47010105 A3 I A1 P D Y0 O OO O

—

=

Title: PHOTONI C SI GNAL REPOR T' I NG OF ELECTROCHEM CAL
EVENTS  Abstract: According to one enbodi ment of 2% #8UARY 2007
i nvention, a nmethod for detecting the presence or

(12 MIERNATONSINABMICATIGN PUBRLISHE®S/NDER SHE PAIENA FOQPERATEON TREATY (PCT)
el ectrolyte solution containing the analyte with a
f(19) Sorlaagiemnwaf Prapdiypol ar egeg rode, associating a

O & ene PO P i A

the bipolar electrode, io Yy isolating the first
abyaatermaliydabPifibagbh Die f r om t he second10e eahatdhyl tPablication Number
s29l Jaiiay,2004(29i0020@4) pot ent PAITdi f f er eWg€) ROOAH10D0S A3

(51) Itdrghdna@idledcicRbinkdioMm t hecelgewdsr oched, bribknas &2 Nic, Sy BY, 8N&iB, GD, GE, GH,
Goivenebysidsyediszat i ng t he presence osM,aRTHINID, f INIIR@P, KE, KG, KP, KR, KZ, LC,
anal yze at the first regi on of the& bRpSILEALUeeHArRIG, MK, MN, MW,

21) IndenadIUGRY @O0 ZmbdAD 2004/ 010105 PEFMISIOY3B NG 22983 PHL, PL, PT, RO, RU, SC,

PHOTONI C S| GNAL REPORTIONG2DR ELEC@QW §FJN TR, TT, TZ, UA,
TECHNI CAL FI ELD OF THE | NVENTI ON i's”inventron

(22) InehageneyilgeRaral Pyiuly @008 RROTIE! ds@f negfl.RE SHRENEHILSL KMPO patent GH, oM,
and nore particularly to photoni ckishgna, Mzeg)prstlg"ygT@FUG M, ZW),

(25) Fiihedenguaehem cal events. BAOKGROUND:an pdiddE AMNVERT KGQNZAVD, RU, TJ, TM),
redox nolecule is a nolecule thatEue)aqanlbentl(@dlﬁttéﬁ @bl CY, CZ, DE, DK, EE,

(26) Parfjeagioni Idprend: by an el ect r ddg€swhen %.?E K% ﬁ% tg%HTFLBJ 1\(4:(1; g(L} EIT é‘ﬁ
bias is applied. The reduct| on o Qf{K

(30) PriggiiBatarp| ec Iels ref ed to as%re xreac ENTDTG)

%%? ? 3 reacty 33@2“%@* fféiﬂynaﬂmlsmg aldbQffoaiguCh as

' ries, di cad— sa,glp}misatm@fmenamdj dppt) fPRand be granted a
r X phbnt 4 da ignations
71 Eplélgany%olé% %g gf‘ ‘%@qﬁﬁfﬁ: l{S%é%SYR;:o?_ ;Xzﬂpr’g[@gcﬁﬁég:ﬁe%i claim the priority of the
T o %56 smg Sto aifl{er licagion{Rule i)) for all designations
3989 cagggseagonnmw esed as | abel s, et ARy dd%
mol ecule is attached to an anal Xt e of interest and
(12) LABIRST EFIBE Richea,Medosso memloscul B h%temd!on 0X,.4,eagt i on
Tiail) AR IS@Sn I TIXG 795 @SendAN, Wei; t1he _angl yt.e ;(;ﬁ ff bk 1690 for amending the
Sfalthtvat:l’ﬁé@ay #1045 Beiiege Sagas 1244784 al ytc%zrﬂfandlzgg b %@bﬁ&ﬁ in B Yvent of receipt of
e ALMYREZn ki 240 g’elﬁ*é@’é‘)%e aet tife. Thirgndmabel i ng
CEB%FB%&?X%%“OH? intrinsic property, is used in the

(14) A ,g ]Fg h§ t| c duslg r oX1 @ROPREy obpthlxation of the inferpional search report:
Ross V’en Su1 (50

o 8 July 2004
allas, 1%%'@??@ antigens, and ot her

stances, via

For two-letter codes and other abbreviations, refer to the "Guid-
(81) Designated States (national): AE, AG, AL, AM, AT, AU, ance Notes on Codes and Abbreviations" appearing at the begin-
AZ,BA, BB, BG, BR, BY, BZ, CA,CH, CN, CO, CR, CU,  ning of each regular issue of the PCT Gazette.

(54) Title: PHOTONIC SIGNAL REPORTING OF ELECTROCHEMICAL EVENTS

(57) Abstract: According to one embodiment of the invention, a method for detecting the presence or amount of an analyte includes
associating a first electrolyte solution containing the analyte with a first region of a bipolar electrode, associating a second elec-
trolyte solution containing an electrochemiluminescent system with a second region of the bipolar electrode, ionically isolating the
first electrolyte solution from the second electrolyte solution, causing a potential difference between the first and second electrolyte
solutions, and detecting light emitted from the electrochemiluminescent system, thereby indicating the presence or amount of the
analyte at the first region of the bipolar electrode.
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el ectrochem cal detection. 25 In a conventiona
el ectrochemical sensor of the type sonetines used? {AHVARY 2007
W(Elzm)@,lmno@r aphi c detectors, the potential of BCTOSI0D3IER2932

el ectrode is controlled mnth respect to that of a

reference el ectrode, and the Faradaic current flow ng

bet ween the working electrode and an inert counter

el e S a [ a
R e S S
prOV|ded by the reaction at the working electrode. 22

JANUARY 2007 WD 2004/010116 PCT/ US2003/022932 2 In

anot her a%gipach to el ectrochem cal detection, an
TECENLCALoH BLY QFed o HVEJFLPN, redox reaction that

re S i S i :
el ggit %ochgi%[%ﬁﬁ(ﬁgscg%ggt% AurorYa an%l Mta:rlqlze ithleld ot
eleEcToAppmueatwonamm O@b@@ZSparépouﬁa@myantB appatahtis signal
talnlgg | oatin reacglon el ectrodes that nmay be
rep8§ d"ds© & FPS ntHESEENce cel|. Massey et
al. in US Pat. No. 6,316,607 disclose traditiona
ack€hotmbebs and 1xChEeTesnf or the detection of such
label's,_but the utilTity of the nmethod again relies
upBn THio%| Betpedéeprigyi @i mplamileo éhﬁr‘:r edThf benmeadired or
ox1§9 ?nﬁ3 DgnR%ﬂ c€¥?§% wh@nue§ SE%E ggtgggi&?Sblas is
'S € an el €ctTocheni I'Um nescent tect
appamady2|m@aaindndxmmmabrsu®$ﬁanmenloﬁMMHéwﬁé&bxmm$m§bule is

QPIO s label.s that serve as _both marker and ECL ,
ref@ﬁr?fier ECLYBAS¥d HRAATIR of &AL i BRPGF&CRA occur in

manynpéﬁgﬁﬂggﬁloﬂé 0Wﬁ£c§°ﬁ%§”kb%%@r1%@per?ﬁ%ﬁr'Ee@ﬂs, medical
potentiometric el ectrochem cal detection methods in

diaghastihey apedgefrelml IEEOdmtelm,nsmq velamEhe abetfewr Redox

molgenietlv tysé%éhnaan 3% | 2oL ] d
ur trasensrt ive ‘photo ﬁ’dé? E“ﬁﬁas?ﬁe g i FrR Ry redox

moletulesemal; e nRidceaPregesls) nihhehiedon Sansl O dile is
the conversion to a light signal. Means for

attaghedveEReR cinelpie f rbptehrakt pBds desechieomemy che redox

molé&ﬂiéengy éhgeﬁgkhQQ%ction indicates the presence of the

analyte to which it is attached. 1In some cases an analyte of

interest may be intrinsically redox-active. This labeling
approach, or the intrinsic property, is used in the medical
diagnostic industry, among others, to detect DNA, proteins,
antibodies, antigens, and other substances, via
electrochemical detection.

In a conventional electrochemical sensor of the type
sometimes used in chromatographic detectors, the potential of
a working electrode is controlled with respect to that of a
reference electrode, and the Faradaic current flowing between
the working electrode and an inert counter electrode 1is
measured. In this type of approach, the entire information
content of the system is provided by the reaction at the

working electrode.
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practiced. For exanple, the redox |abel and ECL
emitter are generally one in the sane and t her ef ¢f &NUARY 2007
weamhopriecess, redox sensing and |ight em ssi®PE/US2003/022932
cannot be independently optimzed. 25 SUWARY OF THE
I NVENTI ON According to one enbodi nent of the
invention, a nethod for det@cting the presence or
nt _of an anal t cl udes ' brst . .
ol e 3tor 8501 GePoa Ehnt Ani FRCTRECCARNoRe wiPpegtions an
elettistier 4@ as<d @obtppg@érelae@ted@ete,re%:taﬁﬁoaﬂad& Ngegults in
second el ectrol yte sol ution contai ning

theg| gBiE§dREN 1A ne<BEnt %syst%%ﬁ%%%eeﬁe%‘érﬁan@%a%ﬁe f (ECL) .
el egt ede,n. VAR NS he

Aurh gcta?lﬁoytl%q o JANDRRY f&ﬂ 7 &%%hooﬁ%?g{@gzg’ ddgdte on an

app@ﬁﬁtUSZ@@8&@@293@1§1Qﬂﬂ1mgcnei¢bh®mhelee¢m@des that may be

glectrolytg %Fytlon cauS|n é$ i al ifferen%e 1.4

usefe@feent Fe GG élé‘l}&%f §F1€ r%%ﬁ FRtFHnS- 2+- 18

U.sandgdet eqbi ng |3 ghtsem figd1bs@MdhRiitional ECL labels and
el ect rocheni | um nescent system thereby indicating the

schemppedeoncecltn dabantion ofe sawdl yiabelst hbuti itdye utility of
there etggogf é%% rtlbllpeqiLlaers elu %tnr Og%e %i%r glrrg)%get gcf)g"iggng the

ment nvention, a net

entlihe phESEMae ioh amitentof me tRepdbe] avakytesin ﬂEJSJ.deBat. No.
associating a first electrolyte solution 10 contai ni ng
6'5Pﬁe1ﬁﬁltﬁﬁﬁélaﬁﬁlyﬁes ﬁﬁ?ﬁt¥??§?m%eﬁmbﬂ§36ﬁnﬁ detector for

anagkg{tﬁ%i ty efbipalarniel eGhsodese each Wh&lahanthe method also

e- speC|f|c blndlng reagent assocl at ed
empﬁhESeMﬁbblsaShatlaEng assbobhdmaekectanﬁyEéLsemutmem
n1 escent systemwth the

troch
@8 kg?%g 1?%1 Ear R T PYefre pan  improvement

ovekonlca£$ﬂVéﬁ%&éﬁéPQ th%ﬁ@é@@he@&dcﬁecongre|eCtﬁ@t&ﬁﬁlometrlc
sol utions, causing a potential difference between the

elegfrgehempgaseSnedlion redyRedsofint Wt Bhavdetectgegerally
morle' ggénS'i”cEESd fr th e%lt%%tr%%r}x%mtlwtgﬁsclegﬂ ue to the
systens assocl ate VVI t t he respective econd regil ons
avadiabheibypolodr ellectasedesitideer epyjoton detectors and the
elimination of some of the noise present in the redox signal
by the conversion to a light signal. Means for improvement of
the current practices is inherently limited by the methods
practiced. For example, the redox label and ECL emitter are

generally one in the same and therefore each process, redox

sensing and light emission, cannot be independently optimized.

SUMMARY OF THE INVENTION

According to one embodiment of the invention, a method
for detecting the presence or amount of an analyte includes
associating a first electrolyte solution containing the
analyte with a first region of a Dbipolar electrode,
associating a second electrolyte solution containing an
electrochemiluminescent system with a second region of the

bipolar electrode, ionically isolating the first electrolyte
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20 indicating the presence or amount of each of the

multiple analytes at the respective first regi ong?$fUARY 2007
wo bw4biqped ar el ectrodes. Accordi ng to anot herPCT/US2003/022932

enbodi nent of the invention, a nethod for detecting

the presence or anount of an analyte 25 includes

associating a first electrol $te sol ution contai ni ng

t he anal ' a_first. containe nprisj a first .
=1 gel ohboina " tose2BraE: ot robee ki SocrailRgoR | | fRpsing =
poteftlkilngli fFeictraM bd e SECONE EOREaI RRIA COIPEHhEI BUedtrolyte

third electrode and a fourth el ectrode, .
solgféenfoni caA1Y coftiarfitie fifdghand Fnikied  from  the

eleskfstzgegggu?ﬁﬁgébeata p%@%&@' ditgfeegewe bﬁﬁegﬁggtmg the

secon ourth elect , 'and det ect’i ng
presanteedf raamuritheof | ght ematltyiteg ssoutloe fnrshe seciand of the
pipS ntaiger tgereby 22 JANUARY 2007 WD 2004/010116
IPREFF 828637895932 4 i ndicating the presence or amount

OfA&B@réﬂﬁgyt €ol NahBEhEiT Skmb&@Mhahber of ACEREdi REvEAtion, a
anot her enbodi mrent of the invention, a nethod for

metBedecfPhg €REepEEBEncEher BreEARCSf @HEl tappents of multiple
tes | [.at.i i | | .
anaggf%%ﬁ efnéf&%élgesa%sc‘cfcgzgé%u %1? a]a %lﬁ‘gt eef%&&?ﬁ!&%ﬁ rg?lutlon

ion contarnin pl e ‘anal’yt 6s "W
contahhahgertheomulisipe a qalraddd y wdftH | £itrst) eGle@d@s of a
each with an anal yte-specific binding._ reagent o
PUKSLOEY 2P FIRG (HLaRcreieS ceara Hhas rglegnalyte-specific

b:'m?vi t%“:@ééé&l@ piégd%iiat’é’ec?f tlﬂesciré_txﬂi%@,ttiat%%onga%q €2 second

a second container conprising a plurality o
elethrotiytel esplodesnandcatfeduitiy eleect rebect rochemiluminescent

el ectronically coupli,ng the lurali of .first an
Y= TR, d-itbe tSte 8oL BR e FEE SRt v | GFE aPFPBLBfcebLectrodes,
ionbedveen theosecdig anchd ourtif@l echh@desged@Bld  electrolyte
detecting light emtted by the plurality of Iight

solfd @18 ng CEEISSGE ces ksudilatleddif £ Areneer daplaveeyethe first
ena PUEBLE 1 R SLSELIROS, 08 BEHPOLGRL ! oo
fromnthlee dilestroondml hehinescent systems associated with the
respective second regions of the bipolar electrodes, thereby
indicating the presence or amount of each of the multiple
analytes at the respective first regions of the bipolar
electrodes.

According to another embodiment of the invention, a
method for detecting the presence or amount of an analyte
includes associating a first electrolyte solution containing
the analyte with a first container comprising a first
electrode and a second electrode, associating a light emitting
gsource with a second container comprising a third electrode
and a fourth electrode, electronically coupling the: first and
third electrodes, causing a potential difference between the

gsecond and fourth electrodes, and detecting light emitted from

the light emitting source in the second container, thereby
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Enbodi ments of the invention provide a nunber of

techni cal advantages. Enbodi nents of the inventi oR?#iy RY?2007
w@osnaiiogle all, some, or none of these advantEQEES2003/022932

According to one enbodi nent of the invention, a nethod

for detecting electrochem cal events and reporting

them photonically is providéd. Because the anode and

: r.QC chem cal | d oupl it is t .
1nd%§%ggg§rQh% &ﬁf %ge g&t igog%glé e 10 part qﬁgﬁia&% the first
condiati@elly in the ECL reacti on sequence. This greatly

i ncreases the nunber of anaEéEes that are detectable

usPRGOFHETHI ghPy 8BRENEKVeSEPPApMERESssOEThEhgnodBVeRRdOn, 2
metﬁ@HhogSrrea@Eéeﬁ§nggetﬁ8up%@@s@h@@tr89'C%khﬁn@ndof multiple

therefore, it isp o correl ate I'ntens
anaflgtehe l@@lu@ﬁsen1$$m¢nmtnmgthe dralsjt eglekerelyte Solutlon

antifyi it cordln not her, nbodl nt of th
confHaBPon It MU CORY Ry endiing ¢ hot Shépe GPRtainer
compResangdeaan 1@@ng€§ 23 £ J ANUARY Zgﬂgct%ggo"’égéﬁllﬁlth an
CT/ US2003/ 022932 relative to one another, it is

anaéﬁ§§'r§P@Cf’-§lPo\mn<ﬂml inwagest desecinbad |themkliitlbnand a
d th d s
secbflg ee%_%%]#d& %ﬁ%ggg]a{?%ﬁé Sengﬂ%r% %I ngo{falilggft t%rglttlng

reporting functi e Yabf Ity
souﬁcsywneh1EOSepemdt@dmudidmnxddmpnﬂsmﬁg%ukgﬂuﬁwuiﬁy of third

have _no extern%l ekgptrlcal contacts, is advantageous

elefhredfe 2BApadi #WQ%erﬁﬁﬁFr%%ﬁ%ﬂf]ﬁl‘f‘W]@*lng the
plu:?é!f?ht?' B 3{1r§ eﬁhﬁo@@ﬁr@yef@c@fééé@d Wahghﬁfgc a potential

device and all nade active by the sane electr
dlffeétﬂceThbgtweﬁategbeS|ﬁ©¢®ﬁdesam@e ﬂ@usvhteaidesrg@es, and

|t d h f t eo
cer BTN e g BUEL Ao such o, oy e SF TYLLAICOUS: s
sour668r g d n Dt Rerrt te o r@@bpe@hk&@ nﬁmka%agf of third

el ectrodes_of differing |ength, is possible to
clegfredes, eFBerrbie iadigps ing cté“teec@rﬁt%ﬁ?@‘é@ sOWh@g@UmJél fof each

of {RACkhONE NAVEID AL Sheph TP rBL BOhERihals: 1t 15

dev
Embodiments of the invention provide a number of

technical advantages. Embodiments of the invention may
include all, some, or none of these advantages. According to
one embodiment of the invention, a method for detecting
electrochemical events and reporting them photonically is
provided. Because the anode and cathode processes are
chemically decoupled, it is not necessary for the target
analyte to participate directly in the ECL reaction sequence.
This greatly increases the number of analytes that are
detectable using the highly sensitive ECL process. The anode
and cathode reactions are coupled electronically and,
therefore, it is possible to correlate ECL intensity to the
concentration of the analyte, thereby quantifying it.
According to another embodiment of the invention, it is

shown that by changing the shape of the anode and cathode
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coul d operate by either nmeasuring the intensity of the

ECL or the length of the electrode that is 22 JANUARY 2007
wo bdowwimed ed. I n any of the enbodi nents of thepeIbs®03/022932

i nvention, such a device could be mniaturized with a

smal|l battery providing 20 the necessary potenti al

bi as between the el ectrodes and a photodi ode

asuring the |ight emttedb CL.s em her

relgg%ﬁﬁ 8 é“dﬁ/aarﬁ&g'és madyt be® aégé??bgne oyS_Lowe he"limit of
detskthibgad in the art. BRI EF DESCRI PTI ON (]: THE DRAWNGS

25 Reference is now made to the foll ow ng description

t akBn 24 e} uket iIFFMRIE ohet BR c GREAHA dPAW g, sensing
and%\%%%ﬂil éﬁ&%ﬁcikﬁgc%f‘“ §LS sepresentpld ke, parts, of the

I's a schematic elevation view O

| sysbsyat etof ospedat ectwiigh t el porlesened eoft radleanal yihech have no

according to one . 30 enbodi nent of the. present .
SeXLERURML | oﬁgle@r@ﬁ@ 180105% C§€’hema%?c ‘f%“%)‘iﬁ?ous in - some
embbhiHshtatidy ane efppdimei. of Ah mfath foFl @R bipolar
1A; 22 JANUARY 2007 WD 2004/ 010116 PCT/ US2003/ 022932

eleetrédwRancbes arrastetharltthin an dpEdcef a@ds;psltlermacz‘ﬁ active
by qﬁégf%én ieggg§8nc éf an a?ﬁ1¥tsy#§§%@5grégﬁﬁﬁ 1es the

ryrng ength are uti

syst&ma a@begatl Topl amulitawleked syHaamdeny Eﬁlcﬂft efd i NPor the
~ the presence of an analyte in which an arrag/
simpl parapuel edPRroUESSi sOhti Pi zed FPEUREVER| s % boo different

anafi@gga“(%é%égﬁl ?m%b”dﬁgﬂﬂgf:Eﬁ?%glﬁ@@@d' éiblpolar

stem for detecting the prese ana yte
eleatrodelsngofo onef enbogli Netgtdf, th'¢ i Agenpperibdewhtch create
are utilized;. F

arate_ el ]L, g :L%JRE 3..5 a
eleqRRaiat FOTpYan W el FPRGSLrAERng aH O EhbBAL hon Bt gre have
difsysEeM froruandigcdd s £hes ect rag ithesHuwserest @ucdna device

anal yte according to one enbodi nent of the invention

coul@ operate by either measuring the intensity of the ECL or
the length of the electrode that is illuminated.

In any of the embodiments of the subject invention, such
a device could be miniaturized with a small battery providing
the necessary potential bias between the electrodes and a
photodiode measuring the light emitted by the ECL system.

Other technical advantages may be ascertained by one

gkilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference is now made to the following description taken
in conjunction with the accompanying drawings, wherein like
reference numbers represent like parts, in which:

FIGURE 1A is a schematic elevation view of a system for
detecting the presence of an analyte according to one
embodiment of the present invention;

FIGURE 1B is a seschematic plan view illustrating an

embodiment of the system of FIGURE 1A;
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whi ch three el ectrode regions are utilized; 15 FI GURE

4 is a flowchart illustrating a nethod for detect?AYUARY 2007
wo bw4preasence of an anal yte according to one PCT/US2003/022932

enbodi nent of the present invention; FIGURE 5A is a

schemati c diagramof a systemfor detecting the

presence of an anal yte according to an 20 enbodi nent

CORPAVRRENCE b i FFISRCRPCLRE85 Te0h thefint Pocen  £or

detdbaghgm ehean wdedidentoof &she aspalerd ofirFl GIREDA bipolar
in which a plurality of bipolar electrodes span
elegbroden Phevesipast i@ﬁ%h 2BeFPEUREZ6dis a schenati c
di of .an e di t.he st f RE
inﬁaﬁﬁgﬁ r%%oxl$2g§c%?ﬂ%m%%lkhep%%élY§£é€s(§%ti i%ggFem for
det&ttiRE thes arschewst i cf dieagranadftan ienbetimkntawf array of
, tﬂe sisten18f FlGURE,?A i% whi ch an anni hil ati on
bipp gkt PORCTEERYFPodECPAGTARSEBEL signal is utilized:;

FI BB8rE 19 ajischematd fiagiamdfaan erdpdi feltc©fating an
the systemof FIGJRE 5A in which a light-emtting
embdiddenpr odfices swrRLghotion c dsit@edlinp 2 tRANURRYS2007 ©of an

2004/ 010116 PCT/ US2003/ 022932 7 FIGURE 9 is.a . .
anatFhE AECORPRNG: 01 SO ar WO SHAT nBht O ATYSIER iy which

twodetpetang thecpredencerefusnlarabiyte in which the
system includes a sanple and a signal conpartnent with

a FBFPBEar 3el éét r 8de ¢ béth@den Tiem BlPigirgting an
o ) . ! - ent of
embdQihSn ?&g%%uégggéﬁn%brv' ﬂ£?@@l ngggbgﬁgﬁgotjm§hﬁresence

systemo In which a plurality o ol ar
of eheetwdges spansdisgigvesn dhe smbpbémantd sifgridle invention in

vos SRTBRELTERL 21 ELOUFE 11,02 2. gpassegh onal view of
of paguRRal ¥t eikn whi & hR@ar0 syshemddiciifess atnethod for
array of separate sanple conpartnents and a
detecting the presence of an analyte according to one
embodiment of the present invention;

FIGURE 5A 1is a schematic diagram of a system for
detecting the presence of an analyte according to an
embodiment of the invention in which isolated sample and
signal compartments are utilized;

FIGURE 5B is a schematic diagram of an embodiment of the
system of FIGURE 5A in which a plurality of bipolar electrodes
span between the compartments;

FIGURE 6 1s a schematic diagram of an embodiment of the
gsystem of FIGURE 5A in which redox recycling of the analyte is
utilized;

FIGURE 7 is a schematic diagram of an embodiment of the
system of FIGURE 5A in which an annihilation reaction
producing an ECL signal is utilized;

FIGURE 8 is a schematic diagram of an embodiment of the
system of FIGURE 5A in which a light-emitting diode produces

the photonic signal;
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common signal conpartnent; FIGURE 12 is a schematic

di agram of an enbodi nent of a system for detecti AgANUARY 2007
wo bw4preaseence of an analyte in which the systBom/US2003/022932

i ncludes a series of separate sanple conpartnents and

a 15 common signal conpartnent; FIGURE 13A is a

cyclic vol tanmogram of 0.1 NVphosphate buffer [pH

¢, Phofies 10 S RUPRAGE 90,280, conagipepe of o

sysPdh @@&zxdeaeceiﬁg@ntlde chi-esidee( af ven bamazﬂ)tgl @JREvhich the
132 is a graph of the nornallzed ECL intensity at 610
syshamf okn¢ Hedeso SolsaiPeRs BRAFI BURE ISA §§>ff§>afr@ﬁantonvvlth a

blpﬁi%ﬁﬁgﬁ%QEQOBth apﬂ53? ?Etwgeﬁ twerel ectrode cel

'S a € ECL eém sS$ion |ntenS|ty as
a FIGQUREI an ofs t he crelkat-iseetdrealofvisawdpf amd embodiment of

cat hodic r ) 5 of a bi ar ele ode accordlng .
the { PR SO OB t ke v BR8N, °F) BURESHARY, 0F bipolar
ele@if?@@egf HBsCHEERBENVEREUSaRBREI gﬂd potenti abmphirsabnts;

and FIGU 1513 is a graph of the light intensit

veFé@@Rprﬂleé Qoﬁépﬁﬁmsaﬁu¥%wﬂobﬂﬁwuﬁftﬁﬁl&@b imgge of a

sysgnra Efb) %%Tetéz&ofnsé tehSySt f:ﬁusbti;a‘o{r?d ve?ééiﬂ% Qm’lﬁich the

e curren

sys@@@liﬁdluﬁébeahlakra@doEl@H@Erﬂﬁéisampkﬁénﬂmpﬁrﬁmﬁnts and a
light intensity 22 JANUARY 2007 WD 2004/010116
compett/ $5I098/ 629D3tBeNFér sus appl i ed potential obtained

utﬂ@@kﬁg 13N fgbad'g@@mglctaﬁ%i@yéﬁewIAIySéﬁsbe@mteﬁt of a
FI GURE 8. DETAI LED DESCRI PTI ON E EMBODI VE

syst§mTH5rlMﬁaﬁﬂujmgF%mMRﬁresesca sdhamt agagyegatinorwhich the

a., 5 mcrofl uidics-basedq sensi ste
SYS’EWBt lPSFPQESoﬁ ECELEF0Ofe HRRT eeteS Pﬁ% %‘H“Partments and a
comﬁ$§Céi@ﬁsne&@ﬁgartﬁ8381|unlnescent ("ECL") reporting
in accordance with one enbodi nrent of the present

i WEGYRBN 13Gent® akl yGyshist epibeminggram of 0.1 M phosphate
buffer [pH 6.9] containing 5 mM Ru(bpy)s;Cl, and 25 mM

tripropylamine (curve a) and the same solution with 1 mM
benzyl viologen dichloride (curve Db);

FIGURE 13B is a graph of the normalized ECL intensity at
610 nm for the two solutions of FIGURE 13A, as a function of
applied potential bias in a two-electrode cell;

FIGURE 14 is a graph of the ECL emission intensity as a
function of the relative area of anodic and cathodic regions
of a bipolar electrode according to an embodiment of the
invention;

FIGURE 15A is a graph of the current versus applied
potential offset and FIGURE 15B is a graph of the 1light
intensity versus applied potential offset obtained utilizing
an embodiment of the system illustrated in FIGURE 5A4; and

FIGURE 16A 1is a graph of the current versus applied
potential and FIGURE 15B is a graph of the light intensity
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utilized to detect the presence of a target analyte

102 by 10 labeling target analyte 102 with a redox?ANUARY 2007
wo emgeniiosl18, sensing an el ectrochem cal reackdDUSADI/@22932

first electrode region 124, and photonically

reporting the sensing of the electrochem cal reaction

via an ECL system 120 associ@ated with a second

el ectrode region 122. 15 Accordi ng t.o. the teachings, of
verSiie ERBUGEHOEO T Il PPESSRED Hieri B (R Srbbaifient of

thef§€§£éénn911§§'é£5@;@d(§ﬁ decokedgby reference nuneral
101) associated with ECL system 120 is decoupled from

the el ectrochem cal sensing reaction (as denoted b
DETAL&FEr BESERAMFION OFQBXAMPA: FABOMIME &t &F By N ON

eaganks 118, This decoupliigs deseiihed il fULLBRT of o
det ai bel'ow. ‘Because system 60 requi res charge
michafant@ictheast@achagsimf tkestewention redogni zeelies on
t hat sensi nﬂ_ reaction 103 and reporting reaction 101
[

elegrEORNREFRAI cal | y IHRAEP™ In  t hPEImanner , Stfetrogenerated

gegwprpkyte 2cihat DRY becdpqgdstectedin
Cheﬂugyﬁg{?ﬁécﬁlﬁ%hl ;{/ Eggﬁs?lt i %%é(%CtL sgst em 1%Oci sdgrégt ly t one

embodtmensedf theaddesieon, ibyeatidencf Gemeastaddit,orgystem 100 is

.coupling, it i ssible to correlate _the. intensit
ueiGPEPRGRD 194CB« COF BYBRIOSy Sterf 1567 L0 HB Ty -d 102 by
1ab&PNEENt Babken sefalakegetoand i ea 18ddoxt hekelyt 118, sensing

quantifying it. System 100 may be inplenented in a 30
an @ileetaoshepdeals udrdsiathakt sRovint 19¢ FEEBRESCOAR, rpglon 124,

1 . r l.e, . ] ed. :
on Iy B0CRA B3 IR, e ML BT 1B Brochnico
readt BIRES,2a angh 3, Edlor s22tEANUARY 288Z2oc\@:-2004w0tD116 second

PCT/ US2003/ 022932 9 exanple. O her inplenmentations
eleghEodentedpPat €82by the teachings of the invention

ang-£Hegendr e r aded i i ¥ BHEPOSRBOQRMM¥NtASof the
illTustrated in FI GURES 1A and 1B, system 100 i ncl udes

preSemtt estvenhiannertio4 mepsihigng bipathior| etds odéen@ped by
ref?ﬁ%v%%eggég%%%fgégﬁjsméggég}égg% %%E&F”h&go §§§8em 120 is
decoupled from the electrochemical sensing reaction (as
denoted by reference numeral 103) that is facilitated by redox
reagent 118. This decoupling is described in further detail
below. Becaugse system 100 requires charge balance, the
teachings of the invention recognize that sensing reaction 103
and reporting reaction 101 are electronically coupled. In
this manner, the number of target analytes 102 that may be
detected using the highly sensitive ECL system 120 is greatly
increased. In addition, because of the electronic coupling,
it is possible to correlate the intensity of light 121 emitted
by ECL system 120 to the concentration of target analyte 102,
thereby quantifying it. System 100 may be implemented in a
wireless mode, such as that shown in FIGURES 1A, 1B, 1C and 1D
for example, or may be implemented in a wired mode, as

described below in conjunction with FIGURES 2 and 3, for
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source 110 and a detector 114. Test container 104 ma
be any suitable container adapted to house bi pol &f/ANUARY 2007
webmanroaoe 106 and el ectrol yte solution 108. HOI/US2003/022932

Cont ai ner 104 may be any suitable size and be forned

fromany suitable material using any suitable

manuf acturing nmethod. The centainer may take the form

of _a channel, a nicrochann hanber wel |
SXafRhE- a c&%ihiel Car v EHE HE eclj*r?éls edth ode%?Wi?rg?gbebY the
tea@f'llﬁﬁ¥ o4 tahl e aensb@NanfoEhexample, gieriked engihexample

w dt and depth of container 104 may be anymhere from
purpoﬁeﬁi@néms to several centineters or nore.

additi, t fr

U PaBa Ry L EpoUERY B8 pARTES. | s%"%@é?%f P, igetudes
a uﬁgtn¢@ntaEmaﬁ1Qothnuslmyaathlpcidﬂcxﬂecandd¢oum5 and an

nposi tes. _Al though only one contain r 20 104 is
c1efEFaLYF St 61 1VGURES 1ASKRE= B 00y SHeR 60 THgrs @ voltage

soukBe! Wde Bkt hphereerbai AaLs 104. Further nore, each may
contain one or nore bipolar electrodes 106, as

|IEastratmdalmenqIR}EmaﬁcbananYDSHEQaﬁkﬂ i ieee adapted

d d
%ﬁf%ﬁuﬁé&#iq%;% FlgFo éﬂew c@re%ﬁ0%58§:ﬁ% Jéfﬁ@lon 108.

ContBkneeon@ductd=RY Kol yfer su@ﬂ&bﬁ@l babke afEt &es, formed from any
conducting oxides, and sem conductor naterial .
sulgabéﬁarm@r%wbdeuq{)@ MY bEULEAREE uBRRYLARFUring method.

Thef’rlé’:'t %@glj_ﬁeq_e:xj\%l gC@hésfggmvget 2\ ort?anﬂélt h%rﬂQEkSChannel

ods ‘use h fhe sem conductor ustry,
a chpuibker,i g, welAposatiube,, dwnﬁpxﬁﬂ&&wnaﬂ@pbheﬂhmke, each of

sScreen rintin el ectro- ectrol ess osi tion,
whighq “ﬁ?é’ng)l engPt I]é’ol ﬁPlEF‘Q&Fr 6%@“%% all‘§ p&xample, the

lengﬁﬁf ofMBdnandnigher FQ% d oG i 4 ey c ol el adPdhere from
i pol ar el ectrode 106 includes 22 JANUARY 2007

0. 12004ﬁ@m0116IPCF¢USZ@®3K&£E%£EtQIﬁfKﬁ%tm©¥@€trodél addition,

con{: ?BgFr%‘%% arrq%ogco%%r%ef%ctflsod L&Y nl%%%le %%Flal such

ated ment o1 8Ctr 6de reglon
as aCbslya&ra cat Radestancrsecond dteict r ateramegt Ongll2ds, quartz,
s:ngcC:é?l,a%nac{] ?ggg’g composites. Although only one container
104 is illustrated 1in FIGURES 1A and 1B, system 100 may
include multiple containers 104. Furthermore, each may
contain one or more bipolar electrodes 106, as illustrated in
FIGURES 1C and 1D.

Bipolar electrode 106 is any suitably sized electrode
formed from any suitable material, such as carbon, conducting
ink, conducting polymer, any suitable metals, conducting
oxides, and semiconductor material. Bipolar electrode 106 may
be formed using any suitable methods, such as conventional
lithographic methods used in the semiconductor industry,
sputtering, evaporation, electron beam deposition, screen
printing, electro- or electroless deposition, and painting.

Bipolar electrode 106 may also be preformed and then be

located in the container 104. Bipolar electrode 106 includes
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however, in other enbodi nents, first electrode region

124 acts 5 as an anode and second el ectrode regi of? £PPRY 2007
wa@edog/oadoa cat hode. Bipol ar el ectrode 106 nmayp@l/E82003/022932

vary in the area at each end of the electrode, thus

first electrode region 124 may be smaller or |arger

t han second el ectrode regi ondl22 by varying the wdth

. of the electrode. .For e | e, bipolar electrade 106,
£irSh e e necdhane A L RaG) arard e feSRHRAES e 122.
In €88t HLahysevek ciheniR@hiae Curineid densitydat r€3¢6n 124 acts
end, and therefore my be used to enhance the ECL

as pj gathsidgnandpypesence ftliemtingfe RISyt 2 | #CES sa@l pBranode;
area, and r oy di |_ar ger__.el r

novBUER: | S gy heBuft Pl #ng | g g Rt age acee

as kA Eh6UBEahd acdoder dlidgcirogleettaduden riemg anctik4aand cathode.
narrower secqnd el ectrode region 122. Electrolyte

Bipgbptt ?éﬁciﬁgd?{aQ‘oﬁ_emé‘é(nﬁfliSQ_ed’aérfy any thg tadiﬂ’%_at each end of
thee%?c%EEQJoﬂte‘? s di 55O VET LPr¥@L eLeg@BnOngaNitay be smaller

sol vent, an aqueous/organic solvent solution, an
or ilmramndiudiinngspobyderel@mmple ewegdbrn, L2guiky varying the

, la,. liquid, sulfur dioxide, and any. suitab
widGhoGe Y RF AT SFIGCaE Bl B0t T I ol P LB 268 TP LRge 106
mayl RbkRJUGRd $1d 9 CORt &ihker] k4 st ny, anyrsy tgddeides control

met hods. _ I n one enbodi nent, electrolyte solution_ 108
ovegoihg reelrstive t grgeenhnsepsd Y02, apefled SRt h drdokherefore

reag a Y t I :

mayig%aﬁgﬁgﬁﬁﬁabﬁghggkgcSﬁg%g%ﬁg?l%ﬁﬁ%hgﬁéggﬁs es%%ggéggratlng

theanadyzel byirsyst eemaQ0erFoarexanmmed far getrovanding ea larger
102 nmay be ,  RNA, oLigo uclgg%%des, groteins, ,

elegbppifedre8ntest S ant i BBdP¥s T 4HtT gerRIS8hgdrd, Ry having,

accbPiigg) $aCH/UREES, , |épwg§er35§&§td%1el&(&m@33ﬁegﬁr@{|124 and
organic nol ecules, neurotransmtters, drugs, cells,

a nasagearsseppndessecinpdentdfgacnsl2Reacti on products,

OYBLOSWEL 2y BT 959303 T peOTRS SR RLLULENLS, Slivanne
e1ed0P41 910116 1RCTAUS2O0036822932waddr, an organic solvent, an
agueous/organic solvent solution, an ion-conducting polymer,
molten salt, liguid ammonia, liquid sulfur dioxide, and any
suitable supercritical fluids. Electrolyte solution 108 may
be introduced into container 104 using any suitable methods.
In one embodiment, electrolyte solution 108 contains both
target analyte 102 labeled with redox reagent 118 and ECL
system 120.

Target analyte 102 is any suitable molecule(s) of which
it is desired to analyze by system 100. For example, target
analyte 102 may be DNA, RNA, oligonucleotides, proteins,
peptides, enzymes, antibodies, antigens, sugars,
(oligo) saccharideg, lipids, steroids, hormones, small organic
molecules, neurotransmitters, drugs, cells, reagents, process
intermediates, reaction products, byproducts, process stream

components, pollutants, or other suitable species. Target
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anal yte 102 may either be el ectroactive, in which case

it intrinsically contains redox reagent 118, or 22JANUARY2007
wo anngeioienal yte 102 may be nonel ectroacti ve WET/852003/022932

| abeling by redox reagent 118 nmay be required. The

| abel ing of target analyte 102 with 5 redox reagent

118 may be by any suitable lldbeling method, such as

anaggESCt dlrQEEhE? eén%i é@@@d%@&v%abehhngWh é“) case it

valent | a ng, fostatic abel g,

intkabelicadly mmmmaﬁm@nrbﬂo&naw%@emtrea@tlO@r &ﬁ&get analyte
conversion by chem cal 6 reaction. V%ere mul tiple
102 5aby thes HRREIF e et bet eiRprctRe L abg lHEgs (brepdox reagent

1189hb{eentJRboed abefﬁenwbgflﬂgeef 'B% tr%afg;wtellﬁoz with

IS any suitable redox-active nbdlecule(s
redoedugagentvélﬁnh@wuk@|byzﬁnnﬂsumﬂabhduﬂabﬁ&ﬁn@emethod, such

easi |y, oxi dized qar e exa of a dox,
25 BTbElFe PE bamsIrastol GuiF (8% e« L g, non-
covéE@HQEQABéIEhéWDe@E@%EbQE&th&tﬂ&b Qﬁg?ssﬁﬁﬁéyﬁb labeling,
el ectron_events. Qther exanples include ferrocenes,

convygr AdABs Pyp hemay h ak¢ ngeackilone gens] g@n}gﬁysmg by chemical
ne i 0 p , Ltion
reagg%%#ex@?eggéﬁ%PPP§§%ec%ésgb%%ﬁef£¥ |CF§§ g%%%ﬁted in one
meaPoryaEyt en@i sphecas kbabxcaabbmstmaylbepheededox 20
nnleéules and the |ike. Redox | abels capable of

exRAaANGi ngFeHBFRE t hahl Bne +%doxa%ﬁU|v%¥%ﬁ? {§. e. redox-active

mol&ECEENON) | ArEQIRXact LT BA cBRA KE tso gmb'l@éutl@e that can
signal 1 n the subject invention. The function of

be regokly eageidigdd ier desciudset |n ﬂuethexamgé5a|bf a redox

bel h 8
no1€ebt’ 10 ohEHErn PapiaBeny piPe" o5 ey fduced by

two Vietielittynsofid i eab Qluﬁfdésﬁﬁlafé eghen el%ttﬂaﬁﬂ aveREOX  Other
reaction occurs, which causes a correspondi ng redox
exafRbes | on 19F1EGE systemragenes se@éﬁéoéleéet r odeherefilohazine,

VlOﬂ&ﬁgc%gsreg%rﬁgggkéﬁgs;;%%%%%§% fray be a ;ggﬁﬁgabléquOles’

tramd et onchetrblluncogsben s sy sieerml ArelClckyst enthera particles

conpound .or . conbi nation of c¢ ounds that can be
such o dif ey ST COPEERR PGt ) OBy rBatk dUeht ioley redox

mol &Xa®b ¢ ahgareCly SYSt €MReSlox labels capable of exchanging
more than one redox equivalent (i.e., electron) in a redox
reaction serve to amplify the signal in the subject invention.
The function of redox reagent 118 is described in Ffurther
detail below; however, generally, when redox reagent 118
associated with target analyte 102 passes within the vicinity
of first electrode region 124 then a redox reaction occurs,
which causes a corresponding redox reaction of ECL system 120
at second electrode region 122, thereby emitting light 121 to
be detected by detector 114.

ECL system 120 may be any suitable
electrochemiluminescent system. An ECL system is a compound or
combination of compounds that can be induced to luminesce

(emit light) by redox events. An example of an ECL system is
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22 JANUARY 2007 WD 2004/010116 PCT/ US2003/022932 12

a rutheniumor osm um chel ate conbined with a 22 JANUARY 2007
wo pioabkogbam ne. I n a particul ar enbodi nent of Pa¢1€52003/022932

present invention, ECL system 120 includes a

rutheniumtris-bipyridyl conpound ("Ru(bpy)22+") and

a tripropylamne ("TPA"). The function of 5 ECL system

120, which is described.n further detaj.l_ . below, .i .
2 G RSHATS RF | PR UT2 L1 4 e pOre Pooaf e = Priadiylanine.
In ehectivehenisal efibsdindis SEhtae apiedent eagkkdRion, ECL
Light 121 is detected by detector 114. Accordingly,
syshamoptli2®al | ineledes wi adowutiengan  Her st bdy i t Fompound

oG hneq, 1 o_all I em 10 fram :
(nRETBb S5y b e fae S R B ot o s Wi Ton of
ECLmeyshemany 0suinwtdahklle is z=sandibeay e fuortiesri detail below, is
cont ai ner i04 usiagﬂangpsuitable mat eri al and_ net hod
its

to THENPESES confhfne f HEJPPRSPabiPcafBd PrERFrochemical

reaBPtibgal Ly cel el 5 MBL&Lk al-8acBU6R. aSTALASS 191 is detected by
appropriate thernoplastics, to 15 allow light 121 to

detpetdet ddied Hcader@tialy 11an Fheirasty cdeoal neindmy 112 may

be a well or_ other such for rein the -container .
be RRESA i Ko Lo SR Ot hoby ERnioin e Eoght 121 emitted
frofi geal JPyEHass200 dhepdetiectotedi Bt dytebedbectian . 114window
may be any suitabl e detector operable to 20 detect .
112] gt o 128H ttuddFalem EEe s§sfeMal20Pe FéPrERanple, container

104de{1gﬂr}§r %?14 rrQ'Xliit %lllédem it%%lalobsa &/atrﬁa&ho@. The test
photontul ti plFier "tube, a charge coupled device such as
contaffi®rar lageld CMAy arer ayfalaripfadtentli diesmandpaically clear

CaUEﬁa. Detector 114 is positioned ,a%%$c§ t w ndow,

MAtSTSAIR, orRITLt 6 UEAEES| | Ght “PPECRIS A { hYETEGRIEETicS, o

a11d40 1@htbelgmy S babl g devise pperadlector appllYy athe test
suitabl e voltage across the | ength of container 104,

conthéneby may r dzkiciangwahlel ett rothdy elshaty dlogotr oWwhegein the
108, The el ect d

olution 1c. tiel thqﬁ I s devel oped.,in -.
ConﬁﬁéngregF¥%l%?eogﬁﬂ%%%O%Oag%%%so¥%%l %ng h %ﬁl?ﬁe%he light
sigfbBChapdpaks 8BowheadeAEbteirdd3Petnlfl GURES 1A - 1D.
If _the Eotential di fference of
Detector 114 may be any suitable detector operable to
detect light 121 emitted from ECL system 120. For example,
detector 114 may include visual observation, a photomultiplier
tube, a charge coupled device such as a CCD array, a CMOS
array, a photodiode, and a camera. Detector 114 is positioned
adjacent window 112 in order to detect light 121.
Voltage source 110 may be any suitable device operable to
apply a suitable voltage across the length of container 104,
thereby introducing an electric field to electrolyte solution

108. The electric field that is developed in the electrolyte

solution across the length of the electrode is shown as AEfieig
in FIGURES 1A - 1D. If the potential difference of
electrolyte solution 108 present at first electrode region 124
and second electrode region 122 reaches a critical wvalue,

Faradaic processes occur at both ends of bipolar electrode
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el ectrolyte solution 108 present at first el ectrode

region 124 and second el ectrode region 122 reach@gg AYUARY 2007
w@eaiogiooabs val ue, Faradai c processes occur at bot/bsS®nsie2932

of bipolar el ectrode 22 JANUARY 2007 WD 2004/010116

PCT/ US2003/ 022932 13 106. This critical potentia

(Ecrit) depends on many facti@s, such as the

concentration, of  redox reage 11 resent in
106¢] o ShTdl yPEL BbT et | BHCTBB Atnd Spebel SEGPES (e many Eactors,
sucHR K t yde ofontbatbgterpganeousdixecteagehtansi &r gradkent in
constant for the two 5 half reactions, mass transport

elegbresytpurreiwnipot 8RB al Bhe afgmPerativinge. Heevmgnitude of
typi call Ecrit 4is.r h ' r e
’t:hei ﬁlgtt gfo o’rnr?a %Spo%leencﬁ acfl{’g‘héo]%/ar?%fé@r Lgté %ongEgE% U the two

edox processes
halocgdbbtAgnat, fiasst telenigoade Haagion jhddctainth secoatials, and
el ectrode_region 122. 10 Wien _the difference in the
thepdidsfti al BoMedIeget riofBi A1 501 ufron 168 EWHRLY hequal to the

dif%@?@ﬂge‘)firp' Relar £ 61851 r ofdg G (1AFeL@C)rhd S LeB% 1 hRHcesses
crit, then current wthin contali ner 104 surrounding
occhirpbhgr a¢l etirodeeclebtirodearmesbdrbyl 24onendn second electrode
elecﬁ%?Iyte solution 108. However, when the potentia
Te938"difference AEelec exceeds Ecrit, then it is

enghggt | epkl yameeerehawor ahl echer fFaradaisgl progessesctrolyte
to occur at the two ends of bipolar electrode 106

sol(tien, 108r sfl calgedthreodeendyi onf 124pabalr skecondode 106 (AEeiec)
el ectrode region 122) and for the curre

. nt .to be ,

18 c&ﬁ%%uitwﬁnelgeﬁFons 'qﬂﬂrP%ﬁEﬁﬂ%r gFEEﬁ?od&?ﬂﬂﬁqu¥ 104

surkBhaqBgneni pdfaphen1 act g9 rea6ti 08 065UrSel0 HPUAOXons in
reagent 118 ?hen a correlated redox reaction occurs

eleatre&liteyssehution wiitth cauBewevhs, enivwésinon die | ightential
121 to be detected. | n one enbgdinent of the ,
diffRpeRFPoREerr | TIETEthelibie bARRi ot 118 snedgetigally more

favSPRLRENGL1 Ok rJNEr ey - PEOYEEE NG 2R SBPHU AL EHeSAMB| &nds of
conpartments. Barrier 116 functions to separate the

bipokgiox eleagenide (i06. ,(iamal yt £s¥shssdeicimeden thgion 124 and
secSSYSLIO LRSI 90,108 oM Lhe BRL systemassqeialed orrieq
by electrons within bipolar electrode 106. In this manner,
when a redox reaction occurs to redox reagent 118 then a
correlated redox reaction occurs at ECL system 120, which
causes the emission of light 121 to be detected.

In one embodiment of the invention, an ion-permeable
barrier 116 exists in container 104, thereby providing
geparated sample compartments. Barrier 116 functions to
separate the redox reagents (i.e., analytes) associated with
sensing reaction 103 from the ECL system associated with
reporting reaction 101, while still allowing ionic coupling.
Any suitable ion-permeable barrier may be utilized, .such as a
liguid-liquid junction, a salt bridge, an ionophoric membrane,
and lon-permeable sol-gel barrier. Barrier 116 may also be a
narrow opening connecting the separate compartments. While

the opening may be of the same size as the container in one
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reporting reaction 101, while still allowng ionic

coupling. Any suitable ion-perneable barrier may?2p@NUARY 2007
wairiokiomaoy such as a 30 liquid-liquid juncti onPCEHUSADI/022932

bri dge, an ionophoric nmenbrane, and ion-perneable

sol -gel barrier. Barrier 116 may also be a narrow

openi ng connecting the separkat e conpartnents. Wile

siokBRL0EE110 TEX 05,81, H1E SERESPLE 0L PECRNE L amaicn

thaﬁthHS@@&ﬁdeglﬁl@dmmmmn ithatco®@sinene The narrow
di. mensi on t he opﬁgkn% i S inaller t han the

OPeR PP e PSHETHGS dSHRTSRR 1Rh REXEoAt Anerle THREEmpwreact ion

103 OREMM It RE € YRHGRH Lﬂéﬁt%‘éé@io@ XioRg ofpthe Sé?rﬁl%dlgnent where

reaction 103 wth e reporting reaction 101. In
bar@ﬁﬁ@dlhﬁﬁt mﬁerét$lbaﬁdbertm&6 g8losi | i kelfetrkbe eaﬂtssolvent

cofySLeRs. 206, SOLYRRL. SOTRLLSIN fheA L0 59 USD cening

reaeaﬂenorlcrmymag dcbéfehéntsafrﬁé)ﬁb&h&na}?aﬁes dbﬂféﬁéﬁt aom the
sol vent conprising the electrolyte solution

salB3gobPafegswein sedoitn ¢ eactsisw 101 abeFrmiRrtq csolution
ass%%cﬁéghﬁﬂﬁﬁ' Ee b2 i ¥l eWeéH:HéEr abhng system 100, in

i polar e ectro es of varying length are
Ut FIGURE. ITheienbodsokeatashowpliam FrGURE i1Custalatdesy system

electrod 06 106b and 106c¢c that differ in I ength.
100 rhetn ﬁﬂ?éde%ﬁpcﬂﬁg e@g@FFFPdﬁ hateTdeid opkerath  are
utlﬁiﬁéﬁr 0| ytenkS solddaerk08 SCsPSss @heCtFrI@ﬁﬁ{% 1% includes
106b and 106c varies roughly in proportion to the

eleglaredes| d06 eciPolle alne,ﬂngl%c Adedr dilhgfgr dachlength.  The

reo S B PT (it o EEFP e Se B S ufppbberis] Thamirotvee

soltabeh s ]hI:‘B/I Iag:rd:lsfsf eéEébtf@déﬁ POt e | alosanwnie 20sc varies
di stingui shed within a m xture according to the
rougllyt ide BHARHSG ISP oft CentbfedPRBhEULpEm ¢hectrode length.

accHdfgrent hinal a%le%'t?BHEOdgge]&%eﬂ&@ ?L%‘Plgjt:@pcprgg_rides a

exanpl €, a certain redox 118
difthesmct Ezed by Bn Eeid t ithaktirateal ye@%@@@@l@ﬂt bydifferent

requ}i:E]el %gbgfl st hehall*\?lnr?geSt dflfg(e:ltfégge rle.d%x’ eéoe’gélrlggaels}oar:nay be
distinguished within a mixture according to the relative
intensity of emitted 1light from the different bipolar
electrodes 106a, 106b and 106c. For example, a certain redox

label 118 may be characterized by an Eci: that is only exceeded
by AEeiec ©f the longest electrode, i.e., electrode 106c. In
this embodiment ECL system 120 is activated and emits light at
second electrode region 122c of electrode 106c and not
electrodes 106a or 106b. A second redox label 118 used to

label a different analyte, however, may be characterized by an

Ecrit that is exceeded by AEqe. of the two longer electrodes,
i.e., electrodes 106b and 106c. In this embodiment ECL system
120 is activated and emits light at second electrode regions
122b and 122c of electrodes 106b and 106c, respectively, but

not electrode 106a. Embodiments are contemplated in which the
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25 this enbodi nent ECL system 120 is activated and
emits light at second el ectrode region 122c of  22JANUARY 2007
we@bmenraoke 106c and not el ectrodes 106a or 1080I/U$2003/022932
second redox |abel 118 used to |abel a different
anal yte, however, may be characterized by an Ecru
that is exceeded by AEel ec dfSthe two | onger
len8tBSt & : laes o £l eghk 1 . 1. 1 hi
S e Bl Syat e e 190 TS PRSIt o and o 4id" Becueen
multighe aedsecombelect ande thegimmisteri22bfarthit22e afight from

e r.odes 106bh and 106c, respectively, but not
thee}“gl‘éitrlggg foea you| ﬁﬁnflgegfet%oﬁ?‘é%ﬂ“%%dtihﬁ wggence of

analpeed2wd ANUARY A0Q7ur¥O 2004/ 010105 PCT/ US2003/ 022932
15_lengths of electrodes are adjusted for

di S1FHBEI R n§Sbét weeremakd ¢ pllenr edbsw| dBélust ratd ichesystem

attern. j t i ght f t tiple.el ectrodes
r0oPRihCtRith SR SEL Phoo b aThn ST PRl R (D, 106
andal@ext tree BtELCLRE. 1D Tise a "achenut ianid@inaiteWof FIGURE 1D

illustrating sgst m 100, in which an array of bipolar .
CPeLF ¥ r odbs 2108aM 18Eh, MABBEL 4l FdEd SFROdimenied, shown in

FIGURES "aAr aYd efb @Sibtgﬁﬂt £l EhGEURE D t%rﬂlﬁﬁﬁg elc;‘b\trodes

simlar manner to the enbodi ments shown in
are gpRinB ektkbtedor the fact that nultiple el ectrodes

1 being utilized. This array of electrodes may be

i |§ed§ﬁ§%y th8" d&TERTEG ke pPe tHF@gtlZ_ed fFor the
deterai ot eSE Wit Apl Be t3aRtS A Brted Nwibhen efhRdidBAl .sample.

one region of each bipolar electrode is nade
In BRapyrdgsidianty byne haegdesci af i eachf kipabogneilieghrode is

delS slanpn. 4o dhat. regi opy, Th LLjon_gl ement C

oSelect irvel ystp%r elg%gndgg)t o[e%)lre sgféggﬁgg%kbi%%s Bnd Hrognition
elemdrd nubt itpleé aredidres Ghel nteresiitIdn selemegni tdectively
el%#ynt n§% be.an _i,on-sel ectjve nenbrane, or a

a

reSEGHYhnt e Wl BCAPECLRAL Yo bRes VRIS B niide’ WHEABLe analytes
of Sudvras: DNATh RiNA-e FHYY, 80t BeEmBHE! ﬁggo%%i QFZQOnJ selective

anal ogues, anti bodi es, antigens, receptors, [igands,
membgipfehe 01 | REY | Aeitabhg copbieat¢onshaf sedectively binds
anotrlffecl_'o,gnigdcq{] eA&n%\tm%, RNA, PNA and other nucleic acid
analogues, antibodies, antigens, receptors, ligands, and the
like, including combinations of such recognition elements.
The localized generation of signals is discussed below in
conjunction with FIGURE 5A.

A brief description of the operation of the wireless
embodiment illustrated in FIGURES 1A and 1B, assuming that
container 104 is already fabricated along with bipolar
electrode 106, window 112, and barrier 116, is as follows.
Target analyte 102 is first labeled with redox reagent 118 and
is mixed with electrolyte solution 108. In addition, ECL
system 120 is mixed with electrolyte solution 108. As
described above, the electrolyte solution 108 used for target

analyte 102 and the associated redox reagent 118 and the

electrolyte solution 108 used for ECL system 120 may or may
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The | ocal i zed generation of signals is discussed bel ow

in conjunction with FIGURE 5A. A brief descripti éh/AYpARY 2007
wo bm4opaoati on of the wireless 25 enbodi nent PCT/US2003/022932

illustrated in FI GURES 1A and 1B, assum ng that

container 104 is already fabricated along with bipolar

el ectrode 106, w ndow 112, &fd barrier 116, is as

notf BEl & .chdasget apabyt e ghQ2d s fidsts lahel hLh ini

redox reagent 118 g%d IS mxe it Se% ect rogflyﬂéé containing

targgfut roRly0s. MP2addind oms=ECliBEdY staind20résgehixed118 is
|yte solutio ri bed above,

: i ectr 108. des
1nt%%%@g§éct%% 9teasoFﬁ??%ﬁgT6§§u5£§5?oro ar geRtaapgryt 804 and
eledbPoaptet hecdsaawmt edo g edeynteageny 1ifc@andsthecy, 120 is
| yte solution 108 used for E system 120 may

el

mtg?g‘u%%gz?nﬁmmﬁvmﬁewmem 2064 eforgmtainer 104. Detector
PCT/ 0 . h .

114 P U0 %Q@@?%até@{ggés?ﬁﬁﬁeh gdﬁgg‘éng&’zgﬁgp% 412.

El ectrol yte sofution contarning arget
10%ohpaigassouirated Lioedtherr eagedsed 18ni elachtrieduced d across
the' MO 2 conggrtnen% 105b of container 104 and '
el et oyt BE soF GPFBAREAs Bt ai ni AGHECL G@psasm 120 patential

diffetaicodugedl kBt Rodyeanean bienh 1022 1 f et & el 100 ot rode
Detector 114 is then appropriately positi oned
regiRl} abeht 2 ngegond2elevsirpdge regirte 1220 el nposess ionic

ic fiel I t f t ai . 104. ,
Flofbgt Rkl SR 1087  aPEncL P Eleceraryea] barrier

116 SOl uyhen R bgbwespifhr S&i@é@férﬁ%f@ﬁ%o reglondf4p .. as

and second el ectrode region 122, t{uses 1oni c
desd1idwe betadere conpaatt nentisrelfba sird-tH5r i & leheniigal bipolar

rrier 6.- Wen the potential djfference AEel ec .
ele e%coéieeds it A Sdeééogfcfb %Péi,eti@‘ﬁjﬁﬂrérﬁz to first

elecstmides tegiibaw iz bi pokaen elpedd0dgnlf6Er omsec ,
el ectrode region 122 to first el egtrgde reglﬁbn@%%i.onally

Labafrch Yhtyetoanal ViSgro, bbii onabEgs, | &heldtffmston or bulk
cond el 00 e PESSSRS Y ) LAODEL Blbs peson 124
therr eyi vadeR4 retlen ca retox-s eachceLrECeYly, A PEh¥ent is
redu%% OXiEG%q%% Iéc’lectrode region 124 acts as a cathode or
oxidized if first electrode region acts as an anode. Assuming
first electrode region 124 acts as a cathode, redox reagent
118 accepts an electron from bipolar electrode 106 and because
system 100 requires charge balance, ECL system 120 gives up an
electron to bipolar electrode 106. This redox reaction of ECL
system 120 causes light 121 to be emitted through window 112.
Detector 114 then detects light 121, which signals that target
analyte 102 has been detected. The intensity of light 121 is
related to the number of redox molecules detected near Ffirst
electrode region 124 enabling the determination of the amount
of target analyte.

The decoupling of reporting reaction 101 from sensing
reaction 103 leads to a number of technical advantages in the

subject invention. One such technical advantage ig that
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reduced if first electrode region 124 acts as a

cat hode or 20 oxidized if first el ectrode region &ct\§UARY 2007
w@sooanim|aeode. Assuming first el ectrode regi onpdRYSA0L/622932

as a cathode, redox reagent 118 accepts an el ectron

from bi pol ar el ectrode 106 and because system 100

requi res charge bal ance, ECLLsystem 120 gives up an

| ectraon to bipolar electrode 106. Thi s redox reaction
syoEpfE AW SR Sop T EEE L8 rERong] Fot, e e Sie *dnd the
repbitaugh piordewetl2.prilat esitfendsl 4 dheredledeci8abt @Bhs taking

121, which signals that target analyte 102 has been |
plaget et ethe TRECKKkiBASI 19 St Yqaghtand11ipgored| dthed detivity at
t w0 | egul ed_near. fjirs ,
t @@'}{ Dl equ &4
heergﬁﬁﬁb g;re%}%n é%ggnaéllﬁg ?ﬁ%ggéfeﬁn1n§¥?g% %?a?ﬁéon had
to apwontde30safmut angevuahzl ybethThehdecsapbing ofnd reporting
reporting reaction 101 from sensin reacti on 10 ,
£unPEREST o al fufbBE THE T ecHIT AP 4N EREags. PRO ffeibodinent of
theS Wheeh i nl‘&%%ﬁt%bn%@Cﬁb'C'?ont%'P%h@dhéﬁhgg%rhﬁ:ted by an
that 22 JANUARY 2007 WD 2004/010116 PCT/ US2003/ 022932
ECL17sgpsemm @00uenphoysatepanat eeteatrpdns fegiohe (i.e., the
cou e 890 PeALt | S8 ok S AR At EPRT g reaction
is ehréhyoge aakd atgrReiRthdrhe lasdinddey Bdgidhe(i coUNt €heé working
el ectrode. As a result, a single reaction had 5 to

elegEgorae - si miPEanebtsIYE PR (1RF SRhsiaNg lafd repdi¥phg of the
detEHEQLBhonéf Lfﬁng?g\gégﬁ an&heaigéc;hi@gﬁ?@é ogﬁd/o]"c]e eliminates

enbodi nent e present invention focus on t
probilghnt beispgiemett ed thy windECin sESi.emeaction ng: athensensing

el ectrode regio i,. €. he ounter electrode), while
reafhE5H1 actt oBHLRRC A SeRShng Y Eao TOhCTOLFE (il righcd s the
labBl ac®rat tRBOheGR] eghipgee! edi@n (i syl tH8eBREK NGerve as
el ectrode). This allows for better quality control of

bothhéabgét @Bl sAreftakal ytes and al so reduces and/ or

el b 08t 65, rgb! escacsogipted Wil uSkPg AL EChencing and

reactron 1'n € sensi ng eac
repoetdong ol eoatessar e iked psrfbemdd | ahel for thegle sample

target analyte, i.e., simultaneously serve as ,
compartment In contrast, the teachings of some embodiments

the invention provide for the separation of the sensing and
reporting processes, thus permitting the independent
optimization of each redox process with respect to solvent,
electrolyte concentration, and composition and other
components so as to maximize the efficiency of light emission
by the ECL system, while maintaining appropriate pH, ionic
strength, and other solvent conditions that may be necessary
for the sensing reaction. Embodiments of the invention in
which the sensing and reporting reactions are performed in
separate compartments at separate electrodes are described
below in conjunction with FIGURES 2 and 3.

FIGURE 2 1ig a schematic plan view illustrating a wired
embodiment of gystem 100 in which two electrodes 200a, 200b
are utilized. Electrodes 200a and 200b may be any suitable
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both [ abel and reporter. Prior systens also required

that both the sensing and reporting processes be ?2JANUARY 2007
w@eoohkoraresl in a single sanple conpartnent. | nPCT/US2003/022932

contrast, the teachings of sone enbodi nents 20 the

i nvention provide for the separation of the sensing

and reporting processes, thigs permtting the

. i ndependent optim zation of each redox precess with .
Slz?e%ﬁajaT% EBFgShE% 3RS r oYt %x)?§9ﬁ$a?F8W,%ﬂ%ﬂsultable
mat ELROSELEANa8NGagt BRYs c 1 GHIROTRIN Hidlas tdl dtddZe106. The

the efficiency of Iight emssion 25 by the ECL system

eleghrd@emmilifai @ity 20p? oppvabe [ $URikar sehapgt mndarpkea as

.-, 0ther, sqgl ven jtions_t C r for.. .
1110308280 KRN rIE0Re 1 Ol L DAL HRLCBEORBCERRALY i frer in
ord¥hi ¢l tsehsensi theandHCLepAidrialg geactaiond ane the system as

_ perforned in separate conpartnents at separate ,
disgnaeed 08eever e d’ﬁgecr%% OB0OPB| BWCFRTEER] TRt iRsh Wige. ten

tim?%cugﬁé 2aded HHARE 2&vis 8nschepmpbbeaPl@mad eMrger than

[ustrating a wired ‘enbodi ment of system 100 in
the wntdet welelatgtadedes 20Da, @Ddbcrade whdpeedmay be varied

El ectrodes 200a and 200b npy any, suitable 22
accSuREMRY. 5807 LD SRPDI0TS PET) UBSI0Sr0200s Tautacture,
pac]%ééfn%nd an¥esSuirbabliecslRare  and e iftarirg, fraM@nythe 1like,

surtable nmaterial such as was descrijbed for bipolar .
accereétngode 106 JhelispbiérRedesTZ®0oambadinrenh MeylusErsited in

FIG@%@ 58583Q§§§135}d £ %%eagar?ﬂf&di%?etrftgtﬁq_ .&]'gt%%.lg’ rfEURE 1A
e electrode areas may differ 1n 5 order to enhance
andt he E€kceipgnafogendiat edhdry thetsysipsas edistussid 106 is

above. The_area qQf one el ectraode may be t

ce, ten
repiaped PBnelRGhAPEESt FREE &G 00R: t Hdk tiRs electrodes
20043588" 2bhan ar‘eheepééﬁor?ic%‘ﬂ;ﬁd@ouﬂ—ﬁgd el gcbnede fhaRes via a

may be varied according to t'he needs of the device
voltage napufraet &0, IWhpaltkagindpe s zeateguyr ememitdier suitable

sensitivit and the_like, accaording to.the. :

vOLEHIFI cAPHERE THECEABOG mit LSt r At ec Ty guRe?E ference
betwSesi 81 katrb@etheoeabadidmentoni.| | ust riatiegs vy tfdGURE HYSURE 2,
electrode 200a acts as an anode and electrode 200b acts as a
cathode; however, electrode 200a may act as a cathode and
electrode 200b may act as an anode depending on the types of
redox molecules used for redox reagent 118 and ECL system 120.

Similar to the embodiments illustrated in FIGURES 1A-1D,
sensing reaction 103 is associated with one of the electrode
regions while reporting reaction 101 is associated with the
other of the electrode regions. In the embodiment illustrated
in FIGURE 2 however the electrode regions are separate
electrodes that are located in two adjacent compartments 206a
and 206b. A narrow opening 208 Dbetween the compartments
permits the two compartments to be ionically coupled for the
preservation of charge balance. The size of opening 208 is a
compromise between the need to have ionic communication

between the compartments and the need to keep substantially
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and 1B except for the fact that bipolar electrode 106
is replaced by el ectrodes 200a and 200b. | n addi £ GH/ARY 2007
webmanroaoes 15 200a and 200b are el ectroni cal | ReDUSRbECR2932

to one another via a voltage source 202, which may be

a battery or other suitable voltage source operable

to apply a potential differarece between el ectrodes

200a an 2009%Hfs illustrated in FIGURE 2, electrode
Sep3¥pLCa &0 Htte®an§E e &TEGE acts ‘as Ty Fo Harrow

opefR@hfods; pheweyetd, ebpelliede 220 maRBbAEmASL ayLeh hedepect to
and™ el ectrode 200b may act as an anode dependi ng on

at {hestypedisensiegorindihec Y aised fAFONIdok- r ealjent example,

118 a E ystem:-120. S he .e di
oPeIllngsgggt %}fnﬁ% %Ré%el %a@l ?ﬂe% nEsi %S ;Eg%ct%% ents to
eithérass@ei abed whthwidehobft hpesliect Pode mddb begiens than the
ile regorting reaction 101 is associated with t

wh h .
widphhePfof Chfie €PREEFBEE rEGFRASIMFREE he enﬁ%diﬁ@ntafternatlve
embbbii Mahtat bt | R EYRE 2nhowevas, the £l eqdd ode [ 881 P8Smeable

are separate electrodes that are |ocated in two _
baratifackatweenpactnpemtsic206a 2 0&rd 220612.0 60 rdratowiwperiors in a

., 208 between the conpart.nents,.30 permt he, t wo .
simg{abar PREACE t §ohe CROMCA y HOgad ford (righ | che wireless

embBi €ser¥ati on of charge bal ance. The size of opening
208 is a conprom se between the need to have ionic

coﬁﬁuﬁﬁ@éﬁﬁ@nem&ﬂdMﬂﬁﬁqrﬁfc%h%aiﬂﬁéﬁF§O§mdqhﬁa$ﬁﬂﬁﬂes flow
thré\%qﬁagg]a%g / géggééﬁé%y gﬁdJ%lUAB%ﬂlZPQZ M%&Qﬁ/ O&Q%Qrtments

9 Separate the solutrons of ea

exigogpalipsenéam Wief e thanalewtrapgessd ngnds pnef epeadng between
openi ng 208 na% be. small with respect_to,  at |east_a
€

compRREHeTbR 6K1FhE CONTHITTE YIetny. SEGFTERERSI e, 11 another
embOBENLAE 408 WB-iPerpb bhe rpae digiaht §§réﬁlﬁsofflow past the

conpartments to 5 either side, but the width
eleopenilag, 268 heayr iver |lesbwadrancomparwngnhsofextilpgs upstream of

connect ed conpartnment I n-.an.al ternatiyv enbodi nt
ehe ¢ RIBEEHE RSO TRE, LIEE, S 1B BRI STROPL  ctceams

mer?@[rigmlyﬁwwﬁﬁb@@ﬁpaéﬁﬁ@ﬂiﬁeﬂ@ﬁanan@ﬁ&%ﬂ@dﬂﬁﬁarrier exists
betwggghéggfﬁ%ﬂ@%@éydgéégegﬁqgsrdégnggggg%mogngﬁéeéléégrodes,
and streams are merged from separate inlets into a main
channel under Jlaminar flow conditions such that Dbulk
separation is maintained.

Other configurations of electrodes and compartments,
including configurations having multiple sensing reaction
compartments associated with a single compartment @ for
reporting reaction 101, are contemplated in another embodiment
of the present invention. The operation of the embodiment
illustrated in FIGURE 2 i1s similar to the operation of the
embodiment shown in FIGURES 1A - 1D above. One operational
difference is that voltage source 202 applies a potential

difference between the electrodes 200a and 200b, rather than

across the container as described above.
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10 enbodi nent. I n another enbodi nent of the invention,

the sanples flow through the container and a bar P €pNUARY 2007
whedoweanoTonpart nents exi sts upstream of the PCT/US2003/022932

el ectrodes and an openi ng between conpartnments exists

downstream of the electrodes. In another 15 enbodi nent

in which two or nore sanple m=ireans flow past the

el e a _barrier between.conpartnen exi sts :
pSiRUBTG Bend crEherotlS IaTh ety no o BbERodRy 3 wired

embbBemEWe OF RBeehHl MEAEin MRiOeh dHrdete PEOEPEBes 300a, 300D,
enbodi ment, no physical barrier exists between the

ands Bo@anergpsttricaAest .- dohseEradraf 3PRa, ePEOkr cdub, 3@0c may be
angd. .st reans rged fraom. rate jinle i nto
anyn%%#%%ﬁg%n%f£§n§§§%%% ngghiggaﬁcgﬁﬁé%céédsﬁawéaﬁﬁed from
anybuskitsiepar atdioeri sl rai slich nets  @alzer deenfigeat FeRs bipolar
of el ectrades and conpartpents, ~ including
eLegbhPr§ur dPPongavi Ifg- muPt PRFECSRRsi A§OPeadidn 202p.  The
emb&Q@TRAhE TN 5] @sseLi &g ed (M t hpackRgl €3 conpar BNt 0Ly,  the
reporting reaction 101, are contenplated in another
embedbodhrent ilbksthatpdestnt FIWERS orlA Thedopér atihontbét the
the.embodinent .illustrated in . FIGQURE.2 is simlar to
actenEiGherht Gt (FHSL BhbodPRert® SHowhITRERFGHRESCIASR.  In
othdP abede, e perahboddhesOsdiiigsenseets ithaticurEs 1A and

vol t age source 202 ggglies a potential difference
2, bethRen iHeIEex r o 2686&dnd 260b, #BfKepseRan when the

0 i a i.hed .22 ) R
Lo e At S The B TR0 055039 56 FHEDRECY [ Eo the
embad snbetabifc PLIAVREI &w ihl| wdtircdt i tige a iwitkead i tenbefli ddkRht 121
of system 100 in which three el ectrodes 300a, 300b,
deceasdpoiiate hiF | SLUCt EPORTFhERE S60% L N00BCaRA19h8C occur

ThidBYs bges@PYnesi £8bk618b%8. and any suitabl e shape and
be formed fromb5 any suitable material, such as was

deleri bée f of Lbligblratede| eatlpodbndlis, ancliegrtrode  300a  is
asscl?ér]f% [ g§§§%8| L:pgy%‘\?%rﬁ] llé@? e nebc%drlo@ent 3bMyus1tsr aéses?ociated

with target analyte 102 and redox reagent 118, and electrode

300c 1is associated with a sacrificial redox reagent 302.
Sacrificial redox reagent 302 is comprised of redox molecules
that are easily reduced or oxidized by an electrode. The
presence of sacrificial redox reagent 302 at electrode 300c
causes a corresponding redox reaction of ECL system 120 at
electrode 300a when a sufficient potential difference exists
between electrodes 300a and 300c. This then causes the
emission of light 121 through window 112 that is detected by
detector 114, similar to that described above. Ionic coupling
between the compartments is provided by narrow openings 308
between the compartments.

The detection of target analyte 102 labeled with redox
reagent 118 is described as follows. Electrode 300a and 300b
are directly electronically coupled and thus are substantially

at the same potential. When target analyte 102 and redox
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enbodi nents illustrated in FIGURES 1A and 2 in that

the detection of target analyte 102 is an i nver sg?JANUARY 2007
waledogoidien. I n 10 other words, in the enbodi nePtBUS2003/022932

illustrated in FIGURES | A and 2, the intensity of

[ight 121 increases when the electrochem cal sensing

reactions occur as opposed td the enbodi nent of

Rl [ tensi ht 12

reagé%egslgss en {% Etmﬁe&%r ochi 165%%2437 s%%sﬁ%ge &S84 0P, then
redorcureactforidi oduirdeser ieelb:asrbabkaws. 119 tdigice electrode

I I ust raigd enbodi ment, el ectrode 300a is _associated .
300 ySttenifl 28PPEPREL AbBe BRITH T i@ las§0E] stush reaction.
In %HE hah gl ar}?éé’é@seloglé’@gréﬁé@xﬁﬁggg%?ﬁ Llfhp angd, directly
el ectrode 300c is associ at ed a sacrificial redox
coupbedehhe302r2MtSddidtf i pasdes eﬂnamr edgentrod@2 3xc is shared

) T L PN C T

asséatitébcivakhr eden rmagenis30e E’Qo eheqt KRER:3WGgent 118 are
causes a correspondi ng redox reaction of ECL system

compoping Iereceledbranoa whEhua, suftd cihéhtenﬁgte‘nwél light 121
ff e S b e tr 300a a 3000
bel% %%Caﬁgégn t%& %ﬁ]nonhgp gg eai% urbh target
aname\mazz t(b@tlbaameyecﬂe@etnyéd d@;tleeltorrelﬂo@c Sféa et 118)
to that d scrlb d above. lonic caoupling between_ the
SNCAUTH £ n%ﬁ?gtrg Br 60PRed CHSTRRYr dROdFERiiNGs g detection of
tardet Wﬁ%@tl?&% CP@Part MRS égnfgﬁuggﬁ:ggn' or]of)f etl% 8¢bdes and
anal yte 102 | abeled wth redox “reagent
micygesvripels asafel | owst e brtedder800zhmd éﬂm}dlmm}t of the
|rectl Iectronlcally coupl ed and thus are
st anttart at the sanme potential. Wen target
armnt@wm 102 amg r edox12%cBANUARY 1208 ¢ raV¥9nd004/ 03 for
PCT/ US2003/ 022932 21 reagent 118 pass within the
detggtcing t Yhof PEpserEsdeB30vE Iatheaanaeidox1 Peaseronsling to one

emb@&l%gneoonsed@ﬁe E% %'étntllﬁ‘m?‘%rl?tgf g' ectfﬁg rea%b 41 Begins at

hel d at an appropri ate poten or suc 1on.
sted n 4d s wierreer ,a beiatsse ellecttrredes 300awird 300D @l@trolyte

ct -
solud510n :’.(yS containling target analyte 102 is associated with

preg:

first electrode region 124. 1In one embodiment, target analyte
102 is labeled with redox reagent 118. A second electrolyte,
such as electrolyte solution 108, containing ECL system 120 is
associated with second electrode region 122 at step 402. As
described above, the first and second electrolytes may be of
the same type or may be of a different type.

First electrode region 124 and second electrode region
122 are electronically coupled at step 404. In the wireless
embodiment shown in FIGURES 1A and 1B, this includes bipolar
electrode 106 or in the wired embodiment shown in FIGURES 2
and 3 this includes separate electrodes electronically coupled
with a circuit and a voltage source. The first and second
electrolytes are ionically coupled at step 406. The first and

second electrolytes are ionically coupled if the same



10

15

20

25

30

5 coupled the current that passes from el ectrode 300c

is shared between el ectrodes 300a and 300b. The °PEHY¥ARY 2007
worpdogoulies associated with both ECL system 128CEDS2003/022932

redox reagent 118 are conpeting for electrons. Thus,

the intensity of light 121 being emtted from ECL

system 120 decreases when a 2arget 10 anal yte 102

e R RO e Shartatrod o, CEhbi BRY PAth dhibry 1heno chemical

bardeEeCthOPywObn tafLel anahytgn 102 A NRENE ORfHY ali OBBemical
of el ectrodes and m crochannels are contenpl ated by

barrhes erbodicnerrhest tiise 1q@r1e§semuplrﬂx/r®tlreﬁul% FrauRe parrier
tha%haﬂlkkgwcn§n£ Illﬁ%ﬁ&%éngﬁatégfégggtgo %Flgghpllng of

€ presence of accor ng o on
theerrémdd:ﬂ:eolyﬁést he mesendxdmplent i athe Théemicadd baglrrher may
step 400 where a flrst electrolyte, such as

lncévé%t Polly a1 sdiiGiiieh JHREE 108t & rifhig- tAF &¥e andpytenophoric
memﬂ:ggnés é%sgg 3b8d Pt 229 f beitg%he%ta&gq%ﬂ egi on 124.

I'n oné enbodi nent, target analy 102 is labeled with
r edoyoteadgertl EuffdksmmandsebQUSEdlymaweenuﬁuzﬁt electrode

el ectrol yte solu nt ai ni n ) st s
regS800Pd A T4 UG e eetT oREILEY: 62135 SaH epd S This
may492c1fde deFSId QﬁoéﬁectffcfEﬁé&dﬁﬁﬂnﬁﬁﬁﬁn@he electrolyte

el ectrolytes may be of 25 the same type or may be of

solutdpnf ecaeatyipe, Hie seleteeddedéoredingn Whzelgges embodiment

|
in SEEORESPLRCLRO0S S0 By MRALE SLSSHEONL o Iy eage petueen
eletﬂrEﬂ&JRESl 1AhandwiBedt fttcﬁhﬂjrglllltajﬁSorbl %1 aFIGHRESt r;Ddem_d 3.

or in the wred enbodi nent shown in Fl GURES
Whean&hgf et ides fEepsrate ST vdég el %%?lﬁo%.lsstm y-21l is

emlgeéﬁlﬁgo Wi, & (?égéﬁ“i2@nd QCEBEHQQ%l§OU%%esE@§3410 light
el e

Irst and secon ctrolytes are i1onically coupl ed
121aemitepd4@6onTHELS isrystteand 2 Os edorithee| setomwdl ye bgclarede region

122 50U BRI POty LRb04 032043 25 BF ett I 6P 6seult it 121
is 18 red attdd | weeh amdhet h@ﬁrﬁoéﬁ BE aj&m;cainolecules present at
first electrode region 124. This ends the method asgs outlined
in FIGURE 4.

FIGURES 5A through 8 are schematic diagrams of wvarious
embodiments of an alternate system 500 for detecting the
presence of target analyte 102 in which a sample compartment
502 and a signal compartment 504 are isolated £from one
another. Systems 500a, 500b, 500c and 500d are similar in
function in that the presence of target analyte 102 introduced
into sample compartment 502 causes a redox reaction to occur
that permits current to flow through signal compartment 504.
Signal compartment 504 includes a 1light-emitting source,
which, when current flows through signal compartment 504, is
induced to emit light and that optical signal is recorded by
detector 114. System 500e exemplifies a system embodiment for

detecting the presence of multiple target analytes 102 for
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barrier between them In an enbodi nent where a

chemical barrier exists, then the ionic coupling?2JANUARY 2007
wo e®ubiod rom a barrier that allows ionic coupdT/ngobse22932

prevents chem cal coupling of 5 the electrolytes. For

exanpl e, the chem cal barrier may include a

l[iquid-liquid junction, a s&2 bridge, an ionophoric

rane, 0r an.ion-p abl-e sol-gel barrier. .
ma1 (BRI Pl sRte bt i s rrrhtFarely, sgeociate
witheghenplzd-aandyseconsirilest rade-tegian 122sahp Bt eBompartment

408. This 10 may include inposing an electric field
502 acPBYs tige rE08% rlgilale ?cﬂﬁi—‘tqlc?d:%%ﬁfﬁafé't igRCE hef the analytes

cau%%%cgg%%efn‘%r the “‘fiSJveSFhEBHSHi Cg%l‘(gnaﬂln F%(\%ﬂ@ﬁj;tr%@nt 504.

or may include applying~a age be
Sigebest r(ddeghti)n dhe wmiedtecbniigurtdtd onespe &t URES irldity of
en.the potenti al differenef exceeds Ecrit then

3. _Vhepn. |
LigPPghtt1517Fs FEUAT ePITUMEGT syliteh 158 plurality of

bipheser di8gtyodat $hePndlQighh¥htompdicgBhtted from ECL
system 120 at the second el ectrode region 122 is

deReEerripy Het ECHRELDA, Fystem aéfyia yi bfustigdited 2dhe light
. LS.corr ted wt h fr nol.ecul.es .
eml%?%@ nﬁgg?C%ff%%tg%#%gtEggggﬁggﬁghgggﬁi T%F%qgﬁﬁsl%%%Strated

emba@ihedt as seutdlienedom@frimedtt GOIBE 4indil (QIRESaBA dlvaudiie 506
8 are schematic di agranms of_ various enbodinments of an

and g1 efA&ee s§8fen?8B0 Flor 2debERPI G tHeectpfedendd f  Signal
com%%%@tﬁénéngblxt €ndQ2aks WA %gjét%@%l €100 L8 cgéend 514

a signal conpartnent are 1solated from one
of hnpbher. Systtemsld0080 . 500,ecilicieands®&O0d5are e ¢annected

in. . function in that the presence of target analyte
co YBLErEr GRIBSE 1o SUR! EocamiR TR So2DoNGEes Ry, o
othé£de¥it8BCEI @R1LRHRCWHurddaly PRANELS aC W& it:0 fh P erence
t hrough signal conpartnent 504. Signal "conpart nment

may 5hg iifEasfss Retvest - ari ttiav§ redorttee, s iwerh516hdm sample
fl rou S| I art nent_.504, _i . .
comPEERRL: [0, LHOURN SR PR LIRS0 chp 2n sigam
compacaneed by4.detbet addiddonSy st em HO0e: exeophisfiies sded with
syst em enbodi nent for detecting the presence of ,
VOltAdg | SO LSS get Oarffyt 845P02P¥FF 192 YANGARE 2007ulation and

potential waveform generation.

System 500a may optionally include a reference electrode
519. In this case a potentiostat would be used for circuit
520, with electrode 506 connected to the potentiostat as the
working electrode and electrode 512 connected as the counter
electrode. An operation of this embodiment is described
further below.

Electrodes 506, 512 may be fashioned from the same or
different materials, as described above. Bipolar electrode
510 may be constructed by connecting ("shorting") two
independently fashioned electrodes with a conductor, or it may
be constructed as one monolithic electrode with first and
second ends 508, 514 exposed in sample and signal compartments

502, 504. The function of bipolar electrode 510 remains the
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WD 2004/ 010116 PCT/ US2003/ 022932 23 mul ti pl exed

detection. Miltiple anal ytes separately associ at e 22 JANUARY 2007
wowdohoidhes pl ural ity of bipolar el ectrodes in seampig2003/022932

conpartnment 502, and the redox |abels associated with

each of the analytes causes current to flow through

signal conmpartnment 504. 5 Sizynals (light) are emtted

Vi a e respectiye plurali of light-em.ttjn '
sam o 31 rBEEES e e Bt HOF G EBRdrarIEY BF LAt e system 5002
mayefeebiodas iaride siemakheompaktrent. Referring to

FI GURE 5A, system 500a illustrates the light emtting
sotitgB2as beiPEENSIYst en?q20. PASPhe idNdsides ed opdically

Lpent, . e ar t i nc es .an . .
o EPRRTLIEL! iDL SOTPSY SR SRRy "o s bronie  signan

generetedodei3ilh Siignall conpartment 30% i meludes arcorded by
el ectrode 512 and a second end 514 of bipolar ,
det@PEREr ddfet 510. 1l BcthDdesCHRE STPodi@tdnnedekactes 114 is
mouMOLHage tBOU 68 k0, SGhhASHEhDALELT Y, RLROUE! SURRIW 112 in
or 15 other suitable voltage source by which a
thipoewhodamedif venddcke Amyepralnposddtbetwneenlan
el ectrolyte solution 516 in s l.e compar.tnent 50
and 31 &réctTory l@%o?ﬁ?%%t%qggifnC?F%r?&lnln@o;tpaaW%%n?nalyte
102504 &ssaddhtean,wixlci satpl e52AUbmseachat©dsobt.h  The sample
vo| tage_source 110 may al so_provi de vol tage regul ation '
solyhyon 29l 56t ERTEAL NRa PeRSTEACGEREr £19 GIEC ekREDacerRguUCtion
L ppal in de r r hectyode  519. | S
nec%%%%i) p%%sgnt i%(h;l%t ateﬁ@gﬁ{r%c%%ﬁﬁsc%& f%{ Cl rscsﬁit 52!2110&9' redox
reagenth dlléctandech®bedonmriett edatoet henpdtyert | D62 ati sasprovided.
Bl t he wgr Ki n%?%l.ectrordtg and el ectrode 512 connected as |
SEHECLRTRt 61008 e P deSOHP Hper & onSHFLeR| 120 in signal
comlg@ia@ﬂéﬂ@ngojl_s described further below. El ectrodes
06, 512 may be fashioned fromthe sane or different
mePRe i @l@o%@ed@sc@f bety sdisoveS 0B palzavidest Fode add@ciating

cardB BSOS LHEL Y SRINSELLIA A0 0 ) 8 S s
targst | bnaAytebel epNst vht edas osrdnBEl | dhi Bigbeets asteectrode
5109‘tRSEBE§Et?2%, or localization, of target analyte 102 may
serve to concentrate target analyte 102, sequester target
analyte 102 from the bulk solution or from a flowing sample
stream, or to separate target analyte 102 from other similar
species. The localization occurs via an analyte-specific
recognition element.

The analyte-specific element may be any suitable membrane
that responds selectively to its environment, such as an ion-
selective membrane. The analyte-specific element may also be
any suitable molecule that exhibits the ability to selectively
bind another molecule such as a DNA, RNA, or PNA oligomer,
probe, or primer, an antibody, an antigen, a receptor, a
ligand and the like. Analyte-specific responsive or binding
elements are well known in the art and are commonly used in

chemical and biological assays.
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second ends 508, 514 exposed in sanple and signa

conpartments 502, 504. The function of bipolar 22JANUARY 2007
webmanroaoe 510 remai ns the 22 JANUARY 2007 WIPCT/US2003/022932

2004/ 010116 PCT/ US2003/ 022932 24 sane al t hough the

design or fabrication nmethod of system S00a may favor

one format over the other. Smnal conpartnent 504 al so

udes i cal |l t.ranspar wi ndow 112, ch that
kB BRaAYE S RpRE 16 G e { REnPErliaed. in & mumber
of C@aﬁaétwemoﬁ%ﬂl By b\ﬁlﬂeCQfedegh?)él%llQ?t Olobdded NnBar the
particul ar enbodi nent, detector 114 is nounted within

blp@,itgﬁalelé:@ﬁg@ﬂtenentﬂ%@l@p@mfé%l M@y nBewoPrnd fingrtsly to the
f tect
elegg?ﬁgé ”‘EHEeW_HEgé :c [ll. e as. %c%%cee% Or angﬁl‘l? eefﬁ%@rode, or

I on suspec con alnlng targe
to If¥xhs asghelaébﬂn@mt@ Sﬁﬂplal@@ﬁpbétﬂﬁﬂhu502x)Tbeher solid
|l e solution alio contains electrolyte to provide

Sa
SUPPOREE: cSHEtCtTDPeReR es BAFY OPBI L Rd e8I e A¥aTGHTER I es . gels,
por&H8CEE$ymBrE0 aniedde Iﬁ@egen&lhﬂ-éﬁ §ﬁ39ﬁ'rﬁt %‘émé(ghfll’led near

t ar get analyte 102 i's provided. El ectrolyte sol ution
the 5e8ectmpdiensi ECIr iyt .em TR dnsiigigalof 18heorpanemsnt may be

504. . One enbodi nent _of 500 des_f
covgkdiei ar i MG Tal et bnal YELCT05o Rl hus T8liox G Waals,

phy ¢ £8gept i1d8 @ssatiaiiabmtii e t ar ggheanabitendPentW 68 other
first end 508 of bipolar electrode 510. Association,

solifl PERRPTEAt MOH, PBYSiarderrashioieal0? My Sir-akrsent bnement

inc%ﬁ% %?%% %%%ﬁ ﬁﬁ%hggga¥k Séljlo 98& ?omza#§¥s SuCh that

flubdsphey she eanrhangtd seipar abEhéﬁr gﬁtea&nacbﬂt ehb02ccﬁrﬁpm~tment
other. simlar species. The localization occurs via an
but S Ve ALh e FRGE PR PUHS ChEReap A DaoT he

angbyd Bt sPechhi 6rel e n%ylabz?tényl@yl tafl e pEqpr eves to
that responds selectively to i envi ronnent, such

100%\1’11Z@nre@@ie@@agénheﬂr’bﬁaﬁéSOThetadalw}lltél §|ln@dq ftla:rget analyte
to gl}ﬁng S“?ég%lasg beSle?gys UIe%%ab,l%a: érg’lceg.ll"]lla.JE.YEG t102 itself is
electroactive, or where the target is directly labeled with
redox reagents, localization is achieved by binding of the
analyte.

Direct labeling of analytes may be done with redox-active
molecules, redox polymers, polymers with bound redox groups,
conducting polymers, redox-active particles, redox-active
colloids, and the 1like. Redox-active particles may be
generated in-situ by the electroless deposition of an
oxidizable metal. For example, using analytes labeled with a
gold particle, exposure of the particle to a solution of
silver ions will cause the formation of silver metal on the
gold particle. The deposited silver, which can be readily
oxidized, then serves as redox reagent 118 in the analysis.

Target analyte 102 may also be labeled with enzymes or

catalysts capable of changing the redox activity of a

substrate, and the molecule possessing the new redox activity
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bi nd anot her nol ecul e such as a DNA, RNA, or PNA
ol i goner, 30 probe, or priner, an antibody, an
w@miokgangs a receptor, a |igand and the |ike. PCT/US2003/022932
Anal yte-speci fic responsive or binding elenents are
well known in the art and are commonly used in
chem cal and biol ogi cal ass®&. 22 JANUARY 2007 WO
: 4/ 010116 PCT/ 3/022932 25 T, nal yte-specific ,
is B A BT ou o T3 et U e T e, ShAGHGH 102 in
thei t subljbcbe phyisodal |y Tiorat ahviesr (e biiRol 8h  example of
._electrode. The elements may be bound directly to the
indargetr ddESATEr f acel® oFedeX areadentj aé8ntthad time produced by
e d t 0 e - al C
s AR S RS R R R
notnilgropar ticcl ke naamopeir t | cl Howeygels, tlpor qusegigers redox
and, t li,ke, which in turn are confined ne t he
readPEEt Fade i Fhe b AAF G OF SERECH Sreriar ol analyte
102be coval ent, non-covalent, electrostatic, van der
Waal s, 10 physi sorptive or chem sorptive. The

coRPi aéRBAt of shrediresiti @Lsuppbrmestmalapliigaheighods, the
Lcal . Physic fin nt __includes_restraini
att%@@@%ﬁﬁﬁfﬁiE%%bf%%ggggrgﬁggg’sﬁ%hqﬁﬁ%ten%YEngﬁnﬁP yst to
targechangdgtw tioDt hey areadontd bhe £oapabtevAt bdid bBeby an
beads cannot gass througﬂ the openings. 15 .
agelhc SEPAR ISP bf 2t st bhal Plading Intexpeticer wish otarget
19cal i1z redoyx,Leagent 118 Fasgog) d wi t e
anaaﬁglyte to bipol ar efg%t?gdééggggﬁghé%%£?3rg%%ﬁﬁﬁﬁg bn  the
natanal pte thO2datt setdlytse &D2Ct r Gt | aample Whébe theeleic acid

target,is.directly | ahel ed w.t redox reagents,
cargdtdHos, ib&ﬁldil§lgacarﬁeé&edwﬁ9w‘5i P?&i g Hiclstd 8g1d or related
derarat €. Drnact Imbel i nonRf apalytes Jmy b?ogon%ﬂwib%ﬁs or

redox-active nol ecul es, redox polynmers, polynmers wt
ant Hepmhes elBR §iBdpsg a@@uas@ucf«tqwgf pet yaer entibady- abtieseed at
p i S r ive col | 0 d the.like.
the & %%(g?%ﬁt Pgeggg?@ i%cﬁye's n%@lgbeﬁé@%%%ﬁg?% eadPRl-é i {3y of the
featthee el @Ctwindtesiss deposdiipnrefedred to as a sandwich assay.

In the illustrated embodiment, ECL system 120 is

22 JANUARY 2007

activated by oxidation at the anodic end of bipolar electrode
510 in signal compartment 504 and redox reagent 118 associated
with target analyte 102 is reduced at the cathodic end of
bipolar electrode 510 in sample compartment 502. When
reference electrode 519 is not included in system 500a, this
embodiment may also be practiced with either reaction
occurring at the other electrode in the respective
compartments; ‘i.e. the analyte reaction may occur at electrode
506, or the ECL system reaction may occur at electrode 512.
The format depends on the choice of ECL system 120 and the
choice of redox reagent 118, either of which may depend on
various factors, such as reagent availability, cost,

sensitivity, ease of handling, and stability.
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oxi di zabl e netal. For exanple, using anal ytes |abel ed

with a gold particle, exposure of the particle t @ @NJUARY2007
weadowpioaos of silver ions will cause the fornaedDOS®N3022932

silver metal on the gold particle. The deposited

silver, which can be readily 30 oxidized, then serves

as redox reagent 118 in the dhal ysis. Target analyte

10 al be 4 abe h_en t S

%Xgﬁgm ﬁ%ﬁ%?%g é§€e¥%%ogﬁa%%ﬁ§%(ge%égaéﬂg 5§curr1ng at

elesubetieet e%an&lﬁhemmk&uqmze;mﬂfse&”ﬁom,g 30w, nemsr eld¥strated,

activity 22 JANUARY 2007 WO 2004/ 010116
ele%ﬁ?éﬁzé@él 3229323" qs?l%éﬂr@é?&d%@@eea@e%tl%l% cathode. The

red@§595ee5§g maik,hbeaeget lohe 192 d I%‘gﬁe%uch as the

hod. This Fatter Case is an exanple o T ect
SOlVabeblrtgie Tﬁéepe@f@iw‘-eagecnr E®thet melprodeceditly a well-

the enz ar cat ectly, labelin h tar et is
der {{Ear PEETR Aaa ™ cadd r 5 gbee " Alrever 1 vEfe Skt ich or a
solprieseace OEom@GQthb@ag%ﬁ 148 | seasspebated ity dhe For
presence of target analyte 102. In either of the
exagptect &9 ndetetErrddel sy iastthodsayt hée at ¢ashaént with a
ec |5, oOr or lyst, to
Sll@érwétﬁgéﬁgl Ehh%%%de Cbénkbg%nrkz%y ‘a covaﬁglgntabonacaﬁaqole of
suppyyangagedbxcagabbalehta spetihe @iicdingiiillermeinodining a
anal yte 102. The choi ce of bindi ng agent
Stal\éie?)eﬁ’l‘a% %Flﬂw nature of target analyte 102. For
exafiPbRe kiboddmkeiC %g}&er& ik §ed Sofigﬁagégd'lﬁg te}geenfollow:mg
woul d be a nucl eic aci related 15 derivative (RNA,
manppA.  PNAlecerplyaed $@lu‘eh©ngeﬁrﬂ36 or suspeched eeft heontalnlng

di n ul.d an an .directed at
b BB hady. THILOTRt nbtioh by “albpts R ment 502
and t kg edtaatlyres eblwhabni sscenmesiys 1efef r et Os@%t@m 120 1is

sandwi ch assay. In the illustrated enbodi nent,

disRgReGmwidgin SZ@“@@M@QE“@@%VG@% d&Pren Redeke :ame:@t 118

‘asséi$55gdk”ﬁ%%ﬁu &l ¢ %%gl Q lﬂo§|99§| §ﬁg?§§%§?nt Voltage

04 and redox reagen ssoci at ed
Souml yiie0 10iks | opesdhivet dto t hienatdhodi ¢ peerafial difference

between electrodes 506 and 512. The effect is to impart a
potential difference between electrolyte solutions 516 and
518. When the difference in potential between the solutions
at each interface of bipolar electrode 510 increases to the
point of approximately matching the difference in redox
potential between redox reagent 118 and ECL system 120,
Faradaic current will flow through the bipolar electrode, thus
activating ECL system 120. Assoclated with signal compartment
504 is optical window 112 to permit the photonic signal from
ECL system 120 to be recoxrded by detector 114.

With reference to FIGURE 5B, a system 500e is described
as follows, particularly with regard to differences from
system 500a. In the illustrated embodiment, sample compartment
502 includes an electrode 506 and a plurality of first ends

508a-d of bipolar electrodes 510a-d. The number of bipolar
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bi pol ar el ectrode 510 in sanple conpartnent 502. Wen

reference el ectrode 519 is not included in system??JANUARY 2007
wh a0 s 25 enbodi ment may al so be practi cercmius1v03/022932

either reaction occurring at the other electrode in

the respective conpartnents; i.e. the analyte

reaction may occur at electrzgle 506, or the ECL

system reacti on nay. occur at electrode 512. The
eleptFRaESdeBldston The L7 e OO ECETSy s e T98¥andst hgeveral
thod@afhai.ce ofghgdoxohpagentntl& oL heTubsWRIthe 1BYcrode 512

depend on various factors, such as rea%ent

andaai Phbrei iy é%%tsecg@@sﬁﬂﬁﬁlt@%4ﬁﬁﬁu¥3f el angelectrodes
510%2$ stability. 22 JANUARY 2007 WD 2004/010116
[ US2003/ 022932 27 System 500a al so depends on
r ednx1feackpens faec walddaghiati oneldeintertes H06, a8d3cifited with
conmpartnents 502, 504. As illustrated, electrode 506
eachs ofn AhBEE &Ml aBfrofe 512 (S lCat ABYBEIPRe sysppEed of
confREALAS ML DR AAYOTD! eebledl MAdE, S0l ubhan- oSUEl 83sociated
the 5 3ol vent, the el ectrol yt or~ anot nol ecul
withjshm@lwemompﬁﬁhm&ntr%@bx andlvedpxadﬁewantthEB assoc1ated

.. electrolyte solutio or. a sol i t at ition at
with E8phe AaE AT aGs ForooaYififhe. e dIipt cHeasents may
allsyef atR MRAndDHEOALLS it\héhlaenﬁhlt¥eb/f3|ﬂhé9rb%13éf dglectrode
conposi tion, which is capable of 10 supplying redox
asswyat/aderfffﬂstlt-oeﬁ@l cﬁﬂ@@latl whit 1 & nﬁlmvau woFyed atskaabl @f  the
e n odi nent, system 500a operates in
Slg?%% Q%Fﬁoﬁpégagﬁg §§P Electrolyte sol ution 516,

SUBPBCEedteh cant disniangodiarnget vandl \Wieyldl?, coBpartment 504,
di spgesed wi thin sanpl e coggartnent 502 15 and

andeﬂ@%??oF?F@-s%?%??@n‘%%% ABafni dfy EQS spiPedpraoetectrodes
51O§L§p03§ge“ﬂﬁ hR %'%% 3l cmRaRM 204, Fedox, & E%ﬂ%%%rode is

associ afed w target analyte 102 is provid
reccv/odiedgeanéouc@erelateﬁ opar atred ittd dnnposie-ta Udu@ntradgpectlve

et ween Iec ro e 506 and . 512. The effe
oinbiat oL FREGTOTE 20 Hetent ol AT ¢ BotierRce OF amount
of ekaehr 0|aﬁaQyﬁ_fH utignsthib Qﬁs@hple compartment . In this

embodiment, a pixel-based detector that is able to record all
the signals simultaneously is preferred, although if only a
small number of bipolar electrodes are present a detector may
be scanned relative to the signal compartment to sequentially
record the signals.

Referring to FIGURE 6, sample compartment 502 is
configured to support the redox recycling of redox reagent 118
assoclated with target analyte 102. Redox reagent 118 may
have any of the forms discussed herein with the additional
requirement that it be a chemically and kinetically reversible
species. Redox recycling is a well-studied phenomenon in
which a reversible redox reagent moves between two closely
spaced electrodes, one held at a reducing potential and the
other held at an oxidizing potential, with respect to the

redox reagent. In the illustrated embodiment, after
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518. When the difference in potential between the
solutions at each interface of bipolar electrode?5HUARY 2007
WO moreaHes to the point of approxi mately mat chiTIgS1008022932

difference in redox potential between redox reagent

118 and ECL system 120, 25 Faradaic current will flow

t hrough the bipolar electrodd thus activating ECL

system 1 iated with sign onpart.nent . 504 |
R R L S e e e R S A T
redbkl sysyentl20iso befresesdedobyelleteebae 1t4s WyhBrein the

reference to FIGQURE 5B, a system 500e is described 30
reV§§S?oﬁ%ﬁ&§r%ﬁuFF%HFgﬁFy3&@9¥%@%ﬁﬁ%F¥%ﬁdiﬁP@réﬁ&¥¥nS redox

. : il j
rea&éﬂg‘]§X§t€6]5999 o&%g%ggl' é@éﬁé?tedTﬁgbggggﬁggga%annm; be

Sanpl e conpart nment I ncl udes an el ect
repaapkdral | A othéi rdiseantse 5@8awegnof ebepbrardes 506 and 508

el ectrodes 510a-d.. The nunber of bipolar 22 J R
decS g8 th R TR0sT 9201 te HEH | Eob0TRosTnabogBhE] dur naggreases,
andMghieb@cdt de@sdnt Wehraigh asampny aengRMe@nt 502 increases.
t housands. Signal conpartnent 504 includes an

A netdcepbde SIETSRRE allpl GRBrPRy BPIBE0RE dis Shamadteristic
disggngépplBét%ggﬁtrogﬁ%ct§%%%%g'.%O%nalx%ﬁiSpegagg? approaches

recognitiron elenents are assocl at ed w eac
apptorstaeatdy 568amd. Aheanplcges@lcUtiagn IUspeclefstofa factor of

., containing the nultiple target anal ytes [102a-d is ,
flv%s?@ci‘gi‘eeddlﬁnt?ﬂ‘:?a FSpar tReRPPEOE I TE¢ edoxum-  This

inck8a88Nti 118, 286R¢1 aled 1 Wil Lagh 1afiQel-RNakyERai S from ECL
provi ded. The redox reagents may 10 all be the sane

sysbevadsd twicch dehort exefntlles bipufeased echtedeity and better
associated with each signal will allow correlation of

Seny lv%?%hal with the analyte. ECL system 120 is

assAChat edmpbbimeh@nabsConmpanitdenly FoEUrRmNK, WHd 868 rodes
second end 514a-d of the bipolar electrodes 15 .
506 52pd- FO8THECS | ghraBpgAalined tPbanatpatehl 8] poeametry with a

nar:?chxgcéégdgeit%ereic Q:rkgeede?épt[f@cﬁé el ggfgél%gos' tIinor}:mWi zﬂlternate
pective bipolar el'ectrode rn order to
embo@iment ne dlle-tpreebence&06r anduM08 may be incorporated as
closely-spaced, co-planar electrodes. To maximize the
amplification effect gained from the redox cycling, the area
of close approach for two such electrodes is maximized by
arranging the two electrodes in an interdigitated layout.
FIGURE 7 illustrates a system 500c similar to system 500a
and 500b discussed above, but with an alternate form of ECL
system 120 in signal compartment 504.
Eelectrochemiluminescent signals are generated by a so-called
‘annihilation’ reaction, as denoted by reference numeral 530.
In such a reaction, the oxidized state and the reduced state
of a luminescent molecule are separately generated. When they
meet the two react by transfer of an electron from the reduced
to the oxidized molecule to produce two neutral species, one
of which adopts an electronically excited state. The molecule

in the excited state returns to the ground state with a photon
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of each analyte in the sanple conpartnment. In this
enbodi nent, a pixel -based detector that is able t@ JANUARY 2007
wo emaenhied | 20 the signals sinmultaneously is ppef/esiesi922932
although if only a small nunber of bipolar electrodes
are present a detector may be scanned relative to the
signal conpartnent to sequerdally record the
.signals. Referri to Fl E 6, sanpl e conpart.nent 502
beifig T BaS EESR QUIHT t 0 BUpBOr LT RE T Ol T oGy g iy - Of  the
phot 888¥s i eaterddsrt B&sovifat itk Wilhntidkegetendnahyl ecd2.  The
Redox reagent 118 may = have any of the forps di scussed
ECLheP¥PREW t RePhe beddidqBHEION REfRG eneRMRHEI IR pa asolvent,
' Iy kipgtica e W] [.£S. X
<L L Pk R el of DL e e n o R Ry B e for
exampler stbtkRenédox teagéhtppoiésndbpt weéiphanythbosblrycene, and

spaced el ectrodes, one held at a reduci ng potentj.al ,
rUb‘é%aetheTh&tF&L HeY et ‘aﬂyoﬁfﬁ?zf’ﬁﬁlpﬁc‘fgnﬁ%ﬁf{ %/HTP? of ion-
conf88PeLY t @dIRmed£dond cagentrbytoe iikitusirateds with a

enbodi nent, after 22 JANUARY 2007 WO 2004/ 010116

lumpgiTpUS20081:022938 29 WdEIUgSiimy arP®lwesy on exemgiefied by
reaction with,el ectrode. 506 redox I. nt 118

p01%??f%%%§y?%n89ec??oég%éﬁgyﬁﬁgFW|§ﬁ%¥§§%¥%%ﬁgb or a redox-

pole¢hee] r eRetnpansfien bgagtitbBnOOAUESTPABH-batYENPONGEHRXS .

reagent 118 to its original state. The cycle naé thus _ .
beF ECPRBedt ell LASL¥RESHi St aEE PRt WBBH elecvhbeRs thys 1ight-

emifi‘qgn OSSOQF(Qéeaﬁ?f] dstiﬁ?‘ahr AR ol MR k0T 56@d°éréef‘98ﬂd—state

ecreases, a e net current through sanple
elenenpar 5BEnt 582 ioicrtéasexectiAyioly ceallternamsmsasprovided, in
current begins.as the characteristi di St ance_ bet ween .
OPPEFLLE r BULSTE0R ARG 568 AGFPHRENEOTLGMEn sl i of JodiFons in
eitH&8r abﬁebeﬁbﬁaseﬁﬁﬁyé&éﬁﬂléﬁﬁﬁﬂgﬁtfémﬂﬂﬁidg diéa@éaﬁ"LEDs")
the di stance decreases to approximtely 5 um This
andj pepersdaiqiemrnent fuactirnateduim esihare®dS580gndio complete

the!c r chnn'\l/EQ‘si8¥St %rp 1%91eW| tr%’do{)cor .s%.x%réﬁl e’oé@&ﬁreiar?ged in sample
Intensity and better sensitivity.

compartment 502 to the photonic signal generated in signal
compartment 504. The current passed by redox reagent 118
associated with target analyte 102 is converted by such
elements as LED’s and laser diodes to emitted light, which is
then recorded by detector 114.

The basic structure of an LED comprises a stack of at

least two layers sandwiched between two electrodes (a cathode

and an anode). For a semiconductor LED, the standard format
in commercial use, the stack comprises an n-doped
semiconductor and a p-doped semiconductor. For the more

recently developed organic semiconductor, the stack comprises
an electron-transport layer, a hole-transport layer, an
emission layer and typically an electron-transport layer.
When an appropriate voltage is applied across the electrodes,
and in relation to the amount of current available to flow,

electrons and holes will meet and recombine at the n-p
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15 In one enbodinent, as inplied by FIGURE 6, the

el ectrodes 506 and 508 are arranged in a
w@baaeiqpes al | el geonmetry with a narrow gap bepameseoniie2932

el ectrode interfaces. In an alternate enbodi nent,

el ectrodes 506 and 508 may be incorporated as

cl osel y-spaced, co-planar el¥ctrodes. To nmaxi m ze the
. Zgigﬂplééicati%p ef f ect gain fr9n1the r edox g%glin , "
JUNERECEr 63" of” cl'0Se SPproalh forYtho sUEH € ectFodes ¢ Mt
ligheXids zed dysuBd F an@igaiite bne electd@desddy anED’s may be

interdigitated layout. FIGURE 7 illustrates a system
fashpopedi T aPME sYs3 M 5008 HREra0e dilshifssed Rffmagor 114

t W al_ter f 0 ; y 0 i .
Wougﬁghgﬁﬁgog%%rF%gﬁ¥ﬁ%%h.@ég}é%?roc %ﬁ??%nﬁ%gggéﬁa «Bpropriate
wavslgngth apeggener atgdibydabgottal Nedght-amiichiclrat i on'

reaction, as denoted by reference nuneral ,530. In ,
SURRCHRESact | GATOEHE o4 dF3ed SSHATALicy FhasFatgcad various

emb882hent8f oF ldHamesce + oBhocdll 88t 8mSeRA AR Ydetecting the
generated. Wen they 30 neet the two react by transfer
prepéngn efetbroatf pomlvhe i€duced to the oxidized
no o0 produce two neutral -species, _one _of whi
BB irEn 0 BT o CRT g oBrerPBd SUALE. Cnd Ml Coba For
detéBtihg exel ietbsdde bHE! teRFeto diel Wwound2staizg Wildludes a
. a_photon 22 JANUARY 2007 ., WD 2004/ 010116
bipptr USAeeEroSsoFP2 P H e ehPEVeEnWSETPdS 39T Hegnt 502
andcgﬂr %Ltlerbértnbg{r?lfneﬁFe 5 h.Ot OE%{SH&@' iﬂrl%%rrtalt%% oém}gggiment,
| ummi nescent™ nol ecul e. e system nay be
sampbé ut icompatetntconp02 si agda solgrexit , cehlpetrtokepte 504 are

salts_and a redax-.active | uppphgre, such as for 5
verbanbe FELRGHCAmILY i (BYRyITdI ARJ;  Satple compartment 502
is ShPBRBYLARER aceReonakEt HIMeRE oolhe Hfd SYSLLM BBMpartment

al so conprise thin films of ion- conducting polymners
504 g ellacttleg ytlovan epopbiced w #h bharriuepptie, ldgsh between

a ' lifie
Sam%%?yfégl%%%yeg%eﬁﬁ%¥ngéﬁy%g-p énﬁ#%ﬁ%%¥%@ %%e?9409%9 serves
to prUskeallypskyaekteexdrpldompedtentyt.hemimome embodiments,

conpl ex-based polyners.. FIGURE 8 illustrates a system
bargg@a PHSWHﬂﬂ%qQ%%ﬂi%ﬂﬂlates the compartments, and in other

22 JANUARY 2007

embodiments, barrier 906 may provide ionic communication
between the compartments.

In one embodiment, bipolar electrode 902 has one region
exposed to sample compartment 502 and the opposite region
exposed to signal compartment 504. The areas of each region
of bipolar electrode 902 may be substantially the same, or the
areas may differ in order to control the current density at
each region.

Sample compartment 502 includes an electrode 908 and
signal compartment 504 includes an electrode 910. These
electrodes are connected to an external voltage source 110
(not illustrated). By controlling the potential difference
between electrodes 908 and 910, the potential difference

developed across bipolar electrode 902 is controlled.
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emtting source in signal conpartnment 504 are

solid-state elenents 532. Two of the rectifying ?22JANUARY2007
we@niogvares are provided, in opposite orientatiPEUS1003/022932
v..account.for the flow of electrons in 15 either

direction. For exanple, light-emtting diodes ("LEDs")

and | aser diodes may functi@gpw thin system 500d to

conpl.ete the conversion,of the redox signal currin
ElefhPBaRpI W8 cBRFartTeRtB027EE (TS hhoPEn T Giana conductor,
and9eRef at §ei S} 088L £ aBPEPAENt 5904 . kN8 CHRERNt pin, tube,

. passed by redox reagent 118 20 associ ated with target

ringnayd ethe? likeordescettiing sdekm ependitt soxs gEDwy, and a

nd. laser .diodes to emtted i ght;, which is then
con b e Bl Betoct §r i, Y bad o ZIRS uPETRRzsRen 502
EletEbodanpriccesap dbackildwiale fealSiohwd, | ayehs the additional

sandwi ched between two el ectrodes (a cathode . 25 and

conghdghBBéPn Fohal SMATOmAfct SrOLERS (MY SiGndeyf g disposed to
r i, C rgial + 4s c L§es ;

L e hdint o7 B e P o duag by he 1ot
emifFoingheawree, r ebentbh deElapedwdndani 12 and to detector
sem conductor, the stack conprises an

el ectron-transport |ayer, a hole-transport |ayer, an
30reaiyaai an |avelstariktdy/pd calbb¥saBe 8L €6HEONVHEANOd system
| ayer. When an appropriate voltage is applied across

900bhe dihectgodesal geastaucsian ef taystrmahBOht isf similar to

re vaid a f Low, ro hq| W, | |
sysClhy Moy e nErBid | pRe ot SE A oG Py peLudes
pluZ804£ 0161161 BETAWS20@3/4@22232 913k ,] WIAH emdroilc f healthough

em ssive | ayer, resRectiver, and em.t light_ as a

only edififee obganietanglsehFe8Rbuc R I}é@%‘g Yk the present
inv%_l?iih&qnelqza &ﬁgfaﬁ’ééi bla%yor éﬁi’ﬁ%f@ !'rg.mbelDet %‘ft O'pipolar

woul d thus be selectéd for sensitivity to the
eleapprdpsi at €n Dwvmvetlengthenangbinsleeqeileet dogdeshel2a, 912b

[ -enmtter. F ES 9.thrqugh 12 are schenntic
and 4; ¢ Qe ot \}%ﬁef%%%ren‘%&& n@ﬁ??céﬂognoP%eraal PePAhte target
anaBysé e QOR hertdeteet bngliybe 1ppesence of target

anal yte 102. ' ,
In” another embodiment, bipolar electrodes 912a, 912b and

114

912¢ are used for the detection of multiple target analytes
within the same sample. The number of bipolar electrodes may
be as few as two, as many as twenty-five, or even as many as
several hundreds or several thousands. The layout depends
upon the number of bipolar electrodes and other factors, such
as the fabrication method, the desired application and the
like, but typically includes a linear array positioned along a
channel or an ordered two-dimensional array positioned within
a chamber. One of the multiple analytes may be an internal
control. In this embodiment, the region of each bipolar
electrode associated with sample compartment 502 ig " each
associated with a different analyte-specific recognition

element. Each element serves to localize one of the multiple
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FIGURE 9 is a cross-sectional view of a system 900a

for 10 detecting the presence of target analyte FO2NUARY2007
wo bat/oined udes a bi pol ar el ectrode 902 spanni POI/US2003/022932

bet ween sanpl e conpartnent 502 and signal conpartnment

504. In the illustrated enbodi nent, sanple

conpartnent 502 and signal G&&wartnent 504 are

tical arranged in_a housin 4. l e ,
vardSE SRV S IBNOPELLE 80NN B R Soqnsiats redox
rea8@4tsandchi gagh toppart-mentctbBdel,s aish dehe di®eRr above.
portion. A barrier 906 |lies between sanple

cofpaPRRedtl 5¥0%WNdesCHRSS "EEHFNTENtVEDE afd aseFymisem 900c

: 0 physi arate 0 In so
hav%ﬁ%od% ?%%glﬁgfriég §%@Eﬁg%rg§%#§5#%%?§fgs tﬂgny suitable
numbenpafl neats] e ancriparateert s2nayrbbei nemitlsi zdodr ri e3y & 900c
ma rovi de ionic co nicati on _between the
mayc@iﬁsrgﬁeﬁﬁ§ﬁui1Qﬁ% G5oG ,p%ﬁ;ﬁﬂéiy%ﬂ%ctr%%esgﬁ? cases
it Ry o 580hRPageXREeSed thSaM enGPAPAI £ MRl202 ,aNErom the
the opposite region exposed to signal conpartnent
samgQpr Beeenrt ofscsack  r afi BNl R5spBtBip A Mic el eFamwdexample,

b i al he s or the .areas nm

T EP R Blor Tl (O e G Fent "AEndEL o SRECY for the

preeanber egi oamoGALPIE conpalcient t $6det nelnddes AN  Or samples
el ectrode 908 and signal conpartnment 504 includes an

£XOF| EBEr §AED BPUTHRSEY 30° of 8L FOdASISPETEMIAt dbR obhe same

tar§Be exheipal val tage s &&legg_%lﬁee(sr&%gﬂ)' 'diStfcgEn e rrent sets

controlling the potentia i fferenc bet we
of dlaagatndesadfB8eand 911k tiwe pobentwathinf fEreneeope of the

invSSYSaRORRy 1566 " anellBea4 S r0 16 PerpLRB0SIAIseRES ghsinilar
to HEretrmodeo P08 iy bechanhiengd £ r emmgaytadhtal® of system

conductor, and may take any suitable form such as a .
900¢i scHapiipg rubeluraiify ol saeplekectpsrangingg falsm apermits

enel\ 0 Loy, Spf.pyofondictgrsdiorgt (Sie el e ana
negat ke sentashi onedlesi th the additiona

Signal compartment 504 in the lower portion of system
900c is illustrated as a single, common, fluidicly connected
compartment . The signal generated at each bipolar electrode
902 in signal compartment 504 is localized to the electrode by
diffusion. Detector 114 may be an array-based photodetector,
such as a camera, CCD array, photodiode array, a CMOS array,
or other suitable detector. Detector 114 may also be a single
element detector, such as a photomultiplier tube or a
photodiode, that 1is moved with respect to each bipolar
electrode location to read the signal generated at each
location. Depending on the number of bipolar electrodes 902
to be read, the cost of system 900c, the desired read time,
the sensitivity and other suitable factors regarding the

performance of system 900c, either option may be used.
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consi deration that electrode 910 be physically
di sposed to allow photon signals to propagate
wanbhooked fromthe light emtting source, throLg003/022932

optical window 112 and to detector 114. 10 FI GURE 10

illustrates a cross-sectional view of a system 900b.

The general construction of 3¥ystem 900b is simlar to

sy 00a_of _El E 9, ve system 900h i ncl udes

Y SBR) CRy e a0 BT SaksTHR Ve top e e sed o
ind2¥2auadl tdiomgh] eunpdduresity pebatregpeatiiagdestar @ach sample

illustrated, the present 15 invention contenplates any
CompFERBNE - nuAPET FPBLSol & Plalerkitoneaf ymitmethat include a

odi el ar ele S a 912c

S SO R “det oot T o oF & SrRgT S Fargot 04 = sample
compaztyept sicctasodar get aipdldre 02cthkodanetherand a signal

enmbodi nent biﬁo' r el ect%odesrﬁ(ﬂlZa, 91 and 20 912c
COMBRELUSEY For THE et 6t i SACBE M i FIEREF gef JfAWEess ° and
10, Wb Bet BersagedsaiPhen dhennumhestaf. bi pol ar

el ectrodes may be as few as two, as nany as

t weat y-flilwstmtedeninas ndBh§URE dSeéver ab huwidstests 0900d  is
. v tho ds. JJhe;layo depends _upon t uber
lllggt%%g%iiar e%if?clte?nodged;be%nl o%J fé‘%fgﬁc?‘ar&y%g&é‘h GOt FIGURE
11; t heolabet cat spstemt hododt hendesdeed appblepdl oByandf sample

the like, but typically includes a |linear array ,
compREetreBhed Bedng®ae dRdiAd Yor capnerliefedo the’ same signal

LAENSpHgnal ray; Posi L 5t Qi cflgﬁ:‘rbrg{ ;
cem é(\E(éﬁlg%ﬂt?hgbr%t]ItiTthlrlesaalnflI %/t %geﬁgsr%% %h/%itr??ler na e analysis
of conthigle | sarplesenbbdi dehferame pPeginds ofneacihme. In the
.- bipolar .30 el ectrode assaoci ated with sanple ,
111 P e Ao RTER05 P aCy Badn o EaGiiad CHTEH LA TR Ghvith a
fixédabyleispaci f#éTat OGP 68 ReImid: E@@hn%lﬁnB@t used for

serves to localize one of the multiple 22 JANUARY 2007

the wanzdo#i@1028 6 FEHawszo03raPRdse 38 parkjetrahdlyt e sample
i st, us Lat.ed eagent s

comfletFAEEES,, IAAIINAE BSROTLAE0 SRR dedH Seeparace

sampl &SUREohbashawsita crassssegintomalnat @w of aBosySt @@mples is

avolded.

System 900d includes an electrical circuit 920 with a

22 JANUARY 2007

switching function 922 to variably form the appropriate
connections between first ends 924a, 924b and 924c and second
end 926 of a Dbipolar electrode, and sample compartment
electrodes 928a, 928b and 928c with a signal compartment
electrode 930.

In any of the embodiments described in connection with
FIGURES 9 through 12 the electrolyte solution containing ECL
system 120 may be replaced with any of the light emitting
sources discussed earlier in relation to FIGURES 5 through 8.

EXAMPLES
1. Detection of electrochemical events by photonic conversion.
To demonstrate the chemical coupling of the sensing and

reporting functions of one embodiment of the invention, the
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having a plurality of sanple conpartnents. Any
suitable 5 nunber of sanple conpartnents may be ?22JANUARY2007

waiiokiomacs System 900c rmay al so be useful forpdEUSVEsI022932
sanpl e analysis. In sonme cases it may be advant ageous
to analyze nmultiple sanples, fromthe sane or
different source, wthin systtem 900c. For exanpl e,

: tip s f differe sour may be. tested,,

sig o!rL th%e&i%ﬁ%?{égenc%&g% an%bnt 0 thesgfgzlir%l’t ar glélt(%pY% and

trippapylamiQe, sgepkeatetr am the s siureanp@yedewhen coupled
tested_independently for the sanme target analyte

Lo fuogditfgprREaratre8t FngyOo6FSE8E *different sets of
target apalytgs. Jtyis also within the;scope of the
invention to have aplurality of bipolar electrodes
(sinilaBvib+# @ FEGBRE 10) within each(8anpl e

C artnent 502 of system_ 900c. ving a plurality of
BugEiRe Conpart RERTEC S S5 CBE T Rt iRt HRoGiReess undex
thet eshidig iehsstayuiar ds, taed Posdrtinkh@ndat NagadMe1 potential

control sanples. Signal conpartnment 504 in the |ower
thapoifi JIPwst BFAEHYe 20h8p0& s (fomsthat sgags ignsiafyl equation
zf:oggg_)@-i'c nec oppa : Lgnal
(2) Foh e ot O hinEPTOP b e PRAER GRS GUE, 3588
cafiyeet mpaht 504va e | pealfiozeedt oushagelact rat@diment of the
di ffusion, tector 114 may be an array-based

NVt Gdet BEROIST shieh 582k cafer §1GEEB afr aytherein the two
eleé%%%&@'9g§i§ﬁ§a¥reas%§g§aﬁér@Xec%%o@%s@”@fr.§wéﬁﬂg(%nd 200b

- detector. Detector 1 may al so be a sing el ement
in HJEFERE02) sudhaayodtpbet swulrciepl (262)t Ik wsera the electrodes

)

h diode, _that, .i Y with respect, to each bi.polar, |
prog (géc r%?j‘g Ip_(?g“anlt&ﬁ—’lsjt g&_rgg%lr?]ﬁ%esi g%é%e\:%\feﬂ’xﬁde (v 170m)
elecatdded oGatrkomrdgepesli dg an JiesNusiest Pt i PR}y standard

el ectrodes 902 30 to _be read, the cost of system 900c,
photqlel thegFaph tealethads fome dadrigiimasia ypahtiesnherctching and

remcgdégof abke FRehoLs ilegar df%& yﬂsa_teggé%%%%@ %@%S%r&e, and

c, either option may be use
lon®0eup0dD116 ROBUSZOO3WOZRLB32E IhsSi gmapacompatt Nekle below)

and s%axpgy glortlr?erggjt.éﬁ/elgagse, ngg’&lﬂiggngf from the mold. A
compartment was formed by Joining a poly(dimethylsiloxane)
mold ("PDMS") that has a defined cavity 1.2 cm long, 750 um
wide and 30 um deep, to the patterned ITO/glass substrate.
Holes at both ends of the cavity extend through the PDMS layer
and serve as fluid reservoirs and means for introducing
electrolyte solutions into the compartment. A power supply
(Hewlett-Packard, model E3620A) was connected to the pads and
used to control the potential offset between the electrodes.

In a first experiment, the compartment was filled with
electrolyte solution containing 5 mM Ru(bpy)s:Cly (bpy = 2,2’-
bipyridine) and 25 mM tripropylamine in 0.1 M agueous
phosphate buffer, pH 6.9. In this solution, as observed in
voltammogram "a" of FIGURE 13A, the first reduction process,

the proton reduction reaction (1), is observed at about -1.08
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i ndi vi dual signal conpartnents corresponding to each

sanpl e conpartnent. For exanple, a plurality of @hiA'¢$RY?2007
wao bag/oined ude a sanple conpartnent, a signal PCT/US2003/022932

conpartnment 504, a sanple 5 conpartnent el ectrode, a

bi pol ar el ectrode(s), and a signal conpartnent

el ectrode, as shown for examfe in FIGURES 9 and 10,

\Y GEY bggﬁégiggegeféLQths“§2e8t§¥8%fggtfg?'" z%é?éﬁgx1datlve

a system 90
progéési is sibmdrared GﬂtsySIb(Elﬂ]t 9008 Uf i WA@@J_ 11@orrespond_lng
ver, st em, 900d |ncludes plugality of sanple
to BN AE Bt SEhAD TS &y iy REBH G e, 10 tmeomgibemine. ECL
sységnal conmpar t ment 504. This is a preferred system
for the analysis of multiple sanples at different
pofmt s tihe tiFeo-ehecteode| | espeatieenenbof DEURE a13B), the

al_conp ment 4 with ed physjca
por B BB eACRLPELIER oy PC by b T o Loicreased,
and amagysu smqfssild‘nf et osa8ples itd b abdt ¥naf mampl &acheq
artnents. Because each sanple is analyzed in a
abo%% rat¥- sabpt® ebrparprEslatesoseldoritanthat o8 V window

Y/ 0 | ude

e e PS¢ G 01 € RUEL 602 0065 Fe B R uBon.
t olvaei aﬁﬂacyorﬁ@r exioleeia@pitqpr tlaé e sapenNneclipNsnbeidReENin the
first end %? 924p and._924c and second end, 926 of

flr%Fbl%%F%r Fier! ahdCsafple ddGRgarERent (BV°") added, was
preﬁﬁﬁédrOdE§e9§§§Et98§Pd§9§v82%fo$éég sS ?QQEB due to the ECL

conpartnent 25 el ectrode 93 In any o
syst@modPrenttdedebirsbedednctdone @ioresd t bn FHIGIRESoQution is

obséJU§ngN%2 &ﬂﬁmﬁgegééﬁ! RF SO'UtlOnZgﬁﬂbﬁ;g4g%ﬁspondlng to

system 120 may aced With
redummdn ngt shar oeslegsayssed @adield i ih r%ﬁﬁaxﬁxﬂo§;9am "bU in
FI GURES 5 through 8, 30 EXAMPLES 1. Detectlon 0
FIGUéﬁEectlééchem CBrSevelt s Hie pivteafnccomfer BVoh., the voltage

SISO | g i, O ook GRUDLIn0 g S RERN9 Y anoaic
prodcepeest inemrawre £22m) ANBARY 2@0About 1.38 V.

When BV?' is introduced into the compartment for the two-
electrode experiment, ECL is readily observed at AEeiec = 1.4 V
(FIGURE 13B), whereas no ECL signal had been observed at this
potential bias in the solution lacking BV?*. The appearance of
the signal at 1.4 Vv b;as correlates well to the 1.38 V window
between the anodic and cathodic processes for the solution.

As stated above, electrochemical processes occurring at
the anode and cathode of either a bipolar or two-electrode
configuration are linked electronically but not chemically.
There 1s a one-to-one correspondence between the number of
electrons consumed at the anode and the number provided at the
cathode. It has been shown in this example that the ECL
intensity at the anode reflects, or reports the occurrence of
electrochemical reactions at the cathode of a two-electrode

cell. This demonstrates the relationship between the sensing
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WD 2004/ 010116 PCT/ US2003/ 022932 35 signal intensit
froman ECL system Ru(bpy)32, and tripropyl an ng2JANUARY 2007
w@enenatiel at an anode i s conpared when coupl eRCT/US2003%22932
di fferent cathodic processes: 2H+ + 2e- = H2 (1) 5
BV2+ + e- = BV+ (2) Equation (1) represents proton
reduction, which occurs unde7 the conditions used in
atential that is

the experinents at,a fornal r ,
and ek U Rhar TR LS (Tl (DA | §5P equafon opg) , it can
dist CAYGL RN Rk wReNZWwY i @l PEEReh® tRaokadicealh et tdd based
Expérinments were perforned using an enbodi nent of 't he

on theeént redosi pptantisleéhat of FIGURE 2 wherein the two
el ectrode regions are separate el ectrodes (e.g., 200a
and 200b in FIGURE 2) and a vol tage source (202)
2. bagneen ifeewéeeyr adess punvtdes ide pohtemntdlaltive electrode
difference. Indiumtin oxide ("ITO') 15 el ectrodes
WeE€35r epared on a gl ass substrate using standard

Phat ol aographig ”?&M%i&?rtﬂgy KA PBLLRIR turn-overs
etching and renoval of photoresist. The el ectrodes
of wehe Shahywede{capd, |ang emougtativodphn ¢heamiedsh the ECL

., . the, conpart ment e belo and have .connecti o ad :
it D PR SlTF ot FarICR) 20 SERDETLRgnT e nggnervise
ideRVitR1 Ni8nai PbNEdi nehbybstiRyanehe Mpréh ("EPMEDe cathode

that has a defined cavity 1.2 cmlong, 750 um w de
resahis 36 rurmeeep intensee Pakt er nkd PROCgISAESteubsEatr ethe ECL

int{%ﬁﬁ? a&agohga%GQ%dpﬁﬁihf f@ﬂéﬁYOﬁXBfnghEh&%ggﬁjRns areas of
Yayer and Serve as fluid reservoirs and nmeans
the f afathaideodantngiritieel aptngl \re smbutliionsti nid the invention

. conmpartnment. A_power supply Hewl ett - Packar.d, node
s1mESeb0%y WHSEcOAnGLCEE b L e Hnde AhFTaISed i T hpctrode
regiB€s PRI SRl 1 abaof ol Jhelppelsithe LlRCIUOEH i & electrode

first experinment, the conpartnment was filled wth
(10@) eghdobypetsvokitilofiiednt aicwosg SheMeRABPOBCIFedpytes the

sogei, ST P00 A PO aTOE 10D de e
ele@srodserved in

Three different bipolar electrode geometries were tested
for ECL emission intensity as a function of the relative areas
of the anodic and cathodic regions. In the first case the
electrode is shaped like a “T” with the wide top (200 um x 100
um) serving as cathode and narrow bottom (50 um wide) as
anode. In the second case the electrode is a band electrode
of constant width (50 wum), thus the cathode and anode are
equal in area. In the third case again the “T” shape is used
(same dimensions as above), but with the wide top serving as
the anode and the narrow bottom as cathode. In all the cases
the electrodes were 500 um long. The electric £field 1is
imposed across this long axis.

A solution of 0.1 M phosphate buffer, pH 6.9, containing
5 mM Ru(bpy)sCl, and 25 mM tripropylamine was placed in contact

with each electrode, and the ECL emission spectrum was
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vol tammogram "al' of FIGURE 13A, the first reduction
process, the proton reduction reaction (1), is 22JANUARY2007
wobmenwads at about -1.08 22 JANUARY 2007 WO PCT/US2003/022932
2004/ 010105 PCT/ US2003/ 022932 36 V vs. Ag/ Agd
reference el ectrode. The first oxidative process is
observed at about 0.8 V vs. 3&gy/ AgC, corresponding to
oxi.dation_react.i h (b '
reo i Rou iR g T Syt afip B PR HERHA%, a7tethe Tenoth
of exper iddt {dd<GURETA8BYesinNes paterdh@in difhf TEURE 14. The
_ between the two el ectrodes was increased, and |ight
highafEsi BREwa 0Bt vied &8 b&hgraed hastas theéacRega ©of the

cacBBOUL 11 $a¥oe Th3abios eoregbabagquel | to the 1.88 V

wi ndow between the anodic and cathodic processes for
t h€hsol diiféareh@el nbatseeond eeXperiiorentqurtves satk" and "2"

solution used.in the first, with 5 nM benzyl vio|ogen
dendightarPhe (B ) XAl 1ol HHepdred. e qFiEgtion of all
rea§¥h€3l i ¥9 PHEEESEihg aURI RAYRH0 dha HeClreSySt Ay BVictrode
the first reduction process in this solution is

regbpBer vidd Bhiabomse 00B2 theysdepapgpgaf, lber edsoridiady region
areb8 1§héeEHﬁtggﬁnggnﬁge?ﬁkﬁésggg, as observed in

vol t amogram F Thus, in the presence
of BVz+, the voltage difference between the onset of

t he cat hodi c and anodic rocesses narrows from1.80 V
3. toRaPBotit 9SBBING Vien BYZL PaSeRt rRYRle@dF ntBePRELing in a

COBpSELAEN1 O s g LU0z 1201 €1 Rl 0d8nex p@E&h}g’é&%ggﬁ% :

is Teadily observed at Akerec = 1. (FI
wWhen egdiiso ECLmsl gnalthieads beeml obsepeedmantt hhsd the sample
ential bias in %he solution |acking B

. Th
compEt AT aRc AT Prhbt o dharar SEREAAIS SEOCDIFE dtal are thus

ion¥®d11¢y0itbBaded8 VrWendowpakeherer bhe at tg@rel according
cat hodi c processes for the solution. 25 As stated
Lo aBEiteEM el oHEmeEEIer 68esEESUBEcUPR i ngvhthowhe reference

10 050 264 S 103801 (30LAT B UBLErS HUBLELEEL OF° 1
diamdiest calllgsy Tdeerlson s ed eoneotie- ofELLor aaspandendéed Ag/AgCl
wire?ete eecr%:rto%ee még?.%g.m: The compartment was filled with an
electrolyte solution (518) containing 0.1 M phosphate buffer
(pH 7.5), 10 mM sodium chloride, and the ECL system 10 mM
tripropylamine (TPA) and 0.1 mM Ru(bpy):Cl, (bpy = 2,2'-
bipyridine). The sample compartment contained a 1 mm diameter
glassy carbon electrode (508) and a coiled Ag/AgCl wire
electrode (506), and the compartment was filled with
electrolyte solution containing 0.1 M NaCl, and further
containing 5.0 mM K;Fe(CN)s serving as a model analyte with
intrinsic redox activity. The two glassy carbon electrodes
were electronically connected (“shorted”) to each other with a
copper wire, and the two Ag/AgCl electrodes were connected to
a programmable potential waveform generator (a computer-
controlled potentiostat with the counter and reference leads

Jumped together: Model CHI660A, CH Instruments, Austin, TX).
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el ectrons consuned at the anode and the nunber

provided at the 30 cathode. It has been shown in Eh{A8UARY 2007
wexaapimod hat the ECL intensity at the anode pef/Usmn®(022932

or reports the occurrence of electrochenm ca

reactions at the cathode of a two-electrode cell

Thi s denonstrates the rel atizhshi p between the sensing

L3 éﬁ JANUARY 2007 V%$2004/01011 @gﬁ/ %£93/0229§2 31 trod

198hd FEHST g TUhctOnES8F °PhiPs Selvsot, > dhd TRar Tt ©-ectroae

in 03k dighknouishohetvmesn e diédenesd edDxraebk¥ed with a
analﬁtes based on their redox potentials. 5 2. Signha

phofameAsipyigs &yhmclPY¥E: ofoded M abfde &legdifpdelmer, Santa

c1afLeag,An experimental condition that |eads to nore
a?u{n-osgrs of the analyte (e.g., at the cathode)
enFasuRE t1EA E€howisnt €Ensi toydleé.cg. voht amhegaande)CV) obtained
,Accordi n entical canditions

|y, under otherw se 10 i '
usihcr HBS 1 MY SRS alBE B Ee ERPRBAEY r dSgi9% I GPEMing the
potbAtense Felsetl0ideaRAat MRlteddh Sshd hewEClag /¥ E@NSEY ¥ctrodes .
was neasured as a function of the relative areas of

FIGURE cHithostomsd thedeohwdiony amiegbodi et aof fupetion of the

._lnventiaon simlar _tao that -of RES, 1A and 1 .
LingREr BYE et whhel Bt 1S FegTonst P02 Al ST while
the OpNOSireec@itdsl ofn aFr bePRE arsB| @abr edeorddda) @whB¥RES 15A and

potential field across the el ectrode_generates the
I5Bpofeeete T didgmticer s tthetsobhei ofl aebFoeheniendlyf coupled

pro&ggseglﬁﬁirgggh-%%ﬁﬁéfﬂééﬁﬁggbggkﬁg&ar.f$§ﬁééoq§ma analyte-

geonefries were teste CL emission intensity
speasfacf unghtosighaflhe rel ative areas of the anodic and

cathodi.c regions,. In the first case the electrode is
ShPBACTTREYS "9E At hACRECAtR tORS 900 BrikioDY uhfolated

samPBEVI RG@S sathode argdpaatiRW:ROt o (SHaym WdR) aSmportant
anpde. In the second case t he electrodg is a band .
praetécet odedgBnopgesnst antFiwisdt,h (B& urgigndlus edrapartment in

conffblefe and,a00de pre Lgoual 100880k NGNS may e
optimized independently and readily interfaced with the sample
compartment unit where analyte recognition process occurs.
Second, arrays of light emitter sources may be coupled to
arrays of redox reactions in a practical manner without need
for independently controlled circuits for each array element.
Using LED’s as the light emitter source, as illustrated in the
following example, is also suitable for packaging the signal
generation and optical imaging so that the redox reactions

associated with each analyte may be monitored gimultaneously

and continuously.

4. Redox sensing and LED-based photonic reporting in a
system with isolated sample and signal compartments.
In this example, LED light emitter sources replace the
ECL system of the previous example. The system configuration

is based on system 500d of FIGURE 8. The sample compartment
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(sane di nmensions as above), but with the wide top
serving as the anode and the narrow bottom as
w@aiohodaos I n all the cases the el ectrodes wereCBH0820031022932
long. The electric field is 30 inposed across this
| ong axis. A solution of 0.1 M phosphate buffer, pH

6.9, containing 5 nM Ru(bpy@Cl2 and 25 mm

tri,gr i%pyl am ne was, placed in contact wth_each
congpeeffode, Land helEeetehi §3P6FYs fertreim fasczode (506), a

o1 ALARY 2007000 2004/ 010416/ :PCH US2003/022932. 88.3 (51)

recorded when a fie of 1. was | nposed acros
and| énlgt hcompaehmbnel ects odel1dbe wigdul eSeateodhiown dolution of

FI E 14._Th hi ghest [ECL intensity was, observed
O'lmﬂgﬁjﬁf‘ﬁi a’;‘é]ét_?rt entedtiode $& M gl @iveat o thge model
targ8@demad ythe di fhes eﬂﬁ??hgeér\fl\@@f‘iﬁgg‘ SEIRPLLUIYEE 15093SRC/E,

. and "2" ~"denonstrates that even given the sane
DiggkerenthaeifoRivkraFal lisgad@int siedsy dororessidgin hearallel, in

nt .reportin | ectrode .reqio Ln this
o g8 b e AR R DT BT e PBhackPogd? e S14.
A ECtesitgnalcats eahaneee. #8s3. Jpdmctsansi Bg arflassy carbon
ECL- based photonic reporting. in a systemwth
electpPaeedO8amsl & d"er Y ebAPAFPABNt 29/AFCihiglectrode 519

as Qﬁﬁﬂpkgfekgﬁc§iggﬁ%?ﬁfgﬁérEﬂﬁftcaﬂgaE@e §f%“ﬂé% 5hgrecounter

conpartment are t as two separate nodul es an
elethusdel5 ionically isolated. The conpartnents are

copf i e ccording,.to system 500a presented ip
Flﬁfﬁ%ﬁ%A% t%&‘avsr&ﬁ“@re%%%ll%l ZeiEgHEosTem The the system
witlsi OPRé CcospartABAt Gankai Redidali Rt QLASSY of  the

carbon el ectrode (514) and a coiled Ag/AgC " wre
potasetir ofier Y 5¢gynidghanadmpar t nEAEUREs 16H |sdpwei tthearemission

R ARG T e T —

curtdre EClpasyestiem MhrMgH ri plepylkagiene 60BA) and OtHe MM sample
Ru(.b 3Cl12 (bpy = 2,2'- bipyridine). The sanple

comg et e BHE 4R EANSUET R dvaitdidr the CV OF FIGURE 16A.

The signal generated by the LED light-emitting source

22 JANUARY 2007

indicated the presence of the redox reagent analyte in the
sample compartment.

Although embodiments and examples of the present
invention are described in detail, various changes,
substitutions, and alterations can be made hereto without
departing from the spirit and scope of the invention as

defined by the appended claims.
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gl assy carbon el ectrode (508) and a coil ed Ag/ Agd
wire 25 electrode (506), and the conpartnment was ?22JANUARY2007
wo pdokedhivd th el ectrol yte sol ution contai ni ng BC1/U84003/022932

NaCl, and further containing 5.0 mM K3Fe(CN)6 serving

as a nodel analyte with intrinsic redox activity. The

two gl assy carbon el ectrodestl were electronically

onpec! "shorted") to each other with a 30 copper

WHA 'EE,G‘ E Ag/ AgCl el ectrodes were connected to

a progr ammbiedpaientdet e veied otREgpReEahee (& amount of an

conputer- controlled potentiostat wth the counter and
anal¥ter e FOEPLEEdE I unped t oget her: Mvdel CH 660A, CH

| ngkEU R oI X)o7 22 JANHARY, ] in
20047 oigg%tfgngé# 555/ 635552 %A% Eﬁggg%noggcc?ﬁ“farlonrﬁng the
anaf freer ggitdn aoff itreer ¢l lasshyrady boegedbectrode in the
signal compartnent was neasured and recorded with a |
phBEORGR B pPer™ t HBECLBMF. a1 1> 06SIUPEPR] B meming an
eleSBPbahefialmhineAcent FI GREKOA $homs tthe exebhe  electrode
vol t ammbgram (CV) obtained wusing the system descri bed
regapsve by linearly scanning the potential offset
[ : the two. Ag/ AQC el ectraodes. . Fl GURE
12%%%%\]@%%\@%%%%%%%% i (3C%1eas%:élrguncatI|1 nSSFO%{e electrode
reglbnear sweep of the potential offset that was observed
while 10_the CV presented in FI GURE 15A was recorded.
FI ERRES215K aRGUPLSTS t 6§6t hél Tfdno it ateqnd trectrolyte
so18Lgchgocheni cal ly-coupl ed processes in each
conmpar f ment together produce the anal yte- specific
| i gatsshgnad . denbodi meiht Slidff eradeteecbietiwesyst eéie first and
uti.lizing isolated 15 sanple and signal conpartnents
Secqhd ﬁ%ggfﬁéei M er ANt _aﬁ’gcti cal advantages. First,
t h@esbghahgConpaitt Mt idy £o5RI Baki @ aitib e PhAiBescent
detection apparatus nmay be optim zed independently
syshad peadiley Sancad Lk ede t hegsanpl sheeehyarinddmating the

pre%@ﬁ&emgfr%hgnghﬁgﬁF%S%?g@%g %QI%&9%9§§ﬁ95&¥£$feégbn

econd, arrays o emtteér sources may be <oupl ed
to
2. The method of Claim 1, wherein the first and second

electrode regions are associated with opposite ends of an
electrode, and wherein causing the potential difference
between the first and second electrode regions comprises
generating an electric field in the electrolyte solution

across a length of the electrode.

3. The method of Claim 1, wherein the first electrode
region comprises a first electrode, the sgecond electrode
region comprises a second electrode, and wherein
electronically coupling the first and second electrode
regions comprises disposing a voltage source between the

first and second electrodes.
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arrays of redox reactions in a practical manner

wi t hout need for independently controlled circui £&ANUARY 2007
wo ooo4eaabs array el ement.  Using LED s as the |p@ihus2003/022932

emtter source, as illustrated in the follow ng

exanpl e, is also suitable for packaging the signal 25

generation and optical i1inmagi4y so that the redox

reactio assqci ate ith _each an te may be . . .

no%rtorggesﬁﬁ%ﬁFﬁﬁé%gsﬁgalgng’c3ﬁ?ﬁ%%%ﬁs?%¥bﬁ}S?%%leSPOSlng
thesensi Agc andahdD- has@sthPhoteQRice dRRe t i i@ | Ns@pa3Bte sample

systemw th isolated sanple and signhal conpartnents.
compariRestexanpl e, LED |ight emitter sources replace the

ECL system of the previous exanple. The system

configuration is based on system 500d of FIGURE 8.

The. sanphe conpard mefit @2 IANUARWIROGA n WDoR004/10301d6upling

P /USZO%%£022932 4 contfiged a 15 mdi aneter, Jass%rl .
thecErESE GRbL (1o SORTCLAC L KFati AORPELEEE: Ste (aba)e ap ion-
perf84PIE Bofel &ACRHRLRET OBe (2t ParatdNdsbiBle compartments,

conpartnent was filled with electrolyte solution o?

theo ipnvpaaiegake hepreoaraissilegteg MTMBFERENB P t frensisting
model 5 target. anal yvte, T i ght —eni i di ade ,
of F28Bry3ut SIS AR L1 £1o100- 1NN aRTLELIIGL ARs1 ¢ bridge,

an Wehephomhiecesthirarear aldd®lan iion-appasedigl Or seht gelobsrrier.
bet ween el ectrode contacts 512 and 514. A
potentiostat circuit was connected to gl assy carbon

el@FtrogﬁeSQ@t%%dt%% %ﬁkhhpgqehﬁﬁéf ’tf@/ﬁﬂg%yte comprises

€l ectrode 519 10 as the rererence el ectrode an

an ebatcoadti2vasanhéyteunter el ectrode. FI GURE 16A
shows the cyclic vol tammobgram of the system wth the
reduction wave indicating the presence of the

poy assi wRkf efdda@nbge carakyte, FLEOUREr16Bnghaws ddelabeling
em ssion 15 intensity fromone LED (the one passing

the cgrabritewiéhhcat hedpPs reageeht passes through
el ectrode 506 in the sanple conpartnent) neasured
concurrently with the Cv of FIGURE 16A. The signal
geger at Ede byethed HI |dightm enj t ¥hagesnucbe redox reagent is

covalently bound to the analyte.

9. The method of Claim 7, wherein the redox reagent is

non-covalently bound to the analyte.

10. The method of Claim 7, wherein the redox reagent is

electrostatically bound to the analyte.

11. The method of Claim 7, wherein the redox reagent

provides more than one redox equivalent.

12. The method of Claim 7, wherein the redox reagent is
selected from the group consisting of a redox polymer, a redox

dendrimer, a conducting polymer, and a metal colloid.
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i ndi cated the presence of the redox reagent analyte in

the 20 sanple conpartment. Although enbodi nents Zh#NUARY 2007
wexamplmass of the present invention are describenu$1w03/022932

detail, various changes, substitutions, and

alterations can be nmade hereto without departing from

the spirit and scope of the4ivention as 25 defined

by, the ende I9IT5. JAN .. 2007 . WO :
oyb 010080 PPHEBEDS) 055032 AT War IS QLA RS TR the
eled¢tréchenhddmiioesdenecsynyetmheoppeserce 0 rramamumfoBNosmium
h gnelyte, conpri,sing: associating a first electrolyte
cheldlGt PBH eéonfaiiMSig the 5 analyte with a first

el ectrode region; associating a second el ectrolyte

soiution @eefhadnifg alkt&decld ochenpkuBbAesceH tfiMor an
W th a second electrode region; electronically
anatyhel i fgMPKésingst and second el ectrode 10 regions;

i onicall vy, eaquplj ng. Lhe second electrolyte .
so?%%?o%é?gg uéﬁﬁglﬁggosgﬁ%%gﬁﬂ i é%%ﬁ%%l%%tﬁg gy the
analytstwahld asédesd ellectrode megiiwis; and 15 detecting
Iight emtted fromthe el ectrochem | um nescent system
at

FRRCLBEONE & RITOUR PEGCEH O LR eyl RHEPRarPrRG i RENg an
ele®F BSERER1 Olimt RBsRBRkY sl bfie fii#Sl ehectfodenhedi O trog
2. The net hod of Clain1i?§mherein the first and second o
regponel ectrode regions are associated with opposite ends
of _an el ectrode, .and erei n_causi ng tEe otential . .
di?_%ﬁ%ﬁ%glngetﬁeéz:?ﬁ%hFﬁngr ﬁ§%§b088_uEES@trSﬂ%talnlng a
sact efi @sl cospsk SeSag@enerathng anielesl sberbiel degiohhe
el ectrolyte solution across a length of the
elekestgganically coupling the first, second and third
electrode regions such that there is no substantial potential
difference between the first and second electrode regions;
ionically coupling the first, second and third
electrolyte solutions;
causing a potential difference between the first and
second electrode regions and the third electrode region; and
detecting light emitted from the electrochemiluminescent
system at the second electrode region, thereby indicating the

presence of the analyte at the first electrode region.

15. A method according to Claim 14, further comprising
disposing the first, second and third electrode regions in

separate sample compartments.
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25 3. The nethod of Claim1, wherein the first

el ectrode region conprises a first el ectrode,
weemaenied ectrode region conprises a second ePEDUSI™OE()22932

and wherein electronically coupling the first and

second el ectrode 30 regi ons conprises disposing a

voltage source between the 44 rst and second

t 22 . J Y 2007 2004/ 010116
USR5S GEIgHE. ab Fiote 1k (RAEER TG domigally coupling

thef Withel, COBRPbhSI Nehdli 8RestNGldderdivisd andusaerid comprises
el ectrodes in separate sanple conpartnents, 5 5. The

pProfefhsd of Cr&iSReLtiMfer il RSHRARVE cRPIT IR thetween the
co te onpr, 0 n

e e e o

fromontpiaét iy ddmesdisanaper neabd e rarrdver opelrdeiced Br ohiquid-

roup consistin of a_narrow openin a
4 i QA e | Gncifion, DALGARL B GeioRgoRAC menbrane, and
an ELQHOBEQHe%b‘I%ancﬁn%ela%ﬁhélon permeabl e sol - gel
barrrer. 6. The nméthod of Claim1l, wherein the
anal yte conprlses an el ectroactive analyte. 15 7. The

od d a| further cQ risjng | abeli the
;Pytee&nthné 15%%x agéﬂt i% gﬁoglgf analyte
comﬁrwégr ahneﬂ_aetﬁcéa@tlfr@a@ﬁaﬂ_yté coval ently bound to
the analyte. 20 9. The nmethod of Caim7, wherein the
redox reagent is non-covalently bound to the analyte
g The t [ rei q%%&
25 gﬂ%c?&%@?ﬁtﬁ%@l¢§gﬁoung tgpfﬁgﬁﬁﬁa yte ot T%abellng
thenaﬁhbﬁtefwithla1fedmherehgehhe redox reagent prOV|des

nore than one redox equivalent. 30 12. The net hod of
Caim?7, wherein the redox reagent is

19. The method of Claim 18, wherein the redox reagent is

th é2 JANUARY 2007

covalently bound to the analyte.

20. The method of Claim 18, wherein the redox reagent is

non-covalently bound to the analyte.

21. The method of Claim 18, wherein the redox reagent is

electrostatically bound to the analyte.

22. The method of Claim 18, wherein the redox reagent

provides more than one redox equivalent.

23. The method of Claim 14, wherein the redox reagent is
selected from the group consisting of a redox polymer, a redox

dendrimer, a conducting polymer, and a metal colloid.

24. The method of Claim 14, wherein the
electrochemiluminescent system comprises a ruthenium or osmium

chelate and an amine.
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sel ected fromthe group consisting of a redox polyner

a redox dendrinmer, a conducting polynmer, and a mgta@N/ARY 2007
w@adokoiddos 22 JANUARY 2007 WO 2004/ 010105 PCT/US2003/022932

PCT/ US2003/ 022932 43 13. The nethod of Caim1l,

wherein the electrochem | um nescent system conprises

a rut heni um or osm um chel &% and an am ne. 14. A

od for _detect e presence or anmny 5
Pyt e£ & reiS|fr?gtg %sso%i a??ngﬁ% FF?anFectro mE@t of an
ana§9h@§|@am§@@gahg|ng the analyte with a first
el ectrode region; associating a second electrolyte

soﬁuFPﬁﬁaééﬁFalnlng an el ectrocheni | um nescent system
wiLh a seeondoslecldads,oJd 16N, asseel Al LBAdiney,  the
thitd electrol yte SGIUt ] on containing a sacrificial
elecEﬁoderehgsuhgmﬁhh d itdsitr d edlesttrragle reggioon; and a  second
1 #ectronlcally coupling the first, second and third
elegrERfPol&9 8 ons such that there is no substantia
potentiakt laiditienehee heiveand hedrhdstinaiy segONdanalyte
el ectrode regions; ionically coupling the first,
disgeesfd vamlmm rtdhe epé@nﬂ@ﬂyt@n@olmswt%u@a@ athe first
i fference between the first and second
eleQ?%S?ro &7 ge%ions and the third el ectrode region; and
20adet egédcagd! | ghtlesttdedc&r om ébeution containing an
el ectrochem | um nescent system. at the second el ectrode

elegpgPERemi hEFERG SRt afY g IhedlpPessAceWbEife the channel
and 208LYLEBbd! DS Lkl Eole Sepllinda dAGIATe A8y dy et hod

according to Caim14, further conprising 25
dlaposohgaghe fdostce segmamhlabel t bhor dgehectitede 2 potential

a1 bR as R LTS POTFbes008I0ssmaz Sion And the second

.electrode region; and

a detector operable to detect the presence of the
analyte by the generation of an optical signal £from the

electrochemiluminescent system.

26. The system of Claim 25, wherein the voltage source
ig operable to impose an electric field in the electrolyte

gsolution across the length of the electrode.

27. The system of Claim 25, wherein the electrode
comprises a plurality of electrodes, and wherein the voltage
source 1s operable to impose an electric field in the

electrolyte solution across the length of each electrode.

28. The system of Claim 27, wherein the plurality of
electrodes comprise electrodes of at least two distinct

lengths.
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16. The nmethod of C aim 15, wherein ionically couplin

the first, second and third electrolyte solutions Et
weopoiEes providing a respective ion-per meabP@r/Us2003/022932

barrier between the separate sanple conpartnents, the

respective barrier selected 5 fromthe group

consisting of a narrow openi4fg, a liquid- liquid

jupegtio L.t br nophor | e,
analgon g‘}elremaS Itéeng #g%}aﬁgrrgérgﬂffe&ﬁhﬂgﬁ% ﬂUﬁs%feleCtrOde
regfbai nid4, amhmdétb@danahgt seddh@OBld&LSod region is a
el ectroactive analyte. 18. The nethod of C aim 14,
cathgeeper conprising labeling the analyte with a redox
reagent. 15 19. The nethod of O aim 18, wherein the
redox reagent is covalently bound to the anal yte. 20.
ThaOnet Bbd efysCeai mfl8;1lavrer 2% n Whereédoxhreemamtiélectrode
non- coval ent | und to the anal 21. The net hod
eIt ol nft1g? %Oe(f i AfhetPRdSY eﬁfeFErO de region is an
ano@tectrostatically bound to the analyte. 22. The net hod
of Claim18, wherein the redox reagent 25 provides
nore than one redox equival ent. 23. The nethod of
A g m 14, wher e redex reagent is el ect dfrom
th%igr oup cons%é?l%g of ggr edo@ﬁporflyrrer §a redd %Sz‘ the
eled‘endchamnlummeade@ltl ngsypot strer coapdigemet ad celhkticthium or
24. The rretﬁ.lod of Claim 14, wherein the
osmjeﬂ“@c?]?%%ﬁEﬁ PHf A8sE8RTSsyst em conpri ses a rut heni um
or osmum chelate and an am ne. 22 JANUARY 2007 WD
2004/ 010116 PCT/ US2003/ 022932 45 25. A system for
delect ifget vy speesenfe Grakmodht ofhereimnalhet econtainer is

sepaf@@géSIUQtoa :Epégjrgﬁd second sample compartments, the

gARY 2007

first compartment housing the first electrolyte solution, the

second compartment housing the second electrolyte solution.

33. The system of Claim 32, wherein at least one of the

first and second sample compartments is a channel.

34. The system of Claim 25, wherein the first and
second sample compartments are separated by a Dbarrier
operable to allow ionic communication between the first and

second sample compartments.

35. The system of Claim 34, wherein the barrier is
selected from the group consisting of a narrow opening, a
liguid-liquid  junction, a salt bridge, an  ionophoric

membrane, and an ion-permeable sol-gel barrier.

36. The system of Claim 25, wherein the analyte

comprises an electroactive analyte.
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an el ectrode di sposed within the container, the 5
el ectrode having a first electrode region and a séttfgRY 2007
webmanrooe region; a first electrol yte sol uti oPCT/US2003/022932
contai ning the analyte disposed within the channe
and associated with the first electrode region; 10 a
second el ectrol yte solution £ontaining an
e tro en1|u nescent stem L Spas ed within the .
h ﬁnel %Jl Snd°48Sot a?g \?\%%mt e seco edfeejrréctt:}bede analyte is
labeggbofith wokbdge FespeaitQperable to generate a
potential difference between the first el ectrode
region and the second 15 el ectrode region and a
deEECt O'Erg%p L2hlg b detact 4he vﬂ{é‘zseel %}
anal yt generation of dn optlc S|gna
covhhenté&ebbmndhﬁmlth&la@sd@me system 20 26. The system
of Claim 25, wherein the voltage source is operable
to inmpose an electric field in the electrolyte
sobyt i ognackessckned englsh of7 t hasaleact rode. rgaobeéagent is
system of Cl aim 25, wherein the electrode
noncoaperleasly bDUﬂéltpyth eheditedes, and mhereln t he
voltage source is operable to inpose an electric
field in the electrolyte solution across the |length
of 4BaChTﬁbe£ﬁél’:ﬁda. oZ8.C1Hien Syst efddfeid ailie 2feddher8hfent is
t he IuralltX 30 el ectrodes_conprise el ectrodes o
elegirpghaticadlyi BPIREL to| ERgt RBA1YECIANUARY 2007 WO
2004/ 010116 PCT/ US2003/ 022932 46 29. The system of
Claim25, wherein the first electrode region is an
an@ﬂ:le afilet heetderbndf elE@ctimode7 f egiheireiisy atheatdwattex beagent
¥S%§n1of Clal 25, mherﬁln the first
pro@?@%?r%ﬂﬁ @?oﬂnﬁsrg 2%t RgHevang *fhe second
el ectrode region is an
42. A system for detecting the presence or amount of an

f=-

S?X reagent 1is

analyte, comprising:

a container;

a first electrode associated with a first portion of the
container;

a second electrode associated with a second portion of
the container;

a first electrolyte solution containing the analyte
disposed within the container and associated with the first
electrode;

a second electrolyte solution containing an
electrochemiluminescent system disposed within the container
and associated with the second electrode;

a voltage source operable to generate a potential
difference between the first and second electrodes; and

a detector operable to detect the presence of the
analyte by the generation of an optical signal from the

electrochemiluminescent system.
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anode. 31. The system of Caim 25, wherein the 10

el ect rochemi | um nescent system conprises a rut henPifNUARY 2007
w®@eoo40smdaIm chel ate and an am ne. 32. The systmum/0$§2003/022932

Claim 25, wherein the container is separated into

first and second sanple conpartnents, the 15 first

conpartnent housing the first8 el ectrol yte sol ution,

t he second conpartnment housing the second el ectrol yte

solution. 33. The systemof Caim 32, wherein at

I eest omkeOfsyidtem fof stlanf secontheadPh e tBeMPaS IR Ssource
a channel. 20 34. The system of C aim 25, wherein

PrOYh%eFl BLECERANISe CORUSAFRIE OBo MS&MEfENtidearfirst and second
eleS€P3{aLEd by a barrier operable to allowionic
conmuni cati on between the first and second sanple
compartnents. 25 35. The systemof Caim 34, wherein

t he, bar L&Y [ selected rom-t g gro conS|st|ng of
a %%rroglopeﬁyﬁaema Ollqﬁﬁé'ﬁiq% ' o gtk tpotential

difbsidgee *ariesopheni eimgenbrane, and an ion-pernmeable
sol -gel barrier. 30 36. The system of C ai m 25,

mherein the anal yte conprises an el ectroactive

P UsoBss) 633658 o7 5> i¥nd e, Qb rapmrssing o thira

eleaitiendée didwogedl withis thabebedaivhéh. a redox reagent.
38. The nethod of C aim 37, wherein the redox reagent
is 5 covalently bound to the analyte. 39. The nethod

ofg &1 ai MAS 75 ubehe T (& LA, reRgRD i § ]
non- covalent?y bound to ﬁhe anal yte. I% 48e hlﬁ%ﬁﬁ%ﬁftrOde
is ott dai MB7fevpetrei pothetisdoxtheagethei s first and second

electrodes.

47. The system of Claim 45, wherein the first electrode
region is an anode, the second electrode region is an anode,

and the third electrode region is a cathode.

48. The system of Claim 45, wherein the first electrode
region 1is a cathode, the second electrode region is a

cathode, and the third electrode region is an anode.

49. The system of Claim 42, wherein the first electrode
region is an anode and the second electrode region ig a

cathode.

50. The system of Claim 42, wherein the first electrode
region 1is a cathode and the second electrode region is an

anode.
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el ectrostatically bound to the analyte. 41. The net hod

of Caim37, wherein the redox reagent provides RbfAEUARY 2007
wo beaoones r edox equi val ent. 15 42. A syst em f OPCT/US2003/022932

detecting the presence or anopunt of an anal yte,

conprising: a container; a first electrode associ ated

with a first portion of the 4%ontainer; 20 a second

eIggtro%g asso% %%QHMAtg £ se&gnd port n of %ﬁ&eﬁﬁe the

contai ner; a f| ectrolyte §810ti on® Ontalw

eleanabyhemldumpm@d:e\zdtt fiyias tidie oprigey anguesseciat 8d osmium
ith the first A electrode; 25 a second electrolyte
Cheﬁ%Fﬁt?Ha 8nf8iHiSng an el ectrochemni | uni nescent system
di sposed within the container and associated with the
second el ectrode; a voltage source operable to
geher at €ha potestenl qﬁfféﬂemmelﬁameemhdmeimrsthynifirst

d elect a detec operable to
1o §EFRLY B S ECER B R Syt cobCERe Lybher sl wion are
dlspbséﬂ w@th@aﬂ S%E@H:%Jté‘ remgihe ccﬁﬁ;%@ﬁﬂrﬁ’é?ﬂi‘@@ | uni nescent
system 22 JANUARY 2007 2004/ 010116

PCT/ US2003/ 022932 48 43. The systenlof Gl aim42,
thﬁe'nThge %%k%ﬁg%ﬁ§Qﬂ%£§?lrsi an efhe gr gégt one of the

comuni cati oh between secon
sepelkacer sdmpleb chhpatimesyrst eém of B=airm¥X2, wherein the

potential difference varies with tine. 45. The system

of Caim42, further conprising a third 10 el ectrode

dl§@089ﬂhéﬂb?b@e&h%ﬂ“@ﬂé&ﬁmgz 4@he§@§ns¥%ke@éﬂéfgﬁg'gample
, wherein the third el ectrode
compartments are separated by a barrier operable to allow

ionic communication between the separate sample compartments.

55. The system of Claim 54, wherein the barrier is
selected from the group consisting of a ligquid-liquid
junction, a salt bridge, an ionophoric membrane, and a sol-

gel barrier.

56. The system of Claim 42, wherein the analyte

comprises an electroactive analyte.

57. The system of Claim 42, wherein the analyte is

labeled with a redox reagent.

58. The system of Claim 57, wherein the redox reagent is

covalently bound to the analyte.

59. The system of Claim 57, wherein the redox reagent is

non-covalently bound to the analyte.
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is at a different potential than the first and second

el ectrodes. 15 47. The system of O aim 45, wherei g2 {\HeARY 2007
wo paogpiabect rode region is an anode, the secopdI/US2003/022932

el ectrode region is an anode, and the third el ectrode

region is a cathode. 20 48. The system of C ai m 45,

wherein the first electrode50degion is a cathode, the

second ectrode region is cat.hode dthe_.third ,

ol B8t oGBS BYRSRT Shar N SRR P oo GPApent is
elefZrovbgtecalt e vbiunst tel eekr adgaiy22.region is an anode

and the second el ectrode region is a cathode. 50. The

system of Claim42, wherein the first el ectrode

region |, _a hode an secon tro regi [
b0 LR SN AN 12850 o0 SR Seager
proRCIEYSAORE/ BR2D32ned @ecbbx Eheispieam.of C aim 42,

wherein the electrochem | um nescent system conprises
a rutheniumor osmu chel at e gﬁd an amine. 5 52. The

sy8tem Bf Stiskich 40T e @F it detREr BECSEPEE (F AUt of an

ana3Qtut i 0BRRd Stihg .second el ectrolyte solution are
di'sposed W thin~separate sanple conpartnments. 53. The

symeensof ©bai m&plhirgei i at fizast oabeotrphgtel) solution

eparate saml e conpartments.is .a channel . 54, The
cong R P Rot T A esC HIrTIh TH ephy ar Eodanpret o

compahkNMentSr ar ecsgpamat edaby sedwtd | eeleperabh®d 0 solution

all ow ionic conmunication between the separate sanple
conggiapanonents.clast mxchepbl Yireaeent O TSR, WiHdt epn second

eleEE?oBgrgE%ﬁJnﬁ sel ected fromthe group consisting of
a lrquid-Fiqui'd junction, a salt bridge, an
i omegher ifmesberanepnandldysoteupling the first and second

electrode regions;

means for ionically coupling the first and second
electrolyte solutions;

means for generating a potential difference between the
first and second electrode regions; and

means for detecting light emitted from the
electrochemiluminescent system at the second electrode

region, thereby indicating presence of the analyte at the

first electrode region.
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gel barrier. 20 56. The systemof Caim42, wherein

the analyte conprises an electroactive anal yte. B5F/ANUARY2007
wabw4syaoem of Cl aim 42, wherein the anal yte iBCT/282003/022932

| abel ed with a redox reagent. 58. The systemof C aim

57, wherein the redox reagent is covalently bound to

the analyte. 30 59. The systzm of O aim57, wherein

the redox reagent is non-covalently bound to the

anal yte. 22 JANUARY 2007 WD 2004/010116

PCEUS2008/82298F 05N bRy s afpddertd@i 8% Sdmount of one

wherein the redox reagent is electrostatically bound
or perehanahytete. CONPTERENSyst em of C ai m 57, wherein

th .eagent . oyi th e redg .

A R

leaatoont emedrytanalyihea €orpti somparteent: feymmouplidiga first
i rst electrolyt [ cont ai ning the anal yte

a f solutio
elegkyrpdg pRfse SF@@P&O& eF §Pgﬁf 10 neans for coupling a

Seg@BQc@la%EEhle" W e spintt i o ONEQI NEREY+BB  with a second
el ectrochem Num nescent systemw ih a second

comphrEveble rasyimen;simmansaf othdrdet rokgeatdde coapli ng@  fourth
eleé@?o&éfSt and second electrode regions; 15 neans for
ifoni'cally coupling the first and second electrolyte

soélétonshinrany teupyengr ahengiaspokadt tak rdi Efieceredes;
between the first and second el ectrode regions; and
neaRYsSiny et &AtieRg Ydlghdiarreagef roptwern Aie second and

fouflgcLioch ghggnigﬁgcent system at the second el ectrode

regi on, thereby indicating presence of the anal yte at

t hdetecting light emitted from the light emitting source in
the second compartment, thereby indicating the presence or

amount of the at least one analyte in the first compartment.

64. The method of Claim 63, wherein the light emitting

source comprises an electrochemiluminescent (ECL) system.

65. The method of Claim 63, wherein the light emitting

source is a light-emitting diode.

66. The method of Claim 65, wherein the light-emitting

diode is a semiconductor light-emitting diode.

67. The method of Claim 65, wherein the light-emitting

diode emits visible light.

68. The method of Claim 63, wherein the first electrode

and third electrode comprise one monolithic bipolar electrode.
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20

first electrode region. 22 JANUARY 2007 WO
2004/ 010116 PCT/ US2003/ 022932 51 63. A nethod f or2JANUARY 2007
waledogoidioy t he presence or anmpunt of one or nBCEUS2003/022932
anal ytes, conprising: associating a first electrolyte
solution containing at 5 |east one analyte with a
first conpartnment conprisinga first electrode and a
second el ectrode; associating a |ight emtting source
with a second conpartnent conprising a third
el get r ogea O et echr oge; I lical.ly
coggl i ngﬁteh@%ft;ﬁﬁtsit %;fnglﬁﬁlknr ggél ggg}i‘l%g;&%%gl%'a
poterbirakbtdinff eaenpeubet egn athe Siecind edratt foolgrst hwith the
f:.LreE;i‘lectrrnodei and detecting light emtted fromthe |ight
i £PRGEEBGFEE in the second conpartnent, thereby
i ndigatingihbe freseneel PFy ¥ ampitg okithe r@lddeastith the
one analyte in the first conpartnent. 64. The method
secgpdcrarRrESmeiierein the light emitting source
co ' el ec | un.ne ( t Q .
oo BERE R Raq £ PGS, horachtt HTTY BrtS ey vith
theseatordi scaphbirghtnenri tting di ode. 66. The net hod of
CI%TiLm65, \Aheﬁintheli,ght-emttin%_ diode, is a ,
sefit EohHEBLER LY ght CBR ¥y dFPSBECTIE 7. LHRRE ey  third
ele@fr&hakm §ag Wherein the light-emtting diode enmts
visible light. 68. The nmethod of C aim 63, wherein the
fi deteerengr ddeght3oemnttedi faonm exaclodéigbhpramsietomy source
. nol it hj Lpal a | ectrode. 22 JANUARY 2007 WO
- %84?8%8’%%6%%6&5‘%8@/ 022932 52 69. The nethod of
Claim 63, further conpri sing:
70. The method of Claim 69, wherein the plurality of

light emitting sources are light-emitting diodes.

71. The method of Claim 69, wherein the second electrode

is a cathode and the fourth electrode is an anode.

72. The method of Claim 69, wherein the second electrode

is an anode and the fourth electrode is a cathode.
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associating a plurality of first electrodes with the

first conpartnent; 5 associating a plurality of tRf{AYUARY?2007
webmanroaoes with the second conpartnment; assoPCEUSI0Q3/622932

plurality of light emtting sources with the second

conpartment; electronically coupling respective first

and third 10 electrodes; arfd detecting light emtted

conpart horc o, T ST "tk peaS S RCHE e of an

anaplbeal coyppel sihg:light emtting sources are
light-emtting diodes. 71. The nethod of C ai m 69,
mherein,tge second.el ectrode is a cathode and the

f o8P PRCEPELTPode T578h SIGHETIY R, sThethgbhsprgining the

ana )/ 8&My698n whereip k@g‘iéﬁce@daebggbnageellét%g node
and the fourth electrode is a cathode. 22 JANUARY 2007

W 290418t 0146 sPCTEUS2003/1622934 viR3 FGluiAioet kwthtfadming an
' t ce or, apount_.of _an_ anal yte, .
ele%%%%?#éﬁ%%ﬁgfngsgéﬁ i g 2T r S eBt TGP s Bh of the

r
assSocCl atl I

bipecbat abheagrble; analyte with a first region of a
bi pol ar el ectrode; 5 associating a second electrol yte

sot e+ BAl tBniddiatd ngh the eddrsthett teimFabseensodydtiom from
theVééBoHdS§f889f5§ thSﬁ%u?PSn-b'p°|ar el ect r ode;

ionically 1solating t irst electrolyte solution
fromstihe secouteltdatlr oldytfed es@inte obetd@enausheg @irst and

otenti al j fference between the first and second
Seciﬁ%d?i%?@?%'%B?U??ﬁﬁg?oﬁﬁd ¥_tecting light enitted
f ragn & deih ectipoehemilitdnessent they drdBt A& uminescent
i ndi cating the presence or anmpbunt of the analyte at

sYsteie fitkarelagi dmdfcaiadi phlear pekesencedeor amount of the
analyte at the first region of the bipolar electrode.

74. The method of Claim 73, further comprising causing
the first and second electrolyte solutions to have the same

composgition.

75. The method of Claim 73, wherein associating a first
electrolyte solution containing the analyte with a first
region of a bipolar electrode comprises associating the first
electrolyte solution containing the analyte with respective
first regions of a plurality of bipolar electrodesg; and

wherein associating a second electrolyte solution
containing an electrochemiluminescent system with a second
region of the bipolar electrode comprises associating the
second electrolyte solution containing the
electrochemiluminescent system with respective second regions

of the plurality of bipolar electrodes.
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15 74. The nethod of Caim 73, further conprising

causing the first and second el ectrol yte sol uti oRSANENRY 2007
wanog/oihes same conposition. 20 75. The met hodeof/usioas/om2932

73, wherein associating a first electrolyte solution

containing the analyte with a first region of a

bi pol ar el ectrode conprises ®ssociating the first

el ectr te_s ion.c ni t aIyt

rezgec?$%e %%s (e ggéﬁgﬁrﬂgplngﬁﬂ?y 0 r%lngl causing

thee|@ﬁﬁﬂﬁﬂﬁﬁilandli5eﬂhﬁéelnkﬁﬁﬁ@ﬁnﬁtlﬁgea iﬁ&@ﬁd and second
el ectrol yte _solution containing an
elegFgpt ¥5ehERLIAEHOMESs Con P il ie e sereRdof r BgfoRiurality

of gg grbb@gbggogggctrode conpri ses associating the
el ectrolyte solution containing the

electrochen1lun1nescent systen1MAth respective second
ol ar el ect.rodes.

AN B 0P s S 6Ba Ao 7 PP oRSE08 G56sY o patential

diff@@eﬁ@bh%t@\feéﬂ_ atme 7Birétr bREr EHHd SETECEAYBYHE solutions
the potential difference between the first and second

complggefol yMpasbidi chsPpschéiphe ShhEeTorcCeadietfeghea first
ele@%%gagl %so%&a%%%phﬂEhegﬁg'.(ﬁE% é&%@%ﬁﬁiﬁ%émg£ﬁﬁk£%n and a
arm 73, wherein causing a potentia erence
secbativeer ddrerdde staadwk secoihd el ent r ahyt e sodatid onslectrolyte
conprises inparting a potential difference between a
SOLEELQR: el ectrode associated with the first electrol yte
solution and a 10 second el ectrode associated with the
second el ectrolyte solution. 78. The nethod of Caim
7778whéhalﬁﬁthpdipgtcébeutrbbe wheraivathedef amnk t béectrode
nQ 15.79. The net od of

, secoEg glectrogﬁ i's an
is & SPHP99S GREr &R ERECPFYS eSF%E’{iFo&S an ano
79. The method of Claim 77, wherein the first electrode

is an anode and the second electrode is a cathode.

80. The method of Claim 73, wherein the first region of
the bipolar electrode has a larger surface area than the

second region.

81l. The method of Claim 75, wherein the respective first
regions of the plurality of bipolar electrodes have a larger

surface area than the respective sgecond regions.
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I's an anode and the second el ectrode is a cathode. 80.

The nethod of Claim 73, wherein the first regi on &fJANUARY2007
weosheid pol ar el ectrode has a | arger surf acePEr/Es2003/022932

than the second region. 81. The nethod of C aim 75,

wherein the respective first regions of the plurality

of bipolar electrodes have @%arger 25 surface area

thap th i . egi.ans.
ap .thg rsg%@%ﬁlt 8- %%@E%&E%Bt%{@ é)sggss‘zwg%t éﬁgq%tr of one

WO 2004/ 010105 PCT/ US2003 m
or derectihadythe,presemdéeiog:anount of one or nore
anal yt.es, conprising. a first, conpartnent conprising a
1 Rsit gt POUB=ERACRE SEUBd TIht Foder® aofpFPerode” and a

seceéh@ctletytedsel ution containing at | east one analyte
associated with the first conpartnment; a second
cofpafifeht Shprrele a aHivd @l econddd ndmg aatf oleakt one

anafyEEL008c: A LhODL AMLLL! PO-30ULER-295RE,ped W ID the
secon conpartnent; a conductor electronically
coalpleiengrhecdnpast tragrtk t homgrieliagt modelsird woktagede and a

£ sgﬁrcg ogergb[e to generate a potential difference
CUbet weeh“th8“Sécond and fourth el ectrodes; and 15 a
dej eci 9ghepecabkeihg d%b%%%e"%@%d@?éﬂéﬁjfﬁfH%tr¥%e second

light emtting sourCe in the second conpartnent,
comper®BYt ; i ndi cating the presence or anount of the at

| eas nal yt in the first conpartnent. _20 83. ,

it SoBPEATER Gron i by oL Pyt ot (Ephgand Enixd
elestotwdes conpri ses an el ectrochem | um nescent (ECL)

system _84. The system of Cl aim 82, wherein the |light

er t t VRYLAGBUr SOUTrSes |arpNakels t tiag GFpE@sates a potential

difference between the second and fourth electrodes; and

a detector operable to detect light emitted from the
light emitting source in the second compartment, thereby
indicating the presence or amount of the at least one analyte

in the first compartment.

83. The system of Claim 82, wherein the light emitting

source comprises an electrochemiluminescent (ECL) system.

84. The system of Claim 82, wherein the light emitting

source is a light-emitting diode.

85. The system of Claim 84, wherein the light-emitting

diode is a semiconductor light-emitting diode.

86. The system of Claim 84, wherein the light-emitting
diode emits visible light.

87. The system of Claim 82, wherein the first electrode

and third electrode comprise one monolithic bipolar electrode.
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85. The systemof Claim84, wherein the light-emttin
di ode is a semi conductor light-emtting diode. 86?Z$H®WY2W7
weyetemied C aim 84, wherein the |ight-emtti necT/882003/022932

diode emts visible light. 87. The system of C aim 82,

wherein the first electrode and third el ectrode

conprise one nonolithic bipdéar el ectrode. 22 JANUARY

2007 WD 2004/010116 PCT/ US2003/ 022932 56 88. The

system of Cl aim 82, wherein: the first conpartnent

coppri seneaspkueal bEycobifi B3t whkeethodes; 5 the

second conpartnment conprises a plurality of third ,

el BBEr oBeE8tt HEPTRYRIMERT t TP LiRTed coiprcdddya of first
eleEkHBéEEEV of light emtting sources associated with

the second conpartnent; the conductor conprises a

pl thal i ¢gcofd c awdyetamsntl0cetpetisesi cal Iplwrlpliyng of third

respective first and third el ectrodes; and the
eleﬂEFgg?ﬁf is operable to detect light emitted from

eaghel 1 ghhre @t ki-AtgS R ddN dpSIaeNd GONPay t

15 89. The system of C aim 88, wherein the plur%F? yOf light
emiptingi ghureapt abAgcsatrdeyidhethpghecenit congaditoges.;

90, , The sie d.al wherein.th cond

eIE% roé%%lﬁ%ﬂgﬂiatﬁgﬁékggﬁsthg'fo%%§ﬁ§%$§¥tr6>e i%O%%uCtorS
eleabodrica0191lcotpeiays remelctChal Mi8Gt whel et tdeelectrodes;

second el ectrode is an anode and the fourth el ectrode
andjs a cathode. 22 JANUARY 2007 WD 2004/ 010105

PCTAUS2003/022932 ¢ 57,821 SYS! CALEOE: del 2Rl NGrfiited  from

presence or anmount of  an analyte, conprising:
each light emitting source in the second compartment.

89. The system of Claim 88, wherein the plurality of

light emitting sources are light-emitting diodes.

90. The system of Claim 88, wherein the second electrode

is a cathode and the fourth electrode is an anode.

91. The system of Claim 88, wherein the second electrode

ig an anode and the fourth electrode is a cathode.
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a first conpartnent; 5 a first electrode and a first

end of a bipolar electrode associated with the f@fgUARY 2007
wa@epartiaent ; a second conpartnent; a second ePEDUSIAF022932

and a second end of the bipolar electrode associated

with the second conpartnment; 10 a first electrolyte

sol ution containing the anal3te disposed within the

first conpartnent; a second el ectrol yte sol ution

contai ning an el ectrochem | um nescent system di sposed

wi PRi.n Rheyséeondoroipaetinieny ; ti® preemdoet @r amount of an
an glgctronicaLlX coupling the first end of the bipolar

2eY kGt r 698P5hG 'Hé second end of the bipolar el ectrode;

a ¥OoFtage sempeetfpacrable to generate a potentia
di fference between the first and second el ectrodes;

and &lgefectlortapsicanind ta Beraet cad ot iec & imolmal electrode
e 0 I i, Luni nescent systemin
ass?ﬁggégéoﬂétﬁ tﬁ¥a??§%§t88bh§%2 Eétecting t he
preseacen@rcampantmehtthe analyte in the first

conpart nen The_ system of C aim92, wherein the
fI?StS%ﬁﬁpi é%ﬁﬁj 1@ o rAfME t fentSCORgr e©Bcoffonthe  bipolar

ele@@fé&@ras§8§1§9ganﬂlgﬁrEh@rseeeﬂarbé ?Qr@ﬂehen'cally
i rpermeabl e barrier. 94. The systemof Claim9
wher efhrehe Pilestrenttsecondutdmds cfortthe hinml arthe analyte

and t he.conductor c ng the 30 first and

dlséggondwﬁ% s co%%r?%ﬁsg ﬁ%ﬂg?rgﬂggkblpolar el ectrode

that speqsoridie cosmaR bSIvEL! . 2o UANMRY 200dnt dRiing an

2004/ 010105 PCT/ US2003/ 022932 58 95. The system of
clegteprhonl lynireeecRbnpFYSEAY afippased t wdthiijgol dthe  second

BCidL ﬁ@es spanni ng the comon barrier between said

I'Tst and second conpartnments. 5 96. The system of
Cai cofductber eilectirenficadlyr egiupliely the first end of the

com

bipolar electrode and the second end of the bipolar electrode;
a voltage source operable to generate a potential
difference between the first and second electrodes; and
a detector operable to detect an optical signal generated
by the electrochemiluminescent system in the second
compartment, thereby detecting the presence or amount of the

analyte in the first compartment.

93. The system of Claim 92, wherein the first and second
compartments share a common barrier, the common barrier

comprising an ionically impermeable barrier.

94. The system of Claim 93, wherein the first and second
ends of the bipolar electrode and the conductor coupling the
first and second ends comprise a monolithic bipolar electrode

that spans the common barrier.
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the bi polar electrode has a |arger surface area than

the second region. 97. The systemof Claim 94, ?22JANUARY2007
wo eoghenoonprising: 10 a plurality of first PCT/US2003/022932

conpartnments having respective first electrodes

associ ated therewith; the voltage source operable to

generate a potential differ®hce between the

regpect i fd | eet d e d

andeTs the dastor operable T dorsirt natoty chd 8t least
twosilghpdlagerserattatbdys t spaendcir ochenmdamarestemrier between

.systemin_the secand conpartnent, thereby detecting
Salahglﬁgés%ﬂgengo ecgﬂgﬁgggepﬁs'at | east one of the

first conpartments. 20 98. The system of O aim 97,

wherein the voltage source is operable to generate

t h86pot EREi Slvsdieht exfer@kaim 84, seheeainaltheerfigsstofregion of

the: fi ts._ 99, The temof Caim 97,
thevmqglré(ji)fné% hgeq\r%ﬁéa({g%@s%&rscea 2 alréé{%pesruarbﬁaec?o Sféiter &hgn the
secbhé pegyeohial differences sinultaneously. 22 JANUARY

2007 WD 2004/010105 PCT/ US2003/022932 59 100. The

systemof Claim92, conprising: a plurality of first

cogpar t At §;,sesPest bygifi bt shﬁ%eedeémg% ing:

respective first ends of the bipolar elec Fode

assoplareditit bt We fsitr stormpenpareentlsvisaq seepedhtive first

operable_to electronjcall oupl e the conduct or
ele%@%ﬁé%% %%%OS%aEﬁg Eé§ESW¥F6é first ends of the

bi petarvort eger odeuand tbgess6v8d €Hd fEndhLbi PY! afotential

el ectrode; the voltage source operable to generate a

diffprents albetaigder éice betReehivhe Faspectil@etiiadss and the
sec gcgigg@§oggd %HS 10 second el ectrode; and the
ab

etector operable to detect the optical signa
getlee at @édt bytdhe ebectbdehenil udicteseent:igyst@midal hesignal

secon
generateg by the electrochemiluminescent system in the second
compartment, thereby detecting the presence of the analyte in

at least one of the first compartments.

98. The system of Claim 97, wherein the voltage source
is operable to generate the potential difference in a

sequential series of the first compartments.

99. The system of Claim 97, wherein the wvoltage source
is operable to generate the potential differences

simultaneously.
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conpartnent, thereby detecting the presence of the
analyte in one of the first conpartnents. 15 101 22ffeARY 2007
weymtemied C aim 92, wherein the first el ectr opler/usawds/022932

first end of the bipolar elggtrode are plane parall el

and have a separation gap of less than 15 um 102. A

system for detecting the presence or anount of an 20

ana /! efh& oBpLiE Sh NgE FEANS J0f &&h@ﬂ@gn cfirst

el ectrolyte solution containing the analyte with a

fiar tlutalctryodet riegioh; corraistienteoupl ing a |ight

emtting source wth-a n | ectrode region; 2

e R EEFEh EAPFRRRNE A e R i s8ompae o
the diglIpteTag 0% dBens d105d geie athd Of BrPot edhp@ttment s ;

difference between the first and second el ectrode

r Sgi RSECRANGPRERRS Sf 510 FHESHHIMY T3 g eAPed theomonductor
betudd ! i ©F thag 30,C0PPOSi tPpsat éﬁ&sse&fmdche bipolar

el ectrode region, tﬁergby I ndicating the presence or
elecammast agfd tilee asmtoricd aid tdie Hhe S1imd bt redectreds on.

22 .JANUARY 2007 WD 2004/ OlO]b]l%JP / US2003/ 022932 60 ,

103 THE EmIFERI PEFEP 1 ur er SBHHASS nG mpgrgntial

diffeerc@ni paklikeeoupht NGrddiedd e #1¢s$eCONEctrodes and the
el ectrolyte solutions. 104. The systemof Claim

secopgl elfagrtinasie c RSt i sing nmeans for ionically isolating
t first ec ctrol yt utons. 10.105. .
Tﬁglesys SR O% a%gﬁ%fe V\ht%!r?ei ﬁetf%gkl i Eﬁ? et tg‘ tlicﬁ‘g signal

 gencselite bE Bheekeettechernt dmmiesecerhts kstram 106. thbe second

systemof ¢l aim 102, wherein the light emtting ,
compartment, thereby detecting the presence of the analyte in

one of the first compartments.

101. The system of Claim 92, wherein the first electrode
and first end of the bipolar electrode are plane parallel and

have a separation gap of less than 15 um.

102. A system for detecting the presence or amount of an
analyte, comprising:

means for coupling a first electrolyte solution
containing the analyte with a first electrode region;

means for coupling a light emitting source with a second
electrode region;

means for electronically coupling the first and second
electrode regions;

means for generating a potential difference between the
first and second electrode regions; and

means for detecting light emitted from the light emitting
composition at the second electrode region, thereby indicating
the presence or amount of the analyte at the first electrode

region.
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source is a light-emtting diode.
22 JANUARY 2007

WO 2004/010105 PCT/US2003/022932

60

103. The system of Claim 102, further comprising means
for dionically coupling the first and second electrolyte

solutions.

104. The system of Claim 102, further comprising means
for ionically isolating the first and second electrolyte

solutions.

105. The system of Claim 102, wherein the light emitting

gsource 1s an electrochemiluminescent system.

106. The system of Claim 102, wherein the light emitting

source is a light-emitting diode.
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