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

surface is thus an important factor in the efficient operation of biosensors.

[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]  Inaccordance 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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coordinate bond to M. Z can be a halogen atom and m can be +1, +2, +3, +4, +5, or +6. X is
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 H:

(m)
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.



wherein Z M R R, X and mare as described above,
with a linking ligand to formthe transition netal
waeowpousss of formula | via a |igand exchange PCT/SG2005/000238

{@3&{ Iogﬂ 3 os%traéc');dhglgﬁtgkgé P%@ﬁg%ﬂ%ﬁ%ﬁ ?rJv'ftfes Rh @fRtbchemical

: _ roc ag conprising a
tag compBisiay aktduxHiaasleculbbortizd to @ teankitian sictal compeung of formula I

compound of f la | wh in Z, .
whereire.d..24, ReB 6 X B 3559 é?sq%rbglsnaﬁp‘é?-gﬂ%é’aﬁ’ W%&‘&‘Pﬁ%&nm‘%“@‘ .
. 1S Gsm i S 3z A0 PRIE kHE i i
ST ?’Péﬁ? }Saeril !sm E“I gﬁ’bxftlal?%ﬁz @g]rrg ou n%BWS’ mcgotfglglggf Imye Pa;? ?glg ﬁg}jdlls

covalerftl? atthéhed a6l dhic redoxrtidrmaletwde, wihichipreferblyrcatipyisesipeass exidase.
glucose oxi dase. [0009] In various further

enbodi nents,, th resent,. i nventi I ' .
RFL o TSI Bl i
-8Rribdd BlebRb i I TR methodi i
méthq(gef x%ﬁo@% C S Iv%e atg%ng tr gﬁgi ‘%}?ggwnemt%gl conpoun hcb,g}pmses
bonding @rrt’ddxg)id)mnheﬂe tor fansitionmetal epmpound ef formylad wherein Z, L, M,
, described above. |Ln a preferred ' . ' .

R, R’, Xjand " ﬁg,as aechggd_ aboye. Ina BW?IF?% egé@ogﬁ?rg&g% i %é&l‘fhe, Lis3-
amino&rf)@]ﬁfﬁﬁhﬁi‘c BYRLt6E raRRRUAGtal Sompotalddntdwleatly attinhed toglucose
~gl'ucose oxI dase by ami de bond fqrmation hetwee ey e
oxidasg/by emizte tonid dormatiombewesn Blueesedass éargmﬁgﬁai FIEP theialiphasic

.__amno grou r t L. [0010] Th [ [
primary gming OBPEWQ%PS%ST" on [ ] The present invention

es methods for electrochem cal detection
of an analyte in a sanple utilizing the
qﬁg“ﬁ? deThe pfeseht élventiomfiintber proividea gusthods forglacrgghemical
enmbaodi rents, an el ecttochegm call ' lex
detectign o SRS I HatRls Gin o oer eRibd Qec SR RATREE I
varioub BfBEEnRhts! ffelsdtRehsnmidallpativaaedondvtiptéxconiiaising the analyte and
el ectrochem cal tag conprises a redQx

an eletimetieicaltag is formnes atithaelpattode st feg{‘ &anh%ﬁgg‘eﬁmical tag

wher el - By . ; .
comprlEh Bibiorioipdfc SondH o SRR Rleh BmmpRpBITROGIa T whereln

o . ! dity, function, or .
7, L, MORPRS X anghmaite ashites@ited ahove. nWWatonblimiting eheswility, fapefiags or

| ect - bet h I . ' ' .
o S RS RS SR SR GAE QPR b lShochomic

tag, whicB &l &86esCcyleh 8f i AneMddedudtion] todhealtdtiode ohn bé detected and
presence or "absence of the an?l¥te in

N S . t he [ e. Th

is indisntveyafdhe presraceiex ahsens of e FRLYIF Gt HERURRFe %ﬁgﬁﬂﬁgﬁe&: ?e

detectgﬁ 'g?n ?er 5 bR Bnudiflc %ciﬂro?fa?rbﬁ‘:ﬁl. qRAQRefEREl embb&iment, the -
aryte s a equence corresponding to the p53 gene,

analyttis & Bequenée @erespondingdo tiequbSvgenh, whigh fs asgepe associated with a variety

of cancers. In other eiandigients, the analyte to be detected can also be the oxidation

substrate for the redox biomolecule.

[0011] In 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 detection of analytes.
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I NVENTION [ O In accordance with the present
i nvention, Appl i cants have devi sed novel

DETAILED DESCRIPTION OF THE INVENTION

[0017]  Inaccordance with the present invention, Applicants have devised novel

biosensors and methods for detecting an analyte in a sample. The present invention is based
on the synthesis of novel oxidation reduction mediators that can lose or gain electrons under
various experimental conditions. 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 function 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

nifrogen. . S‘uitable metallic elements for use as M can be, for example, osmium (Os),
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[0021] Z is a halogen atom. In a preferred embodiment Z is chlorine or:bromine,
more preferably chlorine. The superscript m can be +1, +2, +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 chlorine and m is +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.



a preferred enbodi nent, the nitrogenous noiety is a
heterocyclic ring containing at |east one nitrogen
w@emaifesn- |1 i mting exanpl es i ncl ude i m dazol ePCT/SG2005/000238

bi@a22]m dazether e:m«rdimgﬁs,,at &m&mglaa_d preferablyl toth, of the liganding
nzoir.i azoles, i di ne, pyridazine, pyrazine, )
gmupsgml {fﬁ ﬁééﬁ&?)ﬂ%&% h Hphenanthgelinyheither of yuhieh cagr be optionally
: e ' j: j t ) .. A
substiURUYAHEH The Fipfidd or ShenBeiARl £ fiuled, &Syt ke
preferabiy sah@mdcfcmnh ! amioag Clite C4 dtiofl grmq:ﬁglfhengf %rggps addmhe?)&l glroups
ali tic, n oup is.prefer y hel d on an al ky
substieirs Bt Bl Co ddiiespinlly Gt b2 ) ercyps. Shndypeiied
bipyridil hmd BRAHNY Apaddidy alioeﬁ i 0
-prm?qto_ git;eglﬂt 26@ cggbons,ég%f%?ggﬁg rogrrkﬁgﬂ ?J‘d%is?bgt%rgfeﬁ,ﬁ
higher suhstityteda flarvatibys émbodigents, disubatitnted ligandimg gfoups eiebe askd.
Unking Ligand. L. is 3: am .nopropyl.im dazole,. [0021] ,
Non-tiig hampfi3 ety £ i B ERGE 2 b BB Felintbatiied £2-
bipyridy/h| 1010-pleenBhith IR, AS7-d iRl sttt ,‘ibfi:h’xleﬂaﬂiﬂ]oﬁﬁ%d%d 51818isubstituted-
superscript mcan be +1, +2, +3, +4, +5, of +b,
1,10-pheagnibraling. on t he oxi dation state of the netal M In a
preferred enbodi nent, for exanple when the netal Mis
y4{M | 4 ' ' . .01 s.chl grine and. m
O™ Bl oAU i b Bleriof ht bRy e of the
optioniliy swhstitatet Igeoups disehssed alicye, thie other Reprefkdtdy seléw®éd from aliphatic
. exampl.e, X can be, without |jmtation,_ chloride,.
hga“d%?"é‘ﬁ)“a@i? tre Bitkegen plomscapable elcformime ropetingte bands with the metal
M. NdElifiting ed ' ey r PRRALE - 1:QL « o
_osulfit g.e[ 00: lzejg_ ngcﬁﬁigtq ’%P%&ﬁ%ﬁg, rreg’t fsf@ %gfaﬁf%lgél%neoar?g denyatives
of eithes; where sh deriyatives asé based oh il gapudpanedigning sr R4enarediamine

g o1 IR # \VA R ¥ \V2 1Q0- phenant hrol i nyl ... eif her . of .
skeletefys SpecHally isitiupl o AHOR AFACEH PSR daipt infertere with
coorditmtpyoridilyg ofthe piveigaid torthe inbtwl M 6r with tel dletit@herhid@ activity of the

Isubstituenfs are preferably selected fromanong d to
COmpIRA al kyl groups, phenyl groups and phenyl groups
substituted further with C1-C4 al kyl,. especially Cl1-C2 .

q0624] 9r DiREferrbl @nfbeBidntsy iHRArRisRioh ntbthl dRfpounds have one or
henat hrol i nyl |iganding agr oups can be
more O%B}%fgl!%‘gmigtca@r@at,maﬁl@w siifabletredox potential kepperato 95 an glecwon
I: - i i- . j i i [ I
i 42y, YR BB DA B
that of. Ahm;?;oahctiﬂgoqlp of the bmrﬂ?leduﬂqoatrd thy bjosensor electrode potential; the
ability o Sxshgeb tektnons Fpidly Wit clobtebdes, S ability to rapidly transfer electrons

to or ra?ad_ély dicepbsitdtidnk %gmi ai ChARR1G AL QhE ¥he BREtics of electrooxidation or

, 6-di substituted- , .
electroreduction of a substrate in the presence of an enzyme or another electrochemically

active redox complex catalyst,

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

cation with a formal +3 charge having the structure:
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[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 a redox biomolecule, for example an oxidoreductase. In a particularly
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In further enbodi ments, the present
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[9P30]t he The invention also provides, in various embodiments, methods for using

(

the electrochemical tag to electrochemically 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 electrode 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
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[0033] ) Thus, in one embodiment, the complex is formed at the electrode surface
by interaction of immobilized pjr,obe on the electrode surface, analyte labeled with a first
member of a récognition pair aﬁd 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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othersyaléhmwmthwtne xat hani ne and hypoxat hani ne, etc.
Where the anal yte to be detected conprises an antigen,
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electropiegrica] 14 Boy to P Bone trepBREPAgAR {¥g avidin and

biotin, E&ﬁ&ﬁﬂbﬁyl AR e&ﬁlain%dtelhﬁvhé}% ethKE@Mﬁlléd)mttﬂgﬁﬁ vﬁif kdcbgidzd that one is
he art . In nonllmtlng exanpl e, a recognition

not hmgfsql fo the Hag @ftbé,otgf/a\sdl@trmgaMnm and tipba yemety hfrecognition pairs

S
i PR 008 Ok AR BSHEFH L8 GRSy OB Evenica
tag is bedught tochéelettomie sefgee iBﬂem:fgl targemmﬂﬁe hiybridiedtionh &n thePresence

.of t usesaco lex tq be forped that
of subsFa i s eireeliomiok it e e DBE SPRIPLINGS SISVERBHhippolccule
(in thisasEludole 8Lidhde) QﬁlaB@M the oxidation of substrate and the electrons are
shuttled to the electrode surface by 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.
Thé presence of the oxidation substrate is detected as electron transfer activity at the

electrode (detection of current or voltage), where the electrochemical tag is held or formed at
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[0038] In various other embodiments, viral and bacterial detection can 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 of 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
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{00436 G UB e firsenfs, e Prdsch favPiann o fipter dtected 10 o
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wth the sa nt al ni e anal yte
apparatys mqﬁr@n@amegratsd cec@atspﬂméudxgg abissensor airay borbinad sdth a power

{ bst d bi
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1 t L8S t.
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programghed prooehsos dﬂf&mglab;o herdetectedlmminthepfor exdraple cnemutedhy 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.

[0044]  The methods and apparatus described herein utilize laboratory techniques
well known to skilled artisans and can be found in laboratory manuals such as Sambrook, J.,

et al., Molecular Cloning: A Laboratory Manual, 3rd ed. Cold Spring Harbor Laboratory
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[0048] As used herein, the words “preferred” and “preferably” refer to
embodiments of the invention that afford certain 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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r differential pulse_ anperonetry. Alternatively

biomalsaylesnabling o cahprs idation prepduct: KFirsiwplsst rlee%blamlecules
in whi¢h 2b ﬁJs&eBE %FJ@QF Ere?én? %ﬁ'é ﬁ’ﬂﬁee erkiBleABrAit X r(}léhlﬁde

si ngfe worki'ng~e ctro I osensor may op lon
bond between two cysteine residues, as in thioredoxin. ‘Many use the ablhty of iron or copper

¢

ions to exist in two different redox states.

[0053} The term “substrate” o r “oxidation substrate’ as used herein and will be
used further below, is meant to denote a molecule that binds to a redox biomolecule 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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i nclude one or nore counter electrodes. [0044] The
nmet hods and apparatus described herein utilize
wo adwenatsss y t echni ques well known to skill ed apreT/sem®s/000238

e found in |aboratory manual s
306560 50 iestort Selotifbcheipioal ot veciedsh eypRe | a5 Bredihsrejn and

will behﬁéwmeﬁe%v@ ds m%tqo %emt@g cﬁﬁé%irfohﬁéﬁ)it@ﬁ@ﬁﬂ-ﬁ%@ sm electrode
d Spring Harbor, NY, pecter

, compnwglthﬂelwﬂ@aMmaaldagt I\/anual , Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY 1998; and

A P BRIy S S B o
meant {d2den6fe.an M¥pardd9 Br syl hht dodprivesd @ieﬂﬁt&e&&&&%ﬁ nents for

"Background of the |Invention" and "Summary of the
detectipg\Qrmeasuring 2 sigael predused by mqemeamfeqﬂec@nng/pﬂoduc@en@namdauon

and redU o or YpBIR bty Aol TR Poadajntuces

deviceofor dberminitgithé dhcoiitratioy of Silitincts Ridesther ﬂaPatﬂétéxtslo*f bloldgical
subject matter disclosed in the "Background of the

interesy ¢Kga ehers biglogicahwystearisaopdirealyottilizedhnol ogy wi t hi n
the scope o.f the invention and-may not constitute a
EXAMBECE§ation of prior art. Subject matter disclosed in
the "Summary of the Invention" is not an exhaustive or
ete disclosure of the entire scope of the
|[ﬂ0|gﬂt i oﬁhqnfollawylgeemomim@m intanided twbe illustoatBE afit ere not intended

f .ref nces herein does not constitute an
tohnn?ﬂéé%o gﬁ&t e“?ﬂ'gse references are prior art or have

any relevance to the patentability of the invention
di scl osed herein. Al EXAMBREds Ci ted in the

fication are.herep nco ora referenc
RERY on s GRopiPIE dbpeniek e SBLRRS Bt fsredtmeBRBRHbPIG-
anunqﬁ&ﬁ[ﬁinﬁﬁzolé)bﬂ e indicating errbodl ments of the
i nvention, are intended for purposes of illustration

e
followﬁ@@@bﬂﬁ&gea g%%%l,g'g g?(ié’stcﬁgeci~I Toc ng é $n 12Y, P. AL P4 986, norg.

excl ude oth ment s dl tional featdres,
~ Synth. 524: @30 he€296e O Guliy)3raminapeapytionidazots) Chiisfshethesized as follows: Toa:

solution o%s 5 P f() ntlrlglgl)?ltl toen(ljl ttres%t cﬁstel?ed eﬁpy?ene glyco'1:'>1(s e{tri?ieg 3-

aminopropylimidazole (0.12 mmol) in one portions the result mixture is refluxed for 90-120
min. 3-aminopropylimidazole was purchased from Sigma-Aldrich (St. Louis, 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 a 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 E;;; 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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are provided for illustrative purposes of how to nake,
use and practice the conpositions and nethods of this

W(i)mmmlissm and, unless explicitly stated other M ESG2005/000238
not |nt d to be a representatl on that given

ic ypltammstry jaused fogmonierche é‘?“TPFanéhﬁ Fractiqfe éﬁhe

P“f‘ﬁe‘*-‘%?g?‘gﬁsr LcERized B s QR ARty B By it o

consist¢ttevifhrthesthicme bhiat af ford certain benefits, under
certain circunstances. However, other enbodi nents may

under the same or other

hernore, the msgcitation of one or

podi mants d not inply that other

ot U nd is not intended to
excl ude ot e’P\erm d,l/iN } fromthe scope of t he

al so be preferrgd
ci rcunst ances.

i nvention.[ 0049 herein, the word "incl ude, "
and its varigpts, [is i ded to be non-limting, such
that recitation o {nalist is not to the

excl usi on of ot her I\ ke itens that may al so be useful
in the material s, nposi ti ons, devices and net hods of
this invention. [0050] In the fol | ow ng description
the terns "determnation” or "detection" will be used
to denote both qualitative and quantitative
determination or detectjion of analyte. Were, for
exanpl e, the nethod an@XA&YRIF2defined bel ow are used

fr[gf(?gg% elt‘l-E’lé é‘{ka?x%lé’ finSELEChE %&@cagfaﬁ o life Hc@o:?blhhﬁ}@cﬂle

nmeant to denote determnin

glucosgridase (GOwY, bycoupimigyto @ redoxtrhediatedi um and opt ionally
its concentration. [0051] The term "anal yte" as used

[ wil | urt.ner {

E@@? e an 3%35 n c%g? éﬁw 8°?JHg%{e ééﬁv@ gzh‘b‘f]@r}mﬁﬁgls%@ was

purchasre_rl)frdnli Vﬂﬂlyr Dﬁl}oggtggéi(?ﬁﬁ o[ @A gﬂﬁcoge bﬁdlﬁsé (GiOx EC1.1.3.4,
i Qno ul e e redox bi onol ecul e” as
type X—% gaﬂh‘gpsraa”lgrmg% i}?’ v&ets{s%g} $olid) Meas prchaigd fiom Figapa-Aldrich
(St. Loiu@ M@)Oi-@th?l-91@J(<ﬁﬁié'tlﬁ@mmﬁ@)?kd@lﬁﬁrb%ﬂ§ﬁd@ hé}@ré@ﬂﬁirfde DC), N-
engi neer ed hat are inheréntly capabl f electron

hydroxysuéf@gnv@mlmsi@dﬁulé@,-%) apg dintysis h&éﬂlﬁ) 10,800)cweraloptained from

the oxidation or reduction of a substrate or a group

Pierce. )
of substrates. Sone redox bi onol ecul es use

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

agent. Excess redox mediator is used to avoid protein self-crosslinking.

[0066] To 4.5 mlof 1.0 n'iMAOs(bpy)2(3-aminopropylinﬁdazole)Cl and 1.0 uM
a\?idin-conjugated glucose oxidase (GOx-A) in DI water, is added 1-¢thyl-3'-(3-
dimethylamihopropyl)-carbédiimide (EDC) and N-hydroxysuccinimide (NHS), yielding final
concentrations of 4.0 mM EDC and 1.6 mM sulfo-NHS. The mixture is stirred for 2 h at
room temperature. The solution is then purified by dialysis against PBS buffer for 24 h. In a
control experiment, same amount of GOx-A is mixed with Os complex without adding

coupling agent.
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prosthetic groups, such as flavins or nicotinamde

adeni ne di nucleotide (NAD). A prosthetic group is the
wWooepIBsei N conponent of the redox bi onol ecul BCT/RG2005/800238

bound to the redox bio nabling it to catal yze

oxi dation or reductiongﬂ¥§éﬁgﬁéglest r edox

bi onol ecul es, in which no prosthetic group is present,

dP@6T hosEhis kxample dlustrates thabthe dlevwvehdémivaldbg 6f GOxwhddifled by

bond .bet we two .cystej pe residues, as_in thioredoxin.
covaleratigchnaent ohthe %P?IP%/%/UI&FT cempound Qsbpwe(3rasminoprgpyimigdazole)Cl
iselec&&hgmag%,gét{%.ent redox states. [0053] The term

"substrate" or "oxidation substrate" as used herein

and will be used.furthe.r below, is neant to denote a
8068 ul eEleetzachpmivdbexperimentsdwe cariedohiasinga GHt Insteansérite

model B $EFEeAGREsEwbRIREOR Bounled Wil R shmemimodle (S
Instrunit@tsgiARsta) XY The BRtedi8186krdde! sy bR M QSthsRW of 'a@l-xﬁﬁfl&fanfefér gold

. denote nol ecul es that are uSed to carry electrons
working elagirede, aminiaigo A g gffiuristance clactioddypress Systems, Lawrence,

] . N ical tag. '
) an Qi S B B0 PR ¥R B DRI trnc
electrode dOyclibivoltahmety CCUPythe Blebitoctidnsicd@sh sHOwa al REIOE well-defined
nedi at or. {0056] The, term "el ectrochem cal |y active

voltammgis,cusieaks oenjgzed at el iy dhowing elegirechemical aetivity. To prove

that thd &z 6 waR Shde¥d céﬁle‘ﬁﬁg %od’iﬁd’edé ab ﬁ%ﬁos@d ftpéf%hfexelé&fogﬁﬂc at
_the surface of an ele&ctrode conprising the

associagipi with€s(epy) f Mamizaprofydidtd3zol¢) €1, tascomtrd bexpsrment is paformed

erei n.and wll be ed t el ow, is nmean
accorditR T8 olletfé 2 kB0HR ¢ shsees gt RS EDL AndimS S flinaBedtpo e
controlrexperiifiet ieldy Hiologithlly ddtive GAkAAE bOwIM ndEaBEHIE Sncliator
[oducedglk%}/ nmovenent, of el ectrons produced in

Signal . . ] ‘
followig di3fysish rdbsating ha W deachaser is @at e iently aiachied fp GO (curve b in
Figure@yrperonmetric detection). The term "biosensor” includes

devices for determ ning the concentration of

subst ances and ot her paraneters of biol ogical interest

even where a bi ol ogi caEX&MPEEd s not directly

UM R

Os(bpy).(3-aminopropylimidazole)Cl using UV-vis absorbance spectra.

[007 0]' UV-vis absorbance spectra of the starting materials and the modified GOx
are depicted in Figure 2. UV-vis spéctfum Os(bpy)2(3-aminopropylimidazole)Cl is similar to
that of Os(bpy)z compound. It exhibits intense band in the UV region dué to intraligénd
(IL)o— o*(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) transition.

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).Cl(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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tolimt the scope of the invention. EXAMPLE | [0059]

This exanple illustrates the synthesis of the redox
woreasal sy Gs(bpy) (3- am nopropylinm dazol e) G PCT/SOB03/000238

Os(bpy) 20 2 is synthesized from K2GsCQ 6 (99% Stem

(0931} calTs ¢X@mPM1n§rat¢$éh©bl@éft$@ﬂ agihilyef (F@x modified with

OS(bP)’fl ﬁzgrr&fng%d?ma daé&ﬁaf@ él%:ngégv KA absbrbahive spbeifd.- - 1986,

Gs(bpy) 2(3- ammopropyl i rni dazol e)d is synthesized as

[0!1712}3\/\5 ‘Toldetamii wiidthet eayrs (sl bilogically d@lvma:ﬁbl) the novalent
fresh-distilled ethylene glycql .is added
modlﬁcaMm oB? 8psprofithermodified puzyme sahwiop 15 APRIKeE 1B @SEreaRy gﬂP"ﬁé carbon

electroc{d;e %ﬂetr 5m 19 d& ?ﬁ ! tH& glgcti'&f i§ %o%gwmﬁgsed mthAYBS buffer.

anmopr opyl'i m € Was urc ase dric
CatalyticSurrehtds! nfonitdfell by“ﬁi&sxﬁmmhe tuwentat 0.8M8ir thy @mhemecdf 40 gaM

t t b | t
elucosqsofigion 1 BBS: ASPRTRETF E0onlY o FmPBFSLFIey qfsff’m anz seyeal
that the'& {'etixﬁpitgcaﬂlgﬁé fc‘élvﬂ? I&F\{'ard-{ﬁ@oﬂﬁ IR floflc®sd ﬁ-‘e e

ected tion ration throught a fi ted
catalytlé uumneﬂt is &iman:ah]mlm quibetierchan thatwafimticre GiQxhatsame rcs)ncentratlon in

0Om of h
the presgaa? ?13 the ?ﬁ't gelﬁw meﬂ?éo &EP%PF‘%B& ﬁe§“q%5ﬁ?ﬁ*‘éﬁ%‘(?%?&&%
Os(bpyR{3- %Mﬁb?éﬂy‘hﬁﬁddz@l&?(flr&%l@ﬁ A®dched 6 e GMecdtild fromote direct

product 1 n°75% [0061] The product shows a
reductl@n aﬁgthe Fﬁé) eendsirs o%the eRzyles thepsedof any addjprpl mediator in

sotuiof Sl R failes ol v PRRRRRESS Pl 0T

aminop&d)ﬂ)glhhd@@msssmﬁv s&nﬂ 1 dleoohythical plapeties 4sltho08fthe activated
required. [ 0062] Cyclic voltammetry is used to nonitor

GOx- the course of the reaction. The purified product is

characterized by mass spectronetry and

el ectrochem stry, whi cCRXaMPEBBSi stent with the

structure of : EXAVPLE 2 [0063] This exanple

|Ilustratesthe mpdi fication Qf fhe r bi onol l e,
JP9B3dse Thisgxample é@'/@sr'ateﬁgﬁe@aabﬁtwg %f&eCSf? ?\e‘alag&gd with ©
Os@p%aﬁﬁ%pggéﬁﬂﬁﬁ%zp?f)ep% AxitfRBEnRY @ h RidaBiabReR ction.

ng of solid) was

[0074] The electrochemically activated GOx-A is used as an electrochemical tag
in direct amperometric detection of nucleic acid. Figure 4 shows a typical amperometric
curve for the detection of p53 gene in mRNA (20pg/pl) extracted from rat liver (mRNA is
converted to cDNA, which is then labeled with biotin). Nucleic acid preparation, capture
probe immobilization and measurements were essentially as describéd, 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)2(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 pS3 gene fails to hybridize

to the capttire probe and hence enzyme is unable to bind onto the surface. The small current
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pur chased from Vect or
A ucose oxidase (Gx, EC 1. 1.3.4,
w@Aspengissd us ni ger,
urchased from Sigma- Al drich (St.
Jluede ReR-ERacii HBgine o praves:
Nhydr oxysul f osucci ni m de
nd dialysis kits (MACO 10, 000) were
[0065] GOx is covalently

being detegted jg manly.

three dﬁ%ﬁ?@ﬁ %ﬁ%@;&g

obt ai ned from Pi erce.

t EDO)

Laboratories (San Di ego,

type X-S
213 units/nmg of solid) V\/aSPCT/SG2005/000238

Loui s

6@&!@

CA) .
from

iyes the results of

nmodi f Tatiled: tAmeséroptyic 2 ¢ponsennfpss agpay (Irepdizates)) C| by
am de bond formation between GOx carboxyl ates and the
al i phatic primary am no groups present on the redox

medi at
EDC/ NH

ors (€.0.
IS as_coupl

rangrtion
ng _agent .

MeT gl cony
Excess rec

oung)” Wi th
ox_nediato

.

used t

o Sampled pr

pt2b3nAel f 4

c2.68 slAi nki

nonropvli

N2 34[r066]
al r*ln-/nl a) ("l

m of

10 iV Os{

1.0 m\

h Sontoh- co

hrv) 2( am

1]%@%’;15d gl

288840 d:

wat er,

s added

—ethyt=

373"

di met hyl am nopr-opyl ) - carbodi i m de (EDC) and
- hydr oxysucci ni mi de (NHS)',
dO0nt r At varioms o]ﬁangeﬁccmw Eb@adeth the 6bowd methbds dddIoniplositions

withoufighiating, o th,

contalrfék! firt e ab&¥e cféécrl’btloh'be%t‘é

Ax-A is m xed

Illustra@gwqdﬁgagg]gﬁ aremhipterded tg m:;qprepﬁmtgn@;(@ﬁbglé{en embodiments of
this prég%x%#?a}cé%&%ﬁa‘}eh@

met al

el ectrochem cal ly acti ve.

y cbv

irred

&P

w th

AR Bl bFalIAE?

84 preet

yielding f

?F

npl ex wt

roomt.e

aghiggsy 1%

i nal

gycal tag of GO

of the transition
compound Os( bpy) 2(3-am nopropyl i m dazol e) C
[ 0068] El ectrochem cal

is
To 4.5
and
in D

TS e
té@hs BRedtiveBAd noSANEliBIREREnse.
hout addi ng

is

experinments are carried out using a CH Instrunents
wor kstation coupled with a

nmodel

| ow current nmodule (CH Instrunents,

660A el ectrochem cal

Austi n,

TX) .

The

three-el ectrode system consists of a 2-nmdi anet er

gol d wor ki ng el ectrode,
el ectrode (Cypress Systens,
plati numw re counter el ectrode.
referred to the Ag/ AgC

Lawr ence,

r ef erence

19
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el ectrode. Cyclic voltammetry (CV) of the
el ectrochem cal tag shows a pair of well-defined
woolobamsst ri c current peaks centered at 0. 19 WCEHROW05H000238

el ectrochem cal activity. To prove that the enzyne was
WHAT IS{JAIMERISont | y nodified, as opposed to sinple

el ectrostatic association wth

@s(bp r i lesShidla: @ control

experﬁn%ﬁgl@%ggfcg%gma‘g%?& ngl%'o exanple 2 but in

t he absence of the EDC and NHS coupling reagents. The

control experinment yields bi rtgically active enzyne

but with no detectalfl e ng:jlzjﬂa foll owi ng dialysis,

i ndi cating that the ils not covalently

attached to GOx (cur Fijgure 1). EXAMPLE 4

[ 0069] This exanpl e |Izl_u ds ¢haracterization of

GOx nodified with O4(bp gm nopropyl i m dazol e) C

usi ng UV-vi s absorbgn %2} ra. [0070] WV-vis

absor bance spectra df tarjting materials and the

nodi fied GOx are depL—sted i A—Pigure 2. UV-vis spectrum

Gs(bpy) 2(3-am nopropyUnm dazole)d is simlar to that

of Os(bpy)2 conpound. It exhibits intense band in the
whereid)V region due to intraligand (I L)s- s*(bpy)

transitions and by a broad band in the visible reglon

M@G’l- sefalligrelerarms that canpform al do]?vcbnlatebqrmqotp -itopgen; p* )
ﬁe{rngolg éa.?e Ihlt:l‘ﬁgg -coglgar i %,]ozgr ancffgglf?,géﬁ qo&% ﬁeﬁ pq I&it a‘ﬁheu nitrogen

amsowhéeinof t he absorbance spectra fromboth the GO

d ' I d I | e
o1 ol B BOR e oo et R R BRI a2 bR 2)
and Ghpygape 206y Ad RIS Wit helo? ptr O blRlitdeflts'sBRbred

of the activat confirmng the formation o
act i vApEtthegRUpRXANFIIE (3'[(116(21]81% pheeylang lpbenyl substituted with

i 01 PREREols E1-BadER Ao Ch ook ton e gt B b o1 s

absor bhémtkﬁtpiﬁgﬂl KubstifufédAdikh dfe SCinbfeBub&itéité Séct@NEYRRhe
is still biologi c Id_J;y gctlve after the coval ent
ob

modi f BEOPiCORSIStHEL gikyl bend #nd phenyd sulstitited withjoss or
IS applor€tiicy ﬁkf»lcgr&ﬁ{}, printed carbon

L is a linking ligand comprising an organic amine having from about 3 to abouit 20

non-hydrogen atoms, an aliphatic amino group and a nitrogenous moiety that provides
a metal-to-nitrogen coordinate bond to M; '

Z is a halogen atom,;

mis +1, +2, +3, +4, +5, or +6; and

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

2. A compound as set forth in claim 1 wherein M is selected from the group
consisting of osmium, ruthenium, zinc, iron, rhodium, rhenium, platinum, scandium,
titanium, vanadium, cadmium, magnesium, copper, cobalt, palladium, chromium, manganese,

nickel, molybdenum, tungsten and iridium or mixtures thereof.
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el ectrode. After 5 - 10 mn adsorption, the el ectrode
is thoroughly rinsed with PBS buffer. Catalytic
w@osenissi s nonitored by nmeasuring the currentP@E/SG2085M00238

jnt [ e f n’Mg| . Lin 1N PBS.
jAn'pe ?Pg? oﬁlglﬁﬁggeulf?@g* [ mrﬂo%?fe?%léghgdgc roactive
enzyne reveal that the GOx retains its catal ytic

activity toward the oxidation of glucose (Figyre 3).
4he ae@mpaund ag setterth ) dagy, #ﬁéh%péhqlaﬁ%qg 1&@35 @?mpﬁ%ﬁ% 3-
in tive GOx at sane concentration in the
OPJBP@SI%@%:Z@T% the best soluble nediator. Anperonetric
results further prove that the '
Os(bpy) 2(3-am nopropyUm dazol e) A, ¢coval ently attached
Yo t Hecempownd s set Pt daim a&herwag’défiﬂeﬂn% T RIREIREAD
centers of the enzyne without the need of any
additional nmediator in solution. Simlarly, GOx-Avidin
@&onj wyadmpounidis fetefdrthvin ¢laits ¢ bplyereigR and R’ are independently
i ngprorylim.dazol .show.simla t.r oc ] ¢al
selccted g OREFOP CoBeipiae! o8- HPEIHle 0 ety g DR e oyl
2,2"-bi 3 4 ALy 1 PR yRidy], Ui As2 D Ofp AR, | SCR et 20 -bipyridyl
,IP@T% n@gllﬁ ed wi t}ﬁl &( bpy) 2(%— am n%pr opy Umi gg‘g—of e) &
and 5,5'ephenyl-283 bifyridyheni cal tag in nucleic acid detection.
[0074] The el ectrochem cally activated GOx-A is used
as an el ectrochenmcal tag in direct anperonetric
det ecA icemp@lindrus@leteﬂo]gthaﬁ bﬁim 6 \ghusreinélvmhmf tedl frotpitteagroup
. .anmperonetric curve for t etecfion o 53 gene.in
consistRERAOSTIMBGMHERIUD, e 18 | Pg‘h‘m’é emwenlaffi}%%w@m?’ |
titaniung YAYRRE Lald Qi gnblihmDcdpp et oBalt AR R EMVEHBmRiR hilganese,
Nucl el c "aci d preparation, ‘capture probe inmmobilization
nickel, suolybdenaisy hagsten sndvidiumos srxtwed thergof.descri bed, for '
exanple, in Xie, H et al., 2004, Nucleic Acids
Research, 32: el 5. \Wen conplenentary probe is

8MODbAIdopewaas safoethdf clapieley wherdehrM is bimiuanzyme i s
brought to the surface follow ng target gene
hybri di zati on because the avidin noiety of GOx-A binds

50 thg Bpblnd Deetofthth cldi® ¢ #heRin the Ninkile LPARBESSisE 3-
gl ucose, the enzyne catal yzes the oxi dati on of
aminopgdpybiosdazolthe el ectrons are then being shuttled to the

el ectrode surface by Os(bpy) 2(3-am nopropyUn dazol e) C
attached '

10. A compound as set forth in claim 6 wherein Z is chlorine or bromine.
11. A compound as set forth in claim 1 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.

12. A compound as set forth in claim 1 comprising the formula:
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to the GOx-A backbone and picked up by the el ectrode.

In a control experinment with nonconpl enentary capture
w@embe1ss t he el ectrode surface, the target pSBCTeGE05/000238

fails to hybridize to the capture probe and hence

enzynme i s unabl e tofbi onto the surface. The small
currentbeing d t ,'(s mai nly d 0 non-specific
bi ndi ng of enzyme,/ Tab| e lngtvg he results of three

dupl i cat ed expe ts /Iéb e J: Anperonetric response
of p53 assay (3 replie@tes) [(0075] As various changes
could be nmade in t above } ods and conpositions

Wi t hout departing®ro pe of the present
teachings, it is interdeo that all matter contained in
the above descriptionYe/interpreted as illustrative
and not in alimting sense. Illustrations and
exanpl es are not intended to be a representation that

ven s
 Rave" Sregs e epehe b MafeiBRARRE ORBDRIL B QNS cBbprising
contactingamprietirsor compeindoafithoforsutsf t he fornul a: wherein Mis
a netallic elenment that can forma coordi nate bond to
nitrogen; R and Rlafe€ nitroged+®ontai ni ng organic
noi eti es coordinated to-R=at tlheir nitrogen atons,
wherein R and Rlare |no§pe dertly sel ected fromthe
group consisting of [2z2 b.li) ridyl; 2,2'-bipyridyl
substituted with ong or e dubstituents sel ected
fromthe group consi sti 1-C4 al kyl, phenyl and
phenyl substituted with>~&e or} nore Cl-C4 al kyl
groups; 1, 10- phenant oIinyI and 1, 10-

. 0l i nyl subs ted
whereif o BE . Bk ol in BHBE R 89&9%"3 Bilf =it igang g form the
transiti6a nfefal @blsydundPfeRith 1and phenyl substituted with one or

nore Cl-C4 al kyl groups; L is a linking |igand

conprising an organic am ne having fromabout 3 to A

out I ' ]
S AR U TS BT WA ARG AR AOERD

con51stmg of osmium, ruthenium, zinc, iron, rhodium, rhemum , platinum, scandium,

titanium, vanadium, cadmium, magnesium, copper, cobalt, palladium, chromium, manganese,

nickel, molybdenum, tungsten and iridium or mixtures thereof,
15. A method as set forth in claim 14 wherein M is osmium.

16. A method as set forth in claim 13 wherein the linking ligand comprises 3-

aminopropylimidazole.

17. A method as set forth in claim 13 wherein Z is chlorine or bromine.

18. A method as set forth in claim 13 wherein R and R’ are independently selected
from the group consisting of 2,2"-bipyridyl, 4,4'-methyl-2,2"-bipyridyl, 4,4'-ethyl-2,2'-
bipyridyl, 4,4'-phenyl-2,2"-bipyridyl, 5,5"-methyl-2,2"-bipyridyl, 5,5'-ethyl-2,2"-bipyridyl and

5,5'-phenyl-2,2'-bipyridyl.
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a nmetal -to-nitrogen coordi nate bond toM Zis a
hal ogen atom mis +1, +2, +3, +4, +5, or +6; and X is
w@moaniesy or conbination of anions, that bal aCESGIMNS/000238
2. A compound as set forth in claiml wherein Mis
selected fromthe group consisting of osm um
Yt henl Hifhod hd\et fdrfnGA ’cla'ilﬂ 8! \Wf@reigmﬁ 0 $Rctdd Bdrh M Broup
scandium titanium vanadi um cadm um nagnhesi um
consistingf esmiuny bethéniup adihg dionywhodiung theniympplatsun,seandium,
.. . nickel.,, nolybdenum tungsten a%g ]i’rr iaﬂi @m or, m xtures
titaniurp yanacipmecadmiug HAgReEuL, capRer s Gobely Ralfadinm, ghrompn, mapgancse,
nickel, ¥dIybd@uHh, Uihgsfbn Ad HRERAR tidBursSthefe8t LN 10 claim 1
erern the Trnki ng i gand conprises 3-
am nopropyl i nm dazole. 5. A conpound as set forth in
l.aim.21 erein [,S. chl.orine or. hrom ne. 6. A
Sodacss Suitt Fulitin SRS AU HTe T RO and R ar e
i ndependently selected fromthe group consisting of
2,2 -bipyridyl, 4,4 -methyl-2,2"-bipyridyl,
214" - &t mgthod a5 st fosthpiprolaim| 18 wherein the linking ligand comprises 3-
L. 4b4|l"' henyl -2, 2' - bi pyri dyl, .
AMINORSORYUIEANST - 2, 2 -bi pyridyl, S.S -ethyl~' -bipyridyl and
5,5 -phenyl -2,2"-bipyridyl. 7. A conpound as set forth
in claim6 wherein Mis selected fromthe group .
@3nsi ¢t magodes &t dertivin dlaimdd whereing. ischloringor brgrmine.um
rhenium platinum scandium titanium vanadi um
cadm um nmagnesi um copper, cobalt, palladium
@3 omiAumethod ag)satderth inrlaifel 3, whereinbad deaghonet afiRyandR' isd2'-

. ium or. mxtures.thereof,. .8. A conpound set forth
bipyridyls M fsrinsi i3 aiorii od S hpicing Dt ROtBetE o Lot
aminopr8fylimilakotd. 2i m 6 wherein the Unking |igand conprises

3- am nopropylimdazole. 10. A conpound as set forth
inclaim6 wherein Zis chlorine or bromne. 11. A

g;aﬂgoggm@dﬁgg%ffg@ b &1£1mciaaiwne}emfaferﬁkane& cbﬁ@%gn@ea% .

compound of the formula:

e v m

wherein o
Rand R' are 2,2'-bipyridyl aﬁd are coordin‘ated to Os at their nitrogen atoms, Z is
chlorine, m is +3, X is an anion, or combination of anions, that balances m; the
linking ligand is 3-aminopropylimidazole; and the transition metal compound is a .

compound of the formula:
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bi pyridyl, Mis osmum Z is chlorine and the I|inking
I i gand conprises 3- am nopropylimdazole. 12. A
weowpouissd as set forth in claim1 conprising tPeEr/SG2005/000238

formul a: 13. A net ho or preparing a transition netal
conpound, the neth ri sing contasfing a precursor
conpound of th - m/ Z-M erein Z, M R
R, X and mar nedn#hi~glim 1, with a |inking
ligand to form ;i/fli n tal conpound of claim
1. 14. A nethod as set{ferth”in claim 13 wherein Mis
sel ected fromthe g'r/gfj copst ¢ i ng of osm um
rut heni um zinc, Fron,y i_ung rhenium platinum
scandium titanium vdnadyum cadm um nmagnesium
copper, cobalt, pall ad chrom um nmanganese,
ni ckel , nol ybdenum tungsten and iridiumor mxtures
thereof. 15. A nethod as set forth in claim14 wherein
Mis Aamldéifochetict tileddngitisay SRUox BlokddldcileBordBa fo3a transition
wherein the |linking Tigand conprises 3- am nopropylim

metal compaound of tie formmlat hod as set forth in claim13 wherein

Zis chlorine or bromne. 18. A nethod as set forth in

claim 13 wherein R and R are independently sel ected

fromthe group consigsting of—a',nﬁ' - bi pyri dyl,

4,4 -methyl -2,2"' -bigyri g« 414" -ethyl-2,2"-

bi pyridyl, 4,4 -rhenyl - - bilpyri dyl ,

S. S -nethyl ' -bi pyrijdyl %3, §' -let Ryl -2, 2" - bi pyridyl and

S. S -phenyl 2" - bi pyrild . met hod as set forth in

claim 18 wherein Mil|s sgleiteq fromthe group

consi sting of osmurg rwRni ym zinc, iron, rhodium

rrhenium platinum deandi um—tli t ani um  vanadi um

cadm um nmagnesi um copper, cobalt, palladium

chrom um mnanganese, nickel, nol ybdenum tungsten and

Jridiumor mxtures thereof.

wherei

M is a metallic element that can form a coordinate bond to nitrogen;

R and R’ are nitrogen-containing organic moieties coordinated to M at their nitrogen

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 consisting of C1-C4 alkyl, phenyl and phenyl substituted with
one or more C1-C4 alkyl groups; 1,10-phenanthrolinyl; and 1,10- 3
phenar;t_hrolinyl 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;

L is a linking ligand comprising an organic amine having from about 3 to about 20

non-hydrogen atoms, an aliphatic amino group and a nitrogenous moiety that provides

a metal-to-nitrogen coordinate bond to M;

Z is a halogen atom;

m»_is +1, +2, +3, +4, +5, or +6; and

X is an anion, or combination of anions, that balances m.
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20. A nethod as set forth in claim19 wherein Mis

osmum 2 1. A nmethod as set forth in claim18 wherein
w0 beehisks ng | i gand conpri ses 3- am nopropyl i NiPCEE6L005/000238

22. A nethod as set forth in claim 18 wherein Z is

chlorine or bromne. 23. A nmethod as set forth in

ai . | . Py
By T SRl tag o€ 30 502 Phai'23 Whofthh M € sflected from the
group consisting oﬁmmnuins egh&vumding roap ;ﬂadmmi,ahemmn, ﬁlétimﬂn reearidivin,
as set fo .in claim13, vvherebri ﬁ rec rsor
tltam“ﬂbb’ Wﬁﬂﬂfno‘f"l’i’ﬁ’é CPB3 mpRHAAIR S LPIRIUR, Jgpganese,
ated to Cs at
nickel, 5%‘3!95&3.3%53* Rleflthd Eine A A BrEOREELET B 18 R Tt an
ani on, or combination of anions, that balances m the

[ adls - am ng pyl i m dazql e;. d the
0 B R SFdore el B rhere P smium.
fornul a: 25. An eI ectrochem cal tag conprising a redox
bi onol ecul e bonded to a transition netal conpound of
2he fén niwbuochmican/mg astsetrforth in/clagm 25 mehezdin the redasnbiamolecule
orma coordi nate bond to nitrogen; R and R
: °°mpns§f’§nﬂ’|“? RH2%€0nt ai ni ng or gani ¢ noi eti es coor di nat ed
to M at thelr nitrogen atons, wherein R and R are
| ndependent Iy selected fromthe group consistin
29.2' - p]wwp%hpmwaé tag asisetfprthdy clayn g8 wherein ghe s r@m@tase
ituents selected fromthe group
compn%(%ﬁg}la {él ng of Cl-C4 al kyl, phenyl and phenyl
substituted with

30.  An electrochemical tag as set forth in claim 25 wherein the linking ligand

comprises 3-aminopropylimidazole.

31.  Anelectrochemical tag as set forth in claim 25 wherein Z is chlorine or

bromine.

32.  Anelectrochemical tag as set forth in claim 25 wherein R and R' are
independently selgcted from the group consisting of 2,2'-bipyridyl, 4,4'-methy1-2‘,-2'-bipyridyl,
4,4'-ethyl-2,2'-bipyridyl, 4,4'-phenyl-2,2"-bipyridyl, 5,5'-methyl-2,2'-bipyridyl, 5,5';ethyl-2,2'-
bipyridyl and 5,5"-phenyl-2,2"-bipyridyl. |

33. . An electrochemlcal tag as set forth in claim 32 wherein M is selected from the
group consxstmg of osmium, ruthenium, zinc, iron, rhodium, rhenium, platinum, scandlum,
titanium, vanadium, cadmium, magnesium, copper, cobalt, palladium, chromium, manganese,

nickel, molybdenum, tungsten and iridium or mixtures thereof.

34.  An electrochemical tag as set forth in claim 33 wherein M is osmium.

25



one or nore Cl1-C4 al kyl groups; 1, 10-phenanthrolinyl;
and 1, 10- phenanthrolinyl substituted with one or nore
wGeubspitssent s sel ect ed fromthe group consi st i Pgr/e62005/000238

-C4 al kyl, .phe and sub ut ed , wi ne o
%r e GRE Qi/ troghemy %Pg@ﬁ§etp tlénﬁ iiyvhgrep} ﬁxgﬁa&oxamomo{ecule
compnééQHHBhab{éGua&eOY gani ¢ am ne haV| ng fromabout 3 to

about 20 non-hydrogen atons, an aliphatic am no group
and a nitrogenous noiety that provi des a

tal 4t o:njtro oor di nd al pgen

om ArBirbdRA Gl S8 ot o 3 hlrefn U, Ridiedidele
compns%@lgﬁﬁoslexldh@@bl nation of anions, that bal ances m 26.

el ectrochem cal tag as set forth in claim25

vvherel n Ms selected fromthe group consisting of

3 i R Rl o 5 ot R 3 Wi g tigand
Acompns’éﬁ@%hbﬂ’fbpﬁﬁm&role cobal t, palladium chrom um

manganese, ni ckel, nol ybdenum tungsten and iridium or
m xtures thereof. 27. An el ectrochenmical tag as set

rt h | .
S8 AGTA LA MAELET Mo PRI 7 i 20 chorine o
brominé.he redox bi onol ecuI e conprises an oxidoreductase. 29.
An el ectrochem cal tag as set forth in claim 28
mherein t he oxi doreductase conpri ses gl ucose oxi dase.

30. MAnRAREbiR (Insg"és rtiSn $Bim b9 WHerdif afledtBnd B R and

conpri ses

R'is2 23~b@mnd<yb M pwsxmuml,az & @hloxﬁtp elinking igdndrdongirisendr as

amino set fqi in claim?25 wherein Z is chlorine or
pEﬁ@WPH 52 An el ectrochem cal tag as set forth in
claim25 wherein Rand R are |ndependently selected

f th t f 2
r O 3 eql.%rggﬁ)egﬁgﬁ ﬁeltgs/ﬁl ng O(IJ‘th in cFaun%9 F%t}ilerfam the redox biomolecule

compnses an omdorcductase.

41.  An electrochemical tag as set forth in claim 40 wherein the oxidoreductase ..

comprises glucose oxidase.

42. - An electrochemical tag as set forth in claim 25 comprising a redox

biomolecule bonded to a transition metal compound of the formula: -

43.  An electrochemical tag as set forth in claim 42 wherein the redox biomolecule

comprises an oxidoreductase.
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4,41-ethyl -2,2" -bipyridyl, 4,4"-phenyl-2,2"-biryridyl,
5,5'-ethyl-2,2"- bipyridyl and 33. An el ectrochem ca

wo apeasisset forth in claim 32 wherein Mis sel Bct/ec2005/000238

fromthe group consisting of osm um ruthenium zinc,
iron, rhodium rhenium platinum scandium titanium

yan a%@lbct&féﬁ@?nibm taB B9 58 o4 in SRR A3 wheRRAE oxidoreductase
pal I adi um chrom unmy manganese, nickel, nolybdenum

compriseaiglyese axidagt. i ndi um or m xt ur es thereof. 34. An

el ectrochem cal tag as set forth in claim33 wherein M
is osmum 35. An electrochem cal tag as set forth in

43.ai M gRhASHED xrégérmg dneIRroBhSHRPGY 128 sét BSFEH inTREmADS, the

oxi doreduct ase. 36. An el ectrochemnm cal tag as set

method £gmnpiising\basidinga Boxbiomslasulente atxanssioaduttloompewrtbef thes

formula

wherei

gl ucose oxidase. 37. An electrochem cal tag as set
forth in claim32 wherein the linking |ligand conprises
3-am nopropyl im daza-l—e 38. mel ectrochem cal tag as
set forth in claimp |nZis chl orine or

brom ne. 39. An ele‘tr ch;‘u hl tag as set forth in
claim 25 wherein at ejof xR and Rlis

2,2 -bipyridyl, Mi$ ¥ is chlorine and the
l'inking 1igand conp in nopropyl i mi dazol e. 40,
An el ectrochem cal {a forth in claim39

wherein the redox b om)l ecuj_g_ conprises an

oxi dor educt ase. 41. An el ectrochem cal tag as set
forth in claim40 wherein the oxidoreductase conprises
gl ucose oxi dase. 42. An el ectrochem cal tag as set
®Morth in claim?25 conprising a redox bionolecule

MXB desktdlRc SletreAf it dafl foriiP4 8bordRIARObYIA thitidpen;f or nul a:
An el ectrochem cal tag as set forth in claim42

m@ & ﬁep#goge@d:@gtamwggg moieties coordinated to M at their nitrogen
atoms, wherein

R and R'are indepehdently selected from the group consisting of 2,2'-
bipyridyl; 2,2'-bipyridyl substituted with one or more substituents selected
from the group consisting of C1-C4 alkyl, phenyl and pheny! substituted with
one or more C1-C4 alkyl groups; 1,10-phenanthrolinyl; and 1,10-
phenanthrolinyl 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; |

L is a linking ligand comprising an organic amine having from about 3 to about 20

non-hydrogen atoms, an aliphatic amino group and a nitrogenous moiety that provides

a metal-to-nitrdgen coordinate bond to M; |

Z is a halogen atom;

mis +1, +2, 43, +4, +5, or +6; and

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

46. A method as set forth in claim 45 wherein M is selected from the group

consisting of osmium, ruthenium, zinc, iron, rhodium, rhenium, platinum, scandium,
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conpri ses an oxi doreductase. 44. An el ectrochem cal tag
as set forth in claim43 wherein the oxidoreductase
weowpnises gl ucose oxi dase. 45. A nethod for pPEpPSGINE000238

... an el ectroghem cal t ag as set f cl aiym 25, the

titaniurfy Yot R Bl gl e SRS, doBbit haliRafind PR Bingancse,

nickel, fiofybderiung tui@tedl andGAgiam ¢t ixnir&ethé@ofiul a2 m1 Z-M L
wherein Mis a netallic elenent that can forma

coordinate bond to nitrogen; R and Rlare

tro r [ inated to M
41" { RATHEEATL AR S A o WR-Bh TS GRS 2
|ndependently sel ected fromthe group consisting of
2,2 - pyridyl; 2 2'-bipyrid supstituted with one
48. mﬁénzttya%ﬁs st ERrtty mé%?}‘@c"t5e‘ﬂ}¥‘ffﬂéﬁ¥ft redoy biomplecule comprises an
: sting of Cl-C4 al kyl, phenyl and phenyl
omdoresaﬁﬂggfeltut ed with one or nore Cl1-C4 al kyl groups;
1, 10- phenant hrol i nyl; and 1, 10- phenant hrol i nyl
bstltut d, with _one, noy e bst tuents selected
Tom MBSO TS ST} alaiE 45 Wasreiahe pgpreditase Fompriges
ghmoﬁgggﬁgé substituted with one or nore Cl-C4 al kyl
groups; L is a linking Iigand conprising an organic
am ne having fromabout 3 to about 20 non- hydrogen

37 ot PP pf 9 P AP 4 hBeRts BB bliiigispoud to

thetranbzgmdnie@algbméouﬁdey&ahxﬁﬁerboaaom mis +1, +2, +3, +4,
+ or +

51. A method as set forth in claim 45 wherein the linking ligand comprises 3-

aminopropylimidazole.
52. A method as set forth in claim 45 wherein Z is chlorine or bromine. -

53. A method as set forth in claim 45 wherein R and R' are independently selected
from the group eonsisﬁng of 2,2'-bipyridyl, 4,4'-methyl-2,2'-bipyridyl, 4,4'-ethyl-2,2'-
blpyndyl 4,4'-phenyl-2, 2'-b1pyr1dyl 5,5'-methyl-2,2"-bipyridyl, 5,5'-ethyl-2, 2’-b1pyndyl and-
5,5'-phenyl-2,2"-bipyridyl.

54. A method as set forth in claim 53 wherein M is selected from the group
con51st1ng of osmium, ruthemum zmc, iron, rhodium, rhenium, platinum, scandium,
titanium, vanadlum, cadrmum, magnesium, copper, cobalt, palladium, chromium, manganese,
nickel, molybdenum, tungsten and iridium or mixtures thereof. |

55. A method as set forth in claim 54 wherein M is osmium.

56. A method as set forth in claim 53 wherein the redox biomolecule comprises an

oxidoreductase.
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X is an anion, or conbination of anions, that bal ances
m 46. A nethod as set forth in claim45 wherein Mis
weedoeoiBss from t he group consisting of osm umPCT/SG2005/000238
ruthenium zinc, iron, rhodium rhenium platinum
scandiumtitani um vanadi um cadm um magnesi um
§PPpeA methbibad set foRthlindlaiiS6CHRGEINUAR oXTEAHGANAER, comprises
ni ckel , nol ybdenum tungsten and iridi.umor m xtures
glucoserq¥idag®f . 47. A nethod as set forth in clai m46 wherein
Mis osmum 48. A nethod as set forth in claim45
wherein the redox bionol ecul e conpri ses an
6%.i derﬂuhhtbdaMea foth éﬂ\cl’m‘h I53dwhereindhe feﬁf)ic bldnﬁblédlﬂ% 1$bd8nd to
erei n_the oxidoreductase conprises glucose oxidase.
the trang:@onmem]_,p%aoggﬂg'@p amide boRdy c| ai m 45 wherein the
redox bionolecule is bound to the transition netal
conmpound by an anmi de bond. 51. A nethod as set forth
BH cl Aimetiéd adeet forth ih binithiS3kwigrein thalinking tipandseasndises 3-
.am B%?({?gg limdazole. 52. A nethod as set forth in
ammopgqpy %herei n Zis chlorine or bronmine. 53. A
net hod as set forth in claim45 wherein Rand R are
i ndependently selected fromthe group consisting of
60.2' - Bimsthodigd set forth' in olairhB3-whereind jsychlodine or bromine.
4,4 -ethyl-2,2"- bipyridyl, 4,4 -rhenyl -
| -bi pyridyl, S.S -nethyl 2 -bipyridyl,
51 5' Atrﬁéthod?as?set Porthih cH¥th 437%herein at least one of R and R’ is 2.2'-
phenyl -2, 2' -bi pyridyl, 54. A nethod as set forth

blpyndylnMcqs eI, Zm&h&nﬁe mnd thedinking kgandcomprises 3 oup

amino &ﬁ,g,ﬁhﬁ&dzgg of osm um ruthenium zinc, iron, rhodium
pr nium platinum scandium titanium vanadi um

cadm um magne3| um copper, cobalt, palladium

B AR i R B AR ARE B RS Bes

oxidoredﬁct@geal m 54 wherein Mis osmum 56. A nethod as set
forth in claimb53 wherein the redox bi onol ecul e
conprises an

63. A method as set forth in claim 62 wherein the oxidoreductase comprises

glucose oxidase.

64. A method as set forth in claim 61 wherein the redox biomolecule is bound to

the transition metal compound by an amide bond.

65. A method as set forth in claim 45, the method comprises binding a redox

biomolecule to a transition metal compound of the formula:

— \ /7 "”'
\ 7/
N\l/ /
Cl \
) \ —
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oxi doreduct ase. 57. A nethod as set forth in claimb56

wherei n the oxi doreductase conprises gl ucose oxi dase.
whHoeM1set hod as set forth in claimb53 wherei nP¢dheG2005/000238

redox bi onolecule is bound to the transition netal

conmpound by an ami de bond. 59. A nmethod as set forth

i69- | & meBBdwh estdbrth ihdaiond whereingbetbdos biorneleenl@ comprises an

ropylim dazole. 60. A nethod as set forth in
omdor@({ﬂg&%?ss wherein Z is chlorine or bromne. 61. A

nmet hod as set forth in claim45 wherein at | east one
of R and IS 2' - bipyridyl, Mis osmum Zis
&t or |A@eﬁﬁd ag n@ foythyiat glaim 6@ywhercinchppxidersdgctase comprises

ropylim dazole. 62. A nethod as set forth in
glucosg{;quﬁ‘%% 1 wherein the redox bionolecule conprises an
oxi doreductase. 63. A nethod as set forth in claim®62
wherei n the oxi doreductase conprij ses e%l ucose oxi dase.

8. A iethed as setdeth mglum ¢6,wherginhgredoghigraelgculp is bound to
the Uaﬁsﬁmagp%ﬁ{ %ﬁﬂaﬁ}’é'?a’%ﬁﬁ@% o the transition netal

oun 5. A nethod as set forth
|n cI ai m45 the nethod conprises bi ndi ng a redox

hi onol ecul e t a.t ansi tion pnetal ound of the -

mulAR glectr @93 égtde?emsqaq g@ﬁsm gamplgcthe method
compn'giﬁg redox bi orml ecul e corrprl ses an oxi doreductase. 67.

A nmethod as set forth in claim66 wherein the

dszmgg etiuceleatrode @wﬁmesaaselﬂgtrgdmgecaim adtiveredo8 complextdoarprising
n cl wherein the redox bionol ecul e
the anai’it %.g%%e ctrotch%m{clagﬁ& on nmetal conpound by an am de
hl&w&tméiaecu‘kfm teinsfek bObb eltb e, WhtRarthE elecHBEIRMitA1Ga@Eomprises
alg H}/i ]In a sanple, the nethod
a redox biombolecule bonded to a transition metal compound of the formula:

" wherein

M is a metallic element that can form a coordinate bond to nitrogen; -

Rand R’ are mtrogen—contammg organic moieties coordinated to M at their mtrogen

atoms ‘wherein
R and R’ are independently selected from the group consisting of 2,2'-
biﬁyridyl; 2,2'-bipyridyl 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-

phenanthrolinyl substituted with one or more substituents selected from the
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conprising: formng at an el ectrode surface an
el ectrochem cally active redox conplex conprising the
wanabpiwsand an el ectrochem cal tag; and det ece@mgG2005/000238

el ect r goup eomihiag oPC1IWARNChS | '
el ectrochgm cal %ag conpri s’eg ﬁ?gnddoé&gygﬁgf%@%flgmhomm
bondedmets Gl {Cdalisil govps;net al  conpound of the fornul a:

t that.

(8 A R BBl Se B sk 18nSi R g3 1 bout 20
nhdrt-hgirogencitmas, ah AlpHAKE aRifo gi%ﬁ tageg Rgfb%@ﬁdg{%gﬁ(ﬁgtyttﬂat%ovides

at their nitrogen_atons, wherei
i hspkttBitiogyn eeardinate §ord ol he group consi sting of

272 sndhhvrdkdyl o 2,2" -bi pyridyl substituted with one
o%?srr%?ng@éb% Ituents selected fromthe group
cons bt g3p+4,65; e4Gakky! , phenyl and phenyl
skbstit uted with one or nore Cl-C4 al kyl groups;
12 13 HUOM OF ReBbination of aniens, that balansesmt hr ol i ny |
substituted with one or nore substituents sel ected
fromthegroup consisting of C1L-C4 al kyl, phenyl and
pHeny| AsmLﬁﬂ_md asurﬁ'dll'(th/iiﬁ ulam@ ewheroii M igheledte@ il the group
. groups: .L is a linking, |igand conprjsing an organic
°°“S‘S§’F§ ?r@*ﬁ\??‘nﬂ‘“fﬁ“&\‘i‘i’ ZB5uiros %?Qf‘dls% thenin, ﬁgwnhlyld seagdinm,
titaniudy, Oifadiudil cadinRiAg tnhfenéiid '
e gl o el SoBte pALBlnd WA, angancse
nickel,aplybdesum, tungsten andvisidbge or mixtmaesthareof+1, +2, +3, +4,
+5, or +6; and X is an anion, or conbination of

ani ons, that balances m 70. A nethod as set forth in
cTlai m & Shetitvelsiset oith tn SGKETY GefeidM is BSmBROUP

72. A method as set forth in claim 69 wherein the analyte is an oxidation substrate

for th'e_ redox biomolecule.

73. A method as set forth in claim 69 wherein the redox biomolecule comprises an
oxidoreductase.

74. A method as set forth in claim 73 wherein the oxidoreductase comprises
glucose oxidase.

75. A method as set forth in claim 69 wherein the lmkmg ligand-cbmprises 3-
aminopropylimidazole.

76. A method as set forth in claim 69 wherein Z is chlorine or bromine.
77. A method as set forth in claim 69, wherein the method further comprises:

immobilizing a probe onto the electrode surface;

labeling the analyte with a first member of a recognition pair;
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consi sting of osm um ruthenium zinc, iron, rhodium
rhenium platinum scandium titanium vanadi um
W@ 260UIsE3 magnesi um copper, cobalt, pall adi unPCT/SG2005/000238
chrom u manganese, ni ckel, nolybdenum tungsten and
abthea

i ridi iabeling Wi elegirechenical tagrwitiya secandrmemher ECOBBItOR pair;
%igdcl aim 70 wherein Mis osmum 72. A nmethod as set
orth in claim®69 wherein the analyte is an oxidation

subst eamnbiningsthé beled dompdrieatsolidc an exidatton shbstesth of thesedox
set forth in claim®69 wherein the redox pionol

the
bipnlecalasingalubion ibsosiast Wil dhe elactrodenwhers e p e and englyte
&c?ﬁ&h%i?adagshgﬁﬁa}'ge{mc% gdpreduct ase conpri ses

[
5 ucose” oxl A nmethod as set forth in claim®69
wherein the Unking |igand conprises 3-

i nopropyl i m dazol e, 76. thod as set.forth in .
3I%nai m%@e&&ﬁ% Ao %‘Zﬂ} q CZW“cﬁ » WBeTsHn he SrROgBItion-paircomprises

biotin tat}ﬁﬁn_as set forth in claim®69, wherein the method
0 z?igrt er conprises: imobilizing a probe onto the

el ectrode surface; |abeling the analyte with a first

menber, of .a.recognition.paj.r;Labeljing th .
Bt AoRHRA S Fel TOIEh (et Te LR (18 ApBIv e sompises a nucleic
acid. recognition pair, and conbining the |abel ed conponents

with an oxidation substrate of the redox bionol ecul e
in solution in contact with the el ectrode, wherein the

obe @& Cir f:] i JAWel N
300 B RRAAE. e O s
Witediag thetdietiode aghict with afirstrmemb@rdfaascdgnitionpaind

met hod as.set forth i.n clgim 77, .wherein

Tiheting Q}J@@ﬁ?ﬁhﬁlp@ég ith ool mfmier Of the recognition pair; and

combining the labeled components with an oxidation substrate of the redox
biomolecule in solution in contact with the electrode, wherein the electrochemical tag binds
to the electrode surface.

81. A method as set forth in claim 80, wherein the recognition pair comprises -

biotin and avidin.

82. A method as set forth in claim 80, wherein the analyte comprises the substrate

of the redoi biomolecule.

83. A method as set forth in claim 69, wherein the transition metal compound

comprises a +3 cation having the structure




80. A nethod as set forth in claim®69, wherein the
met hod further conprises: |abeling the el ectrode
wewobacwsav th a first menber of a recogniti on P&i/$G2005/000238
| abeling the electrochemical tag with a second nenber
of the recognition pair; and conbining the |abel ed .
@anponanttiodad dat futhdx icthirh 88 wisdréia tiicfedox biohivtecuted@xnprises an
.. bionolecule in solution in contact with the el ectrode,
oxidorsgelage n t he el ectrochenical tag binds to the el ectrode
surface. 81. A nethod as set forth in claim 80,
wherein the recognition pair conprises biotin and
8% di A mé&Rod 45 seefdnhdn ahimds Witeréih theoxidearedndidse colmprisdsn
t he anal yte conprises the substrate of the redox
glucosq0Xidast-ecul e. 83. A method as set forth in clai m 69,
wherein the transition netal conmpound conprises a +3
cation having the structure84. A nethod as set forth
in claim83 wherein the redox bionol ecul e conprises an
oxi doreductase. 85. A nethod as set forth in claim83
wherei n the oxi doreductase conprises gl ucose oxi dase.
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