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WO 2008/ 018833 PCT/ S&006/ 000226 1 METHODS FOR
ELECTROCHEM CAL DETECTI OV QUANTI FI CATI ON OF A NUCLEI C
WASIR0BspD001] The present invention rel ates tRPCTHEGIN06800226

for the el ectrochem cal detection and/or
quantification of a target nucleic acid nolecule.

[ 0002] The detection and quantification of nucleic
acids is a fundanental nethod not only in analytical

chem stry METHODS FOREIRCIROCHEMIEEARNo! ogy or

derDEREGTONOL st EAT QN B NURIH PG Acom

acids 10 include the detection by autoradi ography,

fl uorescence, chem | um nescence or biolum nescence as

B0 01] 2Bhe& lpessbhtomRemidcha kel A8 NN HstRSds Bdreter SlefiRithemical detection

techni ques include conductivity neasurenents (Park,
and/orgqugntification pf a tasgst agelsicazpbmpylegdls. 1503- 1506; US pat ent

ﬁB$|IcatI0n 2005/0079533) nucl ei c acid-jntercal ation
#2d dEhq deipeiipn an muan’réﬁcmon of mugleic aqigy 1s a Amdamental; 1 method not

oy 0GB MBFSokl s gt ondisin, T o
frequen‘dy alsgd inpethods| fom@eﬂrnmnng Ghe lpmsanceDamd CO@EJGHETMI@I of nuclelc acids

lndudE’at tgfa Skg/eté&gfon \'él aut%'&ﬁ%lgéf %e u?fe§czegg%77€l%%mlﬂiscence or

b1olunﬁﬁ&8cnc@4&gw)velé @ mmbblyemm?lneamuqliﬁame Bl troaltentiosl techniques include

I nst ance be Dbase n ol 1 gO cl eo

condug s, TSRRFTBER W B S 0P baFiee: 00D 2B kSWr1346: US patent

apphcgtgglz%@y@@@)s gf cfeft acﬁgﬂt@f&lahﬁﬁ REhY AL (ZerhddS SJM eBtt al., Proc.
ppl i cation 2005/ 00795333 0003] A technique f

Natl. xﬂw SoedVs4 (1908 &6t 163010 15955 detae K-Ruel &li.cClawm. dR‘?/VeI(l999) 99,

2777- %@%%eéddsﬁégcuo Naﬁal?g& ah%h%@étﬁﬂl é}{% Iy pr 89'H%ﬁ&ﬂ AT, J Am.

enanucecac ture probe and a targ
Chem.nSiel €1999ad24. 76_9yﬁ4gahﬂogskyh5 at@ipdagemeCImlleﬁ <Eda62Qﬂ)2) 41, 3398-

obe is mlllzdontoasol 4.54PR
3402) ag:gonéﬂﬁtgpé'u élh?af‘gfe{slﬁ’%tsoFa‘% WO AR et |b8?‘1 Oéletmgjc pligppucleotide
flmctlcﬁlﬁt‘hbélﬂﬁlth% g%[ﬂthﬁM ﬁ’tcheQP@Ac] et SRNB002; Vidry) @ﬂdlth a conductive polymer
sel ect two inportant issues being

(US P@%W@H‘rﬁ%t‘;?n 2@@5/9%955'%% in the evaluation of nucleic
aci d ection s ens. _The npst hod .
JbE 0 B isiqin O i P e Ao g0t el PRI A W estblished
in theCRNIUBEH U Wel beialsetibP BeftRB & hidléic eid tapture probe and a target
pre-anplification/labelling approaches enpl oying,
nucleip arigndypisally e gspestied peseic awsiggap@#rﬁ drokenis impR onto a solid
suppo%e%@a%b%{%@rﬁﬁ%ﬁe ofthey abﬁgfg ?ﬂéﬂltlgﬁ]&p(?] etd bR is 8Pl &E

e anplification
t
IR ST SN ET R o i contonts
address«cbar thnmvahulatlato nfintdlein Qcmlrwbtwnplsas’fcmﬂpﬂm miogirgopular methods are

perfon%é gefr%c%l{g ﬁ%ﬁstlﬁl giay n? % 4l ﬁogjblrelae 9oy gg%lgtlcl)n phase (off-chip)
pre- arﬁ;ﬂfﬂﬁaﬁ@ma@elﬂlﬁg kapproGElies rbmﬁldilﬁné tpﬁE})lmelﬁé ohaiml ehétivmsi Blmy offer the

tocol S are.not t| ma ene
highedidgees 8! SRR BaSE dITH] PraSHPH oM BerBae EHER Bl pResyBlowever,

the andpifich@dd Powed o ﬂo@ﬁﬁ&géécﬁlafrhf‘eaét%rﬁtﬂﬂyebe GRRGEIANRAFENE by small
genes in conpl'ex matrixes, due to selective and
variatino$| inn @aperum:rg@lt conditions and sample compositions. Optimisation of the

D

complicated primers and experimental conditions for each specific gene is a formidable task.
Often, the finalized amplification protocols are not optimal for many genes being studied.
PCR-based amplification methods therefore do not faithfully reproduce the relative

concentrations of genes in complex matrixes, due to selective and nonlinear target
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WD 2008/ 018833 PCT/ SG2006/ 000226 2 anplifications
(Ho, HA, et al., J. Am Chem Soc. (2005) 127,
WA 2®3081882676) . Moreover, optical transducti onPEN§EYO6/000226
not only highly precise and expensive equi pnment but
al so conplex algorithnms to interpret the data.
Furthernore, off-chip target2 anplifications al so
significantly increase the cost of the procedures and
amplifpdatiens (BadHt/o, staluehcérdE€peondSot. (260QuRT i1R6ERI2@H6). Moreover,
. i 05] Consequently.,.dn situ signal . .
optical (s BT ps DAt Bk Moyt el 17 BRbpnsive coapipment but also
complexalgoritions ito rintefiedy) theTdatiNPurtitdrino®s, ase chipr @afgh eghpgDiBations also

.t | ogy, catal d reporter deposition, dendritic
mgnlﬁgg'gg{] ?@ﬁ%ﬁﬁgf’ cC0§ Sef"i the c&ppqﬂhlregnan H)}%:plcgpﬂ to sequlen(‘le-dependent
quantifif®onfdigat i on, have been proposed for both optical
and el ectrocheni cal systens. Anong them the inherent
J00e8]NCahsehailyl R Hu abegt iRahRatieR! stdRBieeSuch as rolling circle
excell ent conpatibility wth ‘advanced sem conduct or

amplificatipn dREHY; TnBNAowobimisrasen keanshedt DNvhitechnology, catalysed reporter
4:r.an i - i Ql.S.: /e l Si . .

o LGB L SEMALRHE UL cHEALE . v e

proposeds tforarbdtlsi geicaf dnide eleetrdelmuticalusydternn dongay i them, vihe hinherent

. . the nore conventional,opti.cal systens. |t has.been
miniatZRR o *TRarcl @Rl ;DG Sor SHRIEET crmpat®iiy*Shn  advanced
semicar@dipt adtheolb@y,t il 1o0f cd3CRaka sh@trbhi¢af S Gettion dBS&Y BiosdSors very

.f.ew as ,&5 103 copi es of genes can be directly detected
promiging, aﬁ&i’l afes fogianglysing Ansieic @%i?n“m@?@é ed st agydssize 9P gy read-out
unit in¥tGnpddison Shitkhe mORAkonvERNEsRal 6RROM)sy#Bms 16 Ihs Hodd khown that the

_Wiil'e such inprovenents may enhancé the sensitivit
sensitipity afighose @sways & ewnpasatilon thahhé PER-basied duorasccny @ssags.eAs few as

3 it I t r I cat kon, rea c
N e e A e R
3269; Hignidl, et ahpUnéil Gitelron(2020) 760061 1-T6173., Withiler seich émprovemants may

need for.an alternative.nethod. for e detection of,..
entandi e s 8y BEHSGRR optCodrodioieinat dBeEnfies a fifiional costs

for amplificatldnomagdnine subht RGirinedts,a6eRelhs hes {iMlicHal tihRViRhSir& for signal
.a nucleic acid with high sensitivity. [0007]
amplifigaioi-di ngly it is an object of the present invention

t ovi de _nethods for the detection and/or ) .
d@%‘fﬁﬁ i Phusathersfepring afised &rangitematiypmehod foy the detggtion of nucleic

acids, W3EH85&EoREI AR abcde BARAINS CRR! Alvat ! §¥dEon e[vglg 8)%] picomolar

According to a first aspect, the invention provi
levels gt merdieic feid witehigh sensitivityheni cal det ecti on and/ or
uantification of a target nucleic acid nolecule by
4 Aecoxdinglytib st aropbiedt o tlheopresert dO@otiontd proyide methods for the
detecti S . [ l.u r i di . .ectiony. .
ctocibfi ARG SadfRiARn 00 IG0ERY B PlhoR ARHEE 8 isengecg sigl
amplifivepon sicategied. ei ¢ aci d (PNA) capture nol ecul e. The PNA
capture nol ecule has a nucl eoti de sequence that is at
[@¢08] Aenordiag| to confisenaspeats ythe o imtentie@asprosidesr triethods for the
f th raget nucleic..acid ecul e. The t hqd
ctecroforpidf doRcHBh 45 fiebfrrdeny agreeniucls age i coule by means of

detection electrode.

[0009] A first respective method includes providing a detection electrode. The method
further includes providing a peptide nucleic acid (PNA) capture molecule. The PNA capture
molecule has a nucleotide sequence that is at least partially complementary to at least a portion
of the target nucleic acid molecule. The method further includes immobilizing on the detection

electrode the PNA capture molecule. The method further includes contacting the electrode
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el ectrode the PNA capture nol ecule. The nethod further

i ncl udes contacting the el ectrode WO 2008/ 018833
WEINRBEBED6/ 000226 3 with a sol ution expect edP€DSG2006/000226

i nclude the target nucleic acid nol ecule. The nethod

al so includes allowing the,target nucleic acid

nol ecul e to hybridise to thé PNA capture nol ecul e on

ih tgﬁﬂ el ectrode, thereby allowng the formation of a
with a sQIEPT expretefid inglpde thepargetprugleic 2 srldcale. The ntetiwd also includes

Howifl @ Figelar g4 GluBlefe e t A8 IELR
a ow1I gﬁ:cl udregswaddleng&giél})d'fgé#geﬁgs a%l?rl:df%e g)o{gr?fﬁ@%ﬁ?pture mo?ecule on the
electrode,Jthgiehy (aloping: the rmaﬁrdmeoibm lcymplexsladit eerpthei FN}KQia)ziture molecule

and th@ﬂ?%e@ ﬁaagﬁ a% dgﬁg{]?ar Vi epﬂ%reg*ng g{eh{%ﬁlgéllpges%lrg]% gmerisable

positivelfy QhﬁlegdablegpltecummcI’HieCpﬁyménmbleﬁgﬁélﬁvelir rZfﬁaurgeable precursor has an
char geabl e precursor

bl t
ctectrof e WL bERES nfiia comslslesiary dpriba shsteai me e of the targe
nuclelccaﬁtﬂ Wieledlé. eThY Qolg'ﬁiéri%zﬂﬁe E)@§1H%1ygt?‘1%}%§bﬁlee}ﬁ%&r@| a%g Cﬁﬁes to the

1 {ther re, the ymerisation recursor
complex topmed ; H’Vf&l}t th@}PNﬁ\; aﬂim'fllﬁfr HEDI@ILIIQ aifd dlelﬁlrgeae anckid acid molecule.
Furtheyr& CHb 8ol Gl jdes a

N T EN——

reactanh glojesutd. Jhei oethod flmher pmﬂlydm radﬂﬁfgl £ spebid téé@tlgﬁt molecule, thereby
troconducti ve

1n1t1at1rfg]@5 %gg}?{e%sg& Y u F: QP }%—&g{s%@% QB%fIY%léjeE%‘]g%H‘? precgrsor. Thereby an

electrocfogdu@dzef lpomnﬁdre(l & OfatiERilllyS abkendicBRY " 51ymer hﬁss {formed from  the
olyme t roconduc ve ol ymer is associated w
polym 518 F XU eeendwdivenpolymet s easmliaé@h IVBthaﬂ[é complex

formed thewdeartse PN eAtine RSl 189h '
met hod i ncl udesﬁ%erfor m ng (g%we ﬂig%:lﬁl aCIdt Olecae Further, the
method fRgluds R FRTHAE wheledisocsmin nmaem’em@dieat hb eletemsm eldctrode. The

method241§9 1ﬂd'l‘19dééd@e?%c@ﬁ% a(.ﬁtdy&g% F gl@ uant I i e(%u'fth@ tgrget quglgic acid

resence of t ar get
moleculethases) erthe chiotnitealicarmaanrement. . [0010] According to a
[Bartl cul ar enbodi nent, the nethod includes exposing
AL0] Aeersdimgt torel partlbldalt (Brrﬂoémndna,bt}& ﬁﬁt}ﬂiinﬂclud-EE‘eexgosmg the

reactantclﬁgl%t:\)c(}%tto t?@le cg&?}iﬁt{a aﬁgﬁcm o%ﬁilghq,% rgg’rélﬁchlonde a metal

bromideg abmialrmalp}mtet dreanr @agihah sl esYb&n HRY% he re%ctaﬁ%ﬁfe'éﬁ’ite%ay bea

r th catal yst. [0011] A second respective
SubStratﬁ‘B}oﬁeé’b‘q d:é‘Ea Y#ovi ding a detection el ectrode. The

furt er includes prOV|d|ng a nucleic acid
[Wu‘g EEHPSCUVH@EH@& wchidgg ipgovidipe ua eietqqmreccwcerode The
method Hiaxshea 1@@&@%rbﬂﬁ1@%ﬁ§é]&@ abieda 'tlﬁe ?ﬁoﬂ%&ﬁ‘? "l{}%aﬂutc 7 8%/1d capture

1 1 Egjl ement ary to at | east a po t 1 on
moleculg pléd%}d& sgeHcase that isph heaﬁmahtwlyadonqalemmta@&s at least a portion

of the tdrﬁ@mﬁ'c dZh&ig n?cﬂ e ’lql%tr%;t b '3 1 alsp (}Hcelyéﬁrs? I%E‘)",l(t)}Qﬁ%lPlg égghe detection

acid capture ol ecul e
electrode dhe awc ety acidecapgire aholecde V\ﬁI‘hh Aethod Uhithd BXRAISS %@nﬁa@tlng the

o, PRI s BE S Bt i oo s

includes m}]omm}g thd tarfet bivclbiS 8cil anélBeuld Li&'h%/bﬁdﬁ@'t&‘ tﬁ@ﬂh&%ﬁ acid capture
thereby allow ng t

cul.e on, t ectrode,
moleculef ap :E}Hi elgeirqsie, B] Efgwpq 1&{1}9@‘@@@&@1 oz cenpled betigsed the nucleic
acid capfP il @ulBARICHE 8argfid, | n{iﬁ% glgésle % (ﬁlrt% TN tﬂmmeﬁmd includes

Furt hernore the netho
adding & opelirmerisabie epqsisiviet \Lﬁaal;gedﬂargt&eulnba pTE@: Ui pmerisktBR  positively

chargeabRObBERESSER! £ AOFIdsla¥E ks charge that is complementary to the electrostatic

net charge of the target nucleic acid molecule. The polymerisable positively chargeable
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char geabl e precursor has an el ectrostatic net charge
that is conplenentary to the electrostatic net charge
wo@ooshesssar get nucl eic acid nol ecul e. The pol yrer/56206/00226

positively chargeabl e WO 2008/ 018833 PCT/ SG2006/ 000226

4 precursor associates to the conplex fornmed between

the nucleic acid capture mofecul e and t he t ar get

nucl eic acid nol ecule. Furthernore, the polynerisation

precuredr askigiessioihs mmldam fayened doetvieed th@uucl@y apidznaptuod m@lecule and the

sui,t.abl e, e subst r at.e_nol
arget Filgt iR RN PRty BB FubfuEHist g PolEb 8 be cariea
out bynbleatsuba shlisbleehiyme ahda subeﬂéatel @solacide. nﬁleagleﬂmlziyhiﬁher includes
attac oabs5 etectijon r Cl nmol ecul e
addingrg,spify Bﬁé&l@f‘%ﬁe Wﬁeﬁgle ﬁa? Bethodafs ﬂéP%é&’fig g an gnzyme affached to a

detectiPRPrbFe hivcl&ie ABideABRE@EY ThE dét%cticﬁlaﬁﬂobé‘ nBeteic 2d afoldd®: is at least
target nucleic acid nol ecul e. det ecti on

probe
partiallyy eomiplpretarydo 4t frgptid ption of e tarap@@iclm a¢idngolequile) The detection
[ t of
o 8503 8 LFGEEH APBALRSEL 10D 18, NGt B g orion
which e ¢eptiire motladesidahblewnla @yblhdisesd é‘heueby tre rpethb@ nmlmzlee allowing the

detect%lpéglge?lggc le'iﬁ:ac%mﬁietcmgdto é’F@ b r‘c%ﬁ%tl Al eéc ac1d mofjecule The

metho@ ah@tly lalkg 1haﬁd@0&£ﬁ:ﬂ?§1h§ ahd pﬂlyﬁfenki’(ﬁ)np@ﬁ hEesdlg@bligble positively
positively chargeable precursor. An el ectroconductiyve

chargeabley RESCUTSEr. féﬂn@‘&"tchéﬁﬁhf%’é(e pRRLYMEF i18 albpeed premy igopolymerisable

precurg_cri" Fhid| LGRS hHSmBOIsHIRICidt ] HiE U AsleXViedrheliMRtween the
lex fornmed between the nucleic acid capture

nuclelmalceic gamu@nmotdqelet andgéte et elusleie jagidnpiotasylee Further, the method

. . i o)

1ncludg$é%?0§%ﬂé at CI{;\E?&E%%EH{:EQ qrrllééégl?r%{ﬂ%ﬁLLt t%g]tcfé%tcﬁgn electrode. The method

also iredhedes rdetteting land/oeghadifyingahs présenteade thediat get tiunlyic acid molecule

or, tif t he esence of the target nucleic
based 8‘&81? W%%@CXI %’QHRBW J[’he el ectr ocheni cal
[ 012] ordln to a.further as
TRGEA: REFTingy ftiet, Gmet” ppch 1Be” plbbpboRORRES) » ki for the
electrddBéfivhl @eddiondf b@drgéﬂnuﬁlefd fid¢matdcdlenol ecul e. [ 0013] I'n

a first enbodiment a kit includes a detection

goerd]r pdg firkhenbodapettd ke ikdlhdes2Ddétdetioneslettroadel ¢ﬁs r&pective kit
ture nol ecul e. This PNA capture nole

PNA_ cap ul e
further, emluﬁﬁ. yENA gnwre anqlpatle.j Thigy PNéaaPuﬁsrmpﬁﬂcv a5 a Tucleotide

sequerfc@ Tt S BMeAd: %aﬁﬁll?%oﬂnﬁﬁaﬁen?arf% 511885t @fpottit §ah8Bdrget nucleic acid
nucl eic acid nolecule al so includes a

molecml yiher kaplse ipelides \pelpplmssg@abp@sltpveéx uetwegeablphprecursor. The

electro% a‘ﬁg tnep a?}é atﬂg é lgfh%hga?oé% cr)syg\fel %g%%}%@g%%g?r yis c?nolplementary

to the e]eetrmtami ned shaige of ﬂnettanghtamg&'l@ﬁmd Immlbcaﬂ@ durthemhare ¢he kit includes

a uitaBfaclihs 5l Efe” SR eRbpEmens ok SRR e Aca Dt
bl ﬁewecgn ottt incied o sriln SLEFERE Thpaspective kit

furthelf ﬁ}%ﬂﬁ@ﬁ |aV1Q.1d1@1é aciﬁucfaﬁhﬁé nhd16dulksl €Bhig nlelceadid aaptire molecule has a
ture nol ec is nucleic acid capture nolecu

nucleokid S%ﬂueﬁ%rh@btsl H deask prréAt s comalemegtagy i o Stﬁamrlﬂalp m} the target
nuclei€ Qﬁﬁlrﬁﬁgéﬁlé‘r’yhé 18t Qfso n%ﬁées Y k}?ﬂ%éﬁ’ﬁbf@‘ pésnﬁ/ei}a!’:lgﬁgeable precursor.

nucl ei ¢ aci d nol ecul e. al so 1 nclud
The qlesinpstatic sa¢sl ehaseei off \h¢ ypcdm;mg@blﬂ eopitizelyr §barge@de Tprgcursor is

compl%l(r)lgﬁ %.rysfél £ el‘éct%%iat r}l%{ gl?ar 11 tlﬂg tﬂgetyr{ﬁ%felé :!?‘&él fholecule. Furthermore

Argean
the kit includes a substrate molecule The k1t also includes an enzyme attached to a probe

nucleic acid molecule. The probe nucleic acid molecule is at least partially complementary to
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conplenentary to the electrostatic net charge of the
target nucleic acid nolecule. Furthernore the kit
WO p@BOME33 a substrate nol ecul e. The kit al so i PCT/86E96/000226

an enzyme attached to a probe nucleic acid nol ecul e.
The probe nucleic acid nolecule is at |east partially
conpl enentary to WD 2008/ 018833 PCT/ SG2006/ 000226 5
at | east a portion of the target nucleic acid

at leasm)j)cmidh ef tl{e@ﬂ’ga] nubhec anidewldécole. wi | | be better

.h f. e d
AR SRSt e B  SRek sER HERR P aci

descriftiodNW1RE adkbiddi&l iaceonjpasivhngvith aké N@M-lihitingh IeKahhplEs and the
[0016] Figure 1 depicts a schematic representati on of

accompanyiie %ﬁa?’lfiﬁt WOWEClf the present | nvention. Fig. 1A
A nucleic acid capture nol ecul e i S i.mmobi 5?6}%1 %tg h
J0Qk8] Fignem 1 dpRaetsr paehqmafic Tepges kigR gheaD @dp of the

presen( Idvintéd i@ 1§39|A'§1h61€105dé§!3@a‘|fo§1§g nRﬂec!ﬁ[l@(’l{? i PnhBsillidetEoRa detection
et nuclfeirc acid nolecule (3) wo nucl eic acid

electroniﬁl(gc The sleatrode i @@ta(ctqdl(il) wigh @ﬁglyﬁ@n syspyctad vaknewn te include a
target %II%? tc %%del%gle%%k{?) AHG! t@]ocnu?%& Ir&ﬁé’éu?esdlﬁ)orﬁ'dfse S‘ﬁge dAn enzyme

et ection probe €l Cc acl
(4) attéohbd itdl b dlerectian plobe tnaclg&t acrdmetaculee(G) o added €i)eThe detection probe

ot e S e BB AR AL 5804 e o

the (ﬂﬁéﬁhﬂﬂ#&%heQﬁ@mﬂﬁﬂu&kﬁcﬁﬁ@QﬁmﬁﬂﬁeﬁQV¢ Tht [golgmerivdbliehpositively
react ant nol ecul e _hydrogen peroxi de are agded

Chafge‘#mfe%%qftmQ]@P‘}le(ﬂ’ﬁl&Ff&e@dpﬁhé69?%%}1" pREGHe hydoger \véﬂi%xlde are added
(VD). frﬁé :gogﬂw% Sgéérgg%ﬁéb?t di?rlngﬁ&lsym (f%}mur%‘an eslectroconductlve

roch sur ene
polympi0() 7An EllegtIOCIIBmwal nmswapcrunsapwﬁrr@@d I(¥IX6) is
i mobilized on a detection electrode (1). The _
d D@L r Bige 1Bs AcBNAaeapste mqlgcuw toh is inswiobilized o8 sfrsestiey electrode
or .k 0. d u
(0. TREISBENR Aol kg il RlBliod Bt §nIBhE pftude 2 tarse
nucleid hadpﬂd)lymie i(3afhe twp omclblcvzﬂ:h@/ nohaulps dhybnéxsel BDr The polymerisable

pos1t1vggxf &g@@ pargclgllrlsq%gpcp re]g&lé gﬁlng%?r?%ﬁgltre%gatngw ?cu%ydo (%68 peroxide, as

well agt el gtiddaVkatal ﬁ‘i49 Ofre tald&@i ave. hﬂf@@ltweﬁcwa%gﬂd precursor polymerises
pol yneri ses , form ng an el ectroconductive

(V), foseiggat elestyoconduciive POkEas & ik erttochsmicalmeasyrement is performed

(VD). performed (VI). [0018] Flgure 2 |IIustrates possi bl e
mechani sns of the el ectrochem cal detection used in

t[0618TeF n'tpél%gé 2q{lu§tﬂi@es' $O¢6Blel REbhaMisl o&Mhd ¢18&roeRbBfdhPetd&ion used

an exa a polynerisable positively chargeable
in thepmethads of . th@ugvenzAn, with dniliee gelpaed @s dneetanne affa ppkymerisable

a
poss 1), S0 Sa? B2, A 90 AL Wi s e
capable| efcdonating dlectron elentmyl yinghe aiomaicl y@n ystenes oh thtehelectroconductive

det ect on el ect . Fig.. 2B Protonated I NO.
polymgy @3 Iygiine ptﬁ gteb 34 @8@?%6@ diteoaorofuti JpIpp groups are
capabl%hﬁ rRER %'e@ed’cﬂoﬁgieﬁéﬁﬁf e1a5the fardrh@i CHBE bystans g éd dlectroconductive
pol yani line fromthe detection el

ode
polym@gﬁl pp]gam%@e e the eletoctien slasEPS 62). JoBy AT T(('Jh?) dlectroconductive
polym@O{4 3Blyahiifis, GARGUELLY Bidcif82 AP UBRCh LB (2R Rfined by an

oxidative polymerisation, during which two electrons are transferred to hydrogen peroxide.
One or both of these electrons can be replaced by electrons from the detection electrode during

an electrochemical measurement, via the electroconductive polymer.

[0019] Figure 3 shows examples of aromatic amines that may serve as a substrate
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30 oxidative polynerisation, during which two
el ectrons are transferred to hydrogen peroxide. One
w@eooB01433Df t hese el ectrons can be repl aced byPCT/SG2006/000226

el ectrons fromthe detection electrode during an

el ectrochem cal neasurenent, via the el ectroconductive

pol ynmer. [0019] Figure 3 shévvs exanpl es of aromatic

am nes that may serve as a substrate WD 2008/ 018833
molecHET/ABG200kre) 00haBicals Ahsirects| No. A2-38n3:| Brie3-n@ibytaeilibe, Chemical

P840 EifiobialR DA S St 2

yridikaAEnSoCASANG 8B S663285¢; (K- Dxmmmld)lie)azéfurqny CAR-Nans0848-40-8; F: 4-

anine a3 RS T R R 3 Mo, .

No. 67@%65% é5H22 a@ietgﬂﬁf%mﬂ%llr%e%l? Ry H)-MdRE CASHR 5126-088; I: fluorine-
1,9- dl@nméet%s -Doa i $ft-P e ks - 1asvem4;lu@re@19eol EAESWp. 6957-58-0; K: 9-

anthra%%%il_r%s:c%ﬁ 5\1: . ?*7% 85 'n32 o‘r’% &g@"gﬁﬁu Wc CAS-No 1718-54-3;

M: 4, 898idnu®-fgphk[2 3- ﬂmwhﬁo]adehédﬁ(ﬂﬁﬁ,—tem& KAS-Kp9123-88:4; IN: pyrrole,

cas 10 IO O PR Lo PARoN e 73 357 0By Fpup oyt
CAS-NI@ 3256315\@ Qiﬁﬁptﬁ[lz- ﬁﬂlsl‘dln(m{d ICA $-No. @6@0501 R@(B?dfhydro 3-0x0-

am ne- S- No. 888473-
indol- %-,ybderg)) -1t2rﬁilbyﬁ11}0dP601 %gnq:@%o §§%~§ 25 5 1 bB 4-tetrahydro 6-methyl-

cycloﬂéﬁii};nﬂd%lg’ ng§-91'ondg’é’)q22%% N, %%ﬁi’agélédf CRS-No. 288-32-4; U: 2-

3-0x0- i ndol dene
(benzimi lawdi)rN-mﬁbyiH-syndmrnlr@A§ -Ncnsé @@7592 5. V: 3-(4-pyridinyl)-

B e T AR
carbonylic 2eid(dtieyl 2btet, C2¥DNo26Y9916KREt hyl - 3- pyr i di nami ne,
CAS- No. 500857-92-1; V. 3-(4-pyridinyl)-

i [620]- Fignne HA, d<piSEs hpclRtSVXﬁthﬁHMzﬁns W polyaniline films prepared by (1)

electroglgp%sg@( (%)li P%raéifﬁetrh El%s[e ﬂlé)%y gl e]éiei?%sléon on a detection

electrddeOR{h CE%EIDHGSpéAﬁdGmAIt@pﬁIYéJ motecutd {(ENFRYNANFaed (3) the detection

olyaniline filns r ared b el ectrodepgsi tion
electrc{dz)\%“}é%E goquﬁﬁﬁgP i@plyze )érg{l%uipzl&fom g@ﬂe ling, geposmon A 10

min 1&%99@6& P80 (VR afBhES S RIM Irﬁ'(ﬁclhr}lgqial o &, IFO M phosphate buffer was
GAPDH-speci fic PNA capture l"'ecu . 1@?, and
Q:mN/s. Fig. 4B

perfor(nsyl Arsepplstieg eleghiolytd ‘é@& £.8dd RS, mttﬂmal §p@cﬁa$q

sSR! VTR M BB b s copt
molecd].e&nd @2)YLédnivob o sypipattmghelédietytovmas 1 Hevf IyS@g amplitude 25 mV, step 3

S ortin ectrolyte was 1.0 M H2SO4, potential scan
HﬂCaPigngﬁﬁyﬁéig- Fig. 4B shows square wave vol tammetry

TV, loukth 15958 okt L QR MR CRBLH 16 Gappn

on (A} afliliMe HE2aEXhtradion) (B) UHS()225oﬂWntrﬁI(ﬁp (8) ﬁfﬂv andl’((ll)) deposition time. A
Trequency 15 Hz. 25 ure 5 shows the
supporfiagesiersiobae gfas kb4 eM]L@ Pl DUET. SSOV (MRS 25 B> step 3

mV aﬁcf‘}‘re - };‘zpncentratl on, (B) H202 concentration, (C)
" “pH, ng'¥ ; deposition time. A supporting electrolyte

mﬁzﬂ Wg&.ﬁle 621\/&&5'\42199&%8% g&:?epﬁfrf(%Hlsﬁ\/W)e‘BPbAtlugﬁi @D GAPDH.
A 30 min incubation in the pH 4.0, 0.1 % ﬁ/osphate buffer containing 30 mM aniline/2.5
mM H,0, was carried out, A supporting electrolyte was pH 4.0, 0.10 M phosphate buffer,
SWYV amplitude 25 mV, step 3 mV, and frequency 15 Hz.

[0023] Figure 7 depicts SWV of 100 fM GAPDH at detection electrodes with (1)
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[0022] Figure 6 depicts calibration curves for (0)
Hi s4, (V) BRCAL, and (”) GAPDH. 30 A 30 min
w0 pwgbosssdN in the pH 4.0, 0.10 M phosphat e bubP¢BE8G2006/000226

containing 30 Ml aniline/2.5 nM H202 was carried out.

A supporting electrolyte was pH 4.0, 0.10 M phosphate

buffer, SW anplitude 25 nv, step 3 nV, and frequency

15 Hz. [0023] Figure 7 depicts SW of 100 fM GAPDH at
complelatatyj (%) mlesdB) bm»sand 4 thfb): -l @asytdrdaagture probes. Following

hybrdiagon AR Ay phon bl AUBGECRR ot b By onidese). 2 30

min 1nEﬁlba|lt@\M iAGthe ﬁ&bﬂl(ﬁloizl’ci)(fj]\@ph%yphhtetﬂwfeﬂ ebetainig amm)Meanilirée/Z.S mM
nucl eic_acid cou e orsera PEr oxi aase

20, yas carrigd ioxt: .%ﬁupwr%%e Prralyw was %@Mﬁwxﬁwé %faff?f‘e‘ o, swv

amphtﬁ@é‘%iinm @&p%%Wﬁédd%ﬁé}zlﬁH%M H202 was carried out.
A supporting el éctrolyte was 0.10 M phosphate buffer

(60241 OrigaV¥/' 8 Gepidt®Svirvds o A, GAPBPI 8)"Md cattol 528 The method
frequency 15 Hz. [0024] Figure 8 depicts SW of
Outlln@APDIElguI? I%dva@oemn@i op)usinghe R¥fherpturgutpleqaly nd horse-radlsh
u ahhi
peron ELRLREH LS, 90501 6 et 0BG HE fy ot vures
contaiififg 6025 |rmg7’uﬂ) hbrsomadish pdnempetseAS ®mM aditiné/2 (ShodpHa®@ewas carried out.

A s s EIOLSL LR 8, B30 TRt S e g3, s 3

mV, addfréqsenpp0s HzNg el ectrolyte was pH 4.0, 0.10 M
phosphate buffer, SW anplitude 25 nV, step 3 nV, and

floezs] elﬂfg)iré@ dhb?plcté RW2B] ofFi Couig (QAHEHI 1) San@Vi¥6narol II)O Th method

and contr ol .The outline
outhne;gA du rFégL}re Bl }%Va\gasc g’iu]rlieg 00(06Pu psmg 4 @g qBRIATS. éB?lﬁnge and ammonium

persulféﬁ% 8§ Uheindio AN Wi iRGbaHLA 3h Qh@?)l—ﬁﬂr .0,10.10 aV1Ophosphate buffer
mn incubation in the pH 4.0, hosphat'e

contanmunge mM5 Nl Qs.np g WWSZQM Hz0: msm‘rm% epty A5 supporting

s PR G0 P IR AL S, o

frequestyepd BznV, and frequency 15 Hz. [0026] As will be
apparent fromthe above, the present invention
HPe26]das wik bk efparbwriron the abowettho ptaemtdwenden podviidas methods for
apd/.or | cati QN of tar get nuc
the el plecliog 310 Ga e Rpdt e BieEL R G morsge py means
of a del&gioneldagoge.of the invention are based on an
el ectrochem cal neasurenment, such as an anperonetric
rmeesyr €he iiethods of tHeteehiion asd Baed oflean dlbetrcbbtmidal areasurement,
el ectrode may be of any as |

erj. al ng, as, an.
such o8 B TSI L APWeEER) Sht Qxirebioh edrody T delepiionsglgetrode may

be of aﬁh‘if A48 418 lorigga\ssa%I @&ckrobiEnitAtREdcAbn 84n bd@arSPsH Blnkayl Bl desired
der to immbilize a nucleic acid thereon (see

to selebteuhe\mate% off he S§b$tfaéﬁ:lél qyderitp ammebilize jagnickeiceraid Bgeeondpee below).
The squaQ?rB{é thttela%{e‘éﬁgn ldBYo but ?&ﬁt ﬁ:: &oFf exgzﬁ/ fsPbe NerfE IS b? means of a

ment carrie alter aracteristics .
treatmeitecasridd abit so pfterodharaSiecitics afitbasolnturiaag: Suok ladtketment may include
varl ous nﬁans rica

varlouB neans, such as l%e&:ﬁér%@%?ﬁgﬁnﬁﬁ' 3 Ig%%é‘lt ?rvgwmlcal mé&n e eC}Xs an dlustratlve

example, the surface properties of any hydrophobic surface can be rendered hydrophilic by
coating with a hydrophilic polymer or by treatment with surfactants. Examples of a chemical
surface treatment include, but are not limited to exposure to hexamethyldisilazane,
trimethylchlorosilane,  dimethyldichlorosilane,  propyltrichlorosilane, tetraethoxysilane,
glycidoxypropyltrimethoxy silane, 3-aminopropyltriethoxysilane, 2-(3,4-epoxy cyclohexyl)-
ethyltrimethoxysilane, 3-(2,3-epoxy propoxyl)propyltrimethoxysilane, polydimethylsiloxane
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exanpl e, the surface properties of any hydrophobic

surface can be rendered hydrophilic by coating with a
whyasomssd i ¢ pol ymer or by treatnment w th surfBCL/a6G2096/000226

Exanpl es of a chemical 30 surface treatnent include,

but are not limted to exposure to

hexanet hyl di si | azane, trin%thylchlorosilane,

di met hyl di chl orosi | ane, propyltrichl orosil ane,

(PDMS)et"y 1-epoyssiytiahexyl)etityjteinmbthopysipy) tpoly(etetigs y neithaarydate) or a

am._nopro trleth sila 3,
polwn%wrﬂﬁf@xw}% sty TR oyt uSPE e, polvmethony
polyeﬂ%@ﬁoxy Oﬁbppyllhéﬂh a@iheyysi | dlmahyldl mathydmidex angoly[N-(2-
00808833 POt SEa008/ 080226 DI\/E
hydroxypropyRmepasaytaeidehex (M ¢ r WM Gliipe-0-(N,N-diethyldithio-

carban‘@@lu}ﬁ& I I?)Yl oﬁﬁ@ﬁ.ﬁf—}ﬁ igd S)Fbﬁyrckaco Poet Racey! A@suda, T., et al,

ur et hane 0 yuret ane,

Biomafel zab'g o@@ng)ac 24 a5d7- 416617»( pelyfodgpotsol Putens), e Ad-glopgrsiyclohexyl-

methylmp hgcr F’ o%?zl:il#go(?éf ?pﬁx ééﬁ:&/? L;ﬁg% %qaloaneohﬂé}ko&; ~cyclohexyl-

methylaciytuds plidr 4/ eporl cyrtohex (1 ethyd)- Eﬂrepbﬂydybloheﬁyl carboxylate, di-(3,4-

o LRGSO ISR (85, TRl €001 LGOS
propan%fle»r ffﬁeﬁbf‘y’az%bpaﬁ@i y(3, 4- epoxy | - but ene),

- epoxy-cycl ohexyl - met hyl net hacryl at e,

i&)@lﬂ]"'ﬁ{e"’m@ﬁ‘roas Qﬁ'cﬂié’ p‘i’és‘éﬂpii%)entﬁﬁi‘? BMJ)\}V fof Gp@detection of any target
4- epoxy-cycl ohexyl - methyl acry

nuclelc( aeid anolegubsaldpdrih e&w%taﬁ% r;lolscuie %RWM% &sfgrs to any nucleic

acid i in} e{;ﬁ&éylbfet %m{' %hrzaﬁén Asuch %% ;éiﬁ%y e%)t%)li}?/é% Ldgggf)%%n)ag@édo&t & combination
thereoﬂ (chtemcpan@ inghudg f&- mptenge- DNgy mph:mﬂles l}]ﬂﬁzg@lemﬂ@s, analogues of the

AN e R N AT ——
nucleid £didmolettle8i(CNAQ) ﬁldi‘p?rb&ﬁuhlﬁzlelaSmds fbldoates I(ENAQf]DN& ¢rARNA may

ve o Eab e oy 87502 aRDE LR S FER: i can

bee. gtrﬁﬁf\]@PfcRN)‘U (‘sklAﬂhEtlélRNjﬁ deASIIABNAQ LDINYS b AitR&icIDNA, a copolymer of
nol ecul es, nol ecul’es, analogues of the 15 DNA or

DNA sdRYjAneliganuelentidesgetaud iremeptive Iawéﬁl%gﬂé gayrfugthermypre contain non-
| |
s BRSNS qui LTS 2
|
T
the mdtiends. ogthmﬁmtlmmumdh @natloglRNA a nysteotiie coNainingoNmodification

B ——
of 2’-OHrfehigtiesos £siRDIN &iith ITF[IZ Q0 at m}i{ilresmduds emknd\&'n to 1mprove the in

anal ogue and/ or to. an ff | or.a
vivo sfagiy Of [thp serpeqik r‘?yl%ﬁ it i af it Bes ety gt eptural and
syntheﬁ@rin&ﬁﬁéh'ii%ﬁs o AUC] &1 endat/0$ difeeéhti purink g piRinidie Wises, such as
i nvention. A nucfeotide’ anal ogue is a nucl eotide

uracﬂ-éf)ﬂl,t dypoxagthiniPodi fandalrasrinoadening?-yl.nas awele ash&opzyine or non-
pynml‘?iﬁr%aﬂqcle%ﬁdg %Q%eghétt}fe 'H&'cﬁeg{l(?é inzﬂ\%,}ﬁg ski Ilvgua%tlfrﬂéré/a? bases. Universal

res ues
bases motdde%-ﬁtroﬁy@Mrs Rlttdimdode. djlmsersé Yasesnaret ablé tmfmea base pair

the jn 25 vivo st .t the
with o B caip oREcec opRiso e SR By OF AT S Dy xppple o suear
modifie¥tidi) 8l dhCasToslinkiagied 2' C(D-Sn&lflo;@ret}ﬁ}l ng tenchidVeldniglieffrepeaties such as

purine or pyrimdine bases, such as
increased duplex stability.

[0030] The target nucleic acid molecule may be included in any sample of any origin.
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uracil -5-yl, hypoxanthin-9-yl, and 2-am noadeni n-9-yl,
as well as non-purine or non- pyrimdine nucleotide
wh2awem1888% her nucl eoti de anal ogues serve as unPWEBEHI06/000226

bases. Universal bases include 3-nitropyrrole and
5-nitroindole. Universal bases are able to form a base
pair 30 with any ot her base? Base nodifications often
can be conmbined with for exanple a sugar

It mayrfoﬂinfsiana&, ibahnotsliitedi®, bedetivet Aome@ian@rmenkHusyest fmiainals plants,

. _to achi eve .uni qu roperties such .as |ncr
bacteri i SO 05 O QOGOP-TRE Ta PR i ean S A AR Or synthesic
or blolg%ba%ﬁ oin. RYcobEing 1R CAnidetkht HolbdWing aamples @élecaed/ frotd, Butnot limited
2008/,018833 PCT/SG2006/000226 9 1t may r
to, the ranpeBwEsting Af 458 SRS, e ar sample, R EP h BRI G5 culture
sampld) Qo Hﬁﬁo@sﬂéa H1S a 18 n@aﬁf §azmrﬁ19 aCtaAbhtSampld, 436Wag SRS -a ground

fungl, prot 0zoa, organi c or i norganic
water SaRtpe, |aa|abtﬁs10$1yaatrmb¢ ap arqhaeﬁo@p@gamale aifoeyl twmple a blood sample, a

5Lt 5 %, L ARISABC2 SELE G e g

fluid s&aple, s asrpbrespiaal fhiid sampipj aanasaphz&'mgaabwaﬂnﬁaaiplg aquphm,m sample, a

cell c I re .5 sa a.b ,
ot 5 S e S S B AT SR & el veglr ovege

sampld) raOBin‘xchl\é@ts&fretw&ple an Ak aamplk, SangheiotieTuid saml‘ple a biopsy
ar chaeol ogi cal sanple, a food sanple a bl god sa
sampley a gHICgSEAMS) &, tuawp}r samales &nﬁbﬁsée SamDIgs ionee lsa%wléa agell culture
t0 ' S hid e 1ef laUhdd le, a ski
SamPlé 9+ll %ggc%rm roigj:ﬁﬁsa%a ui Scimgp EPB Shin sor?har?ﬁ%rg%le a S
Samplagvasifmremwmampla a&pufaqmls ampple, a alosqmmlzﬂ 1gfvgbop€; sample, a groduction
samplebrabrga § %Vt\gpea&? %)%plsagg%}g,eni L&%‘a’? mg'lec : Op cg]on sample, a protein
preparstesiy Sdnhysle, & dipid preparaﬁblh lsamplep |aec;arlﬁihydml’e ptcparatibnisdmple, a space

sl B it R AR S SRS TR e B et o
the inveRABN. 8Whére @8kited, X%é‘&b@ctﬁ@@ﬁﬂn@le Ray hzi\késoe@h! &)Ifden%c%B@{(ﬁ‘any degree.
a nail sanple, hai r sanple, a ski sanm
As anf Jlustrative %wppl@; 2aftisyusf sanple nm§ﬁn1%ﬂvé begnn é%&tsqin hpmogenised or
I u
cniyFLEEBER SOTESp 518 [RARLARop SRkt il T sty
ﬁlrthemmm heve heanm'emred ilrﬁfqnmecpﬁaa finidp au@aaspd solutéor. i ples include, but

e no AT Q3R G B RS NALRh ot EORARLL RSBt i, o

peptldéoﬁbpcﬁlglpd:pﬂdet har eafnomayidber praeids s dyhthetic Iﬁbl)hﬁ@i Qf blochemlcal
the 1 nvention. V\here desi.red, a resp eclgl ve sa
compogHipa, %@]fgaﬁllcé:_hﬁ g%tgaostl%onaﬁy IRIgRTE C emical co pos1t10n a metal, a

lipid, é |cl¢31bb%h @hieV 8 SRRt ﬁléﬁh&%}“ r&ﬁ@'aedﬂ@%ahéﬁdﬁtebﬁﬁlécule a drug
p
gested, honogeni se centrifuged prior to bein
moleculs,eajdmgtrhetalwdlt@l evpfé@ywomm@atmnéélﬁmofi Eurélm ies#mplps include, but are
o 4 TR dod HF L BRETDE BB Gor BN S0OY S b o o e
ion or ang cnmbuiatmm tlededfpas weld @b atshgpension a>f 8l qetl; y viofis, @ microorganism, a

nucl eot,. ol cIe i de, nugl ei
pathogﬁg,p?lra oa Wﬁoﬁx{})ﬂ%’f‘# aﬁlyaﬁﬁl)rﬁ 11, t&(?ra; t%greaf d]it é? ﬁlnd%rstood that a
saxnplé;myhﬁtnh@nﬂ&lewmﬁde @npldéﬁimmt@al of e rﬁf@l%hiehﬁdihedaékamples As an
organi ¢ chem cal conposition, an inorganic chem cal

ﬂlustraéWﬁp@@rrm rihe ssamplefhiat Anclpdgsi the tarach MYGIRFIAsEd enolgoule may be a
t
mamnfr?g Fllghcé}?,ei’gf gxagl:&gg'a gxg f BE RUSS san?pég sHEh &84 8f total n%RNA

I"'ecul e, rug met aboliite or

gg?&g?@f"éﬁ% érﬁ’&ﬁiiﬁlgﬁﬁ B sandptlf Isefui@%ABleS Sudh ™5 aUlfiid or a gas. In

other embodiments the sample is solid. In case of a solid or gaseous sample, an extraction by

standard techniques known in the art may be carried out in order to dissolve the target nucleic
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not limted to, a suspension of a netal, a suspension
of nmetal alloy, and a solution of a netal ion or any
w@eooBlomsas3 on thereof, as well as a suspensi on BET/8G2006/000226
cell, a virus, a mcroorganism a pathogen, a
radi oacti ve conpound or of any conbi nati ons thereof.
It is understood that a sa]rﬁ)le may furthernore
i ncl ude any conbi nati on of the aforenentioned
acid nedequpd @52 sbbveat A@ordihgly} thet tavget exelais a;id inndesdeypirethe expected

target %1'1113]}%' o Udgils geisgg?cf,)g@tg%ﬁlbl el C ac! uﬁm ﬁgugug %sgﬁi&b@e present

inventfoaC Asadn ﬂh}‘éﬁﬁﬂ)&}eee)&fmﬁl@ttﬁb tﬂ@éﬁuclél@&aiﬂ] mblecBlenBay be provided in
enbodi nents the sanple is a fluid sanple, such as a
1bﬂnQﬂaa@W§ﬂ§FS@m§@% In other enbodinents the sanple is
olid. In case of a solid or gaseous

anp] e, an . )
RO iRGre Bgeireds AHEREF QmUEE ARG PE SORMDAR I KesREipe solution, for
examﬂf@ﬁlsglﬂv&ﬁ&r éd%gelﬂéﬁ th&teld ASTanliAudiFi90 e SmplRGint Eﬁfl.IG&IS solution may
nucl et ¢ WO 2008/ 018833 PCT/ S&G2006/ 000226 10 acid
includgoine ou neoré huﬁelsmmmunds Adeoeigis Quf;fer ¢amepauadg ete yigé lieithe art and
may b@%rsgi %Déa% Lgél? ’theox; pﬁ%@%gg ?n&;g X SOF: ESAI‘E]?I%S gfhlgffers include,
but arelaet lnrmté(ht-to polaae]mst of Salltv @Iﬁlphﬁﬂphatéscaahonalté $8¢aimte, warbonate, citrate,

e BBk BT 4, SR SRS TN o, 2
acetanl6)- 2 afh@s-EtBheshMo e (aléﬁibilfbﬁ (OSWE%G I‘B@Eﬁdrb@ydﬂliﬁ)-plperazme-N -

ssol ved or

espective_ sol ution,
2- ethagwgf@w&e@ui (s P‘ﬁledAHEBES) 4 (?snﬁydaﬁw@@zbwmeéazarrﬁ-propanesulfonw
acid (51961%91% ﬁﬁh’ﬁg)ﬁgﬂf}%ﬁgﬁg oS eetﬁ’eﬂﬁsﬂfon‘i@ﬁ&dpgaﬂgcﬁﬁalled PIPES), (2-

mpounds fer S are us
[TrlS(lwdromtbthsdhmeﬂaflamad] i@tlmasulfonwtaudh éalscarcakb@s TES), 2-cyclohexyl-

ammor%[fga[n&lgl Stitc %cglﬁc(%lll ct)) %a ﬁbg} a1§f< ﬁ'r@ a%g (@ (¥d?ace atte (also called

ADA)OﬁAnphﬁﬁmhﬁIcm ma@bb 0196\‘1 & tlmsa:salt@airﬁmonamhmnéﬁlm, and potassium may
C ate, 10 ac tat f or mat e, rbi.t ur at | at e ..

serve %eﬁwaﬂvep RIS J iRy expBDles 3?&&# {geluds, Biteare ot Jimited to,

triethaA6REARE, Etharoddthine; @ch?l@ﬁﬁ?ﬂ%l |t1fiétﬁﬂbﬁm{ea|g§5r%ﬂba|gﬂﬁ>§}lglyc1ne histidine,
(ACES), N-(2- hydroxye ) - pi era2| ne-

tris(hyzlrepymatiod\amingmethans d (@ Pso cglded e dIRESPES)bis-(2-hydroxyethyl)-imino-

tns(hy?i (f@al{%'l‘g; m‘e —II:P% A REBIL TRES P MRAREFHs {18 S ynf2eilyH)-methyl]-

glycinpi(glew aalladeTHlCZINE),s‘r@Zlamdmfws dibe dniffersamaylbe pquevus selutiens of such

buffer CAMOYG P AG RO, 1) @ AR 919 SFEoPis AR OB g, fgspective

solutidr| Bey @lal Used tla' l&‘o‘bemﬁmd&t@l thb ayspecttld tarset auelticaarsdilab omle as other
SO calle

mattetNéS(ﬂf%t taB)en‘i"i’ﬁIﬁﬁg?%egfgspéesf%lg%?n&%| ed ADA) Any

count er |onrm e used in _these |t
Bl oinels: o tsb ey B Arh PP Re valts detergents or

chelatﬁfg%mp%ﬁnds':wstﬁ%‘?ﬁ Wﬁlﬂlﬁ&a@&e Slabdpds, SutlesdeUAibitodtm B Beed to be
limted to, triethanolam ne, dlethanolan1ne

addedén p;deam maintain p apelpicasidiacleguly i malnt@t §late Wl@ﬂhl@ understood that

for th% gﬁlﬁ)g% %?eés&foéfﬁé?%%ﬁt%éﬁ%éd;ﬂ{o%%&%%ag@gﬁ fofh&fdn of a complex

between ks PNAr czapyurettmlhc)uie(dframthel( aldoc eeld eghse saomum pseglnigh another

ook P ST ST ALy IS oo o

carryi@buif 4 66trdd imcasEBmentd t@petivaR@eitdaapbe asdduthhiobisclssaid complex
sui tabl e polar organic solvent. One or nore respective
formatigft.ut i ons may be used to accommpdate the suspected

t arget nucl eic acjd as wel| as ot her
[0034] One method of the invention includes immobilizing on the detection electrode a
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matter used, throughout an entire nethod of the
present invention. 25 [0033] Further exanples of
woredoso18sshat nmay be added, include salts, det ePQEBGCH0EN00226

chel ati ng compounds. As yet a further illustrative

exanpl e, nucl ease inhibitors may need to be added in

order to maintain a nucleicllacid nolecul e in an intact
state. Wiile it is understood that for the purpose of

peptidelatcleitiacid (BMWA) waptirermakidald. Ahodiatadabovd s BN A mdlecule is a nucleic

.. formation,o ompl ex . bet ween t PNA c r .
acid metelFe s B RPRYRTE 8 PSR APLARE (BT B AL gpordingly,
PNA g'eﬁexanphbﬂ cli’dﬂgefﬁﬁd&@ﬂb@%(bbﬁt? il cr?matsi} toIDNA e Rbm.d\@vea?eﬂess, PNA
, the target nucleic acid nolecule, for.the purpose o .
is capabl ?{h}fb&d@mg % leasheqrarlemeniany aéﬁewbstanﬁwi@ﬁ@gmﬁ%%e%@wclelc acid
strand4TBst Q@%ﬁﬁﬁm SANR! @FFRicAPNA SR red Qe TBAD Pimic).

[0034] e method of the invention includes

gmm/t]i The PRO\ %A_flbtﬁlléemglétzﬁl%,t hOWvefll ACbthedBu@ei¥@cid capture molecules
008/018833 PCIT/ S&006/ 000226 11 peptide nucleic acid

used in PRy reethedsrascondinectel e pagsephimvertiand neayoRa0t anyprytable length. In
some Eﬁg{éé(gfﬁﬁgts! the PNM/ %«l&g‘g%en&ﬂl élgie rg}l cﬁ%@#l Iﬁ%ﬂé‘c %HCJAB&?@ molecule has a

is a pse rat an a sugar
nucleidaeddsequegty of a Rhgthgdabouatl 7 tp dbast 20 bhdbgexangle ndéngth of about 9 to

kbone, in contrast RNA. Nevert hel ess, PNA
about ?égﬁ’éﬁgtbﬁ%a []ff’gﬁfg Pﬁ%l‘?tsl}oﬁﬁ %t&rgd@t conpl enent ary and
i conmpl enent ar ucleic acid .5 strands .
15 The, T\ R, SRR Yo RS odrlienEpaGe quoteotice
sequerfie lrﬂlqmtiy ﬁtalbarl]mpﬂiitﬁll?/ cbﬂ@&'fr_ﬂegﬂaﬁﬁ tPMAessd Ialtpcb[’tﬁ)lrﬁﬁl tae tdrget.rﬁlsleic acid
as other nucleic acid cagpture nolecul e sed |
molectlen Bpe FREPFROS natelcRl wgoenser éhepf’léléefﬂpmrﬁ@ﬁ??"i Mpfgr example
be 70000 bxAMYleSs0 LRSS thaBGhb- 1401 % SOMR GRSy BN bfoth&i€nucleic acid
PNA capture nol ectle or other nucléic acid capture

sequengs| Ebeihighhatheperqentageite vau¢hithedyioessaeenses arel eomplemeftary to each

s R0 gy Wy TR R e SRl of e

method baflithe2 hvieptior] (@86FigTe. BNAypiaglt embodinlestsuthe tespettiva nucleotide

t he, present. .inventjon has a | eoti de. se nce that . . .
sequeed “isF R0y FoPRIF RO delitdry PG Of dhe arget Rucleic acid
molecliel tSRta@fiallyneoniFledeitali Gl @is€d Berki refipd RCtlk €act The a given nucleic

respective nucl eot.i de secguence of the PNA capture

acid sqgyeRee S &t Hagt o fordRefpes>, pectyas, 1000t complomentayy 8 angher nucleic
acid s%_cgl%hééd T8 t R0 RIS bR Mot leAOR REEsWYELE Eﬁclﬁg’didés that can

sequence. The hi gher”the percentage to which the )
form multipteetavewrabls infeeactionpivithemeanpthey swbHaver#de igteragtions include

. r.t . i [0 ): e .hij .0 .
WorsohISOURE ol AICRE B SRR hp 5 el S motets
(e.g. DNvemidlamnmldsy ake bage addnosine isyqaine@bmemtbrydiorgingsinehevhile the base

.respective nucl eotide equen i s substapti al |
cytosing, i FRRIFERYOL § G, & MUPIehiide s ERIGIES i, ey hppplipment of another
nucledtde ls€qfena€ ifthll dFhe GiiklBotideS Wi Siefifst SddukndeOdrd lcef@Enddntary to all of

as used herein refers to the _fact that a, given nucleic

the nuplyotidescicbe sesond spauenee. |Aeerdingly, theresnseivmateletide sequence will
speciﬁ%ﬁl(%y1 %%bl%h@@rfpl tRETRRL Yy Poﬁ’i%ﬁt S ML R  fucleRC aid molecule under
sequence. The term " conpfenentary” or- "conpl enent
suitabledfybridistiport mamg@idé@ﬁsd@sparﬁmlaragfrionib@tmmgthIand péneperature. Where
desire{i,%gl%:t % gnelr Ejﬁlg %@Hrg ﬁi‘)léchHLﬁhlﬂ}gg%e ?rrﬁ%{o%ﬁ{zéd.sﬂ%g may for instance be

desired in order to broadly screen for the presence of any of a group of selected target nucleic

acid sequences. The use of more than one PNA capture molecule may also be desired for the

detection of the same target nucleic acid molecule via different recognition sequences, e.g., the
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Wat son-Crick base pairing. As an illustrative exanple,
in two given nucleic acid nolecules (e.g. DNA
wOorRi08oesexs) t he base adenosi ne i s conpl enent arBCT/8G2006/000226
thym ne, while the base 25 cytosine is conplenentary
to guani ne. A nucl eotide sequence is the conpl enent of
anot her nucl eotide sequence if all of the nucl eotides
of the first sequence are conplenentary to all of the
5'- andriM¢¢rennii thersof fvhidheenbenen theslitplibned to detent edémayfey, capies of a target
1.res$ecﬁi Fln%%leoilde sequence w Il specifically
nuclel, 3gf My €88 AePS espectlve portion of the target

aC| [ . Sui;t.ab
ZE@J; ]%&X%]]C? o%np%r‘i:t% g}etdtar e 1#01%119 acfglnlg)éﬁg lrg én&%%eg "} ye- -defined
sequerice. ”m%bﬁiewhﬁodﬂhﬁftﬁtt&&a@snwac atidrolebida ftterfdR includes af least

.capture nol ecul e e inmobjliz d Thi
one i PEHRGE EREIO 4 PRI PRt 1B OpEGPTE B et ngle-stranded
region!dAQhO pRICHLEI Squaite. A 118s 4RURe PN A ehfiiceflolediilg®an directly form
nucleic acid sequences. The use of nobre than one PNA

Watson-4siclr kaspplaiss oith theytagget guplsicdecid maelequde, wiilout the requirement of
separaﬁ é }élg{ﬁe?% Ogﬁaﬂglégﬁthtggﬁrg&tnu%}é% fdl&: m%i:éc le”%ﬁ:?é’ih@ t¥b8t nucleic
acid mecaﬂ@msasregraﬁ/ %ﬁ@%ﬂﬁﬁ@ﬁdﬁdesm ﬁedefmndl Bqudreejrinprovided or
s R B B S R B e hBR G  BB ly  hr
any st:ﬁﬂﬁﬂi Rechdi@@3ided lif theyat, ot insribosibyremtiéastnigahé &mgfkature (e.g. 95 °C,

ucleic acid nol ecul e i ncludes a efi ned
see alsgeta@. Eremples helopnelnesabRitments évlteﬁeeﬂwf{rpg%ﬁe%la%qeé iayzRg igeluded in

the targPf ﬁ’ﬁ?&l‘&@ detdf Bl%fé'cﬁﬁr Sul1Apk Y& c@le PRASEap t@re%@lecules may be used,
St ngl e- stranded reglon I'n such enbodlnents it may bé

each of efshlclabblegta@ lepet partially spmplemestaratled. paglesiedriioneof the target

““da@5$9%L¥&£ﬂg@gﬁhg?ﬁgPy n this case the PNA capture

e ca I'Tec form Watson-Crick base pairs
V[’Dbiik]t’h?e I’ﬁAg?aIpuﬂH %&E?ul@?ﬂa Ll nﬁﬁ%l zedNbﬁ lﬂﬂeu& é&ﬂﬁP electrode at
requir enen separ a onpl'enentary stran
any stdgeelutiag gﬂmpmmk meﬁlodmfd{hermkfattwneAs Wie epartiples, titimge be immobilized

ucl ei c cid are ont reo at
ot the Bigpiing f ey or 8u0Ls flife s PO @ eig0r B8R HHS Fersed precursor
(see bElUGPERL t@ﬁlchloelﬁﬁodlﬂleﬂt@ ubliseinghotnseds wafone ﬂdﬂﬁrxﬁﬁ%’{lﬁf:élb&tﬁ)chemlcal
nucl eic acid dugl ex_may be separ at ed st andar d

measufegRenh(e el Thn FiHe Chatte efechlg ava %l obiligs ¥ ARy means. It

may bE tfi‘nnfoﬁﬁﬁ@& 8h W Lerftfe GurfR, br a seci@&e@f)&‘ﬁoﬁ %? tHXRPRLEST the detection
I'n enbodi nents where multiple sequences may be
electrqdnchu stadle iembodineentsathgeP N Avesipiire nealeehlenid prayided first and thereafter
| S Y uhes:
1mm015£%%i 8#1% JRSRE: &ce Sf ?@“Idgtggtﬁé% g}e@rﬁbﬁ?{ Aﬁ S ¥ar’%§/§ X é&&ﬁ{iﬂe is the
mechahizak sgptting &éltb@tPéUA papturo mabdcutech enﬂoathg esIurfaddS ofiulé electrode This

POt P B AMGND! Feby Qe PP oEtra B OERIGS o by

meansadf a %ﬁ&’roslto@@? AIbh AQustRAgve éﬁzﬁﬁﬁl% et fudgbeptidé backbone of the PNA
i nventi on. two examples, it be i mobilized

t
capturg m@lqygbq A& h@cqualqnﬁé' Tipked top gpld 1516 slien %{gﬁrqﬁlg Vaa a thl(gJl ether-bond.

ri sabl e positively charged precursor
HBO%‘&AI) Thq sprfaggiod e defsefipmelpgtodermay by ﬁﬁ%‘&tﬂ @y to immobilizing

the P]\%’& Qﬁfureoﬁ%egﬁl@ A& Bt GEtdnts Ii‘l?ﬁ}cfé? Ito %&ﬂlﬁﬁﬁstﬁé &ifEdHment reaction

see bel o PNA capture nolecul'e may
(see alsomadiove). 7¥teroya @hyss redentrode [is usedayit pay ﬁ@m@tarnpé@@ednodlﬁed with

ammog%ewﬁ@é'a%ﬁn?ﬁépggggg% oh s%cmg)gl'é%g PRAT !:a%'@urgfm&%gules (or in other

methods of the invention other nucleic acid capture molecules) may be immobilised thereon by

carbodiimide-mediated coupling. In some embodiments the electrode surface may for instance
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el ectrode. In sone enbodi nents the PNA capture
nol ecul e is provided first and thereafter 1imopbilized
wo@nios/014883 surf ace of the detection el ectrode. PEI/SG2006/000226
illustrative exanple is the nechanical spotting of
the PNA capture nol ecule onto the surface of the
el ectrode. This 25 spotti nd3rmy be carried out
manual |y, e.g. by neans of a pipette, or
be coatedt Wi’thtainceileumcondtg:ﬁvb)polymansudf asa poiypyooleoPBeng, As, etral., Anal.

crem. R3S SRRl BORYRERIAS (R SRR BhpL B2, -1

polythigphshedpd198diliad) polyacétyRee, polpNavingl earbidts); HromdopdlaS93uch as a

e surface of .the detection electrode
copolygiet plaxrenle prd Biophens prbeanol et Neglendned n%c%ﬂﬁ%}é&thwaceﬁc-l a-
naphtht ﬁ&lrél @c E]slB%rﬁeQ Net 510 Mﬂaf‘%’l@ﬂf £2403) ‘7‘7 dﬁ)" 3391 fﬁ%\/& b). Th @Bodiments

reac | ON (see al SO OVG ere a
where glcalbsnealasictete@n‘ed@ i 1l.$§d5dt matv fragxanaple bg am@uféedo‘élth Carboxyl groups

by RS DO RAGBRETH A, SPLIBLIRNL S povise on

respectifgd dled®deby hikans ﬂf/lérﬂimg)mobztchkerethimmedlmlﬁel d capture
nol ecul es) nmay be i mobilised thereon by
¢e040pdAs aifsichameiiisatatide exanpple,nglinking swotetyesublo ds amafﬂ:mty tag may

be usecy]e oS ‘@1&} g)gé’ fcglg_tgre@ ](’eglgpefanSt H&? g%mf%nﬁy tag 1n81%1§e but are

not hﬁﬁt@&t P C&Bﬁﬂcﬁhﬂiﬁ‘o %ﬁ@g@l&l poligshistidhe S\ﬂ@’ﬁ@hdme an
et al ‘Anal . Chen1 9) 71, 18, 4095-4099

1mmung\gk>§uhg domain)| | ma]&\mbm@ngm prquua (8lotatfyiongS-trapsferase  (GST),
calmocf?x%y% EF&%?I%%E%R nF NG Ipegt‘?(llé/ agety 6% ?oge (Ala-Ser—Met-Thr—Gly—

car copol ymer s
Gl}’—Ghm@ml-MeEGly)f mpltosedilmdla@ grotéin éMBdﬁetho HSY @mbmeyxféhe sfjuence Gln-

Pro- Glh;t%hlﬁlﬂ%q% (rjl%l}'} ek%)gge L ?%gphl et I § silmﬁlls\}g aeruSCﬁ é/coprotem D, the

hemaggﬁlﬁgfm) (AR) ékﬂt,olpaﬁlth@&éiﬁl)encd ITye-!?b@d“lyfFEl?.ps/ al\bherraspalyr-Ala, the
car no ste electr e 1S use It ma r X € ne
“myc” UG e ERCHRRO RO SrBID St (g pEgHeRe G R CEAETEL el Ser-Glu-

Glu-A¥-1.& t&eamﬁgsnueféoﬁwé 162 ARSI s6qUBRLS O [vehiBR Xypl€ally differs from the
immobilised 6n a respective el ectrode b¥ means of

sequenicp ak theganget wislricacd mplesatadp arhislea pprion of thed MA rcaptiprapolecule is
at leasfa }HrIH%lli v g&rbégmrg%tgfw ;[ge Awo ﬂ%ﬁ&gdﬂﬁﬁﬂ?ém ﬁ?fe@fb such an extent

e use lze"t
that the apquenee b ttecmicleotiBx dmg isesotafapabie aff fhiybridigingeg theséquenge of any
portioxg gg&? taregqp Huclsllfs Ir%%ﬁ?dqg{ecalle gltlchp%q 9%?{{}{&: E&t‘p 9&[%11%5,}’ for instance be
used tb AXbRAGORUAL meBiZed slidohasleotidendtiithga mbﬁtp®¢nilentary sequence. A
gl ut at hi gne- S-transf erase cal npdul i ng
furtherp@xgmde ‘{@:Mlngﬂemy et ?lﬁggdg’hlél FPIPRSHYe GFR0 hnetts h antibody-

nuclen{)ﬁu?cﬁg biay BE ugd/as tf I“NQ B ﬁ?ﬁ@écuﬁ y), maltose

roteln th epi tope of the sequence

%@41:}5A{? dRy (arustkﬁ)%'a\/?ﬁlﬁ R{a‘? @)1“ iRk Be thbl@*?&i Qb immobilize a

herpes sinplex virus glycoprotein D, th
biotinyhatadh ggyiclai¢ racidl, (aAp iphn opnataiming h@og@lamn@% gold may be employed
r - Asp- I 1
(o TX 82l O TSl ad 18 v sxampe
the PNAquqmue ﬂolec(ﬂenniaysbd:_éuedlllyedﬁmsrtéﬂ ue.gGby- Mpnllnguele@rochemlcal

an oli onu | eotide ta e se Q mhi |caI y
microsfpe S AFUCENE SUIUISHO EORROPRES APYE ik of BBei F o al-
Electré’ﬂ?ia%i&' @005’) Wi 49%) alip ottet @Mmbolinides BRNAPNADE hﬁe molecule may be

nol ecul e is 20 at_ | east partlally conp Ienentar

directly \wyngfifsizedt 9 dhes digtrsHer Clertspdai fere FX%P@UB%H%W%@J&%HYE‘WH and

deactivation.
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that the sequence of the nucleotide tag is not capable
of hybridising to the sequence of any portion of the
wao 2008@188saicl ei ¢ aci d nol ecul e. Such an ol i gonurPtESG2006€000226
tag may for instance be wused to hybridise to an
i mmobi I'i zed ol i gonucl eotide with a conpl enentary
sequence. A further exarrpI]éjr of a linking noiety is an
anti body. In respective enbodi mrents an anti body- 25
j0e42¢i Aftacindnanlizing dhePNaAycdpeura sedeade bheéhdlittectiopt eledrode, any

. ol | e. Avi di n .or .str.eptavidi n. _may, .f.or
remainfye e PBE GO o PP TG R 2% PO b Py By be removed
from tﬁwét@dtﬁna&é&kod@ IR édnd3igd amumthalmm @a;ﬁtﬁmhal)eemle Qﬁaygﬁi dbsired to

may be emp (Shuneker - Parr

avoid @,lpé@ﬁue{nzbmg 1spgjon g)i gl)lch ﬂglAy@plegﬁlgt%g} they tp{gg% pgqlg\gémd molecule,
I

which gﬁ%gﬂs}l fuce thd) ?en%}l/’&g?gn rﬁﬁ%&ﬁg eg{toraolgﬁﬂei?nﬁgg laﬁgﬁb&ﬁhd PNA capture

molecutt anaysdophs desiredi tastvaitce non-apesyhic binding ofgoeh diNedmelecule to any

matter (pg%%]gt;lpls glmgg;g}s 8,{\%/1}1181;1 Hgghteﬁ)% org%tar%e r?cﬁé 5@@%‘)’1 0¢‘f such matter

(e.g., Iﬁ&lhcﬁblelrﬁetﬁhyati@m) dv}ﬁﬂntrhghtsmtfﬂﬂs‘ivﬁhdh@resuhse ofl dteedbwtmmhemlcal

el ectrode usj n hot pact i vati.on and
messufaiat [FAEISOHEIND SB0BPOTSIR B TILEIUBROBD SEamcp pe removed by
exchal{ rfddingh, . gmodidtionitRd chigctE iR dsdqitivh elodrb@sul e on
e detection @l ectrode, any renaining PNA capture

rmb@] Ui@iereO ldeSTRIdE C! | Sckind alpeNte infaiyN Bk inifBibilibédz &4 ﬂw detection

be renmoved fromthe detection el ectrode. Renoving
electrodan Blhiis blesliing: agant meayngsree I Eedueipes eniieg nog- Spa‘i}@? &Pmdmg of
mattersiﬁaﬁgéwﬁp el'%h{tiog' %@Eé‘c?&‘ t@rmccflﬂfehthg %I%gpﬁlﬁﬁéib Qi ﬁlBleEﬁ‘l% It may

get nuc el C aci ecu reduce

also s&wﬂsntneducmyg ofF nrh@npngwntSpn@ﬁhdnndI%mfvanng@ﬂr m&i@urﬁllwh as a
molec?]lg t %Flletélatbl[sn@ ﬁer a e)siutglhﬁg'&%cgfg Iefelggo@ ow%}éﬁ)lcgrr?lng out the
methoﬂafﬂermwﬂasﬁnt in a sanple used, which m ght f or

i nstance alter the conductivity of such matter (e.gqg.

rjeod]i Phebloekial agaiti ramshe addddctogethghtvith thePNér eaphirt mmolecule or

the.r ults of the el ectrochem,cal
subseagSly Fefsiy ATKAGH 700 A AUUML ISP COUTE SREFoRppnd At is able t
preverit (& aﬁ'l'éh@t Q)em% BB rBducell heoroatpoafio ﬂltéﬂé@tldfﬁﬁ@tiﬁﬁén @olkcules, the
a sol ution that contacts the detection el ect

detectl[og of srhighpisruadeseedy end thg P A stitg melerule h%g}m@gle for that purpose, as
long ak m@s?eklk%%e&%nw Be dlS?ﬁe' SAN C%Eﬁl% Rl NSO kﬁg&'rﬁﬁew acid

may serve 1 n reducling or reventi an non- SpECI
molectlile rslhotgprefenterh Bxemplas oif ud@uagmta dre thiol mp e@nlea@%dfl@% th10phene

ol ncI ud he.tar ucl e|
derivallyes,, a0d, y{hhoppg% gi%ﬁﬁgl%ves preven Sgrmr%n %%éﬂs} i L# iagmle ful class of
blockiig Nedagentof afenythivl heafol¢tatds e kucts ugh E(Snﬂrchﬁtohekeelecdmicoracid, 12-

solution that is further, ad othedtectlon
mercapiodedecaRic, vﬁé%er&awpg}?%amaafl %éto e ARBTGsATgif a0,

tlgégi fﬁtﬁg Wn[ng at-'l}_-;?q% ag L\%’%‘g }1@%}{10&1@& &f grSy beconqpou%d which differs

from SBBREAHBPEING 6ﬂ‘§ﬁ1ﬂhpstr®ﬂﬂe dgané réﬂl&k@nﬁﬁtnoﬁ@bstltutlon of one moiety
i mobilized on the el ectrode and that is able

by angthery gﬁﬁpe(cgye g?om:t@@gpclp@e gu@ﬁrq n@almqtg‘;i p(batggaé) rqdp-g@ls or functional
groupd) ¥3z SREAHIE! £ nidbELAGLROSF PESMFSRITRAPEY b@Stindt &by alkyl, carbonyl,

acyl, hydroxyl, or amino functions to produce a derivative of that compound. Respective

moieties include for instance also a protective group that may be removed under the selected

reaction conditions.

[0046] The present method of the invention further includes contacting the electrode
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20 detection of which is undesired, and the PNA
capture nolecule is suitable for that purpose, as
WO 2vg/088833 he specific interaction between the RXHSG2006/000226
capture nol ecul e and the target nucleic acid nolecule
is not prevented. Exanples of such agents are thio
nol ecul es, disulfides, thiophene derivatives, and
pol yt hi ophene derivatives. An illustrative exanpl e of
with tle sebeifonl expéchesstogficlude ’dncltzirgq nuehagremi@ ntesuler(icHIFig. 1B, step II). The

ecul.es suc 16- ner adecan 2- 2
clctre Ba B GIAIAR ATl ot ARk nar e diy Soptfa efpected to
includ® tietaggep hacevadeid moteeuld is[ddQdh]In Bomet emmbudirdets bath seeh solutions

herein thus_ refers to a,conp 1_Elgnd which differs

as use
are acppth SBIREs hbeﬁepambaglmené ithe eafiresppiie Jf Samipd; Rt in an aqueous

solutidn® PLAaGRIRA fuRherSHOAdst Aoty Bk tA86 RIS Xeid bl @ned tla&fybndlse to
Respective noieties include, but are not limted t

the PN eantureraeleade en dre dlentiodeofvaplreagy dudisated @boveexﬁwmber th%lfonnatlon

of a Cgﬁﬂ)&ﬁg‘,gﬁcar %ony i)N?‘Oggl{fH]%L%ﬁ rox%%, ﬁlgbﬁgﬁni @lghcg%md molecule is

allowdddch Fog UBestap H&y. Ifthe B(vlatlmi cdiﬂians e phypditpdf dikfesqod (tztrg&tenuclelc acid

molec{i[]g%? { hgaet%gtgﬁli,utﬂg e 188852%%nz‘%1§s%1§ g@?&ﬁ{ Qct ectwcgﬁlg f2idPmolecules

can eitGefsihd 'sfﬁﬁﬂtan&&@ﬁﬁ]r chhgechivg P i theR rbpdctdle dapird MvRRbieON
further includes contacting the el ectrode WO

J0048710%8Ra3dd36Ed, %Qﬁb@'ﬁ%&%@ tarkbt Mdldic tabRl ®6ledtlead hybridise to
expected to include_ the tar nUCLHGC aci d nol

the PN:% fcaptpregmo@gulesfh@psoiqtaon eKREC e fQ e éhﬁ%;ggd}ucg&%ﬁﬁfi gnolecule

may bBSerth&VE&RI 38 thdy Ry %Q&H]%l'e% debiPedMAl Gtler B GemOl Eﬁ}pﬂegatlvely charged
expected to 1'nclude the target nucleic acid ol ecul e

molecilss, stideas nuoteig avid nmmwdﬁsﬁhﬁtvserb praseie theswllufiongrpected t include
| Ut

the tar%gy&%rf(?lceg d llh ]%E&le bg%%@zl Cﬁigﬁ) ggésg[iﬁ%i%l c;t*n\‘..ﬁe S}%g)egtﬁ/en&h{b?g and any

extracﬁm tused (if rmiyu d:és alzdvie)) wemgvihp ecangropetts nefc thei wspaztide solution may

R T ST N T MR TR

of thefitvérioh QFee Bflow). Q@ﬁ@ﬁt@& réghovaent bhe BliogaRitUdditacts the detection
nol ecul e and the target nucleic_acid nolecule is

electrcgl|e| (ow,gﬂm{g«l'p or pinging i@ ofdhe glecirpde may alypebe perfprmsd where desired.
! gh esa)t glée aiétn}{ aQh glef ﬁs%{i ety 4184 Q@Ifen%{%h@yca &fifafle method

ecu tecte he conditions are chosen so
that dquatot ﬁtseolvatl@ernmlwt ‘énmleédme‘d;vmlPé%|cegfurelmoteanleeanﬂtt@nget nucleic

acid molec‘ij.ll sﬂ%’h gsa Y Sthl [ RN & %%%Bﬁ%ﬁﬁr\?ﬁgﬁt tr nuclelc a01d molecule

espeCtlve capture Iecules
that didfroe hyladdisnonlie PNA daptige inabemtleeiAs ancdxemipl, dﬁﬂl hfaytbte accomphshed

hybri di s o .the capt.ure nol.ec sol u
by ancyBYEEe NG FHIETED Piraks dPe: SREer Pt Dok Romung bean
nucleagﬁ}huglféa%qnp(y&ﬂlcleﬁﬁ s1.may for exanple be desired in

order to renove any negatively charged nolecul es,

S[EOIB]a$hé1 HetRIdCo otk hrefehe fitvefifort HIgd iMEnidesPireGiditlg 4 Polymerisable
e solution expected to include 15 the taraet nucl ej c

positively Fhatpealdel mrecumegendiengredied; Aerthsri gickidsy adawe the polymerisable
posmxre?f %gf(%/?ﬂ? SR Sor2 04 %ﬁ%)n ¢4 g??é gg) uggd éfdlyméﬁ‘ééble positively

renovi ng- conponent s respectiv
charg@blemrﬁmmsqnhﬂs an wtncmﬁammeetmhgmlthatas nomsl@meatarxo tthetdhectrostatic
chem,cal , neas

net oreSioro R R 2ot Rl "TRIBANT RS Pl TudBh AP ppotecute i
negatifel$ Chafged th hdidtal eahiddicsohdicionstie phitiotlar where the target nucleic acid

molecule is DNA or RNA, due to the backbone of alternating sugar and phosphate molecules

in this type of nucleic acid. Accordingly, conditions are selected where the polymerisable
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el ectrode ("washing") or rinsing etc. of the el ectrode
may al so be perforned where desired. 20 Any matter
whp@sn014883 be present in a sanple used may al soP@ESG2006/000226

renmoved by a suitable nethod that does not dissolve

the conplex forned betmeenjﬁgA capture nol ecul e and

target nucleic acid nolecu such as enzymatically.

The sane applies for any target nucleic acid nolecule
pos1t1vehmhacgeabln@ewm ihali & positovet ek chrige.CRhose sldlledinetbe g wilde aware

of the @ﬁ?g%l pé% y %1\1/18 IO§ ag¥leegt§% %%%\%ﬂ@rs Imf’c])g c‘ale %Q/v geg%ﬁ&gle guidance in

choos1ﬁgl @ahsuitablewip rablgamr pEbvilue lferas eolufnmn;llﬁ agdctPtlk mecursor molecule is
cl eas 0048] The net hod qf the sent N

positivEl AUt §<an T 95 1ES %Fd@éuepl.s ST Pya Bep AdBS 4p pefitmating) or by

prov1dﬁ%3ﬂhta|tlﬁ%tay nﬁ&l@iﬁ%ﬁpj— %n@ rtﬁtﬁ'sufy%&rally The deRttidelbttéddeds well — in a

i ncl udes a meri Sa posi ti vel
solutlo@Mrtggggm@dm}&gWhg@f e(mﬁymmsgblempsnwem fémrg_qg le pre@irsor is added,
I
the tmg?ée%@%gfagﬁ %O%tﬁieclﬁxf fr e)Mlgg)%?gﬁ}plPée(ﬁe ﬁf‘nﬁ‘;srgfutf&ﬁsofeap pH value
selectedlin memgaof aboBO1.3d0 abdmﬁgb swdh dshie tlteanaggct ofabohel @ taebalt 7.0, in

the rar{% lo? E‘ﬂ'gt r%/t)é/) Ohg a{wé%f,g(}érgr? tl%:ar ?fl;e}%%g%ﬁ é% 'flclaqqlé g’%l Th pﬁ value may

thus fd}QHﬁhﬁdeQJsteldctbdpt@fKel 4balies. OWHQib@uﬁ £6. Intgoped enbedifients the pH may
acid nolecule is DNA or %etothe ba bon of,

also beypdiertahia %1“%5?605ﬁ%f%6§%&£ A e i dout; s in the range

of aboldY P? tQhb MG Blif tRGhAee SCHBHA] DI Xbmﬁ (grtﬂ 'oﬁ“ hrPﬂl% r@ﬂg% of about 2.0 to
sel'ected where the polynerlsable

about REYASHR GaBE tioB2mEor afer plagsadditias ¢f thi ap{y@ms@lg me@tw@zzs ichargeable
(gs a positive net charge. Those skilled in the art

be aware of the fact that the pl. value of a

t
gﬁll)zgjn%gco?{i]ﬁg hggés th%aﬁg%bq? Z)% 1\’1@@1?| a%e\éﬁﬂglr"ﬁghﬁsor associates to
the tarfetr necl@olavidi mnlecule, avid thias ttdy dlepccenplezs (fommdl etween ile PNA capture

molec@gSi ttyvtgo:a yﬁ%g&fﬂﬁc ;ragclug Igﬂe{;{fﬂgt quuggef%ﬁe %5 SPOAW I ?ﬁg of the

polyméfiibleap@etrsot Care bé cagled outéb"}dniem of Ypduitableyrehdtant molecule. The
detection, el ectrode as - in a _solution of the
respect¥s inobangiisation il ti*f-‘é‘"i%‘!vg}‘réw%l%l Belyding pig) g, a precursor that is

assomﬁgéifcgﬁél?érgetgﬁl%% &4 mofecadded, the target nucleic
acid nolecule may for exanple be included in a

5[9‘)55]' Rﬁﬁoﬁosﬁlﬁg \cihi48ablS SHr8GIrES hfayt BE UsRDUR WneAROUE can be
. , such as in the range of about 7 to
polyma@s@dtm thepresence of thercomplerobetwpen the PNA captarsomplegulg and the target
. h e
nuclelé;,rgl)c;fdlﬁl g ﬂ% fvg frthoﬁlgskjstg%%ler%oélo éig?ggl‘tnggth?ore Cti é_lcgﬁ'lg}ég in such a
mannep mhaMmMargbt Aucleic asuinmpolenddo di ne ngert atseoq)dtﬂedmytheaiemtlm electrode.
adj usted to a_respective range (e.q.,.0f about
As anithSReSi bmite o heCh APBE Rl BRufrd gt ydriprymay be an
aromati® At (sde @.g. i Figt 3e fdramplés)a*é@@i ad . &hilitk, ab@idineAnfhe (e.g. 2-
or i.n the range of about 0 to .about 5. 5) at the
pyridingapaing, i }rﬁ)yggmegplngf Pk A‘P]‘fé‘ilﬁ‘?f@i“fl?)o PYE¥O Q,hgmdazole or a derivative
thereo OA.e/ aefumabllﬁlsﬁawet é)aéﬁigy o, CANCEABAD iSrivAFE GHEP Also bkPof the general
049] Accordingly, pol ymeri sabl e positively
formu hargeable precursor associates to the target nucleic
acid nolecule, and thus to the conplex fornmed between
the PNA capture nolecule and the target nucleic acid

nol ecul e. Theréﬁgwew[iffiﬁiEynerlsatlon of the
R2

precursg
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pol yneri sabl e precursor can be carried out by neans of
a suitable reactant nol ecule. The respective
w@odogiesssxati on will accordingly invol ve, i ncledi/sg2006/000226

start at, a precursor that is 20 associated to the

t ar get nucl ei ¢ acid mol ecul e [ 0050] Any positively
chargeabl e precursor may bellused as long as it can be
polynerlsed in the presence of the conpl ex between the

whereiRNR caacp mamm@pgmdpndmdseteh@dt faomgethe gnoun epusigdigdof H, aliphatic,

cycloa[{nl% fé::g %11%9'51 t horllggelltﬁzsm cy%kgﬁﬁ@atﬁq}ﬁ?octaﬂ) 1 tlggoué)s comprising
0 - 5 heteedofs, R dtoiﬁsl thatudi€fer ﬁroﬁpcdrbmg dor axnglie at-eadhéteroaﬂoms selected

det ect jon_ el ec ,As an illustrative exa
from the,gropp Ny Kb Si %%ffﬁleﬁpa%% §1 wy%a%@%@ ﬁﬁ%eﬁ 1“&&9 aliphatic,
cycloalifhdife, a@hﬁtﬁ@t zir?laﬁﬁhzﬂﬁ: 6155@1(3&&)%1111’5_1&@10 dfdéﬁr‘tﬁ%ﬁﬂﬁé@% case that a
such as aniline, i neam ne ri di neam ne,
compogn@ys pededtiechihiah mcbnféaamﬂgmmlﬁe aharg@ﬂ?ﬂe wpqtb (@, functional group, e.g.
carboxlyﬁlgg)t%%gﬁ?l\g}g) gtxa 'b\éa&e'sf‘fgd td F&{fgc%aetrtﬁ\?/ at \L}%{{Jﬁa%aqound is indeed
positiviely @ﬁargbm)legemdelalthe fseieﬂed a:oﬁdltlbm Fhis Rﬁa}/‘@oﬁ(ﬁl&h@%ﬁefﬁone by

PCT/ 006/,000226 . 17 el.n nd,.R2 ma . .
celeul§ e ATRRTH S oGl 1 Enitth 5L RGP dgoosietsg with the
selectedl dulead dcid motaeglepal | phatic, aromatic, arylaliphatic,

and aryl cycl oal i phati c hydrocarbyl groups, conprising

0[005H Tl exrpatNiphatid". Mead! eftes terdist§ Rated,r ortrai@hbon branched

for exanple 0 - 3 het eroat(ir%, sel ected fromthe

hydrocélf‘t&ypc hain Owh1gh 13y bej satuyzgte TRONGrpQF B?.)]ﬂ’fl rﬁt§d pAn unsaturated
aliphatid P+6h %Qntﬁﬁnst Shdef i R6reaBowé %@lo'r Ctnpﬁ ‘E)éﬁ(l.lsoaf RePBadncRes of the
aromatic, arylaliphatic, or arylcycloaliphatic
hydrodayhmochaitbyaybinelyde linear ehwins ashiell as r@@rﬁg@mn@c cyclic elements. The
C t [ [ h t
hydroc?agl#o%f (t,}“a |\g%‘g]|1 rHe'BJO Lﬁ%?e%s %tlﬂe?\g%gr gagé(ci/y C% o 9‘5’? g’[}?gﬁr}lﬁ ché,ntaln any
numbeirtofﬂﬁyndhes déxsth rthd ntaln \zhaln fag wdlhbs t}feebraﬂéme anay farthermore contain

heteroGGRBAY B RTMAECY s SHRE Sy 1 8?""22223! e EQdSLntehEy
BT Rk, R ERR St Bt "W iPEmho, R L Pflupmgeic cvelic

hydrodad§dre infoiét¢] evhigH eyl be s[aﬁﬁﬁté&l dihendner ror" pdlipisaturated. The cyclic
means, unl ess oth rW| se stated, a strallght or bra ched

hydrogaphfnorgieth May e bsiiftech yrogaromfiG cyeRe) ag elodth chag clements.
The nfaf ¥hI8 VruhicGelic ﬁ?drH&ﬁ%rP bRE&Y ma, '%ﬁ'dﬁh&ﬁv@éépstated be of any
contai ns one or nore double and/or 'triple bonds. The
length andresontain gy tnﬁmbehyﬁ nee-ardmeaiicceyelin and\chpincelgaentsi Behy the cyclic
n r <€
hydro R Inipyn Bl Y QBRI g MBSO RS Futfdfole contin
heterohtemsr asdyinstangt N, OaﬁpSa:mﬁlal n any nunber of branches.
Both the nmain chain as well as the branches may
f (9083l TIno r terrs o Hdraimatic’h emearsat witessa tHeowise n stagade ea Npla@ar  cyclic

hydrocscﬂbo%em%get; 'of conjugated double bonds, which may be a single ring or include

multiple fused or covalently linked rings. The main chain of the cyclic hydrocarbon moiety
may, unless otherwise stated, be of any length and contain any number of heteroatoms, as for

instance N, O and S.

[0054] By the term "arylaliphatic" is meant a hydrocarbon moiety, in which one or
more aryl groups are attached to or are substituents on one or more aliphatic groups. Thus the
term "arylaliphatic" includes for instance hydrocarbon moieties, in which two or more aryl

groups are connected via one or more aliphatic chain or chains of any length, for instance a
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[0052] The term "alicyclic" means, unless otherw se
stated, a nonaromatic cyclic hydrocarbon noiety,
wokiosk18s8y be saturated or nono- or pol yunsat uP@Er/862006/000226

The cyclic 20 hydrocarbon noiety may be substituted

wi th nonaromatic cyclic as well as chain elenents. The

mai n chain of the cyclic h)lgrocarbon noi ety may,

unl ess otherw se stated, be of any |ength and contain
methylemeygroupber of non-aromatic cyclic and chain el ements.

Both the cyclic hydrocarbon noiety and the cyclic and

{imssh BEawhsf tl‘teliannss"ahplgatlfcu,r"laheyCﬂmY ¢'aroomtiz]' and "arylaliphatic” as used

het era n
herein PGB Mt AEoIeds Bt APoiieE A5 ple e R OB b Bl geetive moiety
SubstitGéms s bé afy &’ﬁlﬁitloﬁallcérb@p, Ryfdr @ﬁanﬁenbmmm@tmnméd to, amino, amido,

conj rE))gat ed doubl e nds ?:Alﬁ’ll ch rra e a.si ngf e ri np q thi
azido, 4EICCy ! BPBIBOFdIduTcoReloESPa MRy it SHIEPpj 1 silano, thio,

ﬂnmnmﬂbgmHQhﬂwﬁgﬁkﬂwpf the cyclic hydrocarbon noi ety may,
1 ess otherwi Se stated, be of any length and contain

25%68ufﬂéegregént rlﬁ&tﬁﬁ@éﬁfoﬂﬁ% in@Entlodr furthes liAclG&esNpro¥idid a suitable
3 By the term"arylaliphatic" is neant a

reactanhymlg@a@ 5bat iwodapelle afrundersoings aereaetionnwith theynosyivglypghargeable
s g0 By 0 U 2 8o bl
initiatei thel pdb)mehsatldmsf ahe epdiyrderinhleb positivilgt ¢hasgeable preicaisor. As an

AR A
include bAParORSY BhRE8 B, @%ﬁﬁ@%ﬂﬁ%ﬁﬁlmlﬁﬁ) ccBI’ﬁIehthj&Sulfate (such as

gr oup [0055 Each of the terms i}
ammoriymy; preylphate or ety ammeRiim Aepiuih S#iRerSHde (e plso below),

hydrogdf"t€trdbhl FodBAR (alife hd8) HARAIY! B Akhedib! MiRArcHRAte, a manganate, a
unsubstituted forms of the réspective noiety.

permariahsie] OXgan,S0Zne, atregep opcmauh@fvabn@ ﬁ@htpntgsa ¢hdgride, a perchloride,

a chlorgt)é %Pod%}e Q% trart]é) ta Shif&lhg gn& Qsémﬁﬁ} t@&oxﬁg]al 0g e5 azi do,

n
T A R ——
(cf. staptnboﬁnoﬁlg h&B). nWhmtaddmdru rolf hersumableud@stapt cmo]dclﬂg mitiates the
bI t ant I hat bl
polymiSghi o 15 T FRARTY BTG R R ASOU PTTRTY” Eiar 8aliiep V): As

an 111u|ﬂfaf€i@l‘é re‘i@lﬁlﬁteh ot arﬁlﬁfeud)ﬂ ® suithbRodetvativ s eeret 1§)fseléd’ted as the respective
atter

e reactant nol ecul e may a
precur§o 3 e ¥ HaNt g spheeter 94 tthe feastant o Ef&f%r ﬁg‘? eélsaﬁon may start
accordfh%sthé FMW&%I@E@&%%Q (5 aH4 %seq&%tl? %onﬁﬂde%ﬁﬂe@ﬁ‘llél?
exanple, t reactant nolecul e may bé an oxi dant.
Exanpl es of a suitable oxidant include, but are not
limted to, a rutheniun1tris(bipyridiniun) com ex, a

| fate (such as DNi um persul hat e &
et r aput Hammﬂl u /6 N h@%e) [ox a‘Bﬁr 0Xi See ﬁIHso
elo ydrogen etra'hlo durate taufl d, 2
4) a chromat e¥—~di chromate, a mangafate, a 15

per manganat e, oxygen, ozone, nitrogen oxide, a

hal ogene, a chlorite, a chloride, a perchloride, a
chlorate, a iodate, a nitrate, a sulfoxide and osm um
t et r oxi de.

O 2 OO
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[ 0057] The nethod of the present invention also

i ncl udes adding the reactant nolecule (cf. step IV in
wo-2@s/018833 The addition of a suitable react ant PCDE€LN6/800226

initiates the polynerisation of the polynerisable

positively chargeabl e precursor (see. Fig. 1B, step

V). As 20 an illustrative é®anple, if aniline or a

sui tabl e derivative thereof is selected as the

respectrve precursor an oxi dant is sel ected as

[ox1dan1t] dact ant cqfl e bo R [ Ry star
A gH o ‘ NH
s uently =¥ |nue ré‘épect ¢ o g+ [\ex

NH2 ONH2 25 QNH2 NH2 - +Q_NHQNH2 -2H WO

2008/ 018833 PCT/ S&2006/ 000226 19 F V NH2 [oxidant] /
It may\alsbiistaidri2ong\He dolkdwing rédetion schisg? (ID:2H It nmay al so start

along the foll owi ng reaction scherre(ll) 5 NH2  NH2

NH NH2 NH [oxidant] as well

react i onNéth i

O=NH2

[11). The hybr| di sed ani oni c target nucl eic acid

as welhml adang the fidlovaeg veacten schemefllBt e, provi ding a | ocal
envi ronment that gui des para-coupling of aniline
nol ecul es. Previous st ud' es_ . on enzynmati ca cat al ysed

pol ) ati on dexidant]) | shown t h4 e
P2l Sat-iNH ( MHy sed K s,
hor 3¢ d| sh peroxr dase exanpl e, uner—'
condi tions (Liu, , et al. . Am Chem Soc. (1999)

121, 71-78; 20 Nagar ajan, R, et aI Macr onol ecul es

01) 34 3921 7; Caranyshev et al .

[0058] Without the intent of being bound by theory, it is believed that with aniline as
the precursor, in the methods of the invention the polymerisation typically occurs at the para
position as shown above (scheme I, scheme III). The hybridised anionic target nucleic acid
molecule may serve as a template, providing a local environment that guides para-coupling of
aniline molecules. Previous studies on enzymatically catalysed polymerisation of aniline have
shown that the polymerisation of aniline is catalysed by peroxidases, horse-radish peroxidase
for example, under mild conditions (Liu, W., et al., J. Am. Chem. Soc. (1999) 121, 71-78;
Nagarajan, R., et al., Macromolecules (2001) 34, 3921-3927; Caramyshev, A.V., et al.,
Biomacromolecules (2005) 6, 1360-1366.). However, the products of the horse-radish
peroxidase-catalysed polymerisation of aniline are a mixture of highly branched ortho- and
para-substituted carbon-carbon and carbon-nitrogen polyaniline together with the desired
head-to-tail polymerised polyaniline, which greatly diminishes the degree of conjugation and
severely affects the electrical, electrochemical, and optical properties of the resulting
electroconductive polymers. On the contrary, in the presence of an anionic polyelectrolyte

template, a water-soluble, polyaniline/polyelectrolyte complex is formed, in which the
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Bi omacr onol ecul es (2005) 6, 1360-1366.). However, the
products of the horse-radi sh peroxidase-catal ysed
w@ologessssati on of aniline are a m xture of hiBgl/§G2006/000226
branched ortho- and para-substituted carbon-carbon
and carbon-nitrogen polyaniline together with the
desired head-to-tail pol yr’?@ri sed polyaniline, which
greatly di mnishes the degree of conjugation and 25
polyaniifneds a/irgp;mﬂfaemmﬂ thépolgtlectralyeabmplatedtiv ot flentid84) supem dNagarajan
cal ertles esul ti el ectr ti.ve. .
et al. gg i, alpp{gleg tz1.la:2'$)051 Su Hrﬁ)e orgggmoétalq‘rg}? yamhne in the
complé?ﬁeﬁhﬁhs%ﬂ%ll}é@écﬁ@&Hdﬂhlyélfactﬁfl@ﬁ’@thﬂis @nostly\Wad Msnﬁd) IhHEhi—ﬁ);-’[all structure
polyanlllne/polyelectrol te complex 1s f
with mygimiahbxanehing payie/the Bay oy Al orBrioh > Se%tlve electrochemical
nuclelcpé&& Q{Uséﬁs??s 'LﬁteWtﬁF%g)fﬁE-‘&Hﬁglséd‘ ?enﬁﬂ&t%—%luﬁfeﬁ lsQhtheSc approach was

[late (Liu et , supra, Nagarajan et al.
apphedztmpl;epauﬂnghly @aciqe@phlewmhne Nagargionst als 4y supvy @d polyanlhne

nanow*rﬁrﬁo ﬁ())r{ t%?gc%lwlt %ﬁigétﬁa?c n%y %p\'lsllr'é% ﬁllf\y@trte{lgﬁ%&?dgakﬁgé{ilag%%vﬁﬁg 'tétﬁplates.
g gih‘g %gﬁér ﬂlﬁﬁ Itlvl-?,f te';( %)fér & ?‘P)e%)gg o[narguﬁ%le de]pvatlve thereof is

ng, evel oprent
selected| dsrthe eé@Iettmeeprehﬂ'mrr amlh:ﬁrn)xndhntﬁs eletted as ahc deactant molecule, the
bi ogsensors. Later

polym R ey ot Oy COLHRG et IRdosengmp L aP% subsequently

CMHUm&ﬁQg@kﬁvayghly ordered polyaniline (Nagarajan et a
001, supra) and polyaniline _nanowires on silicon

substrates by using fully str/é c\ ed nucleic acid as

gr owi npl at es. l" rth lustrative
exa e, \\f pigidzate O' |tagle deyi eof
'S | ecied-as—te rs sge | ve—pec or~an

oxi dantNi's sel ected as e reactant moNecul e 10

pol ymerisation may st art accor di ng the follow ng

Ij&(zég)i IC‘?IQ 3@?%@&0\0& %‘BFV@S chg ﬁﬂq]%ﬁf]y ‘{a}’%\lt %ﬁlaklicN ) cr)neoclﬁcule which

forms ASC(thlemd‘ylﬂm”&hﬁ iPdle baptiboey ejoledute, dppionilyc seraeges antemimite for the

polym 10p é)f ﬁ%e[ 8%%1'11\\12&y F@*BE%‘%I? 9&”@1}5\6}% gﬁosny conseé%ln,p Iae t tlﬂg fpoi\%lensatlon

occursteR€lusively\sieid tapet rtl@é atilendlesid.i vel y char geabl e
precursor. As a consequence, the polynerisation
C[O?ﬂlr] SIlneX@rthSénYoﬂdMnaitst hesuitabigeinitiniel @lay Beiadlded. An initiator is
nol ecul e 0061] In_s ne enbodi ment a suitable
senereflyirpRie il A OIS 0 A BFSTER @cqlsspeﬂswiwg&ﬂd conditios.
Usuall§f&d 6aﬁrals%ttfrbm@§a ﬁdl@ﬂ' ﬁ)@ﬁh&‘lstaﬁéﬁ ré&adiloBePRAAHIes bP4ltedpéctive initiator
Speci es under conditions. 20 Usually it can al so
includgr btoaxe peld ﬂl@ated p@l ym@rhcglaﬂmaﬁror,e%bu #h 4. hagggrpmadeqyfe, an azo
L, t 2-
compo?mﬁ €2 ? Eif%(tﬁir#@a@&% aP et'o §‘l§;§l‘ﬁ§at%g 'g)sgznb% Flfé% h ﬂeﬁoﬁﬁje tSmpound,
such aaz0 organlc peroxide compound Two illustrative examples ofa halogen molecule are

chlorine or bromine. Three illustrative examples of an azo compound are 2,2'-azobis(2-
amidinopropane), 2,2'-azobis(2,4-dimethylvaleronitrile) and azobis(isobutyramidine). Two
illustrative example of a persulfate molecule are ammonium persulfate and potassium
persulfate. Where desired, a persulfate molecule may also be combined with a thiosulfate (e.g.
sodium thiosulfate, Na,S,03), a bisulfite, a dithionite, or an ascorbic acid molecule. Examples
of an organic peroxide compound include, but are not limited to, benzoyl peroxide, cumenyl
peroxide, dicumyl peroxide, cumene hydroperoxide, diphenyl peroxide, bis-(tert-

butyl)peroxide, bis(tert-butylperoxysuccinyl) peroxide, a lipid peroxide such as lauroyl
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conmpound, a persulfate nol ecul e, a peroxydisulfate
((S03)2022-) and a peroxide conpound, such as an
wo@e@anissiper oxi de conpound. Two illustrative eREIPGEDH6/000226

of a hal ogen nol ecule are chlorine or brom ne. Three
illustrative exanples of an _azo conpound are
2,2'-azobis(2 25 am di nopro7p‘ane) ,
2,2' -azobi s(2, 4-di nethyl val eronitrile) and

peroxide, dixicstfyl gmbxlidy roa tri filiaregeetyl peroxide) bls(toriadopl@nybaaq:tul) perikide, ethyl

pgrsu a e ecule a n|u per f.at.e and
perorifl, P SGRPHII! pRFCHFal LoD RS Peh DUy dRGTifRpide. ertbury
hydropéﬂbﬁ‘@dl hehylBydrd ét@xhl% ENheR dxydtdﬂ'er(ﬁuddj It@ﬂlhﬂrf)ﬂﬁa&lyl pergxide, 2,5-
i um t hj osul fate, Na2S2CB a bisulfite

blS(l-raﬁthﬂp@m)tﬂéenyam%%@é&eb| o hiimpbp kG rtusrimehyeitd)-2 g dioxebi-
cyclo [?Q m%&gnénCS RIE A gyﬁﬁﬁ)efd%ﬁ%o unghgi ngl luﬁﬁtm@%ﬁetﬁ&ﬁl J?ﬁ’éthyl 3-phenyl-2-

per oxi de, cuményl pef oxi d
propyrgil c penpkidser Ax ml!letomltm@n esuphdraspelipaiyle  kegingh e¢?}11ph0fqum0ne 1-

(bromcga]cgtgfblg?]i%h%,u' lsth()éﬁﬁanc a%ﬂf X#] gxf)]?faggr ALt naagf hkevxilse be employed

rOXysucci

g@%%ﬁ%ﬁ%ﬁ%ﬁ (g&% eertggc(gqugﬁ%ﬂggéég‘nensatlon or in ¢ in embodlments

where ltltd IfehcnmtomiectMé updsr gods dfslugglsh(reaotlodpqatmtableazamlydt )nay ﬁ.lrthermore

et h er,ox
be proBiied s Flseatin anfiBate b Eoncsr) BRBSTMRILeS vef pasugtpetude, bu
are nohlriﬂﬁt@@ 26,01l ea métdd Halify éiidhpﬁr@fhlefhﬁi chioyidt @h @xttal bromide, a metal
hydr oper’oxi de, trifl uoroneth perOX|d$ ?
sulphags, gpd alprgmwlpqapqﬂ,q SIHBISYIONHALS eéogéi‘IBR leg et su1ta’b e metal halides include,
but arg’ n% (lilkrgl%ghtél i Ferfoldl $AI#ge] & %o%%ldhhand% 3 lﬁjth%ﬂl?ﬂah& e.g. lithium

oct-7-en-5- y oper oxi de, and
chlorlcb:— a cbppetr tretidey leet hybpperkhalide-o3 ap:hpp@r(ll)zhahldp &wshrgsl CuCl, or CuBry,

om0 i P L) 3 SRS Db 5 s

chloridCéuth aSrMﬁCIlzu naiighel dalide mi:h dsthﬁM setifaaivanphloyidel such as titanium

tnchlo%ngp g’ﬁ%}l;@h an gﬂg ?JIB{IEII%HI I | el&r@m@%@%l 3? el"avgctv g}ﬁa(mples ofa
su1tabm&§1@u@pﬂdfkdl@é'm%d®lﬁmgw}fé¥b the ataly@is . %woirq%hﬁd or a powder,

catal yst may furthernore 10 be provided and t
a respeasiyecatetyshias dor examelelpaddad toHBY é@téw%(f‘dﬁ‘ﬁmé@ o which the PNA

cap‘cur?re q‘bgl]e&aglllk g.ging%glﬁsegytlt A . a@l CKL staikct €6 taRded lafBE theapolymensable

as a orldeorarrea

positivetyo whatgeabde mczmtsor shals pitsactcn}a,te(hnd tlm oen‘g)}we fermednbetween the PNA
enzymne-con at Ies f a I d

capturp ﬁ’&‘?ﬁﬁ%llée gjﬁ é?rge'h{}’llc Crﬁc{dgglo? g ferr uI;O?Hg%@llldd &0 be added

togeth€r @ith ftlfd feattanchblzcildear sabdelphidtitynthbata. dbe oatagyst hialyffbtj instance be

chl ori de, a copper halld a, co | i de or
selecteg 186]5%’1‘ PRY fhab e rgectantenplesle éﬂbﬁrﬁ%@ Caig
hdenum hal i de such as MbCl5, an iridiumhali
JBsTols e e e YR SL an SRR PG d os @ catalyst
any er%nﬂezmaﬁ‘ b@'L%'é@'thzi’c%'daﬁab%l o cé‘t%lﬂn@ltﬁe Rlfrhéradtisiof the posmvely
oride such as titanium trichloride (TiCl3), and
chargeablﬁmrmumrhﬂnq eeymedety s instanee AE seleetnd 8 sush 2 wapthat fhe reactant
I I Bhadenk
moleci TR BBl o B¢ HAMNE PRI SRR BnRCRY i Bhiyme suitable for
the pupposekesf, the preses macantmn; ana»(aloy@tuctaacy erﬁzymeanayr’m selbféed Examples of
to the det.ecti.on, el ectrod ich the
an oxEigEilE SR ERF PR o O Ry © PR HED ap idases @
dehydﬁ%eﬂeﬁ;@ esmehb®lygbhRe POhyiBL e @oxp@siatd, veh Yiydrogenase.
chargeable precursor has associated to the conpl ex
f[O()mdAb@éspaﬂﬁet p&oRiidse e@pimy mayohf@c ilsemanchet hehaem peroxidase
target nuc

ic acid nol ecule, for instance also :
enzym@eEggg@@s of a haem peroxidase enzyme 1nchr1?e but are not limited to, Borseradish
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together wth the reactant nol ecul e or subsequently
thereto. The catalyst may for instance be selected in
WGEomR/0m8saRYy that the reactant nolecule is a sSuPSL/s@2086/000226

for the catalyst. 25 [0063] In enbodi nents where an

enzyme or an enzyme-conjugate is used as a catal yst,

any enzyme may be used that?2i s capabl e of catal ysing

the polynerisation of the positively chargeable

peroxids€C dytooliromthe pepyidesayaglufatiione gteemidasbe nyylapetaxidass, thyroid

B e
prostagddayiTel $kiadd)| €bdcdrial chialapepROsRIasOfuchs Mreededatalase-peroxidase,
I nventi on, an oxi doreductase enzyne may b el ect ed

. ) . e .
M. tibstewpsie scalasseRvidaseddie deicavidese figgHe i AEIBaPeraidase, lignin
peroxi(?sﬁ gpatnt | 4s88:bad f)é}oxﬁla@rHéélﬂaélﬁorogero%ﬂag@sﬁmanéanese peroxidase,

eflydrogenase, a nonooxygenase, a hydroxyl ase, a
stigmadspexifigepereridassy Fuphythio qmasdas (@06 Peroxidasepdetirapeyces ramosus
B S O A e ——
chiysogﬂal'm inaggandes-ddpehdent e penixidaser tledirhal, diards epadtidise)\Cor any
.200

8/ 0188 PCT/ SG2006/ 000226 22 per,oxi dase, .
combiggioRcHPSHE FABH O AR SXGHG CHE S S Gt dsg ot limited to, the

oxyged Y RUARALALE BRiR0sd HYitiRed 1acRRE BXiddS Pyruearl Jxadit, tyrosinase or any
per oxi dase, ["act oper oxi dase, ascorbate_peroxi dase,

combinsiopxthersef. ) Tespreticapiranidrie FNZYYIR HaY @lsogd® actadrhagm peroxidase

enzymg %{J&* ‘:ilss?6rgﬁ§t%eg§8&o§&%id§§e§ﬁw@9“ .BPO-A2 or BPO-B, the non-haem
catal ase- per oxi dase, tubercul 0si's .

chloropatatiasefrpar Beeudas enasofiudasiers, cirdibs rfonelgiemn extracellular peroxidase

from TGS Bae B AT A SR CREGPE P 5 Rad g Shzymes may also be
used a@éﬂﬂﬁl ASIRES ae@ilféa.sgls inSﬂlhgfaiv&pﬁainble@ /&lﬁfmxzﬂwds‘mhite-rot fungi”
uphor bi a_characi as_| at ex per Se, . romyces .
produces, Hgaiigmodibiieg Peftacelvlan Frph e Zﬁ&&ﬁ that rl%‘il?‘gea@g Ry dase enzymes
(ligninﬁi/d%&@dge BEJ it 1258 dase) 20 Dk RIaB@ 81 m QA SOSRIO d4Fdase enzyme aryl
nganese- dependent peroxi dase, lacrimal gl and
alcohop emafma%e,esmctlmyr_udgh @gﬁﬁa?ﬁb et ysed é’éfi 9&5&3%}?9 n@:thod of the
n l V4 e Ut . ) )

presenﬁlﬁwg%/oglgﬁ?' oaxél?)d(glg@e#@dc c'asl’e(?t ag'l’ %E%&%mlg% ga%l g% ﬁ%c tog%ne 1@006) 9

3, 19103 aBethep ykanplee obsiitdde catalysssinclade haematimy (Curvetto et al., 2006,
combi nat ihgtg thereof. A respective peroxi dase enzyne

supra) ﬁﬁ@g%ﬁn%g a non- haem per oxi dase enzyne such as for
S R TS 0P 35T R bR 48 6 0cEs bl and

the cathlysolk @9ERI&disI0 Ipetdi@dazenHbize mdisi pawridast his greviouslgasen reported

. _from Ther nonpnospor a f%l:%l)éca BDZ?. _A&Isecr.et n Xlt %e or lecul

(Liv, Wi, cbgbor defmof hapz3ace14TeY ails 6148 Nastyay Bschal, Macromotecules

(2001)0324, a.’;|92§—t392\’rbetroec"a@aq§§er 66 -oxftfti?8 pblyntteishtidn ¥ParikACRI the presence of
the so-call’'ed "white-rot fungi pr oduces ) :

the ox!idagrl ihyidueget myiOﬁgiee@IzQabeThllmﬂyTJ@nym cpLpbsp phgerried r;lt in the
i.nc We! 0 enzy - | X a

o HRINNI B U HATE, 0 BB BedBOR RRBL A ot

Nanotehinddge (2005, ar324-1520% oho knatkérdersboditiente $pe oxident is molecular

. . | i et h f
onyeef U St R e B B EPI b APAGY Blocese ¢
hirsutd has Ble® heFﬁ@rfe@I tENDsHRerd flﬁ%h]dﬁuélfb@étidtﬁpféﬁabili?@, thah Rorse radish
ur

191-203). Further exanples of sujtable catalysts
peroxilase| wader #radiswenditipayin e melymperifption opprline GigamysheygA.V. et al.,

Enzymf3 ST Technology (2003) 33, 5, 556-564).

[0066] In some embodiments the catalyst is in solution (see Fig. 8) or in suspension. In
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[0065] In one enbodi nent the oxidant is a peroxide
such as hydrogen peroxide, and the catalyst is horse
w0 2008 I88pEr oxi dase. Horse radi sh peroxi dase haBCT/SG2006/000226
previously been reported (Liu, W, et al., J. Am
Chem Soc. (1999) 121, 71-78; Nagarajan, R, et a
Macr onol ecul es 25 (2001) 323 3921- 3927) to catal yse
t he oxi dative polynerisation of aniline in the
some eﬂ[bbﬁﬁﬂﬁﬁs te catdhﬁt@mbmiqﬂ‘dd ﬁbyzd detgetionp@obx i e c(d’e@ﬁﬁyl probe may for

i s polyperisati l.so be cayried. inth
examplgrhs J0Roe (B SERA DO PERCR TR tet SeTath b i tiattol (b Bofuorescein or
a ﬂuorés%@@ctfir@fén{f Nh@lg €h&blinB- an&dptidhl contrbpAREREGNEI g Wel(lﬂﬂl@é)presence of
In another enbodi ment the oxi dant

the catghysteEhe é@tectmyﬁj@?ﬁ ey lsa e atdmecsa@ gropspupleicag melecile. In some

embod engs %ﬂesga gﬁqs hUR, 5'0? gﬁ‘l %Bﬁﬁlkate Ltécxﬂﬁél? aldetedtlon probe
been re rte 0Ssess |g er

nuclelcnﬂxﬂd aholendt istcabpled:t Yhe Idawctmﬂ smhca@cbﬂnc apidr welegalsemay be any

nuclelc ?)f]glcl:l &%gﬁ?ndl L o S a eC}ut §|t' lel'Ii:IrEﬁOﬁ@ 58«2}1 QJ about 5 to about
100 bph@@dlpbh@dlel&'@ﬁhﬁﬂd)le@ne (s%ﬁ? ﬂh’ﬁ);t Bidtialb;, co&ﬁﬁelﬁ&{tary th @063t alportion of

the targs:t pcl&?‘,og%gmﬁgﬁéqégeTﬁgtdwt%bé?@%g gé'gclzhugsl oHac(h 8 to tlhg catalyst,
hybrid{s&s" (0%@%9][9&4109 BeAfn AhSarR: fikSEI RN FelcRefiEMttAt ¥éitioh%o which

cou a detection probe. The detection probe

the cagtore n@elaprmcei peolecullerbebridisest Acgondingly,fhe dsfecHor grobs élrects the
catalysr? t%e?a[}g ER%?@ dlci 5@955@% di8s i(t eto]c | uorescein or a

pro us ena | ng an optical control
t I t 1
[Fﬁlﬂﬁx A {%I dg%ﬁ)ecfr,/ 2!%&1{6)‘ rﬂe“%dg g&ﬁcge@tgcﬁgg Imeagtt{%eenﬁgé%'d)e’ AL an example,
an optmaﬂcdlaéeomoacnzy mtsd> be lplelet"ornhed srornbaficed iyoneansrfaint dpgically amplifying

R T

Acad. Ske F@ﬁt(eo@)s)gmz? BYI3O; maszloed 3. ?gled ah;DI enml (éhewa)Sobe(Zaﬁ&') 125, 896-
nucl el ¢ aci or an n or exa a t
900). Apa durthesexgmples g4 18%1%’%1&{3 ioghgng My, ? ad eo‘@“g’b"% %&Bﬁes its color

and ﬂL{b‘ﬂé‘s'cgﬂc% iAGhpaBLRE W §1ng§ sitanli &PSt dRBI-dtAnl¥d nucleic acid molecules
onpl emsntary to at least a Eortlon of the target

(Ho, Hn@cletealc JadindChehetas €00ThE27dé6e2073n1376be, which is
attached to the catalyst, 10 hybridises to a
eQ4$a Fhe/eolpaerisasien st thepolymenzablappsitaiely ghargeable precursor forms
e ] t Lyr
an ele%'trggog{dggtg\é c})%nf%fx%c ulng z#egﬁ'}( & ‘éﬁghé&; Cag%{r%gl ﬁgﬁlp ytH tFhe (electrostatic)
associatneof ithwn ppmesdblleepnsthebe chmahlggnemmsqr hte ther gmmplex formed

vetwobuchf o1, o0t SESRGHE' Sl Yad DEERS. bR Heid "B, i
electro@BﬁHt@ﬁeéi ponedfs HxEWRE essocmdapm dal coﬁhqilec fomied me;ween the PNA

| so be perforned or_ enha ce ns of an o
capture,rstlechlg g thedargggrist 86960 Wﬁ? g presep, fiyepBrLflie Hund tha
the el@di‘x%rcgﬂfdlfcﬁ@@%foﬁm&yg ﬁgﬁaﬁl M bBul to Ghe adetectibh Oélectrode For
. Acad. "Scl. USA ( 5) 10Z, 34-39; Caylord,
exampl emenswerashmg mdamtermabcyoémg@mreaf@s pregige 9@99tlceAb,lea>11anges in
subseq&g@églect V&,ﬁﬁ%ﬁ%aﬁ me%sﬁ%ﬁateﬁt@' éﬁtem pl?&@l‘fer%%(ctgﬁs washlng steps

ange S co I"'uor escence

and additfonal @eectivg mfathsdsn glcenmy rthmlﬁmle be pdrfuﬂmh@l Fhe @i‘mt&dactwlty of the

clectrahioits 3o T essbi o Siiroa il ceuiof i puantifcaton

of targ Ihﬁw@é?& IS &ﬁoﬁ@éﬂlé&&s%ﬁc?ltaﬁﬁd ROtéTENGwiakl e positively
chargeabl e precursor fTorns

[0069] The electroconductive polymer formed allows the transfer of electrons to and

from the detection electrode. The electroconductive polymer may for example include moieties
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an el ectroconductive polyner. As already expl ai ned
above, due to the (electrostatic) association of the
woiogiesssxabl e positively chargeabl e precur sorP€DSGH®6/000226
conpl ex formed between the PNA capture nol ecul e and
the target nucleic acid nolecule, this
el ectroconductive polymer i2 |ikew se associated with
the conplex forned between the PNA 25 capture nol ecul e
such a@fighdiibgaltgowst (erp) ahne ghotips) that a@u:iapabl&'fmé apcapdiap tand/or donatmg

b i LS et She kS ORI e oo i

2A an@lﬁgtﬁ@qgr jIfRfratiRX afii e S X VAR the dleshiangiuetite polymer is already
ential cycling thereafter groduced no noticeabl e
partlalgrfang@handﬁ he pelymetisriion reacsionsHH vaninuSs, SReAons BrRgdesinstance also

be tran\é\gﬂg'fe% f&nithed ec{r{)ﬁé DRk & ?!%%Qﬁucﬂ‘@esﬁélgﬂleﬁgc?ﬂfe %ﬁﬂﬁjnt during a

tional de ec met hods etc ore
polym@maflom membtior fag 1Htsétaterdohxctexampl)cs of st:h@ll@O(I) to (IV) and Fig. 2C. As

i) GG 1 RO EL SR RRSIR B i b he i

may fdr dh@atce Bb‘ﬁép?do@db lelbctiohLRohabe aétec&mbmcnedel n the
foll owi ng. [0069] The el ectroconductive pol ynmer forned

30(1)71)}5'1“ Kehrégeanshentioh esctusenshé odpnchic f gomitdeprocess of an
etection eI ectrode. The el ectroconductj.ye Qll Xmmh rmcy .

electropgpdusk¥nppIEIEhas & HeaRbIONqlR SRS 68 Fplal dedfhomiehl signal
A long@ We@@g%ﬁﬁ&%%mgﬂgéiéﬁe{myaiﬁcﬁlﬁ&cﬁlbmbleﬁéﬂlépé flfetidnal groups

am no groups) that are capabl e of accepting and/q
such afopmiingroupsetet gie denshle yOf aeeptiag |8@W0ﬁgdqu@§ng| @thﬁn density.

A6 03l BV e B, PELECURASS Cosnofi e now of

electromk dimint/acithe detdctioe efpotrydee(ct sgaFllgeéﬂyandpi"agt 2RB). |Ays entingd above

s 3 B B R 0 a5 B by SR M Ry rrmor

includé bearRh@CH T Ry ld%glteB eraéle? Charofmcy plifelselinedr pigduct. Suchebranches
oxi dant dur.i ng pol ymeri sation reaction as ¢
also amplifjerizealedneljdiag @ lssron e H"éﬁ%‘él"ﬂ%m%“g( g5 of fhye polymer (c
S8Piypially | Mot fR8 63 b1 CldsaVely chargeable
& F?é rgrzo(\j)zg frﬁgﬁwﬂt he “gr ow ngopol yner cﬁgl}ﬁ&tgls the15 gm dayntC e
precursatyassoniaten st ane targe nushiiceed myleeylectuchibatt mliplngolymer chains
et ectii i :
start ag I, &0 lﬁ %}égé S&Ctlélg %r%%iwﬁlﬁpezgﬂreogfgg éﬂ%s%ﬁgﬁfvefitﬁp{‘?ﬁﬁls Qclhfsssa highly
efficieft ggiial amphﬂcmtdn\aadpmh;dueﬁommm means to both generate
and anplify an electrochem cal signal. A |Ionger
06T1]r Beransktiei poéyrpexi :ysmatgé neitixl tayget mub]@d:emdnm electroactive, the

noi et i rou as a
L T L T e
the saﬂl@[bsbdh\(tion At odibigidtion o ﬂlgmgedfﬁa@hwpfﬂmﬁmfoal kyidbddeposition,
her capacity of_ allowng the flow of electro
and elﬁfﬁt&wgﬁ@l%éetacéw@c@%helewé élthdHeVl(iE% a gangic ﬁ?tjomzﬁ\o rfasensitive
detectg)!ngof aleic ’%%1d§eﬁﬁftﬂé?§1@r@ttﬁé’ %at%@t&sﬁﬁ algatine nature of the system
I'scussion in the exanple owWw), the obtained ﬁ[
causessihk Isigngbiociattegsef with frearensing mpwhaltlgni dintsy @f@mnxpﬂmg ssentlally the
var I |
st {55 IEET Syl Nt MIBLELA AN R s ofresco
moleculécbndjpﬁllgnﬁhgﬁb&i: Préduesor t(hc&: Fis p@phndlempr@\ﬂppljpabtﬁ;isth@famount of

t he pol yner Furt re typi.cal l
catlysighaht RHPTbrS v e leibt nphkian beto) ARG aif R sighal and o
lower BE@EM&%H&@&O&% ai‘“l%SSE)rtIﬁrﬁﬁ e Hdd@b&ﬁ’éeﬂl Wel@@) £h incubation period

nmol ecul e, such tThat nu ? Iym&*r chai ns
of 30 minutes was found to resultin a detectlon of as little as 2 M target nucleic acid molecule

and a linear current-concentration relationship up to 2 pM.
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20 start at a single target nucleic acid nol ecule. The

present invention thus includes a highly efficient
w@@salssanpl i fication and transduction route. PODIA3006/000226

Because the polynmer associated to the target nucleic

acid is electroactive, the current generated fromit

neverthel ess directly correlates to the concentration

of nucleic acid in the sanple solution. The

qoo2] natéoadingly, Hiegiteyrreddei ofi agpul ympetisatien icza be detected by way of an

i ded-deposi tion, .25 and el ectrochem cal detection .
et uBIeEE PO TS P PASETa T o0 (e aEr G dpus Aiso includes
perforirlg #SQE&HIch¥Ricali@bfotdn@it of thdeleetich éedtetile (see step VIin Fig. 1B).

Furt hernore, the catalytic and cunul ative nature of
An elqctfeckspicelmeastieseant peeording fathe gvieption ayY ipplpde a measurement of
' L BBvd1RGEDRYY ' i§80Rla BY used in th t
coren, A28 D RRLRE) B0l RES] R BATRY) Rt i e et oy
other ko eif dlot prdsay steentiom Exampdesofnciude, tuormnet lohited to, linear cyclic

k) Pl R R L AR, SRR i s
voltanGRéta} W& alteinithify ayehenvltAsmetry.€Bid ¢lecttochemipal measurement may be
i AT R PRe o prevees o e slanel 0 o
to the BreROM nftRIREST thO B e RRIOWe sRdwi HCliBalel 8n@er i od  of 30

i nutes was found to result in a detection of as

| fob¥3|e1PS pral MhibckE8its, THE LRk oBRirkd TDIHRE b@pardd € that of a control
i near cudrrent-concentration relationship up t

0 2 pM
measuNmeyOiB/ @@B@vaeqntsv@m%ur@m@m%NAz@pm@me%ules unable to bind the
W D | _' (S1] ]
e 5500 o AR 87 S50l RIS ST oo
PNA Tipgurpr mekentleniet$ BN Aoimdlénmlé hodngizosequanss adiscomplementery to any
. perform ng an, el ectrochem cal nmeasurgnent.. atqyt .
portiof 5 4B¥ FispeLaRbiets G YT (8 O 10 EFRE i) Wige two clectical
measudrB&its, OGé) eYsasiple" MBab eIt nesaktieny diffei e suok entwaynthat the
. may _i ncl ude a asurenent, .of 5 current as ] .as.o
differepigt iatjecen Ay va|ues CFISERINT ds B HARY a&rﬁﬁyﬁﬁ@ {88l value, the
sampld BRuRb:P G in& thad PMevaat Rfset MaEIBRG R mbleulel esent
i nvention. Exanples include, but are not limted to,
| j00®A" £ ¥§ihé embY¥@inieART el MethddUS desi¥dsinVakh AN that a reference
normal pul se voltametry, differential pulse
measuyesNers e ter JoatveeTaent dpha@tPHech FrEm tuglsiq agifrarqlgoulerpre performed
. (0] y . 1
sl GhSEAP TR Tk TRESHO ST Bl U A ncaront
with &lcentrolontedivine ahd retther eamen tignea e oredsurgmenttOwith thiesample solution

expec&ﬁ gt%gggn[tzg]gt?tg? :ilr%feft %‘g‘ﬁ%ﬂg P%e‘ﬂ%(ibg’,g réerﬁ?ec%esd? ﬁ\é\ge\%igg,s% %ggpgétnge control

measuddth@itigith b PN A apayPaledlet that Ratot @bmledmntaiplio any portion of the
measurenent. In a respective control neasurenent P :
target GREkelF A1 Bl G EIoH BB P TR PArE! 10 & UBERAERCIOE detecting a
target AGéIGict-Ridifodeligct ed may for instance be used. An
exanpl e of such a "control"™ PNA capture nolecule is a

A67 8P ITRE Wr&ehitMie d 2l P HIMGRE Beteting RIGRE GIIRANGHY drded nucleic acid
any 15 portion of the target nucleic acid nol ecul

e,
molecpilse sinuilignequisly, 08 canspomtively dp. a |singleaneagpregeat: t Forcfiyis purpose, a

t 1 . n - n n o n
s JETFAPANT oL B il §20A) RS brampe
used, wheresdififetent types df PN Agmpatre moldrates aeaoh of sidifidhnexdiibiting (specific) is

capab gqgfgli ol 9&11\%/1; l&ggf #%gleaepg%ggl(g' aﬁgllngi%{hlgg _ta%ger:ltrﬁlicpe?g aéiﬁemolecule, are

immobilized on the detection electrodes. Alternatively, it may also be possible to use a

plurality of detection electrodes, each of which being provided with only one type of PNA
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[0074] In sone enbodi nents, the nmethod is designed in
such a way that a reference 20 neasurenent and a
wore@sissaent for detecting a target nuclei c acPdI/SG2006/000226

nol ecul e are perfornmed sinultaneously. This may for

i nstance be done by carrying out a reference

measurenent only wth a c rol nmedium and, at the

same tinme, a nmeasurenment with the sanple solution
captureepipreiled to contain the target nucleic acid to be

detected. Likew se, a respective control mneasurenent

[0076] aheNAethag tavecading| te thié dmtehtid)n nsyrist caned beiney tuaing virtually

to ortion.of the clel id nmol ecu
any gy arBeariat B (e P meliE feiffbhany Fhbe Hectrode.
Such adAK&EHHE ﬂrr&gehfbhﬂﬁéuaﬂ?‘ falsﬁllﬁclﬂ@dz 2] cBﬁﬂt&C&lbcﬁtrod[e(b@Kﬁdll dshereference
present nethod al so a

| ows detect] ngl ? han
elethOti@rEléﬁ defgeting eleaEods may| ke al consnignalape sqﬁ%ftrafle gold electrode,
| {
silver &Q&ﬁgg;&é y 6 ér& e&c?‘g?ée ﬁlgiﬁg ﬂlﬁ?ﬁHfﬁ{@ﬁurPgt%ﬁtﬁlyéﬂgéaﬁbon An electrode
arrangetaem cthatcmnqmsc theodetecting degtode ey @lb@be armynmm silicon or gallium

be 3 sed er e|
s R ERH S5 105 50, £ EL Bl YReE 8l B s, and
which ih8s seRpaknely Beeh Whuittdiesl tyg nteanabf Icem&innanqidrtha)grmp}ﬂé aad etching
particul ar tariget nucl ei ¢ aC|(§ nmol ecul e, are
|

techmqq?ﬁgbgqnie%gth@ﬁ QR AEEMSRUR! ect r odes.

tive al.so be bl e .t .
A P mbaascatint o becurabByenacnsO Ny Seqsingqpore than
one ty% SAndRAL ntultaRidyly @R @ohdéB@ively N siNile 2QASMBHEM3 Bor this purpose,
/ SG2006/ 000226 26 capture nol ecul e.. [ 0076] The
a substrefe lsorrpEBIaE BAWElib00E ¢lectiods srangrmenksy apdiselased; lé?aela @pay be used,
wherelpydlﬂ“éfeﬁg t#e@ t dfa&{ Yure E}ﬁé’legdlgsc PR & rafhiRR Q&Mné‘ PeBific) binding

i ncl'udes a detécting or working
afﬁmtyeIfexcarp}mncularSamzﬂlytartoebaedeuecidé mermgebihmd dihble}%&mé@ﬁ of the

1nd1v1dé.1 E‘EIF%B‘H% a%r%ﬁgérgéqtg?ﬁ j tltr l‘\g'%g a}?g;oﬁ({sglfb%r fo'fst a plurallty of

electrode nMemige@B@ts, kedhalof eWBmh r bdﬁg (jgovide@ | with rade, onesitfpeenf capture
el ectrode etc.) or an el ectrode nmade from pol ymeric
molecgs-eri al or carbon. An el ectrode arrangemsnt t hat

C rise the detectin | ect rode al so
JPITRE R Sxangale) 9f i elektiod Afran STty hish 197y e gt carying out
the pr&@xlltqml:tﬁé/& ras3nll & &y dtE@Mmethbd bélRdrdiay & tHedMeedt®@)is a conventional
lied, and which has subsequently been _structured

mterdlggtatnéaﬁgctmdec ek PR tHBHLHpRATc Pamaded cithga mblrahty of
e G508 I4FR0LE, RERR LT SyRY Clf DA TSR, or ol

i nvention
detemahaimnalAm)merdBalﬂc Elmgodmareartghmnnt isras eﬂqcpygd@ﬁrrmmp‘em the form

I
ot it GRSt GRUSE DU b o sy g
a goldf]laj'lﬂr Whakhitly élﬁf ca@hgé el ardapaige o biglimsthdi ma]ly&se\de 1mmoblhzed
erein may be usef erein different types of
belng@ﬁﬁ?@?’é%PMFt%lde&’fm of whi ch exhi biting (speci fic)
nding 15 affinity f a particu anal
Jof B E%Fr sthasotf | 5 v Bitonn Bt PRBuduiang  qf the detection

electrdd@de\ YlhéiH@l a&l &ebfuPél enSE A URiTEHs S nAbTeBtidabédiRhde that is at least
al so be@fosm ble to use a plurality of electrode

pamalhw o lranterpatior at thedareghnusteie agid nqdecls. ddés captuie giplgpule may be
any mic bR Gs ?Jn CARt }érc%pable of hybridising to at least a portion of the sequence of

the target nucleic acid molecule. The capture molecule may for example be a DNA, RNA or
PNA molecule. A respective nucleic acid molecule may be immobilized by any means, as long

as it can hybridise to the target nucleic acid molecule thereafter. Examples of immobilising a
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nol ecul es. [0078] An exanple of an el ectrode
arrangenent, which nmay be used for carrying out 20
wao bh@sprsssent nmet hod, as well as any ot her net hpdI/SG2006/000226

according to the invention, is a conventiona

interdigitated el ectrode. Consequently, an arrangenent
provided with a plurality &/ interdigitated

el ectrodes, i.e. an electrode array, can be enpl oyed

nucleid avid [paptatd mloleanlerhave iapieady tedneexyilain¢d ebwve. Asat figther example, in

usabl e elec de arr enent i s, an.el.e
cmbodifRcals HEREAO AR QPotrs 256t éﬂ&?fﬂbﬂﬁ?ﬁ%g%‘iv“i"{%l’ound such as 2-
dimeth{ahfiRodtBarfei e BydrbeHl o Widye be baovhaRhd m% Nehkie@ oot Swedte of the
as, for exanple, 25 a gold Ia er _on ich the capture

detectipm| dewrads. cipnbnedifeationn allews tm@leam guolgges 10 bind through

bei ng | ocated on two opp05|te side walls.
dedﬂ%%ﬁgg% ino er nmethod of the invention includes

mggﬁ’ \l‘/héllengleﬁfédt hﬁo&ett [ iQB n&dl&et hadec %)tﬁ‘ﬂéc I®i16cule may be

capture nol ecule that has a nucleotide sequence
1mmobnllnmd dnsthateldcrads. Thpﬁamay o1 Iylstamceabe flesired imoxsier tq bipadly screen for

the prersr%}cg & SI ge %n ug%(')u%lé% s@l% t%d l%i:cuelc?d se@ﬂé@ceﬁ%ﬁ{dy {g{éyi atlsoi bse desired to

nuc el c acl
allow ﬁ)&ilﬂ@élﬁmﬁﬁnd@)ab ot dd)r&lemglvtaoieadctlble a$ tliffer@orahalytes (sﬁcl‘t hetwo or more

uence of _the tar.get.nucleic d.nol ecul e.
genomica NN e A0t 9 dhen ﬁ?ﬁ gg&\l fﬁ&%\ﬁm é"?‘BJ@’ HOS Paﬁl‘\ﬁﬂ?fr pggf capture
molectI®! BGBhR: efbJdRERAS LinMRr 'ﬂH@lle' deidPdqtlentel, %@'aemﬂﬂ)érbﬂ nucleic acid
I mobi I'i zed by any neans, long as it can hybridise

sequengces thab areapajtielln ot ﬁléqStanaéluhd Cﬁ@pmﬂn@w ﬁ%ﬁé&*ﬁp@ﬂ target nucleic acid

e BT 5 BRI 5514 ol RERABRRE o g e rspcive
target hac.leicaictéamﬂfeobbe Wisete Idasiresl aaﬁudhe' sefh@tlaltf' umayhleg introduced by the

e

setctiyt BF hedineloie o SRR 1 088 aPBiea 6 M bl sded g betow)
FurtheAnord] e tthigl Mt ethb afeedchion! oﬂ‘lﬂﬂr kaé tdrgetenumsic bexid molecule via
PN NG DT DR TR AR SETTL R s
molectlB] ®hith &ahiRed 'tHédllﬁe}ﬁhQ&(th dée&l &eh ra%‘évaédpi‘es of a target nucleic acid

I nteractions. [0080] Were desired, nore than one
molecylgen @samplei d capture mol ecul e may be immobilized on

the electrode. This may for instance be desired in

deef] K ds pndergtopd ébate@ﬁ gogre oxplangfians oidle respeintp 6fPNaA capture

T
moteo BB RENEE iy ' AL BB BeaT TR i imvention
In the tightseftthe idvtaildcbeaﬁanadnns)bf thefpresriews mathafl pf € ioyentioas explanations

.. _two nore 10 each of t
with rqghf, Y S e EREY oF Sre Ben i o rontedf L e egygon thse
two me@b@sul e. I n sone enbodinents simlar nucleic acid
sequences, e.g. a nunber of nucleic acid sequences
t[be82] aTlee @ﬁdfséﬁtaﬂnbﬂio@ ralsou rgdhaies icﬂhtaytmg)mhiﬂ darectiar gletipode with a
selected targ ﬁdsn cleic acid nm ec

soluticppfRSEIe e 5 e g BRASHCENE FE e (Fob - siep T, and

allow1ﬁ§¥h%°ttaig%9nﬁaﬁc ra@l%ﬁﬁ@l%bﬁl@ to B?Srﬁﬁﬁe faufé ﬁh&e@chlcﬂi capture molecule on
nol ecul’e. Where desired urther selectivity m

be
the elachiodotsae Bie. By, step [k theseloy: allyingfthe Fumatien ef & camplex between the
nuclel{rgéelg %Eg@etﬁrgﬁglgahg ?1%(}]%1?: &%&éﬁﬁ{&f}‘e@% %}c‘?d H&gec%[y@fr%bégé; ed

nner: t he

46685 §M12to HREARRARMAR SGEHBLCAIVE, A6 Hedtl BfeHloR HéRincludes
adding a polymerisable positively chargeable precursor (see Fig. 1A, step VI). As this

polymerisable positively chargeable precursor has an electrostatic net charge that is

complementary to the electrostatic net charge of the target nucleic acid molecule, it associates
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di fferent recognition sequences can be achieved, e.g.,
the 5 - and 3'-termni of a nucleic acid nolecule,
waokioshissehances the |ikelihood to detect even BCT/8G2006/000226

copies of a target nucleic acid nolecule in a sanple.

20 [0081] It is understood that the above expl anations

with respect to a PNA capt #e ol ecul e respectively

al so apply to a nucleic acid used in the present
with th%bim@téxd’brrhdf&i‘bémv@ﬂﬂlb ancleiclacid dapturé giolecoie andehel targeit hedeic acid

anat i ns of the previous nethod of the invention,

mokmgigpgﬁmve W t h regard to the present nethod of the

t[@jg Hl}%gﬁgsregtg%g %@%l Lﬁiefésaélﬁ{]n%ﬁ%lsb %IS% g&ra&e molecule (see

Fig. 1A nﬁépl@@)s AN§BGHratd ndlb&ul 681a9 Hel @Bd €h£GE kGitd]S b sﬁbstrate for the
sol ution expected to include the target nucleic ac

enzympnyp@c@p@ alq@@efo;:iegamglp@) 1t prepgnt mg{hod. Ay Wl}yétr%thvg example the
enzymte"ilﬁ g Flidas@E lf b@ndPa Y& indtgddse. fah&ich embodiments

nuc capture ecule on the electrode (see
the suuétrgte wun typswaib/ hd 4 peroxllderléthbyqukldﬂﬂh?g cahat feastriaicsraipfdegree, be

disson G G FRefey SoERT el AU RS o ARk U TRATBHE cuch as an

aqueoUsOédddjonSiniayt 8& sed tif Ethé Ipreséntnﬁtzbtﬁd)rﬂ éaniphsdofibowiable peroxide
the present ne ho so |nclu es . addi

1nclud?, (hu)t, s petimated to émr%geﬁr }é%%lg&r megqeeélum peroxide,
calciur &ro;&ﬁ\e #ihe Haeyd)alde A&ank@&lsperé?ﬂhé( NBirh &Rl | Reriage, t(ﬂlﬂtﬁh}’l peroxide,

ch arg eabl e precursor has an el ectrostatic net char
diphenyh a@rorxsie bintisttdrsylperoyysusciniy neraxdde o linid Eerﬁékdecwﬁhg’é lauroyl

pcol 8 AR S S BB o L BB ORLBL iR, v

peroxiflgr nkdariiehyle eperotide, nu24nephth<z§d| checergtier ebutpl ebmrep%m&llde vinyl

e ucl eic aC|d e above 4
hydroppfgiq o SaHePEE natioRErima | R fubo 8 RS te, ) Pt mety-
ethyl)phehst iy shendi@s ul Es(d&ﬁethyl% g~b1d(ﬁqméthﬁ9119d) )z 3- danxablcyclo[z 2.2]oct-

substrate nol ecul e my be uged th |s SUIL bIe as

7-en-S B RoRERON0sy aRhe: 1, BUGHEAME R kinefiud PEoPYEYI peroxide. As

explalﬁéﬂaﬁgl/@ 39 shile ERBoBLRARhe &?ztyhﬁqnaf@séﬁe bh bidi%lhéfeaéﬂz%ﬂe such as for
exanpl e, the enzyme may be a peroxi dase enzyne,

instanderlgecases én thih easmopsgeshaiafes instance genyeaiasdyibradded togﬁ»éer with any

aqueof%gcﬁﬁ{lz%{n ,%5%4 1+ élgésl ?{e‘fl‘ﬂ;cﬂ ¥r g "ﬁw%ﬁ o ﬂewhﬁﬂyltgﬁgdgg‘% . In such

10 a certaln eree .
embodimersts,srl aiditathabmkasurasmeed tobd takérhiosaddeixlygeh. Svherh éesued this may
scri bed  above, .such

howeriEbe eritC RRN i L PR

ﬁg@i@ b’t]i)1 grgygig ﬂ@ ]aﬁftl nccgu vﬁlnﬁl&?uégﬁ(g rél%h?ééd dadt tﬁ% f;nl%gena %nethod (see
Fig. 1REE@YITVY, is ét&bl@édeB @ﬂé&&ﬁl(ﬂﬁprobbﬁﬁlcw @aﬁddﬁolehﬂazaml nucleic acid

per oxi de cumeng per oxi g ﬁ ?1% oxi de 1
molectle grBh e Upet G| (e, DUBpRser At s bRl semphgiepay to at least a
pOI’[lOlp BF A @Afzet RubleR &1@‘3{0%%9 ARy, | BY IdeMktio Bfad%iBridises to a

di acetyl” peroxide or trif uoroacetyl per oxi de

reSpecbvcs pgttloudlfrihe rigrgeicaugltiy apidr differpat ﬁ@nhﬁe PQI@%)E@ gdhich the capture
I d but yl
n“CICI%a‘a E“B’er ox1 ,%\)%F%g‘if %E&%R%r oggr O)p()le(rjgm c§c| oﬁeiyl
g}fgﬁ(}j |p§% 1(&%@%&1’ lte[b'o(/le,uﬁ{eogﬁélgyt, sH& %’é' &e’enzyme used in the method

described above, may optionally also be attached to a detection probe nucleic acid molecule.

Where in the present method of the invention a DNA or RNA molecule are selected as the
nucleic acid capture molecule, both the respective nucleic acid capture molecule and the target

nucleic acid molecule may however be negatively charged under the assay conditions selected.
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et hyl ) phenyl - hydr oper oxi de,
1,5-dinmethyl -6, 8-bis(trinmethylsilyl)-2,3-dioxabicycl of
WwWQ@2®8M)8883 - 7-en-5-yl hydroperoxi de, and PCT/SG2006/000226
p- 1, 1-di met hyl et hyl - | - met hyl - 3- phenyl - 2- pr opynyl
per oxi de. As expl ai ned above, in sonme enbodi nents the
enzyne may al so be an oxi d@fe enzynme such as for
i nstance | accase. In this case oxygen may for instance
As explainsceaber] hyorbeddtae df tiegpdlmerivabldpasitivel) chapgeahlis precursor the
gt s o sSSP 15 TBh e hehgn L STt PRt
in the fﬁ‘ﬁgé WF @Bowieesltd abdie stakath Lo @ﬁg@@ﬂabdﬂh&r’ﬁto about 7.0, in the
desired, this dﬁ however be carried ou

range ofeebhnin} 8 40 abeitti0gh or & e raseesef; Foophg0 t9 @P%‘%t 5n§ (laFludlng a value of
s S9OSR i s oo
the afcsrtmmtldvi)ed rasgeas tharitge dr taften adkhng ché @nlym@bebln mSéively chargeable

cid nol ec nuc| elc
precurS[%e ey S ﬁleglbﬁﬁﬁ% BE VAP AaeFldI eag’mgge? Ies U{ﬁﬂ tHflcally have a
negatnfewf'@lhaﬁ @dk}boﬁé) Adcotdiagly, ﬂlegﬂj’sttivery dfargdablet preg@sor may bind to
e. Accord he

o S oo TS oSSR b B e e
methoc\il\ﬁfl E‘Eetus@ ¢ |a§ efzyatd, QVh‘ijéhf f %Et@éﬂedfté Q r@eﬁeﬁﬁo@ﬁfobh @ficleR acid molecule.

capture” nucleic acid nol ecul e hybridi ses
As car( b infgreed ﬁmnvlél}; 4] dosetzyme pelentivabelpcalss \é the fraget nucleic acid
gtalyst such as an enzyne used in the nethod 30
e€scri bed above, nmay optionally also be attached to a

AR LR o, 815, e TR Reifing RIS ot uctic acid

molecwde go &gbﬂd:ﬂsemb e tatget nucleiceaoa;d auvilebubea (vee Fég. nod eden &). As already
. bat ective.n ci.d ¢ ure
explainf ot b TREEMEIFIRE AOhOPERUr: Ay REwEbepogeSlibn of the
polymé&l@@Blel Yekiltvahasigegtablied precufior.asSary enehiynd)Swhich catalyses the
sel ected. WO 2038/ 018833 PCT/ S?O%S/ 000226 . 29 As d
polymerisgHiainisdasiptiaied Widhihe sampie RECEET, s Pudfficacid capture
molec® %1&& 'tﬁéeclaygeFHL?d'l&@ ablienPeagy(Ae rthet (ﬂ’@ectfbﬁ gﬂ&fe fUeEdi€h&id molecule),

Cl nmol ecul yfor i nstance be inclu In a
the poi;sodlmsanm oxsuaélypﬂalwmau ghes éars@tt @u:lew recidhaoleglfe Af thipdepation the

u I 0
pOIYm S%u{n? Qgc%%mgl ?’ he g1 ;[Hg%% about t%%ggtlgicé gug&d/:lmzylﬁ@ adduct
accordlﬂgl}tr hmtaﬂweg Gh@fpoél;hmﬂsaﬁo@ dfothebpretursos afd nglidei ﬂ@ deposmon of

oo S o o2l o P LAy R B v

formed R6mahe b@lﬁf&lbﬂﬂ@ FrecaRes $s thds bésogiard vatl gie cetplexgfotrhed between

pol ynmeri sabl e positively chargeabl e ecyrsor. In any
the nudlgicifcickAsE AT BN IeSulp A SR arRAIIGIEIC AR THRIFRE o5 vi | |

t cal |y have a _negatively charged backbone
é&ﬂl dihgoy , the Haethed idesgeied apyieq dhg meessp athet fither includes

perforfdi ahoelegt'n'é!ileﬁh AMibAEst 3F itHe NREREUh Celedflilic! i Aaletecting and/or
sel%ectivity Is however introduced into the present 10

quantifyingthe possendeeofitbetarget ancleieagidemolghvle lisupsa)atindbpittive expmple of
an elegﬁé g‘l%%}‘llégaﬁ] frgéa%a%rrﬂzﬂ? 28&0?%%%' & 1R me&%&% %"i”{h@ Snvention is for

rom e“enzy |ve | ocat es
instan&ishbive ih Kigped 4Buc| eic acid rml ecul e. [0087] The
present method al so includes allow ng the detection

[j008% Tiucmeihodaadcdrdimpioethelpeestt iydmtiod inszy tiem diagnostic method for
the detgqcpg]g %l qeuaﬁtl c(::alltl(;‘.i)nnD gr(feu |01e ngdci'getar@eg 'ger}é’. 'I%teet%rg\e/:% 'ge@es may be

involved in or associated with a disease or a state of the human or animal body that requires

molecug

prophylaxis or treatment.
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15 expl ai ned above, the present nethod al so includes

catal ysing the pol ynerisation of the polynerisable
w@o®BNissad y chargeabl e precursor. Since the enegmeG2006/000226

whi ch catal yses the polynerisation, is associated

with the conplex fornmed between the nucleic acid

capture nolecule and the t3} get nucleic acid nolecule

(via the detection probe nucleic acid nolecule), the

16090} eThe atdtiond 0§ Uhé ligventian treaytbet tmnbiaccy erith wtheei analytical and

e pRPAERL G afbed DTSR, B BePANEE! 84 i some

embodR@ERts ERZiviBRn@dsteltracra Gihgl ntagky mc‘ahlah yisie Sncﬂhk&d Examples of other
pol ymeri sation of the precursor and gui des t

metho@ﬁeﬁafs maydhe egmbiapd dtithot Biethad oh e ;izs?%%%nvaleﬂ%@dude but are not
11m1tedjett@‘:tﬂ;éme(?ﬁ@‘:tf‘é&ﬁ%g Tr&ﬁrcﬁﬁa@ érﬁn}gﬁpn%%ﬁddée RRIHBBromatographic,

ormed fromthe poly

recursor, IS
electrokinetic adgomnawgeaphw artdl tetestropitayétex nieshodsd %@mé@n of tefgetrophoretic

metoB s hE il SRBUHNE IRk SHNR RS o AL OB WISk Sl rophoress

(PAGEY exillatyhsonpree sapillare géi atectrophdresis. |Furth|ﬂdﬂsre the dﬁtrarohtznged using
an el ectrical neas nent t t he dete n ectro
the preyen EERIAN PGy BSGREY T tusiAn VT RUE e Sy gt Johdpstance to

start a s@haEduch 4§ b hiarA Gighalyot ®GHit @t FTURESY a f&ﬂhérl deviiek bahiettdd.
exanpl e of an el ectrochem cal measurenent accor di ng

t[009 1 eTRE pefatit ilRinfied afkb proadédNigNfor Ghe ElRctiébhemical detection of a
i nstance shown in ure 4B. 30 [0Q89]. The nethods
target guelsicipeid melepye, Wﬂ‘@g’eWﬁﬁ fay é?ﬁﬁné}ﬁ beaffiageostic diity Aogespective kit
1ncludEEe b I'H%gecEQﬁ eléctl%déj eA &okdif ﬁ% &AL Ut BRA: | ’ch%aﬁlt aldo QBclﬁﬂ?éas a PNA
Or nore target genes. target gene nay i nvol ved
capturg madecuds yduclahada wirtlpotiledegeanse timt inatdeast @aﬁfaﬂb’ ffemplementary to

at teas] RO, O R UoeeBE RIS S RS P B This P Blsg gpctudes o
POlymgﬁgbmtelbgﬁdvgg ddhh%ealﬁl\% qnmmornmyushetm@ rRamplds wift duitatl egrecursors

have hegpyghisp og%@’%axpet:ﬁ a{o&p il F%gt sgxg@snd:gﬁ%)vq ljih% glﬁgtrostatlc net

chargee rwome BlytncREblE nﬁés@weﬁy RBapxaB18ChRBurk6ONR NBvint émtlﬂary to the
it iI's includ nples of other nethods

electr%ﬁiywu@t chge rﬁédhwtatraetawﬁ% agid gpoleside. pT]éesléﬁtalﬁonl&‘éW%ﬁ suitable

reactaht"fHotdGie, QH% h a6 eann&hdé}‘]c M”SB Q én‘?bdd%ﬂ@ﬂt?cﬁié Ik§t may also include a
ocu3|ng, ronatogra

suitablel ietttatac fnroanatrpr:‘r aﬂnhlog¢n nm[l@uter, @manetqompohmb reapasilégichyolecule,

ectro nmet hods.
and o BP0l SRR BT Bt e b OUERuR b i gy e = catalyst
e.g. aﬁ?ﬁﬁlt élﬂbig@é e@hﬁetzﬂ&)ﬁ?(mfdep@l matal )Shﬁ)l’mﬂéeorgﬁi enzyme I(el. g. a peroxidase
el ectrophoresis e or. capillar
eNZYMGAT ghdrspRsrBe) Jhe HebRE R PHETIELE thBoRRR 4 Coupled to o

detectiéﬁ' I.EGbe thhsleRy 5&@ Gﬁolbéﬁl@ NAd eRplBmY¥d RBows 8 dufbddthedtfGihere the kit
ot her nethods or devices, for instance to 10

mcludgs aratalysts theradctant srayzhe absiraie molscyledpr thercatalyst-ni t i at e
or trlgger a further device or nmethod. [0Q091] The
A0B9HNA teanastive kit marys Hrihernergdsclde meppy forjmmobilizing the capture

mélecﬁlleqS ttl'ie?&ﬂ% %?lthedgét -ﬁfoh%ﬂec haé ad %{éﬁiﬁhec{]%v@' & nEﬁ%ﬂg.amAd capture

I nstance I'agnostic Ki Y,
molecukes pebidede irki the km cxlnayi dmva detnootdty othakelaflowsofle, or facilitates, an

immo@ﬁﬁaq{ogl gg zg ?'es%ggtlvee (e)t%lctﬁ)% electrc%ae k'l"he %tsr%aly ng Isou qggluc?e a linking

molecule. As an illustrative example, 6-mercapto-1-hexanol may be included in the kit. Upon

using a respective kit, the PNA capture molecule may then be 5'-CsH2SH-modified (see above

for examples).
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capture nol ecul e, which has a nucl eoti de sequence t hat

is at least partially conplenentary to 15 at |east a
w@oroBioms3df the target nucleic acid nol ecul e (BEESG2006/000226

above). The kit also includes a polynerisable

positively chargeabl e precursor. Illustrative exanpl es

of suitable precursors havd been gi ven above and are

also found in Fig. 3. As explained above, the

€009G] rmxbahlilg: tmetothehembedimknt, hekipalsp riselndesbs eucleic acid capture

e300 Bl SRTERFERL BB % o SR TP o ot

portiorAGfdtH¥D kLEat! aucldice adiidt nRlcald sdeudbsved Sihet &hl Gurfr includes a
react ant nol ecul e, such as an oxidant..ln so

polymexisablgi pasiitvelyt ﬂ@rgaabler@ryclaﬁ% eign &P JERNAIc AYIE, piseexplained above,
the elE&Hs'ta‘ﬁEo'het fc‘ﬁErg%X% Pl %Dﬂﬁjlé?ﬂ%le MBbE IR cl?di‘g@a%l% precursor is

compound, a persul ["fecul e nd a peroxrde
complftmﬂmﬂuur‘(d thel?cdcqtm@iatto met, chiangesofithe éam@diunm acid meolequie. g kit also

mcludfgr %lﬁugszra%e %}%&? u%/ h G p@ro%&eal)r 8Qk§ern( %Sséql@%m &l solution. As

phat eror an enz
indicatpé abxied aﬁgeneﬁls'syWES ar a@eowscﬂimwmma*eany afueowsatoduticst included

for e e be.in so tlon 0 dto a,25
it 5 ol B eSS R R R oy mtuces o
enzym@ lﬁﬁé(éhed 'tdi‘a ?fﬂ%‘iﬂu@ﬁm a“c1d"ﬁl%le@ufer(§eekdbbve forGxbEpRs R The probe nucleic
cat al he reactant may be a substrate nol| ecul e

acid m}e@ul@as aﬂ lpast pattighy epmplementaey: tq dtdeast & PREHPTY Arthe e rnéclelc acid
molem%l@ckhge%g OBRE i g#ay' ﬁ%‘%hhbé‘ $Q14aB elngaf?}ﬂt erﬁpdlﬁﬁﬁé She capture

ace etection el ectrode.
molecudx pd ﬁ)lerserfaca:hlf\the; deleqwule@ctroé@a&jdewamadraéovml ecul e
included in the kit nay have a noiety that allows for,
cwos’fcﬂcAlrespactesse kiama30b¢ nsadlbiol ¢aslazt owre owthedr aosprling teethe present

1nvent1|oph Eﬁcﬁ‘}agf nﬂ@}lg g tlcﬁlg %? Ag(-l-r%ede%}l(% 0?1%115&]&% n%d&e %bove components

an | |Ve exa
before 5 whileCéfptyingl vhexanethadayf bise Illn(Blnﬂdlﬁ dand thdreafieirt AsUponllustrative

S|n a, res ective kit nol ecul e may
exam ‘hétr} Heinghud gémlﬁ@ﬁeﬁ%lm? 18% Sé@@@ (M&? for exanpl es).
08/ 018833 PCT/ 62006/0 02 6 .31 Acco di ng .
V\g(’gzﬁ(i ﬂ‘ferprésr?%dp on 35,9 kCBlalrné‘I‘LgH%’gﬁll‘cf dlic hee cd%SIgn and
manuf@&ind GaRtrNesitii® h@ﬁ%&lhﬂg‘hﬁbl@ a&id disvendopobhdiBiosensor arrays. The
sequence that is at |east partially conplenmentary

nucleieyaciflgyigied sleposifian efnam elestrreopdychize PRLYEICE iSBChy S Holyam}u?e combined
with efﬁ?;}e%?wogat 12 § ofBRY e\)ﬂ\l’/}é ?‘Jﬂ%ctﬁ)atahfeﬁ Lliteto tyeldndasn-Based nuclelc acid

neri sabl e pOSItI rgea € precursor, e.g.
blosenaairs rfﬁha skilzadi axresanAmlleﬁaphm awobcm@tl@t th§ present invention also allows for

the faglagaﬁ{olrn\?é ﬁlr%ﬂg,r Ste%-%gs r %}1% @?e %%&@‘g{ﬁp %ﬁmls clelc %01d detection
deviceb,hgroeidagy faets tchéalp(‘:aﬂ&l&ém@lﬁﬂﬁ(gﬁum‘s fohe.gt arog;mulanuhdtglosls particularly
aci d_.nol ecul e. e kit %ﬁjeul nc%udes a subst

for caﬂgﬂrég%gr@smsgelﬁt g cege,p@il nap,sg%lp{/%écqrﬁ agphcatlons

requir® QY 4O thatAfe ﬁdi‘ﬁbfeatrglﬂls@*%ﬁﬁ EoasPAY ARB, dbLﬁﬁéﬂ W@fh klreliable assay.
aqueous sol utions, So that ané@aqueous sol utign

Electroohemiehd dystéms meget md{orrﬁgcyquiealt se grEemets .+ fyrthermore, this unique

combl;alﬁﬁ)%t Jf%.trr Iplifi %t?&ﬁlge)‘?wtag uF b&?ﬁ%ggaﬁlo LA tkth Bla %%iﬂ'&?éﬁp%ﬁ‘ltlon can be

nucl erc at
used 1@sermjmme viritht oaahmnqtﬂtmtl)on febleniguesbsich uas quzrtz -etystdl microbalance,

ecule is at |east parti.al lenentary to at
surface BJQ%O%I?‘?B?WCSW{‘JIWO?FH =ta§F§8i°¥1ﬁtfg‘i@g| c acid ym)l ecul e.
ﬁﬂ‘ﬁ%ﬁp niCtgxid}%xg ﬂ{(aktéh mag%, fiilil(réx{ tr1nea1ry er reealciﬂ39 ulfllggrs%a asﬁd &t into practical

effect, particular embodiments will now be described by way of the following non-limiting

examples.
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nol ecule to the surface of the detection el ectrode as
descri bed above. [0094] A respective kit may be used

W@ 2008A188y3 out a net hod according to the preseneCT/462006/000226
invention. It may include one or nore devices for
accommodati ng the above conponents before, while
carrying out a method of tR& invention, and
thereafter. As an illustrative exanple it may
i ncl ude a n1croe|ectroné@h@akabysten1(NENB) [ 0095]

The present invention is of particul ar si r‘ilflcanc ll“ﬂ
mwﬁeép@we@ﬁ 4-arpingihinphand ware gl F?t%@ 8? \rgmpounds. They were

obtaan&o{Kﬂlﬁ*?@_% g, W&ﬁxﬁ‘i @ﬁ‘leﬂopw’sﬁﬁ%w Seeh-RIBRANEN Louis, MO).

20 nuc ci d-gui ded deposition of an
Thiolatetl qmphdn: nndeuctacubpmbbg/md wuibl faBowivigyexatmplaeweroetsigiednade by

Euroge\Mfetc e pﬁ ag eﬁf}%l Cﬁt rse-X‘schgh }Ll‘(%{l s@ Mﬁél:l/edatd%{egﬁéﬂ \i)?obes were

IP€atT oh-base
purchakddofpensiavirogdih QCaﬂ@bhdl G(dA}lEuﬁd sk other Iollgcﬁnucldtoades of PCR purlty were

preciate that the |nvent|o al s
from I5haaIHF A48 OEIPOTSH iyl eotFiofRiEEt Ot aRAIGE pyiEeal Frade were
obtain& B6fk' S’i%ﬁﬁ%ﬁﬂch QMG'&@&(P \ﬁt‘hbﬂt ﬂﬁﬂl@ﬁbﬁﬁﬁca‘u@ﬁVACmfer solution of 10
providing fast, chea sinpl e sol utions_ f

mM TrisEEdupHr3. 2 b@ﬁ@M ED%ﬁalﬂﬂd @tﬂIOaM Nagbwag Ps@a?fc@le hy%nd1satlon and
washm%I l?c?fla&)s}\s() 1(5)8}1 ?)ho%ﬁhaﬁeq{u?fer %?‘f)H‘ 49l Wad! 568 - asRE deposition buffer for

ance care applications require systens
polyarﬁlhmtandrtl@e snppmaimgezlectrobmst and easy to use, coupled
with a reliable assay. Electrochenical systens neet
and/ or exceed all these ‘&Ee’ﬁ ﬁments Furt her nor e,
this uni que corrbi nat i on fication by way of

TS0 S S LR PSS moce

760b aldai‘bthmwaHrWdrkﬁtmym abuptbd: r\mhiﬁleaitm;e currC&ﬁt smrrcfum: ¢CH Instruments,

. plL.asmon resonan 0 r and cal orimetry. .
Austinf GBSGR FHmGRIATAI thise LR e O RO B¢ T Ay diameter gold
workin$NERERSRYta aHoglicAM t mirfidtareP [A%Ag@lakefel%ﬁf:@ Célectrbads t(Oﬁ]pfe@ﬁ Systems,
embodi ments will now be descri bed way of th

Lawrenqs, | ToWh rigdna ralatinm Wige cayaifip |el§§tf0% w081 B8l electrochemical
measufe ggnﬁ(;-’[%o%oqg Qﬁggpre d?mg%?rﬂlg hBplel &gngl%} b@?dr{d' fhe ﬁ@-‘iinm diameter

ot hi ophenol ™ were~sel ected” as onpounds.
workiriBh ayeawea epattetnedl hwoplmnt i filen 99ass applietl deri ﬂn@t Bpldpklegspde after

immonit i’ RS RRRE e it Y SectbherpichLERALES uocd in tr
followingadrel g che Weltﬁnﬁieﬁmaﬁacmuhm ﬁa\ENoi’giﬁﬂnany (SWNQI AWV experiments

were oG] Yishe DU EREIUEP bor A Kb Gn ™ Gk dbcaucg of 19 H

All poﬁﬁga@ %iveﬁth@Fe'in et 89 tedes ARTI a@ar&léf Ity Wer e
from Ist Base Pte Ltd (Singapore). ot her reagents

of certified analytical grade were obt ai ned from

Si gna- Al dBiesensgrdpueparatign hbmldtzatwheandplﬁtmo@atu on. A
buffer solution of 10 mM Tris-HCl, pH 8

H0099] Bired pi- tentmeniaed] thougeld eleeirags mﬁéhﬁylﬁmoml%tl% ﬁf the nucleic

it S PRGSO LB B [ B, . o
Chem. a0 &76s Up pbr a1y @ptematly glolisleed p-type single-crystal silicon wafer (111)
was thoroughly cleaned sequentially in absolute ethanol, 0.50 mol/L NaOH-10% H,O, and
boiling water. Gold film (250-nm thick) was deposited in a SEC 1000-RAP electron beam
evaporator (CHA Industries, Fremont, CA). Gold (99.99%) was evaporated from a tungsten
boat at a pressure lower than 2 X 10°° Torr, and a deposition rate of 0.10 nm/s. Following gold

deposition, the silicon wafer was annealed at 250 °C in air for 3 h. Prior to nucleic acid capture
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Apparatus [0098] El ectrochem cal experinments were
carried out using a CH Instrunents nodel 15 760b
webk®@snissahem cal workstation coupled with a | oRCTSGE2006000226
nodul e (CH Instruments, Austin, TX). A conventional
t hree-el ectrode system consisting of a
3.0-mmdi aneter gold wor ki-’r?g el ectrode, a nonl eak
m ni ature Ag/ AgCl reference el ectrode (Cypress
moleciBy Sinatobjlizatiamrtbe geld dStrodawhsalqgahed imamoyyges Mo @5 mA, 0.10

mbar {3 Saing A 50 GG i oIy AU TG B e 2LApeThree pairs of
nuclei€ Q@ ttueaysloehlédwerd iRmnivbilthed iEécphrattlexporileng: area, a
patterned hydrophobic filmwas applied to the gold

QUEAT)GAPDAI tagturd munézuloss SN TAGI COETECAGOCA ARG (SEQ 1D
NO: 1?3115 ST Kati COGRRMeRh o (E IR e e
APIGATBREN SR il P TRAEA UBERCREBHE ATy (sBQ D

NO: 3}, 286 5e08G AGCTEGEA GCHGAPGGER3’i(SEQ 1 Ne)n 4herein were
referred to the Ag/ AgCl el ectrode. 25 Bi osensor
{0®023r Histame, HA ydaphuate aadlecunles: st ATBEEGUGATGOAIBITAGET-3" (SEQ

oS ST R A R ARUE o oo
DTGB e F3oB THI SRRCH AL B e o

electrc@ﬁ)iydﬂ;hie){sm@ jtiis hedlufiod yPphasphagt bufferys salineyPBISY oontwafrer 100 g/ml
1_(11% 30 was %ﬂoroughly cl eaned sequentially in
nucleig geid icpptEredply f, 0.50 nol/ L NaO—I- 10% H202 and

bR o A AR o GBI M

stirred;FEBl £dri0afin, Hibesiiphin, @A) bloGal dty (with Q%eany\/aﬁme\aamocamﬁedmmed at
remov kg s aobLaely Haeee] o Kl iy ags, e St muceie acd

capturE Shd1OMIQIwER CharAaRHRE tHy%’bntéc'ﬂ %.n§lle| oaimaBf 8id Veisammetry. These
annealed at 250 Cin air for . Prior to nucleic

routing ¢dsts epapettha andy 200BLTLBES svnﬁnewce@@@ [capfgrgolegale were selected
for sulg'%eé&‘éﬂﬂ t%dleWé g&lé %léc& de E&??@&gﬂnl% ﬁgctléigga ‘Q,@]?tu¥e molecules was

aned 1 noan o
immensed Jintandh ethenolicmsnﬂu’sem qf 5.6 Omg’iml of 6-sissabtohex astetrnodd a01d (90 %,

. f 2 in. Th ai_r nucl ei,c aci.d capt.u
sigmarlaziety S Lpuibe of PR o TGS e Ay AEP bt The clectrode
was tHel ¥86bu @? B sEaPby (rfmeRiriCinl 36l of ethanol under v1gorous stirring for 10
5' - TTACTCCTTGCGAGECCATGT-3' (SEQ ID 5 NO

min, falloyr henetshatEsTREr A, cthanp WeleNé"h%lectmi(mS ready after air-

drymgB@ﬁ@%ut‘f‘frbgtdéﬁﬁt tRE Hh@Sbiled Rtdehits Fas ~2.30 x 107
. § ), and 5" - CAGAGCTGGCA CGGT-3"  (SEQ
mol/cpn’ NO 4) [0102] Hi st one H4 capt ure rml ecul es

5' - AATCCGCGATGCAGITACCT- 3' (SE?
s010Ft T Erobrmadisationadchs: taggstEaygleic M@d ad ltmle[ce@@l@}mqaledetecﬂon
were Eeﬁ‘ﬁ&‘?%‘ﬁl Y€ tllﬁggls?épg 38 ladpicRALH PR ECH § MRE nRARRM B8E. 1A), the

detect1on electrode was first placed in a moisture saturated environmental chamber maintained
at 50 °C. An aliquot of hybridisation solution of 2.5-ml, containing the target nucleic acid, was
uniformly spread onto the detection electrode. It was then rinsed thoroughly with a blank
hybridisation buffer at 50 °C after a 60-min hybridisation period, and further hybridised at 25
°C for 30 min with a 5.0-ml aliquot of 100 mg/ml of horse-radish peroxidase labelled
oligonucleotide detection probes in the hybridisation buffer. Finally, after a thorough rinsing

with a pH 9.5 hybridisation buffer the biosensor was incubated in a mixture of aniline/H,0O,
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el ectrode by immersing it in a solution of phosphate
buffered saline (PBS) containing 100 g/m nucleic
w@ediod/ocssps ure nol ecul e. [0104] After adsorpti oPCT/SGE06/000226
el ectrode was copiously rinsed with PBS and soaked in
stirred PBS for 20 mn, rinsed again, and bl own dry
Wth a streamof air, apr&éedure ainmed at 15

(30 ml(/?ie@ VhiNE ANhe @IS M%Ho'sﬁ?dté Ybﬁﬁ“épéig;ﬁg‘ APESRTI Oahﬁn 'ﬁie' polyamlme

ctrodes coat ed with hucl ei c aci apt ure nol ecul
electropuidatiarheureant i ST Way nacssersd tin sieg0-20 &b phovabateybudfey of PH 4.0. In

the cas\é %lf Coar%J ¥€10 I&ﬁ% nceﬁm&?ﬁéﬂée s&gﬁhﬁlge\ﬂa?suéjg?)hé{‘ Q{’telo&lc}{ measurement

nuclei c’ acl tur ecul e were
to rern&&i reﬁdlcﬁni noi‘se an& albstﬂqm@m‘etls tnﬂctfmrsnceTh e gold electr o de

coated with the nucleic acid capture nol ecul es wa
|[(Mﬂ6ﬂ s/bdecpqmdonahhoét(ﬁmn dB) dlﬁferbdltﬁiﬂ@h thet Olﬁlluewlmne in that (a) the

secor @1 %De@ggﬁqgﬁﬁgv %Cdt lgorgeg 1%91043} éﬂ%f)%xgda%ggz}ﬂlgc[ glg%)nucleotlde

detectlsﬁ @hﬂie) s oftlitedehreic(b) eiflieer hmm-fa&leh] peivaidase (iley vnkabélbed) was used

as o T o e B g TS 9 Spn wes carid
out in hd pHezt U]l amb M%ﬁomh@rbufﬂéh RofthBEid DAHEVWA 206 Y3 (BfnMe faniline/2.5

air- % e surface den3|&%hof t he |nnDb|I|zed
mM Hyfds IGAR chagtuéwplﬁc@leﬁef SEQ IEsN{Rad and SHR 1D N): 2 (see above) were

used fJﬂhés%'ﬂ?eas&glathjso‘r’] The hybridi sation of the target

eic acld and its electrochem cal detection were
carried out in three ’ |cted|n Fi gure 1.
In a first nmethod (Fig) cﬁlf’nﬁh §Me4et ecti on el ectrode
re sa Vi.r.on

\é\ﬁﬁﬁa ;élsg\tﬁ%ﬁ:@gl?eq(rj}%%ste&y-g%%t@lf the wog tklll'” Al ed elg OF the firet melhod used

in thlg‘yg’)fdn?ﬂ@ aty opp&al Widneyef of 5h16’1atedC @ENAI Bagigret Mfolecules and 4-
target  nucleic acid, was umforrﬂgsrea onto t
%)

amino nolovasetelicasparaieled pp thigoldesetpiinsisting %F@d@ﬂ«?@ﬂiﬁve sensing
1nterfa)é%t(:f_}l a1“1-%' gfﬂéi‘égtg)nhxp fih iR cj,‘%ﬂtupé"frﬁc%a@é vﬁﬁl %@ftérgét ﬁ‘uclelc acid

Isatron perio and further hybridised
molecﬂs (IG fommsai)hﬁiemdmpteh Hrisgpgnt hagh qentityopf negativg/ phargﬁfs on the

d [ t
S SR L A —
detectioht goba dlipenaslgdtidel (T3) N@sultiddt in ahe HbiPdbiohybff Iadsemdbmo:ln structure,
immotgring forAeR - NDeEIHI0 TR S PSS RBBE S e ey In the

second%%oﬁ u@@ irl ﬂPnst &%ni?lel@? 1$dr@hB§ nhatalif Adbe-RidisApefoidase was not

pol'yahiTine el ectrooxidation current
attach¢d1 tcswqumea@bp elizoRuglpRiids, 50 theto s Swaics Ioibridesation could be

omltteﬁg!: 1% Th%@?lm%%é@%eﬁllf fol BN diMeG 08! P‘ﬁtﬂn ersulfate

i‘'ons ng was applie ter eac

gpmr q‘ﬂ@l@aﬂ i P RIRVE HARANA) qrftﬁe @?6 M ghos hate buffer of pH 4.0

ronagne ic Interference. t hod
was added (VI)1 Bhe diwbﬁ@seﬂarﬁmmnnuﬁelcwtd mnbclulscshlefné asa t@rhgllate providing

d h
the req e il PR el R Rl B & iy, Fnd horse-
radxshﬁﬁ@ﬁ&ds@awm{] ﬂi@edata/l{?%/nﬂﬁh&)f .eAls anﬁlsﬁlg)d?bmhem of polyaniline occurred
or se-radj sh, peroxi dase unl a
exclusgyedsaph figshybri Se@hfé’fgeéﬁ%lﬁﬁcu%ﬁ% Gralgpie Ehalhs lfEfoncifiy of te
depom&é?igpdlgérﬁﬂe ARRFd foP & BRLEQHRIWR Sl &R0 EN RSl calYtantificdtidg dFithe target

10 M phosphate buffer containing 2 nmv NH4S208,
nuclele(acldl\nnabpulpr(é/]lﬂ) 5Wh11e any nucleic acid molecule may be used, in the present

example PNA was selected as the nucleic acid capture molecule for two reasons, namely (a) to
minimize non-hybridisation-related uptake of horse-radish peroxidase and (b) to increase the

hybridisation efficiency. The neutral character of the PNA backbone alleviates electrostatic
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10 mM H202. GAPDH capture nol ecules of SEQ ID NO 1

and SEQ I D NO 2 (see above) were used for these
wore@siissaent s. Detection Schenme [0107] Fi gure PET/SGZNG/000226

step-by-step of the working principle of the first

method used in this exanple. A m xed nonol ayer of

t hi ol ated PNA capture nol ecifl es and 4- 15

interaclith NYehi RN eRBlacda smaRbiliz88 S ebleRdagld ¢dpeurd ahdlecule and cationic
el ectrode, acting as the bioaffinitive sensin
horse-fadishrregxadase,) andihe clastroptaie Feylsn Pf]é“lﬁmf@ﬁ&%% dEgholm, M., et
ktde 4 he. tyn ei T P ( -
o AT A8 LD, GEORLUMELE St el ibond Booe son
produdirg)atliigte sighal/mpese mtiot fre additios,eths anismatdhadiecrimingtion of PNA is in

Furt her. hybridisation.wt . i sh | d .
many o PEBfOret BT T rab e DN GREL PR HERsSY, £ P B BB hemisory
(2000y 35 G420 70 1) dif@inkQrHiplidr8pedidficiy. sandwi ch structure, 20

i mobi | i zi ng horse-radi sh peroxi dase on the surface of

T
10481, D R oI gt e oM

contaihiyipra lsusekeeping crené,delpeeral dehiyide SepiasphatéEidghydi@genaFh@s APDH; 1008

S TR .

GAPD-?—% 1&?] NEM%%@ hthS °ufiof: &rmif tlopidpzﬂra&_ DRA (ldﬁﬂe}ad’d{a@ chpfije molecules
e ridi sed ani oni c nucl eic :

e e e el 0 LS e Vo e

GAPlth-? ih afd &ﬁi&ﬁ&f “&érﬁr&ﬁm&imn@fbhyaﬁé lcbRi®1in@s Y RSlei@Bdd capture

orse- radi sh peroxi dase was the cata }/st/inltlator.

molecyls aad imsobilizedepdbe biasansef sydrogahpialysblabels (hemseradish peroxidase)
xclusi vely th iLdj se . nu ' .

were PP et B Rt 1S 168 i

horse-patlisha pérokidasealabeliugld détectican prdter as@eisi adid/enolecules. After a 30-min

: el ectrochem cal .quantificati of ,the t.arget 30 .
incubige Beriodat (ot S of (I Qmi e RRT BrosRor g examined
voltanifRétgiedllye ARY &enpbs&d, td Nat Beldprastidie e¥aed! eviffiNa Wasnventional
selected as the nucleic acid capture thI 1e;cul for t
electrodepewied , thithmslyanilpe fign. &lentiedeposition of the polyaniline Hm on the
- hybri di i10N- . . Ui 3 i Tine.
electr(gféﬁxéz{%icggﬁseg ozlﬁgé\l?%d'st@al(t}@l&ﬁ}glrn;ﬂég gfi(tﬁﬁe 4 %}H;%t:frlﬁldcfdsﬁgitn?lg% 0.10 M aniline
efol § & h t r@bicehar r ot i
110 s sR1ep0E S ikl SRt ol it o roes dcion
electrRET¢BERND fre000nplex fBBn¢d betwgen ithe PHEY weptbres olegale and the target
| hi L i j: . - i ON :
e FRBALGRE U o AL B BB 5L A e
activityepab sibeerved. Buehsive fwashityg and (fegésiain cyMing ehereafter, produced no
Ge

SR TENEC R TS TR TR ——

the bids&osi Walk/ BOaS Borltfd] | &petithet] hdn-empléRentatys Watlefe acid capture
discrimnation of PNAisS in 5 many cases signifj %anlijl y
molecgles tigifed: th £APUFRANOEABRAL cPhi‘Y ,’froahﬁle#?&%ﬁﬂziw}ie 'fmdeE etgby no horse-

radish?e?&a(?e{& $4tels \r@&%%%) ﬁot?b?nd 1o/ blokSdsor Q\Itnfféad'e' N@gl?ibﬂe&@d’dx activities
_ peciticity. Feasibility study of nuclelc aci

in theghetantinl windp@1@OP. 1l to &8 preet Phsemeady whidbrardipgastically the seme as those
beforeath[cnir)l(ctugarltleon%% tﬁ)eCaRmﬁHQi—Ilz(f);lg &qg&% Q%?acg%%e%e results clearly demonstrated
that horse-radish peroxidase selectively interacted with the target nucleic acid molecule and
the resulting nucleic acid/enzyme adduct catalysed the polymerisation of aniline and guides the

deposition of polyaniline at the biosensor surface. When the complex formed between the
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cont ai ni ng a housekeepi ng gene,

gl ycer al dehyde- 3- phosphat e dehydrogenase ( GAPDH, 1008
waoobpl)ss3zvas used as sanpl e target nucl ei ¢ aci BCIBGIN06/000226

further purification. Prior to hybridisation, GAPDH

was denatured at 95 C for 5 min to separate DNA

dupl ex. PNA capture nol ecul38s conpl enentary to GAPDH

PNA cHfilifR MSREuleSRA BO RNt nubRAN ByiBrheleaat |1§[hcﬂbat5@ nC;the mlxture of
target GAPDH in the m xture was sel ectivel

amhnemzé')zcaimpﬂl ehnther profaneted anibing andlegesr @Kand %& jage a?fﬁlcentfated”
I

around’ t g{:ellelrcagﬂi el e'é{&;ﬁglptggcz gglé%én%%@g}ﬁlobhgﬁ%@%og&%% 1818k Snolecules

and phssp}faeasancrhe mbelenteaoaxttTIum highe protad eondentrationearonut the nucleic acid

proviaghy et 8izo el of 0Bt LR RSN mprpeton of giline in a much

less acidid @6diuASthat téBentiord e]’ébﬂﬁocheﬁﬁctﬁl) ahd dﬁbnmeallaq)ﬂrdanhdshmd facilitates
m xture_of anil_ine/ H202, e obtai necLg or was

a predgREM bAoA B IHnTRIPINE 20 gt PRGHYS & dfjpg polymerisation

(Liu, e?ﬂGQbQQ%g&O%QQ %’éfn R, 3t 5006t duphd! Tl ﬁl‘étd'e?@s?@&ﬁbit Sflyaniline

1 ne I'm’ El éctrodeposition of
conﬁnmalgdamnp ifies thee|sensing piocessfdhe enalpwd nusleicagid. Bl figther elucidate
t at,l I 1

the rol@ li {133 aBia t‘r?e]@ a¥e[ i(Slr]tEé]i)pngl or e K%r%t pgdgg %ﬁ&’%}e h%&d%ﬂﬂated PNA

with sdqyphazadongptehémtanyab ttha gy eaptot mdlecude tvas bmptoyed No Volta.mmetnc
el ectrode carry, X

i St ST AT SR 25 0% T PSR 1: Ehssion,

incubafibh @Gl Eﬁldlﬂ-fhbﬁé-l‘ﬁ(hgl Fél@idiﬂaéd Ehjugatdshgndawith tHb&InlrLﬁM{zOg mixture,
sol ution. CObvious voltamyetric’ activity ajaés qbser

confirmnghal the TwhsHIsRG naelgicperid indesr sepies .aﬁgerp fes apothy de dEposition of
polyanﬁ[rf%daﬂﬁ?l?ergﬁ 1%Ae HOH- ?ﬁﬁ@@ h@p&nﬁﬁglﬁ%olfaﬁﬁﬁl%l ing that the

ectroactive mate (polyanilin€) is robustly bound

Eﬁ’lll hgs Pio%leiﬂsﬁi’éurem bfcdniradt t6 UMY &8 trREPSYitedBBLyaniline thin film,
onpl enent ary nuclei c acid capture nol ecul és

which had el paigs o8 prdex @ealtsy(FERAPEM ERIA)f ﬁlsrhorwaqh@jnpﬁiwdwwatalysed
|

povar Y SOFEEIAP SROREF 5 FRATRARELLA 45 SRR R e vt

by Sameelson asd icorworksrs fon lioﬂlyaalq:nhtoﬁne-ltahphamed q;ml\yanrilineoﬁlms ¢Liu, et al.,

0.8 re abs h ar act i
1999, g AR dhe ol o 20D GUBRID RO H4r8 RO e Rgtg Sianed as the
first re!d%k OPtb&esé off I 1)ne Tues@ndriditelenepaleine! xrhdemmrcﬁt @ second

t hat” horse-radi s er oxi dase sel ectlvel y |qter?
redox pocpsstipdeligyedde b oo B SHOFLGE i i JRgOIR ! he polyaniline to

Odelzéﬁﬁ.{.Hﬁ%{rolrl%g?#gnﬁi aci d/ enzyne adduct cat al ysed t he

aniline and gui des the deposition

of poI yani |l ine at the biosensor surface. Wen the

conpl ex forned bet simishtioh\of Pe®81i0d 8833

PCT/ S&006/ 000226 36 PNA capture nol ecul e and the

t{et 13t Thiabog e wokaxnuletmivl resulls eonSrniaucthia®ABDHs tshecessfully detected
e pC 08 S0 GO el Reob R PP DAL vty
relativ@ tPoRer VdlRnithetie teehaiquet, Yich B SWM, tisd @bieCsensitiee SVV oras used in

bet ween t he protonated anl line ({ml ecul es rl_& f th
quantifiepsiopherpeEmentst ofe thiy Sxampleady @rderHp smAXigHze, st Berformance of the

metho? gﬂgﬁf& E?t HBWe%rQH@Qo%MM o%'n& iR ¢ loMILIIR W damfd ourable in the
I ronment of that permts

developmeytref alsadua@ﬁnsdiveadﬁt¢the mﬁthad oFRs ﬁoggé, thetithg .10 M phosphate

vt T B, D0 SRS Ny SRR STl S0P At were

therefdie &dﬂieﬁ dlﬁllh tigio bpffen Foandsudedsefud apaptatiint oftthb aesehi mgthod of the

durin meri sat.io o . . .
invention in u 9&4% {iive micleic acid assays, it is particularly advantageous, if the analytical
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(Liu, et al., 1999, supra; Nagarajan, R, et al.,

2001, supra). Thus, the deposition of polyaniline
w@eovBiorass3 and anplifies the sensing process of P€TI8G2006/000226

anal ysed nucleic acid. To further elucidate 10 the

role of nucleic acid tenplate in the biosensor, a

neutral DNA anal ogue, a bi /i nl ated PNA with sequence

signal Ci¢ W@J{&ﬁ@%lﬁbﬁssbélatteﬁe WillA (APt @i C of theW@Bget nucleic acid in a
voltanmmetric activities were observed at

stralghtfgmarg manperoSeshes e sippletingaraglatippihihi osensor af t er
[B&b“ di sation, _incubation wth avidin-horse-radis

13) Thedstcrnspiblyenanss ofgeanigxity lissdn e heariof hzbtzdlsatlon because
hybndﬂhtgfé{é%ﬁsgg rté%@tf ﬂlfCIEl@&:l? e t’oﬂ%eﬁ%ﬁ)p Fdndiag %Qilﬂ%H@éo%bé‘qlﬁﬁééj increases

S 'as tenplates In the deposition of
the chpxgeydamsityrml ﬂmdbtdselser issrfh¢et t Amy rd@pergi@ndfe@fdbpoiﬂpwlbﬁn rate of

sho i.n Fjigu

potyanilpst P shits BT waRC SRR PEnReAL: fiflsing complex
algorithunk 180 “dé&bd@’hthh al(ifofmahcmall?bﬁmm‘tely,e(dﬁ)expaahenté Ehcgvedélthat no obvious

trace , the rse radi sh Qgerom dafsre Ct,%@g%
depenc}fepwrﬂhsmed it apEcHeeyrien Taues Top %Oﬁ’éa%@olﬁf agreeing
well Wi@h 4pfl‘mxousg' s'ﬂldya%nr iU |eff§ctW6f SodRiciRede &y tﬁ@r@tﬂhﬁ@@satlon rate

co-wor kers f yel ectrolyte-tenpl at ed

(Caranpy;hysanﬁ alj, 3803, |s|um§1) (]Ljhlﬂ 1s ppbably dqu) thedact thay Fbpase—radlsh peroxidase
oty e Bty g By TP el A pRERfon
at vanpusb yaufidel clergd demsittoseingilts edtethe ramainhef thd enlali@selnwéved in the
e P S5 55 AR AL BHSERE BB B
at the biBsenSo At fa€e AddHdnes ta&%t mﬁélﬁllcgibﬁll’ddnbélﬁrauaﬁ Opti m sation

of Detection [0112] e above voltametric results

qonf4] rﬂ@ﬁlehﬁa&ed@aﬂmﬂ a Enéa eeles@fship heteedreihe SV Vi smgnal (amount of
m xture with high specjficit Becayse of th
deposiodmalyiinss sd fqrg@ttnyd&itc PorEeRBitiogvat yAniqgspus Fibissystem. In

the caSd t&?rpo‘fﬁa‘nilﬁméﬂdsﬁlohe@ﬁw'd%lﬁﬁlonsich‘?@ ca® b%VWeteﬁlﬂﬁedﬂb‘yeone of the

sensitive Wwas used I n uantlflcatlon experlne
followufg t(b glaeytmnﬂpert precess defr ambnm;m seilution, HE) dwrsegadish c@roxldase-

cataly%ed Cyi g\?nagr% L %g&ggﬁ% 8&hsort %ﬁrln{%ﬁcél @ﬁ@ﬁ is dependent on

was un avoura eln
horse-thdisél pq*:mmrlhseoﬁncher(DgI raé dltls)l tluclelcdamd}gtud@dl depositidn. Under well-

ool SR, Wt L ESRORTE R et s st

than ¥ lyﬂEﬂﬁeﬁloﬂEpﬁ)ce%h ahef &Hp@smaﬁ rfagsl 10 Uhei nsolldly Scontrolled by the
buf For a successful adapt tion of ]tlhe prese
polymARtsHER PERCeEhavhiFiA o RERoRY fif 14 HEOBREPS hofee Fsboheoxidase at the

Y, r haggREstratich dfft@rget nucl
blosen@& {xft%?‘is:gt as%%%%% %%ﬂétgdﬁlg%r%r&gg%g/ 800256 57 sl gnal e cie

acid in ssohmghué"hmediqle hoseondisk pewixidasekentedledepropessi @i o achieved by

Arget. ny
sy BB e B D ) B AR PP R
11m1t1rtgq&6d:dsb aevmamsai bof thednfiépexddnee loif @elylamlmh depusatidn w@fe on the amount

o bR 2L i 2 L, ShSL D BERRSEHOSke i ety

propodiBRAaE YRS @€ncehﬁ§t[&ﬁ§ie§mh§b l}hghé‘rhﬁésﬂﬁtrdﬂ@ﬁtﬁ't tatesOdtetdbErinable when
bi osensor surface. Any dependence of the deposition

working péthohighen gensentrations it andlineh Ay theqanling goRgsyirafion Increased, the
signal %’é@%{nﬁﬂl fad B oSYSiERY ot BRI BEnGRSWeEdntil maximum sensitivity was

reached (Figure 5A). It was observed that the peak current is practically independent of aniline
concentration at 20 mM, suggesting the enzymatic amplification does not appreciably deplete

the concentration of monomeric aniline, the polyaniline deposition rate is now solely
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algorithnms to "decode" the information. Fortunately,
our experinents showed that no obvi ous dependence is
wWob®enyssad i n the entire concentration range frecT/$€mme000226
to nanonol ar, agreeing well wth previous study on
the effect of polyelectrolyte on the polynerisation
rate 10 (Caranyshev et al. 382005, supra). This is
detennﬁ{eeb9§>| Hie Ot thBodsBSAdibaberdRidass bAsiBN D ETeoNiosASer surface.
reacts with | ow nol ecul ar wei ght substrates.
On the rah@y‘ che tsgesithdty apireasaé widhdafiepdng (eQe copcentration and a
. r f
maximfffl o} R 53 VLS, GORRE SR 1L lBulBe g 10mM,
deactwamd ldnp@mdishqmomdasc rabhystpnsipitty, irefledted by tahdsagiieodasreass in peak

U S TR
S e S 8Bl AL BV B AL 0o . e

pH of&l@d aqiosm@ﬁl ®htioacisk sfyagenby adiiog d 6. 1ad\aam@1jemua; 0i10 M H,SO4

solutiopils rSy/ouRd 18 2 bVl O - B TRAFDB o eghink R o profound

effect Bﬁ’ |tlll@’S’W"\g ‘pehlt ):uﬂi‘é?ﬁ STith@ BRRAKsbr. PAP HaREaRf 1@'11111[511*8 &, When the pH
tron, "(11) horse-radi sh peroxi dase- catalysed

value \paﬂ gmag‘?dsﬁom&rﬂ tr b Bcths oxidatipr cpyress drpsensed élllalﬁPli}’ohresumably due to
r e s
the 1nég8ésgxf: dgcgrge 1a¢ ds%_ﬁ%@xﬁ‘ig& gt?ﬁfﬁtt)s ! uc tlbfg{/ agl %g%llégte (sjens1t1V1ty was
attainedeyp @8l 4.00 Furtbadiacreasd in- plé oeduited ired lowerdpank ansentyvowmmg largely to
e aoBRhR SRR RB! 5% SRR bR ER U8 mote cic
althouﬁ?ﬂh‘é%lphhﬁﬂ adtit§ off BoksBeAiSOp&byideib ﬁﬂlbﬂleﬁ ik hBo p0551b1e that as
ymeri sation process which in turn, by the t g L f
the pﬂgmsrnsees&e eilise aligrmen alnedhy gudeicaeid tﬁ’élpl%‘? sdesdBin optimal for
the heasdu{o @ﬁ?) g&n@lsgﬁ(ffneﬂqd"ﬂﬁg %ﬁ@ﬁﬁﬁ&lﬁﬁ%&ﬂa&ﬁwc&ﬁ@ En“o@y pR¥ailifig resulting
concentrdtion target nucleic 25 acid in solution.
in the Jépiosition of invorasivglyauiisielqsio dmrma@léy weetiveaiolyilgicocess
can be achieved b "speedi ng up" mass-transport since
depadi Tm daverage onithe tuwnladro ngtire pbthei proegsy dor fetbenimaprgving the
i
sen51t181$7 gf bql)%ein%g %é&geglsot‘cfl Sa)g\//'rtg Q%Qe ? nghgt?}g.uﬁgﬁ&gr;}qﬁgﬁgak current
at dlffa@hymbﬂﬁmbﬁltmeels(sﬁawanyﬂr@ne éD aﬂl all c238R5an supedipte ifierease in the

mass-transport rate,is direct oparti.ona
SWY GERk SHFE PBh Brorse iinde B itbesaloct pafetns “plyBunety, e
sensiti®dftf oP HedioRR R WiRgRoptRtive kb THe inbubatibh giRer throughout, indicating that
concentrations of aniline. As the_aniljne

there ig dride aetiatyi lops phipreersadish perexidaseduring wsubatigpi Hoyreysiqthere is a

balanc@lb'éw&enlﬁl %lsﬁ’lv %aﬁél h&hy iy Itt\b%"fo%h@‘ﬂ‘?a@ aWdlrhin-incubation period
nun1s tivi reached (Figure 5A) It was
is suffmimetw@ﬂeqt naclencheldrﬁéémn@mql@dcvqm practically
i ndependent of aniline concentration at 20 niV
suggesting the enzymatic anplification does not
appr eci abl y Aaplygical applization denuelgiciagid afsayononeri c
aniline, the polyaniline deposition rate is now solely
wmmomh@a;ﬁ&:eanmwﬁmmbMQ@ns@an @gclemcrﬂe@ssms wisdested on

nt. of rse-r dISh rOXi
genon; SURRISRrndf PSR Pl dnat ey rdaC e St istope 4 (s
312 bp)nb‘{eﬁﬁ%ﬁﬂcéﬂﬂgbﬁh i OBRSASII, B@Z‘Bﬁ)?aﬁb(ﬁ@&mm §1008rbprdvaing both high-
Xi mum was attai ned at 2.5 1%;ure ‘E
Jlow-cppy RERDs LB leRgihor aeaet a1S U%edgas e %M’ staadacdy dadrgre diluted to
dlffereBP gﬁﬁceﬁﬁgﬁ&ﬂ REHOXE %d?slam touiffas trdrk Yuse! dagt ednidons with

astic decrease in peak
dlfferent concentrations of cDNA, ranging from 1.0 fM to 1.0 nM, were tested. For control

measurements, nucleic acid capture molecules non-complementary to any of the genes were
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5 current, consisting wwth the well-known nmechani sm of

per oxi dase catal ysis. [0115] Figure 5C depicts the
waelependssre of the SW peak current on sol uti oPCP5G2006r800226

pH of the deposition solution was adjusted by adding a

0.10 M NaOH or a 0.10 M H2SO4 solution. It was found

that the pH value of the p03|9yan| i ne deposition nedium

used nﬂﬁé bibsBisek ﬁfé@grah@ﬁ f&ﬁleﬁi’cﬁed hen PYNr® €2 khecsmine ﬂﬁta@fgréeﬁewell with
bi osensor. lustrated in Figure 5C, when the

pH 10
the resulig oltaingd e@ﬂl&hg@b conigmeg. tbatt&il tihedhret3 [REnes Y ergtsusFesstully detected.
The Bd: 1%1{ %{&hbét{b%r ezi%ﬁ eﬁ Eéﬁl Q’ d | of ﬁgﬁ\/f 9 0t with a relative
ncrease 1 n ors I'sh perOX| aesta n
standaralcderwaﬁ(yn oﬂ’ hezm%gzkte]sﬂo Be0 tuplicatesiersl adbtegmreﬁmd:t Ofplél 0 fM. It
ncr e r
was ncgroni B RP AP R G Lt S et R L84 o 85 fenes, again
conﬁnﬁi’ngttﬁﬁlaﬁhb% aéiflom@ phevasy opbﬂy@xﬁhﬁ@l‘i&&ﬂéllyaddnﬁﬂllai dyrnhle amount of
the nucleic acid, _although the optimal actiyv
horse-138ish ancrrdslasg %;@Xb@a@goq §urgqcepﬁ e@pgc:lﬁp]lty jof t g@ ﬁ)bosensor for the
detectlng of Jca?{%e@ nh&@fc ARl %Agleu?l%s Rk e avdsated PPnRBAd bBeasurements, in

nt along the nucleic acid tenplate is | ess than
which cﬂm PNeﬂ cipvre mhlechle(SARDH genepwhy wempleatentany dadhe freget nucleic

acid 1'{1%16 h\ﬁ% b‘:ﬁr:@gﬁ. %‘Fg S CRIIE 1 1Pr ?.1 (;S%V %nl 48Rt S MBS a fully

i ncreast e
complﬁhﬁﬁﬁﬂyoﬁhmiﬂ sdd Icypturmb]emeie pjsﬂeyabmvé |Sﬁ2 IDNQ@6]), Bo well as nucleic

ver a on the_ cunul |ven eof the Rroce fo .
acid Cﬁﬂ‘?lf% OGIF%‘? oWty OPfre §’en§‘? SEP AR T f}? 83@’5@8@&&& in the
sequeneed 'b@l%w@fto SM\KPG?ﬁ Fv@ré’\/@rhﬁloﬁﬂﬁgdl C’l’l@éj GAPIPH Oéapﬁfre tﬂikﬁecnﬂﬂ@ Kvith one
current at ferent incubation tine

mismapbguse S5BTAGH G A GR CEA TR Fich 2aSuith fivg Rsmatches:
5'-TTA;’¥;¥*’08?%CFA’GG€@ A MR- 30Q§FQV?1§ fiee 8P ddaevigrastd 'n%nﬁﬂ‘ches 51

aniline. Interesti t he senS|t|V|ty of the
TTATWC@&&MAM@TAE@%’(SE}Q&D N@: $he incubation tinme
t hroughout, indicating that there is little activity
|[BEE8] oAs Soovewm in treées h i np Eigyx¢ dathe ek |cngemtn@gu§menbfpr the biosensor

there.is Vi 42,
coateda‘ﬁlgﬁg es%‘ylytcloggﬂenil?n W }f)oun Ot% g %Péq%% ncultbjzgtfstcl)5 pA. If the
fully c@ﬁfpﬂ@ﬁ’enta&§ daﬁtu&uﬁfdbes mte tepladed &\Glh mwniamhed goolitsgA T or GC

nt onol ar ev Anal yti.cal applicatiaon i ucleic .
mismaich 1 RESATIS B 7] copRE® HiRbieboseB ERVGET SPHE) B 5808 inorement
droppdd IRBANSHRE 7 0 '% Aueh 8hé baeiwhsasisAMche® byt -85t BoPfwo-base mismatched

geniom c_sanpl es. In the present exanpl e, three

sequerfegs, | andeif jras igdistinguishable {rom; dhediekepupdingipe Whepothgep bases were
mlsmagéh)%asltea&lw ngévgog%gﬁﬁtlﬁg@g@& on5ori9goen9§3 na %Bﬂpféﬁprgéleﬂclg&§ mixture

coverin ovv- copy nunber and
and disongﬁmihmnt bg:weets theepeafagy dmatched| andr mlsmatcls,@da isequedees. Similar
[ dto. . differ tar t
selectlws%lb eggtpeﬁct ufcfné?lewg?t&; eg udtS %ﬁs?%taf}ed e% 8 has 1%5 &eh%?evmusly

report@&l fohothei Elleet Ghemtean @ﬁﬁlbfcaddld) assagd (Zlﬁliig\ et rahng008y shpxa;rf}ﬁe et al.,

0 fluvi tolOnM etest
2004, mguﬁéﬁeﬁps iy -0 11pc &hsmcég‘%dqw ﬁﬁ%ﬁ@&ﬂi@ Lou, X., et al., Anal
Chem. 19009 M@y to any of the genes were WO
008/01 833 PCT/ S&G2006/ 000226 39 used in the
g\/\)?/f% NBQiecEPBRdOfcid Al SRR GE&Fding tcb:lt}&l'tfr@seﬁt ink/Biion may also
ata agreed well with the results obtained
be carigd |querin antethordf thairernts haprole Inuelketc pgif aBolgeiesaswetriained above.
Specﬂ?cu&gtgaf J)il ¥ &g%ﬁﬁ‘g&%g naé;;eﬁ"@?rﬁ% @gfn%le r@%bgﬁ %Iéheoﬁaé 980 observed
using I‘tﬁﬂﬁmlonse-radlsh perox1dase (Fig. 8) as a catalyst and after adding the initiator

ammonium persulfate (Fig. 9). Again, only one redox peak was measured. Voltammograms of

detection electrodes carrying the complex formed between the PNA capture molecule and the
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standard derivation of < 20 %at 100 fM (20
duplicates) and a detection limt of -2.0 fM It 5 was
waoedsmmsshy that the sensitivity i s practical | BCT/SG2006/000226
constant for both short and | ong genes, again
confirmng that the depositjon process of polyaniline
is solely controlled by t hé*lanount of horse-radi sh
target PRLO¥Icdagd OmndlbRildI @ﬁsﬁﬁ@@d siphifeeat ablieity eei Bdtki éatalysts (see
of the biosensor for the  detection of farget nucl ei c
trace hdhdFigp|eend ddgwls Wien wempaed| t9at «nHY! MeARgement using a non-
compl FFERHS RIS ecit Lot OIS (O PERPLA Filb g, 9 Howeves
shouldl Be amitet] ridtecnidgions abi fféretlentisalofr & guoberancleisi geid were applied.

urpose, on.detection.electsrodes a.ful. .
AccorBE8Y RS ondisp i s PREL P S8 BES pRuiolh¥ns preseg grample, so that it
can be@&?é’@ed HeQu dAhbkEed kignab nidd rafis isuchiesblsle, whéndcongpied © Figures

nmol ecul es with one-, two-, and three-base-m snatches
8and Q.hj ghlighted in the sequences below) to GAPGH were
i mobi | i sed. The GAPDH capture nol ecule with one
m smat ch was: 5' - TTACTCCObAIBAIBBECATGT- 3" (SEQ | D NGO
7); with two m smatches: 15 5' - TTATTCCTTGGAGGCCATAT- 3'
((GEID]| I NEhm8dy, tndbaviet xanipleseillistatat avhelsctrachemical biosensor for

i S SR g 0 bR o AR s o

hybridiseg ta@entuctedt adihas kirvsiates @ guide @teedbpokitibn b polfyuthiliyie catalysed by

conpl enentary capture probes were in the range of
horse-raglish) gerogidasq prought opy ﬁ}ey gl@éﬁﬁ% rFB’ff{;%ﬁ'r VY it afr‘tscttﬂno peebes. The
engagdRER JroRl Reerh Wbt HespEaRadesrtheRessitivity ofltherbiédehsctOThe dual-

m smatch 1n"the mddle ‘of the capture probes, see
dependanga dtroudata mod edptalysheof: ther Bgnal | amelidieatien pencspspatpsigptially lowers
non—h#b%%?%tigg-rg{%t\é@ %FC%@JIB%?SC%?CC%@ H&{-Q&%ﬁicaﬁy adSrbed dueic acid or

WO-base nsmat c sequences, and i1t was
horse-tadikhgterangdess bk dad hitkimpact backgbasligdundisigaalhen t hr ee

bases were msmatched, readily allow ng sel ective

detection of genes in a conplex nucleic acid m xture

and di scrimnation between the perfectly matched and

m smat ched sequences. Simlar 25 selectivity between

perfectly conplenentary and m smat ched sequences has

been previously reported in other electrochem ca

nucl ei c acid assays (Zhang et al., 2003, supra; Xie,

et al., 2004, supra; Gao, Z., Yang, Z., Anal. Chem

(2006) 78, 1470-1477; Lou, X., et al., Anal. Chem

(2005) 77, 4698-4705). [0119] Detection of nucleic

acid nol ecul es according to the present invention my

also 30 be carried out in a nethod that omts a probe

nucl ei c acid nol ecul e, as expl ai ned above. Specific

detection of a target nucleic acid containing the

GAPDH gene was al so observed using both horse-radi sh

peroxi dase (Fig. 8) as a catalyst and after adding the

initiator ammonium persulfate (Fig. 9). Again, only

one redox peak was neasured. Vol tanmograns of

detection el ectrodes carrying the conplex forned

bet ween the PNA capture nol ecule and the WO

2008/ 018833 PCT/ SG&2006/ 000226 40 target nucleic acid

nmol ecul e di spl ayed significant activity for both

catal ysts (see
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trace 1 in Fig. 8 and Fig. 9), when conpared to a

control neasurenent using a non- conplenentary nucleic
w@ediod/ocssps ure nol ecule (see trace 2 in Fig. 8 BOMSGRH6/000226

9). However, it should be noted that conditions as

for the use of a probe nucleic acid were applied. 5

Accordingly, no optim sati & was carried out for this

Claimsvet hod in the present exanple, so that it can be

expected that an enhanced signal to noise ratio is

What i&6RinsaaaR! e, when conpared to Figures 8 and 9.

Conclusions [0120] In sunmary, the above exanpl es
illustrate an el ectrochem cal biosensor for 10

1. Anmethei domihe ddechashehical datevtom antl/of quantifipatemeofta target nucleic acid

I nvent.ion. The present exanples utjljzes the.
n}?}%ﬁureo‘?ys@am}sa&gﬂé{e?%ﬁ%? @Fﬁtr%'r ea’il%ettl% RIS 0 gui de
(égr}ﬁodiﬁﬁigsc{&étélﬁ‘ioﬁfeldé%&e%ni line catal ysed by

orse-radi sh peroxidase brought on the biosensor
(buinfractslibipg oh eaiddietsctiomelegrasisapeptidenudeig agid (BNA) saptare

integral f r greatly enhan [ Lk
 noOB ol B5h e RS e SHURBEER LB BRI tgementary
CadtaagBi pordibon olf ehethgBduckiPhdifl nfaédubsy process

substantially | owers_ 15 non-hybridisation-rel ated .
(Darstogactng @q%@%@dg mithe soltionsipegiedtorqommrisy thedargehmpleic acid
nu,%l ﬁ'c&ﬁaci d or horse-radi sh peroxi dase al one has

| itere I'trpact on the background signal. WO 2008/ 018833
(DHoSGRH A AN Aficleid lacidGnaleosle\th atybridize ltaiteePNAscaptiure Anolecule
met hod for the el ectrochem cal, det.ecti.on and/ or .
queth i Flecfqdsn there i‘lg’i”ﬂ’é% the, &raaion of ¢ C%nﬂsi‘ SefyeEnspid PNA
e &r@ﬁnogeéﬂlféﬁﬁtéama@e?ﬁ&diéigﬁcidﬁmeéﬁé;hod conpri sing:

(a) "providing a detection electrode; (b) immbilizing
(9nadslangla getyemtrisabie positively dbargepldp pretsrsencivegreinggidipolymerisable

PNA), . capt.ure | ecul e, whic as_.a nucheoti .
Scapinuiely pseerp E nrpoif ik e B PR R RS B g oqptementary
at 1ol R eflecioRRAcicP BhRe bihtBe tarp@eiuclRitCdcR] MoReIld,
nmol ecul e; 10 (c) contacting the electrode with a

sol sudhothatiip seiderplymetisshisr postiiviehe chasgepble RIgEHEPT agerigtes to the

nmol ecul g; ' . [ e ' . .
LR T e
t henll@tle, e (ii)tthe pelgsesibdtivn ofgaidhgedumsoratn ba cafried out by means

conpl. ex between said PNA capture nol ecul e and said

t ar g6t Hifablereactef MOlPiScul e; 15 (e) adding a _

(@oécg’ﬂ??p% 'asﬁgﬂaﬁlep%?étﬁﬁtvﬁb%cﬁllgﬁElgﬁ“ Bt RSUHR Ofoly¥BSdafibA of said
al I'ymerisabl'e positively chargeable precursor

hapolgmersabid pasitialy changerblehmequesarhehertis anoipttoentugtiye polymer

to.the electrgstatic net_ charge of e target nucl.eic .
aciscORBRS S T ARERSEIS PIeediPt b Gl S aEpRHicard olymer is
POgdshéiNiRh Yo th 3RO eaRbRx PloRALH Hefwefi SBE T & Scabfiré holecule and the

target nucleic acid molecule;

(g) performing an electrochemical measurement at the detection electrode; and
(h) detecting and/or quantifying the presence of the target nucleic acid molecule based

on the electrochemical measurement.

The method of claim 1, wherein (h) comprises comparing the result of the

electrochemical measurement obtained with that of a control measurement.

3. The method of claim 1 or claim 2, wherein the reactant molecule is an oxidant.
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10.

11.

12.

13.

14.

15.

conpl ex formed between said PNA capture nol ecul e and
said target nucleic acid 20 nolecule, and (ii) the
wpoiogiesssxat i on of said precursor can be carriBCOI/86G2006900226
means of a suitable reactant nolecule; (f) adding a
sui tabl e reactant nolecule, thereby initiating the
pol yneri sation of said poI‘@msri sabl e positively
char geabl e precursor, wherein an el ectrocqonductive .
Tholmaed afsclpn bdWhesn the pol yerafakdp|at 1past Qe ra ruthenium
k.S ele ndugt.i ol,y i 5 j
B R A By PR eiop A GBS, % Rctomate, a
nidpacits, ea gefminpenateAngpgen) uedone,c a apdrshifabd, ex tHabngefigp chlorite, a
erform ng_ an, el ectrochem cal nepasurengnt.at the. .
chleriae(a RsFEITS p Ghlorate, ajodals. autaley 3 SHjTogdp Ay ostium tetroxide.
guantifying the presence of the target nucleic acid
nglrﬁﬁ%c? 0PaREdne VT dfitnse] €U, HAShAR (ERLoBRRY ')PBithg tidDreactant
. The nmethod of claim1, wherein (h) conprises
nodequésr oraguithtgle ingtiator. of the el ectrocheni ca
measur enent obtained with that of a control

asur e t..3. -Th 2t hod . of. ' r [
RSP Ryda, Re L1 BL R 85 B rtente, n e
cERPEHRIL 8 $33ulfsit EeRE /200 @ Pfoxideofapotihé. et hod of
claim3, wherein the oxidant is at |east one of a
ruthenium tris(hipyridiniu con]gl X, a persul fatgf a
Themesthegeo! chaianf, Grherdn the ReraRiatsRpleculs 1s Framgaiys Rersyiate.
per manganat e, oxygen, ozone, a persulfate, a hal ogen,

ﬂegﬁét%él to?’an? onedO8hHR 12 Pekkdrbiar (ffl @omprisd| &pasifg the reactant
i odat e, nitrate, a sulfoxi'de and osmumtetroxide. 5
noleciiletoreetiitablewhtalirsyy one of clains 1 - 4, wherein (f)
conprises exposing the reactant nolecule to a

uitable Lnjtiator. 6. .T |- rej :
THAARRE b b 2 el LSS e R PR, B B ing of o
RQARMWHIe, &nieed Stdrhide e Mefabailplete amchreenggmexi de
conmpound. 7. The nethod of claim6, wherein the

ersul fate nol ecule i.s amoni um persul fate.. 10 8. Th .
TReUBion T SRy chavreia B FRCHEn TPTfetsdh sHopFyte Moleie for said
&&Mggises exposing the reactant nolecule to a
sui'tabl e catalyst. 9. The method of claim8, wherein
the catalyst is selected fromthe group consisting of
The methad ot¢lhiox P de clazm ity whetsirosaidieatalystiis impolytigperais soupled to a

d,.an e me.. 10. The npethod of claj. rejn .t . :
B30 ORI D e e Bl P, Fuctl B gt s
Bakally &loomblemdiliay® bhieskt @fpoetici 61 the B get hatlsickdid molecule.
wherein said catalyst is in solution or is coupled to

a detection probe nucleic, acid nDIec%Ie, lerein said
Thet @@thoérpquslg@é 14y avherein s@idydetection probe nucleic acid molecule has a

nucleic acid sequence of a length of about 5 to about 50 bp.
The method of any one of claims 9 - 12, wherein said catalyst is an enzyme.

The method of claim 13, wherein said enzyme is a peroxidase enzyme or an oxidase

enzyme.

The method of any one of claims 1 - 14, wherein said PNA capture molecule has a

nucleic acid sequence of a length of about 7 to about 30 bp.
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nol ecul e is conplenentary to at |east a portion of the
target nucleic acid nolecule. 12. The nmethod of claim

wda osmksssei N sai d det ecti on probe nucl ei ¢ aci drembenné/e00226
has a 20 nucleic acid sequence of a length of about 5
to about 50 bp. 13. The nethod of any one of clainms 9
- 12, wherein said catal yst43i s an enzyne. 14. The
nmet hod of claim 13, wherein said enzyne.js a

16. Therosthahof daimy hp Whergin wid dase NWsIsAsid Jaguenggeis of a length of

ag&’itq%qo%{)o@@() e of clainse 1 - 14, wherein said PNA
capture nol éculé has a 25 nucleic acid sequence of a

| engt h of about 7 to about 30 bp. WD 2008/018833

17. APMEHSGION ticQdO2DOherdiBalldeteclihe andbhquhntifficaticai off a Byrget nucleic acid

erein said nucleic acjd sequence.i s of a.length of
male B esrsald cesgon slecs s A iared oFopiing
(d Iﬁ@,{,{d@l@‘@g@tg&im@gcﬁ%g;on and/ or quantification of a
arget nucleic acid nolecule by neans of a detection

(k| monobitisingtonesaidatetastion eleptrodsi avgyiclaic aciyl cpptune raplgeule, which has

det ecti gn, el ectrode: . ( i mobid 1 zin [ .
dot BRT POegrRtF Bt is s o GRe | G Ehe S ul e g portion of
Whing RarBasnucteidiGl apldcdr; sequence that is at | east

artially conplenentary to at least a portion of the

(o) apqeacting dhe¢lectende dvithn wadvfien expegted Eﬂﬁ%ﬂfisﬁéh‘i fggget nucleic acid
el et rcgge with a solution expected to conprise the
tar geet nucleic acid 10 nolecule; (d) allow ng the

(dasleting Uit eirgetatidieicabicmbokectle tytpbiridizeetot thetrveleic acid capture
nucl ei c_ acid capture nolecyle on _the el ectrode, .
t hBiokisyleap i FgCtrastentherdyy Jovuing émaés?nbféi HEPleR; Rptween said
NUGLGLE 281 fﬁ?@ﬁsUfe@u 00hChl Sarpthu RiChd RRkuC! i C
acl nnleculg; (e) adding a polynerisable positively .

() haddiea blpel pnetsable qositivklyr dhiargegblie prewirsomewhergiyl said pelymerisable
posi tively chargeabl e precursor has.an el ectrpst.atic
neBORHIETL EITREADIS Brepti Loy o Pric e (PR S pyfplementary
neto (B aledRofhtid e chake6t theWskel ficREd sbidBogedlee, such
that (i) said polynerisable positively chargeable

pr esuelsdeat @) sad pabyasrigihle pesitvely chpeesble pregigohessopatgs with the
said _nucl el c arci . l.ecul o :
P uB A BAPLM BB S GRS g i
sai dcidraenesler akipgi)hke palyhieeidativnt oftyaid pRcumansandbe earried out by
suitabl e enzynme and a substrate nol ecule; (f) adding a

sui fRAINEOL lsyttakle enzyEncng) asubgtgpte BRECH an enzyne

(! hAFREH shifufte LEGE oD nucl eic acid mol ecul e
erein sail probe nuclei é¢ acid nolecule is at |east _
(Danddiag by enpyme ettechtditya deteatiorl pabe naclpieracicdmotscule; Wlerein said

target nuc|eic acld nol wherei n t he detection

prB ewﬁlte}coq%glo egule %gt?lg?:ls ’Hartlaﬁy complementary flat'1 &%t 2 portion of

the target nucleic acid molecule, wherein the detection probe hybridizes to a portion
of the target nucleic acid different from the portion to which the capture nucleic acid
molecule hybridizes,

thereby (i) allowing the detection probe nucleic acid molecule to hybridise to the
target nucleic acid molecule, and (ii) catalysing the polymerisation of said
polymerisable positively chargeable precursor, wherein an electroconductive polymer
is formed from the polymerisable precursor and this electroconductive polymer is
associated with the complex formed between the nucleic acid capture molecule and

the target nucleic acid molecule;
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

25 of the target nucleic acid different fromthe
portion to which the capture nucleic acid nolecule
whysiotisaes, thereby (i) allow ng the detecti oPCPsGIB6/000226
nucleic acid nolecule to hybridise to the target
nucl eic acid nolecule, and (ii) catalysing the
pol yneri sation of said poHﬂnerlsable positively
(hy rmﬁgaaiﬂge pme c ueledrochoeaki meagvremnern af 8@@&9@% glectrode, and;

B B TR S0, Y PL UL SRR,

the conpl ex forned between the nucI eic acid capture
THR! Rzl @Rdclafine]7,akdRtbeiR UG) F\fsbﬁ R Reink e the\Gesult of the
2008/ 018833 PCT/SGiOO6/0002 perform ng an
eleceothenddnd meaalremeratsﬂntzem‘w]athat hfea @mt@é fegsprement.

el ectrode, and; (i) detecting and/or quantifying the

t I

Tﬁ,g gla) 9 cia[l %%rlagl\?%lef{} g&%ﬁleekl h@%{lﬁlstlrﬁ)é Igléﬂ%lgle 15’%1 o{ H&nt

the result of the 5 electrochen1cal neasurenent
Tob hedtiiebofdl it 19)athepdin ahecaidanlis ardemstivperefia pert@fatdreperoxide, a

rrethod of claim17 or claim18, V\,hﬂ?gl n the substrathl
|%e dichromate,x? aREANEY 2 PHEARE BEEh74gga halogene, a

cﬂf&ﬁ@éﬂ g;hw}ﬁlef% kgl%ﬁforfdé @Ehlbl%?éta i088Re,of niftafeeh SHlfé:a8€ andosmium
peroxi de, a romat e di chfomate, a manganate, a
tgexidenganat e, oxygen, ozone, a hal ogene, a chlorite,

a chloride, a perchloride, a chlorate, a iodate, a

%%Eg%??ﬁcl’%%%fl %glﬁgﬁn g.é&] erelé%afd\?\%] ! q? a éx%éimdagg enzyme
02 BF ¥RMadcSer@yMBr OXi dase enzyme or an oXi dase enzyne.

22. The nethod of any one of cl ai ms 17 - 21, wherein
sai d detection probe nuclelc aci d nnleg§%e has

Theanethed @@,a@ym@n@@nﬁ 1%- Izﬁln(}]‘f rein saig eqf}op(yrg%aycleic acid
e hakh ditteid Nt BERAAAL: Afa 120N QP b 5Gb @b Shibp: 22

erein sai nuc eic acid cap re no ecu e has
nucl ei c acid sequence of a length of about 7 to about
TR niggho®Rdf anjrumervéchaids 37 —GRawher2id, saicheuctin agidicapture molecule has

sqbl5te S e bEGreih DRt b7 'SR DAL BT ol ai e 17 -

24, wherein said nucleic acid capture nolecule is 20

ﬂﬁ@n&ﬁo@&ﬁlaﬂ[\@@ aikerEBbAaiddficleld g dreéduenceois odaYergyiie obfibout 10 to
claims 1 - 25, wherein said target nucleic acid

aportedire is DNA or RNA. 27. The nethod of any one of
claims 1 - 26, wherein said target nucleic acid

ﬂngtrﬁ%g!) ]pf &wrgﬁé §iec°1 hsPrR- 98N W RGinSeRURREE: ada ?mreTﬁglecule is

one of clains 1 - 27, wherein the target
dne Off BINA, aR:NA and |PACAIl e

The method of any one of claims 1 - 25, wherein said target nucleic acid molecule is
DNA or RNA.

The method of any one of claims 1 - 26, wherein said target nucleic acid molecule

comprises a pre-defined sequence.

The method of any one of claims 1 — 27, wherein the target nucleic acid molecule

comprises at least one single-stranded region.

The method of claim 28, wherein said predefined sequence is a single-stranded region.
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30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

conprises at | east one single-stranded region. 29. The
nmet hod of claim 28, wherein said predefined sequence

WO 2008/084883)| e- st randed regi on. WO 2008/ 018833 PCT/SG2006/000226

PCT/ S&2006/ 000226 45 30. The method of any one of

clainms 14 - 16 and 21 - 29, wherein said peroxidase

enzyme is a haem peroxi dase?d 31. The nmethod of claim

30, wherein said haem peroxi dase is selected fromthe )
Thegughod of ang np @t slaimerider adi sh1papdzi dde Wherein said peroxidase
& qgggﬂﬂgngeg&&&%EQase, gl ut at hi one peroxidase, 5

H%//;eqloper oXl dase, yroi d peroxi dase, eosinophil

per oxi dase, | act operoxi dase, ascorbate peroxi dase,

Ther mxethdd sofnglaipt 661 adleseial isaidHhsym tpeasédase.is selected from the group

cg gﬁ%i %ll rg; (gf: %g; %x i ag&ox&% té;%%é%gtlle? i? Igggqxédsase, glutathione peroxidase,

i &1 @@ Broxt 98 dbsinBRAiPpLMARRse, h@Bheroxidase, ascorbat
asc(gdr at %gp’e%i dzslg)x I—aiaem gltlwll gllrhog’er oXI (Sj%se, %neg%}élaﬁsgsgscor ae

peerxdddsela peroxidasing momdiri ¢ pomthaselaBe cofuptialags-peroxidase, M.

characi.as | at ex peroxi dasg, , Arthropyces ramsus 10. -
T 6t sasS BRGRAIS: opr R LEe G ATy ek idase,  lignin
pRESx@adsEa8nt BEADRE YPehRGdRe, BiHY SHRRSetdXidase, manganese peroxidase,
manganese- dependent peroxi dase, and |acrimal gl and

stieme spekifie perdRidasth &upkarhiticher acipalapax et eridase ad rfrpyyces ramosus
wher.ei n sai d oxi e._enz: [ ac

RRSATRE B (SRR Co ORI ' CRRBEm a8 0AE ochacre

RFsblRH 1M ahghnade-G&GheLdans perdRiddte, and latfind# glaid eeroridass

of any one of clains 1 - 33, wherein the positively

char geabl e precursar, is n aromgti ¢, am ne. 35, The
Theangihodet g gmelawn%lraézva*wr%ﬁggé%iﬁ? PRy 1f Lacpase.

sel ected fromthe group consisting of aniline,

lﬁ*%érrh&h&? 8y ConeRY clathe 1 2RY, WwhdRzalEmetBd isléxeriéPé @8l an aqueous
o

claim34-or claim35, wherein the target nucleic
sabitidnnol ecule is 20 conprised in a solution of a pH
selected in the range of about 1.7 to about 7.0, when

ai d | veri sah § tiue e ' .
. 05R Y TE DRBY GBS} e SRBLoB A druror i
dnheomhlid smeought to a value in the range of about
1.7 to about 7.0 after said polyrnerisable positively
chargeabl e precursor  has been added. .25.38.. Th
Thor SHhadt O Clsith B WhETR. S Gramls R i3 Selegied from the group

I itk 0 - : R 39. The

dr?g?%o %@ﬁgﬁlf ’ %}ﬁlghg%&rglg%&) %Le ?ﬁggﬁda\%ﬁ(ﬁ)er ein (a)

conprises i mmobilising a blocking agent on the )
Tet sxtlicdnofchonr JHer agnp 368 mbesd3s3hetmesGrodsicosnd 28olecule is

cAc'>16nprised in a solution of a pH selected in the range of about 1.7 to about 7.0, when said

polymerisable positively chargeable precursor is added.

The method of claim 34 or claim 35, wherein the pH is brought to a value in the range of
about 1.7 to about 7.0 after said polymerisable positively chargeable precursor has been
added.

The method of claim 36 or 37, wherein the pH is selected in the range of about 2.0 to
about 5.5.

The method of any one of claims 1 - 38, wherein (a) comprises immobilising a blocking

agent on the detection electrode.
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40. The nethod of any one of clainms 1 - 39, wherein
the target nucleic acid nolecule is conprised in a

W@ 200pl0e883e| ect ed fromthe group consisting of BCESG:2006/000226
sanple, an air sanple, an environnental sanple, a
cell culture sanple, a bone marrow sanple, a rainfal
sanple, a fallout sanple, é6space sanpl e, an
extraterrestrial sanple, a sewage sanple, a 5 ground

40. Themsthodafiang ongef glsims] 0% anpl evhegindhe HEgHIMySiercAcid molecule

41.

. sanpl e, fo | . . r . )

Qe S g g RS BR Bisig WT4 B samle, an i
sEAPIP) &, enfrirbRietal APk, @, cell chltifelsample, & boheimaanwl sample, a rainfall

cerebrgspinal fluid sanple, a naspharyngeal wash
segeple ® UGS FIIIn & BAEF SAelen B PHAAEB L FIPEC. & Sewpss-pmple, 2
. a | . 1

oFR 2R PR Sl RO s ORI S samps o
badph@ple] O semnmpsanipde, iacplésma shngdeypl winesamipbp 8 ptooksphple, a semen
S%%ﬂgil é,li?lgp %ﬁb@%d%}%% L%rgsioyialf M?&B}lﬂg; ggllaﬁlﬁl%?}gn%%al wash
S | 8 sp@uff Sdmp1¥S AbufoudiR TREE sapley al tHEoa€ dhvbb IsEmPRIAl ifisal swab

a torensic sanple, an infection sanple, a nosocom al
simplecs bomchsalngsiler, lagagsr aoypde, iadbronelnigll secretion sergple, a milk sample,

reparati on sanpl e,. a biol qgical., nol l.e. t
o8 i TR peBplr e B RLTE L i e S dcisample, o
ci{cRPasAbleON tEAGH Rimple, btisas bahylds atell paapiel atckldMysate sample, a
sanpl e, a solution of a nucleotide, a solution of = . )
vies whlfeecmple, 2 fereade semple, 6n infestien sp@ple dgnosgeomial infection

1%; :ag rgc%,}c off e?atnﬁpqg ' aaldlél%J ?éé’gfhﬁl?’.ﬁogmg@% I%S ﬁ%(%lg cal@molecule

=0

S
sar
S

an anng ac n, a
pEsdudtioorsafipley 8y pidicih i prepadasioer sangplg obulipin ppépagation sample, a
bi ochem cal conposition, a soluytion of. an organi

cerﬂqgh;rcggqe pé@ﬂ%gqnt ﬁa@ﬁ}e, 3 selyfign p A Nge C%‘(Hie., Pﬁ%ltu am pﬁpolynucleotide,
aggﬁ%ﬁ A a %?@i@ﬁsdcﬁdﬁ QRolyBiod BF Hgb@%ﬂeﬁjﬁ s@lutib® bsz% pglypeptide, a solution

ution of a carbohydrate, solution o .
of embinivat apid; achbrtiostof ¢ ppoteidue solutorsof aisyingretisfpolynekrugsolution of a

candi datfe nol ecul e, a, solution.of.a dr mol ecul e, .a,.
e heicacunpas it Erab el i1 o2 Splptab RaRRsil fapiftion of an
ifbreis REERAICAN cOhpitidd, USsol@icil§P&NFi@MN 8dluflon of a carbohydrate, a
m Croorgani sm a suspension of a nmetal, a_ suspension

solutie0iR caiibiatory chemistry amodict,za sedetign oloh drugrgndidyte molecule, a

ination thereqf. 41 . ' t 1.C
SRR 193 eGPt Hpih B 08 AR S SQRORTRERY o c. o
seSpeAdoRrofsd Pirug,a) saspésdies tof ennibreciganidm, a( fHjspenskiAof a metal, a

capture nol ecul e, whjch has a nucl eotide sequence tha%
spgpengion ghetaballey, aIsplptiop gk mskal feryapd pry gembigatiqn thereot.
portion of the target nucleic acid nolecule, (c) a

Ay ﬂ?r 1Rk Er RDIMmidaY elechBRTFER tf!u?etp hEQESid WOREEENsaid kit
e 30 o

t he ectrostati c net charge sai d pol ynmeri sabl e
cpmpiisingel y char geabl e precursor is conplenentary to

the electrostatic net charge of the target nucleic
(@)ca deterbioBElACEOdGNd (d) a suitable reactant nol ecul e.

(lyﬂ 131‘%5&%8&1?? ﬁ%l&% wirhafs g%ggl%gtidedfs%quence that is at least partially

complementary to at least a portion of the target nucleic acid molecule,

(c) a polymerisable positively chargeable precursor, wherein the electrostatic net charge
of said polymerisable positively chargeable precursor is complementary to the
electrostatic net charge of the target nucleic acid molecule, and

(d) a suitable reactant molecule.
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42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

42. The kit of claim41l, wherein the reactant nol ecul e
is an oxidant. 43. The kit of claim4l or claim42,
woL@se18333 he oxidant is at |east one of a rut hRCl/86G2006/000226

tris(bipyridinium conplex, a persulfate, a peroxide,

a chromate, a dichromate, a_nmanganate, a

per manganat e, oxygen, ozoné’f7 a persul fate, a hal ogene,

a chlorite, a 5 chloride, perchloride, a chlorate, a
The&ittod claimdil; whetsin Resenchoki de amelassieiaAn PEINABKI do
44. The kit of any one of claims 41 - 43, further

[ o)

TGRS et SRS Wil the cARtanf B ol IO bga duthentum
tas(bpyadimiurp eomhplexa Ppeoesulfitat @ pelorniel @, chrothate, a dlchromate a
perOX|de conmpound. 46. The kit of an ne o%]elw
manganatg,  # (FENARERRIC XN KRG ab | RET aldggpey Clorite, a
;m)‘ﬁdg'% Qlni6hiad, D Afratthelohes, etﬁ‘l?raf‘eaﬁ @f&ll}'&&dé SnBAaHQBkroxide.

romt group consisting of a metal chloride, a

metal bromde, a netal sulphate and an enz¥ne._48. The
Thietkitaff any anerpAdlainssh e4T futher comptising aisuiteble imitiatonat e
nol ecul e for said catalyst. 49. The kit of clains 47

r er gl nisal . I [
s iross 05 2 QuRBlnE RISk 9n8 ot el nfechlc, i a0 compound,
avrﬁwsrueﬂafe félletuldeindcl pedskifs eaepound) ei c acid mol ecule is

conplenmentary to at least a portion of the target

nuclelc aci d nol ecul e. %O The kit of clai

Tk atiens ang ohatEes #on ) ME" CORPHSE ACHIRIIS FIRNFe has

a nucleic acid sequence of a length of about 5 to
R 015<9a19f’46 Stherdil @hdtdtal Pt iR ROLIOM thé 8ot cBhsistirof a metal
wherein said’'enzyne i s a peroxi dase enzynme or an
chkirlesemetnt hroside,Cr Batal Shghake andom epaymene of clai ms 41
- 51, wherein said PNA capture nol ecul e has a nucleic

ci.d yen f
B AR QSR SR gl e RONE scld iy
sequence |s of a length of about 10 to about 20 bp.
T kittofkildimsel7 or8, wheretn aghentdl gsalis sesobionen inéoupled to a detection

tgl;eggltlﬂg#géﬁ% gﬂo &f "g%’t Wg%élunl il S dflgll_ilgg anﬁglng amil rllqolecule is
BHSERRR0L000R2R o sb8iditr e AHEK BhAcR AL AR
ecu

I ch ha a nucl eotide sequence that is at

| east partially conplenmentary to at |east a portion of
Theekit af glimm ivdietcimshid detdctionpegbe yucieig agid| Mateenlediss & nucleic

1tively.charaea S wherein the
z%“é%ﬁ?%%?é%?ée ﬁﬂ%?g%ﬁ)%Pug Puol yneri sabl e
positively chargeabl e precursor is conplenentary to
TiekibofABCddeast cdiing 47et5(; hdegsn efid eheyniaisgeieroxiddseienzyme or an

acid nolecule, (d) a substrate nol ecule, and
oxidase enzyme.

The kit of any one of claims 41 - 51, wherein said PNA capture molecule has a nucleic

acid sequence of a length of about 7 to about 30 bp.

The kit of claim 52, wherein said nucleic acid sequence is of a length of about 10 to

about 20 bp.

A kit for the electrochemical detection of a target nucleic acid molecule, said kit
comprising

(a) a detection electrode,
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55.

56.

57.

58.

59.

60.

61.

62.

63.

(e) an enzyne attached to a probe nucleic acid

nol ecul e, wherein said probe nucleic acid nolecule is
wa@eoosessss3 partially conplenmentary to at | east BCPSG2000000226

of the target nucleic acid nolecule. 10 55. The kit

of claim54, wherein the substrate nolecule is an

oxi dant. 56. The kit of cl#8m 55, wherein the oxi dant

(b)sa micldieasit captereahiolacyder sul f athéch ks pmug}dot:iée sqguence that is at

oleaa et semplaarcy b, & 1089 Bk of TG eR R AR i grotecule,
(@e‘a{ﬁd&ﬁ dﬁﬁﬁle Sﬁﬂlleﬁircgfaiegeaﬁe;)%ﬁffs%r v@he@élh rtl?é ﬁectﬁ)statlc net charge

osm um tetro The kit of any
onef safd odlpinemsable posfiﬁ',elyvdhergabiesvmcmsen wyemplementary to the

0f IEgPeBie ek er e han et By SRR e i o |

dins@nt (gcl{mggﬁ‘yl e has a nucleic acid sequence of
(gﬂf engtﬁ gﬁ %bout 7 to about 30 bp. 59. The kit of

(©) 2 enzHiBde attbdieé tona paibe nodleloeicid moledu]sewh@nmesaldsprobe nucleic acid
| engt h of about 10 20 about 20 .The
rpolsfuleds Slran sl complemeREpe Rt St piripe pE et nuclei
ca&ﬁyp% dmjeecul e is one of DNA, RNA and PNA. 61. The
kit of any one of clainms 54 - 60, wherein said target
nucleic acid nolecule is DNA or RNA 25 62. The kit
Tive katrof claie 58 whbrsimthe Substragsimolgpide éf #n exdants ar get
nucl ei c acid nol ecul e conprises a pre-defined
%Olgg ﬁ% %tSa Wl'il%{élll tth oExiﬂQ%(t 182&? 1921fst 811?'0% 4su1faﬁ,2’a %eromde a
rget nucleic acid nolecule c rise
cheagdte, 0N dichidigate, 5 tiaigdedde, r@@bmi)ang\iﬂté?,Oﬁb&/@ﬁ,SBﬁ)’he, a halogene, a
PCT/ SG2006/ 000226 _ 49 64. The kit .of clai m 62, ﬁreig .
chlartie, p?r@ﬂ rifies p merehlosidigem chlorale, 2 igflalgy wdRte Agulfoxide and osmium
taﬁ . 65. The kit of any one of clains 41 - 64,
ereln said capture nolecule is immobilized on the
surface of said detection electrode. 5 66. The kit of
'lﬂiedsiimiﬁdhy aemfcians g4 rédnwhersin sadreyimezis igpeseridase enzyme or an
@@ure nDIecuIe to the surface of said detection

The kit of any one of claims 54 - 57, wherein said nucleic acid capture molecule has a

nucleic acid sequence of a length of about 7 to about 30 bp.

The kit of claim 58, wherein said nucleic acid sequence is of a length of about 10 to

about 20 bp.

The kit of any one of claims 54 - 59, wherein said nucleic acid capture molecule is one of

DNA, RNA and PNA.

The kit of any one of claims 54 — 60, wherein said target nucleic acid molecule is DNA

or RNA.

The kit of any one of claims 54 - 61, wherein said target nucleic acid molecule comprises

a pre-defined sequence.

The kit of any one of claims 54 — 62, wherein the target nucleic acid molecule comprises

at least one single-stranded region.



64.

65.

66.

WO 2008/018833 PCT/SG2006/000226

49
The kit of claim 62, wherein said pre- defined sequence is a single-stranded
region.
The kit of any one of claims 41 - 64, wherein said capture molecule is immobilized on

the surface of said detection electrode.

The kit of claim 65, comprising means for immobilizing said capture molecule to the

surface of said detection electrode.



