1 METHOD FOR DETECTI NG ANALYTES BY MEANS OF AN ANALYTE/ POLYMERI C
ACTI VATOR Bl LAYER ARRANGEMENT [0001] The invention relates to the
field of analytical sensors. In 5 particular, the invention relates
to a method for the detection of analytes in a sanple by neans of an
el ectrode arrangenent, which is char adt eri zed by the formation of a
conductive bilayer of analytes and an agent for increasing the

conducti vi t MPfHO® FORBETECTING ARAISITES BY MEANSDOF AN ANALYTE/
invention is also directed to an el ectrode arrangenent useful for

perfornming such nER@bYMERIC ACGHVATOR BILAXERIARRANGEMENTect r ode
arrangenment as bi osensor. BACKGROUND OF THE | NVENTI ON [ 0002] The
detection and quantification of analytes such as 15 nacronol ecul ar
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expensi veweéagéottls;e asel oﬁ 5u¢ieelmtrodb afmmigpmmtt asHiesdnsocheni cal
detection techni ques, on the other hand, have becone an attractive
alternative in view of both high sensitivity and |l ow costs. [0004]

Wth regard to the detectjo nucl ei | l.es three major
el ectrochem cal detectio 5%!%3 E@ %eﬁgﬁrmg’%tﬁ%ﬁ;pl i ed, nanely
conductivity 30 neasurenents (Park, S.J. et al. (2002) Science 295,
1503-1506), nucleic acid intercal ati on methods (Zeman, S.M et al.

(1998) Proc. Nugo2]A%Rd: détécuoHSAai% quiaia%ﬁéatioiﬁfi%f Bdgttbd. dudr @b
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most frequently used methods for determining the presence and concentration
of biopolymers include the detection by autoradiography, fluorescence,
chemiluminescence or bioluminescence as well as electrochemical techniques

20 (reviewed in, e.g., in Bakker, E. and Telting-Diaz. M. (2002) Anal. Chem. 74,
2781-2800).

[0003] However, autoradiography cannot be applied in many fields due
to the use of hazardous radiochemicals, whereas optical detection methods
usually involve tedious labeling procedures as well as expensive reagents and

25 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

30 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



3398-3402). [0005] Park et al., supra, have reported a DNA array
detection nethod 5 using oligonucleotides functionalized with gold
nanoparticles. The detection limt of 500 fM has been found, which
is, however, not sufficient to identify very rare nucleic acid
speci es encodi ng, for exanple, transcglptlon factors or certaln cell -
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of the DNA sensing processes. Very recently, a detection limit of 0.5 fM has
20 been reported for a 38-base oligonucleotide using an enzyme-amplified
detection method that corresponds to approximately 3000 molecules (Zhang, Y.
et al. (2003) Anal. Chem., page EST 2.4). However, this sensitivity is only
achieved when analyzing short DNA oligonucleotides, usually 20-50 bases in
length. The use of these methods for the detection of larger nucleic acid
25 molecules such as genomic DNAs has turned out 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
30 detection even of macromolecular analytes with high sensitivity.



(a) inmmobilizing capture nol ecul es, which are capabl e of binding the
anal yte nol ecule to be detected, on the detection el ectrode; (b)
contacting the detection electrode with a solution supposed to
contain the analyte nolecule to be debected; 10 (c) allow ng the
anal yte nol ecul e contained in said soPution to bind to the capture

mol ecul es on the detecti onsgm;\mdgp 'F#PEVIRVEWIUNM ng formation of

conpl exes between a capture nol ecul e and an anal yte nol ecule, said
conpl exes formng a first layer on the electrode; (d) contacting the
detection electrode with an el ectrochem cal 15 activator, wherein
sai d el ect r ocH@8P8hIN aene v aspecthatheannegriian oproyides raet mezadyefort tae
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between a capture molecule and an analyte molecu[e thereby forming a

second layer on the electrode, wherein the second layer and the first layer
together form a conducting bilayer;

20 (e) contacting the deiection electrode with an agent capable of
transferring electrons to or from the electrochemical activator from or to the
electrode, respectively;

f performing an electrical measurement at the detection electrode;

(g)  detecting the analytes by comparing the result of the eiectrical

25 measurement obtained with that of a control measurement.

[0009] [n 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:

30 (a) 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



[0010] In yet another aspect, the invention provides a biosensor for
the electrochem cal detection of an anal yte nol ecul e, conpri sing:
(a) a detection electrode (b) a first layer on the detection

el ectrode conprising conplexes 10 between a capture nol ecul e, which
I s capabl e of binding the analyte nol€cule to be detected, and an

anal yte nol ec ; and (c second | ayer co I Si ng, a . .
ol ect 1 ochem odPS actd #PEHd TR emPTSHd Grop BERP GRALIFEL SFINRIPT apRiEn
has an elgqd r erlciocReMlal CBatigRot NRAs | Bn MBICRERR! afigt thatde that is
el ectrostatic net charge of the conplex forned between a 15 capture
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conpr Bsi figst laggr tagethestfomp acmoeducting bitayesr i si ng a pol yneri zabl e

roryi o aci d dopnbhi verandhenghed, BRIRATTOR ATRAS 4cp Ry doE e
aci d or haserdohephicantdtection sl aropadlye: moleoits] woripigirg:net char ge.

[0012] In one eBT‘oodi ment, the acrylic acid derivative in this new
water 25 sol UBle r%ﬁ%‘%@cﬁ%ﬂ?ﬂ?gmﬁ@ represented by the general formula

Consi sting of Ehierie Glee b deidh, JeBt RSP R En o
wher é0n theéwabRya capiare maleclie, wbishi isreapaplesabbinding the analstenmeresule n
5o | B GHERRAR S B bl oot her aspect) the
pol yrmer, sai d (py ocessecompiayarngmprising 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
15 capture molecule and an analyte molecule, wherein the second layer and the
first layer together form a conducting bilayer.
[0011] In yet another aspect, the invention provides a water soluble
redox polymer comprising:
(a) a first monomer unit comprising a polymerizable ferrocene
20  derivative; and
(b) a second monomer 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
25 soluble redox polymer is represented by the general formula (1)

CHo
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polynmerizing a first nmononer unit conprising a polynerizable
ferrocene derivative with a second nononmer unit conprising an
acrylic acid derivative having an acid or base functional group
capabl e of acquiring a net charge, erein said polynerization is
carried out in an aqueous al coholic dium 10 BRI EF DESCRI PTI ON OF
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Figure 1 depictS a Schematic i ITu§tration of the etec i on et hod
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Subsequent 1y, trochem cal activator as an agent
50 fa@P transferring electrons to or fromthe electrochemn cal
activator fromor to the electrode, respectively, are brought in

contact with the el ectéﬁftq; 55@‘@@@,1(“)?] ﬁﬁbflllﬁéﬁﬁ |ﬁ?§s or as

m xture). The electrochem C activa has an el ectrostatic net
charge that is conplenentary 30 to the electrostatic net charge of

o1 ccul b, t nerBBy2} Sk Racatab AT Aler ciaieof) SRy B ereRcioe e

t he secorubtéumcerdemdpﬁm Whést comi@éredoaet Esijuhetion avitc ahduabhighiting
bilayer. In the optional presence of substrate nolecules 55, the 6

curr éft W%@%G”F’FW{%”%UEI%'% oxi dation of the substrate are
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target analyte concent ration in the sanple solution. Figure
i || ust r atagcordngde e pregrel inveptiea.uFist, ias shewn inFigomw theecapture

surface qfofclfiedehEChnith BIEChhAAR b bffidify 9% Dnahr€' BChE Widcted, are

immobilized on the surface of the detection electrode 10. Optionally, a blocking
20 agent 15 may be added - either individually or together with the capture
molecules - in order to occupy free binding sites on the electrode surface and
thus to reduce the background signals. Then, the detection electrode is
exposed to a solution supposed to contain the target analyte 30. The analytes
molecules are aliowed to bind to the capture molecules forming a first layer on
25 the surface of the detection electrode. Subsequently, the electrochemical
activator 40 as well as an agent 50 for transferring 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 mixture). The
electrochemical activator has an electrostatic net charge that is complementary
30 to the electrostatic net charge of the complex formed between a capiure
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



[0016] Figure 2 depicts a representative gel el ectrophoretic
separation of PCR products encoding full-length rat TP53 cDNA (I anes
1-3) and full-length GAPDH cDNA (|l anes 4-6) using different ratios
of biotin-dUTP/dTTP. Lane M  DNA si zg maker. Lanes 1-3 correspond to
bi oti n-16-dUTP/ dTTP ratios of 0:100, %0 35: 65, and 65: 35,

respectivel
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[ 0022] Fi aake @‘aitmiyct s the anperonetric responses of a gold el ect r ode
[0018]Figure 4 depicts cyclic voltamograms of a gold electrode after
hybridization with the GAPDH cDNA in PBS (curve a) and 20 mM glucose
20  solution (curve b) with (A} a capture probe complementary to the GAPDH
cDNA, and (B) a capture probe non-complementary to the GAPDH cDNA. Scan
rate: 10 mV/s.
[0019] Figure 5 depicts the amperometric responses of a gold electrode
after hybridization with the GAPDH cDNA in the PCR mixture (a) with a capture
25 probe complementary to the GAPDH cDNA, 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 M TP53 ¢DNA in 2.5 ul droplets,
30 respectively. Working potential: 0.36 V, 40 mM glucose.
[0021]Figure 7 depicts the amperometric responses of a gold elecirode
after hybridization with a mixture of E. cofi 16S rRNA, E. cofi 23S rRNA, and full-
length rat GAPDH cDNA. Curve (a) corresponds to the response of E. coli 165



5 after hybridization of an E. coli 16S rRNA-specific DNA capture
probe with 200 fMof (a) a fully conplenentary synthetic
ol i gonucl eoti de, (b) a one-base m smatched ol i gonucl eotide, and (c)
a two-base m snat ched ol i gonucl eoti de respectively in 1 pl droplets
in order to evaluate the sensitivity Bf the assay system Working
potential . 0 35V, mM gl ucose. 10 _[ 002 i ur«N/gd icts the
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GAPDH ¢ DN@pfahty § HPér‘H@@énﬁél.eﬂoumﬂ}BBie't@ Rr&Msel Ny skinbasReffialao 3y ¢,
pM GAPDH™ 'cDNA.
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[0025]Figure 11 illustrates a structure of the basic unit of a water-soluble

20 and cross-linkable polymer of the present invention. The figure shows a
repeating unit found in a copolymer of vinylferrocene and an acrylic acid
derivative.

[0026]Figure 12 depicts the general reaction equation in the co-
polymerization reaction of vinyl ferrocene and an acrylic acid derivative.

25 [0027]Figure 13 shows a Fourier Transform Infra Red (FT-IR) spectrum
of the redox polymers PAA-VF¢ 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.

30 [0029]Figure 15 shows cyclic voltamograms of redox polymers in

various systems. Phosphate-buiffered saline was used, and the potential scan

rate applied in obtaining the voltamograms was 100 mV/s.



5 DETAI LED DESCRI PTI ON [ 0031] The invention is based on the finding
that the sensitivity of the detection of analytes, such as

bi opol yners (which are generally nonconductive 10 or only poorly
conductive), can be significantly inproved by the use of an

el ectrochem cal activator that is pre§ent in solubilized form and

whose net charﬂe In solution is conplenmentary (i.e. opposite) to the
net charge of [ORE0IRIgHre 16 shaves anether SYBkc Mekamea@neof & tasiey| Ralymer

conpri si nOARNPES B is EdSsliPked NGt &I?Q@%E&?ﬁ%‘-ﬁ%ﬁ% !ﬁ{gﬁ’l Abamit eSoand

conpl exes conprising the sanme for .
el ect r ochBBA flmacni gald oeleatrode.y Phoaphatetiufi@yed saline eivas tussst, anid the

| ayer - by- . Lf-ass | V.. ' I r |

ol et rorP ¥l Gah BRIt in Poiina Y FouaBBIART BRI e

conpl ete surface of the electrode, which influences the current flow
at the el ectrode used for thﬁ,ﬁdliijﬁﬁﬁﬁgﬁgﬁlhbrﬁgNana' yte. The use of
the bilayer has al so the adv [ a | arger and 20 nore
honbgenous contact area to the el ectrode, which also contributes to

the increased sensitivity of the detection nethod of the invention
conpared to ot[8881] phedewentian inbaped wn the Bnding[tbeBtersensisyity of the

" oo o _ ! : f .
qual 1 t ot 1 e EP B Al B RGPbiRE hER 48 Fiferdf ndifidhauctive
meanilng tdrabnly2ooihe doeductivs) @ani b sighificantiyc imdesedeby riienusey of han

absence of, an analyte in the | e. By.use af.t.he esent t hod,
onatvie latiadinital acliatpf 1A, progent e selpliga Hofhcany iore, et
unanmbi guodrdrye dat SlitRsh isTeempidtaentiry C(p@.c@ﬁ%@ﬁiej)qmtheohea@ﬁbszgeeof the
suitable for detection in the inventive nethod is about 10-12 Mto

10-15 M analvtgppeleceinscionbe Hatestedi o 8 OMRIAXICPMPTSNY &9 Samey Rug to

t he det egi | - | oAl |

respect thot Qupbstd HpHdhe. Xhd Mdlddahd dimdibxes cBRREINgANe e [
presént itagatheamylhetherelacireshaumicahagiivatontahderyisiable hifayer nianelepisostatic

P! 2 OBy Bep At SRR Rt T bOSRTBHPRo! oS SBlclintiibtoe

" capt ur e briigec ujoe""elctronedhiitiet) acrosy thef eomplete sirfagieeot Yipe etdctrode,

O o e S S S S S R 5or P sl i e
al so  comgndlge. Tthé feeasftthé Yiggerdhad Bise GHé @8vahiRigefPTaViaingUs |806r a6d d

probes har\rqlope homogenous contact area to the electrode, which also contributes to the

increased sensitivity of the detection method of the invention compared to other

procedures known in the art.

[0032] The term "detecting" according to the present invention refers to

both qualitative and quantitative detection of analytes in a sample, meaning that

25 the term "detecting” also includes determining the absence of an analyte in the

sample. By use of the present method, analyte concentratiohs as low as about

1 fM (i.e. 10-15 M) can be unambiguously detected. The range of concentrations

of analyte suitable for detection in the inventive method is about 10-12 M to

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

30 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.



5 different nucleic acid sequences (which therefore al so exhibit
different binding specificities). The capture nol ecul es may al so be
anti bodi es or other types of proteinaceous binding nol ecules such as
the class of anticalins(r) (polypeptiges whi ch exhibit, |ike

ant i bodi es, specific binding characteFistics for a given ligand (cf.

al so Beste et 999) Proc. Natl ad. Sci  USA 96, 1898-1903
W oh 10 recodhP3al Hhe FemtL ReriFr Helec S dsndsac T By oo 2 Siigle
Pr ot el nacgaUSHICRIBRRUINS, fof NSafifiecd dhdibatantiolVinRicie! aganbivbe with a

nol ecul es”does not only allow the sinultaneous or consecutive
det ect i orflafinedi ﬂﬂ@lemacmw@egueacgubinwermﬁwearcaﬁmr@ m@dersties NoASIsO

h of f
capture ralTa CPErAHCbas o BRGIERUE; for' GanfilE rREICE SHIFbrdptlhdling
diff eﬁentdlﬁérenémgmld. iaoial sawmmees(wmcrgtherefmee dlso arkibi’ ditferemt lblndnﬁg a
I d. d bi ndi i t f t.0
ol ecul o SREIERESHH Hie Cepturt mPleaiib Bay 39 il aiibodishob S W of

of an anadrpteinddbolsSHRGING- mbREGrRs skivh 4£tHB clabeof BpBeaIRs®Alpolypeptides
activator"” as used herein refers to any conpound that is capabl e of

act i vat i nihichexhiifdike raattlbpﬁ@ssﬁ@e@f@bmlm@ af&E—‘@efl‘fél{Cﬁé@h atméerahaarw e
dth f b,
T s EEEOBeeid B, Ryl s a9 P gdm s, whih

anal yt es |b| s a conducti Vi
el ecfli c recegrine , diffetent rsurkachi @Igmnst tepitopha) obfa pmtelirmnabys @on[mmmﬂ]

In one e od| o) I oy | I ctroch S

a pol yme?ﬁ} o?frémglﬁ'&rtyp R %foﬁépﬁ%%o@’ etshﬁo rﬂ%ﬁtﬁ%# ﬂ?%}

2E§ el Iect rs}:}guhn&am@hs auefzmrvﬁoatzv@det@ltm dfeﬁfﬂ;fl gmcamad?tee&t@ aks)ﬂmm or more
anpl es of suc tal ions are silv 0 ckel , ir

Cobalt - GAHAE N K oREh GrihoToheyiBs DICTG FeoieIar B Pne 0t Ilanog Rf

can bind HptGral hlscdle, BRdaisy eh¥ GERBESSH of IRURAMRN shBRAS Wik afiffetint

the analytes to be detected by el ectrostatic interaction. For

exampPe, TeEOgMtoRsERYEREES, ©-Oe iR Bednddd deaniniof &i wcé@:lcwd g@igrule or

cations bipd; Sg%q\ot Blnﬂn@egf@f‘&f ¥%¥e§[§grn%9gc@?g?ﬂ h En RasdRome lmehﬁgﬂ)&i

nucl eic acid I NS catlons ma
to the sﬂdeiectmhevencﬂfmcdplesamancanadmeatw sanileas aspartate or

hourd have s ORIAP She'Brf SBRGREonl A el Bh A e A ) i 80
reduces tdungbdridithaind dapsble @f adtivatiagothes pgeneshdtitiargfdrsecleetrons
on- P81 cEAPEN 65 FREME oADK TRsoAes PRt S QueiER s gBRCTICall) to the
analytes to be detected, and that exhibits a conductivity for electric current,
which is higher than that of said analyte.

[0035] In one embodiment of the invention, the electrochemical activator
is a polymeric redox mediator. In some embodiments of the invention, the
25  electrochemical activator contains redox-active metal ions. Examples of such
metal ions are silver, gold, copper, nickel, iron, cobalt, osmium or ruthenium
ions or mixtures thereof, all of which can bind as cations to negatively 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
30 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. '



5 species covalently attached to a polyneric conpound. Such redox
polyners typically are transition netal conpounds, wherein a
redox-active transition netal-based pendant group is covalently
bound to a suitable polymer backbone, which on its own may or may
not be el ectroactive |tself Exanples(%f this type are poly(vinyl

ferrocene) and I VI n ferrocene co-acryl a Al ter atlvel , 10
the pol yneric [ngﬁl\: Théi& §f r SHigbleoRYlyMEEicare %nF@Q"‘?@rSoé Aeldr Ba

Speci es. ch&ﬂb&l%tlﬂotur‘é"‘%ﬂ‘ﬁc%?é@r@é %r'sﬂﬁétléﬂﬁam/ Fé?:ﬁf&@%@%fﬂﬁ@?énai loss

coupled to an opp03|tely charged redox species. Exanples of this

t ypeI i Sledee aed@g%nec?;@s gudimch thgeperigsboltiree thaidhe sampe isbeing a(namz@dt )
ot eSB! Y pohgg R BB mBRE A el B ARSI U

pol ymer sapeitiess cpalghily \attaylhed o capolyenerio gphgdund. Suche@mibxvmﬂwners
char ged redox, speci ch as, ferricyanide or ferroc ?
Fur t hor oY RICal STPe HARSEOR (MBtal cCAMEPURS WRBER: IEHo R13F UG kRSN

the pol yBfal- bE@éd expgBhiEgrolpes b@%lémgs%@ﬁ@fo ﬂ%)ﬁltbl?rlefwlgrfﬁdr Backbone,
coordi nati on of an osm um or cobal , ex

pol y( 1- viMYichiof ExovineNayrorpgory nad W'@W?@Ctp@r [tsﬂlfnéxanmiﬁ ﬁéﬁhls type

I t
oo a T FeMode) S GRIRE KRR bo-EAMBRIAA. AltolichDeRT
as wéDI atherm:ljrmdscfredox heddiatey maesompase alhemmaﬂydbqundUeSoxmeeias
No 356, 7 035:, 5320, 725: 6, 336,
and o, STOPIEHY: BieRousaetos BORHR R P EREATNER CBRP QS RREPERY

the el ectdteehedriredbx s@@tleéat!i)(a e§&ifem1i§f®ﬁef omeltide encmegiatmé[y\ama@@ed
redox pol rrers that is de |n det aj | Iater herein. Bri ef

this novelol¥ngss ?ﬁdUi’ Ntlo FRHPISEs 10 (7RSS Ch@FQ‘?S’céé@X
pol y (Vi nydpeloRisr 8GEN R SR- @s‘?ﬁMhﬁi@S‘rqﬁthe?fﬂJrﬁ(Hél?fz{yrldcﬁrda%ﬁrkﬁ) vice versa a

co-acrylic acid, and pol y(vinyl

f er r d6ene)ositivedt rafasaed oPQIPMES nsieeh famipeldrdnyl3dmigieaolsol gouplagi to a

ferrocen p C Ip.n

I nt eger ﬁe{%‘?@@ﬁ@@%&@? %T%ggggr%mgﬁéhen k&[c%@agf B{ r?ﬁg}cgraﬁldr?

el ect r onFFurtermeed, e eiedoxr e]beu:lestmraralsca@atcouﬁdlnaltlveipoboand i tmatﬂne)n

by the eleit’roc m cal cthvatﬁ %cil abet ehcggfer el. tron

of 1rom tVERE KRR e Tedby iestaner Snibe TorradtlBy Ehaifais o an

respect i \ednyiuml batcobaltal) 28gippiid@agshplexob goiyer-vingl anidareled atepdly ng-

el ectrons resul tin R a decrease or_an increase of the oxi dailon

st at 80of ViRyl| &ygdine ? nother example is poly(4-vinyl pyridine co-acrylamide)
coordinated with an osmium 4, 4-dimethyl-2,2"-bipyridyl complex. Useful redox
mediators as well as methods for their synthesis are described in U.S. Patent
Nos. 5,264,104; 5,356,786; 5,262,035; 5320,725; 6,336,790; 6,5651494; and
6,576,101.

25 [0037] In a further embodiment of the invention, the electrochemical
activator is selected from the novel class of redox polymers that is described 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-(CH,),-sulfonic acid,

30 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



one atom of said agent. Thereby, the agent is bound to, intercal ated
in or 5 associated with the conducting bilayer fornmed of the

anal yt e/ capture nol ecul e- conpl exes and the el ectrochem cal activator
nol ecul es, respectively. [0039] The agent of transferring el ectrons
may only serve this purpose It is h ver, also possible that the

agent ca f tran rr|n el ectrons i Itan nctions, as
ootur o s o Prantheh Al tionsr ok ffare e, plackip oheG el 960vateh TETB CRRa R o
to be deté}éét?&dé 5re§|5'eé% Wh%‘ﬂ%bhaé%ﬁtft%pﬁﬁféléf abﬁé‘tlrﬁ{ an%b%cééfh@e

detected by an electric measurenent I n one
enbodi nerkleefons: esullirgin a decransenjai ln@w@squ toe Odeuaém@ ﬁé&te ioh gt least

| ect

o be h Ul A B Bt AT FRORUER 5 chBHR. B inBRARRT B
currenst . dEzecEbey mhnthg dmdsxetnaag:bddyérrfnnmedmfghelmattyfte/capture molecule-
O o i ges ang DT RROEh STl Bttt Gl Ues, Bspactvayd! Ueose
dehydr ogenase, d[obsd] TH¥ idlenit ot ﬁan@l‘@mﬁy @I@@ﬁ@ﬁ@mdy@@ﬁly seflehmiy pappss i

gl ycerol dehy ogenase sor bit ol hydr ogenase, gl ucose
dehydr ogdfall@veye aaleo d@?ﬁﬂi?'%g@ﬁés’fée aaenic capableqot drayefgaaaglectrons

mal at e %u%ﬁﬁne&%l &H&%n@xég%.%ﬁ;turé gmam?e dﬁﬁﬁ%%"iﬂe |§ula ah& Rk,
oxi dase, chol1 ne ox ase xant hi'ne oxi dase ine d enase,
pyr utét e wiedry dhe gnedige, tophe udetestedxisdaneenzyxag au@stratedm Ccobveisiarbioh
id , |yt t h | ut id ,
RADPr o e AR BB R PE SR RS G Rl £ cnhor
oxi dase. 25 [qﬁéliq Theorinadmibedinent bef dhe erivedtiby, the agwnbapable of
ei c acids, oligonucl eotides, protei ns E’ﬁﬁ@ des or

nmet hod ma nuc
conpl exe§¥qqﬁ2?ré'89 cloGERANS 48 BRAPHAGIR| 6 aBr CRRANSICONRIgRIL. o dsany
The anal yér%yﬁ?é’ n?éf%ebﬁs@d‘ 14t BRsOlo thad’QkKepiphas! dn GtedtabVelectric

nol ecul ar wei chem cal conmpound that éxhibits 1n free or
conj dgat equrf mT\hﬁl enzwnai maysbe esaleeted tiomaithe rgroup| ofgprigdpraristases.

30 Exanpl@s, ff1e8UGH %W@B%nd&lééﬁgﬁgfg?&g%? LtLGcchsreuga)u Qé’érg%régeﬂ

pesticides or" toxin 0 nane one erre
enbodi nerperokld'abe i tactate ooxidalse, aradtotads deh)mtrogetmaact eblydrorybuigtaés c

o0 T SR o B b RS BRI BB soPih

ol ecul edehiiifodetia®e’ cglum@emﬁromas@ccmaldteﬁgjérgdwgearmeseg"alactose

| nvegtol onderheyfd?ogenase 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.

25 [0041] The analytes fo be detected by the inventive method may be
nucleic acids, oligonuclectides, proteins, peptides 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.

30 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



to smaller nucleic acid nolecul es (DNA and RNA) of approx. 10 to 80
base pairs (bp) in length, with nolecules of 15 to 40 bp in length
being preferred. The 5 nucleic acids nmay be doubl e-stranded but nmay
al so have at | east one single- stranded region or may be present
conpletely in the formof single straids, for exanpie due to
previous thermal denaturation or another kind of strand separation
for thei racRimecyas” as uged hereiprrefereip aaneere LA plaNAnge el @ Rive
sequence GbiRsNYAL it MiothubRoBBe ISR Gflgits (RS Brelht kntibn fefels
10 e kno t a

known, erelin t e. conplet e sequence nma or at eas
part thertecsmalleBenucisic agidtrhelesligs aNA| and/IRNADOT Bhpratetcta 8/ base

can e adrtae] FERMGEE it el i SR A D G0 sk Bretehe e
copy Buntmicleioetidsmagplye doubk-steandedybut oty alBortipe. atllzad0A8]single-
e eSSl e e RSaP e T o B Bl Sanc, o

si ngl e- staaineied A HrEMBUSIREHEE JerBiGHaasn haw idMbtiferS RIHHE o CsthArR]
is partially or full conplementary to the single-stranded regi on of

t he respaspavatianfagdneisatestion. doial peferrpd emabediment o&dhe Theniigsl the
acid pro b n |.C ol | gan | r er _nychej
201 d Sequshughte 1 HehNGHIE agksold 88"UEteEd F BrdiaolRERlT e TIE kbl
prevent i nghdrebr ithie zamplateosegbenge abay bd knoWwe ooudtdeasthal gartt ihebeof,
detected., Al so _preferred as_c re.nolecul.es are nucleic.aci r ghes
that " compeBeriiig bish.Seh<aRbHat 1 cRferuSh bt GLE sitnl I
bi otin-, nublde dcirdlecuMss tdibel détabrld car bederleWeéh, a gehBmi®SSMple
to use DNA- or RNA- 25 binding proteins or agents as capture

nol ecul efNd &¥Ae pPreseRbitharlowrenyr fwnbe THEWEORY NHMSeT QY &digh eppY
t he anal M{Lﬁ'ﬁbs%]ro be detected are proteins or peptides. These may be
conposed of the 21 naturally occurring anino acids (including

sel edbcyst ei n)[08438] Huifablescaptore analeculesr farx thepldetedionnof aticleic acids
resi dues L £:1 . | S.Qr . 1 0. .

bost t 1 andlRptd o MleMaib eAUH A ndMe RE Rikedi £, snsls-fisandsd
may al so KA po&RNAlmoleoulist drbbesrpvinga séquertieetiatasi piatialhd or fully
pr ot ei ns,

cognat e F‘&Qiﬁé:'g?%%ﬁ rg %L&')éggmpgi%@? Wﬁ% 3‘%@5'@\2& o'?‘reo%ﬁesltp%cﬁ\cfé Q?"'@tEE SUEl&iR
DNA- bi ndigigd darai prefdrablyl Okl Mhef afucsic capidurobBs eeidyeshé Okyrithstic
detection of proteins or i )

20 oligonucleotides or longer nucleic acid sequences, as long as the latter do not
fold in any structure preventing hybridization of the probe with the nucleic acid
to be detected. Also preferred as capture molecules are nucleic acid probes that
comprise maodified nucleotides such as nucleotides carrying a biotin-,
digoxigenin- or thiol-label. 1t is, however, also possible to use DNA- or RNA-

25  binding proteins or agents as capture molecules.

[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

30 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.



pepti des are any type of ligands with binding activity for the
proteins or peptides to be detected. Exanples of such |ligands are

| ow nol ecul ar-wei ght enzynme agoni sts or antagoni sts, receptor

agoni sts or antagoni sts, pharmaceuticals, 5 sugars, antibodies or any
nol ecul e capabl e of specifically bindithg proteins or peptides.

[ 0046] The capture_ nol ecules, irrespective of the analyte for which

they ~have bi NdPAg] Keefeiriedy captre paiojanmis 7o dbe ofeteriOmtfepiatBiS O
el ect 1 oG diceRire Ay 1L ©f ROUNLRth %ﬁ%@@g g%ﬁ%’. foR R4 BF1&ING or beBfies

interactions in r exanpl e, c interactions, "van
der \Waal stoi be eteiectednExaomplés oif sucheligartdsoateaiave molecalaawaightsenzyme

can bo i TITY 2b HiRuIES catOF indSERNS 0 AhietionERE) BhEriBAREGR,
hydr ophobéugaret antitidies or \emy whelfechakcapabitesfaspddtfitaliprbindingtprotding oe

I nteraction or through coval ent coupling using a |linker nolecule
shoul d t HREPtiEle§yr f ace of the el ectrode not be suitable for direct

| mmobi |i zat i Or[ﬁglge]o'rrﬁeaé rePPRRICANER, qr?eérr]b;e%ti@é of ithé @halJé @SrulBich they

nol ecul e t hat inding activity for t capture nol'ecul e and t hen

i mobi | i Zeavenhinsling @ctvith| earube iBympbiliget et the Hatectibnnilectrade dvupay
by non co ' CLLoO I B ti . I ,
wherein g%llﬁég ggge %ws%aiebhoﬁecﬂllcgg 'Q{eé(r?\%@togg f(':_gpé)?%r @?ér}gﬁg%ﬁ e'sﬁ? @Pigoefo?
[ 00470 Thexameplepdhydrophobing irterddiensnwamt idem Végalbe indaractieds.oudr lignic

using virtuall ny.el ectrode arrangenent kno in the art that
conpri Ses(tegect@é{agdiuﬁsr qy&"’ﬁﬁﬂ?i \ﬁﬁﬁé’gé’@tvﬁt?ﬂ'&.bo\élaﬁ'hﬂgsgpgﬁ [ giggns that a
ar r angenegdptueimblecufd 88n beRICHS DeAnfasBilifsd 6heleé cOFacasf Rl bledBole
reference el ectrode. The detecting electrode may be a conventi onal

metal el €% r Bydrophebig dnteragtione, van| def Yials oiieraghons coy elechpstatic
| t d . i i . ;

i oh nac" baaaicrt OF BRI cbiBRt SohBin@ sy & fidy foldclic Mokl the
i moRisl i zsurfape of théeclecipde eotrdde suitableTfos direadt invuebilizatioyeltgatalso
t hat ' ' I d , .Si )
o CP R e O BIRle SRR Bl BrRATRENS) o e
nitride |eapgorehmotedute andCheppnneshilizentherbapiord asolscldeanyubintding tretrat
struct urgqul%\é means ,of conventional, .l ta?;ﬁar aphi c and

Fechni qu R oY S bl MHPIRIgERe et sFomPRH SRTRIR (5,
the di st apggmpr Megierklieglded s bkideseniblbbies QBRI BhSIEKS AASCUlEBY
vary, depending on the kind of structuring technique used and the
type2df 14 047] The method according to thé invention may be carried out by
using virtually any electrode arrangement known in the art that comprises a
detecting or working electrode. Such a electrode arrangement usually also
comprise a counier electrode as well as a reference electrode. The detecting
electrode may be a conventional metal elecirode (gold electrode, silver
25 electrode efc.) or an elecirode made from polymeric material or carbon, the
surface of which has been optionally modified in order to facilitate 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
30 applied, and which has subsequently been structured by means of conventional
lithographic and etching technigues to generate the elecfrode 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



anal ytes to be detected. The di stance between the electrodes is
generally from about 50 pmto 1000 or several 1000 pm [0048] The
nmet hod according to the present invention also allows detecting nore
t han one type of anal yte sinmultaneously or consecutively in a 5
singl e measurenent. For this purposeﬁ4a substrate conprising a
plurality of electrode arrangenents as disclosed herein may be used,
wher ei n dNAdeg e berqgiacteds Tgﬁﬂ'ﬁ?@%@?@@ﬁ% e %'&8?'{0&‘?3 {mgenerally from
exhi bi ti rgbo(@gggjrﬁ &&ho@?!&‘f‘%g%@iﬁb@@g}‘n. for a particular analyte to
ec

be detected, are Inmobilized on the trodes of the individual
el ectrode arr d0848knhhe. mathed neadording, ta tthempregesd ibeepliivsialse alpwse

10 a plurgl] 0 r S i | C i .
orovi ded Gateringh mse 3 215 S BORHAMe " sofele BV ot RRlfsu e
of ansel eshtgledmeasungEiteFor ths porpmeyg, e sulsstehtbocompasing i anplunalityt b
inventive nethpd, is a conventional interdigitated el ectrode. .
ConsequerRPGoUe 2HRRIRTERE Bopiisoioged RETBR Mayl beansed, wherein different
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enpl oyed for parallel or nultiple determ nations. Another usable

el ect r oddonamaiieenanalytede ke detactrib aradimgiidlinss: on the aleciredas of the
trench or; ' | | d : Pl | reglons
Such as. PEYEEX ehe886 ShrdrberfiriE Atc R TRITR oy Sito P bELE
capabbe o phiralityof aleetredebyibagemeats, eadhi of whichbbéing provieddwitim anivo
20 opposite si defwal S. %05@ The present nmethod conprises, as a
first sté}ﬂetyﬁgq FRBMTE EFUHS of the capture nol ecul es capabl e of
bi ndi ng the anebyopAh@xaensleloreneslettioddarafgémaae wiich Meaebeciseader
The capture nol ecul es may be i nmpbiljzed by an conventi onal

t echni quEAkRYH%h Ouh th dnygntive; methed.j is) a Wﬁ?ﬁ%@'a‘ﬂ&erﬂﬁltﬁtﬁ%ﬁlﬁwpﬁ@

25 capt ur, S. \te : e,nliWMati €i @k i
i nkj et pr(?%rt@iartﬂg'% Ht!gckﬁ?d-le%;.g Iooﬁél?’r%%%%ﬁgﬁﬁp? (E I%E@k?ﬁg‘@%@h _;[r%dy
be adlfed elegfrades; iiendirviedreitode arrayt ogetheeemployved ier paraliel @r multiple

nmol ecul e | d t C r,Qu ' . n

I ndi vi duyq't?}{rﬂp %%&gﬁrocfﬁ}déggr;ggﬁmﬁa?f%@ g%der%rl r?q%%@nc'sé\/\% t%g&gcg ©
anpl e solartangenuentah thes farimeofed rehclo dea(cawity,eshich tidfdrimed fptaxample, by
nol ecul e has been contact efi wi th the sanpl,e sol utior}gci:fg&grder

t
prevent tISYRY CIHIHQN: SURD| B8 ulUs SXMPtn 2% oBYEL RTb W FyF%thPe

ol ecul esmoletai@sioaipabRCs Badingithe ah@lyted ard inrabbiizé& beRrf lovatedron van
unspeci fi c manner, Anl)( agent that can be
20  opposite side walls.
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[0050] The present method comprises, as a first step, the immobilization
of the capture molecules capable of binding the analyte to be detected on the
surface of the electrode. The capture molecules may be immobilized by any
conventional technique known in the art. If mulliple analyses are performed, the

25 capture molecules may be applied, for example, with the aid of inkjet printing
techniques.

[0051] Opticnally, 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

30 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 to analyte molecules, from interacting with the
electrochemical activator in an unspecific manner. Any agent that can be



15 immobilized on the electrode and that is able to prevent (or at

| east to significantly reduce) the interaction between the capture

nol ecul es and the analyte nolecules is suitable for that purpose.

Exanpl es of such agents are thiol np]ecules, disulfides, thiophene

derivatives, and pol ythi ophene derl vatd ves. 5 One particul ar useful

cl ass of Dbl ock| ng reagents use he I nvention are thi &r mol ecul es
o

such as 1BUnRilizgs ARl I8 AP thab iggaRiapio deeningirc at least to
11- "Efcarg@gr Ay cﬁfde A6 .Héraeiﬁmme%ﬂséﬁnﬁéccagﬁufé r&&@éﬂés%nd the

sol ution el ectrolyte, supposed contain
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€ Sur
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capture 15 nol ecul es, unbound capture nol ecul es nay be renoved from

the el ectrode. [Ooﬁahﬁvsttl@rhefOurﬂj@mle@pteiﬁcérolltﬁeeﬁum@adst%ﬁ@w@ﬂalthe
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el ect r ochsidetictedERBUERTHRINS ald@hbdser ke thabantl apaltes eanditerhsd
may be renoved enzymatically In the case, .the ca?turﬁ%&j{il ecul es are

DNA pr obedMmuliango X/OBEO'&%Q?@%‘PIV%@B?"' IRePeRtensopre MAlerHIaR| ect i vel y
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nucl ease Pl or ease . e capture no s are
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10208 Moueh S Benginy BRBrert Swih Rhe! Seltid COF' the "eRttrothemical
measurements. |

[0054] The unbound capture molecules may be removed enzymatically.

In the case, the capture molecules are DNA probes, this may be accomplished

by an enzyme, which selectively breaks down single-stranded DNA, such as

25 mung bean nuclease, nuclease P1 or nuclease S1. If the capture molecules are

low molecular-weight ligands, these ligands are immobilized on the electrodes

via an enzymaitically cleavable covalent linkage, for example via an ester

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

hydrolase (esterase) in order to remove unbound ligand molecules. This

30 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.



reduced sterical accessibility of the |linkage. 16 [0055] The
detection el ectrode, on which the analytes to be detected are

I mobi | i zed via specific capture nolecules is then contacted with the
el ectrochem cal activator, which is allowed to bind to said anal ytes
and inparts to these el ectrical condﬁ%trvrty The el ectrochemi cal
activator has a_el rostatrc@ﬁanet char ge that I s conpl enentary to

the el ectrost dPPed ]n e datectien sleqtiodes gRpiigh the ARaltese dete glie

mol ecul e iapsbilzanalixt & a&hecrétaﬁturéhﬁrcﬂ@auréerr@ NHed c%ﬁt?é&ﬂéh | GHRT 1R
t he el ectrode wherei n he seco er and the tirst er toget her

form a steletteochemiaak agtiyatsir which isial eeictOrlmedet@rsaldsenal hinpparts
[ 0056] F ttHéé fe%tr ctatrilﬁoﬂ lﬁ&ﬁ/ﬁtyoﬁhg F?e%{tfo%ﬂSmréal %8&&8]; ﬁgﬁ‘@ élgcﬁg‘statrc

agent ransterrrng electrons to or rom

el ect rsoc hmmhatg@dtat\rabomptememtary td ttnet dlectedstatic qelechatrgemfcthe \vemplex
whi ch may, facilitate or ei/ena Irf eelegiﬁron fer et ween
gtog)ecul

the anal yPENSH fefweenp caprgdnol ﬁ\'-!'e 80 288 ﬁ%e]bé( PITAYS @

el ect r ons;gEmyidayad @ading BlelctdaeOWHerei tHe 586orRl /el OAItPRIRE First layer
activator, in advance of contacting the electrode arrangement wt

the 15 eltegeihes fim 8 stabie cpududinadpilayer xie elpetresiatic paléassembly been
bound to the ecﬁ Fﬂﬂﬁeﬁﬁ&%n% Se%t@'ﬁyel%ﬁ%e BSH{a%téH with an agent

transferring ons on ac I'vation by
el ectlooc eapabkd oiatr:amsfatrmg sélautdomxptu mnﬁbmwhemledtmchpMWrvaator from or
u es) is able to tr nsfer trons to_ or

substrat | e rom t.h

el ect rocﬁ8:ﬂg' quq & JEShectiys rw fgﬁgfﬁq iQr %V&%WBFV {he' eléGiron
i nt er cal atgfbfémn btwéén amcaraatlﬁd windh théeekendds! T tadewebarb@trreedf
on the electrode surface. In a ref erred enbodi e

i nvent i orffansfITAgePlECians B Penadded simulianans slsr:wrrfw %ﬁ@'ecﬁfﬁﬁhemwﬂ
| ayer - by alc?MﬁfongHf lL@VaRte 08 Uontd@ingCMHE CEletgobk! %Yr%fgéﬁ-réh@t With the

S|gn|f|cant uces or even elimnates the non- Specl dsor thﬂ

and 18l ecﬂle@mczhenmcalnaetn@é@r on aftertthe agreet Bag Aegeidy been reoveide

el ectrons [ 0

hi gher deetle(lch'id%e aI%%mgg ﬁ'{-érﬁog‘g):‘] g%&bt uen f?ﬁ%ﬁf’%ﬁé@[ F?‘?glb% Hae%
measur enarged thap apbo actidatatn Wtéhe dletceochemraall actwatdre(artﬂ epi]rcrriatlglrn the
neasur ement s accocdi P’gt/to th ntrohr?] {5 q: rre ur enent s . of
current a¥SRENTe 85 S r%'ietﬁlj’ec ISedRIP OoBRATTREFITL AR OF ph iRy
to that aflectrouhizitichl HER&H6E THIBreby, nthwagent:asomvﬂdnml eﬁtelr@tamam er
30 to bind the anal %De to be det ec[EﬁMeéa}re used. ExaEpI es of

" contPol "asgaptaife Withoihe: gpaductive b ermed Prpitsheleqipgenty e In a
sequence digferkRMBMBBRM& ofltBe invention, the agent is an enzyme or an enzyme-

conjugate. The layer-by-layer configuration of the conductive bilayer structure

significantly reduces or even eliminates the non-specific adsorption and

electrostatic interaction of the agents capable of transferring electrons, thus
25 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 voltage. The result obtained is. then
compared fo that of a control measurement, in which capture molecules unable

30 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



that of the target nucleic acid nolecule or a | ow nol ecul ar - wei ght
ligand unable to interact with the receptor nolecule to be detected.
If the two electrical 17 neasurenents, i.e. "sanple" and "control"
measurenent, differ in such a way that the difference between the
val ues deternmned is greater than a p1re defined threshold value, the

sanpl e sol ution contained the releyvant analytes to be detected. 5
[ 0058] THEEREHROENRY-Gl S8MMe dard gerrdraln maasremaaly diffelt inasyckr a véice

Teasur Cafkt ckifioFRS WATBEA thOVaRkRhLANNBRH YidofBrie plOkER b

si mul t aneous one, for exa carrying

refer encéhre@akb vaheentthensgmple Isotutionc oontawiednth welexaot aaalytdse tedme
tinme, a ({Egg%%&ement with the sanple solution supposed to contain the
anal yt es "10 detected. [0059] The present invention is also

di rected to arf0a58FThedesthad magearserie desighed & sgctaa deiyetbiat aneference
el ectrode suitabl e for car'g%/l ng out an el ectrochem cal det ectlon eSCI

an anal ytBeagHregand aed 4 'AEPkiTAr delsriing sanrlytess are) perferm
| ayer i m@?r%ltéﬁ@r%é?yﬂ the rﬂayqsé 'd‘éﬂeelf@rcéké}HSIeCWééﬁylﬂg o&ombf@fsﬁce

bet ween a capture nol ecul e, i'S capabl e of "binding the analyte
nmol ecul e Meagemantcoely, Wawlid tba &ﬂaﬂrglt énedilec ang, ahdthgb)same diroad a

I

Ly SOTREASURMAR LES SEREE S3JuaF HLNALRE 10 BSREITIEBhdles 9 bey
conpliénerdsiegtetio t he el ectrostatlc net charge of the conplex forned
bet t d . t I t

e ayer HRSBlEhS! HrEaSh, BPeRUTLY b, SR lsaeshofi Al Poriagts
[0060] | mrfdiyephéite 'doRfbriimf td eltectionaBRRfBEE Slitddhe foP\Rmhir.out heh

el ectrochem cal activator form ng part of the conducting bilayer on
the det et&lg¢t Eﬁ?h%‘?@’l clatection i of Arpophaikla cmplagsie nadli Qt%losgﬁpé'lﬂr@“of
transferr ﬁggt rons between the anal yte and the el ectrode. Mire
preferre are el'éctrode arrangenents, wherein the el ectrochenical
actiat or cont(a) ns andirstl layensmnetilized opathe detestioprelbeirodel comprising

eroou enkshyAREE o Bfcn b B R% T BLTE! Bty 8RR BB Ao
30 mi xt urmeletbiertedfe 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
20 complementary fo 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.
[0060] In one preferred electrode arrangement of the invention, the
electrochemical activator forming part of the conducting bilayer on the detetction
25 electrode is a polymeric redox mediator capable of transferring electrons
between the analyte and the electrode. More preferred are elecirode
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
30  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



[ 0061] In one enbodi nent of the invention, the el ectrode arrangenent
further conprises an agent capable of transferring electrons to or
fromthe polyneric redox nediator fromor to the el ectrode,
respectively, wherein the 18 agent is bound to, intercalated in or
associated with the conducting bilayet on the detection el ectrode.
In a preferred el ectrode arrangenent according to the invention, the

agent |s agerdrg pesndroaintersalaied i AT @gaeeiatadonih theirondueting bdayer on
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el yoe tho” oPRB2R I8 FRbeinrt Sl BBRCR: SYeN.85 (F FoligkPobliud fi8krode
gi ven ssamgtgngdmént @M{ﬁ)hr@enlﬂbﬁsmayom@ Usey ¢ bissghsbd 8S0oh tahsgrdiaase
in blood or urine sanples_10 of diabetic gatlents or lactate durin

critical Regdedevint §AYowlSlEs, Rt 2B KRS FREMiSEY pioghemisiyed
for themdﬁa%ﬁﬁcerb n%lewtslb%y,%foa cRholo ?@r%eﬁeﬂém BEdjér'ﬂ&ké yze

wat er, or any ot her Anot er application iIs e use O
such bi oslbaspresenoe geawcbmenpelatjrdmtrs of fasrtagyx amglydes fiora drvercsample gEaes
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bi osensorsf diagbetigl patidatts ueledamtatqordurfr@mocuﬂcalecgre ferentd eHenavgsi sucﬁ
[ rotein interacti for the iden

t f
P o e RESSEndbes | May aleo BocBTBIovah e e detonien Sk duspliisaton” Pt
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anal yte nol ecul e, conpri sing: a) a detection electrode; (b) a first
| ayer on ihAeUSRIAESIGN b@%’@ﬁ@@d@ mm%.nﬁ@e@@nﬁpé@mm@t {rerietgeting

R e L L
conpiitsi ryearausiative roodhdicatied farca |dm&aae Oméheeothersmmﬂ such biosensors
o gl by BhL b Bl P P, AR Al ey
bet ween antetagtionse agohelt ukdoatitk a:rermﬁezht)dreoﬁnd;amd for avbartisutartreeeptor
second l%%8E0369 the first layer together forma conducting bil ayer.

[0063] The invention is also directed to a biosensor for electrochemical

20  detection of an analyte molecule, comprising:

(a) adetection 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

25 (c) a second layer comprising an electrochemical activator, wherein
said electrochemical activator has an electrostatic net charge that is
complementary to the elecirostatic 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 [0064] The invention also relates to new ferrocene-based redox
polymers that are infer 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



30 [0064] The invention also relates to new ferrocene-based redox
polyners that are inter alia well suited for being used as

el ectrochem cal activator in the detection nmethod of the invention
as well as any other known el ect rochem cal detection. Although
ferrocene-contai ni ng nononmers usual ly 1919 undergo free radi cal

pol ynerizatjon wth great difficulty, the invepntors have nd t hat
redox pol4IHEFSO dERf zigﬁ'icﬁ PPyMeEETan cwHh pereat é{j%ﬁk"l% H}?d"‘r"@ﬁ rpyhave

prepar ed f yahmhétnréHo@@B@[w@rthmﬂﬁ%%%enefdyn Béaémiﬁntlyf BAd Badily
m xture o et hanol and water, together with a persulfate salt as

radi cal iptEpagdousing a[roeksshorlmgwlwmrpr@aereﬁ der pyamplee Jrasagemixture of
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honmogeneols sy érrocene derivatives sed

pol ymers can a[neesp§hasedearecemmotialvatmes Heetsedr polymeandi darz de asednas

el ectrode, sur.face a pen attached to a rotein no| ecul e, such as
; 40T PO
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functional gr quossi w@ge mwben@ dé‘rﬁ/a@iﬂ?éé/ Eﬁsé@‘éolym&s%a@ea!%%fhs@d as
t he redox pol Sui t abl e érgerl zabl e ferrocene

derivati \Ié@d*ﬁ%ﬂﬁ tb&haf@emUB@Hl'lé@d on an electragda eueiace Ardoinenaattashed to a

tch o SO RABCAEY sfet? oS iarf Biaind Ur'an RAOAHE B GHFSBiAD BEnRERS
doubllé bardss-hincatpé &mtﬂrbnabgﬂmussdeu%both mrthesanlzmrriemmﬂ incd kisleydhain of

groups, 5§ ent ed the general formula R -C=C-. The doubl e bond
can be Ic; position along the carbon chain. Aromatic

groups, e.g. [DOGT'}SUltétﬂé wolymeriadie) ffidene dsrwiiives ¢t ¢drs belgedsssl.
Furthernore, the E‘Ql yneri zabl e rougﬂcan alosLEchorrprl se supstjtuted

C at oms vh&F&i MORORGr dgetprpoa tedypx polyBlarhoult Rossass 2S¢ Aeaipr unit
| odi ne), XYWL BAnOlndBtdrAY boBl 8L¥h T4y a ﬁl@rHUu%le DHRFHIE RS &8 19N

more hydrogen atons on carbon atons in t group. Further éxanpl es

i ncl W8e aloubliakpand qiralSaS dio;ublq)hod@ Gramples alogsIh sidesahain anthedicheds s
of the I r

deri vat P%N@ g?(lf’ eFS %]ng'%r %métqﬁéy gtgr ogenggésgm{dlééﬁ)ég_bg‘;ﬁg Wlible bond
vinyl - fero‘amcbedocaﬁeétatlmyepbatiommmmg tise y:lad:vtm thaino deomatio Qreupsy,! e;'e

dor i vat i VESTBUIILONT Bt PRRRET CBtdhie. ol dleh &% G50 dr P HeHBPTer T30
pol ymer hatyrhengablé yré@p can also comprise substltuted C-atoms wherein a halogen
20 (e.g. fluorine, chlorine, bromine or iodine), oxygen or hydroxyl moiety for
example, substitutes one or more hydrogen atoms on carbon atoms in the
group. Further examples include an alkynyl and a disulphide group.

[0068] In some embodiments of the polymer of the invention, the
polymerizable ferrocene derivative is selected from the group consisting of

25  vinylferrocene, acetylene-ferrocene, styrene-ferrocene and ethylene oxide-
ferrocene.

[0069] The presence of an unsaturated bond in these derivatives would
allow the ferrocene molecule to be attached to a polymer backbone via co-
polymerization with another species having also at least one unsaturated C-C

30 double or triple bond, or a N-N double bond or ar 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



pol yneri zation with anot her species having also at |east one
unsaturated C-C 30 double or triple bond, or a NNN double bond or a
S-S doubl e bond, via free radical polynerization. [0070] For the
second nonomer unit that is used in co-polynerization wth the

pol yneri zabl e ferrocene derivative, &% suitable acrylic acid

derivative 20 having an pr| mary acid or base functional group
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Secondly, the acryli.c acid derivative should be able to function as a
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REH ‘5 N&
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aci d de“éef-%frgé/c?aﬁﬁﬁrl%a?odb%e% CBrsEPErdups, SPQ@IFé%%‘%vrﬂcrﬁ)% tdo\ﬁ%ké’ H+ ions

Charged r OoX poly IS resp ect, IS al SO note t hat th
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can be present et ¥one of
[ 0071] Whidppliaaijors uit tis leivieleat rfcgnr the skilldd ctmfrsmﬁhalealsavse@rﬂianaur demary

cecond mobier Orabeo8 eseRL i 10 e S0p SReAvecen SeoHsar I ey to

acrylic agdrératera pasitivaly chBFRRERIdest pdlyménen 888 eesiedt Ot 8180 hblsd that
e 20 the acid or base functionality, although it is a primary one, does not need to be
a terminal group, but in case of a branched side chain can 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
25  a redox polymer of the present sensor is an acrylic acid derivative represented

by the general formula (1):

CH,

| C
30 ]
C



CH 30 GO0 R 21 wherein Ris selected fromthe group consisting of
CnH2n NH2, CnH2 -000H, NH CnH2 -POSH, and NH CnH2 -SO3H, wherein the
al kyl chain is optionally substituted, and wherein n is an integer
fromO to 12, preferably 0 to 8. Thus t he al kyl group can be

st rai ght cha| ned or branched and can ?c1orrpri se double or 5 triple

bonds or C c. struct such as cycl ohexyl es_of suj | e
al i phati c¥ iegt s splegie ff% the reuR GRRpiSHNG PE Qrﬁzniﬂf !e@hl?m & 8’3
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I n sone enbodi nment’s, thé redox pol yner of the invention has a
mol ecul araliRERYROrHP B Merahﬁnﬁwbsfwsddw@ﬁlsamem PEMP, Slegh as phenyl,

pr ef er abl a rs
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of padlynmdrxeraplann arétingtic groups sthah‘ calaob&:@resemttasatsubstlments are phenyl
signific p nizati f e

ol yrer s VKR PRTERVE S TGS, afth Bah s 16 eq TREM i, EhibRESSr
rel ati Velb'rohmdé I %xarﬁﬂlleeajf sl,wtabte atavkyg\@aum@ec&methomeethokwrmbpéw ben
process, corrpare to normal free radical merization react|l

Apart frdHPRe WhRRES the sralkyl GHOpR i salecies) ft??'étﬂ}“"@ sbf(Me %l(f'gtFV]Dz)n
sequence G _N(PRfyARL S, which is discussed in greater det all 25 bel ow

inrelation to a E ocess of the invention, also affected i
pol y&éri zat i orl00&2} | pemeyempodimgnts nthenedas oadyipet phithe inyentipe has a

ocr" bR AP B aboul H00R° R bATS 0BNAl, N YRSl
between about 2000 and 4000 Daitons.

[0073] The inventors have found that the amount of radical initiator
affected the degree of polymerization. High amounts of radical initiator

20 significantly reduced polymerization efficiency, resulting in redox polymers
having lower molecular weight. This also meant that relatively little radical
initiator was needed in the polymerization process, compared to normal free
radical polymerization reactions. Apart from the quantity of free radical initiator
used, the addition sequence of reactants, which is discussed in greater detail

25 below in relation to a process 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%.

30 [0075] The present invention is also directed to 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,



about 14% 30 [0075] The present invention is also directed to a
process for preparing such a water-soluble redox polyner. The
process essentially involves polynerizing a first nononer unit of a
pol ymeri zabl e ferrocene derivative with a second nonomer unit
conprising an acrylic acid derivative2such as a prinmary, 22
secondary or tertiary acrylam de, to produce a copolyner. The acrylic
acid dersegentary posteriassacamidel tr mredecs ancepelaiergTbepaeiaacd
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t he unsaturated bonds 1 n the nononmers. Accordingly, in another
enbodi rrerﬁ'ld@"ﬁhéalwhfdmat@lﬁ lwwﬁ@mtzcailm@nts,gwﬁ oukddd by adding a

free radical s[ﬁﬁ?éflﬁ ' BhbolfEN of We | ih¥htlon otd1th8! prby fiﬁeé# % Y r?éad? o('i)?uf

used. Exanples Inciude inorganic salts's ersu e sa
or gadisc awmimpeandsjusoul aamhbhosobvlenpemmpnsheg ed)lnanol and water.

2,2'-azo-bi s-i Initrile whi ch a uce
ool O T oo R Aol poyfrexyion madlordedE Lol th, Bt of an
unpai r ed igitiair; @fis dBsivdble o add drlinitisten wiictaliice thé(hlé@ti'orwl‘wﬁ Benters
attack the unsaturated bonds in the noner units g%?g In so

enbodi merPENGfak ke piseRygiese OOPEF g TRNQTGEN (A y, in another

embodiment of the invention, polymerization is initiated by adding a free radical
20  initiator.

[0080] Any free radical initiator can be used. Examples include inorganic
salts such as persuifate salts, or organic compeunds 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

25 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.

30 [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.



the free radical initiator is selected formthe group consisting of
ammoni um persul fate, potassium persul phate and sodi um persul fate. 30
[0082] In sone of these enbodi nents of the invention, the weight
ratio of free radical initiator added is between about 20 ng to 40
ng per 1 gramof nononer. 23 [0083]23The process according to the

I nvention can be carried out under reflux above roomtenperature, but
general |y bel d@088b&he pjoepss asssydingdrt the ipyeRtiasy FamprgRarTied Ot vnggr

out underroft Lfsvatodn'tEFREFALHE BURGLAERI MRl 180%. inriOGmbBalAER!

The length of tinme t require l'ynmerization can
dependentpalyoarization ismasried wué undedirediod atfactenmprrature oetween about 60fded
to the %ﬁggtgon broth. Typically, polynerization is carried out for
a period en 10 to 40 hours, and preferably for about 24 hours.

[0085F An enbqdosanThef lehth lmfet&ﬁetthhﬂ\ig%hu@@rfocmynlﬁmzdtbn cdl be |
conpri ses, producji ng a pre-reaction m xtur rior to_pqlyneri.zing sai
first anodéoge&@s%ua%&ﬁ%?%?p%@wi@ @n@j?@gamﬂ%#m%@ g g%g%fae
derivati e a BRI BRSth UL bichily, BbIAAER2M N Rl &ahelidut T8 h YWariodhsatwaddl 1@
the free radical Initiator; and then 15 adding the polynerizable

f er r ocendodér hawsi aied praferadly {oniabotb24 eursy xture. [0086] In a
further enbodi t prec , eedi at]

acrylic acid O[Eejp ?é%gﬁveé}ﬁg&%ﬁe&%eroﬁzg@?ep*%fernf(gcene géi \t;)la{??év% i rt{] ﬁé
pr e- r.@actdommprisasxprodacinigad piredrésctioat medureapdort tobpélymedizing S4id ffirsthand
wei ght of rmﬁérrer added 20 is. preferable in order to obtain a redox

pol ymer HEFCRY MCRUNESHCOMPESEul ar  wei ght and vi scosity. [0087]1n

yet another erdigshiiRgt thd AR WeRT | dedithBvé embABRR® unit in an aqueous
derivative-nmononer unit is dissolved in an aqueous al coholic nmedium

before LAeMPligIBEAUNE thefe reaction mixture. 25 EXAMPLES Exanple 1:
Detection of il b adical initiator; and then

15 adding the polymerizable ferrocene derivative monomer unit to the
mixture.

[0086]In a further embodiment of the above process, the feeding ratio of
acrylic acid derivative to polymerizable ferrocene derivative in the pre-reaction
mixture that falls between about 5 % and 15 % of the weight of monomer added

20 is preferable in order io obtain a redox polymer having a suitable molecular
weight and viscosity.

[0087]In yet another embodiment, the polymerizable ferrocene
derivative-monomer unit is dissolved in an aqueous alcoholic medium before
being added to the reaction mixture.

25

EXAMPLES

Example 1: Detection of nucleic acids

[0088] In general, the detection of nucleic acids according to the

30 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



[0088] In general, the detection of nucleic acids according to the
30 invention is perforned as illustrated in Figure 1. First, a

m xture of thiolated oligonucleotides (also carrying a biotin

nodi fication as | abel) serving as capture nolecules (20) and thiol
nol ecul es serving as bl ocki ng agent (Zﬂ':) for reducing the background
I's inmmobilized on a gold el ectyode surface (10), ' Then, the 24

el ect r ode2!PEtreds s @58 datosz sautign %@@@é@gdo ©cNtain the tarost apalvir(30).
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anper onetgreeéhde/ of S0BstraterRblectidse®bh, YtheCQirfétt djeterated i tAe dRitalytic

anal yte concentration in the sanple solution. 10 Exanple 1.1: nR

ext ract i cidation phthe subsicaleatre detectassampsromepirisellyy Iae ayriephdirectly
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the 105 manufacturer's instructions. For reverse transcription (RT),
10 ng of this TRNA were Haed i.n itot]@},l vol | e, of 20 pl cgntini.ng

8.0 MV MysidBinvlatédldBINA, 500 M of each dNTP, 1.0 M anti-sense
pri mer, se.lnhibitor, and 20 U enhanced avi an rr%el obl ast osi s
|
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Lo o ;
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chosen asenhanced avian myeloblastosis virus reverse transcriptase (eAMV). The

20  samples were incubated for 50 min at 56°C in a DNA thermal cycler (Gene Amp
PCR System 9700, Applied Biosystems, Foster City, CA, USA.) and the cDNA
obtained was directly used as template for PCR amplification.

[0090] PCR was performed with 2.0 ul of the RT-reaction mixture in a
total volume of 50 pl containing 1x AccuTaq buffer from Sigma-Aldrich (5 mM

25  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 AccuTag LA DNA polymerase and 10
mM dNTP (Roche, Basel, Switzerland). Two different genes were chosen as
analytes, a housekeeping gene, glyceraldehydes-3-phosphate dehydrogenase
(GAPDH), and a regulated tumor protein gene 53 (TP53).

30 [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-



anal ytes, a housekeepi ng gene, gl yceral dehydes- 3-phosphat e
dehydrogenase (GAPDH), and a regul ated tunor protein gene 53 (TP53).
30 [0091] The followi ng priners were used: GAPDH sense, 5'- ATGGIGAAG
GICGGTGICAA-3' (SEQ ID NO 1); CGAPDH anti-sense, 5 - TTACTCCTTGGA
GGCCATGT 3" (SEQID NG 2); TP53 senge’ 5 25 ATGGAGGATTCACAGTIC

AGTCA & G%(%T%éﬁ@gzgpgﬁj@g Sé@p?[ﬁ@s%;rq%g:ggf anti-sense, 5-

bi oti nyl ap@pj(;q-@% %G-pbA{;g@@@_gar(@E@;m RiO- A oti n-16- dUTP (Roche,
Ger many) or biotin- P (Cl ontech, Palo to, 5 USA) were added
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[0093] In Figure 2, lanes 1 and 4 illustrate control experiments
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' d
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wi th dNTRs .an o the PCR reaction mxture in order to exam ne
| abel i ng P&\% @gg@%(%’r | anes 2 and 3 for TP53 as well as lanes 5
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biotin-16-dUTP (or biotin-21-dUTP)/dTTP, the stronger the fragment is retarded
20 in the gel. However, with increasing ratios of biotin-modified nucleotide to
normal nucleotide amplification efficiency is reduced, presumably due to the

bulky side chains of biotin-modified nucleotides.

Example 1.2: Capture probe immobilization and evaluation of monolayer

25  gquality
[0094] Prior to the detection of a DNA analyte, a mixture of thiolated
oligonucleotides, served as capture probes, and thiol molecules were

immobilized onto the gold electrode surface through self-assembly. To minimize
non-hybridization related uptake of the target DNA, anionic thiol molecules were
30 used to form the blocking component of the mixed monolayer. The following
capiure probes were used: for the detection of GAPH, 5-T1,TTACTCCTTGGA
GGCCATGTAGG-3' (SEQ ID NO: 5); and 5-T1,ATG GTGAAGGTCGGTGTCA
ACGG-3' (SEQ ID NO: 6); for the detection of TP53, 5-T1,ATGGAGGATTCAC



non- hybri di zation rel ated uptake of the target DNA, anionic thiol

nol ecul es were 30 used to formthe bl ocking conponent of the m xed
nonol ayer. The follow ng capture probes were used: for the detection
of GAPH, 5'-TI12TTACTCCTTGGA GGCCATGTAGG 3" (SEQ ID NO 5); and
5'-T12ATG GTGAAGGTCGGIGICA ACGG 3 (2§EQ ID NO 6); for the detection

f TP53, 5'-T12AT TT 26  AGT -3 SEO I D NO 7
O Ty ARG T G NP e ook THAG LR GAS TCAG R EhCCA-s
5' - T12CCTSECPISABCAP cHirol, 10, BT CALCABICAACAGAAACG-5

ol igonucleotides were thiolated at -termini using 11-

mer capt oUSEEE HadQ: Qe Theadigondclagtides wermthiolatask aidbainbeterariai using 11-
assenbl e Vi a ' i
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voltametric waves for Fe( 63-/4- with a very large Reak-t_o- peak
pot ent i al@rskihgrelestnracivedpesies it salgtioninoud bea@@lﬁgﬁe wWHereling agroes
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caused b unnel i 0SS er,
si gni fi caB)t Ay shedunciedFigaik Basitrevesible evliasichicwahes fart Bg(CNYg3-/4- with a

ol i nyl pyrij di ne-cqg-acryl.am de)..copol r partiall 5
Do G ne e leed Pt fo- B Beb St S RRph o5 b 1Y st ehosY s
( PVP- PAA-comspared swits edvaltier sfdsX nvgl fprmer rdviesibleZproebs@lobt4in@8 3t dApaesv.

Chem_ Int. Ed. 41, 810-813). However, since the redox pol ris
pPOSi gpve@pki%@g@ﬁeaw@rq H)@s)erved at the mixed monolayer coated gglge electrode

indicating that the monolayer impedes electron transfer between the electrode
and the solution. The redox currents, which are mainly caused by electron
funneling across the monolayer, were significantly reduced and lost its
reversible character. A poly(vinylpyridine-co-acrylamide) copolymer partially
25  pyridine-complexed with an Os(4,4'-dimethyl-2,2'-bipyridine),CI*2+ (PVP-PAA-
Os) was used as redox polymer (Gao, Z. et al. (2003} Angew. Chem. Int. 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
30 on the electrode via layer-by-layer electrostatic self-assembly. As illustrated in
Figure 3b, the bilayer coated electrodes exhibited exactly as expected for a
highly reversible surface immobilized redox couple with little change after
exhaustive washing with water and PBS and after numerous repetitive potential



el ectrode is negatively charged, a brief soaking of the electrode in
the 5.0 ng/mM PVP-PAA-Os solution, resulted in the formation of a
DNA/ redox pol ynmer bilayer 30 on the electrode via |layer-by-I|ayer
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stabl e surface 1 nmmobi el ectrostatic bilayer on gold electrode.
Such r esultef thecmmiamradextcerders are alloweskstoi reach doe elentrodersurtace and
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of anionic speciges (nuclei¢c agcid and enz abel ) ,apd t anount . o
uct ol o ATATBRTANIPRC SRECS At cchhataarvimecaoel and e amaant of
ei ther ofyjchsic e Halh® o BERk|HtrodBe waRdsktim ABd GHirh @RE pEAleither of the
Subsequent voltanetric tests in the ferricyani de solution showed
resul ts iaxdationapealoof fibe reductioneaursent pealhaPubsegiugot yokametricotasts in
(Figure %ﬁé-feﬁ[&‘jféﬁidghéagﬁén %Fn‘Sw%ht @sﬁﬂé%’eﬁt&aﬁr?& tHSCoE@Rfed Dt the bard
el ectron tunnelTng due to bilayer formation. The preSence of anionic
speciiés igold tehectfaden(Kigdren8t). apipesec ichbhgeslare rattribaterl éa tthe cleeneata jn

of the redo olyner.. 1 le 1.3: GAPDH cDNA hybridi zation and.
et ect 1 P EORBIUNR a0 e B RYRs farginti: 26 IRSPRS of SR FPedEs i
anpl i fi cahé ¢ilin Mickhot SpprasBrRblsSitbrahe alsttidcReidtROsk thE el bolymer.
purification. Biotinylated PDH cDNA (cf. Exanple 1.1) was used as
target and TE (10 mM Tris-HCl, 1.0 mM EDTA) 20 containing 0.10 M Nad
as hybridization buffer. Prior to hybridization, the target cDNA was
denatured at 95C for 5 mn and cooled on ice. Hybridization was
carriléd out in a 55C water bath for 30 mn, wherein GAPDH cDNA was
Sel et Ve B 306 ABSHGIRAT A USRI BellcfiRh 20 ! hus

I mobi | i : d washi ng steps
w th the hybri[d096} iroa [R28lilirare hybadization addt, thes POR Bmplificaticn mixture

ids. Then, the el d d.to. 2.5 gl
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PBS buffer tao renpve excess enzyne | abel s the el ectrode was
20  containing 0.10 M NaCl as hybridization buffer. Prior to hybridization, the target

cDNA was denatured at 95°C for 5 min and cooled on ice. Hybridization was
carried out in a 55°C water bath for 30 min, wherein GAPDH cDNA was
selectively bound by the complementary capture probe and thus immobilized on
the surface of the electrode. Repeated washing steps with the hybridization
25  buffer removed all unspecific nucleic acids. Then, the electrode was exposed to
25 pl glucose oxidasefavidin 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 electrode was
exposed for at least 10 min to a 2.5 pl PYP-PAA-Os redox polymer solution and

30 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.



exposed for at least 10 mn to a 2.5 | PVP-PAA-Cs redox pol yner
solution and 30 rinsed with PBS buffer. [0097] El ectrochem cal
nmeasurenments were carried out in a Faraday cage with a | ow noise CH
I nstrunents Model 660A el ectrochem cal workstation (CH Instrunents,
Austin, TX, USA) in conjunction with & Pentium conputer. 28 Cyclic

vol tarretré was conducted in both the PBS buffer and the PBS buffer
Y

cont ai ni ngYolis Nek@NalYKas sandgetaddn katbciheoddBS( leyifrreard dye (R buffer
Law ence, f

i 8t | num S9N MAGIUERE, 35 AJRJCT REGRER EiBfosIfiBRE, Bawrence.
wer e carrKéd Woh) atasoused \as tklel r@‘em)'tceneieatredeem‘m Benlaftlnumhmera@dhe

oyl 1 o vortaiteh PierlSap bbb B BRSR T hdi e S e BU KED SR v- A

anal ytse ap@teslhawwreﬁortacgunethqﬂs rEpgHr wedd rieferfed oot GNP RGN tefigrence
el ectrode WI&h capture probe conplenmentary to GAPDH cDNA in the PBS
buf f er Oel(eg Pde a) and in a 20 mM gl ucose sol ution (curve b) after

hybri di zati on. da%wgﬁcalcemhy\;d[@n%gréﬁ@t of"ﬁ‘ﬁ; gleebYe hy gﬁdrz'éa with the

presence of glucose due to the presence gl ucose oxi‘dase in
bi | ayer. tangeloanabyta arawhmpnelﬁlguf@my lf)ildt%s‘iﬁi a$I@w0|tﬁme@muDé thay

GAPDH ¢

to bl nd « SCaTR iR cESTutlatopg SottiehBlng & SREIR i 1ine BB fHef
15 cuwir enfcuf¥e guaerd 4Ba ZElJmMg[usoae@ohJ,tlone(spmetb)\rca‘te;r)hybhaﬁaﬂd)n V@bvious
|rmer5|ngt t he PBSbffer t he datlon

he .el ect d nbl
oot | LAaRE, et s ibsetued) i fhe Bibgence o giigse,dle i énce
upon addl @Dglﬂl@oéﬁ\/bﬁlklﬁ@,@%@ tFaé) blléerbHf E6ritradt] ﬁé‘ﬁ-%oﬁ’)plemenfé@f'bf&des failed

experinment using non-conplenmentary caBture probes a negligible
change of tocgaRtalR amg SATPEISENA &em thee @%ﬁaan@tm@smpgzyme labels

O IV i © 0 BB S SRR MBS M
hi gh 1spectdrrenti(Figuond&; cupteisra aediberqmect‘rmiy)al cond| tions, a dynamic
anae, e, Lo WAL Tt Bt el i A bl She
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upon adding 40 mM glucose to the buffer (Figure 5). In control experiment using
non-complementary capture probes a negligible change of current was
20  observed. The amperometric results complimented the cyclic voltametric data
and confirmed again that the GAPDH cDNA was successfully detected from the
PCR mixture with high specificity. Under optimized experimental conditions, a
dynamic range was found between 2.0 fM and 1.0 pM with a detection limit of
0.50 fM.
25
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,
30 500 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



in Exanple 1. After PCR anplification, the total amount of TP53 cDNA
was determined to be 17.2 ng/pl (22.5 pM. Sanpl es containing 10,
50, 100, 200, 30 500 and 800 fM TP53 cDNA (diluted in TE buffer) were
anal yzed. The TP53- specific cDNA in the PCR m xture was inmobilized
on the surface of the el ectrode by 4% conpl ementary capture probes
before ad enzyne | abels and redox polyner, respectivel

f.
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16S rRNA as wel |l as in a mxture containing: 0.5-1500 fM
E. coli 16S rRNA, 100-5000 fME. coli 23S rRNA, 0.2-2000 fM

subséQuent PCFEO(!.’oO‘Ia]rrpI [ fTI'taanudamamdéB@sertwd was E;x;ailqnll te: tbeldet@bmn of

t ot al Af. t

baR br o0 ereqblesTRNRAR Hel pa b APEF GERA P midura Braidd 5500 AR
buffer. [IPOé&I?]lGS'hRNM H 05000 PG R Score28S URMA, &2-2000 fMESBIl-length rat
rRNA—speC|f|c capture probe;

5" - GOCACKEAT DA FENAGHSHEATMAREA CINEARARR MY solmenaspers: DNAEThe
NO  10); (EAPPM meS«N%Cg%‘BG?E&%‘B G1)L Fsoﬂ??o%cltdt (RUePHP#N’/? ahd subsequent PCR

i mobBl i zwpldicaten @sedesgsibeddngrxaeplent.thd hgdbtalare@mrrtdtfeGﬁ&DH cDNA
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and el ectTOCHEN ¢ wer e carrie
sanpl es (. wilkkamH 89 TriSEDTA buffer. respectively). After glucose

ot dase N0 (R gAY olfre eSO e 2 2kl 4 SHGRbecitE®
nucl ei ¢ capture probe: 5-GCCAGCGTTCAATCTGAGCCATGATCAAACTCTTCAAAAA
20  AAAAAAAAA-3' (SEQ ID NO: 10); E. coli 16S rRNA-specific detection probe: 5'-
AAAAAAAAAAAAAAGCTGCCTCCCGTAGGAGT-3' (SEQ ID NO: 11). The
immobilization of the capture probe on the gold electrode was performed as

described in Example 1.2.

[00103] Direct hybridization and electrochemical detection were
25  carried out on the E. coli RNA samples (cf. Examples 1.3 and 1.4, respectively).
After glucose oxidase and the redox polymer were introduced, catalytic 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.
30 coff 16S rRNA and 1.65 nA for GAPDH cDNA, respectively, corresponding to a
concentration of 290 iM E. coli $16 rRNA and 150 fM GAPDH c¢DNA (Figure 7).
These results are in good agreement with the values obtained by gel



acid. As a control, non-conplenentary capture probes were i mmobilized
on the electrode surface. The anperonetric responses were found to
be 2.95 nA for E. 30 coli 16S rRNA and 1.65 nA for GAPDH cDNA,
respectively, corresponding to a congentration of 290 fME. coli S16
rRNA and 150 fM GAPDH cDNA (Fi gure 7)~ 0" These results are in good
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The selectivity of the biosensor was eval uated using the above
capture probe: 5 GCCAGCGTTCAATCTGAGCCATGATCAAACTCTTC
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one- base m smatched (curve b) and two-base m smatched_sequences

(curvé c)prOb@éfp%s:trnm@bwzectﬁu§he Rl eleetsede ap descrikedin Bxamplenk 2.

di scrimnatio en ﬁgﬁ&ﬁ rr&tr@
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of the Oxéo%%tit'io% in favor of the perfectly matched sequence (¢f. Examples 1.3 and1.4,
respectively, with the exception that a hybridization temperature of 53°C was

20  used). The amperometric responses obtained are summarized in Figure 8. The
current increment upon adding 60 mM glucose to the detection medium of the
perfectly matched sequence was 4.3 + 0.4 nA (curve a), whereas 1.0 £ 0.3 nA
and 0.3 = 0.1 nA were detected for the one-base mismatched (curve b) and
two-base mismatched sequences (curve c), respectively. Thus, the biosensor

25  readily allows discrimination between the perfectly matched and mismatched
DNA oligonucleotides.

Example 2: Detection of a small (low molecular weight) enzyme substrate

[00106] In order to evaluate the dependence of the oxidation

30 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 pM biotinylated complementary GAPDH cDNA. Following
hybridization, a glucose oxidase/avidin-conjugate is attached via avidin-biotin



30 current fromthe anal yte concentration, a saturating anmount of
GAPDH cDNA capture probes were i nmmobilized on the surface of a gold
el ectrode and contacted with 10 pM bi oti nyl ated conpl enent ary GAPDH
cDNA. Followi ng hybridization, a glucose oxidase/avidin-conjugate is
attached via avidin-biotin 31 interattion. Finally, a redox polymer
I's brought to the electrode surface through |ayer-by-|ayer

el ect r ostiigraction. Fingllye aregdox pelymeHs brayghtdofbe dlegiagie: #facenthrough

rec um 2ol fiyEp HAURRIAR) pof.dedRnl, SISt kethdd o) BRI

t he oxi danembiuntaz amrkmtgomtghﬁdﬂpfamast\heﬂ«aﬁb?tta’;edf irr:a‘Figthaae, ?pt’t@@b_edt
00107] | jn this.r : .

used | h 2 PN Of6RE Bl sk h e FRRER P i Neking SRR SLen?

when sdetattained aoid the Mot of analt@deteetdckanpl e 1 i s intended, very

hi gh gl ucose concentration be used ipn the nethod of {he present
i nvention, inBP#Fl {0 10 S@g‘?‘ijpﬁt roted B t@ﬁz&ﬂ?@?cbﬂh@hﬁlﬁ hitay 19

very hi ghsglus0sfis Biaeapib o8 éﬁ%@ymﬁé seﬂﬁe”a%e?\ Ex@nthiy & SHbEGEEhen

sensitivity. Wen instead of the detection of the 'nucleic acids is
i nt ended,deteégianeoé@ noalelss agid aazipnExampia daiseindéndad, vy doigbdglucess

s desi e i . \ * .
ci d_condenep AufudT ellfof TReF AT mPRos! SEe ditsfnt Bt n JHeL 8 °
nucl gdc aQtd&eantmnemygnm_r@diuo?taeF wads, \_aewygii%;n;g_amoasia}wfion&mgen@e
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o o Teorarfoplo nabsuLBsEet 6, RE8F i St f o
as outlinees fuiHarcoted traMIERAGIME 21ihe §iichSe DxRRSL. molecules serve as
20  capture molecules and at the same time as agent that is capable of transferring
electrons to or from the electrochemical activator from or to the electrode,
respectively. Thus, Example 2 illustrates the detection method of the invention,
wherein the capture molecules are (also) capable of transferring electrons to or
from the electrochemical activator from or to the electrode, respectively.
25
Example 3: Detection of a polypeptide

[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-

30 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



the el ectrode may be first coated with thiol nolecules (e.g. 16 30
mer capt ohexadecanoi ¢ acid), which in this case serve a |inker

nol ecul es for the covalent attachnment of the capture nol ecul es. The
coated electrode is then imrersed i m xt ure of
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polypeptide.

Example 4: Detection of a low molecular weight ligand

[00109] Using the "sandwich-ELISA like" procedure explained in
25 Example 3, in which an antibody is used as capture molecule and the complex
of this capture antibody with the analyte is contacted with a second antibody
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

30 be detected by means of the present invention.



environmental |y harnful products (pesticides such as triazines, DDT
etc.) can 30 be detected by neans of the present invention. 33
Exanpl e 5.1: Synthesis of poly(vinvlferrocene-co-acrylam de), poly
(vinvl ferrocene-co-acrylic acid), and

pol y(vi nvl ferrocene- co-acryl ami do- swdhoni ¢ acid) copol ymers [00110]
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of ethanql/water (3 parts to 1 wer e ared. A 0.30 m aliquot
of 0. 1o gat Ve yish RRE Biiobed PRP G Sd BRES autded t o each

sanpl e after edng1PeoxNP¢ruyeRttal 6F pé@rﬁemtﬁr@auc&i amh@t@zp@hment was
vinyl ferrocene rangl ng from 0. 05 wer e dissol ve

degassed Rarfeamed apds gcrded Wn@nt g\grl%teﬁésé oP¥rvighles §Hﬁ13fé%0hcltta@etef
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added to t xture. Reaction m xtures were

refl uxed m(gwéé@%&&é‘ﬁ?%d&ﬁ‘é%‘ﬁwm trogen at nosphere. After cooling,
the reaction mxtures were, separately, added drop-w sel y to rapidly
stirred acet ong

precipitated r&ds

mul tiple waterfpdii$3pl vi ”mréé%taﬂﬂﬂe@rc@ﬁta@mlhgt‘ll o) @c&f?laﬂ‘ﬁde dlssolved in 10
20  ml 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 amounis 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 ferrocene that is added for each
25 sample bheing calculated to obtain acrylamide-to-vinylferrocene feeding ratios
{w/w) of 95:5, 90:10 and 85:15, respectively. Each vinylferrocene 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
30 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.



The purified product was then dried under vacuumat 50C. 34 ii)

Synt hesi s of polyvinyl ferrocene-co-acrylic acid) polymers [00113]
Three sanples containing 1.0 g acrylic acid dissolved in 10 m of

m xture sol vent of ethanol/water (3 Q%;ts to 1 part) were prepared. A
0.30 m aliquot of 0.10 g/nl oxygen-free persulfate solution was
added to each 0 deox enat ed for ]
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acet gge-pr eci %b%h{'g C¥ﬁ1ree samples containing 1.0 g acrylic acid dissolved in 10
ml of mixture solvent of ethanol/water (3 parts to 1 part) were prepared. A 0.30

ml 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 0.18 g were dissolved in degassed ethanol to form 3

25  vinyiferrocene 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 vinylferrocene 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

30 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.



The purified product was then dried under vacuum at 50C. 35 [00115]
Co- pol yneri zation of vinylferrocene with acrylamde and its
derivatives were carried out based on conventional radical

pol ymeri zation reaction. The general reaction equation is depicted
in Figure 12. [00116] However, in ord® to successfully co-pol ymerize
the 5 nononers ggeat attention was given to the termnating effect

of vinyl ferr odORd 5] n t Heo-PpiesnzaPRAi e iGERsENaNiE pgyERITIseand its
radi cal SeaNenges Wwhrel Rerfdr RR! ¥ARd 'c%ﬂvébéﬁr@eﬁ‘l rddical®Sol{ PeRdafidiRt

the anpbunt of radical initiator Is substanti ess that "t hese
needed i rreaotioml Theoygmaral reactiom egystienis. dedicirdrin Figwrarii2s of radi cal

ol coul ar wel GRP1RT  n PRI PEtRES S hichebatif Aocug e K
af fects mbromely, reazatiémtionelvbs Givnrio tHe0RkhHatihgssfigdh af viilferbcene
pol yneri zatjon was observed when adding. the persulfate radical

§ g .
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probably hacadasatdie s Qtireﬁt [toa8f rdupr ﬂfeﬁniwénbtrl{bmeoflﬁadiéacrdmor is

m xture which resulte the retardation of ymeri zation rate and

much ear |3ubstantialiytesthet thése peededin cieanal golymerizetion sysiems Higban
in Tabl e d Iy Rl LV i J .

obt ai ned.2 3 'llﬁg %ra%@%dégﬁ b%@ﬂg 'ﬁ'f'gér}ﬁyf Fe\ﬁu%%hf‘gorlwgggﬁ%ﬁ%{ngﬁgcrﬁﬁaanri‘%e
and 00s dbeimelecyles waightled &tk popduat.i RegiaésyiheyadtifiohYequEnce atsoeaifect$)
Mol ecul ar,, wei %/ht .Aé?\ch ﬁ95:5 80 4% 3600 AA/VFc 90:10 72 9% 3100
AANFc 85: 18 POMedsBRAEiMaeREt o5: 5 75 3% 2800 ACNFc 90: 10 55 7%

2500 ACNFC  [00117] Less than 20% of polymerization was observed when
adding the persulfate radical initiator to the solution of vinylferrocene and
acrylamide. This is probably because the formation of ferrocenium in the

15 reaction mixture which resulted in the retardation of polymerization rate and
much early termination of the polymer chain growth process. As shown in Table
1, under optimal conditions, relative high yields were obtained.

Table 1. Co-polymerization of vinylferrocene and acrylamide and its derivatives
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[00118]

However, the polymer yields decreased with increasing

vinylferrocene feeding ratio, which indicated that the terminating effect in radical

polymerization still exists, even though great care has already been taken in the

polymerization process. It was also found that minute yields were obtained once

the reaction mixture became blue, which was due to the formation of

considerable amount of ferrocenium in the polymerization solution. Ferrocene

loading varied from 3 to 14%, which is always less than ferrocene content in the

monomer feedings.
[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



redox polynmer and the strong absorption at 1218 cm 1 suggested am de
groups in the polynmer. UV experinents, again, confirmed the

successful co- polynerization of vinylferrocene and acrylam de. The
m nute shoulder at 300 nmis a clear_indicative of ferrocene noiety
in the co-polynmer (see Figure 13). 153 Havi ng ferrocenyl and am ne or

carboxylic_acid noieties in the redox polynmer rendered themwth
dual - f unc¥itlhighefaterrogenevieegindoratia 88t rlowerdaPEcHig welght erdnpoader

activity 518fec% %ﬁtr}béﬁgu%ﬁ h proteins. [00122] Increasing the
feeding ratio o errocene was intended to increase the

proportion of mnﬂmbenleM|mhemz¢d mapwymeﬁomrel yigkt-yelloR0 colored,
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f eedi By rad A068s Daltens.| FWeIR ,emﬂeifimeriw (58e gagdr@gmeaaaﬂy véHowed¢he
unusual behaV|or of ferrocenyl

unds, in radical polynerization.
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bi osensi ngdpkrpaweer i of ygh auriby eliiee faf gubngMEss. i Eumerle%ieece can be

Prble N ; ) . ‘
The amunpuah il 16003300 30" B0 ERf U S8 ANOPRIF o EcERYing
co (rjrposn t : tgnaawdak(mledatoi 1261§mmﬁdm(caiebyherpres¢nce/vaﬁ _fémmnmhyt baits go dide
redox po re ob ne, e | ni, tl or |

of - 20- 50 oK AONGRE01 TIORGOS SDSRBIRPIAL 1378 cren SHPRPTEA AP STOtDS
vol t anogrignehef pbiigndredoy n@& ént38 addif1%stnfinpdax the! w&f@ssm co-
phosphat e-buffered saline ( solutlons in the presence of

and 10 pgoqhtmené@frepmef y@y@@r(aﬁgnwwcrglamlageThpommtf Shoider at 500
El ect roc%’ﬁ‘l%g le8P ikt 4 Wefn%'bgﬁ% rﬁ‘blb ﬂWr@“&&Féﬁlmé (sge Figure 13).

potentlostat vanostat runni ng unaer t genera ur pose
el ecflboc Hdavinglferrogenyt randGRE®)e oncagexylieasicomaoleties in Bheerastoxr pelgmer

Pt s Sehup 38, pGRLERBNGR e REg TR AU YER B oo
an Au wordtiengicel zativity fer dre%—hahagavm’apmielﬁs 94mr) . [00125] In contrast
hi gh ol ubi 11 O AZhat erlNBRESHRL eGSR YV TesT e O=S ST BAPS.
Thi's charigcirfiréadd Ghé epdpostidfr RMDceR9l YIGIES vilgah ther ratkss pafymer.
20  However, varying the amounts of vinylferrocene also affected the polymer yield.
The highest vield obtained was when the vinylferrocene feeding ratio was the
lowest, which is in good agreement with the unusual behavior of ferrocenyl
compounds in radical polymerization. As indicated in Table 1, although the
content of ferrocenyl moiety in the polymer increased with increasing
25  vinylferrocene feeding ratio, but it is by far not linear at all. 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

30 range of 20-40 mg per gram of monomers.

Example 5.2: Obtaining cyclic voltamograms of the redox polymers




medi ators in biosensing, particularly in enzyme-linked bi osensing
since nost enzynmes only work in aqueous nedia. [00126] Figure 15
shows typical cyclic voltanograns of the In PBS 15 containing only
t he redox polyners, the voltanograns exhi bited highly reversible
sol ution el ectrochenistry: the redox ¥aves centered at - 0.18 V (vs.

Ag/ AgCl ), the voltanogram has diffusion-limted shape, the pmagnitude
of the ~anodi d0AAd3kat hddedoxerRlym@rsert PEOSpRAtgRHilereghe saline (PBS)

peak-t o- : : ' ' ' ’

Phoor et o 8T PresBRAALA08, 4 30 BHGAGENACTRE GO HRE 10 mM
assi gned glocesee oxi dati on and reduction of ferrocenyl noieties in
the redox poly, whi I.hdi,cate cellent r ciivity of
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its derivatives and the ferrocen noieties in the po rs retain
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sol ution ] f | ' Hex). hki ' j
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observed when BEAERE"° <Akl SfBESeetts (iR (eOUs pOARBS P Ere
sol uﬂiOonl.syﬁueeséiatﬂ'iawehleighs‘smlubmfy 80 wdter bed Wrei irrgo:idnlleytim anogfasrganic
practica sol utjon

|y the e as the.redox polynmer alone However
when 10 nﬁdf\gqrﬂé-oﬁ‘@' ARRRIPICO S egsswﬁufeiﬂ{ PoInergnideah P Uses as
oxi dat i onmeliabrdCiAsKioB¥néikY, BEARSRAY i ehPimEMhKEH Qﬁosé‘ﬂ?ﬁn@g%ﬂ@é most
centers in G, FAD were converted to FADH2. \Wen the el ectrode

pot ent i al erBYMegeNly svaik éHapueeus Medidedox potential of the redox
polymer, signijgng amgHlire P65 sheWsAGpRE! BRIRNWORAMdyraMe JraHetn PRS
i Z€ r the I 'H1e

pol ymer was o to férroceniumn el ectrode surface.
r edox 5potaantaialingoforADIHEADROK n pGipmérs, - he3a/oltatnogramag/exbibited wightn

for rocont SeTsiE RLURR SBRLSGRAT sHT, rer PR AR et Dz Q18 Y o
and the Aghwgaterthemoanaigram has tdifusieadimited! shape, ahe megdnitwdk ©b thée

original ferrocene Il eties. These two, reactions for catal ytic.
cycre,  adadeatacalnadi Heal SUTBNt Bt egPRer G Cgparip S tertial

oxi dat i onsdpars¥idnh isB0RV 3bBfclbYe thehd fYetRE VAR of BIAHY At JEvaS Thebe

catal ytic reaction by the redox polyner greatly 10 enhances the
oxi dabi orfeggXrwayes ganhke sassignash te odeaprratioy| ansh seduddions ek defracenyl

moieties in the redox polymers, which indicate excellent redox activity of the
polymer. The voltameiric experiments, again, demonstrated that vinylferrocene
was successfully co-polymerized with acrylamide and its derivatives and the
ferrocenyl moieties in the polymers retain their electroactivities. The redox
25 polymers in PBS are in real solution form with free diffusional behavior. Spiking
this solution with varies amounts of glucose did not change the voltamogram at
all, which suggests that there is no catalytic oxidation of glucose by the redox
polymers alone. Furthermore, no obvious changes were observed when adding
small amounts of GOx in the redox polymer solution. The electrochemistry of
30 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 FADH,. When the electrode potential



Figure 13 (light gray traces). If the el ectron-exchange anong FADH2,
redox polyner and electrode are all very fast, |arge anount of
ferrocenium noi eties are produced during el ectrochem cal oxidation,
and they are, in turn, rapidly consunmed by FADH2. This is the reason
for the nuch | ower reduction current ¥t 15 ferroceni um noieties, as

conpared to that obtained in the glucose-free solution, These data
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centers of enzyne to el ectrode surface. 20 Exa e 5.3: Synthesis o
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20 Example 5.3: Synthesis of a membrane comprising vinyl ferrocene-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

25 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. '

30 [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



for a highly reversible surface i mobilized redox couple (A J. Bard,
L.R  Faul kner, Electrochem cal Methods, John Wley & Sons: New York,
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el ectrode; (b) contactin %e el ectrode with a sol uti on supposed to
cont abn t acanmnwuhm mcgnvloﬁlmeOﬂQOétel@@tmd@)Abslowse@ fates, <100

anal yte ’FH'}/ r%n%ﬂé?ik% R4l glgﬁ?LHfEb?@cérﬁFB d%deﬁébét&?forlcpsu?fac%

capture no eé €S on rode rmation
conpl ex es:olméﬂaémeeeleetpﬂ:m r@omds)esztemeemmma@ aaridéglt I‘demnstlan blebavisai The
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potentlal separation is much less than 59 mV, as observed in the case of
20  diffusional behavior in solution (see Figure 15), and the width of the current at
half-peak height is around 90 mV. Such results ascertain that all of the
ferrocenyl redox centers are allowed to reach the electrode surface and
proceed fo reversible heterogeneous electron transfer. Upon adding 10 mM of
glucose to the PBS solution, a typical catalytic electrochemical curve was
25 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

30 sensitivity (750nA/mM glucose) of the biosensors.



wherein said el ectrochem cal activator has a el ectrostatic net charge
15 that is conplenmentary to the el ectrostatic net charge of the
conpl ex fornmed between a capture nol ecul e and an anal yte nol ecul e,
thereby formng a second | ayer on thetlel ectrode, wherein the second

| ayer and the first |ayer together forma conducting bilayer, (e)
contacting the detection electrode wth an agent capable of 20
transf er st i8lcBsimadss:t 0 or fromthe el ectrochem cal activator from
or to the electrode, respectively; J (f) perform ng an electri cal
measurenent at the detection electrode, and; (g) detecting the

bt a ned 'y i o0 fot, U, ot nBnica! Cydhtton, of B, ARV AP SR
1, wherein theaabesfiardatbeivncslbctpsde, thé ariethsd dompeikinger i ¢ r edox

medi at or capahl e of transferring electrons between the analyte and
the efect rod&B NMObHEBI neaRidE F10leTUess wbloﬁhaweepap@we of binding the

el ectrochem cal éﬁgféﬁrg?lgecﬁfé%rﬂes@étec té?bédggpétecﬂﬁﬂ e‘ibctr:ga%; nmet hod of

claim 3, wherein I""I'ons are se romthe group

consi sting ofb)sitordactingolthe cegimels wifhc lkebolutiomrsuppobed tio cemtaimthe
rut henium and m'>stures th@rte%fg % The met hod of claim4, wherein
the el ect rochem%%ﬁytgd'f‘ﬂ?&{" r0j @ PE&Ced fromthe group consi sting

of poly(vinyfc)f esliowifg e apalyte mbRduld E5MARFRAGH SBRE sdiGfion BNbiAE to the
pol y(vinyl ferrocene)-co-acrylic aci and pol y(vinyl ferrocene)-

d
cog/aﬂeq yl ani do- ( F2DHHE MalerWes ondthesglediade ereby rallowdag feymation of
cryl i do- ( CH2) - i i i — .
ethod of ol af m PTRERES Hekfindf 4 cablie HhBidtul, dad’an Hialyte thélecli8?
el ectrons to orsdid comphexesl fooningahfinst tayler aotthe detectios electemdeyne or

o0 ey oo e e R g a0 Sctothit henatt ™
wherein said electrochemical activator has a electrostatic net charge
15 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 bitayer;
(e) contacting the detection electrode with an agent cabable of
20 transferring electrons to or from the electrochemical activator from or
to the electrode, respectively;
D (fH performing an electrical measurement at the deteciion electrode,
and;
() detecting the analytes by comparing the result of the electrical
25 measurement obtained with that of a control measurement.

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

30 _

3. The method of claim 2, wherein the electrochemical activator comprises

metal ions. '



8. The method of claim7, wherein the oxidoreductase is selected from
the group consisting of glucose oxidase, hydrogen peroxidase,

| actate 20 oxi dase, al cohol dehydrogenase, hydroxybutyrate

dehydr ogenase, | actic dehydrogenase, 42l ycerol dehydrogenase, sorbitol
dehydr ogenase, glucose dehydrogenase, mal ate dehydrogenase,

gal act ose dehydrogenase, nmal ate oxi dase, gal actose oxi dase, xanthi ne

dehydr ogena | | xi dase, Ri-ne gxi .
chol i neqﬁe hﬁe&ﬂ%ﬁﬁ)@gé’f Cé%mpgﬁ'ﬁ@%rfeﬁ@l&@gﬁéééﬁa@gS%@ﬁ%@/ﬁa@ ﬁlﬁ &@@g
oxal at e oxi aassistibg lof rsilbem goltk icdaper, mitkelaran ecatedity dsagemasathenium,
gl ut amat e oxi gase am ne oxi dase, NADPH oxi dase, urate oxidase,
cyt ochrome @NGINPHLES thRI8OLct echol  oxi dase. 30 9. The method of
claim1l1, wherein the capture nol ecul es are capable of specifically
bi nding the _analytes to be detected. 43 10. The nethod of claim1,
wher &i n % he Tawam@thod ef plaira et evherain theselestroeemicahactivator isugelected

o 1 gosacchadCHLe SisfipXlrtind of BB nGERnPERaeR pRVUEN 12BN G
AR ke 4 gl aygasi g iear A e
ﬁg: ecul e ha@?cﬂ%.@m'(ﬁ@{gﬁé&%@%ﬂ%céc@o £9d TROIVKINKb J TBTOEeREIKOr2,
wher ei n thea&Hﬁérﬁio%:-@ﬂiiQE?hb_%Ehﬁrﬁc%\%@Wh%ﬁeiﬁtn =lpegst one

si ngl e-stranded regi on. e nmethod of claim 13, wherein the
caplére nolecule is at least one 15 nucleic acid probe having a

seguence co r ' sty i f '
2ei'd moecul Beqheps. o w1, iR Hid AR Ear R MrRlsimig R, e
anal yte to hbe atefrent thie iledrochemmical activatorpispandenzy?ie Idr. aif henayaidrod
of claim 15, wherein the capture nolecule is at least on ligand J
capabl e of BPWHpﬁ ‘proteins or peptides. 16. The nethod of claiml1,
wherein a bl ocking agent is immbilized on the

15 7. The method of claim 6, wherein the enzyme is an oxidoreductase or a
mixture of oxidoreductases.

8. The method of claim 7, wherein the oxidoreductase is selected from the
group consisting of glucose oxidase, hydrogen peroxidase, lactate |

20 oxidase, alcohol dehydrogenase, hydroxybutyrate dehydrogenase, lactic

dehydrogenase, glycerol dehydrogenase, sorbitol dehydrogenase, glucose

“) dehydrogenase, malate dehydrogenase, galactose dehydrogenase,

malate oxidase, galactose oxidase, xanthine dehydrogenase, alcohol

oxidase, choline oxidase, xanthine oxidase. choline dehydrohenase,

25 pyruvate dehydrogenase, pyruvate oxidase, oxalate oxidase, bilirubin

oxidase, glutamate dehydrogenase, glutamate oxidase, amine oxidase,

NADPH oxidase, urate oxidase, cytochrome C oxidase, and actechol

oxidase.

30 9. The method of claim 1, wherein the capture molecules are capable of
specifically binding the analytes to be detected.



25 electrode prior to contacting the electrode with the solution
supposed to contain the analyte nolecule. 17. A nethod for the

el ectrochem cal detection of an anal yte nolecule by neans of a
detection el ectrode, the nethod conp%l'q‘ sing: 30 (a) inmobilizing
capture nol ecul es, which are capable of binding the analyte nolecule
to be detected, on the detection electrode; 44 (b) contacting the

el ectro to
be det egtge\(lj%? rﬁetz‘ﬁ ?\t/fv:dngg'm e anafil‘ t?.@ nowte%:tj bé@%ﬁ?%&r%é ||%&lsegq@n?
sol ution toths gmupocanmtlngaqsftmucﬂzelmaoata.llobgomclechtmiesL poateinge peplidass by

analyt o ol Bl ddes. ohbRB B AR PR e Wi Ee o e T

detection el ectrode (d) contacting the det ectl on electrode with an
el ect rog n1|_ﬁ g_p %t or, Wwherein said electrochem cal activataor
has an dftect P8INE ctlaim 195 sherein: thesanaivig| terke dgtseted iy paucleic

el ectrost at gEidrlﬁBIeE @rge of the 10 conplex fornmed between a capture
nol ecul e and an analyte nolecule, thereby formng a second | ayer on
the el ectrode, wherein the second layer and the first |ayer together

forma nd in er.ei.n the captu | es _are
capabl quf *ﬁ%éﬂgﬁg’a ﬁéﬁweﬂ]r‘g S tﬁ? rquﬁlr? f-,d @‘go?ﬁ cRie-
activator fdefined sequence. the el ectrode, respectively; (e) perform ng
an electrical neasurenent at the detection electrode, and; (f)
detJeQ:tl ng the anal ytes by conparing the result of the electrical

fe; suregsntm@trﬁem%e & &k P8t \lerirf Y hOLISIEPA5Y BRI Ie E8mpfl

el ectrode arrangenent, conpri$ing a detection e ectr Sui %?e for
carrying ouleaahomwgleaaﬂnmdexhregmm ection of an anal yte mol ecul e as
defined in claim1, conprising: (a) a first layer on the detection
el ectrode conprising conpl exes 25 between a capture nol ecul e, which
is capaM.e 76If13 hhetlh'odgoit bizimntd,ytvhereinlthe utapttire hwientieds ead, leastdons

aneify te nol g S eic ac:c? probe having a sequence complementary fo a single-stranded
region of the nucleic acid molecule to be detected.

15. The method of claim 10, wherein the analyte to be detected is a protein or

a peptide.
20
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
25 electrode prior to contacting the electrode with the solution supposed to
contain the analyie molecule.
17. A method for the electrochemical detection of an analyte molecule by
means of a detection electrode, the method comprising:
30 (a) immobilizing capture molecules, which are capable of binding the

analyte motlecule to be detected, on the detection electrode;



(b) a second | ayer conprising an el ectrochem cal activator, wherein
said electrochemcal activator has an electrostatic net charge that
is conplenentary to the electrostatic net charge of the conpl ex
formed 30 between a capture nol ecul e4and an anal yte nol ecul e, wherein
the second layer and the first |ayer together forma conducting
bilayer. 45 19. The el ectrode arrangenent of claim 18, wherein the

el ect rochemgpl c@ﬁfdc‘ﬁﬁéoﬂlt;nei &leBtrBab YWRH ief Jofitfoh degﬂse@eﬁwe t&%ﬂl?éiﬁ&;tﬂ% 0

transferring ‘el ectrons etween the anal yte an ct rode.
The el ectrode aAnabyiematecuid taobaideiededwher ei n the agent for

el ect rode aEangiaMRY B den g Seuk SRt B Sl hiign SR e
sel ected from t bap@reunoleoulesstn rtbe odlesirddesr thegsbyd allowipgeformation &f,
rut heni um and m xt 22. Th

i ron 10 cobalt, osm ur res thereof.
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medi ator from g%ﬂ[%dr?%g%ﬁect ro g,ﬁ@é%%’izﬁqﬁeeﬁe,@%er e:'erk]:ﬁ?ﬂég, agent
i s bound tofd) 16oniacting dhedetedtionozlesisede withezh wlactrochemical cctivator

bi | ayer 23. The,gl r f of, glaimz22, wherein the agent
IS an enzynme or “ﬁlgﬁ&bn%ﬁe%‘%ﬁﬁ%@gﬁﬁéalzé‘cg@obsréasofarhnelgfﬁéﬁt?@%erge%
arrangenent of chaige it ds compiemantary 26 thé\ elecdsbstity néocharge of the
el ectrochem cal detection chj gn anal yte nol ecul e rising: (a
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bi ndi ng the anal yte nolecul’e to be detecte d an ana

nol ecul e; and (H#e seseadrayempnd Buwndirstsiaygr degethest fosmhanteaducting
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(e} performing an electrical measurement at the detection electrode,
and;
(f) detecting the analytes by comparing the result of the electrical
measurement obtained with that of a control measurement.
20
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) a first layer on the detection electrode comprising complexes
25 between a capture molecule, which is capable of binding the analyte
molecule to be detected, and an analyte molecuie; 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
30 between a capture molecule and an analyte molecule, wherein the
second layer and the first layer together form a conducting bilayer.



SEQUENCE LI STI NG <110> Agency for Science, Technol ogy and Research
<120> Method for detecting anal ytes by neans of an anal yte/polyneric
activator bilayer arrangenent <150> US 60/515, 229 <151> 2003-10-29
<160> 14 <170> M5 Word for Wndows 4210> 1 <211> 18 <212> DNA <213>
artificial sequence <220> <223> Prinmer <400> 1 ATGGTGAAGG TCGGIGIC
18 <210> 2 <211> 20 <212> DNA <213> artificial sequence <220>

<223> Pr4 § <éé(pé)& T (‘bq‘(;g%!‘ﬁT < > <

<212> DI\TE“EZTJI.]?;% artﬁoﬁfec%ﬁgﬁ eq-uggﬁce < oi%_k%;e%rlglﬁ%f’eleét%gﬁgcal

ATGGAGGATT @ativaitchia pelymezicOreddx mediator capable of transferring electrons
between the analyte and the electrode.

5 20. The electrode arrangement of claim 19, wherein the agent for increasing
conductivity of the analytes contains metal ions.

21. The elecirode arrangement of claim 20, wherein the metal ions are
selected from the group consisting of silver, gold, copper, nickel, iron,
10 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,

15 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. .

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

;’j 25. A Dbiosensor for the electrochemical detection of an analyte molecule,
comprising:
(a) an detection electrode;

25 (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) asecond layer comprising an electrochemical activator, wherein said
electrochemical activator has an electrostatic net charge that is

30 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.



<211> 18 <212> DNA <213> artificial sequence <220> 2 <223> Priner
<400> 4 TCAGICTGAG TCAGGCCC 18 <210> 5 k211> 35 <212> DNA <213>
artificial sequence <220> <223> Capture probe <400> 5 TTTTTTTTTT
TTTTACTCCT TGGAGGCCAT GTAGG 35 g@ > E <§i%> ﬁé <212> DNA <213>
artificial sequence <220> <223> H+-& BENC<400> 6 TTTTTTTTTT

TTA.-I-G.GT. enc G-Jl;or %35 echn.]ég gy % e§e§%§12<212> DNA <213>
2.!’2'[2:)]: cl 125 c? fo ete 1ng ana fe uremeans 23 (112 a%gf;yte%))(giymeric

actlvator bilayer arrangement

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

<160> 14

<170> MS Word for Windows

<210> 1

<211> 18

<212> DNA

<213> artificial sequence
<220>

<223> Primer

<400> 1

ATGGTGARAGG TCGGTGTC 18

<210> 2

<211> 20

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 2

TTACTCCTTG GAGGCCATGT 20

<210> 3

<211> 20

<212> DNA

<213> artificial sequence

220>
<223> Primer

<400> 3

ATGGAGGATT CACAGTCGGA 20
<210> 4

<211> 18

<212> DNA

<213> artificial sequence

<220>



<223> Capture probe <400> 7 TTTTTTTTTT TTATGGAGGA TTCACAGICG GA 32
<210> 8 <211> 32 <212> DNA <213> artifi%ial sequence <220> <223>
Capture probe 3 <400> 8 TTTTTTTTTT TTTCAGICTG AGICAGGCCC CA 32
<210> 9 <211> 35 <212> DNA <213> artificial sequence <220> <223>
Capt ure prébe F=a®0> 9 TTTTTTTTTT TTCCTCTCGC GAGTCAACAG AAACG 35
<210> 10 <% 1> 49 <212> DNA <213> artificial sequence <220> <223>

Capture p<r40 e  <400> 10 GCCAGCGITC AATCTGAGCC ATGATCAAAC TCTTCAAAAA

AAAAAAAAA, 49: 2107kl 211> 32 <212> DNA <213> artifici ais sequence
<220>

<210> 5

<211> 35

<212> DNA

<213> artificial seguence

<220>
<223> Capture probe

<400> 5

TTTTTTTTTT TTTTACTCCT TGGAGGCCAT GTAGG 35

<210> 6

<211> 35

<212> DNA

<213> artificial sequence

<220>
<223> Capture probe

<400> 6

TTTTTTTTTT TTATGGTGAA GGTCGGTGTC AACGG 35

<210> 7

<211> 32

<212> DNA

<213> artificial sequence

<220>

<221> misc feature
<222> (1)

<223> X¥X

<220>
<223> Capture probe

<400> 7

TTTTTTTTTT TTATGGAGGA TTCACAGTCG GA 32

<210> 8

<211> 32

<212> DNA&

<213> artificial sequence

<220>
<223> Capture probe



<223> Detection probe <400> 11 AAAAAAAAAA AAAAGCTGCC TCCCGTAGGA GT
32 <210> 12 <211> 71 <212> DNA <213> a¥tificial sequence <220>
<223> digonucl eotide <400> 12 AAATTGAAGA GTTTGATCAT GGCTCAGATT
GAACGCTGGEC AAAAAAAAAA 50 AAAACTCCTA CGGGAGCCAG C 71 4 <210> 13
<211> 71 <%; > DNA <213> artificial sequence <220> <223>
a igonucl§8 i de <400> 13 AAATTGAAGA GTTTGATCAT GICTCAGATT GAACGCTGEC
AAAAAAAAAA, G.C 71 <210> 14 <211> <212>
DNA <213> g??P?iciaﬁ%§€%ﬁ32§§§%g§§%20§223> a igonucleotidé%;<400> 14
AAATTGAAGA GTATGATCAT GICTCAGATT GAACGCTGGC AAAAAAAAAA 50 AAAACTCCTA
CGGGAGGCAG: & Tl

<211> 35

<212> DNA

<213> artificial segquence

<220>
<223> Capture probe

<400> 9

TTTTTTTTTT TTCCTCTCGC GAGTCARCAG AAACG ‘ 35

<210> 10

<211> 49

<212> DNA

<213> artificial seguence

<220>
<223> Capture probe

<400> 10

GCCAGCGTTC AATCTGAGCC ATGATCAAAC TCTTCAAAAA AAAARARAAA 49

<210> 11

<211> 32

<212> DNA

<213> artificial sequence

<220>
<223> Detection probe

<400> 11

AARRADDADL AARAGCTGCC TCCCGTAGGA GT 32
<210>» 12

<211> 71

<212> DNA

<213> artificial seqguence

<220>
<223> Oligonucleotide

<400> 12

AAATTGAAGA GITTGATCAT GGCTCAGATT GAACGCTGGC AAAAAARARA 50
AAARCTCCTA CGGGAGGCAG C 71



<210> 13

<211> 71

<212> DNA

<213> artificial sequence

<220>
<223> Oligonucleotide

<400> 13

AAATTGARGA GTTTGATCAT GTCTCAGATT GAACGCTIGGC AAAAARARARR 50
ARARCTCCTA CGGGAGGCAG C 71

<210> 14

<211> 71

<212> DNA

<213> artificial sequence

<220>
<223> Oligonucleotide

<400> 14

AAATTGAAGA GTATGATCAT GTCTCAGATT GAACGCTGGC AAAARAAAAN 50
ARAACTCCTA CGGGAGGCAG C 71



