Nucl ei ¢ Acid Bi osensor with Photoel ectrochem ca

Anplification Technical Field The present invention
woeb@emss 0 el ect rode systens, nethods, appar arPas/Sapas/000219
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anplification via binding of a photoreporter to a

doubl e- stranded nucl ei c acid anal yte conpl ex.
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these, the anplification strategies coupled with
el ectroni c transduction nmet hods have the greatest

woao@bsms to provide a sinple, accurate, and PCT/SG2005/000219

i nexpensive platformfor nucleic acid assays due to

i nherent m niaturization of electronic devices and
their conpatibility with advanced sem conduct or
technol ogi es. The present invention is predicated on
the surprising and unexpect@d finding by the inventors
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The target nucleic acid may comprise DNA. The DNA may comprise cDNA. Additionally or
alternatively, the target nucleic acid may comprise RNA, The RNA may comprise ¢cRNA.
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to exposure to a |light source, producing a
phot ocurrent action spectra in the range of 400-600

woamo7anessn particul ar at 490 nm The appl i cat POWSab005/000219

illum nation cycles nay cause a phot ochargi ng and

di scharging current to increase substantially linearly
W th increasing nunber of said illumnation cycles, up
to 10 cycles. The stability and sensitivity of the

i ntercal ated threadi ng Pl ND-f&u-PI ND bis-intercal at or
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spectrum Accor aspect resent
i tpfgRd Aydlelscidt her e s prow ded a nmethod for quantifying

at aA&@:Hm@ %Cb %édéncﬁﬁép@ct oMpe rp?éséht %ﬁblﬂoﬁ“ﬂfeféoié’ pﬁ)ﬁﬂéﬁré melod for
sai et nuclelc acid wit

idizin
rﬂ?@f’t@gét% ’H'C"é’gfﬂdu‘f”l?’ﬁﬂ\rsé aete Mt 0 a wor k| ng
el ectay odmybridizng kio @‘arg?elt dfdbm #Rid Sith amdask ﬁvmia gtlre gﬁm goupied to a
co ex; alatin rapded
hucl i ¢ gér\? ')89 e@&‘l‘PﬁF 2@%?1‘1“%2!&?‘@@38%?? Pl ND
b: S- {bpt gmemhlathg) s2id (l@bleistrdndend mualtit agd }:dmlemhﬂ(a nrgeadmg PIND-Ru-
electro co rsin at east one
vavel eng?’HWbi’Té{?é“lﬁ%{ oact | vates the Pl ND Ru. Pl ND
bi s- fcht ethuwitaingahe weridng elqspddg ivilly ight ¢oopiising iableast onetviagelength that
wor ki ng o%%&n&a?é!?:h WRJ—@NDB?E%RQ%(@Q a photocurrent

action spectrum e anount sal farget nucleic acid

may 9k dmpﬁmmmhﬁ‘o&mv@mﬂﬁe@ir@d%@mrent action
spec {U”E;bt %rpﬁdtd?;Grr&Pac?ons&ééth aspect of the present

i nvehtion, there is provid an apparatus for
det eBei amgund of sAdy@igeleleie F"éd aex e, defgFraiped; framssgid photocurrent action
Gt us conprises; (a) the electrode system of the
first as means for_ illumnating the rking,, .
el echceief ‘8@*’!“51@29@1‘ gliePpgent @gﬁgvoafwerq'&ym A gethigfor quattying
w&bem}gt@‘c%cmmem baid métkodcbripriveer Ki ng el ectrode; and (d)
mean or t ai ni n ot ocurrent .acti,on s
oo, @ 1 bR ook Pl pIR R i 5 Pt e ST b lbed 6 o
el ectr odx@orl&)gseteeu'vdéﬁbnmhya doablestrahdad nucleic acid complex;
(b) intercalating said double-stranded nucleic acid complex with a threading PIND-Ru-
PIND bis-intercalator;
(c)  illuminating the working electrode with light comprising at least one wavelength that
photoactivates the PIND-Ru-PIND bis-intercalator;
(d)  applying a potential to the working electrode; and
{e)  oblaining a photocurrent action spectrum.
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i1lumnating the working el ectrode, and application of
a potential to the working el ectrode by the neans for
to the working el ectrodePCT/SG2005/000219
generates a photocurrent action spectrum which is
obt ai ned by the neans for obtaining a photocurrent
action spectrum The anobunt of said target nucleic
acid may be determ ned from said photocurrent action
spectrum The apparatus may fdurther conprise a support

ONharlit©hsaldSarght Mﬁ%ﬁd ﬁ.sga)ewawne@fr&d s%ﬂi) &aemTalas‘on spectrum.

appar at us may optlona her conpri
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for d®t alﬂiﬁ trqge fredqeresict i on spectrum of the
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annzr or det ect.0
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tar g?ﬁe Q@ﬁ Cilfils G Cdpf?onalph @l;&){nﬁlﬁ'eda @a%ocaag@xte%wé‘eo Yabf Sapture

(a) ectro ess e first
neevive nfap proviflg mmemﬂcrrmgplmea Roteniel wg}heew@mgre&@t@d@f hé Hala capture

e h&ﬁcb hgwﬁomé%tn%%s fér%btamﬁ@mofoarneﬂ B%Nép@&uﬂ oftRd m&dg @kectrode.

wor ki ng el ectrode; an r obtain

d

phJ% aRppRaluR may, Riithes FOmptaca '}“!Si’rﬁ/Stg"i‘u TB%@K‘ 4 "amwwds ﬁ%‘eans
oforadnmmhskia@a nBdi@S4ciiasiRe aéctrédaeys@mect rode system by
the nmeans for illum natij.n rkln eleg.ﬁ1 de, .and trol
app! | 1BREPR3RIS ma MBEraFRYCE| el & HTPHAIe gt
t B&vica Ry Used in adhahglibigthaheioil eteial to the wor ki ng
\?\,lhieg {e) gﬁaﬁggﬁﬁgg} et c?arwp Qer?%\gor(;?gca s%?&neratﬁg t%c%r SRE Sﬁhw anner or
p detéotoe mrayermwacdbladmns;hewlacm syteen. e Walk nof lsaaample identifiers.
pa%cﬁa%ﬁann#réhﬁaﬁve CﬁQdMa Sﬂ&?etsﬁeﬁm d3gd from said

ocu i on spe trum ar at us may
furt hPetr:ordmmpra fifl aape@umcib? pregant @ve\mrqnc ere ds pIPvided 8 chppappius for

mg&émnﬁfg, sgh{;&e%%mme@m a@s@ume .ionally further

a calot ure ata capture
deV| da nﬂyaq!aoWEmeuoﬁ@aﬁ@aﬁmt applying a potential to

the ygr k'n{égns%r%@rnaﬂgg,eWbﬁn@aéc@oc@@nﬁém&udasws@@. may

provi'de a neans tai nin hot ocur r ent acti on
s pec ) ummspnsforapridnaia patgntisl ‘%@? ey H@Q elep¥rdeidfbar at us may

furthar Wfbr%ﬁtaﬁnéébﬂo@ctﬁ%ﬁta&ﬁh spe&i@mf | UI d syst em may
provi de a_nea cI e'tﬁ acid

n
Lot Wb SRpiRae °§%t“6’ﬂ‘l“9 “03?3 ;S’Eﬁ‘ét %&* §Y$ [y ¥ lfg means for
PHigHhAiRy the Werking elattivdes ammﬁpacaﬁon dby pmlmtlal Thibe werkipgeelertrodedsy the

¢ i R 0 S B R AR Bl Ay o,

omhncmnabbtammynme nwanszfatobtamg a pﬁatueu@pttacmmlspesbmnmamunt of said

RoR{rkPee R B8 B Fine ) s Pl ol e, =Yt o

The apparatus may further comprise a support onto which is disposed the working electrode.




WOReE@I#98s nvent i on,

10

15

20

30

35

Additionally or alternatively, the data may be
fluorescence data. According to a sixth aspect of the
there is provided a bi 0senBoT/SGRIGE/000219
conprising: (a) a chip; (b) at |east one working

el ectrode di sposed on the chip; (c) a nucleic acid
capture probe coupled to the working el ectrode, said
probe conprising a sequence conplinentary to a
sequence of a target nucleicdacid; and (d) a threading

Pl ND- -d t

A Ry GRS STV T o
c SpMse iRy PRMdeR Masns & apRking arngtentis] o Qﬂﬂr@@twfmde |be ds@ sapture
Th&vicaAal broditel nRahks" f&@&anﬁﬁ@’a ﬁl@tﬂiﬁ’x%rﬁ Scnéﬂ é)le&r@i%%f tﬁ’é"‘ﬁori@{q electrode.

di ampnd, gl assy car bon, I ndium t
oxi dee gprarluR ey @Fhegpqmpesa@ ﬂuwﬁ@% F b@ fulg sestese MR RIRYIdEgymeans

C @Bl erify m@l@#géllﬁu&éldhci@l@tﬁbﬁslecﬁ%sﬁ{éﬁﬂ eic acid capture

prob Additionally or alternatively
Pho. HHE POTRGHS G0 RGPV B <TBE oW, s I RRAPeg conol
t dgvitemapbilsed ie caRhdlor Wi the uPsykte. DNA. The DNA may :

conp ionally or alternativel
C or 5 Rereiks i ikt HRpE A gPICa SRR b SRR PR scannor of
C oetiutdr Seay oRNke dReffiomi hé @RGobid sjstee. crwtiaa(tmapfbetdample identifiers,

1 fi.cati rm?'c [1Si means "I ncl udi ng
p?& F?%Prl emagﬁiyqﬁ%éa W@%gﬁgﬁe@ceggtﬁe Furt her nore,
var| ceandirg tmfadsm’reaspm df the pmnlgt invantigh, memdmprg\gidedla biosensor chip

and "conprises", have correspondi ngly
vari e%l g?neanl ngs. The term"priner" is used herein
i nt er(a)hamgt-np.bl y with the term"oligonucleotide". The
term pr| rggst nﬂﬁr@rﬂﬁgstﬁec%d@g’s@sé#oﬁl A @Fi ol i gonucl eot i de

c apa oi n tion of
t enpl( fat e mwel@fcac@ccarmpwrggﬁmommt@ the werkintlechesieussidanbe ersmprsing

' §s§1u§dc@95n$ﬁ1§énfaﬁ«'iéj§§éqﬁ€rl€el dFh %rg@ﬁbaelé dRigal ly ranging in

I en from?2 ases. The precise length

of ar‘d ol iadwseading B'Hpﬁétglwm%‘m%’ﬁﬁ'#raccor ding to the

part lTﬁé'l:Iﬁfma’#l@é}h iriSeAthd VRkinglRlebtrotig/ pi cal 1y ranges from 15

to 33_n eo0 {EH% Anol | onucleotl eneﬁ% tu ert
the JR&¥P Qﬂee&fﬁ E@a\bqo"‘{”ﬁ an Ufap Plapid nyslaic ack eap {?é?f

suf f iThe @brkihg/eleepatp |nﬂm'ﬁhtpﬁ€e)et lesst bryslof disthond, dlagsytdaon, gold, graphite,

n the

| RO B0 Gt PR S, e ver i ool moebin il BERPE
bet wdba nebicptid mnrteangbe imeag compssedINA Additionedy e allersativedys the nucleic
t [ 0 [ y paired. As used herein, the
tgﬁérﬁawﬁﬁﬁg)ge%‘a 8@%’8@%&4 erchangeably with the terns

ar r dhe tagget nunic pabmayenpmprise YA Bk &INS may cmﬂa@@lﬁaﬁwonaﬂy or

< FERBdy 1l o By b RRERRERG IS BB

coupl ed to the wor k| ng el ectrode. Brief Description of
the Drawi ngs Figure 1. Sqhgimfibgs di agram of one
enbodi nent of the present i1nvention. Figure 2. (A)
Cycl ilg the obnteaifrthiy specificatidn, the Bn ‘ndvbpdfing’ megpe tindudiod principaliy; but not

h%%%s*mfgo%yga urﬁL@I?@;;g ooy i ac!omgr@glg;;) LRSS @hprse” and

bicompriaesd have correspondingly varied meanings,
The ferm "primer” is used herein interchangeably with the term "oligonucleotide”. The term

“primer” means a single-stranded oligonucleotide capable of acting as a point of initiation of
template-directed DNA synthesis. An "oligonucleotide” is a single-stranded nucleic acid typically
ranging in length from 2 to about 500 bases. The precise length of an oligonucleolide will vary
according to the particular application, but typically ranges from 15 to 30 nucleotides. An
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Potential scan rate 100 nV/s, (B)
Phot oel ectrocherni ca! responses: (1) the 25 nMtarget

wauel7@moesaci d hybri di zed and Pl ND- Ru- PI ND i nt epcalsat@d/000219

bi osensor; and (2) control biosensor. Insert:
Stability test of the biosensor. Wavel ength 490 nm
light intensity 22.4 nWcn2, applied potential 0.10 V,
Figure 3, Photocurrent action spectra of (1) a contro
bi osensor, (2) a 1.0 nMtar §et nuclelc acid hybridized

g%uaéd}i@f E{ééd FlofNFndcE ﬁ@te%{:t*g ND u@@?&i\éﬁﬁt 'Hﬁ%)é Sufficiently

sorption spectrum of
quplﬁﬁ‘ﬁfﬁ@ﬂio@vp"wé%b&‘@ﬁﬂ'ﬂféf?ed with monochromatic |ight at

8 1 stfﬂj@éd' h@lteﬁriﬁé%m “hgefi\ﬁlz@'%%r%cﬁ Eh%%l{(1 exV R fuckRabigs b&im gése pairs

gure endence otocurrent on
Pﬁﬁ@em @q'np'empgm regl?ﬂﬁ@ﬁtyp pgleic a¢is- ﬂewerﬁ figt ordginally paired. n M
nucl ivgedeief, thlé/tbﬁri @H,pz @dsa@ nwbrdﬁbru&bﬁ{mﬁ’khb@rmmﬁyw ArSdray”

bi osensor at aglﬁ ure ?(
HH SRS (9 Gprar 09%'8'%5 n@dvhfststs@ﬁmsa# a0ring gleqs'oqimwmcauy a
fiualeig adid dapifrelpyobe & oupledito @B thomhd\BRckbtieP! ND t r eat ed
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19.4nMWcnR, 2. 7mM¥cm 2 to 19.3mMNVcm 2, 2IJmVWCnR to
19.2mWcm 2, 2.7mM¥cm 2 to 19.1 mWcnR or 2. 7nWcm 2
PCT/SG2005/000219
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exanpl e, the data capture device (160) can direct the
i ght source (170) to scan the working el ectrode (120)

wono@/opsssset ermi ned pattern, This is useful i nPCT/SG2005/000219
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enbodi nents where the working el ectrode (120)
conprises an array of nucl eotide capture probes (130)
coupled to the working 25 electrode (120). In other
enbodi ments, the data capture device (160) optionally
receives data froman opticaljpgscanner or detector
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el ectromagnetic radiation to the working el ectrode
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of the working electrode (120) in a predetermn ned

pattern. In sone enbodi nents, the |light source (170)

scans the working electrode (120) by noving, or by the

wor ki ng el ectrode (120) noving. A laser is a

particul arly useful |ight soq@ce (170) for a system
an arra nucl eic acid capture
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PI ND- Ru- PI ND bi s-intercalator (150). Thus, in sone

enbodi nents, the working el ectrode (120) di sposed on
woheo7oopssrt (110) conprises an array, m croar Pay/sSeGro0s/000219

"chi p" onto which is coupled a plurality of nucleic
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ttheer pesent inveritien. Coraaxaropld, BleBpntsiinkyl beryidcedein feaaht well of ¥ 96 well plate. In

AR RN 1 Gl BB (0 0BT PR Rk Tere

manner sul
iide0tifiers isth. asTindicia, aamireqmm 0% integratkd (dBMG snadbyasbeicroprocessors,

WhresiRs ¥rfthet Ma g%lfH Sral hSidsHi, YaR ot th{) thy g?réﬁéﬂggr ?!ge WRbSBersiifiers

an Oaﬁgnlc SO vent or an ueous
s BAdRiaRghoer afteiaativelyrcomprise éh@ resEipNS ¥ Arelbosancasien thesmriges of the

'éhlﬁyl Rirfer6rb, Cihe( dhfte |dér§»ﬁéié’ &h fo%\naeetgr dﬁhéchorfeﬁﬁloﬁ‘ b'rqaeﬁhfﬁah@d:bfjme

luid system (20

E?fBg 8’%@86‘% H%‘ﬁtoafowce dﬁnmsmnrf%‘e 52 Hee ¥ninue, ")e'zilﬁqrfa pag be read

dimc?ml tﬁeéfa@b) captuid devidee(n6op Hﬂli?dhd’@ﬁdaﬁscaﬁn@reortd@éﬂﬂﬁ 1BOURRse, the
% ntro evi

AR S <BPorh oAl oo AR Pt pfee LoD tes e working
Therote (138) aiifuseguanosst coniplmbmarycte sécmﬂb)es OBy i@t acukicr 2idl €130),

Wol\}cﬂ@%e@/rgett F\ﬁlefé% @{15@ Bib%lﬁn ﬁuc%:lc % a‘gtgr%%robe (130) toform a
ﬁg&bﬁsmnﬂatnudﬁc a:ﬁd omplex, &egenplex lﬂ'teh béing intercathied 1D theaditghF@IND-

S5 SR Al o REPRD e ot
pfitee W%Ofdﬁfgﬁwle@la@d acid invol ved t he sequences of

h .. Gl .
o e 3 Bl 85 100 U LR
@ g'él'“PFﬁjlslhéb'@'ﬂa@ .adare@wgglelq idd{1403 & ¢ avpleicigid ieapture probe {130)

Plé’d fol HA6iRY ae&rmbsgzds ra@p]naedwn 9%5@6\{‘?11@)k!hérblgdforlrnﬁn?ta%uble-

For ex%gg % elt he nucl ei ¢ aci ure
%PB‘B% npcioigcd GpmRle etherkiptgiaslating, tae double-glkangded nycle acidgomplex with
Mmumdganlm R@PIND dis-inttdnealatho (1 60) Qe filiamiel st m@wmmgsaedﬁiaamm @fhd/or

nded f
bt S W e s o \Le'rv%{wﬁﬁw{'w&' S e R FgIND
blhﬂtemmbtbn (139), tteonTzpplafigia eoténlianto mé woind) elbdnedet (4209 ehen obtammg a

O and t he n pr.o
(HB0eft o ool B e oML i BunBefir R ) s
DChd hotoerent wctidn spectiinr esi due, and 40C for every Gor C
residue present in the target nucleic acid (140) and
the nucleic acid capture probe (130). Rates of
hybri di zati on may be optimal when carried out using a
tenperature approxi mately 20-30C bel ow that of the Tm
al though this may vary significantly depending on the
particul ar application of the nmethod. The invention
may be suitably perforned by hybridization of the




the nucleic acid capture probe (130), such that either
one or both the target nucleic acid (140) and/or the
wauael7@moesaci d capture probe (130) nay have PCT/SG2005/000219
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singl e-stranded portions after the hybridization step.
Optionally, after the hybridization step, the support
(110) with the working el ectrode (120) di sposed

t hereupon and the coupl ed nucleic acid capture probe
(130) hybridized to the targ ?t nucl eic acid (140) is
washed so as to renove target nucleic acid (140) that

is nide Stembvb@wamgfhm@ennumexeawdt(UOkth the nusielcaiia captiiechrobe (130) is
@@ﬂéﬁd&\ﬁlp&f 00 SorrpikABhtarity %ﬁ@ér{‘tﬁe fé?%écdt?ﬁ g&@éﬁ%&}ﬁﬁgt‘e B¥geBMeic acid

known toO hose skill

é‘r“%’)@eﬁ ing aiclpic @@W@@ Prake oA @hwmwwqeé éretcemplasentary, the
Bt Rckic A6l @146Mmyb)'mﬁe| t§ ‘ihernﬁéléié éh'ld“&pﬁn@ peBb (ﬂb)c lf %ie‘?especﬂve
ac:ld 140%‘1 is compl ete ybridized t
SRRl RS, e patis 0 (G vilaetaTheghedt b e
hiri]dewlt avie carmdidrﬁbb 1(13 ufé mlﬁrh@r stitabie ¢br ﬁé(ﬁhﬁﬁﬁe@ftﬁ@ﬁres@ﬁlq{g&{tson The
e te rol devi ei ther or bo
Ifeel R 508 LGS R et %?}"t?qgf‘ewg’é'ltaf Or EXEBRIE: &algle 97 prganic
@M ar ars aquacs mwffev ];@f | ccinzbﬁlaﬁh ﬁl‘{emﬁ llh%m@femtliohﬁleig@m target tmlxqcleic
: r.equi r or .the pa ar_application he,
iF AR B oy Rl G BEbE Y b7 B 06T e () v
smwepestiodinants isfeontioked wadie dataitaptureQaticaTi180Mt Ih @theOEmBOEENS, the

SRS cR=1F 7 i BB S  Ror

slep eagtratThe températnna cbrdrbloderics (@10) enag bdcamtndledclyntpokyi the duta capture

S350 8 R 0 B0 A O O i
H9Brte e pusteicawd Gapturhierohes(i 3k will depsiidbinon a virigly (ol mamm including
bt Bot Midged e ?yﬁé 5# oA é&dﬂn &&P%Qeﬁ%&%é a;fh{a. y&t nucleic acid (140)

i nt ercal at ed ath rea

Badhe nysleic ack caws p@hes(@?O) awes-‘z?w@ﬂ Blephish e frrast nuglpie acid (140) is
dn%ﬁé&&lcﬁbdn@nﬁon@ b@lﬁlo‘s@kn@ﬁrhbﬁié%&\s@hﬁﬂeﬁ W@Jﬂ PorfelcéerQ if exther the

GHE: B bt oot 40 e BB Fe A 40) Biothatoenipt e doutie
$tiandedtfbrm & dehaniredRnte BhdWstlhded forh erioe &l Ibridizatiof. I@Gﬁum ﬁ/bndszahon

s b3 B, R B R B i v

and@el rmkatr ol capbae prolies(030), auhich mpypbei calduldte Uylaesngnngb ealue 082 C dbr

PR BB AT P 2P SOy uf Bl DGy o o

the wigleic deiditsplrerabe (0@ Ratas of fe'bredlza@n thay bimplma{ whentzartiedoot using

§ieﬁ‘| rﬁ@r@ W@I@@ng that PfT 2'8’) énhb%Pﬁ m[ﬁv?ag va? significantly
qGE%d'BQ]@" g padfigiprappiicatien of thatmsihed. tThesinveatiop é'lﬂy b ayitably perfprmed by
HyBritdtioh aﬁm@w@éﬂ rmua@ de @40) RCallb Sdn R d? m@‘ﬁh&kg REsH& cBFnﬁ‘Eﬁg

1301 and does no 0 single-str tar

Rycteie @cid canyirg araks) ( %93 S§?‘h feciher B o e tape "él@frwdac'd (140)

#naprt the enupleio el dapidid) pmﬂeng%)em@f fiver dirRe-seanbap bt’ﬂ‘ﬁfr\f& aftére
'gﬁwnrcal ation of the doubl e-stranded nucleic acid

WSSt h the threading Pl ND-Ru- Pl ND
bi septiofaty, Qﬂéraﬂed’fybr(dikalbh skp, rﬂﬁs@pﬁt(mb ittt W@rklngph’lectrode {120)

oRieS sl Ao Bl YRR v k1) BoREBd 5 b

nutieic aaidi(JH@) ISWashedeﬂammaérmve tavgu dudelnmo&iE(M.O) tha isnotgompletely

SRR o RS B e 7 B B e

kﬂw tQ ﬁ?séékﬂled i UPEI anthaRefieptiveliDepws incompletely Ihﬂlrldlzed(tatg'fmouclelc acid

t
KSR PTRE AL e Bl TGP A" gl i 3 i e
factors including but not limted to the I ength of
hybri di zati on between the target nucleic acid (140)
and the nucleic acid capture probe (130), and the
concentration of target nucleic acid (140), nucleic
acid capture probe (130) and




t hreadi ng PI ND-Ru- PI ND bi s-intercal ator (150). Each of
these and potentially other factors can be optim zed

woyod7hvosssskilled in the art. After intercal at POWSGR005/000219

the threading Pi ND-Ru-PIND bis-intercalator (150) with

t he doubl estranded nucl eic acid conpl ex, the working

el ectrode (120) is illumnated by the |ight source

(170) which is controlled by the data capture device
(160). The illum nation may bz7callbrated so as to

excite primarily only the intercal ated threading

Pl RERIUER RreReN(S0h Téwaﬁhsmrsmlcat iovolvg msmn)aum tha diiid $y8tem (200) and/or the

o éﬂ}\pﬁtgtgrre[:bgﬁhglt tgz?l@e’ gii’d()f)aétﬁ%p G&I’F E%PI RF‘U?A watp@ diala capture
aqa vicg d hao @ﬁ(%v%@p @Enggenwctpfuhﬁ w@hlbgnstem @$ rdquired tfi@dhd Perficular

t h fid
g sl s o 6908 b S b v
iq éb Shtasiagtingenciyeange achipvadiby mthods kesthn tot tagse skilled in the art,
enll. mi t
Lty 4y s e
Eg' g%&xpfﬂagisg@cqnﬁqn e ated with the threadi ng
p| ND- Fue debibiistiandet RicicCild abriilex (CHAEN b )by rl}\?bﬁd?ﬁlbrh é& Widic acid

nove

%I"W’é ‘é‘g&t 9@8‘%{ caP’Hrg ﬂ%@"%f?ﬁ*&&'m{a@dwﬂa ?éfeﬁdimrPdND Bu-PIND

10 anb!amteraqlatort(Iﬁ@ lir @hfe eMmbodingRts]) Be FRAIBIA siéF lssééﬁ:%li rBQ use of a fluid

né,}ﬁt}\’/dr‘] gé@l méhé%btn%g b§ | g@l?é E)éa g%ﬁ F‘?"g’f e@grcq)geqmg oty embodiments, a

capraliyef t{j@&dmgé’"‘{Dl!ﬂLﬂlND bibintelvalaten (150jasuse® InBstPAkeR Bhibodinents, both

fﬁl?e:g{g& ngél Bﬂk}éj %ﬁ ﬁg]lﬁ?a%g E{I\@S@M @{; m{eTg@}yr (109} arpy applied to

gw‘&&nwdn@mturenmrehec(aaaata@dha bameattifen gn@ltﬂr@dw mm PIND bis-

15 blxmerbdlﬁtd?r %} %féfenlfaﬂy'fsﬂﬂds dgﬂbl%%e@ rﬁg&%%?ﬁdg ﬁcgnqleges but not single-
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nu leic aC| agh
ded muplels; acld. Hhus, a‘b@ WeadlngaPlNDéﬁkRW[ahis -nterdalatoh (158)nonly binds to

r e@bume of helei>atidliwk&d Meﬁ%rﬁét%&léﬁ ?&’% %9 nib?ij]uzed to lhe, nucleic acid

Pl N bi s-j ntercal at or
stAEE PE‘?E"( HSO JgPYuicer At &g to sipple-t e%ﬁrgegmmlemcmmm OiSingle-

bistanded reicicia bad @pture bBds (G300 I b?féfpﬂéwre«? Efsia ﬁi mtercalatlon of the
1 on_0

t, f
" PP RRER ' B, 8 be Gl wquawmw 4150
d éamls:@swbieadyiuct uymtmtatuomtmmammblembt mhmia& §roupk P&n e Eﬂféaaﬁg PIND-
xi di ze sacrificial
‘EE:I\{nggssnt%ﬂ'ar?aq I(ﬁ@%tp ﬂn??go»]?ﬁlerﬁ radsd Pfﬁ%ﬁ@?} FRMplek, Rpming an ion pair
i ﬁ?t@!‘?ﬁﬂ dx phagphiaokibe dunbld-standedemtisic adidh €orfpRR1266 h thicatidni® Ru {bpy)z2+
E DSO?Q]E‘ Iﬂ'fl‘ éaelh@#) INb—ﬂg pﬁfDaorletérgqlagog Y‘] 8@?6%?_; iz, d‘?mt ﬂgqsmtprﬁ%ahon of the

ena
D fh@é@?& PINW@HWD@ﬁ -intgraslatop é@)pﬁlleigpenéuaon &actprs drohudiepbut not limited to

ethb Yeh@WETaAadA6H &%éﬂﬁ@%{g@t n@&é:éjacndt({ 4R)°{ng Rk Iellé]a%lg ?{]p?u(senprobe

é@c@am The step of obtaini cuarre
sg t €of0 "‘t‘eﬁt@“%‘?fkﬁfgﬁéj "@qleéﬁcﬁcldd&l’@) |nm}eﬂ aoislscapter gube (E30) and
Omretadhg RIND—R@PIND@IS-H’RJR%M!GPFK(Q'C‘EC@& e ol t% @)otr@P’ faétii can be

%ﬁ) ?r\o 5( t hose sKki
'i"'é & TPRG Sk E‘@HW‘Pﬁ%nce of the present invention. In
one e drtiroatatidn, of UREthi@ating SMND-RE.PINBASRIRBEaldF ( ‘i!fbg W@ double-
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OB SR8 S e oesaeed  mvuton o o (1
ojehih s dopiiafieyl by t!teatlatae:hptmel aévieh @166)01‘% :lluim:@noﬂ bEEMNEratEPYo as to

Cé%%rphrﬁﬁlyadﬁ@e b4 5 Fréadig :%wﬁ% xyo@wm gz 50} 76 et the

(3’2@}’ &pn nh@alaecbdmreaumg BMBWJPH\(Dl%)mter&Iaiba: gst al@{phﬂtil&bon of
entl a 0
i b3 St A4S ol ot B e e St orBrctelon o

(160) as a neans for obtaining a photocurrent action
spectrum The apparatus optionally further conprises a
data capture device (160) for anal yzing the

phot ocurrent action spectrum a

()!1.



fluid system (200), a tenperature control device (210)

and an optical or detector (220). Illum nation of the
woaokiogsel ect rode (120) of the el ectrode syst earSGO@F/000219
by the neans for illumnating the working el ectrode

(120) of the electrode system (100), and application

of a potenb'al to the working el ectrode (120) by the
nmeans for applying a potential to the working

el ectrode (120) generates a phgtocurrent action

] t he rreans for obtainin
pqﬁ% ur r enFPI‘Q@t g%'ﬂt%rgaégt 6%/% Upaf, wtogcalation tand fthet mﬂgmtra%on of a

n E cﬂa@f@al eedictint thused. Hresome embtﬂm:‘;:tm thecight 66U 17085 capable of scanning an

phoae o m ur rovenents |

t he seﬁflsll{yt&fa %?c?gfje%gm g %@ l E‘Egt%?%p‘wmﬁ"m@ﬂm bis-

corfiesttoa(158), elthed by m0telmenlch§ ShegrghtOtfou@e {IT0EorSRvEfdnt ¥the working

5ph%9tfo@6’ ﬁl’?ﬁ )€ ln: oﬂ%ﬁ’%hﬁﬂdﬂeﬁ% \«m%uj@ é’i‘(‘dl %%tﬂlf?rg aﬁ@gggﬂbsgume is capable of

furt mnimzin
noﬁcfﬁgl‘@ﬂ'Pwdzléltamvfﬁlwentaﬂé@pa!qnhe&bsf@eowfoﬂ@belmtmﬂﬁﬂzwis &Srméued by the

gP gattﬁ ;crﬁﬁgg:dgil.vl&vg Ir g@%%%’%; gﬁ ¥ lge gﬁa? 2? ! deﬁgndmng the 'excitod
sp @%"D"@\H?'N'h b§mtﬁm£alatton ()lﬁO)btmt outrist grownd narsmnema!ated

anmremug P!NUIHULFQQD b@%teﬁs‘éféﬁﬁ 15‘& dlﬁ Ksﬁrpé Wﬁpﬁeﬁ% theSA R & caplure

nera
e P%E%ﬁé‘gjé%?ﬁ’"&'@ﬁy COT‘F?é'% I""iﬂgéﬁ@@ﬁ%ﬁdmns adjiok naremdus d¢d oxidized
t o:mmtrmu@g PNDSRulFﬂNfFBFE-In@ﬁaM‘t‘Sch_SO) Gwi%ga@@smme ground

ar ugl el.c
C;‘Cﬂ%% Cﬁ@a 91€'§E%U1P%‘lq\@s-lngcalgtor APt wéhqéebmsnm a continued
sy pltotvedricot fortie! dedationat thel ilurfinatiépiBich S bnRa @e@ﬁba% device

TR SR S i bone (9 u“éq@o% ks th sacica
15 2) BdssnCTRAIGTOS mw@po@ﬁmm@mﬁgr AckaTould o TRe ga(,,gg@on of

P53
2) TP R e S i ot 40 3 b omnons, of e
Capfesgridnveition, éor oxample, tariRBBamiIRS, &ﬂiyb@dﬁmhéﬁﬁ)}@hmﬁ%ﬁﬁm and
TGhyabtfy AGG CCC CA-3' (SEQ ID NGO 5) 6. Capture probe X
1wt S|ngle m smat ched base: 5'-OHC-(CHJ) 6-A 5-TCA

GAC TEE #RCOTAbanng@ ehslogremEagionspeatum 8 the. wotkingtelecieode involves

20 pr ésurdmont éf theumat 2 mv@mﬁ eIy
(apisae | G SR ARy CLELR Y Lgss pifled in
Nd" 5§ 7 e forge ée @i thgipresen inveplics. Woamembotiment Weeserent is
SHﬂé%lﬁec(lﬁlﬂ@)dﬁtaémuTQév,gsr 0] CA ET C AG|G CCC CA- 3h <(3| SEQ I D
ur.e Qr obe th single m smatched base:
(Péﬁﬁ%? %@@R‘,"d@ﬁx}gf FREA NG detestingrend/or WEryinDa target
N@uclgg ackd The@ﬂphrawe mpy ciprise aniclebtrodh BElem (m Ca R8s (170) as a
G‘Z}\ﬁ‘é%as @E@nlugﬁﬁé % § QB (%?o%e elec((;r@de system 100), 2 data capture
dewce (160) as a means for applymg a potential to the working electrode (120), and a data capture
device (160) as a means for obtaining a photocurrent action spectrum, The apparatus optionally
further comprises a data caplure device (160) for analyzing the photocument action spectrum, a
fluid system (200), a temperature control device (210) and an optical or detector {220). Hlumination
30 of the working slectrode (120) of the electrode system (100) by the means for illuminating the
working electrade (120) of the slectrode system (100), and application of a potential to the working
electrode {120) by the means for applying a potential fo the working electrode (120) generates a
pholocurrent action spectrum which is obtained by the means for obtaining a photocurent action
spectrum. The amount of target nucleic acid can then be determined from the photocurrent action
35 spectrum.



11. Capture probe 6 wth single msmatched base:
5' - OHC- (CH2Je- Ae- ATG GAG GAT ACA CAG TCG GA-31(SEQ ID

wOlRno7bd)osddr ef ers to the pol yadenyl ati on sequeRCESG2005/000219
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AAAAAA. Phot oreporter: PIND Ru-PIND was prepared from

[ Ru(bpy) 2p2 and PIND as previously s

descri bed. 10Apparatus. El ectrochem cal experinents

were carried out using a CH Instrunments nodel 660A

el ectrochem cal workstation (§&H I nstruments, Austin,

TX) . conventional three-electrode system consi stl ng

of tH’A ribeh dRTYepents '8)3“%”?"?’t|"%@"dv§8‘?°ﬂﬁﬂ?ig)¥81999@?@@?&@9( @nipoplated

0. m’tgfﬁg‘j)edbs@v Whﬁﬁkse!%@tivé\%atorép&ue@ dﬁﬁ@ba}g ﬁﬁﬁu‘?{aﬁcfﬂ%ndmons and
A e R AR B P A relaypiek e hercaltor

eI ect Tr@qinamtdmbnunfe aiil o e Mirtker delckitied v gr@été?tdetall by reference to the

cor ed on a al
(s B BB i S o oG B e inn Beops of e
memthn Japan) Measurenents of photocurrent were
performed with a Fluorolog (r)-3 spectrofluoroneter
(Jobin Yvon Inc, Edison, NJ) in conjunction with a
synchroni zed 660A eI ect roExampbesl wor kst ati on. The
di scovery node o 1ieectrofl uoronet er was adopt ed
for phot ocurrent xamplech Ceneral Methedsand Materlls nm i nt er val .
Tlotigdnélestiales. Yhealigohiitieoide REREHCE R4 t6 ddnioBdibite tHRGHVERIDA wad)
tqe I%O ell ?ctgodie. was controlled by adjusting both the
si'i t WHEY HYEPRE 9 st ance to the illuminator. The
|'i ght 5-CAT 80 GTAGH TCOACHEAMBGE TG CAD-R{SEQ IbMOat) Newpor t

made! o e FPSMMeARbaager mter (Newport Corp..

I rvin mnation was performed fromthe front
of t h&OHT®hs)sdeTGACA CEC BT (‘e%h(ﬁGA ke TACIRAKTICeSN(SEQ 1D NO: 2)

| hght { ate. The three el ectrodes
vvg're %a%)ﬁ{eepggﬁeﬂ)l‘@ﬁ lﬁib%géroé 1.0-cm fl uorescence cuvette
and a¥-PHAGEHACETIETC GCRAGT ENEAG AT GETTRAGAT-S! (BER DA 3)

facescdphif ph Abgqlmﬂg;g,l on WI ndow and the other tvvo
el ect rodes are q{sg el ect r ode.

pot ent’ Pﬁ%cﬂz)éﬁeﬂ%@/\fﬁ ﬁAfﬁ(PAsC%T W@%Pé‘pﬂﬁd to t he
Ag/ AgSapturdprsde  FITFR53Al | experinments were carried out at

or opett SOE ey on Bt R are AtEE et GEx Mgl Borsy' 07"

péet r@plurprobe anith sigk aibmatliedbaseof the | TO el ectr Iolole

a1 a2, SRRy R PAEr lcher Mo Bt Boa:  on
Was dapieeoba? withainglewismateliedbisgde nodi fi ed capture

Po a SO pR U Ao e G BRI IBG coetat e

b&ffeG'aptum@mwn&wlsmqlamsmatchedhasecapt ure pr obes sol ution

was dy, @@m
|ncubat ed forAgmAq% &C in an en@i’Er onrre@]al
c?ran‘d‘@PtheAfOP‘é‘?W'ﬂ‘ﬁ@&'@ﬁ'!smétﬁ‘edpﬁé el ectrode was rinsed

succ SOHY. t‘dr%)ﬁ)% ATS @rd@&iv mch@mc@feAe%s Qyh@pt e (SDS)

wat er e reduction of the imn was carried out
bip a Gaptie propery il sinple misptched base| ectrode in a 2.5 ng/m

sodl meu MJAT@G,@GMTGNCA@%GM ogPheig) buffered
g‘é t§ e} than[ é The el ectrode was then
PIpIS POPe Rl §aale MERted bAsE ot wat er (90- 95 0C) for
2 m I5- ommmwsd Mammﬁrmmm/mmma SEd IbNowWn) dry wi th

p%eﬁéf%"g@:m 3’0'¥ y[?ﬁ rsgqug@ch Ru- PI ND upt ake and

i Photeoeperterh PINfURI-PIND wasd pepanddi front Ruipy)k]Ole and pRIND easpproviasly
coal; 5& &l ectrode, the capture probe coated el ectrode
was T mersed in an ethanolic solution of 2.0 ng/mn

11- am noundecanoi ¢ acid (AUA) for 3 5 h.




Unreact ed AUA nol ecul es were rinsed off and the

el ectrode was washed by immersion in a stirred ethanol
wobano7h04985n and fol |l owed by thorough rinsing wPCi/SG2005/000219

et hanol and water. The surface density of imobilized

capture probes, assessed el ectrochem caliy using

Tarlov's nmethod 13, was found to be in the range of

5.0-8.0 xiO 1 nmol/cm 2, which is 20-25% | ower than

that found at gold el ectrodes,probably due to a | ower

capture probe i mobilization g$f| ci ency via chem cal

codipparays. Easiochemical eliperintents weref catritibout asimed CA lln@hiﬁbeﬁts %Uéi 660A

o Evtsthtial AR G}ERY, 5 R4 1Bt e biizos protem,
t hé&ousisingobihmiadiymiin xSy workieg efectida (20 at0.03 A4 nénle'éEAgﬁ\gCI (3.0

al i tal nin
£ e INGE) Blereiie bbbk (Cntits ety PR b, i S wire counter
5pi Sg@fﬁ% was pgedig gl elertrpchemigat Gldaswlamem dlrayioked (t/k)-visiblel spedira were

hy
s 000 O RSl g oo
y
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i 0 such that the target nucleic acid is hybridized to
the nucleic acid capture probe to forma
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capture probe coupled to the working el ectrode, the
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sequence of a target nucleic acid; and
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The bi osensor chip according to either one of clains
15 or 16, wherein the chip conprises the working

el ectrode. 18. The biosensor chip according to any one
of clains 15 to 17, wherein the working el ectrode
conprises an array of nucleig acid capture probes. 20
19. The bi osensor chip accqording to any one of clains
15 to 18, wherein the bi osEH¥E chip is capabl e of
detecting or quantifying the target nucleic acid when

the target,  nucleic acid is used at a_concentration in
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<1301 73 Pitkicacucante Pt coupie g e orking el S5 prabe comprisng a
<210> SE€ueride MiplirientaByltd 2 sedGeneedk 2 tardoNiclsid bedandr t i f i ci al
sequegnc 3> heflc target nucleic acid <400> SEQ
BGRE LR TR R e e
D NO : 3ereiiiig>a Pitcletitbclivhifal<sBi8rse Ampbn flurginaibn siei0appitation of a
223 Capg&grﬁalprobe for synthetic nucleic acid <400> SEQ
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or, wherein the amount of the stable intercalator is indicative of the amount of target
nucleic acid.

2, The electrode system according to claim 1, wherein the stable intercalator is a threading
PIND-Ru-PIND bis-intercalator.

3. The electrode system according to either one of claims 1 or 2, wherein the electrode system
is capable of detecting the {arget nucleic acid when the farget nucleic acid is used al a
concentration up fo 1 x 10-16M.

4. The electrode system according to any one of claims 1to 3, wherein the working electrode
comprises an array of nucleic acid caplure probes.

5. A method for detecting a target nucleic acid, wherein the method comprises:

(a) hybridizing the target nucleic acid with a nucleic acid capture probe coupled to a
working electrode, forming a double-stranded nucleic acid complex;

(b) intercalating the double-stranded nucleic acid complex with a stable intercalator
selective for double-stranded nucleic acid and capable of generating a
photoelectrochemical response upon illumination and application of a potential;

(c) luminating the working electrode with light comprising at least one wavelength that
photoactivates the stable intercalator;

{(d) applying a potential to the working electrode; and

(e) obtaining a photocurrent action spectrum

such that the amount of the target nucleic acid is determined from the photocurrent action

spectrum,

6. A method for quantifying a target nucleic acid, wherein the method comprises:

(a) hybridizing the target nucleic acid with a nucleic acid capture probe coupled to a
working electrode, forming a double-stranded nuclgic acid complex;
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(d) applying a potential to the working electrode; and
() oblaining a photocurrent action spectrum
such that the amount of the target nucleic acid is determined from the photocurrent action
spectrum,
7. The method according to either one of claims 5 or 6, wherein the stable intercalalor is a
threading PIND-Ru-PIND bis-intercalator.
8. The method according to any one of claims 5 to 7, wherein the method is capable of detecting
or quantifying the target nucleic acid when the target nucleic acid is used at a concentration in
the range.up to 1 x 10160,
9. The method according to any one of claims 5 to 8, wherein the working electrode comprises
an array of nucleic acid capture probes,
10.  An apparatus for detecting a target nucleic acid, wherein the apparatus comprises:
(a) the electrode system of claim 1;
(b)  means for iluminating the working electrode of the electrode system;
{c) means for applying a potential to the working electrode; and
{d) means for obtaining a photocurrent action spectrum
such that in use, illumination of the working electrode by the means for illuminating the
working electrode, and application of a potential to the working electrode by the means for
applying a potential fo the working electrode, generates a photocurrent action spectrum,
obtained by the means for obtaining a photocurrent action spectrum.
1. An apparatus for quantifying a target nucleic acid, wherein the apparatus comprises;
(8) the electrode system of claim 1;
{b)  means for iluminating the working electrode of the electrode system;
(c) means for applying a potential to the working electrode; and
(d) means for obtaining a photocurrent action spectrum
such that in use, ilumination of the working electrode by the means for iluminating the
working electrode, and application of a potential to the working electrode by the means for
applying a potential to the working electrode, generates a photocurrent action specirum,
obtained by.the means for obtaining a photocurrent action spectrum.
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aaaaaaat

13.

14.

15.

16.

17.

18.

19.

the electrode system |s a threadmg PlND—Ru—PIND bis-intercatator,

The apparatus according to any one of claims 10 fo 12, wherein the apparatus is capable of
detecting or quantifying the target nucleic acid when the target nucleic acid is used at a
concentration in the range up to 1 x 10-8M,

The apparatus according to any one of claims 10 to 13, wherein the working electrode of the
electrode system comprises an array of nucleic acid capture probes.

A biosensor chip, wherein the biosensor chip comprises:

(@) achip;

- (b} atleast one working electrode disposed on the chip:

{c) anucleic acid capture probe coupled to the working electrode, the probe comprising a
sequence complimentary to a sequence of a target nucleic acid; and

(dy astable intercalator.

The biosensor chip according to claim 15, wherein the stable intercalator is a threading PIND-

Ru-PIND bis-intercalator,

The biosensor chip according to either one of claims 15 or 16, wherein the chip comprises the

working electrode.

The biosensor chip according to any one of claims 15 to 17, wherein the working electrode

comprises an array of nucleic acid capture probes.

The biosensor chip according to any one of claims 15 to 18, wherein the biosensor chip is

capable of detecting or quantifying the target nucleic acid when the target nucleic acid is used

at a concentration in the range up to 1 x 10-16M.



