ELECTROCHEM CAL METHOD OF DETECTI NG AN ANALYTE
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[0004] There exists a need for a method for detecting analyte molecules in a
sample, which method is sensitive and simple to use. There is a particular need for
such a method that is capable of easily and efficiently detecting and/or quantifying

short nucleic acid molecules.

SUMMARY OF THE INVENTION

[0005] In one aspect, there is provided a method of detecting an analyte molecule in
a sample, the method comprising: labelling the analyte molecule in the sample with
Ru(PD),Cl, to form an Ru(PD),Cl-analyte molecule complex; contacting the sample
with a working electrode, the working electrode having a surface with a capture

molecule disposed thereon, to capture the Ru(PD),Cl-analyte molecule complex from



and detecting current flow at the working el ectrode.
[ 0006] Ot her aspects and features of the present
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[0011]  Figure 4 depicts voltammograms of 50 nM let-7b (trace 1), 10 nM let-7b
(trace 2) and 50 nM mir-92 (trace 3), all treated with Ru(PD)2Cl,, detected on
electrodes coated with a capture probe complementary to the let-7b sequence

(supporting electrolyte was PBS buffer, potential scan rate 100 mV/s);

[0012] Figure 5 (A) depicts cyclic voltammograms of oxidation of 0.10 mM
hydrazine solution on an electrode coated with capture probe complementary to let-7b

before (trace 1) and after (trace 3) hybridization of 50 nM let-7b, and the hybridized



[0013] Figure 6 (A) depicts anperonetric curves of 25
pMlet-7b (trace 1), 25 pMlet-7c (trace 2), and 25 pM
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el ectrodes conplenentary to let-7b; (B) depicts
calibration curves for mr-92 (trace 1), let-7b (trace
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\?M(DW feredetectioreoanalyieonelepdesi f i cal | y adhere to surfaces
when treated to conplex with the Ru(PD)2C 2.[001 6]
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conplex with the analyte nolecul e,
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contains an 1mine functional group, for example a histidine residue or an adenine or
guanine base, or can be detected or recognized using a molecule that includes an imine
functional group. Since complexation of the Ru(PD),Cl; complex with the imine
functional group requires heat, it will be understood that the molecule that contains the
imine group should be able to withstand heating to the necessary temperature. For
example, if the Ru(PD),Cl, complex is to be complexed directly with a protein, the
protein should not be so heat sensitive that it will denature and non-specifically adhere

to surfaces when treated to complex with the Ru(PD).CL.
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[0019]  The present method is particularly suited for the detection or quantification
of microRNA molecules. MicroRNAs (“miRNAs”) comprise a family of noncoding 18-
25 nucleotide RNAs.® Recent progress in miRNA research has shown that miRNAs

regulate a wide range of biological functions from cell proliferation to cancer



anal ysis of both mature and precursor m RNAs, since it
al | ows gene expression quantification and m RNA size
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range from1l nM Thonson et al. used T4 RNA
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e0R2]hel legsw ofishe e)Gfentelfuesmhllr B0t Oﬂmiﬁmsom method dlehl ewploys
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aadvdrmepropds@d delspbiindasdd ditmicablabdlidgipedledure for mlRNAs 7 The
miRNA was directly labeled with a cisplatin—fluorophore conjugate through a
coordinative bond with G base in miRNA. Another direct labeling procedure at the 3’
end was recently developed by Liang et al. '8 in which miRNAs were first tagged with
biotin. After the introduction of quantum dots to the hybridized miRNAs through
reacting with quantum dots—avidin conjugates, the miRNAs were detected

fluorescently with a dynamic range from 156 pM to 20 nM. Thomson et al. used T4
RNA ligase to couple the 3’ end of miRNA to a fluorophore-tagged ribodinucleotide.'®



anplification schene is enployed in the present
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the detection of RNA, and nRNA in particular.22'23 To
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nol ecul e conpl ex. The Ru(PD)2d -anal yte nol ecul e
eMhplex is contacted with a working el ectrode that has
a capture nol ecul e di sposed on a surface of the
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dieatlyriieteet angrnalytermeleule afgihqmté@mmr(gﬂml@gicaldt@twm @y employing
TSI, SRRSO LB BB e

frioamles sndeln e&hatd/elyemﬂcb(‘brﬂitlmlsmeWhen kpplgded dctatiodef speeifich
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in a sample. The method comprises labelling the sample with an Ru(PD),Cl, complex
to form an Ru(PD),Cl-analyte molecule complex. The Ru(PD),Cl-analyte molecule
complex is contacted with a working electrode that has a capture molecule disposed on
a surface of the working electrode, thus allowing for capture of the Ru(PD),Cl-analyte
molecule complex. A redox substrate is contacted with the captured Ru(PD),Cl-analyte

molecule complex under conditions that allow for oxidation or reduction of the redox



culture or tissue culture supernatant, a prepared
bi ochem cal sanple including a prepped nucleic acid
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or a fraction of a cell lysate. [0027] "Ruthenium
centre” or "Ru centre" as used herein refers to the
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nitrogen double bond.

[0030] In various embodiments, the analyte molecule comprises a protein, a
peptide, DNA, RNA including mRNA and microRNA, or a small molecule. As stated
above, the analyte molecule should be stable énough under the labelling conditions so
as to allow for detection once complexed with the Ru(PD),Cl, complex. Thus, the
present method may not be suitable for molecules that may be heat sensitive, for

example certain proteins that may denature upon heating to the temperature required to



enbodi nent, the analyte nolecule is an RNA nol ecul e

consisting essentially of the sequence of SEQ ID NO
wdazoornesnot her enbodi nent, the anal yte nol ecul BCT/SGZI06/000365

RNA nol ecul e consisting of the sequence of SEQ I D NO

1. [0032] "Consisting essentially of or "consists

essentially of as used herein neans that a nolecul e

may have additional features or el enments beyond those
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[0033] It will be appreciated that the analyte molecule should be stable enough
under conditions for labelling to allow for subsequent recognition and capture by the
capture molecule. For example, if the analyte molecule comprises a protein that is to be
labelled directly, it should be stable enough under labelling conditions to maintain any

structural features that may be required for capture of the analyte molecule by the



portion of one strand of the double stranded nucleic

acid. [0035] The anal yte nol ecul e nay be | abell ed
wa@l2002064390 wi t h t he Ru(PD)2C 2 conpl ex, w t hout PCESG2000000365

isolation of the analyte nolecule fromthe sanple. The

Ru(PD) 2Cl 2 conpl ex is stable under anbient conditions,

but undergoes |igand exchange with other |igands at

el evated tenperatures, as with many other simlar

eaﬁmﬁmkmamﬁpnplexes. It is known that many rut heni um

conpl exes tend to selectively bind to imne sites in

el Iecule 27 For exa i um conpl ex
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[0037]  Alternatively, if the analyte molecule does not contain an imine functional
group, the analyte molecule may be labelled indirectly by use of a labelling molecule.
The labelling molecule will contain one or more imine functional groups so that it can
form a coordination bond with the ruthenium centre in the same manner as described
above for an analyte molecule that contains an imine functional group. As well, the
labelling molecule will recognize and bind the analyte molecule within the sample,

having greater affinity for the analyte molecule than for other molecules that may be



smal I nol ecul e containing an imne functional group.

[0039] If the sanple volune is |arge enough, the
WOR{OPDYB® 2 conpl ex nmay be added directly to tPEIr/SG2006/000365

sample. Alternatively, the |abelling may be done in a
sui tabl e buffer in which both the Ru(PD)2d 2 conpl ex
and the analyte nol ecule are stable, by m xing of the
Ru(PD) 2Cl 2 conpl ex and the sanple in the buffer. In
psmpinahy sangledi wilesappicbiatddufidt elie labelligombletule shaméd bind to
at a concentration from about lnwu;o about 2 N%%ndiﬁg¥
hg paalyte olequiiin SREh A Way $0RSD9b ey IntpifereiiEh ¢RPRIS Qiing,
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0040] If the analyte nolecule or |abelling nolecule
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ases, no orial "group
sied Emsreulk yolieininglaalihand fimdtional lpeougu( PD) 2C 2 conpl ex.
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g4 b# B9 Ru[HI5), OF CHhpleR Gnd HHRWBNSIE in ihk bhAS:. bRQRehplAd
that” a given nolecule wll tend to be |abelled wth a
cobsligeentthelbuféirmayshnining Rl @POyICeRratigpioaxaboyt | g fy

f.or n ' i.Q tificatio j .
AR ENT B e B 800 bR RTREREER BN chpecn vl
degead nopare@phenatie oftebengpled dnd dirdnaguce bfithg @nalyte landot eapture
Ru- Cl = coordi nati on bonds, neani ng that cross-Iinking
Belsien two analyte or labelling nol ecul es or within

the same anal yte or | abelling nol ecul e does not tend
{00408 ohf®Eviedyte Agddcile drﬂlé‘tﬁ:ging npssilddoptathsendre teh@ne tmine
constraints preventing cqordination of .t i mne .
fumRenab BuP PR BFENIR A RYFleIG agid me cpls ot &%@6&?}1[%@1&@4““6

bikes, AoAL WL FinR BfElidhal Brob P &ils AdERSBriiySel IadBEd ftth thehe
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RugaPr@l complerc Thaedansityiofplsdling wirikle resali Willdleendde ppg on the
e TIPLERPh RoblabcEEARSRUEH AR SRR L Bbleshnsse
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i e Brbe PR SHRD T S Rl il Wgh e il
density of labelling from occurring. However, it has been found that a given molecule
will tend to be labelled with a consistent density of the Ru(PD),Cl, complex, allowing

for standardization and quantification using the present method.

[0041]  As well, the Ru(PD),Cl, complex does not appear to undergo ligand
exchange with both Ru-Cl coordination bonds, meaning that cross-linking between two
analyte or labelling molecules or within the same analyte or labelling molecule does not
tend to be observed. Again, this is possibly due to steric constraints preventing

coordination of two imine functional groups by the same Ru centre.
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the anal yte nol ecule than for other nolecules in the

sanple. The capture nol ecul e should recogni ze and bind
wao o0ovket3amal yt e nol ecul e even when t he anal yt eP@DE€Z06/800365

has been | abelled, either directly or indirectly, to

form an Ru(PD)2C 2/ anal yte nol ecul e conpl ex. [0043]

The capture nol ecule may conprise a protein, a

peptide, a nucleic acid including DNA, RNA and an

{0042 nucineothed@aly® tholgaitlin the saapdpisdibelled) tiedainpledy cattacted

a.smal |l nolecule. In one enbodiment, the c ture ]

with@darking glegfrede iy vwhich 7 sapdas malseylsis 615%%93 -d SOGFPHIS

GRBRhI. RN hBleXuls BT RRE gmﬁéé ahd] @pe%ﬁﬁﬁﬁynﬁﬁdéjfo the Shal@é fholecule.

stranded nucl ei c acid anal yte nol ecule. In one
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single stran nucl eoti de. conpri si uenc
tiegogegﬁﬁpggreﬁ AP Ely{erEo IS BB s 1o Dal3 i Molgeule has
Hée(ﬁrl%%”@d eltRer QMR ROHIIRRAY o Fhieh HARL®DS,AIPARGH Molecule
conprlses t he sequence AACCACACAACCTACTACCTCA [SEQ I D

Manplgg.. 1 n anot her enbodi nent, the capture nol ecul e
consists essentially of the sequence of SEQ ID NG 2.

ot I
AR 086 SBREGe S RARS S B, P cOR L i
meheing IQ\IASRNAsqwdsaewhgmtalesudef adigaot, atrmmnralmangbody ora
Slﬂ%‘fﬂ?f?ﬁ‘glb feam gxgootdgﬁént tt e ca ?‘gée rl’rllg)?eC}%llse § %& 1§lte st?’an%géu ed

whgdtiuclgotelearittl Deensleméansg. sedﬂéﬁcd‘ib siposigtiénoa ofmymgla wohnded
an eIectro tat ?Eg¥dro hobj c,, cqval ent o

r qther. .
BHRFIF aglfl @ In Ao rmbadimrmtyBe auwemale @f\waﬁg’gk

gﬁ?alrﬁgdjbl?goﬂﬁgeétnﬁ WHR KécQGerRk 86hpIemEntaMf th AL of fﬁﬁcroRNA that is
exa | e,” the capture nol ecul e may be chem cal

e@gtesian thesamplee thh 8 gacticwpt @Rbedimend) the cafae w&cukés a

E@é@ SHARTBN R ARG LRLAEIEHS LG REnbtio the
Idmem;mf thedemﬂi mmMIeI\IAhlmdnd embodimpb tedapiure heleowle komygyises
t d { { )

srsiine ARh e Rb Rl CEr A AR YL, IR RS
Hilﬁib@cﬁmbﬁti thE?ﬁ]:g&%&ﬁ@t y baile t({nsitsﬁ%ss!éf:mdllyl’(ﬁ‘ tlliﬁ)dqueﬂcg of SE@1D NO:
ol i gonucl eot i de e capture ecu] e e dis
2n I foihge Flpab?fan@meé\ercaatéreslm lpcesconpists Ogg?f?sﬁewns? 8@@%@@
&P X 10 12 nol/cnR or greater, of about 8.5 X 10"12
nmol /cn? or less, or fromabout 6.0 X 10"12

[0044] The capture molecule is disposed on a surface of the working electrode,
meaning that the capture molecule is coated on, immobilized on, or otherwise applied
to the working electrode surface. The disposition may involve an electrostatic,
hydrophobic, covalent or other chemical or physical interaction between the capture
molecule and the working electrode surface. For example, the capture molecule may be
chemically coupled to the electrode. Alternatively, the capture molecule may form a

monolayer on the surface of the electrode, for example through self-assembly.
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mol /cn2 to about 8.5 X 10 12 nol/cnR2. [0046] The term
"working electrode"” refers to the el ectrode on which
wo b@7oegdur e nol ecul e i s di sposed, and nmeans tPEI/SGIN06/000365
electrode is the electrode involved in el ectron
transfer with the Ru centre during the redox reaction.
The working el ectrode may be conposed of any
electrically conducting material, including carbon
[00a58, dhe bﬁpmrfs imModdculeghayplibe ehsp@ﬁedmayhec\adnhmg,ele&tryde surface

met al .commo used as | ect e such as gal
i dpasiy g B the SRR MAIeaTe RITTRNY erbenznmng ihe gaalyte

Refelues phindiathPlet 1freheoeabff@e m‘al'ecﬁe CORMIGbhYFedtiab M ABEdpture
material, for exanple poly(3, -ethylenedloxythlo hen

1PROOF mayrbe ;dmpy@dlomthewofl@wqctwﬁewﬁtﬁw@ qensipopfrahented0 X
m)trz%l e Zcég ed er 0 o %§|Se)( ?&IZtrH(ﬁ/c%P %ﬁ? o??roﬁlthe%out 6.0 X 1072

condi t1ons an

ﬁwﬂ&h%wembmﬂbﬁxnbézﬁ@pmﬂ{e mol ecul e to recogni ze and
bi nd the anal yte nol ecul e. For exanple if the capture

BT St ol Sioneh R k2l O S SR IR i captur

folddlile Q:ﬂdlsﬂofé&i sRdbansitBat A6t6l e et letihe BREHOdRIn @l @&l ih @betron
surface along wth a suitable hybridization buffer

wpnstar athstherB 1 eentes dupiag Beriedosierdionnhecugsking lashpdeiipibe
E&{lﬁ&% bt &L?/%%trfch gﬁﬁcc}hrdg&fngrﬂlét%atl oinéﬁlﬁlhg 95Bbn paste, carbon fiber,

I dizatfon conditions to allow for recognltlon and
gnaphiten glasdy catben zanainydtal cmnmomﬁl\wsedrm emlf:@roes/ sydhens gold, silver,

LS 0 LB SO e e

papmuﬁemafeﬁblefoabxanme pple(memeleﬁédiamubpl&ﬁéﬂmmom out
60 m. put e in a hybridization buffer containing
PHBYPIG e buffered saline (pH 8.0), consisting of 0.15
MNaCl and 20 nM NaCl . [0049] Once the

?((AF)EJ 2 @hekansik W @ntaolee GHhahe applre molasle ba el snaﬂawdsfede
e capture nol ecul e at the surface of the workin

Bbeeng derod Hedepgpnditings and &radie Falcigh e dharanirg goletule to

féc grﬁge 4nQ ViRIRY %a%%@ ERfeciRMMbLemplY P thdialrt Hdlecule is a
er, for exanple, 3 to5 times wth a suitable

buglfs etrandeh ehgqnnslp@tgietfgf ¢apturme@wnrmlmrabdedaw0@w@bﬁmat e
0'1'%1’(?‘0%? th% l’égrfn elte ﬁsae(h%eé % tﬁle %Hﬁﬁ%élf&{&d‘g gu@&e %isogg %uht epsutltﬁtéle

or di'srupt eracti on t ween
hmtcwaeommmna mmmqmasymcabmdi evithitiee capQBSAPleadlt dor

t | h
e r e oS S oo FalSt Py rsogition
atogAdihe of e amytk hﬁ&ommbed@e sy e mplomeatddy bfigucleotide

capture molecule.

[0048] For example, the sample may be incubated with the capture probe at a
temperature of about 30°C for about 60 minutes, in a hybridization buffer containing

phosphate buffered-saline (pH 8.0), consisting of 0.15 M NaCl and 20 mM NaCl.

[0049]  Once the Ru(PD),Cl,/analyte molecule complex has been captured by the
capture molecule at the surface of the working electrode, the working electrode may

optionally be rinsed to remove excess sample or hybridization buffer, for example, 3 to
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and under conditions suitable for oxidation or
reduction of the redox substrate by the Ru centre. The
WO edonessobstrate is a nol ecul e that i s capabl ePCf/SGEI06000365
oxi di zed or reduced by the Ru centre. If the redox
substrate is to be oxidized by the Ru centre, it wll
have a redox potential that is |ess positive than the
Ru centre; simlarly, when the redox substrate is to
Seintea diithedsudyble baffu The minsiag buffervihbhild ba € aappesieiate pH and
otential that is nore positive than the Ru centre,
Poter A pAt concepiatiodp s S B ntericee Wit opdismy thraT wedion
bBRees BR BFuRhHed LR anhBHIRERcRY, the Ru centre in a
redox reaction. In a particular enbodi nent, the redox
substrate is hydrazine. |In another particul ar

ERAI eiter thavBu@PENSk/anabiée maleeule somples hpi keeasifured by the
L:%??%] ndiSculd lalred?)? sﬁgsﬁ?xrafe% Q&cfég to fh@ %qu[lg Hégtrc?tieesﬁ}fﬁc%qﬁ a buffer
W 0 C . An

or m part an electrochem ca
eheuideo chrehitiana lsuitabld fot yxidaminloy réductieeharedox kibsigate by the

| ectro and a counter electrode. In the case of
St ThegdoCy bR Sato S Bars erble S nERe el s
a&luded Bf 1BE RUCRN1IRE. EE tHeQex substatd B kEBe aligietd BPfe RS, it
the el ectrochem cal cell further conprises a separate

Mall Bpvericisde eetentisd that is deys Bsitve thaly the By ceptiss aimiarly sWhgnghe
Ee?fgﬁ s@B\Geql RFEd RERABY t gan@eﬁ&é,%gﬁu %JV %géd?)Q%oteﬂtial that is

rogen el ectrode, a Ca el’ectrode
merepesytivieghanthy Roxcenlee. el ect rode or a mercury/ mercury
sul fate el ectrode. [0054] The el ectrodes within the

Eéd%ﬂ.‘] r OGRGA] tﬁ@%ed\&l‘sﬁ k&lﬁﬁ‘&t@ nf ?g@ ‘v?n%% ﬁgleicﬂleq}lafc e rfl%lei éxi&gigecﬁor
I asi ng source, i ch provrides e potential to e
sadeta@iby tAs Rvedehtre m adedoxcreadtion. freaparticulgy embodisimdnt, therehox

a n a er, 1.S copnected, in |ine. The el ectrodes
St b e v ef OB EBI GRlep mbadifenso fE s SubRaRSs
sstppsaE bdihg el ectrol yte for neutralization of charge
build up in the solution at each of el ectrodes, as

as the,_redox substrate thatis to he .oxidi zed or
KRz 55 AS il PR o6 bapking Heorasg sl FORLRT U g
BRE@UhbRlcalbdlf eLa6@rdcBer@bR|ckiR & pRalll it lRieds WoskiBOHEGRde
A current can flow between counter el ectrode and the

st & pavtesielestrodn dn therrasotiagwaesienipdeisystenathacountsr elperode
RELEORNRE 1ERHE AdGrode) Aplhe D ARl Yystdnl!he ARBIb Gmical cell
potential difference is at [east 50 v nmore positive
tfrther ¢dmapriseslexeppotterfdraice electrdre. RU centre or at | east

50 nV nore negative than redox

[0053] In various embodiments the reference electrode may be a Ag/AgCl
electrode, a hydrogen electrode, a calomel electrode, a mercury/mercury oxide

electrode or a mercury/mercury sulfate electrode.

[0054] The electrodes within the electrochemical cell are connected in a circuit to a
biasing source, which provides the potential to the system. As well, a device for
measuring current, such as an ammeter, is connected in line. The electrodes are in
contact with a solution that contains a supporting electrolyte for neutralization of

charge build up in the solution at each of electrodes, as well as the redox substrate that
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potential of the Ru centre, depending on the analyte

i s being oxidized or reduced. [0056] The current
w@emenesedd as a result of electron transfer cap@l/y6emi6/000365

by the Ru centre will be directly proportional to the

concentration of the Ru centre, and therefore to the

concentration of the captured anal yte nol ecul e,

all owi ng for quantification of the concentration of

Ishe bandtivbeomneteet) 1a.orddd € witlatecthe rddbRteactiona patentidie
wor ki ng. el ectrode is derived from Ru centLes that are

difiseneq s appieddydhe biasiag surtsh A Qptt ean Havabgiigen counter
R Hlaﬁc?the'%vcﬁ‘iglhk gfegtrcpd%r %ﬁﬁh\M htasHRdeEighRNE oW Gice
per rn1a stan curve wth known concentrations of
elegendei cul ar anal yte nol ecul e, and as described in the
Exanpl es set out herein, so as to correlate the | evel

te e [ "
%)ﬁ';gi nt ﬁ'g gal?rf rt}¥ #hh(m a%t% ?rglt% &@fte eg%u]? t%iﬂ% SPEﬂV moreill’)osmve
tHae tk&rre&ﬁ:rﬁotmhtmfdhesnm ch&reuﬁ edleasm 5Q tra\htnofeynd getined thamofedox
an an e _nol ecule i Si.c th

o ot e R Ependind T 1y i3 PRt o e ok Buscs
|n the present method, once a partlcular Ru centre has

[-'01156] r edue earré&it g@ﬁ@rﬂéd@a febuloafgiecatn traﬁﬂd&raﬂtallyaé\d by thh Ra
redox substrate nol ecule, the Ru centr

esiftigivAl fe direqtiycnieraitionp &) e EonSHNTEAUICR aﬁglsiw Gefiteggd therefore
& RE E&r&gﬁratfbﬁ %?%He'cgﬂufeh%nﬂytem&éu% @H@wi’ﬁg lebfhahiification of the

aval | ab for a su sequent round f redox reaction
wm:hntm‘mgn étherpalpie selewts: dhe curtsng that Bows mgawowlectrode

1s c{%n%de fsr tRun%B{ggsdthat e ﬁ;réz? 'f%z%l{?ﬁds?&gqt <0 uﬁlg l:?pt&rgd n%

uantities o I'n a sa
E@ﬂec&beamalsﬁl.lleﬁ pérseletviCirdegtant] bow FﬂNpsrform astsaiapl @yve weh
esent nethod tec e of..a

r hav e a 0
R BE R T g i Pt Stttk PRl e R d i g
PxAnPM deh ok Heredn, @b ayﬂi doiBlatelthe BevemRAUStetRAbu@snt Withtde®ction
as apout 1.0 attomol e of m cr oRNA may be detected

a¢ giyen epucppteasion ol theepdyute mgleruien dp ﬂa% waythe presgant msthgd can

quired as a
D e B BB S o the

above steps, the appropriate solution nmay be added to
{00573 ur fSinse tost redoresufsirae g eXpmplerydezing dn axqessgithy present

gﬂr%hl,()dbérlmg)%%slf{%élta IEH Seéﬁe%s BFAn rediftRd bﬁo%@ﬁ%@th‘réhgﬁ he

I rect onto e surface of the
\im&rkd:tmg vathected adsibsieate hﬂ)ltecnhnhha lRIuy:emre q;mu hepg)xahzed or reduced

mat ed ste Th u el
R R SRR A R R
FQQGADseRuht kdunglog eddoR d@ctiqCivtiphger tétk sabduawsmblocule.
m ni aturi zati on of el ectrodes,

[0058]  Thus, the present method is sensitive and is able to detect very small
quantities of analyte molecule in a sample. For example, for detecting microRNAs in a
sample, the present method may have a detection range of about 1.0 to about 300 pM,
with a lower detection limit of about 0.5 pM in a 2.5 pl volume. This means that as
little as about 1.0 attomole of microRNA may be detected using the present method,
and that as little as about 50 ng of total RNA preparation may be required as a sample
to detect microRNAs.
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t he above nethod can be designed to be carried out in

smal | vol unes, for exanple, in as little as 1 ni
wQoodoanesno | n conmbi nation with the very | ow detBCT/561006/000365

limt, this makes the present nmethod a highly

sensitive nethod of detecting an analyte nolecule in a

sanple, which is applicable for use in point-of-care

and in-field applications, including disease diagnosis

[11059 I e@b®h of B8 bs I HEPSL tAt apRoyrtaty som;onfnwmsadded to the
|cat|ons and nol ecul ar blolo§|cal res %ﬂﬁ

afsgw ehihe yioeking gegnode yripe pliguidsellauirhmay Be & tigw qell, as is

E&H&dfﬂ tﬁéjﬁr haj sf g?@ﬁmg gﬁ@é{fy REPHE %mg om@ VRARMg electrode,

I ng o sanples. This
eltec raoailyror using an mnatsé ayystans Ehsliquyd eeUt aandein eithepa Jow

t f 50-100 ki I d
el d0RH LS Bt SUTBRHERY ol ot rochemcal

bi osensor arrays include: (i) nore cost-effective than
[Q060¢al Daic os eagmide agchagylsgy thii Jllowls forasimiasurizatien whaertrodes,

ou | ed el ectr.oc id, direct
iRpevanthed e dariegea 1 b Serrigh Ui bppE Peiine Sk Ginpte, in
ke by ) Hpﬁflﬁlﬁ«%l f cdnittition WiWhEO&Y lovdB&lection limit, this makes

easy-to-handl e el ectrical conponents suitable for

fhe@lrﬁemtemtbodaﬂidglﬂm sersiive mgtleod Qf@g‘@gt}nmalytanglggqlg ina
%E}Hg?géf‘ %é‘l r‘rPth eil%' N9 Qe MR a% ‘m Qlﬁa d&l‘tlgxgs including

an array
Mskdse ﬂiagno@tsralnd ngatﬁieﬁt; En‘ﬁdﬁmem}/mb&lt(frmgnﬁ)densm applicativay/and
for use ut detection nethods as

a@&@pabgﬁggw@¢@wa§§ g el ectrode in the array

nay conprise a different capture nolecule, for

Ft | Mhe PrefetvBREhoal adividliesuaad foa hdhytheugipue piokesing and easy
sinul taneously. Alternatively, each rkln electrode

handiing obg laggp Wﬁgbeb%frfammeé Thﬁ%elg%{%hwﬁ% GRS PSRy, fsgasily
E}‘&Endéﬁfé th l(ﬁ?@ H&ﬁﬁﬂ/ Qﬂa}afo?MQIQ[QTSOQfO]O %cfrltlﬁé %Etr&ﬁm&sad{/é?ﬁages

he sane anal yt | ecul e ng
ef lowt density ﬁwrobleermlgd Hiasdnsef i l@plldies @} @p@ cost-effectlve than

gﬁ;@?&%%gm arra?g (1f)atﬁt‘13‘asg{n1sisur lyénr&guélgfwﬁﬁ%Ec&&atalysis; (iii)

eren eac ace O
vupids idirexe) velgter h&d@ tudidigr mad lighe bysortdagtolaantland giv) portable,

O L9 3 D5 LA 8 b G RBS B s o

apRtarand. renove fluids and sanple to each working
el ectrode. [0064] A different capture nolecule for

Eﬂfﬂ@t@%ﬁt | %aﬁcggsé{sg%ggga cg nal é}g%sg?l[g\e? gg{)@} %, h&l v[f]orﬁmg electrode
fla§ BL LQMGS an Mbﬂ@écﬁbﬂ‘& Whﬁﬁfvl& ki et thRIRs BRY be formed in

contacted with 'the sanme sanple so as to detect
anfurdp o uagial Iyghgthroughput detection methods as described above. Each

working electrode in the array may comprise a different capture molecule, for detecting
a number of different analyte molecules simultaneously. Alternatively, each working
electrode in the atray may comprise the same capture molecule, for use in screening a

number of different samples for the same analyte molecule.

[0063] Each working electrode may be located within a discrete compartment, for

ease of applying the same or different sample to each surface of each working
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nol ecules within a single sanple at one tine. [0065]

Alternatively, multiple working el ectrodes may be
w@eooakgso i n an array such that each indivi duaPCTOGXI06/000365

el ectrode has the sane capture nol ecul e di sposed on

its surface. A different sanple may then be contacted

Wi th each respective working electrode. In this way a

| ar ge nunber of sanples nmay be screened for a

gladttdde U Adernafiadly, leBcH bR gl etectiBXAMBLIE S OQ6R) as to contact a
Mat eri al s; Unl ess otherw se stated, reagents were

ynelabakkdouiiom A giemated aisteahcande usediiogpplyapd seepvedlids and
t cation. Ru(PD)2d 2 was
ﬂpﬁgg?ggg%pﬁgﬂggﬁﬂ % according to a literature
rocedure 24 A phosphate bufferedsaline (PBS, pH 8.0),
4 st ;An@ffglfent)capmrmm@nle sordlefeoting\e pmswramélymwlmule
used d
\\{f\%ﬁl a sam f Kf &1 Ife%%ﬁﬁés% \g&jgn ?e% 10 Iﬁ%{d&?@@ﬁkﬁﬁg
HERN@S ,magll therSl&l dmhtaelﬁﬁ v rtiee iahm‘aﬁldle\mtah tcddieﬂaetch ;dultlple analyte
ocarbo ate, and surfaces were decontam nated with
SEONBIIY2 FIRNBIBIPLe RN iy ee human m RNAs, nanel y
let-7b, mr-92 and mr-32025 were sel ected as our

[cmesft NIMRASvel$) H@hyld evoreidl Blegodel 9 bY ahrgigiet dﬁ‘an array such
ture probes used In this work were custonna

1hﬁ ach gylayidwad wodsing ¢legirodehny e same eariurg Aigleghle db*?ﬁ%@nd on its

gJ gONKG ﬁ&gl?tgﬁﬁpﬁfm@%%ydomﬁct@@ hthGeASH &%reaa\deewg&l
|go I ndiumtin oxide @) coate

glecascz;les lln tlhmwzwear lergemombBedftsamples maglbe g«pre@ed |f®n a paeticular

é \ M\). [0067] Apparatus: Electrocheni ca

34 ﬁ?s were carried out using a CH Instruments

nDdeI 660A el ectrochem cal workstation (CH

EXSMPIES s, Austin, TX). A conventiona
three-el ectrode system consisting of an | TO wor ki ng

fose] r odMatarlﬂwﬁa&%g{eAgﬁé staf@d OreDA¥aAs! v)eré ebteinedfiem Sigma-
el ectrode ess Systens, Law ence,

Sl s SR e it Foter bt R wes

§nafkZes Rem e, %%Mﬁ%@fté&tut@ ﬂro&@ﬁl%m' iABbfospIRAROSrRERd-
I'n this work were referred to i% Agd el ectrode.
r

Flise (Rli»%mﬂh& 0), eerisisting of0. %%Nsr,@emd relrphespbes|bugfg), was
ﬁ%ﬁ%&l a\%ﬁ %ﬁc@f@%ﬁk%@ee\%teﬂmﬁtf 9 Hh%ﬂlr%el\(ﬁe ngf RNases
r erno

onete I'nni gan ose
bmﬂm&n%ﬂeyyfmdumAgdanaamm\masseagkwﬁhdnﬂndpyiwmﬁbmﬁgand

was conduct ICPNB
BB R NeE Befontappin el R R EAR M e, 35 g Rin
meRQAL afnRLy l@t 7b, mir-92 and mir-320>° were selected as our target miRNAs.

Aldehyde-modified oligonucleotide capture probes used in this work were custom-

made by Invitrogen Corporation (Carlsbad, CA) and all other oligonucleotides of PCR
purity were custom-made by Proligo (Boulder, CO). Indium tin oxide (ITO) coated
glass slides were from Delta Technologies Limited (Stillwater, MN).

[0067] Apparatus: Electrochemical experiments were carried out using a CH
Instruments model 660A electrochemical workstation (CH Instruments, Austin, TX). A

conventional three-electrode system, consisting of an ITO working electrode, a nonleak
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V-570 W/ VI SINIR spectrophot oneter (JASCO Corp.,
Japan). AUexperinments were carried out at room
wao esopeedur e, unl ess otherw se stated. [0068] HOL/&G2086400365

Extracti on and Labeling: Total RNA from human HelLa- 60
cells were extracted using TRl zol reagent (Invitrogen,

Carl sbad, CA) according to the manufacturer's

recommended protocol. McroRNAs in the total RNA were

A@rAgﬂl €310 Ws Nagl)aefvhnt @gectide (C RIS By st¥s Ivaende/TKS), and a
(MI1ipore Corp ration) ‘% gncentratlonwa

H@EIWWHQ&OWG zoffode, §}f?éé‘f>‘ BRE ek fechpmicn) piepsyrqents; Al

P&glg{allsgrglg(ﬁ'{ed %l%rl&é%%g réééi\%l éﬁﬁt@ lﬁxs"é#%@l Ial@&?dde”ﬁlectrogpxgy

mmamrembssfsp@qtromylca(dﬁﬂéa/l&)@xgeronmts welemgtfanqumth a
ol ut | ed f or «30r¢ .
EfniiobROAT LR T e B8e! ARMBRERatR sl ol Poralgively
W%@ldﬁlt%kggg]—rﬁisls sﬁ&hﬁgie&f/ (I@P-Mdyiwhs mdﬁcgce&\évﬁh ah Bbin I3RO IMICP-
Ki El ect r ode_pr epar ridization a
%ﬁ@eﬂrwtﬂfﬁ 1e< pEdnee fYcdesley, %@\} - éf\é%%psﬁraawe Reborded on a
LIDAUNIBHSNIRAB GRPhSORIRE em@o amg,b 'Jbﬂa%?tAlp&p@ﬁmEﬁI@ were

I TO el ectrode were as previously déscribed.26 T
sarriedow atiwasi teppeRiurenslspy othawiseaptad e probes vvas
6.0-8.5 xI O 12 nol/cnk2. The m RNA assay was carried

WF"TS Rkl G¥RA EFxl(tj.ra%hon Lh§ Lﬁbagﬂg edal n}[@? RoAGEEah PIeEa-6O

ure saturated environnent mal nt ai ned at
B @rergdexrabtediusia iTeatl r@tgerttybwnmgzlat@adnbaglocat) penording to the

h d ' .
Gy i) s Sty SR APl ER T R R v fricned
u$ifg £ Vohtuge epig Rbimi YII-30 dﬂllﬁﬁhk(l\l’lﬂli)ﬁdrd Cﬁqioramnn)s cRINA | on

at 3Q0C after a 60 mnute hybridization perj oﬁj
RYRgERisAtinR Wap delermned PN Bis SEeFHPRRIOESY - TRkAted- 0% of total

e N e e

LY I () d&@tat&%ixff&pﬁfhi, gdlleatd £0 ueaﬂtbtaaRN@I iwtoni The mixture was
measurenent to renove random noi se apeg el ectro Eeetfil\‘fA

insiateddioe 3440 ropn B9 Guvaeichabh ufooled @a 7as T#ﬁe
M@§§tm% %Ptioacgﬁ@lédﬂ'ﬁ}cﬁa%ﬁd HIeABAVNYE] eot i des (sol i d)

and cuI ated 1sotopic distribution patterns
(dot t ed) [0072] Figure 2. Cel electrophoresis of
mG@bnudi]lemtqd@es’epamtnmattvémd(z@ymmengl @pl)ecﬁtvm T pygtigptzeent,

R e e
%ﬁeﬂ@)p?@ﬁcﬁlskytdeE@ﬁ&df%?ﬁ@@nt‘fhmrcbnﬁtyrof&ﬁnmbﬂxzad &jpture probes was
6.0—8.5 x10™2 mol/cm®. The miRNA assay was carried out as follows: First, the
electrode was placed in a moisture saturated environmental chamber maintained at
30°C. A 2.5 pl aliquot of hybridization solution, containing the desired amount of
labeled miRNA, was uniformly spread onto the electrode, which was then rinsed
thoroughly with a blank hybridization solution at 30°C after a 60 minute hybridization
period. The hydrazine electro-oxidation current was measured amperometrically in
vigorously stirred PBS containing 5.0 mM hydrazine. At low miRNA concentrations,
smoothing was applied after each amperometric measurement to remove random noise

and electromagnetic interference.
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pol y(A)30, (6) poly(U)30, (7) poly(G30 (8) poly(C)30

i ncubated with Ru(PD)2C 2 at 800C for 30 mn and
whybricizaed with their untreated conpl enent ar yPCT/SG2006/000365

ol i gonucl eoti des, respectively. [0073] Figure 3.

UV-Vis spectra of (1) 3.3 nM poly(A)30, (2) 100 nM

Ru(PD)2C 2 and (3) 100 mMM Ru(PD)2C 2 treated 3.3 mM

Pol y(A) 30. [0074] Figure 4. Voltamograns of

D) 2@ighre CRptiegk: (1) 50 nM (2) 10 nMlet- 7b and
3) 50 nMmr-92 at el ectrodes conplenentary to

. RS or S Sovaflatb SeheRal btasrl §hb &
Vb A4t BATR B BRI biffiod PattdYh eiténi ne at (1) a capture
probe coated el ectrode before (1) and (3) after

hybridization to its conplenmentary 50 nM|et-7h, and
E‘%Wil he Figmse 2aPeledecepriareshael qligomickaordespntreatsd @y polyeA)so

I . '
APLATRGRTT S tof M IACHE 5ot g pbeohs )
Bl (@D 284 DolyeEieh ig@)bated (WRD) RAPR)AY, % ravinateknpe@ire for 30 min; (5)
Pt BB ety o pe Eheidh eStOma s RRyRR I F-Ch Msonc
£330 @5in 8hd KyblidZed Pith tedir viftrebifd cRpleMeht8ity o igonw@lébtidss),
25 pMmr-92 hybridized to capture probe coated

eseestivdiles conpl enentary to let-7b. (B) Calibration
curves for (1) mr-92, (2) let-7 and (3) mr-320. ‘

. Lo - .
BT Tt P8 8k S5 b opeafpdropiad bk
fuat (3Rt OOEMAtu(PDRIChatdatkd -3RUAMD)ol A@)R. adduct woul d be

mass spectronetry. Thus, wefirst conducted a series of

A of P T kblorniide SERAPTONER g Rl eg 1 e

Weend ISP 80 hoI B3 agteticird@estcbmplniasy fo)letor, | rting electrolyte
u( PD) 2C1 and nucl eoti des because of the m | dness of

R (
PRa butpr, peteitishsoap sded 80 mAds.depicted in Figure 1, anong
the four nucl eotides tested only guanosi ne 5' -

[mm hosphats. (SVE)clRNIALRPBGRIIRDID. 10FRNRbASHE at
AI\/P§) pr oduggd(new}? %n%ca?lgst gr s at nmz Sgig and 8862,) :
o#viturh pigbe seajedyrledirods befonr! Rerd(B) affer hybradipatiopite ts PD) 2]

ta : . .
Py SSRRES NP 2R 0p Al GRHL RIS SRRAANE o
peltarenogsamncl 1 HenMilydrainant (i@ dhink 160 eldigodeduhdd®)in the
(RLIML e )0 mM Ru(PD),Cl, and (3) Ru(PD),Cl, at a blank ITO electrode.

Supporting electrolyte PBS, potential scan rate 100 mV/s.

[0076]  Figure 6. (A) Amperometric curves of (1) 25 pM let-7b (2) 25 pM let-7c,
and (3) 25 pM mir-92 hybridized to capture probe coated electrodes complementary to
let-7b. (B) Calibration curves for (1) mir-92, (2) let-7 and (3) mir-320.

[0077] Results:

[0078]  Feasibility of direct labeling miRNA with Ru(PD),Cl,: A direct proof of

the formation of nucleotide—Ru(PD),Cl, adduct would be mass spectrometry. Thus, we
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[0079] ESI-MS tests suggested that only AMP and GWP

readi |y undergo |igandexchange with chloride in
wWOoROPDIB® 2. Moreover, the nol ecul ar cl usters PET/SG2006/000365

doubl eexchanged Ru(PD)2d 2-nucl eoti de adducts were not

observed even after prolonged incubation at 800C

i ndi cating that Ru(PD)2C 2 undergoes only

nono- substitution under the experinmental conditions

€ivse boridnoted b séries bﬁﬁlats\lﬂpeafcﬁnmeﬁtb pARU(RD),@bj tteated nucleotides,

hi de | h f doubl I
R bl B Dde! pmBpaish M Sss ase bttt chemistry
G&@Eémg@g;mt DRt nicPEEs Detdise b REhmEAn&k me Gorli &6 PRRess.

purine b as previously observed in simlar
Aadegipied m Elgml le swengthe iy bheleotidga trsted volyLugeosiietyr t he
sterlca ered si

e R e

t:lhaérslat 1ﬂ/§8683efnd586w éwlﬁcl'p{)va assignetl as [(EMmR:tc(Bi)m)md [AMR: h
spl at er, .nmono-substitution
QP%?)albt r@sne@%teﬁﬁ bese of ét?“eﬂ”&‘bﬁ hRjohen Deen the eée&ft%wtal and
BA1aASEY [BfplcistHbIRNA pa&&AY Snd thé RoRcliler REfR S 8 adducts
excel | ent control over the Ilgatlon process and
grigwerdd-s from any possible "cross-1inking" between
ntRNA nolecules (i nternol ecul ar cross-1inking) and

Fﬁf ??es@ %ﬁ%g%st@? thtahgnl? %'WP gﬂl&%ﬁ@ﬁ(ﬁ@lﬂn@ergo ligand-
a nD e C u

ar cr I nki nQ) IS expected t
exchengeoiidte clenidecin B R Glei Mgremml title afdiesptar clusters Of double-

AR R I R O S —

SR RN 80°C, RARSind tﬁattmf(szﬁwhrﬁEfgaéﬁjonlﬁ Ql@ﬁ@-kub%ﬁtutlon under
di scussed above mass spectronetric data cle

thwxeatr@@lttlwatdlmswmrz@pgglblahasd@/ogew T iabﬂe chloride
Ega‘tldg Ofﬂeqﬁioll\ftbr%f hbhgﬁ%?%a%)ﬂ% gie férfﬁlrfsf B Olllﬁy aen@istdrRns.

wever ntro PD) 2C nto
od)rlsgr@mtscxtfé@t(li’lab@ rthay htndslexﬂeer ihging bf mete thyrmegiuriae basa, as
B NSt SR Bl DR, Moot et pigonsg it
&Qrstd?ﬁ:ald))f m@e higdepsit si;opxiwahaﬁte«t ottetsddsal w&hmm mﬁmplmeett ion
eat ment

J ucl eoti des._after th PD)

P e Sgmors G At Bt f 5 Tar Yoyere RTEPR Fafgexéi such as
@isﬁl@tﬁﬁ eNERWERS, RBSREINSGuRST WeeRsiHbd RatiRdn develo é)mg chemical
ollgonucleotldes and those treated by prol onge

ligatignenrpesaugp fo5 TRENPD)ssassinge it of s vbensellent Wérol over the

e
e i A S TR e A TN
elodctiles finEreolecul armibisk-linkingy artdlhgt\meng)@nu@beggq cpfdb@san@rrmRNA
Hj?zec:ﬁ%gﬁqrtrgh %Ee wﬂg?ré%sltlfng(gggg rﬁ{s F{pec\t\%ﬁatqgttetamo%%ﬂatt rgpogg—hnkmg
wiolifdl AREeCADbZIdIz8tid efBEOKEy ahb enteinﬁﬂédutap h@;ﬁﬁhhlﬁng Would alter the
mpbi lities of the treafed pol y Aﬁ&?
miRNA sequence by generating “loops™ in the A strand

[0080]  As discussed above, mass spectrometric data clearly indicated that
Ru(PD),Cl, can be grafted onto nucleotides via ligand exchange under mild conditions.
However, the introduction of Ru(PD),Cl, onto oligonucleotides might severely affect

hybridization efficiency. To ensure that the labeled oligonucleotides retain their
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poly(G 30 are sl ower than poly(U) 3oand poly(C) 30 (Iane

5-8), suggesting that additional mass and/or positive
webargesoar e added onto these ol i gonucl eot i desPCTyeG2006/000365

el ectrophoresis confirnmed that Ru(PD)2C 2 is

successfully grafted onto pol y(A) 3oand pol y(G 3o.

[0081] More inportantly, the presence O Ru(PD)2d +

| abel s on the oligonucl eotides poses little hindrance

thiplbpidal inmdégrag,iacerief d¢figel detyophanid tegrs ke peaforthed ot he

ians el e By ORGP o4 in Figure

3l fif I8 UERGE BRRs ebs%@\re\ﬂ%@w&e%h wﬁ@&téa%ig@muc@o%désa@ﬁlﬁsie treated
polééA)BO and poly(GQ 3o, indicating that purine bases
by b

@%&EA)IB?@bﬁwnwﬂy GPD) A pateopra tanyperatist impdying thebi ligand
ethagg %chr%@? oA %h%gra%? éﬁ%{ %@E?? l%a%%ﬂeo&fetc‘( (%et%&

rebctrepiosdic kmyolﬁihty |o|f ghtdhjgomlctmﬁdesmcgﬂhé othier hdnd, distivtct etshges
t he Pol @) I di f f
wegw‘%ﬁé?ergrmﬁgﬁE%f ﬁém@ 3%%? Pger(% @?%méu@jelgne with
IReb1Y, 08 of BEC. Ui ef%%rg}%)o%gcgnwll%&%tf R tfb@teﬁ%ofy'@@ﬁ@and

ollgonucleotldes antitative anal ysis using
IpGR{ Gy sheleedr thanpoR8IBRandgfol(GRo (amn®-8) soggrsting that duditional

ol i cl eot.iides were s essfull .| abel ed r .
RSP OS 4 e oeh SO 5D o AP ar RSy §ebeletrophoresis

%Hﬁﬁﬂniéd@l{b{t Ru@DWCL (fsReshily SrafiedRbifto FOFAN R, arfd sUN(GhE.

above data, it 1s clear that the Iabellng efficiency

RNA d dent 2
PO e PRI OR sG] G prcRiss SARETI Gl (oA S5A48 |
to'ﬁ?tmu‘éde%hd@ DoSdsflit@d FiRGn@fto ﬁ%}l@lze[tlgg &t cidncy) Lﬂaemé the way for

ustrates the UV-Vis absorption spectra of
éheacimlngmnxﬁt@nlt@s@lsmd miR¥A aspast ed ol i gonucl eotl de,
using poly(A) as an exanple. The spectrum of

t[bggn%d qg’ﬁdegﬁi pﬁéa‘? E)gpehﬂgﬁ al gﬁ%ﬁy\QHﬁ@(ﬁﬁEﬂéﬂ&&@& observed

ition o terocyc onucl eoti des around

ZﬁﬁvenmR(l(:HI@u(Ele ledeted aole/(A)ao anﬂh@b&{ﬁm,tm@umtm‘gm@qt lPED)lIZfUP’c@eS in

chara
DR e o B S g efiede 8t AR IR Brkids@es pavor
tsh&t kYctiRindd 1[@;5%939 id dligamEmbRGaddtize chaﬂ ppry(A)3o reﬂected by a
transitions. he sane transitions are

ngrzw shaveer phigrabp 8 condrngls thepotyil)sp al m@@@h@w lﬁﬂ?
?‘i%g T ?B%ﬁat%uh@gﬁﬁb Qal?el 4 &\éﬁ_)dirr@l‘}ﬁg@@ha‘? tﬁ%@DhCh
gan arge-transter

to-11 transitions
(dﬁtl g band3¢ thesagligo@)cledtivigs.spect r um of t he | abel ed

ollgonucleotlde appeared as a superposition of the

oti t h

o 3o BBRvRHTl B el SRS £ AN iR P A
|bla£@@ lirytha otl péreeleotidu3sagel ame@smﬂy labeled. Later experiments showed this
labelling efficiency is sufficient for ultrasensitive miRNA assays. From the above data,

it is clear that the labeling efficiency is miRNA sequence-dependent since Ru(PD),Cl,
preferentially labels miRNAs with G and A bases in them with an efficiency of ~30%.

[0084] Figure 3 illustrates the UV-Vis absorption spectra of the starting materials

and the labeled oligonucleotide, using poly(A) as an example. The spectrum of the
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the |igand exchange. The purine group is conjugated,

resulting in a lower p* level for this ligand relative
wao eoovketdehl ori de of the conpl ex, again confirnPCLSGI86/000365

formati on of the Ru(PD)2d 2-Poly(A) adduct. [0085]

Next, thermal nelting was conducted between 200C and

700C to evaluate the stability of the hybridized

ol i gonucl eotides. A m xture of the conplenentary

Ruléotidt beforesibeting Shovastht kypidal hanitia of che He@bagnldc t hen

| ow led d t [ t ot .
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elr unla counterparts (DITm = -
podngé Bndle antie {RGelivh dueltey (igdnd 0jcalizeSevet ahnsitams OFtse samy
ossibly contribute tg the slightly reduced stabilit

AnsitiRgs prefavisdin drep §&huctisdiedeead bapdy ip dheygsions 330-400 Him and
ZH7 D A3 b ok B Ry P P AR e Chgrgerapotr

EMPETY Behsittons (RiRirk 37 @adel®. Thppxtriny of thd Uahieted atigbnucleotide
el ectrostatic repul sion between the two strands;g%gg
APRegieA @@ a sypenesition ok themapleptidgfnd RNEP T Glhdfithsomegehgiuft ~15

P [ . _ e ¢
U 0 98 R (B S Sl M A ot o
artligandexchiin@® Thepurine o isednjugagdexenatinginnt lswes £+ fesel for
evident that the nost of destabilizatiog effect is .

doniheand selativerp thegflaride of thecpmpskatgel SORTERIRE thegqrmation of
LRABRPDYRIPHAJhiAR:.and Feasibility Study of ni RNA

Det ection:” Nucleic acid assays with electrocatal ytic
| abel s have previously been reported.30'3 1 The | abels

{0085] gr e¥et, yheomplaneltug wastqndieted beieriad (S Ctagd AQHY foivakugte
glees atb‘lrlgd §Pthe g}%ladizee% oﬁg%gﬁh%‘i‘é?%?és‘ QI &911‘9 OfRe Jrgglementary
Ifrerence n anpero rc currents 1 s usea r

duasdtide iseadds eap brsp Bsfed tor70aC shdrihkaklowiysooRd(d8in2Eoom
was eval uated as a novel electrocatalytic |abel for

powsraie. lappt fovad thehtheipresenceca8eHE el & the RIgoslegydes
Elg&%ggie%&%iﬁﬁg lfd dup eth%g'cQ}néﬁfea nbi2 Shidbel&] &b fABES (AT, = -

capture probes conplenentary to let-7b
WOPE forgety (GR, ambi2yC dod @iy(AhsopSdvaralfadas may possibly contribute to

non- conpl enent ary, ntrol ). Upon hypridization, the,
ﬁwbs@mfw stabiityef tﬁ&iabgls% @%&W@Fﬁf@&dﬂﬂu Ige lggrostatic
GRRhMIE, RERDBRIANE 8 SaNRidn. ¥REin@Bdidien 6 &ffohRAGI(PD),CI" is
surface. On the contrary, little if any of the

exirecisd tpstabitize the Jupmiex boeduging et stegiresiptiguehuigon between the two

e
el eetbicy the\sabhitngf the tihplex Blatpelting wakt edlaohies pirhbaind small
tc)égofng.r FI(OPIlH[hg th%}mglon%lgrilé] ei:xrfo%rilg)qégt(s), itis e@%&%ﬁf% he most of
destabilization effect is compensated for by the electrostatic interaction.

[0086] Hybridization and Feasibility Study of miRNA Detection: Nucleic acid
assays with electrocatalytic labels have previously been reported.3 931 The labels give

greatly enhanced analytical signals to hybridized electrodes compared to non-

hybridized ones. The difference in amperometric currents is used for quantification
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acid renmoved nost of the non-m RNA rel ated Ru(PD)2C 2
uptake fromthe | abeling solution since there is

WO paovioes3dint er acti on bet ween the neutral Ru(PD)R2C/2GzE06000365
ol i gonucl eoti des on the el ectrode surface. Cyclic
vol tammograns for the el ectrodes after hybridization
to let-7b and mr-92 are shown in Figure 4. No obvious
voltamretric activities were observed after
Plyﬂasged Z24ih@Br W8y, Ru(P2CL g lévaaueﬁed 8GRV sledoditaigtié RGel
hat there is very little non bri di zati on-rel at ed
fptraksble pppiicatiaps in ?M@@B}“"W@Mﬁaﬁ traces 2 and 3 in
Fi gure 5, after hybridization to different anmounts of
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tdpase padbedartilbeVarh@fikdteor e ekcipsdecasace0 fOntthe ccmiltaaj' 11ttle if any
center.24 These results clearly dgggg)%rat ed thhat th

Phibe neRromRREeRiaaR Y 9¢ 135 CRRBrEr dh ridfzafipn, hence miniite

ngrﬁ&ﬁ@ }é%f)é/nse Pt eRcRE R A&, at REd fofstEthatk@tR e
verg I|tt e Cross- hybrldlzatlon 0
8

@@stsmngé Naclwteratcgl@@esr@tra@@ﬁ@) @8 GO)aénalml]wMO 528\ jagegrbic
MO0 L] o ISR SHan il SRR T
S0t sx\ineerikere tstlatlmmohrac‘ﬁba bbtyleei thenattrd RuéfPhClhendy at

bltgrre BeiBee i ot P G REy Sara AL Bit diizodes

B EWYbridingioausRer7b GhduHiPR) Z€sHowPingtglres. Nonﬂ)UIbluﬁlg t he

observed current was estimated fromthe char under
vpliammetse agrvitiRstvesnosarved atterdwhrdizalionde nih Y églgeéri@ﬁ% D,

AR AT T K e st

| ementary target m RNA, resulted therefore from

10 83 ol Asshowa i ecea A and 3 e Figurer, pmhybridizatiggde fiffgens
%ﬁéﬁ:@g glq +‘9W$ '11]:9 of %1‘[ iric %éa:é% w;efé%bserved and the peak
on efficl

ridi za [ cy was oun
cnmresmsq:e diteatly m«ipoﬁi&ﬁ% ofth¢ angettralmpRNNet -b trmhmnpﬂ@ current

I t th

ORIy e G4 SRS R aBbied i BB EED il nc
H’ﬁ)@e &l (B4 Vaslae reikqieeanst thd inefal dunker P TS tosulisaealy
eval uated vol tammetrically andﬁggﬁm 1ma\t rically in PBS

demenstite ghad thedabeladiyiinyy peleetiv B9 Holcomplymentary

\éigdt rdﬂrfﬁe afctvdsasion $v1ﬁ‘1tve¥}h]‘?ttl€ bRed-hpfRiAaber e
trace 1) and after "hybridization (Figure

tr ace 3) For conparison
[ 089] Consequently, the usage of Ru(PD)ZCI as a redox active indicator for direct

detection of miRNA was evaluated. A detection limit of 2.0 nM and a dynamic range
up to 500 nM were obtained. The hybridization efficiency at the high end of the
dynamic range was evaluated electrochemically using the Ru(PD),Cl, label on the
miRNA. The number of Ru(PD),Cl" molecules producing the observed current was
estimated from the charge under the first oxidation current peak. Since four electrons

are transferred per label, the observed current of 0.49 pA after hybridization to 500 nM
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vol t amfmogram of the hybridi zed el ectrode in bl ank PBS

is also presented (Figure 5A trace 2). [0091] Both
web@ehesoes showed a totally irreversi bl e oxi de€T/86G2006/000365

process for hydrazine. Before hybridization the anodic

peak potential (Ep) for hydrazine oxidation is beyond

0.80 V, largely due to oxidation overpotential and the

presence of MD and anionic oligonucl eotide capture

pF eesmpBaichtadyf tatgeemiFNIA Stesutted alhdrofoferfﬁﬁmd ¢.9)neod fof @dtive and

exchange bet n the underlylpﬂ ectrode an

ﬁ%kéﬁ%@)ﬂi&efé%ﬁﬁmﬂﬁ aReBDYHA b33 paikfagig of ~1/3, the
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PR B\ 1Iﬁuﬁdﬁsa&§3168c59plﬁﬁ;/vxﬂ1&h-1§)ccﬁﬁlﬂh1 a\lﬁle {0GRO2Jluckdowmsitittiee literature.
bhal, the enhanced current is indeed formthe genuine
catalytic effect OFRu(PD)2Cl, voltammetric tests were
conducted i n honbgeneous Ru(PD)ZCIZ solution. A cyclic

3@(’)9(5 MO iR BeE A QESEE theWl dobtodeste itk aldT4h e h@siidifion Wared
nmM sol uti on CfRu (PD)2d 2 is shown in gé\gure 5B.
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Pt g AL AR ol B s BUARROGe et
iguePR), 2@:@21) aad pfwdxyhnduaathmr(ﬁxgum yras¢ 8)di Fed chyparison, a

SRRTRE DGR R (PG R BoR b R R e PR Dight S

tlaeen)peaks for the Ru(lll)/Ru(ll) processes ~0.30 V,
because four electrons are involved in the reduction

et PD | i oord nat ed h. rut hen|
Wod i7"t BrrngP SRl A g Al D ki S Goh Prtgy o
g&@flﬁé BLERE BYSYidiSdeH Bl aPodi0 phald ifert Dok hedhg e bfidation
e con&ﬁex interact with the netal center

aﬁo‘w@&d P & Jperpliaduayto aidationegvematensiel anditaq pregence of MD and
S AP R BB 86116 ) B o
axehangheteeknithe lald@tlmigg electfr«zrlﬁrané Ihechtazmm Itstaerbetshat that the

consi st S two- reduct.i on
SRR oAl ) PRSP B B AT B PR

blﬂftﬂtgﬂﬁ@E@ihllIeme@ﬁlv%B/ @ % 112uc=h 45 860 i s-08S0 Var ge as the

peak current for the one el ectron oxidation of Ru(ll)

e D e R e T e

efedt@F Ramgtledolﬁﬁﬁ@ﬂﬁ@te@tfs weReconaiigtd ﬁaﬁ)h@g@qe@a@ﬁ@@mﬂz
adsor pti on/ desor pti on processes. 33 [0093] It is

| |
aejutiore Mt el Melfammeeram resorded witha ‘?IeH< o ﬂwwés i“h%o 10 mM
§Mt1{1§1{ of liJ(P X8 sHAMIR FAMEE Pﬁt%@@aﬁé@ectg?ﬁ% 1i/@l@jammogram

val ues I {'s ‘oxl dation potentla range
are noteworthy The first oxidation peak is much higher and sharper than other peaks,

mainly due to strong adsorption of Ru(PD),Cl,, a phenomenon previously studied by
Anson.*® The cathodic peak at -0.10 V, produced by the reduction of PD ligands in the
complex is much larger than peaks for the Ru(III)/Ru(ll) processes ~0.30 V, because
four electrons are involved in the reduction of the two PD ligands coordinated to each
ruthenium center. The single cathodic peak, instead of two separated peaks, suggests

that the two PD ligands in the complex interact with the metal center approximately

23



1.0 V. In the presence O Ru(PD)2d 2, a voltanmogram of
hydrazi ne, shown in trace 3 Figure 5B, was obtai ned.
wo poo7®643mredi at el y apparent that there is a vePgI/SGI006/000365

catal ytic effect by the nmetal conplex since the

current at potentials in the vicinity of the PD redox
potential increases dramatically, indicating that the
conplex is being turned over by the oxidation of
h@ﬁﬂ@hhmﬁwyﬂbaotmﬁf&msﬁﬁhmngeakheumkﬁmﬁuaméxﬂRErabx

decrease in t odi.c ov pt ent denDnstra ed an
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that .t he el ectrocaj al Ii effect is vegy
BFRHEA ke FHEPISOMMRIRAB BE ALCTonCSasp oSt wd by
the diffusion of hydrazine to the el ectrode surface.
[O0333] @nistwadl doashented thhtiie élib@:‘t’ exiafid tifaki@e suffers from
Investigations, it seems highly likely that better

Xera113res e varpeipniialie Repqried |Vé]é‘e%:f§’ﬁ 1t5 exigatignaRagentialrange form 0.40-
P NRTRL fr¥send 6 Ii&?b?ébfzr 2{olidEn S 8a 0F H§<ﬂ L AhY Shéwi iﬁa};ace 3

appears to be particularly promsing is the éxtremely
Feenrepdi.ovasioktaired. ls iomediatiyln 2ppaeent siatitheredma vedy strong catalytic
RHAS B tﬁ%”rHeecrlf%Etpﬁ ' Csu%jc%‘theecctlﬂrr%ﬂt &) ofén@ Lo 'tﬁé‘{z“c{n){t LPHRPD
oper ay 1’1} m zes nl ?/er ant's
Bemidx Ipetéﬂtiaﬂ Sncﬁéusesﬁ&é:rhgwal]ﬁdn(ﬁbagmglthat yheeiodipllrgt 1§lbemg turned over

ove al n0|s rati o and Iomer ection .
Wﬁieto’“ 8 'ﬁ“& e “??f?ﬂnsﬁlﬁ’r@ curiend ﬁﬂfgéj‘a deqrense gy the
ﬁnd&metwérﬂﬁl AendretrAt&tan éfh&e@t)%!l&@bbﬁﬁlgﬁ%fwazhfé The shift
mgeronetry increased to 195 nA at 0.10 V at
§1

g orgBeieriab is die ie g kingtioeffaskhepce gieatly dngspasersthe satg of electron

L

obveddlllutw f therelestron prmwfetrlpuaiebsy:s i Theifat ihag the chabriténdrgasen when

t he hac ound n Furt h

I PR SR RHAE oolRRfinh SdsR SR BRE s clehr Sl et i vea
efiRicusthd ovanll yrozes3.i2soldy corarotle® By thendiffyddsoat Hydrazine to the
ogi i on current was observed (Figure 6A trace 3),

P tggkyu #& to the residual non-hybridization-related
upt ake OFRu(PD)2C . [0095] The specificity of the

foooay f @n wleb@s;g ofaRe §ove 26 18AmEtHERMAe VRS, it rg@erms highly likely
eval uat ed anal yzing let-7b and let-7c wth

&ate'eqtﬁ%a@évt@abqhéwmlﬁtws EapPLFBIGYPS HEARSEIPF B, h% gﬁagurft pf the
%lgétfq?c%alyi-gﬁqgeg abfeaf¥th Ye PAFCIHG FRNMiSRe Bith SHRRES low potential

at which hydrazine oxidation takes place. Amperometric detection at significantly

lower operating potentials minimizes potential interferants and reduces the background
signal, yielding an improved signal/noise ratio and a lower detection limit. As
demonstrated in Figure 6, upon addition of 5.0 mM hydrazine to PBS, the oxidation
current in amperometry increased to 195 nA at 0.10 V at the electrode hybridized to 25
pM of the complementary target miRNA (Figure 6A trace 1), whereas the electrode
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nucl eoti des between let-7b and let-7c. In other words,
the capture probe for let-7b is one base-m snat ched
wo e7let3e’c. As shown in trace 2 in Figure 6A PCTI8G2006/000365

current increnment dropped by -80%to as |ow as 36 nA
when | et-7c was tested on the electrode, readily

al l owi ng discrimnation between the perfectly nmatched
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t
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mcﬂlﬂé‘enaé@ppal byt +89% enesilow s 8§ nAfwhen RNA cavea ltgssidonvhs

Okt RO e e i B rhs i o e mBfed

hﬁsrﬁ;ﬁ@heﬁ HiRNNs. TRPAHH@EmASIS AN atgﬁéed (3l vathGhe VaR@Imaidresults
target m RNA nol ecul e was fixe 1: 1. The anpunt
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multiple Ru(PD)2C + | abels on a single m RNA strand
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[0097] As depicted in Figure 6B, the dynamic range was 1.0 — 300 pM, with a
detection limit of 0.50 pM (1.0 attomole). Compared to previous chemical ligation-
based miRNA assays, the sensitivity of miRNA analysis was greatly improved by
adopting the multiple labeling and chemical amplification scheme of the present
method. In the earlier reported assays the ratio of label and target miRNA molecule
was fixed at 1:1. The amount of capture probes immobilized on the sensor surface and

hybridization efficiency determined the amount of target miRNA bound to the surface
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concentration, the sensitivity should be roughly
proportional to the nunber of base in the m RNA, but

wao hiog/o643end was not observed in our experinentBCT/SG2006/800365
noteworthy that the sensitivity per base is, however,
m RNA sequence and (G+A) content dependent. However,
no straightforward rel ati on between (G+A) content and
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(SRS SRR A AR R PRGBS gmatied
fd @l Rala a6aktbSin[ bl DaheRSresidd ak¥ein lgﬂ&ﬁigﬁf&dhmﬂlt yth Oveethern
skilled in the art, many nodifications t

blos apalvis orehp s isFPLe Ao pR Vﬁ@rré?%lﬂ& Pébltﬁé‘é‘% fighp of miRNA
L0GedsNGHEAIRIE 575 BRL toweSt amount of total RNA needed for successful

miRNA detections was found to be ~50 ng, corresponding to ~1000 HeLa cells. The
relative errors associated with miRNA assays on individual miRNAs were generally
less than 15% in the concentration range of 2.0 to 300 pM. Therefore, it allows us to
identify miRNAs that differ less than 2-fold in expression between two conditions. In
many cases the expressions of many of the most interesting miRNAs may only differ a

little between different conditions. The proposed procedure allows a greater accuracy in
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i ntended to enconpass all such nodification within its

scope, as defined by the clains. [001 0 1] All
waelomanetsves referred to herein are fully incor ppCES@ZO& Y0365

reference. [001 02] Although various enbodi nents of

the invention are disclosed herein, many adaptations

and nodifications may be nade within the scope of the

i nvention in accordance with the conmon gener al

kinoideieifpetiaf oftditfaentskly lck @dssed miiRNA s and red&eesthe need for

jficatjons include the s bstitution of known
ﬁ‘gi"%%‘r“e tsamplgs- f&rﬁﬁld‘é‘é’ﬁe‘@f— SFREY RRENed %?HSIPW% (hgepresent

fnRutiRfia® iR SRI fRANE fe@fidlite Ao BE{BN RN feYjuitdiein B23RRple

way. All technical "and scientific terns used herein

ﬁmenmqﬁegremﬁ@mmmg as commonly understood by one of

ordinary skill in the art of this invention, unless

defl ned ot herwi se. References 1. Lagos-Quintana, M,
ndtTus hl, T.L(2 Cs)l)

I

expressed RNA.;. SC| en<7*e 294} 853-858. 2. Lee, R C
and Anbros, V ext ensivé’"ET ss of | smal '

i n Caenor habd.t.(ﬁow/l&gg% ci derny/HOBNA )862- geppyfpg RNA)

RrRel nhart, bBJ. Sl ack, asson

Thisanethqoas qui nefi70-68x 107Rougv BOENS X 10]—br Vi tcliggﬂfqrﬁx 107

and RuvKkun, GG rséZUUU) lhe Z [l nucl eotide Te
n)

NoBlemies devEOSRREAEAD ti m nhSFR6EAADY habM-{349.15 x 10

el egans. Nature, 403, 901-906. 4. Catin, G A,

Dumtru, CD., Shimzu, M, Bichi, R, Zupo, S., Noch,

E., Aldler, H, Rattan, S., Keating, M, Rai, K

a@mz)] Fr AS] teatie uﬂlébretfobd) bg osnskildkoivin < eegt) hahy m”a)dfﬁcatlons to the

R BB P e S epRErE KEpP Rl e BeeRtcDgaes s

1neddtd 1(55(?68m ass allisbeh frodBficatfedlwithin f& fope, MBI b the claims.
Gamiel, N, SeV| gnani, C, Ferracin, K/l Dumi tru,

g@@&iﬂ'c Péﬁ@PWW%P%Hﬁ@ §> hesfin E%qfaﬂaé lr\(xﬁgpgﬁqﬁqd&yaﬁwnce

profiling in human and nouse tissues. Proc. Natl Acad.

g@m 102YSA, Aﬁ%gh V48 %ﬁfﬂa@dm@n’ts@i'thd’lnv&itlﬁn arcldidélosédherein,

evi gnani , Ferracin, Fel I i Dum tru, CD.,
gﬁlinphagqptatmns ang Iﬁﬁﬁhﬁ@atIOAS mazbg, @adgwnhgdh@ scopg of the gzy)entlon in

4 eﬁ@a‘ﬁ[}l@wﬁﬁ afd Jo oc t | C o%éd:%‘e REthosd SRaUh @Fis éAx‘(E:‘.a%ch

chronic Proc.
8wmidifications 1nclude the substitution of known eqmvalents for any aspect of the

invention in order to achieve the same result in substantially the same way. All
technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art of this invention, unless defined

otherwise.
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of m croRNAs. Nature Methods, 1, 155-161. WHAT IS

CLAIMED I'S: 1. A nethod of detecting an anal yte
woredoeoed3eo i n a sanple, the nmethod conprising: PEDeGLI06000365

the analyte nolecule in the sanple with Ru(PD)2C 2 to

forman Ru(PD)2C -anal yte nol ecul e conpl ex; .contacting

the sanple with a working el ectrode, the working

el ectrode having a surface with a capture nol ecul e

35 lB|‘31EH@l§|@d Nisigr llﬁpﬁymép AC, aﬁﬁiaufre)vl Re BRs(1HPA2 Geﬁﬂv\abh; fleEinav, U.,
nmol . ecul e _conpl ex fromt Sa cont aC a.re
O GBSt HOMPRAT A1FS 0 At LSRR B 58 ah SOk ool
C QRN RXn, WA dEEnth%dZt dnﬁr]ﬁna{}h at (Z@bA)ON{lérQRN@@x ki dQEcted

reduction of the redox substrate; and detecting
c by o&gonuicleotideamicrtreraym skitery esihleishmenteind 2xprosioncpsefiling in

aim1l furthe 41 nsing the el ectrode
o el g GEDE R Rt Eaa ot r ot e i th ¢ he
363@QIaWiq‘I’TRlE(aB@)3?gCIJ Eamabott 8., mh&wlcels@lpmvllepafw Th®va, T.,
nmet hod of claim1 or claim 2 wherein the sanp

c O¥epis Bde gndLmnaicksys Vi (208hfRuantifcatiog o @I%RM@ gsinga
tiss C n repar ed bi ochem ca
n%ﬂﬁ$d'ﬁb%% ﬁﬁﬁ flﬁalgg%éﬁﬁplysate or a fraction of
3A %oh P.Ys @“a&iw114 D M]Scemtdj @aMgfObettmitmer3).Gh &okias) JtWieand

bi ol o |caI rlses caI fluid and t

o pta i SRR e BisthrCRbnd epesipieatlon proifing
mé?hﬁér@Rﬁ%st%M&hé’Js 1rssenned protein sanple. 5.
The nethod of claim4 mhereln the sanple conprises a
prepped RNA sanple. 6. The nethod of any one of clains
1 to 5 wherein the anal yte nol ecul e conprises a
protein, a peptide, DNA, nmRNA, mcroRNA or a snal

nol ecule. 7. The nmethod of claim®6 wherein the anal yte
nol ecule is a mcroRNA 8. The nethod of any one of
claims 1 to 7 wherein the capture nol ecul e conprises a
protein, a peptide, DNA, RNA an oligonucleotide, a
ligand, a receptor, an antibody or a small nolecule.

9. The nethod of claim8 wherein the capture nol ecul e
conpri ses an ol igonucl eoti de having a sequence
conplenmentary to the sequence of a mcroRNA. 10. The
nmet hod of any one of clains 1 to 9 wherein the redox
substrate i s hydrazi ne
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or ascorbic acid. 11. The nethod of any one of clains

1 to 10 wherein the working el ectrode conprises carbon
w@amreesdemr bon fiber, graphite, glassy carbon, Pgok@2006/000365

silver, copper, platinum palladium a netal oxide or

a conductive polynmer. 12. The nethod of claim 11

wherein the nmetal oxide is indiumtin oxide and the

conductive polymer is poly(3,4-ethyl enedi oxythi ophene)

(PEDOT) or polyaniline. 13. The nethod of any one of

‘welAat IsCclAtMEDASWherein the anal yte nolecule is
| abel led directly with the Ru(PD)2C 2 conpl ex. 14. The

nmet hod of any one of clains 1 to 12 wherein ..
1| abeh Mefgd g Heietiing antl¥ieqnal e sapRis. theanefhed comprising:

nol ecule indirectly with the Ru(PD) 20 2 conpl ex. 15.

The nmet hod of claim 14 wherein the | abelling nol ecule

conpetiedling the pradyte meleculepeheisarapleavith Ra(RB)Gintogpmi #ivdy
a nugl g i i ndi in or protein domain or an
oIig%ﬁggﬁg%%P%gggggﬁﬂ%é&&ﬁk I NG <110> Gao, Zhigi ang

<120> ELECTRCCHEM CAL METHOD OF DETECTI NG AN ANALYTE
<130> 93231-230 <150> US 60/ 740, 75 <151> 2005-11-30
<1 pFaniBctng he samaple with 3 WAL %8%0%9% ﬁlﬁ’@; g & E‘I%dle ving a
<21 233 tR0¥AW 1124 Sap it iRIechiRldispBsda thérbih, T6Heipturd thedRgBDRAUA

gguugugugg uu 22 <210> 2 <211> 22
analyte molecule complex from the sample;

contacting a redox substrate with the captured Ru(PD),Cl-analyte molecule
complex under conditions that allow for oxidation or reduction of the redox

substrate; and

detecting current flow at the working electrode.

2. The method of claim 1 further comprising rinsing the electrode prior to contacting

the redox substrate with the captured Ru(PD),Cl-analyte molecule complex.

3. The method of claim 1 or claim 2 wherein the sample comprises a biological
sample, a tissue culture, a tissue culture supernatant, a prepared biochemical sample, a

field sample, a cell lysate or a fraction of a cell lysate.

4. The method of claim 3 wherein the biological sample comprises a biological fluid

and the prepared biochemical sample comprises a prepped nucleic acid sample or a

prepped protein sample.
5. The method of claim 4 wherein the sample comprises a prepped RNA sample.
6. The method of any one of claims 1 to 5 wherein the analyte molecule comprises a

protein, a peptide, DNA, mRNA, microRNA or a small molecule.

7. The method of claim 6 wherein the analyte molecule is a microRNA.
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<212> DNA <213> artificial <220> <223> synthetic DNA
conpl enentary to sequence of let-7b mi RNA <400> 2
w@amecacase®ma cctactacct ca 22 PCT/SG2006/000365

8. The method of any one of claims 1 to 7 wherein the capture molecule comprises a
protein, a peptide, DNA, RNA, an oligonucleotide, a ligand, a receptor, an antibody or a

small molecule.

9. The method of claim 8 wherein the capture molecule comprises an

oligonucleotide having a sequence complementary to the sequence of a microRNA.

10.  The method of any one of claims 1 to 9 wherein the redox substrate is hydrazine

or ascorbic acid.

11.  The method of any one of claims 1 to 10 wherein the working electrode comprises
carbon paste, carbon fiber, graphite, glassy carbon, gold, silver, copper, platinum,

palladium, a metal oxide or a conductive polymer.

12. The method of claim 11 wherein the metal oxide is indium tin oxide and the

conductive polymer is poly(3,4-ethylenedioxythiophene) (PEDOT) or polyaniline.

13.  The method of any one of claims 1 to 12 wherein the analyte molecule is labelled

directly with the Ru(PD),Cl, complex.

14.  The method of any one of claims 1 to 12 wherein a labelling molecule is used to

label the analyte molecule indirectly with the Ru(PD),Cl, complex.

15.  The method of claim 14 wherein the labelling molecule comprises a protein, a
peptide, a ligand, an antibody, a nucleic acid binding protein or protein domain or an

oligonucleotide.
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