DETERM NATI ON OF NUCLEI C ACI D USI NG ELECTROCATALYTI C | NTERCALATORS FI ELD OF
THE | NVENTI ON [ 0001] rtiis, application relates generally to biosensors for
det ect i onwofosmk®sC aci ds using el ectrocatal ytic i nter paraicans0oASKGROUND
OF THE | NVENTI ON [ 0002] Nucl ei ¢ aci d- based bi osensors have potenti al
applications that range from genotyping to nol ecul ar di agnosti cs.

Fl uorescence-based techni ques afford high-density nucleic acid arrays for
anal yzi ng specific nucleic acid sequences and gene expression. Although

wi dely enployed, these arrays require |abeling of the target nucleic acid
sanpl es. El ect . transductl on _net hods have therefore been proposed
for ultrasensi¥ftaiBBias : & A1 USING BELECGTROCARALXTIChe use
of el ectrochemni cal techniques i ns;@g&\%ence can all ow for sinpler
and smal |l er detectors. The abilit , tect nucleic acid -
selectively and sensitively has been" a major goal of electrochem cal
researchﬁﬁ%& LINVENTI ON [ 0003] Accordingly, the inventors have.
succeede tﬁﬁ@“m Noaches in biosensors for detecting nucleic
acids in a sa Thi he s esi. s and .angl ytical
appl i cation otm%vel nﬁG‘S cé‘)‘g@é]fné act%{)%%‘égpg?%hgs rs 26 ?tﬁ’q?Pt"fH Fisiacidy e
nucl ei c alsmgelmtrem:talghclr[tﬁéa]atbrsl h various enmbodinents, the pr esent

i nvention provides a core conpound of formula I:

*BACKGROUND OF THE INVENTION

[0002] ' Nuclelc amdvbased biosensors have potentlal apphcatlons that range from
genotyping to molecular d1agnosucs Fluorescence-based techmques afford high-density nuclelc.
acid arrays for ana.lyzmg specific nuclelc acid sequences and gene expression. Although widely
employed, these a:rays Tequire labelmg of the target nuclelc acid samples Electrochemmal
transductlon methods have therefore been proposed 1 for ultrasensmve detection of nuclelc acid
'hybndlzatmn events The use.of electrochemwal techmques instead of fluorescence can allow
for simpler and smaller detectors. The ability to directly detect nucleic acid selechvely and

sensmvely has been a ma_]or goal of electrochem1cal research.

SUMMARY OF THE INVENTION
~[0003] ‘ Acoordingly, ‘the inventors have succeeded in devising new approaches in
blosensors for detectmg nucleic ac1ds ina sample This approach is'based on the synthesis and

analytical apphcatlon of novel nucleic ac1d intercalators for use in ultrasensmve nuclelc acid
detection.

~ [0004] In various embodiments, the present invention provides a core compound of
formula I:

Li—-D—1L3



Li-D-La (Dwherein Dis a divalent cyclic group. Li and L2 are each

I ndependently a |inking group conprising an organi c am ne having from about
3 to abouwwo200emasrobydr ogen atons, an aliphatic am no gr egpiScand 080242

ni trogenous noi ety. [0005] In further enbodi nents, the present invention

al so provides electrocatalytic intercalators conprising the core conpound
of fornmula | bonded to a transition netal conpound of formula I1: CO
wherein Mis a netallic elenment mat can forma coordi nate bond to nitrogen.
R and R are nitrogen-containing organic noieties coordinated to Mat their

ni t r ogerVagreiRd) isa diwalgntearliqgreunt randb, ancieachiindeperdently,a lnking-groupr +6. X

embodi meoraprisie S0 LR 1ind Hoal ous 3 ot 28 565 4metm Acfscan aipbais
enbodi mentifio gtdup, AidsRikbgéndue Ridigy, al so provides nethods for preparing the

above-described el ectrocatalytic intercalators. The nethod conprises
contacting t H80®Jr e @bﬂ%@h@nb?dlmgntﬁﬁhapreseutmennm dlsaprovides elestedaatalytic

compoun . s to form tal .ta nitrogen coordi nate bond
bet ween q‘? e a%ag&rrg‘dé% H%lﬁg Elh%acr‘?%lE ?‘}?&P‘{“Pﬁ ﬁ?fqrmlp ﬁ?ﬂ“QF‘{ o isAsHiPD metalrpmppied
present offoremila @ further provides nmethods for el ectrocatal ytic detection
of nucleic acids utilizing the above-described el ectrocatal ytic
intercalator. In various enbodi nents, the electrocatalytic intercalator is
contacted with a conplex conprisigg-the tarpmt nucleic acid so as to
intercal ate the el ectrocatal ytic ~nt'(§l7at br into the conpl ex.[0008] Ih

t ifive

still further enbodinents, the prpsel ntion is also directed to kits
- Z—M—2 | X
Ay
(m

wherein M is a metallic element that can form a coordinate bond to nitrogen. | RandR'are
nitrogen-containing organic moieties coordinated to M at their niﬁ'ogen atoms. Zis a halogen
atom and mis +1, +2, +3, +4, +5, or +6. Xisan anion, or combination of anions, that balances
m. In a preferred embodiment, the metallic elemerit is ruthenium.

[0006]  In various further embodiments, the present invention also provides methods
for preparing the above-described electrocatalytic intercalators. The method comprises
contacting the core compound of formula I with the transition metal compound of formula IT so

as to form a metal to nitrogen coordinate bond between the core compound and the transition
metal compound.

[0007)  The present invention further provides methods for electrocatalytic detection
of nucleic acids utilizing the above-described electrocatalytic intercalator. In various
embodiments, the electrocatalytic intercalator is contacted with a complex comprising the target

nucleic acid so as to intercalate the electrocatalytic intercalator into the complex.



conprising electrocatalytic intercalators, as well as, to biosensors that
utilize such electrocatalytic intercalators for electrocatal ytic detection
of nucl eiwoaciah2sBRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009 T1/R0200k000242d
artisan will understand that the drawi ngs, described below, are for

il lustration purposes only. The drawings are not intended to limt the
scope of the present teachings in any way. [0010] FIG1 is an illustration
of Proton Nucl ear Magnetic Resonance (1H NWVR) Spectroscopy (300 MHz) of
PIND i n CDC 3. {)égll] Fl ( is an illustration of mass spectronetric tests
on PIND usi ng [Pt r ofi% & rmbodiraentsythrpresepd inypntionds 3lsodlirgeted to kits

I 11 ustraty | .ﬁ’ﬁm . ] Ru(bpy) 2d 2
(trace Z%bgi?’{@;ng?) &lsoﬁa%j?ﬁ‘tf e u%‘ﬁ?ﬁﬁ%’?ﬁ%ﬁ%ﬁ%ﬁ@é&%& , and

puri fi ed elRicliDeatBlyti¢ intercalatdys fonklecteocatabyierdetettior bfmicleit ¥éid. f or (trace 3) is
PBS and potential scan rate is 100 nv/s. [0013] FIG4 is an illustration of

cyclic v A L fi PILND-Ru i n PBS where potential scan
rate fro.:#'%ﬁ Wﬂsﬁ%ﬁﬂm& anmograns were 100 (trace 1),
200 (trace 2),jo664 (t le?édarﬁﬁ%\y"iﬁlr ( C /S, 4]
FIGS is an i I[I ggtjratlirgﬁ of (A -v.@agfﬁéi‘??y@qg%%g@ﬁfﬁi@ﬁgs@wa%%
f unct i on ilstration parposas anbyn Tha traxtingsarefotsiatended tolintictHaNeopdé of thegesendi 1) of
0 (traceé%i{cl.ZSétrace 2), 50 (trace 3), and 100 (trace 4) nM (B)

Fl uor esc T ®#%r di spl acenent titration curve of PIND-Ru agai nst a
hai rpi n ol i gonucl eoti de containing the sequence 5' - AATTT- CCCCCAAATT.

[0010]  FIG 1is an illustration of Proton Nuclear Magnetic Resonance (H NMR)
Spectroscopy (300 MHz) of PIND in CDCl,. '

[0011]  FIG2is an illustration of mass spectrometric tests on PIND using electron-
spray ionization mode.

[0012)  FIG 3 is an illustration of c'jlclic voltammograms of Ru(bpy),Cl, (trace 1),
Ru(bpy)2Cl; (trace 2) after 30 min of refluxing with PIND in ethylene glycol, and purified
PIND-Ru (trace 3), where supporting electrolyte for (ttace 3) is PBS and potential scan rate is
100 mV/s.

[0013]  FIG 4 is an illustration of cyclic voltammograms of the purified PIND-Ru in
PBS where potential scan rate from the innermost to the outmost voltammograms were 100
(trace 1),~ 200 (trace 2), 300 (trace 3), 400 (trace 4) and 500 (trace 5) mV/s.

[0014]  FIG 5 is an illustration of (A) UV-vis spectra of 25 uM PIND-Ru as a

~ function of increasing concentration of salmon sperm DNA (in base pair) of 0 (trace 1), 25 (trace

2), 50 (trace 3), and 100 (trace 4) pM; (B) Fluorescent intercalafor displacement titration curve
of PIND-Ru against a hairpin oligonucleotide containing the sequence 5°-AATTT-CCCCC-
AAATT.

[0015]  FIG 6 is an illustration of (A) cyclic voltammograms of 200 nM of poly(T)so
hybridized to a non-complementary CP coated electrode (trace 1), and 200 nM of poly(AT)y
(trace 2), poly(AG)y (trace 3), and poly(G)4 (trace 4) hybridized to their complementary CP



[0015] FIG6 is an illustration of (A) cyclic voltamograns of 200 nM of
Poly(T)40 hybridized to a non-conpl enentary CP coated el ectrode (trace 1),
and 200 nWbabodrakpeAT) 20 (trace 2), pol y(AG 20 (trace 3pctacdopobyis) 40
(trace 4) hybridized to their conplenentary CPcoat€d el ectrode,
respectively, (B) First (trace 1) and fifth (trace 2) potential cycling in
PBS of a p53 nucleic acid hybridized bi osensor, where potential scan rate
is 100 nV/s. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0016] In accordance
with the present invention, Applicants have di scovered novel

el ect r ocatatl glectrods lmpeczﬁv&bo (B) Finsti(tracedd ahd fidthv(race 2)ipeteatisleyplig ia PBS of a
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conprise various noieties that contribute to the electrocatal ytic
properties of the intercalator. Applicants have di scovered that selective
i ncorporDETAﬁLEDBESCRIBHGN:QFéIHElINWEN’EIQNI ators of the present

i nvention int ubl ded eic acid fi.cient electrocatal ysis
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intercal ation of the present electrocatalytic in erca ators I nto
doubl estintgreglagprs of theipzesgny mverénoeenmdnublwm@mmwm and efficiedtect r ode
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W t hout oftargé¢tinngleictdcidst y, function, or conposition of t he present
i nventi on,

[0017]  For example, threading intercalators are an important group of compounds
that interact reversibly with double-stranded nucleic acids. Threading iﬁtercalators share
common structural features such as, for example, the presence of planar polyaromatic systems,
which bind in insertion between base-pairs of double-stranded DNA. Without being bound bya
particular theory, following intercalation of the bresent electrocatalytic intercalators into double-
stranded nucleic acid, electron flow is detected at an electrode wherein the electrocatalytic
intercalator oxidizes nucleotides and electrons are transferred from nucleotides to a
biosensor/electrode. Without limiting utility, function, or composition of the present invention,
the electrocatalytic intercalator oxidizes nucleotides following electrochemical potentiation. In a
catalytic cycle, the intercalator is oxidized by an electrode, which is capable of removing an
electron from a nucleotide to form a radical cation that deprotonates and undergoes further
reaction. The reaction is thus catalytic and leads to the consumption of nucleic acid through a
series of reactions that remove electrons directly from nucleic acids and transfer them to an

electrode, resulting in a detectable current.

[0018]  In one embodiment, the present invention provides core compounds that have
structures that correspond to formula (I):



the el ectrocatal ytic intercal ator oxidizes nucl eotides follow ng

el ectrochem cal potentiation. In a catalytic cycle, the intercalator is
oxi di zed Wwp 2a06/25®6t r ode, which is capabl e of renoving aoTslceedsiosstr om a
nucl eotide to forma radical cation that deprotonates and undergoes further
reaction. The reaction is thus catalytic and | eads to the consunption of
nucl eic acid through a series of reactions that renove electrons directly
fromnucleic acids and transfer themto an electrode, resulting in a
detectabl e current [0018] In one enbodinment, the present invention provides
core conpounds that have structures thit—Rorkespond to fornula (1):Li-DLa
(0 [0019] Ih the formula (1), D represent@%a di val ent cyclic group which
may have one oi nore substituents. The diVval ent cyclic group preferably
conprises a pl {#019] Cymmeﬁmmmmﬂdﬁéﬁﬁpéﬁﬁcgfoug!m&ﬂ% e dn% o
groups incl ude a.ngghth | epe, diimde group having t'wo bonding sites at Its

E; wo ni t r o sphstituents,, R divielek %@hgmf Pﬁ%fVTabb'zmmprgsemiphgam_ :yt:hs%mhpZNoﬂ-nd

- post i ONgpffinds aﬁ:{@es% .era ! -posi tions), an
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ant hr acenbomgtingisitesat ts two siregett siofs,ivintlfadete gRARHa0BeHvb B3ndhg gl”tes%,@g- and
and 6-

6- positiogs, 2 bi phenyl.ene group having two bonding sites at Z°

posi t i ons O PRSHARHM -7 en BogHers(Dreferaty 2t erd Gpasitions) sint anthraquitoneagpotip having

7- posi ti OR%o beHMWhoAsi Uknfav twe.bonding sites at 2- and.

7-positions. A prggﬁ‘l%\rélrhg éc'?)'scl?l c g?toalﬁ%g@s? r%ﬁ?ﬂ?ﬁ%“@n%ﬁﬂ?rf'ﬂ‘? §oUB NaYIBS HEYi ng

two bondi bopsling siteaat 2 mdcﬁgmsim;mbiph&nyidnbrg'féwvﬁfgqmltﬁﬁda% s&%%&i. ¥ gnt

cyclic group.s suhstituents are _hal ogen atqnsg_gqes.g., Chl orine ) or

Br omi ne (%?#t)“fnsoﬁpiqﬂ@ O%PB%‘PI#QWE @ bending sitasisb 2- andorpositinns, arsl apstréng |

ethyl, Or gldup h@¥i& two bonding sites at 2- and 7-positions. A preferred cyclic group is a naphthalene
diimide group having two bondings at the nitrogen atoms. Non-limiting examples of the divalent
cyclic group’s substituents are halogen atoms (e-g., Chlorine (Cl) or Bromine (Br)), or alkyl

groups having 1 to 6 carbon atoms such as methyl, ethyl, or n-propyl.

= [0020] In a preferred embodiment, D is a nucleic acid intercalator. Intercalators are
molecules that can slide between the base pairs of duplex nucleic acid, such as, for exampie,
DNA/DNA or DNA/RNA hybrids. Preferably, the intercalator comprises a naphthalene diimide
group. In a preferred embodiment, the intercalator comprises 1,4,5,8-naphthalene
tetracarboxylic dianhydride.

[0021]  In formula (I) described abové, L; and L, are each independently a linking
group comiprising an organic amine having from about 3 to about 20 non-hydrogen atoms, an
aliphatic amino group, and further comprising a nitrogenous moiety that can provides a metal-to-
nitrogen coordinate bond. In a preferred embodiment, the nitrogenous moiety is a heterocyclic
ring containing at least one nitrogen atom, Non-limiting examples of suitable nitrogenous
moieties include imidazole, benzimidazole, pyrroles, pyrazole, triazoles, benzotriazoles,
pyridine, pyridazine, pyrazine, pyrimidine and triazines. One of the nitrogens of the heterocyclic
ring can form a coordinate bond to a metal. A preferred nitrogenous moiety is imidazole. When

the nitrogenous moiety is a heterocyclic ring, the aliphatic amino group is preferably held on an



r : [0020] In a preferred enbodinent, Dis a nucleic acid intercal ator.
Intercal ators are nol ecul es that can slide between the base pairs of duplex
nucl ei ¢ awbddpossizs®sas, for exanpl e, DNA/ DNA or DNA/ RNA Ipylprsicdeons/obat er abl y,
the intercalator conprises a naphthal ene diimde group. Ih a preferred
enbodi nent, the intercalator conprises 1, 4,5, 8 napht hal ene tetracarboxylic
di anhydride. [0021] In fornula (I) described above, Li and L2 are each

i ndependently a Unki ng group conprising an organi c am ne having from about
3 to about 20 non-hydrogen atons, an aliphatic am no group, and further
conpr i shlkgl gronp attagdhed caithe Hidige tThe alkal goap niybe sthatzhfichinii ot brasdheld afd €shtains
coordi nat e hon a preferred enbodi nent, the - nitrogenous noiety is a

o
het er ocgenerally gwg aDav lalorbagt 20 carbons, preferably frompabautad torabonk 2 andmeren g
| . : S{PIEHEN e T g0l &
g;?mc))l gél,’e?%?/l?l %ﬁ%@?ggﬁgﬁ%@ME%kg%ﬁpyﬂ |gé%8%$sr3f'dgglzhg‘ eone

pyr azi neminopropylidiidezotend tri azi nes. One of the nitrogens of the
het erocyclic ring can forma coordinate bond to a netal. A preferred

ni t r ogenous ety is imdazo] e, Wien the nitrqgenous noiety is a
het er ocycl i c%jqzﬁi;, tlﬁ@naﬁhﬁrpm odimgnt pempeusdp hawng staicirasthat ¢asrespand tathel ky |

= . ‘ . . .
Br anohot Neqeceritd (fuila () arcit 4t abelechlob Ry M e Al BoF 19 rfelftd” ©
pr ef er abnbodiment, dlwoelectdcatalytib dntercaltoricomprises compbandiomuly (@yboatedifo 8 t 0

about 6, carbon atons. A preferred Unking group is 3- am nopropylim dazol e.
[0022] FADSIRQR ME @9%’!"&(9%{9 tnds havi ng structures that correspond

to the above-described fornula (T) are part of an electrocatalytic

intercalator. In a preferred enbqdinent, .t.al:.ei?el ectrocatal ytic intercal ator
conprises conpound forrmula (T) b ,_dedﬁo’_a transition netal conpound of
formula (TT): g <7 :
z—-M-Z | X
: (R'>'
L— e
an

where M is a metallic element that forms a coordinate bond to nitrogen. R and R’ are nitrogen-
containing organic moieties coordinated to M at their nitrogen atoms. Z is a halogen atom and m

is +1, +2, +3, +4, +5, or +6. X is an anion, or combination of anions, that balances m.

‘ [0023] In formula 11, suitable metallic elements for use as M include, for example,
ruthenium (Ru), osmium (Os), zinc (Zn), iron (Fe), thodium (Rh), rhenium (Re), platinum (PY),
scandium (Sc), titanium (Ti), vanadium (V), cadmium (Cd), magnesium (Mg),.copper (Cu),
cobalt (Co), palladium (Pd), chromium (Cr), manganese (Mn), nickel (Ni), Molybdenum (Mo),
tungsten (W), iridium (Ir) and mixtures thereof. In a preferred embodiment, the metallic element

M is the transition metal ruthenium (Ru).

[0024] R and R’ of formula II can be the same or different and are coordinated to the
metallic element at their nitrogen atoms. R, R’, or both can be, for example, 2,2-bipyridyl; 2,2'-
bipyridyl substituted with one or more substituents selected from the group consisting of C1-C4



(H where Mis a netallic elenent that forns a coordinate bond to nitrogen.
R and Rlare nitrogencontaining organic noieties coordinated to Mat their

ni t rogen wbeo®/028796s a hal ogen atom andmis +1, +2, +3, ped#SG205/0062426. X i s
an anion, or conbination of anions, that balances m [0023] In formula H,
suitable nmetallic elements for use as Minclude, for exanple, ruthenium
(Ru), osmum (Gs), zinc (Zn), iron (Fe), rhodium (Rh), rhenium (Re),

plati num (Pt), scandium (Sc), titanium (Ti), vanadium (V), cadm um (Cd),
magnesi um (M), . copper (Cu), cobalt (Co), palladium (Pd), chromum (Cr),

manganes alkyphenyi aﬂdqiheﬁﬂisﬁbsd’bﬁrbd dthroneof Moje C1404gdityd grdups; 1,103phemanthtolinybnd

m Xt ures thereof preferred enbodi nent, the rretallic element Mis the

transiti &8 Asépmhemthrehmmlr PRE ORIQFRSURSttgents eﬁlm%ﬁqsnélmre@the

?\?tmraogen a%%%ﬁq{@gé“ml’ g%ﬂcantpggnﬁ?“ﬁr exmbhgm%isgﬁmw 2,2 -

bi pyri dy|Prefelubly, atileast ont bfiRand Riris 22-bipgridylt i t uents sel ected from the group
consi sting of Cl-C4al kyl, phenyl and phenyl substituted with one or nore
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pref er abllgga@nmpﬁym b mapesubgtituted, disubistituteds obhigherisubstituted! Ioivariausir ol i ny!|
embodiments, disubstituted liganding groups, including for example, 4,4'-disubstituted-2,2'-

bipyridyl, 5,5"disubstituted-2,2"bipyridyl, 1,10-phenanthrolinyl, 4,7-disubstituted-1,10-
phenanthrolinyl and 5,6-disubstituted-1,10-phenanthrolinyl, can be used.

[0026] When only one of RandR'is ebipyﬁdyl or phenanthrolinyl or one of the
optjonally substituted groups discussed above, the other is preferably sélected‘ from aliphatic
ligands containing two nitrogen atoms capable of forming coordinate bonds with the metal M.
Non-limiting examples include 1,3-propanediamine, 1,4-butanediamine and derivatives of either,
where the derivatives are based on 1,3-propanediamine or 1,4-butanediamine skeletons
optionally substituted with alkyl, aryl, or other groups that do not interfere with coordinate -
bonding of the nitrogens to the metal M or with the electrochemical activity of the complex.

[0027] In formulaIl, Z is a halogen atom. In a preferred embodiment Z is chlorine or
bromine, and more preferably chlorine. The superscript m is +1, +2, +3, +4, +5, or +6,
depending on the oxidation state of M. In a preferred embodiment, for example, when M is
ruthenium 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.



| i gandi ng groups can be nonosubstituted, disubstituted, or higher
substituted. In various enbodi nents, disubstituted |iganding groups,

i ncl udi ngwbanosareapl e, 4, 4' -di substituted-2,2' - bipyridpcr/s62005/000242

S. S -disubstituted-~'-bipyridyl, 1,10-phenanthrolinyl,

4, 7-di substituted-1,10- phenanthrolinyl and

5, 6-di substituted-I|, 10- phenant hrounyl, can be used. [0026] Wen only one of
R and R is a bipyridyl or phenanthrolinyl or one of the optionally
substituted groups discussed above, the other is preferably selected from
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hal ogenMurepreférably the eléetracetilytictinteicatatutr of thepresehbinveartionrcohipoiststhe fornmlaror e
preferably chlorine. The superscript mis +1, +2, +3, +4, +5, or +6,
dependi ng on the oxidation state of M Qi a pc%lgferred enbodi nent, for
exanple, when Mis rutheniumin the + 3RPRT on state, Z is chlorine andm

is +3. X is an anion, or conbinatiop«®f anions, that bal ances the fornal
charge mof the cation. For exanpl §3( can be, without Iimt tio chloride,

brom de, iodide, fluoride, tetraflu§roborate, perchlorate, nitrate,
sul fate, carbonate, or sulfite.[002 In a preferred enbodi nent, the

el ectrocatal ytic intercal ator of f resent invention conprises the
conmpound of forrmula (I) bonded to gonpound of forrmula (D) where Dis
1, 4,5, 8-napht hal ene tetracarboxyli anhydri de, Li and L2 are each 3-
am nopropyl i m dazole, Mis rutheng R and R are each 2,2'-bipyridyl, and
Z is chlorine.
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[0029]  The present invention also provides for methods of preparing the above-
described electrocatalytic intercalators. In a preferred method of the present invention, the
electrocatalytic intercalator is prepared by ligand exchange between the core compound of
general formula (I) and a transition metal compound of general formula (II). The transition
metal compounds described herein comprise filler ligands Z that help form a stable complex with
the metal and are displaceable by the linking group, L; or L,, under the conditions of the ligand
exchange. Preferred linking groups comprise a nitrogenous moiefy that provides a metal-to-
nitrogen coordinate bond to the metal. In a preferred embodiment, the metal is ruthenium, Z is
chlorine, and the linking group is 3-aminopropylimidazole.

[0030]  The electrocatalytic intercalators of the present invention may be used for
detecting target nucleic acid in a sample. In a non-limiting example, a complex comprising the
nucleic acid and the electrocatalytic intercalator is formed at the surface of a solid support, such
as an electrode and electron transfer is detected. In accordance with the present invention, the

electrocatalytic intercalator inserts between base-pairs of double-stranded nucleic acid



More preferably the electrocatalytic intercalator of the present invention
conprises the fornula: [0029] The present invention also provides for

met hods oWopoepesioeg t he abovedescri bed el ectrocat al yti ecricaesabeuors. | h
a preferred nethod of the present invention, the electrocatalytic
Intercalator is prepared by |Iigand exchange between the core conmpound of
general fornmula (T) and a transition nmetal conpound of general formula
(I'1). The transition nmetal conpounds described herein conprise filler

| igands Z that help forma stable conmplex with the netal and are

di spl aceabinprisipg thetatgek hnejeig acidhybtidized tola complementaryprobemioledude sWithotthe

L pr o YFHGRE G Bt ity e OR F GLGY Bf R R, S1Ranbtds ke afVgRtags of

pr ef er r edRiFoekbiniBAlloxidalién aql@led'[ﬁaeg. UPKEde Bk atflyliS it Ahtofoan 3RMliZehe Unki ng

group is 3-am opropylimdazole. [0030] The elecfrocatalytic intercal ators
of the pmucleotidésyprefarabiy gnanindscupondutefealation io douhje-strargled nucleic acid aadiupon n a
sanple. Ih a non-limtin xapmpl.e. a l.ex. c rising the nucleic acid
and the EPREPRE Aeprrees pEkDLtert, WHESH BB RO bya DetiPria oo, @ o |
Support, catdBRica§cRNhS iREihRNR iPOHABEERY PQleMtFcIRSHRIch isS aé%l%f’?eﬁlorvg% agt or

accordance Wi th"t he present invention,”the el ectrocatal ytic Inte
i nserts lolectner frobna nugledtids to fordvamadisabeatian thatl deprotorates arsl whdergoes further t he

et T A H R PR A e o
met hods toRkacasisahhnemodé elebtesis'deblyirem nueteictRids ahd SandTeys Rt idjeﬁxselec-ﬁla_&e,‘

el ectrocatal ytic intercalators can oxidi ze nucl eotides, preferably
guani nes Tesufng ingrdetectabla qusient-nt o doubl e- st randed nucl ei ¢ aci d and upon
appropriate el ectrochem cal potentiation. Wthout being bound by a

particular th 1 in aén?&o}ﬁxh' | Lt 1S QX4 ] by an

el ectrode, ‘vvhiqc 31|]s c{a{%’g%l e 0 r@&%ﬂﬁ% l%%lgbg?ﬂer%%tﬁéka? %%Bg&lﬁlﬁ%?{gf)%nﬁ Sﬁeje to

form a r glictratatalytic intercdlatorsie forotedratthesudamt afian elegtvede Byuvittne of hybridization of
the target nucleic acid to a probe that either is immobilized on the electrode surface or is able to

bind to the electrode surface. Suitable probes can comprise nucleic acids comprising a single-
stranded region complementary to a specific sequence of the target nucleic acid. The target
nucleic acid to be detected can comprise nucleic acid, which may be single stranded or double
stranded, as specified, or contain portions of both double stranded or single stranded sequence.
Where the target nucleic acid comprises only double stranded nucleic acid, it is understood that
denaturation is required prior to hybridization of the target nucleic acid to the complementary
probe.

[0032]  The target nucleic acid can be DNA (either genbmic or cDNA),RNA, ora
hybrid, where the nucleic acid contains any combination of deoxyribo- and ribo-nucleotides and
any combination of bases, including for example, uracil, adenine, thymine, cytosine, guanine,
inosine, xathanine, hypoxathanine, and the like. The binding of target nucleic acid to probe can
be, for example, by hybridization.

[0033]  Generally, the probe can comprise, for example, oligonucleotides, including
DNA, mRNA, rRNA, tRNA, peptide nucleic acids (PNAs), or expressed sequence tags (ESTs).
The probe can be obtained from DNA or its fragment, which may be obtained by extraction from



reaction. The reaction is catalytic and |eads to the consunption of nucleic
acid through a series of reactions that renove electrons directly from
nucl ei ¢ awbddsocangrosr ansfers themto an el ectrode, resul Pcmgconsaceat ect abl e
current [0031] Ih one enbodi nent, a conplex conprising the target nucleic
acid and the electrocatalytic intercalators is forned at the surface of an
el ectrode by virtue of hybridization of the target nucleic acid to a probe
that either is imobilized on the electrode surface or is able to bind to
the el ectrode surface. Suitable probes can conprise nucleic acids

conpri si afivingodg) dedvagetsietstiieton enzyaiEpbeparifion by elc@trapliR&sd, hhd d&%&ﬁﬁkﬁb}pf
the target nucleic acid, The target nucleic acid to be detected can

conpr i seh§alriTeatment ey &k traqatmens. Bhe probgican alse bedhamicallymyniicsized.r Alsddh as

ifi il o s I d i ngl t ded
cequencelRREeE S nARePE it sh Blerh BaftUl i ARG, B el Gty
nucl ei ¢ that, dikeighariise, hasle preaepbindingtatfenafor cXobiae tHad do@hrbaskshA b RlclER acid
hybri di zation ,of the target nucleic acid_to the conplenentary probe. [0032]
The tar g&rﬂw{}d}l Sreprabs wirasd hubwouddimot bg exidized by theiclectrocamiiy intexsidatoo under

" bor niclE PP RUToR bndtibih. THARMSRrRlth SRR Bloet Ry Sosioecil g

uraci |, gdminere, thym ne, cytosine, guanine, inosine, xathanine,
hypoxat hani ne, and the |ike. The binding of target nucleic acid to probe
ridization., [0033] Cenerally, the probe can

can be, for e@gging, ébu}/ qgg

conprise, for | Suitahle bases forgoenagiag the prebemay je srlpcted fonm nanmally t RNA,

pept i de uehBiFordoniubl)0sdumiRg o Sed W5 sl Probe

can be obt ai n.egglofrom DNA"or 1ts ?r agﬁngg?%ﬁﬁgﬂ&&ngy 'Zﬁo arne g

ext r act i Wieleatidebases wmaydbepfod pxample.cadenjoe mytosiet, giaminep uraeil zatiethyainea Pestegn by

el ectr Oplgg{, B lito b€ %epgf%ﬁ%% Ronniak Lmt]iy occurring or "synthetic" nucleotide bases such as 7-
deaza-guanine, 8-oxo-guanine, 6-mercaptoguanine, 4-acetylcytidine, 5-
(carboxyhydroxyethyl)uridine, 2'-O-methylcytidine, 5-carboxymethylamino-methyl-2-thioridine, -

5-carboxymethylaminomethyluridine, dihydrouridine, 2'-O-methylpseudouridine, .beta.,D-

- galactosylqueosine, 2'-O-methylguanosine, inosine, N6-isopentenyladenosine, 1-
methyladenosine, 1-methylpseeudouridine, 1-methylguanosine, 1-methylinosine, 2,2-
dimethylguanosine, 2-methyladenosine, 2-methylguanosine, 3-methylcytidine, S-methylcytidine,
Né-methyladenosine, 7-methylguanosine, 5-methylaminomethyluridine, 5-
methoxyaminomethyl-2-thiouridine, .beta.,D-mannosylqueosine, 5-
methoxycarbonylmethyluridine, 5-methoxyuridine, 2-methylthio-NG—isopentenyladenosine, N-.
((5-.beta.-D-ribofuranosyl-2-methylthiopurine-6-yl)carbamoyl)threonine, N-((9-.beta.-D-
ribofuranosylpurine-6-yl)N-methylcarbamoyl)threonine, uridine-5-oxyacetic acid methylester,
uridine-5-oxyacetic acid, wybutoxosine, pseudouridine, queosine, 2-thiocytidine, 5-methyl-2-
thiouridine, 2-thiouridine, 2-thiouridine, 5-methylurdine, N-((9-.beta.-Dribofuranosylpurine-6-
yl)carbamoyl)threonine, 2'-O-methyl-S-inethyluridjne,2'-0-methyluridjne, wybutosine, and 3-(3-
amino-3-carboxypropyl)uridine. Any oligonucleotide backbone may be employed, including
DNA, RNA, modified sugars such as carbocycles, and sugars containing 2' substitutions such as
fluoro and methoxy. The oligonucleotides may be oligonucleotides wherein at least one, or all, of

the internucleotide bridging phosphate residues are modified phosphates, such as methyl
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heat-treatment or al kaline-treatnent. The probe can al so be chem cally

synt hesi zed. Al so the probe can be synthesized using an alternate base that
woul d subwbizbesiesfoer guani ne (Le., a base that, |ike guaorse20d3aseaz greater
binding affinity for cytosine than do other bases in a nucleic acid duplex)
in the probe strand but woul d not be oxidized by the electrocatal ytic

I ntercal at or under the applicable reaction conditions. Exanples of such
alternate bases are inosine and 7-deazaguani ne. [0034] Suitable bases for
preparing the probe nay be selected fromnaturally occurring or

nonnat ur aphosphareates; ma@ybphosphﬁﬁdﬂﬁbﬁés phogph6RIMdiFhddidaeRs, phB?ﬁHéféﬂi}iéfaﬁ&diéérahﬁng
nucl eoti d ba&t’as for exanpl e, adeni ne, cytosine, guanine, uracil

and t hym "3’6’@‘ fﬂrﬁéatapkoe‘m the istermsieetide budging Db@Dhatcng or

6 ror capt SoidECnap b abalts BHEBed® The o SRR AR bo AriiRE R gL
2' - O net hsuchyas ddscnked ﬁikéﬁblswamwaemmmlm}@m(mgm WhiGR is hereby

5<ar boxynenyl am n rret .h di ne,__di hydrouridine, 2'-0 nethyl pseudourl di ne,
. bet a. Dg‘é‘%%‘f’ efelm Teguisgraant wﬁethaﬁthgghmucleoude probe should

e o N S P S it
2- et hy| aqummm@mmpmmmm&mmydw pplications %o BBHtALY kifethigdi Ne,
AR WA o S S e
et hOXnyﬁ@ Ryyie6 tHaYd At kWb BEmore @s@ﬂﬁrﬂgfs 38849 fr the sample, or where a single target

2- et hyl t hi"o- N6- i sopent enyl adenosi

((9- bet gplei¢ aeid is Ryboidized 2o tweorgt iteprobes ik a Jsgndwich" assay).

ri bof ur anosyl pur| ne- 6-yl ) N-nmet hyl car barmyl ) t'hreoni ne, uridi ne-5-oxyacetic

aci d net hyl est ri Lc.acid but oxosi seydouri_di ne,

queosi ne, 2- th |dﬁ‘rligi %e%iiﬁéﬁé‘fmb Tmmhob onto an eledtrod, fnapreen-
embodiment, probe is aftached to gold electrodes. However, one skilled in the art would

understand that the probe can be immobilized to the electrode by a number of techniques known

in the art. Employing literature procedures, a variety of techniques are available and known to
those skilled in the art for immobilizing probes onto the surface of electrodes for use in

accordance with the present invention.

[0036] In a non-limiting example, a thiol group can be attached to 5'- or 3'-terminal
(5'-terminal is preferred) of the probe molecule, such as, oligonucleotide or polynucleotide, and
the attached thiol coordinates a gold atoms of the electrode. The method for incorporating a thiol
group to the DNA is described in M. Maeda et al., Chem. Lett., 1805-1806 (1994) and A.
Connolly, Nucleic Acids Res., 13, 4484 (1985), which is hereby incorporated herein by
reference. In the fixation process, the probe molecule having thiol terminal is dropped onto the
gold electrode, and then the desired probe molecule is fixed on the electrode after allowing it to
stand for a few hours at a low temperature. '

[0037]  In another non-limiting example, such as the use of a glassy carbon eleétrode,
the electrode is oxidized by potassium permanganate to produce carboxyl groups on the surface
of the electrode. On the surface having carboxyl groups is dropped the probe molecule having

. thiol terminal, so that an amide bonding is formed to fix the probe molecule onto the surface of
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thiouridine, 2-thiouridine, 2-thiouridine, 5-nethylurdine,

N-((9-. beta.-Dribofuranosyl puri ne-6- yl)carbanoyl)threoni ne,

2' - O et hwb-2besms?dyl uri di ne, 2' - O- et hyl uri di ne, wybut osipag;sGaod/ 080243-

am no- 3- car boxypropyl )uridi ne. Any oligonucl eoti de backbone nay be

enpl oyed, including DNA, RNA, nodified sugars such as carbocycles, and
sugars containing 2' substitutions such as fluoro and net hoxy. The

ol i gonucl eoti des may be ol igonucl eoti des wherein at |east one, or all, of
the internucl eotide bridgi ng phosphate residues are nodified phosphates,
such as thetglassypbaboi eleatcie. D&ﬁﬂb«fthﬁ@&ﬁb@mtdasmhnM Millan et al.,

phosphor onor hoI | dat es, g)hos hor opi per azi dat es and phosphoram datés (for .
exanpl e, 1712323 &%Bhwdbtslmbwmmweﬁbcxsm*la{mferemedues

may be rmdlfled as descrl bed). The oligonucl eoti de may be a peptlde

Ta57- 1500 ( 1oWIHET RASEHbND Bl cin oo BeTsEFR e iohe B HIFdRdro R his i,
only r eqthepesberdanibe niditified fo@omiptgORfifst Afthitde 0P RRSz e balr RRSERSelBetrode
sequencew}apl gast a portion of which is capable of binding to a known

portion ﬁ@ coatedavitea sgeondmenmipr. s%ﬁﬁprcbnglwad@-sbldadmhdednmeamd sone

I t sa unber of
glologl)(r:lﬁc e %r@ﬂ%&?é%%@«lﬁﬁf&%éﬁ%gr e%ﬁgoc aﬁé@%ﬂ’@ﬁg chg"‘g?n‘@?e there
are two mterammn of tixegfirist anddecdnd mehlstas bNthe Recogaitioh gmprn%gﬁﬁoa ¢ir

nore probes in a gan dw ¢

target nucleic acid (s hyhridized to two or

assay) . %ﬁ@ﬁ“ Vﬁ%ﬁéﬁiﬁﬂ“ﬂﬁ@ﬂw&ﬁmé@ arto Bl 3 Ronelimitingexampls, @ tecognition | n
a pref ergpd.SIRe f'ﬁdﬂﬁ g.gﬁ‘nls attached to gold el ectrodes. However, one
Skl||edllsn the art aéﬁun stand that the probe can be immobilized to

the el ectrode by a nunber of techniques known i the art Enploying
literature pr@@éﬂ.lreﬁybadmtwmo@talgbtnwbdmaqdembecm/b& baﬁé@omrpﬁokﬂ?m to
t hose s Cerlils [ b| lizi robe he rface Q

el ect rogAéigkﬁ or&ﬁgéeﬁll - ace ?ralg TRCH ?ﬂ@ S'Ft {§ gpferably used ina

concentration of several nM to several mM. The target nucleic ac1d sample may be contacted
with the probe in any suitable manner known to those skilled in the art. For example, the target
sample may be solubilized in solution, and contacted with the probe by solubilizing the probe in
solution with the target sample under conditions which permit hybridization. Suitable conditions
are well known to those skilled in the art and include various salt concentration conditions.
Alternatively, the targét sample may be solubilized in solution with the probe immobilized on a
solid support, whereby the target sample may be contacted with the probe by immersing the solid
support having the oligonucleotide probe immobilized thereon in the solution containing the
target sample. Hybridization of the target nucleic acid to the probe molecule is determined upon
application of an electric potential to the electrode and detection of current,

[0040]  The electrocatalytic intercalators of the present invention can also be
employable for detecting target nucleic acid fragment samples that are partly complementary to
the probe molecules. Such fragment samples are generally referred to as "mis-match fragment",
The detection of the mis-match fragment can be performed by comparing the strength of the
peak current obtained in the detection of the possibly mis-matched target nucleic acid fragment
with the strength of the corresponding peak current obtained in the detection of a fully
complementary target nucleic acid fragment (i.e., full-match fragment).
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[0036] Ih a non-limting exanple, a thiol group can be attached to 5' - or
3'-termnal (5 -tepninal is preferred) of the probe nolecule, such as,

ol i gonuclwotebm2erospol ynucl eoti de, and the attached thi ecTsoadionases a
gold atons of the electrode. The nethod for incorporating a thiol group to
the DNA is described in M Maeda et al., Chem Lett., 1805-1 806 (1994) and
A. Connol ly, Nucleic Acids Res., 13, 4484 (1985), which is hereby

i ncorporated herein by reference, In the fixation process, the probe

nol ecul e having thiol termnal is dropped onto the gold el ectrode, and then
the desired pr[6Bél]nol &halatalytic ticlecinvsivingaoxédation andiredadtiormay boddtaded t t 0
stand for a f.ew hours .a 1a | ow .t e gg@tgure._ [0037] |h_another non-limting

exanpl e, 2HUGDEL ARY Syitableypeansdng 5o illed 1ache gl cTherdstectionof the glsctrenic
oxi di zed ﬁ)gﬁa]p ' : ; . . I uns t
surface of thggsg?igigta ﬁ)l e. ErBOn t he @3&?%‘%&8%‘%%%%‘?@% o>§1§/ egrr'u'tﬁ'bagl%Pg?g}eopped
t he probepresshecor absenoeiofihybridizdd prabeffarget nucleic abid: Thesteprofinedsanal the redtion
formed to fix the r.g&)e ri;gl ecul e ?nto t he surface ofthe glassy carbon

el ect r od RSP %4%6 o engangcken cxgaple, thegelgtivarenstion rate may be

Anal yt i caletdehi@iidty sbmphfing AR 1chirda%a a(kaahof WinShtel SroBE LERHIAGR! RosGt ed”
herei n by referqncytra. [003%] Recogni taif(gjtﬁ panI’S c??eaﬁ?ggﬁgé%?%%ﬁ?ach
pr obe t o coheentratian, médiatot; buffer tempdraturecand/oriztectrochdnsicatetitiddeed t o conprise a
first nenber of a recognition pair where the electrode surface is coated

with a second er. Accor.di ngl a _doubl e-tranded nucleic aci.d conprisin
probe/ t ar get n@@‘fﬁl c Z@?ﬂ%ﬁ#@%ﬁﬁ@?ﬂ@ﬁ’ﬁﬁ%@%@&%@%& °
via i nt ermeink RRowh té thosd ikilidd iamek &€ iéaﬂﬁ@@éﬁdﬁion%ﬁuéh%ﬁ?@d&i&ﬁ%e&ai rs.

n

Recognition pairs and their attachnments to various nol ecules are own in

the art [meaguredbymenasuningithe glestsonic signalagsogiated with theiaccuroense of theokidation n

and 2! disBuctiBf bl Yok kbl e AbothdHiOR bnd UEdoBlaloa Vit ik SR RE reiO 3
reaction may be measured by providing a suitable apparatus in electronic communication with
the detection electrode. A suitable apparatus will be capable of measuring the electronic signal

which is generated so as to provide a measurement of the oxidation-reduction reaction rate of the

)i

reaction of the hybridized probe/target nucleic acid and the electrocatalytic intercalator. The
electronic signal may be characteristic of any electrochemical method, including cyclic
voltammetry, normal pulse voltammetry, chronoamperometry, and square-wave voltammetry,
with cyclic voltammetry being the currently preferred form. )

[0043]  Inpreferred embodiments, the methods are used in genetic diagnosis. For
example, oligonucleotide probes can be used for determining target analyte sequences such as
the gene for p53, which is a gene associated with a variety of cancers. Other non-limiting
examples include the gene for nonpolyposis colon cancer, the BRCA1 breast cancer gene, the
Apo E4 gene that indicates a greater risk of Alzheimer's disease allowing for easy
presymptomatic screening of patients, mutations in the cystic fibrosis gene, or any of the others
well known in the art.

[0044]  In various other embodiments, viral and bacterial detection can be carried out
using the electrocatalytic intercalators of the invention. In this embodiment, probes are designed

to detect target sequences from a variety of bacteria and viruses. The methods disclosed herein
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addition of the intercalator or in the presence of the intercal ator, which
Is preferably used in a concentration of several nMto severalmM The
target nuwbebes/@asiod sanple may be contacted with the prebescnoamyositabl e
manner known to those skilled in the art. For exanple, the target sanple
may be solubilized in solution, and contacted with the probe by
solubilizing the probe in solution with the target sanple under conditions
whi ch permt hybridization. Suitable conditions are well known to those
skilled in the art and include various salt concentration conditions.

Al t er natallywl for dirdve séradniid ofclifidabsaiiplestd deflct) o dxamgld, FIV HubleiciRiddekient e
probe inmobilized on a solid support, whereby the target sanple maybe

cont act &u adgitian,this allews diress monifering pfcirawatingviras withinos patieat asag impeoved

ol i gonu ' ' [ . in the.spl utlion _contai.ni.ng the
Car ot S SFoepisRg el FREkey of it YRt oldpleR, SHBIER, MrtE a5 BRb B

nol ecul gevkemis FETTV-e6d HIDV-Hpiky badétectedin fis waye Badtéiab fifedtonsbuch@st he

el ectrode and detection of current [0040] The el ectrocatal ytic '

i nt er calteheseulosis may alsp ba detgetednyent i on can al so be enpl oyabl e for detecting
target nucleic acid fragnment sanples that are partly-conpl.enentary to the

pr obe nol ecul Suc QQmRnts: > V. r t S

P s mmton 1 0ol o dh R IGHE bR 65 0 Bhden e Sirklind O 17

per f or negarhpleowmaigramd fgpd sampiés: Fop eXanvple,isamples AayBe treardd 6 ysRithebhetefiaiid e
detection of .the &chsi |y ms-matched target nucleic acid fragnent with the
st r engt Felggsedisdug eryprokedesigned in reepgnizehagterial strainsy includingobutapt o

fully c QAT Nugh A5 AR Lot | . : gg@_ .

f r agnment t 0041 Tﬁaéthg%e?g‘%i/tlc ag”yc| eghﬁglna\’/o v gsgét%rdgltﬂ?%gn&ﬂgrllﬁe ofexte, may
be det estrais af Eosali and Liegionngirgsidiseasé baoteriad Siknilary, Hioretiedintion kirdtegies may bde
art The d%t ectian ﬁ{ t he el.ect r{)‘ﬁi [ si%nal associ ated with the oxi dation

and red(CEHON FERE eocﬁmrygmopgo BIYER i nati on of the presence or absence

of hybridi zed probe/target nucleic acid. The step of measuring the reaction
[0046] In other embodiments, the probes can be used for forensics where DNA

fingerprinting is used to match crime-scene target nucleic acid such as DNA against samples

taken from victims and suspects.

[0047] The source of target nucleic acid can include, for example, humans, animals,

plants, or environment.

[0048]  In other embodiments, the present invention is also directed to kits comprising
electrocatalytic intercalators. The kits can further comprise probes, such as those described

herein, which can recognize and bind to the target nucleic acid to be detected.

[0049] In various other embodiménts, the present invention is further directedtoa
biosensor that utilizes the electrocatalytic intercalators described herein. The biosensor may
comprise an apparatus or be used in a system that includes the necessary compoﬁents for
detecting and measuring a signal produced by one or more electrocatalytic intercalators. An
apparatus can comprise integrated circuits including a biosensor array combined with a power
supply and a detector. Such integrated circuits are known to those of skill in the art. Systems
inqluding the biosensoxf array may additionally include means for measuring an electrochemical

signal after a potential is applied across a working electrode.
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rate may be carried out by any suitable neans. For exanple, the relative
reaction rate may be determ ned by conparing the current as a function of
scan rat ewopoedaes®encentrati on, target . concentration, poegicabosropodanf f er,
tenperature, and/or electrochem cal nethod. [0042] The oxidation-reduction
reaction rate may be neasured according to suitable nmeans known to those
skilled in the art Typically, the oxidation-reduction reaction rate is
measured by nmeasuring the electronic signal associated with the occurrence
of the oxidationreduction reaction. For exanple, the electronic signal
associ ated wi t[f030]e oXheimethods amdiapparatus desaritied hiereirytilize laboestoryctechniques well
provi di ng_a_sui tahl aratus in.electryonic comunication with the

det ectioﬁmgwg?ﬂg&mig i élﬁ?‘%{’%m&é‘?{?&‘ﬁqr)’%“géﬂﬁ’haé brRoks {ir ¢t t he
el ect r oniMoRt@lEACIontgE A TiaboBReyy VAR 30 &8 Cold Spo TRRRES B the
oxi dation-reduction rggaction rate of tﬁie reactlg%n g’cﬁ&tbﬁre ygér&ls izgﬁ’eéld

pr obe/ t arSpemgilazhar NYa20Ql; Spectoh ®. &l etcal.; Cels: A Labaratoryt Mamedl, aCald Sprihg Harbor
el ectroni,c, si gnal, may char act.erisg,i f a | ect rqocheni cal _net hod,

i ncl udi ndfaéﬁ??‘ffx%%%ﬁﬁé?% %‘)ﬁﬂaﬁ% p&ggem%ﬁiﬂi‘?ﬂﬁ-r sing mnéﬁe@%e% onetry,
and squarlﬁbuﬁv&yw@td i 'H&b@ﬂﬂ&&mﬁ'ﬁmw b eNgUisgRIt Y
preferred form [0043] In sE)tzﬂextygerred enbodi frent's,, tlh%aSP%eﬁF ods ’are’lijés% in

genetic diagnhosis. For exanple, oligonucleotide probes can be used for

det ermi ni ng t 40 anBhemethods ansdapperatisclescaibed herefeutilize daborditry tedliniques welh
' ' et f . Oh -l pm L ppl
Pnet ude: oa®ais stibdafah® bn B4 SRR BT Roratony Blaniide misas SaBenk ot br
gene, t héVdlecularClgsing: Allabotatsty Mdnaal, 3rdsde @ofd SprindHH ﬁ&ﬂ&wt Présst? ase
i 0ns 1 h the

all owi ng §for Sy pr.es tomat1 c_screening of patients, nuta
cystic fisfé’F‘BS' Y, %Qrméﬁw%?ﬁpﬂ& SaheCellsady ManuahCaold Spring Harbor

Laboratory Press, Cold Spring Harbor, NY, 1998; and Harlow, E., Using Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1999,

[0052]  The headings (such as “Background of the Invention” and “Summary of the
Invention”) used herein are intended only for general organization of topics within the disclosure
of the invention and are not intended to limit the disclosure of tﬁe invention or any aspect
thereof. In particular, subject matter disclosed in the “Background of the Invention” may include
aspects of technology within the scope of the invention and may not constitute a recitation of
prior art. Subject matter disclosed in the “Summary of the Invention” is not an exhaustive or

complete disclosure of the entire scope of the invention or any embodiments thereof,

[0053] The citation of references herein does not constitute an admission that
those references are prior art or have any relevance to the patentability of the invention disclosed
herein. All references cited in the specification are hereby incorporated by reference in their
entirety.

[0054] The description and specific examples, while indicating embodiments of
the invention, are intended for purposes of illustration only and are not intended to limit the
scope of the invention. Moreover, recitation of multiple embodiments having stated features is
not intended to exclude other embodiments having additional feétmes, or other embodiments
incorporating different combinations of the stated features. Specific Examples are provided for
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[0044] In various other enbodiments, viral and bacterial detection can be
carried out using the electrocatalytic intercalators of the invention. In
t hi s enbostormestio2spsobes are designed to detect target segusoeas/béam a
variety of bacteria and viruses. The nethods di scl osed hereinall ow for
direct screening of clinical sanples to detect, for exanple, HV nucleic
acid sequences. In addition, this allows direct nonitoring of circulating
virus within a patient as an inproved nmethod of assessing the efficacy of
anti-viral therapies. Simlarly, viruses associated with | eukem a, HTLV-I
and HTL\flubtrative 38 0f HoRtol Makd)i -prizdfck §hé bmpHdifss :

t uber cul osi s, nag-p‘gFoso be det ect ed‘.51 1[§8\6%}51]p I 'h %?P}%?B%Prgélogl ne%ta:?lé%(ragsoggtbfwor
t oxi c ba@vention and, wmless explisitly gtated, otherwisex anphet intended 4m de forepresentpficasthaf-or

l e, . [ d t.0 | the bacteria t I it | ei
act d and8TAoa-soafigts SRkt Rl PyeB e Son Beamta alading Tncl ucing,
but not |im t[0550, SuCAs Pa¥edoneRin g{erq'yEd}as aSyreforbAO R re@mf gﬁfe‘ftg’

I'sease

Vibrio chol efae, enterotoxic strains of E coli and Legionhaire

bact er i £mbgdiments| of the dnvension athat rafford atesigine denefits,b enderatertiire ctiteams@néese
conposi ty f | tipn. [ 004 | h.ot her enbodi nents, the probes can
be used g‘?é‘feg’r g%glle gﬁsxngﬁg}éggw f‘?‘ﬂ% Bﬁefﬁepnanﬁ%g & SAME OF Ather | FicHMTianessene
target riumthermores it foititionSofDbHe 36 Moré prefard embbdiifents’ dfE bt § 'g;smgp
suspects. [0047] The source of target trrl,ucl eic alc)isd catr? |nclnége,b or gther
exanpl e, gats are neh psefulandris sot istended torexchndatother embedimientscftdie the scope of

embodi Mgt fhveh present invention is also directed to kits conprising
el ectrocatalytic intercalators. The kits can further conprise probes, such

as those desd0DSld her eAswsedthierrin, thewbriCtadlide” @it aantsOisiftended s Bt non-
nucl ei c ,acid to g'%hadtet ected. , < .
limiting, suc recitation of items in a list is not to the exclusion of other like items that may

"
—

also be useful in the materials, compositions, devices and methods of this invention,

[0057] In the following description the terms "determination” or “detection” will be
used to denote both qualitative and quantitative determination or detection of nucleic acid ina
sample. Where, for example, the method and system defined below are used for determining or
detecting a nucleic acid in a medium, this is meant to denote determining the presence of an a
nucleic acid in the medium and optionally its concentration. Accordingly, the phrase
"determining the presence or absence of” is intended to include both qualitatively determining
and quantitatively determining the presence or absence of the detected event (e.g., DNA
hybridization, RNA hybridization, detecting target nucleic acid, etc.).

[0058] As used herein, the term “intercalator” is meant to denote planar aromaticor
heteroaromatic moieties that are capable of insertion and/or stacking between the base pairs of

.

nucleic acids.

[0059]  Asused herein, the term “threading intercalator” is meant to denote an
intercalator bearing substituents or side chains.

[0060]  As used herein, the term “electrocatalytic intercalator” is meant to denote an
intercalator that can be oxidized by an electrode and can oxidize a nucleotide following
electrochemical potentiation.
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[0049] Ih various other enbodi ments, the present invention is further
directed to a biosensor that utilizes the electrocatalytic intercalators
descri bedwbev@ins7eghe bi osensor may conprise an appar at peTSG208/00@Re i N a
systemthat includes the necessary conponents for detecting and nmeasuring a
si gnal produced by one or nore electrocatalytic intercal ators. An apparatus
can conprise integrated circuits including a biosensor array conbined with
a power supply and ‘a detector. Such integrated circuits are known to those
of skill in the art. Systens including the biosensor array may additionally
I ncl ude nmeans {0061]reasAs wsad hareire HRGEM? I: S ali 154 ' S
applied across{a mgfkin electggde. 00?%?E¥ﬁghﬁe#%%g§)gﬁgﬁéggégﬁ%ﬁéﬁ&ﬁﬁg

descri bedP9BINA apd RNA-Nycleie peideefjthe preasentquestion hte typicaily palymicldié sudds; that
Ui , : _ _ kK, J.. et

oL ol B oSt indivifar dlloBRAls b OB i3S bohF & BlpspRaciestpiiinnds.

Labor at or Whtesthe metBiokis| aifdoappagitusif B preddiit ind@Hon arobGiRLiRhes égplalined‘”v%oﬂfl&?spect

Cells: A Labgratory Manual, Cold Spring Harbor Laboratory €ess,
Spri ng HaWJSNA 1ttsds fox parpages af wlarity, andid is ¢o berondeostoceisthatAhe miethods and/

Manual , pqra% ' L Labaoratgry Pr.e | d rin bor.. NY, 1999.
[ 0051] T% met %)%fs.tg%n aﬁ‘B&%“ﬁé‘?ﬂ}'g%%ﬂPP[}S‘g?%%‘%W qW‘g‘é“H%%m%ry
techni ques well known to skilled artisans and can be found in | aboratory
manual s such ap062jrbr dakused hereig theltermVioffpldriéntiry DRERE acki” lraRRy :
Manual , 3rd, ed. P&al d .S(E)ri{;g,Har bor Labor at or Ig?gss,ﬁ%ol gprl ntg%'ﬁg%i cc%?l,c
NY, 2001 2cidinelpdipg ofigonuclegtide probess that spesifically binds to/anvtiren aticleicakid tSforing
Har bor L YiuBleSeig. Col d Spring Harbor, NY, 1998, and Harlow, E.,

Usi ng Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY, 1999. [0052] The headi ngs (such as "Background of
the I nvention"[0863] " Sésmsedhes¢in; the terms&hybridiZzod" s Ehlybridiation’4re nhéaheodRiote

only for 08t flo MAR0LER 5205 ggsogig%h%%th\/\éa%ﬂ Ioale;' Qv ic |n§% (())rs]g;}g not be fully base-
- paired. |

.. [0064] As used herein, the terms "denaturing” or “denaturation” are meant to denote
the process by which strands of oligonucleotide duplexes are no longer base-paired by hydrogen -
bonding and are sepai'ated into single-stranded molecules. Methods ccof denaturation are well
known to those skilled in the art and include thermal denaturation and alkaline denaturation.

[0065]  As used herein, the term "electrode” is meant to denote an electric conductor
that conducts a current in and dut of an electrically conducting medium, The two electrodes, the
“anode and the cathode, receive and emit electrons, respectively. An electrode is used generally to

describe the conductor. In the present invention, an electrode may also be a microarray,

consisting of a number of separately addressable electrodes, or an ultramicroelectrode.

[0066]  As used herein, the term "nucleoside” is meant to denote a nitro genous
heterocyclic base linked to a pentose sugar, either a ribose, deoxyribose, or derivatives or
analogs thereof. The term "nucleotide” relates to a phosphoric acid ester of a nucleoside
comprising a nitrogenous heterocyclic base, a pentose sugar, and one or more phosphate or other
backbone forming groups; it is the monomeric unit of an oligonucleotide. Nucleotide units may

include the common bases such as guanine (G), adenine (A), cytosine (C), thymine (T), or
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of the invention and are not intended to limt the disclosure of the

I nvention or any aspect thereof. Ih particular, subject matter disclosed in
t he " Backwoauewb2sfost he |1 nventi on” may include aspects ofctrschoaloogy2w t hi n
the scope of the invention and may not constitute a recitation of prior art
Subj ect matter disclosed in the "Summary of the Invention"” is not an
exhaustive or conplete disclosure of the entire scope of the invention or
any enbodi nents thereof. [0053] The citation of references herein does not
constitute an adm ssion that those references are prior art or have any

r el evanaierivatives ehepedfeThepintose $ugdr nidyebe dEéﬁgﬁbd%B, 18086, 2 Le6ps a8 bibstitte
references cited in the specification are hereby incorporated by reference
in theiﬁmﬁﬁﬁF@ety. [ 0054] The description and specific exanples, while

i ndi cating enbodi ments of the invention, are intended for purposes of

illustration an ol At ended | 11 " f t,hg i nvention.
Mor eover, recllﬁ?éi?i ong(g?lggrgu I'p @Eenr odflﬁnégﬁédg@ﬁ%%lws é%gﬁgg%ﬁeat '&aﬁ% Brvot

i nt endedr 'modifiedunieleosilie’t are mrank towehcte fvidties te Airction similaelyite tRf nafiralf} her
enbodi nents jncorporating . different conbinations of the stated featureés.
Speci f i CCEREHRSCE tﬁ‘ﬁ’é"f)?%\%@éwwmlﬁﬂlﬁéipurposes of how to nmke, use

and practice the conpositions and nethods of thi's invention and, unless
explicitly strgp ot Rgh¥ESiareia %gin : ED.nDE n t at l,Qn_ t hat
gi ven enbodi n[en?sj of thrs %ﬁ%@n@?on agfég&gr %d\%e%go@',‘&%g{g%%gﬁ&g%ﬁ est ed.
[ 0055] Aseanttxiidnetes pinratityeofijoingd niigleatidernumétd forared iri pspdcficddqience &ogi t O
enbodi nents .of the.inventio hat afford certain benefits, under certain
ci rcunslnﬁ'%gx°%m&rh’e?er8?wgfgﬁ?ﬁ H@Wm&malﬁét grupsdpingd throvgher t he
same or pAbsorsdiéstdt'Sk bies Bickbbil fo pst he recitation of one or nore
preferred-enbodi nents does not inply that other enbodi nents are not useful

and is not intended to exclude other enbodi nents fromthe scope of
[0069] As used herein, the term "oligonucleotide analogs” or "modified

oligonucleotides” are meant to denote compositions that function-similarly to natural
oligonucleotideg but have nbn-naturally occurring portions. Oligonucleotide analogs or modified
oligonucleotides may have altered sugar moieties, altered bases, both altered"'sﬁgars and bases or
altered inter-sugar linkages, which are known for use in the art.

[0070]  As used herein, the term “biosensor” is meant to denote an apparatus or
system that comprises the necessary components for detecting or measuring a signal produced by
movement of electrons produced in an oxidation or reduction reaction. The term “biosensor”
includes devices for determining the concentration of substances and other parameters of

“biological ihterest even where a biological system is not directly utilized.

EXAMPLES

[0071]  The following examples are intended to be illustrative and are not intended to
limit the scope of the invention.

EXAMPLE 1
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t he invention. [0056] As used herein, the word 'Include,” and its variants,
is intended to be nonlimting, such that recitation of itens in alist is
not to thgoeselirsisen of other like itenms that nmay al so lpeTiseebisioodnzt he
materi al s, compositions, devices and nethods of this invention. [0057] Ih
the follow ng description the terns "determnation” or "detection" wll be
used to denote both qualitative and quantitative determ nation or detection
of nucleic acid in a sanple. Were, for exanple, the nmethod and system
defined below are used for determining or detecting a nucleic acid in a

medi um this i f0f@hnt This eenmfieilhietrstedihs spghdsitofiheieresataltidhidednst & K-
acid in t@ggﬁgi um.and.o iea_gg‘ﬁél y its concentration. Accordingly, the ”
phrase "d PHIPA ‘PH@ZZB 8-n3phthalens,diimide (PEND)graferbwith Rulipy)@le bot h
qualitati ?WD@&’?}.M ning and quantitatively determ ning the presence or
absence of the defected event (e.g., DNA hybridization, RNA hybridization,
detecting target nucleic acid, etc.). [0058] As used herein, the term

"i nt er cal at or " [0083hrearfhetsyntiesioo EPIND Raris autlingi ascfollowhtet er oar omat i ¢

noi eties that are capable of insertion and/or stacking between the base
pairs of nucleic acids. [0059] As used herein, the term"threadi ng
intercalator” is neant to denote an int e[»g:“hl ator "bearing substituents or
side chains. [0060] As used herein, the Kerm "el ectrocatal ytic
intercalator” is neant to denote an intercal ator that can be oxidized by an

el ect ﬂ oxi di"?s a nucl eoti de® W ng el ectrochem cal

pot enti at i 2R fQ061] As ed herein, th "nucleic acid" refers to any
_nucl ei C u@ﬂ@ c! udi ng oth um—_a'nd R cleic acids of the present

i nventi on_gJre toypl cal | X jol ynucl ei ¢ acj, hat

$
2

Ru(bpy),CI*
- /
{> 3
B 3
% + Ru(py)Cl; ——
o Ng ' 0T Ny
; s
w2 C
| | S ——

[0074]  PIND is prepared following a general procedure for the synthesis of 1,4,5,8-
naphthalene tetracarboxylic dianhydride (ND). 0.30 g 0of 1,4,5,8-naphthalene tetracarboxylic .
dianhydride is slowly added to a magnetically stirred mixture of 3.0 ml of 3-
aminopropylimidizole (AI) and 3.0 ml of tetrahydrofuran. The rate of addition is controlled so
that there is little clogging. The reaction mixture is refluxed for 24 h and then cooled to room
temperature. Next, the reaction is dispersed in 10 ml of acetone/water (3/1) mixture and then
poured into 500 ml of rapidly stirred anhydrous ether to precipitate the compound. The
precipitate is collected by suction filtration through a fine fritted funnel and washed briefly with
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I's, polymers of individual nucleotides that are covalently joined by 31,
51phosphodi ester bonds. While the nethods and apparatus of the present

i nvent i onweneicgre®si nes expl ained with respect to DNA heceisGodshog4r s for
purposes of clarity, and it is to be understood that the methods and
apparatus of the instant invention nmay be applied to other nucleic acids
such as RNA. [0062] As used herein, the term"conpl enentary nucleic acid"
refers to any nucleic acid, including oligonucleotide probes, that
specifically binds to another nucleic acid to forma hybridized nucleic

acid. [ Birif ' cég{am Wef £ ) j i i ony are
meant to denote a‘t'§ ggg&tmv\geﬁﬁgl I'C acalugxtsf{o?gén S goggl?)%t}x%ggi/&bﬁﬁ%&eh
ot her wridodriedaynder vavaymrad 4020 femipht tb Zivelhds g of y¢lRNOdlystak 3%y.ein, the
terms "denaturing” or "denaturation" are neant to denote theprocess by

whi ch strand ol i | eoti de .dup) exes .are no | pnger base-paired by
hydr ogen bon@oﬁé] an&qﬁﬁgﬁgm&% i asinglersiep wﬁﬁé&@nweemip aMet hods
ccof deqmh ' ) 1ot bl e i I ' ude

t her mal deﬁﬁﬂl{;ﬂ’mﬁlgﬁ% a |nlé1 %%%?3?%?#%%& glgg‘% Ef}g&ulég@%e%ngﬁn, t he
t er m " (025 mowd) inismathpartions overclahin -and the reshlt imixtareid vefluxied Fore80 -A0NEIC The a

current in_.and Oéh f el éctricall con;du%' ng diym The two
el ect ro‘_ffé%p,lg?%° 8@6"@?} ARESIERTHER & mpRicy| Ey copitammesy; Thapurple
r espectjeysion midtureiembh gé&ea §1owﬁwm9pmp{£sﬁg£§n%éﬁra§§1r§ra§§-aéggﬁ§ﬁ§@ . In

the present invention, an electrode may also ng of
a nunbeFhapregipiateas edliected by suctionl filtrationcthragh 9, finerfritted filrneh Mhe cnxdk pedducile.

[ 0066] N4 L he term "oycl.eqsi.de”. i § nmeant to denpte
nitr og_elﬁg‘ﬁagﬁwgg§cﬁs§°%%% 3?5 'n$2§3’1t° eg""ﬂ%lrﬁ“a%"c&}%‘é‘?d?agé}"c%%?@lri bose,
deoxyr i faggsted ethafl6l Thepiccipitatis A ifiddHyReYstallibaionSrdih cfhdhb1§RVihg the
relates to-a phosphoric acid ester of a nucl eoside
pure product in 78% yield. The product shows a single pair of reversible redox waves at a gold
electrode with an Ey, 0£0.63 V in PBS. To ensure a complete double ligand-exchange at the two

imidazole termini of PIND, slight excess of Ru(bpy), (10-15%) is required.

[0076]  Mass spectrometric experiments is performed with a Finniga/MAT LCQ
Mass Spectrometer (ThermoFinnigan, San Jose, CA). All spectra is recorded at room

temperature unless otherwise noted.

[0077] Proton Nuclear Magnetic Resonance (‘"H NMR) Spectroscopy (300 MHz
CDCl3) 8 8.76 (4H), 7.54 (2H), 7.26 (2H), 4.27 (4H), 4.12(4H), 2.31 (4H) and 1.83 9(2H) (FIG
1).

[0078]  Mass spectrometric tests on PIND using electron-spray ionization mass
spectrometry (ESI-MS) shows predominant peaks at m/z 483.3 and 242.3, corresponding to
PIND+H", (and (PIND+2H")/2 (FIG 2), which are in good agreement with the molecular weights
of the desired compounds. Since mono-grafted PIND is not observed in the ESI-MS spectrum,
we can rule out any incomplete grafting of PIND.

EXAMPLE 2
[0079]  This example illustrates the formation and electrochemical properties of the
electroactive PIND-RU intercalator using cyclic voltammetry.
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conprising a nitrogenous heterocyclic base, a pentose sugar, and one or

nor e' phosphat e or ot her backbone form ng groups; it is the nononeric unit
of an ol iwonueestosde. Nucl eotide units may include thepcosmmspasrs such
as guanine (G, adenine (A), cytosine (C, thymne (T), orderivatives

t hereof The pentose sugar may be deoxyri bose, ribose, or groups that
substitute therefore. [0067] As used herein, the terns "nucl eoti de anal og",
"nodi fied base", "base anal og”, or "nodified nucleoside" are neant to
denote noieties that function simlarly to their naturally occurring

count er parts bg08¢jave Meing refluxiatthe éthylénéBlycol Sftlic MORARheHR teitehe BSidRLR

the ternms "ol igqnugcl eotjde” or "nucl eoti de sequence" are neant to denote a

pl ur al i t VERY 3 BumeHIG 3 shews twrstypisak voltammagiamsobtainpdin the frst 30 oinc As camwbe

nat ural |y, ' T uranosyi. equi.val ent groups
j oi ned ths_reg[ggﬁ pLegggﬁé%?g%%é&gm@g%@ﬁ%ﬁg Pait _r?gf_r%v 5."01?%@ CAs
used her gieaks ¢entertdat0.4@Vi ge ﬁbtﬁi!ned;tdoﬁesp”ﬂﬂdin(ggﬁ thewell-Rftsbid #e@8x process of

ol i gonucl eo(éllayd‘eé" are neant _to denote conpositions that function simlarly

to natur a® udipenaddiag PIND, agw pasof Meltammetrip peaksappeangt §.63 V, indicating

d i gonucl Gt PEVD Iaf 1§ | i [ ot:ides may have altered sugar

noi et i es,tﬁgfdt er egﬂggses, q%“o@?éér- er eié' ?(}S‘gggmg?&f%’?“sﬁ %Erglct.paﬁy resolv

i nt er - sugad havelkld geschavsiiosibticy of réseesible pedceskes, exbept e sightly laBRf Bhakifo-prard

herein, the t%{]m "bi.osensor" is nmeant to denote an apparatus or systemthat

conpri sePorFEt ?@é@gﬂFY’b@‘gﬁﬁm}'ﬂw tora higherdR dsep of therzeastion mgdinms i Theal

pr oduced iﬂt)énHBV &mf ' ' l on.or,.reduction

reaction. The tgfrﬁn@&?)l oseh@gfp‘ |%%%ggﬁ%g§?€w@g%%%&t he

concent r diiinultansfouslybthosea @40V diminfshrgradualiye Bethsofake tedox paitsrehchl A ¥t@idgState

even V\'hera(?tef:JI 38—'48 lmo.iglo(f‘?elzﬂlga/nsgt. elnﬁellgingt%tvo tlaxrnrexfeth'liél p ks LII Oz.f(sj V are indicative of the
excess amount of Ru(bpy),Cl,. After separation and purification, voltammetric tests of the thus
purified PIND-Ru show only one pair of voltammetric peaks implying that the purification

process is very effective (FIG 3, trace 3).

© [0081]  Asillustrated in trace 3 in FIG 3, PIND-Ru exhibits exactly as expected for a
highly reversible redox couple in solution. Little change is observed after numerous repetitive
potential cycling between 0.0 and +0.90V, revealing good stability of PIND-Ru in solution. At
slow scan rates, <500 mV/s, a typical diffusion-controlled voltammogram is recorded as
expected for a one-electron exchange system exhibiting an ideal Nernstian behavior: the peak
current is proportional to the square root of the potential scan rate, the pea.k-to-peé.k potential
separation is very close to the theoretical value of 59 mV and potential scan rate independent
(FIG 4). Such results ascertain that all of the ruthenium redox centers are allowed to reach the

electrode surface and proceed to reversible heterogeneous electron transfer.
EXAMPLE 3

[0082]  This example illustrates the interaction of PIND-Ru with ds-DNA as
determined by UV-vis spectrophotometry of PIND-Ru. '
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EXAMPLES [0071] The follow ng exanples are intended to be illustrative and
are not intended to limt the scope of the invention. EXAMPLE |[0072] This
exanpl e iwbusé@s®s the synthesis of an el ectrocatal yti ecirsicaicabeor

(N, N - bis[I(3- rroryl>iniida2"le]-I A5, 8-naphthal ene dm de (PIND) grafted
with Ru(bpy)2d 2 ("PIND-Ru")). [0073] The synthesis of PIND-Ru is outlined
as follows: + RuCbPy)2Cl1 [0074] PIND is prepared follow ng a general
procedure for the synthesis of 1,4,5,8- naphthal ene tetracarboxylic

di anhydride (ND). 0.30 g of 1,4,5, 8-naphthal ene tetracarboxylic di anhydride
Is slowmy ad 0 a naetieally stir Lt ur.e .0 of 33 .

ani nopr opyl i g@ﬂ#’z‘ol e@%ﬁéﬂgw‘w °£§’T@EFFEWE}}%?°‘§N§F %@EYHVMS.

addi t | orypbirdBtor Ry PRQDLRAin i3 &iohce df inbrbfuifi BEGIRTof Hlifod SARRTRA

mxture i's refluxed”for 24 h and t'hen coo oom tenpera
react i orwassinviéstigated GFIG 5A)1 AUV visible apeetrarierecatded of an A)gileht8458 4T Vanikikleen
poured into 500 n  of y.stirred anhydrous ether_ to precipitate the

rapi .
conpoundPeSFRPIgIomEtes; tl%ﬁ’é &’WP@E tometay, signatpres pf interealafiverbindingwhers i ne
fritted Wn’%'}ﬁém ' J i-ficat ' f d by
crystal It}(l%zlg{%ieggﬁ?%oﬁwbr 0 % e t{%%uno [%./cavﬁo rﬁég}‘é&fg@?ﬁ%@gﬁf Ehr?g’;agée
\[/88 gg ]m glauﬁ@ﬁds-mmmgﬂypophrogﬁm afid #ed sgfﬁi Amdlioltminf‘(}jesal, ﬁddiﬁb@bﬂDBﬂ%. .
1S nt hesi ze -a single-step ligand-exchange reaction. To
a sol ut iﬂaﬂﬁs@wc]@% %ypﬁmwom 4¢) resultsiin a Q% decrease and 22mm-rade
| ycol ig; ' p ' v m.n and, t he

Pesuit REFOREEND Mioftinc bl 66 I Y foP SR Bheifina Herg pRofiely
| i gand- @bstrsedwithaaplithalend diimids (ND) havihy aliptetic Certiglytagiinesiay chalile THeNb e

absorbance band hypochromism reaches a plateau at the DNA base pair/PIND-Ru ratio >4.0, and

a constant hypochromism is observed, indicating that binding of PIND—Ru to ds-DNA takes

place by preferential intercalation of the ND.

[0084]  The stability of the intercalation is estimated through a competition
experiment using short hairpin oligonucleotides similar to that proposed by Boger. A plot of the
-change in fluorescence versus equivalents of PIND-Ru provides a titration curve from which the
stoichiometry of 1:1 is determined (FIG 5B). The stability constant, determined through the
competition experiment, is found to be 3.0x107, corresponding to approximately a 75-fold
enhancement over ND. A plausible explanation for' the stability constant enhancement would be
that after the ND group has intercalated with ds-DNA, the two cationic Ru(bpy),Cl groups in
PIND-Ru form jon-pairs with phosphates on each side of the ds-DNA, making ND more tightly
fixed in between the base pairs of ds-DNA.

EXAMPLE 4
[0085]  This example illustrates the application of PIND-RU in DNA biosensors.

[0086]  The preparatipn and pretreatment of gold electrode are as previously described
in Xie et al., Anal. Chem. 76: 1611-1617 (2004); Xie et. al. Nucelic Acids Res. 32; el5 (2004);
Xie et. al. Anal. Chem. 76:4023- 4029 (2004); and Gao et al. Synth. Met. 75: 5-10 (1995), all of
which are hereby incorporated herein by reference. Briefly, prior to capture probe (CP)
adsorption, a gold electrode is exposed to oxygen plasma for 5-10 min and then immersed
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reaction mxture is then poured slowy into 100 m of rapid stirred ethanol
saturated with KCL The precipitate is collected by suction filtration

t hr ough awbizoes/d2s196t ed funnel . The crude product is wasiped/se003/00B%2
dissolved in 3.0 - 5.0 mM of ethanol and precipitated again from KC
saturated ethanoL The precipitate is further purified by crystallization
fromethanol giving the pure product in 78%yield. The product shows a
single pair of reversible redox waves at a gold electrode with an V in PBS.
To ensure a conpl ete doubl e |igand-exchange at the two im dazole tepnini of
PIND, sli glme@at@lyss abSOIW(eﬂW))WO( 20qiih %) redace the okide thyef. 00F @lonR§ér is adsorbed

spectronetric _exper s,is erfo d wi.th a Finnigan/ MAT L SsS
Spect r ometeiP ?ﬁ&gﬁbﬁg ebegﬂ'o golution of 190 pg/ (Qpr@rﬂé- o‘kﬁm'd at

t N t
o s, e Bt o 80
7.26 (2magam, aid bqunmvmﬂ(alweaueoﬁh (PHd)susfask dengﬁy&(@l"j)aséé:éﬁ eleetrowe%émy

Mass spe matrltc tests gID using el ectron-spray ionization nmass
spect r ome?¥ @ tofhe pepcedurepropasd by stael; &ﬂﬁméxobem

correspo I @a Ve i ein
agreementnlﬂ\limtﬁﬁ‘:%ﬁlfl e?:kuoar wel gh?@?ﬁlﬁé @memiﬂu

mono- gr af impaow thoqualityand stabidity efthe EPtrhencE@erNEeGP%ﬁtédﬁbldV&ecﬁ%ﬂe {sihftndpidd
any inco letﬁlgﬁaﬁftl %%fri ND. EXAMPLE 2 [ 0079 ggﬁaolelllustrates
the for b%@aptngée@p I tagtedNIRD- RU
| nt er oal ahSfeciled 86 rBikad b a@lHeWBEELAY s AROH bPHELBIOE 5 b Wimbd cthldfor £ S22

glycol, cyclic voltammetric tests are con
and followed by thorough rinsing with ethanol and water The electrode is ready after air-dry.

[0087] The hybridization of a target DNA and its electrochemical detecﬁon is carried
out in three steps. First, a 2.5 ul aliquot of hybridization solution containing the target DNA is
uniformly spread onto the electrode and the electrode is placed in a moisture saturated
environmental chamber maintained at 60°C (low stringency 27°C below the salt-adjusted melting
temperature) 30min. It is then rinsed thoroughly with a blank hybridization solution at 60°C and
incubated at 35°C for 10 min with a 5.0 pl aliquot of 100 pug/ml of PIND-Ru in the hybridization
solution. PIND-Ru is attached to the hybridized target DNA.via threading intercalation. After
the electrode is air-cooled and held at room temperature for 10 min, a thorough rinsing with
NaCl-saturated phosphate buffer (pH7.4) containing 10% ethanol i is conducted. The -
electrocatalytic oxidation current is measured voltammetrically, At low DNA concentrations,
smoothing is applied after each measurement to remove random noise and electromagnetic
interference.

[0088]  Electrochemical experiments are carried out using a CH Instruments model
~ 660A electrochemical workstation coupled with a low current module (CH Instruments, Austin,
TX). The three-electrode system consists of a 3.0-mm-diameter gold working electrode, a
nonleak-miniature Ag/AgCl reference electrode (Cypress Systems, Lawrence, KS) and a
platinum wire counter electrode. To avoid the spreading of the sample droplet beyond the 3.0-
mm diameter working area, a patterned hydrophobic film is applied to the gold electrode after
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every 5 mn. FIG 3 shows two typical voltamograns obtained in the first 30
mn, As can be seen in trace 1 in FIG 3, before adding PIND to Ru(bpy)2d 2"
one pair wdwewes®sbl e voltametric peaks centered at O0pé@/Sé2e0smo@at ai ned,
corresponding to the well-known redox process of Ru(bpy) 2C 2. Upon addi ng
PIND, a new pair of voltametric peaks appear at 0.63 V, indicating the
formation of PIND-Ru (FIG 3,. trace 2). Both electron transfer processes
are clearly resolved and have all the characteristics of reversible
processes, except the slightly |arger peak-to-peak potential separation

whi ch i shermmbbilidationtof the OPg Mrpdtéﬁﬁdrse%dﬁedtiﬂ thi§ KO£ drl Fefbrest (d'the KE)%%CI

I nt ensi t}/ of- the voltammetric peak at 0.63 V increases gradually wth.
react i oflecTRde. Si nul t aneousl y, those at 0.40 V dimnish gradually. Both of
the redox pairs reach a steady-state after 30-40 m n of refluxing. The

! | . _ . er Su- 4 f

Ru(bpy) 21 2. 1G], © BERE Brdtbybhidbedtnte S O G oP 200 B¥E RESHIATRIC; " e

t hus  pumpoly(AG)RIahdpsly(G)iin TB laye Iybeidizad mmftheiﬁbam?mmﬂgccmﬂkﬁeﬁtww ng
FIG 3, trace 3)

t hat the &g&i‘{?icca ion prqcess_is very effective ( . [0081] As
i | | ust r-&P&gd piectrodescre quV#YGFgf,cqnlmDs%ﬂ&m&e@félmoﬂﬁ&’Qtreatpémﬁd.o or a

hi ghly rev. hial i - . Ui Gt s _observed after
nuner ou %%}%Pﬁ"?&gﬁ AR o, P Buioh. e o RefiR I gt FGR g
ood st abiuh eif céiiiplomientary'/CBo hnd beoome fixed bfi theséledtroda b@Face <PRo Snsiry
tgypi C:J d%tl?tlh n:.controlled volt fam is recorded as aef:;?.ecte for a
one- el e GBM%W% P%iaﬂliﬁéhwwmmﬁ%ﬁw Q&WPbﬂtldQShe

peak CUPIRINRfs toARS HAUkcble bitfacs Bihia 5Ly HAGAGH GAki AL s HEE" "2t e

the peak-to-peak potential separation is very e eore
val ue ohligtof 160 dgodtcf PINBH-Rada therhybedizatiepsohation. If 5 Iféund) thatSxedhsivesul t s

ascertain t.hat .all. of the heni ym redox _centers, are all owed to reach the
washing wifh NaQl sa%urateci % mM pﬂospimte %uﬁ'er containing 10% ethanol removes most of
the non-DNA related PIND-Ru uptake.

[0090] Cyclic voltammograms for the electrodes after hybridization are shown in FIG
6A. For the non-complementary poly(T)so, one pair of minute voltammetric peaks are observed
at the redox potential of PIND-Ru (0.63 V) after hybridization (FIG. 6A trace 1), largely due to
pure electrostatic interaction of PIND-Ru and CP on the electrode surface. For the
complementary poly(AT)yo poly(AG)ae and poly(G)ao, slight positive shifts in the redox potential
are observed and the peak current increases by as much as 100-fold (FIG 6A traces 2, 3 and 4). .
The observed current, 0.30 pA after hybridization to 200 nM of poly(AT)y, results tﬁaefore
from 1.3 pmol of active and intercalated PIND-Ru. This number represents <0.50% of PIND-Ru
contained in the assayed droplet. Taking 1.2x10™"! mol/em? (midrange of the estimated values)
as the surface CP coverage and assuming that the maximum PIND-Rw/base ratio of 1/4, 0.13

~ pmol of the target DNA is hybridized. Thus, 13% of the target DNA and 15% of the surface-
bound CP is actually hybridized, which is comparable to those found in the literature.
Interestingly, when poly(AG)zo and poly(G)so are hybridized with their corresponding
complementary CP coated electrodes, noticeable increments in anodic current and slight
decreases in cathodic current are observed (FIG 6A traces 3 and 4), and the increment increases

nearly linearly with increasing guanine content, indicating that guanines in the oligonucleotides
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el ectrode surface and proceed to reversi bl e heterogeneous el ectron
transfer. EXAMPLE 3 [0082] This exanple illustrates the interaction of

PI ND- Ru wybhoeks2BNA as det erni ned by UV-vis spectrophot eaetsGgosfooo2s2

PI ND- Ru. [ 0083] The node of interaction of PIND-Ru with ds-DNA is determ ned
by UV-vis spectrophotonetry of PIND-Ru in the presence of increasing
anounts of sal non sperm DNA was investigated (FIG 5A). UV-visible spectra
is recorded on an Agilent 8453 UV-visible spectrophotonmeter. In the UV-vis
spectrophotonetry, signatures of intercalative binding, where the fused

pl anar aareatdlyticallygxulizedat 068 \aby thedntdrcalpted RIND:Riua (These resudtstdsmiohstentef that

bet ween se.pairs .of ds- h C 1.SM an ed shifts. As_shown
n P G s RINROR rolBveRy Bfeseere it DR i e BBRERInEN i ey rvsty 45%
4.0 resulfisgodiftich ARAndIES1AF SRR e RetéocaiRt rgdo?\fguaﬁ in Bmﬂg@o éhvsga. and
at 366 and 387 nm Sim Igalrﬁ?phenorrgn_a were}rspre |ousPy 0 séJ?\l\?lg {vﬁ?ﬁi@%/a
napht hal éerderelopingan(ulib)sehsitivelgNA bipsensdrs. tertiary amine side chains. The
ND absor bance band hypochrom smreaches a plateau at the DNA base

i r TPI ND- Ru ' 0,, and ' .S . ) g
Prdi cat i ng. & hAQ0S o Nat e SRR PN DR e S oartite R olor didiesst | o
i nt er cal abiegtingXanbéeubloptibilioPdined HEmRNADis|cvhlatell, tilifg ki (11 GéHgR fufbut Srotein

estimated through a conpetition experinment using short hairpin
ol i gonucpé?® gengrin| as v target @ons cRridnyto BybridizationpthemRINAthixturé isnge i n

uhi ch t hOSURBL Ay A 117 OlisGhuelrobies Vichscapeess gpmplemenisrain TH36ene

e

const ant aregtrRdHliRRthn he ereeﬁo&efkﬁrﬁ%@t eweg oﬁﬁg&, idiz8ti °

3. &l Or, aIcorrespondi ng to approxi nate ys a %?oﬁlpgjﬂen nf:‘erren Ip%\ri})gré A

pl ausi bl eniexXPPBmaRNAfromr the mixtutecib séledtivelydunnd td therletrodnsinfaceyThotbugh
rinsing with the hybridization buffer washes off all of the non-hybridization-related mRNA.

[0092] As seen in FIG 6B, a typical cyclic voltammogram of the electrode after
applying PIND-Ru, considerably higher peak current is observed for the anodic process,
indicating that larger amount of electrons is involved in the oxidation process, most probably due
to the captured long TP53 mRNA molecules which bring a much larger amount of guanine to the
electrode surface. The peak current drops significantly during successive potential cycling and a
steady-state voltammogram is attained after 5 cycles between 0 and 0.90 V (FIG 5B trace 2).
Integration of oxidation or reduction current peak at slow scan rate <10 mV/s yields a surface
coverage of 3.8 pmol in terms of electroactive Ru?*/Ru** sites. The total amount of PIND-Ru,
1.9x10™"! mole/cm?, is equivalent to 32% of the CP being hybridized and fully intercalated. To
have a better understanding of the hybridization efficiency and PIND-Ru loading level, a series
of quartz crystal microbalance (QCM) measurements are carried out on TP53 after hybridization,
and after PIND-Ru intercalation. The results are summarized in Table 1: |
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that after the ND group has intercalated with ds-DNA, the two cationic
Ru(bpy)2C groups in PIND-Ru formion-pairs wth phosphates on each side of
t he ds- DN#p 20@d02896ND nore tightly fixed in between thepoasepsione4nf

ds- DNA. EXAMPLE 4 [0085] This exanple illustrates the application of
PIND-RU i n DNA bi osensors. [0086] The preparation and pretreatnent of gold
el ectrode are as previously described in Xie et al., Anal. Chem 76:
1611-1617 (2004); Xie et. al. Nucelic Acids Res. 32, el5 (2004); Xie et al.
Anal Chem 76:4023- 4029 (2004) and Gao et al. Synth. I\/Et. 75 5-10

(1995), all~or—whrT] 553 —
prior to capture pr )be (CP) adsorptlon al gol d el ectfmﬂ%ll@m_eﬁgﬂa,sed to
i mmedi ately 1 n absol ute et hanol
-nolayer S adsorbed by I mer si ng

oxygen plasma for 5410 m artyPideHon mer sep
d soak d_in PBS
T

for 20 mn to reducg the oxide Iayer CP
the gol d el e€iPrQeaked
adsor ption tmong[ne‘trodes are c

1 y
for 20 min, rinsed agaf n, %%“‘gﬂ

|nsed vmth

t ﬁfa s@?earﬁ%ﬁkﬁ

density of CP, assep el Gy rocheﬂFPSSaI I'y| Byt Nengyise @ho=Rii/Qp) C r edRatio
probe according to procedurgﬁprgg@ d by steel, is found to be in the
range of 1.13-1 30<IO‘11 nol / c I mze non-DNA rel ated Pl ND-Ru

upt ake and 1 nprove fhe quality and stabiTgty of the CP nonolayer, 1Nne
CP-coated gold el ecjrade i 95i nmersesg i n g4 hangyic sol uggon of 2.0/ M
1- mer capt ododecane [MD) for 4-6 h. Unreacted MD nol ecules are rinsed off
and the electrode ip washed by inmmersion fn_a stirred ethanol for 10 mn
and foll owed by2tho od@h rifisi ng wi th et hanbt an®Pwater. #he electroddlis
ready after air-dry}] [0087] The hybridi zagion of a target DNA and its

el ectrochem cal sdet pctigon iig carriegg out fns§hreggosteps. frst, a 2. gy
al i quot of hybridizption solution containing the target DNA is ‘

4 19 17 43 6.9 6.1 21 112

Table 1. QCM Data of CP coated quartz crystal resonators after hybridization to TP53 in 1.0 pug
mRNA, and after PIND-Ru intercalation.

[0093] As shown in Table 1, ~40 fimoles of TP53 is hybridized. This number
represents ~1.6% of the surface-bound CP is actually hybridized which is much lower than those
of short oligonucleotides (20-50-mers) reported in the literature. It is not surprising that the
hybridization efficiency decreases drastically with increasing the length of the analyzed gene. In
addition, the QCM experiments shows that one PIND-Ru intercalated perl 1-14 bases of TP53,
suggesting that some of the PIND-Ru molecules intercalated into the secondary structure of
TP53, which further enhances the sensitivity of the method. PIND-Ru loading density is found
to be in the range of 1.5-2.2x10™"! mole/cm?, which is in good agreement with that obtained in
voltammetric tests.

© [0094]  The dynamic range for the quantification of TP53 gene is established using
purified cDNA transcribed from the mRNA of TP53 and diluted to different concentrations with

TE buffer before use. For control experiments, non-complementary CPs are used in the
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uniformy spread onto the el ectrode and the electrode is placed in a

noi sture saturated environnental chanber naintained at 600C (| ow stringency
270C bel owmot2oes/Rado%- adj ust ed nel ting tenperature) 30m npcirtsGeeostobenzri nsed
t horoughly with a bl ank hybridi zation solution at 600C and i ncubated at 35C
for 10 mn with a 5.0 m aliquot of 100 ng/m of PIND-Ru in the

hybri di zation solution. PIND-Ru is attached to the hybridized target DNA
via threading intercalation. After the electrode is air-cooled and held at
roomtenperature for 10 mn, a thorough rinsing with Nad -saturated
phosphat eldau‘bﬂeprepaﬂalﬁom)lt is Goral thatrtbe dl&%neidomasds hneantpwd:hcm c&ﬂmenu'atlon

concent r A A3 1350 sMAPiHB & dElesfioh s offl o cerereopRadins B sl TokingaRe
random nQbggleARTfS ffid E&Eﬁﬂ?a%h,cas' 1RE1€£J 75 aife&ﬁoleé 8PEBs3 d&?ﬁ@&ﬁ%@é&aﬁ)

experi rrents are carried out usl truments no
el ectroc tdetecmdlusmgrtke;pmpomd m&thqd. ﬂ&mpareﬂ tatﬁecptenumsnemﬂtsmf dirket nfa€leic acid

| nstrument s .Austln .The three-el ectrode_system copsists of a
3. 0- mm diO¥2tion agsa ReIAIEL pgemppitucteic agid asey 18 iF YAmprowsd y@adopting

Count SP‘:S?iia??%%@ﬁfﬁf‘d%ﬁﬁﬁé@%pr e ot BbIGR inVentiof YhedpBudtb SHOHL 1, |
3.0- mm dabeling electzochemical arettind far ﬂmtdirectrdemcbgmoﬁmm acid is ﬂm genepfpdmeehlt o

t he gol d el troeaterthel i 1izatign of, the CP. I poteniials
reported"?"?’fF gng TePX A Vopife {gpanin ai R t he

first hyhshmira Qs néafa Hitagd OB Ru2A01 |¥£cﬁ£)3&f ©
20 n poly(Q 4?%1 TE girﬁe hybrlvdl z%ld W th thgur coﬁrggs on |dng conpl e ?rge%tgt:ry

C coat ed betheguaningsmd PINDR are\oxidizedas potsotiglas losvas 0.68& where lm&bankgromd
| f 200 nM.
ybr 1 i 2 SEER XSE MBroglin Bonds it ufts aBh sbye e isfive Hgnal THe cotibins

of the two enables plcomola.r detection limit and a dynamic range up to 350 pM. As various

cha_pges could be made in the above methods and compositions without departing from the scope
of the present teachings, it is intended that all matter contained in the above description be
interpreted as illustrative and not in a limiting sense. Unless explicitly stated to recite activities
that have been done (i.e., using the past tense), illustrations and examples are not intended to be a
representation that given embodiments of this present teachings have, or have not, been
performed.

[0095]  All references cited in this specification are hereby incorporated by reference
in their entirety. The discussion of the references herein is intended merely to summarize the
assertions made by their authors and no admission is made that any reference constitutes prior art
relevant to patentability. Applicant reserves the ri ght to challenge the accuracy and pertinency of

the cited references.

27



bound to their conplenentary CPs and becone fixed on the el ectrode surface.
Thorough rinsing with the hybridization buffer washes off all of the

non- hybr iwb2addsrosel at ed ol i gonucl eoti des. PIND-Ru is lpcowghbostooouhe

el ectrode surface during a subsequent incubation with the 5.0m aliquot of
100 ng/mM of PIND-Ru in the hybridization solution. It is found that

ext ensi ve washing with NaCl saturated 10 m\vphosphate buffer containing 10%
et hanol renoves nost of the non-DNA rel ated PIND-Ru uptake. [0090] Cyclic
vol tammograns for the el ectrodes after hybridization are shown in FI G 6A.
For the wWHATIWOLAMBDAYSY pol y(T)4o, one pair of mnute voltamretric peaks
are observed at the redox potential of PIND-Ru (0.63 V) after hybridization
(FIG 6Atrace 1), largely due to pure electrostatic interaction of PIND Ru

and CP gn they glectra ;ﬁﬁﬁ_ For the conpl enentary pol y(AT)2o0pol y( AG) 20
a d pol ;’(6)4615‘cu % u%gom CIve shifts in the redox potential are observed

and the peak current increases by a h as 100-fold (FIG 6A traces 2, 3
and 4). The observed current, 0.30 m&laﬁt ﬁ hybri di zati on to 200 nM of

pol y(AT) 20, results therefore from 1.3 pnol of active and intercal ated

PI ND- Ru.WhPFgiB nunber represents <0.50% of PIND-Ru contained in the assayed
droplet. Taking 1.2xI O'n nol/cn2 (m drange of the estimated val ues) as the
surface CP c dY isradjealentdyelicsgrouprgandhat  t he maxi mum PI ND- Ru/ base ratio of

1/4, 0.13 pnol of the target DNA is hybridi zed. Thus, 13%of.the target DNA

d 15% of t 15 afecaen ],th ?,ol@,g Lai-zad o whi [ S bl
?g thoseofouﬁaﬁg t he Iltgiragéaggﬁﬂl ntereé in hﬁ;\%ﬁgago Ci@ggan e
pol y(G 40 ar %ﬁ%%?@%ﬂwnnﬁ' %9!50 ﬁjgo&d . %anpi_ir)llt&g%&h@ coat ed

el ectrodes, notice e I ncrenents’in~anodl ¢’ cur '‘Y&creases in

?ﬁ::?ce)g!sgscu”ﬁ tge%(rmesnggggrved (FIG 6A traces 3 and 4) and the increnent

2. A compound as set forth in Claim 1 wherein the divalent cyclic group comprises a moiety

that can intercalate into double-stranded nucleic acid.

3. A compound as set forth in Claim 2 wherein the moiety comprises 1,4,5,8-naphthalene
tetracarboxylic dianhydride.

4. A compound as set forth in Claim 1 wherein the nitrogenous moiety provides a metal-to-
nitrogen coordinate bond.

5. A compound as set forth in Claim 1 wherein the organic amine is 3-
aminopropylimidazole.

6. A compound comprising the formula:
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nearly linearly with increasing guani ne content, indicating that guanines
in the oligonucleotidesare cataryticalUy oxidized at 0.63 V by the

i nt er cal avedokidyBRU. These results denonstrate that Pl RDTRG268l00642 Vel y
interacts with ds-DNA and the PIND Ru-”"ds-DNA adduct has a very sl ow

di ssoci ation rate and highly efficient electrocatal ysis of guanine

oxi dati on, which paves the way for devel oping an ultrasensitive DNA

bi osensors. [0091] -. Next, the intercalated PIND-Ru, as the el ectroactive
i ndicator, for direct detecting cancer susceptibility genes in roRNA is
eval uated, taking the full length turmur[q'ot ein p53 (TP53) gene in nRNA as
our target gene. Prior to hybridization, *he nRNA m xture i s denatured at
700C for 10 tmrn. Aigonucleotides with %quences conpl ementary to TP53
gene are imobilized on the el ectrode synfage and served as CP. Upon
hybridi zation at 53C for 30 min, TP53 njNAlfromthe mxture is selectively
bound to the el ectrode surface. Thor ousi ng with the hybridization
buffer washes off all of the non-hybridijzalion-rel ated nRNA. [0092] As seen
in FIG 6B, a typical cyclic vol tam‘mgr&mg ot he el ectrode after applying

PI ND- Ru, considerably higher peak current{is observed for the anodic
process, indicating that |arger anmount of¥¢el ectrons is involved in the

oxi dation process, nost probably due to iﬁb captured | ong TP53 nmRNA

nol ecul es which bring a nuch | arger anmobunt of guanine to the el ectrode
surface. The peak current drops significantly during successive potenti al
cycling and a steady-state voltamopgramis attained after 5 cycles between

0 and O. V (ETG. 5B t e.2). Inteqgration of oxidatiqn_or reduction
current SS}(gak a“tEngqFSWc? %18 a‘bﬁ; WW@@W&@@M@‘&@% of 3.8
prol in terns of electroactive Ru2+/ Ry3+ sites. The total anount of
PIND-Ru, 1.9XIO 11 nole/cm 2, is equi T8t 0 32% of ~the CP being
hybri di zed and fully intercal ated. To have a better understanding of the
hybri di za/he&®inef fi ci ency and PIND-Ru | oading |evel, a series

D is a divalent cyclic group; and

L and L; are each independently a linking group comprising an organic amine having

from about 3 to about 20 non-hydrogen atoms, an aliphatic amino group, and a

nitrogenous moiety,

bonded to a transition metal compound of the formula:

T— <g7—1,.m'

Z-M—-21 X

&
T

wherein

M is a metallic element that can form a coordinate bond to nitrogen;
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of quartz crystal mcrobal ance (QCM neasurenents are carried out on TP53
after hybridization, and after PIND-Ru intercalation. The results are
sumar i zewoi2woclabioe 1: TP53 PIND-Ru | ntercal ati on Hybri dipzatsicassob2épat ed
Resonat or Hybri di zed PIND-Ru Loadi ng PIND-Ru/Base Df Df LTP TP53 (Hz) (ng)
(Hz) 0g) (xIO 12 nole/cm) Ratio (xI0 1J nole) 1 17 15 38 5.4 4.7 15 1/14 2
18 16 41 7.4 6.5 22 1/11 3 16 14 36 5.5 5.0 17 1/12 4 19 17 43 6.9 6.1 21
1/12 Table 1. QCM Data of CP coated quartz crystal resonators after

hybridi zation to TP53 in 1.0 ng nRNA, and after PIND-Ru intercal ati on.

[ 0093] "As sh § Ry =40 f | . ol ' hdized. This nunber
represents ~q¥LVQ%%/§ oﬁ%@%ﬂ#ﬁ%@y%ﬁéﬁw%mgg?%ﬂgﬁﬁ &ﬁ%yff‘éﬁ%ﬂl h is
much lower than thgse.of short oligonucl eotides (20-50-ners) reported in
the literat u[ago_mﬁ,tw TMot sur prising that the hybridization efficiency
decreases drastically with increasing the length of the anal yzed gene. Ih
addi tion, the QomRaRIareindspendently saleatedsfromithe\gromp consisting aff 326bippdyls 1- 14
bases of TP53, suggesting that sone of the PIND- Ru nol ecul es intercal ated

i nto the secondar \2,Z+ipyridyt subsfituted 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 group consisting of C1-C4 alkyl,
phenyl, and phenyl substituted with one or more C1-C4 alkyl groups;

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.

8. An electrocatalytic intercalator as set forth in Claim 7 wherein the core compound

is bonded to the transition metal compound with a metal to nitrogen coordinate bond.

9. An electrocatalytic intercalator as set forth in Claim 8 wherein M is selected from the
group consisting of ruthienium, osmium, zinc, iron, rhodium, rhenium, platinum, scandium,
titanium, vanadium, cadmium, magnesium, copper, cobalt, palladium, chromium, manganese,

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

10.  An electrocatalytic intercalator as set forth in Claim 8 wherein M is ruthenium.
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TP53, which further enhances the sensitivity of the nethod. PIND Ru | oadi ng
density is found to be in the range of 1.5-2.2xI O "n nole/cm2, which is in
good agr esoRodc/oastob t hat obtained in voltametric testspcieddsosdraz dynani c
range for the quantification of TP53 gene is established using purified
CcDNA transcribed fromthe nRNA of TP53 and diluted to different
concentrations with TE buffer before use. For control experinents,

non- conpl enentary CPs are used in theel ectrode preparation. It is found
that the current increases Iinearly mﬁth cDNA concentration from2.5 to 350

pMM th a ggetec efdifPfle 3 ing the
sarrpl e voFume Eﬁ!r:]l;%:i)bc(lt:ﬂggistlﬁl eration, as I|t atto gamfc%

is successfu et e,t ed he proposed rret hod Conpared. to the
previ ous ?&H‘%é g Lima@%%o ‘c acid oxidation assays, the sensitivity

of genom c nucl ei c aC| d assay is greatly inproved by adopting the catalytic
threading intercal ator schenme of the present invention. The appeal of the
nonl abel i ng el ectrochem cal nmethod for the direct detection of nucleic acid
is that gthes Aneinctrocitalyti¢ thterealatbrasset forthrinGlainm@wherein Z fsechleriheror begnive,
units (guanine and intercal ated PI ND-Ru) exhibit high sensitivity. The
advant age of the PIND-Ru catal yzed system descri bed here is that both
guanine and PIND-Ru are oxi di zed at potential as low as 0.63 V where little

backgr oung cur hanj Q [;r? Qﬂﬁﬂ .nor e
sensitive si gnhﬁ Qfﬁg conbi na1r8%%8f?ssgﬁ&?@ﬁ¥dlna {e@ prco %ﬁg{g&gfogg
Ilmtandadnamcra 0 vari hanges coul d be made in
t he above""%%? 5t 8 UMY %ﬁﬁﬁ@#ﬁrﬁ%& ’éﬁ dﬁ'ﬁ}i@apﬂée* the scope of the
present teachings, it is intended that all matter contained in the above
description be interpreted as illustrative and not in alimting sense

Unl ess explicitly stated to recite activities that have been done (i.

usi ng t helpast Anglestipcatalyticintarealatoras Sﬁhﬁ)r@)m@maslhwhemmtthe mbmtgdminpmsebe a
1,4,5,8-naphthalene tetracarboxylic dianhydride.

15. An electroca_talytic intercalator as set forth in Claim 8 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.

16.  An electrocatalytic intercalator as set forth in Claim 15 wherein M is selected from the
group consisting of ruthenium, osmium, zinc, iron, rhodium, rhenium, platinum, scandium,
titanium, vanadium, cadmium, magnesium, copper, cobalt, palladium, chromium, manganese,
nickel, molybdenum, tungsten, and iridium, or mixtures thereof,

17.  An electrocatalytic intercalator as set forth in Claim 16 wherein M is ruthenium.
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representation that given enbodinents of this present teachi ngs have, or
have not, been perforned. [0095] All references cited in this specification
are her ebyoioemanpesat ed by reference in their entirety. pEhscdieooear on of
the references herein is intended nerely to summari ze the assertions nade
by their authors and no adm ssion is nmade that any reference constitutes
prior art relevant to patentability. Applicant reserves the right to
chal l enge the accuracy and pertinency of the cited references. WHAT IS
CLAIMED I S: 1. A compound of the forrmula: Li-D-La wherein Di a divalent
cyclic group; and Li and L are each independently a |inking group
conprising an organi ¢ am ne havi ng fron1about 3 to about 20 non- hydr ogen

at ons, aI| hatic and S i et A conmpound as
set fort g‘P?FF a%}@’;ég ‘ia%é“cﬁs\?ﬁtl §Ea|'mc1% S?‘E%%‘“H‘erml ety
that can |nt ercal ate i nto doubl e-stranded nucl ei ¢ aci d 3. A conmpound as
set for tcompnis@ hamiepwipyliviidazolee noi ety conprises 1, 4,5, 8- napht hal ene
tetracarboxylic dianhydride. 4. A conpound as set forth in Caim1l wherein
t he nitrogenous noiety provides a netal -tonitrogen coordi nate bond. 5. A
conpound as set forth in Caim1l wherein the organic amne is 3-

19.  An electrocatalytic intercalator as set forth in Claim 15 wherein Z is chlorine or bromine.

20. An electrocatalytic intercalator as set forth in Claim 15 wherein the divalent cyclic group

comprises a moiety that can intercalate into double-stranded nucleic acid.

21.  An electrocatalytic intercalator as set forth in Claim 20 wherein the moiety compﬁs&s

1,4,5,8-naphthalene tetracarboxylic dianhydride.
22,  An electrocatalytic intercalator as set forth in Claim 7 wherein 1 is 1,4,5,8-naphthalene
tetracarboxylic dianhydride, the organic amine is 3-aminopropylimidazole, at least one of R and

R'is 2,2"-bipyridyl, M is ruthenium, and Z is chlorine.

23.  An electrocatalytic intercalator comprising the formula:
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am nopropyl i m dazole. 6. A conpound conprising the formula:7. An

el ectrocatal ytic intercalator conprising a core conpound of the formula:

Li - D-La wbeo@i02519i s a di val ent cyclic group; and Li ardTisg2eus@oeach

i ndependently a |inking group conprising an organic am ne having from about
3 to about 20 non-hydrogen atons, an aliphatic am no group, and a

ni trogenous noiety, bonded to a transition netal conpound of the fornmula: m
Z-MZ wherein Mis a nmetallic elenment that can forma coordi nate bond to

ni trogen; R and Rlare nitrogen-containing organi c noieties coordinated toM
at their nitrogen atons, wherein R and Riaggsicerdependently sel ected from
the group consisting of 2,2 -bipyridyl ;22,2 -biryridyl substituted with one
or nore substituents sel ected fromtlf"group consi sting of Cl1-C4 al kyl,
phenyl, and phenyl substituted with ofle or nore C - C4 al kyl groups;

1, 10- phenant hrol i nyl ; and 1, 10- phenanphrolinyl substituted with one or nore
substituents selected fromthe gro onsi sting of Cl1-C4 al kyl, phenyl, and
phenyl substituted with one or nore £1-IC4 al kyl groups; Z is a hal ogen
atom

24. A method for preparing an electrocatalytic intercalator, the method comprising contacting
a core compound of the formula: |
Li—D—La
wherein
D is a divalent cyclic group; and
L and L, are each independently a linking group comprising an organic amine
having from about 3 to about 20 non-hydrogen atoms, an aliphatic amino group,
and a nitrogenous moiety,

with a transition metal compound of the formula;

&
)
ZSM—-Z X

o |
| -

wherein
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mis +1, +2, +3, +4, +5, or +6; and X is an anion, or conbination of

ani ons, that balances m 8. An electrocatalytic intercalator as set forth
in C ai mwowbersmet he core conpound is bonded to the tpramsicRiGmoaa: al
conpound with a netal to nitrogen coordinate bond. 9. An electrocatal ytic
intercalator as set forth in Claim8 wherein Mis selected fromthe group
consisting of ruthenium osmum zinc, iron, rhodium rhenium platinum
scandium titanium vanadi um cadm um -magnesi um copper, cobalt,

pal I adi um chrom um mnmanganese, nickel, nol ybdenum tungsten, and iridium

or mxtures ther eMisalﬁletaﬁib&éﬁ@ﬁt&%%&@fdﬁ&f&c&oﬂiﬁﬁ@%ﬁdﬂfﬁ%gﬁt forth in

Claim8 wherein Mis ruthenium 11. AQel ectrocatalytic interc tor as set

3 nopr opy! | m divaat i el ORlnRE EirRIRT ordipated jo Mt o, ¢

in aim8 wherein.Z is chlorine,or bromne. 13. An electrocatalytic
intercal ator as s®&HTQE5PAIPMS, W 8 wherein the divalent cyclic group
conprises a noiety that can intercalate into doubl e-stranded nucl ei c acid.

14. An el ectrocat al yti R anéR'raseindependentlyssslectedrfram the gobup consiBtingef 22k t he
noi ety conprises 1,4,5, 8-naphthal ene tetracarboxylic dianhydride. 15. An

el ectrocatal ytic inter bigyeidel; 2:25-bipgtidiisubltituted Sith dheor Witze shbstiticaiGelcted ! €
i ndependent|y selected fromthe group consisting of 2,2'-bipyridyl, -

4, 4' - et hyl - 2, 2| -'bi pyri tgk.& %ﬁd.oﬂ&’ikﬁn 'aJ]B@eﬂﬁ\éh' 2,03 <0l ' 16.
An el ectrocatal ytic i ntﬁgﬁ:g}lea or as set orfts'ﬁii n al Hﬁ%n%m%%rngﬁndbgﬁéugd
selected fromthe group.so0si St f Lum, L U inc,, I r

rhodi um rhenium plat ?ﬁﬁlnéh%ggéﬂnog?%q %\}Rs’ &gﬁﬁeﬁ%ﬂ&eﬁaﬂf ﬁrﬁfﬁo’
fragnesium copper, COb%Lgﬂm&%ﬁr%q%r?ﬁm%%%g&orng&%an St?tilents selected from

the group consisting of C1-C4 alkyl, phenyl, and phényl substituted with

one or more C1-C4 alkyl groups;
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,
so as to form a metal to nitrogen coordinate bond between the core compbund and the transition

metal compound.

25. A method as set forth in Claim 24 wherein M is selected from the group consisting of
ruthenium, osmium, zinc, iron, rhodium, rhenium, platinum, scandium, titanium, vanadium,
cadmium, magnesium, copper, cobalt, palladium, chromium, manganese, nickel, molybdenum,
tungsten, and iridium, or mixtures thereof, |

26. A method as set forth in Claim 25 wherein M is ruthenium.
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ni ckel , nol ybdenum tungsten, and iridium or mxtures thereof. 17. An
el ectrocatalytic intercalator as set forth in Claim1l6 wherein Mis
r ut heni unwdoocAnsebectrocatal ytic intercal ator as set fectrlsc2osGhaism
1Swherein the organic am ne conprises 3-am nopropylimdazole. 19. An
el ectrocatal ytic intercalator as set forth in Claim1lS wherein Zis
chlorine or bromne. 20. An electrocatalytic intercalator as set forth in
Cl aim 15 wherein the divalent cyclic group conprises a noiety that can
intercalate into doubl e-stranded nucleic acid. 21. An electrocatal ytic
intercalator as set formin Caim20 wherein the noiety conprises
1, 4,5, 8-napht hal ene tetracarboxylic dianhydride. 22. An electrocatal ytic
i ntercal @7or a%nfethod @rsetforth iCHin 24 wheéeiaithe drgasic imiheTotprizedshal ene
tetracarboxylic dianhydride, the organic am ne is 3-am nopropyUn dazol e, at
| east oneppfo bQel, 2' -bipyridyl, Mis ruthenium and Z is chlorine.
23. An electrocatalytic intercalator conprising the formula:24. A method
for preparing an electrocatalytic intercalator, the nethod conprising
contacting a core compound of the fornmula: L- D- La wherein Dis a divalent
cyclic group; and Li_and L are_each independently a |inkin rou
cgrrpri S|gr?1§ gn %F@Qﬂd&séﬁﬁqggh%g% %ngﬂczﬁs CQIO%/’@C%UQMIR% gon-vﬁydr ogen
atonms, an aliphatic am no group, and a nitrogenous noiety, with a
transition netal conpound of the formula: whereinMis a netallic el enent
that can forma coordi nate bond to nitrogen; :

29. A method as set forth in Claim 24 wherein the divalent cyclic group comprises a moiety

that can intercalate into double-stranded nucleic acid.

30. A method as set forth in Claim 29 wherein the moiety comprises 1,4,5,8-naphthalene

tetracarboxylic dianhydride.

31. A method as set forth in Claim 24 wherein R and R' are independently selécted 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.

32. A method as set forth in Claim 31 wherein M is selected from the group consisting of
ruthenium, osmium, zinc, iron, rhodium, thenium, platinum, scandium, titanium, vanadium,
cadmium, magnesium, copper, cobalt, palladium, chromium, manganese, nickel, molybdenum,

tungsten, and iridium, or mixtures thereof,
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R and R are nitrogen-containing organic noieties coordinated to Mat their
nitrogen atons, wherein R and R *are independently selected fromthe group
consi st i ngoabosd2®i9s bi pyri dyU 2, 2l - bi pyridyi substitut e¢cwisGhosneoas nore
substituents selected fromthe group consisting of Cl1-C4 al kyl, phenyl., and
phenyl substituted with one or nore Cl1-C4 al kyl groups;

1, 10- phenant hrolinyl; and 1,10- phenanthrolinyl substituted with one or
nore substituents selected fromthe group consisting of CL-C4 al kyl,

phenyl, and phenyl substituted with one or nore Cl-C4 al kyl groups; Zis a

hal ogen 38 om AmdtBodtds, settfrth 118 Claith 32~Pher6ih M 8s rillitghivinl S an ani on, or
conbi nation of anions, mat balances m so as to forma netal to nitrogen

coordi nate bond between the core conpound and the transition netal
conmpound. 25. A nethod as set forth in Caim?24 wherein Mis selected from

the gro congi sti ng of henj, um_.osm um._ zinc,. irqQn, rhodiu rheni um

pl at i nuth%‘sca%&?elﬁ‘ﬂ‘p i*ﬁf?%ﬁ?%%ﬁi%ﬂ%‘e@mqﬁﬁ?m%%@%s% bper, cobalt,
pal | adium_ chronjum manganese, nickel, nolybdenum tungsten, and iridi'um
or m xt (AIHBOPIYRY azglg, A method as set forth in daim25 wherein Mis
ruthenium 27. A nethod as set forth in C aim24 wherein the organic am ne
conprises 3- am nopropylimdazole. 28. A nethod as set forth in C aiim 24
wherein Z is chlorine or brom ne.

35, Amethod as set forth in Claim 31 wherein Z is chlorine or bromine.

36.  Amethod as set forth in Claim 31 wherein the divalent cyclic group comprises a moiety

that can intercalate into double-stranded nucleic acid.

37. A method as set forth in Claim 36 wherein the moiety comprises 1,4,5,8-naphthalene

tetracarboxylic dianhydride.

38. A method as set forth in Claim 24 wherein I is 1,4,5,8-naphthalene tetracarboxylic
dianhydride, the organic amine is 3-aminopropylimidazole, at least one of R and R' is 2,2'-

bipyridyl, M is ruthenium, and Z is chlorine.

: 39. A method for detecting a nucleic acid, the method comprising:
contacting in aqueous medium an electrocatalytic intercalator comprising a core
compound of the formula:
Li—-D—La

wherein
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29. A nethod as set forth in Caim24 wherein the divalent cyclic group
conprises a noiety that can intercalate into doubl e-stranded nucl eic acid.
30. A netwodo@2s®s forth in Caim29 wherein the noi et pctSmRIISHOR2

1, 4,5, 8-napht hal ene tetracarboxylic dianhydride. 31. A nethod as set forth
in Cdaim24 wherein Rand R are independently selected fromthe group
consisting of 2,2 -bipvridyl, 4,4l -nmethyl-2,2"-biryridyl,

4,4" -ethyl-2,2"-bipyridyl, 4,4"- phenyl-2,2"-biryridyl,

55 -nmethyl-2,2f-biryridyl, and 5,5 -phenyl-2,2"- bipyridyl. 32. A nethod
as set forth in Claln1SHDwaﬂMWHmmNbecgﬁh@pﬁﬁw fromthe group consisting of
rut heni um osmum zinc, iron; rhodi um rhenlun1 plati num scandi um

titani um vanadi um cadrn%ulgq&nga%h- R Ph organic
chrom um nanganese, ni ckel nmol ybdenu tungst en, gr%ou[p“ gi rum gor ° xtures

t hereof . 33. A nethod as set Lfhein S rutwenlu 4. A
method as set forth in &rar %ﬁ%ﬁgpeﬁgﬁu %%P%%mg‘ﬁxdﬁ%ge&&r P28 %ém
am nopropyl i m dazole. 35. A nethod as set forth in Caim31 wherein Z is
chlorine or bronine. 36, 2M0QgIWRanda nifrogenoRs MOIGY,Cl ai m 31 wherein t he

di val ent cyclic group conprises a noiety that can intercalate into

doubl e- st randed nudionded taca ttans3ion ndetalstompound ofthe foromlddy i n C ai m 36 wherein
the noiety conprises 1,4,5,8-naphthal ene tetracarboxylic dianhydride. 38. A

method as set formin Caim24 whepein | ie=l.4,5, 8-naphthal ene
tetracarboxylic dianhydride, the ofganig.am h® i s 3-ani nopr opyl i m dazol e,
at | east one of R and Rlis 2, 2- i 7

| z—M—z} X

&
. |

wherein

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

RandR'are ﬁitrogen—contajning organic moieties ‘coordinated to M at

their nitrogen atoms, wherein
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-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;

Z is a halogen atom;
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bi pyridyl, Mis ruthenium and Z is chlorine. 39. A nethod for detecting a
nucl eic acid, the nethod conprising: contacting in aqueous nedi um an

el ect r ocavelyddsiopt er cal at or conpri sing a core conpoungcefsceisobeumul a:
Li-D-La whereinD is a divalent cyclic group; and Li and L2 are each

i ndependently a |inking group conprising an organic am ne having from about
3 to about 20 non-hydrogen atons, an aliphatic am no group, and a
nitrogenous noiety, bonded to a transition metal conpound of the fornul a:
wherein Mis a netallic element that can forma coordi nate bond to

nitrogen; R andR are mytd0geD; £M4Q4H] A-60msHANI C DI eties coordinated toM
at their nitrogen atons, whérein R and R are i ndependent|y sel ected from

t he group consisting o RH') ituted with one
or nore substituents se a@ %ﬁ group COI’IS’Ith% ng C4 al kyl,
phenyl, henyl substlt t ed vvlth ne or . nore Cl. al k Qups;

0" phaftnt BGpiek gomparies the Foclsiraridasdp imigroainiae Fleprona e GRalans o o
substituents selected fromthe group consisti ng of Cl1-C4 aI kyI ‘phenyl , and
phenyl dutodhe complex;aindh one or nore d -

detecting an electric current wherein the electrocatalytic intercalator oxidizes a -

nucleotide.
40. A method as set forth in Claim 39 wherein the nucleotide is guanine.
41. A method as set forth in claim 39 wherein M is selected from the group consisting of
ruthenium, _osmium, zinc, iron, rhodium, rhenium, platinum, scandium, titanium, vanadium,
cadmium, magnesium, copper, cobalt? palladium, chromium, manganese, nickel, molybdenum,
tungsten, and iridium or mixtures thereof.

42, A method as set forth in Claim 41 wherein M is ruthenium.

43, A method as set forth in Claim 39 wherein the organic amine comprises 3- _

aminopropylimidazole.

44, A method as set forth in Claim 39 wherein Z is chlorine or bromine.
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C4 al kyl groups; Zis a halogen atommmis +1, +2, +3, +4, +5, or +6; and X
is an anion, or conbination of anions, that balances m with a conpl ex
conpri si ngot2bes/nsvkei c acid so as to intercal ate the el ectrrsoeatsabytst C
intercalator into the conplex; and detecting an electric current wherein
the electrocatal ytic intercal ator oxidizes a nucleotide. 40. A nethod as
set forth in Claim39 wherein the nucleotide is guanine. 41. A nethod as
set forth in claim39 whereinMis selected fromthe group consisting of
ruthenium osmum zinc, iron, rhodium rhenium platinum scandium
titani umis.vanadmetipd assktiforth inrClgine 39 wihereirothe divalenb bydlic groupl domtirises a moiety
chrom um nanganese, nickel, molybdenum tungsten, and iridiumor m xtures
thereof ¢t cdh MRirEWste ffo 6UbIESHindel Auskidiagidd 1 whereinMis ruthenium 43. A
met hod as set forth in Caim39 wherein the organic am ne conprises 3-

am nopropyl i m dazole. 44. A nethod as set forth in Caim39 wherein Zis
chlorine or bromne.45. A nethod as set forth in Caim39 wherein the

di val ent c¢yclic groyp conprises, a iety.that can intercal ' .
doubl o- s#and AR S Sot Jortin Clgin 45 F@PFVFHHH‘&P@P' cf’glppﬁeﬁalnf’s%ﬁ%%er ei n
the noiety conprises 1,4,5,8-naphthal ene tetracarboxylic dianhydride. 47. A

net hod atcteacarbpyylicdipphydride.-m 39, wherein the nethod further conprises:
i mmobi li zing a probe on the el ectrode; and

47. A method as set forth in claim 39, wherein the method further comprises:
immobilizing a probe on the electrode; and
providing the nucleic acid in solution in contact with th_e electrode, wherein the

probe and nucleic acid hybridize to each other.

48. = A method as set forth in claim 39, wherein the method further comprises:
immobilizing a first member of a recognition pair on the electrode;
labeling a probe with a second member of the recognition pair;
combining the labeled probe in solution in contact with the electrode, wherein the

probe and the nucleic acid hybridize to form a complex that is bound to a surface of the

electrode.
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providing the nucleic acid in solution in contact wth the el ectrode,
wherein the probe and nucleic acid hybridize to each other. 48. A nethod as
set forthwonosd@sm39, wherein the nethod further conprireesG003mwoésti zi ng a
first nmenber of a recognition pair on the electrode; |abeling a probe with
a second nmenber of the recognition pair, conbining the | abel ed probe in
solution in contact with the el ectrode, wherein the probe and the nucleic
acid hybridize to forma conplex that is bound to a surface of the

el ectrode.49. A nethod as set forth in claim39, wherein the

el ectroggt al Wihehbdhict it R cldifh 39, VRERMHNS el iBEAtAVQintd?6aliteF ¥4l dmpound
comprising the formula:

Rubpy): CT*
/7
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