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1 BI OSENSOR [ 0001] The present invention relates to
sensors, in particular sensors for determning the
w@e@somaes of anal ytes in a test sanple. The i NRENSGLNN4/000352
al so rel ates to nanoparti <1:ul ate menbranes. The

invention further relates'to watersol ubl e redox

pol yners and processes for regari ng the pol yners.
BACKGROUND OF THE |Nvatmsanf$© 02] n recent years,

polymeric materials have gained wi despread theoretical
interest and practical use in many fields [G

Ha mivhé%géhﬁmelﬁtﬁmem@s torRenBbiss ic paNisulat Bensors for
Isgu_e , 1996, 199]. Conducting pol yrrerspi_‘n parti cul ar
detdreniing dhadpieseneasifngnalyiesi i ehtest@raplsr e SMeTiRg, also

rotafs o panan i ya, AR ERRFs "IAK el s RS RS vitfer-

solug% RSIxaTolyrRS BRIl Sroceses for phepdsimyvihequmiytuets. ng

ynmers, ‘such as ionically conducting polyners,
charge transfer polynmers and conjugated conducting

pol ynmers, re‘ié’&c&‘éﬁﬁﬁﬁ\ﬁa gjpe-fng| 5WNV\A del y used

i n bi osensing application 0003 ucose sensing, an
area in biosensing which has been undergoi ng

significant research i t [ .
o) o0 gt S NG etRARahEh GInF tgapreac
theBr%ti%lu fredkeSt 2kt dpr@é}i&éluﬁébs n GxbARSRIdS [Gequarsadyi. Taterials
el'ectron nediating function of redox polymers has been .
ChaTMyambMiyehtsa\wd.@pﬂlsB@@ 3, o 996y Y &raneieting polymers in
cose biqgsensors. [0004] n .t ! I i
parflet e deuahopreaT; 1o hE BHED o CBREEES By ere
codo%gﬁﬁ% ?b?ﬁrﬁér@ ré@te| £ UnRfueskenttiom agl arc dsterface debeeers smart
reduced to FA

d df f i di
ke s e Lo o B0 S gyt
powyriéy¥s and

HO. Jhis cycli ' ' i |
polytpis. U BsfiBfiafly PEHAKERAMRCLT MHERGE NaRORR cehroe
corggg?atgb weAtiEinghalyinerssIreddx pelyotars arevbyHanmostwidelk uagd in

) ential wndow from-0.5to .0V, either the
biopersiaaaepicatiPn® concentration or the decrease in O

gfﬂ@gbggf(gyﬁgg% It r§gt ?hﬁgzé'i‘?aék&a?dint Gigs@ing y whivch has been
undergoing significant research in recent years, relies on electron mediation of
enzymatic oxidation of glucose to gluconic acid by glucose oxidase is required.
The electron mediating function of redox polymers has been widely studied and
applied to many amperometric glucose biosensors.

[0004]in its natural enzymatic reaction, co-enzyme flavin adenine
dinucleotide (FAD) is an electron carrier present in glucose oxidase is reduced
to FADH, (reduced form of FAD) and oxidized back to FAD by molecular
oxygen. O is then reduced to H202, This cyclic oxidation and reduction enables
FAD to act as an electron acceptor. Since neither glucose nor gluconic acid is
electro-active within the working potential window from —0.5 to 1.0 V, either the
increase in H.0» concentration or the decrease in Oq concentration is being

measured to quantify the glucose concentration.
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[ 0005] However, the accuracy of neasurenents based on
the nmeasurenent of H O and O is conproni sed because

WO 200SHhosp4 t he partial pressure of atnospheri c ETEHSGH04/800352
anperonetric response, and secondly, the quantitative
measur enent of O at high gBucose concentration is
difficult because Ois used up as the sensing
pr ojoees} HolWevetet et | autusdcyH 6 byndasaremémtst iizedt én  the
pl ati num el ectrode requires a working potential of

mepguemeny ol I1QuyAnd P is eRMPrARISEd  Bedjuser dtstlyo theobgrﬁal
prels8h Bﬁétgﬁk?s%%eﬁg (g%gﬁéétg'a?@:élréﬁﬁﬁgﬁégfoé{s& Bha ol the

as ascorpi c "acl uric

quanititgtiveo theasurehient asft Dseatthighi glugosentordentrafifN6is TiFficult
ci rcugvent the above-nentioned problens associa
dRgiso

begausg @z b%ag%d MORS tha sensing Hros dptesction 0% EIZOQ by its
OXQ???}F?@?QIE“‘@PE“E?@%B&@ r Y@s@%rlﬁﬁ@@é&ﬁﬁiaﬁ% %g 1006V (vs.

ron acceptors in
Agiig Qi) varess thus i9-ADbjectddd @0 Tiiteierrnmesssf elecireeidiiver species in

oiopdotc) at BrBirbl e 2pe i b i AE% Rl AN SIniclY gptve at
thid Botenti@bl e attachment to the el ectrode and (3)

processabl e in aqueous nedium [0008] For this reason,
t wol0§P6Lige eircurpvenit thes abheve-mentionedy proplems eassogiated , with

o B4 Pep G P T, PO SS5P BB SHARGERY heye e
propoeed @ tetifidiain eRtrbReasoepidvesirs mack Wfosarehnenolecules for

aﬁgl ications of ferrocenyl materials, both nononeric
FAR) - polynmeric. For exanple, polyferrocenyl conpounds

h '. i i » -
"o DGRTF R GRS P (SIS, | R TBUFSMEE | moot three
reqDakmenis: T priast( /89pn-2xthdngen sateedithteanzynmenahd alestsodes (2)

~ Koi d |3 El | Chem.. 468(1999).
stalpig-afethien §0 152 oleRtofe St 43 PatFossade s agusons Rediyra,
EL:{OGOBPFora'thischéégorﬁ:ofWB‘”griou#B%tOQﬁ) nfthfatbrs 'Wél!}%V xtensively

of "the known ferrocen erials are on

invegligated namebn-trasisiionnmeeial, camplexesvarid: feroanamyl matdrials. In

rocBfl} Yol HaD) grols iy bR ReF aidiE o W, synthesis and
bio}é\élﬁsmg %@bﬁé&tbr’%&iﬂf@ﬁ@@%yl mﬁétéfibfs!, ot ﬁ]dhbnﬂaﬁfct ared! b@rymeric.
interest as redox nediators in biosensing. B

Foexaraplenpplvierferaayk eprapaunds have dgen usedgas reydox indicators in
molecular recognition [J.E. Kinston, et al, J. Chem. Soc., Dalton. Trans (1999)

251.], as mediators in biosensors [S. Koide, et al, J. Electroanal. Chem.,
468(1999) 193.] and as coating to modified electrode surface [S. Niate, et al,
Chem. Commun., (2000) 417]. However, most of the known ferrocenyl
materials are only soluble in non-polar media, only few ferrocenyl and
polyferrocenyl materials are water-soluble [O. Hatozaki, et al, J. Phys. Chem.,
199 (1996) 8448.]. Water-solubie ferrocenyl materials are of particular interest
as redox mediators in biosensing. By co-polymerizing alkene substituted
ferrocenes, such as vinylferrocene, with an appropriate water-soluble polymer, it
is possible to prepare ferrocenyl materials that are readily soluble in water. But
it has been shown that the free radical initiated polymetization of vinylferrocene
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ferrocenes, such as vinylferrocene, with an
appropriate water-soluble polyner, it is possible to

w@e@pasEof errocenyl materials that are readi | yyGDbGH0€000352
in water. But it has been shown that the free radical
initiated polynerization oB vinylferrocene3 is unusual
[AJ. Tinker, et al, J. Polym Sci., Polym Chem Ed.

is AugLED VA, ’kaér, dVla‘H J. CEEmlymeSletP(ﬂi/m CheRul B $3|(1975) 2133
50 m Che[:n ji 14 1975 475(} Edl ymerij zation

M.G (55 %re®r 8t Shei Bolvd Qi Hiargo-b e A1925) Ag5 . Co-

pofyﬁﬁér%ﬁ&h Bf‘\/lh}?lféhé@éﬂé%@'kn% Vt%rlg@ﬁlfﬁt{‘%ttt{b'bahjse ihe ferrocenium

po yrrerlzatlo sstem res e reac
is @ltmi;calmam@mernn rtfnmbolyafmrzatlonpswwm irestiting ukthwme: seactlon

Term.nation of the i zati Qn react.ion_occurs,
dods" e Bl aGimal, el Polia ralber kel o TPEREdeRLOf the

poWH?éerﬁorﬁ er@lﬁ:r@b@?ﬂn&%?@‘ %tFeﬁ’ﬁbl%@hlar@éétrér?@%s’fé? from a

the deactivation o ymer chairn and a pol
ferigfesr nusiaus todhe gﬁo\gmgs@ham mncau Thispleade o tm@deaq:tnvanon of

thef RONRES KA 5. BRUBRT ML GoliaEEn eidh, SR b Spebiess
goorbodwpbwabrymﬁmemmb@éh stiaély! 'u‘sédaﬁg 's&ﬁport maltrlx in

i nertness to mcrobial degradation [I, | ner,
engymapimmaghifizatigp: ang prOﬁ'M@gC?USQ-I@f/eﬂ%rQOQd tcéwmugal and

g SN A2 By s Yy N SRR AM AR 35
AnAr(a’tIt\emgBeatn 1t13 a1 99@)9%3&91-1?\?@@@( aftem@lt@ ek c@Jm@Iwnfm]anon of
ea 0, by-pass the jnefficient co- merization
vingREETIe 4t BERRIT BRI i oy MR USTS: BRIHGPBS bl Bu, ot
al, DX&H’OQSQM ’?‘ggﬁ’%@n@f %ﬁgﬁn‘é@%gg%@g@% ’rHig éﬁﬁﬁagoidjﬁkl pass
theemeﬁlc;en_tmgmlymenzammf \ﬁm&rra‘cer@aIchamlcadtgraftlng\procedures

wefd BREERH in BRSPAring oyl FaBS TS. keidB, 668, U5 EiRtrganal

ChAhipaeg@bog) 19800 tqbalék adtchl Suaiﬁ@mam 139699 Qﬁds 2R 1&almon,
Vi nyl f errocene co-pol yners were synthesi ze
et B oot Charh o ShTeatas (o1 ) Lok o R —
S & h S
KRR el "PaRTRY M TRIhEY e fiind: G sleQolpigs and
Surfacdas;d‘ssﬁ l(ﬁtmuslmm]P t)‘&{nyﬁeggg@ye H@qnciﬂym@m were. sy(ru@ﬁesnzed but
ex at en nver ness Medi cal
i AFATIER 9T (eirocenegin G ey o oS- nkiabli OEPURBIINEBeSe RRlymers
resWﬁh@F‘Uéf‘leri%éﬁé&s.(Cf for exanple, US Patent
6, 547, 954) .
[0010] Commercially available biosensors include those manufactured

by Therasense Inc. (cf., for example US Patent 6,338,790), Inverness Medical
Technology (cf., for example US Patent 6,241,862) and Matsushita Electric (cf.,
for example, US Patent 6,547,954).

[0011] Therefore, there remains the need for vinylferrocene-based
polymeric mediators having superior performance characteristics.
Consequently, it is a goal of the present invention to develop new methods of
synthesis for new vinyiferrocene-based polymeric mediators. It is also a goal of
this invention to provide biosensors with enhanced performance, and which
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[0011] Therefore, there remains the need for

vi nyl f errocene-based pol yneri c nedi ators havi ng
w@apeni@ns per f ormance characteri stics. Consequeait/b§2004/000352

is a goal of the present invention to devel op new

met hods of synthesis for rfew vinylferrocene-based

polyneric nediators. t is also a goal of this

wollB\PBbs® ikitha irborienienesao siws endiuser e ke bissensor as much
performance, and whi ch4 woul d i npose m ni nal

as pogsihi@eni ence to the end user of the biosensor as much
as j 2L T efatel iose! hR sent
v ar@@i@i ié%seec bg 8Ic]§f 13l{en Ieg Sglr%g s@?tﬁ? ﬁ{/azlr? tﬁI |g o%%r?gér/recltf y te h%re

invVESIOT BamBRTHiE EEhsops)| ynamisranesd polyooesss eanGspIOcEEsR as

in the respective independent clainms. SUMVARY OF THE
definedentherespeotive indeppRAHF2RINS t he i nventi on provi des

a sensor for determi ning the presence of an analyte in
a test sanple, said sensor conprisin

a

nanoparti cul at eSUMMARYCOEAHE ilNVEnggQNoparti cles of

at | east one inorgapi ¢ oxide of an el :

 r olP0EBbDPNERSAGRT, NRANVERHRN R’%Y@Ffé,a $%Egrlf®ié§@b§%‘”g the
preg'eﬁce .Vém‘ Bar‘n”a?(élgiee Al 4 hpsPesampicc Salel eserpd obripeising a

n oxi doreductase enzyne and el ectrochem cal activator

nanoparticdlatesmemprang pormptsing neappartigiespal 8t iaashope inorganic
xR o e slemt P RORE S AT ROE. An AS A Ry B P8 9B,

ate
VETR/IB! M8 60 VIMB Tt Bie MRaGIE Tablesarad witeréiaasn axidereductase

I'norgani c oxi de of an el enent selected. from Goup, A __.
enjneHand lelggtrackemiggl @otivaler F  GifiiSily glsgersad | &g said

naﬁ&gt ulgﬁwgﬁ{gg@q’@bl e, and wherein an oxi doreduct ase

rochem cal activator are diffusibly
di s !;wﬂq dn iyet aAbthenaspest, tthe imrdioneprovies. arj eEpgjcally non-
further aspect the invention provides
copruRive: R e iaIEE e S GRTBL M7 (R iGES Bt b feast one
indtBARARddeCeH H QeI SBRRSATBI GFdlp IR MIMIIANIVA, IB, 1B, 1IIB,
efectrochem cal redox nmediator with an_oxi doreductase
IVABZz YWiB, avid, n¥tiBpart MilIBs 0bf then Remiasic of abig, epRdeiperein an

orRineficies 7% BB el achVior o, g B bpgrsed
said'Kandyaftticulate membrane.

[0015]In a further aspect the invention provides a process for producing
an electrically non-conductive, nanoparticulate membrane comprising mixing an
electrochemical redox mediator with an oxidoreductase enzyme and
nanoparticles of an oxide of an element selected from Group A, 11A, HIA, IVA,
1B, 1IB, lIIB, IVAB, VB, VIB, VIIB or VIIIB to form a nanocomposite ink; and
applying said nanocomposite ink onto a substrate.

[0016] In yet another aspect, the invention provides a water soluble
redox polymer comprising:

a first monomer unit comprising a polymerisable ferrocene derivative;
and
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appl yi ng sai d nanoconposite ink onto a substrate.

[0016] n yet another aspect, the invention provides a
wowrisn4Eoed ubl e redox pol yner conprising: a firBCT/SG2004/000352

nonomer unit conprising a polynerisable ferrocene

derivative; and5 a second nomer unit conprising an

acrylic acid derivative having a (termnal) primry

acigl segorPaforpidt @it Basrisingcan caw%ioga«:idrx_ierbpﬁbédmxﬂng a
acquiring a net charge 0017] n o

enboglnent, thebI £
(teraingl) i prira@sy daeigr Py asge apid 10|ﬁ| RagR Rx%itoé\a SBPYB| gapabie o
is represented by the general fornula

ac%ﬁﬁﬁgﬁﬁgiﬁgﬁé?R wherein Ris selected fromthe group

cor[sml_} ¥j oot efdbbdinNehtOHe acP@ia-acitidedvativePD thisameiv Nkkter

H - SO wherein the alégh chai n can_be %gkhonally
solylgedex pelymes inroprrsanted RY tae gRNEWRY BYEME {hm 0 to 12.

[0018] n yet another aspect, the invention provides a

process for preparing a water soluble, redox polyner,

sai d process conpri sing: CHol ymerising a first nononer

unit conprising a polyneilsable ferrocene derivative

with a second nmonorer unllt conprising an acrylic acid

derivative having an aci Hor base functi onal gr oup

capabl e of acquiring a net charge, wherein said

pol ymeri zation is carrieg¢=eHO i n an aqueous al coholic

medi um BRI EF DESCRIPTI OF THE DRAW NGS [ 0019] The

invention will be better Fgﬂderstood with reference to

the detail ed description en considered in

conjunction with the non-limting exanples and the

drawi ngs, in which: [0020] Figure 1 is an expl oded

[ r; i reeli - H,
wighR e SpisREY Rt I o[ 87 eRSuRE AN, ThHar COO
NH-C,Hon-PO3sH and NH-C,Ha, -SO3H, wherein the alkyl chain can be optionally

substituted, and wherein n is an integer from 0 to 12.
[0018] In yet another aspect, the invention provides a process for

preparing a water soluble, redox polymer, said process comprising:

polymerising a first monomer unit comprising a polymerisable ferrocene
derivative with a second monomer unit comprising an acrylic acid derivative
having an acid or base functional group capable of acquiring a net charge,

~wherein said polymerization is carried out in an aqueous alcoholic medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will be better understood with reference to the
detailed description when considered in conjunction with the non-limiting
examples and the drawings, in which:

[0020]Figure 1 is an exploded isometric drawing of a biosensor

according to an embodiment of the invention.
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[0021] Figure 2A is a drawing show ng an end vi ew of

the biosensor in Figure , as seen in the direction of
WwW@pooas@wm A in Figure . [0022] Figure 2B is a PCEHSEGIH4/000352

show ng anot her end view of the biosensor in Figure ,

as seen in the direction o6 an arrow B in Figure .

[0023] Figure 3 is an exploded isonetric drawi ng of a

bi ogﬂﬁﬁgﬁgé?@@%\dk@_dPé%Niﬂ@Oé,HlﬁﬁngfﬁrpéhH&ﬁéw_fo thBebiosensor in
i nvention.” [0024] Figure 4 shows a schenmtic di agram
Figore t has seeplin thg diragtien oéabtargw whindtigd®kbs pl aces in a

d ) di d. bj j :
1 (eAT R 2B st Bhr SR8 g g VisHEfine biosensor
in PRLAS 1584 s6dreirARe dieeten bf akablow BdhFigureof. t he
present invention. The figure shows a repeatin

S uni t
F ouRP23IFigUERpd! en GXPIadRA HEPMEHI ANt Olac yipgensor
cl rjvativ ' .depi cts the general
ac %rgg\gqgrén@%é{t&gtﬁé@&‘%ﬂ8&:@3@%@&?2 ation reaction of
Vi njdo2Q Figuesens shsvara asphematicadiagrear iofathiey exouplo@ 7iedox
Fi gure shows a Fourier TransformInfra Red (FT-IR)

reagiiopwhish kesriagasdB @ fesioyRAMPIRSGRIed PSSRARL Vi
pro I kN [ -
oo BHPIFRLA ks & SRS of b B iany phter ool
an?penjssainkabllécpol?mr PAABeaptesemt iovepiidrymdhe fours sBaws a
rom copol yrmer,i zation with VEc..[0Q029] Fi .
roRS7I0c U081 OHMfoG: arEoRAvIgEsH yEhIREPLert Y a8 ZeRAME acia
dedivshws. Phosphate-buffered saline was used, and the
potential scan rate applied in obtaining the

vol {enR6]Figure Ba<epiots// the [TOETRl FRgOlRN se@@iiomdRndhe co-

lic.valt f : : [
ol B AR I SRR g A Ve, 1 0
( GOre0gMgure Moo Fdusibe Traresterm Rifes Plealt €ThiiH) fspeettum of
sal ine was used, and the_potenti al acan rate g%{ﬂl ed
(o} a process

the redn pRiMMEess FAA-Y5EaneBa sy Frdyoddced aecord

' shows an expl oded view of a di sposabl e
Ofgw%@ggg&%q'osensor used in this work. [0032] Figure

sho\8028]Egurecs \sbbivanaro giltasViolett (Ub/)rdsiblsaspediia &f ¢, PAA,
PAAS and the co-polymers obtained from copolymerization with VFc.

[0029]Figure 9 shows cyclic voltammograms of redox polymers in
various systems. Phosphate-buffered saline was used, and the potential scan
rate applied in obtaining the voltammograms was 100 mV/s.

[0030] Figure 10 shows another cyclic voltammogram of a redox polymer
PAA-VFc that is cross-linked with glucose oxidase-bovine serum albumin (GOXx-
BSA) film on gold electrode. Phosphate-buffered saline was used, and the
potential scan rate applied in obtaining the voltammograms was 50 mV/s.

[0031]Figure 11 shows an exploded view of a disposable glucose
biosensor used in this work.

[0032] Figure 12 shows a cyclic voltammograms of the nanoparticulate
printing ink (a) without and (b) with the addition of 100 mg/dl glucose. Potential
scan rate which was applied was 100 mV/s.
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printing ink (a) without and (b) with the addition of

100 ny/dl glucose. Potential scan rate which was
wa@ppbiedowas 100 mv/s.7 [0033] Figure shows  PCT/SG2004/000352

anperonetric responses of the biosensor in PBS

containing (a) 200 and (b) 70.0 ng/dl gl ucose. The

poi sed potential applied was 0.30 V. [0034] Figure 14

Shogmaéapfgw@ﬁs%h% SHRBERARELHE eemisegwf&mbndsggmn PBS

["'ucose on PVFCAA concentration, (b)
coome@t(a)azﬁltb and ((b) Oﬁbm&lwwp A'hemsqupoter@al applied was
Oitﬂgopartl cul at e nenbrane thickness. [0035] Figure

ws anperonetric responses of 200 ng/dl glucose in

PBS[00B4] FRyuré) 1 A kheREedaishdebre Mfegmpjeeomfetrm peak \aegirent of
oxygen. The poised potential applied was

30p0mgs! @u@ﬁeeonda)s %poaﬁmtf%m r(Pk GQ&p@Q&C@@trﬁBOH (©)

poR GBI 6] BB BB aaP S anc

The [pod CL,RI 35jetigne 5 tshalwsapmberimetes r@sﬁ@néés DEZBOLEGI glucose

o B SBRETCP i )t bboht 6 SGaAd Xy The poised

‘férﬂ @@Q sqj:igx pol ymers can be readily prepared
po ﬁﬁbg ure P et hanol and water with a persulfate
sal t[oms]rFagnrean 6i showat ¢a). arhperomettio draspopsep aicatseguential

indigesgiof 00 nakD sise: RoaBRcind dEL ealon i ge tirftrent
samihggm ﬁ‘h‘eegfdi’é&f?bl‘énhél aptieaavEs 0.86sVs shoved t hat

I'ecul ar ‘'wei ght of vinylferrocene-coacryl am de
copol ymers obtained fromthis nmethod was in the range

of 2000 to 4000 : ' to about 400

nononeric units vﬁﬁ?gﬁl%@ﬁ%$§§g€ﬁe oadi ng?uSuch a

| evel ?f ferrocene | oadi ng was previously achievable

SRR e B R B e 8
wétb%&lﬁpleoﬁnd tc‘?%sﬁfrﬁé%‘ﬁ rédBS@EBIIyPrférQ er@aﬂi'rf? ég;ﬁred in a

uI properties |ose
macnpélmfaetrmnsl and watezrwﬂlethSldfateI@it aecnaelmatamtlator This

mg g%ﬂﬁgﬁ{g@ﬂ%%&%@ pl{gxggﬁ?% gl;,rp%girfge@lrﬁfgﬁg S5 Uialdtable
energetics of copolymerization reactions involving ferrocene molecules to be
overcome. Tests showed that the molecular weight of vinylferrocene-co-
acrylamide copolymers obtained from this method was in the range of 2000 to
4000 Daltons, corresponding to about 400 monomeric units with 3-14%
ferrocene loading. Such a level of ferrocene loading was previously achievable
using free radical polymerization techniques (see for example N. Kuramoto et
al). By overcoming this limitation, the present invention has given rise to new
polymers with useful properties for biosensing applications and other methods
of electrochemical detection of analytes.

[0038] The ferrocene centers in redox polymers of the invention are able
to provide localized electroactivity and thus the ability to engage in redox
reactions without bringing about a reorganization of intra molecular bonds in the
polymer. Furthermore, redox polymers of the invention comprise side chains
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to provide |localized electroactivity and thus the

ability to engage in redox reactions w thout bringing
W@bwan4@o4 eor gani zati on of intra nol ecul ar bonPGT/BG20041800352

pol ynmer. Furthernore, redox polyners of the invention

conpri se side chains8 withBfunctional groups that

facilitate cross-linking wwth other nolecules wth

witl YuhaR lgg\ﬂaﬁ;sé R g&ilﬁ&t@? croBRLikiHd avs dieerpalale®iled avith
ched t e

be atta Oaw variety of nol ecules as well. _
suitabieb furictignalhgeeipswd hishallows éhe qdlyser ihdscafiathakie a wide

are |1 adapted for,use in .applicati,ons kL
varigtE B P FEaRa o el R RO IeER, 187 PhERE R, these
polgh‘fé?f B vl AdphcPforalsecil dsplicaiione kéquikng miteoin mediation,
ynthesis carried out in electroenzyne reactors.

suqrﬂasgnayme.tewma.smq ingbi@§©@%0r§eﬁlﬁq)gb@fbl§'|c6?|bﬁ, Ry Wl as
oSt e e, B EHr LB 1. BB BRGArfls SeRa0Ra P Erent s

CONBRLY Al hABtHer aspies glucossdsemsorer gccording to the present

~quantities of fluid, so that test sar%es f Iezs t han |
inventiorr ingp@osaign SEnesLt elemets +1hiab, 8rey capakie , o qagetirately

relSlp B PR L Rrar b S o

so $Metaiess 8aMbRS olidssehaanplLe oy ; preferakly atzouil®8uldad.3 ul, is
fl esh_sanpl es containing adip

e 1] ;
needash T asle saPIaR yRieallr Nslilst @OALDIQIAGiCEE SAMAIGS sych as
. .. 1 t . . . .
oA, 0 RO o " hede s s ey econ
sampibs] ek fiest isamples tduntdiningdadiposé dissugeonisubedianeous fat.
roduction industri Test . I | N
OthprcsaTBPIgh daricaan bernahs s 8 egerhogren hefd Eqpents
utiﬁ%ﬁj i %ﬁbrﬁﬁﬁ% rifrfRIntE "orabb@ Wit glacosé® lconter@amid fefmentation
ot her host organisns, typically Used for_reconbi nant
brathsdound emthef wing gpbper peaductipodadysites Test: srmBlgaI¢an also
. yolunme of. test sanple that | ' . j .
incle Ripr0tilcBidat SEMBie meims fo.bhd kP 8ih bR oE ek ensity
ferihigitth WHeE. dofif yessiireotHedr hdstabejarismshaypicalyuiused for

cont i nuous bl ood gl ucose assessnent, withdrawal of a
regorabinastproductan af RAlvPeRtiEes)itre | evel woul d i npose

pentFBHorTIId L Gt DO 4, 08 By B0 for
pepforraingnandiagnasticutest e miminial dneonveniéndes isldvppseden the end
usg(r:".Ir %io? ieQargSIte?i 1|‘o'r r(‘iiaab%%icgi %ﬂt ?ecSlPlFe continuous blood glucose
assessment, withdrawal of a blood sample at a sub-microlitre level would
impose minimal pain and disturbance to the patient.

[0041] in general, a sensor of the present invention makes use of an
nanoparticulate membrane which is described herein in detail. In addition to the
fact that it is suitable for testing of blood sample at a sub-microlitre level, such a
membrane has the advantage that is can be produced at low cost, and is stable

even under prolonged periods of storage.

[0042] The membrane can incorporate an electrochemical activator and
a substrate-specific enzyme, both diffusibly dispersed in a membrane deposited
onto an electrode of the sensor where glucose is oxidised. The term
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fact that it is suitable for testing of blood sanple

at a sub-mcrolitre level, such a nenbrane has the
w@edwans|ge that is can be produced at | ow costPCEHSE2004000352

stabl e even under prol onged periods of storage. [0042]

The nenbrane can incorpora®e an el ectrochem cal

activator and a substrate-specific enzyne, both

oIpERd IR o ROPRETE s Sofn BR Ty a8ty 2y FaifBbfindTinat is
caé@dl@& 'a%ﬁ@étﬁ@m@ &fﬁﬂynﬁacﬂ"ia‘t’ Méfer@%lékﬁﬁﬁ@éﬁﬁe@nr@ﬁ@@% and

to any npound that is capable of activatin

thaewpym@g t(dghecwran@,la@tr@d%pé élne S6e8spet The ﬁl%ﬂ@ég%ﬂ%ﬁ% cactivator
cah ‘tﬁ% @néq é\?ﬂ;% tof! ﬁﬁéﬁ%ﬁ@e@f ndHorEns e dcthE:ﬁemlcal

elec em ca act or  can ymeric re
aciinstost can @kt ebenaisedel suchmasowaterc selubt& fercoesne gerivatives,

activato can al so be . used, such
osFum iR Adne BpRlegs<Toi i, faPBpRBaitR Y psRf €l pyridine
ruthEhAN T UBhEG ONFLANER)sH'S. 9.asPenivel amiage nyexaztyaaoferrate and
rutheniumand RU(NH ) ) as wel] as heg}gcy@noferrate
nt

heé@!‘éVﬂWB?%@i@r ut'Reng®®e negRRdinerBisy| Sof IyROLion,  the
elé %Hét‘n%ﬂ abﬂ@at%F %Shfa‘ﬂﬁ‘é“?éﬂcﬁ@é?tﬁfé hﬁ@?&ﬂon@o'l‘_ixéhﬂﬁes of such

ox-actlive netal 1ons such neta 1 ons
me;aleloznsl arer silvgo| doldc oppeer, m¢ltﬂ{,e|r0m g@lnalt coHRiuM s RihaRium

s or mxtures thereof. [0043] n

'o%e?‘érﬁWé%gg e polyneric redox nediators 10 be

i ncqgmana]ahegénlelr%lpimltablmpolymrtc xanioactmemamjsaoé)eomconmrated
. |n ntion sho ave a ch uct re
intp rBporRRT U e BRTEAANS T olnos by epfiS AepiLPaid 2 peical
strAbturd avtiied Q%eﬁ@rﬂ@' 65 sabsthABaltyn @edlﬁfesome)fdlﬁusit’mdl hess of the

the sanple i s being analyzed. The diffusio
redaioSpeaies dHeiRe 18 pouath o Bmesigs de @9"}@%%5?'}?@ Ei'}?ivzed The
dlfﬂgl%{ggrb%? g@??ﬁ%gﬁﬂgi‘z edi&Br r@ér?%?@%@uééd)nw hr%ndermg the

g e e sensor. This can be "achi eved
polynérindedax onediatepidni-wileasatie framolhenwaringr clegspde in the

SR A S AL Y, AP T R e BB Eftlator for
exAMpﬂﬁ; Ny :;:medalynﬂy faetacleldgxombm:oamattloan%fomei retioixi megkator to a
| ore
o8 A Briode- dHEm ANy NE JPePRaNPARUT GRLPaI Y objized
byoﬁﬁavﬁﬂﬁ@(ﬁ mrﬁerQia\ﬁ A colMrittharge epeciey s Species havmg high
non-r el easabl e @i/(gre“ c redox nedi atog
n

afiroRr e Eedox BEVEIANIN PNaATBRPRINGNS O the IRyREling, one type of
norABRAEABIe SHGMCHE 80P MadiBio? chitir!a/ rétick dfctied Eb@ilently

attached to a polymeric compound. Such redox polymers typically are transition
metal compounds, wherein a redox-active transition metal-based pendant group
is covalently bound to a suitable polymer backbone, which on its own may or
may not be electroactive itself. Examples of this type are poly(vinyl ferrocene)
and poly(vinyl ferrocene co-acrylamide). Alternatively, the polymeric redox
mediator may comprise an ionically-bound redox species. Typically, these
mediators include a charged polymer coupled to an oppositely charged redox
species. Examples of this type include a negatively charged polymer such as
Nafion® (Dupont) coupled io a positively charged redox species such as an
osmium or ruthenium polypyridyl cation or vice versa a positively charged
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nmet al conpounds, wherein a redox-active transition
net al - based pendant group is covalently bound to a

W@ piosalises pol yner backbone, which on its own nBYT/SG2008900352
not be electroactive itself. Exanples of this type are
pol yvinyl ferrocene) and ppdyvinyl ferrocene
co-acrylamde). Alternatively, the polyneric redox
pedi at or may conpri se an |on|caII¥§bound re

pobpa H6h 45 PoUAI ViR EASE0aEanaTIBH 101 BPaaB . eharageredox
s Qeilew‘éﬁfchc%: ? érﬂd?'brcfeﬁe hAride. Fﬂﬁﬁéﬁﬁoﬁee%é redox speoies

speC|es ge i ncl ude negatlve %
canhalsgele mﬂqrdreatnmlxc HoaundNid it (PYly(rBlip cﬁﬂf) exasoplee dhe oredox

A% ) B o R0 85 RBORE o 33, Al
compﬁex tO/pd)ly Teviayldatdddr o)l oﬂmly Mtnya@ypdinpo JAnothgt example is

polylathad pgh@""“ -Sevemigensrted Sy aemu 2 4-imethyl-

2,7 ﬁﬁﬂy@oﬁpléﬁeuééﬂpﬁeé@@%&ﬁa@%‘ & swibas methods for their
coordinatively bound yner. For exanp

syrgsis atsdiesasibedsn l@@ thﬁtﬁ@Td Q§ 5&%1 Okt 5, 8ﬁ68186a|5 262 035;
53@6;‘?%{%0336‘:%@ B4 484" Qh&%réfb’ ofonpl ex to poly(

i'm dazal or poly (4-Vinyl pyridine). Another
ex am@all In aoiuyt(nér \emlyd>d|m¢nt cbfnthec owentipharinel eglectrochemical

rd t ith i 4 ' - di [ - . . .
achVgtor s Spriatatn e BEVeITRs o velibCPOieRs et s gesuiged in
detail n&@teh Oﬁérefrpf Bribfy, ! triy nﬂid\@l class eofd@edox beolyinerd).c@mprises

Pat ent Nos 264,104 356, 786; 5,262, 035; 532

poly (4! fﬂg@ceee)s@pbdwny%ﬁ%mesﬁ)scq acrlgiidg. HP'ﬂVwﬁemﬂene
co%f%??l\i/ﬂa?‘csi;ﬂ | é’ﬁds gf&ﬂy(%/mg?%ﬂréﬁbné)% @ér?%ﬁwﬁl@@t‘( r?lbulfonlc acid,

fromth novel cl ass 0 redox
angdopglytuinyl tfaaocere)crosaenylasmido{Citsd mPhosphienic [asic Wherein n is

anEih ér¥r nﬁpt81 flioabRSgtPs. redox pol ymers conpri ses
errot ne%’rI X
fer %anae%w E b JBPSay (capeplsg. pgyporale a redox
o@ﬁnéicfﬁdt'u? c?é‘ds%nk@ﬂ%iﬂ?'a)ﬁﬂo‘t@ih such as an enzyme or antigen and
f'errocene) - co-acryl am do- (CH2) -sulfonic acid, and

impaibjligetlon ae elastiode)suciacacr yl am do (CH2) - phosphonl C

aC| .
+ dog B BBk mhediiily b iSSdpec v PPplider BB ipLh¥ing
the ﬂéstrmplbe whefsisiothepeharmper ishedundedsab ksst bekmbnmtmorklng
protein such as an enzynme or anti en and i mobi | i sed

arga i A Wasking GIRCERder Ak Weing| e 'RBRE elRctiode. Also
in SEIS BmbSRHRRNE S e L1886 ST oAb nQnd water soluble redox

polymer is coated on the working area of the working electrode.

[0047] Referring to the figures, a sensor of the invention is described as
follows. Figure 1 shows an exploded isometric view of a tip-filling biosensor 2
according to an embodiment of the present invention. The biosensor 2 includes
a stack made up of several layers. The stack includes, from bottom to top
according to Figures 1 and 2, a substrate layer 4, a working electrode 6, a
spacer 8, a counter electrode 10, and a top layer 12. The spacer 8 spaces apart
the working electrode 6 and counter electrode 10 to thereby electrically insulate
them. A recess 14, formed between two legs of a bi-furcated end of the spacer
8, defines a sample chamber 14 (see Figure 2A) between the working electrode
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the test sanple, whereby the chanber is bounded at

| east between a working area on a working el ectrode
wa@pasa4080f ki ng area on a reference el ectrode. PCESG2004/000352

thi s enbodi nent, the oxi doreductase enzyne and water

sol ubl e redox polyner is cbated on the working area of

the working electrode. [0047] Referring to the

6 ?h?%@sco té@@ﬁa%iroﬂ% {0'€in! th@gnlﬁélrﬂfér' $h&esrhpleechafiber 14 is

| ows gure ows an expl oded isonetric view of
boande@o‘rlddfmeg ami meetmnana battoor by rappositarfacingostirfases of the

g SR LR i BB EEEDAPELER o s
byf élg&)v@ﬂ)é fr@%ﬁébér@ (G %[d@ BQtHeoseﬁ'hﬁ!ér 8%arhband43s e??(posed as

strate ayer 4, a wor k I nNg el ectrode 6, a .Spacer 8,
shawnoinnfiguree Pe Thisoskefanedoftheowo kg elecirodeng is paf@énedsto as a

waRBEe olltE, HhestRyrar 2oerfahl PhendRs, @fhorsusn as a
ndn@@@ﬁr?oérﬂe rﬁ@mm(abqw@@rdlgpa@ebemsm‘ saniple foapabberd14. This
the spacer 8, defines a sanple chanber 14_(see

memganse dR)s prh)é%ﬂaltmtﬁmfrVklihwg‘QeW@E‘f'F‘Gc%@q“@%ﬁdT gesensing

EMBHEm 347 By e oS ion 8 M, e s
diffysilsle Pregiok embdatorg (camhba des siedwihh €T e usdex raédlatcrroalmad other
se%%@agé‘&aéé‘n‘ésymé&'@%%@ﬂ%ﬁl% dosgia Tkl a Yen ol 16 is

i tl@??jl%g?nl‘iﬁ'a?\de%@%tf}seléeﬁwe ) ﬁr?&t?r?to?the sample

I's surt e working electrode 6 is erred
chasnbierwbt.kThg substratee 4 andahsitop lalyerit2 aye necessed §UCh that

oSt iz 0 o8 ABEARED b B b e

10 Qre%ﬁ%'xﬁééed? 8hRithdy bfe édihatkitie ig afl slettiarile chcuilthe
sensing chemstry materials pref erabl&/pl ncl ude an

el edt)%ﬁ!ﬂ Thesemple ghamber d4de apsfiguead pushaped sedbat when a

o5 T oM e o oo

cotedci with ®oe thé\wcxikih? hslbetrdde 6 dred el camntéreeleo’modiayer This
12 and the counter e

O th h
o il a: efeeﬁrr@aiga%ani Resqifed By bie wtiSdiator,
r | ng et rtoé?ftréﬂ ?ﬁgt@%ﬁe&ze(e:dtw bc’@cf)o%l@&lon or

counter electro are | ef
elempmddcm)tdrfamet awymr él'heomﬂm¢ atsidiatoo mb&%etat:trncbemlcal

AR BlpaCa o e haitS W iy ' ot B8 bt doP"airect
electrochemical reaction on the working electrode 6. The volume of the sample
chamber 14 can be between 0.1-1 pi, although other volumes are also possible.
A region of the sample chamber 14, referred to as a measurement zone,
contains only the portion of the analyte that is interrogated during the analyte
assay. In the biosensor 2 in Figure 1, the measurement zone has a volume that
is approximately equal to the volume of the sample chamber 14. However, it
should be noted that a smaller measurement zone, such as 80% or 90% of the
size of the sample chamber 14 is also possible.

[0049] The height of the sample chamber 14, as defined by the
thickness of spacer 8 is preferably small to promote rapid electrolysis of the
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sanple or analyte is provided in the chanber 14, the

analyte is in electrolytic contact with both the
wowrkisngoel ectrode 6 and the counter el ectrodePrdDSGXi0#/800352

el ectrolytic contact allows an electrical current,

medi ated by the redox nedi#or, to flow between the

el ectrodes 6, 10 to effect electrolysis

nﬁaﬁk@césr 8K Qf"ﬁw'eoe{ha‘%e‘%t BLi ﬁfo%ﬂt*afc& \nﬁl’i’t)smfac‘e%%fatﬁé'e‘{écﬁrodes

redox nedi at or ‘ena es el ectrochem cal anal ysis of
6, ol fec @l @8ermfanalyee aolama dn\aﬂcbﬁon;rm/smpleoeh@nbeed4fcﬁra small
direct electrochemn cal reag&gHon on.t he, wor.ki

heig it HeIBRId0 eTWRR. STAIFS B0 NGO R amaia Rl & smalgr-sized
m&gREHERE Bofe From '("S‘therab(?1 848 o %@%ran’{[ﬂé Lﬂl‘%‘ifn@éremﬂcﬁ@mg the

possible. A region of e sanple nber 14, referred
am@rtaassawﬂmauserdﬁhsmnmeds thoreg raiamm ip trﬁempasuremeruﬂlme

h
Typiuy, e hhest o e ersperdngi 8 d o indl 2bblfp 2 mm.
Préfzé?ablpaﬂhe%mhéﬁoi Msarﬁplémfamms plbymesitart @bdute.1 mm
vol unme of the sanple chanber 14. However, it shoul d_be

angomafe preferably the tkicknrsssof lBasRMpie hamigs is AROGIHE MM or
| 0% of the size of the sanple chanber is al so

ssi ble. [0049] The hei ght of the sanple chanber 14, ,

as qebd50jethd subdimte 4 akdhemstopllaggate mey he fcpnﬁ@iraﬂml an inert

naiscangiustod rrc?%'étnéhéﬁ% S’@;VLS.%T@%J AliSatinel: it RUBsaR 4 and
thé%ﬁéﬁ&ﬁ‘eﬁ gg&fb%' forhea %R Crﬁ&déercé}bgh%raé@hﬂéﬁte The

ion, a sanp anber 14 of a snal
woriinghélebiedes 6t prefeafdbmehas aomm/ebﬁﬁom\r elagdrical resistance and is

BBl SRl Do Sroal el i WAL ARG of A plsRbor curing
opﬁ?éilcﬁ SREDRY mAREEAYI6r fHrhding Hes V\Idrkfﬁﬁl Sletpdde Beinaludeegold,

nmeasurenent tinme. Typically, e thickness of
carh@n,smammc hahewiun dioxisergadadivem and gondugtiveyppoxies, such

Z L, RO AR v ooy

Cééﬁ e&Hable oM YR GradeaGuenparsy, abl@btJer Mass)) @s well as
ot'béf%@mo‘él@rﬂ%@#a?éh{n%&&ﬁ@iﬁ&éﬁsﬁwﬁ (i &t Togogounter
eI?étr ailgff'r%( %r‘%t lgée W@%ﬁp%@ AYﬂgn%%fHP?ﬁé% ?‘ﬁtggﬁ% élﬁiﬁable for
focmmgo!shd worR‘hg eleckodsy 6| Toe rwakirgy mi@ftmfwaﬁeahdstha Counter
eI{agtlrgée \48 r%ay %W (? lp%cstltreb Coartwl threegll,l atlc%récgf %%dsﬁbc’strate 4 and the top
layer 12 by any suitable methods, for example by vapor deposition or printing.

[0051] The spacer 8 is typically constructed from an inert non-conducting
material such as pressure-sensitive adhesive, polyester, Mylar®, Kevlar®, or
any other strong, thin polymer film, or, alternatively, a thin polymer film such as
a Teflon® film, chosen for its chemical inertness. Other spacers include layers
of adhesive and double-sided adhesive tape (e.g., a carrier film with adhesive
on opposing sides of the film).

[0052] In one specific embodiment, the substrate 4 and the top layer 12

are polyester films, the working electrode 6 is a screen-printed carbon layer, the
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typically electrochemcally inert over the potenti al

range of the biosensor during operation. Suitable
woradosns@bs for form ng the working el ectrode 6PCTSG2H€000352

gol d, carbon, platinum ruthenium dioxide, palladium

and conductive epoxies, suth as, for exanple, ECCOCOAT

CT5079-3 Carbon-Fill ed Conductive Epoxy Coating

co&ﬁﬁé? diedt cﬁ%ﬁej@ﬁ% W&re@i@ﬁﬁtéaoﬁpwm WoBHERd ﬂvre8§pa)oer@us a

non-corrodi ng material s known to those
doalalel—$|deldadhe$leempe The counter electrode 10 may al so

be f f.th

For AP0 T Ped Y 1B HioSERReT S T PRk Bt fib sprete
ch8nbes M"ﬁ’s %@éﬂ'ttérc&lt%té@%alﬁe"%hdclbfasibm bec eBrLIrheThe

sur faces he su strate4andthetop|a

sagple a:hamheetmdrgth the nareeameogile mnbrad@p&ﬂhew ofeceives

L T

tyds Sf'fff’b? rﬁ@c(ﬂ)lréld; lnme celsib vedop metcgatbe meltw\@iﬁaseé rapicly into the
otner s

analwt@rma@}pry may (oG puery AepStiqd (3t Jire, é&“‘!?flveftﬁ%ﬁf {"5'3“)'9

rerifiéﬁ% ﬁ%ueéféﬁﬁf‘ mhe%ghhz%@?@rﬁé* olkgou% e- > la&)éﬁ@ﬁ diRdeShi the

ayers o esive a adhesi ve
aniafte, dithey rapndlycmrd\neea deiriooh ofi tinhe alfl tes fedoxonedigiardiffigse over

d f the film.
& PRUCG BlsWG: @ 4SninehBs dbatclia, T 9l & RETYLLT dte vefore
méééL[)Fﬁw tb@ean‘éﬂfté‘ bBHceﬁitr%%ﬁ 5, %Iléw' fBr BiffiSIoREdT-tRE iréd®dmediator.

car ayer counter electrode 10 is a
scr 0054y it BheulldAgﬁ lxg be chagisuediatithe Sﬁpa’%léﬁﬂ a3d|c'§n§tructlon of

2 seich: 15 ind "I, et 3RSeroSl dbale! BRBLSG hplif, ptver

str'@td%é@%rt@c@@éﬁ@féd a8in ngn@th}ét @rotsessl@sa@rebaleoot)wsnﬂe Figure 2
serum The sanpl e chanber 14, w th the nanoconpQsi
shewgb ramee sughthv@sgm‘rpr 4. acceisling, ctoa RROYIEE ﬁHﬁJOQHHP%uCH the

m?ﬂﬁ o&&&@P%éﬁé&%@ dlvl'ﬁ@g i ‘le"’y]é/rlagﬁgdff Slge gﬁéé?fggf BYnigure 1,
incledesatthe lapersdaf 6pde, ﬁ&paddjythentrrenntbrananw yafether biosensor 2.
8 A RS R Rooh A e hon a
ar{d %Tecghé §P%(]Y 5 port HB”se‘ﬂ)‘afréféa%y th%pti@tr@?ébéﬂ/\@en This gap

her rap or over a perlo t1ne. he redox
2raeiinason sdnfpﬂmslaambelrﬂhwplenltbe amacer frés san@\y@hed&,etween the

wc'>r'rl]<ic’ntdr %Fec?ode% \é\tﬁcljtthg dBtih e?delgttstr&iémwp%f\/\% Spposmg sides of the
sample chamber 14 are exposed. Therefore, no vent hole is necessary in the

biosensor 20.

[0055] Some other biosensors are disclosed in U.S. patent 6,338,790,
Feldman et al., entitled “Small Volume in vitro analyte sensor with diffusible or
non-leachable redox mediator.” Some of these biosensors include more than
one counter electrode 6.

[0056] A large variety of oxidoreductases can be employed in a sensor
of the present invention. One function of the enzymes in a sensor is to catalyse
the oxidation or reduction of the enzyme substrate by the removal or addition of
electrons. For example, where the substrate or analyte to be detected is
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nmeasuring the anal yte concentration to allow for
di ffusion of the redox nediator. [0054] t should not
W eoobe4@onst rued that the structure and const rRCT/BGEMWOEH00352
a biosensor is limted to that descri bed above;
bi osensors havi ng ot her styactures and constructed
usi ng ot her processes are al so possible. Figure 2

glu%ﬁg 9%%@ Lb?@%b%ﬁ Y ugéd Q&Qﬁ(“diké‘gglﬁébs@%@@ucom% acid.

e |n ention. This bl osensor 24
Althsugh Vtamiagrive mermwybammahy deaslbbnforutgarﬂldaﬂm pugkisose to
the | ayers 4, gg and t he nenprane_18 of

Prastede o 2PRRFh 0T b AT, 8NP HATS Gebl A fEDIE
oxidBFedtESsE el e%SZ :t% t%&g@%i'atﬁoﬂié @Rlo%ﬁoﬁnﬁba%tléﬁwmebpaélﬁiwmg

portion 8B s 2 t herebet ween. This
enzyaneeactmg and;eaqbls’eabhanalgﬁISlw Weegasihe stystedr B@SM@S 'Such

n,the wor | ectrode 6 and the
enéﬂﬂﬁ?&ﬁnzﬁ 3’5‘%‘&5 chigap MH&“"S’B@%E 'ng si des of the sanple
chapgss7)it stnfe BrBsRmMentsof @her mvention ettie ldidoreductase is
necessary in the biosensor 20. [0055] Sone ot her

selsictack fropt éh%ugeowp sengising ph gluogsearidage, 6BgeR peroxidase,

nobRuAER. BerBlgaset KouhFR,Pafs, ChESIod, 14Ade, yaroger
hytRstjcnbee, “ladiate c!tfh ydrsnabé o suceses detn/dunigenasee anldariNADH

one counter el ectrode . [0056] A Iar%e vaF] @ %
debysingenaset §§@9Sm@n0>@ea%pla@§% a5 ealBhobHépiirogenase,
ven nct t a bitol
nyBlBRbyrafy " defiflirofBifage,"C oBefdl | el UGRads) & sorbito
dehlydrc@enyme snhlate aimyh;ogdmase,erga}ad:tose debydroganase, malate

ectrops. For ampl e the s y
5, Bl ass o tds ey stiesE pRichef ufRge! boiine
x%gﬂ’ﬁh | BBl &AB e @lbﬁ}/@ﬂdh@ﬁﬁsé pyr@até\lddhvdmgenase
| t ma er no nam cal | easi bl e for the oxi datl on
pyodvaje wui-aset ox@atac@gdasea billiubiaceedase, utamatn p Aphydragesase,

oS TR e b VASEREES Jelofic, cpocroms
C ORiEMEB, actbENoltokiduse doaixiures tha@ofsis to be easily

Z.tngd[bggg]TBl;gleF%E@n?#lgfhg%éé%@nﬁ%ﬁ%n C{B?qgﬁglgngc %F grOLYps in

thér\y%d|8nrat§|%‘ear8xh?m RAURbASSW! | lﬁﬁte&dr%nﬁbﬁmtﬁmld IUPAC

consl's fPUcose oxi ase, hydrogen
cqmenmmi,a@so known as the European conventlon) as well as the CAS

group labeling convention (also known as the American convention). The CAS
convention is used in the present application. In the CAS convention, Groups
IA, IA, 1IA and IVA refer to the main group elements of Group 1 (Li, Na, K,
etc.), 2 (Be, Mg, Ca, etc), 3 (B, Al, Ga, etc.) and 4 (C, Si, Ge, ete.),
respectively, while Groups B, 1IB, 1lIB, IVAB, VB, VIB, VIIB and VIIIB refer to
the transition elements. Groups IA, IIA, 1A and IVA under the CAS convention
are equivalent to Groups IA, lIA, HlIB, and VB, respectively, under the old
IUPAC convention, and equivalent to Groups 1, 2, 13, and 14, respectively,
under the new IUPAC convention. Groups 1B, 11B, lIB, IVAB, VB, VIB, VIIB and
VIIIB under the CAS convention are equivalent to Groups IA, lIA, 1I1A, IVA, VA,
VIA, VIIA and VIHIA, respectively, under the old IUPAC convention, and
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oxi dase, hydrogen hydrogenase, | actate dehydrogenase,
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sar cosi ne oxi dase, |actate oxi dase, al coho
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NADPH ase, uraté oxi ase cyf ochrone
oroXIItBsaf, thec tRastelic dRkdhles @handanopartickes o rhaie e[rtng]table
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pakﬁdﬁ’é%pf&oﬂhé LSSt nidiScRbs td HB%W@GI in@d thé ahé®brane to a

known as the Eur opean convention), as well as the CAS
loggtionp nedselto nihe ofvdaes off ('@BSCM@I@WQ Slegtredenrdryrigsmore,

SRR e I DR L kOt g T B
sm&tﬁ I@')f Iﬂl@ m&fgagtui m)ahbpamele& gsediin etherm'rambrahe@bme invention

tYI@P%“Y) rafiggs4froro, atmut Qz@m i g%put FeH.‘Beé’flfK%T‘ ;ﬁ(b%%é’ to-about

10800HHAS Hcﬁg%ﬁ@fro‘rﬁ\@bohy 150 1df %bom %%de%n?é’c@rsv'dr' éi)out 200 to
refer transition elenents oups | A

abaind SDEYA]amdmtem dhersize oﬁmand)parhclase:‘aeqm salestad aocordmg to

iR S ik o i RS 8 Mol Pl fusiona

I I
paé@ge%‘%l %ﬁ;nﬂéﬁ%{’%@b\/; ot alé@‘r‘i@,alﬁa@&géa)\»?dedéﬁ?B r c\j/clarllsElgty of the

slamylinkithaBiswisedrfor the msatablno @h the memleragg afiag éventign.

e aed(aepnen Al oided ek e Hifani to0uBRin the gbrane o

thediveatient include; obgs ate Aob Ifnitetl &ol0lithium anthnf2nese oxide,
i ook S Do, saoak ks THBCTE 3R, BERTE ovide,
oo IR b S5 S\ i s doie
ariebmibaodices thatdof. The nanoparticle may have any suitable

[0061] In some embodiments, the membrane incorporates nanoparticles
of aluminium, silicon, magnesium or zinc oxide(s). The present inventors found
that incorporation of such oxides e.g. alumina or silica into the membrane
facilitates the preparation of membranes as well as impart good mechanical
strength to the membrane, such that it does not crack, even after long periods
of use.

[0062] With respect o silica particles, any suitable kind of silica particles
(for example, fumed silica or colloidal silica) can be used in the invention. Silica
particles as every other particles of an inorganic oxide as defined herein can be
selected based on a variety of factors, such as its diameter, aspect ratio,
average pore size, or shape. These parameters can be chosen for achieving a
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di mensi on and shape, as long as they are able to

provide an efficient diffusional pathway for the
w@kwsos=osol ecul es to be transported i nto the PEBGZNE000352

to a location near to the surface of the oxidizing

el ectrode. Furthernore, na@particles used in the

i nvention can -be porous or non-porous. The average

deéPeritrQﬁ%i&fcﬁﬂ%t%ﬁQh&|r{‘ﬂ‘1%q49£1’dda cﬁﬁat@saemwaﬁéw eThe choice of

e I nvention typica ranges from about
suifable partm:lt&wd:arilalso be)depertdermlmodhelﬂ)@lQQJOfa@QﬂﬁSItmtBQh\mque

Thlg%{p%d l{ergorrgnﬁg 8\9%@%&%3&?9@?@& ag 8@@ g\gxeéﬁe%rso(nm) or
froﬁf""&%g{a gbﬁlt%saﬁéu“t WGO@%rﬁCﬁrﬁ%cﬁﬁgeﬁ&hnﬁbétﬂ 168 to %bout 500

I nten application (for exanple, to influence
nahenmgtehrs,obr ahouti2P s abaut g@@ mmpna@erserﬁlll%mr%@man be

It Ih
ov8ihe 38 i Ind Wi, ol A8 i APkl g, Coloial
S|I|E§ of as@ntile t d@\énﬁm&anbgﬂacﬂsONﬁﬁibeExm -86-9)f |sonodmermally
that are suitable for use in the nenbrane of th

availakie fiosm mary sdepliass: Far example, ikig egld sndes I'}ﬁ trade name
SrRRRE0 550 ki, SRIEREUR BipaEing VaBernde nOAELD fom

Nyaeok Nanstatioldgiescimei um oxi de, al um ni um oxi de,
silicon _dioxi de and m xtures therﬁgf. éOBGl n %i)rre "
enb SR A8, thickaest b tam SanARBHiGHIale Jue Rl Pt 29 Gavention
ralgéesafr&ﬁ'ﬂﬁ M0y rln'ié;roun’gé@%ﬂﬁﬁ)' BB 100% ?Bogfr\gsdr préfgably

I nventors I ncor por ation o
fromx 2800650 . Jmmﬁ\lm}«n&sslofdhelmembtaf@ mabdepend on several

faé*ﬁﬁ%#&ﬁ%%%aet B BP0 Stz ab e FONflSRs T sl erfibrane, for
'If nﬁgeb% Mtrcﬂlbaody theV@ividt bethel debsition l@dﬁn@he (screen

Wth respect to silica particles,
prmtlng,aldlire qoandg ofr Sipin apagt i INgEng farfewdatpe eCOFftaﬁEd?f the

iLi b ed | e
nePpafiByEie Mpfalon i bofdntBn 5 4ot duiifin case screen
prrhftlngﬂsluyéﬂgmldep@siﬁdm astlfhetnMShilrﬂyefrennwtmh e membrane is

sel ected based on a var| ety of fact

r suc
mageyibe dhicknagseek thegnpaibr pg@@ep%qrﬁrojleg te&,a?ghv%ihe mesh
SIzE‘ %@f &Jeters can be chosen for achieving al6

esired transport characteristic in the

nanqpeé4jiic weit anctheb reamizodimieat aifothee sehsaiii thabnanoparticulate

g@yl a e 28]?’1??‘ grgecéjne%ﬁﬁgrmco%pns%e CBSlyﬁ‘?erﬁ‘f binder. Any
suitable polymenc binder can be used in the membrane, including
electrostatically inert polymers, ionic polymers, polymers capable of acquiring a
net charge, polymers capable of providing biconjugation, and proteins.
Polyurethane, cellulose or elastomeric polymers are examples of polymers
which are electrostatically inert. Examples of polymers that are capable of
acquiring a net charge, thereby becoming either positively or negatively
charged, are nitrogen-containing heterocycles such as pyridine or imidazole.
Glycoproteins are a class of proteins useful in the present application. Specific
examples include avidin, biotin and streptavidin, which can conjugate with
electrochemical activators present in the membrane to form a suitable polymeric
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The silica particles may have a size from5 to about

000 nanoneters (nm, or from about 100 to about 1000
woqosiosabudi ng from about 100 to about 500 nanPCES@2094/000352

or about 200 to about 300 nanoneters. Silica particles

can be synthesized in the 1Aboratory or obtained from

comercial suppliers. Colloidal silica for exanple

birldeh & ag?é '@'ggéwp?ésbﬁt h’w@i%ﬁbn7@§éﬂ%1r%er95as€wmsch@twds for

avai many suppliers. For exanple, it is sol
themslmthe@s are ddscribeddn S Ratent No. 16,598, Rits sian exampicsal s

N BN B c&Brclio0s) PhScC BIRE"dp @ oymer or

cogé‘l?ﬁfé?rédrﬁﬁﬂls?ﬁg rﬁ@rﬁmﬁé‘ﬂ“%n% éé]’@ctéﬂvﬁé}h' L @ﬁilgg%oﬁé@ﬂhg of

0 1000 mcroneters (m), or from 100 to or
vinyt efyedlabl yinyt imidazdle; acrytzomidiey athdonitiile Rdsacryinydrazide and

d
achEcA 3 Suioe OB, RLeREHE! BlabEL L7 AUEReRs ALY M
mdriménsasdibetedt thebyrobp iBOhyopbyedingy At bindehaletiwedf frt)II?rEthese
deposition techni que (screen printing, dip coating o

m@mmer@mnﬁgareosm’@ﬁiefo& glugpse 1Seasgn applicaiipns H@volvmg blood
saf P3h! e%hﬂfl% BB?:E\E babe 95 HG@ AERiBA 6\6‘25 r?dgpﬁf ahf€analyte

slarr ase reen prrnting 1's us

@lﬂaﬁng tin ahe oﬁembtanlen lBysInwr;yorbtmgwa/\blrtdertmmhnaa‘nmrwl@yndme
I's made, the thickness of the ne

inte Jhe TBeMbERNE, the r%ﬁmar%nﬁad@%n%g?? o S hfatian. g swells
to Yor 46 qlélle’a Z%re ﬁé\ngfpr@eua% g?%?ghﬁﬁ‘fl oR ohBﬁtsS@W@f meH‘tﬁ‘ane on

nanopart | cu Ot Ton can further
the @nmersprnatepcnarhm isurface.ditediators, muvamsearprb lapabites such as
bi nder ¢

OGHCSE: Pt AHe Gapvs TeRbs WG] Jarever ohfierens) Dfkufering species.

sueﬁlawmos bloRRekI8 WntAATY 6kmr@testehe @t el exoiided from
capabl e of providing biconjugation, and proteins.

entgringitha membrapel dug @@@lmtrcelsmcomw%o'bomm% agearbic acid

aq%xl%’? 58@%{%%9‘(! b§ tf@ ré“oﬁi{cﬁ% gﬁ;g@;ﬁ%&?&%{ﬂ of dissolved

oxygqnnmdlmeﬁnampam@llgle nidmetsraby |belargaly1gn|elmized owing to the
positively or negati vg@y charged, are
highly hydeRhdisnatuie ¢idhisda¥®ocyci es such as pyri dine or

oIS TIGINGAREA ol o 8 prging B irdaucing @ non-
conductive, nanoparticulate membrane. The preparation of a nanocomposite,
slurry ink comprising an electrochemical activitator such as a redox polymer, an
enzyme and nanoparticles can be carried out in a commercially available mixer,
blender or stirrer, depending on the quantity, viscosity and homogeneity of the
slurry. The slurry can be prepared in any suitable liquid or dispersion medium,
for example, polar solvents, aqueous solutions, PBS buffer, and organic
compounds or solvents (e.g. alcohol) which can facilitate the processing of the
nanoparticulate membrane.

[0067] Suitable proportions of components which are used to form the
slurry ink vary. For example, the composition may be varied according to the
application, or on the enzyme used, or the deposition technique that is employed

for depositing the slurry ink and the amounts used for each component can be
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exanpl es include avidin, biotin and streptavidin,

whi ch can conjugate with el ectrochem cal activators
wEe@sesnuod n t he nenbrane to forma suitabl e poP@IEGR004/700352

bi nder for use in the present invention. Useful

bi nders as well as nethodsigor their synthesis are

described in US Patent No. 6,592,745, for exanple.

detdifinkd Smpiiea ?iesz%gie 4 B6itatab %Hﬁ{gb@.itieh RgeA shinfink that is
pol'y C |

mer o opol yner conprising nononer units selected
uséd inrthehmagufaguremisi semigané of anglucese sensas, may epmprise the
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ComPPYPRaa1ea IIQMNG B8 & UdsenBHERST: QL0 mo/mi redox

mehset: f5-50 | RirdbadicRe! W%bqn%inﬂsisihdbﬁwimgommwnﬁ this
sel ected the group I's vinyl pyridine. A binder derived
example, t he sstandingnpeiiod uai esjuited, duittibe shiryglink gad be used

mEedine. BBbevEE st ters oAl A RBeR a8 o spnd fora
sufidisié Yefiod &8 h#d be&@re Behb%dpﬁw@ro@[@a Saitablecsutstasd.iinainther
bi nder such as vinyl-pyridine into the nenbrane,

he
speeifip exampleodhe alorryiink Biay e reRTise)dHerseomidass, QQW%?%AA),

i B e 4Py BRCEg kd NEd n PIRPAEG rom
1:3¢RUE@L00 30 1840:208:308WkightapartssA seddx pelygiercafsthedavention is
t hen nmove freely within this

. V | | ayer, whereas .
adrigg dp flad MikprawasTedL IS harepoenisac ithiths ghewnes nanoparticles and
L0 . i | .
PR RIS RLO8  pRed o At st
A Rarietyi of depositiinctezbhiduesidanr be employett to eepesit & pyembrane
onlR G saieche Grofiol e s 34t kG P SirevB. et gy &fgging, spin
coﬁiiﬁé,ﬁhlﬁé@pmﬂng%ﬁdbdré@w biiitilgy hydrophi lic nature of

thi's layer. [0066] The invention is also directed to a
pr 0{88e8) As meniivned poxenibeangesiralien ohadedax mediatgr i the

PRy AP B SRANAE. PR of SRR Syl Clsorec
befow eetfefe ROVRErOCEhestu-HORy Isanidenadopanediatersvasentpdoyed, 10

carried out In a comrercij al Ig ava IabIE m xer 'E'{%l ander h
to @0 ik efithe masliaiar WESEHdeRdO di Aurynk inengs prpodipent, the
conBARISHGH .to%fatgFeF xS édiator T&ns! Héﬁd/cdhg;?%ér?nl‘é HIeRA®dUt 15

I'n-any sui I'qui d or dispersion ne for
megkwalnpl e, pol ar sol vents, aqueous sol utions, PBS

Do BpgT T ST ah B EASm BT 68 By o vary. A
typical range is from 0.1 to 1 mg/ml. In one embodiment, the concentration of
enzyme in the nanocomposite ink is about 0.2 mg/ml.

[0070]The formulation of the nanocomposite ink can be varied as
follows. Since the catalytic reaction occurs between the mediator and enzyme,
the concentration of the mediator must be high enough to have a high sensitivity
and linear relationship between the catalytic oxidation current and glucose
concentration. If the amount of mediator is limited, the amperometric response
of the sensor will plateau off even with increasing glucose concentrations in the
sample. When this happens, the amount of mediator becomes a bottleneck, and
the sensor reading becomes instead dependent on the amount of mediator in
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nanoparti cul ate nmenbrane. [0067] Suitable proportions
of conponents which are used to formthe slurry ink
WO 2008/04Hot exanpl e, the conposition may be varPE&rSG2004/000352
according to the application, or on the enzynme used,
or the deposition techniquithat is enployed for
depositing the slurry ink and the anounts used for
thé ﬁ‘\‘e%tfrﬁﬁ@,%ﬁ%r t@?ﬁ‘ gRitb8e BhestHatRfh iRTRE ShAMIE. WorftRé specific
exanpl e a suitable“conposition for a slurry ink that
exampleseddéseribed rateuf aitt was dbuad méhal aifie odptimiged c seediator

coR e SR I8 S L BB 0 v
abg_g%_@b%q/nﬁ_— 50 ng/ M ; nanoparticles: 10-200 ng/m ;

iInder: 10-300 ng/m . n this exanple, no standing
per [@7 1]3he davention alsarelates toIngv ferragengdinsed regex polymers

' di | i .
b SR LS, 1 IR, S Mo
achedter f BRIcH8e &PlsbRs oPtHedingeltion abl wels abshratyeas well as any

anot her “specific exanple, the slurry ink may coqgri s%
othgru kbewn ogleglisehemingy (dgtection. Ak) analyles far example. Although

fefl G Gdan R AdnonBRG WSS imdBdd trall idaliottierzation
withagteat difficeltxtheoinyeriorhavedound e¢hai oedoxs palydeds tapntaining
the m xer where it i sré(‘rcr)gg%eni sed with.the en

ferapRigaFan die slegantiyae byr BERPEERD 4SiRg RBGERAPG: gnedium
prabarel! fForhS P Mst&itedh fidtuRd!iof Hth&nGURT Wiitér, tBgether with a

vari ety of deposition techni ques can be enployed to
paisylfade salt he radicht imitatant o a surface, including, but

coatPERIIg Binv; BloRfREalfar L hedles sER e Oesh 38 redox
médiaft? b iR AtkehrR ad) BolsalitRent), Fbirobems-based dedox mediators
nmedi ator in the slurry ink may vary, for exanpl e,

4 2, from
arg prefepedaipmexamplerdueiciie suithbie reége peiangal dpdyed fom the
p vl fer - 6O rylk am redox mnedi ator was
o%%%gfjééﬁﬁfgé}feoﬁz%%ﬁ#ﬁ% ‘the nedi ator was added to
t Ee [em(zjm]r E’erirgbenél denﬁmﬁb@dhmu\s;ed hs diffusieal eedtmn wdnsfer
the redox nmedi ator in the nangcopposite ink is, abo .
mediatanin. NCB0REINEAMS SYMGER r i SHRULK b@n%diwa? rdftusional
Lk Vgl Pivetdht! ' t1of th
mBQRIGY oR wRa, R 1A oldulafPuRint SROToLE leadidlt lof the
electrodeeand bichtostdndbergansple éhainls beingboeasared. dngrihis reason,

sensors based on diffusional mediators are suitable as disposable sensors

which are used once and disposed immediately thereafter.

[0074] Ferrocene derivatives can also be used as mediators that are
immobilised on an electrode surface and then attached to a protein molecule,
such as an enzyme or an antigen, via crosslinking between crosslinkable
functional groups found both in the enzyme and in a side chain of the redox
polymer.

[0075] Suitable polymerisable ferrocene derivatives that can be used as
a first monomer to form a redox polymer should possess a side chain unit
having an unsaturated bond, such as a C-C double or triple bond, or a N-N
double bond or a S-S double bond. Examples of such side chain units include
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[0070] The formul ati on of the nanoconposite ink can be
varied as follows. Since the catalytic reaction occurs
wheddee3o4 he nmedi at or and enzyne, the concent rBCT/66G2004/000352
t he nmedi ator nmust be high enough to have a high
sensitivity and linear relagi onship between the
catal ytic oxidation current and gl ucose concentration.
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rrocene based redox polyners at are amongst other
us e§00ZA]In auirefetreidoembedimenisthe pelymedsable Jaeacene derivative

s Zelqaléd s dnQ ot paS oRRF IR0 et kel B8 i Bhetrtocene,
stylehegéiroceref amhainylet® oXigs-iexaeanes. Al t hough
ferrocene-contai ni ng nonomers usual ly undergo free

r adil@@T7]dbeypresenes %6@0\/\!"%3?’[@&9&%@ banglfin dhess deriyatives would

H t . . .
bl B 50BN B 19 o8 o) 75 g, Pibono v
co@_blyaherwaﬁ]tc)h Qviigmhc?metpsmmseda‘ﬁng r:ﬂlso;1 aﬂrleaglsd;]m unsatarated C-C

m xture of ethanol an ter, together .
dquible; o firiple Rend, ofsa Ady 856l pbed s %gﬁ%@w?% via free
ra@?&él g&g@gﬂggﬁ@{l i ¢ redox species can be used as a

redo

lator (e.g. nickelocene and cobal tocene), i
f er [0028-dr dise decartbmonedieatunitshat is ysedriacopalymejisation with

exanpl e due to the suitable redox ti er N
g BrmeeSeeahrichendr delyeficerd ™ S RaPR, e iRRkf tervative
ha[\/_@(q7 3 phigfanp GRIE olepasefivatnafyrdep Wapabis of acquiring a net

di ftusional” el ectron transfer nediators in honbgenegus
cheyge ¢an.be useduThisp@eaps daat g lfB'ﬁﬂf'%iPé%ﬂeﬁéagﬂ%F'ye'Y as

typi Yol ' ' :
g s BB YA ROl L 1) SRy Bt Shbgae biavers
adexpinhsiboed. cdrorbd lbsnedasmespective of the net charge of the
complex formed between capture molecules and analyte molecules. In general,

there are two requirements for selecting a suitable acrylic acid derivative for use
as a monomer. In order for it to copolymerise with the ferrocene derivative, it
should possess of at least one unsaturated bond, which can be provided by a
C-C double or triple bond, or a N-N double bond or a S-S double bond for
example. Secondly, the acrylic acid derivative should be able 1o function as a
Bronsted-Lowry acid or base by producing H* ions or by accepting H* ions,
respectively. Examples of functional groups which can provide a Bronsted-
Lowry acid or base function include primary amine groups which can accept H"
ions to form charged amine groups, or carboxyl groups, or sulfate which can
donate H* ions when the acid functionalities dissociates to release H" ions. In
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can al so be used as nediators that are imobilised on

an el ectrode surface and then attached to a protein

nol ecul e, such as an enzyne or an antigen, via
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atons on carbon atoms in the group. Further exanples

reprasientad bnthg ggneyal farmaula @ sul phi de group. [0076] n a
preferred enbodi nent, the polynerisable ferrocene
derivative is selected fromthe group consisting of
vi nyl -ferrocene, acetyl ene-ferrocene,
styrene-ferrocene and et hyl ene oxi de-ferrocene. [0077]
The presence of an unsaturated bond in these
derivatives would allow the ferrocene nolecule to be
attached to a pol yner backbone via copol ynmeri sation
wi t h anot her species having also at |east one
unsaturated C-C double or triple bond, or a NNN doubl e
bond or a S-S double bond, via free radica
pol ynmeri sation. [0078] For the second nononer unit
that is used in copolynerisation with the
pol yneri sabl e ferrocene derivative, any suitable
acrylic acid derivative having a primary acid or base
functional group capable of acquiring a net



10

15

20

25

30

charge can be used. This neans that the invention
provides for positively as well as negatively charged
w@eiopoerss and t hus ensure that conducting bi | aper/SGH®H4/000352
expl ai ned above can be formed, irrespective of the net
charge of the conplex fornezl between capture nol ecul es
and anal yte nol ecules. n general, there are two
requirenents for selecting a suitable acrylic acid
derivative for use as a nononmer. n order for it to
copolynerise wwth the ferrocene derivative, it should
possess of at |east one aturated bond, which can be
provi ded by a C C double|pr triple bond, or a NN
doubl e bond or a S-S douhl e bond for exanple
Secondly, the acrylic aci derivative should be able
to function as a Bronsted-Lowy acid or base by
produci ng H ions or by aaqceptdong H ions, respectively.
Exanpl es of functional grjoups which can provide a
Bronsted- Lowy acid or ?%se function include primary
am ne groups which can acCept Hions to form charged
am ne groups, or carboxyl groups, or sulfate whi ch can

IGR8, 5 S885REBE 5 FRORIAATAIE S, Ot G0

NFML?IQ“ SU%H dr’{dﬂhwﬂﬂm ng,f,%tPCD@H lOﬁherteImEIng ak\ylnehagn gspepiusnally
rererre I n e resen a I catl O is eviden
upBHtutads a@ﬂ.wh@awgr&:@wrﬁm%wr@é? 962, rPc!i%fP{/aQJY 0ig.8. Lfé}%ﬁ'kV'
or&i Bon RS RERHhala!dibraReHtd kP béh BRI thbivée double
can e use I n er ogenerateap03|t|veycarge
orrtapllexbcpnnsyﬁea cyclichstsiciere pmich, as mycbhamo Exatrgpdes pétsuitable
the.ac unct al it al th S a, .
alighE e, WS teosu b oY ineS aneiVR iy Bt isparoy.
f Th
ok, G900 bl BOPRAY ik ymoher oo 9 ¥Rl g . e
auphamcegmmp caui fuathies becsupstiivited by aglegriomatioaoHREURE asnphenyl,

2 RSt OSSP bR A5G GE b Kol oESi Shample
Exedfisiarypatomatic grolpiethiziiaggnbespesent | Ias anbﬁltuaﬁts carecplaenyl,
derlvatlve represented by the genera

loryl @ DaphEnvirhe elagencatom ean B SPJ%%WQ hl&réde? chforide or
brS&rh%.sékd?ﬁpk% of dditaDl o-afkygiddidstre methoxy, ethoxy, propoxy or
butoxy, whereas the n-alkyl group is selected from —NHMe, -N(Me)2, -N(Ethyl).
or -N(Propyl)..

[0080] The monomer of the acrylic acid derivative, if not commercially
available, can be made starting via nucleophilic substitution from acryl amide,
for example, by reaction of its terminal NHy-group with an suitable activated
derivative of an acid or base compound having an alky! chain as defined here.
For example, acryl amid may be reacted with 4-bromobutanoic acid or a ester
derivate thereof, yielding the respective acryl amid monomer. An analogous
procedure can be used for the sulfonic or phosphoric acid derivatives.

[0081] Typically, for biological samples, the pH can be between about
6.5 to 7.5. Under such a pH range, acrylamide units in the redox polymer can
acquire a positive charge i.e. become cationic. This positive charge brings the
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NHCH-SOH and NHCH -PO H wherein the al kyl
chain is optionally substituted, and wherein n is an

w0 niosgerof romto 12, preferably to 8. The al kyPCTs62004/000352
can thus be straight chained or branched, and can al so
conprise double or triple 2®nds or a cyclic structure
such as cycl ohexyl. Exanples of suitable aliphatic

ferFHEeﬁb' Rdietbs i Eh% B&Xﬁiép%é‘ég(gtc%sﬁtﬂf ﬁté?ﬁ&{ﬁ’r\ o mﬁ'ch closer

propyl, 1sopropy ut'yl pentyl, 'i sopentyl,
praxérity jo theciedozxeghters onaptigdset axidase (vehdrevgluddse oxidase is the

selbplsibridoyRtRed Ao dispadsa Aiicbgeroniasy & negatively

chéﬂg(ebh?é é}ﬁéﬁcohtﬁ%'ﬂ-l‘éﬁ 3 or an O-alkyl group, for
exanpl e. Exenpl ary ‘aronmdati ¢ groups that can be present

as [082]In wene ssenser p@ferhlw ptesienbyinvention p hehyoxidareductase

n, be,selected fromfluoride, chlori
engitng S Ao B BRkeE s fie Bt pd @Mt b RpSEinkaet 8 redox
polyRIcheXyf teé NifivyntidH @BAXBeObomhbilizedhiashé héxidoreductase
n-al kyl group is selected from-NHWe, -N(M)

enzypeer @) elgetrodg svidass, )maklpg@Ig@pnm@erﬁ;h@mgra[{fuqchgnal) part

ot I 3 R of bl SPEPREAEL i, oo

lab®libgt itheit Imyﬁfmﬂwahr}thean‘edex fnosdiatonpictiowey by enzyme
. re ?tlon of its term nal NH eﬁrou with an suitable
lmgngg

izatieny opdhe elactipdesurizge s Atamativelys neadoxpRIymer can be
1m||%}5il|?§g P dﬂ‘{r;e:é(lb 634 Sudsc dé’ﬁFét”SQd At eFeﬁzﬁ%é'TQ'uﬁQoggnzed

acr Be T eatt e brono ut anol ¢ aci
in theesﬂcte»( pmymeat k is hsogudssityle dbdimmgobilize bepenzyme and redox

poB i & e ATEoR OB EBAU P BT f vt | ves.

[Oogidaﬂlfp'é?@kﬂéf sérﬁortbfoir@bﬁé’éerﬁqm&ﬁ)n tthe exidéR@uctase
tween about 6. Under such a pH range,

engyne| antldeeda tpylyrnert raée r dtﬁwﬁlqbbl gispersednim oy unanoparticulate

mtfiiahe" B FRARE bafonalFRECRE HhoRBbf oot ieBaTE Py, of an

elementedetsdted $iont Group Ay bat 1. IVAQ 1B, itBLcNB; NsABS VB, VIB VIIB
mty to the redox centers on gl ucose oxi dase

Ors‘)/W\%PE”‘@ Rededicdabltase i s the sel ected oxi dor educt ase
e nz Y65§4] e SRR ea Qﬂ%r]‘n%&s Sh@X Pé%ﬁﬁ(e nggga]ﬁg Bpetate/ a%hércﬂﬁgsmnal

anroni c, t rang n one sensor O
madﬂop:sr a#m’uﬂmgnbehﬂeem eled:teodnau slarfarhsc tamsle thaziaat sample. A

nagp%glcplfaﬁa@ggl ergﬂéowélg:sx w?coor)éopa(%leg rrgrrebc}ﬁx polymer not only
provides electron mediating function, but also provides analyte filtering function
to prevent electrodes from coming into contact with other electrochemically
active materials in the sample. The nanoparticles in the membrane provide
microchannels in which analyte molecules can diffuse into in order to reach the
oxidizing electrode in the sensor.

[0085]In an embodiment of a sensor of the invention, the redox polymers
of formula () have a molecular weight of between about 1000 and 5000
Daltons, or preferably between about 2000 and 4000 Daltons.

[0086]In another embodiment of the invention, the redox polymer of
formula (I) has ferrocene loading between about 2% to 17%, or 3% and 14%.
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pol ymers of the invention can be co-imobilized with

t he oxi doreduct ase enzyne at an el ectrode surface,
woredosgp4dhe enzyne an integral (functional) pareT/e6G200400352

el ectrode. Coi nmobilisation of enzynme and nedi ator can

be achieved by |abeling th24denzyme with the redox

nmedi ator, followed by enzynme i mmobilization on the

I

High BSIGI9F (15(RP0aflrC TGS 1 1688, ABGRX o9 AfERdcsicole
Usundly, & HQWdev@inﬁ fesrocene boadlngdtvmuidtmmased@xlnpbtqm glucose

cop el iBE AR, Be Fedsirabd & FSRMDIC AR SHEOSk P iiahtration

is hﬁh@ﬁ?r]l RerdRah NRE nekiiaitly Spddig d?ftﬁé%lrtroééh/@ﬁ{dlélﬁuleé Rsent,
oxi doreduct ase enzyne and redox pol ymer are diffusi bl

y
thejiaspRerometiie raspensspiiati isupaneratechtinay doe dimiieids byigthe small

RPN a0, Prghoas, AOBRELSPRMOR B 8L Hhgourae

mdadarer¥AB Thekefold, By evhpiByig thvé kédboxopolliter®ef foriuta () having
Tabl e. [0084] n such a sensor, the_redox polyners

a Bl,gsfeaﬂ%/e&@f CHPEeNR Iasing, iba; LrRATIIg Al 9lliAeS EDRRRMrations
thét! Bt tSé’ ﬁt@‘iﬁ% Sor 19\?%5&;%83(%% %me@er volumes of sample

nanopar I ncor pora

reqpﬂrgdmr not only prow des el ectron medl ating function,
but rovi des anal yte filtering function t .
pre PRSIV RRIRN SRR, df’ﬁ?‘% ddg# BEaceRp ?fﬂ RSERarng a

wa@éﬁ§élh§%h$€a&@Pan%?t THE prBESsd é&@dtféll%ﬁﬁv&@é@h@!mﬁi‘%mg a

nanopartlc es In"the nenbrane provide crocha [s In
firsthmemoarex| yoié ofo he palyswmrisahlediféfrocand rdesivativerwith a cssecond

th di | ect rod [ 0085
R S s G 2B 518 2k detbafitFonchn s, auiman.
sePOndArpr 6r edrtiasy Ablyiarhide, e Visrodub®! £ dpdlyriier. Jite @lerylic acid

bet ween about 1000 and 5000 Dal t ons, or preferably

depuaij: ROSIRSSES ZTDBCiH e Rawm fungtionak QTC{L(IO gapablepfaagemiiring a

no A Tty o BAGS i R RIS 1 s

aIcbesz;llcmedi%anmdéﬂéséﬁcéibghnhmtmﬂos of ferrocene

| oa ref rably at | east, above 3% are deslrable
Lo J00gkTREr BFD ouente; b Qs dnpaamery AL s fag be

e, i, sy 0 s s i
alcoholic medium, and then adél the initiator to the initiate the reaction. It is also
possible to dissolve one of the monomers in agueous alcoholic medium first,
and then add the initiator to it, before adding the other monomer to the mixture.

[0089]An alcoholic medium can be prepared with any organic alcohol,
for example, aliphatic alcohols such as ethanol, or aromatic alcohols such as
phenols. The volumetric ratio is usually within the range of ca 5:1 to 1:1
(alcohol/water). In some embodiments, it is about 3:1.

[0090]in an embodiment of the process according to the invention,
polymerisation is carried out using an aqueous alcoholic solvent comprising
ethanol and water in a volumetric ratio of between about 2:1 and 3:1.

[0091] Although polymerisation may proceed without the addition of an

initiator, it is desirable to add a radical initiator which attacks the electron-rich
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is much higher than the nedi ati ng capacity of the
ferrocene nol ecul es present, the anperonetric response
wao bat/osEogenerated may be linmted by the snal | POISGE04/000352
of medi ating ferrocene nolecules, resulting in an
i naccur ate neasurenent. Th25efore, by enpl oying the
redox polymers of formula (1) having a higher |evel of
cehfres 0RRARE Ao Ak rlﬁwsaid?ﬁte'élp%hdé il thePimEHAHREBE Accordingly, in
concentrations that can be tested with the sensor iIs
anoghes einbodimentief thednventionppolymerizatienigindiated)by edding a free

e present invention is also directed to a
ra%?%@éég&? prepari ng a water sol uble, redox polyner.

The [Q0IEIAFF RS RitficihilatoR ¢ah RS uded. Veinhsied Indlude frdrganic
mononmer unit of a polynerisable ferrocene derivative

saj{p tskch ascpesdlfaierasiss 26 ell 88 MIgARIcempPUIEs)FUCh agibgnzoyl

oS24 252l RRROMHERR RN VAEK 8 814 1 frocuos

radieal tragmeatsmamezjswﬁatan fragihtbres, bacre of untdth chml oge O.Ln:palred
ca‘pabl of acquiring a net charge. | nportantl
eled %ﬂwﬁ“?ﬁ'%pﬁa nfUPEHRT iasna; ee Jadical Which  aftagk y@ggturated

the presence of an initiator.

boﬁggg‘g?{ﬁw Qgg"ler%ng'sequence of the nononmers and

i ni {0093]in mebemkmdnmelntsF(une doenmadicali initiatorpissselétted form

to mxtheflrst and secon 0 in alco
G QR EONFIRHNGHI R HENIUR PPFﬁl{rﬁD &}Ot@%s'k'fﬁe"%’ﬁ?'%qtﬁtaé‘dt $Rlium
per§afiéon. t is also possible to dissolve one of the

nmononers i n aqueous al coholic nediumfirst, and then

add [0024]imbne gnthodiment of thefinventisiy theywelght saticef free radical

00 B e B R4S 2 LA L 0 b B RAG. oo

ina@nipiaidve fupdhphstrrugoast ef RRNEH inidatorz0fseidd"the degree of
alcohols such as phenols. The volunetric ratjio is

polanRrizajion; ¢ kiigh t ﬁmqqg\it@eogf ragdjcal: 1injtigtar: 1significantly reduced

p%}@h@gﬂ%ﬁﬁla&bc& re%ﬂ f tﬂ% prgélg?sér%cHgg}@bng §rgrtﬁ](aecular

wéigﬂvteﬁﬁimalsopmbarrbtheﬂ;aeiaumelyshmarradjledl mittatoriswag reeeded in the

PSR DmgtPress: oSBLBIEchoByREH TR o5Ee 21 atigalq PabfTerZation

readiohsl Apdrh aead tl@é"dﬂéﬁhpﬁ f 'f% i@d‘c@lr PREASr 58O EHe tefiition

addition of an initiato desirable to add
seguenexpf rasictards ¢seanbelow latremtllag tolaeprsicess oHiha imfam;on) also

affected polymerization efficiency.

[0095] The process according to the invention can be carried out at
standard conditions of room temperature and pressure. However, in order to
accelerate the reaction, it is generally preferred to carry out the reaction mixture
under reflux. Care must also be taken not to use an excessively high
temperature which might lead to the decomposition of the polymer or the
reactants. Thus, a suitable upper limit is generally below 100 °C. In a preferred
embodiment of the process, polymerization is carried out under reflux at a
temperature of between about 60 °C to 80 °C.
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centres found at the unsaturated bonds in the
nmononers. Accordingly, in another enbodi nent of the
WO poosfosidon, pol ynerization is initiated by addp@myS&2004/000352
free radical initiator. [0092] Any free radi cal
initiator can be used. Exaggl es include inorganic
salts such as persulfate salts, as well as organic

COMRBYHE, SRS Ry 55 i, 8 B Bt prr s

in aad&nmlatrhogmmét Andieért etmbBphét edn beauavidkd byeakidgeh gas,

whi ch has one unpaired el ectron which can function as
or Beh%@aﬁmu%mnmaﬁlmt@a@& the unsat urated bonds in

t he ORI IBH?{hSOf [thQec)?tih 8&‘1@# ;B'H;Shtﬁerlié}%rf 'R be

rad inrtra S selec
depemdsrd tupon thé temperature wsad ahﬁ ahe anmmrﬁsﬁllrut*rator added to the

rsul fate_and sodi um persul fate. [0094] n
re%%ﬁ 'Prﬁ’g'ht Typicalhe FPCﬂWBEE'Z%ﬁ'Pn t'ﬁec%%rﬁu'[rﬁlﬁ % R’ﬁ”qq &f time
befv%’érFf’é td @théhoﬁnﬁg?@@ﬁ 520 g to 40 g
e |nventors

per 1 gram o ave found that
the[Qﬂﬁ&]u@lneoémbadlmmlt ofnthe dbventivif pmoedstfbﬁhdegnoemrts‘es a
| yneri zati on amount s of adical initi.ato
PR PoBiiepchobRRM S el Pabfusrdhg isaid B and second
mdn@mgrglétgnp,rg,ﬁ dox polymers having | ower nol ecul ar
ht. This also meant that relatively little radical

| n| isaolyinghde reayisd acid tderiyedivenardnemeronniir e e ,aqueous
amgﬂgp@,r,%ﬁg}rﬁ&ggh flrfree radi cal pol ymeri zation

reac omthe quantity of free radical

i ni addﬂh?ﬂhelﬁ@d radiogl inwididri andsesnience of reactants
(see belowin relation to a process of the invention

aI sed@ﬂgemeewobﬁn@rﬁ@biezJﬁrr@ﬁeeefﬂ@m@m MG} vRE %o the
miRLREess according to the invention can be carried out

at standard conditions of roomtenperature and

pr e[0099} .In lddudhier embadiovetdrofttbe aboed pradesst the feeding ratio of

cob RSB AP RIS i b Wi

miiGfe fHat BAR EHIWEES 8BSIIVEbY ahidIfs 4eEPRRAlAIGR mnéhomee Rldded
lead to the deconposition of the polymer~or th

is pesieralie & otdrrsio ebtain aargdoxupplymeri having € gent@‘ﬂal mylecular
n a preferred enbodi nent of the process,
Wewt%ﬁgr hatun | i

nis carried out under reflux at a
[00100] In yet a further embodiment, the polymerisable ferrocene

derivative monomer unit is dissolved in an aqueous alcoholic medium prior to
being added to the reaction mixture.

[00101] In an embodiment of the process of the invention, the redox
polymer is precipitated in an organic solvent. Organic solvents that can be used
to dissolve monomers involved in polymerization include ether, ketone and
alcohol for example.

EXAMPLES

Example 1: Construction of a diffusional mediator biosensor
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tenperature of between about 60 Cto 80 C. 26 [0096] n

a further enbodinent, polynerisation is carried out
wae@sn4ref | ux in an inert atnosphere. An i nertPCT/SG2004/000352

at nosphere can be provided by nitrogen gas, or helium

gas or argon gas for instapge. [0097] The | ength of

time that is required for polynerization can be

d . t -
CSPROEFE e | SERSIZAN G R RORAIE L7 B g
bigsengoer 2 zatdopding Stoc anT IeEﬂilbOtt.:ll‘mérﬁ[J loﬁ tP@r pﬁ%iseﬁt‘t ngﬁﬁtlon The
MGRG18 GURIPS L (a8 BESERBA 2 Focoring i IR PRECif mbegiment
t B
is fnkélkfo ?@écrfb%gf I‘-'Ir?esétﬁfs ?ﬁn&’ré.’g 6g 'c?ﬁcg} Q%ﬁgb@@% oén rr%‘lh )g? @I@ctrodag
426&&)ravallatge MmsACM:S@ tCutloids Y30.c Gritado dé)ahtcarma\/eu S A,

| cohol di
B e rsHUDRRATRN Ghid i FRRIOEHE rSsRvatel bt aanted
subSiriiEe(s ﬁ\@ﬁ'(ﬁ'lédeéf 9%%&%1@ ?gof' écl[% f(ﬂ’né ré&’etbﬁ‘ﬁlned
m xture. [0099] n a further enbodi nent
pepipd csigme.t ﬂ@e examplentyventyifounhowars: Whiecea‘tard aokhublalsldad tape

wis? 5Bt EBDRRleR (5, 8wl & BebsE T 2bSeringed, syhstrate.
ThESe%helbs tvl?@lw\@htuanﬁ/ d@nmtﬁe ae6eskdss 1A & rtﬁé" cﬁaérfhgs for
order to obtain a redox polymer having a suit

exppsing Jhaﬁlwpgﬁtpmax?-gc%%u A_\Jdmfponq@@]anap@élcu@te membrane
h n
s 51 SErool g I SuPEUNTRELE 30 8 SRR Spes of e

cadbarp ledécirodesdivitm ani aquéoud eslingy athaled of PVReAAe§Epared as
rocess of the

deBi A {18 EXATS) 2o e, RePXs & PobAYIRYIPHIdASIR-sarvic. acid)
(PYPH) e A GRS o LA S lBUS AR o
at @t tesperkivre ok acundad2h i af controlied@rnyiroEXeMBLES: thickness of
the nanoparticulate membrane may generally be controlled by adjusting the
total content in the ink while keeping a constant volume applied on the working
area, and is manipulated for example by adjusting the mesh size of a screen in
a screen printer or by adjusting the content of nanoparticulate materials, or the
‘concentration’ of the printing slurry.

[00103] While the above-described structure is being formed, an
array of Ag/AgCl or carbon counter electrodes is similarly screen-printed on a
second polyester film using a suitable mask and dried. This second polyester
film is then positioned over the adhesive tape such that the counter electrodes
are aligned with their corresponding working electrodes. Thereafter, the
structure is singulated to produce multiple biosensor 2, one of which is shown in

Figure 1.

Example 2 Synthesis of poly(vinylferrocene-co-acrylamide),

poly(vinylferrocene-co-acrylic _acid) and _poly(vinylferrocene-co-acrylamido-

sulphonic acid) copolymers
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Exanpl e : Construction of a diffusional nediator
bi osensor27 [00102] Figure 1 shows an expl oded
WO smseiwL view of a tip-filling biosensor 2 aPCDsG200¢/000352
to an enbodi ment of the present invention. The
manuf act uri ng process of tpg biosensor 2 according to
the specific enbodi nent is next described. Firstly, an

AR A B L AE SRl o6 i) ves
pu@zidsedr ficm BlukaA. (CH-94P0i rBlmhsg#ﬁeSWt@rzlérr]ltagd 2%&22@%?2 (Fo),

ViRdrefioBang Ved: & Pw@%%%f Rl ROIE G 5-PoD Rigidar2-methyl-
1-PropeRe AUMME ApRefcabthd) 287 radlorfiB TN ol AHS) and

a doubl'e’si tape
pesmdﬁatmsalm eleye fourceasechomi Blglm—;ﬁl(}h’@ﬂ ($in Luis; MOi rlll&d) All

ottt ek s &5, AP Gr Aiigolr Bl elipselialg Ryifbred Saline used
web Qﬁtdé?ﬁ%doéﬁély@ééﬁ ctde 2Al| s%d{@n%qfh&?%é‘réﬂ%éd g/bFé* b Sared

nbrane is then screen-printe using a sultabl
Wlﬁhﬂiﬁdomb@dm&rv\orkl ng surfaces of the carbon el ectrodes

o ¢ Boibai ooy ShELR of el piddicRd A FBESSbrfifent was

peffolnéd o ysdorieg - G- am:rAdnem fszusd) UVRVBiMe Spiskfiep ha!aﬁneter

al um na nanoparticles. The resultant structure i s
Molegldar weighits svaier determingd witbumd ayp Soda raghmrhama@@e gel

pefifitafiah ERRmatdafon, f VR She SFnda BB o fidbRkcovde and
potyde’tbylene@lwmt) foncalhﬂaimsrk whi | e keepi ng a const ant

vol ume applied on the working area, and is mani pul at ed
for exanple by adjusting the nmesh size of a screen in

a sqr @{ht}%élé‘bﬁéolg!w&fe?@céﬁé'c@)gaé[g%n%@% ?&gm% S
nanoparticu ers a of

t he [@105] i ng 'Elnn;aergampleemqalmgl hOt@aca,ﬂmmded:hssnlv@dm 10

i 34 5 SalvBar L PRenplifater @ hefls B4 Pord Betd rgfiradcd 0.20

ml oalicfuos &5t a0 P@heskRien-irédn peibingatd SoiLtiGR ! \Wad siieanth each

dried. This second polyester filmis then positioned
sapple ey heiRgi d@oxmwai%hfqrhato t MinWeant Biree amounts  of

vin f@ﬁéé&%e?‘a@u‘?%gi’éﬂ%ﬁ @her ??t@%r C\ﬁg eeanzf%?{}erdgén degassed

ethenog to fﬂmdtht@e mrmfe:rec@mé solutien Havssies otheZamoust of ferrocene

which is own in
that is added or each sar%ple 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 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.

ii) Synthesis of poly(vinyl ferrocene-co-acrylic acid) polymers
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Exanpl e 2: Synthesis of
pol y(vi nyl ferrocene-co-acryl am de),

w@eioghwisny/| f errocene-co-acrylic acid) and PCT/SG2004/000352
pol y(vi nyl ferrocene-co-acryl am dosul phoni ¢ aci d)
copol ynmers28 J ucose oxidagg (GXx, EC 1.1.3.4, from
Aspergillus niger, 191 units/ng) was purchased from

F 947 .
ol 01 SnRimn Y o ) 0 SRS EREB8P GBS i 10
ml(ofk(ﬁ)nxtlﬁe solvehaof Memawl 3 phfwtopapart}? wigke lplr@paa@ddA 0.30
acry| am do-sul foni c _ acid" or

t . , 273,
éﬁ@t@énﬁuiﬁgt J@apquéﬁr%e RATEHERIBISeIHIRR Srasnadaegr T } fach
sal S0F 0 BBt 18201 FAELS T poyrs o
wnyh‘elerooene:erangiﬁgeﬁiomnﬁlqa |gcad) @nédg. watd disdoivedbris dégeassed
el ol SR SR Ty bt of
virlyfrefressras tﬁ&ﬂ i$ e@dﬁéﬂaecfoprbe?dh A R8T béitg3 chléulbtsd b’[c? obtain

spectrophotoneter. Ml ecular weights were determ ned
acpylamidg-tvoyiyies@aene gﬂeegmg csahmn dw/welof R.5e&0:th and 85:15,

B R o i S0 LG4 DA Wi

iniitot eisiuse OReBEtioN thdré§rW§t‘eelﬁ§ﬁL§@daﬁf yloerCdrr 24 hours in
pol ymers [00105] Three sanpl es containing 1.

n'tmgeﬂ aimerPhere s Hfteecoalingy the reagtion enBirgsnwerst, separately,
scfblRPABL 1l Ryl i) BobRie Sl i Reral o rocox

polyohert The precipitatde dediox pelymaa/m waghée witheactegone and purified

d A ed f 10 nut e ree ano of .
by R P AP S0 S R eSO IR0, &8 TP RFified product
waéltﬁéﬁldvea unBer® 4t shdgnol to formthree

vi nyl ferrocene solution sanples, the anmount of
ferrocene that is added for each sanpl e being

5 l Dgenlc.acme) polymers

resmito el y. Tﬁ@éfeéfhﬁlbbfcﬁfmﬂﬁm@ﬂ a@mb@n@@&:d dieBolved in 10

added to an acrél am de-initiator m xturé. Reaction

miAfpigiuse spivest pbetharetivater18 rarisoio bpardweseinfepared. A 0.30
mTBARRSY QTSR Braches aRlIRg shOfpn P8R i to cac
sanmln dhﬂerstbesmgd deorygurmted dordetO t miputes) pThaiee @mounts  of

vmyﬁerrocg ranglng Pgm%eocsl & tatg q6 g were dissolved in degassed

ethanol to form three vinylferrocene solution samples, the amount of
vinylferrocene that is added for each sample being calculated to obtain
acrylamide-to-vinylferrocene feeding ratios (w/w) of 95:5, 90:10 and 85:15,
respectively. Each 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 to precipitate a redox
polymer. The precipitated redox polymer was washed with acetone and purified
by multiple water-dissolving acetone-precipitating cycles. The purified product
was then dried under vacuum at 50°C.
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redox polynmer was washed with acetone and purified by

mul ti pl e wat erdi ssol vi ng acetone-precipitating cycles.
wab@spusdf i ed product was then dried under vacRCFB@2004/000352

50C. ii) Synthesis of polyvinyl ferrocene-co-acrylic a

cid) polyners29 [00106] Thgge sanples containing .0 g

acrylic acid dissolved in m of mxture solvent of

et hanol /water (3 parts to 1 part) were prepared. A

0.30 m aliquot of 0.10 g/m oxygen-free persulfate
ResolistdDistusasisied t o each sanple after being

deoxygenated Tor 10 m nutes. Three anounts of . .
vi nj08188] ocenGorpalgnerzatiosnefovingieiraceng. With gearaide and its
I ssolved in ssed n . h At
ool b1 kg A IR 540 ASERIRAI R, potmerizaton
redbtiov| The geners rédulibnicguatidn ds depickaich Fgurel& bei ng
cal cul ated to obtain acryl am de-to-vi erro

I i
f eefPOPH at i oElOMRVR) 1 Ordel 190SYHEC aiul ;qagfﬁg@?nenze the
ti i
ARG, BNl el e Lo 16 62 e ¢ iyerocene

in Mhe systen. Wy mentibhed @ tree irttbdOction sestidwuyisylferrocene usually
ni troge

n at nosphere, After cool.i the re i O
acks a8 (RUGA\ReRUSN R g EppoNRAR P Sfyr o s Bund that the
anﬁcggitdéfyr iéeﬂriﬁﬁﬁ%ﬁ)gqtsoélﬂgdt@nﬁw@ebséqm e6ésd tnaleded in normal

ox polyner. preci pitated redox pol ymer was
polsérizhtiont dystenes. dtighamampuniss ofgadieal inillatphsignificantly reduced

ter-di Vi - I i ' TREi
pofpeizationisian AAC 1 i ar el 4 i i ofugt Bfsides, the
additidty SitfieRth alsodffeeed e potymerization efficiency.
ferrocene-co-acryl am do-sul phoni c aci pol

( ci d) yme gs
[ 0040971 10}hr ee Leadpihan 28% HniPRYMeNIZatign, Was: oRseyed when

acty e 3b¥ SBersliteed e lof o sV Sqlis, OF DRIflbibBrR and
acPflafhidd) Thisl isoxpygablf rescaueesthief dornatinuiof diermegeniisida the
reARHAT aXUTA MEC RIS B ThA TR BheoRmeiajon, e and
m crﬁ’éaﬂ%&é}nﬁnétﬁ)rﬁf%é ‘g)ggirﬁépbr\(eﬁﬁ growiesReess. &S BRGwh it Table

ormtnree vinylferr ne solution sanples, the anount
1,afnder pptifal canditianst halatives highddelds srere ptaiBadp| e bei ng
cal cul ated to obtain acryl am de-to-vinylferrocene
feeding ratios (ww of 95:5, 90:10 and 85: 15,
respectively. Each vinylferrocene sanple was then
added to an acryl am dei niti ator




m xture. Reaction m xtures were refluxed at 70 C for
24 hours in nitrogen atnosphere. After cooling, the

WO e@sni@m m xt ures were, separately, added dr opcTBGCHI0%/000352
to rapidly stirred acetone in order to precipitate a
redox polymer. The precipigqated redox pol ymer was
washed with acetone and purified by nultiple

rolfl i g oA A AR o ies

C. 30 Results and Di scussion [00108] Co-pol ynerization

af Attt r A A rapr—f o 1 x ! v — { T §

O Vi Ny &1 ocCe Wi7L N aCT i d LS e%ﬁ‘érves
Fee\g\"@ carrlar'gd o Jﬁ%gﬂéé’d on ¢ %E/%nﬁdgﬁgpt rag ﬁ\gg‘
(wR®! ynerization|reaction. Theugeneral react|iweighfuation

is depicted inlFigure 6 [Q0109] However —linorder—to

AAdVceessful |y co-pol yneri ze [t he nononers, dreat
gttention was giuen to the |tgym nating efflegdqoof
95 I nyl ferrocene |8 t he systenf%As nmentioned 1 n_the

AA/NEg oduction se¢ction, vinyliferrocene usualily acts as
radi cal scavenger in the co-éJooI ymerizati ona:? tem t
90W&s found that [/Re ampunt df9%adical initi is

bstantiatty tess—that—thegse needed i n nor mal
Apglgﬁ?rreri zation|systens. Hi gher anounts of | adical
g5i1H ti ator signilfggcantly redutt¥d pol yneri za‘(MﬁO

ef fi ci ency andlthe nolecularweight—of theproduct:

AGELdes, the addition sequence al so affectls the

95p§l ynerization efficiency. [£41 10] Less thagpi0% of
pol yneri zati on |was observed en _adding the persulfate

AG/g#gccal initiatjor to the so’lbuti on of vinylferrocene

f
and acrylam de.| This is pro |y because th rmation
9050 f er r oceni uml|i%® the react 2 m xture whi cﬁsécgsul t ed

AéngFhe retardatjion of polynerization rate and nuch
arly term natijon of the polymer chain gromh process.
85485 shown in Tahl45 , under op6%nmal conditi on200Q el at i ve

hi ah vialde worla aht ai nad 28 Toll
Tl L. LI AT T

Wwere—ootathRet—sgr—rapre— ,CU' POy yTiel | Ld.ti OT1
Ahoy N yl ferrocgne, acrylam de, and its derjvatives

95!.-'§aedi ng ratio Yiggd (9% VFc|gatent Mol ecul apogw w)
(% weight AN MEC 95:5 80 4% 3600

AAS NFc
90:10 75 9% 3500 -
AAS NFc
85:15 62 14% 3000
[00111] 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.
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AA/ VFc 90: 10 72 9% 3100 AA/ VFc 85: 15 56 % 2400 AC/ VFc
95:5 75 3% 2800 AC/ VFc 90: 10 55 7% 2500 AC/ VFc 85: 15
W@ 200808@000 AAS /VFc 95:5 85 6% 4000 AAS / VFc BOT/4G208%000352
9% 3500 AAS /VFc 85:15 62 14% 3000 [00111] However,
the pol yner yields decreas® w th increasing
vinyl ferrocene feeding ratio, which indicated that the
ter g hng e j I [ I
exi 2170, CERRGEAS 1SRG AR, Kk ORP kS determined
fromm eHmerﬂall gmadysis s nenyy Dispersive X-rapAraliysis {BDX) wasaysed for
mnute ds vvereotal{}ed once the reactio ¥tH
glien ¢ Eqs of the redox

th'BeQ!HH%S TS GRRTOK Qlasioglian (RPAT S} ol R
diyr @Qd) %é‘lﬂ”‘jﬁ‘é ®fa nyfselgéﬁ@'%!?éd”ﬁy' the RBmple was subject to

po ymeri zation solutio errocene 'l oadi ng varied from
analylSts hwadithiumchified sﬂiomyiete@es than ferrocene content

o b e eRs PR R L R AR minee

byagénl Méﬂn%atﬁﬁeéﬁbnﬁtégﬁbﬁxv Ge‘ﬁemw Anel hesloR pcﬁwﬁ)ermepared
used for th ose e energy of electron bea

withs bighen fgﬁﬁmrees feﬂdlﬂ%éat'@d‘tﬂd Mu@&heq%arlmlgl‘é\ﬁndﬂbéoadef
the sanple was subject to analysis
m‘ﬁﬁ@xf’v’?ﬁp‘g%%mt%d silicon detector .J d

Characterization of the synthesized redox polymers

[o0114] The synthesized copolymers were light-yellow colored,
powdery materials. Molecular weights of the copolymers are in between 2000
and 4000 Daltons. FT-IR experiments (see Figure 7) clearly showed the
complete disappearance of vinyl absorption at 1650 suggesting that both
acrylamide and vinylferrocene were successfully polymerized and the resulting
redox polymer is of high purity, free of monomers. Further evidence can be
found in the 1000-1300 cm™ region. Extremely strong adsorption accompanying
by a weak one at 1126 cm™ indicates the presence of ferroceny! units in the
redox polymer and the strong absorption at 1218 cm™' suggested amide groups
in the polymer. UV experiments, again, confirmed the successful co-
polymerization of vinylferrocene and acrylamide. The minute shoulder at 300
nm is a clear indicative of ferrocene moiety in the co-polymer (see Figure 8).
Having ferrocenyl and amine or carboxylic acid moieties in the redox polymer
rendered them with dual-function: redox activity for electron-mediating and
chemical activity for cross-linking with proteins.

[00115] Increasing the feeding ratio of vinylferrocene was intended
to increase the proportion of ferrocenyl moiety within the redox polymer.
However, varying the amounts of vinylferrocene also affected the polymer yield.
The highest yield 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
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[00113] The nol ecul ar wei ght of the redox pol yner was
determ ned by gel perneation chromat ography.

w@ewenal4by, the redox polymers prepared w th hPQie62004/000352
ferrocene feeding ratio had | ower nol ecul ar wei ght and
br oader nol ecul ar wei ght dgstri bution.
Characterization of the synthesized redox polyners

t ed,..c I L ght [ |
cobf§P 4, BT, TLET in” BR0) Mty FicFoadoh wifi! ifteasing
vnrfytfenbwm medrr@ narnobbm/\ie &b i thaitidedoabalDdt tl\/aBs“ouer'theR, for

experinments (see Flﬁre 7 arI Ssho the

leﬁegﬁtﬁ‘Seﬁlﬂfﬁﬁﬁ% BviRy! nocsaéa% ingrasp A’sl?g@ P'ieng which
gl\;égaoo%olﬁngpﬁ‘ﬁhglfﬁﬁ'&t% e Bbcﬁ‘léh{%ﬁér'h C?HS afibiht of initiator used

ess nerlzed and t sul ting redox
in e polymerizatién bisghaffectéd gomipositioofantbyieldeottheFadoepolymer.

t i ?@%fsfgn‘éi‘é‘%cﬁgeoﬁcag,&qlkr?wp%%%s%e?8&@&?&%@%%@6&@% 5l he
raﬁ%egﬁe remb £h 9% nmidionyrgsence of ferrocenyl units

ymer and the strong absorption at 1218
cml suggest ed anmi de groups in the pol ynmer. WV
ex [

m NYoe1 fd]Ol“ dﬁed@k %@(v}mﬁerss v@rél pﬁéparedl tmtph/ctsphhte -buffered
ferrocene nmoiety in the co-p ola/ see Fi X)
saling i(RBS) selutiopayn the @resanse o Qal#% X 10 O and 10 g

Gﬁgﬁﬁﬁfﬁ%‘wgws# edox pol yner rendered them wi th

€dox activity for electron-nediating
and [obei7]cal &Eddtrochegniical tests sweienlpenigrwedhwithoaei AsntoLab

o s v B o Sl
sy'gt?s‘rﬁ hr‘nﬁné??r {/&i4n Y. VN%" eletR¥8Y &ystafmrodiNolibed in a

vinyYferrocene al so affected the pol ymer
Faradayi cagdneTHe glbetrodg:s wlete al{AgiAgQl) veferenasnelepisode, a platinum

it RSB hEA Rk B ) gt s

ferrpoeqy) compesntdst Vlﬁﬁlf&ﬂtcd@@ e rédmt polyme@s that were
i ndi cate in Table 1, althou t he33 cont ent
swﬁiewyavqmlgh ysqlublﬂtryelrbwa%efeput e JBsHDbIR 1ll’h most organic

St#l\g%tﬁ ﬁh[@gﬁéﬁ}%&{r&%ﬁffe’?{&%ré qﬁ?oun k@ bl?me?é'tldbél S B¥es as -

mbdi@&ﬂ@&h@o@@ﬁmepamculanyl |heemmmrdanlk@édmmspnsmg singe most
10%is sufficient, which
enzymes only work in aqueous media.

[00119] Figure 9 shows typical cyclic voltammograms of the In PBS
containing only the redox polymers, the voltammograms exhibited highly
reversible solution electrochemistry: the redox waves centered at ~ 0.18 V (vs.
Ag/AgCl), the voltammogram has diffusion-limited shape, the magnitude of the
anodic and cathodic peak current is the same, the peak-to-peak potential
separation is 60 mV, very close to the theoretical value of 59 mV at 25°C. These
redox waves can be assigned to the oxidation and reduction of ferrocenyl
moieties in the redox polymers, which indicate excellent redox activity of the
polymer. The vollammetric experiments, again, demonstrated that
vinylferrocene was successfully co-polymerized with acrylamide and its
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gi ves good nedi ating functi on and good econony. The

anount of initiator used in the polynerization also
w@bdososm@o4 conposition and yield of the redox pRCHE€2004/000352

was found that good redox polyners were obtained when

the initiator is in the raage of 20-40 g per gram of

nmononers. Exanple 3: obtaining Cyclic Vol tanmoqrans of

A e T P e s
oM@t
cluTsiAtpee TIgOSig s 905 e sty i e

diffysionat behaviart Bp RO SeIT O MRS ATNS 4 Bicase did not

nni,n I
ondf2 R0 KRB n0E S et it ho catyic
oxn&ﬁﬁérﬁfrﬁfcgibd:osdﬂbglsmd iedoR pelymesy aterye. Fuitikergicset lnodebwous
were a (Ag/ AgCl reference el ectrode, a(é num d
chargas é\fer@u&ﬁar\@sie &AdiRg i g Oé'r‘g%toif fhe, dgdox

po\fj‘zI nylg lutfon® 4% (%Pfleh%t o‘fQﬁ‘é Irré§t‘iltlﬁ solution was practically

errocene, e r edox yners th wer e
thes garnbesy medet:lax@olymw a;lohaksolutw HQW/QMeé,er@ﬂ 19rmM glucose

e SoD, S P feore pypyprocescs
in %?@Ssoﬂﬁ‘oﬁew ! Ridfox BerRbRS ANBOSY, Fmrtwael @cmweruem to FADHQ

enzyne-|1 nke blosenS|ng Sl hce nost enzynes ongy mg\
When ﬁweleu&odaa potentiplogag spamesl, pgstghgﬁgq;gx PoiaNdl of the redox

pofden SATHET SR o/olertdhang, MRRESFOHEL AP pbyre was
ox[:dﬁfzéﬂem e?% gbggé@lgmllﬂéaﬁl’glgétélécﬁ‘@dﬁ surfacet \r/wglle{ aeetdno( mﬁmﬁr s ial of
FATIEADHA BobEi 15 19060 SV AO/RU AN HENEH ERiST than the
ferggcgtﬁ'le?fg fofi ﬁﬁpg&ﬁr{ﬁe plﬁ@kfeﬁ%éﬁm*n hﬁ)léﬂt% RAfB Vidifigy of FADH;

ak pote separation Is nV, very ¢l ose
oxidizd hebetoketormn) cahd e lferrmxferﬁlﬂn\matetles in thre¢edox pabyxner are

o R e TR SR Tbiek i AR Y 4 Bty
cybf%OI LeafiRsue&ein F@r ré 29ex imetretiwordef glutese @xidation Bh&OX is

tametric expériments, again, denonstrated t hat
meﬁila’gddfwmedexmlymﬁlccessf ully co-polynmerized wth

Yo, obb i S ey 8 Bk i ety

enhances the oxidation current in the solution containing glucose, as seen in
Figure 9 (light grey traces). If the electron-exchange among FADH,, redox
polymer and electrode are all very fast, large amount of ferrocenium moieties
are produced during electrochemical oxidation, and they are, in turn, rapidly
consumed by FADH,. This is the reason for the much lower reduction current of
ferrocenium moieties, as compared to that obtained in the glucose—free
solution. These data suggests that the redox polymers function effectively as
redox mediators in enzymatic reactions, shuttling electrons from the redox
centers of enzyme to electrode surface.
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el ectroactivities. The redox polynmers in PBS are in

real solution formwth free diffusional behavior.
WEpioRi#g04 hi s sol ution with varies anounts of PECT/EGHS4/000352

di d not change the voltamobgram at all, which suggests

that there is no catal yti @soxi dation of glucose by the

redox polyners alone. Furthernore, no obvi ous changes

obs e i ng. | A .5 0f ' O

Excifibfs 45 Sytffled§ 8t X thefetiRe cOMHRIRGTYIRR tohfocdi-co
acriybanide neroseklirikesh with ghadsec aXidasedodne serurhealbumin

r edox pol yner al one solution. However, when m gl ucose
@%ﬁﬁﬁed to this solution, the enzymatic oxidation of

gl ucose by GOx proceeds in the solution. The redox
centers in GXx, FAD were converted to FADH . Wen the
el e[0oi@d$ potEm i elosedinkingameactigrasef tthe ragtxx polymer with

oS sl o4 SR e aBfserBbBh Ll SRk TG g
ménthraRE! ‘T’fn@ %E@%@%ﬂ@%mﬁégl.rg%rﬁtae%tmﬂiéﬁ(améi@ﬁehyde

potenti a I S 6 V (vs. Ag/Agdl),
andipiobyh (etbylene lglycolatiglytidyl ether (REC) overel ehasenmpi@ss-linkers.

- | i : e IS0
oS ool ERABEER RS s Sl Yot Ncrofey anc
po?ﬂ(%ihklglﬁeif GiyEos digidensylp ethere(PEGDH) e (roddct: cotiéed3800) was

: errocene noieties. These two reactions form
obtained #oy PigmayAldsichas il lustrated in Figure 4, or in

t h d , ‘- . 3 - -

oL RIS, Y “SPUNLAARRm, BfsB  rom
Exbﬁﬁj(ljé PF’Wa@We‘d@S“dedmo ﬁcgqmrﬁlecgrc&m |®OKfB&hGMj triegified with

oXl aatl on curren In ur.l on can .. Nl N ucose, .
theygresslinkers 19 pevide C%bx%ﬁ/gg‘f'@hy an é@@é?‘.'c cahgn cham with a
terfilifigl BRIkHEN i ﬁo@%‘ﬁ@%@%ifhréﬁﬁxpﬂﬂ/ﬁd@ﬁ%ro%dinkage with

el ectrode "are a_rge am)qnt 0]
suftaleofumctionalmgiepisesnathe notbdizeédd medigior. Subsequently, the

. hed cal i dat.i i . -
i Oe s e anditbatie8 wifh Spe hdllzed jptietor
ThELEBehRYE rdu?dmhb%o@iﬂéa GO FSA esacree Withtheirsiheegoup on

as conpared to that obtained in the glucose-free

the GAA-VEW. toTiessea gavalesugpsstinkages: Affes reaeiin pasysaEried out,
t ' r iators in enzymatic
th% %‘%‘ﬁé&eﬁﬁé‘ﬁﬁ%"%ﬁ%@%@ﬁgﬁ?‘om the redox centers
of ¢o@y2a] to gheddrosslinkedrPAkd/R5CGEvaBBefin 08ygult @kcirode

of a menbrane conprising vin fer ene-coacryl am de, ..
was subjected 1o voltamnrﬁetric angaIySIs.yII:"'»Ianﬁ I£I8§ was useg, 4nd'% potential

¢

scan rate of 50 mV/s was applied.

[00124] Figure 10 shows a cyclic voltammogram of the PEG cross-
linked PAA-VFc with GOx and BSA on gold electrode in blank PBS. As
illustrated in Figure 10, the cross-linked film exhibited exactly as expected for a
highly reversible surface immobilized redox couple (A.J. Bard, L.R. Faulkner,
Electrochemical Methods, John Wiley & Sons: New York, 2001.) with litile
change after exhaustive washing with water and PBS, and after numerous
repetitive potential cycling between —0.2 V and +0.8V, revealing a highly stable
surface immobilized ferrocenyl film on gold electrode. At slow scan rates, <100
mV/s, a remarkably symmetrical signal was recorded as expected for a surface
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cross-linked with glucose oxi dase-bovi ne serum al bum n
(GOx-BSA) [00121] The cross-linking reaction of the

wo edox4@od ynmer with proteins was carried out tRCEHSGZNN4/000352
the el ectrochem cal properties of the resulting
menbr ane. The enzynme GO F used in the present
exanpl e. d utaradehyde and poly (ethylene glycol)

cof et 5o PG B BB BT s e

peé@d&xr@ﬁ6 E%ﬁorﬁ&ﬁ’aipﬁi {hé epbiengale sghiicealdip, dhgl! yeak;lw -peak
et her (PE roduct code 0380Q) was obtained from
po’@ngalasep@ratlch ls[momlzz]ass:nln@,m 59 mV, as observed in the case of

| f
ok bOHb LV ST G5 AR bbbl o o ot
haw@‘éar{oﬁé@hﬁds Véroné heo any's sSiictk eesults gsceviabe ti@dx aBSai the
with an i phatic carbon chain WltB erm.n
fereqc@@wded% reantesisapre) raAlapesh e nreas g“r%\ﬁ'%@“@leos?yrface and
o BB I LRI RIS Ut Bt 10 i of
glucose B@AtthPB%@ mulzméﬂcﬁd dairtglplcahccraialym telteqémfmhegrmail curyedwas
initiator. T r
obiauaRd cHOWeVRIL HE SRAUKIOG: BERK o7 e TRRRK\RVTG (sAptEared
I
L S
hohmgbﬁﬁpswhnamtmssdi mthedeﬂ’medlstai@bx thgiransien of elemrans from

nriceBG Ao Mo Pl TR tafiy RSptfad apg curent

de@@téd \VeficaBB! deSllehiORbaklinGi fanttors bduse aedyx Ipotymer the high
vol tamogram of the PEG crosslinked PAA-VFc with GO

cugreot sBsiBAYJEPEnAireliglurnse) AT BIGPIRSERROSAs i | | ustrat ed
[~ 10,
I X Jg%g%ﬁed ; gﬁaggdﬁ{) f}tﬁeéé %'J lrgélg’?uép'ffgigfgéﬂ ARfPidyY were

carrfétp lbut it@ avestidate ¢l®e1 rpieefo(mdncﬁarfobm!senfﬁorﬁaucmperatmg redox
El ectrochem cal Met hods, John

POBIBATS) OhinenPiasent EVERl @SR U B R ALCT AEsk e with
f tit
O o e R B, S0, 8V, reveal i ng

a highly stable surface i mobi |ized ferrocenyl filmon
gold electrode. At slow scan rates, < 0

Example 5: Preparation of a nanoparticulate membrane which

incorporates co-dispersed diffusional poly(vinylferrocene-co-acrylamide)

and glucose oxidase.

) Preparation of poly(vinylferrocene-co-acrylamide) redox polymer

D-(+)-glucose and glucose oxidase (GOX, EC 1.1.3.4, from Aspergillus
niger, 191 units mg™) were purchased from Sigma-Aldrich (St Louis, MO, USA).
Alumina nanoparticles, with particle size ranging from 10 to 1000 nm, were
synthesized in house as follows. Aluminum nitrate (AI(NOs)3 9H0, 88.30 0)
was dissolved in 471 ml of water, and then added dropwise to a base solution
prepared from 205.9 ml of concentrated ammonium hydroxide in 411.93 ml of
water. The resulting precipitate was stirred and aged at 25°C overnight,
and then centrifuged for supernatant removal. After washing, drying, and
grinding, the precipitate was calcinated at 700°C in air for 3 hours. The resulting
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nv/s, a remarkably symmetrical signal was recorded as

expected for a surface36 confined one-el ectron redox
wayasem4exhi bi ti ng an i deal Nenstian behavi or : PATYRGEO#R00352

current is proportional to the potential scan rate,

t he peak-to-peak potentialgseparation is nuch |ess

than 59 nV, as observed in the case of diffusional

oo AN Fioh PR SRR, U sy Svera

tefEPUHUNdreEcei iariomdtbas. al |l of the ferrocenyl redox
centers are allowed to reach the el ectrod?@% fg::{gfm)d
pr ofQ26] o r eVBe PhepRhaiE LIy SAlLR SOWNIRR( (PEif7et) Was
orbBR R 1AL 02 M) SRR Lheue .12 1. The

PO:?QViﬁYI%Troobge oigedmvtdnnfgepegﬂk%as‘e ahe G@Kosolpm_rr%]arwere prepared
with e PR S : Glusqspost qglgss%l]lhh;gb@yﬁé f‘ce«%pa; WalA for at

le%ﬂ D4 PHsORS u%)(%ﬁs&&ikérﬁewa@ﬁ "red’fmtﬁ | RGSRiISES vsfa'térrﬁbtamed

reduced erroce noi eties. The rapid
frane Milipsre. Afldtioen chamicalstuseddt tha @resaré@xam werie of certified
r@ﬁ‘i a]:éna function of the redox polynmer the high
argficerdraCensi tivity (750nA/ M gl ucose) of the
bi ogetrs. [ POAARhyRARGErRIcH-BeRfarhie) t i VEPYESAA) S, redox

further éxanples were carried out to investigate the

pq@anergrvm@wrtﬂnesgzeft eagnordingnir sy dollowinge RERCFBIG D45 9
Pl S36p BTbIRGG 8y st £ Edgiatye gcono

(zfﬁﬁfts" ahanolExapairewaterXrrp i mtecnolwheazaitmm R OE0C il amquot of
nmbr ane whi ch i ncorporates g . persed di b Bst %1 H

0. b@lgﬁpw)ﬂﬂeﬂéfﬁ%@mrﬂ@maﬁqrﬂ' UHwep 0 the reaction

m&ﬁ.}rgaa?ffer 10, i rﬁﬂé&%f'o‘é‘&xgéen?tml% J‘rse mixjure was refluxed for 24 h

fvinylferrocene-co- ox pol yner
urlﬂe@ﬂtf@gemoﬁsfterammbhgguumeedm pa@me{rcmms [Eecipitategl, ip, acetone.

quﬁf[og%@‘us per S mcg%(y 9191 ke eU A@\E &?ﬁ&}.ﬁclﬁaWer and

pr@éﬁﬂm«din%rﬁﬁcetwhénva@armwu@ size ranging fromto 1000
nm were synthesized in house as follows. Al um num

nltrate(AI(NO)S 9HO 88.30 g) was dissolved in 471

Of added dropwi se to a base
“““ 0 of concentrated
amTt{ODilm]hydf@Hsjeuahbcdmp%lteﬂmefnbrane was screen-printed onto

carbon strip using an aqueous  slurry “ink” of PVFCcAA, GOX, a

poly(vinylpyridine-co-acrylic acid) (PVPAC) binder and alumina nanoparticles.
The aqueous slurry ink was prepared by mixing PVFcAA as prepared above,
GOX, poly(vinylpyridine-co-acrylic acid) (PVPAC) or poly(vinylpyridine-co-
acrylamo-sulfonic acid (PVPPAS) binder and alumina nanoparticles into water
according to the following range of concentrations: Glucose oxidase: 0.20-0.50
mg/ml, mediator: 10-20 mg/ml, nanoparticles: 30-100 mg/ml, PVPPAC or
PVPPAS Binder: 40-150 mg/ml. The slurry ink can be stored or immediately
used. When it is desired to coat a sensor electrode with a membrane layer, the
slurry ink is loaded into a deposition apparatus such as a screen printing
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water. The resulting precipitate was stirred and aged
at 25 C overnight, and then centrifuged for
waeapsionabant removal . After washing, drying, apdr/SG2004/000352
grinding, the precipitate was calcinated at 700 Cin
air for 3 hours. The resul3g ng37 ganma-al uni na
nanocrystals have a control |l able size range between
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cer a”aAyéér?sft‘Jr ﬂrh@d@ssemtﬁlealﬁﬁh a screen printed carbon
Pol yFferrocene-co-acryl am de) (PVFCAA; r edox

wquxhgm}ectmm anxhahae/hg&l. feengerjecisodend the prrgeny example,
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e na onpos te menbrane was screen- pri nt ed
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| GRS mBASISEERS ol ArRARAE 6! S o n

eXPRAifRItS @IHe@éWhe pHIeesevariddlalse :M HRDadd 500 M NaOH solutions

were used to adjust the pH of the PBS buffer. In amperometric experiments, the

working electrode was poised at 0.30 V (vs. Ag/AgCl ).

Results and Discussion

[00130] A typical cyclic voltammogram of the PVFCAA mediator in a
plain nanocomposite ink is shown in Figure 12. The electrode exhibited
classical features of a diffusion-controlled kinetically fast redox couple. The
peak current increased linearly with the square root of potential scan rate, and
the difference between the reduction and oxidation peak potential remained
unchanged at 59 mV for scan rates up to 200 mV/s, showing that charge
transfer from the mediator to the electrode is rapid. Spiking this ink with glucose
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ng/ M, nmediator: 10-20 ng/m, nanoparticles: 30-100
mg/ M, PVPPAC or PVPPAS Bi nder: 40-150 ng/m . The

W@ wsoy4dnk can be stored or i mmedi ately used.PO¥IBG2004/000352
is desired to coat a sensor electrode with a nmenbrane
| ayer, the slurry ink is Igaded into a deposition
apparatus such as a screen printing38 nmachi ne, and
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ane A sensor was assenbled with a screen
mqmtmgetmam ihdenzywekdoas rdleapprediabinaffactaliesgjectrochemistry of

ok S PRGReGEP 5 e B R 10RO 0 Bl armoun
of%ﬁudo‘é@ 82BNk %@l@@ahménnémm avi6dit cuvieht andet d!\mmlshed

I ectrochem cal neasurenents were carried oqut
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vo\;gs’t ot E{Y‘Q\’/@s ﬁﬁ%@ up e’[ﬂ)&ﬁ@s t@é ér%% or rre hg' Fiﬁe rédd bStential

of GR6 tABdiaftaSuchrdrnges OetréOIddlcaj?Iee enﬁ a ¢ymsals¢hemglcaﬂy a:oupled

screen-printed carbon workin ectro ,_amn dt & od b
9'%70@03@0@%K@'ﬁé@o%ﬂt@Wﬁ%dEh% @‘kﬁt@g@t escribed by

théﬂmﬁ;}@@ A@Sng\‘?@}‘én‘?ﬁd a platinumwire counter

electr e spreading of the printing ink
beyond the 2- mdiameter working area, a patterned

hydr ophobic film lied to the | ectrode.

GHFSO%Q‘/&%Ogr%%bﬁo%\g@?ﬁgﬁﬁﬁ@“gﬁgoﬁsssp@é%ﬁ ration

ty od d ink d

oK PRGBSO TSGR § Bee moasur ement o
Foves gcpeief @yned in the PBS solution. n experinments

where the pH was varied, .0 MHCl and .0 M NaCH
sol utions were used to adjust the pH of the PBS

ot a0 TP B BPl oo S SDIFADH, by e

gliresdd p@nelfailn@ltSthé membr[aﬁ@l(maﬂ 1} elggirarsd aryicansferred from the
vol t anmpbgr am nmedi

GEFBABp e Fak Siies dRBwd)+ Ane e eedundrrEs dhen tragstered
th?dﬂarpfh'éqgc"/Fc sites of the polymeric mediator to the electrode surface (Eq.

3). The oxidation of ferrocene moieties at the underlying carbon electrode
accounts for the enhanced anodic current seen in Figure 12b.

[00132] The rate constant k of the catalytic reaction between Fc
and GOX can be estimated from the voltammetric data obtained in the presence
of a large excess of glucose to ensure that the enzyme is completely reduced.
Under such circumstances, the reaction between GOX and Fc (Eq. 2) is
practically pseudo-first-order. As shown by Nicholson and Shain, and Liaudet
and co-workers, the limiting current, I, due to the mediated redox process
between Fc and GOX can be described as follows:

I, = NFACkc(2DrckCaox) 2 @)
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cl assical features of a diffusion-controlled
kinetically fast redox couple. The peak current
wo p@seased |inearly with the square root of poPE€NSG2I04/000352
scan rate, and the difference between the reduction
and oxi dati on peak potentig renai ned unchanged at 59
V for scan rates up to 200 nV/s, showi ng that charge
transfer fromthe nmediator to the electrode is rapid.
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an enhanced anodic current and a di m ni shed cathodic
combinirgt EQFi 4uard 1the) peakagurrenbnip, a8XRIEESIBR dbliNgay sweep

T O T

medi ator. Such changes are indicative of a typical
chem cally coupl ed el ectrode prqgg

(el ectrocatal ysis). Thép sl(@kPeerat 2[8051%46:,3(E§W35Q1/2] ®)
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fmﬁggtd Q?V‘é’é‘cﬁfé r?ﬁéf d2ar8 e Shtimfed ARt dhth lobtdinedidtasiow scan

el ectrons are then transferred
ratelr odgh mWe, iRcsoliionsi cardaining B.S07oM) her6Q Mid @luaase ang 0-30

o G508 Sieh o fou S bifloesly anal PAPCARTR IR medigtes the

oxafitieoH N6t GOX ahe is i exediiantodictiator fentcosipling ithe enzymatic
Figure 12b. [00132] The rate constant k of the

oxistetianyafigueasic o i elesirage purtacan d hedrie sengant-abiaigdl this
wdrkOR %@iﬁ&lﬁﬂg”@bér‘ Ghdt foRBt BF NGfet NelidBeRé Ca8MERIVRIGOX
a | arge’ excess of gl ucose to ensure that the enzyne is
systems ajfreVipusigdvepmited. A possible cause could be the presence of
cationic acrylamide units in the redox polymer at pH 7.4, which brings the Fc
moieties to a much closer proximity of the redox centers of GOX via

electrostatic interaction since GOX is anionic at this pH.

Example 7: Amperometric response of a glucose biosensor using

diffusional poly(vinylferrocene-co-acrylamide) mediator and glucose

oxidase co-dispersed in a nanoparticulate membrane

[00133] A sensor was assembled with a screen printed carbon
working electrode and a Ag/AgCL. reference electrode in the present example,
using a slurry ink as prepared in Example 5. A typical amperometric response of
glucose in an air-saturated PBS buffer at the biosensor is shown in Figure 13a.
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Under such circunstances, the reaction between GOX and

Fc (Eq. 2) is practically pseudo-first-order. As shown
whyoosioezed son and Shain, and Li audet and co- woP&ES62004/000352

the limting current, , due to the nedi ated redox

process o bet ween Fc and GOBX can be described as
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'nst ant since the electrode process of Fc/Fc couple

S §00F34] coniy oblded &y ebtaiusd watnsfamonyatperﬁﬂmhaet of the
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blmowhaufﬁeaulatloelqﬁ\xhe ARAOEAMPSSIte: Nk wagpRiMizRd. Since the
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OCReR ra e cons ant suggests t
thef fiediatmt Imustelod atigh theughxitdahaes afhighXsansitivity and linear
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reGaa dretpery ik Gaiattls HORAILeyaRt S falesserpanGegrgtion.

Ol?l%ﬂﬁl%? tthfréé df” {ﬁéﬂléte&’o lucbSe Sb@Rkfibs 2RIl Yod anedr and
an those o errocen derivative- C%O)Et%?/sterrs

dqmeedemusm Jhe ap‘munt:df meqxaies Inbihe membsageuingtans efibe glucose

o3RI WA S VAR bl AL 50 s s

foffHGIhp@:’p%@ Bnd R optifnal aéndermrau@dcnf GOXtwas f@fncﬁ@o szo ang/ml,
electrostatic interaction since GOX is anionic at t

talgng imoa epneideratinnpel baibk perSERBAC DIBFERSY| eRAEY QFlgureS
14@0@@ ?% o‘?éef fp‘b?érﬂl&?' p(?csced tq. affect the amperometric

err cene co- acry ator and
regpongsEsef the biosensor; it was therefore examined in the range of 0.0 t0 0.70

9
X

V. As illustrated in Figure 13c, the current sensitivity increased with increasing
poise potential and reached a plateau at 0.30 V. A slight decrease in sensitivity
was observed when the poise potential became more positive than 0.50 V,
presumably due to an increased background current. Moreover, too high a
poise potential compromises the accuracy of glucose measurements owing to
complications from both the much increased background current and possible
direct oxidation of a number of electroactive species at the underlying electrode.
For amperometric measurements of glucose, the potential of the biosensor was
therefore poised at 0.30 V.

[00135] The dependence of the catalytic oxidation current of
glucose on the thickness of the nanoparticulate membrane was also
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oxi dase co-di spersed in a nanoparticul ate nenbrane
[ 00133] A sensor was assenbled with a screen printed
w@ 20050804001 ki Nng el ectrode and a Ag/ AgCL r ef er ePCESG2004/000352
el ectrode in the present exanple, using a slurry ink
as prepared in Exanple 5. g typical anperonetric
response of glucose in an air-saturated PBS buffer at
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bl osensor; 1I't was therefore exam ned in the ran
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species in blood such as cells and proteins. When this formulation was used to
print the nanoparticulate membrane, the PVPAC binder serves a dual function
in the sensing membrane: binding and analyte regulating. On rehydration, the
membrane does not break up, but swells to form a gelled layer on the screen-
printed carbon surface. Reactants, such as glucose and mediators move freely
within this layer, whereas interfering species, such as red blood cells containing
oxygenated hemoglobin are exciuded. Anionic ascorbic acid and uric acid are
expelled by the anionic PVAC polymer, and the partition of dissolved oxygen
into the nanoparticulate membrane is largely minimized owing to the highly

hydrophilic nature of this layer. This resulted in a sensing membrane whereby
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presumably due to an increased background current.

Mor eover, too high a poise potential conprom ses the
wa@ewanaays of gl ucose nmeasurenments owing to PCT/SG2004/000352

conplications fromboth the much increased background

current and possible direag oxidation of a nunber of

el ectroactive species at the underlying el ectrode. For
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ce. 'Thus anoparticula
hydrophilic, which improved the glucose/oxygen permeability ratio and

optimized the accuracy and linearity of the biosensor response. The two
amperometric graphs for 200 mg/dl glucose solutions bubbled with nitrogen
(Figure 15a) and oxygen (Figure 15b) overlaid nicely with a difference of less
than 5% in peak current, showing that the biosensor was rather insensitive to
the oxygen content in the samples.

Example 8: Analysis of characteristics of a glucose biosensor using a

diffusional poly(vinyiferrocene-co-acrylamide) mediator and glucose

oxidase co-dispersed in a nanoparticulate membrane

[00138] A sensor was assembled with a screen printed carbon
working electrode and a Ag/AgCL reference electrode in the present example,
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gi'ven gl ucose concentration varied by |ess than
sesonds @fe’iheaaﬂ‘iéﬂmmﬁiﬂ?tte{S@ngEhQ)fprﬂ@S'QO%Vé\ﬁdeﬁtﬂmﬂ%’ from two

sofbE 2504 eyl dMegraelisar 6 ek Sobold ke Setons.
Th@o nelativelegthadard deviationaswates at. o%semvie@ 6% V\mspecﬂn!eimd The
npl es. _Furthernore, the nanogartl c

deﬁc‘é@enh@a éast"aazﬁdﬂfr@m @gmnaesm €| gipadaidy it r%egf%'easefetf%eﬂﬂve
mﬁ&ﬂéﬁw‘eﬁ%’“&#%’ qu! BRicES oz)‘i ﬁm%halt@hsgw@%@né% be
at i neti

the's s~not control
1.8 hﬂg,(eihywb)dhersdhmnged Hay lthe erzhargmgacwremir oflighet biesemsdrr dlore

o P S bk LRG8S 5Y GRE P8R0 20

0.9y @enhaf spafestt %n?l@n%ﬁjn"{é tamBhgéthall gtHee @iﬁaosable glucose
bi osensor because gl ucose oxi dation by di ssol ved

biesengers available en markahddessipbilily tests yerecastie@put at different

L L
sehE’MPity{) rore firsthis@edayshet stokege es pooms cemperdtugl dosti 0% of its

t he absence of oxygen than that vv| h d|s ol ved oxyg
iniigl seRpityityc aker @9%%@%8@%5‘5@33" 805 gq%egf %S initial

sez'@ﬁgg{; /()aﬁ‘tbP o) ‘?‘hlb Myt W@e‘?h%ﬁzﬁgg?@dﬁé %% Ltiﬁéa Y oﬁ&‘fiﬁﬁ’é Bctivity

I'n peak current. ere was a need
in stingp héssensbe Ehggpnmpose@rfrmtmrtewasl SUtE:esgmilgnapphed to the

dq?%w,géﬁﬁpgwgmg’eaﬁw blc&chﬁdab?c‘éﬁ”ate bi osensor .

Table 2. Results of blood sugar analysis (average of 10 tests)

Sample Glucose Reference Value Recovery (%)
(mg/dl) (mg/dl) * (+ 50 mg/dl glucose)

Whole Blood 1 80 84 96.3
(Healthy person)

Whole Blood 2 110 115 99.2
(Healthy person)




units into the hydrophobic PVP resulted in a marked
i nprovenent of the biosensor performance. The

WO e@slosi4pg nanoparti cul ate nmenbrane was hi ghl yPCT/SG2004/000352

hydr ophi lic, which inproved the gl ucose/oxygen
permeability ratio and opt4%n zed t he accuracy and
l'inearity of the biosensor response. The two

w@[gﬁegatg”l q graphgs or 00 nog/ d«gogl ucose [solut1 ongqq

bled wth nitrogen (Filgure 5a) and oxyden (Figure

(Healhy persom)aild nicely with a di fference of |l ess than 5%

H—REeak—cdurrHent—shownrg—that—thp-btesensar was—rﬂsgeg———
WheleBlopdid e |t o the18<§xygen contenf_"qn the s :

anpl es.
Ebpdgéiﬂ% 8: Analysis of characteristics of |a glucose
I osensor usjing a diffusijonal

IVaVNaYalal falalaY o0 f‘ll (el aVa¥d

nmt}ént) nyl f errocene-co-acryl am de) nediatqgr and

H |
HCtH O.I.C

o 1 A s~
9 O O7KT T T COUO__UT O T o\.,u LILILI |a1|up
W'f@ﬁﬁiaﬂéﬁomsm AB8ensor| was as led wilth a scr&n!

/
reference ellectrode in the present exanpl g, 44 using a
spaﬁewbink s prepared in[ Exanple 5. The sensitivity

NS 7 n/\/ m11 r“ 'Fnr +|nr\ n PN | f Ay

Rbidbetie car i;lon wor ki ng ellectrode and a Ag/|AgCL
I
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* GRBER b s sl S MBa i, 255, 10, 907 10

progom:v, gpnal et P@simisumeme@owat Imigopd HgrdemdifOwith the
covering the entire MSI ol ogi cal |y rel evant

retﬂre@@e yvales pblained wiih: ar ye) @ij?'ng§ub|p@ﬁt%ugﬁﬁt%ﬂ&|)§%?r (YSI

BBt b0 5 SUBERE Sl BFoREe oo

Fi gy0o146)p) , X maridisngf akvater-saluble medrpcbros@-hnkable ferrocenyl
possibilities wthin the first 20 Eds of
regfp Bobiraersi kavesean pioRargd dyi Spe @q'%twm?%ﬂon of

V'%f/éél y Ssanﬂfacﬁ'@faﬁﬁ(ﬁ’@bhﬁ' edéi‘ﬁéﬁip‘é@“‘ﬁ'ﬂé ?esQﬁtirbereﬂ%Si ptifners

gl ucose utions he rel ative standard
prddud:ed iaotwicﬂeruatmym/comdatien aurrendsioe glusasey in e presence of

ai% 1B Sipesmertal Bepah e IRt L6E bOGrif dPifea teir

fasl éi@@ﬁ@n li%@fer%bb@mbs Gs@ﬂdt'hb' QU retgined Ciwiébtémb%icﬂiv@ after
whi [Tmted by the charging current of the

ng/ d
thay megatrodmcblri RB&: (Thet ledoxtpRYINEED Aa¥REABINGPI ARIDOXYliC

adq(;fraﬁqu‘i%&a%r arﬁep ilﬂgl ?%%@?%p%’%ﬁo@tme% 0 15 %é@e%ée}ﬁiye@rbé?hnked
wigh memsblsusﬁmmm@ ba@lafntibodmr aed anTgenst Blectrottyemical
tetst%chfsth\éeérgssc-ﬁi[nzede ged%l;(t poaiit/mgir i‘iirr?sr %pngwed excellent catalytic activity
towards the oxidation of substrate in solution, high sensitivity, good
reproducibility and stability, thus indicating that it is suitable to be used as
sensing membrane in biosensors.

[00141] In separate experiments, it was also shown that glucose
oxidase and PVFcAA can be readily and homogeneously dispersed into the
nanoparticulate alumina together with the hydrophilic PVPAA binder, and the
resulting membrane produced a typical catalytic oxidation current for glucose.
The experimental results showed that the mediator retained its fast electron
transfer properties and the GOX retained its catalytic activity after they were

screen-printed onto the carbon electrode. they also demonstrated that this




tenperatures. t was shown that the biosensor

mai ntai ned 00% of its initial sensitivity for the
w0 peosv4@ogdays of storage at room tenperature, POFSGHNODH00352

its initial sensitivity after 60 m n exposure at 50 C

and about 50%of its initig sensitivity after 60 mn

at 60 C. This may be due to the |loss of enzyne

r

icREheY. ol Bk GR 2 gl BB S Pl win
blood \Bhtﬂpde Nohmde(ﬁﬁldse liRle. asablz0 qul. Rgsuluse of mreeld-prlntmg

ar anahég average of tests) Sanple 4 uﬁff
%ﬁ@n‘@é @ler@anee&f bg b(%enmgﬁaﬁsﬂe(sr@san gnd Iqu-cepl mass

g
%%403*3% THRST BlashSa” oM BRI oS Pai el eYgiopyent o
miviablre gilcose tﬁowl'soﬂs')ﬁf Mgl cemindércigdenkms) Whol e Bl ood 4
5 9 98.5 (Diabetic patient) Wiole Blood 5 155 158 97.1
(Diabetic patient) * Obtained with the YSI bl ood sugar
anal yzer. [00139] The results obtained were in good
agreenent with the reference val ues obtained with a
yel | ow springs bl ood sugar analyzer (YSI Mdel 2300).
The recoveries obtained were al so good enough for
practical use. [00140] A series of water-soluble and
cross-linkable ferrocenyl redox polyners have been
prepared by conventional radical polynerization of
vinyl ferrocene and acrylam de and its derivatives. The
resulting redox polyners produced a typical catalytic
oxi dation current for glucose in the presence of
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AOx. The experinmental results showed that the redox
polyners retained their fast electron transfer

w@e@pesipes and the GOx retained its catal yti CPESG2I04/900352

after they were introduced in PBS. The redox polymners
havi ng am ne or carboxylia7cid noiety as one of the
side chains allow themto be conveniently cross-1inked

t; such as enzynes and anti bodi es and
wﬂ‘ét i8 dthi é’dE{kzct

ant| gens. rochem cal tests of the cross-Ilinked
redox polymer filnms showed excel |l ent cat al yti c

act|V|ty towards the oxidation of substr i n
sol utiton® $RNFPF JehSieterining @'@oerersgﬂf:%(ﬁl PBi #73lyteyjiya test

stabi li tgamh'é%ah%rr%a’; b&gPp,g‘@? is suitable to be

used a s sin rane osensors. [00141] n
separat e emeanummsulate mmbmrmocempmwgmangpamtiolm of at

id d PVFCAA. . di | d.h
i sper Gast oh dorar Aot AT Gleme e Inrg ranatD A 1A
with tia hydr mhiiBi g1 WXB,bVBI#IB, one bh@/mBSdf' theMBeriodic
menbr ane produced a typical catal yt| c oxi dation

cur renfabler ajidiovhereinTian «xidoredeciase pegupns elgubpshemical

or oper tiEeh b Bl RE ety A BB BMeS e

after they were screen-printed onto the carbon
el ectrode they al so denonstrated that this46 biosensor

has2godBe s¥anspt iageeidingdoseiim 1+ wheseinp g exidpgaductase is
moni to§él@%ﬁé" E&;rgagﬂ ggd;he;ggl{asgkﬁuﬁg Sf"BIfe sésoilaééé . “hyidrogen

0.20 m rint ni ques
f abri cpéroidasé, hoesdradisknsenoxieiase) etantirmsg mn«iiaé»egvehnjes;terol

ot oni SPREATr PYIPEPS FUATO0BNEsH n[EIPC g RYGgenass, Glucose
bi °Se”§9ﬁ)§1r8§)eﬂ§&h NADPEHEhPdrodehates - $rc¥bmk bRidase, lactate

cl ai me sénsor for determ ni'ng the presence of
an anabyitiase,nalgohels lebydiogenasai bydrenybutysaiapdelydiggenase,

A T oaaboBitL”; ReRaoRREsf oo bl ol BREAHbERS g melate

from Gye rb@eﬂd(ée M dalatidte | Behyﬁogéwﬁsel VABala¥®, oxidase,
VIB, VIIBor VIIIBof the Periodic Table, and wherein

an oxi GelasiosexidasgnraRthing dehvdsearAsearlicahdl 0xidare Lholine
di ffuspRb¥sdl! SRERIRE ' Sidasd NGHUIRE' t d&HYRbReMEEE" Hifuvate

dehydrogenase, pyruvate oxidase, oxalate oxidase, bilirubin oxidase,

glutamate dehydrogenase, glutamate oxidase, amine oxidase,
NADPH oxidase, urate oxidase, cytochrome C oxidase, and actechol
oxidase.

3. The sensor of claim 1, wherein the electrochemical activator is a
polymeric redox mediator capable of transferring electrons between
the analyte and an electrode present in the sensor.

4. The sensor according to Claim 3, wherein the oxidoreductase is
covalently linked to the polymeric redox mediator by cross-linkages.
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2. The sensor according to Caim1, wherein the
oxi doreductase is selected fromthe group consisting

w@booghuaoese oxi dase, hydrogen peroxi dase, hor SECHSGHIN4/000352

per oxi dase, xanthi ne oxi dase, chol esterol oxidase,
hydr ogen hydrogenase, | act4gge dehydrogenase, gl ucose
dehydrogenase NADH dehydr ogenase, sarcosi ne oxi dase,

| ac oxy g;&)gﬂgéﬁa%cﬂﬁ ﬁg% & c|ir QABIKIR the eler glament selected from

hyd ogenase, yCcero nase,

sorbi t @rommdlm,gmmsw\ iy 143 e|l|®$hyABogéBxa$l3 VIIB or VIIIB of
gal act ose dehydrogenase, nal ate oxi dase al act

oxi dasthe xReiddic e Taigy ds osRIRESS, fEﬁrﬂoﬁ'?ﬂ’ 858%3@”5'3“'"9 of
chol i ng Whﬂﬁ?%ﬂlcﬁﬁnﬁ{ggﬂgs@m 3§ Sincchol i ne

dehydr ohenase Y ydrogenase pyruvat e
oxi dase, oxalate oxi dase, bilirubin oxidase, glutamte

dehydr ggenase, gl utanate o ase, am ne oxi dase, NADPH
Ol TRE Saror Saiteidny 1o KR ohre MRS g tich Hickpeds of' the
act echiloriio8engds frofie25PRes0 . Cl ai m 1, wherein

the el ectrochemc activator is apolyrrerlc r edox
nmedi at or capabl e of transf erring el ectrons between the

analyte,and an el ectr re L. T

sen or%gecgfeaﬁﬂb EoH! &Weréel \,ﬂﬁ{gﬁ{”sﬂe size 6. the
oxi dor ﬁdHééé’fﬁ@lee$aﬁg7é/safr6mt10/nﬂnltak‘ISeri0 the polymeric
redox mediator by cross-linkages.48 5. The sensor

accord| ng to daim, vvherel n the el enent selected from

Groyp Infte Sk Mbcoldhy P 1! MherbWifhe Yiembldho further

abl'e 1S selected

t he gr eompeiess agidlyrgené bﬁnldem nium silicon, magnesium
and zinc. 6. The sensor according to Claim1, wherein

the thickness of the nmenbrane ranges from 250 to 500 m

7.9, TR eS&IRBF a@&{iﬂ'ﬁﬁbr Rgdaﬁmcé aw!/vﬁeﬁaln Wﬁ@rp?ilyfmeh? bﬁioVe@ is a
0 £1¢l es

the nanopar anges fromn
sensor pmwmerdmmgopojyrﬁba|cnmpr|suugemn|®mereum’@nﬁelan@d from the

furt hergrggpnpédnséls ing %? %mylr p?yr%'lnnedevmyl imidazole, acrylamide,

acrylonitrile, and acrylhydrazide and acrylic acid.
10. The sensor according to Claim 1, further comprising:

a chamber for holding the test sample, said chamber being bounded
at least between a working area on a working electrode and a
working area on a reference electrode,

wherein the oxidoreductase and the electrochemical
activator is coated on the working area of the working electrode.

11.The sensor according to Claim 10, wherein the working electrode
comprises a material selected from the group consisting of gold,
carbon, platinum, ruthenium dioxide, palladium, and conductive

epoxies.
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9. The sensor according to Claim8, wherein the
pol yneric binder is a polynmer or copol yner conprising

wOorRwseouni t s sel ected fromthe group consi stP@yS©1004/000352

vinyl pyridine, vinyl imdazole, acrylam de,
acrylonitrile, and acryl hy® azi de and acrylic acid.
10. The sensor according to Caim, further

co i ahNQg: er, ' t i | ey
MRpi AhNY J@%ﬁﬁgb ndrPéorflcHiveg H@ué;ﬁbﬁlcxﬂé‘!@ membrane

sai d chanbe bounded at | east between a working
ar ea @ongpriging i napophdiclesodd ahdeastvonki inprgaeie oxide of an

f t [ t '
{he_elaeneBLarredron crodpap '8 BiAIYA 3 bRMEE N, va.
ar ea ofigt he/|or i ngjliel egit ripde.Periodi® TABROT aRECONérRe an
to Caim10, wherein the working el ectrode conprises a

mat er iGdidaretlecinsel Enaymehangt oap cigaitoshemicalf apdivator are

o o A B PO

non- conducti ve, nanoparticul ate nenbrane conpri si ng
nanoparticles of at |east one inorganic oxide of an

el ed8nf hgdne@bene elovipiy dap whereigphe alpctroafigmice) agjyator is
| HB, 1V . Walall

151 2y b Rt B g ket

el ectrochem cal activator are diffusibly dispersed in

sai noparticul ate penbrane. 13, The nenbr.ane .qf

c1 i1 35 MArae Of e 8, WSERBrine SIomEr Shlpgid o Group
pol ymani qiA efiax (gRrdiBt AB, ¢aBap/ABOvE, NI ¢NBI HOVIIIB of the
el ectrons. '14. The henbrane of claim 12, wherein the

el enereringlie diable is seleGrasL from thelgroupigonsigting| &, alminium,
IUB, IVAB, VB, VIB VIIB. or VIIIB of the Periodic

Tabl e %'?dé‘eﬂbd&"&&'“m B'HS’FH‘&-gr oup consisting of

al um nium silicon, magnesium and zinc. 15. The
menbrane of claim 12, wherein the thickness of the

nmentPafberraagbeante ehelaib 12o Wwmyein theitbickmass g g Hpmbrane
of cl a\jaﬁbes%ﬁ{%@tc}gﬁoﬁhfe of the nanoparticles

16. The membrane of claim 12, wherein the size of the nanopatrticles

ranges from 10 nm to 1 ym.

17.The membrane of claim 12, wherein the membrane further comprises

a polymeric binder.

18.The sensor according to Claim 17, wherein the polymeric binder is a
polymer or copolymer comprising monomer units selected from the
group consisting of vinyl pyridine, vinyl imidazole, acrylamide,
acrylonitrile, and acrylhydrazide and acrylic acid.

19. A process for producing a non-conductive, nanoparticulate
membrane, said process comprising



10

15

20

25

30

ranges from10 n to 1 nm 17. The nenbrane of claim
12, wherein the nenbrane further conprises a polyneric

whrowdes0404 The sensor according to Caim1l7, WhET/8G1004/000352

the polyneric binder is a polymer or copolyner
conpri sing nonomer units s®&bected fromthe group
consi sting of vinyl pyridine, vinyl imdazole,

acryl am de'rg&‘i}%! OJK' t reilécﬁrocﬂ FiGE" Vidau azhél@afd with an

acrylic acid. process or produci ng a
non- comddnn’etjuetaseamdpmnbpamcmseofrmmuoaymlcmidﬁ pfr acelesent

w th dronsemypdi T B8 T A AMe! Riad "R B VS B vins

i norg I I MA,
| VA ?%“tﬁa%’@fﬁﬁg’f R Rl Pt o e

Peri odi c Tadpplying samimarmcnmm@tiawdsom’@ a AUbstmig.
appl yi ng sai d nanoconposite ink onto a substrate. 20.
The process of claim 19, wherein said nanoconposite

| NK 20STRE Pro&ssosicaifi 19, bereif saitPhanotdragosies iri i3 applied
21. The process of claim20, wherein said

nanocoagresding to akpredetgppinesdPatieracr een- pri nt i ng.

22. The process according to claim 19, wherein the

m xing further conprises m xing a polyneric binder

i nt @1t Tiee ProcEERpiosiaive 20nwheSn shite npnocemposite dridisngpplied
to claim19, wherein the concentration of the

el ect r ¥ REFEHRINERG vat or in the nanoconposite ink is
about 15 ng/m . 24. The process according to claim 19,
wherein the concentration of enzyne in the
nantﬂaﬂfpesprcoe:eismkackcmrcﬁbguto ml@immvgﬂ wheeein Atheatraixing further

compr | SoRG e B A nchETes BBt e RhodRGEBA i,

second nonomer unit conprising an acrylic acid
derivative having a primary acid or base functional
gr o@3. thpgwpeessf aceoidingita ¢laim @9, wherein the concentratlon of the

electrochemical activator in the nanocomposite ink is about 15 mg/ml.

24.The process according to claim 19, wherein the concentration of

enzyme in the nanocomposite ink is about 0.2 mg/ml.

25. A water soluble redox polymer comprising:
a first monomer unit comprising a polymerisable ferrocene derivative;
and
a second monomer unit comprising an acrylic acid derivative having
a primary acid or base functional group capable of acquiring a net
charge.

26. The redox polymer of claim 25, wherein the second monomer unit
comprises an acrylic acid derivative having an terminal primary acid
or base functional group capable of acquiring a net charge.
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charge. 26. The redox polynmer of claim?25, wherein the
second nononer unit conprises an acrylic acid

waernswaudve having an terminal primary acid orPQES@2004/000352

functional group capable of acquiring a net charge.51
27. The redox polyner of ckmim 25, wherein the acrylic
acid derivative is represented by the general fornula

ConZr et aaeaDYRBIEAGY JF deim®, S R Bt Rarvative s
NH C HrepBesetedibyripe gehbml tdrinpla (hai n can be
optionally substituted, and wherein n is an integer
fromQo 12. 28. The redmH,pol yner of claim 25,
wherein the pol yneri sabl ¢} ferrocene derivative is

sel ected fromthe group nsi sting of vinyl-ferrocene,
acetyl ene-ferrocene, styr@he-ferrocene and ethyl ene
oxi def errocene. 29. The erox pol ymer of claim 28,
wherein the ferrocene derdvatjve is vinyl ferrocene.
30. The redox polynmer of [Caim25, wherein the

nol ecul ar wei ght of the rledox polyner is between about
000 and 5000 Daltons. 3 RThe redox pol ynmer of C aim
25, wherein the ferrocene |loading in the redox pol yner
IS between about 3% and 14% 32. A process for
preparing a water sol uble, redox polyner, said process
conpri sing: 52 polynerising a first nopnonme

conpr i ¥h&EEIA i selested émnétf\eegrpb'eé}%'saféﬂg\rpjﬁ%n-man CaHon-

Seconddmmfmm@iﬁgﬂ-%gw iaﬂpngm@nﬁgnr Y&§bgHaGk#krein the alkyl

derivative havin acid o ase functional group

capabl ehaifh carbé optignallyrsibstihded,eandiivieedin rsisi ah integer from
pol ynmer.i za_ltzi on is carried out in an aqueous al coholic

hed! unP 10 12

28. The redox polymer of claim 25, wherein the polymerisable ferrocene
derivative is selecied from the group consisting of vinyl-ferrocene,
acetylene-ferrocene, styrene-ferrocene and ethylene oxide-
ferrocene.

29. The redox polymer of claim 28, wherein the ferrocene derivative is
vinyl ferrocene.

30. The redox polymer of Claim 25, wherein the molecular weight of the
redox polymer is between about 1000 and 5000 Daltons.

31. The redox polymer of Claim 25, wherein the ferrocene loading in the
redox polymer is between about 3% and 14%.

32. A process for preparing a water soluble, redox polymer, said process
comprising:
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33. The process according to Claim 32, wherein the
aqueous al coholic nedi um conprises ethanol and water

WO poog/ovabaunetric rati o of between about 2:1 anpCBS¢2004/000352

34. The process according to Claim 32, wherein the

pol ynerization is initiateg® by adding a free radical
initiator. 35. The process according to Caim 34,

wher ei firee or agli i iggt gd isabl
the. ornenshBc el Hhet Fatdhor WAL Samprufg! L 5chibrisavle
per sul felratenardersative nwitie ras ideicand . nddonEreupit coweprising an
according.to aim 34 erein the ight ratio of free

r adi caCYHR ﬁcﬁ d#erg(éa‘é%l i@'%t%@?ﬁb&u@%@ B"Q“gloﬁ!é[ giroup
per 1 QM iof MR t JikrgB! MHRISINAS&RT FbIYtherRation is
aaim Sf,% wher ei n gﬁgyﬁer?zati gn i's carnri ed %%? under

r ef | uxcastied outinpan agqueeusxdichholicssadilpaut 60 Cto 0 C

38. The process according to Claim 33, wherein

pol ymerization is carried out in an inert gas

at ma3 PR Prockss db@raingaesSiarf 3y, dviRgreir? iHd ahiedds alcoholic
wherein polynerization’is carri ed out for about 24
hour s. medim qomapfises: cban@lcandi wgten i ai Mplgmetric ratio of
furthe risd ng. LIlg a prereaction mxture prior

to polé‘?‘}é’%ggidr@uggﬂd%%gf and second nononers,
conprising: dissolving the acrylic acid derivative
nmononer_ unit in an aqueous al coholic nedi um t@en L
addBhg ThAPrPERSS REEPIGHNT th(Haigt of, WiRIetmBle RalymRyizaten Is
pol ymeg.i i LMe monomer unit to

form t'ﬁiet%gér&e-s},fgggtﬁ@%ﬂ%ex d?%l%aﬁfor'rhe process

according to Caim40, wherein the feeding ratio of

acryligc acid derivative t 0l risable ferrocene . ..
dor BouT 08 Brosrss sy g 4a BGR S rrein et Efil imtator
about i3 %RBdBfimt e Yo lcoisisIPBO TR amAf?ium persulfate,

potassium persulphate and sodium persulfate.

36. The process according to Claim 34 wherein the weight ratio of free
radical initiator added is between about 20 mg to 40 mg per 1 gram
of monomer.

37. The process according to Claim 32, wherein polymerization is carried
out under reflux at a temperature of between about 60 °C to 80 °C.

38. The process according to Claim 33, wherein polymerization is carried
out in an inert gas atmosphere.

39. The process according to Claim 32, wherein polymerization is carried
out for about 24 hours.
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42. The process according to Caim40, wherein the
pol yneri sabl e ferrocene derivative nononer unit is

wale@sokosed i n an aqueous al coholic nedi um pri oPCT/8G2004/000352

bei ng added. 43. The process according to C aim 40,
further conprising precipig@ating the redox nmediator in
an organi c solvent. 44. The process according to Claim

40, A¥heRE by S(%eréﬁ ga%g@%g}‘}rgtecfﬁ\a‘fﬁrﬁz 'fg?(rtk?&rJ &%g@s EQ‘PSPnﬁl apre-

group con and ket one
accordrea@tlbn eligiure lprizhetoei polyrnerisngs @aid sfifsbr and second

determ nati on of gl ucose concentration.
monomers, comprising:
dissolving the acrylic acid derivative monomer unit in an aqueous
alcoholic medium, then
adding the free radical initiator, and then
adding the polymerisable ferrocene derivative monomer unit to form

the pre-reaction mixture.

41. The process according to Claim 40, wherein the feeding ratio of
acrylic acid derivative to polymerisable ferrocene derivative in the
pre-reaction mixture is between about 5 % and 15 % of the weight of
monomer added.

42. The process according to Claim 40, wherein the polymerisable
ferrocene derivative monomer unit is dissolved in an aqueous
alcoholic medium prior to being added.

43. The process according to Claim 40, further comprising precipitating
the redox mediator in an organic solvent.

44. The process according to Claim 40, wherein the organic solvent is
selected from the group consisting of an ether and ketone.

45. The senor according to claim -1, wherein the sensor is for
determination of glucose concentration.



