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| mmunoassay Technical Field The present invention
relates to an i nmunoassay. Background of the Invention
WO 20003483Dé¢ ni cal |y nore desirable to devel op | oRCTHEGHI08/900205
portabl e protein detection devices since the need for
anal yzing a |l arge nunber of prdoteins in any one
patient is |ess obvious. Such portable devices would
enable clinicians to neasure a few key proteins at the
point of care such as simrmurioassay | aboratories and
doctors' offices. Unlike DNA ass wher e hi gh
sEem ficities can easily¥ %"HFBHE\‘%"m ned by sinple
che obe
ol |gg%%k?%%{hﬁg§§fogﬁ§faﬁ ﬁﬁarg@%gﬁ(%\s/ y can be realized
by enpl oying a pol mguouaofrthedauentmn( PCR)

i ficat.li ste . .
b| odnth FHH agf é)fi P aglgCy as e&)o e%&%?gﬁég&e{’%&% protein detection
devieed sitied thealetd Coremikilyzing ailatgeanmilsr of peotgin®ireany one patient is less

N besuch sl dBvises HA R TRy T RAESe h B i proteins a

thePBRL bt ARIsuRh @5 SinBIF cRficAl B dRhtBriéPdddcites offices.
bioaffinitive agents to retain their structural

bi olUsdike AINA gssays.i whese high speeificiges raeagily be predete%ggned by simple
?}L:ttnfc%is %g:?thzﬁrl% t%f 3 ¢ X}Etgﬁeagfdbg &%@Hﬁﬂ@éncﬂ? 3" 1ipe s%ﬂﬁtlvny can be

e Wwde varrety of
reaimed by ieaq),loysmgmi pnbrmeramhalaswyen (RER) aspplification step, the lack of a

detectian are t t Ly t
R heBeUTily SR RagLravehdas b Dog . e FRAAKE) potdenceks 10
diekehdifve pﬂ_d”télﬁ @E@)&t IFyrtBérioire, fﬂoebulhﬂﬁ'pheble repeiratiray one has to

and short Th I f d
SRRSO R shinie dhair il Ajod rpablieshoRroiginor Riplein capturing

HiodTiRRVE LBt 96 r&RAYRBr | sieieral mm@%@a%te@ﬁﬁay and to devise an
(E SA) by Engval | and Perl man (Engva ;. Per |l man,

ultrasensitiveoaivbyarsatils mearnf recasermg e slegrep of pisteip Sinsiae smong the
\7§1td Q,gﬁ{;& Cf)éf?d@@{h%l?&y dnfdwidd Hﬁlﬁ&ﬁqaksaagg AR08 caﬂiétwiéﬁrhre the most

1 ONsS ave primari een e oye I n
cEIuhﬁ?A;t ie lpeattinastwysisinat theryadmdomeqwreaﬂle amlyeed sample to be labelled.

SISt AT AR e B oy o
sAfdwRR inntuhoadsty bivmEEd greaflpiin tmaamﬂ@s evithofhiei inbdugtion of enzyme-

et s s Bl oo R o
%9}1&19&19 qgﬂ’“ 8 h@'}‘lt-874)t & hR B&Othel 4 QnBAAORCIERII6E) in clinical

ot pr ot €1 ns, d fat gl obul es. El ectrochem cal
lammuassays (EI A) have therefore been studied as an

attr t| n (e} r IiC Qr

col GUSHER , Pptiglo Aelothopsd RO DASRRNT. GeclPicpifibiod, B, ELISA
@m&ioolyenmgalanmsdm arecnoleet zﬂh/antagm)uh d‘ves@b\/@sfads owing to the1r high

sensitivity, inherent simplicity, and high portability. Furthermore, for opaque or optically _

—

dense matrices electrochemical methods are superior. For example, electrochemical
measurements can be made on whole blood without interference from blood cells, other
proteins, and fat globules. Electrochemical immunoassays (EIA) have therefore been
studied as an attractive alternative to radioassays, fluorometric or colourometric assays.
Of the many proposed EIAs, those employing amperometric detections have several
distinct advantages over other EIAs, such as straightforwardness and high sensitivity.
Traditionally, amperometric detection is carried in solution phase, relying on enzyme-

mediated solution phase reaction for the formation of electroactive solution phase species.
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di sti nct advantages over other ElAs, such as
strai ghtforwardness and high sensitivity.
wae@ditssdonal | y, anmperonetric detection is carrP&dSG2008/000205
sol uti on phase, relying on enzynenedi ated sol ution
phase reaction for the formaton of el ectroactive
sol uti on phase species.Due to dilution effect,
detection limts were usually at ng/nL |evels, which

[ﬁieeto' diluibh BffedtOddebdiroASiniits' Werk RiSuARtdt #8/mI fdve! Whith: ard thferior to
| ower the detection limt of ElA “various

EL#Sisf witht thenopsicahdetscéens. Sl fiovier thebdeteetion nhéruy @fi B,  various
an#pfé?t? nOfstrgt@gl? éc%#]clhcég @ﬁbestrgi,%% dycﬁqu oﬂs %%artlculate tags,

cation ues, rncluding°ro I|ng ci
adoptior o€ EDNAN amﬂhﬁc’:aﬁoar teolniﬂqllrms embhmﬁg rohingr ciradlé tammificationand

ra elec fluidic netlc
oo ReR, Ridet ey RRFEVES Fied Ut irsceng masnetic
Yehds hb@ bR¥RMRbSosed O hbve Qﬁ’cd@eﬁﬁﬁhmleogﬁl BIAf €Ro# example, the
PCR-1i ke sensitivity for proteins. Nonethel ess, new

biehassnds techaalogy PHETsi - H&% FRRSHYILY forsprafsinsei ¢ y |
sengy anﬁﬂefe}fs %Ew@@ﬁé?n&n fLaRAR gqmgfbv%ﬁlléﬁis i erﬁ;hf%lty, sensitivity or both

bi ocatal yt1 ¢ anplification nzyme tags wt
saddiesicbionl conpfin fthe didcotdis arspliaetion cfeameiogs with additional

%@ﬂﬁ%@ dngfs'llnfefe%{:l{l pro %}S IC%? %Q’?g?{t‘ggﬁf o He%t%ﬂg% ¥he high sensitivity
dehjaads oiba‘lecﬁﬂmehéme]lﬁdtemoh of potdife obj ect of the

present invention to Jubstantj all vercone or at

| east aneliorate one éﬁ %%Pzt"a? "P%ee"oté%ve

di sgfyanka@8fect bf thé plesehlt’ iVRAtIGD|tE Gubdtantall ?r| &@ditome or at least
partially satisfy the above need. Sunmmary

AeliOFAlS ORC |7 TOTe] 9%£hea%119é’6td1§ﬁd"@ﬁégqsn\'ﬁeﬁt ?(erﬂP‘He?lée‘?tstO at least
ﬂ%ﬁ%#@ggs@ ppassay for detection of a biological
S)

spec I mrunoassay conprising the steps of: a)
provi ding an el ectrcﬁwnmarprofsthagnuemlnm ng anti body

70 AR B3 B i oo o

aﬂfiblo@ﬁdyspbglbmgalgaﬁmhhﬁh asshy bmmplnésn@ the stepe olfn ol ?glb cal

speci es .and sai d anchor group .he e of bindin

63k, TFRHORE B! JHEPAe SmEREBE Fr G 20 BED DY By Ebup, cach
anal Wefhgl dotpied t@%%‘dcﬁ'ﬁaﬂﬁ coduRtité Bibstrhe, Sid bﬁﬂﬁrfgadntlbody being
species so0 as to cou bi ol ogi cal speci es,

pr eseapabile of hindingaoytne biolegicad speciesiand Bidenchgr awslptbsasg capable
on t sing the electrode to an

ant i %ggﬁ{d%%{ooﬂ%?mg%d (Q:grrprl sing an anti bodyenzyne
spb):leelposusgitltb alnctrdlicdgb anm}a*ﬁeslplmd putativelprdopiamyng the biological
det ecti gn ant bl.e bi ndi

bi o1 SBFG st FotpiE BRHPIGEPYPrS L ibati e pralyte iauid, o the
couplmilih@aiibodslox thyelydddewher eby, if the anal yt e

liquid c rises the biolo al species, . . . .
' g) expos?lrlrgp the eisectro e to an a%tlgoéy—e e ﬁqmd comprising an antibody-

enzyme species, said antibody-enzyme species comprising a detection antibody
capable of binding to the biological species, said detection antibody being coupled
to a redox enzyme, whereby, if the analyte liquid comprises the biological species,
the redox enzyme couples to the electrode by means of the coupling of both the
detection antibody and the binding antibody to the biological species;

d) exposing the electrode to a polymer solution comprising the redox polymer and to

an enzyme substrate, whereby if the redox enzyme is coupled to the biological
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the redox enzynme couples to the el ectrode by neans of

the coupling of both the detection antibody and the
whreditgsgo@nt i body to the biological species; diCT/SG2008/000205

exposi ng.the el ectrode to a polyner sol ution

conprising the redox polyner and to an enzyne

substrate, whereby if the redox enzynme is coupled to

t he bi ol ogi cal species on the el ectrode the redox

pol yrE?EciésSoﬂ glUg&4roal thC RIBk POIyntertif fedtided @hd B6EHIEs @Nthe anchor

the el ectrode; and e) applying 'a voltage between the
el ectgroufeonthd eleciredespadhice el ect rode and exposing the
el ectr t 1.4di j .
e ghioP BT, Qb HeBU a8 IhE RREEKE g WBKFRAL: Glectrode and exposing
el ectthodectaoid ta an ekelisbiespetiest winntebyi 8 magditadet ¢fvan eléctric current

t he presence. or, absence of .t he bi,ol ogi cal ci es.., The
f ol | REPHERpId DRTaR o TSEaEnae EIeRstads s pdioetive o the,Rresence or
firstabgenee 6t the ®idlb@ealispéediag. dual |y or in any suitable

conbi nati on. The el ectrode may. be washed bet%EeE steg .
b) akhe falloping optionsemgEdl Wtedpinc§oyyRFUQR Syithy the, first aspect, either

i{@wﬁﬁﬁﬁ‘yéﬁiﬁ%g)s?i%ﬁje&}nﬂﬂnﬁion,or at any two of these

nes, ‘optionally at each of these tines, so as to -
r enolte dpwridesnayhbe washedrhstweanugieret) ard stip cd e betwsge step ¢) and

The.el ectrically,co t \V t i.s€ . A8
A SR AL YE Y5 AR5 L FREPEH TRy at cch of
these mimets,oswi%ssb temo@fspg@éﬂtflﬁm?hbzmupkddﬁ ;tiwlbéleaﬂr’odm and

m xt ures of, t or a of these. The bhindin

Tt 1 Hseetrie Y condss bstite S EaRPETLE APl ptrate. The meta
HBRARSseictedl fréth Qhé BfupicBh G irEPCdots . pldtifin A p4llagiu@ Bnd mixtures

may be coupled to the netal substrate by nmeans of a
‘Gfﬁnbﬂy@eh@-Qﬁmﬁﬁispecies, The anchor group may

CONMPf|Stindie i DGR Gy %%ﬁ{)lea gtﬁ’éql;degl@ Qb LREYBE means of a thiol-

specl es may conpri'se a conpl ex between a biotinyl ated
cdetaiing specaat Theoahzhemgroap meayi tti gpupleddg temmpiab substrate by means of
conjugate. The .redox pol yner may conprise a bound
att&é’h'ggwgr%Fng.' The transition netal may be osm um

The TidndhorByupiRap cemphise asinddazole group.

[Cs(4,4' -dimethyl-2,2' - bipyridine)2d ]2+ coppl ex. The..

t ransie PRI T PP BRS) O o & TPl aguee 2 Bidsinylated
détetion bﬂ’t,iHoH? aR®hy BAlin-rE6x SdywiERionfiEgdteC ONPr i se a

pol y(4-vi nylim dazol e-co-acryl am de). The redox enzyne

may e redok pelymer oAy pOTEPritend bpweh FapwiigiEictala | he dransition metal
n:{é? dbeas%sgpulﬁr T{lé Codshiuf® drhg;);( Obe é%gc?rﬁ N2y "&n S Ezﬁa,rél&ﬁﬁnethyl 2,2

a su [Late or the re enz It may o
bopyirdiirsd IIE " bymples. Tleziwansitionymetal Mag be edwpleyed ynan imidgzole group
'b?h su?h t hat. oxi dati on of the
1n the polymer.

The polymer may comprise a poly(4-vinylimidazole-co-acrylamide).

The redox enzyme may be an enzyme to which the redox polymer may be used as
an artificial mediator. The enzyme substrate is a substrate for the redox enzyme. It may be
oxidisable by the redox enzyme. The redox polymer may be such that oxidation of the
enzyme substrate by the redox enzyme leads to reduction of the redox polymer. The redox
polymer may comprise a bound transition metal such that oxidation of the enzyme
substrate by the redox enzyme leads to reduction of the bound transition metal. The redox
enzyme may be for example glucose oxidase, and in this event the enzyme substrate may

be glucose.
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enzyme substrate by the redox enzyne |l eads to
reduction of the redox polyner. The redox pol yner may

w@ovpnises a bound transition netal such that ORCT&G20081000205

of the enzyme substrate by the redox enzyne | eads to
reduction of the bound transiu on netal. The redox
enzyne may be for exanpl e glucose oxidase, and in this
event the enzyne substrate nay be gl ucose. The
OXI o @ o t o g0
be. AT AgeROE ST, COMRLICRCABRANL I ay be oh cldBboxidisable
spheies. ftapapbe aspesigsdbatinriyskecelentporidised anger catabysigby a reduced form
({fﬁlgeurcﬁd f rmegf the redox polyner. The voltage between

sf €EPP8Ge and the reference el ectrode may be a
consThntvolwgk thegecenl the rbegtrbde and/ diet mferade eltmrode Gudy boa constant

. D ve SRS $CAGRTR sBSh G Bl clGee may be such that e
SRSl Pelciis $€6idisBd Sﬂae cRARSIE RER robxidise@UiuaRE pfeEmBe St a reduced
t he redox pol ynmer under the influence of said volta

. 1ge,
fore afxiheldedam Polymendndss thesiafipenceicsaid valigesyithe ?418@1011 of the
&&dimleeérp%sfeg by i 880 RfciHUBsRRASSAY May conprise
measuririg a reference electric current before addition
of tTHe oringnsassiye nsyyeconaprisnoessuringta a¢fersncé clestiia ewrrent before

f.ter addjition,.of . the oxidisable species e S
PpteneSEith oG SereP, M 1S RIS Rt «fHE ffin of he
Aidiedbld epeeitsr Thé absinog ofihldbioldpica apeciess malieber imfieateddsy the test

lectric ¢ Lrenb. The presence of th% bLolﬁgicat? £th

25544 SUTaRE DeiBE ApFeLBSHIRF $yInE FRICTBER ClEFHHE PRTet, [ ggence of the
Bi6lopRal0Rae8 'miy 188 ihdiBatb® b 8O G&st MREHd Clrréild 'Heill gredRe than the
I Mmunoassay may conprise determning a concentration .
referange elsicaicoepireaat. Biseiiraynqagsay Heay aeInprise detefipigingrgpggncentration

t [ upl.e : '

e Afifoefal Sl B IEPRLATIANE (107} HEREE SFLRE Slifepy and the
referemey eleotrjorcdusrentor epari ng t he el ectrode, said o
preparing, conprising the steps of: al) providing an
el ec eotaglog}cggiﬂ@glgp %Lagr?ﬁlaipg?ﬁ%ﬁl‘a l'i nki ng species -
coupstesl a) taly@n@rise prdparhg yhecalewitode) soid prepatingitempissingl the steps
| i nki ng species conprising a binding group which is :

apable of binding to the antibody and is capable of
bi ndi1ng rviliiag dnl dMédtAe DRRGHBE coprisif® d4RirkiE §eies coupled to the
anti body to the Iinking species; and a3) coupling the

edastrinaily pondystive subwrats, sridripkingesnesies compriping @i bigdige guepp which

| igg%gggﬁ oﬂuﬁﬁ% ?ﬁﬁ%lg gnt?tﬁxltdg lrand B &gflﬂk of Bﬂlg}eﬁ‘% tg S@?é’linking species;

rise cou -contarning s
conpa2) sicogpling-the botihyddydo e linking speeieslaadtrical ly =
condyst iye SUbsLLahS: (A0 & BASLIAG fiECgar boxyl i c acid

The binding group may be an activated ester.

Step al, above, may comprise coupling a thiol-containing species comprising a
carboxylic acid to the electrically conductive substrate, and reacting the carboxylic acid to
form the activated ester.

In an embodiment there is provided an immunoassay for detection of a biological

species, said immunoassay comprising the steps of:
a) providing an electrode comprising a binding antibody and an imidazole group,
each being coupled to a gold substrate, said binding antibody being capable of

binding to the biological species;
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formthe activated ester. In an enbodi nent there is
provi ded an i munoassay for detection of a biological

WG p@eiles)6 sai d | mmunoassay conpri sing the stepBCDSG2083/000205

provi di ng an el ectrode conprising a binding anti body

and an i m dazol e group, each Ising coupled to a gold
substrate, said binding anti body bei ng capabl e of

bi nding to the biological species;b) exposing the

el g5t &,Qd8ink QhaRledRddey fah lafibliyft Ritlidtpur@ivislyCestitaihiticle biological
the” bi ol ogical species so as to couple the_ biol ogll cal .

speci species $o asrtesevple ithe biplogicabsppeiss.|if prgpent in heppalyte liquid, to the
bi ndi apt ctrode; c) exposing the

el ect@g%lg"g%%%%éﬁﬁ%g@fﬁéﬁwne l'iquid conprising a

cokpl expokiag whe relectividet ionyh adntithodie teayimeo hiqardt compyisingch complex

an avj di n-gl ugose oxi da onj ugat whereby, .i.f the . _
anal yREVEST -3’1 tHWE%FCge e??‘ﬁlé’nb f’%ﬁ%ogl?c gflgsfi%c?‘gcsh,n glpgose. oxidase
gl ucosmjupstes aarRreUR @R AmalyBdigidcbmptsss Wy tHulpgivahgpecies, the
the el ectrode to a pol ymer solution conprising a redox

pol ynglrcase apidass Goyples to the electrode;

polyy (&mubiy ! iha - 6P a2 ' i t9 A 1
PSP (R O e o aimiay S, ol
al so eisingg pohed-eindintidepele-eo-gimilantde) epaplengdito ape[Os(4.4'-

The crbeiithde SRHERITIE" Hinipe B B kAR e ectode 10

20 ] 2gtluasepwkerebysifrthe ghedsearnddase uptaplddne tho inpadazokegroup on the

t he anchor, gro fhe el eqty,qde; . an +appl ving a

Vol t eFtBee e QL P Beiae e idipar Gy o REnPlex s Feduced and
el ectsRgRs hdyAaSHAEe ilthoroap AR dectdeatddi sabl e

speci es, whereby a magni tude of an el ecgrl C ::eg%r eat .
beeheanpliing a veltags beiweemihy aleqtrode e agelraice clglofg and exposing
| ndi cRL i}LirOde {oftn &i?%%lag Spies2RRERES aQﬁa%gtn%‘t‘ﬁde of an electric current

bi ol ogl cal speci es. second aspect of the

i nvenbedteweern $aed elecodr and aleeference tlectredsdis indicativeeof the presence or
i mmungassay. f.or, .det ecti on. of a bi ol ogi cal speci es,

sai d aes%rbcteroggée bc}gle lrc%fsslp%ﬁleg bi ndi ng anti body and an

anchiara gécouf, aspat lofliké mgventiomn tiede tio peovidddeat elecmbdey for use in an
conductive sybstrate ai.d .bi.ndi ng ant.i hody ,being .. o
EHPHBAS oD (T " DILOHF BE e AT HRgS FRiPsiging 2 binding
ARHBEY at SHEndABH Bdup kR b8ingfcolipledité1an Elect@ichl®dGdnductive substrate,
pol g.rrer. The electrically conductive substrate ma

ding agtihedyybeing sapablg of bindiag ie thyg blﬁ{ﬂging sgeg;e@{apg §aid anchor

; L Std ?}ﬂ:@.platinumahd _
%éﬁ%éﬁgr%%ﬁ%%mﬁgﬁ?%{sd %%dg{(];/)g vvor or all of these. The
bi ndThagelacttibddbdyqrrtthtim sv@lzs_(;rpleemW compaiseratmetak sithstratgt dhe metal
I?IXY bE 33ctd fr‘?)lmt gle Og'r&u%néo%ls@tiggq of gold, platinum and palladium and mixtures

of any two or all of these.

The binding antibody may be coupled to the metal substrate by means of a thiol-
containing species. The anchor group may be coupled to the metal substrate by means of
a thiol-containing species.

The anchor group may comprise an imidazole group.

In an embodiment there is provided an electrode for use in an immunoassay for
detection of a biological species, said electrode comprising a binding antibody and an
imidazole group, each being coupled to a gold substrate by means of a thiol-containing

species, said binding antibody being capable of binding to the biological species.
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speci es. The anchor group may be coupled to the netal
substrate by nmeans of a thiol-containing species. The

W@r@ho48406 oup may conpri se an i m dazol e group. PCTIS@008/000205

enbodi ment there is provided an electrode for use in
an i munoassay for detection &f a biological species,
said el ectrode conprising a binding anti body and an

i m dazol e group, each being coupled to a gold

SUbSitHeahGerdtibn BRNSroNded ah RIRtro80 RE@rdin o SRESICBR a§Ret] wherein
bi ndi ng anti bod ei ng capable of binding to the

the bindingomtibedseef said alpeiradevie heunsriodhe biokrgasal geegiesnThus it provides
I ogecaccar di . t 0.t . .

) BRSO B SbOBATeOSaeglor AR Hocis. s

dhéctriode comprisipg ai bisding hntibddy andcani abeboragroep.ewich ddimgfoonpled to an

- el Lo N SBE Rl i RS Ry Beif ol 8 g, biological

spBEePdhdaa@chél @uEp bEAE bapabiend bafdifd ®ch fedopolymer.
el ectrically conductjve substrate, said binding )
ant | BEdPVEsionAlinopreyides ap fiecHPdt agfoeding dpdhs sacond, gspect, wherein

tﬁ@Fﬁlldﬁ{ré%ﬁBo&F StRiIPEEAEL AP BOIRI Bf thObivilbgichl sectes AR antibody-
polynmer. The invention also provides an el ectrode

eazyoe dpasipstis coupledstiodhe biodegieat specigse T Bihit Previdsisiagi eleptrode for use
.antibody of saj ' . Di i C . .

i et IR 303 W1 pt el WL PR Cimprising o
Hitding antitngiycald apachasgrolpiusmch beimgoougled tannedleticatlgeonductive

for use jn an. i nmunoassay for tection of ;a . .
s el biline wUbo0h peive teied So 8% biffreiel pecies and said anchor
Hbupbdiflg eaabRoshbirdifg &a %&ﬁh%’o&gﬁ&yﬁfhe&ﬂﬂﬁl Beibddy-enzyme species
coupled to an _electrically_ conductive substrate, said

ipPownlethtozthe Pisbemicabsparirspefih antiRedy tazyne SRRFCSAOMPpis R Asdetection
a?i{e} %cﬁaépagrlﬁ@ BOREd QaY! Bioi)ogi]&g rs#?&%?éa?d 8ite&idaInfiBodyPbedng coupled to |

ymer, erein dy-enzyme speci€s is
acedgX etryme. t he bi ol ogi cal species, said

ant i-gody- enz speci Q I S . on .
e R DA BESIE o RN Bbhafg) Tl Bhond gy wherein
tﬂﬁbﬁﬁlﬁﬂgomtﬂmﬂy o digtidbelectepde A oankd to tiee biettpicat spgoias, an antibody-
The invepti.on also provi des an el ectrode accqgrding to
cPRane B3 Rl o ThreValoRah eI G BUUPEDR cotpled to the

ahehdt 2bES ThAd® provibelarelb@rddeFoh 8 GnGAImERashE for ®¥ection of a
anti bodyenzyne species is coupled to the biologca

biglegicelsspeaies wid slseodsorQRSIRG acupding @ntiBOQth?daﬁ% gB¢hor group,
HEP BQincht&H le?tto %Yéc%&llgrbgﬁhlg&%%ﬁsﬁﬂé, $4REbinfin8 ntibody being

I munodssay for detectio ol ogi cal” speci es,
twandi teethe biologieal speqies @idrsgidzaricherdgroyp being bound traireduced form of a

anchor, grou each bei coupl £ o .an rheally . .
By ge \BionGF i 2B 5P P BUEY L R ¥cal pecies
saiduastibodyicheyhé Gpedésc abmprising asdanctiaantitadg hapalge dopnd to the

bei ng bound to.a reduced. fqorm.of a redox | yner,
BiperiER!vPEHeS At @s@ytl%wwggg _E]@eg gRupled oot R Mhe

bi ol 1904 GRird SRE&t ST, the inderRithi BRAY i€ PEWIRASRESTbE&Ss for making an

conprising a detection anti body capabl e bound to the .
electrode for use in an immunoassay for detection of a biological species, said process
comprising:

i)  providing an electrode precursor comprising a linking species coupled to the
electrically conductive substrate, said linking species comprising a binding group which
is capable of coupling to a binding antibody and is capable of coupling to an anchor
group, said binding antibody being capable of binding to the biological species and said

anchor group being capable of binding to a redox polymer;
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bi ol ogi cal species, said detection antibody being
coupled to a redox enzyne. In a third aspect of the

WO posents4on there i s provided a process for makPEIySErn0s/000205

el ectrode for use in an inmunoassay for detection of a
bi ol ogi cal species, said procéss conprising: i)

provi ding an el ectrode precursor conprising a |inking
speci es coupled to the electrically conductive

subsfiy at@uphii Be lahfilddydo SRAGHIKSS: §ROLS;a8HNY a bi ndi ng
group mhlcﬁ I's_capable of coupling to a binding

ant i lbbdfoahlélﬂg e @a?h% igeouprto ghe kingspegiesin anchor

grou dyiReh g :
2ot ep i o%'o g(:)lg ilhgg é)li’ ﬁ}gmﬁ‘%oﬂﬁkﬁ:a ?%m%h@fgllg%carboxyhc
ambwbﬂle edffctlinaﬂdlqogduomlva subﬂdiuatc, pod yeaeting the eobqiyliagcidnie form an

- ERET el Tt Aok P RE TR Dkl oS 7O 10

CONPhi dertudihémghere ifipovided atprodeiss fpr skingan electrode for use in an
conprising a carboxglhc acid to, the(ﬁlectricaIL.

ingpenpassay dordepiretipn pba biglosical spaciegsaidiprogess sEWMPFFDE, i d

to fyrmQupked iav ﬁh@ﬁc&ﬁélﬁlhg J6ied NCoMristHgO WP cABY¥xylic acid to an
conprise an imdazole group. In an enbodjnment there is

heconsalie dcondpetecsibstraie, snskieagfingnthe| cachoxgtie apigy toyfhem; gp activated
J mmunoassay for detection of a biological species,
sald process conprising: i) coupling a
t hi oii) c moupling thg asiiewiyds th;mcpvatsdl egeraandr boxyl i ¢ aci d
to an electr|Q%é%¥ conduct e bst@ate and reacting

the War SOYRRE hOF gTQUER, ¢ Pn enalc SHPUEE ester: i)

Coupini #@tHeh emdbdinteae it/het@stﬂﬁ@waéﬂ a pricest fos hﬁkmgaeﬁlﬁblédtio)ie for use
coupling the anchor .group

tot activated ester.
iBRBURERDERSRY o dRtecHne blgl%waﬁmﬁ@as S RIREFSS C?fapﬂsmg

meki #jg. %uﬁl'u?g:&f(9Qﬁné&ﬁptkl@ﬁbé@h@%cid%%@ﬁﬁ%ﬁtrit@*
deteCti on of a ;)J%I cal Specl es Sal process )

conpii} sicegvertipg dlr parbexylienacid wronsr efaprid capivestgantecagaxylic to an
efcﬁv @0l ;58?5 éer aéléﬁ sulfbsucGRRYAE Eét&g the carboxylic
0 _

grou a, W mer capt ocar boxylic to an
act [ mat eedup:]xtm gttrbudy bmdmng goursiol the atcmcatemll asied group, said antibody

AR erovp e cGRER oo 15 PiaiYe b Al By e o e

Baellogga@@aib}, e of bi nding to a binding antibody capable
i nding to the hiologi caltpaépecl es;. iv) couplipg an

i mi ¥} olcQUBling AN imidazcle grevp irihe actheicd T ST V)
bi ndvb ng ﬁﬁlﬁn%ﬂfé%uﬂﬂn@ﬁﬂti%@?% {he ahﬁ@o(@rﬁlh&lﬁgér&ipnd' ng

grou The ihvention al so provides an el ectrode for
use The iaventiomattoarevides ay el@mogg forgise ¢ an immunoassay for detection of

a biological species, said electrode being made by the process of the third aspect. There is
also provided the use of an electrode according to the second aspect, or made according to
the third aspect, for detection of a biological species.
In a fourth aspect of the invention there is provided a kit for conducting an
immunoassay, said kit comprising:
e a first part comprising an electrode according to the second aspect of the
invention;
e a second part comprising an antibody-enzyme species, optionally in solution;
and

e athird part comprising a redox polymer, optionally in solution.
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a biological species, said electrode being made by the
process of the third aspect. There is al so provided

wo bmonssgoe©f an el ectrode according to the secopd/SG2008/000205

aspect, or nmade according to the third aspect, for

detection of a biological spe@ es. In a fourth aspect

of the invention there is provided a kit for

conducting an i mmunoassay, said kit conprising: a
firsthdatit @ePPakS| BEmprisee!ifghicadns agGeribthgdhb® ttheperform the
second aspect’ of .the invention; _a second part ) )
imeRHNORSSRY g henimANRqsSTRY - BAY PReceqrdiieds, the Sirstasagqtpfjthe invention.

DR ARAN-BPihe ey P B ISR S, "oyl o

- conpFhesiaventinralsnt promilesl dheckit bf iy fourth taspgse whon msedhéor conducting

i mrunoassay. The i noassay, my he ac i.ng t . '
1 TRERASHR, o T BUERUBHG 41 Pranec ABely. o pkcfation of o
legicalspesiys.be as described earlier. The invention

al so praoyvides th

e kit., of the fourth aspect when used .
for Bohdifth ppgCtadf g apereor POV Ao PYHGHE (g Epplucting an
iRnRRRAGHy, sBRISSREH RmpERAEent ration of a biol ogi cal
species.”In a fifth aspect of the invention there is

pr ov¢ ded clecsgderasporing te dhrisecondespast af thMmbeRIiORy, sai d
systgnh%gmgﬂefégﬁgé%%l%&ﬂeectrode according to the

second aspect i nvehtion; a counterel ectrode
el ect r adeferenee eleétendenarel el ectrode; and a source of
el ectrical cu a eyrrent measuri ng devi ce;

t.; d
wher i ﬁsﬂ’féef’fﬁr‘lg%“léqlggfr?gd%% are coupled to the source

of cdr pedfreOnéasSuring dwickbl e to set the potential of
the working el ectrode wit

h, respect to.the reference .
vhesein it flregtelectrodeseue souRled t?_etﬁs yOyss of HgTent 8Q,ft rke able to set the
}g)ﬁéél\ﬁtﬁﬁaf tHaewsika fl@&?ocﬁgﬁﬁﬁ epacil @ thBGeRRGRPGIREBESht a selected

e working el ectrode. The source of electrical

vaduer ishpassing agreapbesiveen theaglgsitspida geeprding 4ol he, ssicong) aspect and the

ggﬁaégﬁga& 4of electrical current may conprise a
poterltiostat. The current neasuring device may

contiessoure cdreaetriaral cifiinent ouayr betapableseff applyioie aisteadyravpltage. The
ut er

SRS S, BRa IV Sy SuO i SO Ehauipe dovic
Ay éoririke Qfiafithet&DERE ESrrdnt diBasuriigl devivie MBalIcamplddyto a calculating
dseeilcg, g%éiuéoln?p%teie \f/'(l)rcgétermining the presence, absence or concentration of a
biological species from a current measured by said measuring device.

Brief Description of the Drawings

A preferred embodiment of the present invention will now be described, by way of
an example only, with reference to the accompanying drawings wherein:

Figure 1 is a diagrammatic illustration of double-amplified electrochemical enzyme
immunoassay. | _

Figure 2 shows (A) Cyclic voltammograms of a complete electrode at 100 mV/s in
PBS (1) before and (3) after adding 5.0 mM AA to the PBS; (2) a control electrode after
adding 5.0 mM AA. (B) Corresponding amperometric responses of (1), (2), and (3).

Figure 3 shows graphs illustrating (A) Effect of PVIA-Os concentration on the
deposition of PVIA-Os; (B) Effect of AA concentration on the oxidation current in

amperometry of (1) a complete electrode and (2) a control.
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Brief Description of the Drawings A preferred
enbodi nent of the present invention will now be

waele®ensdzed, by way of an exanple only, w th rePEr/aau®s8/000205

to the acconpanyi ng drawi ngs wherein: Figure 1 is a

di agranmatic illustration of &ouble-anplified

el ectrochem cal enzyne i munoassay. Figure 2 shows (A)
Cyclic vol tammograns of a conplete el ectrode at 100

v/ lsiﬁ'ln@ Pﬁﬁv&(sja) B}ﬁﬁ Nhstraivg the pffadttofincbaiicotime Gn g1\ib¢9s%/PVIA Os
to t PBS; contr ol electrode%ter addi n

spiwtiam, on thy amaﬁqo&emaﬁsp@saﬁéér%n&/mlf Epe S0 é’ggea%lal 0.15V,5.0

réﬂ[;“\ﬁ(z) and (3). Figure 3 shows graphs illustrating
ffect of PVIA-Gs concentration on the deposition

of Fighme- i)shOWSB)imEélfoamm@feSPmlsc@ of ehififerant GFAogpncprtration in 2.0 pL

BSEE; bRBL Al TP M AL e Tné ML curve at Tow

cohdemshtiad émly t he ef fect of incubation tine in

o1 5.0 ngi ni. ceRewilrd BReEpen & B Ayntohs 0T

Fi QUIR BreS&RViRivEIIOR! RIS & ah SEIREGAS idhufbdstr &5t dététion of a
concentration in 2.0 nL droplets. Poised potential:

biplegical species. Biglagical| speeies whirhanayh dsteatodoy e ipEngpassay include
a]k'nﬁvggg% ongﬁldf{??é bP hai g twiet htito 2 % il I RGRA @bretd)8imultaneously. -

present inventio ates to an | nproved
Thesainolade a;otéms, vawlecdllspviruses, @TﬁAonTg& ﬁagmgpectpes

Bi ol | i |
o1 By PG R A T B8 SEHERHEE 1 gy s on

aﬂéﬁdrkgiﬁbp Sﬂhes‘d &% qath acljdel thai eleotrivhliy bblaiwnvs hqbstrate. They may

Th | whol
Tesel e Rl e nolg colle Uikt BE R0 L
GQ;')TE& %&Matae&h NFhdifg afiBdagay neditarbdhcABE E%pgdg}ﬂidﬁally adjacent an

These are each coupled to an electrically conductive

agchestgraep . Theyemayrdy ipterspstssd cp the qomduetiyigesubgizate. Gpce made, the
efe%%?es gﬂg be gIor«%}chﬁn&ngﬂ tdufEbR léﬁﬁ'ﬁéeattegrper-mﬁ& %%epﬁv about 10°C,

couple ucht each |nd|ng ant IS near
onilesh drangabout?, &t 5 enalC.yoraaprc t atzout éﬂ‘%ﬁh@uf agoutdbto 50t02,2to

ko TR BRI RTAR 05t 1 ORTHCALY S RS e e

niﬁlyl Ee’ii‘.ﬂri]lﬂe at gfewﬁgé e RE atnes.€ls nﬁiyebeb@:htﬂavgamwterd;@&ﬁixredbr at least
ess t han abqut 0 about 0 to about

abewfd wegk, Sb%fd?aséali’%‘t?v ;’d" S 827 > % gf’b?{i@'ee@ to 10 or 3

10 Sfife subsBate %g;lmcogl pride azme’éﬁl sfibstrate 6r nfay §om19n§éra non-metallic

100C. Thus the ectrode may be stable at the above

elestrisellncondustive subsirptetfe vhieththe binding @atlb%hpeélﬂa‘hﬁ prehpp group can
t .l t . ' . ). oult: .
bg’att?’g?eg: elgﬁtg :diri%}l}y\mgrgégo&ﬁl aaﬁnlijﬁg.%ec?ég. Yhitble shbsftateSinclude gold,
platinum and palladium and mixtures of any two or all of these. These substrates are
known to bind strongly to thiols and other sulphur species (thiocarboxylic acids,
disulfides etc.), which may therefore serve as a linking species. Where mention is made

herein to thiols, this also includes the corresponding thiocarboxylic acids, disulfides or

A other sulphur species capable of binding to gold, platinum or palladium.

The electrically conductive substrate may be laid down on a primary substrate,
which may be conductive, non-conductive (i.e. insulating) or semiconducting. A suitable
primary substrate is glass. The electrically conductive substrate may be laid down directly
on the primary substrate, or an adhesion layer may be interposed between the two. A

suitable adhesion layer for the above-mentioned metal substrates is titanium. The
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The substrate may conprise a netal substrate or may
conprise a non-netallic electrically conductive
wWGQapsti#sde to which the binding anti body and tPer/sGuiagn00205
group can be attached, either directly or through a
" linking species. Suitable subs@rates include gold,
pl ati num and pal | adi um and m xtures of any two or all
of these. These substrates are known to bind strongly

ddRedibtt Rlyer ﬁa betab&it Bt zmam 1&9&%@1& dridBb@CRIDOXY1d Z, 2 to 10, 5 to
acids, disultides etc.), may ‘t her efore serye

14, Ritoziong- steinneﬁncl«m@ éb%ﬁrlta |1én21 %511%:03@5 Hefeh A 607> 39 or 100m

o)
kg B e Sy PSSR 8RR T e
stpstrite snay [alt ethef elbétnidaling doodupive, sylistrate nlad cdown by means of ‘

G o, AR Y some e
suRtamsle Ghéthed, éieHer Cd?&dtlljitdrV(ﬁl ah . ﬁheshdjlﬁ ll;hyﬁ'l (i) et])a‘ctncally conductive

sem conducti n A suitable prinmar strate.is
SHRRRaSE Be et oer ShA DI AP aDGL00RS el ol 2D IR0, 100 to

%Hof 9§%>109%rt1'0© t@fllsﬁﬁhythﬁzkbétgf Mt 507 7an cedhes) P, 175 or 200nm
ayer may be interposed bet ween the two. A suitable ‘

thitk el ey relaysmt amlecthlealbbmum lpysi @ thepamary substrate.

b t
05 73 AORD SEAE R ity i
' el&.tn&llgrazohﬂuctﬂvet smbEtraIe dptﬁ)nhkby Svith intéreéning aghesinolayer) , following

f})ﬂ{sl%};p% p{lzﬁlﬁlélyrﬁy 3}3 ﬂg)gg%% tgétage g%l}egioagm§ 65;' %ré)s[ents Dihe electrically
RhEdteRubRAR AY BBA MEtaDiR. SUitible Adhealig dﬁﬁﬂitlo‘iﬂsl bfet 2b81E200-300°C
may have -the el ectrically conductjive su

b@hpqw tqaré dwyrsdin gqr@g@l%g@'ybgﬂ CdRr aqut Sho g[gegxﬁler to ensure the
s u@?g%ﬁétdf% ﬁlégﬁ%el 4 B EoHuckY },&1 $rr! 10 ARG E @ﬁl‘ih%ﬁuent species

e net er dlrec or on an adhesi on
thergtey, theTdlectatadlyt qondudtive leyenanat § w@ewldsifhlatr@ath geleaning agent,

bet ween. about ngd. a 2] t AS
et SH6THE 5ogtr USRI CRE (bl so Dl A°Flebfing agen
shboldt bebised that db@S notl & Tode5dd, degrdde ahe Eléeﬂnm]ﬂﬁ canducting substrate or
may represent an electrically conductive er_ on the .
B el St e i By e st it B S g Bfaning, he
, élé%éﬁlﬂohéﬁﬁnv%tsﬁﬁﬁiﬂ Shduld bérearkfiilyDsiseats aplto! Semove the cleaning
el ectrically conductive substrate, optionally w

agante frpan thegelgerealio ,qoqug.y:gyg SpbYtTatE; "Hgs faggplﬁlﬁtlp@ﬁactlon between the -

on layer (if
reséﬁ%eﬁ{in? éuﬁséqtl %}%Satfl?% dﬁggﬁiﬂosubst rate are
bot hSwitztbd lunkmg s;:nql%sblneludﬂ netatactadges@m of megeaptepagboxlybe acids, e.g.

0- 300 0 |
0038005 5y e R B B4 Bl e
(?Hﬁﬁ?}:lt aﬁaSgr?ip ?wme gluel: grouppof the amda;ﬁdmaﬂmﬂyhy acidpmaybe straight
S5A ST 8 Subesatent, SREELs ANELES S e o, o

¢'&F102 164626 bP 8 1698 Barbok admsAB ¢ Ot 61 G, 8NTY, AN, 81181 €4, 15 or 16
sol ution such as "piranha" solutjon. A ¢l eani ng agent

carhoml atoe Theeastivatad estoemay be acyl pwéméimd&ee@%dg a fjrophenyl ester
qlec h%QQ?%&ﬁ?g@ptlng substrate or the prlnary
Su rate or,

S , present, the adhesion Iay
Fol | Dhe higkinfgespetiesmayg pe tdpphed to the electrically conductive substrate by

exposing the electrically conductive substrate to a solution of the linking species in a

suitable solvent. Suitable solvents include lower alcohols such as ethanol, methanol,
_propenol or isopropanol. The solution may be about 1 to about 10mM in the linking
species, or about 1 to 5, 1 to 2, 2 to 10, 5 to 10 or 2 to SmM. The solvent should be
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electrically conductive substrate should be carefully
rinsed so as to renove the cl eaning agent fromthe

we@b@etied4e@l | y conductive substrate. This avoi dBCT/SG2008/000205

i nteraction between the cleaning agent and subsequent
species that are applied thergto. Suitable |inking
speci es include activated esters of nercaptocarboxylic
acids, e.g. of a,w nercaptocarboxylic acids. The

J&gﬂfl@ 6RIRIViAE MlidkinEspekRE ard' Rl frefeRIbRERisScMe inhRater so that it may
carboxylic acrd group to the thiol group) of the

beeneadilyt wased Hrony Ihecsuatape) ofithe dlectrode ASgRWalerailhe gxposing commonly
i i.n: chai .
SHAPEY SRR, o] Ty F B ] 3]l e i e

sohutioaronathe reectrede or dbwirtg the spluti®n @er o0past the dlgetrade; It is known

4, 15 or .16 carbon atons. The activat.ed e

ot S0y PR B L0 S, Cimgpefirh i SRNE pFaL SRy, i s gold
Paiual AMDpARERMY | THYS f&ra subbeatk icokipfiging pae bethes@metads, exposure to
applied to the electrically conductjive subst r(gtte bé 0 th
emsEraplagarbREyl e hinkime speeishduieh ieYectiispBeng o Gayphng. Once the
l%@éiﬂrg E iRf hishBedn Biphl 308k ReectrBde sidhdeddhg refeyaly -unreacted -
ui ttabl e sol vents include [ ower al cohols such as ) ‘
solutiendias heen rimsed offp acjachratylio macidstwpeigmabithe tipkang species may be

SBLED RN by WA S O o s

R diaxyhimdtiondl eespehy @ptiosdilylih dhd presqmb lof agiatalyss oo baereagent. Suitable

t he |inking speci and is preferably m scible in
SRR | Pty HEoadr g ERekd RO Gaseents such s
SHJdRERIQT Ehehpiéseeidaie 1LshylS, Badiicthymsinepiopgl)dagbodiimide and
commonly conprises imersing the electrode in the
C S

deyclohesrlcarbodiimide. cofpitable shydigxrynetional o) 1§pgHF oninclude  N-

e A
§

eommduetap v water.antwhicle casgi waterstoduble tragenie and sajalystgsoreagents are
@p%% pl ati num and pall adium Thus for a substrate '

5 '—Fii'si ng one of these netals, exposure to g
mer cBgliovdag fsrmakion ofitiectlddtiole prpcarser i esthe substrate having the linking

ef fective nmeans.of coupling.. Once .the,linking species.

SRéicn BSHCu 0 Bincins PHPOSD o PR ik gpees. s may be
Rec&hphishel by %Bp@ag 18 bifaing dndiBolaim doheivnltb fseslecdfode peecursor. The
carboxylic acid functjion of the |inking species m%y kz)e g
Joltiopriat beeaboub0 Q1 tegbquf diedmbis aibogsh 05 aE%BI Ogy to 0:5,0.01 t0 0.1,
(ﬁ%w@g;,sd?ﬁsjtoby, d.EaF1,100910M 10 Reo50l5 LS & 02 or 0.05 to 0.Img/ml, e.g.

roxyfunctional reagent, optionally iIn resence _
aboutn0. 04t 8.0950.03r 0.06r @8ZHeh06, 0T,t(68,¢0.09, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35,

GREHHENIRITD &S HRURBHIR SR o soltn,

dlthobigt thel sobtehy a3, He3ang suizabbiy [salventothaodyds noa deredire rthelentibody. A

%&%ﬁ?ﬁeﬁ%&%%%pﬁgﬁ% Fsaﬂiﬂltgﬁa ﬁllh?ssstep generally does not result in
iahe oS hafsagi MbRLtEe b NSy likink tspedbedal tharlectrode precursor.

ent af | uorophenol . This reaction may be conducted in
vre of he dntibpdy-seastedelastrode PigBIISOT 18 A5 AREROT gHQPP species therefore

&o%i)ﬁls Yhd %&R{reﬁgﬁﬂtﬁ A211EasP 'sE6E " Stefile remaining unreacted sites. Suitable

anchor groups are those which can couple to a redox polymer, in particular to the reduced
form of a redox polymer. The anchor group may be capable of complexing with a
transition metal in the polymer, in particular to the reduced form of the transition metal.
Suitable anchor groups include imidazole groups, amines, pyridine groups, or other

nitrogen containing moieties. Thus suitable anchor group species comprise the anchor
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Fol l owi ng formation of the el ectrode precursor, i.e.

the substrate having the |inking species thereon, the
wheeditesgoant i body is coupled to the Iinking speCi/862008/000205

This may be 0 acconplished by applying the binding

antibody in solution to the elzctrode precursor. The

sol ution may be about 0.01 to about Ing/m in

anti body, or about 0.01 to 0.5, 0.01 to 0.1, 0.01 to

?0&5001&1&5t0t@ﬁinct1@naﬂl ér@t/lﬂ- capfable (Hore%etu{t% gﬁ% }Hé gctglgtda &ker group.

. : e. g.
Thess inctudg gor gxample @rrgggﬁlgctg)pal %n@gzo?%, §uch as grmr@aliql imidazoles.
'181 gmtlg bFéve/eg a?ichrcf}I eg}é%qsotodbm&né %ntlﬁ)o(ﬁ’es (91 fhe decfrodf sfirface may be

ution 1's commonly an aqueous
aboutt: il@thandSalwut hdy ghabdw 1sidiOvemdt] lsalleibaIahL/SSUﬂO@bnél 10, 1:100

o3 A T R E360 130 and et b S o 14 SR, 1:2 and
I?rgpgg(ﬁfigwtlg?g\s/sw f ﬁﬁ:ﬂ 20 lélﬁd btﬂ’ldﬂ ggo?fhldam(aretg faboliyt 1 100, 1:90,
158G dif G5 4760, Eﬂ%éépelép Fﬁ% ]Zig ]beQJI)} ?elagtlejé Tt’ g bel:3; 1:2 or

| gﬁgm&drq,v@éht%gﬁpor group species therefore couples
the anchor roug to at | east sonme of the remaining
0O

unr bkt indiog taagbodsuistcapatde of bindingrto ghe biglogigad svmeto be assayed
byﬁ'lg %Ho;%gﬁ l"[?lug eab15l% f?:él %}:%W an oB@r tﬁ)ﬁlﬂ%’ atl Qntlgen for
he uce a re ol ymer.

ﬂmblﬂalmg:amﬂbﬂg Bhe bnﬂpigamtn’ogdyvimdy be t:amlbm oil' bmdngt s;llld biological

n.the I to,t du
PRy PR FHE el pafosd Spbdf PeGPbTTE of R flumied to he
shH%tﬂi@@ Ob;mo@al:pjdngz naamm Qﬁi a FlYIﬂduCg RPecks) lmng}l)owrloﬁﬁh l€rits ability to
nptrogen contal nin nDIeIES Lta e, anc
sglestiyely prplet the hiological FPFéleén%‘H@g&]Hﬂ%ﬂ&mﬁﬁ‘F%amt Segibed above.
funCTﬁeOtelgﬁ “ifHoRy € APaRl eRin ﬁféﬁﬁ%k g@pg&hdﬁ@qgm IgG2, IgG3, and

acti vated ester group. These inclu r exa

IgﬁﬂhdgAnonq:lgdnag IgAil dandola#s?), Q]thg@s Igh, r@@éllz , and is intended to

S
anPfgj odi %san(g%;gglﬁ% F@g{ﬁ% g:}’seﬁ 0rlr(}%y e a i)utdl %ﬂﬂi%%kbmdmg
feagptheatsotheredf. 1Amger&bmding1aritfb6dﬁlﬁnhgmeﬁts ificlid) tamn eirelnég, limited to,

Fah.; Fab 2 ﬁ@é‘}%nﬁd,?@g@”ﬂﬁé d(s%F\]i)o S-S l:)os(ﬁ)csz disulfide-

13REd F v§- (de vﬁﬁh@ﬁﬁgﬁierﬁs cdmpfising ditHer BOVL r A0 alﬁﬂlailn 5Thk¥ antibodies
1:20 and 1:10, e.g. about 1:100, 1:90, 1:80, 1:

rnasebe fromsany animgl origigo Antigen-binding antjbogy frwntsl l%cludmg single-
;H*l’ogdleél xﬁayl_%mﬂ%nsje the vhriable redior(sP Rlofle 'Epllﬁﬁoﬁbmatlon with the

asl's inding antibody is ¢

dntlmdon gartiol phthebfadlowdng: iingsp eagiass Cilél,b@Hgsg@é/é‘dﬂoslomh@s Also
né(gn? %1%8 tclogﬂ)a a[tlorﬁg r??la%lfglgé %@él?ﬁ(?)e?%c? ﬁgfg% d@%ﬁon CH1, CH2, and
CGHl3 Idbﬁﬂ)ns Thﬁtﬂbndilﬂl mgy et mbmb)tonahypdjﬁclmmb,a&hmenﬁ humanized, and

L S R R R T

the "ﬂiébéfch&t %: ?I@i bapasld of Hsmch cwa 10dox@pbliyiit. T may be capable of
speci es, | oss of |tsa|I|tyto sel ecti vel

hyefhpg & @de@mp@wmeb@pcraducwecqfe@l rsdox aohamgr; mmﬁg%e capable of
: gé &5 1AL GedliS P{)lgr bg'bQ(Ylﬁ%le%J‘ﬁg WRh™ nﬁﬁgﬂl&i)%/etala& said redox
use 1gG (1nc I

herern inc ing 194, 31 l gG3
paiydner. It may be capable of binding the redox polymer to the substrate. It may be

incapable of binding to said redox polymer prior to reduction thereof. It may be capable
of binding to a reduced form of said redox polymer. It may be capable of selectively
binding to a reduced form of said redox polymer. The redox polymer may comprise a

complexed transition metal. The anchor group may be capable of complexing with the
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lgHA), IgA (including IgAl and 1gA2), 1gD, IgE |gM
and 1gY), and is intended to include whol e anti bodi es,
WO p@bagi4ng si ngl e- chai n whol e anti bodi es, and PCT/SG2008/000205
anti gen-bi nding fragnments thereof. Antigen-binding
anti body fragnents include, bl are not limted to,
Fab, Fab' and F(ab')2, Fd, single-chain Fvs (scFv),
si ngl e-chai n anti bodi es, disulfidelinked Fvs (sdFv)
rafstedl OB id GamditiGd Aktet] Theranehorlgrotip Wrhyd oomprise diémidazole
anti bodi es may be from any animal origin.
ZPMN- gen- bi ndi ng anti body fragments, including
si ngt l%cﬁ'?ﬁﬂll(ﬂmﬂe@?qh be R MRithéurh h?la‘tiﬁﬁmalﬂ'oﬁ or some other
region(s one or I conbination with the entire or
spaahlc aﬂramftlonh mefabl [Theii tragsition npetal agayorbe prasentpp a Bisehipyridine)

cyn}pl Xb mzri])? b{i: Alhe 8 t'a@ G &H&‘?’%éiz&)rﬁlﬁ%lﬁcﬁ gﬁs{]@rg_ggﬁe Hgang'_ghe labile |

1tg@m|nm bé\lat hdhﬂd; es. (Dhylnb‘(he raveotc than dhe, trpmdityer] oresdl is osmium, the

chi rrerl cC, rranl zed, a 0 | and .
T i oP RS s B Tl Rl e e osmium may e
ﬂ?@s’ehﬁi’n a Fhgata anéQfsnﬁﬁlﬁLiﬂay* E‘e ﬁamb iﬂhefpomuilasgnms(a 4’-dimethyl-

redox poly

AR RBIION G Ui COC o blpglaqhaz)rz(ébl&l o gRtcny TahEiimetny-
1armin L ne)Clo
f?PﬂBgﬁdlﬂ 2@14&1' ng né ({1\%%;)9 0X r[)@.g(wefdéiﬂ 69D lﬁﬁyﬁ‘tg €),CL]C1

Said re

(Os(dabpyb), {a()s(ﬂlnmtkmdbmgndme)(tem»dlrmw]ﬁla Qro(QSﬂaPY)(tpy)) complex, or
substrate be.lnc {

&hers 8P9WL,€|" gﬁ% ’g stlt(l)onrnglgtgpll[ng% ﬁgt ﬁﬁlp%%‘{;‘gm % 1%3 ole group in the

er ©f sobensthérgerowp eapabld wdednipbuxingthe sansition ahntal for example

pol yper be c e of electlvel bi .ndi ng. t o
Pouney 2 BTG, Borors B, SBIA VoLl e aFishS, The eroup
JABAbIE %mbingﬁxﬁlgt?m%ﬁgiﬁ% tfed]Shiy 88 aleindinal dioap 6. gh efidgroup). It
group may be capable of conplexing with thereduce

mast b @ nowséararinal grosipt [t awnyrhsradtacheriie et chgioeipthpagglymer. It may
t%oa%&e%eto &irkld HARZSY e g?l Br. ThRSolyridtShdy Ba AEHhS %ol?ﬂh or it may

e osm um ru eni um tinum “iron, or some ot
t®ui doglolymerr hmaytbecmstn@abhalﬂ' helytmearlt imay bg mmhedmylyn@r It may

| E%r eilé/ﬁ%,rbgaim e X Bﬁlg"nggyfél ] n i ng&gt’ 3)8 eym% i age% fi water soluble
polgaadIt Iﬁﬁ‘}eCdIﬂ@ﬂde&ndm@@dﬂdmﬁﬁwhm @dnaiSe@ou;s agpaKI]s of tomplexing

the event th the transiti. t al osmn
(B TSR R 4t B EHBPBE Bips Tamar et - yipylimidazole
Th&ShEAUERATtShay %ofnbﬁseoﬁ HoWhdFeor &@ol{sfrﬁfﬁe@ﬂ 4Jvﬁlyﬁnﬁdazole It may

state. The osmium may be present jn the

domprige 4'a- dpqm@hypyllrgldgzolwwpqym@y) 2(§P]Vp 24), poly(vmylpyndme co-

+@{:§Id§) I%!lﬂé{“h’ﬁ n'fﬂ% %Qozzlc lic éf(i??( ;Be%glﬁﬁxﬁ)dazole co-acrylamido-2-

Iﬁ@ﬂdlﬁpmp)aﬂe)snlfbﬂs( 4, 4acid)i ami rmlﬂvmylp‘mdm@h aggylamido-2-methyl-1-
2 di.net h I bi
b 102 Ak BBl ¥ B oLThAE) ShE phivmer, or e

wuhe rra@sitigh QﬁetalTﬂférdofa_ﬁhSiti Iréﬂmc@tfaﬂm ﬂmy be capatybd ef e:dtalysmg the
or to sone ot

to an im.dazqle grouyp.in the paql yner
QBB I8 157 RSHETELS SRR a1 T BPRRSSaY-oftalysis of
BBk Ration of the oxidisable species by the bound polymer (or by the bound

transition metal thereof) on the electrode leads to a current flow if the biological species is

present.
In the immunoassay of the invention, the electrode, comprising a binding antibody
and an anchor group each coupled to the electrically conductive substrate, is exposed to

an analyte liquid putatively containing the biological species. The exposing may comprise
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an amne, a pyridine, or sone other suitable nitrogen
containing noiety. The group capable of conplexing the

W@ e@psi4pon nmetal nmay be a term nal group (e.gPCT/SG2008/000205

endgroup). It may be a non-term nal group. It may be
attached to the main chain ofi14he polyner. It may be
attached to a side chain of the polynmer. The pol yner
'may be a honopol yner or it may be a copolyner. It may

fzﬁtnéﬁxrt@ll? h(%%tfaﬁﬁll? cB Ye‘?@gruﬁﬁle th@ efecBoa® Gh ekk liquid, passing

%/ anched lymer. It may be
(a gcepraYngJ ilmrmg dte.) ey igad Hvemerpass &m@p@rqdél aFrRepe ?tber form of

cO r | t
STH450.50 DI 5 Y B P S0y s i
epitope bf theibindiag ahebcglyp iffthe bidlogiea} speaigr isqwesent in the analyte liquid,

tg%) %ip%‘lf.gl :EHU ?)ég I&ely @gg]getﬁz LE'){HI{)%S)HI W%&y ‘TOC&%% antibody, thereby

iGRAoYilisRs Thd Blalégicali dﬁ)ﬁblbmoﬂaﬂl@étedtﬂ)dac Ifythenbidkygical species is not
(PVIA), poly(vinylpyridine-coacr

pretept i Wy analyiralignid, the-clgcitpds (\Jmléée agfected The exposing may be for
ﬁl@ﬂiéféﬁf'tﬂﬂé {C{Tlf‘ﬂ}@& %&ﬁﬁ@ oﬁﬁfdérﬁgbglﬁt@thenﬁbﬁgic‘al species (if present). It

propanesul Tonic acid
may hé \fomgu Ipgst iaipwutes a:mnaf@s ydraatileast abonst 10y (15} B?:o%%n@s @0s 50 or 60
oni

O _a.I
sty b9 e il ot ¥ 05, PERE SRS 1 how, 5
tot4% raiatesesl 16 60 hifees, bf'etd:Bf'pﬂbin&es;fIS(minategzsto Iiglddnsg 30 minutes to 2

el ectrogxi dati on ,of the cie

hougss d fe 8 5§§§%‘§tes an]t (I“Vs ito(# FE’S?S °6§>9|t8 §P I%'ﬂutgf e.g. about

5 he, wzb 93bs@ BPA0| £5 JYort §EmRikAd 0P @] Y.OBL.4( 016, D)8 érhours, or
Bound transition netal thereof) on the el ectrode | eads

may be fonmaspthan|2dveurs. The €Xpasigoicemmonpiedtiabeutrgom temperature.

ol
o1 cor it sleolhs; EEROARRRAY A on' JRORNEARE: AT comprising an
agjltlbucﬁy amymecmgpieadmeoamtﬂmdwe&‘xmtr spdcigp eopimdises pvdstection antibody
C@Bﬁ ﬁ%Hﬁhqg‘:goe@%%sield glg% sp%cx%nala}/c{ § %&tﬁ)lﬁl glti%ghgtb@ﬁg cbupled to a

SPEC

&@memz@ﬁ@t fc%]reﬂ&fnpﬂmglhg@del oxidasgt Thmakibx( enpmd sitoeilcy be one to which

|mTerS|nteeectr e in the liqui assin

b repr ARV TIar oy e 35 ki rgdiatbTo b B At fgfihe biological

s‘f;le&% WaSErednt SPIR BAINRS liduad, %@ﬁh&éﬁ%ﬂﬁwm&lﬂw dlhﬂhe electrode in
bi ndi ng anti body is Sel ect ed so that the bjolo

thp @ﬁw& siemarthe ;ﬁ‘ﬁtegib@ﬂ sntikady isiceuplsd tarthe Elf»'eyog ﬁbbt gans of the

l?hl%% tfpn [ bo V\Amﬁf§§%p: EZ)H? E ]%Egelac !’tid Ut Glectrode and

mpmmbsedttberwre "Iﬂmeruﬁtengommtlbodu ynaytbedhe bymé asridisi Hinding gntibody, or

he bi.ol |es on, t.h r od
%IIB?YOQRCC gﬂ% C$1§{§ Sprr%qdes @g rPtOﬁl ? 2id an ana?}'&?les are capable of
ditn@MAréoudliiecor E@g t@ e Wainke bielogivaf fspéttlm Thif estepx pH £xpaping may -

-may be for suffi tt t f tbd
e U By B L I Bgﬁp{sge%(,. Pnist dbe ‘déétrode in the

dbodRe cgh@ g%d'ssﬁﬁlg%'g gpg??lig t BSwinBet@) tHeClagilid dR@UST past the

10, 15, m nutes, or may be
eﬂcmrodb@mso@erﬁthm formtof eupesing2The gxrosing map gt o5 sufficient time o

P{H”e ﬁé%ﬁm o%f]LhQ%Eb rr? %e‘]ﬁiomgg}% gﬁmleg (g%rgsgnfy H%ﬁsbe Ror at least

nutes to m nut es
about 5 minutes, or at least about 10, 15, 20, 25, 30, 40, 50 or 60 mlnutes or may be for

about 5 minutes to about 2 hours, or about 5 minutes to 1 hour, 5 to 45 minutes, 5 to 30
minutes, 5 to 15 minutes, 15 minutes to 2 hours, 30 minutes to 2 hours, 1 to 2 hours, 15 '

minutes to 1 hour, 15 to 30 minutes or 30 to 60 minutes, e.g. about 5, 10, 15, 20, 25, 30,
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hours, 1 to 2 hours, 15 mnutes to 1 hour, 15 to 30

m nutes or 30 to 60 mnutes, e.g. about 5, 10, 15, 20,
W@20093%,4085, 40, 45, 50 or 55 mnutes, or 1, 1PQr/SG2048/000205

1.6, 1.8 or 2 hours, or nmay be for nore than 2 hours.

The exposing is commonly at ab®ut roomtenperature.

The el ectrode is then exposed to an anti body-enzyne

l'iquid conprising an antibody-enzyme species. The

BNko, b43;d$o SP3Y MEnSeE Gras 1 QOMA! i $€5.8%r PHIES, iof thaiVei foPMYre than 2

capabl é of bi ndi ng ‘to fhe blologlcal species, said

howrse The expasingiipeemmoalyray abejil Pl ter8P&atiEdox enzyne,

for a shesdd

be. ot TRGUIHERE PLIESOEmprR B Uhe U A and redox

earymé, bothl beimgliimtao forniliusvhich tthey eare perfotmathein elormal function. A

SRR S RO A GL P gt i S PY LSt b il biotin pai
R tRY b@ép%v@&ﬁhoﬁrhﬁmﬂ atlgel imenwelhkndadio foSmcstamd: ednplexes Thus the

the el ectrode (by neans of the biol ogical ntlt %b
anFibe By e Dicets et e el R Ba OB vEwed & v Gestreptavidin
'ﬂﬁ:ge t&m%béléss ﬁglyt ﬂﬁ@ﬁ %ncou-ﬁh‘ﬁ fil)ef(ﬁﬁlt ﬂfénalﬁiﬂ)bﬂﬁ-@ﬁ%'nﬂ@ﬁp&%s Other

e sanhe as |n|ngant|oy, orltma
r¢ang do epuple Iﬂ@r @qt@ctlopra@vb@rédtq 184X ppanOmay @159 be used, for example

B 308l 15a5 SRPNLALGE! bl RSP U SUBLLRR,  epride redox

&@@mecsmugmedeast partially, optlonally conpletely,

h l.ect r.od ﬁ ’
pass WQII nll?)gf Sl §%$WC rgd%lllf %Wih% i 8(? )1n t(ﬁ €T tY) qrﬁ{ngv%\?g}' 'unreacted
Elb@@}ﬁénz@ﬁfé s@Eﬁ@i T %le@froé@ﬁﬂhéﬂ “gosddoon Iﬁﬂyrﬁeﬁmmﬁm@ comprising
The exposing may be for suff|C|ent1§§1§gto ef f ect

the mﬂ%gwéxm%rr@datﬂtthﬁ 685G sibsEats; & PEICHSPPEISS yap present in

tﬁ% ea?l&lg{e) sol ﬁoﬁ)li% k?fe&e%ﬂ&é %Iltlté%ﬁ's ‘imli’bﬁ{f'é b'éeﬂncBﬁ'[SISd; ito @he biological

sgetneﬁt ezssluclo in oy Vol lfaac batto umr@bnhsedmeghq eleatmsi@t The redox enzyme
b
V}éﬁ)ltutge% Bgvrl% c%&?f’éh tg gcgfg)%e tv?a @1 Qi%fé%gox? altltﬁ)toé Hi' ﬁ%t &ent the redox

dneyhe ,mﬁcbxlﬁlwtheSertzymﬂ shlbstraie, ahdttlherzbjn oeduse théS redor Lpodygmer (in a
nut es. or

KNS ROF CTE R WEN TN N
tH ReHoRSpolytherl it i4-tBen dapblelofSeoublifg @ the AU groﬂb dithe electrode.

be for nore fhan 2 hours. The exp 03|ng is co

Hivsacompern embesamsnt pidhis eastign invebess redusy) g&‘éé{aégltwn metal on
ol t I

tﬁ@ ga%é? z}agﬁ%tmlﬁ% dl:f% 1%‘5%1& BraRIrh bady e@d?)ges 29694 . an imidazole

ormin which they can@(;)er orm
grtmp rofrile amdhof grosipi torcomplerowitbrthe manm@mmetaé, leagting toygoupling of

ntlbody 1@ %PE $eC|es is by use of the avidin-biotin

tﬁ%\?? PN 58P Avi di n-biotin pair, which are well

known vohadeoks thé&dt afplied deoptenxths eleEirode tihk a aefierdnoel glectryde and the
b|ot|nylat d and t.he redox .en conjugat ed t .

15005 6B Je Gt B HLsoI COEEiET o e El gy Ty Efiop polymer is

4Rt 68l tHeQ1dcRione blxacRTivhROAMdRAEY R Iﬁ@@ﬁb@@f th@bitﬂéglcal species in
means to couple the detection antjbody to redox enzy

thegrigingloanalyte,salution) opxidatipnpiche exigisablg spericsai} 166419) current flow
b%?\g%elﬁgﬁlteeg‘lgct?&fe% HeC FRXre RO WITBL SR THR3MBSnitude of this current is

I de-re
1nd1cat1ve of the presence or absence of the biological species. The voltage is commonly

about 0.1 to about 0.5V, or about 0.1 to 0.3, 0.3 to 0.5 or 0.2 to 0.4V, e.g. about 0.1, 0.15,
0.2,0.25, 0.3, 0.35, 0.4, 0.45 or 0.5V. It may be a constant voltage. The oxidisable species
may be any suitable species, commonly organic species, which is capable of being

oxidised by the redox polymer under the applied voltage. It may be a carboxylic acid. It
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enzyme conjugates, etc. Commonly the el ectrode wll
then be washed in order to renpbve any unreacted
w@riovhesdye enzynme speci es. The el ectrode is thePCESGUOSA00205

to a polynmer solution conprising the redox polyner and

to the enzyne substrate. If tie biol ogical species was

present in the analyte solution, the detection

anti body wi |l have been coupled to the biologica

rﬁxﬁﬁﬁé eScorBll Sdid. Otter rsRitdBit |subdM€esPRBIhI AP bis@fodXidised under
e el ectrode. The redox enzyme will then have coup] ed

calysisebye |thez:1r¢d§>etepquraelt hecopding de ithe paesent BrYgNtiqn, Htcmd§ hydfazme

e \4 e nt
B L GHEFGREH o o8 B iR, oD

aﬂ&ﬁh&dﬂh&&mﬁﬁboﬂcnent reduce the transition netal on

t he redox O d t of.th d
TGSt ittt ory o e Sl T, i e
WdiBe® L 61deP B remidVe undede RATERBCi ey ISk iR nvashingt lli'qlﬁds mclude aqueous

reaction involves reduction of the transition

lm@spgclyﬁ&ewatet @'aidla’% The W@é@g@ahcqm%m?%mﬁ’&rﬁleﬂmde in the
hﬁlgq[lgxr ogtsmﬂ% b H?eef)}gmﬁl? A wWabhiH2 Highil BlePUP as@fthet dl€ctrode. It

h the transition ne

rhae)ambmmwmdnplpl(e ggz ca‘ 4t hied, Jo Bytrer 1Q)ovashingeaytenst Ibwasmg liquid

|.t,.a t h
G o L0, AL A0, 0 Sy e e o
dissbBigadaispepies. Hee. elédtrotih preensot maj bt wabkleedrafgoroupling the binding

'qnglaq%/qggt{hglge%q ﬁr na egg @ﬁglée efe hcg,lpﬁ)]pg %g"g Pfa érg)gé x\geiggtlﬁ The electrode
th3ebOivhsHed %lfteﬁé‘ﬁ;oﬂu@ 1S Etlelknl sol@idrt & i@ b wablitd after exposure to

oXi di sabl'e species will |ead to current flom1betye
thé: entéhogytenayree diquid: Hempybe meaghed affcs coppling torihg redox polymer. The
' v%ﬂﬂx tl}ﬂ]gl?d 195fedtulplez§ch% tstépqnégnﬁg ﬁl@ts 3 onnan e d1fferent '
nce or absence o glca speci és. The

voI t@gﬁmoalyc dhemiminpnnedsay  COMprises aiRaowring B, el@ﬂ%ib@!ifent before
‘(Epfelrgnceé a§§ agerzéest)oa(ghtlcalo%tge Bx%i?sa fe Z%eclgs getg%Qﬁ’P‘[ (Qeél:rode and a
BRréhce Qt[&tglaﬁé Osthinagl- a Th:&ctmdtd spakhds sisat i Bms thy ebetrode of the
any suitabl e spec
e BB IPIG VB Hbb AP BBy A R BB s ASAEC, and a

ﬂglgfeléclﬁ%d@p Rl eplatiich a@fre, late MBY0 RBed TAE DOyt Cmeasurement is
itmay be ascorbic acid. O her sujtable

Qpab@mq:rglyegomch@ﬁ mayBlSeaysgmqrg@g(,eéﬁcgglytqmégprnatlvely, a reference -
SRLAY X}%&lsb b}ﬁe%ﬂ\gn | c?f)%f‘atgg %g‘éﬁn PRSOLHthidin gond Iaﬁldlsa%)lehspecws A

present’i nven razi ne, amn
subsbgoent tésb cunrerft nmaycthen h@meaheu@hmrHBﬁecqntamMgébQ p)géysable species. If

(fIaV|n adeni ne di nucl eot j
tgﬁg‘ Flr CIER NS JRot {pese Ptnﬂlu %1 a?%% eﬁg@?ro‘gg b€ no bound
fgﬂdﬁt Ellajny@s&ﬁdw elleeﬂwtm atsOdes@mMeabmemmusmgc itlese will be no
uitabl'e washin i qui i ncl ude 0 | i gui ds_spuch
S auESe e, Lo, L0l W Goueno Tl ge: SR e
équ%n@lvﬁPBé BlEsable ﬁlhﬁe PRIHB Dr labsticél of tHe (55&&1sﬂﬂé'r§ﬂ5dc&@ Thus if no
ow ng the washing I1quid over or past the electrode
Hiological species was present in the analyte solution, this will be indicated by the test
electric current being about the same as the reference electric current. By similar logic,
the presence of the biological species will be indicated by the test electric current being
greater than the reference electric current, due to the oxidation of the oxidisable species
catalysed by the electrode bound redox polymer. The concentration of the biological
species in the analyte liquid may be determined from the test electric current and the

reference electric current. By comparing the difference between these two currents, and
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may conprise multiple (e.g. 2, 3, 4, 5 6, 7, 8, 9 or
10) washing steps. The washing |iquid should not

W@ 00048306 he species to be renoved, and shoul dPE@ESG2008/000205

preferably be capable of dissolving said species. The

el ectrode precursor nmay be washed after coupling the

bi ndi ng anti body thereto. It may be washed after

coupling the anchor group thereto. The el ectrode nay

REpARAL Bt BifcPnce ¥RASHERibtRioh RAr_RNMKAAS F6th khb@h cohdentrations of
may be washed after exposure to the antibody-enzyne |

the gi@ilqgicall spasigy, the coresnratiosf indhe analiyie polytionmay be dgtggRined.

00l 'y BT . . e . . o
20 180 BB, o 35 DL e
themsfore akesaibed olnreins ds  ane asibodingena rthe lassay r ingolyes rutihizing enzyme- -

%%fl)gqreg g%{)(gstltgo[&):é}f agr)gd%ggﬁgqre %:eretlgci%té)g? g igtoigﬁéticgrfl of Qs%orbic acid by
th@fdgp&n@@ rélogCiolpder: aGhmiramplifiatdnedcherhé aslenlyst amlitical signal.

used. Thus the el ectrode of the present inventi IS
(apigre asantihedy esyas| cOVRISHE) M‘é‘ﬁ’é‘l‘@aceo’él ett rsslg{wé‘:ssembled -

I%errg%;’)t@\%d%@%oic and g@dnﬁa%)%&ﬁﬂ%lee Eb4tafiSold @ledirodd. Alfted WiBubating with

are also used. The current nmeasurenent is’ .
2 dargetn protein y(antigen)c thed gold PRSITeds svpsplaeatedhdn biotinylated detection

el.ectrol yte... Al afr . f
FUSELF B SEF B L o SOBNGE RARE!. AR RRoce vas
dippedi SAbhe s@eoiue Ssolvticn hife pubi-vinylimidazoleerat-aaralamided n partially

Jbe measured in PBS c¢qntaini 1 oxi di $abl.e CieS.. ..
ippdazg "Eﬂnlﬂqﬁftﬁgc &P&-E@E@’E@%@zngﬁmmegeﬁg “fiﬁn?stﬁgl'ij -bipyridine).
B XA ad@hivhi M ghicby, exhed feliob polanérowasl dregmuitigulyy rluced and
on the el ectrode, as described above, Conse ueqﬁkﬁ .
depesitedypn | the eelpiradst airface cviax hepndrahaeet Wahoanchosng) gtes. The
cgeggﬁ{eﬁs r&dd lalpég/ﬁﬁr] byxHibiged® Wx¥dlRht MSctBcA8BMET adthfty towards the

rrent w . e sane I n the presence or absence of .
wtidationiof asmibbie asideCorsequenitlysthiefconeenirativroefi rreteinsgmadd be quantified

was _prese /.t h nal vt.e ;s ' 10 URSTERY 0 D o TR

R aReaaal, (hit eclpRshliy PRirgaRay Aphild Inedfhecifcity of the
igannodegiddl ereactionr evite thd esehsitivity wir éret dullyansplifiddaelectrochemical
| ogi.c, the presence of the-biological species will be
deff§fieBt ed by the test electric current being greater

t hanaifitdRE 61 @8 peesBhEfldrtionGalid®Nt , due to the

* oxidation of the oxidisable species catal ysed by the

©| &pid anfbulaseneitive derctinn gfiseteinthe concentration of
d hﬁle%&h&giscﬁfghﬁrgﬁfshﬁ% anf n{o%ﬁal?‘&?&r)ﬂeﬁl lb&iieds ABeRE
m’t he e

determned fr test electric current and the
« efterredoepaimet gmsediir thainveBtion displays hightreastivity. For example, the

di ff erence between,these,t GUr ren rj I
BT EPE RBRIRME" St 15 BEShn pRREP ART 0 kineics, and
K neffactizelicerivitas therazyhe tabelsbi ol ogi cal species, the
concentration. in the . anal yte solutio

may. b .
YefRr yable Metentiop JimK s pf feratograms pg (H{%%F'c g(?r a cancer biomarker

| MEMRRRESBY ohR antiBen. det ection of proteins is therefore
descri bed herein. "I n an enbodi nent the assay invol ves

wt 2ped sprgifecityy feicexample.ciy salepibesly japd divectly detgets the analyte in the
polyner and el ectrocatal ytic oxidation of ascorbic '

aci y the deposited redox polyner: a dua

enphn foecedsilprinteghatete in @ entraclectremedhpnicalabysting (MEMS) and fully

automated Micro-Total Analysis System (u-TAS).
e low cost and high potential of multiplexing and mass production.
The presently described immunoassay may have a lower detection limit of less than

about 10pg/ml of the biological species, or less than about 5, 2, 1, 0.5, 0.2 or 0.1pg/ml (or
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Capture anti body was covalently i mobilized on a

sel f-assenbl ed 11- nercapt oundecanoi c acid (MJA)
woreewoliesse¢ coated gol d el ectrode. After i ncubakCTgGI08/000205

a target protein (antigen), the gold el ectrode was

treated in biotinylated detect§ on anti body and

avi di n- gl ucose oxi dase conjugate solution. Thereafter,

the el ectrode was di pped in an aqueous sol ution of

P¥idn \inly bf 280070 £-8C9; @0534 ang dlei» 9passt 0.3 Oys 0.5, 0.4, 0.3, 0.2 or
i m dazol e- conpl exed Wi h y)2d | 2+ (bnpy =

(41 pp/md); Framarbe gapable g syzmt@ylngw spthble asehihey, sogirations over
aggé’éieaboh By &%ﬁ%h@%qﬂgﬁﬁl ﬁf&%%g’@aﬁ bsdhdsyor BRUEEE 5,000, 1 t0

deposi on t rface via
p| a)(yandedx(m&arh de 500,t htoa2hdrtp dQO,sz t@$0,00%el Oiepd®si00e 400 to 10,000,

SRR 30903 0 B0 3 ST B0 BB ATDpi

ConsequentDetailed Desvriptidn of tltarlPoéfqure:d Embcmhmehtbe

quantified anperonmetricall ectrachem c
i mmuRslosed, ettt an adeia %}b@} @P@J ofifigsiion” Sheme in EIA to

fufNAIHAAEC fle SeRSHlitP AnM Iblet AR 86B&iIdD Minfity ThE dpplcability of the
dual -anplified el ectrochem cal detection. Advantages

sytemHia metege&qteqtmefmsﬁ@monmt%w raRgPPpoRARf colon cancer biomarker,

v f
SRR B LT S o i AL, it
dﬁapes:l‘enig a rdsdmx poydoer (el spownd ana{glfux,ethe ienzyhetagrahesese oxidase (GOx)

dis ngﬁtytli thI Caglfr E)gﬁgi(!an};%l}:%ﬂg;oéqe Ssul’!?Feé;{l]lge ecttllrlzérrl]g the deposited

re&kx polymenaarslodrdchtaBisi s ,thea@ddafdneaﬂaiswbgc aeid (Al[ﬁ)', @Sotelns may
t he enzyne | abel an ac cgf e detection |imt

bee?ﬁnagmglpﬁb' éﬂeﬁﬁ AEPEromstri ¢ igperantlye the assay sens1t1v1ty and
cfe?é'cﬁbfﬂ QRAR 30 th&rkedly | lﬂﬁﬁ‘ovedg&ﬁij afP8Gpdriot | toYthel Slution phase EIA.

exanple, it selectively and directly detects the
Iaﬁacttgomdlmlnts arp eomparable to therbepteoptigali angd radioRypuReassayp a

ranu:: L%L@%%%ﬁg@%o C a?&}&nﬁ}{? ) @é{t@g%af?g tI}é' gei’ectl?n of proteins is

deeaibednitbréingFhe assaptinedlvesf utihiding phzymeicptalyzedrdemsition of a redox

IR’ oduct| %\%‘é? The gﬁ%e?)glﬁgll%ﬁfscr be%g Fmgﬂo f%% WYed Tedox polymer, a

doBlY athpleticatibe s&le@ieoﬁi é‘rﬂlhné‘epﬁfaﬂﬁ&al sagndalesSa;tth:&mrmbod& and redox
5, 2, 1, 0.5 0.2 or 0.1 detecti {
nebhyaner ap@hongpg geenty werp ccglafe)agtly gnm?{)%lfe oga (i@ € 9(5&: coated with a

0O-fe cﬁgt’éu?&cénmg add fordlffer. A fid?dh&bating twithey ta?éét protein (antigen),

capa uantifying wth acceptabl e accuracy
tbg ntﬁgtmqleawas) rsatgddn biotinataied de¢teetinpuantibody angd @yidin-glucose oxidase

AR o oy P08 S g o e

IUponlﬁhG addition of @08k, thelretiox HOlya D is &dntaticdlly, Bd0ced and deposited
on the electrode surface. The deposited redox polymer exhibits excellent electrocatalytic

activity towards the oxidation of ascorbic acid. Consequently, the concentration of the
target protein could be quantified amperometrically.

This electrochemical immunoassay combines the specificity of the immunological
reaction with the sensitivity of the double-amplified electrochemical detection. The
applicability of the assay was demonstrated with an important colon cancer biomarker,
carcinoembryonic antigen (CEA). As little as femtograms of CEA (1.0 pg/mL) was
successfully detected.
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500 to 10,000, 1,000 to 10,000, 2 to 5,000, 2 to 1,000
or 10 to |,000pg/ M. Detailed Description of the

woembatsiedd Enbodi nents Di scl osed herein i s an PCT/SG2008/000205

adaptation of a double-anplification scheme in EIAto
further enhance the sensitiviiy and | ower the
detection |imt. The applicability of the systemin
protein detection was denonstrated with an inportant

Col 0 OXENEAYzdd BEPOsiton ofGRAGY POKTHrY Qhk FatiHUali8i Bf the electrode for
(CEA). In contrast to previous ElAs, by enzymaticall %ll
OWS!

wsepindilA| iequisesracgtiss pfotuytaes chentieal seackines. Thesd Stepsrare
enzyne.taq.. - O] %:E | he first
anpl @Ffogﬁ@tlg%ggﬁ&z g%%@g%g Ilgour gggfan é’u bsequent |y
ut i | @2 teagtidrhef tHe MISA tnesholaydowithdDCRANHS s an

el ectrocatal yst . for the .oxidation qQf .ascorhic acid

Oy ) Bl e o o S B b2 2

anpeuyrBithieaedf the uei@ed ST Mitid tedox bOlgmRs aldhoring agent, APL
sensitivity and detection |imt are rkeil_‘%/ |ﬁg%lgved

and larsepshsempaplays qerUéowelfzﬂﬁseﬂ%&éﬁzow he geldewpptgrie. All data
(Jﬂt%hédsinﬂfcﬁteﬂ Qrﬁ}?}ﬂ@m&ec{l& {d)er BEMU LRb41E@bn @g01d electrode. In step
radi ol nmunoassays. An ul

ultrasensitive el ectrocheni cal

3, rantihods isagoviatently rastackadetst thensusface oftthe MUAs mgagley¢pddre use of
erein. The assay. v iz -.cat ‘ot
S soBRaf SP0ast: D U] MRS TG, e i
adxadageson of ascorbic acid by the deposited redox .

pol yjer, a.doubl e anplificati.gn .sch t.0_enhance

anal Wif Eréﬂ“‘gﬁ é’H’ﬁﬁgett DY °£ﬂ}ei lﬁ%&qﬁ%ﬁ?& FG8% pol yner

anc f‘(‘(iﬁ') iR 079 B noNSp&i FONBbRIoh Yf brotEiR ohiozde bar gdldidbétrode, and
el ectrode coated with a 11-nercaptoundecanoi c acj

d .
monaliiby e suppeecgoverragrit MAG Gt be mapipuiatad fo eptamige conditions for

' the el ectrode was treated in biotinylated
I%getag{cl?ﬁ%nﬁg'anti body and avi di n- gl ucose oxi dase :

conj Ingthe direbktepicfrthe Flestredd fabricatien, whe udicppied sitps g the electrode

SR8 Mo 1 i VBt BR0chO8 AL A0 oy

S enzymatically re
reaudive epheidepskitivn éfithe pldeg polyarersur f ace. The deposi t ed
r edox | ymer exhibits excellent. el ectrocatal ytj.c
not |G M) W darptiusadnle BeciiRie e mIpuRGIF Ao Judgthe redox polymer
depBSESH SRdrhoteridtis. R&i&%l&ﬁ%ﬁs%mﬂfﬁsﬁrﬁﬁ[Igisﬁﬁﬁﬁ(Z,Pf-lﬁpﬁiidlne)zClz]Cl
could be quantified anperonetricall hi s

(@swy rbdreniuouh. 4 -HisiBrc &y beBHERAI:lHo (Srdebpye) fgsmium(a.4 -

h> -0 reaction with htivity of
ﬁ%gﬁggzd%%y%}?n%ﬁ%?%lel ectr ochem»caltdjgg?‘?é?il)bn. I_T%e o
[as(dimethyibipytiginel,(tetpgridine ) whs  (Ratbrd(tpal) ecandi t diffgrent  polymer

SRR Yoy SRR R R gh T BRI ftporidine o

dg@llﬂhi)d_ ey_,\@alﬁifdﬁymdﬁfaublb-l)m%t}&@r&ﬂi mf by¢einglintitiado fle-cﬁ-acrylamido-Z-
eposition of redox pQlyner. e faprication of. tn

BB | BEAaRSSlipREs THDE! AN o RAYEEIPYEg s v et o2 gpethyl-1-

MonfCRGY) RER- tetOE Bt thbi@RBilRES t& Forn® kiaBMSdepbdils during GOx
formation of a sel f-assenbl ed nonol ayer of MJA,
catalyzed reduction in PBS containing glucose and the redox polymer. It was observed

- that PVIA gives the highest redox polymer loading amongst the polymer backbones

studied. Only PVIA was subsequently used for the preparation of various redox polymers.
A serious of QCM measurements were carﬁed out after immunoreactions and after the
redox polymer deposition, with the BSA coated gold electrode as control. The results are
summarized in Table 1. As shown in Table 1, 35ng of CEA was captured. Treatment of

the electrode with the mAb-GOx conjugate solution resulted in an approximately 60ng
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(2) reaction of the MJA nonol ayer with EDC NHS, (3)

coval ent attachnment of antibody onto the el ectrode and
W@ 200941483066 ment of the unreacted sites with a reRCB%G2008/000205

pol ymer anchoring agent, API. In step 1, a nonol ayer

of MJA i's self-assenbl ed onto2@ he gold substrate. All

‘data obtained indicated a single nolecular |ayer of

MUA coated on the gold electrode. In step 3, antibody
1ﬁ<§eé§9\iﬁ‘|n?£§ hdad@id qqmﬁkeﬁlﬁgertrgﬁre%iﬁ atdut QO‘VJ JSEtthﬁrface bound CEA

nmonol ayer. The use of chem cal coupling a

wamcaauydaa@@‘t wphyb¢ @@qond@s@brpdyi dtnis I}%\spoﬁ%l?lé éo @rt%qh Ab-GOx to
e%%r\é/a}:ra]lt #rfé% c)gléﬁ{i] bgﬁ(gtngfuré &Pﬁ’i’elrh.&bf _@x conjugate.

|ze pro
Thensupface fcbeeragks of mAbﬁ(mt lqsaded @into et dectmdebwasa fcgmlddto be about

S 80 b LA S SR 597 s vao
cBirB&ionds td aboubh80%%i oTal raﬁﬂ@ﬂ d)énsélbq;aelkdﬂOGOQdﬁonolayer on the electrode
fabrication, the unreacted sit Itiqlzi gl ect ode \Mg;roe
suface. Tocattaan thedneheshsenstivity @néfbeﬁtefale Hei o BIAR-HOx tagging
pro&al %@%ﬂﬂfg{z@?ﬁéd}%& thaxifh B0 16&88k4.1 Ve t0 the

dep05|t| ox pol yner. was first used to
i nvestigate the i munoreaction and the redox polymer

S R R gﬁg@ﬁ( PR TEA FONbk g1 %and afer a

J0asi-inoibhtién it Orighil r@doX pdbymer sotiitioa) 2C| 2] d,

(Gs(dnbpy) 2Z), Josmun(4, 471- N
di am no- 2, 2' - bj pyr iCliAne) 2¢ 2hab-GOs ( d bpyRedox polymer deposition

di net hyl bi i di 2(fe a,
Elg;lék’:@;ewqﬁy)l) gzﬂiﬂ)rllgr/]ﬁéSGM(I égalggh’g az:%(boneélomg/mL)

nanel y, poly(vynyTTm dazolfe-co-acryl am de) (PVIA),

pdll) o8B pyri i - coatmy | anifde) , Am Af Am Loading
pol y(vinylin dazol e-co-acrylic acid ) 0 5
pol y(vi nyl i m daz#lze- cdngcdyHayi dang) | (Hz) (ng) (x10"mole/cm”)

methyt=1I-propanesattoni ¢ 4cid), and
ﬂWDA(—@th)S#EyH i 36- co- asr y| @5 do- 88 net hyle- | pr 6@Banesul f 1.6
onic acid) werfe tested forl their abiljties to form
BVRbO(ddbppsi t 388ri ng38Of At al ypéd fedlicti odlin PBS 24
contai ning glucose and theg redox polyper. It was

PotIaeOy@ehbphpt PVMA gi va3 tlh&7hi ghéBt feddx pol2Zmer -~ 5.8
| oadi ng anongst the pol yngr backbones| studied. Only

PRYAOs(bpsy)éppsepuéit |y 83ed f6or t h&9prppdr@t i or.0f ~0.0°
various Tedox polyners. A seriouds of neasur enent s

were carried out after inmmunoreactions and after the

red 9Xs Pog lt?(e{rl%dog ﬁ?l?fﬁ‘{e{' H%ﬂjsui’(\ﬂnt R Wl ?otﬁﬁﬂhg%ﬁ}eﬁlogé)&&taunng at least

el ectrode as co eSults are summmari zed 1 n
ohaltdbilelligadd nsﬂm@s(bpy)z'l' mblety, buclBamignertspliess ohvbgide, are able to deposit

o SRS L B, AR A R R i
61 Y8 iwerdat dapasitdig (Tﬁlhe s1)nunte charaperistant of the films
Elaeggﬁifi(?;o{nﬁ%feratte%ean%uég ge%z?ceg gglﬂgons were similar, suggesting neither oxygen
nor its reduction products affects the deposition of PVIA-Os from a 10 mg/mL solution.
Also, of the redox polymers studied, PVIA-Os was the best in terms of stability of the
deposit and the amount of redox polymer being deposited on the electrode surface.

It has been observed that the rate of ligand exchange is faster for weakly
coordinating ligands of Os(II)/II) such as chloride than it is for strongly coordinating
ligands such as imidazole. Also, ligand exchange is much faster in Os(II) complexes than

in similar Os(III) complexes, as the electrochemical reduction of Os(III)-bipyridine
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was actually reacted with the second antibody. It is
not possible to attach mAb-GOx to every captured CEA
Wel®Itgs486 eri ¢ hi ndrance and bul ky nature of tP@I/SG2008/000205

mAb- GOx conj ugate. The surface coverage of mAb- GOx

| oaded onto the el ectrode was2ffound to be about LOxIO

12 nole/cn2 (geonetrical area 0.20 cnR, roughness

factor 1.3). This value corresponds to about 60% of a
?99(@?5 oflENR&LIYs RARKEST Ede MR hSyePlacemeht sy %Eﬁﬁtf&@%gands or

ace. To attain the highest sensitivity and bes
ervelp rydoxginic| $atyent tsheh ma\bac@gmtnkgmhﬂrg nIessE s%ﬂwagh he halide loss

I [ :

e
doagﬁblengn thaen dy(ﬂifct wltamnifryniimei scglabdbe depésitickQofitheredox polymer
r edox t EA .mAb- GOx d
RS Fc{) reg 1r§?8 u I %ﬂepél’(dfd’f ﬁgqu{r?er l}l?)euél c&%ﬂ%ﬁn%%s(ﬂ)/ﬂl) by a
snﬁﬁé‘e-baun)ﬁl%aﬂw (é(ﬂehsn{ﬁi ti)g F&lf’fé:)@ﬁnnﬂ the{a/?;?h(a%e( dfzghldrivg)of PVIA-

n n no -

sgmfa@ v@d%ne wieA 1gandy fpé‘:w?? Bositiony ? ‘%%1 ﬂd%f polymer.
%%PEAS és(li ¥§n(% ééi@@bi}h # sﬂle gr?d Qrélrﬁﬁ)e %ﬁldﬁgs 5t i$ hkely that these also

py) 37 33
art ther ddaridepenchanging] épwgons, on thev massaqrtoa&r@dttm@l eli*ﬂhynng points.

OB YR el EBBbORNSERL LG RO Live 8 an additona

SUC as | nner-sp here ¢
a&bﬂl(ﬁlﬂgop(ﬂﬁtp()ﬁllﬂtl-aDBhdirh% phiats) mdhmr Elmidmapmg yuretions also exchange

A T RS 0 PA R GRIBRSACE VATt poyges, i

RNBPRAES AL dobtaimihg [OMITS boriipleteP@sdnt RAudtiopnariieslsd aving multiple
and de-aerated solutions were_ simlar, suggestin

ureperHinated,ligsad fnaﬁthnﬁasswb@édw%@\sﬁ 9B JeNEcts prepge pf ghloride by
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red rrer bei ng d the
Bl RGP 600, DS CRIAL i when e
, eg@?llala? ?ﬁmn)’:ierfsasitr]ﬂhe fgnﬁ;ownvw -OsoiwdionaThe dirdtiig dmtzsit'm»h of PVIA-
). suc s chloride t [ fo
Qo ope stidig! Poafresoudh seeotdrin dobrdiiog o Tt piler upon it
BHSRBAIEhd SxidkENakPrldfted RSB f)d)lk&atﬁ)ﬂﬁ'@f ﬂié%&eiehﬁﬁfotmdlffer in their
simlar Os(l1]1) conplexes, as the electrochenic

reaqdiivity iané selubitisy;, (tha morsi pasttivehHearsed) (@k@éedoqefl@hpi%gﬁr peing much
IJP&'e sggﬁ)leofn Wkt 96 35’.3,9 rdddfvd ﬁi%hq{seﬂérﬁﬁged%uﬁfep;%'t Tht@Neis thought

e, organi ¢ sol vent such
tha:tetlmnﬁltst istage wifethe pdeposition pxbcdss ug¥olvese ch@m@t@tm@gﬁ the reduced

2 eargsile € gﬁeg&ai%gﬁrfa%e V§ r(%;g t%\évr&ﬁ}cgd reocfoxtﬂz)?yrgérrgxldmnges ligands
and is not as hydrated as its oxidized counterpart, it spontaneously crosslinks. At the same
time, in the absence of substantial hydration the segmental mobility is insufficient to
allow extensive internal reorientation of the surface-bound film. Only those segments that
had appropriately oriented neighbouring pairs of free ligand and chloride are crosslinked.

It had been considered that the redox polymer deposition may be initiated by
oxygen reduction, involving the reaction between the reduction product, hydrogen
peroxide, or the radical intermediates generated in the process of GOx catalyzed 6xygen
reduction by glucose. Hydrogen peroxide was ruled out since adding small amounts of
hydrogen peroxide to the glucose/PVIA-Os solution showed no effect on the deposition

process at all. However, if the deposition is the result of the reaction between the redox
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noti ceable on the cyclic voltametry tinme scale. The

deposition of the redox polyner appears to require
wewbassyes of an halide of a pol yner-bound conpP@&rSG1008/000205

Gs(I'1)/111) by a surface-bound Iigand (anchoring

agent). For exanple, the exchzihge of chloride of

PVI AGs by the surface-bound i mdazole |igand | eads to

deposition of the redox polynmer. Because protein

Wrhacha R Fad{dapﬂltérﬁlehﬁéfés Rn@BEdd 3 S Yelotios Of dissslved bxygen, the
'S Ilkelg that these al so are the chloride-exchangin

depesition Ak PVIIAEOs shad hapubsiantially sipwed devam Xrﬂ?ﬂ@ﬁs}qﬂg e solution
t t lLect

s ] e

va‘uIdbtalacd:hmranngxmnfﬁes:) glasosel RV IA-Os ovodirtroa, isuggesting that oxygen
tions xch nner_sphere chl oride of

IF%E?BB%%W&% Mﬂéﬁlﬁbﬁgn M RREEP- sol ubl e

pol yF&ssibilifyoof proteinl ldeteotion Clial the ifieke -aaompi ofi de‘g;cﬁhg piorein utilizing

conpl exes upon reduction and al so, havi ng nul

thidersstiecherdey PPlYE%oCE‘ﬁﬁ Bidssolutipnp weee teRiF 8 éﬁ“‘e?oﬂﬁmg and the

c% Qleélectﬁ?&%h 8% aPblyl3] B thdvoblink | URRLIE S fAkQ Thoh Kemperature,
e pol ymer, DBringing additional stability and further

GE@ Gn thol sphusiont was h@le@tufembeundrhwés anigb tpmebibized on the
By DR PRI 00 o

r&?hﬁofllrbhtedl GEAe (6 tagomwend bfvEiOs thp electredeistrifane Wy biotin-avidin

| ucqse,, the second is d dra n of th .
ﬁ?gacrl@a P SUbBFEogk g 2 stcont P T A sotution.
¢ 4t SoRdmbErafiseseite mmetad fdl@trode redvedd with CEA in PBS
reactlwty and solubility, the nore_posi

h
(Brecdlzad et N4 Hisrcendi #g Shh Inb s ugﬁéeg%gfggme 2A, in

S { t
LS ARE B Bt i s SR D20 1050

isl ﬁmsqutmn-qndm@e of Ds(lby Qe(H Dcenaples Stq@d)’-@t@t%‘?ycllﬁ goltammograms of
uce t he

305 S a4 00 R 5y BSFAU e contined

prycssitiag charactesistiosi ofi |t}xeadieposmerd edpa pbl,ymet neypahed dnse v hyeversible

é&géﬁﬂé‘%l{g? ilzﬁ/ﬁitﬂ%ff PP © gg@lﬁgl?{{eté{gse Wg‘%’i%—fe '&tclyefﬂ;:l‘y with the potential

scas Hed up tendo W/@'ah@\fheeféhﬁ nYitheanddieiondk camodicahuri] Obtained by
of the surface-bound film Only those segnents that

inigeratipp tsppureent PGaks of & YERCSIANWISERLEN iRge [sapsedo (glpeOFertJé;él showing
that A tl?engal%ﬁbﬂ 'drQfectbhis Eﬁcpéﬁ bouHt&Giond Wwith@HHREMIm were rapid. The

consi dere at the redox polymer deposition may be
prmenceamfddolwglcakgpgelns inetha dilnahid nprappireciably altes theeleetreshemistry of

BT UL P 00 B B e st
t&¥achahe |eLéZ&ddeDWB ahé quedam haﬂegllble d)sterogebxetms gdavtron transfer.

ox] de was rul ed out nce ad srral J
TifcbhinclBereiuecorer . Fas s PR RERLTE T (g reuction o the
oxied dﬁﬁ'eﬁtf e%ﬁt %ﬁ@ 4 bgudepasxi O%Hiél/@&és Seaéusahllle redox polymer
However , eposition is the result of the

qontainsi showts e(mﬁe@doli renies sk PO yiatipnsa A8d thseaysg Atoyt 1.2 gom” is a
r%%il)gﬁeﬂg? g% 1Fh&S oPBRE'RLGH, 1 thidnéS ¢ ald RPoSieddilng @4 MMt 6 nm. At
low scan rates the two current peaks were almost mirrored each other, the separations of

their peaks (AEp) being < 20 mV, close to the theoretical value of 0 mV characteristic of
strongly adsorbed monolayers of monomeric redox couples. By contrast, in the much
thicker solvent-cast and chemically crosslinked films the current peaks of the reduction

and oxidation branches of the voltammograms are separated by >60 mV.
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deposition of PVIA-Os should be substantially sl owed
down by degassing the solution before introducing the

Web@otssaoke. Experinents showed that simlar reROKRSG2008/000205

pol ymer filnms were obtained in an oxygen-free

gl ucose/ PVI A-Cs sol ution, sugEsting that oxygen

reduction is not part of the polyner filmfornmation

process. Feasibility of protein detection. In the

fir spbabhLerpdIStiOEurftt Qat bR@rrRAGHIRNM Altwasiadddt) dud & the presence of

deposi ted redox pol ynmer,, CFA standard sol utions were
the sedax pRlYmBR Vasr QO5@gpahd t ptescinibe gpdey pelymsaettecivaly act as a

ct%e | i) Ond &e&@%&% %icﬁ{i LFR. ROREAEE Althé ABPlied potential of

erature, sol ution was sel ectively bound
BI5V tthe thusirirbayd sadddxipolpoinir|is instintiy okidézed| edestnociramically, forming a

surface. Repeated rinsi ith PBS conpletely washed

Sblﬁ?tra%f'fec?' ?Tlgpgrfgﬁc-?ﬂ%n% tf?eg%fc/:r\‘%'i on related CEA. G tags

wer eTd kst git pdssiblehexiddtivmt thruthgh liveétaglectwinsexchange with the substrate
iotin-avidin interaction duri a, subsequent . .

GLoFEiaRGT b PSROH WA R Tt SEPa RAY A es fabricated and its

volatnidgtam WA hddsufedCini PBY Qoh@AMHRY ANIECSthpard®n of the voltamme
conpl et'ed electrgdereacted with CEA in PBS (trace il

1
witfei thah obam elemtrogs. thet weendg)tregted byhelin shawed g)erréeazmabk:)sdifference-
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nono I c redox coup y-contrast, in the much
deposited redox polymer is practically independent of PVIA-Os concentration between 5
and 15 mg/mL. This suggests that the GOx-catalyzed reduction of PVIA-Os is at its

maximum rate without any appreciable depletion of the concentration of the oxidized

PVIA-Os, and that the PVIA-Os deposition rate is now solely determined by the amount

of the reduced redox polymer brought to the electrode surface, which in turn, is
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t hi cker sol vent-cast and chemi cally crosslinked filns

the current peaks of the reduction and oxidation
whe@naksass of the vol t ammograns are separat ed bRCESG2008/000205

nV. Cbvi ous catalytic current was observed when AA was

added, due to the presence of24he redox polyner. The

GCs(dnmpy) 2+/ 3+ sites of the redox polymer effectively

act as a catalyst in the electrochem cal oxidation of
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ﬁﬁ@@ﬁg{ﬁmmtﬁa@y} AA (Figure 2B trace 1). In.an
i dentical experinment (control experinment) where BSA
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BHREEE therORt b Wakabd BRtwebh ﬂigheseﬁﬁtﬂvitﬂl did hhg $inte @ was found that a
dependence of the anount of the deposited redox

Hominvincubstion periebwaesifiienigie dstect protanyptfemogrpmlevels.
hi ghe gﬁﬁ’*ﬁ%g&‘“’é?f‘ﬁ g@ce'ﬂﬁﬂaﬁ Ofhis? enAMeBstal gﬁécﬁhﬁ;&d@ﬁﬂm of the

t hr otigho oncent Fati on i'ncreas
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R gt Gte T oo FRELY OF PR ot Wl ppperomerry i

ardl OdEpend¥nt tdﬁeﬂiéeﬂﬁﬁuﬁte(ﬁehﬁdt) Xoﬁ) ey reglox i polymer (electrocatalyst)

pritfl
ractically independent of PVIA-Os concentratio
cg‘@p rpn5th)e/ electroge surface when the substrate (AE) concentration is sufficiently

high. The more the target protein molecules captured, the more the redox polymer
deposited, thus the higher the oxidation current. Since the ratio of the GOx tags to the
sample protein molecule is practically constant at high mAb-GOx conjugate
concentration, the amount of the capture antibody immobilized on the electrode and
immunoreaction efficiency determine the amount of GOx bound to the electrode. It has

been shown that under optimized experimental conditions, the redox polymer deposition
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and 15 ng/nL. This suggests that the GOx-catal yzed

reduction of PVIA-GCs is at its maximumrate w t hout
wa@eopdagsaneci abl e depl eti on of the concentrati oPCEG2008000205

oxi-di zed PVI A-GCs, and that the PVIA-GCs deposition rate

Is now solely determ ned by tIe anmount of the reduced

redox polyner brought to the el ectrode surface, which

in turn, isdetermned by the total anount. of GOx at
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e cunmul ative natu ) e process for further .
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eronetric tes [ 6 4G ted. A plot of the AA
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af& NSdchanbiehMe VaRePSphER! EhIBAdd copldx@s iJTCOBA@D)/THN dahMBe irreversibly

t hroughout, indicating that there was |ittle activity

depesited f froumyany paperysi sRlvfinn uader midecenditiongepatalyzedy by GOx. The
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redoixfdonplerandtsbowed exxellpnteatalyticactivigntogrdneleerashemical oxidation of

e N O "

BiAestfere aawvalogéibititiex fetanhicninygrodl protdih @assagdWhilechy vetcept of the

devblgranmiitivaton RaY cabr beke fhsied ins FRA S0ge] Asalyy it could be
cHEREBHBMedOR b REIdATRMWY of BRAGKS YF HhidallebiblRERAl REM ¥i®ikonmental

(el"ectrocatal yst) deposited on the el ectrode surface |
sighdficanese Biferss teitfabricar) elestrechsmical | Rrateins agayy ifes apdyglexing and

incorporate the array into a handheld electrochemical detector are currently underway.
Examples _

Materials and Reagents. Unless otherwise stated, chemicals were obtained from
Sigma-Aldrich (St Louis, MO) and used without further purification. The redox polymer
used in this study was poly(4-vinylimidazole-co-acrylamide) partially imidazole-
complexed with [Os(dmpy),CI]** (PVIA-Os). Synthesis of the redox polymer was
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hi gh. The nore the target protein nol ecul es captured,
the nore the redox pol yner deposited, thus the higher

WO bmoossdd@t i on current. Since the ratio of theP@&G2088/800205

to the sanple protein nolecule is practically constant
at high mAb- GOx conjugate comentration, the anount of
the capture anti body i mobilized on the el ectrode and
i mrunor eaction efficiency determ ne the amount of GOx

R teRelvBbree| Bifet 6:88€ed FornhGSP VELIDsSRHAset hﬂtthéJ pMéln detection.

opti m zed exper| ment al conditions, the redox
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laborateriey (Brakingsmse ¥ UD)-a CEA concentration of 10-20
ng/ ct%&? &tmnt brd %n%ﬁ%yﬂ{@tw&ﬁinéyd%(ﬂ%y A8tanium adhesion

oXi atl on 0 enol i c corrpounds and subsequent
laheetr of 25 €50 Afwasﬁa;sbadwmn bm:rpw@gmted onte @l glessgtide dollawge by 750-

‘ 12)?@ a& toI 20 ﬁt Rfrgé){hel n eélgc? a1S gb%bt %Yoroj‘f ?t R&v& é?&géd that gold

ders o magni ude n pract
dvbp(ﬁ'aﬁ(ﬁﬂsm glaws pmd&éestlh@eaﬂaayysmmes Whha arpeefomieating € 11) texture,

o PP S b UL Sl Yoh SR SIFRIBHPS,; pgneatine o

the 8y MR MPREr éi]ﬁmeb $he'@ 1 bpekiukd. BaRsts amtitshd Xﬁinmmhbﬁ the gold
i nher - sphere chl ori de conplexes of CB(II)/III)

doptedv glidsi Bay @emhb/e& cRpIAN? ofiRABb0RICRY P Pl Anghtion (98%
1 %1&4{)3%?/2 gl'zb' 0@5 CARTIOAE BhanfPbolutifie 1@@8&%&@%)&&1&&% agent and

aSSI cal electrochem str
rsautsf azaxﬂemtynfmﬂnedrgamcep(SInMImds S @@msg zmdefk teithe Milli-Q water

{):\gﬁltﬁ sghoggltn ﬁor\?éré Bﬁés??%% g@‘@%% g’h? ﬁgtﬁt Lﬁgﬂg Hfsahen modified
1hﬁxﬁddﬁ7ed®l9t afst dfe cleanigguittg- aniphli thiokatsmpticc veasi acaomplished by
A0 i £900 SHESCabrigeh e o SOt 62 MY 7ol hdecanoic
Jg% fM(‘JA/) RE@Bm {enipetdidriee T hel lddetofds waRdghsed vtly tMiilliiQ water and
activated with 100 mM of 1-ethyl-3(3- dlmethyl-a.rnlnopropyl) -carbodiimide (EDC) and
40 mM of N-hydroxysulfosuccinimide (NHS) in water. A patterned 1-mm thick adhesive
spacing/insulating layer was assembled on the top of the slide. The diameter of the
individual sensor was 2.0 mm. Aliquots of 0.10 mg/mL mAb in PBS were applied to the
electrodes and incubated for 3 h at room temperature. After rinsing with washing buffer

(PBS + 0.050% Tween-20), the unoccupied MUA sites were treated in 2.0 mM 1(3-

aminopropyl)-imidazole (API) in PBS overnight at room temperature. The array was
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easily extended to a wi de range of proteins of

clinical, biological and environnental significance.
wEedoonssaoé o fabricate el ectrochem cal protei n BET/8G208/000205

for multiplexing and incorporate the array into a

handhel d el ectrochem cal dete2ior are currently

underway. Exanples Materials and Reagents. Unless

ot herwi se stated, chenicals were obtained from

s8Rt Wadhedy &ﬁ’ferkﬁéﬁ Storelifak 42T unisleshed BOWIRE sdrisint MQUmin (BSA)

purification.” The redox polynmer used in this study was
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7 SRR U AR YAy o o

Ihbteunneritel Modd] 6aAreloétraetibmicab wmdestajlmad:oupled Iwathpr lowe¢urrent module

ction. T en trate the "prpof of prin
CE il s Rpdi 380, B futmfepMRavntin Rbalifird 2-mm-diameter
g0 Working| elevirodd) adl higiathréAROA fONdferandel dloctiods, tmli hhjlamum wire
cancer_ bl opmarker are co rC| al | aival | abl e. CEA
qoupss electrerice RBP ayas pesdytst “?&F?G%b‘ Y%nd its

mon oﬁlluﬁﬁ‘@drczﬁsﬁbh Qﬁ&i Yecfd%ﬁkbl J:nodlﬁ)ogﬁ@ )weY‘@fn%nﬁék‘é& mﬁsaeéihartz crystal

from Sigma. |ot|nlat|on was perforned

misrohglanck (@GM)rmtl KEHL In&rwaﬁmty Inct rzPertmbTXb Ina rlean grigronment. The

fgéq?flle ‘é’g%’a?é/n%%p#ﬂg sﬁ%ﬁ&g@% %@ d—fhsmfn %{ JleeM«l%%ng”Rf 30 min. Quartz

doyseali msdﬂa;mis exphyed im QUM expaiments efe hdbmhin-dametet Ve-dMHz AT-

in dime sulf Xi de dded to 1. al i quot.s i
b s iy 11 Femrangie: 38 oRRBdes o bl ses Byt ropp Fortiming
CAPMASBIENE! RIAY Stable flequeh @t REporkEweiiexthkoneaiaB svashing off unreacted
centrifu ged at. 5000 rpmfor 10 mn to.renove a

pateEdlp pad Ainging Sicam atre e inyiBimyize vaniafioadrom slebigpde to electrode,
tP@ Q3pfatRetite $as dal%iré R8ed REShoftP run%fhnbre@&tlcﬂlo GndM fellox _polymer

Ive changes of PBS inh between. The dial yzed
@posltlmyﬂale&@uabrqymwlmg us¢ibtor salevlatingimassgdgugaatithe crystal:

use. o dase conj ugate (A-GXx) was 1
obt ali neotﬁj'T"ztt-"%wdJ ctor aborat ories (Burlinganme, CA M

- 9401W0here AR &5t thedmedsabad fraquamny shift ﬁmﬂlertzaiue tohmass change, fy the

wor ki ng el ectr t|t es ayer of 25
A B ReRSLIEE rudebeba b 6 Bt 1 gt 88aRs of quarz
- 2lgsdeo't abhaoumt), pythé 5ﬁn51ﬂyo&othé r@s‘ongt@i' @.65 g/dﬁﬁ)‘: Afiethe mass change
anneal ed at_ 2 G) i n ai .. It was reported

 heicisviah ot i PHOHC HEiacs oot die |G MYT: ropppor sed i this study,
X f ﬁ’ljehfc{s%at %"frtecﬁhegc Eﬁﬂl%@"o@ 3t 19 corrédpbhdd &4 HaSs change of 0.90
| C rys

is a al 'ographic texture for
nmmthptebntrsﬁf assenbly, Annealing of the gold film

furt het s NA0GRS F@% iatont o ga%&%ﬁ%ﬁﬁﬁ@&é&% Yere carried

i Mo "1t| zation, t coate orou
dilt @nfieslsteps, as ﬁqﬁalacl m]hgexrealr dthe plecaoawsoplatddan a(rﬁ&%.lre -saturated

H2504/30°/H20— lution is a
AL ARbET g T Gl spiaipn o i Datie Plaghd of the electrode
A GABUYatIOTHR BN Fisn.) ARBIWEHMEOBSH Y0 mhiAsiacth VWgotouMy! étirréd PBS and
wat er foll ovved@‘l‘%) 10 mn soni cation in absol ute

dsyingnbiotinylatedgeAd/ A @a Y 2mad) the vasodispensed onto the electrode and

incubated for 10 min. The electrode was washed, dried and a glucose-redox polymer
mixture solution (10 pL) was applied onto the electrode and incubated for 30 min. The
catalytic response was evaluated by amperometry at a constant potential of 0.15 V in PBS
containing 5.0 mM AA. In the case of low CEA concentrations, smoothing was applied

after each measurement to remove random noises. All incubations and measurements



I medi ately after the cleaning step. Initial thio
adsor pti on was acconplished by i mrersing the gold
wGeupstissde i n an ethanolic solution of 2.0 mV PCT/SG2008/000205
11- nmer capt oundecanoi ¢ acid (MJA) at room tenperature.
The el ectrodes were rinsed with MI1i-Q water and
activated with 100 nmM of
| - et hyl - 3(3-di nmet hyl - am nopropyl ) --carbodi i m de ( EDC)
wérd péomddodt rdbrh tethperitatd. fAOBpiertialsepertddNinBhisiworkates referred to
A patterned 1-mmthi ck adhesive spacing/insul ating
the pefAglelretesansaslestodsn the top of the slide. The
di aneter of the individual sensor was 2.0 mm Aliquots
of 0.10 ng/nmL mAb in PBS were applied to the
el ectrodes and incubated for 3 h at room tenperature.
After rinsing with washing buffer (PBS + 0.050%
Tween-20), the unoccupied MJA sites were treated in
2.0 MM 1(3- am nopropyl)-imdazole (API) in PBS
overni ght at roomtenperature. The array wasrinsed
W th washing buffer then stored at 4 C until used.
Bovi ne serum al bumi n (BSA) coated el ectrodes were used
as control. Characterization. Electrochemn ca
experinments were carried out using a CH I nstrunents
Model 660A el ectrochem cal workstation coupled with a
| ow current nmodule (CH Instrunents, Austin, TX). The
three-el ectrode system consi sted of a 2-nmmdi anet er
gold working electrode, a mniature Ag/ Agd reference
el ectrode, and a platinumw re counter electrode. PBS
was used as the supporting electrolyte. |nmunoreaction
and redox polymer deposition were nonitored by a
quartz crystal mcrobalance (QCM cell (CH Instrunents
Inc. Austin, TX) in a clean environnent. The frequency
responses were stable within 2.0 Hz in air over a
period of 30 mn. Quartz crystal resonators enpl oyed
in QCM experinments were 13. 6-mmdi aneter 10- MHz ATcut
type with 5.1 1-mmdi aneter gold el ectrodes on both
sides, purchased from Fortimng Corp. (Ashland, M).
St abl e frequency responses were taken after washing
of f unreacted materials and drying in a streamof air.
To mnimze variation fromelectrode to el ectrode, the
same el ectrode was al ways used for both inmunoreaction
and redox pol yner deposition. The Sauerbrey equation
is used for calculating mass change at the crystal: Df
= 2fo 2(mg Pqg)-1/2Dm A (1) where Df is the neasured
frequency shift in hertz due to nass change, fo the
resonant frequency of the fundamental node of the
crystal, ng the shear nodulus of quartz (2.95x1 01 1
dyne/cnR), pg the density of the resonator (2.65
g/cnB), Amthe mass change of the crystal and A
el ectrode surface area. For the 10 MHz resonator used
in this study,
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Eq. (1) predicts that a frequency change of 1.0 Hz
corresponds to a mass change of 0.90 ng on the

webk@otisszoe Protein detection. CEA i ncubati on aPCI/BG&2008/000205

el ectrochem cal detection were carried out in five
steps, as depicted in Figure 29 The el ectrode was

pl aced in-a noisture-saturated environnental chanber.
Al'iquots of CEA solution (2.0 nL) were placed on the
@hﬁﬁﬁJOde and incubated for 30 min. After washing for

10 mn in a vigorous ystlrre
bi ot 1ny| Ak BemHReAsYde detegtin ) a@lﬁeglcgsa?é ggﬂé@&mmassay

&%e@-l ifanebiepd sode and incubated for 10 nin. The
e trode mas washed, dried and a gl ucose-redox

polky rerovidingtanrelectiotle coroprisinga hindingantibedy ardjansgichor group, each

el ectgq % 0%?%(1 18 %Efgfégl y}o Eor??iglcm/é1 ubdtSie Cs%fdagﬁ{(rilhg a{mbody belng

respons eva anperone ry at’‘a const
pot endapalble of bindikg tNthemélBglcaba]teuem amdysaid Snalvt gedup being capable

the c oncentrations, snoothing was
appl |‘2t§"%$”t’%k° aerﬁgEA MFement to remove random
NObY Eskpodihf tHeddaatié o 2l OGS PRV WoRRimRg ﬂQrb‘i@ldglcal

at roomtenperature otentlals [e orted I n
wor k SREPIES $Q:4dP cagp @élet%loglgﬁl@em df @rpmgl the analyte liquid, to the

el eCtElH&tﬁ% Jg?on]theégcﬁdﬁgunoassay for detection of a

bi ol ogl ca sai d | munoassay _conprising the
st ep sem»bsma)heml@mo@ tpaneantidbdy-enomes aHg eompriging an antibody-

bi ndi n gtsl et%:?e%ysa @%tg,gp?%% 3 A co ggg‘{l? %'d%%ctlon %ntlbody -

coupl ctive s ate,
bi ndi cmpalﬂa of bmdmgbe theg)m]agabl &peaﬁ:s shiddiengtiom antlii:&)dy bemg coupled

bi ol ogi cal, speci es S hor bei n a
of bi d’lrﬁ%‘”‘t el ?gl% lglglbcgg IWQUSFﬁgI et gloglcal species,

el ect the eRiok @nAin@sip¥ds@o Ithecalléddroaa biimeans yf e RbapHiignd both the
t he bi ol-ogi cal_ species so as tg couple the b| ol ogj cal

speci detectipn aptikodyand the hinding gntibady tP ithetiglogical snsetes:

bi

5 g, L G L 4 B EEP Ao
ant i bodsrepmy Hebsg]a@c whereby i the zadok lsoaymeisopppled p@g-qeérgologlcal
conprisi.n Lho nt i bo

he. eT BPEae gt el PpERP ARl Eadind (I8 B anchor
coupl@ﬂuﬁ@n&mkﬁﬁﬁhd@ﬁ@ﬁﬂﬁ mhereby if the analyte =~
[iquid he bi qf | ies, th d .
en 3 PGt LTS vEeesB B APtRde N Aulitenss SeRESH and exposing
coupl hBgleeirodeab An bRRIiABleapEiier) vﬂf&db@%@ﬁa@lﬂﬁd& Bfan electric current

bi ndi ng anti body to the bi ol ogi cal ecies; .d)
ex poshaiyeantfaidsglectiode gad a scfarepes ?‘ﬁ@?fo ds Indicative of the presence or

conprﬁg%ﬂgo¥ @ggéﬂggkaggr and to an enzyne

substra e redox enzyne is coupled to
t he i ol TI'@I mmhuns»p&say eficleim { Ivéheedim theradeitrod és wasdiest between step b)

A%%ls}/ ep c) Detw ée%ds ecpec Hgte%%' gn(? ISJe 6111 Qt%p 35] g&%tep €) so as to remove

species that are not coupled to the electrode.

3. The immunoassay of claim 1 or claim 2 wherein the electrically conductive
substrate comprises a metal substrate, said metal being selected from the group consiéting
of gold, platinum and palladium and mixtures of any two or all of these.

4.  The immunoassay of claim 3 wherein the binding antibody and the anchor
group are coupled to the metal substrate by means of a thiol-containing species.

5. The immunoassay of any one of claims 1 to 4 wherein the anchor group

comprises an imidazole group.
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group on the el ectrode; and e) applying a voltage
bet ween the el ectrode and a reference el ectrode and

W@posisig6 t he el ectrode to an oxi di sabl e speciBGI/SG2008/000205

wher eby a magnitude of an electric current between
said electrode and a referenc® el ectrode is indicative
of the presence or absence of the biol ogical species.
2. The imrunoassay of claim 1 wherein the electrode is

washed bekWReiinshshy b arddhedfeRims ;1 16 8 tWiREsIn ﬂteeambeody -enzyme
and step d) and betvveen step d) and step e) as to

SPRIEF/AONIsISeS @ SOmPIEK baeen é}tbl@wkﬂt%bdftt%?tkoﬁ@n@b%lyt and @ avidin-
5%‘1‘1&@ y of claim1 or claim2 wherein the ’

g:lllll ‘??’lﬂga Iy j(g%g‘%uctlve substrate conpri ses a netal

subst.r atlhe imaiupoasandf 4w g of claswos & do b vdrerdih thegedanpolymer

cons. stl 0 f ti num and pal | adi um and -

RMPHET S ‘%F‘gﬂ?g lkl\%"g}ﬁ'al | of these. 4. The '

i MmMe)0agheimafunchshyrocliiel evhereim thelifansition nmﬁlii:bmilyium

and t he _anchor group are c led to the neta :

substr at Wg?%a%P?%{a%gSR‘e%{h&%ﬂ’ﬂnéw&Fe@éas & [Os(4, 4-

diRethiy BN siaheyCIENYorRpex.0f claims 1 to 4 wherein
t he anchor group conprises an imdazole group.6. The

i mmukfoaddaymarungagpap pbansfone|odickimy 7 e 9 Svhgkrin dierfrangision metal is

s a conpl ex between a
cgﬁ%&%ﬁ'}’o%[‘i?(gﬁ% g&hﬁ ﬁltglrﬁgag?/&and an avi di ngl ucose
OXI dese T&nmnngmbassa;?of élﬁ)e)nemfulwasé’ 49 10 fwharejn thegobyfmer

s 1 to nlthe r%ﬁ | ymer conprises a
CBB'{H’H‘aestar%orlgq (I’e' gac noassay of claim?7

whergi n The Qnﬁlﬂﬁiﬁésishy ofaryednelofickinas rito! M whereliithe redox enzyme is
I Mmunoassay of claim8 wherejn the osmumis present

g&%coa%oyéﬁ(e&nd e e RyPstEates 8hiCR¥s i di ne) 201 ] 2+

CONP} X The QmmiABads B BIRASHROf@faimBY 16 '1‘2 whereih fHeBxidisabfe spec1es
9 wherein the transition netal is conplexed to an

qompdamseorgmplln t he pol ymer 11. The |mTunoassay of

£
: g(r)?lrpr |n§ (;[21 a&%}ﬁng%ﬁz% ar1]y Igs :1:283 ég \ ﬁéf@ﬂ félg)v.olt_a&e. between

tieleétroticrand sisary fevénca rejeccmée rsfa aolnstmnsvoitago ofldbonh@1 ¢o mbout 0.5V.

t he red enzyne is ucose dase and the.e

st e P Re Ot 415005 B SIRR T S 18 s MBSl spine
réferén@bleBtrit cuftedtbefdie haditioh betheXoxilisabld esipeandstest electric
conprises ascorbic acid ~14. The inmmunoassay of any
cyrentciter pdditien of the oxiglisphlerseedies he vol t age bet ween

16. The immunoassay of claim 15 wherein the absence of the biological species is
indicated by the test electric current being about the same as the reference electric current.

17. The immunoassay of claim 15 wherein the presence of the biological species
is indicated by the test electric current being greater than the reference electric current.

18. The immunoassay of claim 15 comprising determining a concentration of the
biological species in the analyte liquid from the test electric current and the reference
electric current.

19. The immunoassay of any one of claims 1 to 18 wherein the biological species

is a protein.

20. The immunoassay of any one of claims 1 to 19 wherein step a) comprises

preparing the electrode, said preparing comprising the steps of:
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the electrode and the reference electrode is a
constant voltage of about 0.1 to about 0.5V. 15. The

w0 powangascay of any one of clainms 1 to 14 conpPCEBGLN08/000205

nmeasuring a reference electric current before addition

of the oxidisable species and3h test electric current

after addition of the oxidisable species. 16. The

i mmunoassay of claim 15 wherein the absence of the

bi ol A9i GRbviGRE ah RFecirsdd Pt Gsdradnittisinae liGhg §etiet bwpled to the
current being about the sanme as the reference electric .
edepiricatly conductiye subsiaignesid Baling speciesicRmPESigg @rinding group which
PEERERA bR B BRI B SABPURE of Binie Wil ks

el eca?)i couplingshe antil®dy T éhei lmkingxpseiay; avdl cl ai m 15

conpriSi ng det.erm ni ng.a cantrat | f the
bi olaééi ccgﬁplérf:getg? %%crhloﬁ%%lgqgﬁlaeﬁ%& 4|pg{;}i|ﬂ§c)l fromthe test
el ec2lr.i (Theumhainbasdsgof ¢leint 20 ehereirethe Ibaading groap iy @rvctivated ester.

.19. The j munoassay of .an ne of cl ai 1to 18 . .
SherBh RGBT BPehe ot clambal Bherdin Semnl bautiiises goupting a thiol-

doPMIRR §5eRMs @5 mPAYin® BRaBbx Pl A toltht ledBiculle EGiducEfubstrate,
conpri ses pre{qarl ngqt he el ectrode, said preparing
1

a
apdmeacting thy carhoxgtie peid & foamythe pesipagadiestean el ect rode |
Precyr s ?E{f {El%ﬁHde Nedn hh MiBo RS fof ﬁg@%ﬁ%gﬁi@lo&ﬁﬁl species,

el ectri y conductive substrate,” sai

ssjdled¢atde oomprising g bindingratitibgdy andign aushohgriosp.ceapkbeing epupled to
bi ndi ng..to the .anti.body and is.ca | e of Dbjndi .
psdeerioy Rondalf bBat, AR pRine RS, Ring LSbR i o the
Hidg]lagi:ca]gs S¢lecCarfissa 1jmdhgr3groﬁpﬁah:g ﬁ@dblteof&ﬁﬁdiﬁ% togzli mdpx l;zaglymer.
the | I nking specgles. . el 0ass of,clalm

vvherQé'r n kxeles rﬂg? ﬂé‘lﬁll“bé%wl‘gfe %Fﬁcm@% cordugfive %_ﬁ’.strate
cORprisETRBAS Sk, GidmBialbdin¥baEQed roinSRe Btoup @BRSibtERSf gold,
coupling a thiolcontaining species conprising a

. patinvoxgnd palladiut angd mixgures elcanyitwalorpllobHheset i ve

subsyr at J.: i '
ek A BeBRAER! WAt RPBAAS Bfinda} rd B Brhor roup
arerooupbaiste dlye fhetal sidistrate ibymmeaahs af b itlodlegpintahing ppesiass, -

2 B SRR SEIPL LB B0 19 SOhREE Ao

coRipeided Anvighi8ardld gratye, Sai d bi ndi ng anti body being
capabl e of binding to the bi oéeggi cal. speci es and §aidd .
anchdr o Biasessdpraking 4B electpdeion 45 ig angmanyneassgy for detection of

30?'-151)6 &?%@ies,mﬁ&%@eg; EQfGiQhg:Cl ai m 23 wherein the
electrically

] 'y ‘conductive substtate conprjses a netal
subsi) r atpeovidiag @n glectpdeprepiyseretompristngra litking:epegies goupled to the

N
iotapablei afic2dplirgeto aibindihe altibody agd éndaphlde pf emuplingéo an anchor
g%‘l?pr,] (S)Erlid %[u%fl?g antibody being capable of binding to the biological species and said
anchor group being capable of binding to a redox polymer;

ii)  coupling the antibody to the linking species; and

iii) coupling the anchor group to the linking species.

28. The process of claim 27 wherein step i comprises coupling a thiol-containing
species comprising a carboxylic acid to the electrically conductive substrate, and reacting
the carboxylic acid to form an activated ester. '

29. An electrode for use in an immunoassay for detection of a biological species,

said electrode being made by the process of claim 27 or claim 28.



are coupled to the netal substrate by neans of a
t hi ol -cont ai ni ng species. 26. The el ectrode of any one
w@Rooel#i40e 23 to 25 wherein the anchor group cRPOPSGHE8/000205
an im dazole group. 27. A process for making an
el ectrode for use in an i nmun8idssay for detection of a
bi ol ogi cal species, said process conprising: i)
provi di ng an el ectrode precursor conprising a |inking
species Wk dldRodd W coiddt tolaagtlohy of Slafhkc23 16626 or 29 for
substrate, said_|linking species conprising a binding
dgtestion ahs bielogical spssisise of coupling to a bi ndi ng
anti body and is capable of coupling to an anchor
group, said binding anti body bei ng capabl e of binding
to the biol ogical species and said anchor group being
capabl e of binding to a redox polyner; ii) coupling
the antibody to the linking species; and iii) coupling
t he anchor group to the |inking species. 28. The
process of claim27 wherein step i conprises coupling
a thiol-containing species conprising a carboxylic
acid to the electrically conductive substrate, and
reacting the carboxylic acid to forman acti vated
ester. 29. An electrode for use in an i nmunoassay for
detection of a biological species, said el ectrode
bei ng made by the process of claim27 or claim28.30.
Use of an el ectrode according to any one of clains 23
to 26 or 29 for detection of a biological species.



