthte\coaPrisiag Qlddhﬁ? thPsubkRdt

ere'ﬂigthe [ti-well mcroplate is selected
£

08 m@
f APRE Pt aflation of brspaduchiye §ima 6, 12-, 24-, 48-, 96-,
192-, 384-, 768- and 1,536- well plate.

117. (amended) The method of claim 115, wherein the substrate compri sing patterned
plurality of electrode structure units is assembled to a bottomless multi-well plate

to form an electrode-containing multi-well plate.

118, (amended) A device for monitoring cell-substrate impedance, which device
COmprises:
a) a plurality of wells;
b) at least one of the plurality of wells comprises at least two
electrode structures on the bottom surface of the well; wherein
i) each of said at least two electrode structures has at least two
electrode elements fabricated on a nonconducting substrate

forming the bottom of the wells:
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101. (anended) The device according to C aim 90,

wherein the surface of the electrode structure units

is nodified with a cell-adhesion pronotion noiety. 116
17 June 2005 102. (anended) The device accordin

Cl ai m 101, wherein the cell-adhesi on pronotion 7éﬂ9€2005
i s selectdtl paHOA ]leh?é tye slestredmsiiustureschaye sebstantially same

sel f-assenbl y a{;gg %11 &feular (SAM layer, a protein, a
pol ymer Iayer an tharged group. 103. (anended) The
devi c@ ac ozondeqtngnmteaﬁ frir ROAGR tin gt rebicrotid anAlved @yer

is an alkane hi ol ate on gol d or an al kyl sil gxane on
Sio2 or Si'BRE ai’ﬁﬁmcema'g&}rcwﬁé'a&@\ﬁlwoa@@w@ hng to

A ahsielsdid ¥eEE1R atsbﬁ’a&r s‘ﬁtt%l@ i QMEtQ&méﬁ 54 %Jr Wth 81?(:\ Laid
attachment to the surface of the electrode structu
unfalkattaglygent(os geavetb D sTideledives pulacinatetticratlet m@emmm

10; otein.pro es _non- specific cell

atlt%,l ne%?iepvée?ﬁoé%upgg%lg LQTCHB% St@icgthr?srode structure

unit. 106. (amended) The device according to Caim90,
el ectrode-elenent is

wher ei he surface area of non-
19 1 Em%e Kexice agqordias s Elsim rléﬁe\f/hlqrﬁg Swdlr@nyondlla‘mg
( WQ&QM&? c&ﬁ?ﬁ&ﬁg@%&% ?I') E%:ls a?oqgt ?ﬁ f W&'sgbsef‘rape

each receptacle Tor

associated with at | east one electrode structure unit

on said substrate, 108. (anended) The device

according to Caim90, wherein at |east one of said

containers is not associated with an el ectrode

structure unit on the substrate. 109. (anended) The
120. g hpmendesdd dbe devige sesoding in ©lgim WhY,ovhekein thierectanpieise s

G M e L

d cammaclﬁﬁ Jpaidwhaeird elcbRichNP esimReRd aNeinhé&ion p?ads along an edge
el ec %él |y connected to the substrate via

prafiteosis#tEui t board (PCB). 111. (amended) The devi ce
according to Caim 110, wherein PCB is electrically
connected to the substrate via a netal clip. 117 17
121. J pmendsdd Thd dddce {caneldeed)Cliine | 28 wheteia 64 POB Khsicdnnection
Caim111l, wherein the fluid-tight containers are in
a PREHHRY- Qe s ?‘F{cr opl ate format. 113. (anended) The
device according to Caim112, wherein the multi-well
mcroplate is selected fromthe group consisting of a
122, g (amgmpded) Fhe devige accogling to@aim BE)Y wheRfi8said PCB has connection

circuitry on both sides.

123. (amended) The device according to Claim 120, wherein the €lectrical connection
between the PCB and connection pads along an edge of the substrate is via a

metal clip.
124, (amended) The device according to Claim 120, wherein connection means

comprises a flex circuit, said flex circuit comprises electrical connection pads that

are electrically connected to connection pads along an edge of the substrate.
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and 1,536-well plate. 114. (anmended) The device
according to Claim 110, further conprising a POGO pin
structure wherein POGO pins are connected to
connection pads conprised on the PCB. 115. (anended)
A nethod of naking a device of claim90, conprisilAdune 2005

125.3) (amendedliThy devise ﬁcmﬁ@ﬁm ChgmsllBswhertie: conheatiepasdahi ng

an of] fil id substrate; and
o edihfifdel b GRANENE CURNGHAY B o BeRichly FoRpRHTS S insae
thamhkMﬂ@hmkﬁgebfﬂebe@ﬁmﬁﬂe structure units using

| aser ablation of the conductive film 116. (anended)
The nethod of claim 115, further conprising cleaning

126.1 hﬁnﬁa‘ﬁb&i e Qlevidl ta&rordlﬁ%ﬁf Cﬁﬁkﬁ&b O\Qh Emt h_neﬂe% lgﬁﬁ'get@g%/ ﬁmher

127.

128.

129.

130.

131.

m 11 (anmended alm
t h@OIBIPHﬁQS raei’tQaG Qepip shns:tuug wietdie Pm-pﬁismﬁblb&tﬁczﬂfy connected
OQ%ng str§ft e Hﬁits is assenbled to a bottonl ess
mult PPN BRI W EECEyr m an el ect rode- cont ai ni ng
multi-well plate. 118. (anended) A device for
nDnltorln%1cell-substrate i npedance, whi ch device
@l Thg deicppagording tp Glmnd P4, syhdpdin @bnilcetist meaes fafther

th l,i f | east twQ

el @8## HES o G o1 lefur® BBt PO ot i dekPeativonneced
wetolcpnmdveior pads dn)the flebcietuisai d at | east two el ectrode
structures has at | east two el ectrode el enents
fabricated on a nonconducting substrate formng the
bottom of the wells; 118 17 June 2005 ii) said at

| east two el ectrode structures have substantially sane
surface area; and c) connection neans for connecting
the el ectrode structures to an inpedance neasurenent
circuit via an electronic switch, wherein said device

hagmandedy ThE @eviel 4Bl d BIC15i3 lzﬁ%}éﬁ%@&hgeﬁdongﬁ@%%rmer

and sajd cell attachnent or growth on sai evi ce

r €9MPISes hPAEQepin stheturshreyeini RGO mpean centtvetedee meol clip.
anong said el ectrode structures. 119. (anended) The

devi ce according to Caim 118, wherein said

nqamemibdy Aimehod for monitoring cell attachment or growth, which method

COMPIises:
a) providing a device of Claim 86;
b) attaching cells to or growing cells on the surface of said device;
and
c) monitoring a change of impedance between or among the electrode

structures to monitor said cell attachment or growth on said device.
(amended) The method according to Claim 129, which further comprises
determining the amount or number of cells that are attached to or grown on the

device from the monitored impedance.

(amended) The method according to Claim 129, which further comprises deriving

a cell number index from the monitored impedance.
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132.

substrate further conprises connection pads al ong an

edge of the substrate. 120. (anended) The device
according to Caim 119, wherein connection neans
conprises a printed circuit board (PCB), said PCB
conprises electrical connection ?ads that are 17 June2005

el EEended) The regthedesceringtocGhaine d 8 1 orheseid sheatelimgmatrer index is
edge...Qfs tr.at 121.. (anmended) .The.devic
acg(%jrvc??r%otn?gp a?sn%reﬁefgfdt i nga?odlsgﬁt‘%g Hté%mcessq
cotorgptidsimy circuitry on one side, 122. (anmended) The

devi ce according to G aim120, wherein said PCB has
conné®ti ot ShReAsEcd fesquensyhcalewidting the gsistanpe radiod)y

The devi cg; [Ayal ' .. the

el ectri cal@'l ‘?g%%e% ?lg%ﬁpebd(e;]teagg?ﬁ t Eeen\lé%gg g#?gh ttgg]he defheon
pads al onglestroésde thé badebinsdsistanat;e is via a netal
clipiy124., (anende The devi ce .according to Caim
120, Phner SEISERINHEDE M HE Yalue b s Teuans tig gver the
circuit, Sagderdcy@yedthisuhll conprises el ectTi cal
connection pads that are electrically connected to
connétt i ofulESEng Pah fomthe igainoim vhke suthstresittance i, 17

June 2005 > The devi ge accordi.ng t
Qo 110 Whkfei a pATRRRER) e Cochihinfit BER (alick fhat gp cells
clip, saidrmatyamaillriumber 6f &g atd pregnt ¥n 60ANRSEIEE tho

connection 8a s along an edge of the substrate. 126.
(amended) A O‘g‘e\}‘ﬂ é@e%@@rfaﬂﬁ@ valye of Seakh mpaher widex dindicates

connect i OghAEaNn ' LNy o
ot Uot ur 6 Thae b m bl the COPIIRES ol S Bhvielomise
t o connectémtitigpmdmonncdls ereREBchetXd the clorvde dyrfddes:

devi ce geeor di.ng to Caim 124, wherein connection

ans 1 artHBPS D Eonpri ses a POGO-pin structure wherein

POGOapi ns atdach alc@silréd fradlehc i i i

pads gn the flex ci rcui@(?. 1%2?3[&(%%&2%8}?3)@81% e g‘g{ﬁgg
accor di ngdtvifling giermepswred ygsistasica whenwelts dre attanhad  the
further ' in. structure wherein

POGO pi nsglg?éggdggn etg Ea%@%ks QI p. 129. (anmended)
A mebhod deemtinimgttis inaginaeh balas (ro®B MeNarRE ra{QWeP the
whi ch nethod conprises: a) providing a device of

Cl ai m 86; TBYUCHEY SRFIHG: 88l | s to or growing cells on

the gurf aggindfa 1I88AESY HfcSnaximum value in the resistance ratio,

wherein, 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 and 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;

process 3 comprising:

a) at each measured frequency, calculating the reactance ratio b y dividing
the measured reactance when cells are attached to the electrodes by the
baseline reactance;

b) determining the maximum value in the reactance ratio over the
frequency spectrum; and

c) subtracting one from the maximum value in the resistance ratio,
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133.

134.

135.

136.

and c) nonitoring a change of inpedance between or

anong the electrode structures to nonitor said cell
attachment or growh on said device. 130. (anended)

The nmethod according to Caim 129, which further

conpri ses determ ning the anount or nunber of cellfdune2005
that are ayhoseinedercpraeayrasoficadhnurhleer inthoxi’ gelidatanthathe cells

accor di ng °Fua st opt BTGP ERa o8 shpysigad o the
deriving ececoolid surturbeand didgkerlvalid dfteclMRthb&@iSdhx " indicates
irrpedance.lil%Z%rl? June 2005 132.W®anended) The net hod

accor di ng’ S 8¢ of thseells and grdls sader sitnilyarhypinkheical
s derivedndifiof, bt B9R%Pe REIA Bnd EQEIASUHLOLP
consi sting of process 1 conprlising: aS at each

mediskireekss # equerising: cal cul ating the resistance ratio
by q Vi diap%chhe rregigrr ed resi stance when, cells are
attached ot HE RRYVEL{IFRYDEY ng gheresigance ratio by

resi st anceliviliihg ded MedEuFdNesi§thfoc PR ¥RlaHGcHdA 1)
resistance ratio over the frequency spectrum and c)

subt ract i §kgcpdestydhs baselimpsesistanceal ue in t he

resi gt anc j: . €] Zero .or near-zero "cell
oot 1 nadch e e B0 chafed ' B B Glingeruiih
nunber of freghdrey by auitretiag bnOfiro@rth@tdsRemed rdtid: ke

el ectrode.surface nd .a_ hi gher val ue of "cell nunber
inde§£ inmtﬁ%'?%‘égilc%ﬁf?latﬂﬁr‘g?ﬁ%wlyﬁe of the cells and

cel | s und@meghminkatelRBYSbG iRgxeal dmﬁ%ﬂ%géd%%nulrﬁg £

cells are attached to the el ectrode surtaces; process
2 conpr i sifleguengy paintse scterorersaar-gckof elljmembst, index” indicates
the .resi stance rat.i di vidi ng the

cal cul ati 0
nmeasur ed ﬂ%&]’%{;‘%{ o) Vﬁﬁesr’i“@e?q“%beéngﬂltstaé%ﬂ@ée gn theelectrodes
el ect r odeandy higher RAKE ‘06l hERbSLANGE indLatdEhe! ﬂ]grgmg type

the maximum value in the resistance ratio over
f r equency©°kibeselisand cgHeurder siadian ghysiologicaladonditiofis, trhare cells

maxi num Vgﬂe%ﬁaélﬂ:dwﬁler ‘fécitr%ﬁ ce ratio, wherein, a
Zero or near-zero celﬁ nunbér i ndex" indicates that
no cells

(amended) The method according to Claim 129, wherein the cell attachment or

growth is monitored on a real time basis.

(amended) The method according to Claim 129, wherein the cell attachment or
growth is monitored in the presence and absence of a test compound and the
method is used to determine whether said test compound modulates attachment or

growth of the cells.

(amended) The method according to Claim 129, wherein the cell attachment or
growth is stimulated by a growth factor and the method is used to screen the test

compound for a growth factor antagonist.

(amended) A method for monitoring effect of a test compound on cell attachment

or growth, which method comprises:
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or very small nunber of cells are present on or

attached to the electrode surfaces and a hi gher val ue

of "cell nunber index" indicates that, for sanme type

of the cells and cells under simlar physiologica
conditions, nore cells are attached to the el ect 1 ddene 2005
surf &es; pm‘@@@g@dsvwgnbﬁﬂ@mrﬁ@ a) at each neasured

fregyency, [ the . [eact ance di vi di_n
(1 eausncy o GabiulLan0g. It eastance,atl o b vl dng,
el ect r odesletige hereibedwloif Bfid HRAST R OE €onthihed gl @srsﬂélﬁ‘t'eﬂ‘ ith at
t he maxi mllm value in the reactance rati o over
y

f requency "$PEY FRirOdf dtregtuies BadG %ﬁ#lﬁﬁsm@nﬁﬂb’rﬁﬂtﬂwmbcr
maxi mum vakuen

2005 wherein éﬂ@%?gcgﬁﬁﬁggﬁﬁggFgﬁkh qhaﬁ&} %?Kﬁﬁﬁg%mund
i ndi cat es apthat no cells or very small nunber of cells
are present on .or to, the el ectrode surfaces

one Bo MarR0uRE o e BE b Slsheith v Riearamanai beslggrode

that, for sgadieret PE iHctibNBf GBE kS nBRfoGRE L #%ﬁg{ld test
sim I ar physiol ogical conditions, nore ce13

attached comppundeinesiiragidehment bagesvthand process 4
conprising: a) at each neasured frequency, calculating
the resistance ratio by dividing the neasured

137. r elainehduny & hwherhogelcbardaigao @liiactieg whithtfhifher@bRptEQdes
by. t he hasel i ge resi st ance; )h cal cul at i ng the

r efetgrmining AuRBe qfiyigblepells Amerchicentainen neasur ed
frequency by subtracting one fromthe resistance
ratio; and c) integrating all the relative-change
138. v {pmendedfiBreemethbd accbedihg tonClairerl 36,ndeixh fiirthetl edrhmeds
based on nultiple- frequenc oints, a zero or
A5 En WhePr o sbrohiias < i iorts & e atow aerq asls
or very small nunber of cells are present on the

el ectrodes and a higher value of "cell nunmber index"
139, r{ame%deéﬂhﬁmethoﬁ@pccgém te ﬂb‘@m 166, Wh!@h&ejﬂhes camgrissl | s

r al o al, _condi ti nmore cells
ar e%ﬁ a@]h% dog&{eﬁ'&e Iy gtﬁf %?ggomﬁ% ( amsnded) The
140. n:{{nh&ﬁtled}:?&ﬁdhdﬁg forenddlitdtify ¢2APattAh@eRt &t drd\ethC &hlch method
att achnent or

comprises:
a) providing a device of Claim 90;
b) attaching cells to or growing cells on the surface of said device;
and
c) monitoring a change of impedance between or among the electrode

structures within each of the plurality of electrode structure units to

monitor said cell attachment or growth on said device.

141.  (amended) The method according to Claim 140, which further comprises
determining the amount or number of cells that are attached to or grown on the

device from the monitored impedance.

142. (amended) The method according to Claim 140, which further comprises deriving

a cell number index from the monitored impedance.
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growh is nonitored on a real tinme basis. 134.
(anmended) The nethod according to Caim 129, wherein
the cell attachnent or growh is nonitored in the
presence and absence of a test conpound and the
nmethod is used to determ ne whet her said test conpomnd?005
nndulates attachnment or growh of the cells. 135.

cor di ng to daim129, wherein

143. ﬁ?a)g}lpgl&%ﬁcgﬂtccg n.ggt,o ¥ 142, whersip thegg! lgypmber index is

gr @Mﬁ\f&dfﬁaﬁi@ RB# selRerelBionPhel he
t est corrpouggl forS a gr owt h fagi?%tf&glﬁftsgg%ﬁﬁggesﬁé&

( affEPRIEEE A net hod for nmonitoring effect of a test

ES%??QSSQ‘QE%E et KRR o Rtk e bt

d ai m 86; dbjidiag tlechéagredetdistaic@ vienBeRVhRGHEE]ddSo Rk @

plurality of c ainers of said device wherein each
of said p|6ﬁ‘=FgP<§)qS§ayég e basgling 1asEnes associated with at

I easql t WO gg eﬁﬁfrﬁr%f_ﬁ Hﬁﬁnﬂr Exe%?ﬂ'neci‘gﬁﬁgﬁ r%té(f pyer éli]ted a

subst ant| ally sa sane ty
di fferent ﬁmmmtspattrmm &mﬁ a test corrpound and c)
[ i ipedance bet ween or anong the

t f
2]0 Q'C% 2829 @WB 8%@ ‘BI MAXIUM yalug in the xesisnchdio or

the ef f ecivhefeis@betolof Bbar-LRIRRH MR £AEL A
or grovvth 137. (a?rendeaé) The net hod accor |¥r$g&gﬂﬁ%oce"b

d ai m 1360 Vg emall @ﬂﬂberrofwﬂpmeazegenu@t maﬁanh&dgomhmber
of viable l%gt'récﬁeslu ag%%gd%o?g@{e?% ugﬁ) m?beE The

nmet hod accordlng i ses

det er m ni igliosesttheey fot keend BpE oﬁﬂﬁh’;@ll@ﬂld &ll@ﬂn@éitsﬁﬁﬂ’ﬁ' st
to the gromh of the cells. 139. (anmended) The nethod

accor di ng PRYsIQpgirshcendtiong, more eellsiaeattasheshioi the slectrode
det erm ni pgrfbe dose response of the test conpound.
140. (anended) 'A nethod for nonitoring cell attachment
orpregeswk homphsiogr net hod conprises: a) providing a

devi ce of C ai m 90; attaching cells to or grow ng
col 18%on tiadh Hieraie hrdehi uettetios thegpstance it by
dividing the measured resistance when cells are attached to the
electrodes by the baseline resistance;
11} determining the maximum value in the resistance ratio over the
frequency spectrum; and
i) taking a log-value of the maximum value in the resistance ratio,
wherein, 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 and 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;
process 3 comprising:
i} at each measured frequency, calculating the reactance ratio by dividing

the measured reactance when cells are attached to the electrodes by the

baseline reactance;
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144.

145.

146.

c) nonitoring a change of inpedance between or anpng

the el ectrode structures within each of the plurality

of electrode structure units to nonitor said cell
attachnment or growmh on said device. 141. (anmended)

The net hod according to Caim 140, which further 17 June 2005
conprilses deigminifg Hl%@aﬁtlﬁ@lnarmu@m the rqaovabexr ratb oced the

that are aﬁngguggé;d%jg&rilﬁzg{dom on the device fromthe

noni tored | (anmended) The net hod

accorid) ng subtradtiipront4fdm Meirgdkimuit Vilke 6 IRPfkSRSce ratio,
deriving cell nunber index fromthe nonitored

i mpedance. YA YN AZCR peangero “iﬁlhnuwh@fen@t@d)mdrtmmhammeus
accor di N9 drQefy @hdll dtfber YR ELIR! fe i:»pageq& el orfaﬁ% 8? gh@dex

is derived froma process selecC

consi st i neelestroge swésss ancbmhnghels\raﬂlg: of “icgll BimB&GAdex” indicates
he resistance ratio

by di vi iR LReae 88 rEtherelf Sud e hnurmimbyaiseica

attached tedndifiens, @26 LEIRARS a@é(:hteci‘ﬁ) faskeli surfaces
resistance; ii) det er m ni ng the maxi numvalue in'the

r e&1kRIaPRsE 4camiDESidger t he frequency spectrum and

ubtr omthe val ue in the
Irlelsl) s)tsance?%c{hqgeag&\%ﬂ catigpey GAlgu iatB’lgnh‘é%FFls?QF%m“Eé‘lyl
nunber i ndlewdmgmlwb ma&@&&ﬁ?wﬁ& \ﬁlﬁn'tct%lls ﬁlredaYttﬁgﬁédStMJ
nunber of present on or attache
el ectrode® g"ﬁ ‘if‘égg’thﬁbasg ling gpRistancesl ue of "cel | nunber

e RSB ok Ol SR L MIE O A CRlL S o

cell s under sim gl ca
cel | s ar e fizjoachbg subtrztdﬁﬁgeheﬁbmderes&ltmlﬁ:amﬁ),} aff OCess

; h d f ,
ol ot ; i ralds AL e R e Yot vi di ng t he
menldreiadhe Q@llstuaiee indeeNiscRlilved #4s.d 8h Bﬂffﬂ?gﬁt‘ guélﬂf Iliyomts a

el ectrodes by the baseline resistance;
t F?é’r(?ﬁx‘?%ﬁm}’a‘lcdénmﬁb@fh@d Esndicaerctbatrmmt dells owedry shall number

{IAQUBOGE BREAAIL AN ddk g L A0, Bl S8R U9 1n 8

maxi mum val ue i n
indicates that, for same type of the cells and cells under similar physiological

conditions, more cells are attached to the electrodes.

(amended) The method accordin g to Claim 140, wherein the cell attachment or

growth is monitored on a real time basis.

(amended) The method according to Claim 140, wherein the cell attachment or
growth is monitored in the presence and absence of a test compound and the

method is used to determine whether said test compound modulates attachment or

growth of the cells.

(amended) The method according to Claim 140, wherein the cell attachment or
growth is stimulated by a growth factor and the method is used to screen the test

compound for a growth factor antagonist.
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wherein, a zero or near-zero "cell nunber index"

indicates that no cells or very small nunber of cells

are present on or attached to the electrode surfaces

and a hi gher value of "cell nunber index" indicates

that, for same type of the cells and cells under 17 June 2005
147.si tanteaded)ph yethalddgr mahitedmgkéifaconsa tesmiognpoahd Sn €@ attachment

attache%hd%nthe ﬁlgctrode surfaces; process 3

cofpf’ £ mgthod SOMPRESSsur ed frequency, cal cul ating
the rggact peadinghiRvRY ofCYifligty the nmeasured

reactance when cells are attached to the el ectrodes by

t he baselatachingercgrawing cellgin d plugalitg 02OBBainérs pf Sald device

det er m ni X] t he r.eactanc tio
over the Eggﬁﬁgn%% §ggg#¥mﬁfwﬁﬂgmp?vfl%ﬁﬁ??@% i #Bne
fromthe riecirotlestMatute uhin aﬁch&)rftﬁﬁé §Ib§ﬁﬁ§al[}a§ah% number of
wherein a zero or near-zero el |l nunber i'ndex’

i ndi cat es SER&IYISOT celly and S&FaIMIﬁGWEWHmMW offa tet| | s

are preserbmBPuff: aff L aChed to the electrode surfaces

and a hi gher valte of "cell nunber index" indicates

t hat ©) f or nxeMmberihy pehzm‘getolﬁ anpelahce ipdtele@dr SndhBABE clectrode

sim | ar physiological, conditions, nore cells are
s B

attached W elpgEee stiretareainit asndupetimenfdinze to
conpri si Nghonlithr Ak efRGHIIBAS W)

t he resi st za0r11lc:er ratel o by di %gﬁﬁg&‘ﬁﬁe rreasaltjtga{dj%ﬂt% %th'
resi stance when cells are attached to the el ectrodes

by, r,esi st.an i | cu [ t he |

145. P ORa BT TR b TR QUPRIE i L aBl oo copbrise
f raztpumnivdye hymBerifvadbld s dneach/BMaldee resi stance
ratio; and iii) integrating all the relative-change

val ue, wherein the "ceII-nunber i ndex" is derived

149, D338 T RS LEROHNG B8 D00y HEHG S

near-zero

ordeteemynisgravhbtherthd exst C(mﬁpcﬂﬁtl lisarbdrttagones @the @QPoW R f the cells.
el ectrodes and a hi gher value of "cell nunber index"

i ndicates that, for sane type of the cells and cells

150. UWﬂﬁéncl%ﬂm@ﬁleﬂﬁﬂ%béﬂrﬂﬁgg@@blalﬁqqe' FhiRR FarlR" Sm%ﬁ!iéss

are attached to the el ectrodes.
determining the dose response of the test compound.

151.  (amended) A method for making a multi-well plate, which method comprises:

a) providing a non-conducting substrate;
b) depositing an electrically conductive film on said substrate;
c) patterning the electrically conductive film to make electrodes or

electrode structures using laser ablation of the conductive film; and
d) assembling the thin-film patterned substrate to a bottomless multi-well

plate to form an electrode-containing multi-well plate.
152, (amended) The method according to Claim 151, where the substrate is made of a

material selected from glass, silicon dioxide on silicon, polymer, plastic, ceramic,

tiber glass and a combination thereof,
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153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

144. (anended) The method according to d ai m 140,

wherein the cell attachnent or growh is nonitored on

a real tinme basis. 145. (amended) The net hod accordi ng

to Caim140, wherein the cell attachment or growh

is monitored in the presence and absence of a ted¥ June 2005
coftided)arhe method pasphbg fosClamedSt,ovidet thersitberavdhietchaned to

saj nd ul ates attachnent or. growth of
¢ S QEOHR p R ForSf M pb BT R strinefly cpptucthve
C &lnm 140, wherein the cell attachnment or growth is
stinmulated by a growmh factor and the nethod is used
to screen the test conpound for a growh factor
antadant ST - : 7 ded) . A net hod
f oér rmgélxtﬁ ot ﬁ}éﬁ %ccc 9 Méqu éqgglg% %éld ﬁv'ph% %’!r% H}? ne?%cél-l'ﬁaﬂ?

at tndhetevetfilmois agnaatfilm. whi ch net hod conpri ses: a)
provi ding a device of Claim90; b) attaching or
growng cells in a plurality of containers of said
deaifded)TRE S dth P B0@ingSBidaitl 15 BhiHeYeiPihe GRALRLAT 1 S
associ ated wth an electrode structure unit and

c offngpetevedilmsis apti¢adly|sanspamentnunber of sane type of
cells and serially different concentration of a test
conmpound; and c) nonitoring a change of inpedance

befameaded) Tha metdgdt deeordingab (g 151 ket @8 eRkuRAlly
el ectrodelﬁﬁrtnructure unit as a function of tine to

rofoRferveidmdyes a dhickpess heiyees §103avivpand lonicee!.|
attachnment or growh. 148. (anended) The net hod
according to Claim 147, which further conprises

d damended)) ihe methvdracadrdinigab Ctainel 915 whereRat As@@Bladion Bfask is
149, gatge?dedgb The .met hod. according to Cl aim 147,

WHISER T F 19787 Ab0aSiopn faternigg ihs seoirasigs andesiende shactues:
conpound is an antagonist to the growmh of the cells.
150. (amended) The nethod according to Caim 147,
wHr@pnded) The methodpetarding de Céaimi 15l ngherein tHo kser dbépionde

ofcoh&&téﬁ&?%gpmgﬁpp%ﬁwl. (amended) A nethod for

maki ng a nu “4te, which met hod conprises: a)
provi di ng a non-conducting substrate; b) depositing an
electrically conductive filmon said substrate; c)
patterning the electrically conductive filmto make

el ectrodes or

(amended) The method according to Claim 151, wherein a sacrificial layer is used

during the laser ablation.

(amended) The method according to Claim 151, wherein the thin-film patterned

substrate is cleaned to remove re-deposition from the laser ablation step.
(amended) The method according to Claim 151, wherein the thin-film patterned
substrate is assembled to the bottomless multi-well plate using double-sided

pressure sensitive adhesives or a liquid adhesive.

(amended) A method for electroporating adherent cells, which method comprises:
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163.

164.

el ectrode structures using | aser ablation of the

conductive film and d) assenbling the thin-film

patterned substrate to a bottomess nulti-well plate

to forman el ectrode-containing nmulti-well plate. 152.

(anegﬂed) The method according to Caim15 1, whdrdune 2005
b Qlaalmn%t

t he st rapwding aleyice of empaisinged plotadity 6F comtainers, at
lose: oil “rre o s
Tocort > IEELO AL Lk Ban PRI huo BdRddS

17 June 20G6&ctufks3, (anmended) The nethod according to
C:Iai;BlSl, here the subsﬁrate'is cl eaned to renove

dust £ and YEHEPS PePrEEsslp i tidelgeprlerstmughresheontaining

el ectri caldh¥tafienduet i ve film 154, (anended) The

met hod according to Claim 151, wherein the

el ectdi calapplyingoentrical veltdges mulsss ta sateddctbié-mructi®s to result

ded) .Th t had di t [ 5
Lhe o1 et 11 SErfiolite SR GhMrans of wll faamest St fieborom
t r anspar entiufackaf. sa(caﬂeaﬁﬂ@)stfﬁb@rd’g%ﬁ@gliﬁ)é; ¥l Q h&g to

Claim 151, wherein the electrically conductive film
has a thi ckness between 0.03 micron and | micron. 157.

agggﬁg T ' Claimi15]. . wherein a
I(aser gb 4 Flgw%ngé}ﬁ&?cg&sgléggg ?lﬁstp? e glée&lé’rwglﬁp gfei%?:ﬂﬁll in
patangrrsesig t he el ectrodes or el ectrode structures.

158. ;arrended, Th(:i met hod according to Caim 151,
wher & n t REPVI4E 7 d59F8.05 Gl S compasiag e plwplity ofgontainers, at

' | one-b¥ Sai mprisj .0 _
Qo m 151 e ST i OARAGR TR 10 BEHARE |

Cl ai m 151, wherein a sacrificl

t he | aser s@wdteres;on. 160. (anended) The net hod

accordi ng Clajm 151, wherein the thin-film .

ot t 8 neq g eI SPendElarial D odisuchre containing

r e- deposi tomfinés oyt he | aser abl ation step. 161.
(anmended) The nethod according to C aim 151, wherein

the thi n- APMRNE glecicabpltagesitlses te said clestedenitedtures thesult

bottonl es L.- t ' oubl| e- si de
pressure g’e%t{":p\?‘\éﬁala ﬁglshl%\?g%nlf%?g egoﬁd 4 ‘f%‘sé‘aﬁé‘g plygtrode-
162. (anestdetyreA coptairieg éataiggrect r opor at i ng adher ent
cells, which nmethod conprises: 127 17 June 2005 a)
providing a device of Claim86 conprising a plurality
of containers, at

(amended) A method for electroporating adherent cells, which method comprises:

a) providing a device of Claim 90 comprising a plurality of containers, at
least one of said containers comprising at least one electrode structure
unit;

b) attaching or growing cells in said electrode-structure-unit-containing
container; and

c) applying electrical voltages pulses to said electrode-structure-unit to
result in electroporation of the membrane of said cells adhered to the

bottom surface of aid electrode-structure-unit containing container.
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| east one of said containers conprising at |east two

el ectrode structures; b) attaching or growi ng cells

in said el ectrode-structures-containing container;

and c) applying electrical voltages pulses to said

el ectrode-structures to result in electroporati &hhafe 2005
165. t hanepddh) snmetiod fai deatmipbmtiagd ivaspedsivoctlsewhihtnonhod

surface of said el ectrode-structures containing

cont#'H&Y. 163. (anended) A nethod for el ectroporating

suspepsi oRr®RdihS a dokice Bf TREMTD cofPMBIneSGTuraPly of containers, at

providing a device of Claim86 comprising a plurality

of cont ai Kakonef saidegaiaingrecopiprisiignt demt erierbeatrode structure

conprising.at |least two electrode structures; b)

addi ng cel s in suspension to said

el ech) ode addingceliriasugensian i gl clearidRishRtturamdt-6dntaining

applying electrical voltages pulses to said

el ectr ode CRPHEEAPLs to result in electroporation of

t he nbr £ ' j [ == .

st ok ur caPy g Athitaf Coldel Pusel @ pBl SREORE mgurg unt o

met hod f oresaltée tlecpaposationgpf dtheembtanc ef kaid celtsiiakaid

met hod conprj ses: roviding a device of Claim?90

conpri si ngi%ggr% e&?uéqcﬁ{r‘ffeg 'Cgﬁtﬁlng‘?gw €Lt | east one of

said containers conprising at |east one el ectrode

structure wunit; b) attaching or growing cells in said
166. o| (@rendsdd Adovicetfor essuing tasgm mulesulny, whishdavicecomprists.c)

appl ¥y ng ' \, S pulses to said

el ec%ﬂr ode-ggl?l?%#tdgglen-gusﬁﬁt%?% result in eleetroporation

of the neatieastevotlesiwddds Efbrcated dheniddubfratd) vhelR@t fHem
surface of aid electrode-structure-unit containin

cont ai ner Surtapsgoysaidieactrosigyare meghiied wWib gariue Wlﬁ@ﬂmhmh
for el ect ppRYs %'game&me%nﬁhg@uﬁe&a fe, Wy ch_met hod

conprises: a) providing a Ice o alm 90
conpe) si ngf leaspiwer edrinegticar pade ot adid enisstrate, wherasiaidndeat

sai d contajners. conprisin | east one ectrode
{J\‘wo glearodeggre conne%te%trespectwely to sa? at least two
structure

connection pads,

wherein binding of said target molecules to said capture molecules

results in a detectable change in impedance between or among said at

least two electrodes.

167.  (amended) The device according to Claim 166, wherein the at least two electrodes
are part of a plurality of electrode arrays positioned on the substrate, wherein each
electrode array includes at least two electrodes, and further wherein each
electrode is separated from at least one adjacent electrode by an area of non-
conductive material, the electrode having a width at its widest point of more than

about 1.5 and less than about 10 times the width of the area of non-conductive

material.
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168.

169.

170.

171.

172.

173.

174.

175.

unit; b) adding cells in suspension to said

el ectrode-structure-unit-containing container; and c)
appl ying electrical voltages pulses to said

el ectrode-structure-unit to result in electroporation

of the menbrane of said cells in said 17 June 2005
el eongndad- Brerdevicamecarding te Otetimi Ifionyhereimt the aeleast 166 clectrodes

ane e e B SR R ot e s ot

b) swlstrhieashertM® el ectrodes fabricated on said
substrate, wherein the surfaces of said el ectrodes
are ribdi fieh of 1 edpastive elesteadglstrgctiites s atfpastitwmclectrode

target nol a liquid sanmple, and e) at | east
t wo conneé%%%%%gggg on said substrate, wherein said at

| eastii) t woael a ddasiotlese] cutiede sneoeeHaveaaPasitiali§ls¥mt Qurface
said at |east two connection pads, wherein binding of
sai d targéf®mml ecul es to said capture nol ecul es

results in a detectablle change in inpedance between or
anong said at |east two el ectrodes. 167. (anended)
Th@mﬁ@d?@ér hgclevice aeayrding € Glam ]166 whdreinehmattlbast ato electrodes

tro e art ity of
o Bipelt 40 BIFEA 28 ERrw stk P TeBici i e Ghns sidq ot the
eagtbstrékanich Gﬂ&‘ie ah{t }YmipASihE deRadtwd %Re‘é&odé’\é?rucmres and
electrodes and further whéerein each electrode is

sepyhsisinesack phhe lectradastrushuwesdiss at keast teb slecirodieelbments.
area of non- conductive material, the el ectrode having
a wdth at its wdest point of nore than about 1.5

an(dmieaéexl)t"[ﬂna ldeabe) adcoidin g ton€kairh 166,WItkréin @bnédhguetidsubitrate
non- conduc ter 129 17 June 2005 168.

( aYREIEES & it E ‘TGeSIi;\%‘H'oﬁhB?‘WG -ofisilegoR; #plesEs, onaepliner.
the at least two electrodes are part of at |east two

el ectrode structures fabricated to the sane side of

t Hemendgsh {Tiha deviceveoniimg to Qla'emdﬁé ofhesein domtontieetiig subgrate

el ctur as_at st two el ectrode
el%% r{%gs pgﬁf&m oi%‘fsge ’acirﬂog"zf %OPWS el ect rode
structures have substantlally same surface

(amended) The device according to Claim 166, wherein at least two electrodes
comprise gold, silver, platinum, chromium, aluminum, copper, indium tin oxide,

steel, or titanium.

(amended) The device according to Claim 166, wherein at least two electrodes are

in an interdigitated configuration.

(amended) The device according to Claim 166, wherein at least two electrodes

have circle-on-line, diamond-on-line, castellated, or sinusoidal geometries.

(amended) The device according to Claim 166, wherein width of said electrodes is

from about 20 microns to about 500 microns.

130



area. 169. (anmended) The device according to Caim

166, wherein the at |least two el ectrodes are part of

a plurality of electrode structure units fabricated to
the same side of the substrate, each of the unit
conprising at |east two el ectrode structures andl7June 2005

176.wheneindedialdte defvice heccetliog to Gthemsitbuehercmshb asleat thealstirodes

177.

179.

180.

181.

182,

183.

184.

. g_i(sgiﬁﬂzhﬂé'ﬂ) Thé3evic@ AROAEH %\BOTQ{%J

two el ectrode ele ts., 170. (.anmended) The device

act§ @FﬁﬁﬁgéméﬁﬁﬁﬁggggpyaﬁﬁF@&ﬂ“ﬁbnconducting

substrate conprises glass, sapphire,

si | icon-dioxi de-on-silicon, a plastic, or a polyner.

1 7emepdeinide @ virh acepeding o Gladmri@bnghich isOnai frrm 66 an electrode

wher.ei [ ha. trate.co ises polyimde, . .
ol ESTHRRERRAhS ARict RS of P hn B s s i eine
acatdedi ig to C ai m 166, wherein at |east two
el ectrodes conprise gold, silver, platinum chrom um
al um num copper, indiumtin oxide, steel, or

ifl 8y Con G RSO daR sfel35 ™

, Wherein at |east t ectrodes are 1 n an

i neastialiyoon cagdietelyebiered by adwusidg@4. (amended) The
devi ce according to Claim 166, wherein at |east two
el ectrodes have circle-on-line, dianond-on-1ine,
caghehlial) quie devics hvesRhga) CHRRTBS NiGsh fukfRr céwg g.@')
The devi ce according to Claim 166, wherein width o
s aimpedinsstapyyaar conectaddmtbarapnegtonmads.ons to about 500
m crons. 130 17 June 2005 176. (anended) The device
according to Claim 166, wherein the at |east two
el @otendall} The dewcé adentding RACIam 1 66, whitisfurgitecdiYprisesgr
a Iathﬁn. 177. %anend d) The device according to Caim
16 oS Ayld-well myicroplae dhat rbowpd &q thedencapdpgtingubsirate,
t ity [ Rfa i f StLi Wale]s
oy Loro | S Pl A R lerh i b R IR0 he
Theellevi ce according to Claim 177, wherein the
el ectrode strip is partially or conpletely covered by
a housing. 179. (anended) The device according to

Cl (@amende@ Thybéabe 4d2b toQOIBIRN I §& SviRfein HHIRRABACA! microplate
anal yzer connected to the connection pads. 180.

( dfrdflerden rppehe etaupcopgistnedifing-t B-Qhi #8-196, 19%i 3H-, 768-

fq&ghqg6gggp@ es a bottomess multi-well mcroplate

that i's boun 0 the nonconducting substrate, wherein

at |l east one well contains said at | east two
electnpge% on the bottom of the _
(amended) The device according to Claim 166, which has multiple pairs of

electrodes spatially arranged according to wells of a multi-well microplate.
(amended) The device according to Claim 182, wherein the multi-well microplate

is selected from the group consisting of a 6-, 12-, 24-, 48-, 96-, 192-, 384-, 768-
and 1,536-well plate.

{amended) The device according to Claim 166, which further comprises the target

molecules that are bound to the capture molecules.
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wel . 181. (anended) The device according to Caim
180, wherein the nmulti-well mcroplate is selected
fromthe group consisting of a 6-, 12-, 24-, 48-, 96-,
192-, 384-, 768- and 1,536-well plate. 182. (anended)
The device according to C aim 166, which has nul @7 gl 2005
185. pa{ansendéd) Bieeleticoderdipgto Gldiyt 186 wheyeih the dopcdiang: it O
wells of a multi-well .mcroplate, 183. (amended) The
deTERRT AL g ERAHEP Y Targ B FOTBPOULh BEED AOOH WL | - wel |
mcroplate is selected fromthe group consisting of a
6-, 12-, 24-, 48-, 96-, 192-, 384-, 768- and
186.1, 6eenied) Theldgviee aa@ading tneladte d p6. TWkecrdiovhe mtiaod sndidegreas

to ' 6 ich further c i.ses the targe

o et it G o IR R Wsp SbEF . 13
17 June 2005 185. (anended) The device according to
d ainlaGG, wherein the inpedance is neasured at a

1871  gesefed) Thadigyicg assostingiouiein 166, whereib dhe surfasip! said e least
(anmdledodlis s j | £l
the rati o0 of sur g%gwglﬁ ggggfegg?l&%é% ‘?hgh %’glgaleo\sy&%yswﬁ
el methodsle and the snmall est electrode is |ess than 10.
187. (anended) The device according to C ai m 166,
wherein the surface of said at | east two el ectrodes

188.1 S(afReiiéd)alhe Wetibe ERRBEAIRE1IOLEE YR SyIEran SRATHGE
physi cal ) mgt hodeé. 188.§(arrended) The gevi ?39;&%%?%?0#95
t ocamRTIsthong 1 mapreetdha fodleiwangshpassiva labsoeptiv spin coatprg ofe

of -t f.ol | ow , ' tion,
o REugBO Ry 8L PRSsh By PSP ER T sl By Py g,
speledtiadgs.of nol ecul e solutions on the el ectrodes.

189. (anended) The device according to C aim 187,
wherein said chem cal nethods conprise one or nore of

1 _t f i .. ; . . 1 C

5 e TR Oy BB Sl S IR s SR S B
despimywisa osoeinng dfshefodliowirls Smolshalneedf 4sbanislyy fragcaf
sai d at | e&st ] I;rr\/\ﬁ el ?ctrodes iIs nodified with capture
mo PR 80 IeLI99moRe 81661 ecul es. 191. (anmended) The
devi ce according to Claim 190, wherein the |inkage

mol ecul es conprise: biotin-straptoavidin pairs,
190. aempedig) The dgeee paprdsng tar(tlaibo 86, hetan the spefhcesof said at least

S l{%relécﬁ%hés% Hloeﬁ‘%erflswitl{)cr:aprfu?rg ?[Potl&ﬁﬂels ivgaal%](a%g i11'1r0?écules.

191, (amended) The device according to Claim 190, wherein the linkage molecules
comprise: biotin-straptoavidin pairs, antibody-antigen pairs, antibody-protein

pairs, sugar-lecithin pairs, or receptor-ligand pairs.

192, (amended) The device according to Claim 166, wherein the electrode sensor area
occupies at least 50% of the surface area of the device that is contacted by sample

liquid during a molecular assay.

193.  (amended) The device according to Claim 166, wherein the electrode sensor area
occupies at least 90% of the surface area of the device that is contacted by sample

liquid during a molecular assay.
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192. (anended) The device according to C ai m 166,

wherein the el ectrode sensor area occupies at | east

50% of the surface area of the device that is

contacted by sanple liquid during a nol ecul ar assay.

193. (anended) The device according to C ai m 166]7 June 2005
wherein the el ectrode sensor area occupies at | east

90% of .t surface area of the vice that is

194, dapgbdt T e FesOrdiry i Glatn g 5 oN B pirodg sanspr area
13&chified 8252904 of MdsurfRERRA 88 Ihe HAGicd Bt FEc ARG D mple
to Claim166, wherein the el ectrode sensor area
ocléawid during a inelesulap@¥ewf the surface area of the
device that is contacted by sanple liquid during a
nol ecul ar assay. 195. (anended) The devi ce according

195. t aafdeadat) TGO devibes@ordiiher Clargebs a6 estardemolecules are
| abel ed. 196. (anended) The device according to Cl aim
138?d erein the | abel of the | abeled target
nol ecul es conprises an i npedance change signal -
anplifying nolecule. 197. (anended) The device

196. ademendady Tho d&ried mchbing wh@nmn n9§, veheraip debdace of trrge:led
su%pa% a Iffging.nvlecule cat al yzes a _nol ecul ar
r AT PR ICCHIE EPTPTRYS A pglager dranst sgpal puphbarg melcsls-
el ectroni c i npedance detection. 198. (anmended) The

device according to Caim 196, wherein the inpedance
197. c Hamgeded} The deviegricofdjnmie Glaine ¢ 96, evliescim thea mppdance tBhge

(ag . ' di ng,t.0.C aim 198 . wherein
{ ARSI AKLAE ASRELE e Mot Fshis Bt S ot
pribatiipineateal pneleditonicintppden@fidesdcgod.r odes conpri sed
in the device. 200. (anended) A nmulti-well mcroplate
for assaying target nolecules, which mcroplate
c . e . . h
198. VTR &R T Bt aaccl it o pind o wHeBRT tyBeink Wmgs
A srgniat amplefiyingmeleogt #tar aegaedi ng to C ai m 200, at
| east two of the wells conprise a device of Caim
166. 202. (amended) A nulti-well mcroplate according
199. t Gaebiicll) 20d devidd a&&%ir@bggainpm@'w}éﬁei@th@%ﬁhﬁﬁe Bitatyzes a

Claim166. 133 17 June 20
eaction forming a product that precipitates on the surface of electrodes comprised

in the device.
200. (amended) A multi-well microplate for assaying target molecules, which
microplate comprises a plurality of wells, at least one of the wells comprises a

device of Claim 166.

201, (amended) A multi-well microplate according to Claim 200, at least two of the

wells comprise a device of Claim 166.

202.  (amended) A multi-well microplate according to Claim 201, all the wells

comprise a device of Claim 166.
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203.

203. (amended) A multi-well mcroplate according to

Cl aim 200, at |east one of the wells does not

conprise el ectrodes. 204. (amended) A nethod for

assaying target nolecules in a sanple |iquid, which

met hod conprises: a) providing a device of d ai m716é&e 2005
b) (aprepdéddiAgrulti-satphieropl atgiaabortimgtol Gliaimg 200, as iaptacied the

of ¢ risi t ar get | ecul es; c) contacting said
saWﬂ&gRFF&8F%“@%Hﬁ%&§Fﬁ§”or suspect ed of conpri sing

said target nolecules to said device to allow binding

of said target nolecules, if present in said sanple

204.] j gmeaded) &\ mgthed derpaseayengnorget olobesules ina saihplabiqirido mihidy

205.

206.

207.

208.

209.

a &Q@ngug£ﬁ}gpedance bet ween or anong the el ectrodes
to assess’'the presence and/or anmount of said target

nol eapl es providiag d desiaapf €ldimqébd. 205. (anmended) The
nmet h S according to Ck?jn1204, wherein the target

mol e®dl es Previding A sampe lianid soanpsising o spsrgsied of spraprising

| abel ed apgdoaldQuaflest © Dind to the capture nol ecul es.
206. (anended) The nethod according to C ai m 204,

whi cle} i s gseldcting saglsempl dhléqudroomprising ocauspandd @ftdoatprisfng

the target_.nol ecul es. .207. . nded).. The. net hod .
accor di ng S?Jg?%fggilﬂ? S W@&?ﬁmﬁw{: ﬁ‘é?‘]{"é‘f Mg teid) target
are assaygfedlesaifhakntlih B8 RABPHIL ligdRB to LATBIHUGE molb&iles;

nmet hod according to Claim 204, wherein the capture
nol ecul es@% sel ected fromthe group consi sting of

nucl gic aci . ' L.hodi es. 209, ngde

The bt hodanesRR i3 o ipaRbP I ER: g A B gices o
nol ecul es assess the ptesaice dnd/opambie of 6418 PargensbledilaitinQhid

pr ot ei ns, antigens, anti bodi es, nucleic acids and

cheni cal AUPRIEHAEY. 134 17 June 2005 210, (anended)

The met hod according to Caim 203, wherein the | abels

of the | abeled target nol ecul es are inpedance change
si{gmandediihe methed asoirdinglte Slaid204, whereickad Yargéensteddbedit

SOy LI AT b i

molecules.

(amended) The method according to Claim 204, which is used to asses the amount

or concentration of the target molecules.

(amended) The method according to Claim 206, wherein the target molecules are

assayed on a real time basis.

(amended) The method according to Claim 204, wherein the capture molecules re

selected from the group consisting of nucleic acids, proteins and antibodies.
(amended) The method according to Claim 204, wherein the target molecules are

selected from the group consisting of proteins, antigens, antibodics, nucleic acids

and chemical molecules.
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212. (anended) The nethod according to Caim 211,

wherein the | abeling particles are selected fromthe

group consi sting of nano-sized particles, mcro-sized

particles, conductive particles, insulating

particles, sem -conducting particles and nano- siZéee 2005
210. or (amiepdesh) Sihe entthadsonlisg toX18im 2@heviced) thEHebdiesfbe labeled

aceor erein edance change

o GRS Pkl R iR sPue Sl B ST ¢ ar get

nol ecul es directly. 214. (anended) The net hod

accordln to Cl aim 210, wherein the inpedance change
211. ihe mathog a@@préuw te{"laime2Q}, mdetednithedatichreofithe beled

l'i nking pair. 215.
E%@?ikﬁghﬁﬂ?% %g§%§gr3|ng to daim 210, wherein
the I'i nking palr is selected fromthe group of
212 Bl b R b B A R e P e
aCRRIHTEbrk ﬂl&%‘r@ﬂlﬂ@&ﬁﬁtm Pﬁe&;orsl{éa?ahm?&dﬁlecu B3 B8%icles,

signal anplifying nol ecufes cata
r egdudtvepagiglasi mgulatingpastices seml-tdrrniucmng petdey adl iayio-

eI;Q;rgnlg, ngﬁ nce detection. 217. (anended) The
et Fa T SUESr AR OB m 210, wherein the i npedance

change signal anplifying nolecule is an enzyne. 218.
(anended The met hod according to C aim 217, wherein
213. t Hamg he metfiogaseordingrte §3aimoH ¢ whetieitha ippestinct change

Al PASE B 5B, WS B S R

(anended) A nethod for assaying target nDIecuIes in a
ich method conpri ses; provi ding a

| |
214. G d et oy Fhm%émfﬂl)ﬂgﬁ? i e ‘é(hgrawdh% impaganep change
C Qigal &hﬁlgfyﬁfg MYSPaE &4 a%ch‘é@ BPfe ?e}rg& m&l@&g&t mdlrectl v1a a

mol ecul es; “c)” contacting said sanmp 't qui d conprl
orﬂﬁvgnémted of conprising said target nol ecul es to
said device to allow binding of said target

nol ecules, if present in said sanple liquid, to said

215. Cé(ahblric%dmh@ﬁl@ﬂﬁ& ac&hrdiagddh Othihane! wn&amhéﬁiﬂhﬁ% P&u‘? i

solutlon to said device; e) |ncubat|ng the soldtion in
stelsctay fiop haismupeafibiasin-ayidinl sgar-leeithinbmitibndy-antigen and

receptor-ligand pair.,

216.  (amended) The method according to Claim 210, wherein the impedance change
signal amplifying molecules catalyze a molecular reaction resulting in a product

that is measured by electronic impedance detection.

217.  (amended) The method according to Claim 210, wherein the impedance change

signal amplifying molecule is an enzyme.

218.  (amended) The method according to Claim 217, wherein the enzyme catalyzes a

reaction forming a product that precipitates on the surface of electrodes comprised

in the device,
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nol ecules to bind to the target nolecules; and f)

nmoni toring a change of inpedance between or anong the

el ectrodes to assess the presence and/or anount of

said target nolecules in said sanple liquid. 220.
(anended) The nethod according to O aim 219, whi¢hlune 2005

219.1 ufanfratded)opreiledSor dedyengriangen ghdldvalea imu8imple liquid, which

220.

221.

222.

223.

conc Eratlon of target nol ecules. 221. (amended) The
&808HeSng to O aim 219, wherein the |abeling

rml ecawl e Ip§ov@ag§@éweofé?a%n legended) The met hod

according to Caim221, which further conprises

washibhg — of (f\ﬂdlhé a@m‘bpl@dmmcmmlpmglm sgepdcted dicbmprisingp

e). 223. Q% The met hod according to O aim222,

whi ch further co |$es addi ng substrate nol ecul es

that chs coeomeactigthaidsatphé RGP cobabnPbPEIspEtENoft dBhprising

surface of  the electrodes by the enzyne. 136 17 June

2005 224 Said AprErdBelpCyles ta;salalrd&m tg @MW‘rbmdﬂtﬂ¢fr$glddéllglet

m gration [ t .

nonconduc e Bri Bres i 2B RAAGR IS RTRIA S molggues:

sai dds ubstaddmglabehng mokicules @na fadutiaredol saflt deailapent |

surro nded b E d el ectrode arg% nEbISin%

I easte t wo " é‘ﬁtﬂgot g Solutipruingitep Qdp guifldewice fqqlfow the labelmg

at t achmentnédesitd bARG bR el MpBeuigisdasecond

el ectrode area by a cell mgration barrier, wherein

removhl ofMmositpang behanigeof Ehpasascedwitivean Cgraatqngrthfoclcctrodes to

Jecona o aneranEriobi ol aBbTRER e SRk m 3

growt h r esathpls lignida change of |npedance bet ween or
anong el ectrodes in said second el ectrode area. 225.
(amended) The apparatus according to C aim 224,

t i.fied
i end TRe bghith S E0rting BB CRERPIS Wl Tub B B
Thistamiang thesnagnbodiongerttatich af tr @2 aoleduisei n t he
first cell attachnent area and the second el ectrode
area are concentric. 227. (anended) The apparatus
aqaReadday The metiidicedding Wb €18 oheheeld thg‘l&reﬁﬁé Rilecule is
barrier is a well. 228. (anended) A net hod for
noiil aN8YmAg cell mgration or growt h, which nethod
conprises: a) providing an apparatus of C aim 224;

(amended) The method according to Claim 221, which further comprises washing

off the unbound labeling molecules after step e).
(amended) The method according to Claim 222, which further comprises adding

substrate molecules that is converted to a precipitated product on the surface of

the electrodes by the enzyme.
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b) placing cells to be nonitored on the first cel

attachnment area; c) renoving the cell mgration

barrier and allowing mgration or gromh of said

cells fromthe first cell attachnent area into the

second electrode area; and d) nonitoring a chandélafe 2005

i npedance between or anong el ectrodes in said second

el ectrode area to nonitor mgration or growmh of said

cells. 229. (amended) The nethod according to O aim
224.228menb i apiphhls P HRhitsSS: &8t RIgMHINNG khethafRiM lapPiratus

nunber of cells that mgrate or grow into the second

el eUEPE§Ra Apreonduding sEbgipec @R sing 80 the wuranceltiaidiiubstrate,

me [ ' wherein, t;h el | .

i RS o S abiin ol B e o RSO R IR ko copprisine

abadessetvaf clectteist, vaeninund fandell ARachiinhoda isSsepsa@difdm

det ermi ne et her said test. conpound nodul at es _

i ¥ aieape ggct_ff@iﬁ&mﬂ%% ?fﬁhfél%rqnsbmwhf@%rﬁa@ayl offaid

e a6 MGl Rl plal o ALDWAR ﬁum"%ﬁf )gfspcélhﬁtaﬁﬁllnlent area into

mgration or growth is stinulated by a mgration or

gr e $ecend eladtadsrareandnd $aid oadl moptaticn arwedwthtresidGlie e ghange

the..t est compound for an .antagoni st, of said

St ThiPacae VORISR or RaBe e iR Bl e ksand HFctrrsiiats i ng

neurite grow h, which apparatus conprises a

nonconducti ng substrate conprising, on its surface, a

225. ¢ eginepdedg (The appassion eedordingtocGlaim 22 dumiieen ithe farsheslir i t e
out {: [ ; ein neurite rowt h
BRI L8 Rl B PRI Do pBiBls  hat
are capable of generating a change of inpedance

296 bg%ﬁFe$ gﬁ,anon% sai d e] ectrodes when at |east one of
- saPEeRI R (T dRRATAYS ResoEtiBg iadylaum e grhswrin gherfenst oo,
233 tackASRAAGIhd The RORALIB K5I AF ' dai m 232,
mhefgin t he neuronsanc o?%nge é%gggFgﬁﬁ@:Ffied with a
cel | -adhesi on pronotion noiety. 234. (anended) The

appar.a ccording to aj m.232 rei.n the neuraon
227. a%‘o’%}‘?eﬁz TR i cc Rl lordies a?%%mléfl@aelldng@a
arrea@nsentenli c. 235. (anended) The apparatus accordi ng

to Caim 232, wherein the neasurenent unit conprises
a center circular el ectrode surrounded by multiple

228. CI (Eﬁlglllf.?erd) ASESGHEE For n%n?t%”lg gglffm ér%éon or growth, which method

comprises:

a) providing an apparatus of Claim 224;

b) placing cells to be monitored on the first cell attachment area;

c) removing the cell migration barrier and allowing migration or growth
of said cells from the first cell attachment area into the second
electrode area; and

d) monitoring a change of impedance between or among electrodes in

said second electrode area to monitor migration or growth of said cells.

229.  (amended) The method according to Claim 228, which further comprises

determining the amount or number of cells that migrate or grow into the second

electrode area.
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17 June 2005 236. (anmended) The apparatus accordi ng

to Caim 232, wherein the neasurenent unit conprises a
center square el ectrode surrounded by nultiple |inear
segnent el ectrodes. 237. (amended) The apparatus
according to Cl aim 232, which further conprise ah’June2005
i npedance anal yzer capable of nonitoring a change of
electrode inpedance bet ween or annng any two or nore

cLr ni or|n.
230. P&)cdogr def %h Véwa%nﬁrlgi?r&dtﬁ Cﬁ Corrpr sthécgem g)ceB R‘Iblgjfa Oﬂ ar
an a ar at us of C aim232; %L@ﬁ03|t|on|ng a neuyon
beBROH! BIPUNIoBT RS HEtHsn2 4fYf adpe gompgynd and the
allowing growmth of said neuron fromthe neuron
an®rGeel Hgisad &ndetermgne whetherewid teat compgrodvniedulates enigestion or
area; and d) nonitoring a change of inpedance between
orgawﬂngﬂbbed&rodes inthe neurite outgrowth
detection area to nonitor growh of said neuron. 239.
(amended) The nethod according to Caim238, which is
used to nonitor length and nunbers of neurites in
cul tivated neurons. 240. (anended) The net hod
231. aC@RieAldy The ngtlﬁidrﬁcgé?iam WHiCtiin 528U $/8e b PthERBY hﬁérahgl‘? or
grow h urality o# neurons simultaneously:
( amwde@)stlmgaterﬁebmmua@wm gthﬂmtmmlatm @agBthe whaehcdl 151 used
t r nnnltore sence and
S SEIEHH eSOl ror B EMARARS ok il AimBleFE o™t o
determ ne whet her said test conpound nodul ates the
neurite growh. 242. (anmended) The nethod according to
232. Cl @inehd3 AnppEahR foMRoMesHigtRUATOMWiH, Svhichtdpiidadfsed
by a neurite growth stinulator and the nethod is used
t cFOsHITISeNa henwopdusting é@hﬁﬁr@tﬁmn‘fmlﬂsnomm ag‘éme,sa: cepfer saurgn
StAn'EH&?{ JrFa gu%%ui’lﬁ dll%nf? Il&l%qg oy th (d\s‘\ﬁ:e %%%Arlg{tﬂg neurite

appara or analyzi‘ng a par

c ompwitsdsection mmﬂipasésoiﬂ‘nvas&wa:gsla:uﬁuegmﬁﬂ‘aaél BabRYE a
pai r of. electrod?s | ocat ed on opposite _sides along

saﬁeaerﬁ{leg bekansher Impgdance petdirr obraens virbelcotesion g/han at
SUEsRERe S BRI él%ode?ﬁ%kzéreagyg idl o»bl ﬁsllaﬁn twice the

| ar gest cross-sectional area o par e to be
anal yzed, wherein passage of said partlcle t hr ough
said electrode pair in said mcrochannel generates a

233. cHamgeled) Therpmaanoeadosidivactd Claint23d, etiefcdil @R ebi@h Mmaloring

area is modified with a cell-adhesion promotion moiety.

234.  (amended) The apparatus according to Claim 232, wherein the neuron anchoring

area and the neurite growth detection area are concentric.

235.  (amended) The apparatus according to Claim 232, wherein the measurement unit
comprises a center circular electrode surrounded by multiple circular, segment

electrodes,
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236.

237.

238.

239.

240.

241.

242.

be used to anal yze said particle. 244. (anended) The
apparatus according to Caim 243, wherein each of the

el ectrodes has a surface area that equals to or is

| ess than the sane, a half, or ten percent the

| argest cross-sectional area of a particle to bel7June2005
arlamgadad) Tha epparatne aeteting toeClapp 28 Atwisereio ¢lor miasyrencent unit
d ai 43 wherejn eac f the electrodes ..has, al ong
BB 8 sl SRS B s B UG RTS Nk sk
subdsiraded. al |y | ess than the | argest single-dinmension

of a particle to be analyzed. 246. (anended) The
apparatus according to Caim243, wherein the

el ectrodes span the entire height of the

M (6@ : .
ot R e PR BB R0
eliBpedande spalyzor dapate gfanestoning ashpegeaifeteciroderingmdance

ot,her along the | ength of th m crochannel by a
RIS a%egeogt gf]ggﬁ%gy(go’i'g%ereﬁ?cgmflg%s than the |argest

single dinension.of a.particle to be apal yzed. 248.
(éﬁ@ﬁ'adeegi RGPS S ahilEiE a6He P, hish iedhpyl Comprises:
wher gj n t pRvalishangHashus dMgHanee between the two
pairs of the electrodes is neasured. 140 17 June 2005

249. bY anepeidinimh e nepivartebe scagowxdinrthe tar@ andmwadBarea;
whi ch, co ' t hr.ee pai.rs of .the,.el ectrodes,. said .

U o oo TRISHER olfif e BRUTulh ot e SGioh HHaris eshgnte
of the nihemneshrvagirowi®i&kiBntig: fai rs of the

el ectrodes on both ends are used to supply voltages
and the pEPRtyIngachaggeet impsdancehetyrener deiong elsctered in the

to gener af &irfe GRBRIRN dObctflit I e 250,
(anmended) The ap aratSgeg%%5§54ﬁgﬁ?gggﬁgﬁﬂﬁfﬁé?gnemﬂn'
wherei n the change of-voltage between the mddle pair

and _an air i.s nonitored. . (apended) The,
Al e Behor AerREnefoim 23l whRhR Wi mestorlsnth
pahd GuBbers b 8elt@Cin@ARAIcdSRLMEOUr pairs separated
fromeach other along the I ength of the m crochannel,

wherein the two pairs of the el ectrodes on both ends
are used to supply voltages and the two pairs of the

el ] ] . t enerate a

C GO Aok 0 o PALE PN I8 M Ren RERELE Mofr e
appavthiofis phgelity dif neurons Shoaltanedddly. wher ei n t he change
of voltage between one of the mddle pairs and one of

the end pairs is nonitored. 253. (anended) The
apparatus according to Caim 243, which further

C Qdiidrids€) B method according to Claim 238, wherein the neurite growth is
monitored in the presence and absence of a test compound and the method is used

to determine whether said test compound modulates the neurite growth.

(amended) The method according to Claim 238, wherein the neurite growth is
stimulated by a neurite growth stimulator and the method is used to screen the test

compound for an antagonist of said stimulator.

139



i npedance anal yzer. 254. (anended) A nmethod for

analyzing a particle, which nethod conprises: a)

provi di ng an apparatus of Caim 243; b) allowi ng a

particle to be analyzed to pass through the el ectrode

pair in the nicrochannel to generate a change ofl 7 June2005

i npedance between electrodes in said apparatus; and

c) nonitoring said change of inpedance to anal yze said

particle. 255. (anended) The method according to

Cl ai m 254, wherein the particle to be analyzed is a
243. ce(amended) Arvapbarseusd00snal 25y a paneledetich hppara®t boprises a

acc r?in% t o .Cl ai m.255, mhereln t he rfiﬁell is sel ect ed

 r SRS YHE “gPBUY E 6 RUFSEh g bandapa T kctrodey locaiedypmppposite

Cedilles AorfdMagBni¢&IHannd, HAR b?&h@ Ele&%des h§’v1 T% %%Qﬁ@%er%gg that

cell and a cultured cell (amended

acewrlitagr isolesy thpmivwiss the\mgeﬂ cr(gswe@naloaremﬂ apatitlao be

‘nu 5 ed) .The
4R RATRL ol PO W TR 050
acmlcbrdiclﬂlaﬁ)h#l\ gene’t‘i&@s Eli (:laem%ﬁ de Eﬁpeﬁﬁn@ﬂ{b&ﬁ@éﬂ«bﬁkf Aéctrodes t)hat can
anal yzing a_particle ich apparatus conprises: a) a
cgﬁ?éﬁﬂégmgﬁﬁ?éﬁwémﬂbﬁecontaining a sol ution

conprising a particle to be analyzed; and b) a

menbr ane separating said container into two
244, ¢| (@mentﬂqda Thy aplmdltat sntordigtvioelain 243 i wherginiendine the electrodes

c r|s ertu havi.n re siz hat equal s

¢ B ' spigt i FRCeafs o pr e Barbie Spon aitutipaiten ppisent the
aridrgtem:m@lse@rtdn@ﬂﬁga@ﬂa pAALIe td BE a %2%8“ ng a change of

i npedance in said solution caused by a transit

passage of said particle through said aperture. 260.
(amended) The apparatus according to C aim 259,

2. A1 SRRt RSP SO AT e

appasaengsthe bangthdifithe tndcrGitainnet 25 Rngthitkatds Subista@ tiaeymiesSihen
h%gﬁET tpLﬁén ss t hat ual.s to or is snmaller than a
di &t el aaesin o & e torhf apabged. 262, (anended)

The apparatus according to Caim 259, wherein the
aperture has a pore size of about 2, 5, 10, 15 or 25

m crons.
246.  (amended) The apparatus according to Claim 243, wherein the electrodes span the

entire height of the microchannel.

247.  (amended) The apparatus according to Claim 243, which comprises two pairs of
the electrodes, said two pairs are separated from each other along the length of the
microchannel by a distance that equals to or is less than the largest single-

dimension of a particle to be analyzed.

248.  (amended) The apparatus according to Claim 247, wherein the a chan ge of

impedance between the two pairs of the electrodes is measured.
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249,

250..

251.

252,

253,

254.

255,

142 17 June 2005 263. (anended) The apparatus

according to Caim 259, wherein the two el ectrodes are

| ocated on the opposite sides of the nmenbrane. 264.
(anmended) The apparatus according to C aim 259,

wherein the two el ectrodes have a concentric 17 June 2005
di(measdedh The pppowats agotdieg wpllatnu 243, vA66h cqmprised edye fdis of

appar.at.us, accorydi ng to C ai 59, ich conprises a

e Re i haiS Rt 3% o o J00E BedPashotine
panictazh@nriel) WiRe&in ARSI 0F TheQfleBRUES olTBAREANES e used to supply
sequentially. 266. (amended) The apparatus accordi ng

t yolipgasngd 8t pajeiche elgetrosies in hepriddle inuseddagendrase a change

PQFleld-R0dd NS igning a particle or particles. 267.
(angﬁ%ed§ Ai%g? Sd for anal yzing a particle, which
nmet hod conprises: a) providing an apparatus of C aim

259; b) placing a solution conprising a particle to be

anal yz I-n the contai ner d allow. ng said particle

£ O PBEEE et diie sod Simn et ) hatate B chge of vortage
C hefv@Rn Phe inTREIFIE S 4h SRAIPirSOiddhitgRacaused by the
transit passage of said particle through said

aperture to analyze said particle. 268. (anended) The
nmet hod according to Claim 267, which is used to

a ' ' j . of. the particles .
20 UERAT Ty Mgl RUBETY 6 ABRR Wi goleRBL P it of
whler dectrodbe spidfoiugagrsisepdrabé freth eavh btheRaloag GreIbm@Hl of the
dielecﬁric or electric nDie% . &%0. (amended) The
ePHSERAReE PRerin TS e 2R obbe elirupdss o ik arahsse

dis@brR¢ ibltfzes Bd Ble@b bhits S8 bicGOIRLH ﬁgﬁ?@megagé Lhady

t hat speC|f|caII¥ binds to the partic
agansgjgted.chamy of Zlegtrnd@mg®da®zl. (anended) The net hod
according to Claim 269, wherein the nano-sized
dielectric or electric noiety is a gold particle.
272. (amended) The net hod according to C ai m 267,

Wieneided) e sppatatslaecdrding@o Cadial 35¢ Ghe@infthe @hdnge 2F Joltage
to ¢ aim 272, wherein

(ﬁnended% ﬂﬂg ne@?od,accordin _ )

t REEEY phg ot the muddle gairs i onerd th edpags ismeritergd.of  an
animal cell, a plant cell, a fungal cell, a bacteria]
cell, a

(amended) The apparatus according to Claim 243, which further comprise an

impedance analyzer.

(amended) A method for analyzing a particle, which method comprises:
a) providing an apparatus of Claim 243;
b) allowing a particle to be analyzed to pass through the electrode pair in
the microchannel to generate a change of impedance between
electrodes in said apparatus; and

c) monitoring said change of impedance to analyze said particle.

(amended) The method according to Claim 254, wherein the particle to be

analyzed is a cell.
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256.

reconbi nant cell and a cultured cell. 274. (anended)

The met hod according to Caim 272, which is used to

anal yze size, dielectric property, or viability of

the cell. 275. (anended) The nethod according to C aim
272, wherein the cell is labeled with a nano-siebmne 2005
dielectric or electric noiety. 276. (anended) The

nmet hod according to Claim 275, wherein the nano-sized
dielectric or electric noiety conprises an anti body
that specifically binds to the cell to be analyzed.
277. (anmended) A system for nonitoring cell-substrate

i npedance and sol ution conductivity, which system
cc(mpcmieels Thajnethod ubsdrdiag@o A&fiinl33gwaerelnhalkll m sfected from

crete mcrowells on bstrate surface, | east
oﬁ € gouR SPRpIsHine of ag aﬂlﬁ?a? &% ng Plard g6t acfupgal cplbi aﬁaptfm} cell, a

MRidueihAE caehid SUREkEALE, | Mpedance; and b) a means

~for neasuring the conductance of a solution mediumin

257.

258.

259.

260.

261.

262.

each mcrowell, said means conprising (i) a pair of
el ectrodes adapted for insertion into a well on said

R R e N R R N R

aauoles =il chnedneof thedels. when sai d el ectrodes are
subnmerged in said solution nedium and
(iii)electrical neans for synchronously neasuring the
current across said electrodes, wherein said system

CUnbRleHFERk ﬁl@thﬁ@ ﬁbdo‘?&m?w éﬁlﬂﬁ%@% C‘ﬁﬂerrgw gﬁ]cétgg LAR%L bR,

act|V|ty of cells contalfrned 1 n ea

| meﬂ'@iﬁ@ Af?‘a 'cﬁ‘at ﬁdr%al%ﬂ%é%a{tfcge %v%l Ah B bshgsi}/:tgﬁjé%ses

ce an utlon |V|ty,

conpd)i sesa cml)‘.alaer$ubai:tle &treodiafning mg)lancpﬂ ¢on@rising Oparticle to
di screte n1cr mells n a substrate surface, at | east
of said wH P& 36ﬂp?? ing a device of laim1 for

monigor i NgmeMbtms Hﬁ%&e&ﬁfg%aid%ﬁ%&? Ehto ARG eﬁctri%ally isolated
sub-system conpri si ng:

chambers, said membrane comprising an aperture having a pore size
that equals to or is slightly larger than size of said particle and two
electrodes suitable for detecting a change of impedance in said

solution caused by a transit passage of said particle through said

aperture.

(amended) The apparatus according to Claim 259, wherein the membrane has a

thickness from about 1 micron to about 50 microns.

(amended) The apparatus according to Claim 259, wherein the membrane has a

thickness that equals to or is smaller than a diameter of a particle to be analyzed.

(amended) The apparatus according to Claim 259, wherein the aperture has a pore

stze of about 2, 5, 10, 15 or 25 microns.
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263.

264,

263.

266.

267.

268.

269.

270.

i) at least one pair of electrodes adapted for
insertion into a first well on said substrate; and
(ii) circuitry adapted for applying a | owvoltage, AC
signal across said first pair of electrodes when said

electrﬁgg% are subnerged in _sol ution nedi umin Shl'ge 2005
f i(REndge) i he aprarates acepiing Gridain y>o.nehwsein thigworrdectrodes are

CUDERDY orPHE BRB0RIsMHE LR andther el 1 sal d system
can be used noni tor attachnent, growth or

nmet abolic activity of cells contained in each well.
279. (anended) A nethod for nonitoring cel

at rowth or t abolii c tivit whi ch

e RERED e AR, Rep PR g 286 it e lhespdes
b)hapt AcoM@naicshimehdiONsGRMRAINS tRQageeuless t 0 be noni t ored
into at |least one well of said system; and c)
nonitoring cell-substrate i npedance and sol ution
conductivity in said well to nonitor attachnent,

areabdn ; 4L .
oM TREYEASL BT DO 8 st EE Eplufagiy of
f ovemtyphasariangedciolskries t albwergartide topdss apermmdsalighidc
agﬁivgg% Eyhic @gthod conprises: a) providing a

YRR Seuen 8; b) placing a solution conprising
cells to be nonitored into at | east one well of said
system; and c) nonitoring cell-substrate inpedance
agggso tion conductivity in said well to nonitor

a

hihe gpgtatys asrordistedp Silpim 239 whilchyfughergemipsise a

C pitaité RE PobifofiR Br Wekding 25 A system for
detecting ce?ﬁggoF H%f%%u?egc%ﬁggﬁgg ectrode surface,
conprising: a) the device of Claim16; b) at |east one
i npedance anal yzer; c) interface electronics
c gaperideing nedtiest fop analysng b pheisle, htBhaRbd risg tch
sai d i npedance anal yzer tq different el ectrode arrays
of <Hi g Pproviding an apparatus of Claim 259;

b) placing a solution comprising a particle to be analyzed in the container

and allowing said particle to pass through the aperture; and
c) detecting a change of impedance in said solution caused by the transit

passage of said particle through said aperture to analyze said particle.

(amended) The method according to Claim 267, which is used to analyze size or

dielectric property of the particle.

(amended) The method according to Claim 267, wherein the particle is labeled

with a nano-sized dielectric or electric moiety.

(amended) The method according to Claim 269, wherein the nano-sized dielectric

or electric moiety comprises an antibody that specifically binds to the particle to

be analyzed.
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271,

272.

273.

274,

275.

276.

277.

devi ce. 282. (anmended) The system of C aim 281,

further conprising software that can enable real-tine
nmeasur enent or nonitoring of inpedance between the

el ectrodes of said device. 283. (anmended) The system

of Caim282, wherein said software has at | eastl'bhwe 2005
of(amgeded) dhe owiling aﬁ@mdiﬂgdﬁéf:lai(na%ﬁ% wheredt thiemgno-sized dielectric
el ¢hi r,.connecting said i npedance
aﬁ§%€%§?”§0%wﬁk nﬁﬁyfdﬁle el ectrode arrays of the
present devices; (b) controlling inpedance

nmeasur enent analyzer for nmeasurenent of inpedance

bet wee el ectrodes,_at one mul tip
r(é‘a‘a%%@?ié ﬂ)% é@g t%g? %lwéﬁacwgﬁrﬁé’dthﬁ ﬁﬁ’@&bﬂ@ e

dqﬁ@h&gig%kkne approprlate bi ol ogi cal Iy rel evant
paraneters (e.g., nolecular reaction index, or cel

nunber index); (d) di splaying the results on a nonitor
or storing results; and 146 17 June 2005 (e)

alﬂnﬁ% Fgﬁlé %e&%ﬁfa&goﬂlﬂg taE? 4# belérgglsth% gﬂpls sel%cteé from

regul ar or Irre

_( ahmgdepl):odhlssmgtoémx ﬁmmaﬂmﬂ ,a@ldnt gelt @l fun A1 RSN faW Rterial cell, a
si_ng a) the device of C aim 90: and’

d ,
LY‘é&nqéggféggg{?ﬁﬁgﬁ%h%@ anal yzer; c) interface

el ectronics conprising electronic switches to contro
and switch said i npedance anal yzer to different

el ectrode structure units of said device. 285.

( dtepidied) Ththmethpd memrdiﬁg @ €laim 2392, whigh iesed oo mpl yz=isivg,
sof .e_f hat can,. real -ti me neasurenent or
n§%$¥%$?ﬁﬁm8 %fﬁﬁégﬂﬁ §g§f en the el ectrode
structures of said devices. 286. (anmended) The system
of Claim 285, wherein said software has at | east one

of the Il ow, ng functions controllin
e|(‘“é‘E?1}d8ﬂHQ:h e asrgTdiee t%@lﬂfé@%n\@h%ndm igdaheted with a

”ﬁﬁﬁdiﬁlbétgdl%leﬁﬂé'dr%letsﬁlc%&e@f mul tiple el ectrode
structure units of

(amended) The method according to Claim 275, wherein the nano-sized dielectric

or electric moiety comprises an antibody that specifically binds to the cell to be

analyzed.

(amended) A system for monitoring cell-substrate impedance and solution
conductivity, which system comprises:

a) a substrate defining a plurality of discrete microwells on a substrate
surface, at least one of said wells comprising a device of Claim 1 for
monitoring cell substrate impedance; and

b) a means for measuring the conductance of a solution medium in each
microwell, said means comprising
(i} apair of electrodes adapted for insertion into a well on said

substrate;
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278.

279.

present devices; (b) controlling inpedance anal yzer

for neasurement of inpedance between or anpng

el ectrode structures at one or nultiple freque30|es

(c) processing the acquired i npedance data to derive
approprlate b|oIo |call%)relevant paraneters (e.h/ June2005
nol ecul ar (iDedeaty r applying|a | owmﬂh@ee, altahese) curredl) (AC)

?Ieggl ?gl ng B;b%,a; S&H%s s‘?u ﬁo;ﬁgé‘per elsﬁgt%dgggjée submerged

functions 11hhmdughménamdﬁmgwnar or |rregular tinme
I nterval S(miléélle?ctncal means for synchronously measuring the current across
said electrodes,
wherein said system can be used to monitor attachment, growth or metabolic

activity of cells contained in each well.

(amended) A system for monitoring cell-substrate impedance and solution
conductivity, which system comprises:

a) a substrate defining a plurality of discrete microwells on a substrate
surface, at least of said wells comprising a device of Claim 1 for
monitoring cell-substrate impedance; and

b} a sub-system comprising;

1) at least one pair of electrodes adapted for insertion into a first well
on said substrate; and
(ii) circuitry adapted for applying a low-voltage, AC signal across said
first pair of electrodes when said electrodes are submerged in
solution medium in said first well, and for synchronously
measuring the current across said electrodes,
wherein said system can be used to monitor attachment, growth or

metabolic activity of cells contained in each well.

(amended) A method for monitoring cell attachment, growth or metabolic
activity, which method comprises:
a) providing a system of Claim 277;
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.
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280. (amended) A method for monitoring cell attachment, growth or metabolic

activity, which method comprises:

a)
b}

€)

providing a system of Claim 278;

placing a solution comprising cells to be monitored into at least one
well of said system ; and

monitoring cell-substrate impedance and solution conductivity in said
well to monitor attachment, growth or metabolic activity of cells

contained in each well.

281.  (amended) A system for detecting cells or molecules on an electrode surface,

comprising:
a) the device of Claim 16;
b) at least one impedance analyzer;
c) interface electronics comprising electronic switches to control and

switch said impedance analyzer to different electrode arrays of said

device.

282.  (amended) The system of Claim 281, further comprising software that can enable

real-time measurement or monitoring of impedance between the electrodes of said

device.

283. (amended) The system of Claim 282, wherein said software has at least one of the

following functions:

(2)

(b)

(c)

(d)

controlling electronic switching for connecting said impedance
analyzer to one of multiple electrode arrays of the present devices:
controlling impedance measurement analyzer for measurement of
impedance between or among electrodes at one or multiple
frequencies;

processing the acquired impedance data to derive appropriate
biologically relevant parameters (e.g., molecular reaction index, or cell
number index);

displaying the results on a monitor or storing results; and
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284,

285.

286.

17 June 2005
(e) automatically performing above functions 1 through 4 at regular or

uregular time intervals,

(amended) A system for monitoring cell-substrate impedance, comprising:
a) the device of Claim 90; and
b} at least one impedance analyzer:;
" ¢) interface electronics comprising electronic switches to control and
switch said impedance analyzer to different electrode structure units of

said device.

{amended) The system of Claim 284, further comprising software that can enable
real-time measurement or monitoring of impedance between the electrode

structures of said devices.

(amended) The system of Claim 285, wherein said software has at least one of the

following functions:

(a) controlling electronic switching for connecting said impedance
measuring circuits to one of multiple electrode structure units of the
present devices;

{b) controlling impedance analyzer for measurement of impedance
between or among electrode structures at one or multiple frequencies;

{c) processing the acquired impedance data to derive appropriate
biologically relevant parameters (e.g., molecular reaction index, or cell
number index);

{d) displaying the results on a monitor or storing results; and

(e) automatically performing above functions 1 through 4 at regular or

irregular time intervals.
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