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*166166* WD 2005/ 106034 PCT/ SG2004/ 000113 1 Met hod
mm@mmﬂl for Detection of Nucleic Acids and/or

Field of the invention This invention
rel«akes to nethods of detecting and/or quantifying the
5 expression of at |east one target gene of interest.
WO 20810608411 ar, this invention is useful in PEESG2004/000113
si mul t aneous detection and/or quantification of a
plurality of target genes, in particular, selected
expressed genes. The inventipn also provides a device
for carrying out the detection and/or quantification.
10 .Background of the invention The nbst conmonly used
met hods for the quantlflcatlon of gene expression

BEM/Ybrk 1992) rlbonuclease protection (Chan, -

S.D.H et al., Anal. Biochem, 242, 214, 1996) and

reverse transcription 15 polynerase chain reaction

%&E! Sﬁ!g@gééﬁﬁi ., et al., Nucleic Acids Res., 22,
G, et al., Ml. Cell. Probes, 10,

427, 1996). The flrst two, methods require 10-100 pg

AhisTReemtio oratatelettectmdho@ eofnskecting| endibesquantifying the

catiesvian o2 45435 B toicb et Bbletost p{BMcar 8 Inention s

Wgafilli ihythe simtinaneolis Gietattion narld/on Geshtification $>f oo pllﬁallty of
sanpl e or asane?dtos rate oq& cert

S0P GeResa b ARG AXBiesRed 15N ghe The invErion” also
%M&H%%@%e%%@&%h@ﬁuf t%hfé'tébﬁ@ﬁ ahtiRrepbnfifatbh) e.

- PCR can theoretically anplify a single nucleic
acid nmolecule by mllions of tines and thus could be
eliWr thQinveptiyn smal | sanpl e sizes. However, RT-
Tcatton tends to - introduce contam nation.

It also requires 25 considerable optim zati on of
pihennost sermandy Haash eetpeds mammﬁna%ﬂﬁcahtém of §ege expression
Hﬁ&b&?%ﬂﬁemﬁmg (WratsOR 'L et ' ?QRS%thaHtrrgm %’“Edn W.H.
anoun quencés'in a star xture

rfagenman bed r@cpmeaeyxt Newal oti €1 92he nbmw%asenpm@tmn r(&han,
Fg-DFﬁReP Pdﬂﬁtatc’ gH)%htepn 3@4‘5091\4(3 %)% ehvisFd tr%ﬁécglﬂlon-

polymerase chain reaction (RT-PCR)(Cottrez, F., et al., Nucleic Acids Res.,
22, 2712, 1994; Totze, G., et al., Mol. Cell. Probes, 10, 427, 1996). The first
two methods require 10-100 pg 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,
northern blofting 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 fo- introduce contamination. It also requires
considerable optimization of primer sets and sample pretreatments, therefore,
prolonging assay time. More frequently, different amounts of mMRNA
sequences in a starting mRNA mixture may not be represented at the same
level in the final RT-PCR products due fo selective and nondinear target
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FTTHHETHEVEEEVEEEVELEVELTEELTEEET *@0002* WO

2005/ 106034 PCT/ S&G2004/ 000113 2 anplifications.

I nconpl et e denaturation of RNA secondary structure
during the CcDNA synthesis step can also halt the

g'ol ymerase, resulting in shorter cDNA copies of the
Qr@@(mm These limtations affect the prBET/E8GWA4/000113
and quality of the resulting data, and often provide
distorted informati on of gene 5 expression. Miltiple
replicates can help to gain gonfidence in the results
for such experinents, but that is not applicable to
small or rare sanples. To circunvent the

above nmenti oned probl ens associated with RT-PCR

nﬁ\ﬁ’ibé’t&b@% gltnlp ?Fén{‘lhﬁa‘ﬁbﬁtdm{ nuc?&fdrﬂﬁw QtnS’cﬁﬁr‘eVdﬂrln ethe

juga eic acid nol ecul
mﬂNA rsynthesisystée can alscbelhaib'é‘@ olyraenaise;Tresuliing an shorter cDNA

9
HeRcl b AR TROR ki toct i BRI H 2 Eatey
tdfathd tresditing nadte, ahdsbftandprloviie uentonedm m{prtr[atioheof gene
nucl ei ¢ aci abel ed, nucl

|
aﬁ?ﬁpae%ﬁ'qrb\bé'ﬂHP'Sr@B'f‘@tess 5%% ?k?f:‘;epséjﬂm ngf%%q& iy ‘ihsa'FP@'# for
Oé‘ucﬂ'éxjoeﬁﬁahtsabhﬁ/thawe hesSsMNcARE SsmalPYErdRs sarhples. 15

quantification of gene expression has proven to be
difficult owwng to the limted sensitivity of the

% S&kﬂﬂw@HF'tﬁéC e%éﬁﬁ deg gfbm&ﬁbnééﬁé%tedma{ | RT-PCR,

rograns | S nee or quantitative purposes
(ﬂeldwuq&llesﬁhat um a @(splatlmdagomgenincpjmyatlwchyumm directly: label

Z'ﬁ‘g%ﬁ"? %ﬁ?. Y %erh%}%fj e&ﬂﬁgﬁéghgldgxeeloégd g(ElgeJ'ng, et dl,
cCBiatdchnigaes,i 217(5)11@63147 1998). The ey adiaatageaof the direct nucleic
Sh GBS T B30, BYATEER AP 3P4 e s t o
OlﬁlRﬂ?élé Witid. niedutts. Mhlkee pisuling dabgled siucizic acid bltowes a greater
%gg{u?acél? 1914?13? etmg tgét%qlno?fz Slﬁ%ésr’\%gﬁyigx&%f P agégﬁgﬁdwever, the
Rg.?ﬁriti%&?o n &g eﬁeE@}(fpfbssrﬁn%as éiren QWU#F &R, to the limited

Jor dan, Anal . em,
ewnsrtg@nof tmg@xrstquhewﬂ\cv det%itloatechnnueﬁ i ¢ Acids
Res., 26, 1515, 1998), el ectrochem caI (Kelley, S. O,
et al., Bi oconj ug.
Usually micrograms of mRNA is needed for quantltatwe purposes (Hoevel T,

et al., Biotechniques, 27(5):1064, 1999; Boon, E.M., et al., 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 diagnostiés 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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Chem, 8,31, 1997; Kelly, S. O, et al., Nucleic Acids
Res., 27, 4830, 1999), 30 and m crogravinetric and
quartz-crystal mcrobal ance (Bardea, A, et al., WO
2005/ 106034 PCT/ S&2004/ 000113 3 Chem Conmmun., 839,
1998; Wang, J., Nucleic Acids Res., 28, 3011, 2000),
VO0e500¢%84 on net hods have been reported for PEESG2004/000113
detection of DNA hybridization events. Anplified

el ectronic transduction of nucleic acid recognition
events (Caruana, D.J. and Heiler, A ., J. Am Chem
Soc., 121, 5 769, 1999; Patol sky, F., et al., Chem
Int., 40, 2261, Ed. 2001; Patolsky, F., et al., J.
Am Chem Soc., 122, 418, 2000; Zhang, Y., et al.,

h
Gk .. o AR, b, D e cascts,
2000 pansductioh rbethsdmshave beed reperteddori 'dbtdctiOly of DNA

it eypre: AGPRRL ot FadhEReR, 8PS, agic

I %Eo@:'ilﬂ&@re'vénﬁl @mmﬁas m{lj Qfdw{elllér tAiJ ﬁﬁMsCh%erdoe, 121,

e enor nous 0 fess nade 1IN el ec C

o(9 {1955 ool T ohal e Ay 3241n E51 20p1{ BaEsS, F.
Stﬁ‘?\rﬁ' g‘?\%fn [§od.Nq22 ”@fé‘eZOO?leVZIﬁéHg ivTp&t dlaAinal. Chem

Ies nee be overcone first is to test
bmsazsar 2003) gbas natson beesi cadalfe%serd ofieceatly- woie dmherent

2@1 |aﬁgg%§'8¥ 5%#3 Fle%ﬁoﬁoesr?i'é%lf 3{ ené roc%%em CnTp%ﬁblhty with

bammmedrseaﬂmndumorhteohhalbigml wrsma toymroeidec a simple,
cI eoti.des, or w

?{’bqq'l eczﬁ“idoH‘exRﬁBFW& P@E‘Q(ﬁ“eﬁ%fe% %ta |ch]atglngﬁlgxo{ renetic

edigehsos e pirl thei draemoos ﬁbr@grésk meade frableictrathemicahhacleic

useful sensor arra

i ca a s of 30 to 100
aRed RigeRNForp i H}eaéﬁ%tsﬁ .Végﬁmw’s‘%%f B¢ o FRRHppRer 1o the
brRfcdt Severflimperashhirdidsathid &5 bbeasldregné OThé@'rrs’lOs to test
cancer marker genes_ in addition to itive q
n&@abm@n&fﬁtqrbggn@mmﬂﬁ acid cﬁromé{éagwoﬂd s@qpples (Lay, P

Eég ﬁg géxntlgrl%af EQP%SG)ASB%F“ l’ﬂgétyof ﬂw@eéléct'récﬁémlcal

devel opnen nprove and
ZBlosfeﬁsorseestartrmlﬂmodatlfldv shieet s$yidhetie pbaonbﬂeah@%ror with a

pEC?‘er uc?faﬁic s heHeol"f’igBﬁH}L SA egnfthé}ui%lrrrl%p%n éo ﬁult iplex the
meldatrdshemical biosensors and their fabrication intp 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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for the direct identification and/ or analysis of

target genes in the total nRNA present in a sanple.

WO 2005/ 106034 PCT/ S&004/ 000113 4 Summary of the

i nvention The present invention addressess the needs

of the prior art and provide a sinple, rapid and
WO:2P%48¢08¢ t i ve met hod and device for the det BEF/p@Hq04/000113
and/or 5 quantification of target nucleic acids. The
nmet hod and device according to the invention can al so

" be applied to the detection @and/or quantification of

target proteins. According to a first aspect, the
i nvention provides a nmethod for the detection 10
and/ or quantification of at |east one target nucleic

id or 6 &Hpeptide in a sanple of nucleic
g§¥%%L%4Jgé$§%@§Erﬂes conprising the steps of. a) -
provi ding a sanpl e conprising nucleic acids or :
pol ypeptides; b) | abelling the nucleic acids or

| ypeptides w.th ' j g :
e BEReer ERRphL pghrEPY L Rt of tag Bfor oHOERS provide 2
sirapR eapfidiah® ullrasensiive yretid ded deviteafos dbe détestien@nd/or
which is a ture |.igand; contact i t he ny '
eattaayen ot el mustel s, dhe SEAhEG skt Aubbidiigto the
GRVHNBAIRR k6 heddpplRasfo tAB&letédtionr andivrogeantiiibation of target
capture probe hybridising with or binding to at | east
dieteing: get nucleic acid or target pol ypeptide;: 20 d)
addi ng i) an oxi doreductase enzyne, wherein the
oxi doreductase enzyne is recogni sed by the capture

| Acganding to aifirst aspeshithesinventiop Prevides armetipd deicthgdeiadion

RO 5 3 08P 28 oo e

agisirnpleaf hedieic acds oe polypéptides dorpisingrtbe steépsdifng t o
the 25 oxi doreductase enzyme, thereby resulting in

the_tr er 0 oo of il BEigs oF ¥hidshe
redgi 'po! ié/lﬁéra_{aorﬁé{ﬁ e: gc%’rngcﬁa&?d{??ace; gg@pv% '
2005/ 106034 PCT/ SG2004/ 000113 ] ) . .
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
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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5 f) detecting and/or quantifying the presence of the
target nucleic acid(s) or target polypeptide(s). The
capture probe nmay be fixed onto an el ectrode surface.
Al ternatively, the capture probe may be free in

sol uti on and conprise neans to enable it to fix 5 to
WA 280588¢%8bde surface. The sanpl e of nucl ei c BET/EG2084{Q00113
be a manmal sanple, for exanple a human or nouse
sanpl e. The sanple, for exanple a sanple of total

MRNA, may be extracted froma tissue. Wien the sanple
is a sanple of nucleic acids, |ike nRNAs, cDNAs and/ or
10 genomi c DNA, the capture probe is an

ol i gonucl eoti de conplenentary to and capabl e of

h S i . ¢
Bl Mol Sl ARTRREDr B e AR st
enbodomntardet polypeptidggbr i s a sanple of tot aI MRNA,.  and
the capture probe fixed on the el ectrode surface is an

The $aPHie R0k ey BT ST RRIGRY S EaRCi b, Bheindfiyely. the
dapstacﬁ ﬁdmbemh}/ grel fgéégmgiolq?i?ﬂg?ﬂ loglmprgetrln?é? to?%r':dum it to fix
&(%ﬁ‘e@rﬁa%g&fﬁ%‘a t he ggpture gro{)g I?na\y be any |igand

capabl e of recognising and binding to the target
Thk ¥aaiplé 8tnudliéic aekidmayg bera m:habbemmepiof leRample 4 heman

tp?r@ aasg%‘f%pﬁ'tfggwg\?o Rt S‘%@Sﬁe fh&@ rrWA may be

GQ[F&&@& f,Jem atissrel 11 ng agent for exarrpl e, cisplatin,
pl ati num| i nked Cyanine 3, pI ati num | inked Cyanine 5.

The capture i and ma a |ljable bI e)
Whemnth %%%BB'Fe‘ o SBF‘R@ .98 %@C'Sapl"ﬁﬁ E'(‘f@g%-p? s and/or
Ebl"i@mhﬂ @NAnthe eé;ﬂeae £18BkNs aﬂ%l@ﬁhh&@gﬂd@&o:ﬂﬁfeh%ry to and

i ndin he capture receptor, an 25 antib
sapanle @f hbbrtqlféngm &t m%pawo@wzwféheé@fggbﬂmp acig(s).
protein and/or a protein receptor. PCT/SG0041000 1 1
Acchrafiy 1604 parlichiaP eHbOUIAER the sample is a sample of total mRNA,

and the capture probe fixed on the electrode surface is an oligonucleotide
complementary to a portion of the target mRNA(s).

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 Cyanihe 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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6 The capture receptor may be avidin, streptoavidin,
anti-di goxigenin, an antigen or antibody binding to

the capture ligand, an aptanmer, a protein and/or a
protein receptor. According to a particular

enbodi nent, the |igand conjugate is cisplati PR3V¥i3044/000113
5 and the capture receptor is avidin or sRecejyedbiFeruary 2006
In particular, the conplex is GOX-strep(avidin).

Accordi ng to anot her enbodi ment, the oxi doreductase
enzyme binds to the capture |igand, wherein the

capture ligand is an antiéody. The oxi doreduct ase

enzyme nmay be any enzyme suitable for the purposes of

10 the present invention, for exanple an oxidase, a

dehydr ogenase, a nono- oxygenase, a hydroxyl ase
Tdieoxa}{g@'nameptar peayo e dagdn, atrﬁexea\@@@nag%dlgewgeft'mea"

anhé(e% or HAfib B%e LH1ABYganl Snasamet, aghbteinfamd/or he
put poses o0 e present invention, for exanple,

agbrg%‘msféc‘m@fdase (GOX), |actase oxi dase (LAX),
pyruvat e oxi dase (PYX), tyrosinase, horseradish
Areb@rigtta sepdrtifiRr, entbodindent, atherihgandr @nfugeteeis feisplAtie-bictid o

I be d k ! d
<56 b pratrel sron b SRR e Rk 5 cBinpeA”

i GOXesteapavidin}t he redox pol yner may be a redox active
polynmeric material,

/P&Pyo?ﬁ\ﬁ {y +dc;{‘ﬂé#3e4r§ﬂo@m%t aRé WhidBledBdtase enzyme binds to the

I m dazol e-co-acryl am de) partially .
mwahgﬂr@ whergindheeppiire Hoar is 88 eBYRPAY] , [ Gs(dr nbpy) 2],
[(Csbpy)2(im, [Cs(dabpy)2] and/or [Cs(bpy)2(Mm],
T srliddregicriseiedizyree may be any enzyme suitable for the purposes of

e resahuREak, A5 Pk af, igtbdd! 4 Blyafden By, &¥nono-
Pogynases a hdosyldsan @ cmgxyaemet pm@rmdaéﬁb@evq’fesﬁnaSFh%r
el mgg gé O&Hsséangy%' bxidRe Uit HIthE paRIoaed of te

Cthﬂ antitication of one or nore

presert inv@tioge f&fsexam taluepse eridese P Pe lagtasee 9¥Hahe
| HRP
RSB e (B IRE RS forserdtih feFBidse (HRP) o

protei HSF 90), breast. cancer gene 1
& BrRauE) theregfVENDED SHEM | PENAU
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), -
poly(vinylimidazole-co-acrylamide) partially . imidazole-complexed with
[Os(bpy)2], [Os(dmbpy)z], [(Osbpy)a(im), [Os(dabpy)2] and/or [Os(bpy)2(Mim)l,
poly[vinylpyridine Os(bis-bipyridine).Cl-co-allylamine] (PVP-Os-AA),
ferrocene-based polymer, and/or ruthenium-based polymers.

According to é particular embodimeht, 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), he_at-shoék protein 90 (HSP90), breast cancer gene 1 (BRCA1),

AMENDED SHEE
IPEAALS
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WD 2005/ 106034 PCT/ S&2004/ 000113 7 and/or Hi stone H4
(Hi s4). The diagnostic nmethod according to the
invention nay also detect and/or quantify different
target genes at the sane tinme. The nethod according to
the invention allows for the detection of very smal
WRFIMY18608¢ nucl ei ¢ acids or pol ypepti des. FoPCERGAIH00113
when the sanple is a 5 sanple of total nmRNA, the

met hod of the invention allows for the detection of
target nmMRNA(s) within the limts of 0.10-0.95 fg.
According to anot her aspect, the present .invention
provi des a device for carrying out the nethod of the
i nvention. The device consists of a sensor array. In

péh&/o? ll‘-hﬁf)n p-glé?)’ rﬁfﬁr &ﬁgﬂ@é‘dc d@e{l‘%r /aéc%r(tj F§ 42,40% invention

det ecti on an
i nay ai%o@&tectamd/gn quantifngiffessnt targetf gerets aimhle sameniche.
el ectrode separated by a spacer/insulating |Iayer, and

s SHAn bS5, AR UBBRA S vor s

camoe nts cpfaw:iemg atids ou gblypbptldaw Foelerampleg Whehethb ahfple is a

e P bl i ERenEunRl e mvintar liks Britge cetestion o

ptargetsaRNA(s)vithiptesifnits 6f0.¢010.981g. For  exanpl e, the
el ectrode materi al may be made of goI d, platinum

g r r aphi car bo stes

cé? ao'ﬁmgp% ;b?RB%'ﬁ’—E PF@E%%rpreﬁ F’Hﬁﬂ?‘?'}/(pr% @3 a device for
deamyimglofii theymethod ofithednedntens, | ndi um Ti n oxi de,

and/ or any conductive materials, such as conductive

ed 2Q sem conductors. I articular, the
sp'lééc( g?Y'F?}§BB§§§r° 13 SRIISOE 8RB @'e%aff'wgﬁﬂp ¥eNS9h @fTgndeyice for
tthe detgctionnofad s In%@le%ﬂéfid@%ﬂl&?oﬁde@&dé@ﬁ?% a"f\'rple analyte
screen r|n ayer an rophobi ¢ l"aye
g SSLRJ% e!ﬁyc trodg) %%f@raédpbg ra SPHQ@/IXsuIatmg
a t I
agéry athWhg%n &héaél'ébt%dg %&@%O%E) 4%@& fhe®hinalyte is

' p??ﬂ"%z@bﬂ%%o%ﬂffsd glectrode 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 rhay be made of gold, platinum, glassy
carbon, graphite, carbon pastes (CPE), carbon-epoxy composites for
amperometry, doped diamond film, carbon nanotubes, Indium-Tiﬁ oxide,
and/or any conductive materials, such as conductive polymer, doped
semiconductors. In particu_lar, the spacerf/insulator layer comprises from the
bottom to the top, an adhesive spacing/insulating layer, a screen-printed
Ag/AgCl 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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According to a particul ar aspect, the device according
to the inventionis integrated in a

m croel ect ronedi cal system (MEMS) and/or fully
automated Mcro Total Analysis System (p-TAS).
According to another aspect, the invention provides a
WO280508¢%Bt kit 5 conprising the foll owi ng cBAPEGEA4/00113
A) at |east one capture probe i) fixed on an

el ectrode surface, or ii) conprising the neans to be
able to fix to an electrodegsurface; B) a ligand
conjugate for |abelling nucleic acids- or

pol ypepti des of a sanple, the ligand conjugate
conprising a first element binding to the nucleic

c%zcgt %8 BSRAESo0A, 102 SEAR SRR, bbb i

Eatedtlhea mmcmalemmmml eationl sgstemgAEMS)aaﬂ?)'be fully éstomated
e capture |i , or ii) a conplex
%ﬂy%%%\"aws Yl dUdAe enzyme bound to a capture
receptor the capture receptor being capabl e of

bAdedrdmg t ¢ ta@otheptasmctl ¢een dinvéiition r;ﬁdﬁues pal )dmghost-’i& kit
Brief. descr on of the fjgures F|$re1Aan

{GOFRASING 1he) \Mnaﬁoeaaﬂnsa%%?&lw ng captyee pr@éﬂyoﬁxed on
Y BlecHOYE CEurRel g ll)gcdrﬁpﬁ{'% Y ShédridN to %‘é Eblg%eﬂ? to an

Schematic illustration of assay usin

- riggtiodgorsugfargindt) abullgarybrcqmmte rglabeI?leg wiclgic aacids- or

C i a
JeBpeptiafs Wi Sl 2 oty SotioaBRbanprdfg o fist slament
|tmd;ngsdo 15 Buclgiccacidapl pelypeptlesiandaa séCond elememt &h@dds a

Yablird yoeflaeCo o R bpdiletase e Meiio ARG sulpsstsTase
I@ngylme i5: cépatlle of \bEling iwngd dysthel caftooligargd, <ﬂ‘5n)l’é//c%mplex

PN NERT T T A
(captuaé retejptof ibeihgOadiiled bf Bfling b tHeecapire Ndand; D) a redox

polymer.

~ 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 pdlymer

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

labeled TP53. The samples were run at 10 V/ecm in 0.090 M Tris -
. 0.090 M boric acid - 0.0020M EDTA buffer on a 2.5% agarose gel.
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5 overcoatings were applied to all sensors. Conditions
are detailed in the Experinental Section.. Figure 6:
Cyclic vol tamograns of sensors at 25 nW/s in PBS

after hybridization in wth TP53 in 500 ng total

NRNA, i ncubation with 10 GOX- A and appl yi ng redox

VYO HE0608Y er coating (a and c); and (b and d) PEF/$@3004/000113
addi ng 40 mM gl ucose to the PBS. |V overcoatings were
applied to (a) and (b); and Il1l overcoatings were
applied to (c) and,(d). Comditions are detailed in

the Experinmental Section. 15 Figure 7: Anperonetric
responses of sensors after hybridization with TP53 in
20 ng total nRNA (a) with conplenentary and (b) non-
conpl enmentary capture probes, incubation with GOX-A

and applying Il overcoatings. Poised potential: 0.36
Pigufd5mM ~ Qyalic vsktamiBogrintsi af sensoreatizfi mWain RBS {3)&efore and

Experi ment ection. 20 Fi X i : :
responses @‘b aggrn W@'@%‘?%W‘@;Eﬁ? ﬁ? ZSQW%BFEEW%@A Ineyggtion
m Xt ur ehvvi Mg1 GON-A[ an?(@tuﬂer adding Gmamh Maghacosm to thesEBS. VI
m smat ch and non-co enment o the n in_40 .
total = mRNACEOAYAYS W f%a%ﬂ@?{%@fmrsaﬁ\“g&'oﬁ G[A?r%&%!ed n
25 Figure ﬁ%é%@ﬂh@ﬁﬁlsé&id\_esponses of breast cancer
susceptibility genes at different concentrations.

Conditions are the sane as that for Figure 7. WD

252(%12«% éO 603&%5@(@%9&#:‘9&9135 sensdts Fhg Eﬁse m¥s in PBS after -

ence erometric responses (6 duplicates) on,
TP53 nRNA leytpidizatioroin witly P63 i3580 eyg fasalsBNA, drasibation with

were mm b b [
TRNA to 5 CETSR BgHAvAY 8k Bl RuffeRafilo [d fnd X Aha o
Condi t i onsass di after adding 40emM. glucose to the PBS. IV overcoatings
were applied to (a) and (b); and lll overcoatings were applied to (c)
. and (d). Conditions are detailed in the Experimental Section.

Figure 7: Amperometric responses of sensors after hybridization with TP53 in
20 ng total mRNA (a) with complementary and (b) non-
complementary capture probes, incubation with GOX-A and
applying Il overcoatings. Poised potential: 0.36 V, 40 mM
glucose. Conditions are detailed in the Experimental Section.

Figure 8: Am'perorhetﬁc 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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Detai | ed description of the invention 10 The present

i nvention provides a sinple, rapid, efficient and
ultrasensitive nethod and device for the detection
and/or quantification of target nucleic acids. The

met hod and device according to the invention can be
WPFPISE86%8H t he detection and/or quantifi cat PEFS63004/000113
target proteins as well. 15 In particular, the method

of the invention is based on anperonetric detection

of target nucleic acids or ppl ypeptides by form ng

‘conpl ex target nucleic acids or

pol ypepti del enzyne/ pol ynmeri c activator bilayers,
carried out preferably on a sensor array. 20

ng t gﬁgé 0 j
ﬁ@gé Sbf orbg%&c%’lg% éc?ff‘%ﬁfﬁﬁb d%ths Hgggnt [ fsl gb at L@ﬁb%g §)a? n
| east one TREYe@RNAchqiressian elvels. tThegexpreesiopdpvels evére

a sanpl e of. nucl Q i
the steps: EG‘C%?GEW&%%‘%S‘“E‘SH% Aﬁ&}jﬂn‘%P Fg?engoq%ﬁ@m'g% a
aci ds or pestygsigtiordesntaining 8Gelg fota) mRBIAY Cdreditoracasi for
or polypeptldes with a ligand conjugate, the 25
l'i gand corfjig¥®% conprising a first el ement binding to
the nucleic acids or pol ypeptides and a second
el ement which is a capture ligand; c) contacting the
nucl ei ¢ acid-ligand conjugates or pol ypeptide-I|igand
P < \\h j L.one capture probe, the

pataiseace 34 PCT/ SG2004/ 000113 11
hybridising wwth or binding to at | east one target
nucl eic acid or target polypeptide d) adding i) an

' c t d i
R R e
owtipbd and Sdevicen forsihegdetaclmn dodied quiaatification yofetalpgetnlcleic

49, PR SHE5R obior RIS BRI o BBAFo o
B or educt ace ensyme. Dt hereby resulting in the

transfer of electrons fromthe enzyne via the redox
PP bdAR sk, 0thaméthed lof e invehficic ' baved on amperometric detection

of target nucleic acids or polypeptides by forming complex target nucleic 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 nucleiq acid-ligand conjugates or polypeptide-ligand
conjugates with at least one capture probe, the capture probe
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10 f) detecting and/or quantifying the presence of the
target nucleic acid(s) or target polypeptide(s). The
capture probe nmay be fixed onto an el ectrode surface.

Al ternatively, the capture probe may be free in

sol ution and conprise neans to be able to fix to an

WP205/18¢984 sur f ace. The nmeans for fixing to aPCT/SG2004/000113

el ectrode surface nay be any 15 neans which allows the
sel ection and recovery of the capture probe bound to

the target nucleic acids or pplypeptides and allow the
capture probe to be fixed on the el ectrode substrate.
For exanple, an antibody may be used. Alternatively,

the nmeans coul d consist the use of nmagnetic beads,

whi ch I T

probe e WSS (G R BPIoaEFBRY et hudide SRPbHtéiget
pol ypepnlyprptidend al | ow t he capture probe to be bound

or fixed to an electrode surface capabl e of

tt b G T r{rqgw d gt |

gl tg?géaqc{?@%sl?e%nl y t éecmnuc ei%(r:1z c?’ggmﬁago&fpégﬁgeedsumase

(t he tenzyetes)isbraoognised byetheagapiuee pligeand, aor i) ebecomplex
d fi . rf . The sapple of

! ci SRS ah dRigBeafibleB Ro Yt Refipg 18 SRR ferptor. the

25 gercapturePbiéeptdr sapablecofdindibitd the-dapturetigand;e a cDNA

library, fromwhich the desired target cDNA(S) is

sel ect ed,. n S e i sanpl e qof enonj. c

or Ecdfinda BB BB p8, 38Ry “pimst Bifdie 0" the
sanpl F)Xidmedimﬁaié) %ﬁtﬂrﬁé,otﬁréréWT r‘eS_(??iﬁQéih Qﬂié I%sfet”t_%f electrons
exanpl e obt ai ne rom.a ssue. e sa e or ssue

oy bArs s RS HEThE redoichitfmenis Al Bufodd surdatpend
be, for exanple, a human or nouse sanple or tissue.
Wiel) tdedectingpared/osqaartifying ¢heoprasente ot tiactaliget mudiesic acid(s)

MRNAS, / genom ¢ DNA, the capture probe

is an °gﬁ%8§&§%ﬁd§§)wm enmentary to and capabl e of
hybridising with at | east one portion of -the target

nlie eaptuee prite) may Aecfixedi ordo o aleqtrode surfage. Alternatively, the

e ' saniple is.a s | e of total, nR a
FERRITE T be M PO o Bioh i BB ghiar s bbb 4 ik to
adn gleotrede suifase. ThemuasEok Mg iCameRetrbi®Buicd M8y be any
t ar get F‘RNAé FE%N : )

means which allows the selection and recovery of the capture probe bound to

- the térget nucleic acids or polypeptides and allow the capture probe to be

fixed on the electrode substrate. For example, an antfbody 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. Accordihg 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 bé any biological sample, for
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10 Accordingly, this nethod is indicated as the direct
detection and/or quantification nmRNA nethod. For the

pur poses of the present invention, a nucleic acid

nol ecul e, for exanple an oligonucleotide, is
"hybri di sabl e" to another nucleic acid nolecule, such
WO 29058PH8¢ genomic DNA, or RNA, when a singl BCEHS6E2a4He9113
formof the 15 nucleic acid nolecule can anneal to the

ot her nucleic acid nol ecul e under the appropriate
conditions of tenperature ang2sol ution ionic strength.
Hybri di sati on and washing conditions are well known

and exenplified in Sanbrook, J., Fritsch, E. F. and
Mariiatis, T. Ml ecular Coning: A Laboratory Manual,

S \thin@R frdrP hdis S, SR

o Ao reb gD R g‘?lg%%ﬁ%%?ﬂ e Perbe idhed fom o
1 maganaly diflesefope, it eoidd dien fyreenample.ya humasy pomeouge sample or
hgigjdd by reference). The conditions of tenperature

and 1onic - strength determine the "stringency" of the
hg&ridisation. Hybri di sation requires the two nucleic
a

hen the sample is @ sapplarehnuelgicsacidre kesmRNAs: eli¥As and/or
gﬁ@ﬁ&ﬂicr@N ngﬁé\;\gaeé]tﬂié pi368 %aﬁ%ﬁé&ﬁl&&ﬁ{dé%@ﬂ%@ﬁﬂ@htaW to and

smat ches ases are”possi
apapaie ohhybridising withat ldast ohg poition of te tangéteiucldeacd(s).
depends on the length of the nucleic acids; and the

SRR SR BBHEBR ey B PSS 5 B0 e,

handIthe\caplireegnobe Hixetlvan thec bleotrode ssiefgoe ris @n, oliohucleotide

%Wé@%ﬂ%ﬁ?%@%@ﬁ%gﬁ&%@%?w&g 'rA;ucI ei ¢ acids

havi ng those sequences. The rel ati-ve stability
(Accardingynditiy tethodyhisr indigated Basicthe cdisest ddetection and/or

"h ey ' es in the follow ng order:
Rﬁ%%@awﬁﬁ&fw For hybrids of greater than

100 nucl eotides in length, equations for calculating _
Thohihe muposereof \ibe preserteinBantiorpoi mucleit. acid umokecule, for

oo oldeNBEL 1 bR L RRE Bl UEkhSicut
n$utaes berDNAC gemsmicrDNA, omRNAL ahen asidglehstrdraiagtibrrolof the
L ERLHEREIS 5 51 B Bth S bl biger e
sappropriatar t coditions | of temperature and solution 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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. (rsmﬁg&%ﬂ@? temp

recogni ze that the tenperature and wash sol ution salt
concentration may be 10 adjusted as necessary

according to factors such as the length of the probe.
The term "conpl ementary” is used to describe the

rel ati onship between nucleotide bases that are
WEABY186084 hybri di sing to one another. For eREHPHE04/000113
with respect. to DNA adenosine is conpl ementary to
thym ne and cytosine is conplenentary to guanine. 15
Wien the sanple is a sanple 3f polypeptides, for
exanpl e proteins, the capture probe nmay be any |igand
capabl e of recognising and binding to the target

pol ypepti de, for exanple an antibody specific to the

tfaF Rbriglof F}ﬂRﬂélé" @cidsVaving Qﬁc%ee Eéﬁuérﬂ:e%h Thb! n%?aﬁﬂe Stahility

conj ugat e e first elenent bindl to the n

: a{épﬂgsmnd"ag tChblgbgr ¥ o sf ingeleionagid by udspt:@ns degreiosaein the

-I?olloﬁihg %r?er lﬁl\g& W'W@' NA P@R blﬂ)& 6lé‘lor Imq}i%gs% é;reater than

atin I nk atin
&Q%nu@eaﬂd@m kength, eﬂquatmla:fcm aald\datnhg Tes bave tbeen derived

h bi.nd to,t
XUC g;é%mg)'gqo% ?-0381:’%)%’@%’ § z9b§éﬁgeﬁ?relh¥5" 'ﬁ%tlt'onr\'?‘a\‘?’gthaﬁhorter
afucdleic tgcuds; icg., lligohucteditiés, thlekposltlm'@f AlisraadRes becomes

G ReRGB, S ROt of S SubonsEindp AR o8 Tappectoty

Wﬁwﬁan@b‘rooﬁfdt @l.Nsupra, 91 I‘IF-"H 9} ‘Hﬂh@ﬁnbr‘éﬂtth@%ﬁiﬂ %%ﬁ'ﬁ’san will

th he capture nd may be any
( gfﬁaife @ﬁ&bﬂ%ﬁ%ﬁoiummaahﬁgm@emwon may be

e oS etaniy acobfii) LoD sHe e eendll g dug probe.
1hepiterm gomalemam@m tl%r@edetpeﬁeecrlbearthanelamodghup between
RiueicRde tb%a%@ thaf k! eéﬁéi}l@ B@ﬁ%rldmﬁonggnwg?%r ex8mple,

protein an proteln receptor e cap
N@ﬂbﬁ?ﬁ@ﬁcﬁﬁﬁfﬂé agentisine istcompleraentainnto thymine and cytosine is

antigen or antibody binding to
K 1% rbpﬁr%ancﬁé?an [

t he cap aptaner, a protein and/or 5 a
protein receptor According to a particular

and conj atelscsplatl couled
ST oy GRS P Pl SRS o
Baptuae lpnolopiesay be any ligand capable of recogmsmg and binding to the
target polypeptide, for example an antibody specific to the target polypeptide.

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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27(5):1064-7, 1999), or cisplatin-biotin and. the
capture receptor is avidin or streptoavidin (both
alternatives herein also indicated as streptavidin)").
10 According to another enbodinent, it provides a

npl ex conprising an oxidoreductase enzynme bound to
&VW@W&W&. n). For exanple, GOX- strep(avi di B§T/SG2004/000113
Accordi ng to anot her enbodi ment, oxi doreductase enzyne
is added by itself (therefore not in the formof a
compl ex with the capture recgptor) and the 15
oxi doreduct ase enzyne is capable of binding to the
capture ligand. In this case, the capture Iigand nay
be an anti body recognising and binding to the
: z h
Odghgﬁgqgﬁ%ﬁ%%gﬁl@ Pé ptoir &n ?%1398(5 ‘gg‘gﬁe@gg?? %%#e%ﬁjo@éﬁctase
@EEyme;, an @péanena, protem a;xda{npa erqialncmcemse, a
dehydr ogenase, a nono- 20 oxygenase, a hydroxyl ase, a

e r d y _ Jlke.
THI XBRRS CrocBpli el 188 ol \EAAGERAR: St diBagerff. an
pantlgee@saoﬁquyebln¢ng$@ﬂma captenetligand, & aptanerph erotein and/or

jdase. (GOX or GXx), l|lactase oxidase (LAX),
%y#@\?éaﬁég%f?%ase (PYX), tyrosinase, horseradi sh .
peroxi dase (HRP), ascorbic acid oxidase, |accase,
b%QQ'Ordim rfooAi Qast'splaorerabodimam,e thendiganfl. c@fjudate isedisplatin

BB B g SRR (PBRL T o P lplegRaues.

F27|(5)e$031p‘! el 999);eor eidpletindiotireand ity chpture rressptoaist avidin or
ri
S5ieb i (BhaalSnaties hereln atw ingjcatestas Smsiavisin 1

3 Received 17 February 2006 15
dalcp(dingnytbi anatheo leenteaimenty | igrprovidedad tdomplex comprising an

BB GREEER bl o1 o R 2ol o

striep(avidiy). pyri di ne
Qs(bi s-bi pyridine)2C -co-al lyl am ne] (PVP-Gs- AA)

and/, or t heni um based
SRORIGEES BRAAE BRbATFant Baorleas S Reded by dtsel
r(ﬁvemfdreohott methienfoemt boa domplex dwmgﬂ@sbaﬁtuf@"ré‘@ﬂ)tcfr? 'and the
t he d(} ?tlon and/ or g a&tlflcaélon of one or nore
épdé)éef uctase enzyme is capable of binding to the capture ligand. 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 hydrogenés’é, 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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genes. The target gene may conprise of at |east one-of
the follow ng: tunor protein p53 (TP53), heat-shock
protein 90 (HSP90), breast cancer gene 1 (BRCAl),

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

according to the 10 invention may al so det ecPCa/$t2004/000113
guantify different target genes at the saReeivéd ITFebruary 2006
Further, suitable markers nay be used. The net hod
according to the invention allows for the detection of
very small anounts of nucleic acids or polypeptides.

For exanple, when the samsle is a sanple of total

nMRNA, the nmethod of the invention allows for the
detection of 15 target nRNA(s) within the Iimts of
0.20-1.0 fg (fentograns), in particular, of 0.10-0.95
p@y(vinsdbﬁdaziolegcqwrﬂarp'wei i cpartially eninoddastencompidxed  with

E{?’? . 308K ﬁOSbﬂZ&“*Zsen 265 saB¥ R L 0,
vgryrdimedi r ePs(bifehiRidinghCheo-alyiadinglc geR¥B-QsAAt al
f&ﬁ%r@ﬁa&é&b&ﬂnéf Qﬁa/@ruméﬁﬁm KsB@Bblyhbsues. The nRNA

is labeled In a single-step non-enzymatic reaction

h
Noishitod 55 " bRt SmBadief, AR or S Elventioniss?
dingnsti¢ methdd dor the getlechoelaeddor quimtificatibraofegne dr oronmtargeh  of
GorCTIR, rdtf ghd el BpfiedGF 4t 040 bne bt A H1oflnoWfel
protein pd3 (T'?@)sb%ﬁtéhp*ﬂbpmtea‘r ge(HERSQ), besastscancer gene 1

(m/wyoworlmy@h@ Ha4l m.sh; %@ld?égﬁﬁ?tk%ghg@aéoo% ifPtoQhe

pr acti ce, | evel bi osensor
@é@fmoﬂ .rTWt 3jsrietest r}ﬁ’éorrqevamrf!f difarenktargst ggnes atdbe same

fta6 Sairthen s@fableH¥Reisndyal use@r | d sanpl es wi thout the
need for a PCR step. Miltiple assays AMENDED t pENAU

. £l
1% ERAL LSRR SRR BIA. it B G
elensrm of ruciedg/acidther mgpttdeeu foy exgmplaewiast the darople tishe

ééﬁﬁﬂé‘&i‘ {ofhl H@%‘N/grtﬁ@ e}ﬁoH'ISPf W%nt:oéalﬁ%%’ﬁﬁé’?ét@c&?o@%f
netho

known i'n the art yasrruc
target mRNA(s) within the limits of 0.20-1.0

0.10-0.951g. . '

fg (femtograms), in particular, of

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 of a nucleic acid/poIYmeric activator bilayer allows for the 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 mMRNA. In practice, this
level of biosensor sensitivity meets the requirements for a direct detection of
mRNA in real-world sampleé without the need for a PCR step. Multiple assays

AMENDED SHE.
PEA/AU
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incorporating nultiple enzyne | abels to the nRNA

nol ecules. As low as 0.80-fold difference in TP53
gene expression was successfully detected in the
total nRNA. Wth the greatly inproved sensitivity, at
| east 1000-fold nore sensitive than

YOR8¥5¢8¢%8hce- based techni ques, the anounts oPCE8GHP4/000113
MRNA needed in the assay were cut down from nicrogram
to nanogram |evels. This system provi des an
ultrasensitive .nmethod for tfge direct mapping of
breast cancer genes and constitutes a conplete system
for nolecular diagnosis. 15 According to another
aspect, the present invention provides a device for

t X,
bRty RriRoF 8 £ ohif AR Pyl RS Sensor
emayplified in Figure 1 (A B) . The exanpl e shown in
Fig.1(A,B) is not a limting exanple of the device
according to the invention. The device consists of a
s‘l@hescsenaitwmy ofl thepameihodl of ,the. irvention wasagredzﬂyi infproved,

f 20 .t,he. det ect ft t, nucl d

DiondiR et eihodih kRawh a e, BHS U B fiyGh 45 odold by

an@b@eﬁamg muﬁmé@iﬁ PRI e MRRNACRLIdJURY. Ad v as
an

wher ei n t e el ectrode becone connected when

aég Jold) Jierenge inJi50:eene cxpressiooNas sueeesshaly, detreted in
GHE BRI ARNAL. NWithhi U Fba‘tlg rﬁd’?@ve@'s%ﬁ&{t@ﬁlfsat [kt ABb6-fold
the quantity of ana g red. The e
Faeer ﬁgms'il\se ﬁ@mﬂu@re@fse asack tecliniguas; dhe eamoluntsmf total
nﬁgggf@g%ﬁr% y;pqé)%sgagmekavc%%o% frgﬁ'(rj m.&%g%% hdHogram
devaisyThis system P@Vlﬂﬁlsl areultnaaewtwqm‘aﬂwd (CIEFtEé direct mapping

o ee e RS RA ohBl i BRI sy SRR oy motecutar

giagnosisany conductive materials, such as conductive
pol ymer, doped 30 sem conductors. In particul ar, the
spacer/insul ator |ayer conprises fromthe

Perertingda/ aymther aspictfee prasgnt nvestionaprpvidesesa device for
%Frgﬁ’l@ duR thd I%H o@fﬁqu\lflﬁ'ﬁioKeAﬁlt%%ﬁNé P Y @é\h&gaccordlng

optionally a screen- printe
I’ﬁ?ﬁ?&ammfanvwv@n is Tremplifiassin -Figurati¢a, B)ayhe erayplesshown in

- Fig.1(A,B) is not a limiting example of the device according to the 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 spacet/insulator layer comprises from the
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Ag/ AgCl. Further, the first electrode nmay be applied
on a support. The support may be any suitabl e support
for the purposes of the present invention, for 5
exanpl e, a glass support. The capture probe
applied on the surface of the first elecg &%
capture probe is capable of hybridising wt
binding to at |east one target nucleic acid or target
pol ypepti de of the analyte. The analyte nmay be a
sanple of total nRNA a s%ﬂp of cDNAs or genom c
DNAs. 10 The sensor array morks as follows. There are
two | ayers of electrodes separated by an insulating
Iayer Bef ore applying solution they are
ted, I d-e of

Sofa R *égaaff"t@" Shive pRERQREERERI SOt ER, £0k8R: o

Wbteélle@t @0@!@5 ydécmh@btcSlayqfe The anterewnrdﬁd gav&r ynay b¢ ra

srtrxg I\ﬁ(ﬁ{)ﬁ%ﬁher%fe@i?stt beetr&te r'nEydbé’!a;S’dﬁ ogﬁ%ﬁﬁpdr{‘ Tw%u,s

W% ot her nuclei c aci ds or pol ypepti )
WAy ‘?ﬁeP’PYoF E'eo‘%‘PP‘Pfe f%’etﬁgcﬂurp&ﬁ?%yf thFHe'esqnﬁdPV\?PERIhI or

SREBHIE Sa geagawppaﬂemeccmwetprotfeqtua K@ appiRd Wtthé sarfatdé I

ose test t
i it glectitde, fhe LBBRre Srahe: breBphe iV BIg R i Bhires
birdirgao atleast AN ergetaiucie muargmm@eﬁﬁce of e blﬁiyt@ ut

the bl e V exal n. t he

Top o 2 Fario 4% i o B B g
NNASpotentlaIs reported in this vvork were referred to
the Ag/AgCl reference el ectrode, however, the

Eegeese?ﬁa@éﬁwoﬂed@s ifsllonat Therd bRdtwd %ybl%‘ Sf %It%ﬂ‘b&‘éﬂ
oSl

a vanc in -fluidic
R OPRORH CbY r BT ang aTven s BafoEs (B, SoRtiah dthe: afe
i@!ibgbfy‘rtdctéal arigywill @8%ontel éneated vmlea ehirap beonioh @tgypm.aue
e to

5ok s B P 9 800 LB e Ry 5
fn thadeopi Detection ofindividual genes drs thentgtal ntNA €ori anpyr athed
Gkl SR8 thﬂ (’Tfp‘%i?é‘%dﬁlaé 33 SRR 6n Shé SenS&SRAAS Orh

t 'fes, “Cost Pang ytical p ornance process c At rol
umm\ecg;absertsnr,s remiomhp@trmatnﬂar&uamniatuntﬂra {Qie! dglubloof 40

é@@',%l@%&%%s‘gﬂ% RBppiidet WhtharalWal 6F th 80 SRR HIERRS

disables the sensor. Amperometric measurements are camied 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/AgCl reference electrode, however, the reference electrode is not limited
to this chemical composition.

Recent advances in p-fluidics and micrqelectrbmechanical 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 inciude imprpved efficiency with regards to
sample size, respohse times, cost, analytical performance, process control,
integration, throughput and automation (de Mello, Anal. Bioanal. Chem. 372:12-

PEAAU

004/000113
ruary 2006
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' Iigand OXId redu ctase enz

13, 2002). According to a particular aspect, the

devi ce according to the invention is integrated in a
m croel ect ronedi cal system (MEMS) and/or fully
automated M cro Total Analysis System (p-TAS). 5
Accordi ng to another aspect, the invention provides a
‘WP&&HGQ?%t kit conprising the follow ng conpeH&@084/000113
A) at |east one capture probe i) fixed on an

el ectrode surface, or ii) conprises neans that enables
it tofix to an electrode sigface; B) a |ligand
conjugate for labelling nucleic acids or polypeptides
of a sanple, the ligand conjugate. conprising a first
el enent 10 binding to t he nucleic aci ds or

pRi, Yo y{@&,,@ ct"‘fiié*&ieiv&eaacé‘cﬁﬂihgrf% the

, Whereint
dnvemlpeda cimteg@tedsm:9nm|¢rgeleameélca¥smmg(hiiﬂuﬁd apgl/or fully
[ X conprising an
OXI oregmggigggﬁgi}%ggﬁé Sdﬁpgﬂa capture receptor, the
capture receptor capable of binding to the capture
ligand; D) a redox polymer. 15 Having now generally

q@c%‘gfi{?@dtot %g;@%&g%%b%ﬁ Héﬁ e'rogln éoﬁgeﬁéediagnostic kit
fesmmisingcthe fellgwieg pomlmooaniar A) p’r leastdne cagtumagrobé i) fixed on
{1, WRbiko WurfRd B ) "Bl e iednk AnfE dnBleh! fta % to an

resent |nven

' Ldiiecﬁmeoisbdam sB) s4 aligahd raeagrgates foerlabellingi mmieitraauS or

iﬁ’&%@ﬁd%ﬁu" P Sainpls el el cquiate cortiSiging'a A ‘element

Cblmjin@ai e udleic AbidWﬁpdiWéﬁﬂﬂé@dmﬁrwﬁéé&fd élement which is a
G spl at bn coupl ecl

SRR 10BN T S oRGREciens ANV WHSTSIB the sxrortiptase

for aoisinapabmgaﬂstamgst)édiMB eth8) cdphiireiigand, WP ii) a complex
2005/106034 PCJ 52004/ 000112 115@1 ) P

riamgz ap: 0§ gpﬁg) oRZYME bqu[n@s’(oo @,)cgpgure receptor, the
[@f{lré' i’éc’bpfordébHBFerber?diﬁg to the capture ligand; D) a redox polymer.

Having now generally described the invention, the same will 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

Unless 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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bi pyridine)2C12]Cl, ([GCs(dnbpy)2]) and

[ CGsm un( 4, 4' di am no-2, 2" - bipyridine)2C12Cl

([ Cs(dabpy)2]) were synthesized from K20sC16 fol | ow ng
the proposed procedure by Lay et at. (Lay, P. A, et

al ., Inorg. Synth. 24, 291, 5 1986, herein

YR284578¢04t ed by reference). | PCT/SG2004/000113
[Csm un(2, 2" -bipyridine)2(1: nethylimdazole)Cl]Cl2
([Cs(bpy)2(MmM]) and[()smpn(Z,Z'- _

bi pyridine)2(imdazole)Cl]Chd ([ (GCs(bpy)2(im])

- conpl exes were prepared fromthe [Os(bpy)2C12]
. conpl ex according to literature procedures (Sullivan,

B. P., Salmon D. & Meyer, T. J. Inorg. Chem, 1978,
HOgmidAcs UMD JS6 REAP) (CHARARS) a2
pupyridineyClaleld az o([@stcmbmynal) ani ded pa|[®Slaulil.lrp(4,‘(1j'diamino-2,2'—
Wcal h L ] : 2
(e T SOl v STUREl RS g e
[POartaney) mrobedine [y/)ay Sitreih@siys PotA. 1 Sesls Inectn)Syrh.y2ar201,
HERo BEfqig  incFeSIRtgE Ry | Fheraoqy PGNP hipytnert-
(ﬂll}ahylimidbzolé.)t’&]CZQOZ, hl([lOs(Eéffh?(Nﬂm) i nI i. ey ggrs a[@.ﬂnigh 2.2
P Be e a2 Ahoslapueimd nepmeiares werb prepared
Fora B OSSR SRS Ay B e
tFPac?aleenale 8 Mavernd. Jotlaerg-rGlremn h97%n 16, 3384, herein

i d vt -
ISR by SIS BAL S IHle! X YRR AT ed 1T T stydy were
Prby(vinyinitazeleceracsylamidaine pagiallyr oiridakzoleidoenplexed  with
i b i pa .t
[ORBpUBP (6, [SGhibngR PP HSStolTLA' ), (osiabove) (Y),and
[@edmiz\isn] (Vb Syothesisy oRdbhse Diedgropolynmers Asas hdesaribed
. v ! \ Awas
SRSHRFToho, 2! BrigLORS SISKGT, Lo bl & e,
A MQ&W.rCImnmllr&xEdm@ﬂ/ b_ﬁbi4_rl<;lli8rig,I béﬂelm Imoqs(?r?ieﬂm)t iﬁeference).
(0] L pKer, | n e an e o0 er
?. #Qgsé'%éggﬁé%%%wsaﬁ'}ﬁ (PBS. #i7 gﬁﬁ.W#%d{?ﬁQt Qnwaphigg and
elechgohomicas hedsuesmehtsh Al Ltqif@hgc@@'tideé WVERE UsRont-¥Ne by
%phgw A?MS%%S&, he_ (m 2005/ 106034 PCT/ SG2004/ 000113

Total mRNA 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 templates (DNA or RNA) cleaves the
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20 nitrate and a new conplex is fornmed between
cisplatin and the N7 position of G and A bases. The
coordi native compound is stable and resistant to

nucl eic acid denaturation. Typically, 1.0 pg of total
NMRNA was used in each of the |abeling reactions. In
WO2064p@24 nents, 1.0 pi of cisplatin-biotin BEHPGYI4HO113
5 was incubated at 85C for 30 mn with 1.0 pg of total
MRNA at a final volune of 20 pl, and the reaction was
term nated by the addition ojg 5 pl of stop solution.
The final product was stored at -20C. O N 2 O3 NH2
NH OHNNH 2 HOH N H S 10 Schene 1: Structure
of cisplatin-biotin conjugate (Bi ot| n Chem Li nk) .

O 7 S0 B30 gald Bhehh AN e
Of]tG) andgAdbases. i e t:oblrduvwdebgorﬁﬁtﬁlﬁhds@@ta@l@fangaleélstﬂﬁnt to
b 484 aohantRRGE L vRRAKL 1,8 ho it mRRES e 1A gt of

ﬂna Iabelnsg reatiops| int @ul Agehigentd, ay® pl aﬂdlsplatlhmiétﬂp&%]ugate

RkpetPetedt SF RECfir A0 in $h<bp HaRY dntd) diRNA &t 2 final

vclnms@fm@cﬂn l amﬂmtréact%/wa@ tehﬁmtatéa bil%é auautuoﬁ Bgs gPBf stop
nm and that of the top hydropho

B%lf‘f'%'? nTQ%i'“ﬁ' E‘@dﬁ’l‘ﬁ was stored gt (216 s of 50 pM capt ur e

~probe solutions were applied to the plasm cl eaned

L.ndi vi dual sensors by carefully placing the solutions
oJgl the sensor surfaces and incubating for at ast 1]

NQ rolled environnent. After washkhg of f
I bou @ 2.5 pi aliquots of 50 pM 1- )Lr
rca ecane (I\/D) i n ethanol were apply TO -

N
H

T

g O.

Scheme 1: Structure of cisplatin-biotin conjugate (Biotin-Chem-Link).

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 pattemed
spacerﬁnsulator 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 yl 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 controlied
environment. After washing off unbound probes, 2.5 ul' aliquots of 50 uM 1-
mercaptododecane (MD) in ethanol were applied for 4 - 6 hours to block



10

15

20

25
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uncovered gold. The sensor array was ready after
thoroughly rinsing with water. The sensor array works
as follows. There are two | ayers of el ectrodes

separated by an insulating |ayer. Before applROT$G2004/000113
solution they are disconnected, and w | | Reeivedr7 February 2006

connected when a drop of solution is 5 applied, the
current passing through the two el ectrodes reflects
the quantity of analyte in that drop. Detection of

i ndi vidual genes in the tejal nRNA was perforned on
the sensor array. The individual sensors renain
open-circuit until a 10 I aliquot of 40 nmM gl ucose
test solution is applied. Wthdrawal of the test
sotorereshgad.f Bret sensdryarchy Sedsl mady bﬁer&ﬁﬁ&@hly rin@mg with

AR T kel IRD (R, Wit e kit Plors; poa 1 o
tel*ﬁ.strAgﬁA@@araﬁ@f by @ insulstirgr layerd Before-iptyirgi soation nheynd
{ ;
?ggné onrRkiey B i HRESAS o ARG WIS BB of sollidy AT oci
nthgocwﬁsggesswmﬁzomty theh tea stlectradese refigeise the
tqﬁm of aRdlde ubﬂ‘)at drpd D@le%ﬁ&ﬂ@f |'ﬁl4‘|V|ﬁ ggl ?éaesgﬂ'nzthg ﬁ’c}tal' n

e total NA extract were sel ecte

SxXpNavrRsPerfaimad onAhe seRser REaYi Tihg inglividual sensors remain
ppaeralideiiysen 3 Qh@&ﬁ?&b&nM%ﬁi})ﬁg& REACLARBN Gﬁ?ﬁgh 1008

al so tested to further verify

g@'ldé?ﬁ’ch Bhathe; tesis sPHERMY ?flfQﬁrYet'hed'ﬁﬂ@s the semsor.
Fonpeespemdinngsgenests \eé@’éf@ﬁéiﬂoutré?tm 8 €. NFRedtiaRast

re used as al d,n ic acids .in a
SSS5 S 1 ik B ko0 f ML feren et A 0. 10
M NaCl buffer solution (TE) was used as the
hybri di zation buffer. Hybridization was carried out in

a 55C water bath for 30 mn. Nucleic acid sanples were
dtybrdization and epgymeBb¢li@NA) and 70C (nRNA) for 10 min

SRS B 00 5 8 AL 1 )
\nsgt-séwsbg@@n 0 (@"@Opnﬁ% hipyUkseast edncer. genad/ (BRCAIX 5392at
bQP Bhd BIRRAE ﬂh%ﬂl@«# 392 b)0n HeNotBNARRR 3Kt Wbl seRclBdarddn 2
9({ %g%xplam Iater t/{ ﬂouse ke%ﬁg %gHer, eglyacggﬁi%h?c}e-g-gﬂgs\ghgtge
dehydrogenase (GAPDH, 1008 bp), was' also tested to further verify: the
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. Hybddizaﬁon 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-6 min in a stired PBS solution, a procedure aimed at removing any non-

DNA related GOx-A uptake. To ensure the maximal loading of the redox

AMENDED gy
PEAL EET
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DNA rel ated GOx- A uptake. To ensure the maxi mal

| oadi ng of the redox AMENDED SHEET? | PEA/ AU WO

2005/ 106034 PCT/ SG2004/ 000113 22 pol yner, the

eI ectrode was then exposed for at least 10 mn to 2.5
aliquots of 5.0 nmg/mM redox polynmer solution and

H&PQ§ ¢4 rinsed with PBS thereafter. PCT/SG2004/000113

El ectrochem cal neasurenent 5 El ectrocheni cal

nmeasurenents were carried out. in a.Faraday cage with a

| ow noi se CH Instrunents Modgel 660A el ectrochem cal

wor kst ati on equi pped wth a lowcurrent nodule in

conjunction with a Pentium conputer. Cyclic

vol tammetry was conducted in both PBS buffer and PBS

gigirﬁér ﬂ%néléét%dégwaﬁﬂeﬁwxﬁﬂusgﬁ%ﬁat lgéﬂcltd l‘?iﬁflgrﬂ 59l aliquots of

haract eri zat i on was carr out
i.@ mg/mtieedorpolxgiengatutien wﬂ\omgb\bmna@dawntbwﬁtbereaﬂer
reference electrode and a platinumwre as the
counter electrode. Detection of individual genes in
tEiectmdiemurEMuemurgmehbrned on the sensor array The
[ ual. sensaors re pen: ci r cui t
Fetiericaaar i ElE. RS BEBiR AR adHtaty Pead it o
\M\t\mﬂf soveH m‘struh@ntserﬂbdémm ehcﬁéémﬁicalalvdrkdtaﬁah@q@ ped
ﬁ"ét sor. uﬁrqmetrlc measy ts.were carrie

OU’%'W‘ "RPHUIG IR FANUACEON F‘t e%“tfur'i“t%'@%F yclic

WRltNrRERY Wéfé dshdubted W Path1PBSTIRFRAGRJEPBS BT -containing
Det ection Schenme The schene for detecting nMRNA t hrough

G oM glueepe drlestreehieminal chacagtefizationdyas tarripd out with a gold
%ﬁﬁ@(%rﬁ %‘éﬂ’ @pléféﬁ?rbd@ RE, ed' fﬂéol‘@geréﬁbe’: bi8brSde?and a

Prior tot , mxtureso thio
datpervireas ‘tlwaccumrmlegtrpd@medm af individuahgeneslim ¢he total

V?ﬁhﬁlﬁl ngg;:)e%rf&ﬁ%do&“ ?hé I%%ﬂsc‘cﬁ'ng‘r?é afl'{éa}f'ud?\}i&ueﬁcﬁ'ngﬁrs remain

rough's SENsor arra
opsseittuitountieat 10 g&talgawé csfo#OtnMsglchsﬂ ltesti sglution was

. AL B o TR B A o
tArapescrhetnicv measoremvents nwéreotarrisdnoat att 0.36. V. All potentials
reported in this work were referred to the Ag/AgC1 reference electrode.

Detection Scheme :

The scheme for detecting mRNA through direct hybridization and
formation of the mRNA+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 to their complementary biotinylated target mRNAs,
GOx-A labels were introciuced to the system via an avidin-biotin interactic;n.
A redox ponmér overcoating was then brought to the sensor array thrbugh
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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A redox polyner overcoating was then brought to the
sensor array through |I|ayer-by-layer electrostatic

sel f-assenbly. The.redox polyner |ayer acts as a

nmedi ati ng | ayer for the enzymatic reaction. It

el ectrochemcally activates the enzyne |abels,
WO28BHE®34 0 the target genes. In the presencBCHPGIAPY/000113
2005/ 106034 PCT/ SG2004/ 000113 23 substrate nol ecul es,
the current generated fromenzymatic oxidation of -the
substrate was detected anpergnetrically and it
correlates directly to the target nRNA concentration
in the sanple solution. 5 Synthesis of

ci splatin-biotin conjugate | abel ed nRNA | nstead of

| afpRbaRO oo e e 'rglgé guﬁ'gq_fj%%%rgﬂadbﬁ@ﬁl'éhi@g%ﬁ:domdatlon of the

nucl eoti des durt’ process,
tqubstrats was detedtedeampeatarsetrically aind it icoptedates -ditsatlyi to the

| abel Fi
JARSIARA QRREROR i e BB Ve Hloh,  *7P55"5%s an "
exarrpl e full lTength TP53 NnRNA retained its integrity
th I t

Duftbpsih of SRR b heniidse Ianeigh ARNAL 1O ' O0er®
ﬂnktleladtd! lsling thé rudkid acidtusiiy BiotiA Us§géd meleahdes during a

% successful i ncorporat| on of cisplatin-biaotin
SIFTH Pracass, PREDHIVPIRE HCielT Agd Pmalates with ey dpmatin-
SH‘tStWB@o @te@aﬂs@%ﬁas td §aﬁ§?a°&§q(' IQbéflR??(F@Pé%Wse‘lLustrated in

syccess | abel ed (Hoevel

Nigyse At ek @ésasmwampe ful lenatts TP53 TRNA Irefigisiedritg integrity
@cfﬂcei‘ ChAHOH vV}ﬁﬁcéHIEflﬁ Bloﬁﬂtcoﬁfgjpa%ébﬁﬂ?ga{}éd tich- Habeled TP53

| oadi ng. The experinents 1 ndifcate It was
(lgsei 2 dhe dower mabilitoshik ob theeveadtioni pnodact (lams &)i suggests

RE&I¥AP InddiSordtiN o ds%{éﬁn-e%otg] nﬁ%Aﬁfﬁ%%esc Wﬁe %A@\ ghain.

conju ate was attac e per
Kuantitatiye argdysisshowedthat Srd0%t ofcthe blaseatmaTl?ﬁa MRNA were

I both 2

SUBARSHIP TiRIod fidoal T HRRE H IERIARES A Bidiben i gs Toss,
@R i #rOd-f;lg 'lt'hu's elgbellrrfg efl’meinn}alwh@esijfﬁ@al j i r?f fdrhemidteqhéﬁt BOK-A

= A el s iml.a e oti noi et | es
o, TR Sheampl dfticeled, Mgt i Fasd Rk PosR Whrattadh, GQxA to
lepery cisplatrebiotim nfdiety oM the thRNANRBIdcWe! [On average, Qne GOx-A
Ci s in-biotin con es at 85C for 30 mn.

CRRRE Was gacg BUhe THRNA PoleowE, Ao 4045 fases are-30% of
dﬁtmcﬂi‘lb@ﬂes. 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 MRNA 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 surfacé. Since the redox polymer
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The formation of the m xed sel f-assenbl ed nonol ayer on
the sensor array was routinely nonitored by surface
coverage and el ectrochem cal neasurenents. Al the

data obtai ned indicated a single conpact m xed

nol ecul ar |ayer, conprising oligonucleotide capture
POBEL0Y3Y space-filling 1 30 nercapt ododecaR€T/5G2004/000113
nol ecul es on the sensor surface. Since the redox

pol ymer WD 2005/ 106034 PCT/ SG2004/ 000113 24 used in
this work was positively chasged and the sensor

surface was negatively charged, a brief soaking of

the sensor in the 5.0 ng/m redox polyner solution,
resulted in the formati on of a nucleic acid/redox

p r

PR IR WA aE DAREL ShattR 4hd B sensorpsufage was
G1egm|velyceharg§a aZBerf 8@ing ofthé |densdir imt thd 510 Mgiul eedox

 SREUEE sofion.. kiufe RS SPEEE A rilcie BRTRARR poymer

rbnh;per csnithe slettfodd tvid ¢he hw&:yaéwr eRshostatid \étélf-assembly

cffinckaty Gossistive"Todl Tha 129 150Ry IusiRBa HGUEE RicRYs, =)

str@ttbu@ ySHEJRE® sERSYr Ué‘hﬂve@b@‘ékﬁé&édifdrca RighBM8Ue sBRs Surface
& 10 Faul kner, | ectrocheni cal Met hods. John

vw'@9 lkzeﬁoﬁ%iow%wfh ll@'@@ar\wg@f}er exhavstive washing and
aﬁﬁ&fh H?a‘i"gu% %@eﬁht qfotém?alocya ?\98é<n Cgrs*oeéﬁd {p@é@ V,
ode S e

e electr Face and proce
rweabngaadﬂgwytséafdgmg oohfined @fectrpatatrcdmlayerm(aBardmu &
of o nt ; n
SEBRorc FOORML RSP ARt S0 B0 WASERLSHRE  vor
126012 pS200 'Stohneisalts agcenained thatrallt efdthErasmiuheredoxacenters

ARS8 STVRE, e a e SR s’ B bpled o' ersie
Shetsmgmebuscdletarm'etransfet €fttestotal drheuritasfricumdrostrium redox
| yt h d t denti cal
SRl B R BAGHREoF Baisenpeties, frahlie aiobes)
al -2 st e mmﬁmmz?ﬁ@af@%qmtared ffﬂ%rﬁitﬁét gﬁvl,h tmaeeleufm%r the
e or | O (0] e L1 ayer
b?ﬁamﬁ%/“ ‘ﬁ-lﬁ“P@d%‘J{f nP@ars cofrgetade fro é'é%tbac'@ou"d

p@tﬁﬁérﬁ' Sul@ééﬁﬁe‘iﬂ Wlt%ﬁrﬁtrtd“l@ sBl iR e RAfcydid8ButidNdhowed a
nore i nportantl ty el ectron transfer rate of

t YRltasamegram ddes Q_?éﬁp ethgt phtalned 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 inshlating 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.



the bilayer which mnimzed the effect of electron
tunneling across the wunderlying insulating nonol ayer

and nedi ated electron transfer from 25 sol ution

species to the electrode surface (Xie, H; Yu, Y.H;

Mao, P: L.; Gao, Z. Nucleic Acids Res. 2004). As

WM 1PHBEr, the presence of nucleic acids BEHSGR4/IN0113
inthe filmdid not appreciably alter the

el ectrochem stry of the redox polyner. WO 2005/ 106034
PCT/ SG004/ 000113 25 In a figst hybridization test,

full Tength TP53 NnRNA in the total nRNA was sel ected

as the target gene. Prior to the hybridization, the

MRNA m xture was denatured at 70C for 10 min. All
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(i ofrs Mgsiideon fost. T Wik T3 HRIRN, 6 (01RO vas
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o e T Gbbas e ooy oapor

Daitisehb& ns'of TACPSCITRS AGBTUATET-8PESEQ ID NO: 2g TP53 sense,
ATGCGAGGATTCACAGT
@@?GéA@é«f‘t@é%ﬁT@@@ Tu@f@r@m)@ma%wnt@sw 5.

| t b
Sﬂ:NHgT%B@)Q% ?SDB A) 12- TT ﬁ%@?’r pTé[I'iGICO}r g eS(SEQ I D

NO 7) 5'-HS-(CH3)6- (A) 12- ATGGTGAAGGT CGGT GTCAACGG: 3
10 (SEQ ID NO'8) Control experi ment

Table 1. Oligonucleotide capture probes used in the study

Detection of TP53 gene

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

5'-HS-(CHs)s-(A)12- TCAGTCTGAGTCAGGCCCCA-3' (SEQ
ID NO:6)

Detection of GAPDH gene

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

5'-HS-(CHa)s-(A)12-ATGGTGAAGGTCGGTGTCAACGG-3'
(SEQ ID NO:8)

Control experiment

Capture probe  5-HS-(CHa)s-(A)2-CCTCTCGCGAGTCAACAGAAACG-3'
(SEQ ID NO:9)
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Capt ure probe

5' - HS- (CH3) 6- (A) 12- CCTCTCGCGAGTCAACAGAAACG- 3" (SEQ ID
NO 9) WD 2005/106034 PCT/ SG2004/ 000113 26

A i gonucl eotides with sequences conplenentary to the
TP53 gene were immobilized on the sensor surface and
WO 20806034 capt ure probes. Upon hybri di zat i oRCHEG2984/000113
for 30 min, TP53 nRNA fromthe m xture was 5

sel ectively bound to its conpl enmentary capture probes
and becane fixed on the senggpr surface. Thorough
rinsing with the hybridization buffer washed off al

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

were brought to the sensor surface via biotin-avidin
interaction during a subsequent incubation with Gox-A
conjugates. A typical cyclic 10 vol tanmbgram of the

s éligonuciiotides apfi yseqyendes cerdplemeotayyreto tieeTRES igege i were

o IBaiifbc b 8 Rendibalffate At 38RRd\ B Bdpkfe Hoper Upon
b bybridizatibxt |aonsm fouemgtmmn TmﬁscmltRNA fiont the ﬁvgﬁﬁre was
a an . | NCcr e .
ARt bPnd 18 B somBEn A B erie PbERCARELRegsme fixed
sur]f ﬁmle,seﬁmt snﬁgb@bﬂ'htoﬂmght @mhihgt ?@tgcgﬁa?{yggdlﬁﬁﬁn buffer
I ou nore nega
gg’ﬁg ed g r?V*YEeg pogywhridigationirelated H\Wd&%@l'éh@lﬁ were
Sbfdug‘ht”tb QRet Qéns&e%ﬁﬁ‘éce T{/i‘éa |(5i91 éﬂ&ns‘?ﬁ‘t%i’éct*oﬂ td*ﬁﬁng a

redox pol ynmer sol ution resul te formati on
nPuRseavent o ineubadoni nwith i oﬁ@X-AanFHGQRteN r édloxXtypioaly meyclic

b%l?ééﬁ@ ggﬁi 8? mﬁaéef%gg BRkr Qﬁgﬂ@ﬁggﬁ% ?%’dérf{;% Iymﬁr oyercoating is

t Bbewn limFigofe &, cewexb'pQNsyswn mmnmvagbé,rqonshﬁrabjy higher peak
Wﬁﬁé@%e u&gsee?'\tiécilgort Q&B 5){]?e1atro%dgﬁ( P&Jj c [ é:rﬂgespses at the

were dense ted e elec
t hP&8- rURN!;M’ereaﬂedl sembwonﬂlcatmg‘ thept reat |rmreaseai‘amobmﬂ afy esdox

ectron exchange ocesses: , At
SRERER W€ ro LY {6 S SnSPt SUFHES IRt HrBRASY ai do the
coaptargd pERNA mdletbleswohicarBrought nidire sheafitiver cititgbs b the
and el ectr?%com datl on ves vvas ener al | Iess t han 25

nReNSY; SYTRES, BN yTPalesh BamifiAgthtescdimengienal StE%itBF%POethe
Vs&ihddrg Testlingothenéerbor in the redox polymer solution resulted in the

formation of a mixed micro three-dimensional mMRNA+GOXx-A/redox polymer
bilayer. The total amount of redox polymer, 5.9-8.6x10™"° 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 Iayer. Figure 5, curve ‘c’, was the voltammogram in PBS containing



cycling produced no noticeabl e changes, indicating
that the redox polynmer was robustly bound at the
sensor surface through the formation of the

el ectrostatic bilayer and to sone degree, interaction
with the first nucleic 30 acid |ayer. Figure 5 curve
WE200538€03¢ he vol t ammopgram i n PBS cont ai ni ng PEX/SG2004/000113
2005/ 106034 PCT/ S&2004/ 000113 27 40 nmM gl ucose after
hybri di zati on. An obvious catal ytic current was
observed due to the presence2pf glucose oxidase in the
bilayer. In a control experinent, non-conplenentary
capture probe failed to capture any TP53 and thereby
no enzyne | abels were able to bind to the sensor 5
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TS ) Pheseen iy GF'wrle) 6479 TR Ay stEiutaatacssdn the
t Fetlox plaigmiel ReErdoatingstongly afbctekbit e

cat al y%t‘lﬂg curreats OP redg>¥I pocyrrerssmlatrj]%\tlxlﬂlelgapaww

osm umredox centers bearing two positive charges

WeAleh R0 a6 ctidtAB !

e Shalctdtishes T pleckBde "W gt Focox
tP@Y'B%ﬁ"(ﬁWCP@lﬂ'Qx 20 center was one of the inportant

fagrors Th a surcegsfut ”EEL“"Wﬂﬂyﬂ%rLﬂgdmg icat
Redox Polymer | (mV) (mV) (x10™° mole/cmz) (nA)
1 112 19 6.6 138
I 20 53 5.9 110
i 285 20 7.8 240
vV 14 28 6.3 82
v 293 18 8.6 186

Eu"4Epar By, ABy= By e

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

The catalytic currents 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



i soel ectrical point of G was around 4.0 (Trudeau,

F., Daigle, F. & Leech, D. Anal. Chem 1997, 69,
882). Acrylam de noieties in the redox polyner also WO
2005/ 106034 PCT/ S&2004/ 000113 28 hel ped to stabilize
the bilayer and bring the osm umredox centers to
‘896%/1066¥40XI mty of Gx. It was observed thaPCT/$@004/000113
catalytic currents generated with the redox pol yner
contai ning 1-substuuted i m dazole |igand was snall er
than that containing non-sulpgituted i mdazol e,
suggesting that hydrogen 5 bondi ng between i m no
groups and carboxyl groups on GXx in the vicinity of
the FAD redox centers of GOx further facilitated
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g\%@? EBon addition o ?
B {19 Bighestiagd wasyneagyred tape 3o Obhlgaefrthamthaéﬁpeema@atthe
%@r%’o?uﬂﬁ% mrﬁmé‘&}ﬁe%%% 1p% Lﬂﬁ ﬁ*ﬁé%fﬂrg, o, attain the

i rmobi |1 zed on the séensor sur

highesheyirentsensiiivily v Htiwasrisgdrin subseqmmt expeimentse
anperonetric results agreed well with the cyclic 20

vol t anmogr ans obt ai ned earlier and confirned again
imanotire Jesh sAftesuyloddization with §R5 irf 26nmg hetal a:maNA the

FERPTEA. 46 gl BB e Pk S, St St
alRIORt in lampersinetry ancreaged by Z.Manyiadd.86uM e AGAREY) upon
CEROA 42 0 055 35 e S o oSk B ). n @
2ontesit @(beﬂmeﬂf whieget ndprconiplbentaryn BepttidsS Sprobes  were
mmgg‘ﬁlzed on the sensor surface, only a 0.18 nA increment was observed
(Figure 7, curve ‘b’). The amperometric resuits 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 sénsor

' 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 total mRNA 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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The specificity of the assay for detection of target
genes was further evaluated in 40 ng of total nRNA by
replacing fully conplenentary capture probes with
probes in which one of the bases was m smatched. As
shown in Figure 8, the 30 current increnments for the

VYOrPBa0t%4 nat ched sequence were in the rangePeF/SgRepd/000113

2005/ 106034 PCT/ SG2004/ 000113 29 0.80 -9.2 nA,

whereas, for one base m smatch, the increnents dropped
by 80% to as |ow as 0.23 nAggslightly higher than

0.19 nA observed for non- conpl enentary sequence -
(control sensor). 5 Calibration curves for target

genes Since nost of the breast cancers are in one way

0 i 0
S QL1812 A, {56105 Bortndbach mi A, tPERments tropped by 80%
t ézhas dows as he23 oAuIaﬂghtfyf é\lgheerthamﬁmgdek\eobsewedarfor non-

| a%%wzﬁn 2 RaespelitnbantSing b ognosi s (vartin,

et al. Cancer Res. 10 2000, 60, 2232). In this
cisplatip |labeled cDNAs were used as standards
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sensor prepar ation. depi ct ure
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oAyt e ke S Aifarbie Spodnyfatios B oD nyd AR g ufim 10
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Dfes wete, Sbed TR the celpar plpratilion: &3 daniigS: RFRbfe o, the
pmﬂmadcﬂéeﬁéwﬁnea'ﬂyl witie e edricehtration bheDNAowethin this range.

R, R e rof T 4858 R oL Elhoogere
0.4 heiopamy vl 03h400me1 615053860 Wami S&Y0 MFand 1.5 - 400 fM, with
é:qéaqtcﬁgﬁlr%ltggf 1@@10 04@) '2.0 and 1.0 Iﬂl\/l corres:.Lpondm% to 0.20, 0.45,
0.95, 0.10 and 027 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 arhount of genomic nucleic acid detected electrochemically.
Compared to previous results based on the sandwich-type assays (Pato'lsky,
F., Lichtenstein, A., Kotler, M. & Willner, /. 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 oligonuclectides of 20 - 50
bases in length. In the sandwich-type assays reported earlier (Patolsky, F.,

Lichtenstein, A., Kotler, M. & Willner, /. Angew. Chem. Int. Ed. 2001, 40,
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25 2261; Drummond, T.G, Hll, MG, & Barton, J.K

Nat. Biotechnol. 2003, 21, 1192) the sensitivity of
genom ¢ nucleic acid analysis was greatly inproved by
adopting the multiple enzyne | abeling schenme and the
result was conparable to that obtained with short
WO3043804084 o] i gonucl eotides of 20 - 50 basesP{HSG2004/000113
l ength. In the sandw ch-type assays reported earlier
(Patol sky, F., 30. Lichtenstein, A, Kotler, M &

Wllner, I. Angew. Chem Ingg Ed. 2001, 40, WO
2005/ 106034 PCT/ SG2004/ 000113 130 2261; Drunmmpnd,
T.G, HIl, MG, & Barton, J.K Nat. Biotechnol.

2003, 21, 1192), the ratio of enzynme | abel and target
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reatly increased the enzyne |abel [ oading

g@ﬁleie;ﬂst%mo}ﬂyuws blowewsr.fipdfecpregaat PEORQsse: model,omultiple
LRHRARIEARTAONBCA AR Rl SR el B Shirlibd
gnzigee dabelvioading. woresppading respoosesi frgne renaymetisgreaction

g S LA PO o5 s, 68l S o
e bacleis, adid diasemsat Wwese gubbktantiallyl impovedswhey .wdtking with

ald. |t odnd t hat, by | a ' t he nucleic aci.
it o seen b otaifbiertor 2600 Blep Bing tiGciSisiaciy fnere
i5i o ehzyméilatiel pet G basrise the bheratiesignali souly ivesase by 20-
Lhereased b 5-40 fold c ared,.to the sandw ch-t .
{93 ol e 5 dnBoling b it SeHomglirules igin btipte
8RAAhE involbkule! @ian®@ cisplatiRitsiotinveblsjutRies oMeadetditiifyovas
f hat observed wjth the short synthetic .
terepnatc | Bt 18e4Q stldecpmparede ta a kR SANEYiRh-type assay,
aepEAiRg eSn that jhglty of ihe génd.i Thbeasisinity Dbtaikel! @' thi

M% WPI ner, 1. gngevv. d}%éé)nn Int. Ed. 200yl, 4%‘, I !S
woHq ; wpsumagRArableg to Hhet | ohseveds visth t the  shatt  mnthetic
gfiégrﬁﬁm&ide ?fﬂp-?her?%f the sandwich-type approaches (Patolsky, F.,
Lichtenstein, A., Kotler, M. & Willner, /. 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,
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1192), indicating that the enzyne/base ratio has very
smal |l variation for both short synthetic

ol i gonucl eoti des and genoni c nucl eic acid sanpl es,
which, in turn, generated anal ytical signals of
simlar sensitivities. The 25 enzyne | abel /base ratio
V200549603t ed to be in the range of 1/40- 100PCT/5G2004/000113
depending on the length of the nucleic acid nol ecul es.
Theoretically, if this ratio keeps unchanged for al
genes, the same current sengytivity per base should
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Det ectl on of breast cancer susceptibility genes in

u st _tissues 15 F representative breast

BifReion c Hieast BRERT HsseRBbii; Ghnas, Aypien biagebgssues

ERGvoprédaitativel breast cfaﬁdélesd@%?t:ﬂil&y t@@it‘ié? %mry V‘W& HSP90,
array after tfota

d th
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stored in liquid nitrogen until extract
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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 intemal 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 Iiftle 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.



10

15

20

25

20 extracted by neans of nmagnetic beds extraction (a

Dynabeads(r) nmRNA DI RECTT"1 Kit; Dynal ASA, OGsl o,

Norway). A GAPDH cDNA of a RT-PCR product was used as

internal control. The nRNA | evel s were quantified on

the sensor array (10 duplicates for each gene and

YOt2885 93¢ ont rol s) and were cal cul ated as r ZET/§§2004/000113

relative to the nRNA of the house-keepi ng gene GAPDH

in 25 normal tissues. As can be seen"in Table 3,

under expressi on for BRCAL argd Hi s4 and overexpressi on

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 nutations, not expression changes

|n cancer tissues and the nutated TP53 gene was al so
dzable;3.dexprsssianeof JEP3oHSPOB.BREA (iS4 and GFFDH in human breast

ﬁgg 2004/ 000113 32 Table 3. Expression of TP53,

% BRCA1, His4 and GAPDH in hunman breast tissues'
TPS3 HSP90 BRCAI Hs4 GAPDH Cancer Tissue 2 0.5 0.16
1.78048 0.140.1530. 160H86900. 94 (8XK®A1 Nor malHsdli Ssue GappH
0.52 0.16 0.36 0.10 0.230.06 0.31t 0.10 0.98 0.24

XPLESSI g|v S raIlos retative tothe
2@ 1e EQ\IA g g df éo % briddsP%%ancdrl® 9 Ys ek £023
3A\9@P'a‘“g*é"eof 3 °rﬁ?r*r?:i P§§a%&° ThLa£Pe8 | t §-3h¢B19 n Wm

anprtcec (2N Dncan

SRRl B SV EHiorsiaise oghe CABDRyARA) TAversge oF8
Bingest exincerAieies. ?wveﬁge of BhoRamalskees K. : Gal | - Trosel j,

K,; J. Mdl. Med. 2001, 79, 56'6-573; Saad, Z.;

Bramwel |, V.H; WIlson, SSM, O Mlley, F.P., Jeacock,

~J.: Chanbers, A.F. Lancet, 1998, 351,1170-1173. 33

Ilans, S.R Nature Genet. 2000, 26, 4- 5? However ,
18P retylisnateain - geRd AgERSTNt it BPING erYlien EaRers: G Rosen,

&lﬁtlﬁddc@HHs«t@lllFtGm@&S- f | el e !
pati ent' es medi cal hi s!tseorrsyl'qgl\longe%" Ly BQS%%OWQM

y 3"%dfﬁ iGalt- Teselhplii babfali Mecht 260He Z&né@@-ﬂﬁ"r aPaady Z;

S cre) s Sl Oy, P8 Saedl, b v, A
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 safnples 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 mMRNA 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. Oné can
only reliably discriminate gene expression differences of more than 3-fold
(Saad, Z.; Bramwell, V.H.; Wilson, S.M., O'Malley, F.P., Jeacock, J.;
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detections was found to be about 1.5 ng. Considering
there are about 30000 genes in this total nRNA pool,
the actual detectable limt for each specific nRNAis
at sub-fentograms on average, which is in good
ﬁreerrent with the 20 calibration study (see above).
YRe'APHt ve errors associated with mRNA assBGESGH4/000113
i ndi vi dual genes were generally less than 25% in the
concentration range of 2.0 to 300 fM Therefore, it
all onwed for the identificatgzgon of genes that differ
| ess than 1-fold in expression between two conditions.
It is very difficult to detect 2-fold different gene
expression using current technology. One can 25 only
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diebd efoe tuhaingytoce xEmys epticalesidn additiond witht the dough émproved

tgglgqrt{vﬂbnaq l%%t 1l Obﬂgolg q-wghsq"ﬁ@?[%ml fh?%% tfﬁu\clap?%;enc? -based

hessyls, #HOPropesal Metitodsslss lstgntﬁaannwmtsrumm thie amount of total
f1 uor escence- based, 15 assa s t he proposed nethod al so
SigNAfTarR MIFPIEANS (BIRPE A®Sanount of total nRNA from
m crograns to nanograns. CONCLUSI ONS

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-typs assay. Fulldength - mRNAs of cancer

30

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



The el ectrochem cal sensor array described here is
rapid, ultrasensitive, non- 20 radioactive, based upon
genomc NMRNA and is able to directly detect breast
cancer susceptibility genes and a house-keepi ng gene
fromthe total nmRNA extract w thout PCR

WREPISIPYEt i on. By enpl oyi ng the ci spl ati n- bi BET/HG2004/000113
conjugate, NMRNA was directly labeled with biotin '
noieties in a one-step non- enzymatic reaction. Wth
the hybridization process agg the formation of the 25
MRNA+GOx - Al pol yneric activator bilayer, specific genes
were detected anperonetrically with high sensitivity
and specificity. By |labeling nRNA sanple wth
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YSfito a fully autonmated m croel ectronechani cal system

fromtissue digestion and sanple preparation to
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provi de faster, cheaper and sinpler solutions for

nol ecul ar di agnosis, particularly for early cancer

di agnosi s, point-of-care and field uses. LLOYD W SE

PCT/ SG2004/ 000113 Recei ved 17 February 2006 35 O ains

1.. A nethod for the detection and/or quantification

of at |least one target nucleic acid or target

pol ypeptide in a sanple of' nucleic acids or 5

"pol ypeptides conprising the steps of:
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a) providing a sanple conprising nucleic acids or
pol ypepti des; b) labeling the nucleic acids or LLOYD WISE
pol ypeptides with a |igand conjugate, the |igand
conjugate conprising a first elenent binding to the
nucl ei c acids or pol ypeptides and a second PEITé8G2004/000113
which is a capture ligand; 10 .c) cont act Regivedh¥ February 2006
nucl ei ¢ aci ds-1igand conjugate or pol ypeptides-1igand
conjugate with at | east one capture probe, the capture
probe hybridising with or.binding to at |east one
target nucleic acid or 3arget polypeptide; d) adding
i) an oxi doreductase enzynme, wherein the '
oxi doreductase 15 enzyne is recognised -by the
cagture ligand, or ii) a conplex conprising an

"8or educt ase enzyme bound to a capture receptor, the
capture receptor capable of binding to the capture

1] ag f%@ﬁixod %r f’ﬂﬁ Yol 5%%9)EUQHIF YRR of b ?eaEte%Xtan%l ymer

b ndi oxl dor educt ase enzyne, thereby
r é‘%IP'Fl ?Rgd ioh tenget peivreetider i &PrERIE r%n@‘defoa‘f'?soﬁf t he

e palypetidéscontpasingtieoxtepodfymer to an el ectrode surface;
and f) detecting and/or quantifying the presence of

tz*?a?#]&f i a %leeéo%pﬁﬁhdjc(&be;c Rids bAp@pkpte;y pept i de(s) .

e method of claim1, wherein the capture probe Is
fi I r ans to
oo ARy 3o faBEL bORRpabided oin Lo Bpugaa GEETE )
SHEEigand gamjyaale comensino\Ay fisgt elepien} @@w&/‘@dwdfwfdﬁs
Re C edrpelipdplidd=cAnd uaeyond @RMmen3thich is dlapturetigand; of cl ai s
1-2, wherein the capture probe is an oligonucleotide

hyaréoqtaa.rrggthw Ma:efat adao@,aegéndoa@?@aret bﬁﬁbl)@%pﬂdb@hdaaﬂ get
nucleic acid % net hoq 0 clalqs %u whgggln t he
sanpfoRiugate it "1“ 'eﬁ i B CBPYres RIAhE the captre pro

hybridising with or binding to at least one target nucleic acid or target

polypeptide;

d) adding i) an oxldoreductase 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 |igand;

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 10 enable it to fix to an electrode-
- surface.

AMENDED SHEET
IPEA/AU
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of nNRNAs, cDNAs and/or genomic DNA. 5 5. The nethod of

clains 1-4, wherein the sanple of nucleic acids is a LLOYD WISE
~sanple of total nRNA and the capture. probe hybridise

to at | east one target nRNA. 6. The nethod of clains
1-4, wherein the sanple of nucleic acids is E138G308/000113
of cDNAs and/or genom c DNA and the capt mre®ived ODRebruary 2006
hybri dise to at |least 10 one target cDNA or to at
| east one target genom c DNA fragnent. 7. The nethod
of clainms 1-2, wherein the capture probe is an
anti body or a |igand kisnding to the target
pol ypepti de. 8. The nethod of clainms 1-2, 7, wherein
the sanple of polypeptide is a sanple of proteins and
t he capture probe binds to at |east one target 15
Jor Be siathodsf claims n tefgindie @Pirgrrobe is an pligopegiaotige e
f i HyBridistrigammerdt leastrode pgtidnaf tha@argét@ligteic acidci ds or to the
pol ypeptides is cisplatin, platinumlinked Cyanine 3,
4| e inftBal f BKIRA 103 ANErBR th safipld df REoIGARGdi€a bdrgiind | S
d n I body or antigen binding

- bigtin i QoXi in, an nt
to°9ﬂ$§A8a?%5ea%§)§E%eﬁf"8'ﬁDN2h, anti body binding to 20 the

oxi dor educt ase enzyme, an aptarner, a protein and/or a
Pr Bearethodrat glaigisdlr4, whereimihe seawlec neleie pdidsiisa sample.
WhetrietainmRNB. rapthe RptuRCHPbed hybridis@ \tb it Meast one target
st{\lgm\oavi din, anti-digoxigenin, an antigen or.

anti body binding to the capture Iigand, an aptaner, a

rotein-and/or a protejn receptqor. AVENDED : GHLEl: 1P
B e i dtestid s - Db S s B | Pl BRR R S
Fedf cONAy arig@endwic DNA afth therpapthrecbralfe hybridiseitd aQeaspher ei n

t héheQar§tdONANY ¢ ARRBstONE WGt Hirof: HIOA Frilfnent Pt UT €
i gand, wherein the capture ligand is an anti body.

7. The method of claims 1-2, wherein the capture probe is an antibody or a
ligand binding to the target polypeptide.

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 polypebtides 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 andfor 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.

AMENDEC SR .
IPEA/AL



12. The nethod of clains 1-11, wherein the

oxi dor educt ase enzyne is an oxidase, .a dehydrogenase, LLOYDWISE
a nono- oxygenase, a hydroxylase, a 5 dioxygenase, a

peroxi dase, or a hydrogenase. 13. The nethod of claim

12, wherein the oxidase is glucose oxidase (GFHMisG2004/000113

| act ase oxi dase (LAX), pyruvate oxidase (RYlved 17 February 2006
tyrosi nase, horseradi sh peroxidase.(HRP), or a

m xture thereof. 14. The nethod of clains 1-13,
wherein the redox polyner is a redox active 10
polymeric material, a7

pol y(vi nyl i m dazol e-co-acryl ani de),

pol y(vinylim dazol e-co-acryl anide) partially

I m dazol e-conpl exed with [Gs(bpy)2], [GCs(dnbpy)?2],
[1(1CBhepyptBed ofj claith B, whdygiy J@oxideredustase [eQryMsynds (hen ]

POl MEN kMR, WnEleltftne capture ligand tib
%’%’ +‘ﬂ'?éﬁym di ne) 20 rco.arl y'|saa"maﬂ'e]° (PVP- Os- AA)

f@{ 'D}?g t%m? %F’ %@W%OH #‘m\phc?re‘%? 6XIC{OHJd98%§éJ gﬁﬁi@? ZIQ re]m ;Lge
sur ¢xidaee. e lae slehystiegenasene enwanasev pf aqu'i%ﬁaseg | &8ssy

5 Car fofgersd R idréidabailoPPRydpsyehae. (CPE) or carbon- epoxy
conposites for anperonetry. -16. The method of clains

1§’Thg m&ﬁwod% Cfaffh 2, %@rem};\p Qﬂdds@ igl18sB Wldgéér(be(? 20

ditect detection and/ o uant|\08 eC|fh
gen@gtai;%mf“éﬁsﬁl('-’h’ﬁwu‘? jidase (Y TWE’SW@T%OEJ) a4 ai m
16, parbed=zie (HRPEosamtue thgead. manmal sanple. 18. The
nmet hod of claim 17, wherein. the sanple is a human

STPIHE - mekifhd of Reirmet-he dvhefeinCth@retiox pOyrh8r, is \ahredaxi aativieh e

10 Sepoti au LN se porPURI s Es |

Febpgluwyylmolegzg-acrylamlde) partially imidazole-complexed with
[Os(bpy)s],  [Os(dmbpy),  [(Osbpy)(im),  [Os(dabpy)s]  andlor
[Os(bpy)2(Mim)], polylvinylpyridine Os(bis-bipyridine).Cl-co-allylamine]
(PVP-Os-AA), ferrocene-based polymer, and/or . ruthenium-based -

15 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, whereln the method is a method for the
20 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
25 “atissue.

- AMENDEL SHU.
IPEAAU




20. The nethod of clainms 16-19, wherein the |igand
conjugate is cisplatin- biotin and the capture LLOYD WISE
receptor is avidin or streptoavidin. 21. The nmethod of
clainms 16-20, wherein the nmethod is a diagnostic
met hod for the detection and/or quantificati orpCIfSGR0E4/000113
or nore target genes. 5 22. The method of -cRedeived1l7, February 2006
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 (His4).
23. The nethod of clains 13822, wherein detection
limts of the target nucleic acid are 0.20-1.0 fg. 10
24 The net hod of clain123 mhereinhthe dﬁtSthd
i C.a s,. MRNA, 25. The nethod of claim

rﬁmﬂﬁer}égﬁg? K& C % @1%%3@&? dganersivgate it eispldineast
cancéwmg@n@msCéBRCA&%meGawEhermm$hadmﬁf clainms 1-25,
wherein the method is carried out on a sensor 15

ar QayTheZMetha'dwf daink o6l20 fwheledi e %}hgt\ﬁhsgé gfé;\ ?Jggr,:m%&?or
fi
mat o a1 iosh BT e Y Rlond ovs orharp Gt priveul ac or

a r n the el ectrode nmaterial, and a second
eI )eégt F“od‘gg'h%ﬁf ‘gf i 21 peherefr e {aigqi 9ANG s &t leaptrang Pf tumor

wher @iretein RE3 G1PS8) heateharhperdirabo (HERYBY @reakt @Ated gene2l

| at i (BROA1)IARSRNoRA D graphite, carbon pastes (CPE)
gr cérbon)g%oxy Oconpggfzes for anperonetry 29. The

wher acer/insul at or
ooy thethotiobiand 122 wiRG S0 Peshe Frotl AR et e
adhe§FV@’Wga%1ﬁéﬂinsulatlng | ayer, a screen-printed
Ag/ AgCl | ayer and a hydrophobic | ayer. AVMENDED SHEET
10_| @¢Drher BEthodOT /(e (234 WBE&BIn 1thd. dateBlee abiged nicleidadd War y

2006 mRih.

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
15 array.

27. The method of claim 26, wherein the sensor array comprises: a support; a
first electrode material applied on the support; a spacer/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,

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

29. The method of claims 27-28, wherein the spacerfinsulator layer
comprises, from the bottom to the to'p', an adhesive spacing/insulating
layer, a screen-printed Ag/AgCl layer and a hydrophobicllayer.

AMENDED SHEET
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30. The nethod of clainms 26-29, wherein the support is

a glass support. 31. The nethod of claims 1-30, whichy oypwse
is integrated in a mcroel ectronedical system ( MVEMS)

and/or fully automated M cro Total Analysis System (N

TAS). 5 32. A diagnostic kit conprising: A patr/S9a2es4000113

one capture probe i) fixed on an el ect rRgev&7TRERary 2006

.or ii) conprises nmeans for fixing to an el ectrode

surface; B) a ligand conjugate for |abeling nucleic
acids or polypeptides of a sanple, the |igand
conjugate conprising a g4rst element binding to the
nucl ei ¢ acids or polypeptides and a second el enent
which is a capture 10 ligand; C i) an oxidoreductase
enzynme, wherein the oxi doreductase enzyne is capable
8. Themethob oticlaimb 26-LHavhe@uttor fipportiand)asosuppprt. a conpl ex
conpri sing an oxi doreductase enzyne bound to a capture
sﬁquhodtdmainﬁsapwrueuohes:m@gmedoapahbfeeleétrobiemdélng to
the ca ] ; The
i S T 43R it Aliohele dRieg BB KBl Sy
ol T§®hucl eotide specific for a target nucleic aci d.
34. The kit of claim 32, wherein the capture probe is
321 radibgrivstibykioconarikingy ¥ dt leestpadlcaptak pdoobed) frgd too aa
Elggt}odg gh#&? P! u?&n]pﬁéas m-lgaE K)I' (ixnr%fto Qll'u @lbgfﬁadg’ gur%@e
wherein t el'ement bi ndi ng he nucleic 20
acBy# bgang o°°f‘H63‘?JdPry'ﬁ%‘i5‘E‘9 dweleip saCE’F‘s‘ISI %Pﬂypﬁpt’des of a
pl @ampleinthb i lighred cdojugate nE@mBrisingoh dirst relement bindidg @y étrei ne 5,
an“u%‘gg aS.S‘P’oP E&YdeE%Ean % J&&'Fd' é”t %?&h ggg'(ﬁptu%n

ody I ndl ng tOt e -capture recetor

or liganda D | 'b(?Gy ’bqg“fﬂﬂ’i’?iﬁse F’EFVPHeWB?’ieHoV‘édWE?SEC%
an eAPnRITe capabledt GkiAg Dound dby e cpfureligaid) or Iipe eg@hmex 25
36. cor-nrpr%ir%@I :Im g)IldOQéO%Ltg& é’&gﬁé 'bometréeal 129 ‘nJ?& %@HEP e

recept o nti - di goxi genin,
an Caﬁt"egf@ﬁemﬁf Céﬁ?b'%@ﬂ?'”ﬂ)ﬂ@wé‘? H‘@ ?@“F‘héga"éaﬁi @r€@49% gand,
abANMEr, a protein and/or a protein receptor.

A ND; tPFJ. Atl
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 to a target polypeptids.

35. The kit of claims 32-34, 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 ié 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.

AMENOE-;. ...'-(“ :
IPEA/L1



LLOYD W SE PCT/ SG2004/ 000113 Recei ved 22 June 2006
40 37.The kit of clains 32-36, the oxidoreductase LLOYD WISE
enzyme i s an oxi dase, a dehydrogenase, a
nono- oxygenase, a hydroxyl ase, a di oxygenase, a
per oxi dase, or a hydrogenase. 38. The kit of claim
'37, wherein the oxidase Is glucose oxi dase (GORCI/SG2004/000113
| actase oxidase (LAX), pyruvate oxidase (Pi (XReceived 22 June 2006
-tyrosi nase, horseradi sh peroxidase (HRP), or a
m xture thereof. 39. The kit of clainms 32-38,. wherein
the redox polyner |Is a redf® active polynerlc
mat eri al, poly(vinylimdazol e-co-acryl arnide),
poly(vinylinidazole co-acrylam de) partially.
Iexed with [Gs(bpy)2], [GCs(dnbpy)?2],
d(7 géﬁ §'§’z<§ Pdé’tﬁpmpfeamﬁser spgsiebisy JaB( biiddsh, 2
poldeh fmhﬂw ammeo@@éimss DhyRydxlyigid) GB%Q}C?eﬁé’s'e a peroxidase,
al lothnpdrbgdnad?VP- Cs- AA), ferrooene-based pol yner,
and/ or ruthenium based polynmers. 40. A sensor array

@@VTﬁeekif of claﬁh@?d L& {1 r%%]a og e t e e‘%%/g)g %gh@q@ﬁlﬁgtgg

and/ ol pe

fir¥ @a%q 2 B@”Yaé?/f%‘ldase ép\f@péﬂpi@sﬁ.nbmmdlstg pemyidase
appHRBL ope mixtereftiierartf. el ectrode; and a second el ectrode
| ayer applied on the spacing/lnsulating |ayer, and
BRleThsi kit of rialrse 8268 veeeant ﬂﬁd’@doxb%}yﬁfer lssa Rdb£ b&HE PEFmieric

el Q‘ﬁ‘dtér@g epoly(éiﬁylimT&&‘i‘olg-@U hﬁ'glarg de)c ;% vinyitin 3%6023 b oo a
g8 ifg)-
b N E e O e
eI é@*i(ﬁ'wﬁ)e] ndéar [Os{brytutiding), emmmt&myhcﬁ:)ee0s(aﬁniipyﬁainé;;clfc&e
S patylangihé]n gRUFEOS- )I@wséeneibta@eds g&ﬁﬂ% da‘j\g)gﬁ rg{?\gfﬁ a;’séged

beig ? gl eference el ectrode;

apgl ed

40. A sensor array device for. ;he detection of ‘target nucleic acids and/or
polypeptides In a sample analyte comprising a first electrode layer; a
spacing/lnsulating layer applied on the first elactrode; and a second electrode

layer applied oi the spacing/Insulating layer, and wherein the seoorid'_electrode
layer Is a reforence electrode.

on the second el ectrode Iayer Amended Sheet

41.The device of clalm 40, comprising?

-a support;
afirst electrode layer applied on a support;
‘a spacmg/insulatmg layer applled on the first electrode layer

@ second electrode layer applied on the spacing/insulating layer, the second
electrode layer being a reference electrode; and

‘a hydrophobic layer applied on the second electrode 'I'ayer.

Amended Sheet
IPEA/AU
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February 2006 41 42. The device of claim40 or 41, LLOYD WISE
wherein the current passing through the two

el ectrodes reflects the quantity of analyte applied.

43. The device of clainms 40-42, wherein thePETSs2000@9113
beconme connected when the anal yte is apRéceieell 17Febtaary 2006
second el ectrode. 5 44. The device of clainms 40-43,
further conprising a counter el ectrode. 45. The device
of clains 40-44, wherein a capture probe Is applied on
the surface of the firg§ el ectrode, and wherein the
capture probe is capable of hybridising with or

binding to at | east one target nucleic acid or target

pol ypeptide of the analyte. 10 46. The device of
6?-a"i¥‘ﬁ“r§’eﬁﬁﬁ of haing A predt nwhethein thiesotrend dessingtiwowghdie wo gol d,

pl alettrades reflghtaBe Yuamaty BPshaly@ gt €, carbon pastes

(CPE) and/or carbon- epoxy conposites for anperonetry.
43.ThEhRvide b e8mlfs00baiviBeid it | nd

el eﬁt r %de ng,er [ gqlg, wﬁ%‘/&'ﬁgﬁ QFC&{%% Géf%m%gcsn#%%%devi ce
of "EPLINRENAGS B APPIRA & the SpcppeleqiisBdrt is gl ass. 49. The
gevi ce of clainms 40-48, wherein the analyte is a
Lipedeyee qf slaims 40rfdnjarthes gomprisiag @esountes etsictredeai ms  40- 48,
wherein the analyte is a sanple of cDNAs or genomc
thukhe degice of claing 4@edi weereifi actagtures prébe BOappiiditoreite t he
deviree obthe Aitseedto8s! ahil whereiitld &%hﬁ&&rrroQéTFddasé’Jl gystem
(l\/ﬁ{)@jis n%&r rfblilA k)é au ?mat ed Mcro Total, Anaef ysi s
System ?'B &g bing I\'IE)[:% eag) priertargebangigie acid or target

polypeptide of the analyte.

46. The device of claims 40-45, wherein the electrodes are made of gold,
platinum, glassy carbon, graphite, carbon pastes (CPE) and/or carbon-
epoxy composites for amperometry.

47. The device of claims 40-46, wherein the second electrode layer is a
Ag/AgCl layer.

48. The device of claims 40-47, wherein the support is glass.

49. The device of claims 40-48, wherein the analyte is a sample of total
mRNA.

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

51. The device of claims 40-50, wherein the device is integrated in a

microelectromedical system (MEMS) and/or fully automated Micro Total
Analysis System (u-TAS).

AMENDED SHEET
PEA/AL



