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1 METHOD FOR DETECTI NG ANALYTES BY MEANS OF AN
ANALYTE/ POLYMERI C ACTI VATOR BI LAYER ARRANGEMENT

W 2@8/0}04The i nvention relates to the field of PCT/SG2004/000351
anal ytical sensors. n particular, the invention
relates to a nmethod for thf detection of analytes in a
sanpl e by neans of an el ectrode arrangenent, which is
characterized by the formati on of a conductive bil ayer
METFHEDYRE@R DETEECTING ANALYTHS BYeRMEANS tOfe AN ANALYTE/

ol ect r b vieRe At ATOR Bl AVek ReBANCER T ™"
el ectrode arrangenment useful for perform ng such
method as well as to the use of such el ectrode

a”@? {ib fvehtion crtles RACIHEI AN GF aHdiytichlVENHSEPS. In

The detection and,* quantification of )
paranalaylttég lgu@milcmsrer\@t@sdﬁoa é@@mhadqn@r & Idgtegtion; ¢f analytes in a
d 0 I

sarpf By Eibdle el RibdituelBtninbdmBAe wibl d5 oG by the

forrhatidatof,a theduntive tbltaqquemtar;alyﬁtescambahcagenil dor increasing the
det erm.ning. t he esen and, concentr ati.on, of

consfisuty, AEreid ARRNIFS ondna o BY Serrisd; i Lyeption is

alsbldiecRRC®Htelcehede lat:rmng@ﬁm cigefil fdripd s@cmmeasod as
wel | as el ectrochem cal techni ques %rew ewe

well gsia ke pse pf Sléﬁme|$6’1f@¢%@ff§if‘§§mﬂwa SRhaI Chem
74, 2781-2800). [0003] However, autoradiography cannot
be applied in many fieltds. ‘due to t he use of hazardous

r adi ochem caI qﬁgmjﬁ& ﬁog'FoﬁllEq BN et hods

usual l'y invol ve , el 1'ng proce ures as well as
expensi ve reagents an tv:-’éC.hnl cal equi pnent.

El ectrochem cal det ec@rén technl gues, on the other
han{00023Vithnebe deteetian aamd,aaxuamfleaﬁm nafi \analylesi esuahf as

bot t t 0Q041, Wit h
el TRBRkngs Yo Byt dhtobdel aeh Bl i tiiblp analvtica
chémistg B @lrso ah mmgn}: CRloddricRAbiogy GpmedrintesTaate, the

curréntl plied conduct|V|t measur e

maospaiiegue ug@d gpeth@% @@n@ﬁmg presence c,:oﬁcentratlon

f%@@é&yﬁﬁ%%t%dﬂ ?ﬂgg;%é%écﬁﬁﬂg fis Sg%ﬁaﬁﬁgra?hgé filoscence,

ch@mkuininescENE® oebicluminescepoy ashwall aResleciyochemical techniques
tEo [
refElEE s Vg, M EKES £ SHEDEE. R0 AR Ehem. 74,
27822800R9- 774; Patolsky, . et al. (2002) Angew. Chem
0 0 ever autoradiography cannot be applied in many fields due
't oddl) Hawevsr. autoradibgraph be applied fields d
to the use of hazardous radiochemicals, whereas optical detection methods

usually involve tedious labeling procedures as well as expensive reagents and
technical equipment. Electrochemical detection techniques, on the other hand,
have become an attractive alternative in view of both high sensitivity and low
costs.

[0004] With regard to the detection of nucleic acid molecules three major
electrochemical detection approaches are currently applied, namely conductivity
measurements (Park, S.J. et al. (2002) Science 295, 1503-1506), nucleic acid-
intercalation methods (Zeman, S.M. et al. (1998) Proc. Natl. Acad. Sci. USA 95,
11561-11565; Erkkila, K.E. et al. (1999) Chem. Rev. 99, 2777-2795), and
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[0005] Park et al., supra, have reported a DNA array
detecti on nethod using oligonucl eotides functionalized
wowaok/ogabsl nanoparticles. The detection |imt PET/SOL04/000351
has been found, which is, however, not sufficient to
identify very rare nucleic,acid speci es encodi ng, for
exanpl e, transcription factors or certain cellsurface

L | at

det%ﬁﬁ%ﬁbﬁ;%s%'% CGaAy (S4Refa, 8,20 MR by Am

Chemss ISdoNARil NT€9-7Z4 aPatuskyg Enes all (2002) Anggwi Ghent dbtate. 41,
nt o &)ubl e-stranded DNAs (dsDNA) but also bind to

ﬁ@p stranded DNA nol ecul es via electrostatic

' ”tﬁfO@S'] IFRHR et %Yeﬁubl‘éombetr@ artayeh Dmﬂ(\@rra?ma@btlon method
However, an i nproved f’errocene | abel ed naphthal e

usigg iolpgeuciaptidas ngChlcmeé?-@@mmold RANOBARIEISS, dhgsistpption limit
or $99 Py Bl o el g nclas sy voy rare

nudletéélad@zsmmesCﬂmeplngufmeemanadea’maescrlp’mom\iactors or certain cell-

N XTI Iy ——,
low @gnailri-@-n&lééehdﬁtg CsmU@rm]pﬁirz:gmAamyermlaMQ agsgqufe ga)oornot only
intorsAlsa I dosiesran ekiaNgs GspRIS i elsq bBETS T tanded

DNARhbIELGRE ¢iR élfectfr@ﬁaﬁ&\%@%&ioﬂg @V@ﬁeﬁﬁ)@gh MGEYmuch lower
recently, a detection Iimt of O. M has bee

extespdriewavero andmpeovRssierecese ﬁ%@'@@ﬂaﬂ’@m?é@fﬂ% darﬁlde threading

.ntgegé)raggﬁ@‘gpbﬁdsgg&%%&dj & (dzﬁew et nSfJémng)%\gfhéfbeen
symhaslzedtlféa’t;(qenajags WESil 2000) AnakeGiem. 78i $33¢endtt)i vi ty
| en n
or | BRI S 8oV RS PR DA 2o@B8ioniPE haye fopuse on the
emm@,llrﬁéntt difeﬁﬁ:lételfabiajsﬂimz‘yme -tbsjudatesds bmeteictrbaata&ysts (Caruana
el C acl ecul e such
& biallet S Peralet Bt @e SHE); SHTHAMGRUERG apgrungtctiaized

npa\ébrﬁés b??u‘éhbgamﬁle% werehgsed Q9paaiteldibViabals 'f@r meqaimpmmnon
range 7] Thus, there remains a need f

of m & tSG\F’élﬂﬁerﬁ?GSfﬁ%‘? Yery @seaty.i @rd%wmalmttéﬁ 0.5 M has
ool CRE SHEEE  BERERCMEGUNTIAGHS g o) bt v
detamtiohtrethog. tBaiStiviasRonds ta E!Epmmmatellp&opammﬂ@cwies) ang, Y

et gﬁpﬁﬁ%sgtr&z@f [ak}‘e”“ grgqq%r é\?éjr L@% e%&fsmwty is only;

acﬁ%&@& whemran@q;zmgt Bloort @MAtGIrg@aucledeeszlt hsehlly 20- 50 bases in
re o e Ies

bi
lergie. dhgnbe of hskamainedi Tn 0 dPtEGiEL O defdsr pACISE acid
mdéleé@es eslichO8s igRoffic TNAOM=R! RFHEPERI to be difficult due to high

background signals, which results in a rather low sensitivity in pM or even nM
range.

[0007] Thus, there remains a need for an alternative method for the
detection of analytes, which overcomes the above limitations and allows the
detection even of macromolecular analytes with high sensitivity.
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(b) contacting the detection electrode with a solution
supposed to contain the anal yte nolecule to be

wa@ledososmdy (c) allow ng the anal yte nol ecul e ceet/saGHed000351
in said solution to bind to the capture nol ecul es on
the detection electrode, thereby allow ng formation of
conpl exes between a capture nol ecul e and an anal yte

ol ecul e, sai d SOMMARYOF AHE NIVENTION | ayer on the
el ectrode; (d) contacting the detection electrode with

an el ectrochem cal activator, wherein said
el ectrochenm cal activator has an el ectrostatic ne

chdPges} kutone aspgsientst davention Hrrowidest reosmﬁthq,d nief the
ele&t?(?rfr%‘?meél Hgﬁ‘acﬁBHpéfeénf #gﬁg R%Té%?{g?eg@bgr@f an detection

I"'e”and an anal ecule or m ng
eles’mnlmdhdaaymho@non’rpmlsmigectrode wher ei n the second

| ay and t he . f.irst er to ther f.or
b T8 o ehSiSiting Hophfté TholbBdEbO B TER Safiig b Hiftho the
anﬁﬂte&@@l@bul@&@&ﬁ @etebted! aﬁsrﬁ@dtetemOﬁleﬂa@étrm to or from
el ect rochemi cal activat or from or

el e® r odONtACty e the Wstgotions ¢ eﬁErPFi%rWithga aﬁ?"gp@c?wwed to
corﬂﬁﬁstang'ﬁ%ﬂ}te?ﬁolé&ﬂe‘i‘&bé‘&e‘t&ﬁe@' ectrode; (g) detecting

yt'es b onparing the result of the electrical
nmealr er@lﬂwnngttlae apdlyi¢ molecde contadnebif $aid solution to bind to

th e%é#fg:@%%:ugsg@? % e gel%%%ll? Sledrye® ttherEB}(? a'llﬁ\)gﬁ'gf foPRstion of

arrangefment,
cordpteeze!si betvederrta ocm)tumefmblet:ule et )amgmajyteamolecule said
et e ganal yte nol ecul e as

of
CO@P%&‘P%E@W @S%rﬁplaggr@rp 8Cﬁn P95 a first Iayer on the

det gyt i oporthemid Offe CEstBELiGH nelechtdbexdth bat weksttrechemical
capture nol ecule, which is ca& abl e of bindin

actiaiery Whereinsaill elacopherioal aEivRIoL RS 2R %\%qr%%tlc net charge
thdi0s %Norﬁ% %P)toath%eél%ﬁoé@ﬁ@ ek CHH%{rgé igh&h@complex formed
el ectr em ca

acti1 vat or wherein sard
bevasst Bochpivre amnoienuie; Anck aNagnalyte:| rapleculs; dheehyeforming a

sefdlflf #5el 1] ihe SEARRRMAEH I BEaRY I8ie0ang"hé st layer

he” conpl ex” for med
togmhadutmaammmmlaga)ilaw nol ecul e, wherein the second

Iayrandtheflr er. together for cQn t]

by | Ber . Cpugeund ipeSkiiphereedple: Wi an AR icghdoie o
traﬁéféwmbey@nl@n@swép froh® thé e cttsshiohticaleattalordirbrCc bf ¢o the

of an analyte nolecule, conprising: (a) a detection

elegireee, 8EeEWYel% first |ayer on the detection el ectrode
Comgy | Si BEriGAARYSSiectrical measurement at the detection electrode;

(g) detecting the analytes by comparing the result of the electrical
measurement obtained with that of a control measurement.

[0009] In another aspect, the inventions provides an electrode
arrangement, comprising a detection electrode useful for carrying out an
electrochemical detection of an analyte molecule as disclosed herein,
comprising:

(@) a first layer on the detection electrode comprising complexes
between a capture molecule, which is capable of binding the analyte molecule
to be detected, and an analyte molecule; and
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between a capture nol ecul e, which is capabl e of

bi ndi ng the anal yte nol ecule to be detected, and an
wa@e@bsp1oiol ecul e; and (c) a second | ayer conpPCHEBGLYOHN0351

el ectrochem cal activator, wherein said

el ectrochem cal activator ?as an el ectrostatic net

charge that |s conpl enentary to the el ectrostatic net

?nr)]I uI e an ?éygaWQg“ I %l%@ﬁ%lfeetﬁ%ﬁ[ %éﬁv%tg nv&herein

saidi alyamtraolde%ﬂwlf actvatbaylkess L agetellmjtrdstartm anetorohaede nthat is
a et .anot r as t , I nven
compIgFEREAY 40 i BICCEDR IR Bt RBse B fsong s ForsTan, Setygen a

caplufel indledliGABrar Bhalyed meauegwﬂem;h YAB'deeBRY 9ayer and the
ferrocene derivative; and (b) a second nononer unit

flrSUQMﬁfr’ﬁOQBﬁ@raﬂma@r%ﬂnd@Cm Bilapari vati ve having a
t | oﬂ r? vOl hfiGh¥%r ﬁgggcto'i é’ﬂﬁf%ntléﬁ |g)‘f‘o %Qé{%sﬁﬁsensor for the

group capa
ele{:ﬂb@d@]mnalaiﬁeehrmbdﬁ aueanalytdwmoiﬁmia mrramsmgierl vative

IS er s Iuble redox polyner is represented
{aﬂ g%ﬁgﬁegm’ (I) CH CH C=Onherein Ris
sel(@g:t ecbszggway% ?—Im omg detestioh i slgciobdd” ddm;biimkmg Q:drhplexes

DeteRYI4 CABRFE EBRICRUCoMRICHBI FaPbIL AL PIGING TesARIReBigpUle

to bk Htedidd, ﬁh@gﬁfarﬁalﬁ@rﬁok@ul%zanﬁoow] n yet another
aspect, the invention provides a process for preparing

a wWal er 36P0ONE layeidepmpiisipgan elegirachemined activator, wherein
salﬁo'g?éd’n%icﬂgml&ﬂl %ﬁ\'}étﬂnﬁaé‘ ffa'gr Séle&mé? e tchar%a that is

nprising a polymeriza rrocene rlvatlve
compbm&mtamtorthe eml&ututostaimnets:fnggaof thergdmpleadomined between a
cid or

eriva vi N funcgtional
caific iRiecie 2R A7 ARBMES ioBEuE; Bherslfdhe g RV and the
flrspldyﬁﬂﬁfgemérlEfgnnDlEaécé%FrF%ﬁc_:lt%g\il bié%ye_ran an aqueou[sogllzohol iC
i nv@ﬁﬂﬂn‘% ¥Rt angfRenasnedt; tDﬁd'éY%“tt@BcP’W‘agssﬁe‘ﬁ’%‘}eé}%@@gF%
redolikfbdi%ﬁﬁéﬂ i ﬂgﬁﬁrl pti on when considered in
conj unction vvlth the non-limting exanples and the

dr al@ ngsa fisstwmanemegroomd] gonprisind. @epplymerizable ferrocene
derfifRBBLLg 11 1ustration of the detection method

according to the present invention. First, as shown in

Fi glne la sdoondapiancener unit comprising an acrylic acid derivative

having a (terminal) primary acid or base, acid or base functional group capable
of acquiring a net charge.
[0012] In one embodiment, the acrylic acid derivative in this new water
soluble redox polymer is represented by the general formula (1)
CHy
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nol ecul es 20, which are capabl e of binding the anal yte

to be detected, are imobilized on the surface of the
wa@ledososidon el ectrode 10. Optionally, a bl ocki nBCEH§EIN4/000351

15 may be added - either individually or together with

the capture nolecules - inzorder to occupy free

bi nding sites on the el ectrode surface and thus to

nE R 5Pt A8 020 508 S8 B B 88, 0H8E0, 88 o0r
NH:OgHS APOaH, aaad y N&i-GRH, - S@az&hal\lmeeemrrthhecalkgls Ghain can be
ind to the, cature nol culg)t mng a

| d
opt?qqaﬁi\?%pg%@p%gnamgv@fem& F} Infeger 1%}t el ect r ode.

Subpea B yet ahethel esdpgeetheis daverdiin prbwitied Oa agrocess for
as an agent” 50 for transferrln el ectrons tg _or from

prelpﬁémmaewm% sakiRIe; Aeda POYEEHY S&I@ BFPGRSS GPMPISING:
el eﬁénp&%ﬁzmge& m?scttﬁ‘lﬁﬁé)%er ahe c%hm%go'anp&g)meﬂ%ébw febrocene

t he e surface (I n arbitrary order-or
derivativer with arlseccmh@afnmmhenuomlcmmmrwag &N lagrylignacid derivative

v h SEHER B8, RO PO, RIS o Bl e

whardlaRhldr @olymbﬁzatlicm Rrehrded emah;areaqmémﬂdzleohmllmmeuuam
formng a second | ayer on the el ectrode, wherein the
second layer and the first |layer together forma
conducting bilayer. n the optional presence of

substrat e ngRiERIDESCRIPTION OF THE DRAAINGS from t he
catal ytic oxidation of the substrate are detected

anperonetrically. The current directly correlates to

them lﬁeltl"gar}ﬂ}e\ﬁ‘tl%cﬂplcﬁﬁt bédroNnHsrstdv S/ﬂfﬁf"réference to the

sol ur e |ustrate the use of |inker
detmledcdee@npmnomdan toonsislered, inheosjuncler witht fhe non-limiting

ct I a gold electrod 0016
exgﬁ%bfﬁ é@@%p‘ﬁ%%@is r"ﬁegrpg’sent gt i veegglce:r thez opLor et} C
sep{0Gi5]drigafe FQRepictsdu stiserratio diustyafion lof ites geteatian method
et Pl R B S8 RERLADEE e capure

mAlb&kIes 20 WMhigH Tdre Ié/lofEPMdlﬁ Zmeﬁahﬁyte k@ es déteBted, are
correspond to biotin- 16 dUTP/ T

ImEBbYE Ao ace GipeJaTedion clpaiiade 106 %%@na@%@oh@ckmg
agefit bl'5°trﬁa\{}/e|:% %P-grquTahb?tlh&@d%u@ érotogéfﬁer Mh e Gapture

respectl Fi gure epl cts yc I C
malettleangn ardento acqmydfreea Sindingl sites pncibig: elgctipde syrface and

i 35 19 RO 98, 308, el Okt

expbbsedPBSa suldtidre supp cbded]‘stﬂd:ar&dlmdhpdbpgmrartalytem. The anhalytes
.5 MM K F and 0.50 M SO . nrate 10
milppus e a@éﬁ“ﬁﬁp’@a&tg%w%%ww' SFiRes oy st laver on
thé aglirpdcel fof 1iel @etddions él@%’u@ﬂec |9Jb§e)queh@@1 the Félectrschemical
depi cts cyclic vol tanograns of old el ectrode after
activator 40 as well as an agent 50 for trans erring electrons to or from the
electrochemical activator from or to the electrode, respectively, are brought in
contact with the electrode surface (in arbitrary order or as mixiure). The
electrochemical activator has an electrostatic net charge that is complementary
to the electrostatic net charge of the complex formed between a capture
molecule and an analyte molecule, thereby forming a second layer on the
electrode, wherein the second layer and the first layer together form a

conducting bilayer. In the optional presence of substrate molecules 55, the
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hybri di zation with the GAPDH cDNA in PBS (curve a) and

20 mM gl ucose solution (curve b) with (A a capture
w@e@be4@onpl enentary to the GAPDH cDNA, and ( BYCESG2004/000351

capture probe non-conplenentary to the GAPDH cDNA.

Scan rate: nmv/s. [0019] Figure 5 depicts the

anperonetric responses of a gold el ectrode after

ol 4SIGEELCRR b B EHGRNE oy e B8, gfaca

ampéehdeteoally. b)Thei tdurent a|dtrac1da/ pcmrbelat&m donphe miarget y analyte

corlgegrgten noSosaPPIR, SETEBRe FHOVE (1o 1ERHIe, fie e of linker

moleRSIRYIRESTdef tan@rlifg tRé etitfaed Q)fiﬂﬁé eletdutiohi gléctesden (e.wi 4 lyold
50, 00, 200, and 500 fM TP53 cDNA in 2.5 mdroplets,

e|ef3fé§<ﬂ>®ct|vel y. Working potentl al: 0.36 V, 40 mv

7o SRRBLEIGY2 dBDBF dprESBheline GRRIGHRRIIENS SEparation o

PCR proctumtse eof:ocﬁng dollHeriggis ra’Rﬂ]RSSEcDbleq larpess 1r3M@Nd duldtlength
[
aARfy EA Nl 48 Blgh Merititfod B bERPISUREHTE. Lane m
DNZesipe msakapf Lailzelts Gﬁﬁﬁﬂk reéﬂtlﬁl d tmﬁ’mtgaﬂ;&ldhfm;’dﬁf’ ratios of 0:100,
re ents_a blank contro m dr opl e e
35305 R PR JREPaRveD, J5ngs 456, RPEPSRIELD PRbSA T ETR/ETP
rat%sqﬁmmsx 1@%@@‘100féﬂpébﬁvél?sp0nses of a gol d
el ectrode after hybridization of an E. coli

16
r RNIQOS73 dFiiguce Snaepigin wyelivekamagiama gy # eﬁld(ﬁbecgode (a)
codtél! ?gnﬁ%&&? ﬁfé{fs@?‘ﬁﬁlé@% naéygorwal @@t m Kamcm)e and
tche ol 1

one-pase m sna gonuc eot

0.530n% blas80g;i Gyawithh ENAredn polyewri hilyer @‘siﬂl&ﬁﬁﬁal gnd (fc)awith

on P EAgD Aol UATET 40 2 TN oIO35 D Y . s

ratgl 400$RV/s| THEJurieng scaledndbpivassnultipliett pgredfacter off 10 for the
oXi t| on current fromthe anal yte concentration.
sap\p BINA capture probes are inmobilized on the

sur E@GTfB] Figureda! dbrRtigcéyane Wcﬂl@%@éﬁ@cbﬁé yolthelectrode after
bi oti nyl"ated GAPDH cDNA. FoIIovvln br|d|zt|onMa
hy@n@aau@ amhdgr@ewaﬂnc@blm i s et glucose

I t F r
I s
cDINAY, armgB)leamum pmmmcmmp@@nenta%@ﬁbeﬁA@hb@@NA Scan

e n medium PBS (pH 7.4). Wrking potential :
ratg %@915)//%[ 0024] Figure 10 shows a schematic di agram of

the [WQ]I Flggré Bdﬂepm:tsahe iaonpereimetdic tespesses atasgolah electrode

ater Pbidigadan i Foe AR AOTRG i PEF Rl ) it a capture

profsd ebmpRraShiary to the GAPDH c¢DNA, and (b) with a capture probe non-
complementary to the GAPDH cDNA. Working potential: 0.36 V, 40 mM
glucose.

[0020] Figure 6 depicts the amperometric responses of a gold electrode
after hybridization with 50, 100, 200, and 500 fM TP53 cDNA in 2.5 ul droplets,
respectively. Working potential: 0.36 V, 40 mM glucose.

[0021]Figure 7 depicts the amperometric responses of a gold electrode
after hybridization with a mixture of E. coli 16S rRNA, E. coli 23S rRNA, and full-
length rat GAPDH cDNA. Curve (a) corresponds to the response of E. coli 16S
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and cross-1linkable polyner of the present invention.

The figure shows a repeating unit found in a copol yner
w@boogiossbd errocene and an acrylic acid derivat PUBESG2004/000351
[0026] Figure 12 depicts the general reaction equation

in the copolynerization reaction of vinyl ferrocene
and an acrylic acid derivative. [0027] Fi gure 13 shows

Ao O v, 5Spfsd, o1 ol AUDIGIRYEC MRS P ©

repteseatp aduasls controlhd |ilrdrepliets werg 0628] V\Mrbmgepman@aioﬁés Vv,

iolet (UV)-visible spectrum of Fc, PAA, PAAS
60 Q}H\EQH@S%O_ pol ynmers obt ai ned from co- pol yrreri zation

wi t[00RBTFiglie® Bodepitigthe a]:ﬁp@’@mancy@é,pm\seeldfamgldaemctrode

atel BTRAIRDF Snof. S8l TS VA SPEOTE ANAH GRS PP With
200 ﬂﬂrbnf{/ﬁ)ea ﬁﬂg‘ d:cﬁﬁpl\eﬁme%@l %yrﬂseﬁdﬂsuga{Jdﬁmmbareﬁ) ¥asne-base

gure shows anot her cyclic

mlamtﬁb%g:hsﬁnuclea ldeeomd @)l gnivro-page iHsMeERhed; gligonucleotide,

res@@_@\légﬂ;‘le?l{ F;]o(raﬂl%lgol € rg[élt %%3831%0 os p%ﬁ%%(\myu?# @J}g‘ej] say

systerhi Woorkiag potentjal:ah@5 \h €0pofeglucase.scan rate appli ed

8RR Pl B SR8 TR S8 L iR bRt rom

thef amiyrwcbrh@énttdmens GN?IDHV(I:DMAOéa;bthﬁe pedises amn irmmobilized on

ther IR GA SIECHRH EREPOYBEISHAUA (1 pey SR deiel GAPDH

cDﬁ!Ag rF’ofllbfi\riﬂbt hybriidBARE D Bicb88 diddasefavidin-conjugate is attached
el ectrochem tal activator that is present in

vnawldmm@tzremter@ﬂmrarianauw@rew RAwngeis Brovghtitq Bie electrode
sur‘? ell(-bg—%ye? 8(@]&(%&2& i¢ %eﬁfhfss%ﬁ{b n)ghé'i&%sgf d&ftion

ana yte
medmmrlPBSr(gH'hé Aokingpetentiak leBErVopp03| te charges

th |
{ ool Kiiire . SB0R & SREREG) iadfar St MRl redox
rea&hlahl whiehltales places mb@ l@édo:sp(falymtr In@ec&ateuxbmsar@m
se - aS | S I 1 ayer uncti on
c | OB BlErb L1 uStratos B structir ¢ tBe Brak ol A waler-soluble
ané‘cér@J§§ lihREbieOpBhAic? &t rtﬁécﬁré%fenf NevEhiRSL I PEE. flgM?éCBhows a

fluences the Current flow at the el ectrode used
renew@ngeuw&tfpunddn aheopalyngt Of viylfersecaste amne BN awilc acid
defi v@' so the advantage of providing a | arger and nore
onobgenous contact area to the el ectrode, which al so
con[OﬂZﬁ]Fmreo 12helepm:ts dheedeneradi taactioy eQuatlm in the co-
ect .on

po m%lga pggé%}}gmof vllpyﬁ Férécnﬁ\ﬁ%nat\r% dan %8%)? 8 a%ld éeorlv%ttlvgr
[0027]Figure 13 shows a Fourier Transform Infra Red (FT-IR) spectrum
of the redox polymers PAA-VFc and PAAS-VFc produced according to a
process of the invention.
[0028]Figure 14 shows a ultra-violet (UV)-visible spectrum of Fc, PAA,

PAAS and the co-polymers obtained from co-polymerization with VFc.

[0029]Figure 15 shows cyclic voltamograms of redox polymers in
various systems. Phosphate-buffered saline was used, and the potential scan
rate applied in obtaining the voltamograms was 100 mV/s.
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[0032] The term "detecting" according to the present

invention refers to both qualitative and quantitative
waledososidson of anal ytes in a sanple, meaning the€T/8GE04/000351

term "detecting"” also includes determ ning the absence

of an analyte in the sanplg. By use of the present

met hod, anal yte concentrations as |ow as about 1 (i.

e A
AAﬁéFcr maém ¢rpss-inkerbwith sgllad:maﬁ omdaslé_lbdwme Smruﬁﬁh:dbwﬁpe(GOx—
SSREIERTA 48 i, Al T e el v
potertigiscen raetappiet ireoblatriing ﬁﬂi@t/oltdmcg@ﬁ?né hesaemyys 1 s

belleved to be present in a sanple In an anount hi gher
than "11 M than the sanple can be diluted such that

it the amount of peepRcED BEYCHIPTIONE senS|t|V|ty
range of the present invention.[0033] The term "capture

nol ecul e" as used hereln may refer to a single type of
o OSAF Tne IpRERTR S PSR 168, B bt o e
deteﬁmmabamlgtespslfa@uae?mmyymbw(wlmmplrarsegmeféwmnconductlve
r cleic a
or bR ReBy PBUAGHNER, 8! oS SETRhGRkeu VB B PS5 of an

elettherheinical abmuﬁxthd@lt grdskht antsohiifizétd form and whose net

eci fi |t|es ture nol ecules may al so be
chale T GiloraR GRmBlemgTed Gro soRrasihddlie Belanarge of the
andmb%ble%ﬁle%ul@hb@%eiét@e&b?sé Bk co/priditd the same. . Pue to

(pol ypepti des which exhibit, ke antlbodles speci
thelsjopposte charaes: He abalytest and gogiplexes ¢@~apdsuogfthe sase form

|
toogR" fufle dpt Pl Rk m WM e ERYEr i Jregtepstatc
layerelpy- taygeﬂalfeﬁssambhot'ﬁma duilyes fonctipmsnas afhéelesieorpexchange
bricel {3 ¢ Rleckb huBfieS HE S JBR SRt Bl SOBReE o1 feoblectrode,
whidh ﬁr?]fm?mzeﬁ ahalcutreat ﬂ@wh':gcatﬁetm@ctﬂidfméiﬁj a?nm@ detEbith of the
ch._o e vin in eci fici or one
anclie, TGP o Yo DUAVeE B Hid SOUATUS0n i PHUGNg edarger and
mofeh&fiogeRo@s coMBctata ﬁ)nﬁ‘ieyé@cﬂbée ddvﬁlfcﬁ délgé contributes to, the

reco&nl tI on sequences, .
incrgaged sensitivity of |ct@é@@t@rbmetw of t@andvezntnm mnpamdgomther

pm@ea&%g%e\wnqmﬁghe whi ch enhances the likelihood to

detect even a few copies of an analyte in a sanple.
[ 0q0232]Te tesmnidettaling! @dcerding ito dloé iprasent” inaentisserkfers to

oot Sl 51 bRt e AR afBhae< I8 RAGile Tueawisg that
the tiéven ddetepting"atisb invtuddsedéteptiing i abdiie &fpé@faﬂé@’fé i the

ec%ﬂcall é to the anal ytes to be detected, and’that
Sa”é‘ﬁﬁ Y 1use0f 1B dresant insthogy applyia epncantiations asdawas aout

1 D '(|€é‘elr0 g céﬁ'% Lﬁfanﬁ’&ﬁgoé"él?'dé& ed.OfRPla r@ectﬂ‘%opcentratlons
nbodi nent " of the 1 nvention ectrochem

of a;alyteaslutable for detection in the mventlve method is about 10-12 M to

10-15 M. The upper concentration limit of analyte for carrying out the detection is

usually about 10-11 M. It is noted in this respect that is the clear that in case the

analyte is believed to be present in a sample in an amount higher than 10-11 M,

than the sample can be diluted such that it the amount of thereof is within the

sensitivity range of the present invention.
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Is a polyneric redox nediator. n sone enbodi nents of
the invention, the electrochem cal activator contains
w0 e@on4@es i ve netal ions. Exanpl es of such nmetedT/E61094/000351
are silver, gold, copper, nickel, iron, cobalt, osm um
or rutheniumions or m Xt ug es thereof, all of which
can bind as cations to negatively charged groups on

ép@g@#ﬁ [HeCiethn Pid %éfl&@ﬁlgn %sklfsegﬁlﬁé;éfrf?\a?ﬁgfer to a single

tatic i nteraction. For exanp _
typardgl yibesutes, Her detepied simglestranded auiolkic apidiprobe with a

ti bind. to th tivel h hosph
defBaH BurIeIco Aok Pateate: oueray, T2 RGP 1R0RARIeE may aiso
corfisiRC HifdrertigPes af infdlscuTy, for rekahplé Meickiciacidhgriobes dfaving
_acidic amno acids, such as aspartat? orﬁkmrmte.éo .
differsnB ecleicy aniek sgquenges LN BIyAF? /5% e{egt binding
spe?ﬁ@:l{leg%mf |C%pfd£§ %Sl%ul%%rr’glé? HisH gﬁ’iﬁrﬂiboﬂfe@@rnﬁ\gi? ftypes of

uces the fusi oss of _
protainmceasisauingingduoiesylestatichaas the dass ofrantiealinsPHpolypeptides

Bl B RRo RS, $5dne B e lagitsdor a dvep tioand
(cf.raisoBespeet @k (1098) Prid. Wail meb(ﬁdi.ousAp%,y‘r@ﬂ-tQQS)_, which
Such mer.s t are transition

rechgnge Gasat tacarastns [Fridnssl st d plotEartd Fhhisdlna

ThéBig -dpagidrditngpet of eHpture @R¥HURSY ldoekoHsd dnfy allow the
sui t abl e pol ynmer backbone, which on its own ga or na

simugiangeus PeeeRIRIVG sletactionfol diieiRp! BRalyesIMe & wore
aoR DN e OF ALY Ao B G ectiaR BEENE pertyjar type o
captacs anolecutey bt nalso sibeadetiestion 20fl thehsame esalyle via different

species. Typically, i [
e BRfieBrscalBRes ¢ 8 e 85 P Ry of B B ioREie or
twe hgane dindin@ Bhee of af recbptor tryplecules winieh enhanpEsi thel likelihood
harged ol ymer su% as fi ong%@g E?upont) coupled to
to @etggteye %F‘%}”@HBP& ANANRYIE N Rfich as an osmi um
or (0632 e "Rttiodrbmic! icelivatorVas Bse@ hefsim refers to any
positively charged pol yner such as poly é -Vvi nyl
comppead oihgl igotaitalle t¢f actiadingi \g yaaamirig Ht%@g@ﬁ electrons
befhser i %ﬁﬁeﬁg tfxggélééi?daéj et bih s g@g&ggﬁ%peciﬁcauy) to the

ox specdi es can | _
analytesdinbei delegtash iandl thatterdibits aneenduriivity femplestria parrent,

wrigtiR gt B0 ndl o s3 Bl Y Comlentio O
pol y§d35]iinyine embediptent obtheimveniida, thergléctmahediicad)activator
o S PR B Y RSk ot he et e

elebiroBhamiday lactivator RioPdihe Ybd Geaplivex mddarions. Exemples of such
nmedi ators as well as nethods for their synthesis are

mejakionshare sitvan, goldpopner, Neekels iropg cabal: osmiygy oy ggthenium
iorgu‘: ér%m@@%s tﬁé?&)ﬁ gﬁ of @h\%ﬁ%sﬁ? BindPas oS t@ﬂé’gatively charged
groups on the surface of the analytes to be detected by electrostatic interaction.
For example, if the analytes to be detected are nucleic acids, such cations bind
to the negatively charged phosphate backbone of said nucleic acids. If proteins
are to be detected, such cations may bind to the side chains of acidic amino
acids, such as aspartate or glutamate.
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[0037] n a further enbodinent of the invention, the

el ectrochem cal activator is selected fromthe novel
wW@b@s®4m@h3 r edox pol ynmers that is described i n PEr/a6G1004/000351

| ater herein. Briefly, this novel class of redox

pol ymers conprises pol yvi n')bl ferrocene), polyvinyl
ferrocene) co- acryl am de, polyvinyl ferrocene)-

fer ﬁﬁéLlrf g%@bac,r ﬁgowl%"c radox mediators shoyld have a

chqmbalvstn}dtu feg whocte Imeevecms ac sybsiantially aducephbs whifusienal loss
038]

o o S5KS sy b oo e B O3 pliec

On@@ﬂﬁé of élﬁfﬁi‘é%the%aB@eﬁﬁl¥m\aﬁb¢bd¢bpm@dmIbr ¥ehpeisedd redox
the el ectrochem cal activator .isll able t ransfe

speml%a:ppwgntlb aHieched Pt HOBNBRHG GOMPAURH! | B4iops Polymers
typlca! E@BF@% : h‘%?:%l;?&ﬁ olifESEHhbYShYa f@&i@k dcﬁlvéntransmon

age t capa (0] and re- acceptlng | ect rons,
metadehased meridantgierrie asealentlyhound te:aseitabletpalymer backbone,

BRI B oElefi o BB Ph Rl SRnaBe s s upe

are-?lpél?(xﬁlr@tl édrrmcérie)tdnﬁj pory@lmylIfegobemeaxcmadryianmbb)oﬁf\Itehmtlvely,
e/ capt ure nol ecul eco&r&l exes an

theoP@tesei1BBPE aTedBIon JHRY PORBIEE ATk DTl haund, igdpx species.

Typie2RL hd&te natbr includeng fcﬁéfQétDp@llyﬁ@r [CO0PItRY an |o¥>p03|tely
serve this purpose. t is however, also possible th

charg@da@@lﬁx W eExamplegnak s i tige én@eﬂe ghdregatively charged
US| eiflfongﬂ)Qﬁﬁwmﬁ o‘i@%d“t@ &‘?We@% cHir§ed Sredox

|n par he c e analyte to
spekaesecﬂueh as amnoemnyneorsumemlatrepclyeya@yiv@at@noﬁr yfce versa a

ool B9t BEMBLE R 88, BUSFLL ) TR Dbl o

netaiivehg ectiargedalpbdoyof spgchuss fstrchi reap dbricyanide i derrocyanide.

FURBE(B, | a1 roUat PG oon Saa e RIsPabP o rouEVeEl DEIRG R the

oG FbE e%\'rhb@tthe Tétﬁ)xeiﬂéwé@oﬁi’ﬁﬁy% foAhed ﬂﬁcbo‘dr@lmatlm of an
group of oxi dor educt ases. | es of swta

osawrao@rea@aalta@e% bip\ridyl 9@6@&%?@ &9&6 VI rl@@@?ole) or poly (4-

P PRREE, AT e, pithohye isctaseryemico

cogtdmatedlwntreayd]wgarmé,e4 -dimeitinyl 4, Zdw)mﬂyd)g:@ﬁ@@x Useful redox
d

505 55 AL S HEPEDS v Pl S UL P SRR a5 Poten

Nosarg 2641,6OdeW%&geﬁaSQGZ;‘(DSBJhB:BZ@;YP_EIaﬁeSSB;m i 66551494; and

oxi dase, xanthine oxi dase choline dehydrohenase,
6’%5(’ '!ate dehydr ogenase, pyruvate oxi dase, oxal ate

oxi gge®r] IRi hi fuMbied ShibSdiffont BiutNRventeny ti® aseefschemical
gl ut armte oxi dase, am ne oxi dase, NADPH oxi dase, urate

achyataniseselegteddr e 0oyl elase of EroxRalwrRE: thetizidegcribed in
detail later herein. Briefly, this novel class of redox polymers comprises

poly(vinyl ferrocene), poly(vinyl ferrocene)-co-acrylamide, poly(vinyl ferrocene)-
co-acrylic acid, and poly(vinyl ferrocene)-co-acrylamido-(CHo),-sulfonic acid,
and poly(vinyl ferrocene)-co-acrylamido-(CH,),-phosphonic acid, wherein n is
an integer from 0 to 12.

[0038] The term "agent capable of transferring electrons" as used herein
refers to any agent, which upon activation by the electrochemical activator is
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[0041] The analytes to be detected by the inventive

nmet hod may be nucl ei c acids, oligonucleotides,
wWEe@teiwrsy peptides or conpl exes thereof, suchPEESG2004/000351

DNA/ prot ei n- or RNA/ protei n-conpl exes. The anal yte may

al so be an oligoor a polysaccharide or a | ow nol ecul ar

wei ght chem cal conpound that exhibits in free or

: : .

oD BLABREE ST o B LR el rom oo tho
elesinedsd, ree;bmtuvleel Jmagss amager&ruaqaabtaaeet donateyy and tresacospting

1o 004 n _one referr d enbodi nent of,
elefa Fafting i o pRgTEae) oy AcnBisase o e SRERTAR SindY af least

on@citomnel saidl agentThHTe?éb! ﬁ@eag@nms BOQhEi 10, @@ﬂeﬁ’é‘alé’c@d in or
nuclelcl cid nol ecul es" as used herein refers t

asgqeiied withiRe canducHrg hilayeriormed q#dh@ @tmaage cw@r@ gnolpcule-
comBIkaQ BHe Ltﬁé’ble@ﬁ%chéﬁ | Qbﬂsaatbpmb %ﬁi{%ﬁm i on

refers | er nuc aC|d nD d RNA)
of I&ppeb%heﬂgenboBUab@teenrmelestrommynaymnly;sgme thigi mlfpose It

s TRASIH, 368 a8, 8 0o Bab o B0 LB GE0S ggons

sm’mﬂtaaeamsly efaactt:om;easncmﬂmtmmmb r'Egisas ior panigulae the case,

w3581 i 5 b detebiel R sl dyconversion of

whith@ahdde détedtcdf bysaﬁ ALH5E RaRLMentqTt. tEﬁamPféeé)ect i on.
n a preferred enbodi nent of the_invention

seqi99ABL Inbfoney erRbedisiant aef dhet ivestioRt dbe cageny capable of
traﬂf@rrf?\g blb%@on‘gei% 23}3“ r""ﬁﬁréhi\/ﬁwg%oﬁﬂgé't@t Flsually, any

sequence mnay at0 | east a part
enggeeuBsay de used hagh le%h;stq the ggnefationeotl anedetieciable electric

cufBitithel busiie,MES" her Prieke, BHFLTL bl ERRRENIEhgidtes.

Exampldse gfr ea&!a?e nomdbmdm:taspsnbarbergluctmbblumudasa, hydrogen
ui tabl e capfur
oSk cladtal'« fathsoc cabendlr selirdEpuciiiens Alkrgidhuyate

demyurb%r;@\as@venémme mm&a e%eﬂu‘aweeolacm&nwrmsel %orbltol

sin stranded DNA ‘'or RNA nol ecul es. Probes havi ng

delclideanase naliicose ianyEeasnase, Mialele cafydeaanesey ghiactose
deﬁﬁﬁo%rﬂ%ee rﬁélé@%ﬁ@a%@gggﬁcﬁfset {)}ﬁd%ﬁ Resithing déi eﬁlﬁégenase

nucl C acl are prerer Yy use nuci elrc a

alcgh@b@zsldaa@f plolinetorisiase, oahtiime cixédasied ezholine | dmg@irohenase
oyt eBfibOe P T ate TR0 sRke Bl B BN Fhapase.

glutamehte dehydrodenasec britamats oxitlasd antiat exddase, NAgZaPH ogodase
re rred s capt ure | ecul cl,ei c acid probes
ur ?18%(' 9,@“98’6%{: &}ﬁ%p@@ﬁcg?(ggog Ha8% nucl eoti des
car[omnpmebaﬁawres telib@oyeRefid) by Othet mv@htnb@bﬁéthoa may be
however, al so possible to use or RNAbi ndi n
nucleic acids, oligonucleotides, proteins, peptldes or complexes thereof, such
as DNA/protein- or RNA/protein-complexes. The analyte may also be an oligo-
or a polysaccharide or a low molecular weight chemical compound that exhibits

in free or conjugated form which exhibits features of an immunological hapten.

Examples of such compounds are small molecule drugs, nutrients, pesticides or
toxins, to name a few.

[0042] In one preferred embodiment of the invention, the analytes to be
detected are nucleic acid molecules. Thereby, the term "nucleic acids or nucleic
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proteins or agents as capture nol ecul es. [0044] n

anot her preferred enbodi nent of the invention, the
waembyiea3 t o be detected are proteins or peptiBEFSG2004/000351

These may be conposed of the 21 naturally occurring

am no acids (including selﬁgocysteln) but may al so

contain, for exanple, am no acid residues nodified by

aciiifiBlecli® : %%ﬁﬁgﬁrhér@}h Péfgfst@fegém%rﬁﬂﬁ' 2 ﬁ}gg& well as RNA

y means o i nvent1ve
madeciies  heaesnbligdrucidtisies" acemidingds thé pmeserm iovertiodsrefers

o BB SR RS TER i R, SO 18 10 0 base

pair§ FPaA IGIdtRwiR eidlecwibs bf 1530 4eSER IergthIDNg | @'I‘eﬁ@d The
do?g@n 13%0045 Preferred capture nol egtul es pﬁ

nuglgiceaeidsmay bgr @'ﬂ@ff@ﬂd%rﬁutd@%}' Ao Baye ﬁ}é@%fone single-
stréh@?d‘ﬂ%%%w nl?éyf‘gé Hod il cﬁ(rﬁp/lefegg inf e ﬂéhﬂt(ﬁ' éiﬁ%lerstrands for

to be det such ds are
examplenrnjtec i) ameL@hﬁh@'nqu ndea@turat@ns obr amthag dfindt ef strand

oo 558 o, A5, LR BB BREME fetton, e

seqo@me‘ iof @hé \nuoleidi agdpriot e rttet@mteoaptpm%eflr[e@péifd i$hienown,
les, irres Lve, of the a

ERSEh e EpTRTE SHOHESS S D¢ lyioveh b8! AR cR | H7b dhereot.

Be%ﬁu&@ fdAbasifh QenshRfy ' Fdpebietabiiors WhdtAbY eofpifgsingshticn, the
chem cal intéraction. These interactions include, for

nugleitrarid, meieskissHiebe detedpd candis detverl iam paaeromic sample
anHr}Fﬁ/ et b@@é t fa IR g%p‘l% U erOftediurfco Rtrﬁlrﬁﬁér' SRigAScopy

as cova ent  bon urther ne
nuoaErur e nol ecul e can be di rectly be i nmobilized on the

f ; t
van 106FsIgtee ARUIE Fin84yPY L RPR Uik hL8BIc acids
aclbotcﬁm@cd trltm mlenumh m@go? garelrmmlzem: aoidl pnm@essll elg?lagle -stranded
nke ecul e shou e surface o ,
DO BN Rl Ees o e BEvigh B auBles dfaf 1€ Rt or tully
coﬁﬂﬂéﬂn@h@ry Qo Upe ﬁﬁgl’e‘-é’tkeﬁ’fde@iofég%ﬂ of ahavrbspekbtﬁ/et taatgemﬂac|euc
bi'nding activity for the capture nolecule and th

addmews | preterably d@@durghﬁmw@l% agid piprebesy Mayt rlpgt synthetic
ollbbﬂbﬁ fqliosfﬁglto‘?\gey Pg?fél%%&@' %&ughﬁ%ﬁré’eﬂdr%” s the fatter do not

erelrn gl ucose
foldxnno&rs,estmﬂtemjpmestmg élybﬂdrzab@m péthﬁ) peahd wih the gowigic acid

o B RE ARSGRRARY SO chifi BXIRLART P BBCoRId s et
cdn:ipriéee rgbdlfbbatmmmmidlese$uehdetsea’tud@tmlesmmaknylrgg a biotin-,

el ectrode. Such a electrode arr gngene sua
AGRIgRNSe O taBLRPEH T Techouat e Ruebrosiyedd; e fafiesr rNa
bifdiRg PrO@ths diyetes asicapireinssibegigs, my be a

conventional netal el ectroded( gold el ectrode, silver

[0044] In another preferred embodiment of the invention, the analytes to

be detected are proteins or peptides. These may be composed of the 21
naturally occurring amino acids (including selenocystein) but may also contain,
for example, amino acid residues modified by sugar residues or any type of
posttranslational modification. By means of the inventive method, it may also be
possible to detect complexes of nucleic acids and proteins, such as complexes
of a RNA-binding protein with its cognate RNA target or of a transcription factor

with its respective DNA-binding domain.
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el ectrode etc.) or an electrode nmade from polyneric

mat eri al or carbon, the surface of which has been
wopisorabd y nodified in order to facilitate theCT/SG2004/000351

i mobi i zation of the capture nol ecule. The el ectrode

arrangenent that conprise t3he detecting el ectrode may

al so be a common sili con or gal i um ar seni de

P Bob gl b0 R o s BRAGPTI 966 o

peftigies sybranytiype of bgandsamﬂsh bfnchmgmemnyofnalthe pndhetgsaqnlmeptndes

d etchi tech h
o BN AL B S YA AP BTy e
ag&‘ﬁél%c bt %tégﬁﬁhlétbe ré@égﬂblefag@hﬁﬁé r QA eAtaonistar pharmaceutlcals
kKin

dependi ng on the of structurlng technlqu ed
SUGHHE, ﬁﬂ’@qu}@% Opfany rRkCYie: sapAPIBeOiRRRAHIGY ing proteins or
pe H% flance bet ween the electrodes is generally from
out 50 mto 000 or several 000 m. [0048] The method
ac c[ﬂmsﬂl § heocaptierepmetaentes, ivesneaative Zif doe analyie for which they

det o

e SRS ATEE, SRRz I MeTecHBbepRAg by any

sumtlu:ﬂ@?pﬁ%s@als@bSbm@hrE?anngsmmF érhabﬁraitenay:tlorﬁs include, for
el ectro ran ments, as |

exEIDB,  DMGiOPNADG. BTSNy el ior-SNagise MafAignSs or ionic

(eléét%‘sté’tfl gwﬁie?ébﬂ%@éﬁ wen @s(csmceﬁtltfmdbl THisfartAeF irfdidng that a

for a particular analyte to be detected, are
captuwrepigiecule can berdreatly e ibaabiized ve thasuiage gf the electrode

byelhgﬁhiﬁ%%%{caﬂhfa?gﬁm?{‘t Ya A'd‘e?rp@é:%Me'lMe ractioR®Y oft! 8RcHBstatic

O use a uraltyo ectrode arrangenents,
mtemhonfon/vthrohglbmonglqmt wgugling vising anllipkein mm?@ge oshould the

t | 49
ou B0 MBI e B KA oo EEfon s aeo
poslﬁblﬁtltd g@e Iaigglmkér mdewlecmmecuieahai haSIbuhcgm% actvity for the
el ectrode n e n t
cogh g S U TP o2l 458 2R TSRREBLB 7 Bt o ha
Ilnﬁéﬁ%élegl@leabﬂlahonCéﬂvélénle MRlePASIONSO . ataiipidx Gormation (cf.
I pl e determ nations. Anot her usabl e el ectrode

E@m% gewbarein glugese|oxidassduolecHipsRane s capiuie Malesyigs).
h t 6047 Ble %étﬁ&ﬂdt%oco\‘\fihgﬁo' thd ﬁ{\/éﬁ%nfrﬁéY %@@Bfr%d BYt by
ol di'ng “regl ons" suc or exanple, a gold | ayer on
usidy intuaty angpelectode lasarigemantipinven &1 the et thatt eamprises a

tes ar g p e
acfR it & 1 e R ohE Sl Aok E R B BE R also
cofnplrrfste :|§tc©DnteYr fdé)clad:tmddoaisl%eit asra odfetdrwecalptinode. The detecting

mol ecul es capabl e of hindin e anal yte, t
elefdtadier éﬂab@$h% < Qn%ff rﬁﬂt@ve?'@ﬁi’?%%e(go%heeq@%tﬁ?%'e silver
cldRIRRUERS) BRWNPSIeLIFBA® I thade drdh mym@ﬁe\mafelngn@lr carbon the
techni que known in the art. f multlple anal
supiace opfrathichhbas been optlonally modified in order to facmtate the
immobilization of the capture molecule. The electrode arrangement that
comprise the detecting electrode may also be a common silicon or gallium
arsenide substrate, to which a gold layer and a silicon nitride layer have been
applied, and which has subsequently been structured by means of conventional
lithographic and etching techniques to generate the electrode arrangement(s).
In structuring, the distance between the detecting and the counter electrodes

may vary, depending on the kind of structuring technique used and the type of
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capture nol ecul es may be applied, for exanple, with
the aid of inkjet printing techniques. [0051]
w@piososabd y, a bl ocking agent may be added - ePCTI8G2004/000351
i ndividually or together with the capture nol ecul es -
in order to reduce the background signals. When added
i ndi vidually, the blocking agent nay be added in

an RSOl THL Syl ety S HleckbBet i cifagy rom
aboutt50 pumeiosiDOPlar seweral i1600iumor der to prevent those
ot IR o, Aieiinil T Mo ARESEnte BB g atiows

defeetiny ahove ihanadhe fyieeot fahalym@rslnﬁﬂltan@mﬂsb/genboné@dutmen in a
bel5 i nmmobil i zeoétgqthe el ectrode and that is

single maasureipent: S PYrR9SH @ LRsirale P@H\E’é‘ébﬂgt ﬁeplurahty of
elécﬂbﬁé%é@n@&ft%‘%‘d@%%s%ﬁréfén rmia %é' 88e@NUHdRSIn different
es IS sult

anal e for pur ose

aﬁuwf n’&lﬁﬂhﬂeﬁg@r&’@b af whiahy axhlmtjngdape@fm) binding affinity

f°f§4 PHUEh R Boait, R RERE TR/ Bl X fpoftPe BR o IARERRS of he

indivdeigal r&lecttmmdanrmgmnemsv dvitermativelye it haylalswbe qadssible to use
aptohexad anaqi ¢

a BUilne B SIHFREE A e orie . gnt sLediieh being prayided with only
on8tyfRs @ﬁﬁmd@ma@cale@m d. [0052] A solution, for
exa |l e _an el ectrol supposed to contajn. the

anal9348] i1 examele; %emr@@%rra@em% whichJuey e jsed for
caFrgﬁPﬁb&CfHeoﬂﬁ/eﬁf%‘x%‘ é\ﬁbdt he aa%ah\}’érﬁloﬁﬁl ﬁﬁélto?glféiéd télﬁ&rode

e capture form ng first a er on
Conisequenilye 8or augegemenh eproyided cywtrc(ﬂwtrzlurﬁltsa @i untgrdigijated

ele%ftroﬁb%f gLeah Qgﬁtl 4 Sar %r‘j T)tee&tgg F@e fﬁ%lglrl]%r 8Mhuttiple

are chosén so sa| yt€es
det@rmihatmso uAhmher csablec udaleu’ebdet arrahgennenEs;secarin velectrode

005 Af | h
arBRBHPL T TPt Of 8 el bRinhwit Blaméa HBfpkdmote. by
hoRfiy Uegiofe! 8GdH e, By dxanmsieP\edold dyerhenewhichr @te .capture

Renovi ng t he unbound capture nol ecules.is nal but
maoigsules Pgﬂa*ﬂé %Wﬁ%ﬁ&gﬁaly@ﬁﬂé ingbYized &(%'FQI qcated on two

onBBLRC HidBSwdIR: 9. . ol i gonucl eotides) are capabl e of
pgen?ng not only the analytes to be detected but also

t he [0QRNt Bhe present medzodh gommpsisedrriua firstistgp,dhedainpbilization
of W'c}éf)ﬁﬁ?/ Iol?cul?é %gﬂﬁb@h& ﬁ@ﬁ?{gs at én‘f%ﬂ)?té tﬁ)"% BBtdd on the

certa ere
sua‘aee tofdbb eztecteddenebsu cap’e,nre smole@0Bs$] map ebel ihmabdlized by any

t.ure | ecul may. b ed enz ica t he
cof Geuioeh BB oY - eca ol B BRausss arg peftpiggSa. the
cabﬂJréQﬁ@I@@bﬂeﬁ hagy e applRRE o ex&dﬁpreh viRI BR3 hidebl inkfet 3tmting

down si ngl e-stranded DNA, such as
techniques.

[0051] Optionally, a blocking agent may be added - either individually or
together with the capture molecules - in order to reduce the background signals.
When added individually, the blocking agent may be added in advance of the
ample solution or after the electrode (coated with the capture molecules) has
been contacted with the sample solution in order to prevent those capture
molecules, which are not bound {o analyte molecules, from interacting with the

electrochemical activator in an unspecific manner. Any agent that can be
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mung bean nucl ease, nuclease P1 or nuclease S . f the
capture nol ecul es are | ow nol ecul ar-wei ght | i gands,
w0 b@spe4d4dpands are i nmobilized on the el ect rodeST/YGE0HM0351
enzymatical ly cl eavabl e coval ent |inkage, for exanple
via an ester linkage. n this case, it is possible to
use, for exanple, a carboxyl ester hydrol ase
: 0 ngh |
|mrﬁ8§|§|§écf‘5cﬁ"? "t}ﬁ.@bgﬁ%%e a@cgﬁgé II%%Q t dr?%}gs (or,at Jeast to
sighifinisite seduse)dba mtwaehmttrenbwdeelartbeucamuraj molgeuwlds and the

ecul ont. ,teesterlikaebvveenthe
andlPlecrididhuidh, SIS Tt At PUBOss . REATFTaso bl FHER dgents are
thigdmadlecules | diswifides, thiapherd ectivatietead piyehiophbne derlva’uves
accessi bi Tity of th Ilnlé?ge 16 0055 The detectio

Ong r@&'?laareuseéﬁ' ARsE 0 r%@ ? 98¢ indhe vantign @re thiol

moldBiidY lstggche/| '1% r%@ﬁfq pioe aRiRCHRS c”&élﬁ‘?bﬂzeﬁleféadt ecanoic,
contacted wth el ectrochem cal activator, Ichi1s

11ﬂn¢r§aaf@d36armmacnoors‘eo -meseapipteeanaigacidbar ts to t hese

°! 2foighzf X 6Kl blatnpif h BEHIAE"SIbEHaPH bUAEH the

hash & &l &ctT 08T at 1 ¢ ar ge enentary
analytet melesubrta be tdetected ¢ thﬂmcgetaofect with dbﬂﬁl@trdderm that

e SR B 5 SRR B e ireCRoBRBled BefEE st aver on
the\/\élleb’@ome shdaceaditk balieon dpatdine afplusdity ey diffetsreindftes to
besc&tm a stable Qnductl n bi | a%gﬁ_@w a.electrostatic

@Gtsgsm)m}n '@aﬁs@fe Ff'uPFﬂ'ér agelvies ican either bind
smﬁh@ﬁbbeglwéoﬁ ﬁAoWhé.P ré‘éb&ﬂ@é‘baﬁﬁﬁé%&le&ﬂ
ectro em cal

transferring ele to or fromthe electro

act [0P53pAfler oallawingo thecandlder nieleculeetpdeindvia yihe capture

b, THocL 8 I RIGRYEE BBl kO PISE] Yh peotoce.

Reaumirtg dheablhlmm*fd toaquhsrfeemwlegﬂeis eist Dpnenaiajvubenawdeﬂen be

neous t he .el ectr.oc tivat ol
ac T THbRARS P tiee hrlatn  treC FROBEURE B0 TldntibRtioed) are
capdiste &f &rding h@ﬂbﬁgl thacdralgbsto We aéteeledt lblﬁ S80end agents for
al ready, been boynd to the el ectroglqe arr erren

INCERASHO {0 AENGUGHVIE SRS AHEVIER ol6L§ o1 6 AHEID S helsb Pations),
whidhat wiip %MIYV%’ﬂe%ré’y withe ﬁ'eect‘e%Gﬁ@e@S'f C%e agldcrdbREmical

(and optionally in the presence of substrate
memsummtg) |s able to transfer electrons to or from

boul ey TR et Py el Py BRevinitoaly.

In thenchss, ltheacapmag/ eroléculer dreo DNA prates:; this deay befacemplished
the jinventi

referred, egbo nt, of h t is
by 3P B hE B SRTTvEN St oM RboR R BRI Suth as
mubgridsginaiieae, Alucidae®naualitis@sd SliaKenhe %bﬁttﬁé Widlecules are
Si n| ficant] xbreduces or even elim nates

lov, gilegidri weighh diganehs i thasa igaeds afe amebilized Ansheceleghiodes
viaOhn! Bfzy#esitally CARERASIe Otovdiants fikddd) Fof! SEmPBSvial BHSester

linkage. In this case, it is possible to use, for example, a carboxyl ester

hydrolase (esterase) in order to remove unbound ligand molecules. This
enzyme selectively hydrolyzes ester linkages between the electrode and
unbound ligand molecule. In contrast, the ester linkages between the electrode
and ligand molecules bound by peptides or proteins remain intact due to
reduced sterical accessibility of the linkage.
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resulting in a higher signal-to-noise ratio and hi gher

detection limts. [0057] Subsequently, an electrical
wore@sism@nent is performed at the detection el eRCT/OEE04/000351

El ectrical measurenents according to the invention

i ncl ude neasurenments of cuyent as well as of voltage.

The result obtained is then conpared to that of a

(o PSS TRESHSERT biock Bl Bl PR % PnRIEH () dhltieleFare

imrodbilizech Vieo ISIDE@fIC captune emuéedes ess dhenngohtsictechcwidh the

ele%(gg}e |§§ ﬁﬁgﬁ)‘g nceq.}@(ﬁs}ggﬁqongaﬁr{g a@\%nél%etshgrtld ?r;lparts

to theé@ewonﬂcaneogducnk/ltgamb @lmitxloehémmalta@nmbr has b dlbétrostatic

tor nolecule to be d
"eté??’@é ihal|ig eomplemeriaphiast Q G'Eth@%tQH% |"§t claafae ddhe complex
fon’ﬁ&éw\ﬁé@ﬁ‘h caﬂtJré PholbBuRUSH én WRYI é‘ﬁ{oléélﬁ?{gﬂégeﬁy%ﬁﬁmg a

bet ween the values determned is greater

seqong- layer medthenelestiord, wilesein thee seeemd dayssiand dne first layer
58
tog%ﬂ‘l?etrne t hg dsftélﬁe ch&Y@c[@ @@e\‘ \/Faselb&rggt ﬁ@%&ﬁ%@g?rﬁbgﬂ ]

ned I’n suc
r ef [@056]: §urthasmrenmlm cmnebtmnnelestrodenﬂ tcohtacteﬂawmt amggent

caqﬁpi%% Frgpgfrggg‘%g Iggtrr%rr@e;sdtoz{)w %@rﬂe S’gﬁq |gﬂcaé:¥|vator from or

to maélaétemtre@pédwwyt vHidte an&fcﬂitat@B@H everaathplift thehslectron
a _neasurenment Wt sanpl e sol ution

tf&@%fﬁbo‘%@weﬁa g@nt%%ﬂ?h@”ﬁ‘néh?t @@Cp'@dﬁe the 2qet. capable of
trarﬁ%%ecﬁgoé%%tr@ﬁ§?ﬁév beN%88éd YimufiabSiss 3 a}g fieCtrd eleRtrBBhemical

de arrangenent conpr|S|n tection
actieéar r ifd@dvaneaiboke dontacting ythag rogle @repgessmennithl the

eief bR SbpRllorBFIag FR) SaMee nas, i °B8sh A o e

conpri sing: on the
elediode tarcangeimetis Aoy agaxpir capatye camphpsferinge eleminona may be

C re nol cule i s capabl e of. bindi ng the \
s e upofpeBiaia bY W SiactiohBined] Atiusloh (el pethally in the
presehes wiesubdtreic olécugsiordabley®y tréﬁﬁf@fléiecmbn@nto or from the
el ectrochem cal activator, wherein said

elegirachemich ﬁ"PE‘éﬁto'écTth@er the A98At 48 Rqungstoatintereriated in or
asé‘dlﬁétgﬁ \anﬂi"tthé %oﬁ@ﬂ&h)%’@f‘éﬁrymhﬂehh&l Qﬁ@‘é’léc‘i’ﬁd@t @A, In a

he COﬁp fornmed between a capture

" prafned embasimoat e \gventian, dbe|agenkfitARIaNZyMe Qieal@AZyme-

cortqﬁ%f&tre Fid %ggrﬁ)y fﬁer'c@ﬁ?@y?&%ﬂt S‘Iefhef ? t|98rlﬂ SEF r;<5‘f7q.|c:’ture

ayer. one prérerred e e afran
signfflcah’d!ylnedanesomr aven aliethaieshdne cad)n-aptacmelt adsorption and

elefg@bgmttagg iigfgretlct%fn BP the oarbde% t' n%agle oY ?ran(s)PerFirrl]ge electrons, thus
resulting in a higher signal-to-noise ratio and higher detection limits.

[0057] Subsequently, an electrical measurement is performed at the
detection electrode. Electrical measurements according to the invention include
measurements of current as well as of voliage. The result obtained is then
compared to that of a control measurement, in which capture molecules unable
to bind the analyte to be detected are used. Examples of such "control" capture
molecules are nucleic acid probes having a sequence not complementary to
that of the target nucleic acid molecule or a low molecular-weight ligand unable
to interact with the receptor molecule to be detected. If the two electrical



10

15

20

25

30

el ectrode is a polyneric redox nedi ator capabl e of

transferring el ectrons between the anal yte and the
web@shs@ae. Mre preferred are el ectrode arr anpEneGL084/000351

wherein the el ectrochenm cal activator contains netal

ions, and in particular preferred enbodi ments these
nmetal ions are selected fromthe group consisting of

. | o @l h n |
meéét{ré@%nh%q eg na&@ﬁ% uarneog“cfcﬁ\g ol o?‘fe%%reg%ﬁ\ Hiﬁeﬁ’ﬁﬁ‘s‘dﬁh a way
thaketheaiifferente dfetwéen ihrevealues deternmined écgrasder taan anpenegfined

o] S TS BN £HHARE e, SERREHBRADRs, i3, 00
de’[géteao the el ectrode, respectively, wherein thel8 agent

d_t t I d d
corlB088] Fieimehye manaBAOBeTEReON SHILE MATGhaha feterence

meRsGERERdaRl €5t MSRUPEHBREOSBENdeBERYS Candlyie8 BR® performed

I'nvention, the agent 1s an enzynme or an
simefiageeusipnioigamay e denp, foreexamels; inyncaindpgr@dea sgference
melienfiiy " 8FinS Ui 3080 LA RSHLAT il [ ARIRRCRr®d drhE, o

i osensor sensors are
mens@@eskritwitthe Samplssclutitn sspposed/ta cantaihthe analytes to be
q bi ochem stry, pharnacol ogy, m crobiology, food

etegiethnol ogy or nedicine in order to analyze the

Pr efy0Bof TARA [SrRBERNT gbhiith Ofs calsbai diretted ytes ann electrode
gi ven sanpl e.” For exanple, biosensors, e used to
arraRgement, fareRHwng A kﬂeé%féi'%‘r elRGHiRses SHi r@é @raipg jQut an

eleﬁgbbl‘?éﬂlﬁaprd%@%ﬁ&ﬁ oflUhh ”Qnﬁfy'té ' ﬁﬂilediﬁé ea§V€1i§01bsed herein,

Wever, suc I osensors may "al so be enpl oyed for the
comptigiogi on and quantification of contam nants in

dri in
oo arp otSf daelugbiizRY it RS defition BREREHS comprising
comptaxestt&twéem aer)eemqn‘e_ em?IbcuIed F\tmmft isneapqbieeof tmnd@grtbe analyte
i 0 s sjngle n ti hi
m(ﬁ“@qﬁl%jog P%F‘F%gﬁlds%l??%'yﬁ:m%ﬁ%‘%ugegt ey][n;: IOaI 3im;ease
%U)e Obhﬁcohamdyeﬁ@@mphsmgm@I@tm}flemlw emavamdwherem
rof eoni cs analr%/3| s of {|0t e|{1 rotei

salh RledaSRIA L AdUpIor nEepo A reoPdesElE: S5l Giargs That s
COHR%‘H?ﬁlahP{O ﬁme@ééﬁ&éﬂéﬁl{ néte&?é{?b@ lof i é‘@rhbiéx fbﬁﬁ@@beﬂ?@en a

Is also directed to a bi osensor
capluce tmolebelei and adanalyte Jnoleculen VERIPIR @W%’@I layer and the

frgt A SR i £ PRATABEEIRTEEC" LOMn:  Shg  coml exes
bet ]ancape upn@feméobcalécﬁrodmlartangemma@ﬂ thefinvention, the
%;ﬁqcb Sida phvista Ickmia S of ticliuEhg Bifler A the etetotion

electrode is a polymeric redox mediator capable of transferring electrons

between the analyte and the electrode. More preferred are electrode
arrangements, wherein the electrochemical activator contains metal ions, and in
particular preferred embodiments these metal ions are selected from the group
consisting of silver, gold, copper, nickel, iron, cobalt, osmium, ruthenium, and
mixtures thereof.

[0061] In one embodiment of the invention, the electrode arrangement
further comprises an agent capable of transferring electrons to or from the
polymeric redox mediator from or to the electrode, respectively, wherein the
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(c) a second |l ayer conprising an el ectrochem cal
activator, wherein said electrochem cal activator has
w@poosleads ost ati ¢ net charge that is conpl emenPEr/yGr004/000351
the el ectrostatic net charge of the conplex forned
between a capture nol ecul ggand an anal yte nol ecul e,
wherein the second | ayer and the first |ayer together

age’n@nérb@uﬁertaumteraalatéd RY6F astOaEH Ve th@v:%ﬂauamgabn‘rg/er on
relates to new ferrocene-based redox polyners that are

the detestion elgcliede. lawa perferred elestede ewangsment according to the
mvﬁ;{%ﬁt Er?&H é’f‘ltqglan%ﬂzW\%;é;rraa{{ngni %%%bﬁ%é’_” met hod of

nvention as we
el 0063L fibei dadéctibet electrode a8 welluadh the corresponding electrode

rr ne- ontai ni.n ners ysuallyl9 und o free
arrdr OGRS o iie B0 shRVHE, usptl S asenslis SUOT sehSSrs are
negdedenfror Snatn@fv efiglasinGuchat ag edmanarRay m%hérrﬁétﬂl ai BlbdHemistry,

ferrocene can be elegantly and readily, prepared using

phagmagolagye IMierabioieQim fepd ﬂﬁ?@@ologﬁ OrdR§ lr@ “'\‘ pislar4o analyze
the ”E)P@s\é e %n&bPﬁMtrﬁBﬂ Wtc%ﬁalﬁ %91%? HV' ﬁ\%m sample. For

persu ate salt as radical 1nitiat
exanepleobiosenssimay bee@edéeemiolmtnr;g‘mqsedarbl osednagamples

of Gt BAREL 5 iR FRLCEnlE), Pl BB OBAR0SE “Sucn
biogperisorer magaalsal be bmpluyed for lﬂmilcmtectsort Feicl quantlflcatlon of
i, mmobi i zed .on._an el ect rgde surf fa?ﬁet he

oINS § L HRRBBSEieE. TURGH S8V S VErBgHe ASPIER appicaton is

theanéeé aFNsuoH @m%bﬂﬁérs' Imgbﬁ@nﬁeb\“ﬂéﬁtsc Ff@ls%xlahﬁ}félbfo? detecting
functi onal roups f oun I n he enzyne an

gengsy @eng m T'Qfﬁé%oﬁﬁ(SlﬁsI%xﬁﬁ?'eonﬁ)Q?]yﬂwphl&mSe(SNPS) that
arep&i%‘ﬁﬁ% Z#h&ichiid Rﬁeé‘@éé%%bv T #RS ofRRthardD shén gﬁ&%nsors

first nononer to forma redox polynmer $houl
ma)ﬁo@b@sbeaugedjemcpmteuomma egvifoy the anstysl;ar & efroteingprotein

el & GoEdHPHE Henkfolh, P Menc of AR orpror
molecutes i ncl ude al kenyl groups, represented by the
o2 iBn SR by 350 it Lo RS 1 bbocnomica

detécmmbf@nghammomcgle RBATPtsing:0l uoyl , and napht hyl
groups, can also be used. Furt ernore, the

pol(ﬁ1 r i 3 Splestign laStedR; al so corrprl se substituted
abpms YhREE] dﬁﬁle? J)W'tﬁ@eﬂet(e%h@n bé‘l% é‘eoon%])is‘i’t?%'},%mplexes

brom ne or 1o en or roxyl noiety
betwegnm @ap&,u@mcple@ul@,swb lsrcanabé Af; binglijgnthe: analytenmolecule

to tfqaégl‘r\%ge%‘ gﬁﬁadngklai{}‘ﬁsﬁ\ﬁ@gBul%gBB Fgogg]aﬁﬁ ggmlsnc ude an
enblojli neatsecond tdyer ponyprising fart blectrovkernioah activetor, wherein

sai:? lg)(%‘irl éabl 7 fer Yéggf héljlse rb\r/latellé/cﬁros?at?ce ﬁé:tt ec%arge rT%ha‘[ is
complementary to the electrostatnc net charge of the complex formed between a
capture molecule and an analyte molecule, wherein the second layer and the
first layer together form a conducting bilayer.

[0064] The invention also' relates to new ferrocene-based redox
polymers that are inter alia well suited for being used as electrochemical
activator in the detection method of the invention as well as any other known
electrochemical detection. Although ferrocene-containing monomers usually
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vinyl -ferrocene, acetyl ene-ferrocene,

styrene-ferrocene and et hyl ene oxi deferrocene. [0069]
wah@spsmsence of an unsaturated bond in these PCT/SG2004/000351

derivatives would allow the ferrocene nolecule to be

attached to a pol ymer backgone via copol ynerization

W t h anot her species having also at | east one

g6 18 Gof FoflzRuss, Wik Wipab Uiy, ooy e
foupad | thaterddoxt paiymefOGooaiMog ferecene an heralegantynand readily
that, |

q i ool e . '
proiing 35 el ot RRATE shPOAISRL 28 B s & micure of
eth%ﬁ@l}dri@@tér,do@?ﬁév&Iiﬂhveeﬁérsgffaieﬂfgalaas padioairiyitiaiord or
ase 1U 1 on roup capanl e acquiying a ne

onaiogeSLThese TaudaendrieiNaturs baskd ' Phbatis ey Haed as
diﬁﬁggnﬁl%ﬂééﬂdﬁrﬁnﬁér WRldiat8% iR da%éﬂébﬁws&eﬁs.pol yners

and thus ensure that conducting Dilayers as expl ai ned

abolP@66hithpse fesroasne derivadipes bagsed FoOIRersfan Apabgdised as

meglr?f\g?r)%%ﬁ{ gfée@ﬂﬁggﬂz%’@g}éﬁagfgfé,%ﬂpﬁbesmc%%oeﬁeﬂ%ached o a

te no ere are two o
prot&nunolecelet sutivassat enzymg ar aruiantipee, vargrosselinking between

deri vat i f . ] .
cracg Bk i ncibnel 3R B0y B RuR tvElq o ¢ skt sheip o
the@deg polypierat | east one unsaturated bond, which can be

kBTl G2  RrbGi o aenghalodt bo usea o
a f?gf: ofmer BE iGF1 W rEdBC pelyARSr ¥Rduid Spdsess th BRIaBh&in unit

o function as a Bronsted- "Lowy acid or base by
haying durc ngatHrated soand, spchcrse gt Crig deuldar triplgpbend,ven ¢ N-N

net i | qr ' oM N
coETR o 0h i3 B ol PN S0 SO s o
alkenyingrogps,uepredented byrihageeptal Hoirouls Re-G=6F-mloe aiogle bond

cs§ st Bl 58 oo Gl 5up8e

phéhys asiuayle saridd naphfas egrbupsnsannalsbi ber esqk cFurthérmare, the

noted that although the use of pri ré( nm ne, grQups, is
poyrsrizablecdiolP R Yoe semPriggptiosiiuien C-rioms Wagrela t haidgen
(e.gp!rﬂubhﬁe?‘&h\drﬁ\‘é, PStoRfTe LHRlodhE)Q SRRRIMIRN Ynyirok! friofdty for

m ne groups present in the acrylic acid derivative |
examplen esUbsEtutes aneder meregbyidioged atqmosian atbpncatmpedn the

o e h
gt PLoPgt X1k iholle ERNIRSh ahlyd disfirhiciinge, | 1!
pri {8068] dnesomiec emimdimeris 0 the Ppoiymen rodl thgr dwentibos the

n case of a branched side chain e, pr t o
o ERRIe’ terEoGiey CeTvaive & Shsted dioBn, SR gongisting of
vinjlidriocens, satchfbhe-iaeso8re; egishedfariocghiy andlagihyienen oxide-

acid or base functional group, preferred nononers that
ferspGengsed as the second nmononer in a redox pol yner of

Itrggl[(&%ﬁif‘gg (¥8861¢e bf aR'urReirht<d Bbhd if2hésRbibNatives would
allow the ferrocene molecule to be aittached to a polymer backbone via co-
polymerization with another species having also at least one unsaturated C-C

double or triple bond, or a N-N double bond or a S-S double bond, via free

“radical polymerization.

[0070] For the second monomer unit that is used in co-polymerization
with the polymerizable ferrocene derivative, any suitable acrylic acid derivative
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by the general fornmula (1): CH CH C=O R21 wherein Ris
sel ected fromthe group consisting of CH-NH, CH
WO gOSo4diH+ C H - PO H and NH-C H - SO H, wher ei nP€T18G2004/000351
al kyl chain is optionally substituted, and wherein n
is an integer fromO to 134 preferably O to 8. Thus,
the al kyl group can be straight chained or branched

ha\ﬁr@'uct nﬁ\%PSPrdcﬁF oﬁj%beflﬁbtléﬁélp%@uBOB%Mé i &dcmmﬁg a net

such as cycl ohexyl l es of suitab
chaape paatheousaﬁi dhissmeans Hhe mmt@mm@vna@ fer positively aS well as

negﬁ & t:h%d%il Rp&rﬁ&ﬁ e%u{i St?@ PX%uergy‘fHa)élrc%@: ybrla ers, as

expialhew abbve cdn bé d@nn@ecgrlnesp@awefmfrmbaneﬂxmesgesﬁ |the|toemplex

forée Huoaacep Or maiep lF and saRNGR moleuigs. Bt ferdare

tweE YedltePneris §BP Isalastiag %hit@olarémpﬁc bRt deAvative quwas a
as substituents are phenyl, toluoyl, or napht hyl

monamsgiein erdenfardhiomo-pelysierige withbiner fleroceae deé'Mﬁfcb\fq JeshOU‘d
poﬁesgr&néid%aﬁ%ﬂgpu%t&fatéd“bb B! @ WEWbeg g%\ﬁéeé”b%l a C-C

r'opox utoxy erea
domblald{ylhplgrhmpi (033 asMNadDebllefbcmd ONBIS d(N(b%pond for example.

St R iy, A e 0 b AR AP A ot

LowR} it arfbdset weprodaiemgt H1WHE anby 206€ptay Ho nsns crespectlvely
preferably bet en abou 000 and 4000 ga ('1:; {yomcld
ExIeIqs b AWRRIONAL GEOURS, NG 8N BV 4P or

basé ‘flﬁrﬂc@lbﬁrlné‘lhﬁé %r%@@nﬂ@%@@p@fwm% l‘:ﬁﬁ fao'b@bt PF‘r |oh|s @b form

anounts of radical initiator SI g ficantl r educed
chagedramingaroups, eﬂffqacfb@% grounss of ﬁuﬁ@teu whicB feR FaajenEl dons

wh%ﬂ“th?%ckcfmcn{mélﬁfé% tQQ'io rdiBhse ﬂ*ﬁ@ngelﬁ let A ect, it is

relative |n|t|ator was neede
nomni hake altlmlgl*othqomsn: eﬁpnmewmr@jgtwpﬁds rmeferneggn the present

|
apffiiEn, G e’ B dRe RE bRy, HBC a0 SRy ardgrian
anrg@?l Lg@?@;gs fﬁrﬁ?ﬁqut:neswzm @eid siedvammssad ben ugedanemrder to
et al e of
gen i Rt Srarapd cedek pdy el RifEieRpedt s alspyroted that
thd Qgﬁﬁdr &Mﬁﬁ%né@%ﬂh@@h itofk d bﬁm'aﬂ)/ BA&] @es hbeneed to be

redox pol ymer has a ferrocene | oading of befween about .
a tesaningl grin, ROJe cespiof A Pranshed sida Cb@'&rﬁfm be present "within

the shorter one of the side chains.

[0071]While any suitable acrylic acid derivative having an acid or base
functional group, preferred monomers that are used as the second monomer in
a redox polymer of the present sensor is an acrylic acid derivative represented
by the general formula (1):

CHy




10

15

20

25

30

about 14% [0075] The present invention is also
directed to a process for preparing such a
wowrisn4Eaed ubl e redox pol yner. The process essePtT/a61094/000351
i nvol ves pol ynerizing a first nononmer unit of a
pol yneri zabl e ferrocene dejj vative with a second
nmononer unit conprising an acrylic acid derivative,

o5, SR g BHGAP Sy O SN 8 GO0

ce a cop vat'l
NHg0sld & sBExHararak NiH-6, Hp g SO fHinwhesial thgralky chajabis eopsionally
a iring,a,net. ch e.. or, h
s, RO BRnad® AB BB oo 6,12 Brerargbly g & Thus,
theaélkg bLi_er car bewmndightidhainydesenaachéd andicaint ¢ombprise double or
_[|OO he additi on sequence of thf rmnfngrs a@d tabl
trigighinonde ofr BaYAE YHIGIUE, SHER B MY ‘%‘,exb’ XARRES; ¢ guitable
ali;Sr%gE' moteﬁi@stiLrﬁﬁ A8 GuBLERRAT TP BRI Ricthil, #tMANBIdMI, isopropyl,
medium and then add the initiator to thelinitiate the
butybdsebuiyl, penty isppentplohexyll eyelehaxy sy edylofename; déew. The

et TRb o cRp TEHEE B S GoRRIEpTE ABHEAE Shou Bl B8 ooy

a lalogereatony d ngtharmsemr'e[oﬁﬂgmup;«mr @incoradkyl growepli forrexsample.

PRI CArpRC LR T B0 s oSl 35 SBisfiufgfie 453 ‘mheny,

tolab @ R tiaphiyr.oNe RalByen saempzenioe selethel froluiaeridec chloride or
ratio is usually within the ragge of ¢

51 01
brqraices FUPMRRS P SulARS, el @oURS AT, MGy, SHGNY: BopOXY or
> . . .
butdY: %e%%%ggzmggﬁygg@ﬁ% deitsttbd Yiom LNHMé,hﬂ(meyg,esﬁEthyl)z

Is'carrie aqueous al cohol i c solven

oreN@®opgiaag et hanol and water. [0079] Although

pol j.Zat | d d ;i oy ;

ot 19G7aITR ol ERARERRS th I phfifnct tr hERvelicRhas
melbtwak sdidiet ef dettween r aldutc €00@rand G00O &altbhe, or preferably

nsat ur at e onds ,j nononers. Accordingly, in

be; %?'h@{)métm ?@if"b@? %8n§'nventi on, polynerization is

| ni [0ER30TRY indshtoss haleeleundditatl thenatrioambrof {E0]initiator

Ané free radical initiator ,cang_lf,e used. I%xangl g@. I
afiegtadude; Aeggeniaf palvimerzgipng 'gBr@mqtéﬂ% gL radical, initiator
Sk FRTREHT 0Nt enceryproaig B recor, poymer
havingp laywerc ealectilan weighig e alsaimeant ihati el@vely little radical
. f. ' : i I
(PTG BrOS8S, SAPPLEFS ol o
radicabpolyatesidation dsadtions h Apendrfrore rthe ruastity| 008e¢ radisalnipitiator

usBA2 T T30 e B A B8R %o Bt Bt Sl Bt
bel®RSih Sleldtbnofo anpritiess) of the invention, also affected polymerization
efficiency.

[0074] In another embodiment of the invention, the redox polymer has a
ferrocene loading of between about 2% to about 20%, typically of about 3% and
about 14%.

[0075] The present invention is also directed o a process for preparing
such a water-soluble redox polymer. The process essentially involves
polymerizing a first monomer unit of a polymerizable ferrocene derivative with a
second monomer unit comprising an acrylic acid derivative, such as a primary,
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persul fate, potassium persul phate and sodi um

persul fate. [0082] n sone of these enbodi nents of the
wo pwsntdson, the weight ratio of free radical |iPCT/B@L004/000351

added i s between about 20 g to 40 g per 1 gram of

mononer . 23 [0083] The proegss according to the

i nvention can be carried out under reflux above room

doRiR ' I OBopolymepNT ic aci
o b PR o ndne 2ol 2cid
derivatiyetpagsessasuae asid wedmsebiictiogml group sapabljeo 0B apauineg a

ne cg%géé‘ IR o&{aﬂﬁ%ttﬁétqggfrpéﬁngorn%aﬁ:ﬁén %Oééfﬂg& itoﬁlgfdé%@ Sgﬁaous

pende on 't rature used a
alcoholicwnedaioin theqedsercd dfean guiEtoon brot h. Typical ly,

ol lzation..s carried f [ 1
Po. W7RhIPe' Sllion dicuienbey ot e mihdinsly’ ol biEigosep oo
varstl. ererogiaraple, af id POsHIbRS e tmixnieNfirst cartt seesnd frondraer in
Dr1 ses produ0|ng a Fre-reactlon m xt ur prior t

alc(égp . pym,,ga@a‘ql'@nfz!ach heginiiaderdoihe ipifiatee g’reaction.cft is also
po%ﬁl%rfosﬂig%lvg!oﬁ%obf’ gl rﬁcﬂﬁ)nzfrﬁ%g Lﬁlﬁfdug Q%Ii\dlﬁlh‘é@ium first,

nomer unly_]n an aqueous ] C nedlun] en .
and dkkmadd the initietorrtadi, bafore midding he; otaadmonemes del theymixiare.

I . ) . . . .
o A7) 40 ashBlc Hfo],6hh K, pERTRAWR Y biakd fiEiole
orgemie @dcohol, Her fezadiphe alighadicodicaloly| suchaas ctiammaly at iarematic
alcsPe iy as Afendle- Tt FRRHTRE el s Vil bt tae spnggof ca
5: 174001 1t(BRoMEI\gAter)0Tn sBMeBMbediARmMtd, St iBradbet afil.e in
order to obtain a redox polynmer having a suitahle

h
ol Q78N i) @mbme{ﬂw}%dbﬁt ipvenig AN lenPkpeess i gagried out
us@ Y s dI66hdMe! ORIt %mé)i?isss %tggﬁﬁleand water.

rivative-nononer unit 1s N an agueous

al c fog] Althedshu pohyenesizationi mgy surgeeed avitheut ilea@ddgien of an
i € S SR TRl O AT [ e ers

fowaut @t cthegumsattilzm:ed rbamds an the mfenbmerﬁedAa(o;ordinglbst inaaadther
erisfclpmRtt. e iuertions BoRlsrEaing s ielpd ¥Srasising adigermdical

inifgtok.abel ) serving as capture

[0080] Any free radical initiator can be used. Examples include inorganic
salts such as persulfate salts, or organic compounds such as benzoyl peroxide
or 2,2'-azo-bis-isobutyrylnitrile (AIBN), which are able to produce radical
fragments called initiator fragments, each of which has one unpaired electron
which can function as a free radical which attack the unsaturated bonds in the
monomer units.

[0081] In some embodiments of the process according to the invention,
the free radical initiator is selected form the group consisting of ammonium
persulfate, potassium persulphate and sodium persulfate.

[0082] In some of these embodiments of the invention, the weight ratio
of free radical initiator added is between about 20 mg to 40 mg per 1 gram of
monomer.
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nol ecul es (20) and thiol nolecules serving as bl ocking

agent (15) for reducing the background is inmmobilized
woros/ogahsl el ectrode surface (10). Then, the24PCT/SG2004/000351

el ectrode i s exposed to a solution supposed to contain

the target analyte (30). Pgllomﬁng hybri di zation to

its conplenentary biotinylated target DNA (i.e. the

cagb 88 TR gﬁ&é&k SofdiRY ’fB'tﬁQﬁh\V@ﬁP% éaﬁpbelc%rﬁéd dahBAder

otin itnteractron. Fin r edox
reflpo Bhave rqmﬂ)tennpetatmeg but genetiady bletawy ﬁaa%c Jorangeembodiment,

I e
to 809€. enzyne | abel s bound to the target DNA. n the

Séﬁ@ﬁgﬁﬁaﬂ%réﬁﬁﬁ@%eﬁ 81 15 Ganbifed dat GPgAton can be

hi ﬁ%@n @ﬁ@teﬁﬁ@%hﬁ@ RAIBRIEA RS BARIUNY of Higatera868d to the
I rect corre es to the target anal yte

reactm@mt aflypiealiya pakemerization isofartied put fenaesiod hetween 10

to ROV, AT BlP B RBRB AL U Lol on ot rat i ver

nR O%;Amerémbowmemssl off tihe Pyestndady@nfiverRiwocess further

o ARSI LRGBG8 1

sedondnmenbmers) totdPkkingl0 ng of this nRNA were used in a
total volune of 20 mcont |n|n91xeAM\/bufer fro
Si gaEsoldingr ftheg qasyicmasid deryative MENeMeoURK (4 ang a@”ﬁ)PUS

alchiGkc medidftREA) . 500 mM of each dNTP, .0 mM
antl-sense priner, 20 U RNase inhibitor, and 20 U

enhadding the frea ragiealgpitiataroand thert us r ever se

t T ' d

| BRALPEE h RrSEERS Sho e ARHOAIE 8 o
mi8@usd.em 9700, Applied Bi osystens, Foster City, CA,

A ogbih L A RES 1 Bl ted i Bing rto o
acrlt%? fa@rdﬁ”alén\mttvb 0. ;ﬁblvmeﬂiatglbefe%ce@@dinmlve it tihveeprieareaction

otal vol une of cant ai n cc

mixtueshingt iafis. betweep gbput S AR % of i i @wﬁﬂpﬂﬂmef added
is E#ﬂfél%tb?‘e wﬁ"dr@er?’to %@M Mifdx p WaZQQutath 4AorMilar

each prinmer, 2. np St art AccuTaq
W%!Qh'fy’lﬁlér\awsﬁhd m\/l dNTP (Roche Basel , Switzerl and).

g a n
rec A ey 8ASR i RASER 1 Bt femocene
dedediivérmgaoamee UNBABDHS solaerd:l i aregqhaomj alagimotic pnedivim before

ene 5 0091] The foll owi ng priners were

be&@e%‘ﬁ"é&%ﬁﬁ? é‘%‘?k’ ur UrRTGGTGAAG GTCGGTGTCAA-3 ( SEQ D
NO 1); GAPDH antl-sense 5' - TTACTCCTTGGA GGCCATGT- 3
(SEQ D NO 2); TP53 sense, 5 -25

EXAMPLES

Example 1: Detection of nucleic acids

[0088] In general, the detection of nucleic acids according to the
invention is performed as illustrated in Figure 1. First, a mixture of thiolated
oligonucleotides (also carrying a biotin modification as label) serving as capture
molecules (20) and thiol molecules serving as blocking agent (15) for reducing
the background is immobilized on a gold electrode surface (10). Then, the
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ATGGAGGATTCACAGTC GGA-3 (SEQ D NO 3), and TP53
anti-sense, 5 - TCAGICTG AGICAGECCC-3 (SEQ D NG 4).

wQ 0@9Aa}04p0r the synthesis of biotinylated cDNAPGT/SG2004/000351
di fferent anounts of biotin-16-dUTP (Roche, Germany)
or biotin-21-dUTP (Conteela, Palo Alto, USA) were
added to the reaction. Anplification was perforned

elettPddifid Bfhdsel! 8V QSIUB ﬁfgukgbsécfj [0 rcoﬁfém i taﬂjget analyte (30).

enaturat’ion step at 310 eS of
Follomging mybadizahoratto gwmmplezme@arwsl@aylatﬁ iangeh PNAdi.e. the

i, el U B 50,7 o A iR

interaittion. eFigalty, Eﬁ\l@eddsx QOWerA(At(BrlsEa)bergm trattme)rellecttrCEieP@mace
rodycts we epar at 1. 0%
toedjich, fN - ByeS ertiicsietin SRTESSPELDR bhoreae Pme laver

ele€irocHdRidaily ﬁcﬁ\iﬂé‘é %@enk@ﬁ@ﬂaﬂel@%%dl fol et tadget DNA. In the

control exper| ments w thout the addition of

prepenee of guipsiratpraolecries: BEeiesCuraiti ganesatgddrom e sgtalytic

ox@?t‘ Eﬁrﬂﬁ%%b% §1Jégn%' @ngsot ?ﬁﬁee%hegg:gﬂ% hTﬁgéc#lrs%'ﬁg directly
correlaesdpitie rtayrgeanalymuRjncegtraﬂd)m jrethersaraple lﬁ@dl—ﬁlqu

bi oti n-nodi fi ed nucl eotide were m xed with dNTPs and
added to the PCR reaction m xture in order to exam ne

Exbﬁ@él ngl efrhRblife nextrdction | froes  PatbrtissuidsoraridPs 8ynthesis  of
ﬂ s 5 and 6 for GAPDH, respectively). The
tio of biotin-16-dUTP (or

bi o Th@%ﬁ}édlﬁﬁpoﬂféﬁ WérOWRNAt easf rp?wm?medl @smg the
retarde ncreasi ng rat

Dyaab@ﬁdﬁ® mnﬁm&q I?PhF%ma“’ ciié @yre@ A%‘\n@;sﬂ?a quevb%'%qqa@ng to the
l;
L AR S R

weEx asptl en]a talCapumecofp2® ipe contadiing i 1z ataAMV deuifer from Sigma-

AR R TSR B Ky e Bl DR o) AL, soo

uMbe gaahlcdwm | tlesuM setiveshses priet, 2@ Lb Rlase, mhl’mltot harad 20 U
cul es were ilized onto

enBBhed o e B ettt BB T, The

sampiedWwbrd ﬁ'ic&@ét'e@ﬁof 50 Aif Gt BBPELe a®NAhﬁeﬁrﬁa|§tﬁ,icl@NBene Amp
anionic thiol nolecules were used to formthe bl och %NA

PCHy Systami9780, Apelied RieBysiamsayesier G £y Lafhgnd the

ob e sl 2t %&%ﬁ%}%&sﬁ@ﬁﬁ%ﬁ%@%@ﬁ;f and |

5' - Joosa} mwmmrmwmm (oSHae R TNecadion mptture in a
oLl e 561k Gotiiy T ABATSPHEREY IGACSRAZIARRA & mu
Tris—HCI 15 mM ammonium sulfate, pH 9.3, 2.5 mM MgCl,, 0.1% Tween 20),
0.40 uM of each primer, 2.5 U JumpStart AccuTaq LA DNA polymerase and 10
mM dNTP (Roche, Basel, Switzerland). Two different genes were chosen as

b|

analytes, a housekeeping gene, glyceraldehydes-3-phosphate dehydrogenase
(GAPDH), and a regulated tumor protein gene 53 (TP53).

[0091] The following primers were used: GAPDH sense, 5'-
ATGGTGAAG GTCGGTGTCAA-3' (SEQ ID NO: 1); GAPDH anti-sense, 5'-
TTACTCCTTGGA GGCCATGT-3' (SEQ ID NO: 2); TP53 sense, 5'-
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(SEQ D NO 8); and as a control, (SEQ D NO 9). The
ol i gonucl eotides were thiolated at their 5 -termni

W@ 3008/940403rer capt oundecanoi ¢ aci d accordi ng t o BCEHBGZN044000351
procedures and assenbled on the gold el ectrodes via
exposi ng cl ean electrodeszkn 50 m ol i gonucl eoti de
solutions for 3-16 hours. "The remai ning surface was

| ; 7 C (] n 1
ATEGRRRATTERGRATE Go5e" IO I P08 radE ad g Wi sonse, 5-
TCAG‘T@'H?{WGP@A@G@CG-EQSE@IE W 4)out| nel y rmpl tored by
optjca i psonmetric nt.ac g nd ace
covfgpgaﬁeé 165 st of BT GETeONA s At Sicpmeupts of

biofin360dePC GeﬁﬂQnW)'o?CMbﬂh 213M©WPCQ@to$1@edW Pa@ Alto,
ol d electrode. As expeCted, the qbvi ous pathway o

US4 ewerenmddednid dhehiagien Aﬁ@ﬁ'@ﬁﬁ@'&y‘éﬂs c@%rfcermed US'“Q the
foll%ﬁﬁoﬂi@ﬂ% ARy %Hq?‘ﬁép&%r{a?ur%]%h a@a?@sq? b5 Hith Uss Egcges of

e via e ron tunne ross the insul at
amptificzitiapeat 95M@ fer 3 soﬁStEj’ﬁh&bn hgmivar angr72°C for 2 min were

hara rls of th capt Hre. pr ofoN t
porf Rl /8 i pidortuont Sonl BE B rla® U LR Mo Bl g pure
sy n(tlgegs @a‘ ﬁﬂl Mgt Ilh\lAOﬂrm Alfter amgpﬂlflﬁamﬁ ahe IRGbﬁl'{uplr@tmcts were
i gure shown in re, 3a reversi.ble
SeRAR rac1 Haw agareze @@f exlpl Visializadh by staijng ayig ethidium
broPSiak- [: _ potential separation, > 400 V at 100 nVs

_thavalue of 59 nV for a reversible _
pr ow@ﬁ] dlthaQW@dZatangs blaped gbilustipte: cppiel exrasiments without

rePSFIE OF (O B1e0 RO exeasesd Aepine o oHegon

agtemlmftewnbemﬁeenzet bkt ddi-leodgth aatl TIRGS lanat 1,04176Hep) and

AT SR Gp LSPGO b Poums o

bldtlﬂld‘d?@lﬂedlnﬁuél_@gﬁde tv%réewﬁ(?i IWIlgl @h\HTletwid added to me PCR
ol y(vin ri dj ne- co-acryl gni de) copol yner partia

redsgiph MiNEn PR doerEg, eR e Tgiesy . 1Bies 2and 3 for
TPSQ'E%V\R/EHJ 89andd 5 tndd/for iKebH, ‘f‘@ébéb?ﬁélgﬁsr Heeﬁ'l@her thocla ratio of

broium1y dgT (orrlmwvgﬁ datLTHa Zoﬁéhe@%@k\ggbt%ﬁagmgnt is retarded
in Qﬁé'%élvﬁ%%;@é%ﬁgwog@eéﬁﬁg aﬁ%r@d idtfh- ﬁ%ﬂ%bvﬁbéegtlde to

trode
norrgalrrhuéna@t»lmmphfmatlm iefficienaysid redudead, tiresdroabiyt dws to the

f a Ied L. hil . the el ectrode via
buﬁ‘é(féqe-%mﬁfgf)og %55'&35&&‘3@@8? ~assenbly. As
illustrated in Figure 3b, the bilayer coated
eI ectrodes exh| bi ted exactl - as exegt ed for a'o? '%

N :3 : zatipp4a atio onolaver
le change after exhaustive washi ng with water and
and after numerous repetitive potential 27 cyclin

bet tms#] Prier 10 #mel detectiow, ofr 2NAI Agalyieni g mituse £ tbiolated

ollﬁgnuc?§&|des, served as capture probes, and thiol molecules were

ava.llul

immobilized onto the gold electrode surface through self-assembly. To minimize
non-hybridization related uptake of the target DNA, anionic thiol molecules were
used to form the blocking component of the mixed monolayer. The following
capture probes were used: for the detection of GAPH, 5-T1oTTACTCCTTGGA
GGCCATGTAGG-3' (SEQ ID NO: 5); and 5-T1,ATG GTGAAGGTCGGTGTCA
ACGG-3' (SEQ ID NO: 6); for the detection of TP53, 5-T1obATGGAGGATTCAC
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i mobi lized el ectrostatic bilayer on gold el ectrode.

Such results ascertain that all of the osm umredox
weenwsetEoare all owed to reach the el ectrode sup¢ES€2084000351

proceed to reversi bl e heterogeneous el ectron transfer.

The total anmount of boundogsm umredox centers, .8-8.0

x 10 nole/cn2 , which depends on the anobunt of anionic

AGTRRSGAS3 ( ejry r@l@L drjagfq eszy e ¢AGT CTGINE TUAG GEDOTA-3'

of nucl ei aci d oundto he el’ectrode, was esti nated

(SHQ dh NG 8)irand as areantrof, aﬁegem&am@ﬁ?%@ww&m@ AAACG-3'
SHGRNOTY, e ARbpBERE e BR P EOR A SR S HerifRidno 11-
metcapth@idenianaicrecid aiccoting i stapdacd ptmdumﬁsa(lmagaembled on
theZBRc: PRRTOURROIY RyPQEEG: HleB | dreores e GaM goneotide

solRfiGsE 6ie 30f6 ABLAYI Thé Refiaffing surfzeel Wae Wiedl blotked with 11-
appreciably alter the electrochem stry of the redox

mepeaRaundeqangigaed (MUASAPDH cDNA hybri di zati on and

det 0 t
X ﬁe@'gg?g’nl{& ﬁ?ﬁiatlanaoﬁoﬂ'@ h{&é@rsblffaé%hfﬂlé@ rh@r'ibléﬁ&t on gold

Ication mxture was used as anal yte
elestrotiewas woutinaly puonitared tyoapticl Rlipsonagisg, @l%ﬁ @0@1& and
a t
sulfle, G RS e e SE. OB hdgels 2 sngi
coinphlci nhnm mofeduldrflayer ¢ddted ondtheydold dlecitdden ,Adst @pepelctedd, the
tar enat u t 95C ar 5 mA,an 0
obyjRug gty of Secenohernater PaMARL 1, mariay e deafif gfitiode
anB¥hé efeRiro3btvespedieerifisolUBORNb DS Ma%l%fcm?mlnmelmg across
bound by the conpl enentary capt ur,

the, FHRAING BNOIRYBheT Bedieior Rnndung [Rai b dBaraeRyisges o the
caigﬁﬁ P e&’ﬁ?ﬁ)lé%tr %nﬁﬁﬁe”ﬁ&fgh%éﬁélh?@r etk ﬁ’fve%ﬁ@é’cé@doy cyclic

I C 'nucl elr c acl | ectrode was

volehame’ergah ad).50 3 INagiSRe selutan @agtalrmgca 5 mi\ﬂcf@mqygatd@ (Figure
0 Ayl S5h RGP P SN i
veRB3atysf fp:B”akt-to peam\{mtmmssemraym I>ab¢.005 mwe at 100 mVs 1,

co%l\g%(r:t I od s ex%gggy Wéﬂ%ro? d?ﬁ%ﬁ ?é?&geag(ﬁ?yﬁ'ﬂ Q‘Bg bare

gomeeféi’:'trodbO@@Fd obb@vbl asthee ﬁn@lemﬁﬁﬁimlaij‘ar&c&twrgbld electrode
carried out in a Faraday cage with a

indigaiing s tke m&la%om@ﬂegtql%@wr@aﬁ 2hanupsh CEI% elegtjode
an[@”’f‘hter YORMbA: Tﬁ\éSFéégyx Eﬁ?reﬁ@AlNHléh &S] MBfHY @Auskd %ya electron

entlun1conpu er lic VO tanetry was conducted in
tuhrelingt leereBS thaf ﬁmncmwf,t weereBsighifigasitlyc seducast n@dzdom its

o B, A5 e CLBCBRBET e poraly

py&dmeacmhplbb(edrwm ae @s(4i4iaimethyl-2r2" dimriding)eCl/2+ (PVP-PAA-
Ogﬁnﬁas used as re o%sg(gl;e/rrﬁgpt(éam%e ef &l. Ir(5883° tnggltzv %hge%v ant Ed.
41, 810-813). However, since the redox polymer is positively charged and the
electrode is negatively charged, a brief soaking of the electrode in the 5.0 mg/mi
PVP-PAA-Os solution, resulted in the formation of a DNA/redox polymer bilayer
on the electrode via layer-by-layer electrostatic self-assembly. As illustrated in
Figure 3b, the bilayer coated electrodes exhibited exactly as expecied for a
highly reversible surface immobilized redox couple with little change after
exhaustive washing with water and PBS and after numerous repetitive potential
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potentials reported in this report were referred to
the Ag/ AgCl reference el ectrode. [0098] Typi cal cyclic
wo odosamagy ans of the el ectrode hybridi zed w t hP€T18G2004/000351
target analyte are shown in Figure 4. Figure 4Ais a
vol t anogram of the electr wi th capture probe
conpl enmentary to GAPDH c in the PBS buffer (curve

cviyar Beuht 58 O, Abllc %0 oYy creuSis bl Sl strtace
imrobitited! pleetrestaticdilagbt onsgold Ustedtrode) SSUBheRRIIRS @Certain that
all g% cose OXI dase in the bilayer., n copt

Bt STiPISLAR Alanashi wAsh g R dpecpfise and
proecbi o Rwem5|9Pﬁ&e'f‘b@‘érh€cﬁlsa@%chﬂﬂstrﬁﬁsféf‘ZYH@ offhount of

were able to bind to' t | ectrode surface resul
bound agmiwe sed@prenters, dl.§6.¢ xcl0-#& mole/rmgu w\éndrsdependﬁaen the

a0 o BA8A ci LASE D ESISTERED A9 0 aount o

nucleicramid boondripdhe retectroden wasnsstindiedXrorA the dredittier of the

oxn%lgﬁs cahpgaé%ulﬁ d%an tgc?ndgﬂﬁg R@"Mf gjﬁucgp;qeuetn ? VolSmatid fsts in

thenfiricy/@imidee BBItIBN YsHomdidH Fes uRs OBeAtical 16 thal bbtnéd an@ee bard
of current _was observed. The anperonetric results

goldolsriredantEigure Sty dhese manaﬁ%ta*ecatér&l&e%ﬁa therdeGraase in

oo, AR B, S BRSENL R i

thegiijimi gitl netl aprigsially aliel themiemmammlstgy af/henedox poheneras
found between 2.0 fMand .0 pMwith a detection limt
of 0.50fM Exanple .4: Detection of rat TP53 cDNA
[00100] Biotinylated rat TP53 cDNA was synt hesi zed as
described in Exanple . After PCR anplification, the
total amount of TP53 cDNA was determ ned to be 17.2

Exagipie 28 GAPBH cONPhgbridativnand défectidh 100, 200,
500_and 800 TP53 cDNA (djluted in TE buffer) were

anal0PPBY In prerefiminary dpdridizagiop i, ithe FtR popplification anixture
wa@/%eu@@&hély@e\ﬁ.tﬁéhttfnﬁhévgum%ugﬁ Blb?gg!a?é‘d Gm;nycnm (cf.
enent a capture ore a
Exa@iln& 8. ﬁnwasew@fd p@ltgl@rt anded et vdMyTrds:HClEM}rmM EDTA)
corfing § AUNNEL 8 FLAARRUT B6fet RE 15 v BlPaiinig tarae
cDbiBNWas Atenaymiedt ado5C Forghimainéand beoledrareide. i iybriglieatidn was

caiferBi 1% sk gBafehBseid B0, Wherala.CAEER caNA was
selébmkdly bolnd by tH@&bﬁg)lémémaepaépﬂﬁé gtdtfénaﬁdwmsaﬁ@h@omzed on

ol une, as few as copi es of mol ecul es

th%v@%@ééegf@ecwo%t Bep@@edswa@hmaestgp%wﬁbaﬂe hybridization

buffer removed all unspecific nucleic acids. Then, the electrode was exposed to
2.5 ul glucose oxidase/avidin D-conjugate (GOx-A, 5mg/ml; Vector
Laboratories, San Diego, CA, USA) at 35°C for 30 min. After 3 washing steps
with the PBS buffer to remove excess enzyme labels the elecirode was
exposed for at least 10 min to a 2.5 ul PVP-PAA-Os redox polymer solution and
rinsed with PBS buffer.

[0097] Electrochemical measurements were carried out in a Faraday
cage with a low-noise CH Instruments Model 660A electrochemical workstation
(CH Instruments, Austin, TX, USA) in conjunction with a Pentium computer.
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approach. To our know edge, this is the |owest anmount
of genom c DNA detected el ectrochemcally reported so

wo 2005/08depl e . 5: Detection of nucleic acids i PCESG2004/000351
nucleic acid mxture [00101] The nucleic acid
bi osensor was applied to bge detection of E. coli 16S
rRNA as well as GAPDH cDNA in a m xture contai ni ng:

Cycﬂ&%@%ﬁ&%/gg C]:OIW\)}I'ch %@%néﬁ\g’ttﬁhﬂfégﬁ%ggﬁét Bndcoki l;%%sﬁ/tfﬁer

coneamingAtmM glooose. AarhaPleziacionge (Gyme@ﬁysﬁmﬁramggnce

s DL Rk 9 0iBled BUBFIE g PR as o

couhtéraéle@tr%dmtArﬁrberﬁﬁc%’ﬂht a¥suobmentsederaearsied oud.a8 hge V. All
rwards, the

POtGRAE sepatad oinTHhis- EBPR Lo Fote| 61 45] e AaPS L fggence
eb&pé&gﬁs wer e used: E. coli 16S rRl\IA—spec:lfl c capture

prob - GCCAGCG] TCAATCTGAGCCATGATCAAACT
AAMMN&WP@EG syelipvaiamegrams: of dae ,elqtg@qqu d ayith the

W@H‘P%&%&ﬁ %_l_re 4@ ns a voltamo%ram of the

electnodebivith zapiuve podbe templepentanpiodGAPEN cBéngBI the PBS buffer

oR AR 20 R BRI TSR B By Ovius

catdlf?h@%n@ﬂt was ebsarvadein metpresend:e oEglumoBe dm,ﬁtosraemresence

of @ipone GAARER Inibe BIpveT oot GRS PPl an bHobBS faie

to cf??it ;lsmﬁem:rw BDNWﬁoﬁﬂh@q?@Fk mtmﬁ)re%o\/thuefnménzyme Iabels
ect]y corresponds to the ampunt of nucleic ac

weee ablet 1o bindnigntheoaisrisada isiriace Jgsulting ﬁﬂdifégei;ﬁ‘&@ble Catalytlc

cur\*éﬂﬂ? rglsdré a8 QGN%E% %*daﬁt fe%B%cﬁMl& a?gr Ehecgr'r)eflggeﬁ Ir?lNg

?nd[(l] AViien ireneDsing Dhig, electspde apsemply inothecBBonbufiRy, the
0.a concentr a

xR n RRERDI 2oty Releblbn e pf e 3BY 05 Ahac)
up@flﬁa aaamgmo iVt glucbse vatheelsuffdrt (E" quee ShyingminB@| experiment using
no%@g?r% \ o&or o t@%}ﬁﬂ%ﬁr@%ﬁét ag tﬂﬁ%{? bl Coé{’lf%]SlGl()rfRNﬁYrgnfj was
obs%ﬂ/éﬂt “I'Hétéfnﬁéroh’fe@néi?é@lﬂisl esmplipbated ﬂiélayldth\Ftﬂtametnc data

selectivity of the biosensor was eval uat edI r}
and@@nﬁrm@q)ggala thatolhe; GAPDH cDNA was successtull getegted rom the

W@@T@Wﬁﬁ%%xpenmemal conditions, a

dyharhicoringe wgs foled beiweaagodOciM aendde8:pM ovifh érﬁ@i@@@l limit of
0.55 APATTGAAGAGTTTGATCATGGCTCAGA

Example 1.4: Detection of rat TP53 cDNA

[00100] Biotinylated rat TP53 cDNA was synthesized as described
in Example 1. After PCR amplification, the total amount of TP53 cDNA was
determined to be 17.2 ng/ul (22.5 pM). Samples containing 10, 50, 100, 200,
500 and 800 fM TP53 cDNA (diluted in TE buffer) were analyzed. The TP53-
specific cDNA in the PCR mixture was immobilized on the surface of the

electrode by its complementary capture probes before adding enzyme labels
and redox polymer, respectively (cf. Example 1.3). A catalytic current was
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p GAACGCT GGCAAAAAAAAAAAAAACT CCTACGEGAGGCAGC- 3 (SEQ D
NO 1 2); single-base m smatched
WO 20880J0HGAAGAGT TTGATCATA CTCAGA PCT/SG2004/000351
pGAAGECT CTCCTACGGGAGGCAGC- 3 (SEQ D
NO 13); two-base m smatchgd
- AAATTGAAGAGTATGATCATA CTCAGAT

det{%@@c%gwmwm%&nt(ﬁ@@TP%
nucl eoti de varfations are shown in bold

cDNAdeAs | dapigted The Faueue heoruriend inereased Jiegady wilk the
cordghfefy 5t HRS R PR oRET R € b3 Ehms ouna
at aﬂilmjtﬁm $I}21l Uttaklgngsntm‘ g@d@?ﬁél’ﬁtleg ttiefsfampﬂetvo(l?wt%e as fe_=w as 1500
i ot i des _under ridiz ondi tions, i
cortes, B THE ERA sEseEUes wetkuiscrs Ll drtied bRk hragosed
appréaéﬁ‘dfl-'o%uf &PBRddgee! this W8 tiRet Iaﬁves@scaﬂbmm of hpgnomic DNA
i di zation tenperature of 53C was used). The

de’fﬁﬁﬁ@érﬁiﬁ@quf'@n‘ﬂ@@hdﬁ%@e@§P§@hed are sunmarized in

Figure . The current increnment upon adding 60 m
gl ucose to the detection nedium of the perfectly
Examu:ehérs Deteectior ofasicleis ackdg ina(nugieic agid mhdutess 1.0

o SRORCG (cThe BubptChlB oSl Vit npicf BT0ciRRen o

E. £€5101688 rRNA aﬂM@ﬂ(as GAPDH DO irt A enikiuos eastaining:a@i5 H500 fM

E. ol s ihnalomcolh dordiel oA, pRcatd 1g: i hgtn rat

GA%I‘?%DNR of-500 STR IBSA 0vha0l 400 aiMwealettn) speAsNBNA. The
substrat e [00106] n order to eval uate the dependence
GAFDH 19D NA st pronatast by iRolatishiatives mirAcand ubsequént PCR

am@ﬂfﬁtfb‘hréé 'd%@cntﬁeosﬁ’lt Eka’ﬂwglém to‘i’%]l é%ﬁﬁ’@ﬁi GfQ"JAPDH cDNA

re es were e surface
ob’@aﬂ&lﬂ 0ho(.0.0d6. Sapg. Atienverdsding PERLDIOACH eS| mweai bu factor

0 . Followi ng hybridization, a
10&?”58 nﬁgﬁg—ﬁgﬁw&’% conjugate is attached via
aVI )0102] ot i NBhe ifolicaving probes Wenalulsgd: B. celil 8S pBINArmspecific

capiigepriie s Canse T EeART G AR AT GRT L AMGTCTTRARAAA

AARKRAAARALES ?QE@ISI[P'NU?QD) cr_n dmmegrrraNAaspwﬂ@ crtgectuon probe 5
potential of trated in Flcgure

SeBCe PG AGEAGES a1t Mg o) °The
imfpblEflor b 1A, SR pRKE! 6 in8 Hdtd MAeeiRiG b ‘I%ﬂ*ﬂfeé’ as

desmbmbm E)ta‘mpleﬂh& bi | ayer setting used in this Exanple

det Wy rﬁﬁgery@gdigg gﬁ ag'% eeIEXmEfWe\fﬁﬂfal W2edktion were

cafriceatash theek.ycdii BNAGangsles (cfo Eozanmleﬁ 1 Brarthy.4beeapeetively).

in the nethod of e present inventi r
After glucose oxidase ané q] Pe ox polymer were(?rrl]t‘roduce% ca{alytlc current

was detected at 0.35 V, which directly corresponds to the amount of nucleic

acid. As a control, non-complementary capture probes were immobilized on the
electrode surface. The amperometric responses were found to be 2.95 nA for E.
coli 16S rRNA and 1.65 nA for GAPDH cDNA, respectively, corresponding to a
concentration of 290 fM E. coli $16 rRNA and 150 fM GAPDH cDNA (Figure 7).
These results are in good agreement with the values obtained by gel
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"saturate' the enzynme, or in other words, very high

gl ucose oxidation rate may be used, to have sufficient
w@eosiosi4i ty. Wien instead of the detection of P€TI8G2004/000351

nucleic acids is. intended, the detection of an enzyne

substrate of an oxidoredug&sse Is desired, this can be

achi eved by working with avery high nucleic acid

at . [ r ' .
cleEBABTIRR AR ] ke le AL RSN et A QapRiePna:
da@najlshoesy. oxi dase. Since the current is due to

oxi dation of glucose in solution (or the oxidation of
the enzyne substrate in general), a

Ex8Hip)€ AL6:0981eetiviti 'of the tRtedtic 8Pstenexi Sts that can be
used fTor the detection of glucose or the oxidizable

enz[@@d04lbst r Ahe seleqjwiterafl thet biosensort was eualuated Higing the
. he, .
ab%\gbpt'éﬁﬁ{eﬂ%w‘j?r%bé S-@b&é?c@ﬁ;dgg?n%@%bﬁ%ﬁﬁqﬂ@ﬁgmwc

ecul es and a ne as agen

AAAAFRABAALHAAA BN SBECY I DI tQ)t asneellias the following eynthetic
R e e
TTmlmGPJTGGeﬁAlMd?MAAAAAWW it TCOCTACHRGAGGCAGCBOYBEQ ID
nol ecul es are (al so) capabl e rans e S
NQ:ol i singlsrbask misrag s@f%ﬁ%ﬁ%@ﬁ%fﬁ@?%ﬁ%ﬁiﬁ%%
m@damemmahﬁm ArCTeETRCGaGARGENGOS G5EQ ID
N(gglgf)peptl de [ 001 08] The detection of Erotel ns (in

odwothnseumismaiched d&AAATTGRARAGT. TGN%T(%EGFF&A\GAT

T A A AR T O AR RAN AACRARRE (9 1D

NQ:et4). (nLéleatide ompiatibes atke shown dn dwild and windenlined) t ihg capture

prff e, Fottoriizent i tha g Eltepob Ho AdSrREY 1) ERbppe 1.2
i| eﬁ]ﬂ I i(S mgiﬁﬁ}mgrﬁh\faﬁoﬁm’g@nréd(mw @1l dfoplets using the 200
-e -3-(3-dj . L
MsolLang o Jbeinven diberest A, Mlasbupleptiiag wnder hybgiization
coh@itifs iiﬁ/f’é\l%rblﬂﬁ]é?ér?ﬁﬁiﬂ{' rh&tchet edUERES &, PkarhpRs 1.3 and1.4,
I then f ly bond with

I nker, which w | _ orma covalently
resnestivelyn wigy thepexeaptionchah gt liyidizatieutesIparature i i e, was
e :
osHF SAHEETRLAE LR AR i lzd [ PPlgyo 8. The
cupent kicrementispam aldding. 60 nev glheoss tectheodigieckort orediwmnenf the

i th th L ut ted ' h I
pelfebliolR Sobiohd RS S AR A, pBRRs"1 8 « 0.3 ma
an?ﬁmg% @.Mﬂidﬁeﬁlvérelsdéiédeﬂ?@r alhmaloﬁeebh a8e ﬁnsmgmhgélf(c_arve b) and

at, a, redo olyner, Icn an en apel 1S .,
twhbRRBHBIETRIENEH GegHENEe ?w%@cf%)@@ﬁwf J&Q‘és’t‘i’i‘Po%'Bﬁensor

reéicggyeég]&ﬁ'cﬁy&rmiﬁéﬁ&% fb%ﬁhﬁe%ﬁ ¢hé leifedfy hthed tCethng FigtaRhed

. e presence of substrate nolecul es,
DNAofigonugjedlides. ed from the catal ytic oxidation of the
substrate are detected anperonetrically. The current
directly correlates to the target
Example 2: Detection of a small (low molecular weight) enzyme substrate

[00106] In order to evaluate the dependence of the oxidation
current from the analyte concentration, a saturating amount of GAPDH cDNA
capture probes were immobilized on the surface of a gold electrode and
contacted with 10 puM biotinylated complementary GAPDH cDNA. Following
hybridization, a glucose oxidase/avidin-conjugate is attached via avidin-biotin
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anal yte concentration in the sanple solution. t this

al so possible as shown in Figure to carry out the
wa@ledososi4on i n a manner that resenbl es a sandw BEIF/SG2004/000351

ELI SA. For this purpose, the conpl exes conprising an

anti body as the capture ngjqecul e and the analyte are

contacted with a second anti body that has bi ndi ng

mte&ééﬁdﬁ Bindig, bh@defaqio\%ﬁe% B’i@hbht tthhé eﬂé&%ub airkadeoirough

conj ugate W tth an enzyne such as g ucose

Iay@&gw@y rtﬂi@@tr@ﬁia@ ssifassembbntPBap@bl ¢ ist userd esr detagtion
l\ec
meflat 8ok hoten ] ¢ o8 EAS AUSERIGIn RiEb B, B to gbout
20 rmmbglmosq,nﬁ'reretle atlinelr aelationghip beteleni theavxidatie current
i s brought into cagn h t he el ectrode surface,
obtajned Si1ihy ta‘%a:ﬂ?i\fl #ﬁ egied: el ectrostatic
sel fooaezpnbl Wn(ﬁﬁeul&'tﬁuhéteaalh il redpgeew thet the bilayer setting
det ection of the Ele{)tlde Exanp l'e 4: Detection of

sl oI SvBradtl Theqasvtel 4% ThgratEpRgl ¢ However, when
detg%ﬁdl')}g"&\}‘ml Crﬁi'ele% adid@s B £%8 I@ £ liRkA§Ey, Ue@xﬁﬁmﬁlucose

_ an anti body is u as capture nolec
corgatratien doay bexugsd irhine m&thad ef thet present iwventiohein order to

seft 4 bR, AE VT B o FE Mo MG o RS ey

be susgld, tbi lyaved safiiclent ssetisiigity.( When asteadef thergdtectign of the

L . h , ' tc.
R EGkise it SRR e CRIGRIRR O BBsEneyies SubEFAlgs of an
oxitbIeiticRR®: |SQ@§S|réﬂ Cthis_ 64 b‘@GaQﬁb%d o WorkiR@Withoh ¥dirg high
present invention.33 Exanp Synt hesi s

of
nugieicy BGichyRONEPRisEEIM- §@tua@tm aﬁﬂpa@}e ﬂmegs with’ complementary
nuéllé'cn:{ él%lh %?Bﬁ‘dBFbcﬁchéQe'QJ Iuc% oxidase. Singe the current

Vi ny ferrocene Co-acry osu phoni ¢ aci
is dupolwnmdgtlpoooﬂg]uoesecms,eolunma@e th@cnmd&t[orl of . the4enzyme

oD RGBS, PG Rhu B BB GRS con oo

usédrfgr,th&/ideje dtienraf gunsose\Grahe oarchz;eltﬁeredaym%pbsmmeyhl general.

Gt 3 £ A O S

ca?M ﬁfolé’&l@a? ahdandhd eame tfrﬁé %ssa@grﬁ tmng oapaslb&ﬁqrénsfemng
rom Sigma- Aldrich (St. Luis ot her

elegtions ct9| qr §m the a@&tr@mem@aha%vatoarftprmsBha'ﬂ% electrode,
re%}éfcg%l?g}'lﬁ rHﬁl%dQ ﬂﬁ%ﬁa@s tﬁ%rdétéét% Rieahod bE® invention,

tions at were used were Prepare
wheegiorihe @aptwie enolepoleﬁ H$ (2)90k papabla abftransfeyrieg electrons to or

o] 8y AR e L B S8

Mol ecul ar wei ghts were determned with a Toyo Soda

Exaln%]e%e rIZIe%egP oneofgaekolvpeptide

[00108] The detection of proteins (in analogy to nucleic acids, cf.
Example 1) is performed as outlined in Figure 1a and Figure 1b. In this case,
the electrode may be first coated with thiol molecules (e.g. 16-
mercaptohexadecanoic acid), which in this case serve a linker molecules for the
covalent attachment of the capture molecules. The coated electrode is then
immersed in a mixture of 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide/N-
hydroxy-succinimide (EDC/NHS) in order to activate the carboxylic acid groups
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perneati on chromat ography in water and standard poly
(et hyl ene oxide) and pol y(ethylene glycol) for
w@2005/04@03 on. i) Synthesis of PCT/SG2004/000351
pol y(vi nyl ferrocene-co-acryl anm de) polynmers [00112]
Three sanpl es containing B0 g acrylam de dissolved in
10 M of m xture solvent of ethanol/water (3 parts to

of the RAkdr) Wﬁﬁihewiﬂ SR EHh a%oQaféQthboﬂH'vﬂﬂ%eoémﬂlolé}ongbf the

oxygen-free persulfate solution was added to each

camwepnelelaftee b SR RIRGihegeaRitiIMOIRCUR Fand as antibady o1 a

ouf ol AERE BRI SRS B S Bt e

Thero(tjtlhe |e]tcbentsm®isesontamtechrmttmthe)}‘sohftio;msefmmg?ttt_oi sontain the
e Qr C e cal C 0] 1N

andlitp A itae 366 TofRgRers ot bRes fefl e Re el mptecues

an@%éanﬁ@td@ncﬁé@hlé{? Aﬁer RigP eC fddoRd pfolylE@t? hto which an enzyme
vi nyl ferrocene sanBFe was then added, t

labgl: sy pHACRM, | i ProNOBF th b PIECTRGA UGS HoWaTe dayairky-layer
elek?tf)ététfft,eds ags(enq%lg cf2AFgars St éQt uw ttﬁégﬁfes%hﬁésﬁf‘eétﬂastrate

ter coo I ng, eactlon res were, separate
mota&wta:s dm@@uvmegégyanemteeﬁrmnythetqatalw awisleine oiherauistrate

o S Pt PR oo I SR 6

analwlet caricentvatien irditlss tsbmpt@ sahudipan &-thisealspi p(msnblg as shown in

Fiofik dBriotarseatbing B Riiace in""‘%ﬁe‘&ftﬁe?“ FniiBsd sandwich-

ELfSiK rEsiraRAs- Mirpase, Whe(bd#ﬁplﬁi(e@@bmfmﬁém éméﬂlﬂl}od'ﬁhf@ﬁte capture
npl es cont ai ni n rg acrylic aci cg'lssoiy&@[ﬂ]

molgcli and e SeRVERTeR0 asgA VIR SerFonaapHbe t has binding

aﬁiﬂﬂ\gta t éﬁal?feeé’é‘ Tﬁ|soseqt§br{@]1 alﬁldo@ly%a?foeocot@.lﬁtééi with an

gen-free’ persul fate solution was added t
enzyng ISECfafaSegluwengXIdaSﬁﬁgiir%ﬁ%aSﬁm agenhcmﬂbie of gneterring

ele%ﬂ&ﬁ%“tfﬁ d‘?‘f gg)htv‘gﬂ&é eéle e(gcg"gestrélgﬂlg?ﬁﬁ/ prf O Q) te Liddrode,

respiesiNdigrThareakers al redoro Imolyaung, tcswhtdlearaemyme dﬁbel is attached,

. vin errocene_ t hat or.eac l.e bein
s Biaubht e FoPB il e epRERe el MytelY iEaRa " taver-by-
laylef Ricftestafit iseH-dsebiblyp {cf IBighre 94y 4 anslwidg:thé detection of the

respectively. Each vinylferrocene sanple was then
POlRARIAR- 0 an acryl amide-initiator nixture. Reaction
m xtures were refluxed at 70 C for 24 hours in
mtrogen at rmsphere After cool [ ng, the reaction

ele s lak el tely to

:2%@1?8?%; %%g 2‘0 ?Bﬁwﬂ{hdlgtlrst@gg%leg @deto‘t'ltg &plamed in
Exeampied, in Whichcaet anwb@dydlspused‘ asedaplyaremtctleqntle and the complex

of Wi e gty il 5 el B Bhlfod Wb sefoanvony

conjugated to a suitable enzyme, it is clear that virtually any small ligand such

as drugs (e.g. cocaine, morphium), nutrients (saccharose, amino acids, etc.),
environmentally harmful products (pesticides such as triazines, DDT, etc.) can
be detected by means of the present invention.
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iii) Preparation of poly(vinyl
ferrocene-co-acryl am do- sul phoni ¢ acid) pol yners
WO 0@3040403Thr ee sanpl es containing 1.0 g acryl i BCESGZH04/000351
di ssolved in 10 m of mxture solvent of ethanol/water
(3 parts to 1 part) were gihepared. A 0.30 ml aliquot
of 0.10 g/ m oxygen-free persulfate solution was added

Ex ”pFea bqsa h8bist ofpB Vé} I?éicﬁfdcr diﬁ

ounts of vinyrferroce g
(vuwlfm'rcmejmso-lanevlm nacidla st m Ivﬂnmﬂferrocanﬂrcp-acrvlam|do-

IV nyl fer.r cene 59 tion sanples, the anount of
Mﬂw ! i s added for each sanpl e bei ng
caljooffojed t cGlabosa Dxﬂawl(@@XJEE(Dd V.30 | ffam rAspestgillus niger,

19% ciiemma V35 REAERSRChyTaTar FltiandCEEETE s, nSizeriand)
Fer‘?&%?fég ) AN/iRAfeY o%@héecvp?ﬁ)t Iaeé@mm&g/wx)e adrgRes tHcRh (AC), 2-

m Xt ures ‘wer e refl uxed ( hours_in .
Acwlwm'dg@an@thwémr@panewlmc @sil |(reg:rylaﬁedq-§b\|£@m6nacld AAS,

cafleihl gt SagP3P3E B BS O 4aRo 1h3hodd rom Sigme

AldnedC(St polig, MO, UBHe). Alkciher chemicale doeh psla;oﬁmnewﬁhanol and

on R AR e L ey R ey sl

thal Welré LSEd We@élpﬁépawéﬁﬂh&lmdmzed wnger vacuum at 50C. 35
[00115] nmerization of vinylferr

acr A0t le an‘d i SRecla Pl Relyreers eroduged gﬁeo@{pe&g@ was
pefGnF YRt F&itRded H GH Sk?ﬂFgﬂﬂ%‘s@aUWﬂsb@%bb@ﬁoplTét@meter

general reaction equati %cte in Figure 12
Mojlamdareiveighieweare detevnised with audeyeseeda lgh performance gel

e
<5 B T R B 9 ar
polwahwﬁne\giyml)ﬁercajmwlmmsual ly acts as radical
scavenger in the copol ynerization system t was found
that the anpbunt of radical initiator is substantially

| esp td\RitheBRS6! pelylvflyiferraenetcaatcyytamide) polymers
systens. H gher amounts of rad ca{ initi

) SIRaTIZAnt Ly Thesh saImP B AREANIG: |-9:8 BFRTERjSspiyed in 10
mi '} EnilRAE SBlveht dﬁ‘é@% oi?%a’fé?e(spdéﬁéuféH pBAT Wees préared. A 0.30

addi t1 on sequence so affects the pol ynerization
miegtiquet exfc§.10[ onl1 pxygessiee hpersulidieosolgbpy as Addegnto each

saﬁﬁﬁ? 3§§F F)¥‘?1§ Wg@ﬂg dfid 'R Prﬁﬁ@t}é%f Slfnbdts Ccﬁ' vinylferrocene

|on of vin errocene
ramgmglfmm @205 Tic 0it6 grweeb d;ssbh/edumedega@sedrethanolntmform 3

R BEE0S Ly LB S 6 A e
sahﬂéndéﬂg @alcgfatédﬁﬁtoRﬂitwmeac@lmnide%mmyﬁewo@eaesfeedmg ratios

hown in under opti nal COIQ tlonﬁ rel ati
(WHV)gﬁf 9551 @g %a@d&ﬁhﬁ nr@§pect|vely ach vinylterrocene sample was

then added to an acrylamide-initiator mixture. Reaction mixtures were refluxed

at 70 °C for 24 hours in nitrogen atmosphere. After cooling, the reaction
mixtures were, separately, added drop-wisely to rapidly stirred acetone in order
to precipitate a redox polymer. The precipitated redox polymer was washed with
acetone and purified by multiple water-dissolving acetone-precipitating cycles.
The purified product was then dried under vacuum at 50°C.
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Tabl e . Co-pol ynerizati onof vinylferrocene and

acrylamde and its derivatives36 Feeding ratio (W w)
woe@ba4049d VFc content (% Mol ecul ar wei ght AAPCHSGHB/600351

80 4% 3600 AA/ VFc 90: 10 72 9% 3100 AA/ VFc 85:15 56 11%

2400 AC/VFc 95:5 75 % 280§4AC/ VFc 90: 10 55 7% 2500

AC/ VFc 85:15 45 6% 2000 S /VFc 95:5 85 6% 4000 AAS

/ V@M%%Mﬁ{l%ﬁdc\ﬁfe %?ﬂclﬁiaé@ %Qﬁlers
[O , _the ynmer_ yre ecrease
i ngﬂ&h‘m]gg xm‘l;ﬂe samplssneorftaiainich §.Or a eco/lic\geid dissolved in 10
i.ndi cat ed, t hat t
i A3 SR B AR Bl T sdbred, A 050
mi thﬁ@u@tl bf@dwf lggran okyg@termnee pbswafaérselutmat was addeckds.each
was al SO T oun t
samipie el PaOmgacy gonaiedmion 46, Tl dbek cSptPRE of
vm;flfé"rm&bhenraﬂbur@o%hdfﬂ 65l § mmours gpfwefrermsselnedm deg@%ed

ymeri zation solution.” Ferrocene | oadin ied f

ethaalo Tars ANYIorTaSeRPRGEIONLSampIRn T RTOLE B! LBHIRiRcene
tha ﬂ% $8%éﬁ;r¥8peéaci19%ghgﬁ’%e?&ﬂﬁll % Fn%d %eﬁﬁtélﬁaﬁbﬁﬁanﬁ@e-’co-

pol yirer rom el enent al
vingfertocens. feéding gatids (arp’w)s:pf\aﬁ X% 9@:90/&1@ %15 (eEsprylivedy Each

vmﬂ%ém({?glrgdtsghsgeg $ siﬁgp ﬁg8$ eg)gy n raé: ha ddé) nlll%gglm misture.
Re&étﬁ;r?@rﬁﬂuﬁésgﬁ@%r ifladed it 70e° G fomi4 hoars lsnu’mjregen tabmosphere.

analysis by a lithiumdrifted I
After co)cghng, th){a reaction mixtures weres’'seE)rf.l:r%?elygl,et %8(98 drop-wisely to

rapidly stirred acetone in order to precipitate a redox polymer. The precipitated
redox polymer was washed with acetone and purified by multiple water-
dissolving acetone-precipitating cycles. The purified product was then dried
under vacuum at 50°C.

ili) Preparation of poly(vinyl ferrocene-co-acrylamido-sulphonic

acid) polymers

[00114] Three samples containing 1.0 g acrylic acid dissolved in 10
mi of mixture solvent of ethanol/water (3 parts to 1 part) were prepared. A 0.30
mi aliquot of 0.10 g/ml oxygen-free persulfate solution was added to each
sample after being deoxygenated for 10 minutes. 3 amounts of vinylferrocene
ranging from 0.05 g to 0.16 g were dissolved in degassed ethanol to form 3
vinylferrocene solution samples, the amount of vinylferrocene that is added for
each sample being calculated to obtain acrylamide-to-vinylferrocene feeding
ratios (w/w) of 95:5, 90:10 and 85:15, respectively. Each vinyiferrocene sample
was then added to an acrylamide-initiator mixture. Reaction mixtures were
refluxed at 70°C for 24 hours in nitrogen atmosphere. After cooling, the reaction
mixtures were, separately, added drop-wisely to rapidly stirred acetone in order
to precipitate a redox polymer. The precipitated redox polymer was washed with
acetone and purified by multiple water-dissolving acetone-precipitating cycles.
The purified product was then dried under vacuum at 50°C.
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[00120] The nol ecul ar wei ght of the redox pol yner was
determ ned by gel perneation chromat ography.

wa@zwenal4hy, the redox polyners prepared37 w t hpei/sGE04/000351
ferrocene feeding ratio had | ower nol ecul ar wei ght and
broader nol ecul ar wei ght distribution. [00121] The
synt hesi zed copol yners we i ght-yell ow col ored,

o OBHISIct vokio balEvaRatio g Pl e hee e e BMATERA s

derRARGES RSteS cagRE buf UsselBbnc beavéntiohnadwadicaholymerization
conpl ete di sappearance of vinyl absorption at 1650

reagiigyy dde grperdldeasgiinmeauatianigidepicdad in FI9We der ocene

wer cessf ol hzedi-an ulshl

e BOEH6I 2SS RE TR S tehp Lol o
monoinees) greataattemionouas givent tecthedeomin@tiog eitiect peyinglferrocene

in &' 9B, ThiRedies Ushafi AEE AL Pt doctleRiobf & fRBSco-
ot s it ot et el
SURSA RS ek 43095 nedred saanpLbolimatEalion Systems. Higher
ambARE! Wdic’a?gﬂgﬁﬁto?fsé%fgﬁé’éﬁt@r FRIBEE FlgmaRszatiorbRigientleand

m nut e shoul der at nis a clear indicative of
thefraplesulan weight of jhe pradust. Residasy fieg addiienseguprcesglso affects
[ S.er nd am ne or carboxylic acid
theﬁ@fgﬂ?g%ﬁoﬁ%ﬁ@%%@ox pol ymer rendered themw th
duajoofidTpt i orlessetitan a20%v bf ypdiymerratian ovasrebiservaty when

d ch i vity.f. -1 inki '
gl 53 Prisdirals redont avPloh BotieL RBP4 VnRERDERAS and
acmmni'?e.t mhfbﬁqbtmgbamygaeeamal@ tive Ofipembitiom @fffefrmqeqm?yh the

nolety, w 1N ere r., rowever var.yl n e
reagkien Thidye wli"ﬁfn RebligR anang] EArdetoe  PayEe tsﬂ%eraqe and
muth %a‘i'l?l iafRinBlieh fS’ﬁfhey bSFhe? ?éhéinr@@mﬁlrdﬂb%@. AB&hown in Table

vinylferrocene feeding ' ratio was owest, which is
1, undejawiimay corditions,etative high MigidsaversepRiaingd. of
ferrocenyl conpounds in radical polynerization. As
indicated in Table 1, although the content of
Table t.dCepylymmasizatign iof vinyfepotsneeand acrdamise atd its derivatives
i ncreasing vinylferrocene feeding ratio, but it is by
far not linear at all. t was found that, for
bi osensi ng purpose, a vinylferrocene feeding ratio of
10%is sufficient, which gives good nediating function
and good econony. The anount of initiator used in the
pol yneri zati on al so affected conposition and yield of
the redox polymer. t was found that good redox
pol ymers were obtained when the initiator is in the
range of 20-40 g per gram of nononers. Exanple 5.2:
(bt ai ning cyclic vol tanograns of the redox pol yners38
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[00123] Redox polyners in phosphate-buffered saline

(PBS) solutions in the presence of 0.0 ng, and ng GO,
wa@easo4Bx and M gl ucose. [00124] El ectr ochemPCEBG2004/000351

tests were perforned with an AutolLab

pot ent i ost at / gal vanost at Q%nnl ng under the general

pur pose el ectrochem cal system (GPES) manager version

4.9. A 3-electrode systemcell, housed in a Faraday
FeetffiGatio &ﬁw)e' edt r pdRgyer e VERehAGR Ye)" ef enpilgtRIar weight
CICLLIUUE atrnmum wretcounter el ectr pde and an Au

@ el ectrode (surface|area of 7.94mm®). [00125] n
con@&%st to vilnyl f 88 rocene| the 4%dox pol ymers 368t
wefgveynt hesi zed have highisolubility in water but are
|nsggl bl e in nost %ganl c gol venyss. This 3100

—charactertstie—+enders—theredox—potynersidealTor
us®4VES nedi atlors in biosensing, particularly in
enzpne- | i nked |bi oséBsi ng sijnce Mm% enzynes onl3#0wor k

I np@Rtgous nedia. [00126] FKigure shows typical cyclic
vol t appograns of the_n PBS contal%ng onlyithe r g X

nnl rg fhn lnl t o-abs oavhi oad hi akl

HE T UTarogrraitbCATIT o T CU H UIII y Fever OI Ul T

soPOMFon el ect f ochen stry: [the redox waveg centered at
~ ol® V (vs. Ag/ Ag€l), theg vol t awogram has 2500

5 |on Mmfed shape, tHe nmagnitude of |the anodic

fhodl c ppak current ijs the_sane, the
ﬂ npak n tpnfd’f’al Qﬂpa_r_atjgﬁ oi s 0 mv/’ \IQI‘\?OIQPI‘\CQ

TTOOoT

td\ASINFct heoret| cal value of| 59 V at 25 . These redox
wavggscan be assigned to the oxidation and reduooon

of TS?&{ ocenyl  oi eties i n tjhe redox polymers, which
i fth © excel [ ent redox activitg of the polyner. The

volsi’ch*rﬁetrlc experifBnts, adain_ d®nonstratled th
viand veg r ocene| was successflul Iy co-pol ynerli zed wth
acrggpgn de and|its (derivatiyves ajyyd, t he ferjrocenygo

noretres T the potymers retarm their
el ectroactivities. The redox poI ynmers in PBS are in

r eaLocﬁ‘i'a:]‘t ' °nHBf%E{7é|W' fhi %)E finét &féﬁé %eég@aaw.mr increasing

Spi Ki'ng this on W s anounts of glucose
vingiferrocenecteading retie, wbichdndigated that the terminatingsitpge i dical

oo e, LAy Gl BBk sy Bl o

pOW@IZ@ﬂ@I@ pvmésﬁhl@ waadtlso fowdhtiiat affoutet Welds wabe oblhameda once
r edox (5) mar sol uti on. . The We}eect roch
t

the J&aFHoMmMEdIre: PEFANEs Qe ﬁhl‘{)’a?’h Ugai%y%‘s tf‘?{é“at'on of
coﬁﬁGQP‘a\UPé’ 'a)‘dﬁ?fnt Qif Q@ﬁoééﬁluﬁri PN the BBRHRIrizanbe rSolLﬂloﬂﬁ\/lFerrocene

ucose was added to this solution, the enzy
Ioacbtngiuarmfr@m Ylaitebe Whictesalpays dessshan f@'Hi@C%”tﬂ GRNtBRL in the

nters in G, FAD were converted to FADH .
%%éﬂ‘égé' gct rode potential 39
[00119] Ferrocene loading in the redox polymer was determined

from elemental analysis. Energy Dispersive X-ray Analysis (EDX) was used for
this purpose. The energy of electron beam beam used on samples of the redox
produced is 120 keV. The X-rays generated by the sample was subject to
analysis by a lithium drifted silicon detector.

[00120] The molecular weight of the redox polymer was determined
by gel permeation chromatography. Generally, the redox polymers prepared
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was scanned past the redox potential of the redox
pol ynmer, significant anount of ferrocene noieties in

wo b@soedex pol ymer was oxi di zed to ferroceni unPCESG2004800351
el ectrode surface. The redox potential of FAD/ FADH in
Gx is -0.36 V (vs. Ag/Ag%J7), which is nmuch | ower than
the ferrocene/ferroceni um coupl e, the ferrocenium

wilHBNG St Klr et RRDBRE: e el Kpbygsce
moiﬂwiaramjglwtotilsmuhm original ferrocene noieties. These

| WURGATL Sl Bt YD R Gyorec

powdiryl mafeiditielcbylal %I%ﬁl@% Pl ddfﬁﬂymb%oél%ﬂn H@N\feen 2000

t he cataytlcreactlon redox polyner greatly
ang 9% &aliops. &l 'cﬂ’atﬂxﬁﬁrlmﬂnit?er{ﬁe?n':'gﬁée s u@leaﬂy showed the

cof BIE. AL IR o1, AR SORE) STl ettt o
aciylsinyide rarmirminplrerrnqemeeNeneesmdessﬁﬂly ﬁoiygnenzm ged ahe mesul‘ung

redi i BF 30y ot MOl e SAMROEHER ar B0 pyipnoe can be

foundin dhe 1 ooosusmecbnby r@@H Extifdrnely strdriyeadsoasiton Accorhpanying
rrent of ferrocepium no

h
by B Bal DLl § 026 10 SEIGARadNBPrERENGR Gh S ERaRYE UNKS i the

red®X pBIyRBr aﬂ@%@sﬂ@ﬁg’l aﬁga@%hsmtmfs éfie suggesteBdniiaRr roups
function effectively as redox nediators in enzymatic

in rthactioleer- s MY t expRjineends: ragaing r epnfirmed: dbex skesassiy co-
po@{ne‘?ﬁéﬁ&?‘? dr Vi fRFiocRAE oty éél‘}ﬁar}'@éanmeenﬁuﬁe s%q” déétssoo

nbrane conprising vin errocene-coacr
ncisos sidar rikdidativet of tenocese mmebsas'ethmomﬂely@mru(nseal Fbgumaﬂ 3).

el e S PY Het iy 25 Caf Ok HE P RS I thedFeddaGpotymer
rerideged| thehr evihe duakfunptiome réclceﬁsag:gviltwn e(t)l{w gﬁ%drttg;g%tedlatmg and

nmepbr ane.. The enzyne. GOx

CheRikah AUty 0F SIOSTIRYG WINIDRUPPS( et hyl ene. gl ycol )
di gfoceidy! et rfed heVRIeRIind eRRN 0P GingFEPGCdneNlas $ntended
Bi ol ogi cal grade gl utaral dehyde (50% i n water

to doereagesibie- Pronorier gfofgrrqaertyl | nepiety|witin ) thei &fﬁ@f@plymer
Hog}ek'/@F L pFCD’ﬁ%n]e @1%08.%%?1‘ fgﬁ?lz?rp&%?@ aldB BBl REDoyrER yield.
Thpmlgm@strwelﬂen&tamedewa@mwlmldw‘ermnmm’@@dfngoratlo was the
ot Bl s ol 8413k S 4B LBl BERRIOE s fergaceny
cofapouBds im rigdicain polyrédddtionc a‘KéJMidlcditednanITableaU eithough the

e, functional, graqup can &jovi

| deh d .
conteRt ao ROREOYIS Braigh] Ji Uhfe: PONEIS g iBRSSe WiHe: increasing
vinyTER8En e REdIRFaAbObut BUPEE ftedt! lneat BEall. It was found that, for

biosensing purpose, a vinylferrocene feeding ratio of 10% is sufficient, which

gives good mediating function and good economy. The amount of initiator used
in the polymerization also affected composition and yield of the redox polymer.
It was found that good redox polymers were obtained when the initiator is in the
range of 20-40 mg per gram of monomers.

Example 5.2: Obtaining cyclic voltamograms of the redox polymers
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nodi fi ed GOx- BSA was deposited and reacted with the

i mmobi lized initiator. The al dehyde group on the
wOorR@s0#@M GOx- BSA reacted with the am ne gr oupPCNSGH94/000351

PAA-VFc to forma coval ent cross-|inkages. After

reaction was carried out, gghe PAA-VFC- GOX-BSA fil m was

al lowed to dry [00130] The cross-1inked

PAdo | g %t@@éﬁr@@@bwﬁéreau%@mbedm%)

to volt mstry anal Eﬁoank PBS was used,
solyionerin the peasence af 8. Q:ﬂg,smwdﬂ/wgvﬁé)mppdﬂ@wg ﬁ%@l@d 10 mM
u ws a cyclic voltanogram of the PEG cross-|inked
9 “VFc with GOx and BSA on gold el ectrode in blank
PBJ00T24] | | uHlecttashenicdli {pste Wére tpwfommslswlthnaadAutoLab

ot GBS R T o Tder B PBasie ceilpPed gtrochemical
sysﬁﬂﬁCtGFlEﬁ NG léf‘%rsncﬂ Clec) W@@I@cﬂ@bel\@lstmﬁSceIIJ ebosed in a

Faradley fags hﬁ"r'c%s elasatr\gdag ;»Memg aMQéMB tég é&lﬂrtééelpés&f%% gplatipum
wird BgﬁﬁtgP g{e}cﬁ%é 'a‘nidva% Rﬂwﬁﬂkiﬁpyelgc%‘tgctc?é] &u‘%bé’%?@a oP7 34Mim?).

revealing a e surface
i P25 ed flarcantresyto vinyliemecans, dheredex palymess thatowere

syiietedd sie gl SfhunCat el B araY BRBRIE ), fiod"Btganic
solwsrts e ITee rcharatcﬁélrﬁsﬂcslv@tden etkbi Edoxngolymerdeideal for uses as
Ne ti beh k t t I
e osevsb auURebeh ehr e ed B b,
enfyﬁﬁﬁ)@gaﬁw%rk% gﬁg@ouéeﬁ@dte{]an 59 nV, as observed |n t he
case di ffusi onal behavior in solution (see F|
15) [00:12@] t he kighten18mshowe WQHC%?MC“QWIFQMQS(J&TH ﬁfﬂ PBS
corétﬁm?rﬁr il enyé[w r g§5&c rE)of éijst Sthés%ﬂth Vg’é(‘;rér%t eﬁhiblt@& hlghly

(0),¢ C ers are al d to reach
revemblersnhtlmuereatrecherdlspwﬂ“@eted% W@V@r gemirac-ed at ~ 0. 18 V (vs.

nolfh 0BT SEE B3P G50 Sk i luce or e

an@dngcaqummajgl p%w ‘ﬁarmms |®ttha: smde]—ldpevmak-toh[meak potential

redyct | 0 e.redo 0 [aficSanpea

seqaaiion is Qe Myep eloedp Teedreteavalie %?’H@(’eag‘r?s?ﬁg“ese

redcﬁcy Ravis ScdiPHad QQQQﬁéd tBeihat akiaaton r\artd1 eetlestione of smwenw
by the transfer of "electrons fromthe reduced

maietiest isr thec egdax n@lygteir%swhrphemﬂg:gﬁey exghRm Jedgx @ctlvr[y of the
po&mére?ﬁe%tﬁfrﬁ?@? Hér‘ﬁﬂéﬁg ‘épﬁﬁll 2 Eﬁod@ﬁ‘é‘téﬂ tH3 vinyiferrocene

unction o ox po I gh current
wasesmoessiuuy c(o?ﬁmymenme@vwﬂo@@yyl@wdaq@ndu itss degvativesiand the

feriigiy] Sudieedan B povris R Rl HREnoapiiias, The redox

pogmms iPPBS dad Eﬁea@eol&henﬁomwﬁhtﬂm d'éIuJIsmxdiatbeipmwen Bpiking

mmobi | i zi ng Bture qol ecul,es, .whi ch
thi 1so|54t|ﬁa|vwg1 ygrées amo g

all, which suggests that there is no catalytic oxidation of glucose by the redox

nts of glucose did not changeéﬁ'v(ae v%ﬁgr%%bream at
polymers ajone. Furthermore, no obvious changes were observed when adding
small amounts of GOx in the redox polymer solution. The electrochemistry of
the resulting solution was practically the same as the redox polymer alone
solution. However, when 10 mM glucose was added to this solution, the
enzymatic oxidation of glucose by GOx proceeds in the solution. The redox
centers in GOx, FAD were converted to FADHz. When the electrode potential
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anal yte nol ecule to be detected, on the detection

el ectrode; (b) contacting the electrode with a
W@ et0ani@m supposed to contain the anal yte nol eRCi/8G2004/000351

be detected; (c) allow ng the anal yte nol ecul e

contained in said solutiomggto bind to the capture

nol ecul es on the el ectrode, thereby allowi ng fornmation
walf spBAHRL BH IR TEUBE boferiaf o e TRUGE oGt SBAIEAA Hirbun
of fdarbeene owiatlesdn rtbel eedcodpolymera\tas oxjdizad to éermertmm near the

ciogtiie sffifedolte Mhad BRhembl e RO Bl o epBeny, o

Agtgig ewhioht isi snuobmuveste e thé dfetroeeréfatrocsiwhi coupde, the
charge of .the co

f
ferfpseBED) BOIRRES I %ﬁgﬁm‘ffﬁfg@&% %'Wé?éﬁﬁg%ﬁ?n%"@ and the
fer éﬁfdﬁjn h‘gﬁ feSQH th8 @eﬁ&ﬁﬁblﬂlﬁféﬁ -aréltedgts ’fd‘ﬂlé@l‘gﬁﬁﬂ ferrocene

er a first er ‘together forma c cting
mdtﬁt eay Ehesg é/yo c@ﬁtﬂt@@s.fngn ﬁw@atdl?/ltlécﬂypl@n ag| ibgstrated mthwe 10,

or ﬁrbtﬁgle\%m%ag El%ge %F( ota@?ﬁ %&%b&ﬁg nfidise p%&%&éx bbQHer.

he él ectroehem ca tor from or
el efooiadg, re'Erpms;tﬂweed:aataly(n‘;)reaehcbmrhyn thp sedad polymier agreatly
det ec | ectr

enfigices A itaor, BigBat o e SoBliFS eohtinnBediet S, as ggen in

FigRr€Cta (it gmylatadé@)enﬁ tﬁbt@eaﬁ@wxbhamgmtanwnga meg, akdox
nmeasur enment . hod of claim ?

pohfmtar@cﬂl@mrege 3£§§t51|'\/\é\5?rb5rfa§% I%fg@oawm Bridih moieties
aré‘?ﬁj(? fice aﬁgﬁ?gﬁ'e?e% chéﬁmeﬂ xiddibre! St wys aFIaeHWel@lﬂw t idly

ctrode. 3. The net hod ¢laim 2
congtaned bytHADiéé ddhis tscwerfeaamn ftthegneeh lqwasrreg@@q'?efftarent of
I
fert GRS Mojetes, 8 (Wmbarefl' B Tihae BB 18 Mhe"Tlitose-free

solyiibnl, Tbeq;npdata suggesdts thabthe cadod polyowrs dnnctiunt bffedtively as

redierIRAAIDT T AEb TR FeackPRareh DRt e SRS, fom, the Jedox

cehie®s 6f oynePiserciroge elirfged.yvi nyl ferrocene),
pol yvi nyl" ferrocene)-coacryl am de, pol yvinyl

ferrocene)-co-acrylic acid, and polyvinyl ferrocene)-
co-acryl am do-(CH ) ~sul foni c acid, and polyvinyl

Eimélgfﬁﬁﬁ)gmbﬂ N 4 dnénfBrahe- GBﬁWMﬁq oviagi derrocene-co-

acrylamide cross-linked with glucose oxidase-bovine serum albumin

(GOx-BSA)

[00128] The cross-linking reaction of the redox polymer with

proteins was carried out to study the electrochemical properties of the resulting
membrane. The enzyme GOx was used in the present example. Glutaradehyde
and poly (ethylene glycol) diglycidyl ether (PEG) were chosen as cross-linkers.
Biological grade glutaraldehyde (50% in water, product code 00867-1EA) and
poly (ethylene glycol) diglycidyl ether (PEGDE) (product code 03800) was
obtained from Sigma-Aldrich.

[00129] First, poly(vinylferrocene-co-acrylamide) obtained from
Example 5.1 was deposited onto a gold electrode. GOx-BSA was modified with
the crosslinkers to provide GOx-BSA with an aliphatic carbon chain with a
terminal aldehyde functional group, which can provide cross linkage with
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6. The nethod of claim, wherein the agent capabl e of

transferring electrons to or fromthe el ectrochem cal
W@RisM&es i s an enzyne or an enzymeconj ugat e. PGT/SGH084/000351

met hod of claim®6, wherein the enzyne is an

oxi doreductase or a m xturg of oxidoreductases. 8. The

nmet hod of claim?7, wherein'the oxidoreductase is

s Syl B 57 B BB 48 oIS S RRY. e

mo@ﬂJ@MdGQB@BSAEWaQ)dﬁp@Slt@@taﬂdat@@@leﬂDﬂ@ &ﬁmotill&@ﬁl iitiator.
dehydr ogenase, cer ol d enase,, sorb

TS S8 enasson S Seer B SR ASE S it Srine group or

the ﬂgqylﬂcg%‘ f a%vﬁ%@%ase ?@Qeﬂﬁé?red&bﬁt\ﬁas carried out,

ase actose oXl t hi ne dehydrogenase,
theaH’AANﬁc a@eagé\ filohuas alowsd aaé@y xant hi ne OXI dase

h h
D otdolBaf'S Y iR ERERTini Y RN R LERUBBANIRREn gold electrode
wagl e_tuotlrye’cae@ td ahﬁdmg’n aasalysigl ;BIamiatFaBSJXNamslteedaandea gotential
OoXIl aas OoXIl da rat e ase ocnrone
S (418 08 SO S res enpied, fiadect 6 ShoRRg ik SoMteram qf the
PEG cr\M@gnmk@duﬂm et witie GOt gﬁulm ahgyoldemdi®defin blank PBS.

&amflcall bi ndi ng the anal ytes to, be detected. 43
As jiustraied w%ﬂ%(mueo% d amrwswr&ra@q]ﬂméxamt@@tcayb@ expected

fordst @h@ﬂ réw?ec{%ﬁ)lkfcétﬁfécferﬁ-g%n glz%o%o?(o%hﬁlb' [, Jof Bard, LR.

acl ol 1 gonuc pr ot ei ns, %p
Faulkngos’ﬂedmheﬂasal Methpdscdhm Wﬁw &/Gpnso Nsve Yesk, 2001.) with

e 56536 b sa A I 3B e g BB g A nupproe
rep'Ei‘ImVG@l‘o;en‘ilad)f:yc:linlrgle meJWben\eA#fg & antg he. 8\ﬂcﬂeeeﬁlgzg: rrg;hhl%rély stable

fes FmSbIgRe ferfoceriL i oNeSad Ausaorss At sial siap s, <100
m\% é@éﬁ\brﬁnﬁy §YREiedricdl 'sigtiie dvaseicordedlds eXpéctadtibod safface

claim 13, wherein the capture nolecule is at |east one
confinacpre-SlacIopITegex I$M$’ﬁeﬁgeéh'§é'@9e'ﬂb@e@bh‘§ﬂ’éﬂ@ﬁt%ﬁr&ﬁVi% The

S s [ f c I X
pefil o & [FOPGHRnERHONS) pollipl Hehl ré) AndD pBaki-peak
potemdiahisepgrationoisbmugbt less dhans5 mYoasi pbsgrvad papthedease of

cirfjock sPELBETh ShuBbA 7 Fioltiel ok 6 g tng curnt a
hafivpeiaki height ipemtoudds90 mV. Such results ascertain that all of the
ferrocenyl redox centers are allowed to reach the electrode surface and
proceed to reversible heterogeneous electron transfer. Upon adding 10 mM of
glucose to the PBS solution, a typical catalytic electrochemical curve was
obtained However, the reduction peak of the redox polymer disappeared
(Figure 16, gray trace). This meant that the sensing layer was homogenously
maintained in the reduced state by the transfer of electrons from the reduced
GOx to the ferrocenyl moieties. The rapid response and current detected
indicated excellent mediating function of the redox polymer the high current
sensitivity (750nA/mM glucose) of the biosensors.
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16. The nmethod of claim 1, wherein a blocking agent is
i mobi lized on the electrode prior to contacting the

webk@sns@ae with the solution supposed to cont aP@I/sGE04/000351

anal yte nolecule. 17. A nethod for the el ectrochem cal
detection of an analyte mhecul e by neans of a
detection el ectrode, the nethod conprising: (a)

Wh%ﬁ?@ialihéﬁrig' capture nol ecul es, which are capabl e of
Indrng the :

1.

e anal yte nolecule to be detected, on the
detection electrode; (b) contacting the electrode wth

R A S T e e TR e Y
canbangietia detestion efottradepthd methdtticdraptisiagcapt ure
or{eE orfpRABR T CaRIIS MBIkl WaPb caleeCaAbIa oK s the

nol ec i ' ' i .t he
ot coriiyte MdleGATRS 6 SRS AL A9IR: efcbioh BkRlrode:

el (bt roopéaciinghthen elgickied e owitan@ csolutit iskapesed \lpeeentain the
sai d ea{n% 59'%]?&'8% b@ﬁé&é{&é@r has an el ectrostatic
g’é 'S conplenentary to the electrostatic

net char tha
ne(t) cladiogingthet drealytonpbleguleccordainbe timeaid solatiget torkind to the

nol ecul e, and an anal yte, nol ecul her eby . form a
SecondaPLE; Ol En T sfEttofe INETREY 0BG, Ariktion of
| ayer cunepleXes betwder ayeapiuegehdietuleoand aart andlytd im@ecule,
bi | ayer, and wherein the cagture nol ecu] es are capabl e

. C , p
of trSfid ggrpp@(eg |f@r§r1upg afirsblayer ep g pgiection electrode;
rele@gt ré&#&fﬁy@a{?eadétéé‘tﬁrpélefcfrﬁﬂé%itﬁ Antd18ctPbcHemiea activator,

ectively” (e) pertormng an electrical neasurenent
at t hewhereircsaidrelestenshesteal agiyatarhaser elestrostatictnet charge
anal yt ' t : ri
o0l 3L R RE Ay b Ftbietid 8 BhEb'dr3Ab comple
nmeasurfermaed . béiSieehn aelcapturedenclecidagangnan aoalpte sholgcule,

o1 oot rORIMH BNt seeashiaypr o taf ik, Mefih € second
def i nedyemartd tierfirdt lagongetigtdorn a)conducting bllayser on

the detection e| ectrode conpri E{H]g conpl exes bet wee

a6 ur ONRRLEGLI TS TGOS Slegliasles RN bARqAggNt heapable of
anal ytt?aﬁ@?ér‘?ﬁ@'(ég?étﬂnrﬁecod&*ﬁ&h%e edrathepiiéd HcBvator from or

nol ecul e; and a second |ayer conprising an
el ect rigdhe @legilodgcraspacivelymwher ei n sai d

(f) performing an electrical measurement at the detection electrode,
and;

(@) detecting the analytes by comparing the result of the electrical
measurement obtained with that of a control measurement.

The method of claim 1, wherein the electrochemical activator is a
polymeric redox mediator capable of transferring electrons between the
analyte and the electrode.

The method of claim 2, wherein the electrochemical activator comprises
metal ions.
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L2
bi osensor.

. Chepg 3{1(%0835? &P bethe?ér;DHFcﬁe

el ectrochem cal activator has an electrostatic net
charge that is conplenentary to the el ectrostatic net

webasge4ed t he conpl ex formed between a capt urBCT/SG2004/000351

nol ecul e and an anal yte nol ecul e, wherein the second
| ayer and the first |ayer zfzgget her form a conducting
bil ayer. 19. The el ectrode™arrangenent of claim 18,

- 7 oGRS oF SR B TNERS The BiupliBhs hrp SpReRRIER S groun

betomsistinghef sivet, Wictd, astsbgdienitker; tiropg @oBalt 28smiling ruthenium,
el ectrode arrangenent of claim 19, wherein the agent

f ANG APHHEES thgreWhnduct i vity of the anal ytes contains
netal ions. 21. The el ectrode arrangenent of claim 20,
wherein the nmetal ions are selected fromthe group

. cohie snethgd &ff claimvér whersinl the gigeirochenieall activaias is selected

. ¢ . . - !
et the £ 8y Bondi s E Rt SR RIG4E. fIFS) rerfvene)-co-
c cagylasiide, poly @yhfercmeak)-eoadcrylicaacifl eamd pglyélieyltiemwosene)-
to or fromth I ri.c redox nediator, fromor to th

o1 abppilamiopdCh ey PN WAGRei nandie BRMAITYTS friTRRgne)-co-
t Qacrylahﬂﬂéiibﬁl%ﬁ]dphdsphbnﬁﬁécﬂ@,l whefbinnht-hotize conducti ng

bi | ayer 23. The el ectrode arrangenent of claim 22,
wherein the agent is an enzyne or an enzyne-conj ugate.

dags t iah j ;

T itrfbd QPCIBl; UPERiA IAg BREITPChndtic B Bak@Ring elections
deltoe ot ifegn dheagleahiathanaicablastiviter is arprenzymg: of &N enzyme-
de%&ﬁtéé)[g el ectrode; (b) a first layer on the
det BLETOR" el ect r ode conpri sing conpl exes between a
capture nol ecul e, which is capable of binding the

- o e heu T bEm B, SacrBle o Sneiliie s af fidaieductase or

el pptnechiaRidabdacthsy@t or, wherein said
el ectrochemi cal activator has an el ectrostatic net

charge that is conplenentary to the electrostatic net

id§1eQuétasant Wefected from the

nol ecul'e and an anal yte e_c%, wherein the secon
| agi@upare@nsisting i okt gllegse oxdasderhydsegen perodidesendactate

Ciftete, Pond) I8N EhoGBll SYFAYIAEK B yarogenase, lacic

podigtmeirogetdse, ghcend eebydegenase vsorbiolddehydrogenase, glucose
dehydrogenase, malate dehydrogenase, galactose dehydrogenase,
malate oxidase, galactose oxidase, xanthine dehydrogenase, alcohol
oxidase, choline oxidase, xanthine oxidase. choline dehydrohenase,
pyruvate dehydrogenase, pyruvate oxidase, oxalate oxidase, bilirubin
oxidase, glutamate dehydrogenase, glutamate oxidase, amine oxidase,
NADPH oxidase, urate oxidase, cytochrome C oxidase, and actechol
oxidase.

The method of claim 1, wherein the capture molecules are capable of
specifically binding the analytes 1o be detected.
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(b) a second nonomer unit conprising an acrylic acid

derivative having a primary acid or base functi onal
w@emap4@apabl e of acquiring a net charge. 27. FCESGCHUOR00351

pol ymer of claim 26, wherein the second nononer unit

conprises an acrylic acidgferivative having an

termnal primary acid or base functional group capable

1001 Tiee fdthod of alairat1, aharde thd 8nalliietd bd detauby ieseletted from
claim 26, wherein the acrylic acid derivative is

r efﬁiee%fQHpé‘dJrﬁgﬁtmg@fg@ﬁ@l%acpgr Rligenyalsotigss. eretrins, peptides,
f CH
R S UGS

wherein the al kyl chain can be optionally substltuted,
11porghafefl i oifinado. HhBRah shbaelubda:he deiskita i€ dHucioi
f eacidenolecdler i vative is selected fromthe group

consi sting of vinyl-ferrocene, acetyl ene-ferrocene,
styrene-ferrocene and et hyl ene oxi de-ferrocene. 30.

12Thghe afethderby ?ﬂ%i‘moﬁ ClvREIBIE Ine MRISE Bdid éndlectieciese a pre-
derivative is vinyl ferrocene. 3 . The redox pol yner

of defingchsemueng@er ei n t he nol ecul ar wei ght of the redox
pol ymer i s between about 000 and 5000 Dal tons. 32. The
redox polyner of claim26, wherein the ferrocene

13l odbenyethod bk clairdob2, pdigraier thes neleiscgeidamolacuycamgrise at

14% A for. [ t | ubl e,
- clo! piF 6 BER3S feliabs “Compr st ng: . pol yreri si ng a
first nmonomer unit conprising a polymerizable
ti h
14coiBe: GRRPLA SN 13 ORISR SRR, GRRE RAIFRCds dolegst one

or nhaer: AslaGrbee ﬂbwﬁg %l%écﬁm@c%nﬁ’élem@ﬂtéry itH& gingletstranded
charge, wherein said polynerization is carried out in

an f%ﬂj@@@uﬂ“%ﬂ@@ﬁ@la%d melayle to3ke delaciedocess of claim

33, wherein the aqueous al coholic nedi um conprises

et hanol and water in a volunetric ratio of between 2:1
15andhe:metesl. of daimpi @,oelsarest thel analyie3dp hehdeiected isa protein or

polay rﬁidéati onis initiated by adding

15. The method of claim 15, wherein the capture molecule is at least on ligand
capable of binding proteins or peptides.

16. The method of claim 1, wherein a blocking agent is immobilized on the
electrode prior to contacting the electrode with the solution supposed to
contain the analyte molecule.

17. A method for the electrochemical detection of an analyte molecule by
means of a detection electrode, the method comprising:
(@) immobilizing capture molecules, which are capable of binding the
analyte molecule to be detected, on the detection electrode;
(b) contacting the electrode with a solution supposed to contain the
analyte molecule to be detected;
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a free radical initiator. 36. The process of claim 35,
wherein the free radical initiator is selected form

W0 b@s5ge@oup consi sting of ammoni um persul f ate, POL/SCHI0HNM0351

per sul phat e and sodi um persul fate. 37. The process of
claim35 wherein the weighj,ratio of free radical
initiator added is between about 20 g to 40 g per 1

ar g Ok JIAG TR anditte %%éﬁ&'ié’?&ﬁéin%fd iﬁ'%id%&lﬁ{ioﬁ"‘ik%ﬁd% the
pol'ymerizatton I's carried out under reflux at a

t enpercapivee ofoleatlesean i eledd®@de, ttbe@bg. alBwinghermation of
process of, claim. 33, wherein pol i zation is carried
but 1 roATPleReS {oaBen rsaphite drolistie, g o arkaiytg;molscuie,
cl ai m gad cohwyieigs pahiHiE firskldyen onshealgtédibnosibcticde;

about 24 hours. 41. The process according to claim 33,

f ufdheforiBelg tendetectipnaiRrtiods, Wit & pigrtrashermicg! activator,
prior {AeRM YERA! Bldtiiobfe idell " Sétivalieh RO TMSGPRtSc net
conprising:48 dissolving the acrylic acid derivative
nmononeeha/getthathisapompleseerdagl tothse elediesiaiie netheharge of the

addi ng r i i_nitj a | t

pol yne?‘?@gﬁ%e?&é"ﬁ%c%%eggr itdvg({q V%remqﬂgltengrﬁféuﬂaﬁ [ég\ a{ﬁ%lyte
f or m t hwleoute, rtaergbyoiorming arsecodd.layéreom e etectioide, wherein
claim4 , wherein the fe di[ﬁ?%r%&io of acrylic acidd "
deri val evgep%ncgdiay,%@pga G TP [oyEE AQogter\iormy @ ¢onducting
the prpiidyeactamp Wheteihe the apHREN nadledlileb %8 d capsble of
of the wei ght of nononer added. 43. The process, of

cl ai m HanfEFrdhelerons i pefrrkineLleairoeRarnicabastvasr fiam or
nononme i diad ' 1 an aqueous al coholic

medi urrifopfrhlgoérledt:tf)o é?%%g%ﬁgg'g.’ 44. The process of claim

41 (e)f uperiermiognan i eleelgicpl ergasiurement at Hiber detgetion electrode,
medi at gﬁdj n an organi c solvent. 45. The process
accordrng to Claim40, wherein the organic solvent is
sel(fpct ddtelctiogn thiee agalytes dynsoaipaniogotheurrestihesf #hed electrical
ket one. SEQUENCE LI STI I\Iﬁ <ﬁ%§t%enc§tfgr Science

Techno UERe gneq el RS IS

anal ytes by neans of an anal yte/ pol yneric activator

bi | ayer arrangenent

18. An electrode arrangement, comprising a detection electrode, suitable for

carrying out an electrochemical detection of an analyte molecule as

defined in claim 1, comprising:

(@) a first layer on the detection electrode comprising complexes
between a capture molecule, which is capable of binding the analyte
molecule to be detected, and an analyte molecule; and

(b) a second layer comprising an electrochemical activator, wherein said
electrochemical activator has an electrostatic net charge that is
complementary to the electrostatic net charge of the complex formed
between a capture molecule and an analyte molecule, wherein the
second layer and the first layer together form a conducting bilayer.

19. The electrode arrangement of claim 18, wherein the electrochemical

activator is a polymeric redox mediator capabile of transferring electrons
between the analyte and the electrode.



<150> US 60/515, 229 <151> 2003- 10- 29 <160> 14 <170>

M5 Word for Wndows <210> 1 <211> 18 <212> DNA <213>
W@eaosHi@dnl sequence <220> <223> Prinmer <400> BCT/SG2004/000351

ATGGTGAAGG TCGGTGIC 18 <210> 2 <211> 20 <212> DNA

<213> artificial sequence4§220> <223> Priner <400> 2

TTACTCCTTG GAGGCCATGT 20 <210> 3 <211> 20 <212> DNA

<213> artificial sequence <220> <223> Priner <400> 3

ATGGAGGATT CACAGTCGGA 20 <210> 4 <211> 18 <212> DNA
20.<Jfs-elgetrpde @rangesan i «lainp 8 S< wheseiprthgeagent for increasing

conductivity of the analytes contains metal ions.

21. The electrode arrangement of claim 20, wherein the metal ions are
selected from the group consisting of silver, gold, copper, nickel, iron,
cobalt, osmium, ruthenium and mixtures thereof.

22. The electrode arrangement of claim 18, further comprising an agent
capable of transferring electrons to or from the polymeric redox mediator
from or to the electrode, respectively, wherein the agent is bound to,
intercalated in or associated with the conducting bilayer

23. The electrode arrangement of claim 22, wherein the agent is an enzyme or
an enzyme-conjugate.

24. Use of an electrode arrangement of claim 18 as biosensor.

25. A biosensor for the electrochemical detection of an analyte molecule,
comprising:

(@ an detection electrode;

(b) a first layer on the detection electrode comprising complexes
between a capture molecule, which is capable of binding the analyte
molecule to be detected, and an analyte molecule; and

(c) a second layer comprising an electrochemical activator, wherein said
electrochemical activator has an electrostatic net charge that is
complementary 1o the electrostatic net charge of the complex formed
between a capture molecule and an analyte molecule, wherein the
second layer and the first layer together form a conducting bilayer.

30

26.

A water soluble redox polymer, comprising:

(@) a first monomer unit comprising a polymerizable ferrocene derivative;
and
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35

<400> 4 TCAGICTGAG TCAGGCCC 18 <210> 5 <211> 35 <212>
DNA <213> artificial sequence <220> <223> Capture

WQ@e@be40ddD0> 5 TTTTTTTTTT TTTTACTCCT TGGAGGCCAICTHEGIBo/000351

27.

28.

29.

30.

31.

32.

35 <210> 6 <211> 35 <212> DNA <213> artificial
sequence <220> <223> Capt yg probe <400> 6 TTTTTTTTTT
TTATGGTGAA GGTCGGTGIC AACGG 35 <210> 7 <211> 32 <212>

Dl\@%l@@c@id hidrenddr L&ﬁﬂ@@ﬂgﬁsiﬁé?ﬁPaé@ﬂé%dﬂ gerif@nieUhaving
<222> (1), <223> XXX <220> <223> Capture probe <400> 7

TTTTTTa PHMmary fe-aGhASS Tiancienat@raup Capapls. of agguiring3 net

<212> @Mge_

The redox polymer of claim 26, wherein the second monomer unit
comprises an acrylic acid derivative having an terminal primary acid or
base functional group capable of acquiring a net charge.

The redox polymer of claim 26, wherein the acrylic acid derivative is
represented by the general formula (1)

CHo

C|;H

CI;:O

R

wherein R is selected from the group consisting of CyHo-NHo, CHop-
COOQOH, NH-C,\Ho,-PO3H, and NH-CHo,-SO3H, wherein the alkyl chain
can be optionally substituted, and wherein n is an integer from 0 to 12,

The redox polymer of claim 26, wherein the polymerizable ferrocene
derivative is selected from the group .consisting of vinyl-ferrocene,
acetylene-ferrocene, styrene-ferrocene and ethylene oxide-ferrocene.

The redox polymer of claim 29, wherein the ferrocene derivative is vinyl
ferrocene.

The redox polymer of claim 26, wherein the molecular weight of the redox
polymer is between about 1000 and 5000 Daltons.

The redox polymer of claim 26, wherein the ferrocene loading in the redox
polymer is between about 3% and 14%.
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W@B00584003 DNA <213> artificial

33

34.

35.

36.

37.

38.

39.

40.

41.

<213> artificial sequence <220> <223> Capture
probe<400> 8 TTTC GICTG AGTCAGGCCCA 32 <210> 9 <211>
sequence <220> RRRSG2004/000351
Capture probe <400> 9 TTTTTTTTTT TTCCTCTCGC GAGICAACAG
AAACG 35 <210> 10 <211> 49,5212> DNA <213> artifici al
sequence <220> <223> Capture probe <400> 10 GCCAGCGITC

CONBIBES 10 SRR paloaten SpiOEfe, 1o00 glimet, 54 Process

<2e@mpheingct i on probe <400> 11 AAAAAAAAAA AAAAGCTGCC

12> DNA <213>
g?&ﬁ%ﬁgﬁlgﬁﬁﬁ%%irﬁg 1c%?np7n%°,in<gza polymenze%be ferrocene

derivative with a second monomer unit comprising an acrylic acid
derivative having an acid or base functional group capable of acquiring a
net charge, wherein said polymerization is carried out in an aqueous
alcoholic medium.

The process of claim 33, wherein the aqueous alcoholic medium
comprises ethanol and water in a volumetric ratio of between 2:1 and 3:1.

The process of claim 33, wherein the polymerization is initiated by adding
a free radical initiator.

The process of claim 35, wherein the free radical initiator is selected form
the group consisting of ammonium persulfate, potassium persulphate and
sodium persulfate.

The process of claim 35 wherein the weight ratio of free radical initiator
added is between about 20 mg to 40 mg per 1 gram of monomer.

The process of claim 33, wherein polymerization is carried out under reflux
at a temperature of between about 60 °C to 80 °C.

The process of claim 33, wherein polymerization is carried out in an inert
gas atmosphere.

The process of claim 33, wherein polymerization is carried out for about 24
hours.

The process according to claim 33, further comprising: forming a pre-
reaction mixture prior to polymerizing said first and second monomers,
comprising:
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<223> digonucl eotide <400> 12 AAATTGAAGA GITTGATCAT
GGCTCAGATT GAACGCTGGC AAAAAAAAAA 50 AAAACTCCTA

WOSBOSHEIMAG C 71<210> 13 <211> 71 <212> DNA <Z2RGESG2004/000351

42.

43.

44,

45.

artificial sequence <220> <223> digonucl eoti de <400>
13 GITTGATCAT GTCTCAGATT GHACGCTGGC AAAAAAAAA 50
AAAACTCCTA CGGGAGGCAG C 71 <210> 14 <211> 71 <212> DNA

<oy e sl st g SRR o

eB0 AAAACTCCTA CGGGAGGCAG C 71
adding the free radical initiator, and then

adding the polymerisable ferrocene derivative monomer unit to form the
pre-reaction mixture.

The process of claim 41, wherein the feeding ratio of acrylic acid derivative
to polymerizable ferrocene derivative in the pre-reaction mixture is
between about 5% and 15% of the weight of monomer added.

The process of claim 41, wherein the polymerizable ferrocene derivative
monomer unit is dissolved in an aqueous alcoholic medium prior to being
added.

The process of claim 41, further comprising precipitating the redox
mediator in an organic solvent.

The process according to Claim 40, wherein the organic solvent is
selected from the group consisting of an ether and ketone.



