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Met hod and Device for Detection of Nucleic Acids
and/ or Pol ypeptides Field of the invention This
wonvenesm rel ates to nethods of detecting andPor/sSG2004/000113
quantifying the expression of at |east one target gene
of interest. In particular, this invention is useful
in the sinultaneous detection and/or quantification of
a plurality of target genes, Tin particul ar, sel ected
expressed genes. The invention also provides a device
for carrying out the detection and/or quantification.
Background of the invention The nost commonly used
met hadstHoer aihd ©eviesnidriDeatatticrnofiudeiteAeidp raesiiordPolypeptides
i nclude northern blotting (Watson, J., et al.,
Reconbi nant DNA, 2nd Edn. WH. Freeman and Conpany,
New York, 1992), ri bonucl ease protection (Chan, S.D.H,
et al., Anal Bi ochem , 242, 214, 1996) and reverse
Fiid BR! ynerase chain reaction
= z, F., et al., Nucleic Acids Res., 22,
2712, 1994; Totze, G, et aI Mol . Cell. Probes 10,
TRR7, ink&8ifon fdatesi rtet Methodet hbdiaeteetdng r and/or 1Qlwamtﬁyiog the
defect ,sin UR 6-107 . .
SHEE RPN B {59eF bFag OL Bt &l epryar filp davention is
u%ﬁﬂn iRUtHe Ts.I O|R“tde'tefc’ciBF\e I'i‘@/%rt a‘iﬁlﬁaéﬁéﬂ of é‘%@r%'hty of
enes 1 n |mte am)untso e or has a need
targeiargnresonhypaléncubarn selgutad cﬁxpﬁ@sml geneanél'lhﬁslrwentlon also
northern blLotting and ri ucl.ease ect |
PiRBISS QsVick boriar e outie dasaih RAdof AbPlisaton,
anplify a single nucleic acid nolecule by mlIlions of
times and thus could be very useful for very snall

Baekgrauns ofethie inwertien , RTPCR anplification tends to

| ntroduce contam nation. It also requires considerable

BB Bl B R4 TFLBEls g UBIBcRIGH SR e birossion

irfbiid & heRtheATBIBHiIAg IV N0 J5 estusln Rescontbinant DNA, rzﬁ“’ ERNAW.H.
m xt ure rmy not be represented at the sape | evel

FreRmennand F@opmarm et goeme 1980 oS, rotection (Chan,

%@R’&t %f 15 %ﬁgﬂsecbn ruc?@f@n@ F‘evers% transcnptlon-

p@@Mle@)getdfmm Srﬁabmm C(RW—I%G)R)(Cbﬁfdz ttheepal. yhmcebae Acxds Res.,
t .
2279712 (804" Toroe, &" &2 Mol. Cell. Probes, 10, 427, 1996). The first

two methods require 10-100 pug of mRNA and can detect single mRNA

molecules at 10°-107 copy levels. Such quantities can be easily isolated from
bulk tissues, but if one has to quantify a number of genes in. limited amounts of
sample or has a need to separate only certain types of cells for analysis,
northemn blotting and ribonuclease protection techniques are not feasible. RT-
PCR can theoretically amplify a single nucleic acid molecule by millions of
times and thus could be very useful for very small sample sizes. However, RT-
PCR amplification tends to- introduce contamination. It also requires
considerable optimization of primer sets and sample pretreatments, therefore,
prolonging assay time. More frequently, different amounts of MRNA
sequences in a starting mRNA mixture may not be represented at the same
level in the final RT-PCR products due td selective and non-linear target
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copies of the target nRNA. These Iimtations affect

the precision and quality of the resulting data, and
wohowenogBevi de distorted i nformati on of gene PCT/SG2004/000113

expression. Multiple replicates can help to gain

confidence in the results for such experinments, but

that is not applicable to sng or rare sanples. To

ci rcunvent the above-nenti ontd probl ens associ at ed

with RT-PCR, techniques that use a

ci spl atin-di goxi genin derivative conjugate to directly
| abel nucleic acid nol ecul es have recently been

amelifcstigd. (ﬁckmvrﬂételdenamrambn &S I%Nfémr?oqgaa’ stmﬂ(‘tgye during the
064-7, 1999 T t {

RV SyathesineRdam AP dRt e Seluerass: sesiififs 4 $hofief cona
c?@%gl (?flscﬁa @?rrgg’c‘ ﬁmﬂnu'gﬁeéé‘ ﬁmﬁéﬁérgéi ?ffééi! the'Brévisiodsand giality

leic acid ows a(%reater
dicthe aesultingt Hata,dendi dfteat provide distdrtadinfarmation of gene

e MIRGE oteares bem befh 1 BB POORAER, & rhcRSuts for
sjél'g[{‘ eé)f)grlﬁférﬂﬁé Tt ithat i€ hof é}gnlﬁébléttb %ﬁ'ndllldﬁ"rﬁl*ecsa”iﬁ lés.

I'on techni ques. 'y m crograns of NA is
needed for quantltatlve pur poses (Hoevel T., et al.

B LG e oA ey R
g l'.iéso gk Bis8 '"e?cn@élaﬁrﬂ@lg{&ﬁjénﬁﬂ Qéﬁvatne%drﬁlfg’dte wdilrectly label

ecu ar di agnostics. Recent advances in .
rdmknd: omldgrrtmlemlI@:thaVﬁl ceqmutlyahaey sdevelgred fklogyal Tup et al,

SocRRRbsss arlo e, FREER' () BHPETRRE AR PR quotei

é&d ’lad\é%g .ﬁbﬂfoﬂ@lawl is, thaBit i0Smple; FASk amddesy pezturwng o the
Chem, 62, 1658, 1990). Optica

r(unbelqaacld (m@ecillgs ;’{he resyling tgb@}ﬁd ngglelqgggl aﬂ@\gg a greater
e'ic%;tg'ga}dy in ﬁl@t Hdgbﬂgéﬁtlgg:%'fc@gpferﬁ@lIgsega?éssedzgenéss owever, the

cﬁjaﬂﬁrﬁa}at@a ofgene exﬁre%élon H@ﬁr:ov&nltb)be diffﬁjlt ostinglto the limited
ucl ei ¢ Acids Res., 27, 4830, 19?’12&

sansitiy #f theceXistindaiuelejc aeiddstedt CW'G\‘%%aI ance

(Bardea, A., et al.,Chem Conmmun., 839, 1998; Wang,

J. , Nucl ei c Aci ds Res. , 28, 301 1, 2000), transduction
UBtdlgdsidregranieeh MRS edetied fohqualditaiite purposed®idoevel T.,

o ot oo o e 21 108F. 1406 BSon: EALIfal., Nat. Biotechnol.,
18, 1096, 2000). Sensitive gene detection is one of the challenges in current
and future molecular diagnostics.

Recent advances in developing bioelectronic DNA analysis systems open up
new opportunities for molecular diagnostibs and have attracted substantial
research efforts (Boon, E.M., et al., Nat. Biotechnol., 18, 1096, 2000;
Rodriguez, M. & Bard, A.J. Anal. Chem., 62,1658, 1990). Optical (Jordan,
C.E., et al., Anal. Chem., 69, 4939, 1997; Fotin, A.V., et al., Nucleic Acids
Res., 26, 1515, 1998), electrochemical (Kelley, S.0., et al., Bioconjug.
Chem., 8,31, 1997; Kelly, S.0., et al., Nucleic Acids Res., 27, 4830, 1999),
and microgravimetric and quartz-crystal microbalance (Bardea, A., et al,
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recogni tion events (Caruana, DJ. and Heller, A, J.

Am Chem Soc, 121, 769, 1999; Patol sky, F., et al.
w@heiwv10é03s. , 40, 2261 , Ed. 2001 ; Patol sky, FPCT&SG2004/000113

al., J. Am Chem Soc, 122, 418, 2000; Zhang, Y., et

al., Anal. Chem, 75, 3267, 2003J has al so been

addressed recently. The inhegent m niaturization of

el ectrochem cal biosensors and their conpatibility

wi th advanced sem conductor technol ogi es promse to

provide a sinple, accurate and i nexpensive platform

for an early diagnosis of genetic diseases. Despite
CHEME D6 fBten.pr 830esi0a8addang, dl,edNucieive Aicidd R&ml &8¢ 3011,

2006) stransduaser meshods has ihaert Basarted fTan ke dalsttdh of DNA
%&@éﬁ@gﬁe&éﬁsb?\rﬁﬁﬁﬁé@r@ecﬁaﬁlé 'tfaﬂsdu?:tlbﬁ b?sﬁuéléi% acid

on genom € nuclerc acid fromreal -worl
iton (dvants PCarianagD.dl and |Helley, ASydt Am. Ghemzﬁoq

m%rigsw < Pofabiat Foctbals e <k AD: PEOT, Ed. %Bﬁe'?’sa%'%ky,
egr%?@%@?fi%ﬂ\]&%s S, th %ﬂg YQGW %aﬁ&RY ot al, Anal. Chem.,

‘enge is to nultipl ex
73,e3269¢ h2003)al has oslsos heenaraddiesisedf aBceotly o'ﬁhﬁi nmjwerent

Sl S 4 e v
@%ﬁlﬁboﬁ&u&SF" f&hh@ﬂiﬂlé@s?kﬁﬁkbngof Qiro@@lé% simple,
cancer nar ker

enes in addition to positive and
at&gnate/eambnnempsmlweumabi@(nm ToG an eeady diagaosis of genetlc

h |
A e W e
%l&'ﬁib@é‘ﬁsd@tlh%é p&st 4 %al'sﬁeiﬁtd)rfde@&bl 0% dﬂédétyp closer to the

anal YSI S of anmount's of nucl ei c aci ds.
parketcsevaral m@nmhu&maee@ﬂmbmpwwraﬂdTbefflréii isnto test

f t he di t f
05 Sk oS HEAHT IOy s o
SynfH., PBE201V¢086 S Fer, pricstentt thenylestroohemical
addressess t hé needs of the prior art and provi

siospneors atart wittdrelativelysha ﬁvethﬁét%@lﬂg%'h\dC'8898§§- ppwith a
IR "SE SRR, ARG afiED AR, Lo Rindd B o HRURbRx tne
electrochemical biosensors and their fabrlcatlon mtp useful sensor arrays.
Typically, arrays of 30 to 100 are needed for diagnostic purposes. For
example, breast cancer screening requires testing for 20-30 cancer marker
genes in addition to positive and negative controls (Drummond, T.G., et al.,
Nat. Biotechnol.,21, 1192, 2003).

Accordingly, there is a need in the art for the development of improved and
efficient methods for the identification and/or anélysis of small amounts of
nucleic acids. In particular, there is a need for improved and efficient methods
for the direct identification and/or analysis of target genes in the total mRNA
present in a sample.
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i nvention can also be applied to the detection and/or

guantification of target proteins. According to a
woiowstioespect , the invention provi des a nmet hodrPEomsGéva/000113

detection and/or quantification of at |east one target

nucl eic acid or target polypeptide in a sanple of

nucl ei ¢ acids or polypeptideg conprising the steps of:

a) providing a sanple conprisSing nucleic acids or

pol ypeptides; b) | abelling the nucleic acids or

pol ypeptides with a |ligand conjugate, the |igand

conjugate conprising a first elenent binding to the
S@ﬁ%gb p__oﬁﬁbdﬁvémid@pl ypepti des and a second el enent

ich 1S a capture ligand; c) contacting the nuclelc

aci d-ligand conjugates or pol ypeptide-I|igand

conjugates with at | east one capture probe, the

apt ur b, vide
ThRebEREpEIRRRIRY S gl et ‘ﬁ%?’g%?sb%‘“f”e”ﬁf"’pa“‘ ghebride a
shfgleNgapil A ektraberediivet asthech andedevinerfor he tdetection and/or

s Ssa e e e TR R dind HeG A ing tothe
lrfiéi\’é gﬁo‘kf%gg%gb?e %lgiﬂl %ethée@e?@b%n dnidforcgiPintifiRation of target

ing to the capture ligand; e)

proteinsg a redox polyner, the redox polyner binding to
the oxi dor educt ase enzyne, thereby resulting in the
transfer of electrons fromthe enzyne via the redox

g}’oré dIRG 16 S fird Eé&f qH8 irrtiRroRitits) a teéthedifogthe detection

quantl g the presence of the target nucleic

ammr(@amncamrg ei abldagp epeitaget nucleie asidRritpegimelpeptide in
be f t | ect ly,
ATl Bl B S HRbRGn e SRt X,

means to enable it to fix to an el ectrode surface. The

aplﬁoﬂanrfgl@ kaipléaeofttrismg iecleicraukisibr pelypbptiddsyr
exanpl e a human or nouse sanple. The sanple, for

exanpl e a sanple of total nMRNA, xtracted fro |
a b?ﬁgt@@lmg ﬂr‘g) nucleic acids or polypeptlges wﬁﬁ a ‘lgang conjuggle, the
ligand conjugate comprising a first element binding to the nucleic acids

or polypeptides and a second element which is a capture ligand;

c) contacting the nucleic acid-ligand conjugates or polypeptide-ligand
conjugates with at least one capture probe, the capture probe
hybridising with or binding to at least one target nucleic acid or target
polypeptide;

d) adding i) an oxidoreductase enzyme, wherein the oxidoreductase
enzyme is recognised by the capture ligand, or ii) a complex
comprising an oxidoreductase enzyme bound to a capture receptor, the
capture receptor capable of binding to the capture ligand;

e) adding a redox polymer, the redox polymer binding to the
oxidoreductase enzyme, thereby resulting in the transfer of electrons
from the enzyme via the redox polymer to an electrode surface; and
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Wien the sanple is a sanple of nucleic acids, |ike

MRNAs, cDNAs and/or genom c DNA, the capture probe is
wanowliogomucl eoti de conpl enmentary to and capabPeTs:2004/000113

hybridising with at |east one portion of the target

nucl eic acid(s). According to a particul ar enbodi nent,

the sanple is a sanple of total nRNA, and the capture

probe fixed o n the el ectrod® surface is an

ol i gonucl eoti de conplenentary to a portion of the

target nMRNA(s). This nmethod is referred to as the

di rect detection and/or quantification nmRNA net hod.

Wi ndéteetifg Evdior §uantifging theoprepeingpegft theetargdtanucleic acid(s)

exanpl e proteins, the capture probe may be any |igand

capadt larget palypeptidsi(®y and binding to the target

pol ypepti de, for exanple a n anti body specific for the

r j f e [

ThE e ARlBrEBEhal b, R opls anPIEERGle elftack: Atbridvely, the
castury probeentayl b éidei ingselgtion antiocoraprse Inesans topérable it to fix

pl ati num | inked Cyanine 3, platinumlinked Cyani ne 5.
torgnelegodesuriagind may be any a |iabl e (exchangeabl e)

| i gand capabl e of binding to the capture receptor,

T Jla Egl Ié’%)'('f) Hyﬁ@i&%ihg %‘é? bedd) nith 2P d¥nfle 0k bﬂ_ﬁﬁlg_le a human

g e capture receptor, an anti body bi ndi ng

ot mouke sampler FHecampee foryexample asammpie of fotgl otRNA, may be

nd/.or .a prqtein receptor. The capture receptor nmay be
egﬁﬁﬁﬂfr%‘gﬁgﬁ%ﬁvi din, anti-digoxigenin, an antigen or

anti body binding to the capture |ligand, an aptaner, a

WHeH fd sanpielis a 84mbRI Bf MRERIE Glcidsidiker AiRIYAS,0cBNAs and/or
particul ar enbodi ment, the |igand conjugate is

genepicaDNA, shedaptuiadrobe is A @igonusiagiidsr corsplamentaryoio and

RSB BYpoRid 3L 54 R ndrVEnGF T BByt e,

t he oxi doreductase enzyne binds to the capture |igand, :
Aob&rdingtd Apartiqular embogiment, shasaangle iwaysaniple of total MRNA,

i dho GaRIEES PEIDA FSRHQTa e SIATEPNG GTACS: ISeRa AIoaNUsfectide
cOrhbRAiEntaly BFPRHRIFOER R tafgNRRA@ENaSE,

This method is referred to as the direct detection and/or quantification mRNA
method.

When the sample is a sample of polypeptides, for example proteins, the
capture probe may be any ligand capable of recognising and binding to the
target polypeptide, for example an antibody specific for the target polypeptide.

The first element that binds to the nucleic acids or to the polypeptides may in
general be a labelling agent, for example, cisplatin, platinum-linked Cyanine 3,
platinum-linked Cyanine 5. The capture ligand may be any a liable
(exchangeable) ligand capable of binding to the capture receptor, like biotin,
digoxigenin, an antibody or antigen binding to the capture receptor, an
antibody binding to the oxidoreductase enzyme, an aptamer, a protein and/or
a protein receptor.
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a hydroxyl ase, a di oxygenase, a peroxi dase, a
hydr ogenase, or the like. The oxi dase may be any

woxb@asenssui t abl e for the purposes of the presear/sG2004/000113

i nvention, for exanple, glucose oxidase (GOX), |actase

oxi dase (LAX), pyruvate oxidase (PYX), tyrosinase or a

m xture thereof. The redox polyner may be any redox

pol ymer known in the art and Quitable for the pur poses

of the present invention. For exanple, the redox

pol ymer may be a redox active polyneric material,

ol y(vi nyli m dazol e-co-acryl anm de),

EUPYCGPWW i reiceptay] enap-tper aiding dgdepteavidial | anti-digoxigenin, an

im.dazol e- rHJI e@d W th [Os&ll}py) 2] [Os%dnbpy) 2],

PS5 37hA dnad s srpitefiand cat Bpiaruenien blein andior

a¥ryte RCepydr. di ne ,

Os(bi s-bipyridine)2C -co-allylam ne] (PVP-Gs-AA),

hor ser adi sh peroxi dase (HRP), ferrocene-based pol yner,

Aﬁ@pr_drnglf ina el:vr?brtlgi_das emhndti]marat, sttp]e giga?d cb'r?nﬁ)._lgaie ds cisplatin-biotin
c enbodinment, the nefhod of the invention is

81 G BlurS TRESHEE ¢ viciThef akeBioavisin ARcpaicular, the complex

igl@@b(i.éﬂ-éﬁg{/igm)pf one or nore target genes. The target

gene may be at ‘| east one of the follow ng: tunor

gr otein g}ﬁS (TP53), heat-shock protein 90 (HSP90),
perdingctenasethgs mmhodiBrOn fheanxioreddictasen enrdmeHbinds to the

' ' t.hod di .to the, i ti
it AR Wt B RE SaRETR ol i Frantbadlier genes. at
the sane tine. The nmethod according to the invention

Bhé oxislofertuctiee dntyankirngy 0b Al dnAjime Lsuﬁ‘é‘@lkérfgﬁ ) pyrposes of
@ucl ei ¢ acids or polypeptides.” For exanple, en

gnpesens inyeatig; foroexarmple anravidaseea dtbgsinasee a mono-

GERRESET WIS, 4 0R0B0E F ol FiRRnaso, or
thadikee rThes pridase tinay meeaﬁﬂtoﬂidéwbhi@ébléﬁﬁv!tﬁ'@spl.ﬁfposes of the
out the nethod of the invention.

device.for .carryin )
PR Se ko 1VEDtIERn 0K (ekagiPla, Sliicase gxidage (GOXr tinetabar pxidase
r | r [ et
e P o B S et e ¢ e
a first and second el ectrode separated by a

Tgl%nptédlf;)ql r;gunr@rim@y beyany, rectock pdipmer knohve iel et adad suitable
fBF ?ﬁ)énﬁu?;g)onsneescct)fse ﬂwe\’\%(reensetnrt]em\?gn }o¥1t (?:cirsexample, the redox polymer
may be a redox active polymeric material, poly(vinylimidazole—co-acrylamide),
poly(vinylimidazole-co-acrylamide)  partially imidazole-complexed  with
[Os(bpy)e], [Os(dmbpy)], [(Osbpy)x(im), [Os(dabpy).] and/or [Os(bpy)s(Mim)],
poly|vinylpyridine Os(bis-bipyridine)ZCl-co-alIyiamine] (PVP-0Os-AA),
horseradish peroxidase (HRP), ferrocene-based polymer, and/or ruthenium-
based polymers. * '

According to a particular embodiment, the method of the invention is a
diagnostic method for the detection and/or quantification of one or more target
genes. The target gene may be at least one of the following: tumor protein
p53 (TP53), heat-shock protein 90 (HSP90), breast cancer gene 1 (BRCA1),
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applied to the second el ectrode. The current passing
through the two el ectrodes reflects the quantity of

wanedsyenappl i ed. The el ectrode material is ma#eTsG2@awoo1i3

mat eri al suitable for the purposes of the present

i nvention. For exanple, the electrode material may be

made of gold, platinum gl ass%/ carbon, graphite,

carbon pastes (CPE), carbon-epoxy conposites for
anperonetry, doped dianond film carbon nanot ubes,

I ndium Ti n oxi de, and/or any conductive material s,

such as conductive polyner, doped sem conductors. In

pad/or Histane HAdHipHcThei diaghestio methed accordingds thednAvention

the otto the to an_adh |vesacin/|nsulat|ng

iny o 4t Gaos cLRP AIPITERaNE) GPhgR Al e Samo timé
hydrophoblc | ayer. Further, the support nmay be a gl ass
’ﬁh@ %’éﬁ]od Taf&o?d]ﬁ%% %Hﬁﬁvé’rﬁlcﬁ\ §FP(5W§ %'S{h,% Bé@ctlgﬁ{'% vefly small

enom ¢ ccor di
@aountamfaludelpeamds ohpolgtpeph@ead-'cmrexangoleomm the sample is a

88T ity R S Wicing g o o o Rivertsr dhe detection of
té?@étMﬁRN%)SWﬁﬁh(tﬁ‘eT;ﬁﬁisofltngr(plggggto anot her aspect,

the invention provides a diagnostiC kit conprising the
foll ow n? conponents: A) at |east one capture probe i)
Assasdingnia mnsthert pepects ine apresent inventiopnprovddes) a ldevice for

AT OB R DR & e Tabeh ¥Ry il cic aci e o

pol ypepti des of a sanple, the |igand conjugate
T:tmmﬁewse rgnaists bfh sEnsaeairdyl padicufar! Besahsol %iﬁl‘éy device for

tg pfij% I"p éﬁe tides and a second el enent which i's a

g %ﬂq g @U‘i?'?'ca?f?'@ﬁ|aﬂl§’/%rdla<é|va§létl¢ﬁﬁzm sample analyte
t r§ é’étﬁ f

boun'gé@?/ :{‘ﬁg@é?ﬂt&ur |gan or || ?‘%@ﬁ%\f ee;(%pags}/fﬁ%ulatmg

lammrartd w@emmoﬁle:lceimimﬂeasbecemajrmnheuted when dadiamafite is

SSFRERLE bl ReSaMb iBehsISE e Botaht caBibing) freush the two
%«E&?ﬂ%ﬁﬁﬂéc@aﬁﬁ‘g%gﬁ e%fgggé‘lgfez vﬁ%%ﬂ e]f'ﬂé RIGALIR) mfterial is
made of any material suitable for the purposes of the present invention. For
example, the electrode material may be made of gold, platinum, glassy
carbon, graphite, carbon pastes (CPE), carbon-epoxy composites for
amperometry, doped diamond film, carbon nanotubes, Indium-Tih oxide,
and/or any conductive materials, such as conductive polymer, doped
semiconductors. In particullar, the spacerf/insulator layer comprises from the
bottom to the top, an adhesive spacing/insulating layer, a screen-printed
Ag/AgCI layer and a hydrophobic layer. Further, the support may be a glass
support. The analyte may be a sample of total mRNA, a sample of cDNAs or
genomic DNAs.
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sensor array device according to the invention. Figure

2 . Schematic illustration of RNA assay using the
welysriedssx pol ymer bil ayer nodel. Figure 3: G spraGRov4/000113

| abel i ng mechani sm Figure 4: Agarose gel

el ectrophoretic results of cisplatin-biotin conjugates

| abel ed TP53. The sanples were run at 10 V/cmin 0.090

M Tri-s - 0.090 M boric acid -8 0.0020M EDTA buffer on a

2.5% agarose gel.Figure 5: Cyclic vol tamograns of

sensors at 25 mv/s in PBS (a) before and (b) after
“hybridization with TP53 in 500 ng total nRNA,

Accortiagi 1o awphiticalaf Aspectd the)davfideracedeting t40theVinvention is
.glucose to the PBS. VI overcoatings were applied to
'fgﬁgr%@ﬁs@r 8. mispalectromedigal system| @4EMS )t and/or fully automated

- j ' I e 6. Cyclic voltamograns
@F@?@%ﬂﬂég%%}g (ﬁr%S after hybridization in

with TP53 in 500 ng total nRNA, incubation with GOX-A
Azadrdipg| \to ngnothierx gsplegtre thev eventioh nprqvdes dac )diagnustic kit

C {%’? @gﬁiﬁgl@hﬁg%&%ﬁ%nﬁﬂ P%Lqﬂﬁéfﬁé C{r}%) (f:E?FgHEF;BijobIe\{) fixed on
; ¥ _ el

o G 851485 R i ool to ERYEhE 8% o an

efegimdenesurface; eBpoastigand cenjugate ddrt dabéllibg i nucieici @cids- or

{th TP53 in 20 ng,total .nMRNA (a) wi.th conpl enentar
PRlPopESieRoAE an R ibi: e, G SOBMGAIDESMPIRIOB A (G Slement
. . I . .
Sy S0 B0 Do RS S BhcrPPbfdnt whic s a
cdptue lligranidn Ghig afx pridonahuckhseSenzyrna, wWhegeineh8:oxidoreductase

An(}eromatri cmresB?)nses of é nsors after Ih brj di Zﬂii on l
NeYPRe!SRRRARIE PLPEME LRURE Y. [sPBBEE et @rgPMpiex
CORRTIRARG 4h SEBdSIRduthgzORNSHMmR! BBRRE Y d abfiffe IRIRDtor, the
in 40 ng-total mMRNA. Conditions are the sane as for

cBEptie gereptargbeisgcapabie of kinding todbporaptureoligandsdd) a redox
p%%/rhggrr susceptibility genes

Brief description of the figures

Figure 1(A and B):A top view (A) and an exploded view (B) of the
sensor array device according to the invention.

Figure 2: Schematic illustration of RNA assay using the RNA/redox polymer

bilayer model.
- Figure 3: Cisplatin labelling mechanism.
Figure 4: Agarose gel electrophoretic results of ciéplatin-biotin conjugates

labeled TP53. The samples were run at 10 V/em in 0.090 M Tris -
_0.090 M boric acid - 0.0020M EDTA buffer on a 2.5% agarose gel.



10

15

20

25

at different concentrations. Conditions are the sane
as that for Figure 7.Figure 10: Dependence of

wanpsrioemstri ¢ responses (6 duplicates) on TP53PaRN&2004/000113

expression elvels. The expression |l evels were m m cked
by addi ng various anmounts of the total mRNA to a test
sol ution containing 50 ng tqgtal nRNA. Conditions as
for Figure 7. Detailed description of the invention
The present invention provides a sinple, rapid,
efficient and ultrasensitive nmethod and device for the
detection and/or quantification of target nucleic

aci ds. The method and device according to the

i nvention_can be applied to t he det
Figuem®i f i CGWIWQ!iamra@@’émsm §EB8oIS %i?%\mf} s m"?ﬁ (a) before and

parti cul afi) difae HBHRGAT wil TPEBVANSO0 Ag i Btah REREIAD Incubation

anper omet target nucleiC acids
pol ypept i WEB G@Xﬁ,@;rammg: caﬁhepbddlng%@enMrgluceﬁi% t@téh%l? BS. VI

or pol ypepti de/ enzyne/ c,activat
car P i eé P OSYGFQQ%’C{I’QSZM?Y@DQHP)@E&% AL 5pn§9r§a§r °“§é‘8§¥ gFé dettaged in
a first a ﬁ @ntbf@&md on provides a nethod for

the detec |on /I or quantlfl cation of at |east one
target nucleic aC| d or target pol ypeptide in a sanple

g Bovi 1ONG e GUAROdRe PLi SRISRLI &) 2oadnys: 47 PBS afier

pol ypept i ggﬁndlﬂit o'n"’iﬁ%fth Te58hA Whglt@)’c@%RNﬁQrmcubatlon with
pol ypept i h and conjugate, the lig

conj ugat e GEaxqéx asd I@@pbﬂﬁg resiox glomaer omrﬁ@aw {a; aﬂﬁ &), and (b

I
whi ch i gnaspcens 9 Ao N BRede A6 R REST IV tyerooatigs
acid-1i ga%régﬁpme(a) ahd [} #ne Nt bderdoeﬂaglsiwere applied to (c)

conj ugates w t | east one capture Erobe ﬁ

capture pﬂﬁddd)/@@ﬂﬁlfmnﬁgﬂfwdﬁﬁ"éﬂ iy the Exgetimegtal Segtion.

one target nucleic acid or target pol ypeptide; d)

addi ng i) an oxi doreductase enzyne, wherein the

Fiotire 7F edumommspSnSM@enm after hiybridiaptian with TP53 in

[T gand, or ii1) a conple
20 ng total mRNA (a) with complementary and (b) non-
complementary capture probes, incubation with GOX-A and
applying lll overcoatings. Poised potential: 0.36 V, 40 mM

glucose. Conditions are detailed in the Experimental Section.

Figure 8: Am'perofnetric responses of sensors after hybridization in the
| mRNA mixture with capture probes complementary, one-base
mismatch and non-complementary to the genes in 40 ng total

mRNA.. Conditions are the same as for Figure 7.

Figure 9: Amperometric responses of breast cancer susceptibility genes
at different concentrations. Conditions are the same as that for

Figure 7.
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conpri sing an oxi doreductase enzynme bound to a capture
receptor, the capture receptor capable of binding to
woheoscagiur e | i gand; e) adding a redox pol yner pCTi862004/000113
redox polymer binding to the oxidoreductase enzyne,
thereby resulting in the transfer of electrons from
the enzyne via the redox polyner to an el ectrode
surface; and f) detecting aﬁ%/or quantifying the
presence of the target nucleic acid(s) or target
pol ypepti de(s). The capture probe may be fixed onto an
el ectrode surface. Alternatively, the capture probe
Figeye he: f r a@pendénd:eltofoampenbme’nmr respomsess(& cdumcailelsé on
to fix to_an el ectrode surfaﬁi hf means far
to an el eEPP3JBRNA xpeessign Kelsy Ihe SOGF3IeR lgyeplgv\)glere
the sel ecrtn'nﬂ[bkgaqf)f aaNG! rfbfusté‘rﬁf)ﬁﬁi%té'fr hePtatRIemFNIRdo a
to the tar nucl’er ¢ aci ds or polypeptides and all ow
t he capt utest gohitient coritainirigx 66 g tatak mRNAL Gatwlitions as for
substrate. For_exanple, an anti body nmay be used.
Alternat|5§ﬂwe7the means coul d consi st the use of
magneti ¢ beads, which allow the selection and recovery
of the capture probe bound to the target nucleic acids
or pol ypepti des and all ow the capture probe to be
b d or ﬂlxed elsctrode surface capabl e of
! ' O ex ¥bads. According to these
alternatlves only the nucl ei ¢ aci ds or pol ypeptides
(the targets) bound to the capture probe are sel ected
and fixed onto the el ectrode surface. The sanpl e of
Thecpr@senhmmtloanpi@&'lcte% anpimplef raﬁmAgfﬁ cigntianditirasensitive

kg Hee 7 e radenfian Aokl MafHERRaF F ftD nuctei

a8iasEThe fnethBa and e viceratordthgitothgMeeritio ngsobé appliéd to the
or total nRNA, the sanple may be any bi ol ogi cal

detestips, andé@reqmmm@am af mge&nr@tﬁlas geyalle. "The sanpl e
or tissue may be obtained froma mammal. Therefore, it
could be, for exanple, a human or nobuse sanple or

I pafictlariRnmidigod aftheeinventios &!srbhse@bnrmnbermnalmmcuﬁtectlon
| 1 ke mMRNAs, cDNAs and/or genom c DNA, the captur

optaseet nuclaie aﬂlq’?g@hB@'N@@E’ii"%%S By fRsming remPJex Erastnucteic acids

or polypeptide/enzyme/polymeric activator bilayers, carried out preferably on

a sensor array.

According to a first aspect, the invention provides a method for the detection
and/or quantification of at least one target nucleic acid or target polypeptide in
a sample of nucleic acids or polypeptides comprising the steps:

a) providing a sample comprising nucleic acids or polypeptides;

b) labelling the nucleic acids or polypeptides with a ligand conjugate, the
ligand conjugate comprising a first element binding to the nucleic acids
or polypeptides and a second element which is a capture ligand,;

c) contacting the nucleic acid-ligand conjugates or polypeptide-ligand
conjugates with at least one capture probe, the capture probe
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capabl e of hybridising with at | east one portion of
the target nucleic acid(s). According to a particul ar

wenhsdioesnt , the sanple is a sanple of total nREKNSGa00d/000113

the capture probe fixed on the el ectrode surface is an

ol i gonucl eoti de conpl enentary to a portion of the

target nMRNA(s). Accordingly, ﬁhis,nethod is indicated

as the direct detection and/d guanti ficati on mMRNA

nmet hod. For the purposes of the present invention, a
nucl ei c acid nol ecul e, for exanple an oligonucl eoti de,

is "hybridisable" to another nucleic acid nol ecul e,

such kagbridisibiyAyithy en dindin@ii at deagkione tdrget aucleitgdeid or target
strandqd fon&mof t he nucl eic acid nol ecul e can annea

to t HOWPRRYYE ucl ei ¢ aci d nol ecul e under the

appropriate conditions of tenperature and sol ution

i og Oadsdihgngt Bn byiorétuided reriythe\agierdinC e dyidBteductase
are well known and exenplified in éanb(ook, J.,
Fritsengyne s reaagmneed aby sther. capiukse digandd eniiijg:a Acomplex

Labor G BpYs KB EoNpaRERRGR AR ot d 8 oePreTecbtor, the
par t i captard seceptdiaipable dﬂbiﬁ@i@hgl‘@k@h@ céatulceuibah@je n

(entirely incorporated herein by reference). Th
condi%&cﬁns of tenperature and ionic strength determ ne

t he) NG gethc {RAY P%'_é;‘”}%b_rmﬁ s@doefn.pqumerdit&@dingnto the
r equi c 20Nt ai

oo SRGoiechat, B HRfasl UBRTIR S rapsie o clectons
st ri fgendhe&nzyme Yiglhe dedoxt palymenic antatdetrodeeswése; and
bases are possible. The appropriate stringency for

b oSt NG ducdialo 188 HHSimR e Bd6incelc Soiace)
vari &iﬂtﬁﬁgéﬁidl){ﬁ@lﬁiﬂ@(é)ﬂ the art. The greater the

degree of - simlarity or honol ogy between the two
nucl eoti de sequences, the greater the value of Tnfor

Theorapisre Prabe Ny badixed orioian elasiode sutasec Adtermatively, the

P pBL8 A b flec BXIGRECA Dimbls i, e Bblg 1, i o
amr electro@blsufibe. Théniddhs ONAXIBYlo ahaslebtydde Serfate may be any
r8reat er .t hap 100 nuc)] eqtides in |length, equations for

eansWhishgllaws the gelestion aadiroeavary &F the #EPHIGR Psebabound to

- th¥RARethddeiR: éé'iais dropolPy&lstidisSahd AMBwMHE cSPRIFL $robe to be

fixed on the electrode substrate. For example, an antibody may be used.
Alternatively, the means could consist the use of magnetic beads, which
allow the selection and recovery of the capture probe bound to the target
nucleic acids or polypeptides and allow the capture probe to be bound or fixed
to an electrode surface capable of attracting the magnetic beads. According to
these alternatives, only the nucleic acids or polypeptides (the targets) bound
to the capture probe are selected and fixed onto the electrode surface.

The sample of nucleic acids can be a sample of mRNAs, cDNAs and/or
genomic DNA. A sample of cDNA is for example a cDNA library, from which
the desired target cDNA(s) is selected. When the sample is a sample of
genomic DNA or total mRNA, the sample may be any biological sample, for
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nucl eic acids, i.e., oligonucleotides, the position of
m smat ches becones nore inportant, and the | ength of

woheosabégonucl eoti de determ nes its specificitpC{s6ee004/000113

Sanbrook et al., supra, 11.7-1 1.8). Furthernore, the
skilled artisan will recognize that the tenperature

and wash sol ution salt conceg%ration may be adj usted

as necessary according to factors such as the length

of the probe. The term "conplenentary” is used to

descri be the relationshi p between nucl eoti de bases

that are capable of hybridising to one another. For
exampleeob’twrted fregp Hissue ‘Ithmearaldlermﬁlaseeumay be obtained from a

FTRnEhFitolr e UL B P55 058, Al BPETRE' ke o
fidyepept i des, for exanple proteins, the capture probe
may be any I|gand capabl e of recogni sing and bi ndi ng

to the target pol ypeptide, for exanple an anti bod
Yhen thee sampleds taas@@plq)@f ppeleiq a@ldswlk% m@f\@ﬁer{-‘@ﬁ\'f@ and/or

g rlg!cgﬁgfé ngoéré% f t%rBBS {.ahsc;lltgghgéﬁﬁﬁgdggéﬂ'\ Qn{eﬂ érﬁ% and

éé]hzm!e lof Rybridisirg] with Bit tas¢ bne mﬂ?on é‘mﬂw@)targéi%delc acid(s).
1999), platinumlinked QIanl ne and/ or
Rlatlnu i nk ed ani ne cleic Acids

.» Nu
RsSrdithlo qariau Ribadimetiaie eREl® isiFBRPE ohiatal MRNA,

[ u t
i ST 80 g P i
sompledezhtBintti agoptiar ef the tagBBMRNAA. or its
honol ogues, m smatch detecti ng proteins of bacterial,

iral. or [ ofigin t her rotin tht.
Acedaintl "I, BRI dagicated” % dhe dgfition and/or
dqua}hlﬁeaﬁgp{@ﬁamem@hmd | i gand capabl e of b| nd| ng to the
capture receptor, |ike biotin, digoxigenin, an

nt| body or ant| enbi nding to the capture receptor,
d&Jf@Pﬁsﬁna e tpresent dmreatian: @s@t@lﬁyna_cldamolecule for

lan 6|I@6m(§é&lé€1% q{a}lbﬂggaﬂee"t& arn%?l?é’rtrﬂ.lfc;]el(-g%%ld molecule,

apt re receptor vidin, streptoav
amh asl |agmNg>ergemormn RNA] geRNA, valmén hosiiyglbl stelirmiedt form of the

RGRIE Y BalpeP cancEmiaH I Moo Bulels,pefd mofecufe under the
@pﬂﬁl@ﬁh&%ﬂt cohBRiohs9a6d fRbtafire '§ncf' Fdn ionic  strength.
Hybridisation and washing conditions are well known and exemplified in
Sambrook, J., Fritsch, E. F. and Maniatis, T. Molecular Cloning: A Laboratory
Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor (1989), particularly in Chapter 11 and Table 12.1 therein (entirely
incorporated herein by reference). The conditions of temperature and ionic
strength determine the "stringency” of the hybridisation. Hybridisation requires
the two nucleic acids to contain complementary sequences, although
depending on the stringency of the hybridisation, mismatches between bases
are possible. The appropriate stringency for hybridising nucleic acids depends
on the length of the nucleic acids and the degree of complementation,
variables well known in the art. The greater the degree of similarity or
homology between the two nucleotide sequences, the greater the value of Tm
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coupl ed to di goxigenin derivative (Hoevel T., et al.,
Bi ot echni ques, 27(5):1064-7, 1999), or

WwWoi28(5l1a6d3m- bi ot in and the capture receptor is BCTMEGR08/000113

streptoavidin (both alternatives herein also indicated

as "strept(avidin)"). According to another enbodi nent,

it provides a conplex conpri éng an oxi doreduct ase

enzyme bound to strep(avidinf. For exanpl e, GOXstrep(
avidin). According to another enbodi nent,

oxi dor educt ase enzyne is added by itself (therefore

not in the formof a conplex with the capture

fore hybnds yofandclelee aoids dm\emw dhese ssquenees.s Thapbdtireostability
bi ndi n o t.he .ca n S..C

et s igas T of e sal hubdysAiTi tameases in the
fSNdWihg Drier:tRRARNA DNARNIS EDRAZIY R, F-B?Ehybrlds of greater than
oxi dor educt'ase enzyne may be any enzyne suitab
10Renycieptides inflengid, wovstions ifer calcutatingf dm haaeﬂi&eradenved

(%%/(% ?%é@\bﬁ%l’g e%y %[.b%ilggiggﬁ-ggazoﬁ Q)Zlgldlaaatlons with shorter

ndiBi® wRsias,ei.eQr oliditiucidetided hehe Pobitich . oTemidiRai®A¥s becomes
oxi dase suitable for the urposes of the present

MQyedAtRastaNnts and Hiealeppth of adwg@nuszle@ﬂé@ detsmrines tospecificity

(%yr oSl naseI d%f)r s’é%‘sﬁ&%? ?@@%ﬁ%ﬁ?( ﬁ&%%%’l"ﬁﬁj @rtisan wil

remghlm( thiatsthe fengmsrattire eldi wash Bofutiotasdlt c@ﬁc@tfﬂt?@hullhéy be

AHSIRA 5 RSRPSSADY BTSN Koaskare: SUGRLap e demaih ar theeprobe.
TPlbe&?rm "cB ér‘n%ﬂtarg_‘lorls %Eplt@ déé?:‘ﬁlbbeﬂ'@( rB@t%ﬂEﬁlp”B¥Meen

earedox tive mat e
npolep@de rbdsesi thatz ateeeapam of/ hybnldjahgriol onlevamytheri Eerzexagnple,

o@%&%&?%( i aI i azol gﬁéw%n%je \évlné hcytosme is

GCs(bpy) 2(M n)]
Cg%ﬁ?ﬁﬁ p])'/:?l g?ﬁg{eOz[stl(sp)t/n) p§/r| di ne’\CI co-al l yl am ne]

(PVP-0Gs-M, horseradi sh peroxi dase (HRP),

L T L ——
ca'ptdi‘IQQ)rcbetlhaylbb\/aﬁy ligand <a ?aﬂleaﬁﬂf@dd oRidiRg ed lf)lﬁﬂlrfghﬁ) the

detectjon and/or quantification of one or nore target
target polypeptide, for example an antibody specific to the target polypeptlde

With reference to the ligand conjugate, the first element binding to the nucleic
acids or to the polypeptides may be cisplatin (Hoevel T., et al., Biotechniques,
27(5):1064-7, 1999), platinum-linked Cyanine 3 and/or platinum-linked
Cyanine 5 (Gupta et al., Nucleic Acids research, Vol.31, No.4, 2003). Other
elements that bind to the nucleic acids include suitable proteins that have an
affinity to or bind to DNA, like single stranded binding proteins (SSB), recA or
its homologues, mismatch detecting proteins of bacterial, viral or mammalian
origin, or other proteins that associate with DNA.

The capture ligand may be any a liable (exchangeable) ligand capable of
binding to the capture receptor, like biotin, digoxigenin, an antibody or antigen
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genes. The target gene may conprise of at |east one of
the follow ng: tunor protein p53 (TP53), heat-shock

wonreisaioen3®0 ( HSP90), breast cancer gene 1 ( BRCALY/SG2004/000113

and/ or Hi stone H4 (Hi s4). The diagnostic nethod

according to the invention nay al so detect and/or

guantify different target genes at the sane tine.

Further, suitable markers mﬂﬂ be used. The nethod
according to the invention allows for the detection of
very small amounts of nucleic acids or polypeptides.

For exanple, when the sanple is a sanple of total

birkhidg to hthenedptarke oécdpter,i an eattibody dbinding tothe fexidoreductase
detection of target MRNA(s) within the lLimts of

SPZY061 2 AT DERIPRANTIOT A RERleth IRHEROT of 0. 10- 0. 95
fg. According to a particul ar enbodi nent, the

Thev @abtte PERptde may "5é hadidih) QHebﬁ)a@kﬁﬁWéﬁti—@igokiﬁenin, an
Figure 2. The method represents a novel approach that
aatigeneor antbady binding:tastive captore igang, fancagiamsr, aproteimand/or
rrRNg.extra ted from human breast tissues. The nRNA is

A RIBE'R{EFHPY" si ngl e-step non-enzymatic reaction using .
the cisplatin-biotin conjugate. After hybridi zation
Au'cbmm?nw viap! drobodiphent| i tHes ligama bcbnjagsteons acisplatin
gol d el ectrode surface, formation of _a nucleic _. .
caHpledp ooy neligpxiggnin veerdrativie iiaeval | dws €lr ak.neBiotechniques,

{3047, 30801 SFUELBITI o 0D BB SR b or

streptoswitih fhath dlierfatB@shereirf glsofindiBaied as “sirept(avicin)”).
this level of biosensor sensitivity neets the

requi.renents for a direct detection of nRNA in ..
Aogdtig P adalirc EmioriBtet.  hebiavElps? 5 Sonmis ssapprising an
oMdorédi@asE S RNSYREE BOLTHES 36 UlstrépBaViGiIRP! eFlooNeRamBlRS O'GOX-
array, for exanple on a 8x8 sensor array. The

strep€avidin).ty of the method of the invention was greatly
i nproved, conpared to the nmethods known in the art, by

RS 13l o BRBEAA Medl b, R by sl
(iticfdforeenot in thd A6AMosia complexsivith thescaptarse$séeptby) and the

det din thet | mMRNA. Wth th tl d
oggiﬁgé:éqeq;@ég,n ,engsmeggﬁgpag@glg_ b pipding ?o %gacap%u}errﬁégl}{ci In this

case, the capture ligand may be an antibody recognising and binding to the

oxidoreductase enzyme.

The oxidoreductase enzyme may be any enzyme suitable for the purposes of
the present invention, for example an oxidase, a dehydrogenase, a mono-
oxygenase, a hydroxylase, a dioxygenase, a peroxidase, a hydrogenase, or
the like. The oxidase, may be any oxidase suitable for the purposes of the
present invention, for example, glucose oxidase (GOX or GOx), lactase
oxidase (LAX), pyruvate oxidase (PYX), tyrosinase, horseradish peroxidase
(HRP), ascorbic acid oxidase, laccase, belirubin oxidase, or a mixture thereof.

The redox polymer may be any redox polymer known in the art and suitable
for the purposes of the present invention. For example, the redox polymer

may be a redox active polymeric material, poly(vinylimidazole-co-acrylamide),
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nore sensitive than fluorescence-based techni ques, the

anounts of total nRNA needed in the assay were cut
wdaoes/ 10603 m cr ogram t o nanogram | evel s. Thi s Bg$S62004/000113

provides an ultrasensitive nmethod for the direct

mappi ng of breast cancer genes and constitutes a

conpl ete system for nnleculq% di agnosis. According to

anot her aspect, the present 'Fnvention provi des a

device for carrying out the nmethod of the invention.

An exanpl e of the device according to the present

invention is exenplified in Figure 1(AlB). The exanp

pei@inylimid&zgeoradylamidedt Ppariiahyt i n@ldﬁ@@lﬁfc@mmlexﬁ@ ® with
[Cstoa sk ostarabpil, Hasipetral (Rl ap OB F G BRY Bl
p&ﬁmgﬁ?pirfz{ nd he dg%gﬁn%mﬂymimé Cpeb- aﬂwmn@me] aci ngVP Os-AA)

ypept i In a sanp e anal yte conpri sing
htbnsesadlsmqbesmadasb ¢HRR), Jeosenerbased psjymer, and/or tuthenium-

i nsul ating layer, and wherein the el ectrode
b%%égi’@( YEHPrect ed when the analyte is applied to the

second el ectrode. The current passing through the two

ABt&EiNP Y6 Sa rsdrtiegiae &fmbodimant, ttheomethad wfetl'sqophvmlon is a
The electrode material is made of teria
diegnosls Sittapd fardhe desestion BRd/on GuBABIRATN HhsiR Pmore target

ggrg(%% eﬁg{"g%rgﬁt {;ﬂgﬁ% l‘grgﬁg tcro?rgxﬁ'bééa&eé!r %lgﬁftﬁée Ry tﬁggﬁn%@g - tumor
pfdEEIR) p53 4TPEG),eheatysitocip psotelrs SDofHSRBR); drreasy cauwegene 1

di d f | b | ndi Ti
(RAAG). and/oE bitane 14 (hivdr 1 BeediaBliusiE St gtforing to the
i BhHOR it f%’%%ddé%@ %@Wﬂp tify Idff IfiFrdreRt té?rgbﬂgenég%\t the same
sulator |ayer co

spacer rises fromthebottomto the
timep Fugthen dluitableemapsarisrmgay bewsedi ng | ayer, optional ly
a screen.printed layer and a hydrophobic |ayer. The

ﬁg:rﬁgp@ﬁ;%c?c: e@ggﬁ&tl@%&ﬁﬁg@ Oéﬁgﬁégf% l‘jhé: Qi'é#éﬁipp &ery small

afitRiPes bf ABYlelkReadioy os Walyldptidesppor Exémpld Mmutl‘;msmple is a

Sg;}pttﬁr;gf Prt%ﬁ%%%?%?@%&%ﬁ@@ﬁ a@g%g%oq the detection of
LA A5 P25 Y e S, o

Ot H0-0@5 fgucl ei ¢ acid or target pol ypeptide of t he
anal yte.

According to a particular embodiment, the invention provides a method which
is exemplified in Figure 2. The method represents a novel approach that
allows the direct detection of specific genes in total mMRNA extracted from
human breast tissues. The mRNA is labeled in a single-step non-enzymatic
reaction using the cisplatin-biotin conjugate. After hybridization with
complementary oligonucleotides immobilized on a gold electrode surface,
formation 6f a nucleic acid/polymeric activator bilayer allows for thé sensitive
amperometric detection. The detection limit of the system for target mRNA is
at femtomolar levels. It translates to 0.20-1.0 fg of mRNA. In practice, this
level of biosensor sensitivity meets the requirements for a direct detection of

mRNA in real-world samples without the need for a PCR step. Multiple assays
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The anal yte nmay be a sanple of total nRNA, a sanple of
cDNAs or genom c DNAs. The sensor array works as
woabdsawsn34 There are two | ayers of el ectrodes sepasab@d/000113
by an insolating | ayer. Before applying solution they
are di sconnected, and will beconme connected when a
drop of solution is applied, the current passing
t hrough the two el ectrodes r8lects the quantity of
analyte in that drop. Detection of individual genes in
the total nmRNA (or any other nucleic acids or
pol ypepti des) was perforned on the sensor array. The
werdi sucdessfulhe attemptede onian sepsor afray,ufar, exaonple>anral 88 sensor
until a 10 m aliquot of 40 mM gl ucose test solutlon
AM&@Yappl i ed. Wthdrawal of the test solution
effectively disables the sensor. Anperonetric
nmeasurenents are carried out at the suitable Voltage.
Tiher sexaitpity, ofisthehovethod tdﬁetmrieve,mithn avagpagrgatlyhéyproved,

el T e o ifeholholl PhimlEhoes S0 by
n@dcﬁﬁbfé’tﬂﬁ; rﬁtﬂﬂﬁt@%nz%@ Ifes QGGtﬁeeﬂrMA%élédiu@@tAs low as
I mted to this chem cal con‘p05| tion. Recent advances

$0-folg djfferweamuTF?ﬁarwee@mpmmwv@%sugggsﬁu&y detected in

“@Wﬁ' P B e 9Bl ke SERPUTRL 3L st 1900-fola

niGrey sehsitive thah efiabyéncsbabagtieghmitiues, The amounts of total
advantages of mniaturization in fluid processing

miRtAuBESHARDBE @35aYcWerie yculi dawR é’g@mdml@r@ggampioenanogram
ISl Tﬁlgc%&@ﬁﬁlﬁrbgﬁés 4P ﬁras@H?LX/ &g&r;ghg'%{*r%%t mapping

process Inte ra Ion

ofildreast cancédgeives Iand Aoabtltljﬂe@em@bmpllamnsym ¥ar hiolecular
2002) . According to a particular aspect, the device

d i-ng to the invention is integrated in a

m croel ectronmedi cal system (MEMS) and/or fully

t ted M Tot al t TAS
ARERETES 1§ PROHRE FREChs e Present’ IYGBHOR cprovIdss aedevice for
cQtr?ﬁ@o&It' thekhbtho@naT thelj ! tlhfn ﬂxégmnﬁ%a 8&NES ‘actording

| éast one capture pro trod
tht,he‘ presenbinvention imgxersplifiecbinnSigured (Ae,Bz)bThs elxampde ghown in

Fféﬂ,@? |35 ,&?Sﬁé{ﬁ Fri]ltfp%_;f aq%ﬁplgrc}f Be'deR SR %atoe[he invention.

The device consists of a sensor array. In particular, a sensor array device for
the detection of target nucleic acids and/or polypeptides in a sample analyte
comprising a first and second electrode separated by a spacer/insulating
layer, and wherein the electrode become connected when the analyte is
applied to the second electrode. The current passing through the two
electrodes reflects the quantity of analyte applied. The electrode material is
made of any material suitable for the purposes of the present invention. For
example, the electrode material may be made of gold, platinum, glassy
carbon, graphite, carbon pastes (CPE), carbon-epoxy composites for
amperometry, doped diamond film, carbon nanotubes, Indium-Tin oxide,
and/or any conductive materials, such as conductive polymer, doped
semiconductors. In particular, the spacer/insulator layer comprises from the
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pol ypepti des of a sanple, the |ligand conjugate
conprising a first elenent binding to the nucleic

weacehisioe3s pol ypepti des and a second el ement whCtlGe@4m00113

capture ligand; C) i) an oxidoreductase enzyne,

wherei n the oxi doreductase enzyne i s capable of being

bound by the capture |igand, 1P ii) a conplex

conprising an oxi dor educt ase’ enzyme bound to a capture

receptor, the capture receptor capable of binding to

the capture ligand; D) a redox polynmer. Having now

general ly described the invention, the sane will be

aitam te dbe dbp, andmmmspmmglmswmm yes, optienally a screen-

foll ow ng ex l.es, i,ch are ovi de of

e Rl BHaamd AP ARAC 18 56 PSR B Byenmay be a

A@ﬂ g0 EP@er, MY fEst %Tbctr%ﬂ@'?ﬁéy?ﬁe'%pﬁéd@rﬁa léﬂbﬁéﬁ The support
hérwi se stated, reagents were obtained fr

B8Ry rhe Anur$tutabd€5tsupportsfprm pugrgses of itis@cprasemiomwennon for

RO, b ShPbndoTaE ARG atoRe e Bpopeniecool & Sirface
&3 g@ofirstleletirdde. ‘Tfhépd:efﬁtwé pFobY @l dapablen o«fqryww@;ﬁ@ with or

(B| otin-Chem Li nk) were obtained from Roch
indiga detat deagtanenigsged nucleic acid or target polypeptlde of the analyte.

L T T

DN®s(dnbpy) 2] ) and [ Osmiun(4, 4' di ami no-2, 2" -
bi pyridine)2G 2]C ([ Os(dabpy) 2]) were synt hesi zed

'@Eé)geﬁzs&%rg)pfve& (S)Wlag fgﬁlgﬁsfh&egsed D oce%yer%g{f e?ectrodes
f n e

| - b| pyr| Jﬁ)ne?g( wﬁrﬁlﬁ %g%a?%f@;ec,“f@ylgbo%@mw they are

discwnesied (avdvjl) becamé Conneacted, ehen a drop of solution is applied,

Bohbet Babahe T B ocripelredeisRgls 316 ity of anaiye

.ﬁcmat G}béﬁCD@féiinBE émbl\ﬁcﬁ.fa?tgérfésphOQ\%dthéﬁnﬂ@UN c?Yaéhy other

. Inorg
rluplelgsemds hes dqqlvnepéldegbwm&@as@arm@ﬂepenﬂ@ .semser rastayx The

ﬁ@l%j?\%’ %ﬁﬁ? sarg% lﬂ'ofpg?mgﬁ%ﬂltmfﬁro@sawptqrml |ag,10 pl aliquot of 40
iV giagese teasdlsterfisggied. Withdrawal of the test solution effectively
disables the sensor. Amperometric measurements are carried out at the
suitable Voltage. For example, as shown in the experimental part, they were
carried out at 0.36 V. All potentials reported in this work were referred to the
Ag/AgCI reference electrode, however, the reference electrode is not I|m|ted
to this chemical composition.

Recent advances in p—fluidics and microelectromechanical systems (MEMS),
Micro Total Analytical Systems (uTAS) and biochip technology have led to the
miniaturization of many micro-scale analytical instruments. The advantages of
miniaturization in fluid processing include improved efficiency with regards to
sample size, response times, cost, analytical performance, process control,
integration, throughput and automation (de Mello, Anal. Bioanal. Chem. 372:12-
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[Gs(bpy)2] (1), [Cs(dmbpy)2] (11), [(Cs(bpy) 2(im]

(I'11), [Os(dabpy)2] (1V) and [Gs(bpy)2(Mm] (V).
wepmishesids of t hese redox pol yners was descri bedT/8G2004/000113

el sewhere (Gao, Z., Binyamin, G, Kim HH, Barton,

S.C, Zhang, Y. & Heller, A Angew. Chem Int. Ed.

2002, 4 1, 810, herein incor%grat ed by reference). A

phosphat e buffered-saline (P pH 7.4) was used for

washi ng and el ectrochem cal neasurenents. All

ol i gonucl eoti des were custom made by Al phaDNA

(Montreal, Canada). Total nRNA extraction and | abeling

TﬂntMOZ)Ronrdihgrrm abmpmaicular sspest, whe devicacaecbrdinghto the

RUsTHEP) Rabiasiiet it 8 Maomissrpaaciedl S8k BMsTaror fuly
afm&haf‘éa MucTBerdtam;hawﬁ%Jﬁs md§LEAB)Y | abel ed using

the cisplatin-coupl ed I n conjugates, according to
t he recommended procedure by Roche Di agnostics. As
shovvn in Schene 1, this conj ugate consists of a biotin

9 Wi ﬁﬁoﬁh%rbg%‘ﬁgc f?'nlvleﬂp 'gré\h&gfr al Qidynostic kit
Cl Sp In conmpl ex Indarng site | cova ntl
dmmprcsmg)trtdwbllbwmtﬁecdm!p?hetntsr}ﬂ)@ d%ﬁt omoki)a;{tereopm i) fixed on
t e Itra | gan cuba n n a
A GEATOB P UTaGm G i SRTBPEses Tovars RS BpebiaaplAoaRx to an
t d
e‘f"é‘é‘ﬁoo@ aqyee! @P'ér@éﬁh@%@%&“ ] Iglgnlglg)(%gﬁ acids or

bet ween cisplatin an
pedvpeptides eofcamsatnplat ithe hgﬂmb@ndjugate;tcmmhmisjm@ a first element

g V§ e hOoRIGoRES dlchalvpehilas A &sertlhgRmet vihich is a

capanbiligasd; 0) ipHh GddefddiREse edzyind] whbrein the OX|doreductase
cisplatin-biotin conj ugate was i ncubat ed at 850C fo

epaymeniswpapable ofneing bovad byRipe gapwreulmndchruwea cr.romplex

Biflspd s HECHERRRE8, MRsyhe! BRA b B chBRua Blebbgs. e
capturé @¢eptSe bapablé of Bimding U6 ﬂ'n@f:ap‘ﬁuwllgémdf b) atrédlox polymer.
conjugate (Biotin-ChemLink). Nucleic acid sensor

array fabrication A titanium adhesion |ayer of 25-50 A
was el ectron-beam evaporated onto a gl ass slide

HeinPHEH duhetailPaéfttbedl He BRbAtion ARIRHE S be more readibly

understood through reference to the following examples, which are provided
by way of illustration and are not intended to be limiting of the present
invention.

Examples

Materials

Uniess otherwise stated, reagents were obtained from Sigma-Aldrich (St
Louis, MO, USA) and used without further purification. Glucose oxidase-
avidin conjugates (GOx-A) were purchased from Vector Laboratories (San
Diego, CA, USA). Cisplatin-coupled biotin conjugates (Biotin-Chem-Link)
were obtained from Roche Diagnostics (Mannheim, Germany).
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spacer/insulator layer, consisting of a patterned 1-mm
t hi ck adhesi ve spacing/insulating |ayer with a

weceoesane3s i nt ed Ag/ AgCl Iayer and a hydr ophobi eCT/ag%e#04/000113

wer e assenbl ed, as shown in:Figure 1(AlB). The

di ameter of the individual $ensor (which is

represented in Figure 1(A18%KFy the dots in the top

view) was 2.0 mm and that of ‘the top hydrophobic

pattern wvas 4 mm 2.5 ni alhquots of 50 mM capture

probe solutions were applied to the plasm cl eaned

i ndi vi dual sensors by carefully placing the sol utions
[Qamitra(2 2hkipyridinejaxlefClan (Gs{bpyel)i nd Csmmiuat(4l4adimettzyl-2,2'-

iiineeRacte. | Aashmtmeliors i so' FRpiimid fafamino-2.2-
riel )@%@F&O@( ) Wt 3)the¥ieed PR K40 Q' olbwing the

hours t o bl dckuncovered gold. The sensor array was

preRpasedaprosedune byulgay ;etralnéll.abg i Al ekmlerlnor@eSmihsdA 291,

18BbzY nERt° BRaldra, bin TefeBngel ng Qe mipgicine)(-

nmﬁymhﬂgzcsl@)@t]cw thex[caéd(apg})zmnﬁ)} cted,grnd Wi |[©sm|um(2 2"
ecome connected wh solution is applied,

btm/é'dm)z(&ﬁﬂaé@@é@ligh hﬂ@@(bpvhém)})o cgireplexegedvere prepared
500 48 RO RAE il 2RI s BBl BBepus, (uivan,

Bpeff datetbroiD. t &el\/m@/esow At ridprg. TOhenndli ¥Y9781aH 75 €383, Sherein
remai n (Ezmmrcwt unt|I alom al i quot of 40 MM
inaoeeate refgrencedn Tihe g% oQlyerhdsashin dhist slady were

TN R ——_—
[%(Ibpvh3 &bt l[asﬁimbll’ﬁb]t G"l)l '[(Osfbm/)é(mﬂﬁ (\l"gf e[C:s‘(ﬂabp)e)g] (W) and
e e ele bri di zati on and
[‘éﬁ@%(’ﬁgﬁ@ \2) %Yrgg%'scgﬁ S§u§% i BRlymeys gwass described
el¥Rlere (G#@'Z I@lﬁ?@h @3KHP€IQ~1 BornP®.c. rZh'a‘éngs'?O‘&kHeller

protein 90 (HSPIO, reast cancer 'ge
A(BR(Q&]N Ghem. dp., E@nZDOJIZ ﬁhrﬂﬂﬂ—khdr&ins@poﬁﬂatqm) bymeitelnence)

A| gf' §%P@ﬁ8§§é@§é@¥% ?g@ge fe B F_lec} 43” ¢ was’ %dse%S for. |3vaaslh?|§e gOI and
elglcyroehahtlehlytieasumimenaing SRIOHLIISSHTHSS wWerdRiddtorhOR8de by

bp), was also tested to further verify the system
AlhaNA(Mestieabdeamada t he nRNAs of t he correspondi ng

genes

Total mMRNA extraction and labeling

Total mRNA in human breast tissues was extracted with a Dynabeads®
mRNA DIRECT™ Kit (Dynal ASA, Oslo, Norway) according to the
manufacturer's recommended protocol. The total mRNA was directly
labeled using the cisplatin-coupled biotin conjugates, according to the
recommended procedure by Roche Diagnostics. As shown in Scheme 1,
this conjugate consists of a biotin moiety, which is bound by an aliphatic
linker to a cisplatin complex. One binding site is covalently bound to the
linker/biotin molecule, and the other site is a cleavable nitrate ligand. Incubation in
an aqueous solution with nucleic acid templatés (DNA or RNA) cleaves the
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extracted fromthe human breast tissues were used as

anal yzed nucleic acids in a calibration study. A 10 nM
wonrdEsAKl341. 0 M EDTA-0. 10 M NaCl buffer sol uPCoOSGLMEN00113
was used as the hybridization buffer. Hybridization

was carried out in a 550C water bath for 30 m n.

Nucl ei ¢ acid sanpl es were depatured at 950C (cDNA) and

7Q0C (mMRNA) for 10 mn and ctdled in an ice bath

bef ore being added to the sensor array. After

hybri di zati on, the sensor array was exposed to 2.5 ni

aliquots of 5.0 ng/mM GOx-A at roomtenperature for 30
nitfate amtl soaéwdcdmpleX isi fnrmadabeiWIeenedsﬂEﬁnsaﬂthh@lM pbsmon

rempyin non- DNA rel ated GOx-A

of 6 SRet AT B35 AE 7 De: oot gw&un i Stele and resistant to
nﬁ@l@%@ihﬂ@fetu@iﬁm‘e Wﬁ?k‘éﬂf f E’fl Sﬁﬁgﬂ?\ﬁﬁa% gjgggtm each of

[east 10 mn
th@lapehngsreaommm Iaruﬂrtehmeungsmtq, 1.0ndeaf cisplatifBfotin conjugate

t her eaf t 140 surenment
Wélse'EPP%@ﬁ%qnagaggré @ﬁ W@E i Oc 48r PE OIS MRNAy at a final
v&ianRday 203de anﬂtthe @eé&i&n%s%nﬁtﬁdté@ bg Hﬁ@ﬁ&éltlﬁ/ﬁ BE5 ul of stop

660A el ectrochem cal workstation equi
solgioru herfinalgaduct was stored@ti-80°Gi t h a Pent i um

conputer. Cyclic voltammetry was conducted in both PBS
buf fer and PBS buffer containing 40 mM gl ucose.
El ectrocheni cal characterization was carried out_with ]
de. An Ag/ AgCl el ectrode was usedle t he
tﬁ;rode and a platinumw re 'as the ¢punter
Det ection of individual genes in th t al
rmed on the sengQr array. TheHlNdl vi NH
A2open-circuit ulyfil a 10 m uot
appl i ed.

I

%re carried out at

I hi s wor k vverereferrSdto
.1 he Ag/ Cl reference el ectrode. Detection Schene The

hene, f ect] NA. t hrough di rect.. hybridjzation
SEARME 1 hatr s ron b AR 0T arte GIYTEeEH ks
is shown in Figure 2. Prior to the test, mxtures of

thi ol ated ol i gonucl eotide capture probes and t hi ol
Nucleic acid sensor array fabrication

A titanium adhesion layer of 25-50 A was electron-beam evaporated
onto a glass slide followed by 2500-3000 A of gold. A patterned
spacer/insulator layer, consisting of a patterned 1-mm thick adhesive
spacing/insulating layer with a screen-printed Ag/AgCl layer and a
hydrophobic layer were assembled, as shown in Figure 1(A,B). The diameter
of the individual sensor (which is represented in Figure 1(A,B) by the dots in
the top :view) was 2.0 mm and that of the top hydrophobic pattern was 4
mm. 2.5 pl aliquots of 50 UM capture probe solutions were applied to the
plasma cleaned individual sensors by carefully placing the solutions on the
sensor surfaces and incubating for at least 12 hours in a controlled
environment. After washing off unbound probes, 2.5 pl' aliquots of 50 uM 1-
mercaptododecane (MD) in ethanol were applied for 4 - 6 hours to block
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nol ecul es were i mmobilized onto the sensor array
surfaces through selfassenbly. The sensor array was

woheos/1esposed to the target gene sol utions. FoPCOWMGRE4/000113

hybri di zations to their conpl enmentary biotinyl ated
target nmRNAs, GOx-A | abels were introduced to the
systemvia an avidin-biotin Eﬂteraction. A redox
pol ynmer overcoating was then“brought to the sensor
array through | ayer-by-1|ayer electrostatic

sel f-assenbly. The redox polyner |ayer acts as a
nmedi ating | ayer for the enzymatic reaction. It

whenyerask peldi ddiel enssari arraye washready z3fter thatmighha rinaingewith
of substrate

t { th
Wiekc dneS Sefhe” Bl motih nds HoBGWR oriesRs Bheec o layers  of
Qébﬁ@dé@@e@ératétﬁ b§ s insaltingaay é#e‘BéTbl%da?plymg soIHtlon they

nperonetrically and it correlates direc

argr @é@om@e@mw &ecome eonnestediviien e(ﬁ/rapu ofhsolution is

SIS ClurBhf HASRL kel IS et reliects the
dugrdied of aabRes il esatdgropn @s’te&fbrP@RIrm’\ﬂGGélsgeh@§ WD tal
of the nucleic acid tenplates with the cisplatinbiotin

Ajwtsd%e@ra@d @n dke sgnsoen aawncthye ndiddeal seNars gemain

t t . ak TP53 .
xanéfcd' otifid P08 bt i difcoieSt 8oninds anmyied
Wthéfawaiacdfl OheW eBt CisBlitiah réffécﬂ“'/élg' C@i@bbl%t eﬁre sensor.
npared to non-1|abel ed TP53 (I ane

meprqmtnghmeasefemmtswa@ |carrlq5i @ut.cat QBQnH :AII potentials

BPORES T TSR ok RREHAB S WUt etk dlpgiode.”
shovved that 8-10% of the bases in TP53 nRNA were

successfully | abel ed (Hoevel, T., Holz, H & Kubbies,
M Bi ot echni ques 1999, 27, 1064). This | abeling

I'Nﬁridité’twﬂm§n§%@ Iﬁbé’lﬂ{q for subsequent Gx-A

["foadi n e experinents T ndicated that it was not
Bressi Qan@et aumapabthtmme% namehg tymor ppdtein PS(TP53), 1182 bp),

R Ebe B S0 UHSREN" T3 pe-herestsotebr,08na o (HCAS, 5692

bﬁ?% Hidfore394419k4 b3 £2 bB)DiHQhéttdtSFmRm b&frébt”wbﬁ@ selected and

hest sensitivity and best reproduci
pﬂsaexmalﬂedtlateraﬂdhme—lﬂeemhgalgleng, Iymemdebydm{sephosphate

Vb AP, 05 0, W s o Aed Sy e

system. cDNAs transcribed from the mRNAs of the corresponding genes

extracted from the human breast tissues were used as analyzed nucleic acids
in a calibration study. A 10 mM Tris-HCI-1.0 mM EDTA-0.10 M NaCl buffer
solution (TE) was used as the hybridization buffer. Hybridization was carried out in
a 55°C water bath for 30 min. Nucleic acid samples were denatured at 95°C
(cDNA) and 70°C (mRNA) for 10 min and cooled in an ice bath before being
added to the sensor array. After hybridization, the sensor array was exposed to
2.5 pl aliquots of 5.0 mg/ml GOx-A at room temperature for 30 min and soaked
for 5 min in a stirred PBS solution, a procedure aimed at removing any non-
DNA related GOx-A uptake. To ensure the maximal loading of the redox
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were al so incorporated into all other nRNA nol ecul es
upon i ncubation of the total NMRNA with
WOoi28(5/1@6d3m- bi ot i n conj ugates at 85C for 30 m NPCT/SG2004/000113
Hybri di zati on and feasibility study of target gene
detection The formation of the m xed sel f-assenbl ed
nmonol ayer on the sensor arrad%/ was routinely nonitored
by surface coverage and ele % ocheni cal neasur ement s.
Al'l the data obtained indicated a single conpact m xed
nol ecul ar |ayer, conprising oligonucleotide capture
probes and space-filling 1- nercaptododecane nol ecul es
polynére thee alectrode wasdhen 8xposed foe at lﬁask 1Pahiprterdis ¢d aliguots of

Y rRUPbreres Tulae: sipriand GotbuckRomasd wBSR R hereaties
sensor in the 5.0 ng/mM redox pol yner sol ution,

resulted in the formati on of a nucl eic aci d/ redox
Elecinoehdmicalaneasurément ect r ode via the

aver-by-l ayer electrostatic self:assenbl cker
RSBy MospyiorbRs ferd cafiied 2R 3o Fer s, Sagecivth a
|GWNtse TH m&imrhérﬂtgmdémam emhehﬁeﬂwkafauon eqUIpped
expected for a C;d%l@y reversi bl e surface i nmobilized

with exlayeapirentym tin [G@NfUnGlige with @ Reniimg tqopaputer. Cyclic

vEja Mg R ag shRluCEEh M SRS ot aRd 85 Riffer containing
4$)t mlM gluudskaEtectthentddaladresactesization wais eareied (oﬁimwith a gold
& Faul kner, L.R Electrochem cal Methods. John

qu’t@d% /Sar&g/AgQ,@ Q@PR'O S NHp us%gg)the ggfﬁﬁem@sglppg'ode and a
AFFERA GBS b Toufer oRicrblE 95ei SFHIANGR] Erdsfifife tota

MRNA svdy peﬁetme@g:fnﬂwseab@carray T hengﬁewdua_‘df Imnsmralhremain
anount Qq S nters ependi ng on fhe

CRRBTCDt. Ul Ghni10° b EIeEY (0% HOL I, Bbisel 958 sSlsloln was
ESJI %er the iy I’V%? the! téﬁtﬂufléﬁrﬁﬁéﬁlv@fﬂlééﬂgﬂ the sensor.

atlon or the reduction cdrrent ea
Aroperamettict measutemmt&gwemmamed ecmt aBdbééqUerAll potentials

raS i T borkGHerE abtbkn %o 16 RulAY fer2iod bledigdRo e

gol d el ectrode These changes were attributed to the
decrease in the electron tunneling pathway due to the
formati on of the bilayer which brought the osm um

Detgstionchcheme
The scheme for detecting mRNA through direct hybridization and

formation of the mMRNA+GOxA/redox polymer bilayer is shown in Figure 2.
Prior to the test, mixtures of thiolated oligonucleotide capture probes and thiol
molecules were immobilized onto the sensor array surfaces through self-
assembly. The sensor array was then exposed to the target gene solutions.
Following hybridizations fco their complementary biotinylated target mRNAs,
GOx-A labels were introduced to the system via an avidin-biotin interactic;n.
A redox polymér overcoating was then brought to the sensor array through
layer-by-layer electrostatic self-assembly. The redox polymer layer acts as
a mediating layer for the enzymatic reaction. It electrochemically activates
the enzyme labels, attached to the target genes. In the presence of -
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to the closest possible proximty with the el ectrode
surface, and nore inportantly, the fast el ectron

wonrasshes4rate of the osm umredox centers i n PO®SG2004/000113

bi | ayer which mnimzed the effect of electron

tunnel i ng across the underlying insulating nonol ayer

and nedi ated el ectron transfer from sol uti on species

to the el ectrode surface ()G%§ H; Yu, Y.H ; Mo, P:

L.; Gao, Z. Nucleic Acids Res. 2004). As shown | ater,

the presence of nucleic acids and GOx-A in the film

did not appreciably alter the el ectrochem stry of the
subdtrateaiglesulelsntize tument Q@’Mﬁaﬂéd altdmnerizymatld okitlation of the

TP53 NA the t s sel ted as th
suBRfle ok dop e speram sl o Togsriek srdiectly o the
primers -
e RN %9H?:€eﬁfv{§§'§'qé'3§%go%9n§'%8m?st SASE

(Si ngapore) The primer sequences were as foll ows:

SR i3 T Cepleh oY SABHIGAP drpISAARNAS ” (S D

Iﬁ@eabi ofTﬁ’Eéll % nugleic A6 GG gt h§cle€>§5§% 'danng a
and TP53 anti sense, 5 - TCAGI

RTSE IPIOESS4)incukatios of. thel ntgzbena@ce@ﬁemlata@wtrethe cisplatin-

b@ﬁf @H%S%g @3{3*]8?_@ Mﬁﬁé&fﬁ}y %be?ng Ilgguregﬁf] As illustrated in

F@Lﬁe éA ek TIREZ\ h TREERNARRIned its integrity
a%g_HS-(CHa)6 A)I et CTGAGT e S ralr

65agtione with rispiatinchiotin Gpaiigatest Geeparenhée (r@n?al@elem P53

(B, & 0 B b PRty B M o el 4% Scsagests

saresfuCointompbratiopeof wisplatin-biotin conjugates to the mRNA chain.
Quantitative analysis showed that 8-10% of the bases in TP53 mRNA were
successfully labeled (Hoevel, T., Holz, H. & Kubbies, M. Biotechniques 1999,
27, 1064). This labeling efficiency was sufficient for subsequent GOx-A

loading. The experiments indicated that it was not possible to attach GOx-A to
every cisplatin-biotin moiety on the mRNA molecule. On average, one GOx-A
conjugate was attached to the mRNA molecule per 40-45 bases, or ~30% of
biotin moieties. To attain the highest sensitivity and best reproducibility, both
cisplatin-biotin and GOx-A labeling processes were optimized to ensure
maximal loading of the biotin and GOx-A labels. Similarly, multiple biotin moieties
were also incorporated into all other mMRNA molecules upon incubation of the
total mMRNA with cisplatin-biotin conjugates at 85°C for 30 min.

Hybridization and feasibility study. of target gene detection

The formation of the mixed self-assembled monolayer on the sensor array
was routinely monitored by surface coverage and electrochemical
measurements. All the data obtained indicated a single compact mixed
molecular layer, comprising oligonucleotide capture probes and space-filling 1-
mercaptododecane molecules on the sensor surface. Since the redox polymer
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Capture probe 5 -HS-(CH

3) 6-(A)i 2- CCTCTCGCGAGTCAACAGAAACG 3" (SEQ ID
wOoln@)1@bazgonucl eot i des wit h sequences conpl emreRCaSE240a/000113

the TP53 gene were imobilized on the sensor surface

and served as capture probes. Upon hybridization at

55C for 30 mn, TP53 nRNA fromthe m xture was

sel ectively bound to its conftenmentary capture probes

and becane fixed on the sensor surface. Thorough

rinsing wth the hybridization buffer washed off all

of the non-hybridization related nRNA. GOx-A | abel s

weade il bigg ortko widse pesitively shatgak atida theosensavistiface was
interaction duri nngﬁ subsequent incubation wth

regdtivgivt eBarged; y@ f eqaking of dheasersgram e ik mé(/ml redox
BAYNGF <0 L{;ﬁhu BngYéd“% e fgﬁﬁél@o%# HRLCRYE %mfelbd& bSlymer

curv seen I n curv
vitayer otm athéy eldcybde plaalth@ Uayearthyslayer ecletisestatial $ealf-assembly

Akt 1 SR J997 (411 A g SIS o by e  curve '@,

tﬁa%nagepéoét%e%r%# YBRAVERSs esiéﬂ foP at mghﬁg@%iﬁsiue surface

surfa nost probably due to the capture
muhe!mhmck redox icolplawith littleechange aﬁercmd\eg&xvemabmg and

S0 Bupiefond FerPtil 5RSHtA AlciipS, heiart P30, afa+0.60 v,
Fe‘%@@ﬂn@@' wghry seibié 'sgﬁabésddn‘ﬁﬁ@d' éle&tb@stbﬂé rmray@ﬁ (BéroaA J. &
m xed m cro t'hree-di mensi onal nMRNA+GOx- A/ r edox

baulers L. Rh&le@trephgmjgﬂt Methosiso xJqhs Wﬁﬁy &589n3 éﬁw York,

Sl 835 1 SRS LBER el b W ko Berrs

woes dllbwedet®xrepehyther efduitiotie werfacdeane!procgedf tcedeversuble
on the electrode in the three-di nensi onal. net work

'&‘%iﬁf‘?%%qsoﬂ'ecﬁ'ﬁﬂstr%mrfﬁ?eTh%\F@é' ARPURE Of Boatgdgosmium redox

0 g c t 0
G RIS BB doTEAE Sl o),
1.6+-2 5Drnﬁt1plmol£l/emizr w&ajlasitmmtednﬁom dbéerad dmderneither the
ener Iesst an mv for t

ﬂ?ﬁ?lﬁi(?{g e Up fR| current pRa Vg)r\;\%gtﬁpngoghdheygackground
ARt Sﬁbsé&[&éhﬂ%l@n@r%ﬁﬁdte%% ﬁ%b%ﬁ#&ﬁnﬁ@ﬁ@lﬁﬁon showed a

I ndicating that the redox

voltammogram identical to that oBtamed at a bare gold electrode. These
changes were attributed to the decrease in the electron tunneling pathway
due to the formation of the bilayer which brought the osmium redox centers
to the closest possible proximity with the electrode surface, and more
importantly, the fast electron transfer rate of the osmium redox centers in
the bilayer which minimized the effect of electron tunneling across the
underlying insUIating monolayer and mediated electron transfer from
solution species to the electrode surface (Xie, H.; Yu, Y.H.; Mao, P: L.; Gao,
Z. Nucleic Acids Res. 2004). As shown later, the presence of nucleic
acids and GOx-A in the film did not appreciably alter the

electrochemistry of the redox polymer.



was robustly bound at the sensor surface through the

formation of the electrostatic bilayer and to sone
wdegrsaecosknt eraction with the first nucl ei c acpdTiSag@n/000113

Figure 5, curve 'c', was the voltamogramin PBS

cont ai ni ng40 i mM gl ucose after hybridization. An

obvi ous catal ytic current was observed due to the

presence of glucose oxidase PP the bilayer. In a

control experinent, non-conplenentary capture probe

failed to capture any TP53 and thereby no enzyne

| abel s were able to bind to the sensor surface. No

Imoti frstiblybridiastiory test, dull tergith i TP58 IntRNAeIY jzl'le/vehstal mRNA was

obt ai ned. As can be seen in Fi

dT
sqlected asathediargat ganes £1ion to e rgrwaastlZ%f@?nry foe S RN mixture was

SURAGRR oS EP 10 AL BRefs LB K108 wero uetommade
by 1st QzﬂtSEJc(Slngaﬁmrel) fThes @rimerestmuencey neercoas rfobaws:nGAPDH
ET-1 + - - 1),

Sanse, B RTBCTeRAGECEET ETEdA-Sh SR LR My | GAPDH
5 e‘h%@t somTAWcﬁt GERT ARERLYL(SEG YD DS aPP53 sense,

Theg
re ymers in t he osmumre ox center’s
66‘&TGGJ\G%T§'®4\€AG§' GBEAg's(SER dDMNQIr andh FiPhhastisense, 5'-

| j | A ,char iynl xed t hat
Lot RRGGET IR TRBAand < he osm um
redox center was one of the inportant factors in a
successful nediation, as the isoelectrical point of
G was around 4.0 (Trudeau, F., Daigle, F. & Leech,
Pabléneloligeneleclif8 tapfifte pt8Bes udsd I M gledyoi eties in

the redox polynmer al sohelped to stabiTize the bil ayer

ang. primg e oS UM redoxX Centers to Crose proximty
of GXx. It was observed that the catalytic currents
generated with the redox polyner containing
Detadien wi TEH3 germazol e | i gand was smal |l er than that
cont ai ni ng non-substituted i m dazol e, suggesting that

- GHLpERRPROS Toris ﬁﬂﬁ Pl COAHR AT EG A2 (sEQ

of GOx furthe tated el ectron exchange. Under

i dentical experimental conditions, the voltammetric
catal ytic cur¥Pen- ~(CH3)s-(A)12-TCAGTCTGAGTCAGGCCCCA-3’ (SEQ

ID NO:6)

Detection of GAPDH gene

Capture probes 5-HS-(CH3)s-(A)12-TTACTCCTTGGAGGCCATGTAGG-3'
(SEQ ID NO:7)

5'-HS-(CHs)e-(A)1-ATGGTGAAGGTCGGTGTCAACGG-3’
(SEQ ID NO:8)

Control experiment

Capture probe  5-HS-(CH3)s-(A)12-CCTCTCGCGAGTCAACAGAAACG-3'
(SEQ ID NO:9)
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generated at the sensor enploying a Il overcoating
(the redox polyner I11) was the highest and was

woresuoed4st o be 3-fold higher than that observedraG2ehmoo113

sensor with a IV overcoating (the redox polymer 1V).
Therefore, to attain the highest current sensitivity,
1l was used in subsequent eéﬁerinents. I n anot her
test, after hybridization w TP53 in 20 ng tota
MRNA, the conpl eted sensor was i mersed in the PBS
buffer solution. The oxidation current in anperonetry
increased by 2.7 nA at 0.36 V (vs. Ag/AgCl) upon

addi tion of 40 mM gl ucose to the PBS solution (Figure

QloiokstEhsnllny SEHRTIRS BPBRRGRAY il TR e wers

iitRoBifizsP fonS hd %oP@Ma@ega@ ed' A Eur@’aﬁrobes Upon

observed (Figure 7, curve e anpero
hydsrudlzmlcargraie%\?\ﬁl forwi30h mihe T:l%‘Bu mRIAL ﬁrnnndherrmlxture was

d | d f h TP53
$SEERATY sotlnc B 1S PRI PORkite kel Sid fBtame, fixed

6h gihes RRALHF Hurface: O’Fﬁbﬁiﬁl H‘g'lﬁ \Wﬁr ﬁ]é"ﬂf}%rhﬁb‘%loﬂ buffer

t housands of genes in In a simlar

washew\oft Bhwjithg mmphubédqzabbeg’edafndWRM@dG@x-M?blells were
RERBRY o 1B sarior o ShiteRe N ol Bh AR oo BRI

tisecuent Ngheubaich Mwitht cBoXe sesfjudates! vy Af tfybﬁ;al cycllc
assay for detection of target genes was further

waam@pseam fAbe mgnser aliearPRixNg Wi fasloxaralyiger giveicoating is

SR TR Y 8, R RLEdBL R el Bbh B peai

.clmemtwere: obgentssl farrbdtheoxidafiew tand raiudmed Progeeses at the

[ h r? e of0.80 -9.2 nA whereas, for one
ﬁgég mﬁﬁﬁr&@ e ﬁ@”?% rleﬁ@ﬁt@g dhabhaadneieases, amoyat (ofwedox
3 t 9 r
Getythet B bR to) 11k Safisol iltqbel mBkt rOBEKR LG to the
mtummmBNAchPe&JIésrwhm:hgbto@ﬂem;loﬁe magativet chargeseto the

S ARG i oA B B oSt 3R a0Sh e Eer on the
Seor THSHG 10 SPLANE SO LU n o
m(rennatlon of a mixed micro thrge dimensional mMRNA+GOx-A/redox polymer
bilayer. The total amount of redox polymer, 5.9-8.6x107'° mole/cm?, was
considerably higher than that of a redox polymer monolayer, ~107"
mole/cm?, suggesting that the redox polymer chains were densely
‘grafted’ on the electrode in the three-dimensional network configuration.
This'bilayer also had very rapid electron-exchange processes: At scan rates of
up to 500 mV/s, the separation of the current peaks of the voltammetric
electroreduction and electrooxidation waves was generally less than 25 mV
for the bilayer containing GOx-A labels. Extensive washing and potential
cycling produced no noticeable changes, indicating that the redox polymer
was robustly bound at the sensor surface through the formation of the
electrostatic bilayer and to some degree, interaction with the first nucleic

acid layer. Figure 5, curve ‘c’, was the voltammogram in PBS containing
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help to facilitate earlier diagnosis and prognosis
(Martin, KJ. et al. Cancer Res. 10 2000, 60, 2232). In

wohbes/19603dy, cisplatin | abel ed cDNAs wer e usedPas$/$G2004/000113

standards and diluted to different concentrations with

TE buffer before use. Analyte solutions wth different
concentrations of cDNA, rang??g from0.10 fMto 2.0

pM were tested. For the con experinments,

non- conpl enment ary capture probes were used in t he

sensor preparation. As depicted in Figure 9, the 15
current increased linearly wwth the concentration of
4ONAMy gibicosehafier dmgwidizakonly Wmnabwalmgemthqmcﬂéﬁ&ent was

B H s4 d GAP 2.
Brivre 45 1o 468 ieSehos o Gbiash axiases m thgobaxer. In 2
gortioldekpetinnt) ln@ihf-é‘orﬁglehéhtaé/ Q;ap@ul%ogrgbé) @ggd ]toocapture
fM corresponding to O 10 an
agy TREDandi thergby n@kewmadabehspwere/@lbdmo ibhind taahe sensor

SQRRLENG Pt SR AP BTBBRAMB G4 Bhifec.

proposed nethod. This appears to be t he | owest
reported anmount of genom c nucleic acid detected
R$ é‘@trr EhERLBAIN §iguTend AR Eablgr%.vrstfugtur@étdlffgrejmm the

ok oSt Ko R, S R fpodiating gapapity.

Chem Int. Ed. 2001 , 40, 25 2261; Drummond, T.G,
i & Bart J. Bi ot echnol . 2003 21
Eldg_  Heobs @QW\??PW“@fa‘ﬁ%rﬂﬁS'ﬁﬁcoﬁlﬁﬂ?@thandN@ itiergst sredox
%mgfgﬁﬂc}é fimgpr oved by adopting the nultiple enzyne
[ing schene and the result was conparable to that
ht ai ned W|th gshorEm synt hAE,c pl Pglymuer leoddidgs [of 20, -
DRedszPolgmieengt (mV) n |t Hen\sang \/v(m1f’me/@ﬁ§ y< (nA)
bported earlier (Patolisky, F.} 30. Lichtensteiln, A,
ptler, IM & W Inagp, /. Awgew Chegeglnt. Ed. 200138

D 2261 Drummnd, T .Gl HIl [MG, & Barton, |J. K

==o =

bt . Bi dkechnoll. 203, [21,22119p), tRLratio of |enzyi@
) rget nucleilc acid lecule was fixed at
ni t . Tﬁg amount éB5capt urdd probes ¥robi | i zed|on 24@

nsor—surfaceland h\lhrl dization effici Pn(‘v detler m ned

> T TOOT

he amolit of targ1ét4 nycl &8 aci d bBehd to the|surB2ce
ethereby the ampunt lof enzy labels in spifle of

he siz& of the géHds. |In1Bact| much-8ower curfent186

A
ﬁnaﬁﬁs'm bserved—+or—-enger
a+ ), Ep_

The polymers (1), (1), (Ill), (IV) and (V) refer to those described in the section
“Materials”.

”mﬁmc—sz*mo—

The catalytic cfurrents of redox polymers in which the osmium redox centers
bearing two positive charges were higher than those with a éingle positive
charge implyed that electrostatic interaction of GOx-A and the osmium redox
center was one of the important factors in a successful mediation, as the
isoelectrical point of GOx was around 4.0 (Trudeau, F., Daigle, F. & Leech,
D. Anal. Chem.1997, 69, 882). Acrylamide moieties in the redox polymer aléo
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nucl ei ¢ acid nol ecul es. However, in the present

proposed nodel, nultiple cisplatin-biotin | abels on a
weizogliecasucl ei ¢ acid chain greatly increased tReETSG200A©00113

| abel | oading, corresponding responses fromenzynmatic

reacti on were increased accordingly, and hence the

sensitivity and detection lipgpt of the nucleic acid

bi osensor were substantial |l y“Pnproved when wor ki ng

with real-world sanples. For exanple, for a 1000 base

long nucleic acid, if there is one enzyne | abel per 50

bases, the overall signal could increase by 20- fold.

helpedato Stabilizet thet bityydradmed ibniggt the osroluen cedax denters to close

ecul.es, via

I Shabort Woe abasueaar He cefalyts cuNoMgenerated with
th& GE88R IW&}%cﬂ'ﬁafrﬂhg f—%’iﬁB@fLﬁﬁ?H oirﬁilfiﬁzél@nﬁ'é}%r‘(r;di‘'vfré(@‘asmaller

assay, depending on t ength of the gene.
teamdhat containibganordsubstituies! imidazates suggssting thatohydrogen

BT e R T R iy

of .theLFADX egddeidentérs JfOGION fultherilililngd . electrORI8¥Ehange.
Chem_ Int. Ed. 2001 , 40, 2261; Drummond, T.G, Hill

Under idgntigak @perimgntalsgonditionsctheovolizmomstrie 1c:atalyg'gjc,u rrent

L . . I
oGO R AP Sobdf SRPOTEE Rl (R ieaRFRiOymer m
varscthg éiigheist and Wi mezsurbdsnips ea‘ol_d\/iﬁ'?ﬁér, thiaR thatf dbserved at the
enerated anal ytical signals of simlar sensitivities. -
seRgorami adV oysEreating (fia redampolysieniedhetsfpee.ite attain the

PARE cBimet SR RE T G i Sppediont Spdiifants,

keeps unchanged for all genes, the sane current

17 Eithoh e dhiton W RHAAOT BST TFAd ° 20 naaotal GIRNA, the
c?ﬁ"\ékﬁéféd SBHEbP! Wad Cindmbre! i fePpRYe Egﬁer': Qélgffcgrg”"gt@ oxidation

sensitivity for BRCAL was nore t dou

cusenainedmperamety igereesedusy 207 sifgai f0.3@N | (ysmégEAgCl) upon
agaieR, pL AR, MR odked el PR sondidn dElure 14 Cirve a). n
cOhiroCi ekgeribnt Nherae MBh-2bniReRentagt | &ptutde probes  were

.sensitivity should be roughly proportional to t
immebdizedron thaegenson aerfgesconipa 0118 BAtinerameatwastobserved

(PgRrE e Lutle 'S PRESSHRberometric results agreed well with the cyclic
voltammograms obtained earlier and confirmed again that TP53 was
successfully detected from the total mRNA mixture with high specificity,
considering that there were tens of thousands of genes in the total mRNA.
In a similar way, by changing capture probes immobilized on the sensor
' surface, all other genes were also successfully detected from the total mRNA.

Detection of target gene with a single base mismatch

The specificity of the assay for detection of target genes was further evaluated in
40 ng of fotal mMRNA by replacing fully complementary capture probes with
probes in which one of the bases was mismatched. As shown in Figure 8, the
current increments for the perfectly matched sequence were in the range of
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experinments. It was found that Hi s4 (312 bp), the
shortest anong the genes studi ed, had the highest

wounesanéodsensitivity per base. This was probabPgT™Ge00000113

the fact that not all biotin noieties were equally

accessi ble to GOx- A conjugates due to steric hindrance

and t hree-di nensi onal packin& of the nucleic acid

nol ecul es on the sensor surf#fe. It woul d be nuch

easier for GOx-A conjugates to interact with biotin

noi eties attached to shorter nucleic acid chain

(shorter genes) since sone of biotin noieties may be
0i80r-0c2ihAdwipteasi foriahe bagegmisnmitéh hledncrieesentOdiagapcdoby 80%

fa caudawr oty Orehrabe sty digatadr Bl A bserved for non-
éﬁﬁﬁ%mélﬁéﬂy's%éu@ﬁéﬁgonﬂaf?én\éonTP%’ HSP90, BRCAL,
I S4, plUus eping g

a house- erne GAPDH were tested on
the sensor array after total nmRNA was extracted from

ugpn breast tissues. | nmediately foll ow ng surgery,
Eﬁggfﬁt%?"'f"!e%@é%%r&?ﬁgggeﬁ@re stored in liquid
Birlde0@PRt B td bréAdh @nkBAChICh ofé i%ﬁoﬂ\@ﬁother associated with
mechani cal Iy honogeni zed and t ot al NA was extracted

breast sapcer susaepéibllity geass eategadzedin four Dlustarsatechniques that

SRR S 9 A B o B v

Fiélg tofaRlitaey ehsicraiagnasisind prognesist(MarthgNe.0r eedl @ancer Res.
10 duplicates for each gene and total 14 controls)

AB0.EC: Sapdl b deis asiuc |Gl daboleck SONAS weRe grsed as
LB JARNS 8k oBRIAE 19K AL BnPRSGTR) Wity P SBurchShSfb use.

e seen In under expr essi on

Andlyte solatignsewith different ddBie8hirations aficMAedngindgirersd.10 fM to
(ég{]cer ti ssues, ereas TP53 showed little di ffeeltrr&nce
AMe Were fested JRar he: ¢rtral expeRBIENtR, HopreRsARieeriay gapture

teHesPhRPARId! 1 Ble Hmdo Arafisn. A8td S@i Piyure 9, the
n trﬁe @%QS egg

anges I n cancer tissues mut at e gene
casent imorezspt Uinedrlip ywith thes eoscentiadioineof3cDApwithin dhisofange.

Th DLty LR T EFOCHRPALatiE A GEAPDH were
0.0 - 401, 12.68 460 A9, 9.014300-MF Do Lo @R 94 0488 M, with
detection limits of 1.0, 1.0, 0.50, 2.0 and 1.0 fM, corresponding to 0.20, 0.45,
0.95, 0.10 and 0.27 fg, respectively. Taking the sample volume into
consideration, as few as 800 copies of nucleic acid molecules were
successfully detected using the proposed method. This appears to be the
lowest reported amount of genomic nucleic acid detected electrochemically.
Compared to previous results based on the sandwich-type assays (Patolsky,
F., Lichtenstein, A., Kotler, M. & Willner, I. Angew. Chem. Int. Ed. 2001, 40,
2261; Drummond, T.G., Hill, M.G., & Barton, J.K. Nat. Biotechnol. 2003, 21,
1192) the sensitivity of genomic nucleic acid analysis was greatly improved by
adopting the multiple enzyme labeling scheme and the result was
comparable to that obtained with short synthetic oligonucleotides of 20 - 50
bases in length. In the sandwich-type assays reported earlier (Patolsky, F.,
Lichtenstein, A., Kotler, M. & Willner, I. Angew. Chem. Inf. Ed. 2001, 40,
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Normal Tissue 3 0.52 0.16 0.36 0.10 0.23 0.06 0.31
0.1 0 0.98 0.24 1H RNA expression was given as rati os
woeb@tioss4t o t he GAPDR nRNA. 2Aver age of 8 br eB61/5G2004/000113
cancer tissues. 3Average of 3 normal tissues These
results are in good agreerrent vvith sonme earlier
reports (30 Rosen, B.M; 5 ; Pestell, RG;
Gol dberg, L.D. J. Cell. Phy pol 2003, 19-41; Pavelic,
K; Gll-Troselj, K ; J. MI. Md. 2001, 79, 56'6-573;
Saad, Z.; Bramwell, V.H ; WIlson, SSM, O Mll ey,
F.P., Jeacock, J.; Chanbers, A F. Lancet, 1998,
2361; DAMMOAT,3T.G3HE IM s & BaRonJ\ldLK.lrMatGdi?vet‘echnol. 2003, 21,

2000, 26, 4-5 Howe useful clinical formati on can
169@)y’rh@eraalp F2/6H4 fatiet gn st@rq%ntgsﬂ%ﬁc RiRigae gyas fixed at
o t
uﬂgnetﬁsﬁ@@é& Bﬂeseﬂugé]%\t a con rm tLgaag?gqrga 5 :o?y ce and

hybmilmﬂe osrff icien@y determineelctheaarmbynri obtargel mmleld acid bound to
sanpl.es | owest anpunt,of tota NA needed for .
ey Bacs A TR e Gt O ShekiieSBs b SBie of e size of
t
“{é%?sﬁ@mﬂe%sﬁ?t““?ﬁé'@g%f SullscASfl APaF DbsBricd for, longer

nisgeici ddic métiules. Howswbr,fianthey paeserﬂrpmpem@gie maodelc Imultlp|e
1S 0 ement with the cali i.on study (see
cispliy DS RPeR Brve stig ruitieasidi dhaifiyra it edsed the
S d I
D o DRIt T o5 ot By At reaotion
wereingreased iaccardinghyd andrhenge thecaensitivity aod dgtegtior§mit of

e Rl Gl bERBobGE Nota bt EERYER REYREENINS with
redl T BAMPRSE FofRsemaplen forsa M000Uusdsnlonigeslicielcodnid, if there
One can only reliably discrimnate gene expression

isgpne engpaesiabel pef @Ot lh%ﬁess-th@me(r@é@agneﬁ coulgl dngreppe by 20-

foé1 gﬁ%vggﬂoﬁﬂa I;hg‘ﬂyk ’Ial% 9@;5@ nﬁglé:’ g 137%8 ar‘é@%%ué%s with multiple

eﬁmmenaole%:uﬂés Naauhe dEfepleltm lm?m ﬁ@)mgéles ,Bhie sengitivify was
t t t t

InGERRsetmpYonl 340 H  5OMTRATE bt vt SRPABTERYPS ~assay,

dﬁﬁﬁﬁ’&tn'goﬁﬁ the® 18856 B MRel gén@b"ﬁﬁé %éd%lgfig)?gmﬁﬁxed in this

anges I n-gene expression assays on
wﬁﬁSSwﬂ%\lAcmnmp&@ahI@ ttot alhatRdbseeved paviftor thexd. short  synthetic

o@&n{@é&%kﬁ&%éﬂ%ﬂ 8335“{‘?5\,%.(;?1‘ Tp%kggppgac%es Izlgatolsky, F.,
Lichtenstein, A., Kotler, M. & Willner, I. Angew. Chem. Int. Ed. 2001, 40,
2261; Drummond, T.G., Hill, M.G., & Barton, J.K. Nat. Biotechnol. 2003, 21,
1192), indicating that the enzyme/base ratio has very small variation for
both short synthetic oligonucleotides and genomic nucleic acid samples,
which, in turn, generated analytical signals of similar sensitivities. The
enzyme label/base ratio was estimated to be in the range of 1/40-100
depending on the length of the nucleic acid molecules. Theoretically, if this
ratio keeps unchanged for all genes, the same current sensitivity per base
should be obtained for all genes. It was noteworthy that the sensitivity per
base is, however, nucleic acid length-dependent. For example, the
sensitivity for BRCA1 was more than doubled as compared to other genes,



10

15

20

25

30

the total nRNA to the test solution. Figure 10 clearly
shows that the proposed assay can unanbi guously det ect
woOesws/éam 1-fol d gene expression difference. RAST/SER000800113

seen in Figure 10, anperonetric response of TP53 was
conpletely resolved fromthat of the test solution

after adding 0.80- fold of the total nRNAto it. This

all ows a greater accuracy i @t he identification of
differentially expressed genes at and cuts down on the
need for running too many replicates. In addition,

wWith the nmuch inproved sensitivity, at |east 1000-fold

duerte sigmificantierniorababbe (659 bF) irptres gens.eBhiainetérms of current
assays, the proposed nethod also significantly cuts

S%W\%Mﬁeél%ﬁﬁt BRCAbwas hauowesiniripdneiglearal the same molar
. | hem .
T

of&dma%t? ciacme/gerk:aslem tipentrgrdowas nﬁd\l/btlmedvéct inbthe pgesent

i rect t ect _breast n susceptihiljt enes an

R ARSIk b AR gLne SRF4 14 BN eraterisal Adaqno the Genes
. I .

stidid had i Aiiest cuftdrt BenSitu R U@ THE, was propatly due

tonithé facbithat mot etli biotinnnwiehies sterp equalyz aceessible to GOx-A
reaction., Wth the bridi zati rocess and fhe .,

ORISR fust 19 SRR, B JhEre-ErReRsioaabpacking of the

nbEleRy @bid ARAELTHIES GIENRS SORE6r daia6s.cH VGIEr BERhidls @akier for
with high sensitivity and specificity. By labeling

GERNA sanpvigates to interactpiigh dintipnmoiaties caitaskhedttheshorter nucleic

GBI I Rrsh ot ol 8P BBln Ploietes Mtk pureglgeenly
ineideclonger DRSERIBAUNS. Lty genes from human breast ,
tissues were selectively detected at fentonolar |evels

using the 8x8 sensor array. Less than 1-fold

DREAARIPBEORUR AL PR AR BUARIA i 6 e

Fauptepre8ontativpitreastcantel stsdaptidiiity géneg rarely, TRBBAHSPIO,
BRGAD IR plitce hsiisaaecys SHS GATH weifotasiashonithR sensor
w50 SRR FESRA gt BRrAC00 (AR it GrasP ALY flecirl
folliompih@ surgery; thenbrefast tissue samples were stored in liquid nitrogen until
mRNA extraction. Tissue was mechanically homogenized and total mMRNA was
extracted by means of magnetic beds extraction (a Dynabeads® mRNA
DIRECT™ Kit; Dynal ASA, Oslo, Norway). A GAPDH cDNA of a RT-PCR
product was used as internal control. The mRNA levels were quantified on the
sensor array (10 duplicates for each gene and .total 14 controls) and were
calculated as ratios relative to the mRNA of the house-keeping gene GAPDH in
normal tissues. As can be seen’in Table 3, underexpression for BRCA1 and
His4 and overexpression for HSP90 were observed in breast cancer tissues,
whereas TP53 showed little difference between cancer and normal tissues, due
probably to the high probability of TP53 mutations, not expression changes in

cancer tissues and the mutated TP53 gene was also captured by the sensor.
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nol ecul ar di agnosi s, particularly for early cancer
di agnosis, point-of-care and field uses.Clains 1. A
worbisaded3or t he detection and/ or quantifi cati oRCOKSG2404/000113

| east one target nucleic acid or target polypeptide in
a sanple of nucleic acids or polypeptides conprising
the steps of: a) prOV|d|ng ggianple conprising nucleic
aci ds or pol ypeptides; I ling the nucleic acids
or polypeptides with a Ilgand conj ugate, the |igand
conjugate conprising a first elenent binding to the
nucl ei ¢ acids or pol ypeptides and a second el enent
which is a capture ligand; c) contacting the nucleic

T3S e SE PR 5P R et el ABHT iy breas

tiggyde hybridising with or binding to at |east one
target nucleic acid or target polypeptide; d) adding

i) an oxi doreductase enzyne, wherein the
oxi dor educt as@&nzynme HSPIecogni BRehiby t heHslapt ure GAPDH
I i gand, or ii) a conplex conpri sing an oxi doreduct ase

enzyme bgund tO a _capture TEeceptor, tihe tapture

rcé’tcé’p?s(ﬂ"e capa@t%*B‘FS bi A8 BB% o t 40Pt ur 0N 4206d; 894 £023
Nertiahfigsue’ r edoR5DbP-garer 0.38 HO10r edok23aBIOPrrer BBHhEDMY t BI8 024

the oxidoreductase enzyne therehy resulting In t he

'mR N expression siag givies as Talippralative tathe (FAPRRanRNA. FAverage of 8
bpe%g%ﬁ% ef t?ssﬁ% elAﬁféfalgg%?ﬁl%n;lglctgsS%?asnd f) detecting

/ or “quant e presenc the target nucleic
acid(s) or target polypeptide(s). 2. The nethod of
claim1, wherein the capture probe is fixed onto an
el ectrode surface or conprises nmeans to enable it to

fTﬁége trgﬂﬂfb E{ e eq%@) lrefe?r‘?@nt%mtﬂ_'%?mf@ PibrOfe gr@ @e Rosen,

eln th robe is an o |gonu eot
Bthrfam sbngPestel, R. G ea@mldkmg |d.oIDt iJonCell. Phgsibhr ge03, 79-41;

P K Tk Trdien K B A, Vo200, Yo sdM85 "4, 7,
Bramwell, V.H., Wilson, S.M., O'Malley, F.P., Jeacock, J.; Chambers, AF.
Lancet, 1998, 351,1170-1173. 33 Gullans, S.R. Nature Genet. 2000,26,4-5).
However, useful clinical information can only be drawn from a statisticélly valid
number of sa‘mples in connection with patient's medical history. Nonetheless,
these data confirm the applicability of the sensor array in direct analyzing real-
world samples. The lowest amount of total MRNA needed for successful MRNA
detections was found to be about 1.5 ng. Considering there are about 30000
genes in this total mRNA pool, the actual detectable limit for each specific
MRNA is at sub-femtograms on average, which is in good agreement with the
calibration study (see above). The relative errors associated with mRNA assays
on individual genes were generally less than 25% in the concentration range of
2.0 to 300 fM. Therefore, it allowed for the identification of genes that differ
less than 1-fold in expression between two conditions. It is very difficult to
detect 2-fold different gene expression using current technology. One can
only reliably discriminate gene expression differences of more than 3-fold
(Saad, Z.; Bramwell, V.H.; Wison, SM., O'Malley, F.P., Jeacock, J.:
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of nRNAs, cDNAs and/or genomic DNA. 5. The nethod of

clains 1-4, wherein the sanpie of nucleic acids is a
woeanpliecsi total nMRNA and the capture probe hyBCTSGI@4/000113

to at | east one target mRNA. 6. The nethod of clains

1-4, wherein the sanple of nucleic acids is a sanple

of cDNAs and/ or genom c DN@E?nd t he capture probe

hybri dise to at | east one tatget cDNA or to at | east

one target genom c DNA fragnent. 7. The nethod of

claims 1-2, wherein the capture probe is an anti body

or a I|gand binding to the target pol ypeptide. 8. The
Chahbes, afF qlaiows, 1998, 357, 1ié0-¢1 A3.t3tk Cﬂdlaps,esd? Nature Genet.

o B bh 5 ut Snraa shson P b Rl ATt e most
mgqe %gﬁﬂfﬁg%{en‘é%afﬂﬁﬁ(uép@ ditfeprLiitied 'b%t\ﬁ/ééﬁtdlﬁé%mnéondltlons To

ic acids or to the polypeptides is

déteRninat itive abitityi nuindétestiegl mymltenehang@ dni genel exreassion,
anl ne

my tm.%waggnwﬁ% W ?r?@ethtsadb@g{% yere H)erformed
E%@%‘g%fo‘ﬁ [SERPLP TP v@f*&'rﬁﬁﬁbﬁk@dnﬁy %diﬁt% tizgious amounts of

reductase enzyne, an aptaner, até) ein and/or a
ther tdtal rmRelFedbothe 1ést snwtm Hoguee 0 learly-shows that the

LA SRR B BRI s
dl'fﬂé??ﬁ‘t?eOtAg Sah't%agéen @H Fﬁ@hﬁmo; ampzrr@h%tncareyp@ns& of TP53

el n receptor thod of claim1-9 rein
whlbecamplébslytaspiss Emzryﬂtatmfnf@g st pi e atter PIGRGHO.80-

BUERE o, RSaETRENE 1o, 2 b et i i

 ideEfieBtibA @\‘ndﬂ’t’éréﬁﬁél OIy @xpesegbdgenaseat and cuts down on the

nmono- oxygenase, | ase, a diqx genase, - a .

nped of;qrorammg)rtog mﬁg\yo icales. _P[Bagehﬁgx ﬁotgeomugh dmproved
r | -

S@%%tfvg‘ eaﬁlg%agggogwﬁ&e §%r\§/¥gc eotgn)%p iggg@?? flugk¥3cence-based

ab¥AyRs itheproptised miekiod also significantly cuts down the amount of total

mRNA from micrograms to nanograms.

CONCLUSIONS

The electrochemical sensor array described here is rapid, ultrasensitive, non-
radioactive, based upon genomic mRNA and is able to directly detect breast
cancer susceptibility genes and a house-keeping gene from the total mRNA
extract without PCR amplification. By employing the cisplatin-biotin
conjugate, mRNA was directly labeled with biotin moieties in a one-step non-
enzymatic reaction. With the hybridization process and the formation of the
mRNA+GOx-A/polymeric activator bilayer, specific genes were detected
amperometrically with high sensitivity and specificity. By labeling mRNA sample
with multiple enzyme molecules, the sensitivity was greatly increased by 15-

40 fold compared to the sandwich-type assay. Fulldength mRNAs of cancer

susceptibility genes from human breast tissues were selectively detected at
femtomolar levels using the 8x8 sensor array. Less than 1-fold gene



thereof. 14. The nethod of clainms 1-13, wherein the

redox polyner is a redox active polyneric material,
weoabos(1véa3y| | m dazol e- co-acryl am de), PCT/SG2004/000113

pol y(vi nyl i m dazol e-co-acryl am de) partially

i m dazol e-conpl exed with [Gs(bpy) 2], [GCs(dnbpy)?2] ,

[ (Csbpy) 2(i m, [Cs(dabpy)2] ,and/or [Cs(bpy)2(Mm],

pol y[ vi nyl pyri di ne CB(bls-bﬁﬂyr|d|ne)

2Cl -co-al l yl am ne] (PVP-Gs-AA), horseradi sh peroxidase

(HRP), ferrocene-based pol yner, and/or rutheni um based

pol yners. . 15. The nethod of clainms 2-14, wherein the
expredsinre diffeezrtaendas issicoesbiullyf defetid. phetlowesh deeetable amount

T O ST AT
in%egﬁatin%- e sehebe 'd?'ré(}g‘ ntBeh hﬂfﬂ}/' SuBrised gl?licfrBéleEﬁ?I&'gechanical

irect detection and/or quantffication spec

sygtaresfrom tissud digRislios samdl sample. preparatienhtodniedleic | awidrisolation
: .0 the le s.,a, m | sanple. .18. The .

B GBLGh.. o6 Brofiee o TRt e angT N SiPRghsPiuions for
melgolhediagRosidhsari@ila ' iSpRirRidH-

MRNA san%l e i ;&ext ra@?]:sog%?%%bgé?n@%%@séd. T'ﬁgfnctgﬁ%%d field
USgP. cl ai ns 16-19, wherein the |ligand conjugate is

cisplatinbiotin and the capture receptor is avidin or

streptoavidin. 21. The nethod of clainms 16-20, wherein

the nethod is a diagnostic nmethod for the detection

and/ or quantification of one or nore target genes. 22.

The nmethod of claim?21, wherein the target gene is at

| east one of tunor protein p53 (TP53), heat-shock

protein 90 (HSP90), breast cancer gene 1 (BRCAl), and

Hi stone H4 (Hi s4). 23. The nethod of clainms 1-22,

wherein detection limts of the target nucleic acid

are 0.20-1 .0 fg. 24. The nmethod of claim 23, wherein

the detected target nucleic acid is
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MRNA. 25. The nethod of claim 24, wherein the target
MRNA corresponds to the breast cancer gene 1 (BRCAl).

waaoosfiken3set hod of clainms 1-25, wherein the nePoo8GR®4/000113

carried out on a sensor array. 27. The nethod of claim
26, wherein the sensor array conprises: a support; a
first electrode material applied on the support; a
spacer/insul ator |ayer appli®d on the el ectrode
material, and a second el ectrode material. 28. The

met hod of claim 27, wherein the electrode material is
made of gold, platinum glassy carbon, graphite,

Glaimzon pastes (CPE) or carbon-epoxy conposites for

anperonetry. 29. The nethod of clains 27-28, wherein
the spacer/insul ator |ayer conprises, fromthe bottom

1t OA L RBHIRP f cglagw ‘y%iéd&’bﬂl Shact gnﬁﬁﬁé@éop o%\)ta%@a{s‘t he target

screen-prin ayer a
I aym1e180ac‘dh®rntar’geﬂ pdlypeptides i26a29amplher ef mudisic acids or
ort j acg%ass s:{llgé)ort. 3 1. The nmethod of clains

yP&aii PrRIBg e 8tepsiPfa ni croel ect r onedi cal

‘system (MEMS) and/ or fuI |y automated M cro Tot al
| YrhAdiRY Sé§é'i‘n [8 ISlné%uci%léjéé‘iGQQﬁtth}Yé% tides;

conprising’ A) capture probe I'’Xxed on
an el ectrode surface or i) corrprl ses neans for

fibi lepeling dhedusleic anidss ar pab/pepmje%wmhgad@andr@qwaie the

5 A i D BAMASES T 48 i

el enmenpolypagiities bad ahseovuel stémeativiichol aOQép‘lﬂ%’h%
and a second el enent which is a capture |igand
an OX|doreduc ase enzynme, wherein the OX|doreductase

erfy FRNACTIRG JhS| @UQﬁ'%@Piﬁl@ ligsnddcopjugate @sppelypeptides-ligand
i gaeéinjggété Wit 8P MRSK Gﬁém{:%@llﬂag ?ﬁ)t@(' 908 edLS1AS S probe

enzyne to a capt ure rece tur
r ecebybndlsmgalvltle avfbihdinditogattleasthene target enubleg@adtd ) target

ar edo|>)<,pgpg <¥e

d) adding i) an oxidoreductase enzyme, wherein the oxidoreductase
enzyme is recognised by the capture ligand, or i) a complex
comprising an oxidoreductase enzyme bound to a capture receptor, the
capture receptor capable of binding to the capture ligand;

e) adding a redox polymer, the redox polymer binding to the
oxidoreductase enzyme, thereby resulting in the transfer of electrons
from the enzyme via the redox polymer to an electrode surface; and

f) detecting and/or quantifying the presence of the target nucleic acid(s)
or target polypeptide(s). |

2. The method of claim 1, wherein the capture probe is fixed onto an

electrode surface or comprises means to enable it to fix to an electrode
surface.
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33. The kit of claim 32, wherein the capture probe is
an ol i gonucl eoti de specific for a target nucleic acid.
wa@4o005fieen3ki t of claim 32, wherein the capture pCcoise2008/000113

an anti body or a ligand capable of binding to a target

pol ypeptide. 35. The kit of clainms 32-34, wherein the
first elenment binding to the nucleic acids or to the

pol ypeptides is cisplatin,[ﬁQuinun}Iinked Cyani ne 3

plati num|inked Cyanine 5, and the capture ligand is

bi oti n, digoxigenin, an antibody or antigen binding to
the capture receptor, or an anti body binding to the

PxThe meethod af elaimsy 2, whereipttheeaptuze probeisranmlijonudeotide
aims 32-35, wherein

rotein.receptor,. 36. The kit of cl - .
P hBVaiding SHelipestone pauomiof the fargst Bucleis tid.
anti -di goxigenin, an antigen or antibody binding to

4."Ehé ARStHEE Jf cRARE, 1-8]1 i L andéar
protein recegt or. 37. ‘r‘é"geﬁ"ﬁlﬁ% S%’f’gfg@@%@%'%%ﬁ'saa sample
OxPUBRNAR: AnRdias genomic ONAlase, a dehydrogenase,

a nono- oxygenase, a hydroxyl ase, a di oxygenase, a

' ! 38. T ' f claim37
P ALHE ritifd of el o BRI e SamiliCar gl Sidi Badample
oxofdéstal MRANA, andrtheataptoxé grebe (HYHKise Y6 Qi IRASE P farget
m X e thereof. 39. The kit of clains 32-38, wherein

t h& ox polyner is a redox active polymeric
mat eri al, poly(vinylimdazol e-co-acryl am de),

T Haqtod B ERE0 35 WRERL 0 hp b i asigssp  samele
[ (Ml HpyAe l(a'm?qrdqém(rﬂiaﬂ%bl)\ agid thieds da_mtwterr(dblemﬁ:(rMisé fo at least
0 in i, di ne i,s- bi,pyridi ne) ,
DA S UaiGnds st enéARiet enotic ANA Megmsntaase
(HRP), ferrocene-based pol yner, and/or rutheni umbased

7POT yereisthod Of ofaifRNED! widran tﬁ@Véa&ﬁurfeO{)li'dHéeis_d@ﬁ gﬁﬁb&&& or a

of target nucleic acids and/or polypeptides in

sdigand tingingtte the fayeetpelypeptide.st and second el ect rode

8. The method of claims 1-2, 7, wherein the sample of polypeptide is a
sample of proteins and the capture probe binds to at least one target
protein.

9. The method of claims 1-8, wherein the first element binding to the nucleic
acids or to the polypeptides is cisplatin, platinum-linked Cyanine 3,
platinum-linked Cyanine 5, and the capture ligand is biotin, digoxigenin, an
antibody or antigen binding to the capture receptor, an antibody binding to
the oxidoreductase enzyme, an aptamer, a protein and/or a protein
receptor.

10.The method of claims 1-9, wherein the capture receptor is avidin,
| streptoavidin, anti-digoxigenin, an antigen or antibody binding to the
capture ligand, an aptamer, a protein and/or a protein receptor.
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separated by a spacer/insulating |ayer, and wherein
the el ectrode becone connected when the analyte is

wapmisiteeh3to t he second el ectrode. 41. The devi eeTs:2004/000113

cl ai m 40, wherein the current passing through the two
el ectrodes reflects the quantity of anal yte applied.
42. The device of clainms 40-41 , wherein the first
el ectrode is applied on a s?ﬂ_pport. 43. The devi ce of
claims 40-42, wherein a capture probe is applied on
the surface of the first electrode, and wherein the
capture probe is capable of hybridising with or
19i THE REethed @F clafast-O pwhetein ges oxndol’eﬂuctm enzyme hingist to the
poI ng ptide of the anal yte.44 cge deV| f cI ai ms

reigandi wherein %@@9@5%&9%& s ARt -
pI atinum gl assy carbon, graphite, Gar bon past es (CPE)

0 e QPO f

1S I EOg B PO Richan #le SREGIAIRkEYe hemr N
cqmajasees,a fdetydrogenase, o tmonbeXygpnase: a@héydme(yase a
spaci ng/insulating,la er creenprinted Ag/ AgCl
Ieﬁ}@?yggﬁésﬁv APEH Iaahy@ & ®rhe device of
cl ai ms 40-45, wherein the support is glass. 47. The
1§6Théemegho%|' KL él§|n4q24Whéf@|ﬁftherb)tldi@s@mgwb§se Dxitlase (GOX)
sanple of total . The device of clains 40-46
wHactase qx:@smmrx)e mguvaatga@pdasr@;f(Pa/Mr@ﬁlng@ﬂd?ﬁ a mixture
Dgﬁs 9. The device of clains 40-48, wherein the
dd0PE"i s integrated in a nicroel ectronedical system
(MEMS) and/or fully automated Mcro Total Analysis
18y Thernethot S clamIANGE, WwhEBilGhe<tddox polgney i @ redox active
Sci ence, Technol ogy a@f Resear ch <%20> Mat hod an d
DeRalWaefier Det ectMaierdl Nucl ei c PRl AR pgple—co-acrylaml e).

PYl P& RiARa ol 95-dcRAamide) partially imidazole-complexed  with
[Os(bpy):],  [Os(dmbpy)],  [(Osbpy)(im),  [Os(dabpy)]  andlor
[Os(bpy)2(Mim)],  poly[vinylpyridine Os(bis—bipyridihe)ZCI-co-allylamine]
(PVP-Os-AA), horseradish peroxidase (HRP), ferrocene-based polymer,

and/or ruthenium-based polymers.

‘15. The method of claims 2-14, wherein the surface electrode is made of

gold, platinum, glassy carbon, graphite, carbon pastes (CPE) or carbon-
epoxy composites for amperometry.

16. The method of claims 1-6, 9-15, wherein the method is a method for the
direct detection and/or quantification of specific genes in total mRNA

sample.
17. The method of claim 16, wherein the sample is a mammal sample.
18. The method of claim 17, wherein the sample is a human sample.

19. The method of claims 16-18, wherein the mRNA sample is extracted from

- atissue.
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<160> 9 <170> Patentln version 3.2 <210> 1 <211> 20
<212> DNA <213> Artificial <220> <223> PCR pri ner

we20BH0do3at ggt gaagg tcggtgtcaa 20 <210> 2 <211PCRBG2004/000113

<212> DNA <213> Artificial <220 <223> PCR pri ner
<400> 2 ttactccttg gaggccatgt 20 <210> 3 <211> 20
<212> DNA <213> Artificial <220> <223> PCR Pri ner
<400> 3 atggaggatt cacagtcg 20 <210> 4

20. The method of claims 16-19, wherein the ligand conjugate is cisplatin-
biotin and the capture receptor is avidin or streptoavidin.

21. The method of claims 16-20, wherein the method is a diagnostic method
for the detection and/or quantification of one or more farget genes.

22. The method of claim 21, wherein the target gene is at least one of tumor
protein p53 (TP53), heat-shock protein 90 (HSP90), breast cancer gene 1
(BRCAT1), and Histone H4 (His4).

23. The method of claims 1-22, wherein defection limits of the target nucleic
acid are 0.20-1.0 fg.

24. The method of claim 23, wherein the detected target nucleic acid is
mRNA.

25. The method of claim 24, wherein the target mRNA corresponds to the
breast cancer gene 1 (BRCA1).

26. The method of claims 1-25, wherein the method is carried out on a sensor

array.

27. The method of claim 26, wherein the sensor array comprises: a support; a
first electrode material applied on the support; a spacerf/insulator layer
applied on the electrode material, and a second electrode material.

28. The method of claim 27, wherein the electrode material is made of gold,
platinum, glassy carbon, graphite, carbon pastes (CPE) or carbon-epoxy
composites for amperometry.

29. The method of claims 27-28, wherein the spacer/insulator layer
comprises, from the bottom to the top, an adhesive spacing/insulating
layer, a screen-printed Ag/AgCl layer and a hydrophobic layer.
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<211> 18 <212> DNA <213> artificial <220><223> PCR
prinmer <400> 4 tcagtctgag tcaggccc 18 <210> 5 <211> 32

WE20BH0@ISN <213> Artificial <220> <223> Capt ur eCp/iSch@4/000113

ol i gonucl eoti de <400> 5 aaaaaaaaaa aaat ggagga
ttcacagtcg ga 32 <210> 6 <211> 32 <212> DNA <213>
Artificial <220> <223> Capture probe oligonucl eotide
<400> 6 aaaaaaaaaa aatcagtctd agtcaggccc ca 32 <210> 7
<211> 35 <212> DNA <213> Artificial <220>

30. The method of claims 26-29, wherein the support is a glass support.

31. The method of claims 1-30, which is integrated in a microelectromedical
system (MEMS) and/or fully automated Micro Total Analysis System (u-
TAS).

32. A diagnostic kit comprising: A) at least one capture probe i) fixed on an
electrode surface, or ii) comprises means for fixing to an electrode surface;
B) a ligand conjugate for labeling nucleic acids or polypeptides of a |
sample, the ligand conjugate comprising a first element binding to the
nucleic acids or polypeptides and a second element which is a capture
ligand; C) i) an oxidoreductase enzyme, wherein the oxidoreductase
enzyme is capable of being bound by the capture ligand, or ii) a complex
comprising an oxidoreductase enzyme bound to a capture receptor, the
capture receptor capable of binding to the capture ligand; D) a redox
polymer. |

33. The kit of claim 32, wherein the capture probe is an oligonucleotide

specific for a target nucleic acid.

34. The kit of claim 32, wherein the capture probe is an antibody or a ligand
capable of binding fo a target polypeptide.

35. The kit of claims 32-34, wherein the first elemént binding to the nucleic
acids or to the polypeptides is cisplatin, platinum-linked Cyanine 3,
platinum-linked Cyanine 5, and the capture ligand is biotin, digoxigenin, an
antibody or antigen binding to the capture receptor, or an antibody binding
to the oxidoreductase enzyme, an aptamer, a protein and/or a protein
receptor. '

36. The kit of claims 32-35, wherein the capture receptor is avidin,
streptoavidin, anti-digoxigenin, an antigen or antibody binding to the
capture ligand, an apatamer, a protein and/or a protein receptor.
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<223> Capture probe oligonucl eotide <400> 7 aaaaaaaaaa

aattactcct tggaggccat gtagg 35 <210> 8 <211> 35 <212>
WOMsaRdB* Artificial <220> <223> Capture probeCT/sG2004/000113

ol i gonucl eoti de <400> 8 aaaaaaaaaa aaat ggtgaa

ggtcggt gt c aacgg 35 <210> 9 <211> 35 <212> DNA<2| 3>

Artificial <22 0> <223> Capture probe oligonucleotide

<400> 9 aaaaaaaaaa aacctctdﬂ% gagt caacag aaacg 35

37. The kit of claims 32-36, the oxidoreductase enzyme is an oxidase, a
dehydrogenase, a mono-oxygenase, a hydroxylase, a dioxygenase, a

peroxidase, or a hydrogenase.

38. The kit of claim 37, wherein the oxidase is glucose oxidase (GOX),
lactase oxidase (LAX), pyruvate oxidase (PYX), tyrosinase or a mixture
thereof.

39. The kit of claims 32-38, wherein the redox polymer is a redox active
polymeric material, poly(vinylimidazole-co-acrylamide),
poly(vinylimidazole-co-acrylamide) partially imidazole-complexed with
[Os(bpy)a,  [Os(dmbpy)s],  [(Osbpy)(im),  [Os(dabpy)]  and/or
[Os(bpy)2(Mim)],  polylvinylpyridine Os(bis-bipyridine),Cl-co-allylamine]
(PVP-Os-AA), horseradish peroxidase (HRP), ferrocene-based polymer,

and/or ruthenium-based polymers.

40. A sensor array device for the detection of target nucleic acids and/or
polypeptides in a sample analyte comprising a first and second electrode
separated by a spacer/insulating layer, and wherein the electrode become
connected when the analyte is applied to the second electrode.

41. The device of claim 40, wherein. the currént passing through the two
electrodes reflects the quantity of analyte applied.

42. The device of claims 40-41,.wherein the first electrode is applied on a
support.

43. The device c;f claims 40-42, wherein a capture probe is appliéd on the
surface of the first electrode, and wherein the capture probe is capable of
hybridising with or binding to at least one target nucleic acid or target
polypeptide of the analyte. |
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44. The device of claims 40-43, wherein the electrodes are made of gold,
platinum, glassy carbon, graphite, carbon pastes (CPE) and/or carbon-

epoxy composites for amperometry.

45. The device of claims 40-44, wherein spacer/insulator layer comprises,
from the bottom to the top, an adhesive spacing/insulating layer, a screen-

printed Ag/AgCl layer and a hydrophobic layer.
46. The device of claims 40-45, wherein the support is glass.

47. The device of claims 40-46, wherein ‘the analyte is a sample of total
mRNA.

48. The device of claims 40-46, wherein the analyte is a sample of cDNAs or

genomic DNAs.

49. The device of claims 40-48, wherein the device is integrated in a
microelectromedical system (MEMS) and/or fully automated Micro Total
Analysis System (p-TAS).



