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Bl OSENSOR [ 0001] The present invention relates to
sensors, in particular sensors for determning the
presence of analytes in a test sarrpl e
also relates to nanopartiful a

invention further relates to vvater- sol ub ﬁ“‘ m’ "m"””m
pol yners and processem ring the
BACKGROUND OF THE | NVI F% In recent yeaes,
pgl ymeric Imat erials have gai ned w despread
theoretical interest ctjcal use in ny,_fields
i e[ooaglsmﬁyprem ienton Blelss to Ssnsiis, rhAfelal FsRts for
9 t
et f :
dety Tt ey BRzeontRob!, GrENEES A 188, KARiChe, The,invention aiso
reldbe® ¢ rmapogartumhlatee membdanssL ﬁ'@epmlwgnbm further wlates to water-
uni que function as an interface rt_sensors
Soluble e ANTIER ARG PERGHSSPS f UPEHaY g PANTIEFio. Knowr
conducting polyners, such as conically conducting
polymers, charge transfer polynmers and conjugated
conducti ng pdBACKGROUNDOPTHEINENTIONy far nost
wi dely used in biosensing applications. [0003]
QG ucose sensi ng, an area in biosensing which has been

U”ﬁﬁb&é’]‘é 6] %ééi%” dlfi'ﬁ gfate'i‘la@% YAamed. widespread

enzymati c oxi dati on
theofetlghu imerest andl prawiical asedlnbmagllyuﬁelds i Harsanys Materials

oI PAYSe HoLdbo et bt SO NROT e BB Bkimgrs in

parﬁ&ﬂﬁf MR’ 16Ul URRP&Eadihg S8 Oirs -the0@RM oM bidseritig)r where

enzymati c reacti on, co- enzymne flavin adeni ne

cortiucting eolymarss (Trowidei 3 upiqus Bnction asARisteriaeehetveen smart

seriars i THRARTh VD EE of GoRBRS ot Ay eif rtygting

polyrﬁhefsh *0ch eduenidally cbR@dctinthpslymers,i chavgedenister poigmers and
reducti on enabl es FAD to .act an el ectron &ce tor
conigrted sendu@iInggPQlYHeEs. 1870y PabETs aleity e m ely used in
: within the working potential w ndow
blosé éap@ﬂa'tlﬁﬁso V, either the increase in H202
confoans]Glucose osensingdean casea i in Obiogengiegt Miticknhag been

oSl BT bt U, BB SR o o
enyHfatie ’Gﬁtﬁjﬁmagl?lﬁzgég@@ gludnitPatid moglicost oxitiasedarsguired.

The electron medlatlng 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
dinucieotide (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 Hz0,. 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 1.0V, either the
increase in H,O» concentration or the decrease in Oz concentration is being
measured to quantify the glucose concentration.
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pressure of atnospheric 02 affects anperonetric

response, and secondly, the quantitative neasurenent

of 02 at high glucose concentration is difficult

because 02 is used up as the sensing proceeds. The
detection of H202 by its oXidation at a platinum

el ectrode requires a working potential of 0.5 to 0.6 V
(vs.[000G) Howeyer, artbet lacsuiacys utf) emeagutements ettiasednars  the

bl aod h
s et (71 ELQe et i AlnerBoised AekaisE: Mslite (e cparta
pressurérUfSatmus@néh@Ioz &ﬁ&@éﬁ ;Béréh{éiﬁ\ff}‘&ﬁonkaeand secondly, the

above-nmenti oned probl ens as ifated wt | ucose
queptiativei ﬁ@pasucemanm @f 002 oat Higiz, gluedse - @mtoemtratlon is difficult

oeREERE I & VPR R e SRRl Prefestls: aberdstectatpbHe0s by s

oxiM@ﬁ]at/é ﬁléﬁﬁ@lﬁséléétrd&dﬁeﬁh%s %h\%lhﬂg? bBtentiaNGf (PE% 0.6 V (vs.

neet three requirenments: (1) fast ectron-exc

Ag/Agewiand thusyisesubjecteteiot interdererees oft electromctive tapmies in
bléﬂedd sglﬁp ULl ngg@;%?cf ﬁ!g‘i )upE Hﬁf"’?\"abgb# glgﬁ@o emtcally active at

teritills were extensively investigated, nanely,
tran3|t| on netal conpl exes and ferrocenyl materi al s.

I n [0RQGIhTO yeipumvend the gatmmmmlenedcmlﬁms] eissociated with

ofiosgchioBRafie HEoRN.08 oro ke BrRER R G baYE oo

présoseeix agPhaifick| slbSttdrP EReE td?QnﬁOlpﬁ%’e m\/@(y@@ﬁnméf@ﬂ:les for
as redox indicators in nolecular recognition P.E

Wston, et at, J. Chem Soc., Dalton. Trans (1999)

25 1booA TSR | BED SR> n AL Pl grree

requirbrhemts: €1)efast @lm:tmw-é)mranS ratl twith ehzyhe ﬁtﬁl@lectrode, 2

. Ho t .of th
St} AHAGHPEAT todhe;aleids A ) BrogPasls InAfidepUs adium.
nmed{eposyFor fiHiyv féﬁrsbﬁcetwé' g’#des Pet )%@Hfa@&@r‘Were jextensively

mat éri al's are wat er - sol ubl Hat ozaki, et
ln\ﬁwgatedhmmelv.lvansmwewefauwmplem @ﬂdsfﬁrmceayl matenals In

ol e G egbnBlod hdF BRI il syfiss en

buc&ieﬂnsimg apmmatnbné efl fdredcengEnRteridlyc bommwnombhe ram@cmymenc
propri ate water-sol ubl e poly

F°|5 %ém'% anvfﬁrresamé qoemqswﬁwa\fﬁabe?m {ediasaedax éndlcators in
mc%lﬁgﬂ?} Yec%gingl Can' DKo, JPdl, J! En B é%?@”ogﬁ&mﬂrr‘ahetu 999)

ree olynerlzatlon 0
25ti]ndsf enediaters 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 ferrocenyi

materials are only soluble in non-polar media, only few ferrocenyl and
polyferroceny! materials are water-soluble [O. Hatozaki, et al, J. Phys. Chem.,
199 (1996) 8448.]. Water-soluble 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 polymetrization of vinylferrocene
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Is unusual [A J. Tinker, et al, J. Polym Sci., Polym
Chem Ed., 13 (1975) 2133; MH Ceorge, et al, J.
Polym Sci., Polym Chem Ed., 14 (1975) 475.]. Co-
pol yneri zation of vinyfferrgcene is known to be
difficult because the ferrocenium is a radical

s BRESFITE"Y JolsSoT Boe PR sty PRheishomaEda 19 (1975) 2133;
M.ph! Gebrger aiti dIn JKi mCSci.,TPbrry'gmgty:hem ®d. 9 (1978) 475]. Co-

pol ymeri zation reaction occu an'inttano
polyragrizadiontaf yinytferrorenenisiknown to be rdifficuit becauganthieHerrocenium

s 48 REs RN el AthS BoRer ZatiT Setem s b ibe goaction
dokighots pbeyFaohhh) ragra %l}{l{w@ﬂ%of KinetiesY | FEHHRatit?s of the

been wi dely used as support matrix in enzyne

Polym@izatiop dieaston ratcrs dynan rigtramolectaroélectrengiansfer from a
fef%@ﬂeg@%%%dtod@ Qrﬁgx'prﬁ& hh?ﬁw?r%da ﬁgﬁg ?e@'cfs}o' tﬂgrc}eﬁaﬁon of

- thépemePenain dida pbiiRer ff -dontélﬁ&’%"fﬁgp] 33?& F«gﬁ%r&gﬁes;

co- polérrerl zation of vinyfferrocene acr
and [0009] Relyacsriamide vase been swidehs afsed [ad. sBpport matrix in

enimp - PooSn, A (S0 Bectide! 8 FBESA chemical and
methanitay Sebilfpahe ts Mertedd toahichsiBFdedia Q‘liGﬁ‘Ll, W@iér! 8tal, J.
rocedures were Béoposed I n preparing trerroceny

Remafecy, 412(1996) 648831 However, attermpts @if co-piymerization of

. : dak, .et L ir,, 13 (19
RO arf Bplam B 1S ot EH b ocsbOR B o
al, ARENIChBARD, 67 (1995Ma0T kRl refernices thékein.FUIhétéHd? o Yy-pass

al , Polynmer 39 (1998) 669, H Ahmad, et al, Colloids
the, ing it LogR0lymesization of vinyiferrooens;| chemisakgrafting procedures
. . - ' | '
weFe PRACSSSh pYEpdi W el 8! Kol 20 foana
Chpol.y468(3 999k 49385 4t Hotlak,r etusle Langhriuirs d8s(1097) RPFO8DA. Salmon,

[al ayal | abl j s _lpcl yde those
ot R raromiet Kerte rehdd BRATT seBl. I Gwodeiapt enasts N
KuRaheto} &, 38B8P8RMer BBVET s gdig.alannias;hep! 49)CdIbids and
for ex1aqrgol e US Patent 6,241, 862} and Matsushita ]
Sugipers, (186 (2001) 224, vinyifeposenecospelymers ware, systhesized, but
. . t ' . for.
i 8 i 5 el 4 Rl SEB5e GRI6 0l n e pobmers
restrigh¢theipuse sy biosemsars. char acteri stics. Consequently,
it opal of .the present invention to devel op new
et 199481 g?or%mﬁf%l& aVnllabla ciosergarechelidenthases mentfactured
by APkIAERNSE IREI|A Wrsexdrhple™ UY PAtéht $°848,760), 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 vinyliferrocene-based polymeric mediators. It is also a goal of

this invention to provide biosensors with enhanced performance, and which
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this invention to provide biosensors with enhanced

per f ormance, and whi ch woul d i npose m ni nal

i nconveni ence to the end user of the biosensor as nuch
as possible. [0012] These goals are solved by the

vari ous aspects of the present invention, nanely the
sensors, nenbranes, polyners, and procegses as

woud |m|amse mirtimal inespeenicnee totheend aiser 6f heniosensanagmuch
OF TH I NVENTI ON [ 0013] In one aspect, the invention

asfaseibifes a sensor for determining the presence of an

ana'& t]"I"h:af:ket §64is Sar@Ps6ived vy tﬁ@%ﬂbusmects of the present
nanopar t'i cul at @ nenbrane conpri si nhg nano ar | es of

inventibeagtamaly theosgagELS, oxembranesn Pl Rrpegsses as
u | LA, 111 Il B, IIIB | VAB,
de%ﬁegim% '%FP%CtUP 'W?‘P%“ﬁmtci@nﬁerl odi ¢ Table, and
wherei n an oxi doreductase enzyme and el ectrochem ca

activator are diffusibl dIS ersed in@ﬁid
nanoparti cul at e SUMMARY. INVENJEINa ot her

22E3§@141£8né%%§§§¢& ﬁ?r"%gwgﬁ%%ﬁ%érﬁps?’?i‘{"ydé‘eﬂ“'“'"g the
r8 It ﬂn t ih eas tteSNesarhpie] gsaidc sensde ocbmpnsmg a
P ?égweéﬁ & St

ts romGroupIA LTA T1IA
nanbparticulaie merabeneyBomprisingvnamoparticies | of &k le(aﬁg one "inorganic

di c_ Tab d d
odfzof o aleBent e BHed BB G 1aciy MACNEL 180 IEINEE IvaB,
VB,VIE; ?wﬁ GRS tbf e aeﬁoawmad bles. ar{dOGmérem mmOkmd eauctase
aspec e invention provides a pro rodu
ermymel cand | electrgohemicebn aGtNEve. 2ifanUELSING  BPErSed T said
m xi ng an electrochenlcal r edox
n%ﬂggggﬁﬁﬁngﬁﬁﬁhgﬁﬁggldoreductase enzyme and
nan qooi 4) B gt ariother asp@h:t tHe inveatienprovides @y elgctrically non-
C}ou 1A,

,|r1§n9pamcp|age t"&e'T' eacwbhgﬁlgb{dﬁolpé%s Xﬁat least one
m?% &ﬁdé% Qn'é?é}ﬁéﬁm&aba froth Goup 1A, HODHIA, ava IB 1B, 1B,

et anot her aspect the inventign pr
VAR, eiVBsoMIB,I /IIB edoxVHIR yakrtheo Rgriogichgla flqrgil Wifgreh an
oxjaoregtic ug'etnzglﬁgpéﬂdsél'%%tracﬁé’tln}’d&?ébﬁ\?iibneafeeﬂﬁf%iﬁﬁﬁdlspersed in
said nanoparticulate membrane.

[0015]In a further aspect the invention provides a process for producing
an electrically non-conductive, nanoparticulate membrane comprising mixing an
elecirochemical redox mediator with an oxidoreductase enzyme and
nanoparticles of an oxide of an element selected from Group IA, lIA, 1lIA, IVA,
1B, 1B, 1liB, 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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a second nononer unit conprising an acrylic acid
derivative having a (termnal) primary acid or base
acid or base functional group capable of acquiring a
net charge. [0017] In one nbodinent, the acrylic acid
derivative in this new wat sol ubl e redox polynmer is
represented by the general, fornula

1) CH2 | | 15
O 1 SeeonthBIIoMe: uatt SoMRisng PPoaﬁfl(/lf%aapoqﬁfNa e having a

B ol e U A ber ) B B o

acqujringeanakt shargebst i t ut ed, and wher ei n n is an integer
fromO to 8 apot her ct he
i n&@ﬂﬂbm ?ﬁ%@*ﬂ%@é f%e F%?C'(a E' té'%%‘@rwate'

i ng:

solif Youd polgfiet '%°@P“?@’ér?.%%§%¥f""éﬁ.9§§i%ﬁ%ﬁ‘r R A
polynerlsable ferrocene derivative with a second
nonomer unit conpri sing &n acrylic acid derivative
having an acid or base f netional group capabl e of
acquiring a net charge, |wherein said polynerization
is carried out in an aqu&gus al coholic medium BRIEF
DESCRI PTI ON OF THE DRAW [0019] The invention will
be better understood with reference to the detailed
descri pti on when consi de€&8~Onh conjunction with the
non-limting exanples add t he draw ngs, in which:
[0020] Figure 1 is an exp oded isonetric drawing of a
bi osensor according to an enbodi nent of the
invention. [0021 J]Figure 2A is a drawi ng show ng an
end view of the biosensor in Figure 1, as seen in the

wh@keirﬁﬁ isoge@&teanfraxwmé Group Gbesistngl of [@.%@NI—E; GiH,-TOOH,

I's a draw ng show ng another end view of the biogsensor

NH;i@nHzh 0 and NH-Sablan 190sHhavaeseir theoalkgkchain gan &k aptiopally
substilE§, 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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[0023] Figure 3 is an exploded isonetric drawing of a
bi osensor according to anot her enbodi nent of the

i nvention. [0024] Figure 4 shows a schematic di agram
of the coupling redox reaction which takes places in
a redox pol ynmer nedi ated bifosensor. [0025] Figure 5
illustrates a structure of the basic unit of a

vat oei]Figure 24 iadrawing shdwivigeam @ndneiewodf theebiosensor in
_present invention. The figure shows_a repeating unit
Figusa e asisegndi s giregtioprof\angirew A BLEigerahd an acrylic

"ol FIGiRR 2T o Hito SOy nilfieh el ik oB R bsensor
in Eiguvé nyhs teen artheadimttion vf agrarrow Bini Figde tvat i ve.
[0027] Figure 7 shows a Fourier Transfgrm_l nfr

Red.
( FTIQQ33]EEe r Gmivfan t xplpded xisPRIS)ie rawagvﬁﬁ %ﬁglosensor

- VEC [ .process of the
ac @I%ﬁo?@‘ﬁ%‘%@?@%y%m?@“% Utra Viol et
(UV]eo24]Fiyuresneshows 04 Scherfdtlc didifvaih aoid theérecoupling redox
co- poI%/.msrs obt ai ned from copol yneri zati % W th VFc.
reagiiopoyhich dakes placerina tsdax Rolyimer ﬂ?ﬁﬁzﬁeg 0ANSPEJ ox
pol i ' Y, Qi -

Cal 1R eI S eSiE SfdRury SRR BaSio Uit & & wter soluble
andn cs¥isdinkable Pofymved ofniveg presentainvéffion)/The figasn]shows a
Fi q,ure 10 shows_ anot her cyclic¢c vyol amggﬁram f a redox .
repRAtinge LNt HRNNGFiN @h 8PPPYMEr 08k MIYiRERCRNe KRy (R AcTYIic acid

deﬂfféﬁ{fése' bovi ne serum al bum n (GOx- BSA) filmon gold
el ectrode. Phosphat e-buffered saline was used, and the
pot §0026]Figuren 6 aepicippttiesdgenerabt reactioy efeation in the co-

pobiTpRRRGAN FeasHaY O BRSBISAnR Aoy G SREVENGE o

R i T R R
thewedmupolymers IPAAWFS antk PANS-ViFerPreduged aggpiging to a process
of BFGBRIOTT LTS T o o1 v ampecamart e

r es pooesiFiqiret B shbivesam Litrai VicRRS(LYrvisible spe¢tra afOifc, PAA,
Pé{% ag'lg)c;hggg-p /rglgrs?;l_)chgﬁsé%frc;rrpl%o%%ilysﬁ'?grifa%o%n\ki&ha{/Fc.

[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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[0034] Figure 14 shows dependence of anperonetric peak
current of 300 ng/dl glucose on (a) PVFCAA
concentration, (b) GOX concentration, (c) poise

potential and (d) the nano,?rticulate menbr ane

thi ckness. [0035] Figure 15 shows anperonetric

responses of 200 ng/dl glucose in PBS in the (a)

abs 40Q33}iguren)3 shawse ampessmeliricyesnenisesgiibe. bigsensor in PBS

coBfHB0 of 2 by e BRes, e boiskd et Hpbicd was

0.808 eases of 100 ng/dl glucose in PBS and (Db)
calibration curves at different sanpling tinmes. The
p0| s[@@ﬂﬂcﬁl@uﬁau 44 shows dependensesof ammperometde peak current of

1 9hEhke P myPeRA GdhtRfiftation,nf) PGB Boacsnimtion, ©

po%éjp@(éﬁﬁél drid{g he naseisartie@hie Rembrane sickitayd. | Y

prepared in a nixture of ethanol and water with a
per 40035} Eigure 11 5ashawsippieremetricatasponses ©f 208 mgdill glucose

n B0, 1 Bhesthe: o84 61 BEebPS Tl FBtoked SYhth  Tng boised

pdtémgwb?ﬁbd%gmv ol ecul es to be overcone. Tests
showed t hat the nol ecul ar wei ght of vinylferrocene-co-

acr J0036]dRgurep dBy rebowso Haki araperfometric hrespanses d tavesequential

k€ BRSO g s AR RS ), cHROIFREAHS8 o ar

sahﬁﬂlﬂg RignesSatia méwateﬂhar@pmmeﬁ@s 0BHiVNg was

previously achi evable using free radica

pol ymeri zation techni ques (see for exanple N Kuranoto
et al). By overcolgﬁa"_@?q)éégﬁlﬁ1 t he present

i nvention has givenrise to new po yrrers wi th usef ul
properties for biosensing applications and other

T g B SRRl SR T BB b e

| watBNEALbRNaAd Lrédt-nkabls PEQON gelyhieid! dateBe readily prepared in a

electroactivity and thus the ability to engage€ i
mixkuesof etapol énd wateiowith (2 ipegsultptesalt ag radical inftiator. This

BB R réBtieRHn ioh Bt ol 1 i, AT sk 5Ee ynfgyorabe

eneegaticssef sopislymbezatiorvrédctionscinvolvirlg dereogene h&‘ﬂecules to be
facilitate cross- I|nk|nngAth ot her nDIecuIes W t

overgoma| destidhovesd thabdpe. malgauian |weight f ymvyﬁgpwae co-
acaide 5 ers bt Yol B4 riInEH g heark 2000 o
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 comprisé side chains
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polymers are well adapted for use in applications
requi ring electron nedi ation, such as enzyne

el ectrodes used in biosensors and biofuel cells, as
well as enzymatic synthesis carried out in

el ectroenzyne reactors. [09] In another aspect,

gl ucose sensors according to the present invention

with G@iidlional grougses thirt Ricanaet @rdsbaii'lkmgemthpaﬂ'let mblecules with
accurately measuring the concentration % gﬁt@é\e

surtablﬁdfmﬁtlm;grgmw Tg@aaqus e polymer; 1 beo d tos@ wide

vapety o?sm‘sbieéngZsz é%h é égm%rlmﬂ {h%"s?gg\?f? Bl‘?ér%c%é%’hcé Othese

polmersl arei wéip adaptdef@ﬁmis@SnSap;dﬁca@ondarenimmg: electl‘onl miedlanon
bl ood sanpl es, sweat sanples, ur|

smaéa%saenzwamleetrom useddn kigppnsess @t Emu%”?% ;?&swe" as

R SRR AR B B A, 1, 2

ut i l[pe38} I narfthénteshiet, eyiReosaessrsorradooedingl tdh the present
glucose content and fermentation broths found ip the
iny@riieno ingrperaie o§eesingn alemestsy itaat ar@stcaspaﬁﬁ e8f c%ﬁpuratelv

b ARG ] A TS o
sonh'at testeRMApIes oPUESs theh i ub! @arpr@reaablv ablotit 0. 3ulu e 0.3 p.L, is
for reconbi nant production of ypeptides). [0040] -

nebded: deshesasmples typicalty :ocmesamf,raaipb@lqgi%al samples such as

o sl B, S, IO Mg R oeca

safieP) end fshds@hpldsc softaiing ezfdipmse tissié mroslsbttl.itambus fat.
or%' ‘ucose assessnent, w thdrawal bl ood sa

b SAmbles Pt 621 DAANARAISNGBe OTasaNt SNSDRIIPIG reagents
utitsSd \H Q&Eﬁﬁé &Fﬁ&;}ﬁn%' 8Pfood W?ﬂﬂéd&&@&ﬁéﬁ{ and fermentation
Sensor o e

esent |1 nvention es use of
brathsdioandiic mlhawﬂnemttbemeprmducﬁon indgistrigs. Jest ﬁenmles can also

ingiGee racrophioapebdiee dlims. 8%, 4 Bfhorbiiah iyl densty

feﬁﬁéﬁtaﬂonw aétﬂl h?éa thér asiNenthRee drgahishis, cypidally used for
produced at |ow cost, and is stable even under

reperabtnagt prosiiction of pplypeptide®. [0042] The nenbrane can

sundPPAOEDERCH: Bi€ hgf EREE, pf Shet Safie ot T regyired for

pdrformint b tiaghogty esst; adinimal inconvehiente ddeimposedeon the end
sensor where glucose s, oxidised.

The
ses dRar GXABIISa MO ARG ‘el TGGUE hEPEITHOUS: dyigod qglucose
asdB¥sHBAP Wikl dfa 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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capabl e of activating the enzyne that transfers

el ectrons between gl ucose and the working (detection)
el ectrode of the sensor. The el ectrochem cal activator
can be a polyneric redox nediator. Alternatively,
nmononeri c el ectrocheni cal &&tivators can al so be used,
such as water soluble ferrocene derivatives,

) el .
CRETRLTBA) oty SPLE hrti MRTDED T hat
capableetxfam;tavabng thenenzyme thakiransfarsoelectronabetween glwese and

g R oo RIS o4, 3 EROB Rl qotvetor

caff bélépbolvméﬁc tetiox Mediator, iternatively, monpmencr’elekted)chemlcal
iron, cobalt, osm umor ruthenium 10ns

activaiormrcan| elspspe| Hsebnsweh as uvatab@lwey{wmene eg%watlves

PR GG SO P TRy e

ruthieniuph ur @.ﬂdhl cRuNH) &M s suiedt anas al hgxacyanofarratee and

e 1S, S eI 0, B, v

elé&tfdchéhﬁé&l' aét%ﬁ)roéorﬁﬁiﬁsfl‘éﬁéx-a@ﬁde ahefal Genms. tRxaraplesest such

by renderin ol ynmeric, redox nedi ator
mefghiong 8§ ver, 19 qappeRonickely iINe 0bakle OBMIUMOr ruthenium
€

: b hi d by bi ndi
R B BefRE "ok e ator. for | example, by
cov§0e4d] n g&ngrah isoifalne nmlymencl geddo mediatots:tor kel thcorporated
lator to
e bhobshu B St e B e VG B0 1B themical

strhbﬁﬁérwh@w Pevents be 'stbatzatiafip aedases rthe p@rﬁuaenmawsegof the
gh affinity for the redox

ned| at or .
"e@@béﬁeﬁﬁﬁtduﬂf‘gtth% peripd afitime tiidhe B'P Is being analyzed. The
drfﬂﬁbﬁé' RasaBf ethﬁok‘?ﬂ?ﬁ( 'n?edlﬁﬂﬁxcﬁ‘idbét Féddé@ﬂpbysﬁdérmg the

redox species cova attached to a yneric

pOMn@m ﬁGdOEUBﬁdIﬂEHoROWI?ﬁE@EIGt frpme dne yN@m.ﬂgt elacirodeoin the
seﬁﬁ{)la TI-@@HHR BR%ShidVRE Y Blnﬁlrfsgeglo?ﬁnr?tﬁblﬁr\iﬁlg‘thériédék fbdiator, for
ased pendant

grou coval ent bound
exampiebby qovalemily atmhtngwer bignnjugatior Dg thevwiedy naﬁdlator to a

oo AP ESFSHE ARAMYSUS R (TR b BedbBnzca

byc prcﬂmmbaanrﬂr@der Réaving resuntelchargeh speoiesner ispecieddxaving high

[I se .,an 1 oni

affyiioe She TaRE AIERIAIDR e dwe Bapariprent ofthe divettion, pge ype of
nofRicldEabie EEB! ﬁ&eﬂﬂx?ﬁ@dﬁ&tdr&id:‘nﬁr"@ﬁé]&@eﬂ@d@pecnes covalently

specl es. les of this type include a negatijvely
attached da axpolymeric compaad. 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 to a positively charged redox species such as an

osmium or ruthenium polypyridyl cation or vice versa a positively charged
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Nafi on(r) (Dupont) coupled to a positively charged
redox species such as an osmum or ruthenium

pol ypyri dyl cation or vice versa a positively charged
pol ymer such as pol y(1l-vinyl imdazole) coupled to a
negatively charged redox 3fecies such as ferricyanide
or ferrocyanide. Furthernore, the redox species can

oy B SR PIAH T BB b cPB Bbyg drroea rcox

sp@@@sdsmfﬁ as rfeﬁfc éﬁld@sdilﬂ feﬁmd@yanﬂbalﬁurﬂxeﬁnobe pthel tédox species
Iex to 1-vinyl imdazole

Alke, be) SolgiaRivelyeRauns doi e ae?mar. o, el e redox
A TG ) 98 S o 22

complex to pely{t-vinyl Imidazole} oopelyf(drvinylepyriding)nAhethier example is

paly B any ridthesons aontirige, SeSyited Wil 4o Seraih 4 F-cimetnyl-
2.9 Iﬂﬁ?ﬂdﬁ]eorflﬂ@%bsbﬁ.n &eﬂdktlhédlaﬁﬂ’éoés "Rel = Métﬁods for their

i nvention, el ect rochem cal activator is sel

sy RES dsocioad 0. 51 Palenb Nasol, 264,404 §356:786; % 562 035:
%%ggés '0 53¢ 9%0 dbeg?“é%‘l -3’6 596304 Briefly, this novel

red cortpri'ses” pol yvi nyl
f er r[ooeal]ebn apﬁ]r‘;r(erl ayubotﬂ:merﬂ:cmd*)e dovertion, divedelectrochemical

o 4 Bl 5N o380 S Sy R HeXhoea
debail ylétérnhéref 1B BB thi§ Onévely biags dof (r@H@k gbl?ﬁﬂi?@ nésmprises
acid, wherein nis an_ integer fromO t

poﬁy@m ﬁﬂfrqpeoe) @@Y(Vmbfﬁglocﬁﬁ@)'ﬁ@rﬁﬁrﬂﬁﬂ"@% pol¥(vinyl ferrocene)-
oo 8RB BIrVE FeREeenel - BEAEmideRON; subdhic acid,
amhpouennyslrfenocmbco-aewdarmdoa(ﬁliﬂ)amhosabomr atadewherem nis

aJ | § ﬂgg; otd'8 sgnsor conprlses a
e b a8 . W b, o

[ far
o e g i i syt g
Inmmhihsaﬁﬂmaawccﬁodﬂ!@@ﬂe wat er sol ubl e redox pol yner

e1 o dBPAGE ORB tpairh PP Senstn, E5FpliPe o Shemberfor hoiding

thefteéthsarmpies Whebsb dy theleharnbée s bounded ab'east Hetween & working
shows an expl oded isonetric viewof a tip-filli

arga e¥eavrking aleciEads ﬂ@d AOVaRKiNG BERG AR A rederance ?']3@5%1% Also
n S BRI, M HaSendoeBs, e "aplehlnd daub, recox
pdiymer is coated on the worklng area of the worklng 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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according to Figures 1 and 2, a substrate layer 4, a
wor ki ng el ectrode 6, a spacer 8, a counter el ectrode
10, and a top layer 12. The spacer 8 spaces apart the
wor ki ng el ectrode 6 and counter electrode 10 to
thereby electrically insuldile them A recess 14,
fornmed between two |l egs of a bi-furcated end of the

6 Bamlcme caﬁnmmleetsode q0min ehishmanaer, 1the( sampie ghamb2) 14 is
et ween t '

rking electrode 6 and the counter
boyyrcied: tardeef’iraﬁ PR 1R 9P ARKHBRIOM Y QRRGFILS TG SHrtages of the

t ' :
oo S 646150/ SRR BILOAENPRA e sides
bywsidieivadls eheapaodeaﬁmssldetof\tm wamphel chamber $4 ikcexpdsed as
shit B Elghss 2 156 SHaRe o The Jrarking elafiradd & feoiediiznd 1 as a
| gct
ik O5i50n °1 £’ Rl FBRISS cBmeko” WO a5 o
narcompusite ceptahe mﬁbrmspoéai in ¢heli sgmpledchambee 14. This

m%?' 2o T8 BN BHYSFal RoGEEVB A TB G HCBAS thg e sensing
Sty eI Dby Hidhiah bREACaRsRY Sfpisuch as a

er agen sible re ox me
diffesibleotedox stediatpr (@motdm@shmm athe Emid)xotrlmilator and other
se03|n chen1str rlbed

sepsing Fremisty, materialk destribed g dRal 1418t ég} hole 16 is
fohﬁé& Ir|n #fe ﬁ‘?j g}é‘? 1 ﬁ{e 6:% GtEF 8RRtrbEe! 19 %ﬁgh Rothe sample

sanpl e strate 4 and t [ayer
cMnbereM.ed’h%substtat@ 4 Iaad theotap dayer2i2 @ (eme@ae@ eh that

poftions 2oy 25 (Fililps o8 bLBeucdtiebPipE8 B 1fe, fh8f Sigprode
10CARCIEt @XposEH 'sBUhat thb?%boﬁﬁ@:tﬁbl@ﬁbeamém&emcldfcun

conflgured or shaped so that when a sanple or ana

is dP 4Blidhe; sarmple chaamies 14115, caniiguser of shaped; sp tha when a

S8 PRI, ST DVERD g Hfody Fa g Bl B Byt

contattawith dotilvise avorkingcelecirade Guandrthe couditen etectmdehto This
X.. medi

fl b
elpE el iE omBrEalows gu et S eok el by 18 rédoX hediator,
toeﬂlcﬁﬁtb"e%éﬁg%é ctﬂfde%h@ W%)éf%ct H&tfcﬂ@ﬂéﬁ (Elé@tr@bﬂﬂatlon or

enabl es el ectrochem cal ana is of nolecul es of
elactzoreduction)cof they analyteselhay we%qx mediaior gnables electrochemlcal

ar G5O NS Sbe SR Hhele! WP THAY 6L 35 il or aiect

el@ctioé\dmlcé\l ﬁda@tlﬁﬁ opttheworking@lectode &. Shepvolairiel @f theAample
regi on of the sanple chanmber 14, referred to as

cha;&e; thean bedeiween 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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contains only the portion of the analyte that is
interrogated during the analyte assay. In the

bi osensor. 2 in Figure 1, the neasurenent zone has a
volune that is approximately equal to the vol une of

t he sanpl e chanber 14. HoweM®r, it should be noted
that a small er neasurenent zone, such as 80% or 90% of

ot ot o 5 AR RPBEI B i ARcBE S ) Blcyoces
60y0 tfitwea givercenalyte wiluseade radamosn prsimplabﬂ:hamlnen f4tof 2 small
BBl B, 5 e S Y S, B B 8, P e
rr@g%ﬁ?én?&ﬁszorfé ﬁ&ﬁ]eﬁfgﬁa%c%dﬁé‘ oft léb rrg‘fé"ché]%\bérrw during the

rtron, a sa hei hel ps
analytecaissay, becaum diffosiodi tinhe 43 lmmgdfelaitval tpttbeume@swrement time.

TiSEALE 5 i B B 1 888 6 o
g

Pﬁg@lﬁ@ r;[rg% Eﬂflltlf.lﬁ"lé%% 6f_FH§ §aﬁ?|:%lt9 'c‘:ﬁam?e? rl]él,. HE rhérel tgﬁntabeout 0.1 mm

and/pbre prededably, the tlmcknase dfl'nlamsa!mle cllarpberris about 0.05 mm or

Preferably, the thickness of the sanple chanber is no
€%8re than about 0.1 mm and, nore preferably, the

t hi cﬁmﬁmm éIg.EJ% 'a?ldcthériBB'ioye? 10OREY HS P& fRdm an inert

| ess strate 4 and the top layer 12 nay
nb&cbnduetmg material, smh as pmjyesiend%nl&magvemt the substmatet and

t Al t {
R BT 2o b 5t o A, O LA gPef M. e
?&lﬁg%xé&m@s préfaratie e &Ciéraﬂdélyﬁlowf gibetriehl pedistanse and is
ively low electrical resistance and i s pi cal |

tw:r aadly rab@c:tmﬁhemlu:qllyu lnelft tovev dhe paientisl Enge-0f ﬂ"&r@eswsor%umg

oSSR 88, PRSP e YO s 85l o

carbdhj plannuhutmmmumcaloaddée paliaditiayiand cmdhatmdqunasa such

oS0 Sermileh edSnncikv KRS o SRRl htafene cpory

CBéﬁHQ V%o lla%”lé‘ NYGralébebmpalys Woburs Mﬁéb?laég well as

n-corroding materials knowl' to those ski
other tran-comrodimp enaterialse knewsctor tiese: skilied inithe ad. The counter

<R o WHGER BB e et e o
dimivi! thEewendiny elect@dec bl ade Working blecttedesétand dche counter

the surfaces the substrate 4 and the to | ayer 1
elpgtradg 'lgjma;ybtp@ depesitad ontthe seofgpe\g&gp'a@/ 4 and2 the top
ieP 93ty Sy Qlitadie Rlethis, for example by vapor deposition o printing.

[0651] The spacer 8 is typically constructed from an inert non-conducting
material such as pressure-sensitive adhesive, polyester, Mylar®, Keviar®, 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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[ 0051] The spacer 8 is typically constructed from an
i nert non-conducting material such as
pressure-sensitive adhesive, polyester, Mlar(r),
Kevl ar(r), or any other strong, thin polyner film
or, alternatively, a thin g8l yner filmsuch as a
Teflon(r) film chosen for its chem cal inertness.
coOnker eleptrode 90 isca sdmengyinted Ad/Aadhdayereanththe spacer 8 is a

doubl e- si ded adhesive tape (e.g., a carrier filmwth
doyblessideg aCﬁT?SB'E&BE?ng sides of the film. [0052] In

one | B j ! bi S ]

2y d0B53] DufinG TRbEHE, biphplissi 2 i bapdeckn Jdons. U samele
chiasnkzers t4 dsruged to edntast Bonanalyts, , sudheas dlao@ror a serum. The

sobELaiiod 4w e eaBoiibede ertidnd HCheRbh, Sooves
th@ el 1T ervsis TetbgrE) M of Lol adibn: Dk h the
typea ob redok medimtere thendiffiisible reaopl raediatorireay diffusei rapidiyninto the

o IEC BRGSO e Sl o 50, PO i gl
’éﬁﬁ?*'#ﬂ%ﬁ“% F?ﬁﬂgéox rrngbgaﬁ@% rh&gﬁﬁélﬁ; gi§§@i9é a'ﬁﬁqlhéhﬁ'rﬁuéémo the

ere rator nma use rapidly into t
anaiytey eithenragidly asover aypgricnt oidimev Hithe redox medistor diffese over

o Sl b, of ) B0 5l X 5y v
m§§§%rg§\gmgd%;(alﬁb%ﬁ&eﬁtmioﬁl 1% MowPiar diffusien bPehedredbk Meediator.

medi ator diffuse over a period of tine, .
a udep54hit shouldnotito besonstuedithatihpetiusturerand eanstruction of

o 58 S 1l M RGOS Bebfs iy omer

- stitures & eonstrucied! usihat othlee protosses arenalbo possible. Figure 2

construction of a biosensor j s |imted to that

ShQue: QNige SUEH 0 PIOSERBeSs 2fs GESORIRG nip er gmbedifegt of the
in@é}ﬂid?glﬁgﬁé E%@Hsﬂ&%ﬁ&ﬁ% PV SeFSthefloseérser 2 in Figure 1,

posSSi I'gure 2 shows one such bl osensor 24 )
includes dheglayersadp6hd0, di2baddnthe: mgmbiame 18veintheobiosensor 2.

HowpFere 6 apager 81 i Sbpipilineiips"s iifsshgigiglon sa
arid'a seeshd apacerSpaition BB dtipayatesoby & gapRevverebetvsen. This gap
spacer 8 in this enbodi ment includes a first spacer

P A
26 definesa sampiel charsbebid wheadbe spacer §rs sandwishieg: ketwspn the
r S -
wiHiE o8I R8Tl qeBond M ShpBe B8 of e
sample ctiambeic1 4 e e&ﬁesﬁd.tmremmt a0 ertdiole de neGesdaw in the
_opposi ng sides of 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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sanpl e chanber 14 are exposed. Therefore, no vent hol e
IS necessary in the biosensor 20. [0055] Sone ot her

bi osensors are disclosed in U S. patent 6,338, 790,
Feldman et al., entitled "Small Volume in vitro

anal yte sensor with diffusiidl e or non-|eachabl e redox
medi ator." Sone of these biosensors include nore than

glgaese: cgm&@ée dkRIBEE AHSy @e té&?ﬁﬁi oRidige guocael inty g«fcomc acid.

oxi doreduct ases can be e in a sensor of

Alheuginit may de MOWmm&y ¥Qﬂ$llliﬁ f@héhe@%tdeé@m <'r>f ﬁlucose to

BB 18, SRRy, I AT L e gL & b

o¥leeduerise help setbaﬁébélerat@%e bialﬁaﬁthFUa@tleh Otha'ebvyalbwmg
to be detected I's glucose, glucose oxidase ﬁ Be used
g

emzwnmsuaﬂtwﬁy ganmttssbstrateoa@alyﬁjsrtpcbeceasﬂy | esides, such

be th al | for the oxidation of
ge%&?% én&ﬁ 'yﬁggigég ¢ce of an enzyne, the
pr eSPbS?JFhf sBniiehifdldimemtsi 6P tiss! Linveator) ethes okidoreductase is
accel erale the oxidation reaction, thereby al | owi ng

sajecipdeTomt thei groupnebnsigdingr of glugase yxidasey hydrege) peroxndase

di Besi des h
GBS ohe xR XatnS  PERSe, HEhdRs BT cREReg, pyprooen
hydtogenass. latdwe%teﬁwmgéﬁa@éegmosee Idetiyerbgenaset had NADH
group consi sting of gl tcose oxi dase, hydroge

d@wdmagm saroostee axidasey dacialel @@dasearﬂlﬁgh@ éfih!tpdgeenase

I

délefired @ws malaer gdeRydro genastas galdciosat dehydrogergse, malate
aIcohoI deh dr ogenase,

d
ogd@%%rgﬂlaaew &’@%@aé‘éﬂﬂmyﬁ HRTe gﬁre%%rg' ﬁ‘g's@agggg “eholine
oﬂaégé;x&% ﬁE@é €ch ﬁba&élﬁ}ﬁﬁ't ﬂéﬁé@g ogHlea®R déRydrogenase,

OXI ose OXI ase i ne dehydrogenase,
pwbvaleodaxndaseia:se,late loddase, bilirubins exidase; glutemale dekydrogenase,

oA X ane gxesL NAH A Ko, U 8gse, gytoohrome

cgmaa%@taetét%yahaa@@aﬁammtw tigeef. oxi dase, anine
oxi dase, NADPH oxi dase, urate oxi dasg %e?%lﬁ'
oxi dKO58]Abtasc Rommly) ised Sanvantions dar | ing of grouos in
0 0 e | spae
tiy PRRR R, PEREC B Maneif e SRUF IURAE coflieftin, eeblid fuPAC
coneivionp et kisown tasettd EurdeE® convention), 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, 1A, 1A 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, etc.),
respectively, while Groups 1B, 1IB, IliB, IVAB, VB, VIB, VIIB and VIIIB refer to
the transition elements. Groups IA, lIA, IllA and IVA under the CAS convention
are equivalent to Groups IA, IIA, 11IB, and IVB, respectively, under the old
IUPAC convention, and equivalent to Groups 1, 2, 13, and 14, respectively,
under the new [UPAC convention. Groups IB, 11B, IIB, IVAB, VB, VIB, VIIB and
VIIIB under the CAS convention are equivalent to Groups 1A, [IA, HlIA, IVA, VA,
VIA, VIIA and VIlIA, respectively, under the old IUPAC convention, and

U)
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convention, (also known as the European convention),

as well as the CAS group |abeling convention (also

known as the Anerican convention). The CAS convention

is used in the present application. In the CAS

convention, Goups I|A IIM IIIA and IVA refer to the

mai n group elenments of Goup 1 (Li, Na, K etc.), 2
erR‘aIedVQo Groups'3s 4) 5, 6, 1,B-16) 11 Ghd 1320re)s‘)édi’tﬁ/e4y (fadePithe new

respectlvely whi | eGroups [1'B, 111B,

lUPWONX@mTQﬂB VIIB and VI1IB refer to the transition

o TSR ke B oo B 4 b, 6 of an

el@mnént é&ectedsfﬂﬂ'ﬁ@mabMA HAJRIA, 1A, IBOIIBlllLIBAWAB VB, VIB, VIIB
convention, and equival ent to Grou s 1, 2, 13, and 14,

orr ¥H[Rcof e yPermférTaM@ A& |n@mpﬁ@§|ﬁ/ dRay chavez anpSuitable

airppsibhdnd sifte, b hg ¥imal o ie & BRiga bh hBitinusional

pathwdy forvthe ?@cosé/lrﬁblebﬁléé\t@mé trandpdrigd: e ¢he \mbmbrane to a

under the o | UPAC convention, and equivalent to
locatignpnear 40 dhe ssurfacs- ab, the oxigiaing? elpetspde .t i ythermore,

nefREEFIcloR et e ke RN bR Boradly BP ho AR e Sverage

siz) effehé mek@@mahbpanﬁssuuséd\ inlthé, mdnmbraneVéf thé, invention
I1B, Il11B VAB, VB, VIB, VIIB or VIIIB of the

tymieallyotangesaisprm. abowt ambfmabpit & Wy ofi fiam ahpul 1 Q0tn about
106b'ﬁﬂsi;rk;lhcﬁrg§| #RRRBBouf 00 80 Bt 5663{'1%{0%&?1@ driabout 200 to

rovi t usi ona
abgh’u 808 mamhmtellse é"heomma of nammamcled Cant be Bbladmdrhcemrdnng to

to.a .locat rtothe tface of t dj zi .
the igneed EpPlRIc fio PRamPIRa 0 enes dbe Jeadth of fecdusional
pathW&p ?%eﬁﬁé‘né@ aBBUE) or Uisd 96 AR8F W - an&b%lt?Vcﬁ* a8fsity of the

si ze of the I norganic nanopartlcl es used in'the

slurmbkath@t isfused éon hepreparation ph theamembrang«d the sneabon:

> ARG BFoxfls AR IOt B8 8 he ridfrane o

ther ingbntidn 2ipCiude, dtowre 3AGE Ninitedettey slithiline sianganése oxide,
nanoparticles can be se [

) | ected according to.  the . ,
‘MagResiBA 0% i12ng | I GPD@RM% vﬂeughﬂ%ce'qbﬂ@ oxide,

calchit (dkidd, Iéﬂfﬁaﬂhﬁf R8N EeriLRA oM, didmifiti &FI&Q SierE Hioxide

or also to eviscosMy or density o
ansllmbctl;resrllkerebﬁt is used for the prepar ation of the

me t he | t| 0 0060 a. | es (o) ]

 hadoGPEl & sari6 eriimeBR, the MiRmtreng, BRwPoreles Haropartcles
of ialRmiLrANsHiEsH qﬁﬁgn@éi&maérezlﬁ@bxidé(%)t q‘i'\et presbht fiveAtors found

manganese oxi de,
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 to 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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' magnesi um oxi de, zinc oxide, cobalt oxide, yttrium
oxi de, niobium oxide, calcium oxide, |anthanum oxi de,
cerium oxi de, al um nium oxide, silicon dioxide and
m xtures thereof. [0061] In some enbodi nents, the
nmenbrane incorporates nanopérticles of alum nium
silicon, magnesi umor zinc oxide(s). The present

désﬂ'é& rﬁta%ﬁorft @Haféctérts% ih 5@ hﬁﬁbpéﬂtl@ﬂlaté nsambragei. The choice of
. alumna or silicainto t enenbranefamlltates

swtablepparpdeatcan rlssr bendlepeadest or the choige of depositigpdachnique.

THRE UG8 e 1 e RpBP Y gy 6l kel (o), or

c{{ﬁ%ut de ) %@@@Hcm fil, | inelugivg frohesaboaity1 00Uitd abort 500
lica particles (for exanpl e, funmed silica

nmomaiensomaabasmaaoayo cboub80Gseanometars. Sifiganpagisles can be

sy B SRt G P B8 oL lpfiys. Cotoiea
silt@s st exarfplea(Ciedvical Alsifaets Nurtbér 8563I1t-86-9]ra§B¢cﬂnmercially
aspect ratl 0, aver age ore si ze, Or shape hese

availablesremsmeny supplieiss frorfexamnpei &ﬂﬁ@la "uficier thg trade name

Sr}.éﬁ%?( O@t %ﬂ@efsgﬁt r%ﬁc"nfﬁas o L[ng%r ”tﬁg négﬁéé‘g\gYA OL® from
\?ﬁxﬂiﬁiﬁﬁa@%ﬁho p,etshﬁuphm ce of depositi on t echni que.
he silica icles may have a_size from5 to about

000 [ﬁﬁﬁﬁitﬁleeﬂmmﬂ@ ofothe mannpasiciiate; membrans it theptyention

rafifbs, B 5615 %00 BiARReltes (i, brtit 108, PG b peferably
frdrﬁrEBDSto 500 e STHee thicknddyeof ﬁi@omubmnermaptmpead on several

commerci al suppliers. CoIImdﬁ S|I|ca ng(?? ;
famﬁu@has ABs¥et slestiadRrize. 18 es‘engs'tuﬁé' < of e Bea) rgne, for
IE ap hﬁayf B ggﬂ;%\)r?eoefigmé 8ﬁ§ %@&h@&éﬁaéiﬁon hécHriigee |(§breen

tra nowt ex from Ni ssan Chem cal's
prmtmgndnp ¢dadingr adesmaneoaﬂirmmamﬁr anfew)yahel content of the

SRS e, B AR Ry, o, s

prﬁﬁmbolsl&% forcaspBuittors of AR ink lurty dond Gehith tliiéG'npmbrane is
or preferably from250 to 500 pm The ckness

maﬁabthgrtblomgssaebmedmmlyéoew b sefltss»@ei fiter alia {la th3 mesh
SEE R Bt oxanpie. 11 my be controlled by the

choi joes4fint yet drptber témbodiewemi gluéhe sensen, e manegarticulate
mglg]%rcoatl ngﬁgbvsé%gncggﬁlﬁlgthe? é‘oamWSrlse avgdlymeﬁc binder. Any
suitable polymeric binder can be used in the membrane, including
elecirostatically 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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nanoparticul ate material or the concentration of the
ink slurry. In case screen printing is used for
deposition of the ink slurry fromwhich the nmenbrane
is made, the thickness of the nmenbrane can be
controlled inter alia via tiife nesh size of the
screen. [0064] In yet another enbodi nent of the

bif@&s T, usehipy thanneesit |ﬁVéﬁﬁcﬁ1 UEaTar bindess ats heen e angiheds for
can further conprise ymeri c binder. sui tabl

thgisisynthesis aﬁerﬁﬁ@crﬂ@%dﬂrbugd%@tant Not 6592446 iweexamp e.

i ncl ' I
o yi8868fin GnEC ERfRRbie e ' AmeRt, Kider i< & Bolymer or
capolyngr %oﬁmehbemhoﬁfepvurﬁitsﬂ@e@cﬂamm)mtmergroapdconSIstlng of
proteins. Pol yurethane, cellulose or elastoneric

V"MIBM?@%&&#@Y' éMﬁ@ asry pml%ea@vlomw@qam @crylhydrazide and

o B hE R s e G IS o8 R Wi i

mehbmefs Refcted/ Qﬂe/ grouD &8 MW Pyridines h@rlﬂnﬁbr derived from these
ni trogen-contai ni ng heterocycles such as ridine or

MENPMEHS | Witscare: spited dom glugoseasensing anphﬁa ng fryolving blood

setfib o gtafinB Bialiss™ oR A< el upPlE |  FinglftE B anayte
regaiting ahethei mbmbrares:t B?Qﬁwrpgﬁdtlny:al biater sugh esevinyl-pyridine
the nenmbrane to forma suitable yneri c binder for

lntggﬂ,nei memirang.cbemembrang dess ngiénaak HPreRe hydeatiofe but swells

togﬁ[rgﬁaf Bﬁgé:ti %595% uﬁ%éﬁiﬁ%ﬁ%&?%ﬁ& %?%é '?nét'ﬁbrane on

the rﬂmmrpnhted tarbpa| surtacec Medidiors,i snzyrpes mdranalytes such as
copol yner con'}‘glrl& ng . nongner untﬁts sel ected, fr
t

gl SaD B0, PAYS JTSE NI Tl sies, WHBrGAS iniP(ayng species,
sd&ﬁrd% 28 %oaﬁ&él)g 86Htéfn'ir$¢ gﬁ{l‘geﬁ&té&' ﬁ&ﬁé@ébﬁ'\eal@ Qxcluded from

acryli1 c acl nononer uni speC|f|c exanp e of a
engeiingréne onemhtane Hue itoceleniso stalic repulsione Anieric gesgpbic acid

et B pEstEn . e Sfiopli? iR w3 e, BERfion of dissolved

oX@gehi ints e pahopativilate Pherabrarsaikplargelyomirdmizeal ewing to the
because of its dual function of binding and anal yte

higlahy hyslrertyia aturoibifdaYee. By incor por atl ng a bi nder
>uc TodBeY Hé'm@éﬁ‘[ﬂo& Isd 'Eﬁr‘écft{gft félhﬁro ucing a non-
rea rat on

ane oes no ut SWwWwe

cdnnlubtwen raa:@mjdrmumeymembradeng'heppnelparamn ofia nanocomp03|te
nents .of the nenbrane o escre r|n

ISRy BK cQlprsine Aela s ica BothSicl Syeh he’S r846K polymer, an

erﬁn}%gg& ?%ﬁg?%ﬁfqeﬁgﬁg[)% I&glgrfe%%t)‘t iMid &rﬂn’feh‘biﬁlli' avaflable 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 buifer, 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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such as red blood cells containing oxygenat ed
henogl obi n are excluded from entering the nenbrane
due to electro static repul sion. Anionic ascorbic acid
and uric acid are expelled by the anionic binder, and
the partition of dissolved18xygen into the
nanoparticul ate nenbrane is largely mnimzed owng to

dé}EﬁnlnBH @H\Mn&){gr PBlhé)k plBaé StEl%bﬁ:f cérﬁBésrhérX 6r: a E%@%k that is

e 1nvention rs al SO lrected to a process
usﬁd)nuberrgamfaomre obaduembvane oﬁa@masecsermoe rwmm:@mnase the

catBerEs 1 the TRIGHAB AR © Gease  orddadh 0400 foaim: recox
mé@ﬁﬂ% B@@’r‘ﬁﬁ?ml ABnoAHEYES: wﬂoomﬁﬁrsmééreaom RG/ml. In this

carried out a commercially avallable m xer,
exampiel,emmrstmdlmg eperiode g rreuicedhn buhéhq uslirmyt gnk can be used

N e
sufE riod %%@éaﬁ'éffé é?ﬁ%ﬁbpﬁé& Mﬁl@ésuﬁé&é%strate In another

ons, d organic onpounds
spmmﬂoeexammle the sthrcplmkl may\/oomneaIgIUm)selowdase pnky(VFc-co-AA)

B St et Ard AARE U e Bl AG o £38%Rbging from
1 fSGH@b‘éUb toSII*Ab‘Qth -0 Wdight paivls. A< AsHdIxEpoliier of the invention is

COﬁpOSItIOﬂ ma e varil e ccordlng tot

adqed iocthei roixer whecm ittigh hommgpmsedsmﬂ] ther emmnel,erpmmnamﬂlas and

wiigk. ThSaer. e hAmOORaEHS FubcB8 i SRR Ay Sl Substate.

AdgirityToh edpesiHor rté@idnquescaan %aambmy@daw depdsit the membrane
conposition for a slurry ink that is wused in the

omtaré.sudacs, dndudiagnbubrellimisrd to, BPIRGRE RAIRERG, digyroating, spin
he fol l .
oditiB fohfes pfnd AB SAEBhHrnlng. . ' Pior' "rediator - 5- 50
ng; nmnooslsiamﬁaemumat?bd\ie Zﬁ@cngMUatmrmfa(j redox p@diator in the
. t t
SR B8 AV, 1OF EaT T B Db BO/BEdR Bne fmale geporived
béiewe\Mﬁé? ?%nﬂkﬁ%beﬁé—%@ﬁﬁc@ﬂbﬁfﬁé hedey Higdiaton waseemployed, 10

to stan or ‘a suitable period of tine before being
toagpirighml ofthe mediataravasaddest ta thesiumry inis 40 wae embodiment, the

specifi.c e . .
o S oo i e, PofORRERRE, B 5080wt 15
mgiiRC bi nder, mxed with a mxing ratio ranging from

: 50: 150: 200 to 1:40:200: 300 ht

ol yiG09) fheneondereriios b anzye i the) Sluke/ ik, Biavplse vary. A

o . ; ‘
il PRI ) I, FLSHEmOBRRAR! e Eencibrgtion of
enzymen the naidconmposittrink 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

y
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A variety of deposition techniques can be enpl oyed to

deposit the nenbrane onto a surface, including, but

not limted to, spraying, painting, dip coating, spin

coating, inkjet printing and screen printing. [0068]

As nmentioned above, the cofd®entration of a redox

medi ator in the slurry ink may vary, for exanple,
th&hmnﬁrarm, Eﬁll'l?fgthan gIUoosmcorwealtratien ﬁema(“j $atrr:|ﬂle(.]I Pot the specific

ere a vin rrocene-co-acryl am de redox nedi ator ,

XA Ig g5 aihed o lalg o Wes mfOWH ¢ Bt e 0BHMRY mediator
ccﬁ‘fé@ﬁﬁia{ic‘h Was éﬁ?ﬁtrﬁs | bAd e 'dﬁ%&ntréﬁkﬁ'u of GOX was

concentration of the redox nedrator 1n the
about20mmg#nte ink is about 15 ng/m. [0069] The

B i iSRSl Bow oo Fgrmers
L

adtiv:apulintgltmmsef sédr?brsmﬁmlﬁammiba aswetloaas lvean%ra'sadeIaas any
ollows. Since the catalytic reaction ocgcurs between
°t["ﬁ'é memna@iﬁctmemmné,lyewm oo ABENISS:  1a5nexamplRe Although

' i t i o .
R S Ybffene Wl s o B, poymerzation
witiaigeeatt difficaity dthe inventors dvaveafoding| tihabsedox polymers containing
concentratjon. |f he'm)uiﬁ of nediatqr is limted, A
fefTRGeNgSBNMR (S1PQantly: 3BA JBAGHY PrRParer<wsing;an algoholis medium
vV Wigh b ¢ S r n :
prébare REmpTor indtancEoa il AnaRor 8 tof Yogethér ith
persuifate sali asaadicahimitigtorand t he sensor readi ng becones

i nst dent th f di at int

et rRRERATY eftogieali sSef serbraen be fispias a redox
méaiakire.d- MickdiScerieand cobalfocriiB) srerrdesfiéibaedd!radéx mediators

was found that the optim zed nedi at or concentration

argeprefesed farsexanaie dueita the suitabiaredex petantial defved from the
o@ﬁfiof@o?f?ﬁgé’éﬂe Pr oS il i0h 00711 The invention also
relates

0 new ferrocene based redox polyners that
ar e [00P3pEerrocére dedeativesidanthe used asrdiffusionalelectrarstransfer

B85Sl ol SO S, R Bdons
mléﬂiﬁwseér%clyﬁiéélgn‘icﬁﬂ indffofsdulan wifigitnahit 8an 1686h out of the

exanpl e. Al'hough ferrocene-.contalning nononers
elecitede andrielash inrtbe sample dhabisl being meaisyredsiftar thisseason,
s%ﬁ%@%&% bqﬁ gﬁﬁﬂéﬁﬁt NeBidlanse af® Witabl s’ §Pssable sensors

which are used once and disposed immediately thereatfter.

[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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ferrocene can be elegantly and readily prepared using
an al coholic nedium prepared from for instance, a

m xture of ethanol and water, together with a
persulfate salt as radical initiator. [0072] Wil st
any organonetallic redox sp@®i es can be used as a
redox nedi ator (e g ni ckel ocene and cobal t ocene),

f
algggw 0fs, g@? e PBy %'g%@l‘ fofth§ia il eCert ednefdy duble bond

I redox potential derive
cdr ben lobatedoai dlay |pos|t|oﬁ alengdihenearbonfmarmdr\mmamm @noups e.g.

P S9IHR) S50 cORnIBRVE AP ATt {5, LSBRl- Furthemnore, the
p@?@ﬁ@&@l@ﬁoﬁ%&gﬁ "Hso bbn‘rﬂgi%é' b3 ehtbfi wherein a halogen

Sl ond lators typically owin I ecul ar
(ezgu gbonram,d chlarineccdming @f iadire)e| @ygender etmdjrmeyll owiety for

XA, SLBALMIPS, A6 ¢ MEVBnHYCOgah cAGme G ccalmpn, BREMRdN the
d
oPLRERRARoRTIRARE Mils &1 A BAE XIS F0BP Y es

can [I0F6] llna prferred emdibdiment the amlwmensablmt&ndmermldmvaﬂve
ode surface and then_ at

lsﬁgglélgtgﬁtfrromswhg@gpaﬁor@@% of Vi @ﬁ?hed 2, 3 c%tglener}errocene
ﬁf&%ﬂéd&ﬁﬁéaﬁ&‘e‘ﬁﬁénéb&ﬁﬁ g?Kﬁ:Bhé funCt' onal _groups

d both In the enzyne and in a side chain of the
r edof007@PTlyerpresehee 7] arSuunsamratqmbgndam thesecderivatives would

allih Pe: FTEcEDP il b e, iacBRE Bt ap hobluet Pigkgene via
%ﬁeﬂé&ﬂon Jvm hﬁ@th%‘i‘ spBeRbHIrRfalko R ledst @heamat@ra&d c-C

le or trip bond, or a N-N doubl e bond or a

deihlelar oipied bOlEl.aﬂbBebl -Nfdahie kangeotBaPS @euble MQEIF!LM@ free
represented by the general fornula
ﬁﬁﬁ%ﬂﬁ@yﬂﬂ%ﬁ%ﬁégub|e bond can be | ocated at any
posi [0078] Poothg seeend mdriomenanit thadrisused in gmpmlpmeensgtnon with

phenK@? 1 Vogll%gg%ﬁ %@g@?ﬁé?%ﬁ%ﬂ%a so% Cadia *denvative
hﬁiﬁ@ }ﬁ’m%?séél& ube s Qeaﬁ.:%ﬁoﬁﬁle{]@uﬁ éaﬁﬁ’élégéﬂ achuiling a net

| orine, ronlne or iodine), oxygen or
cl'ie;rgeooqn beuisedy This masnsniiias, the ipwention: provisias for pesidvely as

B S Bt et B gl PSSl Boplichfg bavers
as C@&ﬁémé@ gbovectanr ve fomed) Meespedtive pblthioenets abaege of the

ferrocene derivative
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 to 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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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 thélferrocene nolecule to be
attached to a pol yner backbone via copol ynerisation
thist fespect, Helis soted dhathalthogghaltse use bégsimarye amine groups is
unsaturated C-C douple or triple bond, or, N
PERIBEPE i dhR PEISERt SPBIICRIIGR) & 1B enp ot thﬁﬂ"%?r_@an that also
[ : r ;
SEROAERY o AE) el BloubSorbf IR IS ROARIEA déflative can be
upet ymerderab|genteate & positicely ichatgederedarypalyrineadhdhis respect, it
.acrylic acid derivative having a.pripary_acid or pase
i gl nojed) thet Bleo2eidarbase funetignaltyy sHAORGR Tt 8 msemary one,
j t j [ [ i
dp88 riof opE o po o BrTI bl a1 oot 8F b HnERSY okRPchain can
bermptesdnts'withinlithee sherterconedofcthersidebchaigsr s  as expl ai ned

above ca e forned, irrespectiyve, of the net charge,of
fhe. TodRikier Shvretitarie acanic agt HeBVAlYS FAVNg B o Or base

ﬁﬂhﬁbﬁéﬁg@ﬁpg%ﬂt?éus%d‘ c:?&fé?feﬂ monb@%?@tlﬁt%r W3ed as the second

require or Selécting a suit e acrylic acid
munonvert inve rédox polgmernst therpreseat semsords day acmylic iacid derivative
copol rise wwth the ferrocene derivative, it should
¥ §§@§ggéwt59gﬁﬁﬁgﬁqyﬂﬂjﬁﬁﬁhturated bond, which can be
provided by a C-C double or triple bond, or a N-N
doubl e bond or a S-S double bond for exanple.
Secondly, the acrylic acid derivative should be able
to function as a Bronsted-Lowy acid or base by
produci ng Ht+ ions or by accepting H+ ions,
respectively. Exanples of functional groups which can
provide a Bronsted Lowy acid or base function include
primary am ne groups which can accept H+ ions to form
charged am ne groups, or carboxyl groups, or sulfate
whi ch can donate H+ ions when the acid
functionalities dissociates to release H+ ions. In
this respect, it is noted that although the use of
primary amne groups is preferred in the present
application, it is evident for the skilled person that
al so secondary or tertiary am ne groups present in
the acrylic acid derivative can be wused in order to
generate a positively charged redox polyner. In this
respect, it is also noted that the acid or base
functionality, although it is a primary one, does not
need to be a termnal group, but in case of a branched
si de chain can
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be present "within" the shorter one of the side
chains. [0079]Wile any suitable acrylic acid
derivative having an acid or base functional group
can be used, preferred nononers that are used as the
second nononer in a redox gwlyner of the present
sensor is an acrylic acid derivative represented by
the general fornula (1): CH2 1 I CH , CO R wherein
Ris selected fromthe group consisting of CnH2n- NH2,
CnH2ri - COON, NH CnH2n- SA3H, and NH CnH2n- PG3H,
wherein the alkyl chain i §eptionally substituted,
and wherein n is an integl: fromO to 12, preferably 0O
to 8. The al kyl group canlf hus be strai ght chained or

branched, and can al so co¥prise double or triple
bonds or a cyclic structurle such as cycl ohexyl .

Exanpl es of suitable ali ic noieties within the
substituent R are nethyl, |et hyl, propyl, isopropyl,
butyl, isobutyl, pentyl, h.éopentyl , hexyl, cycl ohexyl,
or octyl to nane a few. T al i phatic group can
further be substituted by an aromatic group such as

whBTel Fhis, SRIpCtast BopT e araien ApPesting:ch rer e donkbriCOOH,
NBECH @léaﬁaﬁ napg t ﬁﬁ efn_ﬁﬁﬁftg 1S wHérein iﬁ@ré‘i@kl)aéﬁ%uﬂhgndﬂgionauy

Iogen atom._c e selec
stibstitated,vand waermhlmslamanmgeb from Odo 12 praferblyp0 to 8. The alkyl

gfsgwptq%ﬂ@seo & trigHt Shdiae 5§|bk”§5°q?&x%lﬂﬁ%ha°r§%ﬁsepr RapriSe,ouble
ocl_ﬂ‘@@ bon% '\ﬁ)z%'ce/ﬁe acrbfﬁ\.t}éz su&h &8 Eﬁambf&sgi suitable

monomnmer I ¢ acl der| vatlve i f not
almhatle rmoletleg wmmalthalsubstltuant Ebarmmetbybreﬁhyigpmpyl isopropyl,

il h f
o SRR bSphbadr MRl BIBARRA FELEG! i Bl gy e
aﬁpha‘n@@r@t.uﬁ@an\f@m& b sLgtitited oy aararamadc @rodlpasach as phenyl
nmpound havi ng an al kyl chain as defi

aé!@&?@ﬁ’ﬂeatoﬁb A Urher bage prigeid gramiPe @ AN QTOUP’ for ¢ example.
E4eMpRFP SMR8E grotbd that 8afSbépresent as substituents are phenyl,

toluoy! or naphthyl. The halogen atom can be selected from fluoride, chloride or
bromide. Examples of suitable o-alkyl groups.are methoxy, ethoxy, propoxy or
butoxy, whereas the n-alkyl group is selected from —NHMe, -N(Me)z, -N(Ethyl)2
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 NHz-group with an suitable activated
derivative of an acid or base compound having an alkyl 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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derivate thereof, yielding the respective acryl amd

nmononer. An anal ogous procedure can be used for the

sul foni c or phosphoric acid derivatives. [0081]

Typically, for biological sanples, the pH can be

between about 6.5 to 7.5. Znder such a pH range,

acrylamde units in the redox polyner can acquire a
femosarid MRistiEy iaehé polynsc OiEEcleatirbamatie |nt€féio‘§|oﬁoﬁi é'nY@ch closer

charge brings the féerrocene noieties in the polyne
proxignity|tadhe srdax Ganterstast glicpsa oxidase (where glusose oxidase is the

L L G N R p—

chargeﬁ;rﬁs)g éﬁmmﬁm Blidipsangxi dase i s negatively
char ed . ani onlsc |%éth|s pH range. [0082] In one

send 8211"" t ﬁ'ée pPRIRNHt of thentpresentt investionorthauoxidoreductase

onFRETE o BRUR 1R o 4 8 BB 67 B85 g e rcor

polyarerse of cthe Niwehtior eshnwibigh cbhlﬁ\rﬁbbiﬂﬁé@%ﬂi ape oRideystictase

at an el ectrode surface, nmaking the enzyne an
enzymegtan elgstrede ﬁurfacqaanakmcfthemzyrr@:am dfdegral(functlonal) part

o G R B E oSS B b schived by

labstiflgatthe, érdyhwedithy tABZ Vrdlox NFg8iatdrz <’J“fd)lﬁﬂvélzl1 bPe enzyme
el ectrode surface. Alternatively, the r edox pol yner

imgghiligation pRdhe alettpdersurfases Altermativelys the sedox pelymer can be

Im%@ﬂgkgrarbrf p.%I S g?‘ o gosép’%ﬁg&t gﬁlﬂqh ﬁi Ié%@zkﬁﬁwiée'm%hzed

in ﬁ@a&dﬂd@polyp@rym alsrmogtésﬁbllel o i‘rmpgbnizé both &n tehand redox
ondyctin n_anot her sensor o e
POYM&Idp @ m%VE‘rfP f’P}Té &ﬂ]"é‘é' 09, POYERET. enzyne and
redgip tr%resgﬁriofrutff' Mo/ #gééé’rﬁr R%Entich, 2the oxidoreductase
rane Cco

nanopa I cu at rsing nanopartl cles
engymecand oedox polypel arexdiftusibly adispersedein 3echanopatticulate

A9 Bpt . e Wt B e Yobarc'SBce of

ele[nﬁé?&@dlébtéﬂﬂbnﬁ@@ﬂp%, NADRIA SV IBOIIBRIBS IVAS, AIB: \AB, VIIB
nedi ators shuttllng betmeen el ectrode’

°"§U|’5I tﬁ%:tli; é&%@'ﬁgﬁp{,ﬂst sanple. A nanoparticul ate
pr g@’ o i 1BUEf & venshe Tee?ecfo ?g%é}gl dptratd Us Q"biusional

el'ectron ne
qunaiors:l@mﬂﬂragybetWeért eelectgocﬂems:ﬂnfmes tanqortbeemest sample. A
el ect.rodes from com nﬁ\?bnto cont ct w th

e ERR ERIT A cRTIFD HRePPEAES | A (oHOCRRIVBer 1Rt only
proviikd 8lettreh tedigting furBloh! BOE alio’Mo¥Ries 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 (I) 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 (l) has ferrocene loading between about 2% to 17%, or 3% and 14%.
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m crochannel s in which anal yte nol ecul es can diffuse
into in order to reach the oxidizing electrode in the
sensor. [.0085] In an enbodi nent of a sensor of the
i nvention, the redox polynmers of fornmula (1) have a
nmol ecul ar wei ght of betweer2dbout 1000 and 5000
Dal tons, or preferably between about 2000 and 4000
High levsis of f&ﬁﬁbnéﬂoé@mghpfeféfémﬂ laﬁ&éﬁstcébd\ié%%, are desirable.

i nvention, the redox formula (1) has

Usigallye @ I ilqyediiof geﬁ@em?{pa&mmwom tiFPegesa mitstn thedglucose

cﬂrfbéh i IE \t/lléft (')nsoae;)@e%gé texf, FOF ek&@%ug%hafeaé ﬁ%@% éq@#ntratlon

isahudre hrghee tigan tecmediaibgl chpatity of tite fermdeﬁeomblléi:ules present,
%I ucose concentration that can be nmeasured. For

thex amperomeliier eesponsesibat ds caaneraiad rﬁnay denligiitedi Bydhe small

e 3 FReidhborshiEbaTe Fndhediel | BSRAE Cnnoa; hgSBurate

measureendritnTher@fdrg, by enpi@fihg therstdx pdlyiess af fohgula (1) having

ferrocene nnlecules resultlng in an i naccurate
a jhigharrlemehet ferraseapolpadingy teenypper ignit 19 gleense concentrations

e B8 o868 afy B S s o sampe

reqaire@ntrations that can be tested with the sensor is

ralsed and thus smaller volunes of sanple required.
[00 ?P ﬂghsﬁ@%ent invendieniis alsosdirgaled @‘P ﬁeR!P@@ISQ for preparing a

EPSERBIE Jocbh HRFHER Thd bloosts Soch b\ Ko imering 2
ﬁrat fmcmcimenrwnteof tmupolyzhedsaméyfmmmlel defivativecavith a second

QBB LB iR ool TAAG. SRRy SUCH B ATy,

sé?;bn&&fyt oRM¥riRey Ydciihiide, o BFOULEE @cﬁﬁ@@h‘lgf‘? ‘TheTEErylic acid

acr [i"c acid derlvatlve possesses an acl
jve cm&se@eempn @wichior dase wpgtionalngroup mam@f @equiring a

"é&@g‘fié Tvobrahtl e eiEher ol sRaRth 15 Baria ik in B8 agpeous

aleghdlicirhediunt in the @3&gekive ofd initiatorsequence of the _
OSERTE b o . S ARG

valedO Eyr! éxﬂﬁﬁlbu'ﬁ |§E95§|Prt%”l S‘ﬁ‘ﬁrtﬁ‘\% 'ﬁFEttér"f’cf %recbﬁdtrHSnomer in

Initiate the reactl possi
alcohadicl mediong anid thes addrthedniiator tadbe dnitiate tmheacnon It is also

pssits 20 isting AR oL e mabRatees 1o RS glbBhale medium firs,

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

LY
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[ 0089] An al coholic medium can be prepared with any
organi c al cohol, for exanple, aliphatic al cohols such

as ethanol, or aromatic al cohols such as phenols. The
volumetric ratio is usually within the range of ca 5:1

to 1:1 (alcohol/water). |@5some enbodiments, it is

about 3:1. [0090] In an enbodi nent of the process

cemtresr fung &b théleundutentéd hondeoly NRE | Bhomerd. SAGESIHirRly, in

oyt u5|g&wan aqueous al coholic solvent conprising

angthgrRnbedimend pEthe invantias, pebmerzationiis lrumatadtbx/@éhimg a free

rad and 3:1. [0091] Al t hough pol ynerisation may
p?%gggéghttunn the addition of an initiator, it is

desu[oasz]emyorreei vadicaldditiatdr dan be ased. Bhamplest ihelole ihbfganic
on-rich centres found at the unsaturated bonds

S%?tﬁ §UcE arRersuate saitsag wel @s prganigeRmpeURdf Suehastbenzoyl

pe‘i‘é)élhﬁgo:;l r;&go%s é%ﬂm it at %Nfo%%ﬁfﬁtﬁ% to produce

radigdl fragments icalled isigatobdragpeshtsFeann| sfswhieh! ke one unpalred
i norgani.c salts such as Persulfate salts, as well

eleFirph which, eapuivmstion a5 & reentasijeal whichxakiackothe unsaturated
bof—.dg i n-,%&ﬂé%l&%yryl nitrile (AIBN), which are able
0

uce radi fragnents called initiator

f raqomlssn soaw endboudimehtsh dse dree vadisal initiater iscssledted form
whi ch can . function as_a free radical which attack the

the, GERHR, PRRSIFNG R RBMORILTR PerpHiates Petapsiym persutigte|and sodium
petéatgnbodi ments, the free radical initiator is
selected form the group consisting of amoni um
per §0094jire pne enstsadimenpef thel ineertian dhe adightratio of free radical

.. [ f.at t of th t
infior AerEfis phireeh AbPyCAS RS 4b g, nef 1,0%m 58 Fanreer. The
inioresiav@bRuhd AHatthd Smbint'Bf Reicdl |Eft|§f8r‘3ffé€%H3fFﬁJ degree of

The inventors have found that the anmount of radica
polymerization. aHigict amaunds defyr sadieal pigitiater i signifisantly-i geduced

ool ot RGP, sl e BN Ml W et
welighti Thid alsormeahiethat aelativelydittle radical hittomwastnddddd in the
oo 1G5 e o3RS A oG pohrnceation
reécﬁiéh%ahp%ﬂ' ﬁ?ﬁ; ke rfyﬁﬁf:tﬁéé”?adléﬁlar C}uaftéﬁ geihe addition

quantlté era Initiator use
seguenesne eactan&(ﬁwbdowga aelatibovtoi anpracess iob the mventlon), also

aﬁ@&%ﬁeﬁoﬁyrﬂgnéﬁlon e glglt'\é)? n). also
[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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affected polynerization efficiency. [0095] The process
according to the invention can be carried out at
standard conditions of roomtenperature and pressure.
However, in order to accelerate the reaction, it is
generally preferred to carrmg out the reaction m xture
under reflux. Care nust al so be taken not to use an

exc r :
e JOBBER i B3RS BB RS ol A8 e
ina@ansimertatmospbess. An inert atngsptareldan belppavidéd by. nitrogen gas,
r?ferred enbodi nent . of the process, polynerization
orﬁge 1Hg} 922 8r 8igon Prinstanee-at a tenperature of

bet 0 ; f ;

enb Pﬁ%ﬁ?ﬂ%@“@ﬁﬁ?ﬁ B'ﬁati Ec,so g‘gl r'.fée‘ﬂ f@upﬁmzartlgpl Gan be
dependent gpgm the temsperatre used mcg] tt?e_iamwnh of iitiztor hdded to the

rovide ni,t rogen, gas, .or helium gas or argon gas, .
reREoN R0 Eicad0 PPRRRSIIZA1ON Sorcaiat Qb dor & petiod of time

e f j ] ent upon the

be{“@%"éﬂ?ﬁ&‘?%@@ ’y%bﬁéeﬁag%@ﬁt%bgﬁt ?gﬁalﬁa ‘or added to

t he [00281Dne renbadiiment \obi thel inventioé yprecessitfudiner somprises a

carried out for, a period of tinme  between 10 to 40
Drodiing & RfeseaRtionaMXILIE Prigh da PalYMeNEINg. Seidotist anek second
mmﬁg}m&rﬁﬁigiﬁghe i nventive process further conprises

a producing a-pre-reaction mixture prior to

pol ylissalving gtheaadnficr atidaderivative:dmonomeneusit in an aqueous

C ri sing: dissolving the acrylic acid derivative
alq‘ﬁ%me@ﬁﬂ ﬂ?ﬁ? an aqueous al coholic nedium then

addigagirdhel ffRCradfdl frifliathf dridfden and then adding the

pol yneri'sabl e ferrocene derivative nonomer unit to the

m xiadding [tbeopglymerisabbler fereocaneb aitirivative ononbmesbuanit to the
mi?{ug&ess, the feeding ratio of acrylic acid derivative
0 polynerisable ferrocene derivative in the
pr e {028} incanfurthiex erribvdireht bithesalbmtaprecess,abt féeding atio of

15 % of the weight of npn r added s preferable In |
acHfigAci steghetien o bpBmSTRBBIS Froteie derivalvg ingpepre-reaction
miﬂﬁréﬂ#ﬁt%lrl%ﬁﬁ\n@éh a?HHéﬂ’gl‘S' R ‘IB:%&E%@%EQH’( of fhorfbmer added

di ment, l'e fer

_ further enbo the polynerisa ocene
is preferable in order to obtain a redox polymer having a suitable molecular

weight and viscosity.

[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.

[60101] 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

Cy
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derivative nmononmer unit is dissolved in an aqueous

al coholic nediumprior to being added to the reaction
m xture. [00101] In an enbodi nent of the process of
the invention, the redox polynmer is precipitated in
an organi c sol vent. Ckganiqzﬁolvents t hat can be used
to di ssolve nononers involved in polynerization

i ncmg} Ei;nplb‘éﬁ'é’ﬁeﬁ ruc%?@f&'de?qgoﬁlé lnﬁw f a tip-filling
bipsemsaro2 lacosmeingorto[ an1epjbddiment df Sh@mpresenexm%ntm The
mp g i proRes Ot e tiBspiarh Aosoraad lodhe Spaaiic smbodiment
is 'F%%t'fd%%bﬁt?éd“%%gg dﬁ?%n%fy H‘Saer Q&Pc'ide%é%ﬁ‘é@r r S&Efe%trodag '

specitTic e 1S nex escr
4238S ravajlable franmbdchesent Colleids €ochOnsarid, Eaﬂfotmad&gSA

| abl h Co
prie Sugiﬁaéaaw@bﬁs RSk "SR-: Bohestarin subsee mkpnnted

SRBBL0 S Y8 hed B SRBLIRHS of o) T P PR Bhdminea

qrmldet bnnm, fmobxampie Menty-fomrehodrsr Themafter, 4 mnbw $ided tape
a double sided tape wth hole

wit)) Hclas .Ta?a%ﬁeﬁ V Hormee tarain & piacsck opnthe eripiech substrate.
T%hb@sew g\?erﬁﬁélf}ﬁ d\é“f’iHédth V%Héé%bgyﬁj%fn'dnﬁwet BBenings for

recesses 1 enit ng exposli
explosing iheeelmtradeopm'uaﬁs 2D MmﬁmmmﬂnmpwmulaMeMrane

s JEER Sefken ity Wing S ShitBblebimaek, 4B t%%aweawg irtSees of the
cathGe s106Psdey tvhtha@na%ﬁ%ﬁsshw n%,v “Inik Kot WVFP\‘%Qrepared as

(prepared as described in el ow)

deseribed i iny Eyxgmpls 12e-belowds ﬁ@X a@.mgly@wm)dm-mmndac:d)
PP BofS SRR S o et B i v
at entemperature .of Breurich 828 ds 31 odntroieal enwcmﬁﬁémtc trhettﬁncr@ess of
the GraIoPRGIREe TTRTER ﬁﬁsﬁé‘riefr%'é& Kratrertﬁétpwﬂmhst?ng the
tofé@b@ﬁﬁnﬁﬁpiﬁeqﬁk%llb%ég?ﬁé' % ust Tovo IEHHE @I&!Iﬁd on the working

mani pul ated for exa
area,sanck isnmanipalated ésrrexampledny adjusying dhe: snesigsizé @f a screen in

a SRR i W BRLSUHE RS Ealers s ahopSiucie spatariplse or the

‘carfventrative-olelie priMetg Siufryct ure is being formed, an
[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: Svnthesis of poly(vinyiferrocene-co-acrylamide),

oly(vinylferrocene-co-acrylic _acid) and poly(vinylferrocene-co-acrvlamido-

sulphonic acid) copolymers
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array of Ag/AgCl or carbon counter electrodes is
simlarly screen-printed on a second polyester film
using a suitable mask and dried. This second pol yester
filmis then positioned over the adhesive tape such
that the counter electrodes2gare aligned wth their
correspondi ng working el ectrodes. Thereafter, the

@umsa w‘cldas§ (@.0&9 Haedsio L grqthé E@e‘? f’é@ﬁﬁéﬁﬁg) was

one of which is shown i'n

P@ﬁh@ﬁ@ku gogy ke ( (Cip8e0 r <Bwhs cSwazeNaM)l dEprrocene (Fc),

VESIR Y ) 0B T iAo R EVRTdp-2methy-

1 I d
«gg%rgﬂ?{ R gﬁn?%igf(éalgéb 28 ?7(3 rylgﬁuéo %uﬁoﬂlf]lc ggfddh'ﬂr AAS) and

~ parsultate (salisowere BumhaseMQMGBlgmmAldrEhr(ﬁtchs MO, USA) All

otflabshersloal8" St e 5Eatorts mprainol anes Pabsn e FuitbeSsnline used

wéreabf candified analdical arade. an QSIEﬁHhé gﬁétf\év%FéS%srerg r\%@gﬂr&)ared

and persul fate 'saltS were purchase
withsdeionized wajer. USA) Al other chenicals such as

aceta tha E[ rate buf f.ere é}l i ne used

oo dB8To4L ARy sraftal O BRORNes diouised 45 e (penient was

pemmeusaﬂd V»@b@rd@rdel@ﬂr af A lérh de59NysasivRl Spe Wéﬂ'\eter
ectra of polyners duced In the expe

M@'@fa‘ﬂgf M@ngfétﬁowetﬁz demlned avithagi Teyo SotiEs hlgln pee‘onhamce gel

%%ESR%?%%%@&@E&R%R/R u' Hnd'% 5?51[@( %o e Qﬁ]oxm%) and

pmy(emylﬁmlw&l fdrra;aﬁgmbnand st andard poI y(ethyl ene
oxi de) and poI y(ethyl ene glycol) for calibration. i)

Synt hesi s of pol y(vinylferrocene-co-acryl am de)

Bor L eoriechie 8 bob SR oS SRR obindrs,

et hd0d105jat er Th&epaatrmlesacdntammg vegeaagrylapddedissdlved in 10

SR AR ks N
midainooyestaad gl be@érﬁUﬁ"e@SpefQﬂxlfﬁfé %ESRHI’%SWQE ,2dded to each

vi nyl ferrocene ranging fromoO
sampi%oaﬁe@ beinaeg,&@zcu!gen@tsdarf@r !B frmnutashra'hree amounts of

S S I X
vi gg%ﬁgéﬁée ‘?&ﬁﬁﬁp {%H{ f@% @g? @Sl&td;g@ggoadwflxéd in degassed
ethariot @ foravlthree Mh’iyﬂenro@ehelwmﬁﬁr $amples, the amount of ferrocene
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-initiaior 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.

if) Synthesis of poly(vinyl ferrocene-co-acrylic acid) polymers

W
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vinyl ferrocene feeding ratios (ww of 955, 90:10 and
85: 15, respectively. Each vinylferrocene sanple was
then added to an acrylam de-initiator mxture.
Reaction m xtures were refluxed at 70 C for 24 hours
in nitrogen atnosphere. Af29r cooling, the reaction
m xtures were, separately, added drop-wisely to

r aIOl[dtH’OG]t i 11 ethrés shmipfed Boftafifig i @ Qfa%ﬁ]liél dcid Gisdolved in 10
redox polynmer. The precipitated ~redox ynmer was

mwSrne@Jr@. sqw%métf &thanobwaier (3 pads iy 1 rmarB. were prepered. A 0.30

R3S 8, A 5, B Sbon HEsPAALA 8 o

saﬁ}ﬁléhms bémgoldedxp génatedr foengaCmipatas. i Q'h?é‘é dhmounts of
ynmers 6] Three sanples containin

V'%ﬁwpengdaagmgsé’@méh% o B wete ussaiges cin : dogassed

"% Vo Dy d SOl R Bk  Amgure o

vurgwrerrbcene vmt aiddaddéd mcbacﬁa@hﬁleafﬂeﬁq hﬁlé!ﬂated to obtain
eox nated for 10 minutes. Three anpun

acwlwym lo-yopirrooeng freding niatios s(wfwh 00f095E5 gQQ\éﬂeand 85:15,

oSS, AU S B, scrvmice

initiatoy | rhixturec Reactibnt mixduedd aeré aeflared &apP| € e 24 hours in
cal culated to obtain acryl am de-to-vinylferrocene

nitregen agnpsphers. (fwam ceglings: the trrclion amiKtaees were, separately,
adg&gh PM%EK[ td- Q’éﬁlré& HACKGHE in F? t%rg(glb‘?%}]e a redox

0 an acrya |n|t| or mx
pommeru fl' be precipitatet| reue)d palyniér Wat evashédhwithi acetone and purified

n|t ere. After coaljn the regction
by iklelke el dseaing; a4IPDE-Dr alaig Guiap< 4ho Ried product
Waysatﬁbﬁldﬁeatdr{de‘?qaéﬂ_ﬁﬁ%%obé order to precipitate a

redox pol yner preci plitated redox polynmer was

vvashed with acetone and purlfled by mJItlpIe

I IO(Homar at n‘hreeaéamplesvcdsmhmmg 1 0 g acryhc aCId dlssolved in 10
ml cgrrocene co-acryl am do- suIFhonl c acid) poly
[

cRigtHre Poivest ohRHIARSuatRRIGPATS 10 8 F{?"Bc“l’?’lei preparasl. A 0.30
d t
ICBRERA G001, Bty By i, Beumle SBlnth,wae godeg to each

sampbd aftenl bejngt ddox@gematgdmmoxygemmhums p&hsee f atrounts of
vingBBitoeSe.aaonGr Tew 0 fara <o Bt MRS HBSOMed In degassed
emﬂgfﬁgwngg%ééggggmeﬁwﬁ& SSlufiort Osfmpfes) ¥R €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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et hanol to formthree vinylferrocene sol ution sanples,

the anmount of vinylferrocene that is added for each

sanpl e being calculated to obtain

acryl am de-to-vinylferrocene feeding ratios (ww of

95:5, 90:10 and 85:15, regpectively. Each

vi nyl ferrocene sanple was then added to an acryl am de-

initiator m xture. Reaction m xtures were refluxed at

70 C for 24 hours in nitrogen atnosphere. After
Résglts aad migeuggmil on m xtures were, separately,

“added d Iy t dly st t
o HI0BAB] t at EexbobIAIEAIOY A nvHREOGPE I BPRIFTERand it

OGS VB JEFIE i g O 0SBy el b morcation
re@etioe.sThe genaral neht:ﬂioh eqodtém is depictet ém Fégured. u nder
i v B R et o
e 51 Lo R i sttt yoytemocene

inghaes emeA%thmtlomdahl ihe introdaptiart eection, Ninylfesratene usually
[ 00109] However, in order to successful

a@s qwaslmal seavenger lﬂﬁﬁ&%pemgailoaﬁvéﬁ% Jhwasdoynd ihat the

alyBub B EBIERL fitdlfr  [bbhiaty Nbd SAORRAB nbldédan nomal

pmznwr“zat‘dsm epstemss HigHer am@mtsarf mdudaluaihamzrasagmﬁeanﬂmreduced

ooerkaln e ] b hB0 T s S e

addiSA sBGEAIFE 4180 AR Ei%'thegﬂoymsﬁiawn'éfﬂmébiéyeﬁs Hi gher

am)un Initl significantly reduced
pol y[ﬁﬂlﬂb@t i onLessf itharer2gacd polymeszaiion awasepbsrrved when

B L

aél’gﬁiﬁma@%ﬂfs ] ﬁr@ib&bl;'abecauwsmebﬁnmaadn\/\bérferradehmlgz in the

ersul fate radical initiator the sol uti o
raaohgnflarwgewalcan@suaed ynafﬁﬁdeetafff%?len Qf BP& 29‘“0" rate and

N

1 pohdercoptinedliconditiens, relativerhigh yisids weteeahtamd on of the
pol ynmer chain growmh process. As shown in Table 1,
under optimal conditions, relative high yields were
obt ai ned. Table 1. Co-polynerization of
vinyl ferrocene, acrylam de, and its derivatives
Feeding ratio Yield (%9 W content Ml ecul ar




(wWw (% weight AA/VFc 95:5 80 4% 3600 AANFc 90: 10
72 9% 3100 AA/VFc 85:15 56 11% 2400 ACNFc 95:5 75 3%
2800 ACNFc 90:10 55 7% 2500 ACNFc 85:15 45 6% 2000
AAS NFc 95:5 85 6% 4000 AAS NFc 90: 10 75 9% 3500 AAS
NFc 85:15 62 14% 3000 [008311] However, the polyner
yi el ds decreased with increasing vinylferrocene
[ t i

TeLfp 3. Co-brizifbrE VA RicBRe, BT AR derlitives

though great care has al ready been taken in the

Fdedi ge“ fafi6 ON f%% WF@' tonténtnd U ndlebulart €
yi e wer e obtjai ned ce he reaction m xture becane

(Whivpie, whi ch was| due to the 1(6?’d)at| on of ¢ weight abl e

iCocene | oadj ng varied fr‘om 3 to 14% ich is .
ways | ess tha errocene ¢geient in the |mgpgner

feedi ngs. [0011P]" Ferrocene}loadi ng in_thelredox

AANPeer was determ ned fromiel enmental anal ysis. Energy
Di spersive X-ray Analysis (E >°< was used for. this
5 pose. The enefdy of el ect @I beam used qr$199rrpl es

Aml:ichc redox

85:15 56 11% 2400

AC/VFc

95:5 75 3% 2800

AC/VFc

90:10 55 7% 2500

AC/NFc

85:15 , 45 6% 2000

AAS VFc

95:5 85 6% 4000

AAS NVFc

90:10 75 9% 3500 -

AAS VFc

85:15 62 14% 3000

[00191] 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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produced is 120 keV. The X-rays generated by the

sanpl e was subject to analysis by alithiumdrifted
silicon detector. [00113] The nol ecul ar wei ght of the
redox polynmer was determ ned by gel perneation
chromat ogr aphy. General |y, 3%e redox pol yners prepared
with higher ferrocene feeding ratio had | ower

nol ef0idR] vwei ghérracehe iemiiey in rthé exedoxr pcﬂ?rr@ﬂtwas determined.
di stribution. Characterization of the s% t hesj zed

fr?@o%is-zn}?& %Jr?élaévql@ﬁqatpyﬂ@%@wmégwéa\ (1R&) Wagesed for
RGP b lBOHEF eal R loh E%bfe@ bf'the redox

tHid %G
sof ners arelnb Wween
pnztfdﬁ@e@a*st tQOs keNT-The o&rmysi gemeratdds &y ffieg sample Was:aubiect to

asvale By 2 g §a Britgd SO SBIIHOer yi am o and
t
Y'e;‘ﬁ P care SRR} of tRPY U e f Bl lermine

meaﬁontdtwomwgiaphyz Genetaily, fmelrrédon pdipmers prepared
region. Extrenely stron ?sor

Q- 130
315%% TFR?enﬁy tediig, ket Bag: 10wes melRcUaTWEIht nch broader
yl units in the redox polyner and
nBLe%ﬁﬁ?%@ﬁt@?%{bﬁ{ﬁ:&ﬁn at 1218 cm -1 suggested am de
groups in the polymer. UV experiments, again,
onfl rmed. .t he successf uI, - oI ymirl zation of
ragterze "'-.E—i‘-- p¢l gadoxip €IS e shoul der at
300 a I oy V, n
the GOTHAF Mo cs %ﬁ?%d gﬁﬁ'méﬁ%éﬁr'@“%ﬁ*f‘?’°w golored,
powilery matem!&:d\dyleoulamueighlsu m‘t thescopolymers atein ;inernyam 2000

e D AR, ARG RPorBb . (oo, g, )1 ety wed the
cohpete |dl%ﬂ&:&hé@ &F Qingl bsoltivhlzt 16850 e@?g&tlhbethat both

feeding ratio of vinylférrocene was intend
awlanaag andndnyifesprraneowers S\FWB{QWWWW% god @ndhthg resulting

fe‘dgﬁm'iﬂ%eﬁney@fﬁﬁwﬁ? of¥8 (ot BhBfs. PERAEP Llidenge can be

fo:lng (rjnesl'le yo?md 300tan eelglmasExﬂ'mnetyrmrongwadsmptlon @aceompanying
eedl n ratl o

b, G WeAR A& 1128 S IGHSB dhe sR0ReS O Teiiagey! units in the

rege ér ‘tl?é'ﬁfrah%%bb! bhZa! 1298 critd dud§estddamide groups

Tabl'e 1, zb? content of ferrocerz noi ety in
int Hbep@DiMmeru eexpeiments, | againascoerfirmedhytheersuseessiul co-

pé{,ﬁl g%%ﬁ" glljr)ﬁ%%rroc'énésan%yagﬁflarﬂﬁfe.l'l'ﬂbe?ﬁlnﬁfe 8hbuidf 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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sypthesizeds havrmrvgh snjub

bi osensi ng purpose, a vinyiferrocene feeding ratio of
10%is sufficient, which gives good nediating
functi on and good econony. The anpunt of initiator
used in the polynerization also affected conposition
and yield of the redox polg8er. It was found that
good redox polyners were obtained when the initiator

coggerh”of hferrd%ﬁge rAbieRP- 1O tHEB. rﬁéraflhérfaaﬁéaowrﬁ increasing

i ning Cyclic Vol tammgrarrs of the redox
vrrpﬁfe;meene fexatingsiaties du itis byrfer sotiinear gt afiatt avas found that, for

bi hosg_‘ggte buffered lfﬁsﬁl%l) IBE% %&%re&bnw igg/ églsgﬁ%e(mdwmt:h

h'%@ﬁlﬁﬁﬁ fhﬁ@ﬂéf? hnég%pfétﬁ?\%?ﬂyc Fhel #AbENYES Ritiator used

per an Aut olLa ot enti ost at /(gal vanost at
in the polygwenzaaonal&e gifected | compqsitien and yieldoh & cegdox polymer.

1t G398 fAc R GoAQ A Palviers Wi potaifed WHeE el Afietor s in the

f I.,e(g‘.gﬁng}sectrode a platinum wre
ra'\‘@!ﬂnter el eg?)rgtgrélﬁcg an Au working el ectrode (surface
ar ea of 7.94m) . [00118] In contrast to
h

ﬁrs Sﬁér’ée rHréparEH' n phosphate-buffered
cha acterlstlc rend rs e redox Iaérrers i deal
salise{PBS) smhmoasonstherprbsmgf AP paLeOxctDaig ﬁ@n and 10 ug

nz brosensrng since nost enzynmes only work
Gé aﬁae"edoﬁ@kﬂgl& * [00119] Figure 9 shows typical
cyclipg1¥A t AMENEtABheicah tedts WBFe perforicd) netorry AutoLab
t he ‘redoX pol yners, the voltamograns exhi bited hrg gmlcal

potentiastatigaivaneistati nmning (ndeshie gepgral ( PPOSE o Rlerk

o8 e oo P S9N S S it n o

Faaaday cagedientleotiodes are @ufAgLAgC) sretelnmmleiectmﬂe, a platinum
peak-to- eak ot eBt ia

sawten leﬁgo o eonen Ay waRiaibffeds (MaRY anks of 7 aamm?).

redqy W?f cBﬁtrﬁ§§tc90iﬁ?lféﬁoééﬁe ané dedbr polyrders that were
redudcti errocenigwm)retres in the redox
e

ire yeater ot ar@deﬁo&@re \)T't@"oér organic

ot SBhe e | EBE o URRE T B0 o s s

mEgafas VifEbib&&atking,! pasieuldrignind Enayrtlemhkedl d:rrosensmgsumml most
the ferrocenyl noieties in the polynmers retain their
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 voltammetric experiments, again, demonstrated that
vinylferrocene was successfully co-polymerized with acrylamide and its
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el ectroactivities. The redox polynmers in PBS are in
real solution formwth free diffusional behavior.
Spi king this solution with varies amounts of gl ucose
did not change the voltanmmogramat all, which
suggests that there is no @atal ytic oxidation of

gl ucose by the redox polyners al one. Furthernore, no

L. S S whgn | pel | ret
deg%ﬁ @5‘ G&%& féﬁ%@en&g dgrid{&?é yﬁerﬁggl B lZﬁé?éTﬁe ain  their
el@dtmaonombsn’nse rgdax polymerssn IHBSw gre it ceal @elution form with free

oo 58 i B BB o
ch@é & Yo mobf%g ﬂHWrﬁchZFHga Nl tBBHS 98 hdd Yatalytic

pr ocee Ut 1 on OX centers In
oxﬁattonFéﬂghwoee cmn tee tredox afyhBis, aldtnen Rurhegme:e,r Bacobvious

chagtgggt\lygiep\ggggé/%gngrﬁ@ﬂ, gééxgtg?serg dgx r%)tts;e g rcgégéng {hl?e redox
9L 5, 8 M PEAT i  t Sbnyos rciaty

e sur
the @aard aelth@fed@&lvmmne §§h§ltl0l$. Howasgen/ when 10 mM glucose

whi ch | h | h h
WASRHGEE Kt roIderm DeRGuipRRs KBt A GlisAse RGO prageeds
in ttﬁg %@uﬁbr?' Phé Yelbx ?ﬁ' (RE Db%i‘e tconvéfed A0dFADH..

rrocenfumnoleties in e're po yrrer are

When dire @ldotrodeepotentizl wels scamedqmt mm tedaxspotentialofitiig redox
reacti ans forma ca

palyiaSanigant, AmoLE Of e, mgsias it tesbkoldher was
O)b&ize(‘li’et@ firRiteRIN ﬁdreﬂ"@( chstoae" sulf8s.2Fhe Tradox pbtential of

cat tic reactio t he redox polyner greatly
Fmamlds in IGO0S &&363.\/ dus.r AGAJGH, twaich JF e fower than the

L
foffpeaeriber e BRelst Fas, Ffodelinah liees i Uiyt FaDH
gLy TEbacktb EAEY; tanddigecicerogbhiume monéms in ther reloxnpalymer are

o o e Bk v s e fom e

oyl é% uStratsH T ‘i—“ refARbRin dtheswosds, uéssexidansn bYeGOx is

ower re on current of ferroceni um noieties,
medateﬂr’pyﬂmﬂadmxtpﬁymebt ained in the glucose-free

sol The data s e

7o o TS o 5B Seb0fn Wy P BN Soreaty
encesOne. oxidation cogest Eﬁﬂfeoﬁéluflolﬁ)mmtaningdglucose,nasrseen in

of enzyme to el ectrode surface. &%}g@ 3/ tﬁiﬂﬁ

Figtirex %éhgiﬂagfsmms)sulh@euamr%e agon 2, redox
p@gp%haaﬁdg@ﬁﬂq?&é “ars "HfS0brY fal, $hrgeCamotit RIETARBHIGR moieties
are produced during electrochemical oxidation, and they are, in tum, 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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(Gx-BSA) [00121] The cross-linking reaction of the
redox polyner with proteins was carried out to study
the el ectrochem cal properties of the resulting
menbrane. The enzynme GOx was used in the present
exanpl e. d utaradehyde angspoly (ethylene glycol)
dlegC|dyI ether (PEG were chosen as cross-|inkers.

Séﬁ]&co-

"I t7 ' | rgr ye
acnfiamid PE litked dwith deoﬁéSOﬁ amsbowheauseeum min
[ drich. [00122] First
ﬁiééﬁ§§ﬂ$nylferrocene-co-acrylanide) obt ai ned from

Exanple 1 was deposited onto a gold el ectrode. GOx-BSA
was nodified with the crosslinkers to provide GOx- BSA
wi t [oc#213! i phThec crossHimkinghaieaction hoh ther wedex polymer  with

ProteiRRUIES RRITP @iiTo SHHY 1erBRFBARISGICBLBoRSHISS, 1 the resulting

e, R 05 XS SONT S sty i

and rpdh{ Q?jmybpeT ol) diglygitiyl gﬂmrp(PﬁG)LWeremhh)Sereas emssBipkers.

reacted w

Bici6Giaearads BitaTalRRyds Stk B Waler. roticheode Haert EA and
F

ot Bl SRS (RO 0t 68 100 s

obglr;m ﬁod%Smma&Akiﬂghect Sd to ;/ol t_anret ri c anal ysis.

was _US

i G122 Yoo FUSE ReDASEYTBROG-o-achiatids] yofteiped rom

y%m&%&&%ﬁ@ %n?c?@ Gsélecﬂrbdﬂ! eGO%B’SXRﬁaWrﬁdSUM with

ectrod
the Icrm&simkessjto rpmwgarGOXEBSAhWItbr@%S‘a"pi‘lﬁH@cﬂabefm chain with a

terfiala aldfeigo finciof, 88 Blishopl pRovE YpropY Riiidde® with
suﬁl\%bléiﬁ.ﬁ{(worzmglo foUpeC banttealimiotileed mediator/ I&;bs&qﬁenﬁy, the
maga GOHESA ks Hegpitant:and eacie with fhenrgnoBiized fitator
Thbea‘iﬁél‘nfdé’ Sg&@t&mﬂﬁoﬂgéb'égxkﬁm&&teg vﬁth\/th@r&ntr% &dup on

reveal sta surface i nmmobilized
thé PM&/EMO fanlnna @ovglehbl crossliokagrs. Afterseaalien avas earsed out,

s B VB GO B R BRR RRARR dhe™, oo ey ™

Onemst 2 J gghgaég?mgﬁié@m RAALVFEGOX-BSA filalon gold electrode
was subjected to voltammetric analysis. Blank PBS was used, and a 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 little
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



10

15

20

25

30

peak current is proportional to the potential scan
rate, the peak-to-peak potential separation is nuch

| ess than 59 nV, as observed in the case of

di ffusi onal behavior in solution (see Figure 9), and
the width of the current atghal f-peak height is around
90 nmv. Such results ascertain that all of the

o S R0 7 8or oGl AP Vv o
8?’& %@ﬁg%ﬁﬁ%@b b rﬁBSfp%fentHP%a%d%f& tHe PihRito-peak

ut| on, "'a typical catalytic
peieauat sepanation! nscmueh less thabtwrmv asoabsenvedt inethe case of

TN N T Y T G p—
hél?g%bﬁghéigﬁterls"‘%u Bogagﬁfwouswh ”@smtﬁ' assbrtdin that allh of the

uced s bytﬁ'etransf’er of electrons fromJ
ferratenyd réidx teertées fase rallowed tcmrmhe$he Teleciregie osurface and

PIRERPAPTgVPIIEI NSNS TI0oTRRS SIRSTOAGFIHEFT (YOO EGAing 10 mM of

V, 5 )
:égég ﬁéoﬁ?qj%% 1%?“@5%2%n t hese pos%k?ét\r/%é'?eng ul t gurve was
obtairigder Hewemar ethenzeductioar pealt oimhe oredoxepolygxaredtsappeared

(BGUpels 80F 1areyr SEGRY. | TS (TEA atied 416 1 Seneing, laver was
nang@ﬁé’us %Qhﬁﬁ?é rrgirjxah\é' rbBucédI 4616 *by%é%ﬁ%férrbféelectrons from

partl ulate ne Preparati on of
theareghueedi GOxatee thee Mrmaﬁlyhmwetles n'Elaﬁ sapigh esponse and current

deBelae efirren axcelEncRBiatipn JHneign of e Jedex polymer the high
clrieftasEsitivity WM@Uﬁse? of the biosensors.

Vi nélferrocene co-acrylam_de) redox

D(+§°Qj? lose BAged| ordhese pasilive resyits, E’%”&'\éi examples were
cél{rfgg @J:tpfﬂ wegﬂga%éqﬁbﬁgéﬁéﬁ%@ﬁ éné"oéfé Qn@éi‘bﬁfa?ﬁ@dredox

pol&rrrqur@thb guesent imvpatlmn alsea silfiusmmigimglatobno-mneesed with
nm, wer.e synthesized in _house as follows.

IhPase ARARS S s R Tlste rpmraisg 85 [o! ! oue

di ssolved In 471 m of water, and then added dropw se

to a base solution prepared from205.9 m of

concentrat ed anmmoni um hydrOX| de in 411.93 m of water.
pmpie ¢ paration ignoparticulate mpembrane which

- = = - g =
guguggsabmdm cal ci nat ed at 7OOC in air for 3 hours.
The resultin

1) Preparation of goly(vnnylferrocene-co-aczylam|de) 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 (Al(NO3)3 9H.0, 88.30 g)
was dissolved in 471 ml of water, and then added dropwise to a base solution
prepared from 205.9 mi of concentrated ammonium hydroxide in 411.93 ml of
water. The resulting precipitate was stirred and aged at 25°C ovemight,
andthen centrifuged for supernatant removal. After washing, drying, and
grinding, the precipitate was calcinated at 700°C in air for 3 hours. The resulting

Ly
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gamma- al um na nanocrystals have a controllable size
range between several tens to hundreds of nanoneters.
[00126] The phosphate-buffer saline solution (PBS) (pH
of 7.4) was prepared from phosphate salts (0.020 M
and sodi um chloride (0.15 M, The

pol y(vi nyl ferrocene-co-acrylam de), glucose and GOX

odPBAIIEINA TeroRRSElS ManBeA ConHoIahIS:Site g Detweer spveral
teﬁgtahgﬁa dﬁﬁnogﬁteﬁso' utions were prepared with

elonlze ter obtarned fromMIlipore. Al other
chenfi00328] usedl'l'lmphd)&pha‘tefbuﬁer sahm@tseluhem ¢PBB) (pH of 7.4) was

ti I 00127
preBRsR, e PBPSRNAR s (050 Ay 89 Sasiuen ajoridg @15 M). The
oGS SO NG s
withetiee ABS diuifed Glucb8enstock salutienuwaalatioived to mytanotate for at
55087 Blelpr s Ay 5l i e B obfine
Aot AFBh CRESas S8t i brnTSEAp Wetd ot St
an&l?ﬂcakg:hcfeor 24 h under nitrogen. After cooling, the

d t at ed t .
ur | BP8RT on BV EMErReRneFORGYBITRRY | HEVFRAN  redox
d t
AL it sifthELizBAT acBhiig) fo? thBD 101wy procedure: 015 g
vimyifemosspe sindet ﬁfgracrqlmn[deoaem disselved i d 0 mioefiaqueous alcohol

(2*5%2%@@@3? S1 q)nﬂ'to Fﬁ&/pgmer%ggﬂ 3'd. 58 rHlSélﬂﬂlot of

0.0 9"‘“’ bwdéntfreé 'di‘ﬁn@ﬁnﬁ‘ﬁ ?)él'smfa?é samtnbﬁmd@em etemeaméctuon

m na nanop articles. he aqgueous S| urry

mmgaaftﬂ! tQ/ mwte;sgofm#@meagﬂme‘éae éElXMS\)'éaS @ﬂ@xed for 24 h
ol YOG A AR eIt Ay SR8 B b, ptone

Ptlmﬂwﬂon awds aperformaedh oy pdissolvings thentasudet produet dor watey and
the follow n r? e of, concentratl ons: d ucose

Pr@ﬁ'PHﬁ@QQ moanc@t%ggw f UAURRdi at or . 10-20 ng/ i,

nanoparticles: 30-100 rTg/m PVPPAC or PVPPAS Bi nder:

40- 150 ny/ The sl urry |nk can be stored or

i) Thepgn '--r"n arocompasits f8lered to coat a sensor

!y AR B o oo
cdibomt ishdp using an aqueous . slurry “ink” of PVFcAA, GOX, a
poly(vinylpyridine-co-acrylic acid) (PVPAC) binder and alumina nanoparticies.
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/mi, 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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machi ne, and deposited onto the electrode to formthe
menbrane. Prior to assenbly into a sensor, the
menbrane is first allowed to dry. Exanple 6: Cyclic
vol tammetry anal ysis of a glucose bi osensor using a
di ffusi onal polysvinylferroggne-co-acryl am de)
nmedi at or and gl ucose oxidase co-dispersed in a

RGO A APORSIECL OPIEE eyt BOHT el femprane. Prior to

aSSSHibly AR 8ehsbr/MeANENbIERe [<TiSPaldvisd todey. | n the

present exanple using a slurry ink as prepared in

Exanpl e 5. The perfornance of the sensor was anal ysed

: bh Fh Bl @in K'fééﬁé-ea- anhi@l% “iﬂéﬂlaﬁor Ahﬁtil lucose

erat ure. C CVO amTetrlc

LL‘E: iz {rodg S ﬁ?t%%e'rﬁﬁg'sﬁt e sorep, pinfpd carbon
'ﬁggleétﬁ{ r&&%ﬁgﬁyﬁ f ofdRr SIB6HrSIS e Wo present example,

nce atinum Wwre counter
uahgca rsharey inkoas poeparedeins Examplen§. dhet perfgimanaengf theksensor

Sl i R a5 e S e LS e

cdrfiedY Wit %ﬁté()%cféwlcmg GBUA PeRsttiobhRefiuz eNigrikétation  (CH

changes in e ink, fresh electrode and ink_were used
Ifstruments, vAUStmMEUSA) tatstroom | tenpemivrere Lyslisnevaliammetric

mgsHET S B Lo iTiel U8ing o ppfifentioha) BRE EERbGe system,
c&%nbﬁﬁ@&ﬁ a Y6beniited eaftshr working elébtvbde,ha rRBgiture Ag/AgCl
fer. In amperometric experinents, R&gg%l&& it
rQie@nceo@lecm@e ﬁ@vewsaﬁv@emﬁ, \aprencang Kz, é‘ & p'atinum
mﬂgdﬁq@n?%ﬁé d| a% dﬁhbwr&.f& gYﬁ'thé Yiﬁhﬁ@"ﬁ]@ﬂéﬂiﬁd the 2-

or in a nanoconposi te i nk
mins diameteri womuggj ared,2a p%ltaeree@dmdm!zbmlm was applied to the

G%Q%‘iéf: %qqqde O CRET Y %%c'&ﬁc@s'@ﬂléﬁé’ "53¢ pikinle. concentration

ch&d@nifthd il adsh BlebirotiBearmiink wer® aisedf fop aaoht voitammetrlc
scan rate, and the difference between the

testid Alkighueasen mrasuremests iwerer PRHOAERd iTh snggé Sohgon. In
Lol _SC / t

oferiBbnR el biEeHEwpd Gid i HRLRAE £0M DK HRlutions

wars kised tb atjust the pHtdf tbe RBS buffer. In amperometric experiments, the

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

Hesults 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

U
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di d not change the voltamobgram at all, which suggests
that there is no catalytic oxidation of glucose by
the nedi ator al one. Furthernore, practically

i dentical voltamograns, as that shown in Figure 12a,
were obtained in the pres e of different anounts of
G0X, ranging fromO0.10 to 20 ng/m , indicating that

i Gt Eé%”e e BB 2P o, S llbErts et e s no
cdt?l of"Bl ggétbyp‘ﬁh@fmédm%wméﬁ@' Fuu@%re, Practically

cose |s Ink resulted In an enhanced anodi c
Idenmaaﬂlmmtandnagms rass teat showm dnliFdgurer 12amt were gbtained in the

ProaPRGE o AMTRreES Bmeues B SO BOANE bR Ociqi2l maimi,
indfcah @tﬁéﬁeﬂ{e %%'n'??td%%' Qéprbﬁlﬁb'veﬂﬁ@ét%e Ml‘bchemlstry of

s are | ivVe o ypl cal® chemi cal coupl ed
thel ﬁflﬁmmdowcwp!esm(thbenkr idoweueéry snsadditioreof a very small amount

of%jﬁéés{q?fpa&g%yy 7 Cﬁg;.i Bﬁggﬁsﬁﬁ' be ,—g&gdf hfﬁpfgg anavI a diminished

ca&é?'ﬁﬁ%“%%ufe%%ﬁ%gﬁ%. S ﬁg"?e@é)h th Frgtre 12b, the
MW-&leolsedDKepotentlal

voltawsmogizem @RS Ifisd up toweardsdtietanodivesidar
ofkhe’ Tegiden S t'Bgﬂéé’%f@?e RRRA St & Hinick) eneficdify BSupled
oot o, .l a7 i oyl e st oy

theifellmdllagtreaclmrsseqt.mrme( Eq 3). The oxidation of
ferrocene noieties at the underlying carbon el ectrode
accounts for the enhanced anodic current seen in
GlticBse <. GORFADPP D34 T mm&@ﬁ@ tmo%mbi-tz lt®)
ytic reaction between Fc and GOX can
GOX-FABH 2 Foi-+ GOXdFABMRITG € 244 @) obt ai ned in the
gresepce o)f a | arge excess of glucose to ensure that
e Fén s conpl etely reduced. Under such
ci rcunst ances, the reaction between GOX and Fc (Eq. 2)
is practi caIIy pseudo-first-order. As shown
Ni ch[ﬂOslGII] and Bias, rthe ROX-FADist reduaed 4o the G@%sFAlPHe by the

o8 bR e T, By §iftor rom e

GoX- FNPFHZ {d the MoAQes2[Bid.<9G@AnRd e eBctunsr sreChenatrdnsferred

CEOX are the concentrati ons of Fe_ and GOX,
threughethe Fel/fc sibewof 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 voitammetric 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 (Eqg. 2) is
practically pseudo-first-order. As shown by Nicholson and Shain, and Liaudet
and co-workers, the limiting current, |, due to the mediated redox process

between Fc and GOX can be described as follows:

I = NFACF(2DrckCaox) @)
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the diffusion coefficient of Fc, and other synbols
have their usual neanings. As anticipated fromEq. 4,
the limting current was i ndependent of potential scan
rate at sufficiently slow rates, and was proportional
to Fc concentration and theg square root of GOX
concentration. These observations justified the use of
Egq. 4 in determning the rate constant of the
nmedi at ed gl ucose oxi dation. By conbining Eq. 4 and
whére Qgand Qgorare thmcorwermmaslensw of iFe drich€@@X,sespectively. Dg is

thp(dl ar;metr the o rcig te'r%}nﬂx@%b %gsgal?rgganings. As
arwgip??ﬁ ‘Pl‘btnéi‘ @Xfﬁ%rlirﬂﬁﬁé adé‘&fé?fé | @ghg%wggggsgﬁﬁal scan

efermne and 1's we
ratee s onen@ytsllmlv rates, mwwrproportmal teFeloententriation and the

rocess of Fc+ couple is solely control
CBW ¢ [Rotef G g?&tﬁ?ﬁsﬂ/%@ﬁmﬂﬂi‘st HS"B{;daﬁSGLHSG of Eq. 4
3 I d t
msggfr&%ﬁ'"bé tﬁ? @t%SWrﬁl Rf ;tg' uti or%@?o al ni ng x@% By

combifing &Y. g ginu:Cthe peak OewdPentp M, G@%préssion ainr dinear sweep
const ant sugigests t hat PVFCAA effi ci ent |y mediates the .
f

valizmmetng thefluipariatinaship isablainad as Mo at or f or
coupling the enzymatic oxidation of glucose to an
el ectrode surface. The rate constant obtained in this

work is significantly IU@r:g@kGdb@ﬁ’szOMGG(nWRﬂ 2y )

w&%&%&%%%éé%tebv P asaetels TR caey 35 HeleriBs apdds welk
BEYOR ThCPiifidsS. of dbAmifig heotate orBtarit Licd éheistirode

ngst noleties to cl oser OXImtyO
protmsr efdos/Fct couple mfsoletyxcmteolledl lacdiffusm e rate constant was

b8 54,55, ot p kb md. BPbRlee Bou 85 Bbtmirstr BE oy soen

raﬂ;sf kg0 s, e splutishs gbihialning ©B0 aiM &g BDanMdglucose and 0-30
medi at or and gl ucose oxi dase co- d| erse

PMaﬁ@ apuch A aate peniantfiigasststa /P %@%ﬂtﬁ’ mediates the
B 6 5 A oy e et
omiamamf @uam o0 an Leieotgadﬂ surface; Thekraie constant eptained in this

work” B ity Sear B8R, 1dRE: oy olfRE” Bikete, cBriERaoX
SYSTENS préviously feperied. AKDBbQQiBIé icausesteulde BBNtHy Sirésbnce of

that the blosensor has a rapid response tine
cationici asrylamgidecunjtsuinotbe. redoxpalpmer admkb 7. %pwmf:hgbrmqs the Fc
m&eHg %6 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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concentration, the oxidation current increased and
reached the maxi mumvery rapidly, within 5 s,

foll owed by a gradual transient which maintains nore
than 60% of the peak current for a period of 20 s. No
catal ytic oxidation currentyypas observed in a blank
PBS buffer under identical experinental conditions

Fi . t _th . Lo | at .
A ERicess ofPonbeReRIRSE R Poarisa pRERABG rBSe st time
an@®OoKigh sty ald Ygluedse! i A€ 0.90 dVOPaiter agpikifgt &he glucose

|l evel”. [00134] In order to obtain a satisfactory
corenatianctheopxidakion suoeshinsreassdeancreachad the ofaxirmem very

rap il VRIS o e B oA e dran Sl SiCE ndifldiad die than
6ORNGTAL piakurnt fog PpERdUaTR0 SUSh cataltic bxigaasa kukrént was
have a high sensitivity and linear relationship

ohsarvedin arfhlani PRS, buffebundern identical expatimentalgansditons (Figure

1430388, pfbench of (theaaidHaricy' el ot Remase the
basRerdtind cuffBAt aha'it tdok e comsTasraBE, longstiv@dtrbrdg € a minute

gl dcose <concentration. It was found tThat a nedi ator
lewekcentrati on of 15 ng/m was best for our purpose

g AP0T38EL ndn; FROSE ok ol 2 sbrabBi Berrdope 81 the
bia8ehdUrO RN FRMURRIIP B tHe nEH6EEMPdsiterintt WAB)optihfigedoShee the
potential 1Is expected to affect the anmperonetric

catalytio meactiom oeeursihstween theimediatortanst otheganeandration of

i.n £. 0 o) : i | r i .
" b A6 e o, R i AR, an s
reldtiohehip betweeni the cathlytiti oXidation cerreritezhdighloaseacongentration.

0.30. V. A slight decrease.in sensitivity, was, observe
Offieawisen cthgoifnan eh:mefialRed HHCoRs XiRatan Wwilly pgnsmall and
d%e'?ﬁie}'ft oR'tRE ErRdUNt di‘%ﬁeﬁiiégﬁﬁg'ﬂ‘lé rﬁéﬁsﬁhﬂéqﬁ;ﬁblﬁér& the glucose

urrent. Moreover, too . pol se pot entl a
caneeptration.dt wasdound dhaty negdigion coseentratinn ehidhtrag/oliwag best

o ur e S| Pl SR eeriAorHf ROX S RER 15 00 pormi,

“takingibito onsideedtioraof iboth weesitivity aind bivsender leconomy (Figures

el ectrode, _For anperonetric neasurenents oféglucos

14 @nglof 8hl.| B ROIER cPBleptei 5o XRRSIES; b raliest dhgorapgrometric
oo B o (B TVt proRdBeaflnotl i pabaiof o g o070
VnAs distrated irnFigure nmi8cariiee warrent 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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i nvestigated (Figure 14d). As can be seen in Figure
14d, the catalytic oxidation current reached maxi mum
for nanoparticul ate nmenbranes with thicknesses of
250-500 pm Insufficient materials in thinner
menbranes resulted in |loweryosensitivity and the

di sappearance of the current peak, On the other hand,

f h [ j nb hj d ; I

afeR e TR b AR EAn thcsert iy 5GP b Bhacation

cairbfmofeachBd rbRinfurh ek 'n@ﬁoﬁérﬁé&lﬁté? nidmbiemeeMith thicknesses of
catal yzed reaction. In addition, |onger response tines

2681580n o dInseificientc materiale rinr thinner membr@nesnresidied in lower

tho e, utili surface-j e

sprgtin Andafie BisHPReRETrsn Bk i faferd PEG o THE Pl hanc.
fififHe? iRcrealB TR MeMbPARE ttﬁcle@atbe%hans@cg@m evald ikversely affect
di sposabl e gl ucose bi osensors in terns of

theemembrane ypermeabiiity farrg‘rmoae;@ndsﬂ’@ oxifatier psedugts of the GOX-

oBERBER R, okt oo oA hes e 8 or ik

,ﬁg¢$9§n9§uch bl ood ceIIs both red and white, proteins
and ascorbic acid may interact with the sensing
rrenb[tmeseand c ddmlikeni dbosene uiitizimgac susRcBtiawapbilizaghr sensing

R Re e HbEatioh dob ihe snoBRaRARERE (abrficulate sensing
nfdribtahs’ GHdr¥ q’l‘éét AVerithgesbler kifovn® disposabiy ?Iubcse biosensors

el ectrode. ﬁ@l C OXI dat| on of Iucose only takes

inptems oft saleetivity! tﬂn@&e'mwrsup@ms, Sensingpiemmerane is part of

e RREHARE aniiath diteclBofiEer BftnGR és‘% o SgRpdStments In

biveds sach slood redlise bottned anti whita! proteimisr ama asoomamd may
that interface. Thus, the nanoparticul ate

inferget gdth they Sepsing membrang GOMPTOURE “B‘F eaccuracy of blood
shﬁéfpr% Sy % g ﬁé H@Cth%s naRophfiedicte CtheRfbrakt | & non-

en t orrru ation was used to rlnt
cohduativeppand i therefoee rmmmwraﬂy ang iwnmailmd%rn@ternaéts of the

Relibde. CHRMER: otaior cRf o hstR BT TS DReB et the

eléﬁrobéﬁﬁﬁopamdi)ﬂdtesmﬁdbiaﬁ@lrﬁmma Igaithedwmrnmela:treactwe
screen- grlnted carbon surface. gc ant s,

speties sxchangee @lestons wilhdhe lgriode, unizss ﬁrﬁ@*ﬁf@wugh the
PHiGERR P TR TEART 1A FIenics ik ong sehbgariuae

rembrane pwsvmldm x batmer mrtueLpassageum‘ possibie aterfeteniops of bulky

stggégg |r|]rlq, gﬂ)lq%g( PVAC Ys and p?gtdelrﬁsh Whéh tth S f%rmu{atlon 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 excluded. 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 highily
hydrophilic nature of this layer. This resulted in a sensing membrane whereby

o~
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into the nanoparticulate nenbrane is largely mnim zed
owng to the highly hydrophilic nature of this |ayer.
This resulted in a sensing nmenbrane whereby the anpount
of current generated in response to a given glucose
concentration varied by | than 5. 0% over a
hematocrit range of 40-60%and in the presence of
0.20 mM ascorbic and 0.10 mMuric, acid. Sugh desi rabl{e .
the aseoint: GhGUIiENt GRARERIed R TERRP@RIRIQ AEIVESH JUCOFE fancepiration
o] r LN % I S I o i
Va@&rat ﬁg\rl‘%%? Zt’hﬁﬁ hg'%ﬁén%gégr?i %u attzcrﬂe gngﬁ%ﬁé%ét ggd in the
preseriealoft 8.20egnMatasegrbi@yamd f 0r10gInoMosieict acid. Such desirable

insestaviy Towardy Shec e, conpituetsai Jou, as flsdgobeerved in
wlicﬂ? "§6dd s%;ﬂ?%' P&'tﬁ%})ﬁ/wdrb”ﬁ?é rg{é%gphﬂichlﬁéqﬁ&nb%e resented

iTe physitologi cal rel eva ucose concentration
an’ angiytefreglating5kgengor iglu¢asi 3G9, significantlprelowing down the
earlier, en affects the sensitiv

jty.of th
tragispedsef @hige §erthetsmwtgnumn%&kééﬁ%lxtqg%tm"ed, thereby
e@#u’?}c@ﬁ’é ¥ giﬂé&ﬁ&é}ﬁlﬁﬁfﬁrég%% et e @H?éidltogﬁtgﬂy relevant glucose

eactl on. eronetri es
comél npati dr} M%dmp\gméﬁngl oyi Eg a hydroph(r)]bi C
olyvlin ridal ne A | er showed,that, the ...
Fes BNt s 1A mantoned Raries arges s e SRastiiiy ot the
n o . of ,
giffdsd BSsHP bePhliss Iqubbee MIGRAGP 1y RAVRA Bg8h  ocours
simuliandousint ade@ eside-reaction) Initigesmperomeiic tegisceyn thin

nepRHicUE e TBRTDERNGE, AQEa A dveoriiblk PRb S iTe Pve)
birdsr ShidwedOihes ﬁ{bsﬁnghﬁé "\Afééuﬁ@h@ﬁ irPfhe?sbiaehics oﬁ‘dx@ggr& than that

units 1nto the hy obic PVP resulted in a mar
withnshissobvash toxygenh Ao loyk egluepse eeansentiatiens, TRg. 50 mg/dl, the

oA A T80 28 n o

Héirwe}me' Iv‘va? arrzéécgtmsubpneps ithe 2zeqygeh dntederenoeyinagthe system to
inearity o e, bi osensor response. T, t . . .
achih®: & HIghlY SQRivRLANE Acgats Hiore sor  Bgecliion of Aeviic acid
b ' ' ' ina Fovert of th
ity RS 48 hpdBphbBRCPVE TegRG] finta ARREH IBpRoVemant o the
biosenseakperformance. Jhewreayltingtnanepapicuiaie smemgane avas rhighly

insensitive to. the axyaen I 1 1 B g
h@%&ﬂﬁ‘é S’Yh"ﬁ!ﬁal"vgfoé'eaf tﬂ%ar@@?é%&ﬁg@g E‘?e@?égﬁﬂd@gséam and
optinfiSESPE HEetHAcy ant flingdrippadf meé biosensor response. The two

vi nyl f errocene- co-acryl am e? nmedi at or and gkucose .
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(vinylferrocene-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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oxi dase co-di spersed in a nanoparticul ate nenbrane
[00138] A sensor was assenbled with a screen printed
carbon working electrode and a Ag/ AgCL reference

el ectrode in the present exanple, using a slurry ink
as prepared in Exanple 5. Thg sensitivity was -76
nA/ng/dl  for the peak current for glucose

SSEEFETIrY 90 eirod Bl S REEOIR VA4 76Kl

faur ﬂ'rmrpeadxnallrrertt foh qglugoseosencerdrations reft o600 pngldl 689 seen in

i 4 A i B ot by s

opho@fafii b 18500 MEAF epfbrid o ShirE Tty RAG A BB biood
sEgguﬂwélﬁb)ntemsunglgn rmgrreht&robtame'@ ataapyl paint of time after the

ossibilities within the econds of t
cliFFeet pieak: was alsq &nearﬁk dBPEGé%”toﬂn 188 ‘DUePs concentzation (see

e § Ridi Blities wh ma first 20
Fg% ?9) ér ucos | OnS gﬁggl ve Standar

séetvmdﬂ luf%evvampeﬁorﬁ@h'mmés& GVme rmspmnn way eslimated from two
detection limt, estimted frgms tines the standard

S@Ees 42 repetitivp dneasurements, ol A0hend 0 ma/dl algpese solutions.
THe) Frafyp! SRhadR dSlaERE ol e Bnd, B actiptyslf. The

détewtions imit, Mstlmatedrﬁmm adttimes tthe standdrds adgviationo lofi mepetitive

m%%%%i%gfeﬁiss@f $orriol s indet gem conviahies weiippad to be
R wWhichs &5 Ried aﬂy?"thébérﬁrgmg”f%ﬁéht o?hﬁesb%éhédry More
tes were carried out” at di eratures.
impartanityyihe bigodisample yokimse needed feri & single test wasi alzout 0.20 to
o0 e cRBlest bartoieoyplulfs, ainBhedt S e fiepdsable’ Gucose

bivseasbIs/avallable en rdrket. MHax stability tedts Weacminebw abdifierent
of its initial sensitivin¥ after 60 mn Thig_ o
terpeisturgse It wag rhoveys thals Gnti'?ﬁ%n%@t F‘@i"'tt?’“qdnwfhé of its initial

sgrg%ﬁ\:ﬁg@fqrghgh pfdédoeéﬁnatl Pae 4P &H‘i&ﬁﬁﬁr&ﬂu ¢, lost 10% of its

ucose In
intiad osker{sitityeattr. 60ahine BXposweuat 5086 m@abmmgiﬂ% of its initial

SR BobEAS A B oL O RY EHRb fo B3 ot epyrg vy

inghé! bwseﬁgé:e)mé/%@ﬂopogé@omeihé’cp Wds %uctesktilig! bpplied to the

er
dgtermmatlon of glucose in whole blood (Table 2).

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

Sample Glucose Reference Value Recovery (%)

(mg/di) (mg/dl) * (+ 50 mg/dl glucose)

Whole Blood 1 80 84 96.3
(Healthy person)

Whole Blood 2 110 115 99.2
(Healthy person)

L



Whol e Blood 2 110 115 99.2 (Healthy person) Wol e

Bl ood 3 105 105 104 (Healthy person) Wole Bl ood 4
0185 179 98.5 (Diabetic patient) Whole Blood 5 155
158 97.1 (D abetic patient) * Cbtained with the YSI
bl ood sugar anal yzer. [0013 The results obtained

were in good agreenent with™the reference val ues
obtained with a \LP| L ow Spr Ime hl ood cllnaH_a_nal VZoer

Whete Bloadidi 2300). 198e redoveri es!Qbt ai ned{ were al s404
for practical juse. [00140] A series of
(He%gt?& ﬁ%l ¢ and cross-lilnkabl e ferroceny r edox

wng@gm&dhavep been195epared by compgentional radi calgg.s
pol yneri zati ¢n of vinyl fqrrocene and acryl|am de and

i(Diabetle vati yes. The resullting redox pol ymers

pbgﬂgéﬁd a typical catal ytjic oxidation curfent for
in the presence off GOXx. The exper{nental

WHS&“BI FBoOWEd Thaj ghe r¢dox polypggers retained thegy 1
f ast ?%ectron trans? ﬁpertl es and the Ox retained
t

i(Diabetial yti ¢ act|V|ty aftler they were in{roduced in
PBS Ege redpx pol ymers having am ne or cafboxylic
patie iety as one of the|side chains alloyw themto be

Convenl ENTTYy Cross-Trnked wih proterns, such as

*QBi’éiHE& %Q'VSIQ:HG? kgﬁ%@g&a&ens El ectrocheni cal

ests o he cross redox pol ymer filns showed
k‘-l.l) excej0iodB9] cat aTlye i resalis i ohtal;aed owereldnt geod agiaement yfith the

h
refiBee eues i QHRRg et ot RRIGR Shikdk et Sftlyr anaveer (v
Mbaeﬁzad@btﬁetrec&féﬂé%%@ﬁed W6 kb §E6E eAGEgH for practical use.
bi osen [00141] In separate experinents, it was

5 al so[09H40h t hah gelienf walerasalublen @ndyeess-linkablee ferrocenyl

B BB R B RS porpegton o

viifivodeinedarid aorythrhidle and its derivatives. The resulting redox polymers

produced a typical catalytic oxidation current for glucose in the presence of

GOx. The experimental results showed that the redox polymers retained their

10 fast electron transfer properties and the GOx retained its catalytic activity after

they were introduced in PBS. The redox polymers having amine or carboxylic

acid moiety as one of the side chains allow them to be conveniently cross-linked

}233 with proteins, such as enzymes and antibodies and antigens. Electrochemical

tests of the cross-linked redox polymer films showed excellent catalytic activity

15 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

20 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



resul ti ng nmenbrane produced a typical catalytic

oxi dation current for glucose. The experinental
results showed that the mediator retained its fast

el ectron transfer properties and the GOX retained its
catalytic activity after thgy were screen-printed
onto the carbon el ectrode. they al so denonstrated that

i R8RSy AR R 1 R0 S16 fghth win

btond isatripte a¢olGme0 of . asThittleu e Of26 ClileeThe gy iof gscreen-prmtmg
gchn ues. in the fabrication of the biosensor enabl

in| 1@, aBEeationsef the binsensos enablasseasy m@ﬂ@mcost mass
oA T e SR oMol S ERE O, evelopment o

miriature gliosk bissersarsrethigh commércia nvatesf or
deternmining the presence of an analyte in a test

sanpl e, said sensor conprising: a nanoparticul ate
menbr ane conprising nanoparticles of at |east one

i norgani ¢ oxide of an elenent selected from G oup |A,
I[TA IITA VA 1B 1B I1IB, IVAB VB, VIB, VIIB or
VII1B of the Periodic Table, and wherein an

oxi doreduct ase and an el ectrochem cal activator are
di ffusi bly dispersed in said nanoparticul ate nenbrane.
2. The sensor according to Claim1, wherein the

oxi doreductase is selected fromthe group consisting
of glucose oxi dase, hydrogen peroxidase, horseradi sh
per oxi dase, xanthi ne oxi dase, chol esterol oxidase,
hydr ogen hydrogenase, | actate dehydrogenase, gl ucose
dehydr ogenase, NADH dehydr ogenase, sarcosi ne oxi dase,
| actate oxidase, al cohol dehydrogenase,

hydr oxybut yr at e dehydr ogenase, gl ycero

dehydr ogenase, sorbitol dehydrogenase, mal ate

dehydr ogenase, gal act ose dehydrogenase, nul ate

oxi dase, gal actose oxi dase, xanthi ne dehydrogenase,
al cohol oxi dase, choline oxidase, xanthine oxi dase,
chol i ne dehydrohenase, pyruvate dehydrogenase,
pyruvat e oxi dase, oxal ate oxi dase, bilirubin oxidase,
gl ut amat e dehydrogenase, gl utamate oxi dase, am ne

oxi dase, NADPH oxi dase, urate oxidase, cytochrone C
oxi dase, and actecho
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oxi dase. 3. The sensor of Claim1l, wherein the

el ectrochem cal activator is a polyneric redox
nmedi at or capabl e of transferring el ectrons between
the anal yte and an el ectrode present in the sensor. 4.
The sensor according to Clgin13, wherein the

oxi doreductase is coval en 7y linked to the polyneric
redox medi ator by cross-Ilinkages. 5. The sensor

Whatisrelaimedds:C ai m 1, wherein the el enent sel ected

fromGoup IA II1A ITIIA VA IB 1B, 111B, |VAB,
VB, VIB, VIIBor VIIIB of the Periodic Table is

sel act pcsdrisonfdrdeterminingcrsprebende of an alnaljtdiiniBtest sample,
silicon, magnesium and zinc. 6. The sensor according

to C aPaidSeNsREEGMRNISING: t hi ckness of the nenbrane

ranges from %o%%ﬁ%ate%eznt%%gg éc?rﬂgﬂging;:ﬁ?é(gﬂg}ﬂclgg of at

Claim6, whereln e slZe O hanopar ranges

from 1Rastrohe idongamidoxidb &f senslement Gelabted flomn GraupllA, 1A,
1, wherein the menbrane further conprises a '

olymeric,
bi nder 1A, IV dBs di JHBad VBB Ry VEBad/HBrﬁWSVH{ﬁg@f dhe Periodic
the polrypRri Gndpi RfFeih Saft oPﬂld‘é%f%té’ée CORP! ¥i&lectrochemical
conpri sing nononer units selecte romthe group
consi sactivatof ane diffusiblyrdispersedyn sgald nanapertitidate membrane.
acrylamde, acrylonitrile, and acryl hydrazi de and
acrylic acid. 10. The sensor according to Caimi1,

fur pherhgogaido?! bordingNfMeRain Of, HAEAIIRAKENSXiHBRdductase is
sanpl e, said chanber beéing bounded at |east between a
wor ki ngelgeted &oma thergrong eonsistingl ©f -gldcese wuidaseg hydrogen

area o r | ectrode,. erein,.the .

oxi dor BaPAsE! HRiSeRARE] ERIPUGE SaniiC oxigags, chlestero

coat edogidatée hydrdgend hytrsherasehaavik i duhyaregdriaaee. glucose

11. The sensor according to aim 10, wherein the

wor ki nfeBydregenage. 86%19 idehydepganase; Sareasing xifaseq actate

the gr NS Sl c |

r ut henleth?naglé"o%%@ngﬁyg%éj’nasgh @gﬁx Ltl)g{t %Eéq lb‘eggg%roegse.nase,
glycerol  dehydrogenase, sorbitol dehydrogenase, malate
dehydrogenase, galactose dehydrogenase, malate oxidase,
galactose oxidase, xanthine dehydrogenase, alcohol oxidase, choline
oxidase, xanthine oxidase, choline dehydrohenase, pyruvate
dehydrogenase, pyruvate oxidase, oxalate oxidase, bilirubin oxidase,
glutamate dehydrogenase, glutamate oxidase, amine oxidase,
NADPH oxidase, urate oxidase, cytochrome C oxidase, and actechol

oxidase.

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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12. An electrically non-conductive, nanoparticul ate
menbrane conprising nanoparticles of at |east one

i norgani c oxide of an elenent selected from Goup IA
I[TA TIIA VA IB 1IB, 111B, IVAB, VB, VIB, VIIB or
VI1I1B of the Periodic Tabl 2 and wherein an

oxi dor educt ase enzyne and ﬁ el ect rochem cal

activator are diffusibly dispersed in said
nanépaﬁheaﬂnaoeaﬁ@ofdmé Cledn trhwehereimthenelesfent isgiqated from

ool ymoseun U AR VA TBLNER WS VAR-RB, ViBTyyB or vine of

el ect r pies . Pdrodid hFabRTbisanelatted! fom lthe WiBUET RohSieting of
el ement selected fromGoup I|A ILIA I1I1A IVA 1B,

1B, | Aluginupnsiliopn, magnesym Bngrzing.| | B of t he
Peri Odl c Table is selected fromthe group consisting

S d zin . Ihe
rerBr albEobhsor HAG B, IR T Mierblrbine Piokp@s of the
Wnbfaﬁ%mlﬁr&ﬁ@&én@é@ffbﬁﬁ@s@tbEG@pmﬁﬂ 16. The nenbrane
of claim 12, wherein the si ze of the nanoparticles

ran es from10 nmto pm 17. The nmenbrane of claim
whé&hei senper rmﬂgrdlnl ftar {Haim c6npwheegin the size of the

poI yme r n ccording to Caim

17, m@?ﬁ?ﬁé@g'%%%&@%&sﬁ‘ Wﬁgﬁb ?r‘%‘ a pol ynmer or

copol yrmer conprising nononer units selected from the
grogp trﬁesgédgomga&foramgyio RY&infli Newhdieny lthe %éﬁﬁﬁéﬁe further
acrylam de, acrylonitrile, and acryi hydrazi de and

acryl i eompriges agpolymeriobissierf or produci ng a

non- conducti ve, nanopartl cuI at e menbr ane, said

eaPat SPe ARPROEACCR I, RE GRS 8. WAgte RIS e MENE Sinler is a
A PO &X“f‘?‘%"‘“f‘??%°ﬁ1"3'§‘§@ oy It eead frm e

of thegmin qwinsistiagl of t vinybrayriginean viwpisRidagolenkacrylaanide,
appl V'Q&gﬁ)%tﬁe”%l%%?%w Siddin@RERYE APt rate. 20.

The process o \KET TR €51 anoconp03|te
ink is applied

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.

12. An electrically non-conductive, nanoparticulate membrane comprising
nanoparticles of at least one inorganic oxide of an element selected
from Group IA, lIA, llIA, IVA, IB, IIB, IIIB, IVAB, VB, VIB, VIIB or VIIIB
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according to a predeterm ned pattern. 21. The process

of claim 20, wherein said nanoconposite ink is applied

by screen-printing. 22. The process according to claim
19, wherein the mxing further conprises mxing a

pol ymeri c binder into the noconposi te ink. 23. The
process according to clai mt9, wherein the

concentration of the electrochem cal activator in the
nanoc a¥fpbeiReasioditk Tablea Bod twheeirgamoxidopeductagse pnzyaeand an

accordjn laim 19,. rei.p the.c entration,of. .
oyt PRrocheERDc TG bl | ERBGE " ey i saic
25. Thearigpasidulateanedibigné 0 claim 1, wherein the

sensor is for determ nation of glucose concentration.

13. The membrane of claim 12, _wherein the electrochemical activator is a

polymeric redox mediator capable of transferring electrons.

14. The membrane of claim 12, wherein the element selected from Group
IA, lIA, IlIA, IVA, IB, lIB, IlIB, IVAB, VB, VIB, VIIB or VIIIB of the
Periodic Table is selected from the group consisting of aluminium,

silicon, magnesium and zinc.

15. The membrane of claim 12, wherein the thickness of the membrane

ranges from 250 to 500 ym.

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

ranges from 10 nm to 1 ym.

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

a polymeric binder.

18. The membrane 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 acrythydrazide and acrylic acid.

19. A process for producing a non-conductive, nanoparticulate
membrane, said process comprising
mixing an electrochemical redox mediator with an
oxidoreductase and nanoparticles of an inorganic oxide of an element
from Group IA, lIA, IlIA, IVA, IB, IIB, IlIB, IVAB, VB, VIB, VIIB or VIIIB
of the Periodic Table to form a nanocomposite ink; and

applying said nanocomposite ink onto a substrate.
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The process of claim 19, wherein said nanocomposite ink is applied

according to a predetermined pattern.

The process of claim 20, wherein said nanocomposite ink is applied

by screen-printing.

The process according to claim 19, wherein the mixing further

comprises mixing a polymeric binder into the nanocomposite ink.

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

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

The process according to claim 19, wherein the concentration of

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

The sensor according to claim 1, wherein the sensor is for

determination of glucose concentration.



