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electrons between the activé site prosthetic group of the redox biomolecule and an electrode

_ surface 1s thus an important factor in the efficient operation of biosensors.
O -

- . [0004} It is generally observed that efficiency of electron transfer from redox
biomolecules to the electrode surface of a biosensor is less than the highly efficient reduction
of the natural electron acceptor. Several groups have investigated the modification of redox
biomolecules by covalent attachment of a redox mediator, but found the electron'transfer rate-

constants to be far lower than those between enzymes and their natural electron acceptor.

SUMMARY OF THE INVENTION
[0005] In accordance with the present invention, Applicants have successfully
devised novel approaches in biosensors for detecting an analyte in a sample. The novel

approaches are based on synthesis of novel oxidation reduction mediators that can lose or
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linking ligand comprising an organic amine having from about 3 to about 20 non-hydrogen

atoms, an aliphatic aminc group and a nitrogenous moiety that provides a metal-to-nitrogen
coordinate bond to M. Z can be a halogen atom and m can be +1, +2, +3, +4, +5, or +6. Xis

an anion, or combination of anions, that balances m.

[0007] In various other embodiments, the present invention also provides methods

of preparing transition metal compounds having the above-described structure that

corresponds to formula I.  The method provides for contacting a-precursor compound of the

formula O;

()

wherein Z, M, R, R’, X and m are as described above, with a linking ligand to form the

transition metal compound of formula I via a ligand exchange reaction.

coordi nate bond
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detected.can be, for examplé, anucleic acid or a protein. Ina preferred émboc_}iment, the

f”:-\})

e analyte is a sequence correspdnding to the p53 gene, which is a gene associated with a variety :
of cancers. n other embodiments, the analyte to be detected can also be the oxidation

substrate for the redox biomolecule.

[0011] Tn still further embodiments, the present invention is also.directed to kits
comprising the above-described electrochemical tags, as well as, to biosensors that utilize

such electrochemical tags for electrochemical defection of analytes.
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el ement that can forma coordi.nate bond to nitrogen.. Suitable
metallic elements for use as Mcan be, for exarrple osmum (Gs),"' 4

DETAILED DESCRIPTION OF THE INVENTION
[0017] " In accordance with the present invention, Applicants have devised novel

biosensors and methods for detecting an analyte in a sample. The present invention is based

Vi

on the synthesis of novel oxidation reduction mediators that can lose or gain electrons under -
various experimental condiﬁons. Without being held to a particular theory, it is believed that

such redox mediators act as electron relay groups that enable non-diffusion-mediated

electron transfer from other oxidation reduction molecules such as, for example,

oxidoreductases.

[0018]  In various embodiments, the present invention provides transition metal
compounds that can fumction as redox mediators and have structures that correspond to
- formula I described above wherein M is a metallic element that can form a coordinate bond to

nitrogen. . Suitable metallic elements for use as M can be, for example, osmiur (Os),
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pyrrol es, -pyrazole, triazol'es,” benzotriazoles, pyridine, pyridazine,
pyrazine, pyrimdind and triazines. One of the nitrogen of the

het er ocycl i cl0P2flg f &riss linkingdigahdalnevarious embedimgnts\L isharperghuie pmine
nitro [ .S I en th | - 1D '
het er gcyc| |gcﬁ§§|8r?§mé§) #é“a%f‘ﬁ‘gﬂ%’?%@%s\# "'“%Tr?%%{pblﬁ)gg%?e er‘)%| P@IS %%di %lrtg%r

an al kytomprising atitragéneds tdidti that progided B enctdlkyInitersenrobhiilite baid aidghin
chai n or_branche nd contain' generally.from| td.about 2Q'carpons,
or of or GbPS PTG sPICditent e Riroggas St is b RorempURicH e BB AL P FES
A pr.ef efiitroger dtotei Nbnlliriting ekarifles inchiflc HRARTLEME} ben-EmRdarSe, dyPdtel Ipyfaiote,
a hal ogen 6it om In_a preferred enbodi ment Zis chlorine or:brom:.ne,
more prSRENEH PFZORIEPIcRaYTIiRS, BYRAZAGy PYTRZIRS,PYRANERInG and {rjazingg, Ong of the
+5, Or +fy MWt yclib B to Al d | & t red hifogepous
preferr ed?gﬁéqd[ ment , Por exg_rrpl% %\ﬁgﬁa%%é%n% gf‘ é?ﬁl\lﬂas@ ge%rﬁé%rﬁlﬁo%e gus.
+4 oxi dmpiethisdmtagolez Whendhé pitiogencm anaiety $s a-Betentcyelicanmgthaaliphetic amino
nbi l.on.: ' L hat : t f | f th
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- 3 straight chain or branched and contains generally from ¥ to about 20 carbons, preferably from -
{D - . 2 to 12 and more preferably from 3 to 6'carbon atoms. A preferred linking ligand L is 3~

=

aminopropylimidazole. * ..

- [0021]  Zisahalogen atom. In a preferred embodiment Z'is chlorine orbromine,
more preferably chlox_ine. The superscript m can be +1, 42, +3, +4, +5, or+6, depending on
the oxidation state of'the metal M. In a preferred embodiment, for example when the metal -
M is osmium in the +4 oxidation state, Z is dhiorine and mis +3. X is an anion, or
combination of anions, that balances the formal charge m of the cation. For example, X can
be, without limitation, chloride, bromide, iodide, fluoride, tetrafluoroborate, perchlorate,

nitrate, sulfate, carbonate, or sulfite.
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ro ' rihar with Cl - | kyl eci a | -.¢ | kyl
o1 oups, SEHERE SRR whH O G sl ooty G i SRRRyr ThY gl
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Non- | i riighes gubsiitatesl. 48 varier rrabogliments, disabstintadtliganding' grosipswan kg nsed.

5,5 -di gL b UL ed- 2, 2° - Di Jddvl. .1 - phenant hr oL . .

2, 7- 0t LR SEPIES achb Pl ety BEPRM L O e 22

1, 10- phsipaidyriol 0-phenanthRHA3, 4Yﬁelmu&ﬁhxe@m,qoq§he&:ﬁﬁ@ﬁ8¥1 and 596-8isAydtirehed-
or phenant hrolinyl or one of the optionally substituted groups

di scusdel@-phisagmstrolingd. ot her is preferably sei ected fromaliphatic

| i gands containing two nitrogen atons capable of form ng coordinate

bonds with t ta -] idR L] . i NGl -V :

2 opane PIRToL el op R T €L b gr e o e

wher e’ tdptionially sphstitued geoups dissasked abdveSthp otipa hephicfurable sfwcted from aliphatic M)
1, 4- but.anedi am ne skel etons optionally_ substituted with al kyl, ary], e
or ot hefEAgibIRRAmIAg FroBtipgen aivEReRTRle Of Efipaie bopdmwt gledPe'P-Le

ni t r ogevs No-fihRingRkahpik ﬁfclﬂﬂeél%%fﬁa@étﬂ&ﬁfu@Cf‘@'ﬂu@ﬁedﬁﬁﬁﬂé’iﬂd’del?l{vaﬁ%

conpl ex. [0024] In preferred. fnents, thé transition metal
conpourkfsithery Bhergdhederivatives ae besed ondi3-propAtedidmingst 4-buthesliarpine

i tabl Lyl l.e, it
b1 05 enc el b ADLinlCs WRELALE 20, B0BEERLEAT ol dibdt et i
i nt er mewoedinatd bondiregof thiattropbnd foahpmesd Meodi with tioeglectfochimidal astbvitgafltiee

and thec bi ?esensor el ectrode potential; the ability to exchange
el ect r ongH aﬁbi dly with electrodes, the ability to rapidly transfer

el ectrons' () to or rapidly accept electrons froman enzyne to

accel erat e t{024i neli mefedfedentiiirnais, dat traRitidh Mm@ édmMads hivwomRfora

substr antagreioi} tﬁehfgllgvrvg:tsg% gr%ct%];'ist?géz gg&i arl;?e' r%&o:? gggegﬁaﬁrto %ll)gr%%eragcageé?gc%%lrll Y.
shuttle in the biosensors of the invention, the potential generally being intermediate between -
that of the prosthetic group of the biomolecule and the biosensor electrode potential; the
ability to exéhapge electrons rapidly with electrodes, the ability to rapidly transfer electrons - fj
to or rapidly accept electrons from an enzyme to accelerate the kinetics of electrooxidation or
electrareduction of a substrate in the presence of an enzyme or another electrochemically

active redox complex catalyst,

[0025]  Inapreferred embodiment, the transition metal compound comprises 2

cation with a formal +3 charge having the structure:
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active redox conplex catalyst. [0025] In a preferred enbodi nent, the
transiti oWag01tApound conprises a cation with a for RaF/Se300H%25%
havi ng the structure: 6 5: March~2007 WO 2006/011853 ‘
PCT/ SG2005/ 000238 \ / NH2 D \N [0026] Th¥2i nvention al so
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can function as redox nedi &tgts hgvi a siructure that corresponds
to formula | described above. %ke red enbodi mrent of the
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the |igand exchange. Preferred linking |igands conprise a
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o the not a1 0031 % THF bpBbP AR5 utRL By ol il EpEpREE B AT Rgip]

chl or i N@mRdndd8at dafifint@iohia8 dddx nfedtors aving aepydture thazotespddSRy] | n
anot her enbodi nent, the transition netal conpounds_are, used.as redox

d
medi at ofosmele Idascribed abavee o spPraferrsArebndimeny. of fhromethadthe BRBHPIRICL g

i s obt aj ned .ansi & Al
rodox BREPEL A REoFLeY (AR GuRlelPl Sers e it hdRr e
the tr ashpié wafh JToikihg Bgumdo Thd trassifanmbtahédmpatiia desedbedhermimmmpgise Sller
B B or cligapds e e RO PHIRACTIP I D 1 3 L TR EietT 1 e e fekipe
acid r eﬁ%ﬂpgﬁggﬁ thi BEnd GIRLAMOITILE Exlhantd) MbrefirRailikinpalsahily €omprise a

proxi m e active-site prosthetic groups_of the redox
bi ono! exitrbgencus mwigly &fa provifles aamieldpmisrgentcherdinaimbend tothermetal. Ina

ound LS -att d | - 0xl i t
N e A T e g S S

and ei ghthinopAsppHiniddz6ler esi dues are within at least 16 Angstrons from

the flavin adenine dinucleotide (FAD) N5 atom of the FAD/ FADH

E{)ﬁgérﬁ;c giiﬁﬂg]s Wﬁ%gmgrhgmt}o 0 'gxllt,l t%%aﬁs?&mgﬁ%&? ggmp&?ﬁ:lcg%e?used as redox
" . mediators as part of an electrochemical tag. The electrochemical tag is obtained when ic -

" transition metal compound is aftached to a redox biomolecule via the linking ligand. In
variois embodiments, the transition metal compound is covalently attached to amino acids of
the redox biomolecile to foﬁﬁf the électrochemical tag. Preferably, the fransition metal -

‘compound is attached to-the amino acid residues of the redox biomolecule that'are in'relative

Q

proximity to the acfive:sife prosthetm groups of the redox biomolecule. In atxr preferred -
embodiment, the transition Iﬁetal. 6omp0und is attached to glucose oxidase at aspgrt'afe and -’
glutamate residues. Computer graphic analysis shows that at least two glutamate and gight
aspartate residué; are Wlth].‘ﬂ at :I'eas.t_'16. Angstroms from the flavin adenine dinucleotide
(FAD) N5 atom of the FAD.[FA]jI.-I_pl;osﬂletic groups within the 160 kiloDalton ghicose

oxidase homodimer.

[0028]  In a preferred embodiment, the present invention provides for an
electrochemical tag comprising a redox mediator that is a transition metal compound of

general formula I and 2 redox biomolecule, for example an oxidoreductase. In a patticularly
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[0028] In a preferred enbodi ment, the present invention provides for
an el ectwaoclvesronais t ag corrpri sing a redox nediator thatPGsGR005/060238

transiti nd neral. for r edox

bi ool AEPEEE pbofRE s RN Rioh M oS el g the inking
5: Mar chigafds 3 Mﬁﬂ@&rﬁﬁd&&&ﬁ 4 PrOEREYY/ oA e b elecroclriicd kagent

t he nmetal of the tran thOI’l fretal conmpound is osm um and the |inking

| i gand SPEPESEN? HEPF that 354 wansition neiplopgmpousd g pladirovalepily

el ect r QghENELGH 01 rises a redox nediator that is a transition
nmet al cgtrrpoung “;Ca%o )&&Fg covalently attached to glucose oxi dase.
[0029] In finther enbodlnents,-the present invention provides nethods
of coval ent[D)29t t abhfunther ¢nsbadimerss, theopresant aivemmrppmmdles methode dHx

bi onol ecul e o formt el ectrochem cal . ta referre

embodi FR¥Rlen fﬁlﬁ%ﬂaﬁ sé‘?q frasitppmagt ﬂ’cCGFFBBEWHtOi %greéws biomiaieculs torfamn fedox

bi onol I |

1|- et hy?ggh?% d?é%%@#%&%?%‘ﬁ? car’ ge%ﬁélg@ I orclidgeat?%to

and N- Heiredry bidzﬂaiemndn:lby]dzarbalhznn(le\lbdﬁphng\hsmg, ﬁar exduqﬂwﬂ -tthyk-Bg3e -

Kill in r ut...b b r bodj. ds
cat al y GBSO R R Eride RDLS e PGPSl asnpide
Phosphaivers), #hith af8 IRwvnY tRssE sMAEL ROHE kD Nitou? bei P‘B%&E@Bﬁtﬂegr)f orman

O urea der| vative. This derivative can react-rea
nucl eo Gmmémdénatalmg ¢t fornatidpefamide bcmdsrbk@veen Iaenbokylmmmdsr cmphosphates

al cohol__groups .and..e l,i nks from.aci d ohol S

ept | @™ GTHREs Y e cothod Lo A BPHaeP SO DGR dorfatiaR TR riReve
t he syihhesictreadilpaith ndeisoptsileb NEhovh et 8 bbLRd 16 eidk¥ attey EnEroar  as

t he organic, sol ubl e derivative, NY-dicycl ohexgl - carbodi i m de

NHS. i s 2brhehereyaspndsestes ks ffﬂlﬁéc@aaﬂﬂélﬁoh @& phenpds andpaptide hen fé@%ﬁ@lé

of EDCnd ik Rz Gl?&l] hﬁg,s By
active ester %ahe pro uctlso C(lt){g%ensatlo %ffﬁg 82% Sxy#?‘ig%‘%béﬁp

and N I@dﬂi}(@i@&m asithd @rganiasoldhie déraaranvad‘éNé-dwycﬂahexyé—carhodamﬁdﬁ(ﬂG@)n

tp?ov?lltlz&sﬁsl n varlysS%E ?%%eﬁﬁﬁ?&mﬁggﬁgé}éugf%ﬁh%vﬁntcletgﬁg‘ﬂéqrhereacﬁon |

el ect r gain mulurml fomdnmfehemtmdﬁem aeavd é;St&E{ﬁﬁr;ﬂ‘bd\ﬁ:t aﬂc@m%hsahan loff tiee. -

sanpl e. the ngechanism function or -uytility of

pr b enaon Rl FoHP b 2t M Do futher prackownh theeenine funstiag e -
of the yafill ifhBpPtheahfgt beu.t ransfer fromthe el ectrochenical tag to
the electrodes of the biosensors of the invention. The nethods of

the present invention can he . . . . .
{0030] . -The invention also provides, in various emtbodiments, methods for using

the electrochemical tag to elccfrochemically determine an analyte in a sample. Without
limiting the mechanism, function or utility of present invention, it is believed that such
methods take advantage of the efficient electron transfer from the electrochemical tag to the
electrodes of the biosensors of the invention. The methods of the present invention can be

applied to the determination of a wide variety of analytes in a wide range of samples.

[0031] Inanon-limiting example, an electrochemically active redox complex
comprising the electrochemical tag is formed at the surface of a solid support, such as an
electrode and electron transfer is detected. In one embodiment, the complex is formed at the
surface by virtue of attraction to or binding of analyte with a probe that either is immobilized
on the élect;ode surface or is able to bind to the electrode surface. The binding of analyte to
probe depends on the analyte (the “target”) to be detected. For example, where the analyte is

t"’:—\:‘
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applied to the determ nation of a wide variety of analytes in a w de
range of wanpes11850031] In a non-limting exanple, an PCT/SG2005/000238
el ectrochenical ly agtive, redox conplex conpri si t he . '
el ect r JEREIGETH 2alp e probt frechusieiad QIPPRTRS %ﬁmggéﬁﬁ?féfdg&%%rt , such
as an ncglr??reme%ﬁy NfsRbAtlseqnbd GBS 8lalie. dBE 8edfRE to be d@Binined can

enbodi ,. the Conpl'ex is formed at the surface by virtue of _
at t r actdompriseousieit aeidi wWigiclhmayba sipgle swandedorgionble strardedeas spesifipd, or

i mobi lized on the,electrode surface or is.aple tqg_bi

‘electr d’ﬁ%taglﬁﬁ%@.&?ﬂhl uh.%i sﬁén oF fifigls; steapde s&%eg@e.d eﬁ%gletgﬂa Se _
anal yt Q:oﬁzbﬁ&s'bhi&{/%ﬁﬂﬂ@stﬁﬁd&?ﬁ&ﬁ@&id 01 vBYEIRbE thatkiesRl seh@adrpisyt e i s
S 5' March 2007 2006/ 011853 PCT/ 32005/ 000238 nucl ei c_acid, a

sui t ablrequited lpeior to hybnidizrtercofibe enatyerts theicomplemsntagy prober Ehﬁjwhﬁ%mabin

“conpl e 1,0 a specifi ce of .t nal yt e. ,Th

o ot GRS ettt Bodelie or CONATRITRCS: Dhypritf wR it Goqi 3 RIBHAL ob
st r andegmBinatlen b @ecxiFiBeL0RM ribBSEREdds| 08 anf CombRAkEH Of fueed, bofwting
both doubl e stranded or single stranded sequence. Wiere the anal yte

conpr i seesilopdepingothymine cytasiieduatios dnesing xathanine pad hyppeptleabe, dthat

q YRR S ood bri b d Y
Co the WERBIE AR b v SRk TaBhi By AT e sl atrBOF I °
or ¢ DN%becim?/ 8o gRizRY Mel atlti gt AlRridtiv e Ry Gihetedth@firght anatlyfi i an amibody, the

conmbi nation of deoxyribo- and ribo-nucteotides and:any c gilb nati on_ of

b@es, nrehe q3BicABPTis Apantizen mepgnized hyrihaiandbodyy (I binding ¢ to probe
LDOSi n t. 1.N8§: hyhoxat ' i e
ot ot & L A RoRT e le QUBINE AR Apafind anndlREE LrbR GAR bl
speci f i hydtdphobie intgractiexs ot bevatent bayeling. AG¢rerally, thegirgheswhn cemphise, fer get
an alyte is an.antibody, the.. pr C CO | n_antigen, . _ .
recagni ef@’ﬂp]ﬁy&fg?@“&]%ﬁ‘%ﬁd‘?&“% Lﬁ‘%ﬁ@ﬂ&%fr%m P ?r}b%%wélel%%%d%e ,

i n a noENlAsKickpreesclsadithes 12bY (HBIRY, laffiZai, afbodNhemdic?gecepttar ge- char ge
i nteraction, ydrophobi c interaction, or coval ent bondi ng.

General ly, the probes can comprise, for. —ex | e, oligagnucl eotj des,

i ncl udi ng DN#03 The ytgract Fwﬁﬁéﬂ%el ?}ECWRFSF&‘C&I ECTRe the §is
expres Sééﬂiéé‘cgﬁtﬂﬁﬁ%i et 5ETEE) gnitfoH 2818 hat 3RS kkRHYto thé@aRHlled!in the art . In
receptor. [0032] e interaction between the el ectrochem cal tag and
t he anad BonelimBing £xpmpleea ragegnition pair epngists efiljjoti andaviadini thodke B r s

t hat ar Ll | AT b

exanp! & IR pfl, (1438 Bt of ME plisarc (At RO BB S B amalyte gud
r ecogni the electoahemidzhtagr Sppafit interactionivdithe o inkmbemiof tay paiccana¢sent | y

oo o NS U 00 A B SSLECENSI s o v
’j recognition pairs..-

-

[0033] ) Thus, in one embodiment, the complex is formed at the electrode surface
by interaction of immobilized ﬁrqbe on the electrode surface, analyte labeled with a first’
member of a reco gnition pair a.x.ld electrochemical tag labeled with a second member of the
recognition pair. The labeled components are combined in solution with an oxidation
substrate of the redox biomolecule and the solution placed in contact with the electrode. The '
electrode is operated at a suitable potential to efficiently accept the electrons from the
oxidation substrate by way of the metal compound covalently attached to the redox
biomolecule as described above. The probe and analyte specifically bind or hybridize to each

other, as discussed above. . Since the probe is immobilized onto the surface of the electrode,
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conplex to be formed that contains the two chemi cal species and the
coval ent | wob@bgghisgsecogni tion pairs. [0033] Thus, in onecrsgedioness ,
the complex is fornmed at the el ectrode surface by interaction of '

i mobi hytretirais peths qualie osfotbe pehe rewlts de bringing Mg deqrashamaigal e Wiey
first p{&fﬁﬁﬁto%e gfﬁgl?g‘?h%bggcggﬁw&&h%%ﬁpchem cal tag fTabel ed

w th a second ne recognition pair. The |abel ed conponents
are conbined in solution with an oxidation substrate of the redox
bi ool ecul e[0434] t hdn prefartadembpidineds, ithe wethods erevisehin geactés Sagnosige For

oot RIS Db RishBRRE oo beited Rl bt BERE ket e e etPiticn as
netal gRIERAIRG pg??\"ﬂi@ﬁ‘fs'a%’geﬁ& E&%Bﬁf&fﬂvﬁtﬁ Qeaﬁ&g@fc?ﬁl%ﬂmﬂ%‘rwoﬁ-xmﬁﬁng

descri bed above. The probe and anal yte specitical ly bind or hybridize
t 0o eacexampl¢ssncludsthdigena fos sonpiyposis cSlomceancéretheBRSA] breastnahedr igens the

onto the rfac f .,the el ectrode, "_Magch 2007, WD 2006/ 011853
T/ SCHBB S RSS BaT HglsrieaR 25 og L ARoHE esan IPIRG S AB0 osul t s
in bri ﬁ&bﬁﬂp&ﬁﬁﬁ@&&%@dﬁﬁﬁéﬁh, thetdtiontia thdéRNE 'ﬁb&déistgéné,l'& aﬁ&%ﬁﬁkOde,
where el ectron transfer can occur. [00341 In preferred enbodi nents,

t he neothetssvellkmowadd thearjenet i ¢ di agnosis. For exanpl e,
ol i gonucl eoti de probes can be used for determ ning target analyte

seqguences. s s .Lhe gene f.or 3 i.ch,ls a gene | '

a variety otbcoggﬂcerlgPHHgTﬁgeFeﬁgﬁﬂ%?}W?q\eﬂ%m%@%ﬁog%e icn%%%éh{% Egag%e\ghéﬁ]
for nopgm iy pefirmed akiog neRANA Wiiraétbe ABRGAL likirantils moslediociianical thifile  Apo
E4 gene that indicates a greater risk of Al zheiner's_ disease,allow ng

for eaSYMmPRTRSIHPEYReONzaed-gbispsrpxdass sovdeatly atiached todhe trapsitignanetal
cysti Cnfd [ tﬂfti{}% : Nk SnieRiAl i Ldiie
[)603510(%%9%%3 gjr efe rtg%hle%o@%glﬁgn%?ﬁhgﬁt’e%% arrpf;rlg% ﬁeéﬂl}g:lydet ectpi?égﬁmgf
t ar get bpseavegigahe mRIeA ingo gBWA svhich isfhin bReled siithdbibtimnAnrat | i ver.

: | herm cal , mha din con 4- al
oo o0 e SRR ST T ot i R SRl Bl oo
Uil i zbogndieayelepiRde kanaiyte isbohfidtoirbbe tagualeittedié hofridieatidnlayd f ur t her

prepared by conyerting the nRNA into eDNA which_ is then | abgl ed
Wi th bPiERePheFal eds bolmdie ARie WA eepgRHoR B@SJ?ID@%%‘QWWW at

the el BRtbOREpRHINC A s WRSIAR e EREOhLS, thBYMKIIdCintiheaR Wt tcagize ARBLYL 8
i's bound.to probe via nuc|eic acid hybridization.and_ electrochem cal
tag i sneidimided 9 thgpseynf biotinfavidia sepeisaitien psas And thatip Neristy 0brogpengtion pairs
and - exist that can be utilized in accordance with the present invention. Thus the electrochemical
tagis brought to the electrode surface -fol.lowing,target analyte hybridization. In the presence
of substrate (in this case glucbée),. thé'electrochemical tag comprising the redox biomolecule
(in this case glucose oxidase) catalyzes the oxidation of substrate and the electrons are
shuttled to the electrode surface-b'y the transition metal compound attached to the redox
biomolecule backbone. The-determination or detection of analyte is determined by detection
of electron transfer between the electrochemically active redox complex and the electrode. A

current is detected when the shuttled electrons are picked up by the electrode.

{0036] In a further embodiment, the analyte to be detected is also the oxidation
substrate for the redox biomolecule. In a non-limiting example, the redox biomolecule
component of the electrochemical tag comprises glucose oxidase and the analyte is glucose.
The presence of the oxidation substrate is detected as electron fransfer activity at the

electrode (detection of current or voltage), where the electrochemical tag is held or formed at

10
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biotin, respectively. As explained el sewhere, those skilled in the
art will reoagsiasssshat one is not limted to the use oPCT/SG2005/000238
bi ot i n/ gl ddciolE SREtE iliRANPREESqRE InbRA lin eV, I TR a)hoAllihRIQ@REdiple/the -
pairs exist that can be utilized in accordance with the prcg ent

i nvent | sifacyief the destotieistsbsisdarifioafint megbes ob? woesmiteRPERatEct r ode -
surface F%Q%écgﬁégnﬁ”%é Eaggggbexﬁ@@ktﬁ%%?%p%é%ﬁ@ 38 1%'efédtc*af‘up%9ﬁ? Bfife. Of

substra glucose he electrochem cal "tag conpri sing

t he redoymbinedin etutich witi the shingsle easteinitguhio asalpteitol bs detectad finythie sasehier
oxi dation of substrate and the electrons are shuttled to._t

. he . ..
‘el ect r oS¥amRlpfglaeosp), whirh is dlsothe oridation suhstrais Al GinTadex bigaralerile, Bipding

r edox ' &Lrgg! EQ&H! e . T ' ' AN ' Rdchemical
anal yt elalks eterm %@?%8%2?%%%%%% Baeﬁ%g{celts@% nlfatbrrgl S erbgié}'? Wece ﬁm%che
el ect r oedgeinmoqrbkivninabithesldordde, wirnpilestranigkisfe cal emtur.0The electronhemenat
Is detected when the shuttled e] ectrons, are picke

by th
¢l ectr o8 CoTPUIEIE glrcose pifasRErtabREIaP REidation ﬁ%ara'_révéjﬁgs BeseRion s BPley
non 1 1Pt a5 cannt 8% PRI Sprfioe (S e RATIL FRp cpodhd

non-1limTti1ng exanp onol ecu _ ]
el ect r oatteoticd & tHeaincoosguid=se badkboes SFheodétetadratindrideteciombyglecass is

gl ucose., The presence of_ the oxidation substrate is detecte S .
el ect roﬁe?mﬁéb’ dgieetion qfyplegtron HéﬂS%‘gleE“E’?_ e plegirorbentical (38 %@ﬁﬁ%nt or
vol t agelyechites e ; NPRBIGAL sthlied Sledighd sl pibRETESIbine Weotrode,

%j\/arc)ﬁleg 7 %@8@@?@%%%3 P %&005‘%%80238 thl:(‘a1 el ect r%dee surface
l’}tj I zing techniques known in the art. In a non-limting exanple, the

surface of t 030 ect oduefemed epboditient, probe is aitashedringndd clsrirgdes. However,
recogni t -nai r o .an h I rocheni cal 1 I |

second HepBaRel in e hustFus Mabib BRI B8 ms¥ilzBe kRS cFtablel by 8 mumber

Wi t i t hef sehpigeeionival inittert. Tor @nahyle aret ogrittortiptisatan be (Used tdutckkpbeto  ~
for exapple ucose), ich is glso fhe oxidation substrate of the .
redox b P@%gﬂnéﬁxss? ,jvﬁge?ra‘re e F’%‘Cb?%%erae@Bngﬂ%BW%ai rto
each -ot h&ioghRiSH | daft vHkrdihk BREACHE iE&d Bebhtes RtH L£ilcond A@mibidf,he recognition
proximty to the el ectrode, where.electron transfer can occur. The

el ect r oPREheing distingtfrow ity tesognifion nairorsed &k hindiag ehrealyteds thplectrochemical
oxi dat i ( ' : L.

o, 2| Wl O 3 B0 LGSl TR S dchyicnt o
conpoundhingdilmapiidided mrfahes. Frapdoges jeraturseprbeasiubisne varidty of tachrigiefeare on

or detecti.on.of glucose s t er mi ned Jby. det.est.i on C -
0r anct orvEIRIEEERIETE shite sERRETLP 7 157 i b8 Bufes Bl Sikface of
current eleztrdgéscfol sk maetoridiee sititthd pdsealt @olentis. are pi cked up by the
el ectrode. [0037] In a preferred embodi ment, probe is attached to

GO el et Og gy O Y Sarious othier embodiments, viral and bacterial detection cén be carried -

out using the complexes of the invention. In this embodiment, probes are designed to detect

-

target sequences from a variety of bacteria and viruses. The methods disclosed herein allow
for direct screening o'f clinical samples to detect, for example, HIV nucleic acid sequences.
In addition, this allows direct monitoring of circulating virus within a patient as an improved -
method of assessing the efficacy of anti-viral therapies. Similarly, viruses associated with
leukemia, HTLV-1 and HTLV-II, may be detected in this way. Bacterial infections such as
tuberculosis may also be detected.

[0039] In other embodiments, nucleic acids are used as probes for toxic bacteria

in the scrééning of, for example water and food samples. For example, samples may be

i1
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one skilled in the art knows that the probe can be i mmbilized to the
el ect r odevhy20soueter  of techni gues known in the art. PerT/eEmofi0e23s

recogn a be us t. attach.pro to .electrode. |In this
Fegar aeed RIS Be B Bl teabiB R en Brobfs Findp rispenitt

r ecognbiciterinl pRdins, Mubidng, bat @cbt&@ﬁltdad@ swidh hakegéric Sfaiad, Bhlnfonailgecond
menber, the recognition pair being di stinct from.the recognition

‘pair uQ@&PV’@baqﬁwnme@ dolempea Eierotee strrinepidp ol and hegipnnairg'gdjseaps,
furtheg
L b R R o O e e 5 GO B A B eSiions of e

| i t er ainvestigat, ocedures, a variety of techniques are available and
known to-those skilled in the art for inmobilizing probes onto the
surface of _electrqdes for B‘iiloél n accordance with the present

i nvention. [4W48Bs) Ingtheremb pisethe prafsacarbe used\fpy @Fenéﬁﬁ WheEs @NrAal

det ect } r

In thi gﬂ%ﬁhﬁs E,Qerd tb%gaeshoéaﬁ%y ee??a.{}]%gteg g‘g&ic#e"%gg[ﬁ c}itgar ge%alr@equences

f r om afromrvietigs afd dwepdes i @ and viruses. The nethods discl osed herein
al | ow for di rect screeni ng of clini cal sanples to detect, for

exanpl e, cl aci d sequences. d|t|o this alloms I rect
moni t orj ng o PO i tSnge\? Sthinglhided qashwmsnﬁpw enﬂan ts,
met hodgdnviisamest ng the efficacy of anti-vi raI therapies. Simlarly,
viruses associated with |eukem a, HTLV-1 and HTLV-U, nay be detected

in this way. Bacterial infections such as tuberculosis may al so be
det ect ed. [ﬂtﬂé@]} | dn ethee embedisgnisethe presanicnesmdionds also directed tackitss O

pr obes er and
Food st bt B8 lcaliust, i ah 3o brics PloRES 300K & e

2006/ Odekaﬁﬂeﬂﬁféxﬁ@meﬁlc&ﬂfk%@:ﬁd &ftﬂﬁﬂd twothk paslyteto beaeteereda t o rel ease
Its nucl ei c acid and then probes designed to recognize bacterl al '

S s b B bt LG BEHURIED B ELAB AR

E. col biogdi@ol @6t 1081284 e efeclbEIRAEEal ti%@ﬁe@cfﬂb%d hetein.| Bhd Bivsensor may
bi or enedi ati on strategi es may be eval uated using the conpositions. of

“the i TRFERISSGH 2PpUBWB P PAutcHE R syrBBdhhintiydesthe nprosisey componsats fsed
for foag aﬁu%m%ﬁﬂ%%d% by eusmul%eéieéu%cﬁfaﬁfemﬁ g%scene

anal ytes such as DNA agai nst “sa est fromvictinms .
s us pecRPparqiegepn|coripEse mﬁ¢$@ted> fm‘emal lmledluan higrehsmterray opmbmdp'héa; 2 power

humansg, an IR fdet&ltﬁ-n {Sich integrated circuits are known to those of skill in the art. Systems

including the biosensor array may additionally include means for measuring an

electrochemical signal after a potential is applied across a working electrode. Applying the

,._\.
(U

electrical potential and measuring the electrochemical signal can be accomplished witha -
programmed i:rocéésor. The signal to be detected can be, for exa'mﬁle, measured by pulse
amperometry, by intermittent pulse amperometry, or differential pulse amperometry.
Alternatively, the biosensor may comprise a single working electrode and a single reference

_ electrode. Whether in an array or a single working electrode, the biosensor may optionally

include one or more counter electrodes.

f0044]  The methods and apparatus described herein utilize laboratory techniques
well known to skilled artisans and can be found in laboratory manuals such as Sambrook, T.,

et al., Molecular Cloning: A Laboratory Manual, 3rd ed. Cold Spring Harbor Laboratory

12
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or environnent [0042] In other enbodinments, the present invention is
al so direste@dodsmiigst s conprising el ectrochem cal tags. FOES&R0§0AS

furt her i .pr C. S S e i . ' M’ﬁﬁ'{] ;
rec ognipféésgg@%ldﬁﬁgg ﬁgﬁ%ﬁeﬁgh%q(@t gﬂ{lgorg]é). gé?tgalci:'t §§?S Pbe%%f?a t‘.} I'n vgfr’ ?I(f)b&%
ot her eSphbiag Fimetnir § abdrhwrpPrss ilold Spriny Harbor, NY LrOBpanddiarbey, i, Using

bi osensor that utilizes the electrochepjcal tags, descri er.ei n.
The bi b%‘é‘r’@a S%&irab%étﬁﬁwdééuﬁné%!s&m%gtﬂfwlﬁggﬁm F??S’28§95P8¥#t hat
i ncl ud%ﬁﬁewqg@ﬁary conponents for detecting and neasuring a’

si gnal ‘produced by one or nore el ectrochenical tags. An apparatus

‘can conprise integrated circuits including a biosensor array comnbined
with a powerl0045)ppl Thedmddimgs éuck o YBackgmiuni of thyrinvedion! pedi'ummary of

o B e bt e B e B s R
el ect r Qe kL fAls 1R iﬂ@éﬁ#oﬁf ahlﬁ hrnd? %tlexﬂfeh ?J) lint (AR Bist RAuR G EfSindeiition ok Bl

el ectrode. Applying the electrical potential and neasuring the .
el ect r asprebtherdof singraaticudansibgechontiendisctsed imilei Background dnvention”

e Tt Sode bl AP B 2200 O BB o TBPOLEAL Y
di f f er gBditaibn BE#&& AR RERIaMer diids8d Rfte Shitmdr{i 6 ReJhRSion" 586t an
. conprise a single working electrode and a single reference .

- el ect r cubaustikie ohemplete disclosumgyof the entiss segipe ofielnyrption ot enberabodipents
p@sen [ORY optionally include one or nore counter el ectrodes.
F0044] € et hods and apparatus descri bed herein utilize | aboratory
techniques well known to skilled artisans and can be found in
| aboratory rfad@l s sudheastaourbf refidrendes hereitt dads. ot Mohstutesan a@nossiaythat
A Laboratory .Manual , 3r.d ed. | d Spri Har bor, Lahor at. 5. March
2007 VB TOBETE R sle PRty SEATOMEBT IS B, 5 BRGHRTY oh i e
2001; Spesded hddinl - ABt referencdsetbitedl in thed RPEGiSHtivn MaiaURdrebyCahdbrpdritet Mgy
Har bor Laboratory Press, Cold Spring Harbor, NY, 1998; and Harl ow,

E., Usitafprencain heideadretyA Laboratory Manual , - Col d Spring Harbor

Labor at ory , Col i dd R ooty exke30s, §AA¢ Hlaidineheasianasnt

~(such as " B;igggﬁound g[f‘léﬁég&?pn?/entl%%p?%dex"_s mary of th@g . . S

| nvent i dfithy invsetioh ereeintensied fompwnosed of illystiatieon gelyeand agme itendedda Lpit

| OPL b B e SRS M ek T My @bt B e
features is not intended to exclude other embodiments having additional features, or other

embodiments incorporating different combinations of the stated featires. Specific Examples -

are provided for illustrative purposes of how to make, use and practice the compositions and

()
N

methods of this invention and, unless explicitly stated 6therwise, are not intended to be a
representation that given embodiments of this invention have, or have not, been made or
tested. | : |

[0048) As’ usgd herein, the words “preferred” ‘and “preferably” refer to -
embodiments of the invention that afford 6ertaii1 benefits, under certain circumstances.
However, other embodiments may also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodiments does not imply that other
.embodiments are not useful and is not intended to exclude other embodiments from the scope

of the invention.
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aspect thereof. In particul ar, subj ect matter disclosed in the

" Backgr ouggh Rbsdiigss nvention” may include aspects of teeh20@¥000238

w thin the of t » %E'vtaﬂixﬁsﬂsmtendedtobe
JoORE, O orE SRRl R RHAR, 20

recitation or ar i scl’osed in the "Summary . of
the | n\nenthmmhg,l such dhat aevitationn aﬂﬁ&mwm olistcismok & thetixskusion of ethsr likp items

entire sco f the I on enbodi gent s
The ci tat I%H”’g?o hedts {i‘g @@ﬂrré?fl@ﬁ%’. QSIHARS, ge‘?l%etgla{l%r%%h%% §gfritl%sslélg% ﬁ“%
that those y nsétgrenﬁeﬁe 1R vihg &scastionthe RR "aetdrmhiahorelve Edédtection? will
patentability of the invention disclosed herein. - Al references

cited ibe ushétostmactefho&a@ahta@cgn&e\mbsanwnd@%pamﬂemowteqﬁeﬂ@f appliEei n

their ire ti ecifi S | e

i ndi cat(:a\gﬁﬁwe %"?@Fﬁt emgﬁlg P &%ﬁ%ﬁi %ﬁ%g{;’%ﬁ% oses
of illygtdeah I\%&'ﬂm?di%% ALt ﬁﬂ%é&ﬂim i3 m@eﬁﬂe dbhote BetednhiQingBPpresdnct bé
I nvention. reover, reci tatlon of nulti pl e enbodi nerits havi ng stated
f eat uraaaﬂslytmthmmdmmn@pmmﬂydts con¢entratinhodi ment s havi ng :
additional features, or ot her ‘enbodi nent.s i ncorporating different

conmbi nati on th eq, | Mr es. eci f| '
for illust r:@{i%/]é ?E%% 5\5 gm%:g w&ﬁ%@?ac | C:B?Iﬁw)ﬂlﬂ@ﬁt
conposith genste anty etat Het@ﬁﬁxh@&jﬁl Qﬁqd;dn senplay ARkl yeaman dr Ay neste thigtbstiatd y
stated ot herw se are not intended to be a representation that given
embodi Hene sedok biamadeulsent i on have:; or have not, been made or
tested [0048] As used herein, the words preferred and

" pref er abl y’ [fobfis]er ‘rget FH0Q ?dq’{%%ﬁot%uté’h% ds@&ﬁeﬁetzpﬁ:&»bﬁib@&sts&’ﬁhher
certain bene under certaln clircunstances: However, other
enbodi reehdvs, inmeantlte delnee broaaicéeautad natmder othesvisamedifiedowrisaginecred, that are

ci rcunstanc er npre tl on o one_or rred

enbodi H’élﬁ‘?rgmﬁ'b‘é"?aﬁﬁt" FWB‘]‘?PFP@? oér%?ﬁp ﬁ%oﬁa@&eﬁ and
IS not dxidAideed rddacBxrbtuiqibirRetbr £ aﬁ bﬂgﬁﬁsfﬁrafe(so Soideaedmxifiomolttulehese
i nvention. 13 5:March 2007 WO 2006/ 011853 PCT/ S(% 5(4 O&Oﬁ 004
As usecprﬁehetrcfﬁmtn'ﬁesmbrae Heying PrBicotinagnge pdeninediny g gessiiiesic
the exrcgr Hmstth@ - w@goﬁe@wtﬁt {28 Bhorh b REe tifht & bdust 16 Brcteort O

on o Items that may al so be useful in the
mat er | dilsmotﬂowlpmhhmsto atalyzsesidation arteduetion f Thegimplestzedes bigmolecules,

- [00501 0,601 0108 A5 EEHck A hBS: H8E B refELBIIToRRMALE fisulfide

"det ect'Ton
bond between two cysteine residues, as in thioredoxin. ‘Many use the ability of iron or copper

=)

ions fo existin twé different redox states.

[0053} The term “substrate” or “oxidation substrate’ as used herem and will be
used further below, is meant to denote a molecule that binds to a redox biomolécule active

site and undergoes a reaction, such as oxidation or reduction.

[0054]  The term “redox mediator” as used herein and will be used further below,
is meant to denote molecules that are used to carry electrons between the redox biomolecule

and the electrode.

[0055]  The term “electrochemical tag” as used herein and will be used further

below, is meant to denote a redox biomolecule covalently attached to a redox mediator.
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be used to denote both qualitative and quantitative determ nation or
det ect i on wb 200%ah1ydse. \Were, for exanple, the nethod an@#C3EsRea000238

defined bel ow are used for, determ ni or, detecting an analyte in a
liquid medi _megﬂhi s St%aﬁ’t"'c‘%cb&%?#g' %TEF%FWHF?I‘BP@%?SP&%%%E@?@
an anal yimeyel ked REHERHEIBR @ RsbafPiol RAste!aVcdriflek RRGED LY 1BE sface[of @b tlectiide
term "anal yte" as used herein and will be 'used further below, is

meant . tospdisingtthe ahectzapbemicdbtagr mined in a liquid sanple. Anal yte nmay
or may not be the substrate for a redox bionolecule. [0052] The term
“redox bio | e" e4l. b ARG el 5'5'?% belB&l BW,
s meant tgollgg%@t e ‘b[‘lﬂ %rt%ll%e@mrgglés&’nat [ \g/%\ﬂgirell% emq%eusgrrg Rl deor’

engi neemesht td feotdLappaiahis foe 8y stam tlitp abinprieds the eeessary tompfeats forsuch
as for exanple, enzynes that catalyze the oxidation or uction, af

re f
"a subst feigciing or megyusing asignsl prody mesyRRent Of 8RS m@@&& ian pxidation

prost hetic_@r S fl-avi QL | d ic ’:

di nucl e%ﬂdi fﬁ‘gucﬁ%%ﬁr_‘)‘}?“ag‘i&ﬁf%%ﬂ@ ’ia(%%egor%%g ?at%{“"’?%_@ 'nglr%?pr 0 ;b?‘r’]se‘ésé’ rl;pigﬁlg(rl]ets
of the g&itey fd duiRingins elcbadentradauofbubetahbes and dther piraorterecibiclogical
enabling it to catalyze oxidation or reductiqn. The sinplest redox

bi onol eBiarest everi vherp pdiplegical spsiemads pet divestly utilizedr esent, . are those
that use reversible formation of a disulfide bond between two
Cyst ei NRyiL&s , as in thioredoxin. Many use the ability of iron or
copper El:’%%??‘g'%xi st in two different redox states. [0053] The term
"sybstrate” or "oxidation substrate..' as used herein and wll be
usgd further[0888bw, The folizaving exaroplesere intendédiobed!lusiative ppdigre mat igtended
r edox b%) nol ecul e active site and undergoes a reaction, such as

oxi dat i ﬂm&‘rt SEORE PIAC YEHEM The term "redox mediator” as used
herein and will be used further below, 1is nmeant to denote nol ecul es
that are used to carry el ectrons HEXABERLENRe redox bionol ecule and

the el ectrode,  _[0055] .The term "el ectrochem.cal,tag' as used r el
and will be ﬁ’é’éél f u?‘%‘%?xamﬁ “g\]}%ﬁ‘f”r‘iﬁs STRBES 8%418?%05 Tediden HEaSH-
bi onol egHing gﬁhﬁt&bﬁ)@ttached to a redox nediator. - 14 5, March
2007 WO 2086 11853 PCT/ S&005/ 000238 [ 00561 The term

used 1 urt her 1980b, GPRT S BEBREs AR s P Oy NP SEopal
sur f ace ffioway #leGrdgoREEprobQIRRs éssﬁéggnﬁéaﬁ & SainpRC RENAE . AL 3841, 1986, Inorg.
* Synth., 24: 291-296. Os(bpy)g(af-aminoﬁxopylimidazole)Cl is synthesized as follows: To a -
solution of Os(bp-y);;Clz (0.10 mmol) in 6.0 m! fresh-distilled ethylene glycol is added 3-
) aminopropylimidazole (0.12 rmunol) in one portions the result mixture is refluxed for 90-120
: min. 3-aminopropylimidazole was purchased from Sigma-Aldrich (St. Lotiis, MO): The
completion of the ligand-exchange reaction is monitored by cyclic voltammetry. The purple
reaction mixture is then poured slowly into 200 ml of rapid stirred ether. The precipitate is -
collected by suction filtration through 2 fine fritted funnel. The crude product is washed with
ether, dissolved in 3.0-5.0 ml of ethanol and precipitated again from ether, The precipitate is

further purified by crystallization from ethanol giving the pure product in 75% yield.

[0061] The product shows a single pair of reversible redox waves at a gold
electrode with an By, of 0.19 V in phosphate buffered saline (PBS). To ensure a complete-
ligand-exchange, slight excess of 3-aminopropylimidazole (10-20%) is required.
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[ 0057] The term "bi osensor” as used herein and will be used further
bel ow, i syoiR@di148 denote an apparatus or systemthat eeTEG26@REBe
necessary conponents for detecting or neasuring a signal produced by
nmovement of[0862ct r Eyslipyaldmpestryiinysediio m@ml&t thereoursa of fhedeactivanlhe

e el B SRRl g BRI e OB aRB bl e o ARREC,

- ot her d@gglmm\emmfsubcm{-m cal i nterest even where a bi ol ogl cal
systemis not directly utilized. EXAMPLES [0058] The foll ow ng
exanpl es are intended to, illustrative and are not intended to
limt the scope of the i /' . EXAMPLE kaJ 0059] This exanmpl e’
illustrates the synt i t he redox lator, Gs(bpy) 2(3-

am nopropyl i m dazol [ 0060] 2Cl 2 is synthesized from
K20sCl16 (99% Stem Ch I's)/fo\l)lwi ng the proposed procedure ‘as
described, for exanple, in Bay. P."A -et'al.; 1986, Inorg. Synth.,
24: 291-296. Os(bpy) 2(3- g m dazol e)d is synthesized as
follows: To a sol ution%of - )2¢12 (0.10.mml) in 6.0 m
fresh-distilled ethylene gl col is added 3- ani nopropyl i m dazol e
(0.12 mml ) in one portions .result mxture is refluxed for 90-120
mn.. 3-am nopropylimdazol e was purchased from Sigma- Al drich (St.

Loui s MO): The conpletion of the. |ligand-exchange reaction is
m)nitored by cyclic voltammetry. The purple reaction mxture is then
poured slowy into 200 mM of rapid stirred ether. The precipitate is
col l ected by sucti on filtration tBXAMPRER2fine fritted funnel. The

crude prod hed wi t her | ved (n 3.0-5.0 f
ot hanol - andOpFac: p Bk Saral e PhafelE of e b dsictipmbleg B,
furtheglucmeéb&id@@b [ Yt Plh%@éhﬁﬁﬂoihﬁﬂhz&bﬂanm giving the pure
product in 75%yield. [0061] The product shows a single pair of

reversi bl e X waves at a gold, el ectrode tr2 of 9
phosphat e ARPRY o Cliteeh exidpgesyvidind) eoningate Qﬁ\@&ﬁf@?g ubifs/ihg o i) was

i ga”%&&%é‘d‘%m?édt&*ﬁab%ﬁ&% (Sén Bt eg ﬁgr Ok dbRaR! (6L BP20YB.4,5
required. 15 5 :March 2007 WD 2006/ 011853 PCI/ SG2005/ 000238 [0062]

Oycl i ctyp@Kt%,rﬁep wypergillys ader 2 Wiomitsog afirelidbwps puschased &om Signitofidriche

purifi A, t a

puri t1 @¢ 1mhag ;ﬂgé) 12, gftﬁﬁ%ﬁ?&:ﬁa{oﬁmﬁ&%&ﬁ% Hytrfbride (EDC), N
hydroxysulfosuccmmde (Suifo NHS) and dialysis kits (MWCO 10 000) were obtained: from

Pierce.

[0065] . GOx is covalently modified with Os(bpy):(3-aminopropylimidazole)Cl by
amide bond formation between GOx:carboxylates and the aliphati¢ primary-amino groups
present on the redox mediators (e g, transition metal compound) with EDC[NHS as couplmg

agent, Excess redox mediator is used to avoid protein self-crosslmkmg

{0066] To 4.5 ml of 1.0 M Os(bpy)2(3-aminopropylimidazole)Cl and 1.0 M~
evidhl-conjugated glucose oxidase (Gbx-A) in DI water, is added 1~t_3thy1-3'-(3-
dimeﬂxylamiﬁopropyl)-carbediinﬁde (EDC) and N-hydroxysuccinimide (NHS), yielding final
concentrations of 4.0 mM EDC and 1.6 mM sulfo-NHS. The mixture is stirred for2h at
room temperature. The solution is then purified by dialysis against PBS buffer for 24h. Ina

~ control experiment, same amount of GOx-A is mixed with Os complex without adding

coupling agent.
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consistent with the structure of : \ / NH N _ N-' NG EXAMPLE 2
[ 00631 Thivgoewmmalsesil |l ustrates the nodification of the pPemsS®2005/000238
bi onol ecul e, gl ucose oxi dase ( pling to a redox nedi ator.
[0064] G ucose oxidase-avidin D c %}’ GOx-A) (131 units/ng of
solid) was purchased from Vector Laboratories (San D ego, CA).

A ucose oxi dé867]( GOThiskEarbple 113119&'&33 that yipeeldetfichémizal tAg p€ G§id hodified by
nicer; 213 u of, sol i d urchase ma- Al dr
Cout s, fitpeberaghipadr e ammbin Ryl fogp pro By bpRuRbartomap ikazb 1

hydr och{SQ[ebﬁlcheEg&ny ablvdydr oxysul f osucci ni m de (Sul fo-NHS) and
dialysis kits (MACO 10, 000) were obtained from Pierce. [00651 GO is .

covalently. modified with OGs(bpy)2(3-am nopropylim dazole)Cd by’
_ani de bond fi0P68It i oﬁlwmcﬂE@mmwwdmwmgaﬂH pistrtunents

) h

et al CBAED aRe e e ion dpPRIAS iy et eeared T "
medi at OmstrirBert$ ehstif, "Pheﬁﬁﬂ%—%lé&trﬁ&é;, 1R SShsidhé of é‘%xﬁf&?ﬁﬁ&tefrébldl 5
m of 1.0 m\/ICB(bpy)Z amnoprod/ azole)C and 1.0

avi di n- verkinggicatedel amigaine 4 glAg (e@&nae)elcmrﬁb (Gppress, Sysgmdaewrence, .
1- et hyl et hyl. de.(E
N hydr oSt fRT Wikeel Stioka oAt RS e A A s s tiroms

EDC andelacn%dm\/cgui& ﬂﬂiﬁhﬁae@ftevpofw@ed@ca&mfdamgfsﬁéwga Baidlof weRefined
t enper at ure The solution is then EUI‘I fied Si s aga| nst PBS

@f er Yolfmmetric cyrreng peaks rentencd ek ?Vnéh@wmgaawra algetivty.- Fo peove

W6 20067 B11E AR Sl oRlr piel i Prblitesit S Bcitolfpfen 2007

i | | ust r ssbesationavitli Oe(bplp(Staminbpmpelxnidaaglell], S untraidxperirderttys performed
according to example 2 but in the absence of the EDC and NHS coupling reagents. The

control experiment yields biolo _g,ibally active epzyme but with no detectable mediator
following dialysis, indicating that the mediator is not covalently attached to GOx (cixve b in
‘Figure 1). '

EXAMPLE 4 ,
[0065]  This example illustrates characterization of GOx modified with
Os(bpy)2(3-aminopropylimidazole)Cl using UV-vis absorbance spectra.

s [OO’?O}l UV-vxs absorbance sPectra of the starting materials and the modified GOx

s are depicted in Figure 2. UV-vis spectrum Os(bpy)z(3- ammopropyhmldazole)CI 18 smcular to
that of Os(bpy)z compound. It exhibits intense band in the UV region due to mtrahgand
(IL)o— 0*(bpy) transitions and by a broad band in the visible region (400-600 nm) due to
spin allowed Os(dm)—bpy(n*) metal-to-ligand charge-transfer (MLCT) fransition.
Moreover, the spectrum of the modified GOxisa composite of the absorbance spectra from
both the GOx and Os(bpy).Cl(3-aminopropylimidazole) complex. A simple overlay of
Os(bpy)2Cl(3~-aminopropylimidazole) and GOx generates a spectrum which is similar to that
of the activated GOx, confirming the formation of the activated GOX.

EXAMPLE 5
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coval ent attachnment of the transition nmetal conpound

Gs( bpy) 2(Roaghddags3Py! i m dazole)d is el ectrochem call pc@gugmgmoozgg
[ 0068] El ectrochem cal experinments are carried out using a

| nst r ument goo7Mdel Tﬁ@@)@mﬁgbleﬂhfsﬁﬁﬂ&eﬂiedﬁd)lommw oﬁGempduhﬁed/mth a

| ow current nodule (CH Insaé#gents ta\lﬂiﬂ’ TX). The three-el ectrode
syst el RRIRAPreP UGN g H‘S G R¥ERt r ode, a

m ni at ure Ag/ AgCI reference el ectrode (Cypress Systens, Law ence,

KS) and acg numrwa&t%rﬁﬁe %%meﬁé&%{quenll BRiGHEAE sstive sftorelieravalint o

t he Ag/ Ag

erence el ectrode. Cyclic voltammetry (CV)

of t
el ect rmmchﬁcatmal onaacyop nﬁtbs nzodpféd engymasplutigafs appdied m $CAFATER rmfe‘{] carbon

?7&@ ° T’rafs‘&F'hi: ﬁd X d%){?églt?‘f%/a@zegemr‘} i 'lrl?{%ft g@(}ﬁ{& %ll as opposed

r@é? Eﬁr}én??strﬁéﬁl%re@@&‘éﬂsﬁhhg BheMdefent at 0.3 V in the presence of 40 mM
y

-am nopropyl 1 mdazole)d, a control experinent is perforr{éd

accor dilmmpse soletiaminl RBS buiperomMrealhi&Qfdmmﬁb ilized elgolrogiiye NPIQ’EE‘E)FPBP

bt it e BB P AE BT PR o SRRl Tl aF T

t he E%I\ﬁ% cdn%nﬁgtco Hﬁbﬁ% l:)i/ bé&ér AcAeHat o niafe GOX 3t earhie toncehtr giondn

E 4 10069] hIS exanple illustrates characterizatjo of GOx

m)dl f lthdpwserkce owv(ethwi) @@ammmoﬁmemmatﬂmr@%ﬁ figrthien graye-tat

bsorb t. 07
mat or [ OREO QA rRoipobRr e o U AREG BRREDGE QuuddiguRladiacte
spect rﬂé&%&&ﬁfﬁ&(@%@ﬁpﬁmﬁ%ﬂz@ﬂaﬁm@) @le needafmy aiditional mhdintogfn O
Gs(bpy) 2 conmpound. 1t exhibits |ntenseﬁ%a§d i.n t@P}S}lUé regi on due to

a

i nt r al Soleting- Similyddy, GEx-(Hpin coRERPS 9

TS d band in the

Vi 51 bl £nioBl 0405600 S, et YRS CPisdse O svated

met al -1

ge-trans (M.CT) transition Mor eover, the

spect ragfxof the nodified GOx is a conposite of the absorbance spectra
from both the GOx and Os(bpy) 2CL(3-am nopropylim dazol e) conplex. A
sinmple overlay of Gs(bpy)2d (3- aﬂ%{ﬁﬂﬁ‘ﬁ@%l I m dazol e) and GOx
generates a spectrumwhich is simlar to that of the activated G,
confirmng the formation of the activated GOx. EXAMPLE 5 _ 17 5 . Mar ch
2007 WO 20[HY70]L185BiPehnpEisgeotegpplication of GOx-A modified with

Os(bpy):(3-aminopropylimidazole)Cl as an electrochemical tag in nuclelc acid detection.

[0074] Tk;e electrochemically activated GOx-A is used as an electrochemical tag -
in direct amperometric detectionof nucieic acid. Figure 4 shows 2 typical amperomeiric
curve for the detection of p53 gene in mRNA (20pg( pl) exixacted from rat liver (mRNA is {J
converted to cDNA, which is then labeled with biotin). Nucleic acid preparation, capture:
probe immobilization and measurements were essentially as descriﬁed, for example, in Xie,
H. et al., 2004, Nucleic Acids Research, 32: e15. When complementary probe is immobilized
on the electrode surface, the enzyme is brought to the surface following target 'gene
hybridization because the avidin moiety of GOx-A binds to the biotin moiety of the target. In
the presence of glucose, the enzyme catalyzes the oxidation of glucose. The electrons are
then being shuttled to the electrode surface by Os(bpy)(3-aminopropylimidazole)Cl attached
to the GOx-A backbone and picked up by the electrode. In a control experiment with non-
complementary capture probe on the electrode surface, the target p53 gene fails to hybridize

to the capture probe and hence enzyme is unable to bind onto the surface. The small current
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[0071] This exanple illustrates the biological activity of GO
modi fi ed Wd BoosferlsePy) 2( 3- am nopropyl i m dazol e) A usi ng k&ENGR05/000238
absorbance spectra [00721 To determ ne whether enzyne is_still -
bi ol ogibeigidpteatediismaialt due to henspecafichindingodicndyse: ij}c/ﬂ‘?,le beegihgpeplts phe
nndifig%_eaﬁgq?eaolqgiog is applied to a screen-printed carbon
el ect r SHE® If&? SXPETRERLS: adsorption, the electrode is thoroughly
rinsed with PBS buffer. Catalytic current is nonitored by neasuring
the current at 0.T3bl I:Athfeomeniansgensd of453rdMay B vemietespl ution in
PBS. Anperonetric results of immobilized el ectroactive enzyne revea
-that the GOx retains its catalytic activity toward the oxi dation of
gl ucose (Figure 3—The Ldeiy&iC current, 15 conpay abl € {o or .
better than that jof native GOx at sang concentration in the presence
-of the best sol ubl esaaRae at oif. 2.A8mAr ongt 250 nAesul [t 2.34uA her | prove that
the GOs(bpy)2(3-amnaopropyliim dazaole)d PovaLenLLgﬁLLaehed-to t he GOx
coul d promote dirledtontmobduct/i @A08A t hd PADent ef 84 he ¢nzyne
wi t hout the need 'sf—afy—addit+omat—mediator—Tm—sotutiom Simlarly,
QGOx- Avi di n conjugates nodified with Os(bpy) 2(3-
am nopropyl i m dazol e).Cl show sim | ar- el ectrochem cal properties as
those of thqogys)i vanedariddharkpéd bkl b6 nidde Ti3the Bboee methydt end compositions
illustrates the appli.cation of GOx-A nodifjed . wth

s ( bpy )iteu denssinecym the seaporEthe pregent ppchings il 1§ dpfengedthat albmptier
nucl ei c_agcl ' : : , ] | i X- A
l§§ us Iecf Ogi arcll qlgﬁhgc lrjgé(;%egﬁ‘l @gq%ﬂealég?%g%l&%g?ﬁg%qg% Eer%bf iﬁgi det ec ieagné( of
nucl ei dliastiations gl sxamgles bravotdnteydriddabe ampreesentation that givea edodinprats of

detectipn of p53 gene.in (2 /1 xtracted fromrat liver (nMRNA
isr \Pé?sfgﬂe Cgmcgbhﬂ,’e’%i;%‘ﬁ’P q%ﬁ%he‘?%be?(ad with biotin).. Nucleic
acid preparation, capture probe i mobilization and nmeasurenments were
essentially as described, for exanple, in Xie, H et al., 2004,
Nucl ei ¢ Aci ds Research, 32: el 5. When conpl enentary probe is

i mmobi lized on the electrode surface, the enzyne is brought to the
surface follow ng target gene hybridization because the avidin

noi ety of GOx-A binds to the biotin noiety of the target. In the
presence of glucose, the enzyne catal yzes the oxidation of glucose.
The el ectrons are then being shuttled to the el ectrode surface by
Gs(bpy) 2(3-am nopropyl i m dazole)d attached to the GOx-A backbone
and picked up by the electrode. In a control experinent with non-
conpl ementary capture probe on the el ectrode surface, the target p53
gene fails to hybridize to the capture probe and hence enzyne is
unable to bind onto the surface. The small current

;I
ek
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18 508/r ch 2007 WD 2006/ 011853 PCT/ SG2005/ 000238 bei ng. det eRbedvdi%9 May 2006

mai 4y dde to non- speci fic binding. of enz aves the .
results of three duplicated experiments. ?:g g metric 5 March 2007

response of 253 assaé.ts replicates) 1 2 it nA 2.50 nA -
2.34 nA 1 =46 nA 0.43 nA [0075] , As var| ous changes

coul d be nade in the above nethods and conpositions without
departing fromthe s@aopesit hdid cphfsaNb FER&GRLRYS, it is intended
that all matter contained in the above description be interpreted as
illustrative and not in alimting sense. Illustrations and exanpl es
are not intended to be a reprelsentgtionf®hat gi ven enbodi nents -of
this present teachings have, ave)nagt, been perforned. 19

PCT/ SG2005/ Q00238 Recei ved 29 Ma 00 Ng PPIRM5 March 2007 -10
Afi 1 WHAT IS CLAIMED I'S:  1.| AtMambi} i met al ‘conpound o f the
fornula: rcimz/ ML X CR~ V\,hereleé XI .a metallic el enent that can
~forma coordinate bond to.-nitr R d R are nitrogen-containing
organi ¢ noieties coordinated t_M at ir nitrogen 7 atons, wherein
R and R are independently selected fromthe gr oup consi sting of -

2,2 - wherein .

M is a metallic element ﬂlét can fcrm- a ¢oordinate bond to nitrogcﬁé
" Rand R’ are mtrogen-oontanung orga:mc moieties coordinated to M at thcu- mtrogen
'/:E) : atoms, wherein - o
. R and R are independently selected from the group consisting of 2 2
| bipyridyl; 2,2 -bipyridyl substituted with one or more substituents selected
from the group consxstmg of C1-C4 alkyl, phenyl and phenyl substituted with
" “one or more Cl—C4 alkyl groups; 1,10-phenantbrolinyl; and 1,10-
phenanthrolinyl substituted with one or more substituents selected from the
group consisting of Ci-C4 alkyl, phenyl and phenyl substituted with one or
ﬁ:lore C1-C4 alkyl groups;
L is a linking Ii gand comprising S-ammopropyhmldazole that prowdes a metal-to-.
“nitrogen coordinate bond 1o M;
Z is a halogen atom;
o mis+l, 42, +3, +; +3, or +6; and

X is an anion, or combination of anions, that baiémcps m.

2. Acompound esset forth in claim | wherein M is selected from the group
consisting of osmiunﬁ, ruthenium, zine, iron, rhodium, rhenium, platinum, scandium, _
titanjum, vanadium, cadmium, magnesivm, copper, cobalt, palladium, chromium, manganese,
nickel, molybdenum, tungstcn and iridium or mixtures thereof.

3. Acompound as set forth in claim 2 wherein M is ostium,

20
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S S L _ _ PCT/SG2005/000238
bi pyridyl; -2,2-bipyridyl substituted with one or nore substi Qg et 29 May 2006

sel ected fromthe group consisting of Cl-C4 al kyl, phenyl and phenyl
substituted with one ornore C -C4 al.kyl groups; 1, 10pheanantr ols iarch 2007
. and 1, 10- phenanthrolinyl substituted with one or nore substituents

sel ected from%he bk ermppogndhesisstipriyinglan] wiareial Zip chlogrvamptomdued phenyl
substituted Wth one or nore O-C4 alkyl groups; L is it |inking

| igand conprisjng 3-anm nopropylimdazol e that, provides a netal-to-

ni trogen coordr nate %W%g%lsf"t °‘|'ﬂéme??“|'%ll Sgemingt IR preiindenepdently 13,

+4; +5, or sdiéctedofiftin X grodp coulisamy ofR(2 By Al4-ABh L2, 2UBiREy, 4, 41athyl-

bal ances . A, ound set. for inclaiml rejn
sel ected ;nrz T IPP%&Egt%’u'ﬁgcngg'%é?@ﬂrﬁﬁi._gﬁ%@i‘ﬁ@fﬁ%‘i’m\‘\é{;’g ﬁii]ﬁquﬁjn'jjfpmiﬂn,
rhodi um r laedf,Bphempili-apRi-bigpaidyicandi um  titani um vanadi um cadm um
magnesi um ‘copper, cobalt, palladium chrom um manganese, nickel,
nmol ybdenum tungsten and iridiumor mxtures thereof. 3. A conpound
-as set forth ifn cl aiftRapohed eiset Mutih 5. chign® wiperein2 is stieetnd|&oin Slecgedup

Compound a¥RRLs Bebpuen i REE PRk AR SRR SR

A. conpound titegivgn varfadinmhcadrivh, aagnesiong eopp tm cdRalg pelldeinmg chromnohs menghange] v

l ected fromat i stine. of - hikpyrd dyl,
a4 <ot hy PRI SRR R 3d Rl o muuirbBHE T
4, 4" -phenyl -2, 2" -bi pyridyl, 5,5 -nmethyl2, T-bi pyridyl, -
5o -ethyl -2, 7 -bi pW deghtoun®ddetFort mREGAY whéreid M R diiplndndly! . 6. - A

- cofpound as set forth in claim5 wherein M'is selected fromthe
group consisting of osmum ruthenium zinc, iron, rhodium rhenium
pl ati num scaldi um A dontpamdussetioutagticlan: 5 aacin@is chitgmas btomine opper ,
cobatt, palladium chrom um manganese, nickel, nolybdenum tungsten

and i ndiumor m xtures thereof. .
A . A compound as set forthincl_aim 1 wherein at least one of R and R'i5 2,2'-

bipyridyl, M is osmium, Z is chlorine and the linking ligand comprises 3-

aminopropylimidazole. -
~10. A compound as set forth in claim 1 comprising the formula:
D
11. A method for preparing 2 transition metal compound, the method comprising

contacting a precursor compoundhof the formula;

21
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PCT{SG2005/000238
rte) 7. A corrpound as set forth in claim6 wherein Mis osm yn May 2006

conpound as set forth in claim5 wherein Z is chlorine or. bro§?ﬁgﬂ
A conmpound as set forth in claiml wherein at | east one of R and IMarch 2007
is 2,2'- bipyridy4 Mis osmium Z is chlorine and the Linking |igand
conprises 3- am nopropylimdazol e. 10 A conpound as. set forth in

claim1l conprising the formula: 1f. ém Chpar for - preparing a .

transition netal conpound, the ne .hoi 2rrp ising contacting a

precursor conpound of the fornula) 2 hded Sheet 71 PEA/ AU

PCT/ SG2005/ 000238 Recei ved 29 May 2688~Z parkh 2007 pl iZ zciz X
wherein Z, M R 'R, X and nare a$ d Bgd inclaiml,.with alinldng

| i gand that conprises 3-am nopropyl{ ble, to formthe transition

nmetal compound of claim1l. 12. A thod agyset forth in claim1ll

wherein Mis sel ected fron1the group consisting of osnium

rut heni um zjng, _iron,.rhod rhe i um latinu scan :

titani um- VEREAR &ndL Ba]%l'nx&ﬂ‘!( dEpdepith glil#ﬁ?& hgﬂﬂgﬁﬁ%@%’ﬁﬁes

chrom um nBRONGRBRS gynmmazmeCtlsednnﬂ@draﬁbi@l@meﬁal dothpeEiien ciaid1.i ri di um or

m xtures thereof 1 A nmethod as set forth in claim12 wherein Mis

osmum 14. A nethod as set forth in claim1l1l wherein Z is chlorine

or bromine. 1512. A mefinathodgs saéforthan elind H whesgimMiis selgtbed opytheerantd R

2 % bi pyr 1 e ﬁﬂnﬁ%‘ﬁ%ﬂ%ﬁé‘ﬁ?@ﬁwﬁﬁm Pl s,
Lpyri dyl, tnammmmﬁwm@a i I0ygnRsiyt, COBpeB, co rp;dpdizmechrwwr ngpgmese, -
5,5 - et hyl 1ok, mRiyBY Lﬂyrmmméw‘?mp&%& L@ teraoli Pyridyl. 16. A

nmet hod as set f’orth In erein Mis selected fromthe group
consisting of osmum ruthenium zinc, iron, rhodium rhenium
pl ati num scan® um A method assetforthinclaim 12whcrcinMisosmium.

14. A method as set forth in claim 11 wherein Z is chlorine or bromine.

15, - A method as sct forth in cleim 11 wherein R and R’ are independently selected
from the group consisting of 2,2"-bipyridyl, 4,4methyl-2,2"-bipyridyl, 4,4-ethyl-2,2'-
bipyridyl, 4,4'-phenyl-2,2*-bipyridyl, 5 5‘—methy1—2,2’-b1pyr1dy1, 5,5™-ethyl-2, 2'-b1pyndy1 and
5,5 -phenyl-2, 2’-b1pyr1dyl

16. A method as set 'forvth in claim 15 wherein M is 'sel-eoted from the group
‘ coﬁsisﬁng of osmium, ruthenium, zine, iron, thodium, rhenium, platinum, scand.ium;
Q ' titapinm, vanadmm, cadmium, magnesium, copper, cobalt, paﬂadmm, chromlum, nanganese,
nickel, molybdenum, tungsten and irdium or mixtures thereof.

17. . Amethod as set forth in claim 16 whereia Mis osmium.
18. A mcthbd_ gs set farth in claim 15 whgrei.n Z is chlorine or bromine.
Amended Sheet
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titanium vanadi um cadm um magnesi um copper; cobalt, pall PG}KSGZOOS/OOOZ%
chrom um manganese, nickel; nolypdenum tungsten and iridi Gaﬁ'F‘i?fVedZS’Mayzoog
m xtures thereof. 17. A nethod as set. forth in claim16 wherein3Magch 2007
osmum 18. A method as set forth in claim15 wherein Z is chlorine

or brom ne. 229. Anerdueth®rseet HrREALRIN PCThaER BQ65s000 288 andRtisPed 29

May 2006 5 LlosmiSh AR g,g&né in-claimll wherein

at | east onggglg@é%\g%dﬁs R izﬁmz, 2' Q%Iixg%?i‘dyl %ﬁbg g%ésﬁm- Zis

chl ori ne anamnﬁémwhwmgm i gand conprises 3-" am nopropyli m dazol e.

20. A nethod as set forth in claim1l1l, wherein. the precursor conpound

is a conmpound,_of the formula m R X wherein Rand it are .

2, 2" -bi pyridyl 2&nd afenelrdagsedrddn clgimobl, sthereindhe prequiseipapornddss, Z

i's chloringmihuh$ofthdiormiis an ani on, or conbination of anions, that

bal ances m - the linking ligand is 3-am nopropylimdazole; and the
transition netal conpound is' g—conpourjenof the formula: 21. An

el ectrocheni cal tag conprising a #Bepx lenzyne bonded to a transition

nmet al conmpound of the formula: M(Z?)M-L 23 Amended Sheet | PEA/ AU

PCT/ S&2005/.00023 8 ' Z—OgesZ X '

) &%

O wherein _ ‘ . -
R and R’ ere 2,2"bipyridyl and are coordinated to Os at their nitrogen atoms, Z is
chlorine,  is +3, X is an anion, or combination of anions, that balances m: the
linking Hgand is 3-aminopropylimidazole; and the transition metal compound isa
* compound of the formula: ‘ |

A
S

21 An electrochemical tag compﬁéing aredox enzyme bonded to a transition

metal compound of the formula: -~
kil
Z—M~L | *
A
23
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Recei ved 29 May 2006 5 March 2007 wherein Mis a netallic el ePr{.EI;{ﬁGZOOS/Ooozn

that cah forma coordinate bond to nitrogen; Rand R are Recetved 29 May 2006
~nitrogen-containing organic noieties coordinated to Mat their 5 March 2007

nitrogen atons, wherein R and R are |ndependently selected fromthe’

group consisting of 2,2' - bipyridyl; 2, T-bipyridyl substituted with

one or nore ubstltuents sel ect ed fromthe group consisting of -Cl-C4

al kyl , pheﬁ’g?"f:r ¥hd phenyl substituted with -one or nore Cl-C4.al kyl

groups; 1,10- ph’.émamtetaﬂltdalmmtthamahﬂmﬁ@wqrﬁuﬂmmﬂdmmmgdn,substl tuted

G caa iyl oRaRp RO AR EE s A R BR SR,

al kyl groups; dtoins,lvélemnl i nki ng 1igand conpri sing
3-am nopropylim dazol e that rovides a netal-to- nit ro%gn coordi nate

(D

bond to M Zis a dentiygselpgted from thegroupponsisting 0of 2.8 and X
I's an anion, oOf Corﬁ?ﬂ:ﬁﬁ&! on:. B?ﬁyrﬁ?l sﬁﬂs%tut&f'ﬁith éh%'o?a%x%%utf&:%@nts fbcted
el ect rochem cal tag as _set in claim?2l wherein Mis selected

fromthe group con@%@ﬁ@%ﬁ%ﬁ%ﬂﬁﬁfﬁ}ﬁ@%%ﬁhe%ﬁthﬁ%ﬁlbs?q%%m
rheni um - plati num g6 apdbii- Mﬁﬁﬁ@vﬂﬁ@,l‘l%ﬁéﬂaﬁtﬂobﬁﬁ%qm- magnesi um

copper, cobalt,. -palladium chrom um_ nangariese; ni ckel . nol ybdenum

tungsten and i ri di oeRRthrRieyl Frbsittedoyidyme °Q§°f°APPSEY“@§§ $UeiE oEdle ¢ ag
as set forth in cl girdip2dnddtas 6f a- Mt-h&r 21 “heﬂyl%ﬂbsu&“bdm&mneor
aim

el ectrocheni cal tag as_set forth in erel n the redox enzyne
£OQNPOSes an oxi dor é’él‘i‘i"épé@ﬂ}?'sgmﬂ% el ectrochenmical tag as set forth

LD) claim 24 V\h
26. An el ect roc em ca gogpglg#g% i'hm:’&ﬁjEgﬁ!l[ﬂia| m%%@ﬁeﬁ%ﬁ%é%
chlorine or mengm@oordmatebondtoM
. Z1is ahalogen atom;
m is +1, +2, +3, +4, +3, or +6; and

" X is an anicn, or combination of anions, that balances m.

22. An electrochemical tag as set forth in claim 21 wherein M is selected from the
group consisting of osmium, ruthentum, zinc, iron, thodium, thenium, platinum, seandivm,
titanfum, vanadiom, cadmium, ﬁiag_nesium, coppet, cobalt, palladium, chromium, hangmese;
nickel, ﬁtolybdenum, tungsten and iridium ctt' mixtures thereof.

23, An electrochemical tag as set forth in claim 22 wherein M is osmivm.
i
24 An electrochemical tag as set forth in claim 21 wherein thc redoX enzyme
compmes an c:eudoreductase. ' '
25, An electrochemical tag as set forth in ¢laim 24 wherein the oxidoreductase

comprises glucose oxidase.

26. An electrochemical tag as set forth in cla:im_ 21 wherein Z is chloring or - -
bromine. '
24
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24 Amended Sheet IPEA/AU . PCT/ SG2005/ 000238 Received 29 MayPGHE§2605/000238
March 2007 27. An el ectrochenical tag as set forth in cl ai mBeceived 29 May 2006
wherein R and R are independently selected fromthé group consﬁsMarlrg:h 2007 -
of 2,2 - blpyrldyl 4, 4" -met hyl -2, 2! bi pyridyl,

474'-ethyl blpyrdyl 4,4" - phenyl 2, 2! blpyrldyl
5, 5" - net hyl - rj d
5, 5" -phenyl- 2 - bi p@%l%%ouh%&%%@%et?ofﬁm Igﬁﬁéa éngégtgd%ge forth

inclaim Z?HWWW Sﬂeﬁgd frem dhret goanpfepusisingief 2, 21bipypdyd oy insetliyh g, 28ipyridyl,

osm um rut ' i i

it an um ARy Sl LR ek o M S kB, SRR
chrom um ramgdiese 3.5 Hhemﬂtﬂ, -bipstidsddenum tungsten and i ndi um or

m xtures thereof. 29. An el ectrochem cal tag as set forth in claim 28
wherein Mis mum 3 el.e oche t.ag as set forthln clalm
27 wherein th redo%%?’ﬁ?&’e ﬁtﬁ T TGeendds selggted Fpm the

el ectroche rg:mlcoﬁswngﬁ c&ﬁﬁuﬁ,@ﬁtﬁ&ﬂnﬁl m,a&dﬁ; ﬁediﬁﬁﬁh&hﬂn,tﬂlﬁmum, sca.ndmm .
oXi doreducttﬁ c%rl se d‘ﬂﬁl ucose oxi dase. 31% R}ﬂade ectrochem cal tag
~as set - f or tHEFF PTG, CRIReh PR3l O, anggRse,
el eCtrocheaﬁdkaﬂ,nb%daaﬁmsﬁﬁgsf@rah@mﬂmnfdr&hﬁhﬁith&&ﬁ ein at |least one of
R and R is 2,2'-bipyridyl, Mis osmum Zia chlorine and the :

| i nking I'i gand corrprrses 3- aminopropylim dazole. 34. An

el ect rocheni c&P- t ag Aselentpciiegrcahtag ps ot Bithiodaim 26 vaicrein Mds osedox. enzyne
”fﬁ]np” ses an oxi doreductase. 35. An electrochemcal tag as set forth

56, A ol cot 1 aBhoim A Se SR GLHE RO Bk b oy BESORAR FR

r edox enzympﬂimmdﬂdudmdactweany tioon metal conpound of the fornula:
25 . :

3L Axn electrochemical tag as set forth in claim 30 wherein the oxidoreductase
comprises glucose oxidass.

32, An electrochemical tag as set forth in ¢laim 27 wherein Z is chlorine or
bromine. - : : '
33. An electrochemical tag as set forth in claim 21 wherein at least one of R and
R’ is 2,2%bipyridyl, M is osmium, Z is chlorme and the linking ligand compnses 3—
ammopropyhmidazole
) |
' 34, An clcctrochcmxcal tag as sct forth in claim 33 Wherem the redox enzyme
comprises an oxidcreaductase
35, An clectrochemical tag as set forth in claim 34 wherein the ox1doredu0tase
comprises glucose oxidase, '
36. An electrochemical tag as set forth in claim 21 comprising a redox enzyme

- bonded to a transition metal compound of the formula:

25
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Amended Sheet | PEA/ AU PCT/ SG2005/ 000238 Recei ved 29 My 2006 %CE@¥} 05/000238
2007 tla2 37. An electrochemical tag as set forth in clai m 3Boceived 29 May 2006
wherein the redox enzynme conprises an oxi doreductase. 38. An 5 Maxrch 2007

el ectrochem cal tag as set forth in claim37 wherein the "

oxi doreductase E | conprises glucosé oxidase. 39. An el ect r ocheni cal

tag as set forth in any .one of clafng 21 to 38, V\/nereln sai d

transition netal conpound is & % bi onol ecul e via

the linking Iigand. 40. A nef an el ectrochem cal tag

as set forth in claim?2l, the i 8i ng bondi ng a redox

enzyne to a transition netal conmpoui he formula: rclmZ--M-L X

CRS wherein Mis a netallic el gf ’
to nitrogen; R and R are nitrogen-g
coordinated to Mat their nitrogen ¢
i ndependent|y selected fromthe gr oup . con5| sting of 2,2'- bipyri dyI
2,2"-bipyridyl substituted with one-or nore substltuents sel ected

from the gr oups£0nsi gt |

substituted Wi %’F oné}lgfrggm% mgl ?%f@ +?¥$rfh£9ﬁﬂ¥§6x9ﬂkgm£ﬁ§@éﬁoxenz}me
1, 10- phenarmmpub@sm;lloendm@hcmmo 26 Arrended Sheet | PEA/ AU

PCT/ SG2005/ 000238 ~ Recei ved 29 May 2006 '

_.—r‘

38. An electrocherical tag as set forth in claim 37 wherein the omdoreductase
i:j A compnses glucose o:udasa.
39.  Anelectrochemical tag as set forth i any one of claims 21 to 38, wherein said

transition metal compound is attached to the redox biomolecule via the Iinking ligand,

40, A mcthod for preparing an c]ectmchcmmal tag as set forth in claim 21, the
method compnsmg bondmg aredox enZ§me to a transition mctal compound of the formula

- m
Rey |

Z—M—L| %

)

whereity
M is a metaltic element that can fon:a a cnordmatc bond to mtrogen _
R and R'are mtrogen—oontammg organic moleties coordinated to M at their mtrogen
~ atoms, wherein '

R and R’ are independently selected from the group consisting of 2,2'-
biﬁyﬁdyl; 2,2‘-bip§midyi substituted with one or more substituents selected
from the group consisting of C1-C4 alkyl, phenyl and phenyl substituted with
one or more C1-C4 alkyl groups; 1,10-phenanthrolinyl; and 1,10-

26
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5 March 2007 phehanthrolinyl substituted with one or nore PCT/8G2005/000238
substituents selected fromthe group consisting of Cl-C4 al kyReceived 29 May 2006
phenyl and phenyl substituted with one or nore d-C4 al kyl grodpdtanch 2007 -
is alinking ligand conprising 3-am nopropylim dazol e that provides a
metal -to- nitrogen gheuasihring sbigsihtddoviliondod riora sibatitogmy seRbted o teS

+1, +2, +3, +4, +5, or _+6:.and Xi.s ni,.on, or .conbi.natjon.of
ani ons, that bal ance%oul%cggﬂs.%n%f)ngelfﬁﬁgkﬁ’spw quJi%ﬁbs%ugg Fﬁ‘tﬁﬁm or
wherein Mis sel ect exbré Coititaliel grogup consi sting of osm um
ruthenium zinc,,iron, rhodium rhenium platinu scandj um

titani um vanadhifh iRKngHeand compgsiag ?WO&!@MW?H@SB@’E provides 4 etk
chrom um nmangam@sgn costieke bond®Mbdenum tungst en and iridiumor
.mxtures thereof, 42, method as set forth in claim4l wherein Mis
osmium - 43. A n&tY M8 EME forth in clai m 40 wherein the redox
enzyme conpri ses igal, +@x30er egustesmad 44. A nethod as set forth in

cl ai m 43 whereip.the oxidoreductase conprises: - glucose oxidase. 45. A
met hod as set fgﬁﬁﬁwn&f&?%%@oﬁﬁgwnﬁ:%éﬂw‘ enzyme is
covalently attached to the transition netal conpound by an anide
bond. 46. A nejhod a for LN cl ai 0 _wher ei i.s chlorine or
brom ne. 47. Aldr]fet ho %%ﬁosde S%tgor ml&ﬁﬁc a‘lﬂhm 5&#%%’”3‘%?13@@ are
i ndependent ¢opsistiigad peeiumf muthenittheringy, Gorp fedivei, stehivgs, pltiRn seebdipyy i dyl ;

4, 4' - et hyl "‘%E.:E’é{ '3¥?[, L 4' - | - ' i 3'§¥' .
A -‘phenylt}%i%'n’- [ pyédll’ yl, “ﬁ"" éﬂg& %%l%crog%e%ch b%:’ %{a‘ Yy ?hmmmm’ ToANgAnese,
~s5:)5 - et hy| -mgkel, nwilybdervay hmasieh ang il begnixhwd dRredfli pyridyl . 48. . A
nmethod as set forth in.claim47 wherein Mis selected fromthe group

consi sting of m-um, ruthenium  zinc, jron, .rhodium rhenium
pl ati num ~scandtum ﬁﬁ%@ﬁﬁ%@%ﬁ%&@ﬁb@ﬂ%&ﬁ%@ooa 000238 .

43, . Amethod as set forth in claim 40 wherein the redox enzyme comprises an

‘oxidoreductase,

44, A method as set forth in claim 43 wheréin the oxidorednctase comprises

glucose oxidase.

45, A method as set forth in claim 40 wherein the redox enzyme is covalently
attached to the transition metal compound by an amide bond.

(A 46. ' A method as set forth in claim 40 wherein Z is chiorine or bromine,”

47. - Amethod as set forth in claim 40 wherein R and R' are independently sclected
from the group consisting of 2,2-bipyridyl, 4,4'methyl-2 2blpyudyl, 4,4-ethyl-2,2-
bipyridyl, é,4'-.-phcny1-2,-2’—’bipyri®l, 5,5"methyl-2,2’-bipyridyl, 5,5-ethyl-2,2"bipyridyl and
5,5-phenyl-2,2"bipyridyl. ' o

48. = A method as set forth in'claim 47 wherein M is selected from the group
consisting of osmium, mthenium, zine, iron, rhodiurm, rhenium, platinum, scandium,

27
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Recei ved .29 May 2006 5 March 2007 titanium vanadi um cadmi umPCI/SG2005/000238
magnesi um copper, cobalt, palladium chrom um nanganese, ni &eedived 29 May 2006
mol ybdenum tungsten and iridiumor mixtures thereof. 49. Amet h&dMasch 2007
set forth in claim48 wherein Mis osmum 50. A nmethod as set forth

inclaim ﬁﬁé&ﬁiﬂ,@hﬁhdﬁuﬁfcaﬁﬁﬂﬁm niﬁmsm, eqws;paf, mpaﬂhdi@sig&eﬁgduﬂaaﬁaﬁese,
51: A nethg S_S orth in clai.m 50 erein t oxi dor educt ase
conpri ses n@kgc%gﬁg%?ﬁawgpeg?‘ﬁﬂ HoHass tg‘g"l‘zc’h{reort h in claim47
wherein the redox enzyne is bound to the Qtransition netal c¢onpound

by an am de bqgd. 53A.%t§thﬂi?£sl}g€¥oﬁg' : m%%girn%g L.M.A47 wherein Z is

chl orine or bromi ne. A nmet as set in claim40 wherein
at least one of Rand R is 2,2'- bipyridyl, Mis osmum Zis .
chlorine and tsbe |i nkhRGod kR Hre M AP SWhareinWH AR QBN dngAZ0 b -

55. A nethod asset forth in claimb54 wherein the redox enzyne :
conpri ses gridoredyciager educt ase. ‘56, A net hod as set forth in claimb55
‘wherein the oxidoreductase conprises glucose oxidase. 57. A nethod
as set forth in claimb54 wherein the redox enzyne_is bound to the .
transition metdl corfbBEHA HFetiprtyin dpmgE perendhe oxidopdrelwe SAURBES f or t h
in clai mA4@ycéexieishod conprises binding:a redox enzyne to a :
transition netal conmpound of the formulaa: 28 Anended. Sheet | PEA/ AU
PCT/ SG2005/ 000238 Recei ved 29 May 2006 5 March 2007 c¢ 59. A nethod.
as set forth %8 cl aiAm8Bodwssridbmth inrlsimdd sherein iaredaxenpmedebouad to the

: Q transition metal compound by an gmide. bond. _ :
53. A method as set forth in claitm 47 wherein Z is chlorine or bromine.

54, A method as set forth in claim 40 wherein at least one of R and R'is 2,2
bipyridyl, M is osmium, Z is chlorine and the linking ligand comprises 3-
. aminopropylimidazole. -

55. A method as set forth in claim 54 wherein the Tedox enzymie COmprises an.

oxidoreductase,

56. A method s set forth in claim 55 wherein the oxidoreductase comprises

glucose oxidase.

57. A method as set forh in claim 54 wherein the redox enzymis is bound to the
 transition metal compound by &n amide bond. ' '

58. A méthod as set forth in ¢laim 40, the method comprises binding a redox
enzyme 1o a transition metal compound of the formula:
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oxi doreduct ase, 60. A method as set forth in clai m59 wherein £&d/5G2005/000238
oxi dor educt ase conprises glucose oxidase. 61. A nethod as seRepgved29May 2006
in claim59 wherein the redox enzyme is bound to the transitiorP March 2007
metal compound by ari am de bond. 62, An el ectrochem cal nethod for-

detecting an analyte in a sanple, &/ nethod rising: formng at
an el ectrode surface an el ect .achdu #al |y aCt-I/VJ!?dOX conpl ex

' ocheswcal/tag; and detecting
the el ectrochem cal tag

conprising the analyte and &

el ectron transfer at the el ectr#4d

conprises a redox enzyme bonded to L[ €1 tion nmetal conpound of
the formula: M |i zML X wherejr [ y metallic elenent that can
forma coordi nate bond to nltrogpén; q_F
organi c noieties coordinated to Mat nitrogen atoms, wherein 29
Anmended Sheet | PEA/ AU PCT/ SG2005/ 00038 Received 29 My 2006 5 March
2007 R and R are independently selected fromthe group consisting
of 2,2 bipyrgglyl; Aﬁemdalasyétfawm%umsawarr@ﬂth%édhxa%gmemﬁi]m

subst i tuentg selected fromthe group consisting of kyl ,

phenyl an&’ﬁ?@?ﬁ}‘f’”‘%bstl tuted with one or more O -C4 al kyl groups;

1, 10- phenant hr ol i nyl ; and 1, 10- phenant hrol i nyl substituted vvith one

or nore subst 4 uent Dg(éggsférﬁﬂﬂlc ﬂﬂ&éﬂfm@%ﬁﬁbﬁ&d %E ?Skyl

are nit rogen-cont ai ni ng

al kyl, phenyl and p en titutec one or nore
gr oups; glucose oxidase,
e . 681, A method as set forth in claim 59 wherein the redox enzyme is bound to the

travisition metal compouvnd by ar-amide bond.

62, An electrochemical method for detecting an analyte in a sample, the method
comprising: | ' '
forming at an clectrode surface an electrochemically active redox complex comprising
the analyte and an electrochemical tag; and ) '
detebﬁng clectron transfer at the clectrode, wherein the clectrochemical tag comprises a

redox enzyme bonded to a transition metal compound of the formula:

.t: — N ) j- I-m
R~ 1

v 5 i . Z—M—L . x

(D - | ( \ |-

A

h— p—

wherein _ :
M is & metallic element that can form a coordinete bond to nitrogen; 7
Rand R'are mtrogen~contammg orgamc moieties coordinated to M at their mtrogcn

: atoms, wherein

29
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Lis a linking ligand conprising 3-am nopropylinidazol e that prByT@ER005/000238

a

metal “to- nitrogen coordinate bond to M Z is a hal ogen at oRfcefed@9 May 2006

+1, +2, +3, +4,+5, or 4.6; and , Xis an anion, or combination of5 March 2007
ani ons, that balances m J 63. A nethod as set forth in claim62
wherein Mis sel ect Rdnd Roare iddepcdcatlyp seleomd Sbm thapgowgf consisting naf 2,2'-

ruthenium zinc, irpn. . | .rheni l.at i n S '

titanium vanadi um Qr@?inag ﬁﬂ%%“%%bJﬁg%ﬁ%ﬂ%“%%@éhpée“F ,09%18 eas_lgﬁs,%g%g{?}%e&feﬁm
chrom um nmanganesefomittekgdup cnaisjibglefiEint4 ek gitm aedphenyliselistifried with ,
m xtures thereof 64 rit{a_| 111,16 rein Mis
osnium 65. A nethol r7"22-;{}5?)& é'g?glﬁﬁ%m%galflgpg% &%erhg}dhé%wéﬁanal yte i's
an oxi dati on substr phegantirolinyt $ubstiteicdwitepnepnmore suiggituepts selectad dromdhs et
forth in claimé62 L I ' . '
oxi dor educt ase. i ~§g§@ﬁ§%§toﬁgg@§s &Sﬂ%gfa?ﬁ?ééﬁféﬁg?&%m%%m Oélrc 8f n

t he oxi doreduct ase morgsrlrGedkylgloupsse oxi dase. 68. A nethod as set

forth in claim62 wherein Z is chlorine or hromne, 69. A nmethod as
set forth in cltaf mIBS0S ({FEH EPRPAIAE HETARICH] draate ﬂla"rﬁs?v@,'@gmaﬁm-

i mobi | i zi ng anRfeeBecoRtinidHagd &l ct rode surface; |abeling the anal yte

Wi

th a first nmenber of a recognition pair; 30 Amended Sheet | PEA/ AU

PCT/ SG2005/ 000Z382 hgaiatf8y 29 May 2006 5 March 200.7 .labeling the

el

ect rochem calm {539, Vi, t-h, +a, -5 666 aperber of the recognition pair, and

conbi ning the. el eq conponent.s 'with an axjdation substrate of the
+ dox enzyne 'h%?’bf“ﬂ%_%&”ﬁ “@B?H%MWOW’%]WPQ%@I“&CHM& wherein the
Lpr :

P

obe and anal yte specifically ) ’

'63. °, Amethod as set forth in claim 62 wherein M is selected from the group
consisting of osmium, ruthenium, ziﬁc, iron, thedivm, rhenium, platinum, scandmm,
ﬁtsmium, vanadium, cadmium, magnesium, copper, cobalt, pailadium, chromium, manganese,

" nickel, molybdenum, tungsten and iridium or mixtures thereof.

64  Amcthod as sct forth in claita 63 wherein M is osmiush.

65. A method as set forth in claim 62 wherein the analyte is an oxidation substrate
for the redox enzyme. : : '

. 66, A method as set forth in dlaim 62 wherein the redox enzyme comprises an

oxidoreductase.

67, A method as set-fos:ﬂi in claim 66 wherein the oxidereductase comprises
glucose oxidasc. o ' ' : :

68, - A method as set forth in claim 62 wherein Z is chlorine or bromine.

6. A method as set forth in claim 62, wherein the methc_;d' further comprises:

immobilizing a probe onto the electrode surface; ,
lebeling the analyte with a first member of a recogmition pair;

30
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bi nd or_hybridize to each other. 70. A nethod as set forth in AGHE/8G2005/000238
69, wherein the recognition pair conprises biotin and avi di n.Reédived29 May 2006
met hod as set forth in claim69,. wherein the anal yte conprises & March 2007 -
nucleic acid. 72, A method as set forth in claim®62, wherein the - '

met hod further chlbging#Relectrdchbeiching: withen sedodd ientber Fiticiraenittbd frirdand

first nenber of a _recognitiagn, pailr.; l.abel ing.th | ectrochem cal
‘tag with a seconﬁomrpé%ﬁétge%k 8%%@8%%83\“ @iagﬁmgg'forn ;sg%fﬁatwi%ﬁﬁﬁgﬁ’f ﬁ’&y’?ﬁe
1 abel ed conponenintsotiédin@ontat with tieelectsudb,stireatirethe Hrobh endranelpte spmeificdly i n -
solution in contact ?Hé'i’ﬁd%&geg e¢lf ode, wherein the el ectrochenical
e e ] :

tag binds to the e ro surfacé. 73. A nethod as set. forth in
claim 72, wherein the recognition pair conprises biotin and avidin.

74. A nethod am,set A aieltldd bssettonth B ol 69/ Hepiifithe Ao @NRdnyaR cGBHRME SES
t he substrate, of the redox enzyne. 75. A nethod as set forth in

claim 62, WEReAhaYie  ransition metal conpound conprises a +3
cation having the structure a 31 Anended Sheet '| PEA/ AU PCT/ S&0 0

5/0 0 023 8 'Racei Vg, 28 My 2N uueh 00T e UyebelTRf AR ASIeRS!

forth'in clajm-75 wherein e redox enzyne conpri Ses
oxi dor eductégide. 77. A nethod as set forth in claim75 wherein the -
oxi dor educt ase- conpri ses gl ucose oxidase, z 32 Anended .Sheet

© 72, Amethod as set forth in claim 62, wherein the method further comprises:
labeling the electrode surface with a first member of 2 recognition pair;
O ' labeling the electrochermical tag with a second member of the recogrition pair; and
combining the labeled components with an oxidation substrate of the réd;)x-
enzyme in solution in contact wlith the elecirode, whe;ein the eléctmc:hemical tag binds to the

electrode surface,

73.  Amethod as set forth in claim 72, wherein the recognition pair comprises
biotin and avidin. '

74, A method as set forth in claim 72, wherein the analyte comprises the substrate
of the redox enzyme.

75. A method as sct forth in claim 62, wherein the trasisition metal compound

{ f‘) comprises a +3 cation having the structure ' '
31 .
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" Received 29 May 2006
5 March 2867
76. A method as set farth in claim 75 wherein the redox enzyme comprises an '
oxidoreductase. ' '
77. A method as set forth in ¢laim 75 wherein the oxidoreductase comprises
 glucose oxidase. - '
)
Ty
RN
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