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ELECTRI CALLY DETECTI NG A NUCLEI C ACI D MOLECULE FI ELD
W@ER0090IEIINVENTI ON [ 00011 The present inventi onPCEBGL®F000330

to a nethod of electrically detecting a nucleic acid

nol ecul e, in particul ar det efti ng the nucleic acid

nmol ecul-e by neans of an el ectrode pair. BACKGROUND OF

THE | NVENTI ON [ 00021 The detection of nucleic acids is
METHAPHF FLEGERICALIY DETECTINGANICERIC %WWCULE

but also in biochem stry, food technol ogy, forensic

examplo 8 bri 01 calELR OF THEIRVIRERON of °genet i ¢

bacterial, and viral diseases and environnental
tﬂwﬂb Tbe gmsc@rmvm@ntrelatqa do aThethedhaf elpﬁté‘qdb)hd‘rt?ctwg@dnudelc acid
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mole {f, AR a e ThhiMeil REGRARRESY Alths of an dectrade pair.

by aut oradi ography, fluorescence, chem | um nescence

or bi ol uni nescgAEKGROWND OF THESNVENTION1 cal and

el ectrical techniques (for an overvi ew see Qdent ahl

K.J. & Gooding, J.J., Analyst (2007) 132, 603-610).

Tmoathhmdﬂt@iuen afinucleis aeids énan amnpertaptsrethed yolopnly in analytical
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chemﬁ%y kbut ?aalérjo i qﬁoch@xtﬁ% d(f?cﬁf lti?;ﬁfx&o r%ose c nge?/h%o-ewgy, agriculture and
medidihe) O 18 $ereexamplé alntitiesd damndr indiaghestics bﬁ@nbtjc, bacterial, and viral diseases
und GRS S TR AR Y metnoas for
deterfidifg GRETYresER0E aind EdMsefeiot Sf Mictet Rids chude the detection by

honbgeneous phase or at a microarray, the markers

autorafiegsanhyel Thiorgspencso ghemHERINgPEnes: ioF sbl%‘y“WéC%Fet%eW?ﬁ as electro-
chemPhP LA RHckR1A Qeéﬁﬁc@?g %forEzlu? %‘/Eﬂvﬁ-ﬁ\i seh O rhael rRIN@MGRMing, J.J.,

I o0sensors a I ow f fast and real -tinme anal ysis. ]
Analyst @O07) £R), 60260 ﬁ) d"wes:al nedleid @Cldmtm@@n teclniques rely on marking of the
measur enent s t - t
nu‘:lelSIaimélgtﬂugleéo ingd: unc %glrl]éﬂol Se g lgtgﬁ?%lb%bsl Igﬁﬁ@& iidy B! fluorescent,
lumin@gdeapar dlécrﬂi&l]@Rﬁ mkagn&ically actéte nadleculSoir partieles (RaAMAN dots, magnetic
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phase & {08 fiérb&rrky, nﬂé Rariedrs afe adadtyd et the Hohad cnaplew &idy obene of the
changes the conductivity or other electric

aforepensipaed methadst Rleetmicehand slespehsgusal | opepiaredia Gudigapdreal-time
analySis fEI%l:tﬁcalette&ﬁﬁ(%uetsr g&ﬁﬂé EHdubfiFh) mesKedinéis, 3thich can for 1nstance be

Ion-sensitive fect transistor (ISFf T) is used
basedfapran olrwnadwldwfun@mnﬁywdgﬂlﬂh@ goldnanepasticledBarko$. byet al., Science

(2002',},1'5??%()'55@%%? gﬂtﬁt a,Eondfis al S t\}}?%@% é%gxg’apﬁga%{&?@?yom%ﬁ).

In mi‘ugr deéteton m@thodsOﬂﬁSBmErhg biasmn cmelyemamttlse taptuckepmbei dranges the
uanuﬂg;tlo of nuclejic a

condEAKIO1 e EFIrSaL PRRABEER BFRSE A e gy P el piogrsors & field

eﬁecto{rar%'ié?&r (HEEONRLEH8S adl iBn Sehsidee Heldaéffect tiahdistdr (ISFET) is used, for
e in terns of accuracy, sensj ti Vi ty

mstarwtycmpanfﬁyg the rggte elﬁftgpdsrm P emobdising,2 Rty BRobethereon (see
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amwowi ' €s, -have $ potential and

2?(9%3941%%1&%? @iélﬁ%@qg{ 989&%% and quantification of nucleic acids by using

analytical devices, whether optical, electrochemical, or other techniques are selected, are still a
challenge in terms of accuracy, sensitivity, selectivity, simplicity and practicality. Advances in

nanotechnology, especially in nanoparticles and nanowires, have showed a great potential and



2 paved a new avenue for addressing these issues.
[0004] In the past years the great potential of netal
wmacvopamii cl es as an alternative |abel for PCT/SG2007/000330

ultra-sensitive detection of nucleic acids has been

shown. By resorting to Iocal&zing gold nanoparticles

in an el ectrode gap ensuing With silver deposition

facilitated by these  nanoparticles bridges the gap,
paved pew a@yerye foriddesssipe these ppuesos,  1503- 1506)

denonstrated readily neasura?lf conductivgﬁ ~changes .

( $U04FiIy theypast yeags the grEspt potential of gyetal nangpag & ap pltgative label
for ult¥ReRGtive d&BitRnCf dutiche adidhhdbecd! B6WnOBY rédortied W Rcalizing gold
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3 . .
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2323-" 23 ra- and internol ecular
C.F, &¥oatviyt Adh Nanogetters €2003) 3nd 3581363 h Audraniepgusiclel nppoEen based on

o 58S S PABS 4 AP TR Dy, PR, 10, 22

2327) 20O GhtrH, andl, infedmolbéBlar récoghitiod girepdrtienobHasdeicaeids have also been
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[ 0006 vaerthe[ess, current electrical detection

nanovwsisp phpsaders seapitivgy dagpdo DA MelhdorenesHagelsigh, Ir-effialys Sgns- Actuat. B-

Chem I45 bﬁ‘@@lﬁhﬁi c acids with gold nanoparticles.
Pr'ocedur’es such as gol d nanoparticle preparation and

f g(ﬂﬁ)k’ QR thdleR! Qurtedt bRERicRANELtERiBH iapFroBt s leMh&Halvt 86y sensitivity
t echni ques. Tﬁus, there remains a need for an _
or required tabelling eucteictacids ith gohd nanspeticlesnProgedures [sughcasqgaldjganoparticle

prepafaoB it PN, Fgegiols A SRR Bl AN fSlbes. Thus, there

remaid€h @eéd fog af anerahtdicomethod forahedete@ionwfinatleg\aoidds t hese
di sadvant ages. WO 2009/ 041917 PCT/ S&007/ 000330
[0007] Accordingly it is an object of the present invention to provide a method of

electrically detecting a nucleic acid molecule, which avoids these disadvantages.



3 SUWMMARY COF THE | NVENTI ON [ 0008] According to a first
aspect, the invention provides a nethod for

webmonsiocal |y detecting a biol ogical analyte pol/ec202000330
by nmeans of a pair of electrodes. The el ectrodes are
arranged at a distance frompne another. Further, the
pair of electrodes is arrandged within a sensing zone.
The met hod i ncl g%gmm%#mﬂmmoﬁlmbl lisation
unit a nucleic aci capture nolecul e. The nucleic

aci d capture nol ecul e has an at | east essentlallg i
ul9898) deaording tara fisst aspesty theriaventipn proyides @gnpthed for electrically

detect“f’r;’agq&I ﬁ{b?(z%lgﬁaatnailﬁ e Holdd ?ﬂ%sf)y RRRGhd 5 % ¥alﬁ %nge%{f@@ésaﬁ“}ie ERctrodes are
fon of a strand o e target nucleic
arrangediat andi$tencd ﬁrodema anothesi Furgher,i the paniof electrodes arag@eiged within a

NSRRI
captuekhipRetRd The nluBIéide(ﬁd tdaptuker h@ﬁécum.lhdlsearc aAldast ewetraialilyauncharged

Furthernore, the nethod i ncl allow n he ta
backbape | ﬁartf&e ihas adyuslegtide seauspes thaf Setiget metiallgicampiedasnary to a
least g%@ft f Erglrﬁﬁdj e tl?é‘taﬁ’%@ ﬂdET@@h!:leiﬁMe@ﬁleUThé 1mﬂd)@[lﬁshﬁon unit is
od I ncl udes al g the formati on of

anangcd rvpttmx theeenting zetee The elediod w9 includen eontacting the jmanqlisation unit
C h

ot 85 TE) DSOS, T 5T A€

includeg ailo whs thentaglet auclest adid (mcrled:ule uhhyhyedlsth &1 thesnucleic acid capture

ot St 15 S 95 By ISNOGd Bmation o

compl@% betaleh e AGAEIE adRISQPhE afolécld 4 e Imgétmﬁ:léid’rﬂﬂd molecule. The
bet ween the nucleic acid capture nolecule a

method fpigaer ippledesiaddingiag agwyatien pgtnt-THee BV a&@%@@ﬁelelfagesfaﬂc net

charg Hg%oﬁlﬁ ltary 3O IHA & BN EREL: chﬂ%@ ofBiehiroe Chudli€acid molecule.
pol ymer has an eI ectrostatic net ch ?@that i's

As a reouip|theraetivationiagent adsecietes ¢e tl@sqomplgx edrhetyeenpthe mygleic acid

captur?Ctdlgc ear%dst%? ?agéet nﬁhll%{ceﬁ}/d {ngf%glg'iggm 2 Egﬂ?% Hﬂﬁ shcftlde® Wl(ﬁ)gg a water

solublaq)blwml The \agteﬂtolhlbiaq)olymmshsS)m eleettbstaictrive cleapgpthakis complemen-

tary to tEF V@e@q&ﬁ%}ecet?eg g gcao%fe 8%t8\1% E)rliI %,%eéx eﬁ%g%hegm{ﬁgtgod includes allowing

the wét&cidl’lﬁ§ p@l@’ﬂieﬂﬁ) assBEihR!to SR dctivdiish ﬁ'@hﬁihaﬁ@elssdcfated to the complex
capabl e acti n&ras an oxi dant Furt h

betwerip i icleihacn & Aol AN ergFloRI S pSiipolRgHe. The method
also u‘r‘cﬂﬁl’eg gdcﬁl?@ta rhectalcéaﬁpfﬁé%@{a@ Caft itsQ:aﬁzhﬁ‘e oﬁi&iﬁg ra@ﬁﬁ %fddﬁntn Bhrther, the

the water sol uble polynmer. Thereb
metal mm@ﬂthle medtaldssdt hdviagvam gletchestamenaﬂ cliatxﬂsth@blswsrtr&?la@@ary to the

t he t el I
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metal ﬁxﬁisyﬁesisocfﬁfb&onm Wwatdr adlskfle Ipnlthde%;s at:hﬂu]m g phuralétgtod imregal ions covers
t.he i ncl.u

Th b
the sugfg%tef \ggtrgﬁf phje rp@ {ljh%mﬁg}o |a§§ fl).l n?ci.f{én%trgc}ucmg agent.

ThereBfitHe :h&hbdll ﬁmﬁmeg QRGO %Itﬂardaﬁélag agdit t@rerdaw{hte nietalEbA of the metal
wre is formed fromt eplurallty of metal ions

salt tocthe @ptrp@opdp@ggmtplaéé adpsqlh@n}ﬁt)q VYHE 1 is fprmed Eomdhe phugality of metal
ions c%%me?t ns%%’fégg Sf AR ﬁc?‘rgﬁn'gl‘ %rﬁl%as ergrtﬁ§ B OfncfuldBs determining the

el c acid ecul e on an el ectri cal
preselmb auf alod arges hixdeiofacal melyculn based arhan elestsiral hanaeteristithef a region in

the seg§11é% :zcgr} Cike glgatalﬁgl[cﬁ'w flngplc {S%Igﬁuelzg#é?@ E}g %e?ée&ctthceal conductivity of the

metal wire.

[0009] According to a second aspect the invention provides a kit for electrically detecting



[ 0009] According to a second aspect the invention
provides a kit for electrically detecting WO

wQ@ed900win17 PCT/ SG2007/ 000330 4 a target nuck@r/sGAO7/000330
nol ecul e. The kit includes a pair of electrodes. The

el ectrodes are arranged at di stance from one
anot her. Further, the pai r o el ectrodes is arranged
within a sensing zone. he kit also includes an

a targﬁtmvﬁmq acigmplgpnlanihe klfm@uqlemm}rwif slgstrosdes-dieclecigodes are arranged at
r
» B B, P SRR R S g g e
The lacalso ampides en imphabilisatiom agitafihaiminebisatissunt iszdrtapged within the
Furt h r. nuc

sensiffeeaey [ Habeiren et f Be Eequaebrrplepie il acid capture

moledifé hadhh ¥t LRBPESBRMIBY Yndhargdd bkbona Ruother the nuadeit heid capture
target nucleic acid | ecul e. Theagit alﬁ i ncl ud
11

moleqyle Pare RUsTFoHgE AtdUCnFuhaS AL lepst BTl GAmPIeaenigty fo at leasta portion

of theeﬂa% nAslkRldctd Hﬁ‘)‘lecﬁr@ T8e ktlthﬁgo inR1UIRSBh 8EMMtBN gk, THE activation
el ectrostatic net charge of the target nuclei c acid
agentiha$ at glleetroskaticiriet ehasgethat is somiptemengary Hethe glegipsiatic net charge of the
r I
s R SPGBy, o woter
solubEl Iﬁﬂymashmancelecﬁtostamha]eg chafe thae mcxhnp‘lamenrtaryaigethc eleTtrestatic net

s S5oMBSLASR L e e TP 208 b S s oo

actmé Qseaﬂrﬁilﬂhnts The niviMgoado £IheGhétaisdaRt Have AR lclcebrastgtic hbadharge that is

lementary to the electrostatic nef char
comptemenm rﬂl%@PmS{mﬁ aehyehanee ofths watqr salpkls PPWH}C&(]@%?‘& also includes a
reduc{ h? @l‘h@qg(mcm nf ?sdé‘aghﬂg AF6McirgSthe JRa4 18n§f)f the metal salt to
cing t erreta rons of the netal salt to
the cqrmspcasimvldﬂag nmetal . BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 00101 The invention will be better understood with

[ con unct i DESERIFTION OF fﬁﬁ&“‘e‘&‘n’lﬁ%é"ilﬁhdf e

acconpanyi ng draw ng [00111 Figure 1 depic a
s t090d AhiThe inveption wil he b@itﬁr yndesteed P"iltbaFfeW@P%@tth% fetailed deSCﬂPUOﬂ

e A A AR o
?}11 Fgé @dppg&@ Cgcﬁheﬁ]laﬁ fatib® Q)rfeé c%’i 'd@fécﬁ’én of DNA
od®according to t i nvent | on,
hybnchmlioamsn'gcgodﬂ sapparticlerfabedcaridegald )‘:nhascmmnt) bpw@eg t@@ c@nventional
h bilisation wunit (5 and fornms a conplex with the
me (} rget nucleic acid molecule (2). Upon addition of an
ﬁ&d&%? gléé)l?rea%‘](%pjcg £r) sch%rrn\é@é %I?{géjen%kﬁloﬁ cﬁ?g X{ggtﬁ%({ é}i):corﬁing to the
invenéiéh Ci)l vehitle hatuclsio scid %aﬁmfdmdlecﬂet(mplsammmksedfont dneimmobilisation

i ic acid I ecul e 00131 F [l ust
unit (émﬁﬁif%gls&f COTRIFS it e et G ?@ﬁa@ e Lr Lpif aggicion of an
activdtidn3gent! (ZFO) 4 {vﬁ’&fr 's@lﬁblérﬁcﬂyrﬁé:r) ﬁ4§’|’h #Bial ale(Cdt) &idCa 8@ubing agent
capture rml ecu 1) is’inmmobilised. The _ exanples are

(ascoxbig acid) 4 mgtabwarsesj osmed pp é@e@%}zl@s of the guclgigpcidanolgeyles,
of el ectrodes ) (Fig ndt\/\olnterdlgltal
e[Wd8} d‘dwe@d;us(rﬁfﬁg exas,@lew@dlffsmnr glegigpsle,qreapgements relative to an

immobilisation unit (5) on which a nucleic acid capture molecule (1) is immobilised. The
examples are three ring-shaped electrodes (40) (Fig. 3A), an array of electrodes (3) (Fig. 3B)
and two interdigital electrodes (50) (Fig. 3C, Fig. 3D in top view).

[0014] Figure 4 depicts a schematic representation of a further electrode arrangement



[00141 Figure 4 depicts a schematic representati on of
a further electrode arrangenent WO 2009/ 041917
wEenhBsa2007/ 000330 5 that can be used in a nepdDsGEN7/000330
the invention, in which the nucleic acid capture
nol ecule (1) is imobilised.on the gate el ectrode
(61) of a field effect transistor. [0015] Figure 5
depi cts an el ectrode arrangenment .in which the nuclelf .
that ca @us,ealpn @maethedhpbihe inveption, jia wihighdhe ppdeig agid capture molecule (1) is

1mmo%ﬂ&'e& bR at@él@&}Jde‘iFyoc}if A DRLFHOY ndAlifof 64) of a field

nS|stor Figure 6 shows the

Eﬂ&lg 1§ td%{n'asnﬁfj efRbirQlel &fadl Véméﬁg Gh &l GiciRehed ni@biB %cid capture

a con I ndi stingurshable) at a
moleabn (:k)ns malmabdlsoﬂ onxalnadﬂitmrbbfez%ﬂ@@awﬁhanus gatsi (6 baf a field effect
left), a control after copper deposition (m ddle)

uanmtﬂa target DNA after copper deposition (right).

Dﬁﬂﬁgt?ng O |O§;rllél tgr\l 5%: séa}?g gelﬁ}éﬁﬁﬂg g}‘lfa t?%l:? LucTQS acid being DNA,

and aeblﬁﬁdl [(indistinyuisieibde) tat A goacentratiai of 1:6i' AMrhefare ubpper deposition (left),

used herein, the t cti etecti

a contrelaflgteoPFioBPSagy 53%%5 e DOVA MR S50 s shionTighy-
an indication of the presence or absence, either
qualitativel or uantitativel of an_anal yte.
Accor di ngDE %GMB’H{Q@S&E %ﬂﬂYWT%N
neasurenents of the concentration of an anal yte
n[—(Iﬂ|1€] TheQrébefiDin@ention forﬂvﬂesamidﬂmd afsthevelectrially detecting a nucleic

ualitative asur.enent for in e,
acid TpIeFUF ot uwipg;:r tﬁm? %et?ﬁsaoa B?&C‘r% &r gf%@ v 55y broadly to

meas@réﬁenﬂs danEn Pi’(ﬁ/‘ijde & indfatién b tHeREseB¥ 6P hssendd) Rither qualitatively or
havi our of a particular analyte nolecule in a given

quantéatwaso wieh englyteo Heeqrdiagly, thedems PRACTIPAATSS GRSt Hmeasurements of
the c5r?cfeﬁ{r%10§1o b la¥ z&ﬁl}@éj aBLiedcddiy %JIF&\?@ e 'Eeggnﬂ)le ois Wafl as qualitative

concentrati o an anal
measureinents lig wh@@ﬂﬂ)ﬁ}nsﬁmee tligfenanit typeh ef analyte dnqmuéttsun@ 'gigen sample are

h f
1dentlgl8§,sqrb ?s‘rsglct”lglﬁl;qe geg{gnipfe Hler%/elljlgugureotc a ﬁér}tlguls ?nﬁgx dnolecule in a given
enviréiandilt ¢s shseprdeThoterm ‘quatificationd mefei‘sesrodaejfr to qllidmmltailve measurements

aci ds |nclude for inst ce ul es,
of theagpqun|ee; th ea‘??é‘F?ijPé‘é’n B%N‘ C‘ﬁ?{NA generat ed

uﬁwﬂgls %ltgﬁ%tg‘g‘agg Elfflf()ielilljlglséc‘glg'i' gs e@%%; lggeﬁét any nucleic acid in
any insﬁ;l@ 'cGnﬁ’glﬁﬁtﬁirp s@éH ﬁssnh'g)é @t%ﬂd@& ({oﬁbl%) stfded &Cd %xﬁbiﬁatlon thereof.
nmol ecul es (e Am_Chem

Nucleioandy inghde f@@ngaq@ﬂ?}lA @qucqqgsj Rg\lj}.(%qlpqué@ pgml\ogues of the DNA or
RNA %%ﬁgrg%ﬁeusﬂﬁhhgcléot{@t J}J)élogﬂgs Bf hgﬂg nﬁ@ltei’(‘!eﬁ‘d?d %emﬁ&? f%ked nucleic
t mol ecul he

e respectlv I ghe
acid mlolptwdss iN), Iprwtymam;thmamdﬁamelepdﬁ (;RI‘&M: éﬂd ORI %NARNAleculeS (e.g

T

with zﬂﬂféﬂﬁﬂﬁnbdﬂdge abm@ee C4andl 02, bx@vxdmgﬁlhe dedpoctive mblecule wwith a higher

stk s i oo BV BAFSCLh 5 SELRAHES Ry ariin

A resﬁ&:tnn'e d8clefc dcfttmba) eftidn@bre Dntieh&Rhitdfil adakieanaRgaes and/or be
cl eotide containing a nodification
linked to an affinity tag or a label.

[0019] Many nucleotide analogues are known and can be used in nucleic acids used in
the methods of the invention. A nucleotide analogue is a nucleotide containing a modification

at for instance the base, sugar, or phosphate moieties. As an illustrative example, a substitution



at for instance the base, sugar, or phosphate

nmoi eties. As an illustrative exanple, a substitution
wMe020004041917 PCT/ SG2007/ 000330 6 of 2' - OH reFsGEA8%000330

of siRNAwith 2°F, 220 M or 2'Hresidues is known to

i mprove the in vivo stablllgy of the respective RNA

Modi fications at the base noiety include natural and

nthetic nodifications of A and T/U, different
of 2’-,5&{ eraduss of\SRINAGVIR 208s2 §- l\/gem’ﬁsres@pg% 8 kxg)vm to improve the in

vivo Eﬁﬂﬁﬁéﬁef ieredpattive T 2MUBAQRORO b - Bise n?ﬁet%hguﬁé natural and

non-purine or non- pyrimdine nucleotide bases
synthetirc iredificdtionmaf dgs G sandy &/sdiffierent pydne brppgmidine bases, such as
ey sal asgs.i ncku roj.e d }
oSS S hanPRES S, 6D iR AARLIL SE A o e, o mon
pyrimiéihé nudtebtideabasetOther hadeotidBasmalognel fareeanns onmyeshl bm;es Umversal
e_cqnbi ne

bases jalpes AUFORTCle GRO de FOInaP o LB DI et AR ye« TRy 2 base pair

with ﬁnyg otHeP basd) I EI4E Ui HERiIoRS VPR tdaf heSelihbiAéd withCfoeasashple a sugar
upl ex stability. [00201 A target nucleic acid

modxﬂqanemu@h ahfar isgianose ' @emeﬁxowetgylne Bui@iashicye apiape progyrties such as

of the present invention can originate
lnmmgxonggmfargegeariety of sources. Sanples that include

OPIP PR G AR Sy ol Dl B pAGe v

methdd oﬁt}wl Eregentrizivention candngmawaﬂromlasw Yaziety of sereess Samples that
1ncluc%ﬁ)a oL dgdéllq%gté[?éctegl Ves4q%%§l§ € TS enF\§e aun%f‘y%e: r%o%nﬁlg%&ude biological
samplet dérivedlafigh §tant eittaial afd bniamal $1Hsﬁ& (algl imkds, th,olbltIg;l, catb, livestock,

tissue of not ly livi.ng_ ani nals, t .al so of ani
domegtigaleds apan B 2L T e B B8 Tl sampls
obtairffdo@dth %ucﬁ Qni‘h?dii Bi81lzi AP B §sub R R ohlySIRHLe aRintihs bu@hlso of animal
for identification purposes, for instance. In ot her
carcassa ot humAr §ad@arm¢a@sbmgalwd {oatexpmplea fo LYY, BHPeR dnortem tissue
blops$' (o2 PP Pdknt 1'ﬁ\éétﬁ91 ?%B&@Sf&%ﬁptaﬁ& fih Q)Qﬂde(r t‘l';‘?nb?)ﬂf’}ner{t?ksealﬁmles may be
eservolirs, usttrial water to determ ne the
waterpuhGSBn«ﬂﬁamfed éidmn@ntledn@mtl@ﬁds auclpaﬂ fromatite, sea) lakestreggrvoirs, or
ound. r _enbodi pent s r
industERL R e pBREF i Bodighd St atilaaf sl or compouna.
Furth&Qdnbbidliments incideabattdienotaivbioel tﬂemksolﬁﬁdla[ttmdsatrlsu@edabas of solids.

In ye{) ;Ié}gt ‘1|=.rtn %nlé(? ngnggt ana t)égtg\gatéqtg Srglgwag? Lfgﬁ}?emg:l])giz )ﬁ gsed to determine a
propefrt§Gremk it Oeﬁrr tlﬁﬁuﬁlln ' aﬁ‘xaﬁ@é'r%l%enfrﬁﬂﬁi irdOthe fhidedantple, reaction
constants, ana pur i and anal e/te het er ogenei ty.
kinetif goastantsy@palyth mkyw an(hwlm hetgwgergityowi ng sanpl es
sel ected from but not |imted to, the

cUWsZil]stAwgrd@mgl}% apyiof thefolowingsamgles ssleqis 8&%&“ not limited to, the

t [ I tur n 1
group ngérﬂrsi;)s\%ﬂg% ? goﬁ; %gﬂg fa‘gl EPP ggl}lfpﬁu by eﬁ?nr tﬁssaa%g:tfg £ cell culture
samplecahgee malTpWes,anmleg againthl] saatpde, aialrh@lt@amah amwe@ﬁmple a ground

watergp%ha %%%%ggaeg r%h%:ghmﬂ?gcaz s%rnglgh%goo%a%g?e a®lood sample, a

serunﬂidrﬁiﬂe Jﬂé xe:c) urﬁx’él’ﬁﬁin@le a sﬁfbﬁ%nlsla,rméemenasample a lymphatic
hatl c fI UI a cerebrospl nal fl ui

fluid mgm@Wﬁm ﬂ%fgnggm %aso%haggme nsﬁ{ngije 3 sggmm sample, a
mouth'8 F %?{gfé SR8 swab Lsh Bﬁzlt, aSHRR SdWdnpld NBRMchéMAdlar lavage

sanmpl e bronchoal veo avage
sample, a bronchial secretion sample, a milk sample, an amniotic fluid sample, a biopsy sample,

a cancer sample, a tumour sample, a tissue sample, a cell sample, a cell culture sample, a cell

lysate sample, a virus culture sample, a nail sample, a hair sample, a skin sample, a forensic



sanpl e, a bronchial secretion sanple, a mlk sanpl e,
an ammiotic fluid sanple, a biopsy sanple, a cancer
wG@a09ple91a t unour sanple, a tissue sanple, a ceCT/SG2007/000330

sample, a cell culture sanple, a cell |[|ysate sanple,
a virus culture sanple, a nail sanple, a hair sanple,
a skin sanple, a forenS|c 2009/ 041917

PCT/ SG2007/ 000330 7 sanp an_infection sanpl.e,

a
samplgo 4B dBfecton jsAmpke; .aoﬂosgsqwab infgetign, samenle.of PERdRsHign sample, a drug
prepa{jawdg sam I%pﬁrt%lbgl@alsﬁmkﬁe g?o&?ﬂcﬁ&rpgilﬁ@le Bl RGH Ip?eparatlon sample, a

productfoh sanpfe, a prot preparation sanple
lipid ﬂmemralth)r apmlatau aarbobydietecpreparatmntsempliy atspaqgrsemahaan gktraterrestrial

| t
MO T T T e .
desiredf atrrhlspebmgemme .mahBave bedare-pehcessed as pay tdegrees Apineillustrative
ave bee

processed tog degree. As an . .
example] 4 SEVISSATRIC BZY % hvebeeq digestade ﬁgé ﬁéy cBtpidiggdior to being
used WtH @h%td%Qwehﬁ ée%?ﬁw@ﬁtl(ﬁle Thé ‘s:irh'ﬁl@ %d@fr fuflherirfordRive®been prepared

used with the device of present invention, The

in formaefn Buidagyudhuastheolwtinne Enaveleb getpdsy by aregot litpitedy{opra gplution or a
slurryﬁoOfI lrwlc%b i3] Cdrbo?ychuﬁleﬁﬁhéjta' rfﬁ@lelc%&ml p%?tléléq %f;}dg%eptk?dg afthfino acid,

a solution or a
a proteinc h emthcme podyrmper] ybmchemcalctampasmun,l | cu'gmm chexracal composition, an

inorg&g{:l}fg&%% CB%'%%;%/}E aa{n%faloa ﬁg y! nob@l&ﬁjg%g of ? ytc§irnnrl])ina%ons thereof.

Furth@lefaftples maRide Qﬁﬂt a&%pmﬁitléd l@[le(;j s&ﬁensidﬁgif gadl,a vitg Iﬁﬁfoorgamsm a
conposij tion, a lipi a ca ohydr te o
pathoggaor i #BY Retmbigations asreaty 1t yndersfod té%é&ﬁﬂ{ﬂ@@ rrlﬂ(:{*lafg‘@mfe include

any cBitbindfiéh BPhe! dfflehRAtidied RaBpRPEAS b MdfratveClahnplel the sample that
VITrus, a m Croor ganl sm a pat hogen or of any

includes tisi malpg@nlsaqah@ moleculet(e.gsnughriie aad mﬂeouh%maa bgArfparamal sample,

for exd IJ vy ods@ gz!lr'f@g, su%@és %CHIQ‘:I)[@&* 3tk ﬂ{RIllneThT analyte, which
remen one S’ an Tl tustrative exa

may HMsﬁa:tqall G kﬂmam t0| maqbraszbas within thé chropliecmlay ah;alb;cttelmed the “target”,

St o i St it D0

a@ggﬂhg agr%Ft WH%Q%SIA Egngfné) nlra§|tf}/ hu{dh arrlnpif?1 esugnig)és ?qiquid. In other
embodiendd & “englensuolid.Nd cdsarafed ‘solid @ndasens rsdmp@l, )anaﬂsxtractlon by

|yt I I
stand{Tg GoIFuaues SBREM SRIBHAHAES OF KA an e 1 yegive he biological
analyt%mle&lle e @oﬁfénta Acb&'dir%ly, lthe E’itoh%ﬁcal endIpidinidiBd e, toR €he suspected/
e is solid. In case of a solid or gaseous sanpl e,

eXPecgml wlqga@t |a9ﬁlym/m0§qculﬁda? arovededningioss afnawplufian e ther use in the
preseme&)?loﬁ ak ecuflfé{:f%ttri]\'/é;exg%r ?egrt]l%eoolg\f gg:?idéliﬁl Qﬁlolpetgl:giquéfﬁ’é provided
in forin aﬂangaquajusanhlltlyne nol ecul e, or the suspect ed/

expect ed biol ogical analyte nolecule, is provided in

f (028 Af destret ufuirther mattert mey be edded toHbe rqspeztwntsolutlon for example

sl 5 i B 3 LR PRIE s Sy e

one oR @O BEFEOEHhpcunds.[NDéRebud buffas(tdhqﬁ).unﬁsuﬁrbhsed iratlteern and may be
may be added to the respect| % so| ut | for._ exam q
used g GaEy| QP dheoYariaws pEGFGENSs dricribrth hergw. ampleg Of buffFipanciude, but are

not llgﬁ(t?(?rpdr SoRBoATNENNS 0 BhoiphR, ERYorlafs lstiElenatQRErHBhateDEifate, acetate,

conpounds. Numerous buffer compounds are used
formatey batietuzate, exathterdgetase, phthalate, maleate, cacodylate, borate, N-(2-acetamido)-

2-amino-ethanesulfonate (also called (ACES), N-(2-hydroxyethyl)-piperazine-N'-2-ethanesul-

fonic acid (also called HEPES), 4-(2-hydroxyethyl)-1-piperazine-propanesulfonic acid (also



used to carry out the various processes descri bed
herein. Exanples of buffers include, but are not

wo 2owwperd1t o, solutions of salts of phosphate, PCT/SG2007/000330
carbonate, succinate, carbonate, citrate, acetate,
formate, barbiturate, oxalatg | act ate, phthal ate,
mal eate, cacodyl ate, borate,” N (2- acetanldo)
2- am no- et hanesul fonate (al so cal

( ACES) _
called\HEPPR); drirsxgzncy thbig2 isihanssubioniq aCQd)e(ﬁksaﬁé%feﬁ PIPESY; @-[Tris(hydro-
Xyme typgrn t?x E&lﬁ%h@ﬁfﬂ?ﬁ%@c acid (also called TES), 2 cyclohexylamino-ethane-

roxy pl per azi ne- propanesul fonic acid
sulfor(iahsid (usb zalwv @HES)L@m{ae@e@ﬁdmmlacetamdalsed:alled ADA). Any

counterarcglokrggpq Zlﬁr:‘gfse faéts[ #fryset r}Ig,nseodliltllrLo:ra]rllci: pgt%l s%m may Serve as

illustrahive tXath leﬁﬂ’hﬁﬂlbﬁéﬁtdﬁﬁﬁlesloﬁbﬁﬁéﬁ indlade] buarechot allnﬁtbd to, triethanol-
call ed ES) Iohexyla no- et hane- sul fonjc ?
aming; qielbanclsmio, AN ARt BIRRe B H) 2 Y BGaMS: Blifise, tisthy-

drox )aﬁﬁh&rﬁ&hﬁ@o‘)(alsg‘n&lle‘a‘) WEISF 'b%n(foﬁbdr&SfeﬂﬁfﬁCiIﬂlﬂo tris(hydroxy-

ese salts; amoni um sodium and potassi um may serve

methsd)methdtnm@dma@allﬂé BIGaTRIBs M¢M{Tm(hﬁiraxﬂpn@bylm%lwl}—éky§me (also
u t t

called d?gk(ﬁlg;]& f go rr%lanngé g fi Tllxé 5‘&&&'9 tn{ S,ebteh&Jl tgetmlggfg%d @@&Sus solutions of

such Igiffe ¥bmipyondser sb]uﬁbnsjlnmsulﬂablle pblay organic solvent One or more respective

SOlutlg{lé) %F%%,n é?q%g}e}gxh ate H%asllu?ﬁ?egfeﬁl)}%s ﬁgﬂ gga’lyte molecule as well as

her FRBY hsedEhPRBPAOG NS tifAhb®Ed BF e PrisSht, indeéith
OterN—[Trls(hydroxgnethyll) nmet hyl ] - 9F5§|nén(a|§3 cal |l ed

T4 NBurtht0 exaiifles of eitatter NRatbmby desaddey, helude dabts, detergents or
i,ncluded in aqueous sol ytions of such uffe

chelatinghprsupayady rasyit gt reher iflpsttive prample pysiease 'BL@HHT sgnay need to be

addedslﬂlo‘f@é?tto mARaiR'a niBleR ARPRBRLUKSn af Htakl sQRS Wlﬁ}é PR utdlefitood that
to accommobdat e the suspected bi ol ogi cal ana

for theplugmst of deteokitr anysmatserasdedrahquid ngts@hywt@ ﬁhfb mn gha complex

betweé&éth gﬁlﬁ’{l ?&{ I(H%ﬁ “ES;? % Efev%ge'ézg p%éclllsez ff{cﬁﬂ‘ﬁ{g a PNA

captuﬂ:erhelegﬂﬂl seedrelovm)rmidahe bg)lmg)cqb anagts. meﬂscqle,t fon teupurpase of carrying
| lustrative ex

o B e TR AT LRI R R e

i nt acy Lt ds understoo
3 s ciugthof saPbls i pronddd i SehtRR TAT Rl Bheavence can
be deféé’téd&is‘ihg e ﬁr@idﬁﬁiﬂv@ﬁtl@f for ideitiiliay a dieéasestatd Perespective DNA or
capture nol ecul e g)h as a nycl ei c.

t
RNA gaYe 95| 1BStARRS] laﬁdh?fsro B4 bageneh ebtﬁeése SHichy gy detected
mclu&r%nﬁrﬁﬁm%ﬂ?e QBE4RS siiRals WePerd D R &pirhtafy $yidrdiHé (BISES), Hepatitis

carrying out a control neasurenent a respect]ve
A, Baagérﬁ: H&\/f/ﬁd@s,:sedamaaazohbl@ék@beravlaméomgéwt%wm%ﬁ that can be
L s kle cell
L T
anemjal elfeant mal’ftmmttloﬂm suoh asd attal f septal) defebit.s saevalndare aofic stenosis,
cardi e Bt gt 1Pl S SRSV Ber, obser
claw Hﬁ{cﬁ%aoteeﬂ B! THE prRsATUnéthedicalsh siEtdRS o8 Weddesctibavaescreening
Acut e Respl ratory Syndronme (SARS), Hepatitis A, B and
‘%ruwwﬂHIVYAIDS mal ari a, polio and tubercul osis;
conditions that can be _detected

t al
@323'@% methed of the preseat dieation GHows detficHR® o ket nucleic acid
molece&?nf1 Q)g/nﬂxlehﬁ 88 )anSHELGHR At ge&‘xeﬁtekﬂch Qé"?i”ﬂ)&'ir o @¥ctrodes. The term

rmati ons such as atri septal defect,
"electsadw’ av abed hexeinas employed gmgs;q:cglventlonal sense, thereby referring to an object




cardi onyopat hy, Down's syndrone, cl ubfoot,

pol ydactyly, syndactyly, atropic fingers, |obster
webkawohands and feet, etc. The present nethod PEI/sGE07/000330

suitable for the detection and screening for cancer.

[0026] The nethod of the pre&ent i nvention allows

detecting a target nucleic atid nolecule by neans of

an el ectrode arrangement such as a pair of el ectrodes.
that iFrapatde f sesiieg @p gAeclegirc gandpcsy Hrpughs whighy a slecirigal current or

vt P RO LA TRESS 1 DA, 5L 08 . S iy o

electrede i noe af ahreast Gro rtermivan df eanoslecttitallyugpmduptingmgdium. The term

. electrical current or . voltage, may. be,brought inta

cleofofy BratiFmeBl” 57 gt i FIRRERT adh 40 T (1ot Sy mumber of

electrdidd fakmloyorigh&! aetdraihgly, $wo e nire alecirédstaré pvided in the method
term nals of an electrically con ucti({ég nmedi um _ The

| he ..
(as weld ariherkits cxee belaw) At e iguension: Thy clegizqdes gre asrangeq gdistance from
one a?&heﬁqg Rt EWRER Mal AroATRR profide® ! tBE kWO SRR tr8des may for

wo or higher. Accordingly, two or nore el ectrodes are |
instagpedvd sparated biiea gephb sughasmpediments theetwd electrades of this pair of
hel 0 f . the | ' e
el B K U Rhe Hie 1556} CAYERARRE L 90 pEtrodes ar
least essentedligcparalids The eleptroddsdraly be fod anyalesirert tinoohsonremnd shape. They

for instance he separated.by a p. In such
may S5t ST, Ve Ehe; SAPe) G i Blecn ghar ispblhBl i gonvex slab. In some
emboBinféity A9 maPNavied i€ sRafeHfaf ifg (RE b SRathPR @aGredd) BsQN& Hudson,
enbodi nents the two el ectrodes are _at eas

St
JL., Esgerkavall {20H0abPel202tRe 1B sime SabQdimgpty anterdigigy clectrodes are
proviﬁegi\s,/ Ie&’ﬁ%}é dté/ggcgﬁy 9 clgaflagth?g?ﬁﬁkem?yﬁng%ﬁﬁké YatteXP P! farallel in-plane

1ape” o ,_arched, concave or convex
electrodab(sed Maswisiev, dnodProentBER (ROP4e2, 1928881818, ehatsues T., Trends

et SRS B0, P, 8P Syl e an ary of

electroddzadayrbe providede iftldegirédylone loe atare flestigy eectprdey nthy e used. In some
i ch i cal l j ncl ude igit-like or finger-like, .. .
e B B e 5o b i o BB o Fenicat sice
g3 e e e oA IR e S et i

as gapPRal Ok PeafRli@edsior, s IMEaLHe Wiai@Né Sard Blearicalychafacteristic of the
el ect rodes magertbe provided. If gl&& red, .one .or no

e
respestivsaeging ¥} ke dqtermincdraheyaethed gt the presgfanveatins &qur_éFﬂPg’)’ so that a
detec#i&?oiei E%F RElGSc bEAMAL R PER Ve Latied 0bt. P scthéTehBEdifiedt§ where more
or exarnple of identical size. [0027] The distance

than et wleetrodes aare weovadedtheadistanes plowhish (the elgsiredesi e Arrgpged may be
. referred herel f | i .

e EE8, 5 5000 R, ol AR 2y sance
whicli the eldécappecire aerangedi may baidehtical bttsveen semie iofi thehrespeetivoedectrodes.

of the present invention (see, bel so that a, .. .
In YT TR WA RR e oA 2RI, Sfphylistance at which
two efeRfrbd@hr® Hirangded nSA B AffBRAI M ahothbedistaity & wiittatwd ¥Wectrodes are

el ectrodes are provided, the distance at which the
arranggdect r odes are arranged nmay be identical between each

of the respective electrodes. In other such

eltfB8] rsmamsilivgeatyiesxameple the disire # Whish deedeqtodesargagranged, for
instarrPcre raa%&gtet?eyg@ég gzgot %lggéﬁsd.eg,%a@ﬁé e & ParpMRatUortefSonds to the length of a

esp
respective analyte molecule, such as a nucleic acid molecule. It is noted in this regard that for
instance a linearised chromosome may have a length of up to 1.5 m (http:/hypertextbook.com/

facts/1998/StevenChen.shtml). As a further illustration, already Watson and Crick were able to



In yet other enbodi nents where nore than two

el ectrodes are provided, each distance at which two
webmensoues are arranged may be different fronrenscier000330

di stance at which two electrodes are arranged. [0028]

As an illustrative exanple tt&e di stance at which the

el ectrodes are arranged, for i nstance a gap between

two el ectrodes, may be in a range that corresPonds to.
determing uherdgqtmcsfbeaweqnetbp dwpisfrandmeal PNA ap 2aranpmetres; difomstheir DNA
mode?ﬂw{pe%t%af n@cpg% lﬂ% ﬁzﬁi" %ul%n ke dx3s OP4 BNA holdiufe Jaﬁ%ralculated to be
ance a Bari sed chronosone may have a
0.34 han@ypicall DNA moletulds in hiwharp blook ypiesntachavk deithermere been reported to

T RO T i ———
some 2884 ddhd R thEdistanice A WKW 30 elet@odist £E rﬂnﬁﬁgédﬁﬁ of the same or a

di st ance betvveen the two strands of

smallﬁra}r@gg} thag therlgngth o] the MWW?CW%BHMV%‘FP cahodiments the analyte
molecRﬁ QbIQ%T Ep%ﬁxﬂ{égthte R&peetive ¢ F) % &Stdh&, €30 a8p, may for

tedto 0.34 m Ty nmol ecul és 1 n
1nstalh:ﬁ rhame bIvGthosefrictesing theanangé of abmxt ﬁdir emije eboutd armesich @s a range of

abo“t(ﬁf’{q{a 0? /a%%lgglltd;l gszl‘ﬂ‘ r 8‘%@00988& 430 cabg}ltd§0 L9 8% 700 nm,

about. 8dOmm$>@ﬁBOL&rlbmdl orenjira. Abewad I1Bltsmaﬁee a:tamqﬁes;la distance of 30 nm may

e soRbR RS bR el RS0 ey BBt sout 10

bp. (SR fan%m%%mbé niade baeal it e kOWR GlE@] pRciCafiabll e, @ and Z DNA
spanni ng the respective gap. A respective distance,

for example.dB $AYA, forgxample, hassa height ofaQ:a4 amwperrheligl durnegnd ase pair so
that ltOhl?asE %‘3?&‘ (l%@ t &sén&m){)? 43R A 1h dfive S Bt &i§taﬁce with can be

nm or out 10 nmto about 200 nm
deterrahxedterrﬁﬁlﬁ)caﬂim foabog@r eddineanpucidio a¢ids,Godistance ofl2O0tnngonay roughly

cone§fyfly St Shlierdfor Gl M0 lgbspt e, oxarm! o>
;%BL%’ASS%{ 151*151‘%8159 %Cnﬁf,sa ett1 m%lel% acfdr}ﬁé%aﬁéj a?'b(é (%" for instance

I'mate can
100 - 3@9a6h,oxvhitihé fonexainpie lof aahfﬂmdm blzefof ladma]eloﬁacuBnmlmtuE to includes

for anple. B . for exa he| . of ,.. )
exempluy, eEfiso AN APTES MEIGPHE AREY BAGED Py S0P Py DG grinobilised in
vicini®R 38 tRirégiod PP Joehiidel dBe 21€bidlad) (R élfenavﬂhlﬁnﬂne respectlve region. In
| ternatively, the distance w th can be deter

embodimgnts ovbiersy B regiom derbehpen theedlpctinges as éeﬁ%ﬁddg]Y aasma“ distance

0 I r
sl R SRR PRI Lop R SEERAESebr e o e s

bp.
analyte()nﬁiﬁm:ulAsmﬂrallow thsthielpgicel anabyipmwlecle toryédgerthe respective distance

betw%ﬂ tg% rT]thr Ccf'éf‘; ":(‘ee & %’T%e}pg fus;ﬁlr %%é?fgxggntm gpq fiésgg H{j%lf@d bcy which a

singléliblbgital analyte modedulecdandesietoetednpl ary genes. The
capture nol ecule may in such an enbodi nent be
| p0030] | Theegheihod ofi theninygntion inchidee graviding dmetmmehilisetti;)n unit. A

respeher Rt oh oL e o fy BT R B Sl mderement ca
be caﬁjié?icédtoﬂ%aﬁ Be d&difed QQ sBl¥ctaths Medtéridliof g iemolbiipaioatunidin order to
he el ectrodes, such as e. % about 20 - about. 30 .nm

1mmqbﬂese@ captuse melpshlethergen ésee Palovd. Thnsiriace Shthedemebilatipn unit, or
a pax"fll thg%!o{ NGad da%oo 9k C?ﬁ ter@)ad ¥ By "REAEULE al RedtflftOBarkiRE out to alter

respecti ve st an
characterlstlcs thereof. Such a treatment may include various means, such as mechanical,

thermal, electrical or chemical means. As an illustrative example, the surface properties of any

hydrophobic surface can be rendered hydrophilic by coating with a hydrophilic polymer or by



between the electrodes (e.g. a gap). Thus, the present
i nvention provides, a nethod by which a single
whembogiocal anal yte nol ecul e can be detected. PODSOH07/000330

The nmet hod of the invention i ncl udes providing an

i mmobi lisation unit. resgictive i mmobi I'i sation unit

may be of any naterlal as long as an electrica

measurenent can be carried out. It may be desired to
treatmpet Gth suréactrntse Exampdds othe chemisel surfagei weatmentt include, but are not
11m1teg et?)gé%ptogufrﬁ %ngbl | Ieﬁ%lﬁsfa%%eu rtﬁmb'gﬁ{y?c%{%rgm a.tﬁgr 81?1§Etlgﬁ§%hlorosﬂane

isatron un

prOpyDﬁéﬂlotdsﬂdhbeftetraéﬂ?xgélEaﬂe bgy?waﬁbyIEmgamm silmag,s3-afmimopropyltri-
treatnent carried out t 1 ac stics

cthoxyigneor G e S IoPhIrtEAeias ey k- BO e RRoy Dpropylts-
metho%?ﬁ[hn@%cfl?&ﬁﬁiﬂiyqﬁioxané {FVIB), y-(g|4eéﬁd3(?|'§y'tﬂloﬁb5(y19étﬁﬂhﬁﬂéthoxysﬂane

nmeans. an illustrative exarrp e e surface

poly(rpctbplemth@grydﬁte)amya polysetpeiaiite cenplvaes wathane nobraehang, fluoro-

e T

poly[N+(2 hadtoxyppyBmathateyiantifle]( PERMA ); ail-paspherylehbliecao(i¥-diethyldi-

iocopmyl Ko U P BY R bm-vi T SRRk o Matsuda, T. et al.,

Biomdtbr Bl NZ0OB)C P4 150314527 poly (B, 4Byd:tyr 1 -bliene)) 8J4|-é;ﬂﬁy-cyclohexy1methyl—
t et raet hoxysi |l ane, gl yci doxypropyltrinet si | arl
methagrylften T IgH o PRy HIRYERY) JHES D prapane.e x%)oxy-cyc ohexylmethyl-

acryla?é’ jp gi)ljy M*Qc?gf&}ﬁﬁ}flfn%tyb%z %b&)@@?@loﬁe)&yzcﬁb@)@@dw di-(3,4-epoxycyclo-

hexyhpothybadteathyb@ph@whpﬁe(z (2 3 epoxy propoxy) phenyl) propane) or 2,3-
Vi poxycyclohexyl)ethyltr|nethoxy5|lane
epmqylﬁnﬁhéghyl nmet hacryl ate) or a polynethacrylate

I . . .
@Ioggc Xr[TF&Pe %&%&)Pﬁ%@l’t gxséfﬁi Vet y en&gﬂg 9%% Iumt may for instance

be coﬁteﬂhmh yha&lez)trocpnﬂty:(lde pelyimer, sawhydsapolgpyrrole (Wang, J., et al., 4nal.

Chem'o‘ELsﬁ;[gSL H2y g?y{@@pwa}q Phha ra}% B Conbnt AN (1999) 402, 7-12),

polytHx&b}Qﬁérﬂlﬂfatﬁl)ﬁm @Sliyﬁhetﬂlehﬂ POV @ﬂ)zﬁiﬂ’eb astka copolymer such as a
co-oligonmer (cf, e.g. Matsuda, T,, et
copolgnerRftnyFolg §ld tpmbg:}e orzazpopgr]glw 9 one and '5-hydroxy-3-thioacetic-1,4-

napht uﬁr(o%e‘tR@@Qé?é S Qﬂ%{leﬁﬁ)zl Cheft: @095)\/713 el mX-BBSQt hyémbodiments
acryl ate ,2-b 2, 3- epoxyfpropoxy) phenyl ]
wherepthg pmn@bllsanoxe p@l)tys W g;(9|sw§qq¢yq a easban paste electrode, it may for

examlgcla ﬁﬁ?&%técé%ﬁiygméﬁy%ﬁx%né ﬁge)%ﬂ ﬁgltﬁﬁill ’ﬁ;‘ﬂfﬁ)’ﬂaste The linking

moleohles@hﬁmédxmgﬂ éﬂaybfos ﬂ(spanl@Q b8 1mpmio3h|qu‘l op @)«ygpeph‘emglbt)trode in order
- XY - = 0
o ol I uheiausidmet R b of £ RO R RSB IR BBy

L&%;hg%ggxﬁg}?bggaﬁgqa i)gly} W%}t-aglgf%ﬁtb %%gr?s?rggj%otnlevihe Fensmg zone
is usu@|11§e Aredidi®80ipefture ihéo wﬂ&ﬁﬁhé&ﬁﬁ’yte ‘ﬁﬁﬂ@;ulehs caﬁﬂedab be located. As two
Anal . Chim Acta (1999) 402, 12), thio

€,
illustrpiéys, s¥Amplee, the Sepsies Zone May %Pf@&ov. y D0 o1 3thish the analyte

molecﬁLI %Q&Qh YR HoRu6H 11?{% @hichope! M{ﬂ?}l‘te aholeWlE Ol edigptded. In typical
| ophene or a copol ynmer of juglone and

embo@ntayntsrtbwermnngmoetdpﬁneﬂ by theazone ko i dhomecleqtar Sisk of the pair of
electr%c;ﬁg a8 Ieﬁe %vie ﬁnv\i?)me %?lﬁd&lmggtgg‘?el) bl%%’tlgﬁ %?ilt 1S ﬁ%@e&&é@rcm two

electrbdesathstiafeansedofo gewaatbam plastrie ﬁaélédtscesdksp belownyinf syme of these
embodiments the immobilisation unit is arranged in the gap of a detection electrode. In some

embodiments the immobilisation unit is included on an electrode (e.g. a detection electrode). A



exanpl e be nodified with carboxyl groups by m xing

stearic acid with the paste. The linking nolecule
weedhherredi am ne may for instance be inmobil i SEC/e6G20@7/000330

respective electrode in order to facilitate the

subsequent i nmobilisation of,,a capture nol ecul e (see

bel ow). [0032] The inmobilisation unit is arranged

within the sensing zone. The senS|nP zone i s usual
respegtiyeodgtesiion elegane may fpnexamie B useklon i Jetection ofcm f‘éectﬂc signal

in thé $h Sfj ﬂ{eﬁprggenlt WRhGh (&2 l;émv) iAd WS ekahpléCa reSé)ectlve detection

exanp e sensi ng zone may be a reglon or ap rture
electrbde \ma)c be tused fomithet genenasioncof en i electrini Sighl- tlo fomegyembodiments the
no| I n

which.th I
lmmq%%eg? Wi s far PERERE R Sufhe P et 1 e by
tfle m\/\'ﬁlo f ne 1%'\/3& ornI é: mflélc?l q (af a R]? Rl% cuf% with an at least
aes IS € f%C n% ?

essentlﬁlllly)bmdha@aﬂ badkbuie is nlnmd)[lrzadl gﬂ dldmltemem eletmode The term “essentially

| ectrodes that are used to erate an electri.c field

uncharge A sipcted Fondifipns G BEEo Figrsee frehicyllyafe fethod of

the inveRREH Wilh B¢ cARiedBut at aSperhQH@ﬂﬁllgé Bf hbsut 348 dbﬁ)uﬁ8 or to about 9, for
detection electrode. In sone nbodi ments t

mstancnm Bbaut aigwtrad pHy e+ aboyt pHJ) a"aew skiledrin éheeei w&abe pwarg that the pH

win LSS A ERRER DN ¢ ACARIRE 5 snd el gt i
G anddybdses ienznabeutok! )JuFbd nﬁdnelctztvei tiackbon¢ oraycdlscaremain uncharged at
I eleé ric stglal .?n th nethod of the present
PH's oytdids o rSReqIEs Lopdifigpm %ragﬁe exanpl e, a respective
ai&@%L CEtoxrap}??l ec{ ! og\?cr%ga yacbc? cﬁ%t%ge fn?orl?ctuli]%e vgﬁ'xn%aétl f%:gstogssentially
unchargéﬁ]liuckb@ﬁtmdﬁdu thiut axiemocbﬁlﬁiad: to, adNA cmmeamﬁdcule; aﬂmlkylphospho-

ctrode. [00331 In the of the |nvent
nate Rysfaic addep reclalﬁileavls R R%OF}FS% Rygleyc i captite molecule, an
N3’ 5155 §3NobHoladhid e Bﬁél&@dachﬁﬁﬁhﬁ%embﬁzchlm Riidikyiesk ulfdneenucleic acid
detection el ectrode. The term"essentially_ _uncharged"

captureshelesuleca M@og@m&etwl%mﬂ ¢apgre metecple, asvifopgsnucleic acid capture
mole(gltlé ﬁ@&tﬁﬂn X@l&@!ﬂél& cd‘aﬂﬁ ﬁje 9h alkly hﬁrdf&gﬁﬁﬁlhé’ BuMéik hcid capture

carri e out e range
moleaibo{Mas@uny. I ot albduAmQChéno rSoc .(m%&am;@ 4806-40@1)1 a metlwkame (alkylimi-
no) nﬁﬂg? 'éiclﬁ 588 eﬁ'%olg?_lfle WThOZZF n,zelf Igll: :J§ /q%:l Erém h\%é) t(tl9?¥:) 18 bZ%S 256), an
am1dd\ﬂ|hdlé’ic acidrdptirdmsReuleqDeedmduhet, A3) etahdAbgév@\Elteha,t InatEd. Engl.

(199445 Y SRR e P S i 2R e LR N, Tacon
Lett. m#ossﬁmazjs%smgnohes qonNdict b0V, @8/ Oient. I0WB) 5BOPIBB12991), a thio-
anpl’es’ of a nucleic acid capture nol ecul e with _an at

formace@g nudgiseasid eaptyre melese Gloaesh st dlbdAR3.isupra)@ad agimeracof any of
these. R{} +&({?o ﬂn ffto it %}%u ¥RLHofie gmd‘f‘ﬁéﬁlugns ilable can baenfound in the

nat e nuc el C acCl ture nD ecule
review Ibty;Mmkteﬁphb(tGwest Medmbd?leanastwc(w%)a&tldlﬁ’él i79)edsindicatad above, a

N3’ - P&’ S nucl e capture | ecul e
PNA Jojenlods NG R R il P pich Qe B Ly fBhelfite fper han
sugarSAILJARINER] @A pehidrailChaCd chaggenieutre] baekburie] i, comtrast to DNA or RNA.
sul fonate nucleic acid ca nol ecule, a sulfa

Neverihelest, cPNA| H ARgbls: 61 OPGRIINE 2t KORISHEHY atfith aubstantially

comp[k#fénﬁirf n@&élg a@@psttféhgs J{({Sqla§ %ﬁ ?ﬁA/ %i 8{8@( Slto%vhléh PN& is considered a
structieal hnylkmebe PN;A i@yfurthﬁl:more generally nuclease/protease res1stant The term “PNA
molecule” is understood in the art — and accordingly used in the context of the method of the

invention — to include analogues and derivatives in which the backbone or bases are modified.



no) nucleic acid capture nolecule (Mrvan, F., et al.,
J. Am Chem Soc. (1996) 118, 255-256), an am de
woe@beiviaci d capture nol ecul e (De Mesnaeker, PBCT/S@1007/000330

al., Angew. Chem, Int. Ed. Engl. (1994) 33,
226-229), a formacetal nucl %c acid capture nol ecul e
(Matteucci, M, Tetrahedron -Lett. 1990, 31, 17,
2385-2388; Jones, R J., et al., J. Og. Chem (1993)

As ans@lustpape-exgmple, the peptide backbene of 4l PMGH@F@ﬂ%@laﬂ includé additional

ester 1@%& gs: % g?rlegs%%xg Flg)glpﬁzi of ﬁknn?dlﬁcturlelo%ﬁ%ttlﬁ (§) ﬁmlﬁﬁ%tg %?ﬁre@zatlon to e.g.

DNA \@@rRNAS Ahﬂ@kh@m;v wadvdrionatfoons ofi\PAN A diak dbeemgiven by Podcheddu &

b Bory A LR PSR e

of PN%S'H%&%%ﬁmh&ela abidg iRl s ﬁlfdléic ABildes: inbld&tile@ fhak been given by
ckbone is a pseudopeptl de rather than a

Pellestord Paplagvp,( wmergem'm Wﬁwgmaﬁ%ﬁéiwg@oﬂ‘ém?p , 5p4-700).

backbone, in contrast to Nevert hel es

PIA35k Adkylpbesehenate @lkslph@spameétggtnuewp@@we olcyles can be
v1ew<:§1n£Js §%’I§ka&t hﬁ‘lﬂNA rﬁefé%l%"ﬁ{‘%lﬁ% BHEdpRate SOufs %ff rtﬁé‘ ‘i’lﬁclelc acid

JUS as e. i's consi dered
backbene wod ucwalmcmbw) excbmmg tlfeuPt(Hérgmms gl ther plasphate gTOUPS in the

r ot eas eS| t h
nucleff SRRSO SR 380 1 Al hicel) Bl HpeMoery Bififiblefotan allyl-
phosph@ﬁfe@t)éf n@cflelbgmdmt hxeth ﬂf)hdsbbomles’tmﬁDNIfo and RiNA (seeleugl Buck, H.M.,
anal oques a erjvatiyes i [ ackhone or
Nuclopides Nireota 1 BHOSRkSap SR o3 | o Sebts iRt oM. Nucleo-
sides, IRudeotidesi &/ Nﬁ&l’é@t AvRs 200! 26 QWZ%DM&ﬁyIBH@SJpBMSQf RNA is
a PNA nol ecul e may include additional ester |i nka

capablecofihybridies toroth PRy #1d RN\ 29K hoh dnivrieet 8 fah Eenehganhibition on
the DNAChiid Tt RNRY RULT d{}Bﬁ%%' ﬂﬂ)ﬁ ad In cbhVras? theRbif: m‘eﬁlylphosphotnester

overvi ew on vari o or s o NA has been gi ven@i/
DNA Rosa fae dolly k@iow@ita byhrislizei to DDIA. rlémtral\/@di/@l ZvatterCmegmusigigacid capture

molecé%%ggc)géa% zlpg g@g%c%l%-?i%%w&%osa Eesoé&i/ Xf %n%‘ b{cggloucﬁegxyrﬂfclegmdes as

el Cc acl ucl erc’ac
describapbyi Meidreh e (HelseridaadShimre M cgi (\,1999b8/2 1BE3-1 82R) pare @enerally suitable

for tth_) glléltlgé%v %@é)‘)%%’[qg’@%gf %géfl gf%lﬁtﬁgg‘b lﬁ_l g%g?(gl%g Egéthgds wﬁg'rg %Le"gired.

ol 10 g, i P ieaefeBEL e s TR o g o any

des1reﬂr1§i'Hﬂ>%opfA tééﬁerﬁll 6h@dt§}tlcﬁ§bﬁj provéickbapectarof the téchaiguzed well as an
by exchan ag the P-OH grou ps of t 1Bhos hat e
B &

indicatignofgpro tepstinbmpy b BdiEbltodRCHAg o1 Oatize G fpr nstance be
foundaillqktﬁé( r o R s*u%ﬁ%ﬁ?%t Xleg]yatu}‘:é(ﬁ;m!)&ﬁs @fooaﬁzaé ky05-2110). In some

phosphotriester n elc acid are nethylp Sotrlester
embodiNfengn theRhidcl ¢is eaxid cgpt\lmmlecplel\/rnay lmuglpgq_sgtp e@f the surface of the

1mmogﬂlc’s§t?c%{_||ud yﬁ‘ﬁnSfu (s:lln?a'bgel Arg)g?c% &%g nt%pg Spri@xﬁé %%gﬁcéﬁé}g d)rmtmg or

1cro(st3.ﬁ@7r|)g, %ﬁ?toﬁﬁ%n@g?))asemydh@hm hﬂttlngaieteetrodﬂwy deposition, electro-
capabl e o ridizin tobotthA

pnntnpg]grs 1e8lshd L?g%‘&?uf&) : TENBT Y RAT qu “b ad’tﬁ qﬁkmégﬁﬁal Reviews

in Bz&t@&n&ﬂ@yl(@@@é) 163%&4256?0171“3 St heid! daphRO nid&dule used in a method
her et 0, thylph sphotriester DNA is so far on

accor@ng\tmﬂmoarwm ingentiontneayrireof ar switahle lenathon soppe ?f’é‘?qdé‘ﬁ%s it has a
lengt}blgg L§4u‘f 7at%| ﬁ)oﬁ?@f) lﬂgefo @Lﬁﬁ% /aeﬁ:ngfﬂn&iaéﬁ?)hpg to about 25 bp, such as a

0- deoxynucl ebsi des a
lengtlaﬂﬁahoubl@:yx:dbmudﬂbkynucl eosi des as

[0037] The nucleic acid capture molecule includes a nucleotide sequence that is at least



descri bed by Meier et al. (Helvetica Chimca Acta
(1999) 82, 1813-1828), are generally suitable for the
woredobodioof the invention and can be tested i n BCT/SG2007/000330
respecti ve nethod where desired. [00361 The nucleic
acid capture nol ecul e may bﬁ i mobi |i sed according to
any desired protocol. A ge éral orientation on
racti cal aspects of the technlque as well as,  an

partiallyi logmalerpentay tor Ycleatir aposiaspel ersiiandgyf the anghite apglecule. As an
ol BEHIE PS8y 0 0 m SRS, B ol Qs e i
acid c(aﬁﬂﬁﬂ)no]&:cu& Sedos singlkostranted sunleic acidtroolieplemayt have a nucleic acid
sequeg?ﬁ t:hgélé agfeafqrpﬁqtl W& clfrgg l S ri}:(r)néﬁ le )Peo%’éﬂ EFQ tst?z&dt Jﬁhe nucleic
acid rRéle& € Mat i£thg.analgRd Molechlei The r&gpamh naslegtide @queﬁcleruj the nucleic

acid CRBEA TGIPRI AR 67 BRI BF ). MESLATRIF 3 o BB ihE 100 % comple-

menta%fr {J‘Eﬂoﬂﬁr ﬁﬁclgfz Qali %Eq&hé@ e h@el( the bex@éhtﬁ’géetb YK @ @wo sequences
ar | ovi c- Na itical Reviews in

are compdnrwltm tcn@yh 9@@0@)3 mé lowzes theamber qfyaismatches) cthg Bigher is typically
the seﬁg1 8{/1 ?f tllﬁg lx;rg %ﬂdﬁoﬂﬁﬁg% (gjf ﬂ?% Le@gﬁ%‘gﬂh@ the %sﬁel&ﬁve nucleotide
sequeﬁmm sﬂm‘}mdaltgemmplemeﬂltag ta at least g phrtioh dﬂm,targ?t nuxleip acitd molecule.

wa 1 30 bp, for exanple a | ength.of bout 9 to gbout 25 b

SubsiageAlt oRPIGREPR. G wsbbaereto ¢i8 ettt 96 FC Y gy eteic acid

sequen&t€is i fdati 90, #64! ielstadt 95, SudiPAseX00l % dofifplénikesarg to another nucleic acid
nucl eoti de sequence that is at |east WD 2009/ 041917

sequepeT/TBE:Rym/ compEzeentary” i rcomplament offire fRotitonyrliqoidgs that can form
multq}&g %ou?alﬁf’ teQBE@s Rithidnd rbﬁiloﬁfer thRhamAbuthsle qﬁdeﬁfeﬂbﬁs are specific
ustrative exanple, a single-stranded nucleic
associatidroibetwkerenposing pr béiacent pairseaf nagleicasidiraheding nugleig acid analogue)
t ur | ecu l:
strananXP ?kéelanoage%héé@ eln(gﬂcr@]{]\é@tesﬁé @C&gﬁgéﬁﬁﬁ A@lﬁ?)ﬁg{tlﬁraﬁ% gxample in
two glveAsiucleiy ddlchfﬂo}eculmmoé gnENtAannyletmiesatthé basstadangsone is @omplementary
a.strand . i s the

| h
to thymying of wa IV@E{‘}Iﬂ%engglsﬁ gyﬁ%é‘élﬁ ésc‘iomr}’ielﬂ?fg? gé‘% E'ggém% equence

b&m%g 4 uc baﬁﬁq%@g%%gweg;é%pro%qnﬁgﬁl Wgﬂ%ﬁau rot1e e%ngue%ce if all of

the ndéﬁiﬂﬁlﬂéé/ oﬂ tBe &pQisB@ienbél Gleiotplémcht£¢ ol @l o€ theTﬁiRldmtlgéEEdif the second
the percentage to which th& two seqyence
Seque%@nfbfi@ﬁ@ﬂsl&rtge fespestivaslenige seticace WHEspeg e hybridighigepr undergo

duple® ora5iPR WAhS Bl redperidt ]%J?ﬁ{)n bBthk Yé?géﬁﬂuhhélc dcftPmolecule under suitable

sensitivity of the net the Tnvention. In typica
hybridisdtiodiassaytconditiens; i particylgreofioniF swengfeandstempertue s

substantially conplenentary to at |east a portion

t 1930k lysome gotbediments therfaizst npdeic ac@ulﬁ@kﬁﬁﬁl@ﬂaﬂp?es : pre-defined

sequeﬁgenml Some %&F)de%ﬁts%gg gargﬁ Rkfid a%ﬁdefn%l Qletfﬂﬁhéxﬁﬁ)?'e fefides at least

given nuc uence 1s at east
one smg&tmandaed%glosuhm;uals eﬂ166d1%eutsnpﬂneyrbc1 tlesinpbledo aelectaeringle-stranded -

._hucl.ei c I d, sequen The term " conpl t
o S o SSEH 8 T B R o e
form WatsbhUreckiavopaiathieh thetteigaciuciicacid foleenk, aithbitehe requirement of
Such favourabl e |nteractions ar speC|f|c tion
separaig foETPlapptAY arss of dhepishc s pgdlye TRlerdr. OV Agre dhe nucleic acid
ole{)dlg ehatds rﬂge M*ft@'&'ﬁol@%l@ Gl §|r9§Hﬁ )thereb A ﬁné’lhéeﬁ@tgc Rgfedefined

S, ana I nc Vﬁtson- base ?alrlng
sequeinke,Us pratideccorsmppited to he in double strand form, the respectlve nucleic acid

duplex may be separated by any standard technique used in the art, for instance by increasing

the temperature (e.g. 95 °C, see also the Examples below). In embodiments where multiple



two given nucleic acid nol ecules (e.g. DNA nol ecul es)
t he base adenosine is conplenentary to thym ne or
waie@eioko1mhi | e the base cytosine i s conpl enentB@HSGEmIHO7/000330

guani ne. [0038] A nucl eotide sequence is the

conpl enent of anot her nucleq»lde sequence if all of

the nucl eotides of the first sequence are

conplementary to all of the nucleotides of the second
sequengeruma e incbided iim gheytargeh auelgispecid imalequle |rawitiplgerespective capture

sequen |
o7 Bl RGP ABKE Pl ol e o st
portidresfyhé tanget nacleicacidinoletwe (Hee alsodelovgui t abl e

hybri di sati on assay conditions, in particular of ionic

st[(i(htoq;tAns eupdaihetyievetthe sucl¢io @Giﬁ]capmresmntccelnﬁsadﬁmsiagle-stranded

he I d I I
ol il A S SR A BBl 15 pppociesi

captuPéJﬁ'IoﬁécﬁleaéﬂddthB% Suheleld14didh enorEdute, lal’ktﬂmtﬂ@&saﬁ)r&laﬂslt is understood
one single-stranded regiaon. In suc odj. ment s

that fppthecBRRGBfAEOR 6! SEheERIGHIS Pﬂéll’@Q1§‘E"rl§ﬁdP ality .%reggecﬂ%e capture
mole&h@s B @Qﬁfl}r% 1&%qlf§rﬁ0§ntabfé &Iﬂcéntf"a'%&ﬁ fafife BEGhE 'ta(i%étcﬁlfélelc acid
ture no e can directly formWatson-Crick base
moleqzldc, rvghené the raé¢thod aﬁtgetnvnmt@olma@ beoised trojuantifyea regpactiye target nucleic
equi renent  of S&R, n e
acid @P%ﬂﬁlg ﬁ%eré{eIF Y0, €xC Ssa?] ) y IJ: (gII é:gﬁ@I'e H\?}\ﬁ:tcﬁfeé( tuﬁ'é&ﬁﬁ;ﬁ‘f’son to target
nuclemlzidlcl?trﬁ)lca:(lleds réynired. W sa teblait ons of hra snag})etsmrambédauwl@c acid capture

e Q0 a5 R PSS S e on

the eﬁEﬁ@Jbﬂdﬁ&fd@wﬁé{@ foBHEE (kb BEloWY Cihe iptesti¢elof slidR lagacl®RYacid capture
be separated by any standard f'echni gue used in the

molegile may dnterfres vt thesiptacken ehdiedpethed, o therppeseat inyentiog. f particular
HrDl-strddlic@ HRAl IHcﬁl le-
wherg e nuBER: éII‘IIQ:a Fe, BEATRIET T, 8 Subld-sudrfBol OO ARSI or a single
straanRle%cmslel&raly: bechi o cmedeidg incletreadid myeculrilagite segioged from the
IE? e§ulgnlnult|ple respective capture nol ecul es may
immahlisguan Uika b of which being at |east partially

t . ..
BT TS o g DTSR B0 B i e
sensmi’@ zcﬁieph &l thedeglbﬂ\ne pettseen ﬂwodlmnmdaandnmnnnusmble aufldenced by the
e i A R Do A 5L TBb o6 BB ot

- target MAR118 6¢ifirkola&ilél corf Ei W tHB it6i§ Yhficane tHab hat ﬂfegﬁﬁnoblhsatlon unit,
nucl eic acid nol ecu a conplex is forned.

or atpasbriBe swdace; oran Plaﬁroﬂ the syrfarg thereoft iofithsr lgﬁ?éTII ip vicinity to the
electn%H&I 8f (fh@%Iéétrgﬁ’I}ﬁﬁuI)xe irf eféI:ﬁIfcﬁI 'c&ﬁ‘mﬁlfméahgn r@gP@EEﬂﬁ‘é@lly connected
mol ecul’es is usually required. I'n & suitab
theretoohcﬂimer tallbcmhmmaﬂ,ghe ommdbdlised) gempln)g of @p augleicqcid capture molecule
cul e ere t
moleﬁg%ﬁ tpgn&cblya%t | 1?uc eéc Eri(g§ Fx}IeI)g%u?ef Itgr% 1e \éﬁ %}%«% %F%%?gg\%gal thousands or
more/Babe paits) ,wigethe re@édtﬂcaay condiesing @iflrenmay efoc ezamplecsapingiby Brownian

ot on G B SRRk R0 BB RS S B beon e cltodes
Alterﬁét%I)ﬁ 'tﬁé LiRewiesl inieedcBbe ek cdn EaPivire&ind Rl @6t @S ,ﬁelﬂlhﬁimed at the
forma conplex with an analgﬁe nol ecul e,

electnoéq:ﬁapan alomgebriiswidicisnt te hrfluanee the Hisal |Cb@'a9$plflg{0§)ln the gap in
betwée(ﬁ.r g?ed eI%?r%dQseIuQ W, df{t&?abpé' qﬁﬁ?l%? B othgh eﬁbﬁ&IﬁIeﬁIsC the respective
acCl capture e

mol e terfere wth _ '
immabélisacdbn corfaée bh dlmnnmohihsnftlonhmuprsealemged rwighin i the regpactive region

deﬁngc? I)I/ Itlgeu(Ii%rance between the (or some of the) electrodes. In some further embodiments

the surface of the immobilisation unit is included on an electrode (e.g. a detection electrode). A



where the nucleic acid capture nolecule is a

si ngl e-stranded DNA nol ecul e or a single- stranded RNA
worpdoeoulde7 such a remai ni ng nucl ei ¢ aci d nol ecedBSGEY7/000330

be renoved fromthe immobilisation unit. [0041] For

detecting an anal yte nnlecuhﬁ the el ectrica

characteristic of a region i'h th sensi ng zone, e. g

the region in between the electrode arr ¢%enent

mus
respegsivei detdction ckegtrpde mak forepapple bapsedoior thet gqtipn et aﬂf‘éecmc signal
t [
in the i eﬁ’xodvgfr tfie ?I?’eigﬁ‘tt 1ﬁ%ﬁg o\él’: (%&aéagwﬁoﬁée g%?lé&ggﬁ%f @Qaﬁdi}?:l@ a respective
detecﬁdm electtodesna;)ubé usndeﬁot thmganetduan of e eleetrobfields bt same embodiments
east sur g or a part of the

or, at
thesgf%pm ngyctive fconP%" PREe eIC d%ed in vicini ty to the

el ectrode ron. a|r 0 rlca .

ChfiahPeciry afgfeCRbad it S bfufinitle fpapigsaion it is

included ihhe TR @Tgbﬂdjl\m%ﬂtlﬁ thé hgfdce rmp&n édnﬂﬁd)vei}o U@irextedfto tahelectrode.
nucl ei ¢ acid capture nDIecuIe cul e rtjcular

As anazllﬁ%ttqtvéfp SXBPlg: e IREPHIsafiemunit may gs thegurface pf g defgfion electrode
or inchfé8 iRfhels nﬁs@eadme@éctloﬂere@u@&se pairs) with the
e ectrlcal y conducting wire may, for exanple, sw ng
bYpoRBPUYR sBfhe eiftfddRettd ikt MMobiliSationl ¢hiPR foc4ted oRad kémiconductor
thereof into the distance in between the el ectrodes.
basedAtransistar ioy edopduetinslie|cennactasda thereip e Fec R o 2Bl Guctbh sWiface of the
immo‘é?hres ?&1” gm?ﬂla lb% (} r He® ﬁ%lu]:iéc? ir?th%%m't’a@éjofﬁ §ngelectrode of a field effect

es C Icient to I uence
transistoe (RET;ck e@dn@btzmdt K.j etsali, Bivsersaga gk Bmelmvmﬂ@(ﬁé 22, 2834-

el I s in det ect a nner . oth
2840 & Rk AL ol A B e ol Eitos: 2002k BETOARpbios 3007 08.017
for art BerliEWDdRe | Ichaihihg & Pﬁgiosbﬁn amoan gqﬂa)l\llhﬁ Borfe teh&;odlments the immo-
respective region i

ned by de Mpeen t he
bilisafien ugih hSeCQ?fi“‘ftW@}Y wrneegted ethe gPW ‘Eﬁ‘ﬁ? ¢ GF P%’é‘f eftect transistor (FET)
as forQHQFﬁjégrﬂg&q&ed ﬁrh@S?z\fefn@gfplﬁﬁtuH"'ﬁ)%meM S@Hel iffindblidatib® unit may

i nc on an el ectro a detection electrode2
also bk aninglode] Buatdemt PEEtIE20 macgagfoeleq.t@deegp?eﬁﬁlﬁ\ﬁé:fect ransistor as
eqt e h
descng»g{l §¥:}iagtl),]nar§ aﬁa n(lg g d sgc@&lngvn(?gzaéw&r%n v}éﬁse@‘g)()@]' 5? £ 158 166, see
also wcﬁs)eim SO &ﬁbO(hme(ISGHC bemobijisatis wmt 1s|ellqs|:srmaéiyloweductlve In other

RS RGBS P A it it
condRfRe dhéE N intal WA 15ddHeds Corirfed GRETEHIE inl the Inyetk@hofthe gilesent invention

an el ectrode. [0042] As already indicgted abov
(see BIn) DU FRINS. BRCIeTir BRSO F | legich i cggeting” and
“electridal®y c&ﬂlu(:ﬁv&’ ate sk 4Rk chihdeMly HefiR GRd Qbfer @5 the capability to carry
conductively tonnected to an erectro de. As an
curreit| cmmhcramw@a@mwb@ncm easi appo#sd| tosan inswlatoni thedagjerhaving a high

ce trode or included in
elear{cﬁgregﬁhﬁ Wael%%%ga‘f H)Igdr%}lcg' g)gt rode. | 0043] In sone
© q nt etthhg of 'TEHE’ J/én%aﬁ éfnfnkludés ‘n%‘)ﬁ u%nth% nucleic acid
S C GCTor O Based transistor or conductive
captummnteeﬁle d)ntth@rmhoblhmloamm;( gmataély danheswfact ace paft of lasurface of an

IM@ﬁnsgg'% Sat 5 é?s@e%tfvgc%/LFEa(ﬁS%S? slgxf#q%gé) e(?ff ié‘lgt 1mmoblhsat10n unit is

arrangdPRithid B¢ senbifd zoSE ®n Sorfle ethBYEMeAREL leadt a p@t ofathe respective surface

i osensors & Broel ectronics (2007) 22, 283 1
of the immobilisation unit is arranged in a zone where an electric field of the pair of electrodes

is effective. In some embodiments upon immobilisation of the capture molecule at least a part

thereof is included in the region defined by the distance between the (or some of the)



2840 or Maki, WC. , et al., Biosensors and
Bi oel ectronics (2007), doi: 10.1016/). bi os. 2007.08. 017,
wo ervamoover vi ew see Schoni ng & Poghossi an, 20B21/SG2007/000330
supra). In sonme enbodi nents the i mo- bilisation unit
is conductively connected tg the gate el ectrode of a
field effect transistor (FE Y as for instance
di scl osed in US patent application 2006/ 0029994. The
electrpdrsobi | i sation unit nmay also be or included in at
| east a part of a floating gate electrode of a field
ef00451 Theawslein 2nid gaptuganelerwe anay,besummapilized op the immobilisation

ot LR QPR O S eyl O, g i

immobitizediat ihedtegmingmfithe mediodcnrrheﬁab lagding ad ictivation agent (see below).

i oSSR T3 b B R A by B measremen

(see HeRWIUThé MecleidGeideca Eaﬁalmo\mal& mag bb aamobiized dyfahﬁ fheans. It may be
in the nethod of t resent invention &fee

immopiizef a5 Fieq SRS WHBOHLPE SeLScisth POLBR (Rfc Hev@rtace O the detection
electro@é gﬁtslbh&%yocﬁﬁgﬁg Ghd PEIA ‘E‘Elqure ﬁbfe@ﬁl%'lé: %lr(I)\Mded first and thereafter

uctive”, are used i nterchan bly herein, and
1mm0bdfze¢1 anto tthe svefpesbiof ithe detection rfgeCt@dpr émt ilbistrafivee eyaraple is the

el e r| y
a3 FEBE EAAcoRhs RABERY B, WAL UChe Bl
spottifig @fdyr be aarried pat edanualtyy .e.d. M34dipankhel anpipetic, oxf alltbmatlcally, e.g. by

ention further includes inmopil,;
meansBf & MED VRS Aol BRETBH SHEMPIlS PPYRIGR HHGKEore of the PNA
captu#GRSIEallk ma?rbea:osﬂéﬁtgem&ﬂ t@a RANd defdctian Slecirédievi@h tiéibether bond.
i mmobi lisation unit. The respective surface (or

S [U048F $n RStk en@bdinkiats theBltleicsRid odpturirholecule wmaﬁ@ﬂﬁsed on the
wthin the sen3|ng zone. | n sone enbodlnents at

immoilisation BRIt (i a co¥EERt hand. I spmE smboIpFYS a linking mofceule may be

used o/ IR HeS@ Pfu‘?@ nib'ﬂ%ct.lle' 10 thé frﬁ‘[ﬁgﬁﬁsétfbnanﬁto(ﬁé‘e NES B8N Any molecule
electric ffeld of the pair of electrodes is

with afehetirte meietyl thatsis wapabhhefindergoing rsactionwish ricemresnondigg moiety of
an anfﬂl){{sel f%:glffe m%SE Lg %géde Aaét aalel?l?l%ﬁé%ﬂ/gge&#hﬁlglet "zﬁi ﬁ%lecule may be an

e reg distance
aliphdticeofmpousd Wﬁh@fbabhlﬁjne\waﬁaﬁgv 104b6ut75S (RATH BGRODT, FOABEI0 some may

v cxbngEh S 05ee S 9 P SRRt of rescive

functighalt gr@ﬁpsaﬁl\éhﬂ%aﬂﬁ &Y rrob lehhﬁ to] elenydesptdibskydit dchds, esters, imido
i nventi on. t wo exe&gles i mobilize

esters; jgahysdrisiehn p%@ Ritriles acye habidese @Cb‘e?%}g%s AERAYARALE S“Pphonate esters,
sulforlﬁfftﬂaﬁaéé o a‘? H&l ai(e e@h&ﬁlrﬁm for Lirtploireat varP asliRRs Zﬁroup of a

I'S |nnDb| efore performng an el ectrochemc
capturesraslecdagort alkxlssGh)hbezlt@ﬁN)aryl Hakidesy a¢ryiamidesi mateipidgs.chaloacetamides

ecul h I| n
o e g, R 450 A, AT o el or
carboR@lid adixnnba@gaxﬁl?@'txdw ﬂ mey&ﬁtet & tphmhemltmditri, aéi_akxtﬂiazimhe Sn hoyl halide,
sone 0 S e capture nmolecul e.is ovi de
an acp} PGl capt AR 8F ADMIBBNPTSEA BHEgerH SRS GRr cxample
react W‘tﬁ LRI R6%Y gfbu?kff Gl da ?ﬂ.\@e nfleculd. BS bmBbdivRne@hE ¢hd Snmobilisation
nechanrcal spot of the PNA capture nol ecu

unit miu@smﬁe:ogmtﬁ at sligpn, fresnepiiee sEAEe cat Ao b Mqtlio%wﬁgyla a cyclic

voltalggtn%qreaﬁ&% %‘FF&?%QJ ly dlﬁoﬁumb%rﬂﬁcﬁﬂﬁ £a BuPikrf8yRe, so that an
or autona

aldehyde group is provided for the covalent coupling of a nucleic acid molecule (Shabani, A.,

et al., Talanta (2007) 70, 615-623). Where the immobilisation unit includes or consists of gold,
a bifunctional linker molecule that includes a thiol group and a carboxy group, separated by a



means of a mcro robot. As an illustrative exanple,

t he pol ypepti de backbone of the PNA capture nol ecul e
woreapoloerocoval ently linked to a gold detection PCESG200T00330

via a thioether bond. [00461 In some enbodi nents the

nucl eic acid capture nolecule is imobilised on the

i mobi lisation unit via a cd¥al ent bond. In some

enbodi ments a |inking nolecule may be used to attach

spacet, meaydzeptoupked e theaespsctive sunface amdststribeday Nakagnira et deColloids and
S v cule with a reactive noiety that
S"’f’“f%”@%@?@) 4/%8%3%31% ing a reaction with a

di t t
AP ARSI FRLE i B PR o PBUE LS RAe g ke o
the infifaybilisativn ofahbmhatapture anqgleculel Thi¢ mag foaeidogie befdesahadub obtain a

to. ab 50 carhon atons, af which sone be
captuig, ERIETHEAIIEY DR cERoRen OFEreé &F GRECITGHNG 18 § A|cggmmalyte molecule
Avidih 8P StrdfNAdin B AURr ifsteAtPbe &nﬁfoyé&ﬁﬁﬁﬁxﬁ@mhid-‘@ﬁiohﬁ?l@ied nucleic acid,
groups include, but are not |imted to, alde

h
or a bioitbronyAiTiog Aanalayersal gd mayhesplexsdd Shumalks dlrryaia’% et al., Anal.
Chem’ @6045] hErdilg SAs Q&Mﬁerh {.\ tﬁﬁ%f ﬁeﬁ?{}:ﬂe atﬂz@ d ﬁgf‘e\fﬁ'l@%t?}sbe a metal

honat'e sters ony des, ary hal
ion buwndcllny ara'yspbctlveemawb bbelatea(ﬂee wbo‘he)aA camun@ngllmutﬁ dﬂfat a? Capable of

formig% E&Bé‘lﬁ]legg\lgl g ﬁg?%fe aalg kcy ng 12 hon atthgri ge A Qr{ilppg(? Lviitﬂea%’ affinity tag

for suthi 4 ntbtd16i6n Byhimehnsely gérmtlc&)ﬁgmebﬁng eldpdn worithctingt thiedion, which is
roup of a caphﬁre nol ecul e or a carboxy (#]c a

immogmq Fp (glée immob %V&ﬁg’l‘te“a éheb)ﬁag?gﬂg? gmt glator w1dh suc?x a capture

mole&]ﬂ’é %é 'cﬁ';lgthféemoﬁe@uﬁ%lmﬂﬁéﬂll‘iis%d o thedethobilibdtion€uni®Ms yet another
al hal i de, an al kyl sul phonate or a nul ei m de,

111ustmnvq:¢xanm>}e ﬁ@pcléwpl @pwéa@@eowetmasabWsalbk@epgﬁléﬁﬂs e.gf byscanning
electrgé}f%}rgéa'? n'ﬁE{ogg for 1 stEﬁUEQ% an?clécﬁﬁie attexlns (eﬁ Fortin, E.,

unit 1 ncl ud or Cnsists off
et al. aEleezs«nemt’wwe(ZQﬁlﬁ)fb?ceWGhrit i swletrtodduthet ikl embiodiments a nucleic

., C tametr| ductj. 0 0CEesSS. Usi nNg. a. .
acid bt oIl MBI g an 2GR i i BB sflon ot for cxample
using phetolytaati e mda&l\mlcﬂl Ide6mE @mbbigncnovaé atdleic avid! dapgre molecule

of a nuclejc ac cul e ( Shabani
may aisq) BTG S MrAFIC (DA CODRERS 1 % fFLATRShryigi conjugste
(Nlerﬂé@lbxt d.NeE, |Bi9§l§en95al %Bz%bﬁTr%nﬂfctzgﬁJ {»ﬁ004)a3iDI 1f, 1Mo33h) ON protein portion
I Tnker molecul e that I ncludes a grou

of suchaz beniyeale map beselsaied tferithgapability obbwdmegitg p7des9red surface. In such
embog> ggnéG%Q Z({(Q 8%? Qurtﬁ]eg f:ee Dlégﬁ% ﬂ%%@ el pds BQinF Nficluded in the

esp eetive surtace. as kamura et
nudckﬁwkl@mdseamﬁmuﬁurfaces A (2006) 284/285 495- 498) .
[00471 Any of the above exanples of a capture nolecul e
nf0p48] Shese desiralsamn otg'anioecoa‘tiog, eghe momdayeri mayibtenfommed on the

08581 SEBHE B TR e L R BB wereon. 2 an

111ustrﬁh€k§ eRarfiflg) aeplamsPpalinierisedt ﬁhﬁ (Xre ga fE@h &(eb(eﬁemyhhsﬁamne) may be -
ecule. Avidin or stéﬁptaV|d|n for |nsha
depos§ﬁ$|oay@e wptacerRbthg irmoRilisptinn Hpit-adndya fieleds acidcmy

depos?[Ed aoab gﬁkﬁrﬁld@ﬁ’ﬁﬁeabm g”%@ﬁglﬁyefollgfvu% |a€|rxr{mld@e%ﬁﬂmg and poly-
d (Shunaker - Par
ethyle(nz@mny trieetmem g¢henndK. aSonMqrmLf ISsmnr:at& Vagaeering & (3083) 27, 716-
724). Cl%pt i dlﬁgkgc%?renﬁ% %bl?@&t%n r%‘lpl%ﬂgsd opyco?msts of silicon, a
chel a S ove) . capture

respec I've neta ee a
phtaliffidleniohelaydrahay be amelitkeredn, e.g. starting from vinylphthalimide, which has

been shown to include the formation of covalent Si-C bonds (Ara, M., et al., Surface Science

lecgle may be

(2007) doi: 10.1016/j.susc. 2007.04.213). Such a monolayer provides amino groups for a



formng a conplex with a desired anal yte nol ecul e may

then be equipped with an affinity tag for such a
waredoal4i9on by neans of genetic engineering. UpBCI/SG2007/000330

contacting the ion, which is immobilised on the

i mmobi lisation unit via thelrespectlve nmet al chel at or

Wi th such a capture noleculg t he capture nmol ecul e is

i mmobilised on the inmobilisation unit. yet anot her
subsqqpcmstmmpblhéatmanﬁln@clew Acid| mptecales dikidpt @ﬁemhtﬂltéwtléea in such

embodihie g (I)fy GRS %t%ﬁx%ayﬁﬁ?%etﬁ%aéﬁﬁ{enfng be formed on the surface

roc mca m cr tance
(Lemgk;Ro bealolhaggmumr (208 ) de 24871260 hs A(E- tglol-lt'emuma'qed cleic a¢id capture

El 005) 17, 495). It is und d
moleflﬂgtﬂam?eﬁwﬁgiﬂ P %%‘fﬂcf"ﬁ & acid iaBF ure

m@hjllpssgﬁ e Ir{lgn lgi/ F%altl%te}g\} ncaFn sérve as a further electrode

itselfPMR¢ eaféE nyediddrvfadedvaligcthie \satﬂaamf hrty SmﬁE iraflobitisakot snit may be
the nucleic¢ acid capture nnhecule

. al so be
applied oy THeb @, lecrodieriar o HmeliFiBE dhemisp @6 septice, miplosyle thereon,

for 11?st£|é'€‘ ﬁtd'rg&af()' gclitfONhé! AR @menNrEITRYR (secCallb . abovef Where a glass
Bi ochem cal Society Transactions (2004) 32, 1

electrvue ipussdeit nnpofmuemnpbfbesm@ﬁﬁad & %rgarpehfmw op émmopropyl silanes.

' r .

5 succm ?g%:(g gu{h?lc ac ca%gﬂng%&(ﬁlﬁlzetsgﬁa)phg g'gnglg‘lb{h?%(ﬁg%?eﬁ)br%carbodnmlde

medlae@tcunpimgo Ihesuine emthodbrerse dre eiscth:eierﬂg;lrfane; imayefibr iinstarive be coated

e i d.capture nDIecuI si,red.an
with B Gl RO R PG, SEFt R pERIe RN id-1ob et G Chom. (1999)
71, 180954090 0Wahg 3k | @l UAkd!. ghinoucw(llmboi i 3129 pbythiophene, poly-
nucl ei ¢ acid ca ture nol ecul e thereon. As an
aniline} pel¥aqetilenre PlYENIY] carbgokaner- eARPRERGTsuEh £ 4 foRobyer of pyrrole

and tfhf ﬁ\‘?)&?rggtcﬁy(h?fnmé% |o§%|§§131)1e PAh ﬁﬁ{dt@ﬁ?@sﬂfﬂ(ﬁgetﬁnl J4B@phthoquinone

ace of t I"I'Sation uni a nuclei'c acid

(ReishuizeS ubalnuipab Chette 620050 88 1y 335 it 1856).do eyhedismms Where a carbon
paste %feigﬁ gen %eél mQAﬁlel g)tr%%&l%qﬂ?@ﬁ%o&@ %itﬂ %ﬂ@'&}llpéi)%ps by mixing stearic

acid S@ﬂmethe QJa&eElAgmltﬂmc iaogl €phireQH)le@ide nidy6be iRdobilised on a respective
il isation unit includes or

e i ment s_.wher e
ele"tr@gbg}' Dpeansg,of 1&“?5:‘8812’0‘56 %E&F BEAARE onol ayer may be

R A e ™ el R R Dt B Wity ag may

be usé@ YR meRbbifize ﬁaehﬁi&ﬂﬁc 4 @aptie, méleclt. Exaﬁh{llétﬁ@ﬁarﬁ@fiﬁﬁhy €ag include,
(2007). doi: 10.1016/j susc 2007 04.213). é$ a s

but apgpAet liyated gp Jietie JinitroRkengl oT digoxigenin, \iH2obiggiBe 1Rolyhistidine, an

imm n%{oﬁﬁ%@ Qgﬁlgigol%gﬁosejlgncﬁ @%@Hﬁ? "Eluthﬂi‘fﬂmlg traddrérade @ST), calmodulin

elc acid nol ecul es 7) an alternative, in
bindisg phptidenCRR )pd A’ gpe|p§9@ rth@fI‘ epitope (Ala-Ser-Met- Thr—Gly—Gly-Gln -Gln-

L

Ala-P24-Glu25p1ro- @luaAspt bf dlerpice rs:mpllak edrusuglyeomrotzoi @, thpthemagglutinin

() SgipR e o oSt FaTh e AR Otk E AT S SP B Bt | s fRjippe of the

transéHptionCa&toB By 66the seyqidnbe GlelRE1yedRu-lid-S&tGlu-GheAsp-Leu, or an
sane net hods of actlvatlng the surface of any other

oligonygleside tag the PP%WQC ofayhish typisplly dvffers figge Hieaff?quence of the target
nucle?c! Q{ihrrﬂgﬁm@@tgrwfu g&%bh'&' #8 dRiNYGHEIapnAE fblecule is at least

ure noleculet e
pamally complementary These two nucleotide sequences may differ to such an extent that the

sequence of the nucleotide tag is not capable of hybridising to the sequence of any portion of

the target nucleic acid molecule. Such an oligonucleotide tag may for instance be used to



for instance in order to facilitate the attachnent
reaction (see also above). Wiere a glass electrode is
w@ismd/o41917 may for exanpl e be nodi fied wth am popberyt/000330

or am nopropyl silanes. 5'-succinylated nucleic acid

capture nol ecul es may be |nng|Iised t hereon by

carbodii m de- nedi ated couplfi'ng. In sonme enbodi nents

the el ectrode surface may for instance be coated wth
hybridise dp eant imamohdized  aligoputigotisle, withct comphanseniaryr saquence. A further

examfii % ine §loi@y iy o ool Weigp NG et ap oty mucei

acid cbfhigaté-niR) he ysod g4 thie mohleiveacidaipyure awil¢dulee,
pol yacetyl ene, poly(N-vinyl carbazole), or a copol yner
s [0051hAvadin opnls}mptavidin p;la)r doe instaukcet Mieo pmphyedr toa immobilize a

. .. Copo r

bioting gt ipicaeily B, GBI camaining mApelshof ¢4 gy by emploed

(Shunaker-PhrriA|).S., ARl Andlhenem (200H)76(918)18s yéSambthesd hG}rativérexample,
enbodi nent s where a car bon Easte el ectrode i s use

the nyqleiprggidrgptugscapncaleBaYbeliecety dipastedaf &Ry fcagning ﬁfeCHychemlcal
mlcrogé%#rnﬂ)rslhﬁ decv1a Wlé%ﬁébnﬁ&@otﬁﬁsﬁﬁtenﬁ (RYCIFRktn, 3C1 & al., Electro-
ure nol ecul e

I mobi I'i sed on respective
analygh €005 dl%, 49)5) e ather @fnbbdmh@ntﬁgthmluelcm &_ﬁld capture molecule (e.g. a PNA

e fu
captuxée)ggﬁjsf:ﬁl )d IT:bﬁ %1rﬁ£t?)g0?r]t{xé§zsegc n {h% n%%ecgﬁ Iléirs]eltc rgae%, \éfgr %a§nple using
phdnbﬂn&ﬁéﬂaﬁdﬂ@ﬁﬂhﬁﬂohlze the nuclelc acid capture

nol ecul e. Exanples of an affinity tag include, but

a[e®sepif |dlemddedndir@ thant oms cdptnrd mmmalmlmayr be immobilised on the

enin,. oli sti sti di,ne n
immoPIREUHE EBbLTPR THRph IfAes mebdestil i oo, Bbadiy soreen for the
preserfttleld fodnyi mﬁgﬁubrﬁr@i@teﬂsmdéfﬁzhd seghemoed) | This mhalyndidBe desired to
pepti de FLAG - peptide, the T7 _epitope
aIIOW(fAr ﬂlesemumeo% pr e)weﬂtyvediqﬁ@@oﬁ of I\S’éffer@ﬂ/ﬁa‘g‘ﬁ‘rﬁ‘m’]@g’eac‘ds such as

two o%dagé P?&x %ﬁ@b@ﬁb EMBRf.thdh ‘faaﬁ bﬁﬂiﬂgos@%cxﬁfn& los &%%ﬁf&ﬁﬁr type of

u-Leu: Al a-Pro-d Pro-d u- Asp of herpes
captussi mpl@xlev ilx gemg| epahmdiroemnts r$umlart mu&lehe r@ﬁlglgaiqgmlprmeﬁp e. (sl—lﬁ\)number of

nuclel.f: a01 egugrtceg ﬁgat %%qﬁﬁgglgy &S bftantlﬂy cor?%lementara( to a S%Iected nucleic

acid aﬁlﬁlytdhﬁolebﬁlamay bpimmbﬂﬂedl crr ordempoenhﬁndel‘the hkdlhmd of detectmg the

respegiVe IR B0 FOALVE 20F BS SfL S PR GPPIR B eeyiecnpy gso be desied

in ordér fth VeSabi¢ @indttear SRALE RkRe @hal bﬁ:b@lei Innwhhce bmba@mﬂants of the
nol ecule to which a portion o uﬁ|€lc

methedagt the anveptien thegrpsenge of gag ana ﬁﬁamq sulgmay e}?f@ﬂflawnﬁmatwn

of the PERfcd dM0umBHEt ERAYEoi&qyences may differ to such an
xtent that t sequence of the nucleotide tag i s not

SFU@?L A ik 1rmﬁ*3f)ili‘2in%' tR& nhQeik Q@ld%%ﬂtﬂ?&ﬁ@le@tﬁle %ﬁ)(hepd)ét&dti%ﬂ electrode,

~the target nucleic acid nolecule. Such
any reshdigiog mutleist dcifecaptiye mpjeduls; of moleghles, that \Merealot gmmpilized may be

remove%,ﬁ/rgdﬂllg %latect;‘?g é(e;gtg(? %81%%91% %noull;ﬁl(}?lﬁh qiur%mféhét gcrlf;l/“%apture molecule

I gonuc
may bedesiredao akofdusubsequent hgimidieatioh o such Icaptgrermiokicylei withrthe target

R VI ANN (AR T - —

unboudiRiefc &Gd Baphae tnds18cul® G 4lse. bel d¥8fedd tofaioth ﬂ nBfi-specific binding of
streptavidin may for instance be enpl aoyed. t

such ¢apfsbimalecalesto any aRatiey PARSERf iR ATaEIPe 'as,eridwht‘;h Tight dpr ipstance alter
the co%%ﬂ&t?\;lw SH%ubR kY Fé'.g.,ofedg@ofé B Qﬁloﬁgﬁp lvs@lYé*ﬁdm1ght interfere with the

results of the electrochemical measurement (see also below). An unbound capture molecule



(Shumeker-Parry, J.S., et al., Anal. Chem (2004) 76,
918). As yet another illustrative exanple, the
wo@wbeswiaci d capture nol ecul e may be | ocal |y PCT/SG2007/000330

deposited, e.g. by scanning el ectrochenica

m croscopy, for instance V|2 pyrrole ol i gonucl eoti de

patterns (e.g. Fortin, % El ectro- anaIyS|s

2005) 17, 495). In other enbodlnents the nucleic ac
may forpnsiancents) eraved (by, exchanging\ the mediWe §81 & solugion thaf %tacts the
daemﬂh{SQ%ﬁM eSynthesi zed on the detection el ectrode, for

e using photoactivation and deacti vati on.

[ egd I I

@’%ﬁmﬁ??sé e piploBkihis ke dmef e AETMIRE! S detecton
electréder Thiss blankiagagentemiy eerve nn gediwing or preventing sur-spsaificdyinding of

oo B L e e e S0 e 1 o
also dehe §i Rducbgeou preventi@naatsicciic bisldagt obd anpfoﬂ[hrfrflatee,ntuch as a

e Sl S S 5 B e S BB s ot e

lnah&ygﬁmgykgﬁnﬁype of capture nolecule. In sone
nbodi nents simlar nucleic acid sequences, e.g. a

5{) TRE bl ?%ggnt RtdytheHRAAsEREE et Wl tIRMRICRRY Jci@éa!pﬁlre molecule
or substanti al I'y compl'enentary to a sel ected nucl e]

or subsequgnty, éhey@te Avay agsof Bhat panberEimebitierd e hg ei%treﬂ‘a@rd ‘thét is able to
preverﬁtﬁt?? RCiEad: [9(? it a}xﬁtﬁpx%gu{éé tﬂ:]eﬁcﬁlc JeBiclileracti6s BEGekN Tolecules, the

& ¢ ac d or nore capture
detectio ef wihésh rsagrn(hblscﬂ laad dbs nnelgic acnd caplare toldsuleals| suitable for that

porpolE S A p DR RS LT SR g molue e e

targetﬁfu@?e@cﬂ aé€ld Qﬁol@ﬂﬂ? &?d’lﬁd)tyﬁrevdﬂﬂétﬁ @ilamphasyofadush agemty iackethiol molecules,
confirmation . of the of another an

disulfidspbigpBend Siaives el PoRARARIIoNS ORG VAtHES REAbFESGe grample of a

usempﬁgs%f%lm%%ge&{‘m%ﬁﬁe dabembicetles Wetht MRUES to @Bt 25 main chain
remai ni ng nuclerc acid capture nol ecul e, or nolecules,

atomst fugh andbemenseptohewsdedansiscicidayl 2Haercapiagedeganaie nh rmercaptodecanoic
acid ogl%@,qgrwgo(fgc ({15 9dg- Removing an unbound nucleic acid
ecu

may be desired to avoid subsequent
hﬁﬁ?hf Rk “8"{ f@ &3&’1&%& Herd® hRkYefritd & cBllﬂSoﬁrﬁf Which differs
C aC| ecu ch m ght reduce the
from mmub&rtqommynabbf silrelap seecwre byethh @@plamv pngubgtitution of one moiety

d
by anatilg{ ﬁgeap?c 1vg\}'8?18@ g lﬁ(é‘lﬁgésj’tpbg{t:le ﬁx% Otgd qg% O%SS Qa &ls or functional

groupS.3rkemply, @iyt gen atony of‘mbbmpomd?ﬁxay Ibe Isnbsmtlstadrpy alkyl, carbonyl,
used, which mght for instance

er. th nduct i vj t

acyl, Byd@?ﬁﬁlh O gATRIBP ctg)ns tp AU 2 Yacﬂvecgf F}Bﬁ gj)mpm(i: hlyespectlve
mmetf@s Fludd i ihRiRe Wisoh protectiV€ sHiupSthf mhyBe removed under the selected

el ectrochem cal neasurenent (see al so bel ow).
reactigmhpuditipnsapt ur e nol ecul e WO 2009/ 041917

PCT/ S&G2007/ 000330 21 may for instance be renpved

el09FZh diha gethed afghe niesentanyentign Suther nslidesrontacing the trgmoblhsatwn

i [ Th bili-

iy 45 L G RS Wi (2518, e ot
sationetrdt hraydfer efhmpledbeomkmcngedage atsolntipns tr whichrthe esdlugionguspected to

1nc1ucﬁe the an " it yE[]et Iagl noteeaRSs Ia]:itliecd tiln ns%lmrégem{)odlments both such solutions are

aqueous solutions. In one embodiment the entire method is carried out in an aqueous solution.

The method further includes allowing the target nucleic acid molecule to form a complex with

the nucleic acid capture molecule on the immobilisation unit. This occurs by allowing the



matter included in the solution expected to include
the target nucleic acid nolecule. It may also serve
WO poopetheeT ng or preventing non-specific bi ndi NBCDSGZENY000330

other matter, such as a nolecule or solution that is
further added to the detecthgn el ectrode when carrying
out the nethod of the invertion. [0055] The bl ocking
agent may be added together with the nucleic acid

targetc aptleiceacid| melgtde tor hybridiesterthe ynuckeeg acisl captyreaguiecule on the

3 o TR b e Dbl S b St o
be detddedne-copditibfid Mal ibe @hasehi sorthitahsvereget mntleiidodd moldvales can either
detactio of which. i desired,. and the uclelc aC|d
bind smplinegusty PbeamEcttivelyp it esReshive Feprre malpoles
| on s the.s ific interaction, bet ween th
2003 st exntaifiel dhqree i UGIRE actb AR Trekestle lafimceﬁly a single-

strandEﬁlrﬁfél-éll@aéxé 8lEculé. S P R BYdisdeoa gt B8 tRb kit agerhéledle, ie. the
hi ol nol ecul es, disulfides, thlophene derivatives

captummobgmlytand Ssramlytelralecas, @é@mp}m i forgady Htip \ved@ﬁtaﬁé that at least

for (Pﬁntlﬁéa%oﬁlof%ueﬁsa valcégk% ng)léc I%gf Ilﬁalﬁtgcdmg xre%;ﬁeeﬁve capture
mol ecul és Wit out 8 to a in chain

molesilisstis asuall§ Jremmtcdpmcmgmalibmnmnuaam thnge of the analyte molecule, where

ptod decan |c 1- ner tode an0| aci
the m ol e ACoa ot 6 Gierd® SFBORER FREc N SrnevEib psfle,gsnerally an
exces@8f baptehe el edulestif wsmpafismtotapalytecimoleountads ydguirbd. di< 4 edsslt, one or
from anot her conmpounpd of simlar st cture

more sl HEANESH MBTles A5 FARGITCIROIEFUIBY, de ot g%ﬁ&?ﬁ@.lex with an

analyBerﬁQI%&hé Vrﬁa)n%n%ﬁh eSepedingd the %Etl\adh%n Rgént! tH¥ podpinéOand the metal
radical s or functional groups. For exanple, a

salt ukgddsefg@iow dr mesealce @frp'mbrm tmhg:c peid sapyrq mglegalepyay interfere with
the d egt}/c;rnoo ﬁ{eb&@ od. 0 {)&?{{j rﬁ)é}{ jon. 9h oﬁaﬁ%aﬁ YA @BShucleic acid

uce a er|v t conp espect i ve
captutmneltemde id msxhgldestrfmdedl laNﬂamolecualb soa amgteaettmnﬂcd/ BNgx mofscule, such

a remgigg P acllfi g@”%fr ey el Fof e ppabBRs it on
mﬂ“ﬁgﬁr‘% cich ?rgﬁo%xﬁ%ﬁésa‘gg d otbtl 1%219# ez?}gh% ?taclfltgh t\Vlth at least

one eNBINRE Witk npsleaseadctivit@lin\oeder td Imm\mmiyl rhicleis adid @apturd tnolecule that
f or. exanpl rsed in a

has nph By ErRlissth Gnirs deflete BAEBe. FrBPGAE dSRked i i e ock nuclease

act1v1{§Dﬂh§91§ lagretted agiRd dohiBleS@aRdseiRd] cieeatids B Urlersd @Roid a reduction of
solutions are aqueous solutions. In one enbodi nent

detecti¢resignal; ¢3é15¢¢eb}‘18t9 degradatipn ef cqmplem %frﬁaaa% awsl,ecule and analyte. In

some %R'Jb%x agl }1%9%6 sdfeb {38 that Q aﬁl‘:‘é Qgglt‘: I?s@anded nucleic
targe nUC el C acl lecule to Orm n‘p ex wmt

acids tErmrrmlmsl o suclanghr;ca maluc_b bmnl ae@nnbtdlrmtﬁdtthemung bean nuclease nuclease

ML AT T L

exomﬂ%a@@ W.e ﬁ'(ﬁnfB/bfohﬁl &’ zt DNA‘I Polyu e thatds d:apaiﬂxt of degradmg single-

mol ecul e on_th | mmobi | isation u G%qsolug
Stran‘t?érm&ﬁﬁ%‘eéo B ar %I3l ?’SPDBFIeBGiequBY'&‘]?m{ %\P@Lf{‘ PRYZPERSE tagtityy capable of
degragﬁgs gi#lléeﬁrah@ed bR Ael eotind->tMexsifiokhid LAgityRY be

_ so that the target nucleic acid nolecul es can
e{(¢088] The method of the present invention further includes adding an activation agent.

The activation agent has an electrostatic net charge that is complementary to the electrostatic
net charge of the target nucleic acid molecule. As explained above a DNA or RNA molecule

with an unmodified backbone possesses negative charges on the latter and thus has an overall



bi nd sinul taneously or consecutively to their
respective capture nol ecul es. [0058] As expl ai ned
w@bwyme419the nucl eic acid capture nol ecul e i s tBEI/E6LUI0Y000330

a single- stranded nucleic acid nol ecule. By

hybri di sati on of the two HUEBEIC acid nol ecul es, i.e.

the capture nDIecuIe and the anal yte nolecule, a

lex is .. i S un erstoo that a st. for
negatiiRGoLATrES, FDE AT GHOBHESE EMY 0T (RGN NE1 % ARH B g hosphate andlor

phospRbidt&! hith Ohay RAoWEHP GtV MRNCARIY IS asdBRlE W @R taPget nucleic acid
usually requited. In a suitable concentration range of

molecuiee forrexpipple atthedmgkonevpseef. t he net hod of the
i nvention can be used to quantify a respective ana

n906¢L Tae agivasion) agpntean bipisally ipferash shemisaliy Né@uthéstaligﬁt nucleic
acid rﬁ&'&@%' ﬁod?le{rﬁ)ca?nﬁle%&?OMIﬁ&y Le ér?erz{lgq lﬁgrmcﬁ\?t:ufaé interaction and
resu nore Ssingl e- St ande nucl er ¢ acli
generaigptmams | attradties forshi mAy daclwdst thiedormaticpoofphanxcanialent an covalent

bonds 8{‘]1 eg ggtll garemeahlsntagc pgﬁghg}tergﬁtgo ﬁsgqggf Q}poi1 Poleulgte Oactlon or

jonic (REAcRE)O¥Implth foriAiBRNEE. Dhe a¢tdMatian RGeltandy i example include or
capture nol ecul e_may interfere with the df%y tion

consist g anBeiRb AT éfm?tﬁlémﬁrséglé At 2iRetahexidh or janmpla FarF fhe metal or
metalWﬁFa TRe HACAfEhity 36 t‘ﬂe aﬁ@l@fté"ﬁl%lééﬁiee q‘ﬁb Qclivat®n agent may in some
stranded nol ecule or a single-stranded RNA
embodipicatsy be, abdeich foamr enednpplery Wil b clasgef duglsiceacifemptgpule via a
coordgﬁtl{aee %ﬁég S ];Tltreeg ech?% CBM%L’{E So?ﬁal%i Etrl] ts%orr%gg'ﬁlg(ldnhgnts be formed
betweeﬁ) rohaot etbreinidialadtorheaf b melaieoremztyﬂmxmic tlimlllﬂfdl isagassociated to the
st gh s bR ook B R M Y S S5 rBEPY S eaction o
the acPAtRmHgRnt With FRMtarpet Iﬂﬁﬁdldf &6d hdlétice or bl ock
nucl ease activity that is directed agai nst

debLE 15 k606 @mbollinitned @ik Gnésli sismetalleidds capablewdiofiming a complex
reducti on of _detection S|gnal F@? sed g% t he
&dp

with theganadpae iaelegile dlmpgpéfg sgns on the surface of the

respe&ﬂ/@lr)(fc%c hdld mEPRIE[ReIbIR)! Asa B0y AR e BRYMPR, a metal oxide or a
sel ected that selectively degrades single- st r anded

metal fydtossids may have anpaéfinity eesphstsphate nmtfﬁlzph@ﬁh@rmq gyeh appatal oxide is

theref?re ap1s # HSE@&Q Q’V1§hf)mh({ijgg g%‘?e | &l{f&g ﬁﬁtsgorn(t)%inh' %ﬁ?t ogéhosphonate

grouph sﬁtt]ﬂzisdaNA a(nel IgNAf Whmhp:loatairs) phos;xhdte btazUmmcl Amgetivatiog agent that
Se

h
contaf 3F ST S ALfeBr BT s AR eoa go, g PEUGEREBE & leteic aci

molecI Niclf@add atiyl bi by PRekphohiés pellogies &y fohatanige be included in
capabl e of degrading S|ngle stranded DNA due to its

DNA miimjesgsuchyas apalpguss f Bertidginugleiq asiso] The net hod of the
present invention further inclu

aWﬁ@htﬁxélﬁlplﬁ ok a sutighle meta) aqxllgqe]S add, n%ggltgrto phosphate and/or

phospﬁ}n%ﬁ& ERPIR bt &8tnof nﬁ'ﬁﬁﬁ t& Iﬁﬁﬁurhstnp&ﬂﬁé RRbA okide) tidiflum oxide,
ectrostafic net charge of the target nucleic acid

copperuixadeubed zis exige.aExampleshol e wimhls wetaRtpdrpgidecwith an affinity to

ooy ORI E S SBEEPAFR MBS v
hydrok{dE/ SCRPE7hARORAe ari2i3 galdg dydroridee AufDH)gehosptenic acids have for
ctivation a for exg Ie have_.an affinity to. .
o R R o iy PSR So e S i
tltmltﬁﬁtde&I iafinRaMN oxide, 2Feafhmt id®of Hericadg@d aidied Edrtn monolayers

acid
thereon (Folkers, J.P. et al. Langmuir [1995] 11, 813-824). The adsorption and self-assembly




nol ecul e, for exanple at the backbone thereof. [0061]
The activation agent can typically interact chemcally
wowdob/ostee7 t ar get nucleic acid nol ecul e. A cher@Tst2007/000330
interaction, which is generally an internol ecul ar
interaction and generall ynér eates an attractive
force, may include the for #i on of non-coval ent or
coval ent  bonds, including van der Waals force, polar
of a mampkayercef; astadesylphosabori m;g en gispeace taptabimyexide Tax6)s has for instance
i on
been (8B5S RES hEEH susBOTRN B B o Porfiiive HBds (Brovell, D, e
al., Ldignauin(@099] 1o, 4324vé324; [Tektdr, Mg bt als Langrewial[2@00] dé, 125793271) It has

S TRUTIEEES ) TN CRCEE TN

protod#RAL of MY dxideS PTetoreftoAldi 7080] Sup?s), Akl ehéatiAlMN ammarised by the
conplex with the target nucleic acid nolecule via a

schemeyor di nati ve bond. A respective coor d| native bond may

in sone enbodi nents be fornmed bet e or nore
nmetal atons of a netal or netal oxi i Tuded in or
associated to the activation agent. respective
coordi native bond may for exanple f Oed by a

reaction of the tivation agent vvlc,ths’the t ar get

nucl eic acid nolequle. [0062] In sone Bnbodi nents t he
metal or netal®oitArPTapatt e of ~PorhengCatonpl ex
with the anal yte nol ecul e via negative charges, which

are present on the surface of the resgectlve nucl ei c
As a fugther eramunde: RN pdus beerb{and tongssqpiatel touadipay iny exidg swikaces (abstract

Ql.O(ﬂTOEB ?{)ymmhrgé%ﬂlgte an%?nté g%ﬁ%l?g agg(%(céa Sﬁcﬁna met al

opﬂg%%ec u{:}g AR fhePRAFatish é‘%’%@’ a9 tiRclE Br BUAIQIOF a metal atom,

s that contain hate or phosphonate
such zg;racmzpmtmmcmetalsat@mmammeﬁmd ammcshclc aa siligomatphn dgha for example
v BRREPT e L0 0 005 5PA0URL 15 iy gompound
ercoﬂﬂaﬁhkbﬂm@e foir eﬁamip]é kﬁcbwn ﬁmodrdmmi/dy a«tl&evel%hﬂ:éssmmatmwtﬂ a phosphate- to

al k or. ar honat es, anal agu ma
o s e o B s 5 DA ST LK B 2005 1,
8802-@@@5 lLd:% Aucal. CJaPh)QSChérﬁo[ﬁabS]Emrmbessof) & @mnbazhltﬁat Zr*t jons
nmet oxide with an affinit phosphat e and/ o

coordpmsramfm ongiphesbate |91 Phesp OB MOIGFRISCRd 2% OB frrphospho-
nate n%sgﬁi& 'bihd {oalﬂgférﬁl%i bxq@wnefa?%a(géér@ 2864, B Cé?ﬂp ePro@¥dsHifn Solid State

Zi nc OxI es of a surtable metal hydroxide
Chemt;tyr(Za%)aﬁ i 257366t ar Lmo§|:Matee abn@bleidplagd phwsivaeseB: Biointerfaces

d but are not limted to al um ni unhydroxi de,
(200%1)553#4'%% hydr oxi de, copper hydroxide and gold

bl@qugt IAth' SeanBfS&h 0 glh&b%cil 8mﬁﬁlvgox£ nlcql%( %n@l chloride.

neta I des
PreviG@ppi Iha@becdﬁshosml thiatr olfgonddcotldes t:ambel mnnnbxlhsed an arglass swnface that

oXIi Zi rconium., e 0 ri.c [ e and.ta
was Cﬁﬁtﬁgl""é dpdium e ﬁ(%ﬂ& Le&gém? B g %%%@43‘1"21 10711, 48 -
52), Vhae 5z]1r0311y1 8H13ri8€ Dctah éhﬁu@ G8ar diheP Nsoditeh Salphats seMdformylphenyl
WO 2009/ 041917 PCT/ SG007/ 000330 24 of a npnol ayer of

phosnheteaderewnpm@msih Tie domestioncaf Zrcaniumaedphain LaRE OB aIIphate, and
the folzx%%gg’n B@Eldfelwde'lﬂ&teﬁékc&l the immobilisation unit using formylphenyl phosphate

apparently resulted in the immobilisation of oligonucleotides. The present inventors have

previously shown that the bond formed between zirconium ions and the phosphate backbone

of nucleic acids is stable enough to allow for the immobilisation of indium tin oxide



been reported, which has been suggested to be based on
coordi native bonds (Brovelli, D., et al., Langnuir [

wda @947 4324-4327; Textor, M, et al., Langpai/sG2007/000330
[ 2000] 16, 3257-3271). It has been specul ated that an
oxide ion in the Ta205 surf ge is being replaced by
phosphate via a protonatiofi—of the oxide (Textor et

al ., 2000, suprg? as schematically summari sed b
nanomtﬁcéasethe@omFm et al| Angevp+Cheng. Iy Rg. (2007) 46, 2854, Further

examfﬁgs ggf W #nher ée Gs aPNélJ)a?iﬁl(a gggx?rlilglﬁag gf? Sgéllacgtclgﬁftgd to, silica

surtaces act

(Slozg@ﬁﬁuﬁ/ﬁh%) memblmngl afid¢ MNb,B3Eri can Physi cal Society).
0064] As noted above, the activation agent may
| [01)56}:1 Fopillustasorspurpbsea theedctivatidroagent snayrbeghought of as defining an

nsition mnetal at nmet a m such as a
anchog aflp g GF ST (i, o) g0, B (A eBitpkaored between
the nUBRi@lacid UHPRKE ﬂ"lo‘}é!ﬁlb afl e 2hrig6OMidleTt Qeﬁnﬁdlédulerﬂ@e activation agent
ni obi um conmpound. . Zjrconium jons _are far exa

may beradded toanyisbreatitythat/dors nefdnieeizee With tl&'s%@limatquﬁe gpmplex of target
nuclelg haQ:?cp Ex?&lgculé gnd %ua@fcb&)fd’ lc@ﬁtﬁréTHio?éc\ileo an@fwidih fd%fese Bbt impede the

te noieties (Mazur,” M, et al. Langnuir
assocﬁﬁon 08&&2}9(8&@8:; us_eée(seel—below) Inltypical. ermbpylgner@] ennexdfe_sgg Jctivation

agent %%%?%gﬁtzgon@ H%?B%r nuc\éYglc Qc% éhélzf 'n%l ul&oﬂﬁﬂbgﬁg@d on the

e or phospho ecule
immobﬂ@ﬁtuﬂh@iph&idﬁe& rAspdiosqahipie, tise emomitef Iaetsvdtxlon dgtm addedmay be of

than one netal ion (see e
an expgsyf-8s8 MOJABEYGES: §§1a1% s Sbfli g §41$y ‘2&56:6% §‘§d 3 Fold g 400-fold or
severd)'huh@RA timedVthe Mimir -of feRlei®héld ApairSHdiauts & the immobilisation
Bi ointerfaces (2007) 58, 34-38). [0065]

An
unit. {For bisr auippee dhermebestofa nyelFicapeid santersnmelacelshpiahdave been
1mmot)ﬂls%d " ﬁotﬂé/ imfr3bRishtd unif 'H%ué‘ch&%éﬂsd %?%Q?ﬁ&ll%mmmed Once

I gonuc eot | des ca e | Mo [1sed onh a gl ass
the activafiarc agmu dtas bman; aﬁowedado wssokiatentti the target oncldis :(czbrﬁgluclelc acid

capturgiyole%ﬁg ﬁolzxp}eéom nocglh?sg?cm 8&%‘% va&ll%g %g%nt%ﬂ'ar?/ dl}eo egx??veé 8ot example
by meafdlbtiinsing Ghadshingt 4- f or myl phenyl  phosphate were
enpl oyed. The formati on of zirconium sul phate using

SplﬁﬁmmuédJMlﬂal inahel arttvhH appreniate that the mﬁtht&hqfdhe present invention

. ieties ont i D i sation unit. usi

s basghos fiaiton AL 1yt et o el Pl ot Es  plex thatis

able t8Tbifd 'tchﬁ‘HﬁAlg@tlhgl%%le Tihe aPihfRe dliclelevRm ﬁfoliechﬁyﬁl itself, rather than
previ gusly shown that the bond fornmed betwe

relying onc SRR PR BARALEL Webe HEkShie BABEAdEH OT 1o fine tupstjucleic acid

lef. e biSe S ARhRy RBOULE el01 b 0 Wef AT, FIRS-oLAIDHS [J008 '19”319326
molectfe. The e of 4fthiy Fge o) 5808%41917 *PCT/ sezoowg

or Rodh N L. Chem. Rev. [2005] 105 1547-1562) bears in particular the dlsadvantages of
introducing complexity into a detection method and restructuring the surface or geometry of

the respective matter.

[0068] The method of the present invention further includes adding a water soluble
polymer, including any acceptable salt thereof (e.g., a sodium salt, ammonium or a potassium
salt, to name only a few illustrative examples). This polymer has an electrostatic net charge that
is complementary to the electrostatic net charge of the activation agent. If the activation agent is of
positive net charge, associated to a negatively charged target nucleic acid molecule (which is in a

complex with the nucleic acid capture molecule), the water soluble polymer will be selected to be



nanoparticles thereon (Fan, Y., et al., Angew. Chem
Int. Ed. (2007) 46, 2051-2054). Further exanples of
w@opounds suitabl e as an activation agent i nch@meG200wb00330
are not limted to, silica (Si02), titania (Ti02) or
ni obi um oxi de (Nb205). [006 For illustration
pur poses the activation age may be thought of as
defining an anchor allow ng the polymer (see bel ow)
of a negative netrabetge] Asaillugirating, orespsciéve fabymerdneingkidpat leasbone polymer
cl eic i tur I - N [
strand) oGy BEQytaie Rl s Bl Buf B BGY el 6; £suifted and
sulforiied (poythért wutthads dog®lyofredentderibative wutlh ashepolystyrene sulfonate,

stability of the conpl f target , nucl]eic aci
poly(wgyiseiiate)s andPHYEreas S"i’}éf caﬁ?g’ilémﬁ‘iﬂsg ek, aﬂ%ym‘fﬁ?ﬁesulfate)’
poly(ﬁ’é%%ﬁeégﬁlﬁte'), npe yéﬂéﬁt_enésﬁﬁ‘ﬁ%%at | poty@ctdnBulf@d)y e holifRshenesulfate),
see be . 1In

ow) ypi cal odi nents an excess of
poly(desenesatfateh agent  wi polyfuadpreaeswlidt)he nunber @ply(dodecenesulfate)

rots OSBRI O frensoae

poly(aexetiesul fofiate)s tpolydhéptenesy) fomated dpiasi(actepesdfondte), aroly(nomssissul fonate),

.0. a | ar excess, such.as, about 5:fqld, 10-f.0l .
polyGisthestiohasd) ¢ BSCRREe SRR &8, s it STy, which are
describB& iR WD atept 6[290/96ClopGk@mPRPt Mitieer Nitatsle| examplestdfewater soluble

i mmobi lisation unit. For this purpoﬂié t he number of

polymig| ei dndedal capolierhol ectifles t PRPSIMRiFe pe@fPUPS  such  as

{/gp@hbé inat§l on the i obbrfecphb&yhatéhi t MY boly(butenephosphate),
POIY(cla ul zgt edsior anal yti ca Io)k/) Iglegt eﬁ%ian(gd. Once %t hyé phosphate)
poly(penténgphasphatalyent has pplyérexanépbaenhated, associ drody(heptengphosphate),

tar n ic acid ' ' capture
pOIY(%Cg%p%%}é%ﬁpﬂgéﬁg non- ass %lpg}%é%ﬁe%g? %:d\? g}e?’on agent %n%%é&ph%phate) ’
poly(ueleosteghosphategxanpl e by nmeans of rinsing opoly@eHésegephosphate)
006 hose skilled in the art w || appreciat hat
Poly(FHAIPARTROREr ¢ he FPLEBRPOTRURIICBHC) | o badtsly GHiepbosphonate)
poly(FéhtdnepRospRénat@! t er  tpalyi(eehéfhoephondr),ei C apolgi(teprhept®sphonate),
nuclerc acid conplex that is_. ahle to bind t?

n
poly(egiencpbesphonael e, i Pely(@onensRietPhonaiedi ¢ acih? W@?@eﬁnh@,sphonate%
(] a
plr b S g o R PRS0k B s o
also W% patentc6,220,%46) niurhen lildustratiee exsenmies eff suitablepolyappss (igelade, but are

o 15 Peo G L e BHEE LML 25yl 0y e conmer

polyadiy4i¢-atfb Pplyigprapglacnylip acid)cprl 3(2-ddngl aniidoa2iweath dprepanssul fonic acid),

i nt roduci ng..conpl exity into det ection t.hod. .and
polyGEERT tEP RIS a6 d2ap Sy ralipy Sgpliiy a6af Bolym-xylene-
carbok R fPRAéricy {CRBrhical AbbRRESNo TIRI7TIBIB®Y, pdlytdxsemyraeNdiglycolic acid,

i'nvention further includes adding.a water sol

Tu . bl e
starchhglygetaie; anigpic Rl yaglashyfonie sk dastvatives car ﬂme}ﬁyle%ll‘a%e, carboxy-
iReH { an IR LU forR! F&tinUAbpatA) ar cHoRARRIIE sulfate,
meth%nlﬁgﬁ%uﬁea/glnl’ FUst a{&ib’vénh ilgnﬁl e%??cﬁkrlhi & pol’yn%r has a%u_ A an
anion@ ecageesanaddriyatie, acteathge guma polyglutaoratd, ané fragmpnisoderiyatives and
It '?’l ectrostatic net charge of the activation agent. If
Salls €U cti vati on agent is of positive net charge,
a lated to .a ne ' t cl ei '
5851, At oY A, 9 ST i mcr
Anioid piabiedesolidr uwilgdh thé epobail@hob alanbbe dediytiaed imicludepdor instance,

sel ect ﬁd o be 2009/ 041917 PCT{ SG2007/00033 . .
carboxylate, phosphate or sulfate groups. example ol an anionic polymer 1s an anionic

polysaccharide derivative, or a fragment thereof. The water soluble polymer may include or

consist of a single macromolecule or a plurality thereof. It may include a single molecular



26 of a negative net charge. As an illustration, a
respective polyner may include at |east one pol yner
waetooandiorExanpl es of suitable water sol ubl e poPgTEGE07/000330

include, but are not limted to, a sulfated and
sul fonat ed pol yner such as ? pol ystyrene derivative
such as pol ystyrene sul fona g pol y(vi nyl sul fate),
pol y propenesulfate) pol y butenesulfate£

speciggoug lag arsinglestype af g() ymeb OF VW9 ex B difie §nolecular species, such as a

mlxtupeo fy e&%ﬁ%% efs%tf?))l’ yf?n@ %a‘?&%&\ﬂ)l“ez%gher may be biodegradable or

nonenesu ate decenesul f
non-bmdlegl(adah:ledéxwlmlés‘ aft @)l,onpcﬂqlfrdmﬁ godnds gd)lfydt-b)sme and other polymers

ot s R B B2 AP Byt i,

enesul f I t t.
UL SRS o S R i o e
moleqﬁﬁiry&éigﬁt(}‘ ngslehf aait & , suffidisrtlyn siclalele emdef ehatcenditions used for the

dodecenesul f onat iich are. descri
detectipay  Bhith he, tauget 9&@%?@3@%%@5 S A 311%?5#;9 figg In some
embo&ﬂne%t Rlate? %lﬂgieepolﬁﬂéﬂﬂ?}f BavieNChbREulROWYIERT 6f aMouf1000 Da (1kD) to
hat e grou such as Pol y(vi nyl phosphate),

aboutp?otryﬁ nd@@lﬁtg@h pthgr enbodisneptsy (he ﬁgﬂﬁ@bﬂpﬁm ght, of the water soluble
polynf%? ln)(;z{)ﬁl%] l%{l? RDE heﬁ)toﬁg 10 %ary Q?&ﬁeﬂﬁﬂﬂ Ef ) kDa about 100 kDa,

enep osﬁhate oct’enephospha
about ﬁOD)k(D‘tD abewe (H50 e tabdyt lpmhliaémaaeastgﬂqmulbpn Da about 1.5 million

I ecenephosphat e), pol y(dodecenephosphat e)
Da’mggayftgg E onate), pol yt propenephosphonate),

U4 SEABER b AL SRR, s o

embo&lﬁ{e)ﬁfsoﬁkaﬁetﬁh @a‘.lp iboﬁtiiiee)afteﬁmlhey acn eoRplo polyoreathey been added. The

decene ate), unde enephosphon
metal gew (’f:lé‘&?eg’é ﬁgﬁ‘ﬁs 1 dgetfosts capriey At %WO@%PE?FE?’E%‘Y o the
electrésSAR né%l FHArddSPRE SidterSsohifle %@}ner FHW thBbdidehtdSWhét itherespective
exanpl es of suitable polyners include, but are not

polynier Iras @ degagiva metetiayice e/ metrkare tharplper PIROSHBS Shyiger Any counter-ion
(in the tf(%/regglﬁ% gg%u'ﬁ][ﬂ% (ffr}llaﬁéjtweg;;ﬂafg%ﬁ) oY B used PRhURGT Hbhific 3F idbrganic, as

long gsothy (n2etaicions are aide 20 dsswatp rthqyaﬁmsmnﬂdma@scmmt@)o the polymer. The

metalpmsyﬂ(fséﬁ%g}ef?g;glgﬁ{%l a}cH 1? aljowed. aag;d(f)late to the water soluble polymer.

As anAfthstfative ek @fiftedn tigia &égamg 1ﬂhas3ﬁre¢i61)slf thandenadnsiined tieat tise binding

of thesaraeh "GP Y CHOTBHITALR R} B 1 dontfs srong enough to

preve&qﬁf Yahovae st as%é‘é]@t@& Rt vk aglihgiR@sltraidh PRYeno willdylada, 1, et al.,
I nu an algin, an alginate, a hyaluronan, pectin,

MacrdlretfdaRamd Gomerhiem 2019 22, h“ullfl%& 81930 ani oni ¢ car ageenan
derivative, a xantham pol ygl ut anat e,

f mgade essa Tegalf  phraliEo! me awépl I@Qﬂ biads tadhepd! yr%[ﬁb@sbﬁovers the surface
thereo qeﬁg%g&%\%nl?lﬁstpﬁ alife "i'ﬁ kyfe erBXdleren\fks@éjthought of as

ereo |on|c |et|es w th which
1ncludmg ysﬂ Ico@mlingmfmmeorchaorwmlymed stirarels |(ske, als® abw&tém}@rahty of the

et SRS 5 e STNE % B R 6055 AR ptmer

strand{§)! fdf%khﬁ'iﬁ],e f@ﬁmﬁgfarsﬁﬂﬂlﬁfﬁ rebdiatslanf a stlihg of\pdaels (6.0 zubdml necklet). It
ol ynmer may include or
is understood that the metal ions may not necessarily form a simple array on the polymer and

that any real arrangement or structure formed may significantly differ from this figurative

illustration.



consi st of a single macronolecule or a plurality

thereof. It may include a single nolecular WO
wQe90ew1D17 PCT/ SG2007/ 000330 27 species, sSurdiI/a620a7/000330

single type of polyner, or two or nore different

nol ecul ar species, such as ?8 m xture of two or nore

types of polyners. The water*®sol ubl e pol yner may be

bi odegr adabl e or non-bi odegradabl e. Exanpl es of

c #1073 hiThepoetphsalt magdieyasidesp an ;anmmymtméhﬁrﬂpe@mﬁé gnterfere with the
stabllﬂgo\f‘ "[ﬁé f’ar é%mePe?é c18 &Q%Lﬁé/ %ﬁl??la?@l % ltlﬂ‘ rﬁ%&}% cs)mplex which
does bﬂl()&l@t]upﬂ;fm 1\ﬁ/albﬂredsnxbtuhipa1rpﬂieyassmciatkmdoﬁ ﬂnetﬁmd?ymcrethemto In typical

emto USRS R el i Pl S BB i ot

moledudds fmiBobiflddesn Wuﬂﬁo&ﬂ@aﬁoﬂrlﬁﬁt isnatide@i As afii tamplé, @@esmount of
not interfere with the detection. In sone

activatiop @gentadded may beof ap ek eiss epgﬂayﬁ@l,ar BEFSh av a8 about 5-fold, 10-fold,
25-fofr§,3: @Cfbllc?r (}R’chﬂ@tor%e Eqﬁm&x%got ines (th&k Bundblr o@%&ex@ acid capture

tons. In other enmbodi ments, the nol ecul ar
moleandssgint thef inithebilisdtion wot. s aotecb@bwce rthenaymber abouclei§ acid capture

mOICCf% %:glout 12)&3 D@% i%gtlay e B 1@?@?&%%1’11&71%%%5@@%&%& determined

in ordlﬂr| tol grovide,a dbgited r]at185ofnmbﬂal @ﬂt Beoleclbssu Onte Ehﬂixﬂxétaitlosfalt has been

or about 1.75 m | 0071 Inthe nmet ho

alowgf tq FreofRBR (RN oLt RUBHIE PolRrier Bltiade 18 T et npfei acid/
nuclefYRi® @Jtptm%rﬂi@l@bﬁg Rbfpldk€ afe héw- a%@k&teﬂ%&ﬂﬁﬁﬂjt idh$ layteeremoved,

wat er sol ubl e pol ymer has been added. The netal ions
for exgfmpley memofmsmgwawslémgel ectrostatic net charge

that is conplenentary to the electrostatic net_ charge

of0074E Thstreetaksltymied ip dhe method) of tBaiwEmHRRmdS capzhlecot jeling as an
oxidaﬁ@%%ﬁ&&do\ﬁels aofya%/tﬂﬁ{ upﬁrﬁlcﬁ pegshl 1 eéqﬁEctfd?@‘r H8corlifABly, an oxidant,

netal are therefore of positive charge. Any
also termedtoxidizing agént or phigiserie gayiably ofarditiag efiothergabsterce by accepting
electrp%%grgg%nt{aﬁy thﬁ%e{ou Séerg%uﬁ:\é\r@giakrggg{ IS e&}%ﬂ% (?jf 1%511%}{}% gl%ﬂ'orﬁs afid thereby to
reducé hebtier eobstaide! th aGrme Gnitodithentd e petay rieds hﬂ'\haea stamtiadd electrode

ons of the et salt _are accordingly.all owe 0
poten SN e 08t ST dr VaOREDH D 8 P in teie fom about +0.5 v
to abdut loUS! Edinipl&s SPxaem] ilts BuitdHlS ferEl@ﬁﬁthokltoﬂﬁ?eSmPérﬁiUnQﬁélh&e but are

been denonstrated that the binding of the charged

not ligyited o, ganalifpdenpe spiet cqritey salt ¢ EEFRANINP SAk 2t &) Satlt@a &?znnm salt, an
animb 03,3 S8 A UL, o EHEDR s LERERN3Pa0), w siver sl (e

Agh), (d\Amcledcsalvld tasltadh (e.g. Co¥), ad iron sama@g;ﬁ‘@?-*) ®Rhjsiith salt (e.g. Bi2*)
22,14,1191-1193). [0072] As a result a
mda&‘%?‘ﬁ?’is?]yge&]aﬁez fil ions binds to the pol yner and

Fﬁﬁﬁgf r’%‘? eﬁﬁoc{ %c ifie 1rfv%§trloenofurthérsmélud€sg éi%&l xeedum{l% a%ent In typical

1IN sone
emboﬂﬁm@‘lfhe(}%dlaﬁng agrmlt sl ad‘@dwﬂec s iretal Ralt hhs been addedpThe reducing

NCOR ARV N C A I Y AT RN

illust@fide %9 ?lb@ %silvBe d'oﬁ?&e&t iry iy Xr@ea{ccoﬁh{g@ﬁ Al6wed ft@ tbe reduced to
exanp ormng’a structure resenbling a string

elementaay |s§ve(reelgmeatape@nnpem@rc¢4¢@ﬂ)tam ion. ABY (AAUENSEEEH rtlﬁabe used that
is captgﬁl%t(ﬁg&glgrﬂﬁgtgg ﬂkgéni 391?1;&11@ BEEESA Aot )ébxfogﬁt'@ Osefct! detedfibf¥hethod. Tt

may be desired to select a mild reducing agent in order to prevent undesired oxidation of other

matter present, which may affect the electrical characteristic determined in the method of the

invention. This may give rise to false signals, thereby reducing the sensitivity of the method. In



that any real arrangenent or structure formed may
significantly differ fromthis figurative

w0 kdowssmat i on. WO 2009/ 041917 PCT/ SG2007/ 000338CT/282007/000330
[0073] The netal salt nay be added in any quantity
that does not interfere wt 9the stability of the
target nucleic acid nolecul €°/ nucleic acid capture
nol ecul e conpl ex,. which does not disrupt,

some fahodirgenip the FRdHFing agprt laes%éma‘iaré Flestrode @0§atl§lﬂ@rthe range from
aboutt(ﬁ@rtstaﬁo?]tl N VYRR in &L%gﬁ% O o t@’ﬁﬁﬁsa%oﬁﬂ‘ OTEtValExamples of a

resbect to nucl ei ¢ aci d
suitableapiducing agentdoduds, butmmbidtilgwitedon, asverbierawili(Vitamini @y oxalic acid,

he a unt, .of . cp s
scctyb¥doing BieeRane Seoe FRMPEe L0 FER nBluighag. giourea, dithio-
threitdlID ladkydesilistfite, aUsibulplsiten btohj/dqulilﬁbﬁh suldB- iwteﬁuary Zﬁrt)ﬂd’n}tﬂroquinone

50-fol d, 10Q-fol d qr several d d time e n% ro.. :
(TBHEY, akarens; ghuqoge, covRiieao! OB o5 Aple, CATRC B0 allic acid

chlor éﬁffp bigjds atdi@dpidiNiakid, Asprﬂf&:ﬁ@clﬁﬁ’@v ea:cx(i he3 gyadeRy, O0k-hydroxy, 7-

ucleic acid capture ol ecul es on thé i nmbbilisation
hydrohpdnoxyrigvones, 834 d@x@@&ytbapmlka@@afeml aveiFsfin eralpteplin, see Filipiak,

M. Agzﬁ%t?{aﬁg%ﬁcersm ggL ﬁr 1% &@[gelgr}(\hﬁ‘%l@?ﬂ% S@F?a:&cg}gglggg{ryl pyrrolidone).

In thigitdganittetend geamps loﬁpely(\onyl hremaetitiene) daveircentiyobeenmshowh & be fit for

use. 5300 G ST E PR IO Bbgh oF. ST 2N o b So-8570). An

111ustrﬁﬁ$@bxa$@lé of @bSrai8Ys BiendtieyIBVRR, bordiR] (HRXABWIf &vHsh MEthe presence of
r|n3|3g or v\/ashlna%iq [0074] The netal salt used in
R

lactwt'cwei Aed 5OUBY CiftAle has |IE?|V1P%511§ sgepibed dn the redygtion of palladium

acetatlg)f(l)g? ditR AL (RaEhtdrer 1./ RRAL L)l N Whi ch an at om
ose ectrons Accordimgly, an oxidant, also termed

Ofi0F6F | A aR ftNiralVe RkhHpRESS al ﬁltﬁﬁlﬁaﬂ%@cxﬁé ?éﬁtd lagdoMSic acid is a
anot her substance by accepting electrons. ['n contrast

carboxylir aqid with fiecibidroxy arguns thas infeasatiecilasty fonmpiashranging. Oxidation
of asc%lrl?lg acl N3 é&g@n tB %reee!%l';%tgﬁ a[lfyeﬂU §1Q0§J1ﬁ{at §§&g ﬂhg%ﬂ ‘hak Beductive,

t's the i ons ave a
and tlﬁis alsbrandexxdmtpemnemﬂs Oridatien pBfigerefmroyal (ﬁ[ﬁktmroms ﬂrom) ascorbic acid

about .0 V, .such in the, ran from about
s ki 5 el oo PR pesrle 0 1 WA, Rt oo gebSlroascor
bate. mﬂﬁ&ﬂ)nof)y tab&)rblﬂVzﬁitl iha#) fon@dstiae bebnitfowideto Botanl éxtell@d agent for

a nol ybdenum sal t per salt, ni um

remoahpf Oxiganty genezated duging dintasiion) wherst is shig F%{r}ﬁy%%li‘mﬂ& chlorine
compBliiils! (WBAnsgy, IE. €€ e9a1 %ﬁ?‘r)ai oﬂEﬂaz{rérﬁﬂénltHT‘H@;luforfr% (19000) 2, 253-256).

Pd2+, Pd4+)7 a $ilver sal gﬁ anc sal t,

gqtio

Its re@thb aslr@peswt ar¢ @lsg. thobasiy | of an cmtl@ﬁl pengthoef dytermining the

prese %J&/I(;r[ g%&%ﬁ&l ta% ogblcaz%il QTG EGtki%n SE {Ollilﬁl'ng blue, which is

I nvention fur
decolourided dBsreddctiong(Safave,dA et IF@tcmyerit, Tulantay@3i984) 41, 8, 1225-1228). The

d ts.th d t.
i S 1 9UE 4, SR S 908. Y E0ehIE copper terty
forrmﬁ%'aoé‘ﬁﬂ)ei QafBFiKE Bad Eiﬁéviﬂiis%bé@lnﬁerﬁf)nshﬁ%drmﬁisoﬁé&thélley, 2003,
e cogrespondlng net al three illustrative

supra) Thedble atomsiartasia nugleptinsysitg for fpghermgialligation 4ibids), dus geytributing to
wire ﬁHnQH\&P' THe R&nbEGF ﬁl%%rf:&nt RIVERRSH Rk a'i’l'a a{Blds the downside observed

ementary copper or elementary ion. Any reducing
by Magent& Wapllbyethat ol wineformation occurred at certain DNA segments (ibid.).

[0077] As explained above, the metal ions, which are associated to the water soluble
polymer, are reduced to the corresponding elementary metal. Accordingly, by reducing the

metal ions of the metal salt, the reducing agent induces the formation of a metal wire. The



I's capable of reducing the netal salt and that does

not abrogate a selected detection nethod. It may be
wole®mvnedit o sel ect a mld reduci ng agent in oreer/SG¢mo7/000330

prevent undesired oxidation of other matter present,

whi ch may affect the electrg al characteristic

determned in the nethod of tthe invention. This nmay

give rise to fal se siqnals t hereby reducing the

t

lengtls efithietrespeptjveowire heoptytlingited hnthedenaty of thepiymer used and may be in
/ Oy C
v oo FRUBLPI RO, SEIRG FBNRLLIS LG s
examplepm mayp betofla Yarige afbabout 100 ny ts abcbuta@Ol jomt dretor dmg}e 100 um. A
about V to ahout -.0.5 V. a S 0
respettid Wi SveitE CPPEJENE 4 HEPEE Of BHTUAGY £ DL fh (Qm, such e
aboutt10nm &6 885uR 11 @ Cr dbéti 1031 B £Bout S0@AMC aci d, acetyl
cysteine, thioglycolic acid, a thlosulphate (e.q.

S 78 The i rR&tHb P BAtHe) predehi ﬁwéﬂ&m ﬂmﬁlbﬂ @rcludby @étedining the presence
hydr osul phite, a bisul phite, dr oquj none such as
of the a@la}yteaw g,][e>}qas zghg]pﬁgﬁzg ch'(lr? tic %tj JGEIRdN the sensing zone. As

an ex%‘)’l&%@ qﬁxﬁﬁ)‘bﬂﬁgﬁ&?{m@ffﬁ?%@ RASosel & ar?él@&ﬁb Giel € Fht lefectric field may
Ic acid chldrgeni c acid, sinapic acid,
be gepmttedcbartaexyhnc@sabmay @ soyniy enBodimenty be @eperated between two or more
dro ro Y% r
s SRR oSl L IOHLRURNE oot oy v oty
dlmexﬁ[tai b longl asSai edextris fi2ld0can béogenerhiedShptnl enfiivient 16 Biducoan electric

. 671 n | y(vinyl pyrrolidone egard .t
Sl S BTG D B Lol S0l LS 08 LR shove
in sok€ @ﬂxbﬁh‘iﬁi/&ﬁtst tBe PRnfobilish@6n ukis ﬁla§$oﬁeiﬁlﬁp1e be P iof @hea@lﬂﬁbblhsatlon
(Xi ong ., et al Langmujr (2006) 22, 8563-8570). An

unit qf|3 c@pwélfvpxﬁé%érﬁéﬁrpineofaﬁr gmbestiEneats is mAvies Irpieriidhe gap between

polols troid€ use of which in the presence of lactic
rePeR e%ﬂ%rg sodiumcitrate has been previously described

' ﬂ)(ﬁb Iﬁ eﬂ:%' Ct;thé?nerﬁf)ocﬂﬁﬁleh@dihﬁ néle@ﬁgti?élt? 15 %Zerﬂﬁ:ldl Beliduifeld effect
i€

Wre ter et al., 2001, supra) As an
transiftpt lﬁEEThth@ speaifishlly oty Bvos @lqcﬁbd@ # efwlrt ctayansistor, termed the

sourczél'SC rtm: rgfil g‘"ultlé eﬁ‘e PQ&)}(J Ar%o o(ilarviAFaans{o@/ fn tBXtdt;rﬁ%%ne type of

oups t T SHeTtecy
chargé)@udhtas electroxis gemavatos @ carremt ASFEKRh toam b¢ osduleto sw1tch to enhance or to

depleggag ee:nl\tr na ﬁﬁ&‘ac}/l(ﬁ%rgta g % E)Hg a%g (r)?rﬁti)(lbrg eal}C]iF}g gshafa gemiconductor
path Q(ldj@ﬁlbéﬁﬁt&fﬂﬁé .cOnductivy abf af (tg:blesny Qmaerﬂylﬁga) chstel tregon in a

acid is known to first yield nonod roascorbate an
semicongysiay MUERHAT (BRiseRAps CoOBEMIRY BB TR g thatIs generated by

the so%ﬁ%%ﬁ'tﬂ@ dR¥n. @@E&{d‘ﬂl %le%ﬁb@e h@s'ghter, id &%ﬁlﬁ@fof bﬁ?y[hgf B nductivity

be an excell ent agent or rrenpval oxi dant’s
in thag e weh@gee@pu@d betyegih ﬁxerga@:mdmurmmnals rquuéemséhe gurrent between

the so‘rg?c%uc% H4 1|nq|e§1luﬂgls CR' g{alllnc% n%eo{ﬁpagdlf{]/b rc%?é#g dgg)lg;?e change in

ourna nviron orin
the cutfedt £bfm) the sburse tethe clrain eA foute tetmamml af aa FEI'Sp theltmlkagtich may be

) of an opti.cal_ detectio thoq of dete n|n

imerngli SOnERted 0B SR b IR DSTSsBLBS BPIABSR it spurce and body

will chﬁ%éqﬁé@@esﬁﬁldt@}]tuggl ne blue, which is decolourized by
reduction (Safavi, A & Fotouhi, L., Talanta (1994) 41,

8 [00%6]2 Exddpits of AIFET @bl thhy Ve Bedas @/ hetbod6f aheﬁ@vehﬁdxu ﬁﬁlude but
associated to DNA, to elenentary copper thereb

are nqtdnmtéqlgtoaa WQXIWQI@H%&;; figldeffest grpgs%%re@vIOSFET) 1ncludmg a
ﬂoatn(?ﬁ %QQSMG@I%%‘, (A\’Eiﬁéﬂﬂn &Y Ot & VirardRR3: '(JFET) or a metal-semiconductor

field-effect transistor (MESFET). A MOSFET has a gate electrode of a metal, which is




supra). The Cud atons act as a nucleation site for
further nmetallization (ibid.), thus contributing to

wowee/ofoimat i on. The nethod of the present i nveait/86X007/000330
inter alia avoids the downsi de observed by Monson &
Wolley that no wire forrratlg occurred at certain DNA
segnents (ibid.). [0077] As pl ai ned above, the netal
ions, which are associated to the water saluble

separpiefl yirasm the pebstrateUe an drsulaviagdayer dspis helpgrie) mpﬁ?tve MOSFET
may Qi@{) %le dd%l'ﬁfeoéz?%@ Q¥ ¥ the el r&l&yfeml@a:ﬂtdﬁbto* o 19ff01tntf@i on two,
e reduci ng agent | nduces the formation
three of faur selesbf thierchannEher Wapped &ro0dd it ThRGEl, IO plOo BRGET.
30 length of the respective wire is only limted by
t [@081¢ ricitenfoahatidreopan gleetroconductivednetal/ wire dnnthe tniweleic acid capture

et PR S S, 47148 35S0 e lonc s
densitiBdr dPotehtid, therel§ niddubdtiaigtthd Obtrénnbetveeh che sdiﬁ& amh drain of a FET.
to about 100 gm A respect] wre for .instance
As aligagly Wdigaiedettiiveothesptice ot MmOl n ity AR Wigh, the capture
mole@des zﬁ'@%%oﬂ)ﬂﬁ&l tn‘i’ayafgplBEatéd Hﬂl opfn ﬁ@lﬂﬁ? td @ FEM G@né}m’}uﬂns surface is
500 nm 78] 'The net hod of present invention
or indludesithe a¢tn@l regien of et Friwhiglyist the regiers Eapewhigh atsignal is detected in
ana j St i . .
respofise {a(l)y {rhggﬁgthgt?olﬁ ?%gﬁggls&lﬁe A tﬁé g&kéfeg %n@%ﬁ%;@l{ 'tt}f]eeﬁl‘fclelc acid
captuteTmobchlesatd the tanget nuadgic laeldempkeadd (.o, the amlabite motecule). Typically

e o S s S PSRBT By v

or chkiital potBatidl. ’I@llee(ébﬂi@@lorﬁ' U§ oS0 ibe é@nfiwed ,withhtiee"active area,” or
four-electrode cell. Respective, el ectrodes

dopedayygll imybishist GRNSISKY if 61’%@“6&‘3 Theaghivears of ¢8-@ l‘g%éatrﬁna@tor equals the
produdf H?ftﬁ(:%%}lx}gﬁg{qbﬁ §n<ﬁ l’efngnhc I 8mé embBifeRtsAe ﬁ!:t%tl’égl%n of the sensor

si gna l'ect roconducti ve nanoparticle
is at lé@tae pblé lof the. gaﬂssofaa tragsipjori oot ewebasliroents Whete as@SFET is used, the

actlveprelg%on qrxrg)(i] cl&déqh%lqgﬁlgh{né fa%%f‘ Nkr e haﬂﬁéﬁ rt:%f)n %%(ﬁ{é%?eﬁs of a gate

e | Mo unit O a respective
electrodl&Clnr audh. embodimhbrgts therbodplernifsthe tnuckeyc bad |capate chalecule and the

argel LA G FERE S AT 10 foret s e Gomab ey Bip fprmed. In

somefenfodifédte tHe activ@redisd RMoldtEd dn ﬂf@ﬂ@atﬁ)@%ﬁtef d)ﬁlm’lﬁhlyl dﬁea transistor
two el ectrodes a field effect transistor

or on ggrraeondyetar that is goansptively; gangregied deta ﬁPlé‘ngtff@f d’f@mé% In such
emboﬁﬂhﬁﬂéa gqre CRISAGA BdptulendiBaile RIAYYbeqREndbYIRRd 3h th@ﬁ@fngeglon (e.g.

el ectrons, 'generates a Current. A FET
the ﬂoatmg gate)svu“ltecfmnmme ofdrecmetal wiee mieghen ectivate theemtlve region by

charg]e §n§ucélglrlr‘i %g %&e 0 t Cilgl’wé %&a?ﬁg)nalnu% Ee?lﬂ@?ﬁduc{t)ﬁ %'f A adtfie (}leon may

Ina s

occurCWhBﬂ@the\uctlye ﬂafgl(ﬂl i6 tcymducakrély comakzxrddytonhy gatbafiaéleld effect transistor
condu tor nmateyj rate

(sce 4 Rt Biceal oyprens oo detuerrs f DROY i0ar O 453058 pReBtpopticaton

2006/@“299@? fRU A RfAyt b tdhdtbred fb GRIBtdaR). Wheet thedRtivé hegion is a

I's capabl e’ of varying this conductivit
ﬂoatltm a@teafhex oruacipg shAsEe By BAenoRako R voltaggirer hefyesn Eif%eo%lbstrate and the
ol BlerfR&l rSRtor L AR RRNEAE with the rol
ﬂoatl}xg 55',%& gbﬁhﬁ%%ﬁa&l %Tﬁac ange%n é’ét : \c; T g% wi e role
of a refenerice ldctrode maylterigeludérhingmicha FET as described by Barbaro et al. (2006,
supra).
[0082] As already indicated above, once the immobilisation unit is exposed to an

electric field, the metal wire immobilised thereon due to the previous association of the metal



the current fromthe source to the drain. A fourth
termnal of a FET is the bulk, which may be

w0 nioeosalt y connected to the source. A differ ePCESG2007/000330
bet ween the voltages of the source and body wl]l
change the threshol d vol tagﬁ [ 0080] Exanples of a FET
that nmay be used in the net 8d of the |nvent|on
include, but are not limted to, a neta

ions toxihgenolemerc (senséatest tq the enraples of the éwgu%&ctﬁw efidgpetpyules via the
actlva'Tn%ﬁl ggﬂt?gs lﬂ(evsrléé) o8& t%q%g E%é@: va’eléénidiﬂélB' ‘Phis results in an electric

ect tr a | stor
signalneaus¢d by thecmadlwirer Thé imetal -vefe @cg manme)sm@y fqrNESMEECE) change the

clctis R prao e b Y Rbobia < of Ll indht Flekd pR, obuin o

chargé,Rbfed thar iy ofdondusid @irteng | ayer (gat e dielectric). A
respective MOSFET may al so be doubl e-gated, such that

.t [098BE IR kheoxithod HE Mecianehtivhar sigail ef s élexrmmilyoamnﬁmmg wire may

th f f the ¢ch I
be dequrga%spé%g] Q}Q&J rd[ega:cqu; éﬁ%g\ptgug g} ﬁg%-%egaf%@gx] %)pﬁ'gca? garacterlsnc of a

regioh % rlﬁé isesid zafe ela§Ch QW%%été’&loﬂeﬁlﬁboWsrﬁ RAgtdethe electrical
nucl eic acid capture nolecule/ target nucleic acid

charagtenissisus énflusnpedeRy theyelectrenlly sondudhing geetal Wisn Tdedesnegtiyecregion in
t t
the seﬁ%}rgé gﬁ?e xggf \?A\é éﬂ%&{ﬂ leaoepaoxtegfé gf;i]l ethegr? {h%tl:?ec%ﬁ%r% déiéslztltoﬂ Qccording

RE sour drain o
to theahvmaady maydirdastatteanduds a niewlsmném@é acbnduegance, a voltage, a current,

I sati.on it h th apt
a capaBRRe b B PSR (a3, MU e ame o o hegthie At BF gregsured by
linearFdyelic GEN@hMelry, iqibie Wivd dsl@nirBetry rnohﬁ@ﬂ ptﬂﬂﬁvélfmrﬂett’y \@efferential
regi on of a FET, Whlchlsi;hereglonfrciber Ig
f, algpady explained

pulse ¥p ety apgbalisEnatingicHreRt ol ammetny oAt g Lurf

aboveTBfeAimmbbifsafbon AR, &Oﬂnha%i( a (pRATBTGhORIHRE PhdrbUT, AMGbRickposed to an
acid capture nol ecul e and'the target nucleic acid

electriedfiedd Jh ghig icass the wire formead therepm isdiigage exposadda therespagive electric
edi on -

et 335 USR] PR B0 o et o

the inpaitiont dnadlectiib ieldas tdeneratedgivhith may mn&omeoerbbochmnﬁtla ded symmetric

or a b paggalt S1CEre s Heieoti FIERREL T Faamble 18 i ehafippldild. 1t may

also b%rg@ﬁ&hfeﬁ@t a€lkbdlone el tro@e OFithe tpaivfof IeIe‘étrSdl‘B%nIinest:djtelbctrochemlcal
nd length. In sone enbodj nents the active re%| on . of

impedanee SRERUBTCOPY k(DY @ERIOYE [Pafitergying p ghapgedn dpradaic impedance (sce

Odentthfilaﬁs('}ocotdﬂ{ 2007, 36pR, SIRMIERNS WEPHBrefh)MOSFET i s
use , the ~acti’'ve region may I nclude theé insul ating

84) %?s"m%rlﬁfof:ﬁi@ RiRtroé el &iVel wird ﬁ%e@b&& Hk?ﬁle%etﬁo@@ﬂtﬁe present
ectrode n such enbodi ments the conpl ex of the
mvenhgm Ang d@mcaoeammn@lmﬁxr@i@qt@c am&atsw@ay pgruged imthq wiethod of the
C
presex%ﬁ{rVQnﬁai ﬁfdé e%tlfgﬁ clggmsgethe% él&;%nf ot i t%lcggl‘tfcﬁ%/d% aTidadlrement of
a condwinee, a soltageat edrremt, b lvepdciteade orga matstanoé /s @n gludtrative example,
ef f ect trgnsn st or gr on a sem co ductgr t hat

conduglaRE A1X, BF e, Py diieaT £3FHe M ReTiEy, SUg v, voltammetry,

normdl Puls¥ GHltan@HEO diTRpéritial flse WittaRintetryahd akapiting@uifohte@itapmetry.
may be immobilised on the active region (e.g. the

f 0085] MhogRékelled thhide faptr WL appRedidte tthue tli@fn%tho\dll df&hfrﬁ‘Wentxon is not
en actijvate the actlverelon E¥‘é charge i, uctlg
only TABIdErAat gy co&%h\a@@%el,sr&ﬁ%xs 1R and has & Srgoapsertictiy andp high signal

to noib&FatfC Du¥ fo HROAINIHPYE an activation agent, a polymer and a metal salt dramatic
signal amplification is achieved, as can be taken from Fig. 6. In this regard the polymer further




occur. Where the active region is conductively
connected to the gate of a field effect transistor

W@ s@e/0e19g7 Krause, M et al., Sensors and Act uBdD862087/000330
(2000) 70, 101-107; US patent application
2006/ 0029994), the charge be transferred to this
gate. Where the active regi is a floating gatethe

occurrln%rchar may generate a voltage drop betwe

contriphies so Bt high seriiivityind the msthod Ry Ravidingan iearepsedy’ &aﬁehmg site” for

the m%%’mqﬁ.tahﬁ %txtoﬂg cfxéxﬁic ] ﬁltefr font LADEE ?;Ee;%ltedAs&éi’ineIsrtgé jonic binding
gate with the role erence el ectrode may

of metaldonsdecthe pob_/mdn aad H&meaaimmf the dctbatifg apent ané theatarget nucleic

) 00 supra). [[Q082 al.read at ed.,abqve
acid et oI RASLPISAPBARTS 8-ty BRME I o OF ¥Ry desired leng,
1ncludih§(‘at shdit foligbBuclédifle Ml alomél E@bbdifiehis! ihgesietahavieons dorductively
to the preyious associatiaon of the

connesi3gdp G DI AcP et HECBUUA B8 gnit §9bich R b AFRrically sqgiuctive, see
abovéfg)? 10 ﬁh(ﬁfl&dsu}ﬁcé Bet SOFPRListarRE thd§urtadP ok leRicodC AL an illustrative

ecules via the activation agent) is |ikew se
examplepbs enctalovirh may dsidge aitoes b gap beveen éve eleww@eSr egudfiasdetection
ekmu%@ an electric signal caused by the netal wre. The
fal wire (e.q. nanomnre) may for instance change the
I
k(ﬁ)%kLEVGh%r%n %e%r ef dﬁﬂ?e?grﬁ?ﬁ%#ﬁﬁﬂc‘(%% ¥c18 (;lgcé.{rl]%srrgg,f Be analysed
at thetsamestfmas usuhgreghexothe <samel iramobil etiore it o{ @@8@] ithmobilsation units in

of th vention S ctr ca :
parallgh 1 sERSAs PR v gal fede delsi et FRuf Gt Baitd vsing te
same §8H0Biliakeon it tdiﬁfé‘reﬁtﬁﬂx@feﬁb Y c@tﬁ@trﬁ(blécaﬂes may be 1mmoblhsed on the
characteristic of_ a regi on in the sensing zone ma

immopdisatigronitiseetiaveh Winpasuali of eah repepte @pRE: Fip ples is used,
the nunibe: 3hd/BY Hé{sit? aréadhr}giﬁé%\%e& pli¥e iofechlethdy ﬂ)é%ﬁh&:lyendenﬂy selected.

conducting ne W re. The respective region in
S ePr &R @8l yOBe | weg le,
VTS SRS AR 8 CAUSAERS s ol
electrombgmq dateqtigy, for instance peiagiarremigierystaty @iﬁﬁéﬁéﬁf‘e%ﬂb%d by Gamby
C 9
. BB g ORI o B SARRELA HEEfcPexampic
an opma@l da&ctmmmmyeﬂsoblye pérlformd om)cnharmedf by traeene ©f yn opyealyeamplifying

oItannetry se.vol ta r ;
conjuBfiFq BYRTICETE B P ICEAN PP e Con Y b Bt al Proc. Natl
Acadcmr@m (mdsl) a0pE34-39; Asylard] BS.Ner algarpl €hainr sa<d>(2003) 125, 896-
above, the_ i nmobj | isation unit, or a

900). qus%}rlf owolmnéa% labeled withadbroresge gydaan g dusiance 336 4560 to optically

detectedléf Bﬁlﬂﬁl gfth €:thin ﬁﬁ‘gét hhﬁe& a8id rhéleculds! ﬁuélel"c P15 | 1ﬁt|3fé'éféﬁﬂg dyes, such
ew se exposed to the res gectlve electric field.

as YOTHD.90I65 BOBO, FORD: TEYER(LQ1e0.<5 YR SY HO.HY B XgPigoGrea, or Oligreen
as avalllogiee §JHQR€ Eekl%%ﬁr&festlﬁ Fﬁ%@gﬁvﬂgfbﬁ utséhefok Bﬂtﬁﬂﬁ HQBctRA. As a further

ectric ehe
examgiePihd Imf(ﬁmbshz}aﬁomuﬁxy mwtlmlude mmla’obrmmygmwdush ﬁieennc}enq:aad capture

field. The .electric d.may for e
molecal b FRPOTHGRE.I 155 i ERER S R atn g Gpsqre dich may be
1rrad15’d%‘d3 Abesk rlﬁﬂd—’mgfoﬂ :hQargé’tl fhudMic elcar hiddélate b fdetemineddbased on the
e ectrochem ca ance SpeCtrOSCO

may_be
OCCUTHPR) FE59RBANCE éhl@e(ﬁ‘éﬁrlhﬁm@ D -Mhastdd Memogr(%@i’) cﬁ?rﬁ?éd%ﬁ%e
(see (Qdenthal & CGoodin 2007, supra,. and
p(98BL dn typieal embadimentss g'qeﬁysult obtalned is then compared to that of a control

measurement. In a respective control measurement a nucleic acid capture molecule unable to

bind the analyte molecule may for instance be used. An illustrative example of such a



[0084] This signal of the electroconductive wire is
detected in the nethod of the present invention. Any
waledoensioon techni que for electric signals nmay Per/seEd7/000330
in the nethod of the present invention. A detection
according to the invention y or instance include a
measuremsnt of a conductance, a voltage, a current, a

paC|tance or a resistance. As an jllustrative
"contes} aeApruse m%m@m@%ﬂd 5@ lesrleaving aspanense apt ¢appplpmentary to
oy pYRFRTTRS e RS U A 1 406 e et
ie. sajntplv:r" raadl"n@tmh'f ma&urmobntadnﬁbt nysucp@%@] thah theali§kien¢eclitween the
e art wl

value§ qutgmuins 1s %rezﬁsrt f?&g :q.lep;:l;le—?g ri\ealr} orolg Vlao%\ih@gsgmp{) rE%lut on contalned

the relévhiita®@)y4d mbleguidnd has a high specificity and a h| gh
signal to noise ratio. Due to the addition of an

a[IIUS‘Q]itIn Q6magaibodirertg| theraietiaiddis aiestgﬁai insalch a:lwaymitat @ reference
gnal anplification_is achieved, an b

meas\gPOnCEn b MATSCRERoion EIREF R T RO S coule afe Performed
mmult%ggafs% 195’ mBF FrSm@Re @@@é’;ﬁo 31 Gryibitl Prefe@endeGnédiBrement only

high sensitivity of the ne by "provi di ng .an
with anemnirak eeedivratandi iy the sameftipe, ¢ eeavaertent 8t Hdeample solution
g I n trol
sspe R BT PR EPRALLT SR NREGURLLEE, e cot
meastrbmentnyizh adhngennmﬂeit: faeidarnbiewat ity hag ort examghle tmnpaatalgepmpertles

(& kS 3 R ) P 3058 AL s line o vt
nuclelcR@ bapture Med1ecilé thag beharriedodut G0 parall€iab iadReashrententréor detecting a
enbodi ments_the netal wire is conductively connected
tmgdﬂ@£kﬁé“§h¥@5@éeof the i mobilisation unit (which may
be el ectri cal Ig conducti v see above) or to another

s [RO9QE Ihepresent meghod alse aHews dstectng more ope target nucleic acid

mole&leeﬁﬁqﬁﬁﬂif‘eoufﬁ o@@oﬂste&dﬂﬁkfyq}x 'a\/sﬁlglé??ﬁ@m&nent freor s plrpdéd;, @ plurality
I dge across the bet ween two el ectrodes,

of IM%QISMletSmﬁ deg¢rihedy eée gy densxapmie be yead, wihgrein different types
of nuélgl)‘éeic% aﬁbt&geer[xﬁl@&ulgéreg% o Whldhl Gp@ik Q)f ek fxgl CshelBREY: Hifding pair

ne using either t
with d mbmdcle;aam@molacute are irnmebilia¢d omeach nmmsbxﬂlsamnmtt Alt¢matively, a

pluralﬁa(i g H@Flg @Bl'ﬂ ecggtglfedmg o8 kse]% \gé&h%ﬁ v%la e%ag)lablte of %eﬁmﬂgg sSéc(fﬁc binding

pair withiDhirdet adléio lﬁcﬂdﬁh&lzcﬂb frih&yr wnimmolsilisidonacsingle apfface®f an immobi-
nol ecu be | b|||s on the 1immobilisation

lisatiqpnit ‘{ré’é‘ea%%% thSal ity of each respective

S. use t he nunber and/or densit

8? @ii eﬁhgoéé%lgqflslqggorg%talt PrSRE mvgnt}wn ea dlagnostlcymethod for
the dét%ﬁgﬁgﬁﬂm@’ quBtiBeatRm) of B8 nicleidl@sids &dgents! rltﬂéeihalyte molecule

s for detection may be enployed. As an exanple
may fer istanee be involvedda s sssosmtedrwith 2 diseass s a ptate gf the human or animal

body JfFHeEp Y LB IIE oPleBBlER. B2, T35 0ser E%?Sg?é) my
g& Erlﬁ%eﬁ’leﬁ & E hn/%f) (ﬁf( fe coftfbirRal | other analytical and

Ion may al so be per orned or enhanced y neans
prepacdtivametipidscAs hlyeadyphdi€ated gpovcotnhp @eggttenic]pg:l agitbmolegulg may in some

e B BV ST, Bl oo
meth(é&%)kh@tr flay Be Somb@iedawith aJmethoil o@hﬁeﬁpre&lﬁ in¢edfion )indldde, but are not

limited to isoelectric focusing, chromatography methods, electrochromatographic, electrokinetic

chromatography and electrophoretic methods. Examples of electrophoretic methods are for



900). Proteins or polypeptides |abeled with a

fluoresce dye may for instance be used to optically
waledoens19thei r binding to certain target nucl ei BCESGZI07/000330

nol ecul es. Nucleic acid intercalating dyes, such as

YOYO, JAJO BOBO, POPO, TOT g LOLO, SYBR, SYTO SYTOX,

PicoGeen, or digreen éallable from Mol ecul ar

Probes, may furthernore be used for optical detection.

instanggsfree ﬂQWtMOp@(a%(F@E)I pedyacryienside geh eleetfonharasis B GE), capillary
cl C [ i

zZone 8g 5 aﬂr 4 rg;%'l e({:lg(iql%\éh&}ésw @B}Qﬁérggﬁé nﬁ% rﬁrégzly%{b éﬁ&i J g?lnﬁ ethg present

inventiorcihay deaised tcermmaat ovitlsetheramethotis chdemgpsb&)r instangdit@start a signal

and he bin of a ta et d le b
suchaaé’aé%w“ﬁéé}l iniiate p erce{] Fh Zc%m"@eﬂﬁﬁ. fro

R TR qr%fsAts Ry Bt OG0 ?‘Neﬁ{’) Selscipd et mucte acd

molec@R! G maS fohEfstaiEey e didghobtiakitofA sespeutive dht 1ncludes a pair of
rreasurerrent In a reSpeCtI ve control asure a

electraries| which 489 aranggd at edisgnectiow asapPes dor gample garated by a gap.
The pﬁ{}aéfy ERcABeS Clglﬁra'i{?é’d fthid rzls§e‘ﬂ V\%%ﬁe ugegli zre@ordmg to the present

lustrative exa such 2009/ 0419
1nventhfrrfus@e@mr7rb oodeds anammqbdman@m unig. aﬂtmfampé&l@um@ﬂwmon unit
is arraeg ngﬁ%lﬁtflé genrg?nlcgez%%le eAI] ;{lélg%cflolfo%?,ﬁtgg ‘rggqssﬂx zone may 1 for e)fample be
defined bg/|thé Zorﬁzqndvlmiﬂ ﬁcdhﬁnc ﬁéldtdfaaid\lpalreifetdcﬂo(halls effectlve
nmeasurenents, i.e. "sanple" and "control"
nees4jr The kit,aldi intkdes mnseleib amdvﬂpturh atol¢chte ahi defseniteadg ge. with an
bet ween. t he al det er t t
o e B P R RS ST ATl ATy o tast oty

compleRBhtalRAat b4 alRr@stasH tha @yt ucledt 8€id Infoleduldé) ANe Hlﬂalso includes
sone enbodlnents t he nethod is designed in such a

an achymIONaagaeBifbohasEn SINCHRBANC A5 CHAME DA SEPRPIEGIENtaTy to the

electrd%ﬁttl%qe't @ﬂarge BP&Q%Ig@f"x‘deTél@ 288 intb18RN & WY &pﬁil?ed%bfv@ rtA® dctivation
taneo hi's may for instance be done by

agent mryriibr eyaople bze qaremeluéﬁ @dramsision megtelngomansiupd ogjat etglloid compound

control nme
and/o o1, may, hﬂz' 2, S%ﬁ%@j {b OP ot%f)hétg %gi/ggglé(%ggggx%%@cfgﬁﬁgy %ﬁ?ﬁg&ludes a water
solublapalyyice with e aleetréstatizenedl ehz&gt ddut isl_d:dmp]pme;taxa( to the electrostatic net

respective control neasu th a target. nuc
charge, T By BrHGHPR e CHAZOTS- BRarBr BIgb Gl ds & el Salt that i
capablér&pﬁ‘dtﬁﬂ ef af Sxfllantd T‘hbgﬁetdlewhg &f Ctﬁe ffaledattchdve et éledtjostatic net
but that cannot defjne a S%@llflc b|nd|ng pa

chargg that isempieraentanydo dhg elgsteostasicaiet Fargagt the %aé?rrﬁogaﬁ%a?lmef (see

' { @ht LM BPrcducihd tiskeinetal ions of
ol R b 2RSSR g, S50 Dt gt ons
the methll saligo ﬁamesmgldmreetahan one target nucleic acid

mol ecul e sinmultaneously or consecutively in a single

n[BﬂSﬁr énmapectlpg kitt mpy figthepoere ingluge apegns for ingnobilising the nucleic
acid ¢} rggrlplg egu t8 [&1 \ngllé? g? trlllg ghgs% 3!?91\(1? A@é()%;flég{lj% above a nucleic
acid cagtugt mambulreanﬂnﬂabml ths klteazqhhz{vfe a/\imomhy thapaltdves fofr, or fac111tates an

1mmoh1§gzlftgqln2 gg g B {:tfévlceﬁ }rgllng %}(ﬁﬂ‘rﬂﬁt %% g(ltg H}aggi%ﬁo include a linking
molechmlg'ah'lﬁﬁ’éﬂaﬂﬂe eXdnhple A-fRfda foLNﬁE)yanoﬁmap buidluded iRthe kit. Where
nucl ei ¢ acid capture nol ecu each of  which capabl e

the capfurejafolesulfgis £ mystais pgid nmlpfaqlq, éhe capture molecule may upon using the kit
be 5'-C¢H2SH -modified (see above for examples).

[0096] A respective kit may be used to carry out a method according to the present



pair with a target nucleic acid nol ecule, may be
i mobi | ised on a single surface of an immobi- |isation
wainiob/oorwion a small nunmber of such surfaces. [POP3G200tv@00330

nmet hods according to the present invention may be a

di agnostic nethod for the gFtection (i ncl udi ng
guantification) of one or n 0l ei ¢ acids or genes. The

anal yte nolecule nmay for instance be involved in or

invensies.oli thisedgandtthe &itdhayp incbiderinsirustionsefogfelactrécatiy detecting (including

R oTo) t,hat_require r oph | S :
quentifisgpe S et R el AR KBt il O GE B RRion teatier. 1
may i&diclddegirh_edrdlfﬁﬂﬁd df_j\ﬁﬁ? foaradco#nhedmm' gt the ab?ﬁ hmdporaeﬁis before, while

al ready indica above, t target nucl ejc aci :
carrying| Qut A Eetheg ¢ S@o‘ﬁ‘u‘ée‘“@ﬁ‘baﬂ‘? therealicr.ofs jap il ysfralivgexample, it may
included mAGbQEctfndi Ry s&m (MEMB)Ch it is included. _

Exanpl es of other ~ nmethods that may be conmbined with a

NRS0Igf 1R orddiethBl @RERVertioyiemhy 88 reallyUaiRierdtodd ah® piOinto practical

Iimted to isoelectric focusing, chromatograph ) o
effectyrpatiiculr embedimenthoapwgheapescal edeb)émyo%f? ﬁhétfpﬁowmg non-limiting
exmnéggonatography and el ectrophoretic nmethods. Exanpl es

‘el ectrophoretic nethods are for WD 2009/ 041917

PCT/ S&G2007/ 000330 35 instance free flow

el ect r o XENPEARYEMBODIVIENTS OF THE ENVENTION

el ectrophoresis (PAGE), capillary zone or capillary

gel el ectrophoresis. Furthernore the data obtained

u§009§) tRiguner &sdapicts ianschemiaion remasseblation of destiial gleteetion of DNA

W th other t hods,. ' [ f o1
hyorid4bn R e Al R 186 AR rinde A AR DINA BT idhmmobitc
sed intthé gaebet@edritvicneectebedes (39 (DrandedrperchucleCed] (12Zhendged eatoparticle-

i nyention als rovi kit for detect]j a tarqget .
aberg e et AT kS oS B SSHLBR £l hanoparicte-
labelddi @4EQRhI Frobé loccs (AP ARY iavlvét tsalt Rl WORSdraqEabte afe added (IV).

el ectrodes, which are arranged at a djstance from one
Reduetiwstdeppsitiomet slvshpgcars eravng abrigge thatglegreasepesiiance (Xp-

electrodes is arranged within a sensingfzone. A kit
afQ09PLiiKignneo2 1depighy @sehematic yepteseairtiph afn@ Mghed according to the
inventibf! HO®R B8hiLRHCGhbIERAEAOheUhhobilibiiod Uidif € aBhngdd#ebetween two

I mobi ['1sation unit 1s arranged wthin the sensing = | _
electrodase(3). A8 nugleicaaand damb@\mc,)leﬁlﬁe%ls)elﬁ dinmybilised omean gpobilisation unit

I fi . ' i y
© F XGFH Sp e O bS] b D BB B18E i g )
(1) it Tbenka compka (R2)cihentesthebynhybiridizatie () c Aptastieationl agentl (@r**) and a

as scribed, i.e. wit a east sentially . ..
water,SoUvilF qelymc b sl (R Dn PRlvaERBLnTRBTELSEN b idisgied as an
exempRryPpolyBRE I THRAFJImE} ¥sso&ileP ke RN Midroagint (¥R ddition of a metal
ortion of the target nucleic acid nolecule. The kit . .
salt (Eu%*d leads |to de; assapiatien p{ the Batahgadhito ﬂ\%ﬂ&ﬂﬂﬁaéﬂ%ﬁmn addition of a
' (F i I xt 6¥&he nuclei
reducESAEROGRAIbE ot (ILE Aetd WA (9 16 RIRCATIRANE [l Tt nuclee
acid moleeules €VIIsBased| i me @leatyivak charinteristiciofza region dythet sensing zone,

.,y _for e |l e be,or incl 1§ t al
e g YR Pire BB e B8 bt el et can
deterfdetni ty t o phosphate and/ or phosphonate. The kit al so
i ncludes a water sol uble polynmer with an
e[601001Figtel 3 ilsiratedexagmpldshdan iefecttadgdranpehean and an ithmobilisation

. electr atic _net
unit (5), on wglsch a nucleic

acid capture molecule (1) is immobilised. Fig. 3A: Three ring-
shaped electrodes (40) are provided. The immobilisation unit (5) is arranged in such a way that

its location partly overlaps with the region between two of the electrodes (40). Fig. 3B: An



charge of the activation agent (see above). Al so

included in the kit is a netal salt that is capable
wo@bkooaosionyg as an oxi dant. The netal ions of thecTe¢z007/000330

salt have an electrostatic net <charge that is

conpl enmentary to the electrggtatlc net charge of the

wat er sol ubl e polymer (see ~“above). The kit further

i ncl udes a reduci ng g_ent that i s capabl e of reducing
array of &lagtiedes (1918 pervidedn dheermay of glectiodes g debinpea Je#ian ﬁ@ between

them. TRl immbBi¥ato l?gﬂe&t Hghd tm FeoinitH Ed BRS BREFodeS ¢1)I46 that the

means or I nNnMo | ng e nuc el C aci d capt ure
nucleicpdced uhptuteontoﬂwubuw as eaprble pé takimg b |drisatation imnyhich itg location

l,ali ne bove, ucI cl u I
pes SR AR S P o8 BB PR iyt o
showrgrh)fbgﬁlidmg witR3he Autleit ﬁﬁiﬁ@abtuﬁéihiotd&uker(%iwﬂl@ ﬂmﬁbte\kgplcally take an
i mmobi ti.on unj

onentpqlq;kmq\@ ic 1§E§§p%tlah];b@;)rgq%e i tbg{%ég%l 1n€£ gﬁ,g'feearray of electrodes (1). .
Fig. 3@' Woclﬁfétnﬁ jtal e‘lé@:@rﬁé%SOﬁﬁ% pP&Viddc Tue ﬂﬂnﬂoﬁllisﬁlﬁ)dﬁldlt (5), on which a

ere t ecature eculé is a nucleic acid
nuclemceb@ap@re me@éﬁp(h)rl%lmpblbmde ingyanggdin visinity to pee @pgtrodes (50)
such t{ﬂgtotglg] gg{:r?céggéacr: éﬂsﬁlk??f tqé ?g%glp S)Sftg cﬁ %lgct{gfélr@:ﬁpéag p%smg each other
can begifhmticat by adhetgl w:retabmcmmls@nﬂhe\immﬂgsé@mn@lﬁ: acid molecule. Fig.
P T O SRRAERTENT R

arrangd@ien Hepieted iin Flgl 8CNThe fbiaobilibati onGinite(5), angehich dGuelelz acid capture
acid nol ecul e, for exa %I einf rm of @PI nstruction

molequigl) & immebilisegyisiaangegebednms thsre ?ﬁﬁoge% ces for
acc onnDdatliggthe aboyve conponent

s . bef
cEHPO] Kigwei4 denigls Bogh gpatqu@p{qqgrgmqrbﬁfo gﬁﬂwr electrode arrangement

that c&hﬁé' ﬁ&ﬁt £ -méMBoPH the kHRhiid, ity @h%&ﬁ@h@elelbtamm%ture molecule (1) is
i ncl ude a m croel ect ronedi ¢al system ( MEMS) 097] In

lmm0bﬂx§ed on et gatchdestrpde (61 arfipld pfdeqt &ramsistor- under st ood and
put into practical effect, particular enbodl ment s
V\mlplh &igwe 3dspieisndelpgiragds argngement i Wiigh H nucleic acid capture

SRR P PR R SRR G0 3% s o

transistepr esent ati on of el ectrical detection of DNA
hybri di zation using gol d nanoparticle |abels and gold
e a2} Figure.6 Smwisithe rédigtance Heterminediadlo) thiget sealeif acidtheing DNA,

ot G S0 R oot 000, 5L Bl bacosiion

(middpe) ipd tl(arga) DB@de@er(cbbﬁer ddﬁbﬂ‘ltlmi:j @'(;ghlt)o Eommhaﬁ(ﬁaks)xgmtgeDﬂNA (without

Cu depppigarae uapiobr ot it 1A BerpiSouehndeariiangs & - 2360

and ta(’éeYbNA Rediiar) with @@P@spbéition tdbe 6f R\EelQ K@ CM liésnoté‘d tat thege data are
bri dge that decreases resistance (V). [0099] %ure

achle@ddwh@mtsarw gptiBIsAlgE: of élpﬂ expermental profocel wasdipgg that accordingly
ﬁlrthe?:fll_‘gglg)@%&g{ltg 91'11 H?I%s olf géiﬁ il I'}:an hg e&?&t&ﬁ ﬁ’ﬁcﬁe&@ Ghe same nucleic acid as

e | mo ion unit is arranged between
used invaxpeminent the desslt{ 8§ whithaue sheva iadiig. @ wps detectadhiex ingentration of

1x10° G M 1)3 OJMMD & leﬁfdl\/f)as wli tcﬂ&o bl lsh(?v%tl) e ﬂenmental protocol used to

obtain the results shown in Fig. 6 and the other not shown data were as follows:

[0103] Chip preparation and washing: The biosensors that were used in these
experiments were fabricated as follows. Chips of a size of 10 x 10 mm?’ were fabricated using

conventional Silicone (Si) CMOS technology with 500 nm SiO, deposited on top of



(5) (). Upon contact with a solution suspected to
include the target nucleic acid nolecule (2) (11) it
wo cooom4@1ToNpl ex (22) therewith by hybridi zat i par/§6200)/000330
An activation agent (Zr4+) and a water soluble
pol ymer (4) are added (1V). >g'Ponstyrene sul fonate
(PSS) is indicated as an énplary pol yner. The
mer associates to the activatiaon a

ol
Silicamgdbat s Ued 86 Sebpizate. Then golddan) jnterdisia i Flqctrgdis were fabricated on
C. t
the Sg(zzzlﬁt élug)%ﬂrzgg uSihg rlg? 8@3{1{3&55 gdr{telécgré%agr slﬂigé nglﬁg pa?@ dnd ﬂ’lﬁ@ width of
the untetdagltatwd ele¢@9dessvdror01fe¢ﬂmﬁhbm fabnpate& sefisor$iehips cweeer soaked in

(M1 d tL I
scctof, it A0 T aroferk e 1 R0 e GRS bpinutes. g ghen inaly
dncdmﬁﬁhﬂ&bg@nced by the netal wire, the presence of the
target nucleic acid nolecul e can be determ ned.

[ pox0ap]chip usﬁlanigamdd UBHer gmiem@(mpdx@s offtharsiel, emtfhcd ¢that acts as

arrangenment and an jmobilisation unit (5), whi
immopilizaHpR it 728 f@ga% PR Ho P Ctiarolyytes SOlptig e P “The cleaned
substfateéd- wgi*e‘ tre-EtE'deﬁltﬁ'anﬁilxt&ré&H?éﬂhaﬁlbﬁHEOBdﬁﬁm()ﬂlQ)byﬁﬁ&hoxysﬂane (APTS)

provi ded. The immobilisation unit (5) is arranged’in

(98.59fx h vév)iay 4 thears. Ther thegrhinsisuhstyasgst Were slasped path fithanol prd acetone

o s BRGS0 oA 1 5D By e i

(e!‘fﬁ)gL Lt agzt’k)latlo%. %gv& dwitﬂ-h{% Q{rﬁg%{n bgflr)}%gﬁrﬁﬁl%rfﬁgaﬁ)nahzed were

S a region in between .
reactednfmm h |wsuﬂt F@mg) nf i %ﬁ)enybnahisaﬁlgmganaue ini 2% mltqf & d0%lsolution of

lectro 1). o.fhat the acid c
Foptren 4 dieRyafimisp” 7l i afes S8 By washea win
dlmet\h@ilf@ﬂmdnhae had dithlorom@Bdrelbefoav arlimpendet b btrédne of sigiogen.
between two of the electrodes (1). A nucleic acid

Mp0 196} IPeoten thmobiliutign. hy (N Ali gobeg widht thet Sequence| 8iH2-AAC CAT

acA G TR TS TR AR S I s SHBES i % i Buorbacetic acid and

then (!hﬁﬁéﬁ ot bdhc%ﬁl@atfoﬁ%fqnx fle? MatseomM N8, @0OJ ad NAHCO; buffer (pH 9.0).
el ectrodes (1). . Fig. 3C Two interdigital

Spottisige suhstraies Vem) a%ﬁoélpélﬁlw’i B caddimge 106 balove aPNan selytipn to each

substl(ag’e) %ﬂﬁmgu&cﬁleaamﬁﬁ%ﬁét%n%ieq PRA! 1 theRiRGtdCarhihE- fhﬁctlonahzed
, I's arranged In vicinity to the el ectrodes

surfac(di(@)“ thesonmo bl lization hieit e parformied ovhergetied iof 8 ihcat 33fC insede a humid

egion within el ectrode areas opposi ng each other can

& i nfl uenced by a netal wire associated to the

d nuc C aC| .
P MBI APy i R0 1
chlps(sﬁﬁb)tratda avere emeedivith defomised (DE)ng:ﬁateaﬁd rdeqhamnleﬂhe nnfeaged activated
nuclelc

Th bi | n whi
surtages ) e HERTAIe it dleptiaietyvick 3 i g o SMEPliApRl 01 m),
dusoﬂi’?ﬁﬁ&h Rifd @45 afesnd (ﬁﬁ])t:thtyifgﬁﬂzgiudg (2B@) d‘veﬁl 8 %bﬁ&(ﬁ of2 hours. The
schena

. iC rePresentatlon of a further electrode , .
slidesaergrrgseanentlyt washed avithydimgduiformanidgeachigne.omd; wer, and dried with
nltro%cventlon in which the nucleic acid capture nol ecul e

i's |nnDb|I|sed on the gate electrode (61) of a

[(ﬁ'oﬁl eﬁg‘é Bﬁ&’i%ﬁo%t An ol%ﬁ&@%&otﬁb%{rﬁﬁhé chﬁQhEé §_f8A GGT AGT

['ect ar angerrent e nucleic acid
AGGCERS I Gl B0 I(BEQIP N@ 2hwabehasereas the tangetaagdience timbe detected.

Targe? Ihelgnc'ilzzgztif%)lnl \xasfllae(r)f% | 0d gr%tor% tgglf')gragl ?or 1I I%ug b?r sﬁl%tconcentratlons of
the target DNA of 1x102M, 1x10™®M, 1x10™M and 1x10"°M in TE buffer. An

oligonucleotide with the sequence 5’-GGA AGG GAG TAA AGT TAA TAC CTT TGC TCA

cham



transi stor. [0102] Figure 6 shows the resistance
determ ned of a target nucleic acid being DNA, and a
w@oobnel917 i ndi stingui shabl e) before copper deppSI/8GTINT/000330

(left), a control after copper deposition (mddle)

and target DNA after copper ,deposition (right).

Control and/or target DNA (wthout Cu deposition)

were found to be of R= 18 2, the control with Cu )
TTG 46560<¥ ($BR IPNBe3)Rvas yed apmnegatiye contgd tvithnhe sarpe @thratwn

with Cu deposition to be of R = 12KS1. |t is noted

t K091 Resthybradizatignevashc hhe subvtrafies Wstr washed ayith i Ra$$eRlus 0.1%
sps £f st £586h! ERBbal.rLIBAAE by'Ba% SHeIpiLl8l19RSPR" ) Behik at room

urt improvehents’in terns of sensitivity can be
tempezatpeec e subistrdtee sverd timsed gmsklyuwitle D3 veatdr dnd thenudsied with nitrogen.

experinment the results of which are shown in Fig. 6

wWHH 16k ZaxcbeiimaPhespbate c efnctionadity of for 1xPddyst@kne 18udfonate)  After

postn et SN B B0 las SR Aol htion, pre added onto the
substratee\and iifcubia@d ﬁltmﬂds tsdil&tx@t ﬁﬁ’r_’,mmﬁn shmvgubstedtes werecthers rinsed with

fol | ows 0103] aration
0% N5 Ei6RR0l otico A8 Salh FiroErb g %ﬁ@\é’ peldirengayigonate (PSS)
(moleb@BY Wé%@ 6o &DJ1Rh! Sipeha) SuBSn /f HEOTLZ SO Afin HAsHed Wit GA % Igepal

wer e ricated using conventional Silicone (Si)

CA-63@stindormgnicefor ¥ minp apdnthgnadrieewsbiniteagemn t op of V\D
2009/ 041917 PCT/ SG2007/ 000330 . 38 Silicone that was
ubdd 1 & SSukreseplated Nanpwire ggdpﬂleélﬁ(uloq HESQH M Eads), were added to

substrite Ghd RRE %b@?%t@s &@Erth&?#n@&i)a? ect t Cgir%%/n%n ?Hp%l{?ﬁtaﬁs were then

using it process for e testing
rinsedswils e’l 0%natjuleowseetivand kolofion, tdmied iwitlenithogért andettier CoN@gldewhich was

ot PR SR e SR 0 MLIEBAED G g 100 1

mixtufd OE%OSND &Béﬂrblfccﬁcuﬂ@olmldjmhﬂ@ 0I ENM CuENOE), r’tglthy chifr bwrface for an
wi t h_nitrogen. i lani sation: The
incubafiqntirge P A STRIRRYES. R s thecsoby Bptrpiesptie slcanqd Wilk Napprurg avater (18.2

MQ), T Riel vABE hiRBgd ThE r¥@starkRdTitREIbRYnsbi} (B&¥ore addition of the copper
et hanol /water Solution as foll ows. The cl eaned

ions andpaftersthe Jompationt elethecmanpwiresy wrﬁtmp@umi with an Alessi REL-6100
e I T
probe (ét t[oggt?ex\gl’ /\?@EH %PA%WAI’&TE@T ?%%ﬁj% Hitra (héﬁ ‘?’ésxstance meter (an

hour s
accessoiny pndcsmtwﬂmah eanvmeasure! eltnaclghiresistendeawes userd siace ttl aesistance

Iatedsbstrat re finally dried for 10 mn
meas‘ﬁ?‘g’.’f’l%&ype?‘lpg?m? Y HheTY E‘rgpweer act i vatl on. [0105] Chip
The chi V\AthItSS
amﬁhziﬂf CPF%I}%-N | zgg 8 OfeacP ?‘ ng' %gkhsgw?hd%%‘lment in  this
specifidatidn $hqahé nyi meﬁan@diehalmnyasrmt aeknowl2Bgemhenothaa th‘bO%cument is part
of S St bl 3 D By e 1 S AE e herty

1ncor;§yrﬂ€&Hé’ﬂeﬁ%}fﬁf@r%e%‘%e@&lm onet hane before drying
under a stream of nitrogen. 10106] Probe

' B |'I1héelﬁ{fé?1ﬂ ARYALIDELO RRsoMbell Heldd RAUAIGBLY be practiced in the
ml‘k on ACA ACIZC ?ACSTAC CTC IA— ( SE y| D

absenqe) ofAm qicrggmoy@kfmqﬂtss bigndtatipn gbh@&ém%mﬁcsp@m eally dispdgsed herein.
Thus %ﬂgﬁg %g ?g‘k{@éﬁﬁ? ’Of“lﬁ(gﬁdlﬁg”scd\ﬂtélﬂmgg B shall be read

expansively and without limitation. Additionally, the terms and expressions employed herein

have been used as terms of description and not of limitation, and there is no intention in the
use of such terms and expressions of excluding any equivalents of the features shown and

described or portions thereof, but it is recognized that various modifications are possible



Spotting substrates were acconplished by addi ng 100-1
above PNA solution to each substrate. Binding of the
wa@piopo4ounct i onal i zed PNA to the activated PCT/SG2007/000330

am ne-functionalized surface (of the i mobilization
unit) was perfornmed over a pgriod of 3 h at 37C inside
a humd chanber. [0107] Washing and bl ocking. After
spotting the PNA probe of SEQID NO 1 the

within thersgopa e tthe inventien elajmers e dhyg, tih shpwld ke saderstopy thgttalthough the

s BAERAL e oS AR V2L s B ptions

featurzs) modifioativml ar{dOvatiatiby of thk insepionp ehbblied dhermim Hedei Slisclosed may

m),, and dj net formam d 25 .m ) aver riod of 2 .
v i 6y ! PR 08, 20 S BB o ions s
consi@érB®id e WRKiNBHE Sope E BliPiMCentidnd Water, and dried wth
nitrogen. [0108] gar get hybridization. An
0[0199] UtHeaA{rfion \Hab Beérh@esSAbREERGRA]S  and @nédechlINGEreiddCBach of the
TTG TAT GGT T-3' (SEQ ID NQO...2) was chosen as { he
narrowgr gpecies apd spheenerys Heupisgerlling withia e eensyi disglosyte aip form part
of thgv"i'ﬁveﬁﬁfnf).o’fﬁ?qnéhgéso@@ SRS R pBoh Ut the NAVENLBY With R9proviso or
concentrations of the target DlgA of 1x10"12M
negativellgnitBidn rémooingsnly subje¢tanatierSham theTgenysf fegardleas of whether or not

e
E @&?ESS@Z/ e(?1(i)ls%)%’i)’r9ent's3 greT\;lg‘illiévgﬁ fﬁ)ﬁ?ﬁl r%@ar}ehg Nl(%ddgtlon‘f\%ere features

negative contr (‘9 a
or aspxetsceithe aiveation afeOde8&jbeaas ttéayisr ofdvViadkiusto gronps,ithosehekilled in the art
., substrates. were washe pth in | x. SSC plus Q. 1%

wil ighige il e TG B GEPY defbiops i iy ob agy indéifual member

or subiPrétsp SF ém&ESof G Markugh @bup.0o0m tenperature. The
substrates were rinsed quickly wwth DI water and then
dried with nitrogen. [0110] Zirconi um Phosphate
Functionality for Polystyrene Sul fonate. After
post hybri di zati on wash, 5 mM ZrOC12 i n 60% aqueous
et hanol solution were added onto the substrates and
i ncubated with this solution for 30 mn. The
substrates were then rinsed with 70% aqueous et hanol
solution, dried with nitrogen add 0.5nmM pol ystyrene
sul fonate (PSS) (nolecular weight 70 KbDalton, Signma)
solution in H2O for 30 mn washed with 0.1 % | gepal
CA-630 solution twice for 5 mn, and then dried with
nitrogen. [0111] PSS-Tenpl ated Nanowi re Synt hesis: 100
L 0.05 M Cu(N03)2 were added to substrates and the
substrates were then incubated in dark for 60 mn. The
substrates were then rinsed with 70% aqueous et hanol
solution, dried with nitrogen and then Cu(NO3) 2 which
was associated with the PNA/target DNA conplex via
the PPS was reduced by adding 100 uL m xture of 0.05M
ascorbic acid solution and 0.05 M Cu(N03)2 to the chip
surface for an incubation tinme of 3.5 m nutes.
Finally, the substrates were cl eaned with Nanopure
wat er (18.2



M5l ), and dried with nitrogen. The resistance of the
bi osensors (before addition of the copper ions and
w@bdoen4tole f ormati on of the "nanow res" were NBEESGED7/000330

with an Al essi REL-6100 probe station, together with

an ADVANTEST R8340A ultra huﬁg resi stance neter (an

accessory machi ne whi ch can asure ultra high
ClaillEesistance was used since the resistance neasured in

hese experinents is very high): [0112] The listing or

di scussion of a previously published docunment in this
Whatdpelginédiiat i on shoul d not necessarily be taken as an

acknow edgenent that the docunent is part of the

t at f .the ar r i.S _cqQnmmo neral. _kno dge. Al .

1 FyBeedpeorricpaly etterdipe nhs pi mROaRERpafipt a pairof
EIRERSRECRhérBintthe blectidtel bt dfranp@ildt3 didthecel fRose Bhé ibther and
illustratively described herern may suitably be o
phersin hepairpfelestrodgs dercanged wan @bensingzone, the mgthed somprising:

Knmtati.on or Limtations, not LEd i .
(i e on o pBhti Sl A ARESL A B MAEHRE Shercin he
"1 Nfikcleid 2Gd capt@ndingolBduldhas (Bt at $dasl dssditiall g ankcharged backbone and
expansively and without limtation, Additionally, the

t er(itba Anele@tidsrsequins thap ifmt igpsipariaaly omplementyydp atlsast a portion
as r j [ - f limtation, and
thé#gSﬁgnﬁéfﬁ%?éﬁ?ﬁ%%ﬁﬁﬁﬂ?ﬂgaﬂﬁgg’of such terns and

ex priessin ehsinnholaksdtiod iung isaryaneed withirethe sercing 2one;

features shown and. descr.ibed or portions thereof, but

(15 oatap dee s Pt oilisaton Gl BU18 = solion SuPPoad kesdmprise The target
POSSicidCadPiPR(041917 PCT/ SG2007/ 000330 40 within

the scope of the Tnvention clained. Thus, it should be

(o) ddlowtingilic target naclekrasithmolesulejo bylmdisd tthewualgic heid capture

andrate R e malotiSEoR il Py RV Bl SERRATEH gomlex

t hyetwisepthé Rideie abidFapidrd 6leeile ahe iR thrgel frkleds &dd Wfecule;
be resorted to by those skilled in the art, and that.

el) addingdinfactivationragertnwhersin the pefivatign agent hasad perpstagic net

be within t | S.1i i T SR
e o L ERE 5 & M2l 90 A e aci
hemgélscul Eaath iat the activition agett asgeiateso drectospbexefoemed between
groupi ngs falling mﬁthiq thg generic discl.osure al so
f orthe pugleic agid cppirg moleryle apd therprget ppolsigadd mpleqyltier i ¢
%’Z Saﬁﬁfngta' @ergolﬁﬂiggblﬁ%ﬂW&Peiﬁ“tﬁé\wﬁeﬂo@dﬂléﬁol er has an

gative irmtatioh fenoving any subject matter from
t heelagemstatic netgrhage ¢lsas iscdomplembmarydo theotlectiostatie nefi charge of the

material is specifically recited herein 0115] O her
Yo ageRl Betgby A ngate oioft o RYTEEPLHE 10 fsoSalih the
addictivAon 2pBET tRatli® AdsbEiBRd t@ﬂlea;aﬂ%wxsne@&e&hse hidl&B atidrtapture
are described in terns of Markush groups, those

skirh¢oleenle pnd the target nugleiq acidmolaehlee t hat the invention
: t her o ; . MR
A ESER, U5 B ARl P . o

ubsgr oup ers
VO R&196 A3 fthe niGl 5RO B0E18&Ebstatic net charge that is complementary

to the electrostatic net charge of the water soluble polymer, thereby allowing the

metal ions to associate to the water soluble polymer, such that a plurality of metal

ions covers the surface thereof;



10.

41 dains Wiat is clained is: 1. A nmethod of
electrically detecting a target nucleic acid nol ecul e

whyooomars? of a pair of el ectrodes, wherein theCcT/SG2007/000330

el ectrodes are arranged at a di stance from one anot her
and wherein the pair of elggtrodes is arranged within
a sensing zone, the nethod conprising: (a)
SRiaidg ﬁeﬂ&lﬁ’%‘a t, tAEYBRY Allovahg B3 rbdlidingagiitlodeduthémetal ions
capture nol ec wherei'n the nucleic acid capture
ol afdlt metabsal(to)theeoreasponsting metek eneli thrt aymetat waege fprmed from the

bac a nuc | uence that is at
Waﬁg'r%n%?t?vo%%%egﬂ% eg}lgd‘f Stgﬁe LAa portion

@{) detériniangl thefpréfeficd e tletargat alheleie adidi roleble duded on an electrical

wherein the immobilisation unit is_arranged within the

sershrragteristiof 4 1giondnthectensips zone, WhaisH he slactrisal eharacteristic is

e target
nucl%{ee%tgﬁ§&l{%é ag?ﬁgﬁ%%ﬁ&‘%qﬁ"hgpf&wé@ ggt arget nucleic
acid nolecule to hybridise to the nucleic acid capture
mat getod oFRIaihe, wieR () SainpAses binparihd elegbialtadfitiyélegrical
the formation of a conpl ex between the nucleic acid
owpsuwieBentvidcthptofarentrakmeasugpmentycl ei ¢ aci d nol ecul e;
(d) adding an activation agent, wherein the activation
FYE H‘fetlnﬁ%f %ﬂinﬁ% ?%% E?@B in%hé OnClH %@&n&ﬂ%&oﬁé b?sed on the
conplenent ar e electrostatic net charge of the
blactgxeﬁl dhmabtenstlacf whichanh eledtrieal meashrenteat 1stchmed outin (h),is a
activation agent associates to the conpl ex forned
F&Qﬂe‘ér\’etwqﬁ’éq%@%tf(@e%m d capture nol ecule and the
target nucleic acid nolecule; (e) adding a water
30t HRIHHR AR X Bhe oPEISIAT 1N 3, RéheY@h 6f) cORIpHBEsSprovidiERRe has
an electrostatic net charge that 'is conplenentary to
ithmobilisgtonomitat i c net charge of the activation agent,
thereby allow ng the water soluble polyner to

viat t
§ ?}%h%td%f%ﬁ‘éwfe{ @glér% 1t h%qilhl,?c ‘Z.ﬁ% ezll s cdcl: ghatﬁﬁcctgﬁéti% a%cted by

tHEI affecied bgmlmb ¢lb@ritalrogaductiuity ef the avdtal wind fsdﬁteeted (bfy)measuring any
addi ng a netal salj, wherein the netal a”l i.s capabl e
R 9ich FaRguctancena yoligsnt CuTb 2 GRRRGifanps; 38d gesifiancRet al
salt having an electrostatic net charge that is
?HéTH{eﬁ{Bafoaﬁy ond 8f &1gsel @tﬁﬁglﬂtﬁ)%ﬁﬁér ORPrides @(fpoﬁlhg the
wat er sol uble polymer, thereby all'owing the netal
immebilisationswiti tatap elestricHielhat er sol ubl e pol ymer, such

t hat a pI urality of netal ions covers t he surface
9
tl‘gtg {nee og o1 g &ﬁrg%h@%éxje%[{auf %éﬁ%g %gr\?we%%gd taﬁgt léag. da%e electrode of

aeghair df@leﬁ:ﬁddk&e the metal ions

The method of any one of claims 1 - 7, wherein the sensing zone is defined by the zone

in which an electric field of the pair of electrodes is effective.

The method of any one of claims 1 - 8, wherein the immobilisation unit is arranged in

between the pair of electrodes.

The method of claim 9, wherein the immobilisation unit is arranged in a gap defined by

the pair of electrodes.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

of the netal salt to the corresponding netal, such
that a netal wire is forned fromthe plurality of

waoredoal4ioons covering the surface of the pol ynep¢T/$663007/000330

determining the presence of the target nucleic acid

nol ecul e based on an electrugal characteristic of a

region in the sensing zone, Wherein the electrica

ﬁl@(‘fﬁe?ﬁoq deshy Spé §Ecléifrrfselc-t £ WherdiR heshBidbifiGafibn unit is comprised on
conductivity of the nmetal wire. 2. The nethod of claim

br cofdecevadly Cdnnectedpy arsdectomlepari ng the result of the

el ectrical neasurenent with that of a control

asurenent . 3. The .nethod of cl.ai.ns r 2 erei Nes.
TRE AL 2 o6l Qe ot L ineteip e gett s B iy o
Bh&phhte @dH/of PRIsPRéHRAE, &Iér@o;@llo%ﬁ%fhe_&ﬁtiﬁti@ﬁtagéxﬁ&b associate to the
measurenent Is carried out in (h), is a regionin
kegstawpleidrsidimelsculo gbdhe backbppe thesedfod of any one of
claims 1 - 3, wherein (a) conprises providing the
. D . oo .
CPE PR gl dnind 1 TS MBI o on B i capable o
adrieng & doaylex iwhth thé iesléie dcidycapinee mbleculeiviad coordinative bond.
conductivity of the netal wire is detected by

asuring .an onge of conpdyct ancge, vol t age,. a .y
2h paeshod of 284 paE PRelmEns | b YheraR féjaghyaiongedas 3 transition metal
g&%g&ﬂufgra%é’tal%l@c&fn S ms 1 - 5, wherein (h) further
conpri ses exposi ng tRe i mobi lisation unit to an
electric field. 7. The nethod of claim®6, wherein said
Fheotethiad dfickin 1ids whengior the figngtiommetab gempepd g pdegtedffam the
of the .pair of .electrodes . .

BFOURIBPHEINE qtoaf,lrc%lg e %lgg’saetyéﬁlﬁlgp%é?@ ulgé a§£¥flne§1m
Bympbendzone in which an electric field of the pair of
el ectrodes is effective. 9. The nethod of any one of
clains 1 - 8, wherein the i bilisati nun'&.t is

The mediisd of slaimdhiBrreinae piataliogd camprund gy licam Comppgund.
met hod of claim9, wherein the imobilisation unit is
FhE MMARA R 1BmABPwHEEIEE zﬁ&’oniﬁxh%oﬁ%bﬁnd)fs 768l cCRIbe”le.
WO 2009/ 041917 PCT/ S&007/ 000330 43 11. The nethod of

any one of claims 1 - 10, wherein the imobilisation _
The methpdoafiapy oneof deimsdy - Ebdhgeain the tgregomiedaie agd mplegyle is a

%ﬁo%j@eolrzanﬁ@ﬁrﬁ@é&?g of any one of clains 1 - 11,
n

e activation agent has an affinity to
phosphat e and/ or phosphonate, thereby allow ng the
Tt metttodast angené of daiassloc] &tvehetan themuctedr apid captareanalecule is one

acid np] ecul e aft backbone t her eof . The nmethod .
efa H?R}fdﬁﬁ’é‘dﬁfc qgfchthﬁgA)lcapn{?p%g e%aq(ﬁléﬁ‘&@f)%? pgﬂelc acid
Rt hSeGAPAR £ Akylphosphotriester nucleic acid capture molecule.

The method of any one of claims 1 - 19, wherein the nucleic acid capture molecule is

single-stranded or comprises a single stranded region.

The method of any one of claims 1 - 20, wherein the nucleic acid capture molecule has a

nucleic acid sequence of a length of about 7 to about 30 bp

The method of claim 21, wherein the nucleic acid sequence is of a length of about 10 to

about 20 bp.



23.

24,

25.

26.

27.

formng a conplex with the nucleic acid capture
mol ecul e via a coordi nati ve bond. 14. The net hod of

wanonwiopf clains 1 - 13, wherein the activatPOnSe@yendoo33o

is atransition netal conpound or a netalloid
conmpound. 15. The net hod of 2Iain114, wherein the
transition nmetal conpound i 4%sel ected fromthe gr oup

BB ey S aty e FLORER o SRBRA e Aok hAHC Rid mpecule
erﬂpﬁﬁeéépréﬁb@ﬁﬁdrseqﬁ@caet al | oi d compound is a silicon

conpound. 17. The nethod of claim 15, wherein the
Z|rcon|un1conpound S Z|rcon | chl ori de.

Fhe methodof apy opmel pims) 1 395 Wherein the twgemc}%q ?@3 molesuleis a
RUGLE hlia HdIEIRIEF Writprisds & lelendBheelkndla BRORNA

nol ecul e of any one of clains™1 -

wherein the nucleic acid capture nolecule is one of a
Prommiethed of clagih @3 awhereinRhApredefinadrsequarice ¢ 8 singlarstranded region.
al kyl phosphonate nucleic acid capture nolecule and an

T efhad AR bS5 SR o B e Gyt REEes seteced
68 the! glodp Q:oaﬁstdagqﬁe;ows@réﬂel safbhfte lp‘bly(Sinl?@that&) r anded
or conprises a Si &@e stranded region. 21. The neth

mly@m«}pe@ﬂwlfafe)cpcdy temesulfalg), nmép@tweﬁﬁléat%eplé(hsxa%qsalfate)

Pcﬂﬁg t%n??llltggextp%.}ﬂ?ae su #g%gb]&rgﬁ)%ﬁge ﬁ&%ﬁrégéceﬁesulfate),

fél?(dﬁd&:‘bne%ﬂﬁteg; ﬁbly(hedewﬁéselfae)aq:aol;lr(weglmlnﬁamte)s of a

ength of about 10 to ‘ge‘ﬂ WO 200 917
esp/l@eet@woly&utg@sul%ﬁ@t RHY@eRiEnSH 0%
ﬁol?{acu?néesulf(%%t I)mgtgf/@lb&eﬁégﬁlfmweﬁol%%{e%b&llﬁﬁaté)

conprises a pre-defined Sequence
miyhmdenr[sulimate)npolytfdeodmsuiﬁ)nate) p@&(umclmsnlfm‘m@e)t ar get
eis a

edndeieabe P psh uferép Rypier PabaRiebalfafithe The
ﬁfﬁ%})@ﬁteﬁépﬂblsﬂid@é)Zﬁolyﬁﬂéﬁé&bﬁbsgﬁﬁ_rp peHald E&épl&%guﬁs)ge is

a 5l ngl e-stranded regi on he net od of any one

mlyéﬂcmﬁﬁmphat%pomemqph@%awmp@iy(éeﬂegml@smﬂt%er is

gffh‘/f R S L T e S o
mh%mﬁplh(frﬁt@)polﬂbh&ﬁﬂﬂmﬁlﬂmsw) fpaIy@entenephosphonate)

ate), poly(heptenesul f at

(hexenesul e),
a)/‘@émhmpﬁ%{P)ePOIYﬂ@Pgﬁp?RméP@a ep.groby(octenephosphonate),

R
ﬁ@iwi(oﬁemepmphdmnm m)yglwaﬁly(ebmlsmhﬂ a@dxa:toéy(pwpylacryhc acid),

BBy EReaiE T aaeet: ol T ERrAROERID G Eene-co-p-

v1ny1ben201c acid), poly(m-xylene-5-carboxy-m-xylene), poly(2- acrylam1do 2-

methylpropanesulfonic acid), poly (styrene-co-p-vinylbenzoic acid), poly(2-
methoxyaniline-5-sulfonic acid), poly(oxyethylene)diglycolic acid, carboxy-
methylcellulose, carboxymethyl inulin, an alginate, starch glycolate, a xantham gum,

polyglutamate, a hyaluronan, pectin, heparin, and a chondroitin sulfate.

The method of any of claims 1-26, wherein the water soluble polymer has a molecular

weight in the range of about 1000 Da to about 2 million Da.



28.

29.

30.

31.

32.

33.

pol y(nonenesul fonate), poly(decenesul fonate),
pol y(undecenesul fonate), poly(vinyl phosphate),

w@odoyppwopenephosphat e), pol y(but enephosphat e)PCT/SG2007/000330

pol y( pent enephosphat e), poly(hexenephosphate),
pol y( hept enephosphat e), é(octenephosphate),
poly(nonenephosphate), poly ecenephosphate)

hat e),,
DR VPSSR P - 2RSSR e st ke
ﬁ@nhdéf@blbaﬁﬁl@ip@mh@nattba ranpefrymhedotiene phmsahhonal\fe)
pol y( hexenephosphonate), pol y(hept enephosphonate),
Iy(géaeggggosphonateﬁ_ poly(nonenepgos honatefé)Inolybdenum
o gw@éfg? %Eﬂﬁﬂﬁ&ﬁ%ﬁktup%lt?’g'rﬁ&m%ﬁt aPMotRGHMalCa

acrylic aci
platiném x3lg tapalladieindialy) y/siblei salaicdbalpsalty frilirem sa}t, a bismuth salt and a
i m dazol e), poly(styrene-co-p- vinylbenzoic acid),
BETPRIAly | ene- 5- car boxy- m xyl ene),
pol y(2-acryl am do- 2- met hyl propanesul foni c acid), poly

ThE Y838 of RnyPond HHIARRAQI D, Mhbiin the@bdtcHrg agent has a reduction
met hoxyani | i'ne-5-sul fonic acid

pykntiadfpot sbpuktecbaiyld Yde Iab@utadl)Yi car boxy-

nmet hyl cel | ul ose, carboxynet hyl inulin an al gi nat e,

%a?lu d 08 |o¥gr%L gﬁe of c‘i’alﬁﬁrit WQ{Q thQ? d él%ta%%tlg selécted from the

nan, eparih,
siohip dbmsistig of I:h:erlm? atid (ﬁvwzﬁma IC)) mfahc Iaandms thiesdfphavd) erievinea,

o R e 1A (20Tt TS Sl erty Aty iroquinone
glﬁ%?gg ﬁ cl al JS @%QQZ vvhée)r erfbﬁyrglﬁgd%tﬁlg?ﬁf’%ﬁ‘gd gélY(Vlnyl

pyreolidehe)l salt have a standard el ect rode potential in
t he range fron1about + 1 V to about O V. 29. The

{1]1%&138 ]:9?‘; gx%y ?ne 0 rﬁi{lﬁ%g: n3IT‘r':’nw¥igre r{ (%) gort rrl)s%,g rlméjﬁ%%l%%aga?l blocking

ﬂgﬁﬂ@@ﬂﬂnh@@mﬁhymbﬁimntsaIt a rhenlun1salt an anti nony
salt, a platinumsalt, a palladiun1sa|t a silver

salt, a cobalt salt, an iron_ salt th.salt and
A kithor elgptyically detecting atprgetmicligacd mé’nlSP“f?nngl ¥ QrIprIng]

9 h
3 00 P B4 o
Th %nﬁmblhﬁﬂ wihieréin aidrpairaff elcarddes idarraryed withér aesemshigezone

reduci ng agent is selected fromthe group consisting
&) andmarobilisatien enif yranggd within the sensing 298¢, a

{@' 03 U gzﬁ;tlcfcapme gx%r %lehwﬁﬁ ES%@SW ?ét te?%entuﬁlg uné:harged backbone

t erahi @ﬁ)ya Rieleokide ydﬁl@ﬂw thaxie at léﬁfdﬁb@lallyi chapenentaay et atlleast a
cyst ei ne, glucose a polyphenol conpound and
polpy’(t%anﬁflt e tayget BuGlegdei majoculeine et hod of any one of

@) & lg.ctlvatlon % %ent \Wﬁ‘ér&nrfhé Qc)txvgf?&p £ée§l€ﬁasl m&:'tljokt%h@ Het?charge that is

complementary to the electrostatic net charge of the target nucleic acid molecule;

(e) a water soluble polymer, wherein the water soluble polymer has an electrostatic net
charge that is complementary to the electrostatic net charge of the activation agent;

() ametal salt, wherein the metal salt is capable of acting as an oxidant, and wherein the
metal ions of the metal salt have an electrostatic net charge that is complementary to

the electrostatic net charge of the water soluble polymer; and



34.

35.

36.

37.

38.

39.

40.

agent on the inmmobilisation unit. 33. A kit for
electrically detecting a target nucleic acid nol ecul e,

wo beokitorconpri sing: (a) a pair of el ectrodespCTher®/mo330

the el ectrodes are arranged at a di stance from one
anot her and wherein said pair of electrodes is

arranged wthin a sensing 28 e, (b) an imuobilisation

it . d withi . _ . .
A GRR TGRSR 09 BOAR L < QuBHE R i ons o

unahafned sklafihe beresporting et nucl eoti de sequence

that is at least partially conplenentary to at |east a

ortion of the target nucleic acid_nolecyle; (d n .
Tbe ki af Flgim dewbereias Gaingirang g depRE B H’&’gz@ﬂé iy gn etectric
RRRCORUAN & elehoddA8 Bedfi! 15 complerentary to the
el'ectrostatic net charge of the target nucleic acid
mol ecul e; (e) a water sol uble polynmer, wherein the
Dat kit of olairh$ 33 pod4; wherdim theamnejbelitatios unit iscarraaged whiatyeen the
that .is coppl enmentary to the electrostatic net charge
BPrPﬁ@eggfggation agent; (f) a netal salt, wherein
the netal salt is capable of acting as an oxi dant, and
WREKR 0P ah N Bnd 1B Mimds 30S 38f whbRinBt ahmdbdllisatid@enieis arranged in a gap
el ectrostatic net charge that is conplenentary to the
definedrbysthe ppic ofdlecteadss.ge of the water sol ubl e pol yner;
and WD 2009/ 041917 PCT/ SG007/000330 46 (g) a

[ RQi_R gt W ' RPN
SRR R PO IS NS e, RFCEPCHERAERR I ofs RaRAT Rally
deectagppthadiodapicat badlyte3doleciiie kit of claim 33, wherein
the sensing zone is defined by the zone in which an
ectri.c field. of id-pair of . el egtrodes i .
b BisiF Gay onof wfimsdar 29t SbrsfbC 3585l Wi oo molpcpleds one of
h drweRlid &id gFNA)reaimﬁr_é nfNgRtk, iaf alk§ipMeehonB® nupRid acid capture
of ‘el ectrodes. 36. The kit of any one of clainms 33 -
8®]eontreand an alkydphasplitiesterauiclsic amd captweangleged in a
gap defined by the pair of electrodes. 37. The kit of
f i - 236 (ApoYeYnaa T I :
TR ofe il 3RC it BEncFPRRb aBilSs capable of forming a
boraplegiwie thanatlyicacidnlapnd moledBle viha céortlinafivebgndone of
claims 33 - 37, wherein the nucleic acid capture

| ecule i f i de. nucl ei ' PNA) .
TR o e Pt s 12 P b BT B ibleatolal g setected from
%%ﬁco@kiﬁ%fﬁol?fl?reﬁg Smkéirﬁt@ E@@p&iﬂy Eﬁlﬁ‘ié),ef)ol?gﬁbﬁn@sulfate),

1
acid capture ecul e. : e kit of any one o
pbly(bmtergsulfatggpolyneniehesul fate). ol y(hexenesnl fitfd poly(heptenesulfate),

C ble of .farm.ng a ' ' '
R T ST
blyedudeosirsifate)] polnEimRdsul fodke), WoB properidsel fovaite)|
sol ubl e polyner Is selected fram
poly(butenesulfonate), poly(pentenesulfonate), poly(hexenesulfonate),
poly(heptenesulfonate), poly(octenesulfonate), poly(nonenesulfonate),
poly(decenesulfonate), poly(undecenesulfonate), poly(vinylphosphate),
poly(propenephosphate), poly(butenephosphate), poly(pentenephosphate),
poly(hexenephosphate), poly(heptenephosphate), poly(octenephosphate),
poly(nonenephosphate), poly(decenephosphate), poly(undecenephosphate),
poly(dodecenephosphate), poly(vinylphosphonate), polytpropenephosphonate),

poly(butenephosphonate), poly(pentenephosphonate), poly(hexenephosphonate),



41.

42.

43.

the group consisting of polystyrene sulfonate,
pol y(vinyl sul fate), poly(hropenesulfate),

w@oiogOimetenesul fate), pol y(hentenesul fate), PCT/SG2007/000330

pol y(hexenesul fate), poly(heptenesulfate),
pol y(octenesul fate), poly(ng genesulfate),
pol y(decenesul fate), poly(undecenesul fate),
ﬁftt Bfch \S‘s%ﬁblnﬁﬂéf hédenephosphonat
@84y¥‘§%r op@frﬁ{eé fao(%alf&eal(o éﬂh enesﬁ? I[B;(on °“e§’ osphonate)

polyfc(q@emﬂphnﬂﬂmhzﬁteh abb'lundpcﬂnypltpsphmm)l pqlm@péycenephosphonate)

Iggiy)é %&gﬁ}l’l l f nat ed) pola& é’%)a(:t i (ggcﬁ{ii gﬁlak é;yethylene)dlglycohc

@Qild}’édl?ﬂeﬁﬁ?ﬁ%&fz@ t@ly(sh?ﬁén}é(cﬁlﬁlw'nphféﬁﬂﬁ@h@h) poly(m-xylene-5-
pol y( pr openephosphate),” pol y(but enephosphate),

pmlbywemqeln@q)hmdp@aacey ami y(eﬂé&mnpmvsl@m agid), poly (styrene-co-

t t
B RER RSB fnfREEURICH
Eédlf&aicﬂl), carbiétigldelntosepbabmhaicthyl inulin, an
poI (V|n Iphosp onate), pol ytpropenephosphonate),

ptgnwe @ta&hegimefslﬁﬁoqmn@) F R ERah 8 SYAYFAR) pectin, heparin,

%@#%gﬁﬁﬁﬁgﬁﬁgggﬁ'Onige%6|yfkégggﬁggﬁgighonate),

pol y(oct enephosphonate), pol y(nonenephosphonate),
o113 ;c(td)é aeyeptiemptiintatdd) whereinthe metr solsplegopymerdtas p molecular

poI eceneggyﬁggqgﬁég%égﬁﬁyn&qnﬂﬁmyﬁte pol yacrylic

poly(oxyethylene)dlglycol|c acid, poly(1-vinyl

ke §f %P8y ond6f Adisdsy¥3eng; GBedeimvthB Yﬁdﬁﬁ RGN of tR€@al salt have a
pol y(m xyl ene-5- car boxy-m xyl ene),

shgqrd clectrodepatensiab imtbe hange fopaskontrfloWite abeut@)V- pol y
(styrene-co- p-vinylbenzoic acid),

E?}lf: Eto%f f E&%( of | ejjl b‘lsg’}?,y gfgrs %Ergg{ tg’e ?gduq}ng agent has a reduction potential
(ﬁ@hbﬂ)bylﬂﬁidbphcel\/l tolabset,- 1Icdr boxynet hyl inulin, an

al ginate, starch glycolate, a xantham gum

pol ygl utamat e, a hyal uronan, pectin, heparin, and a
chondroitin sulfate. 41. The kit of any of clains 33
to 40, wherein the water soluble polyner has a

nol ecul ar weight in the range of about 1000 Da to
about 2 million Da. 42. The kit of any one of clains
33 - 41, wherein the nmetal ions of the netal salt have
a standard el ectrode potential in the range from
about + 1 Vto about 0 V. 43. The kit of any one of
clainms 33 - 42, wherein the reduci ng agent has a
reduction potential from about to about 0 V to about
-1V




