DETERM NATI ON OF NUCLEI C ACI D USI NG ELECTROCATALYTI C | NTERCALATORS.
FI ELD OF THE | NVENTI ON [0001]; '"his, application relates generally to
bi osensors for detection of nucleic acids using electrocatalytje

i ntercal ators:.' BACKGROUND OF THE | NVENTI ON [ 0002] Nucleic acid
based bi osensors have potential applications that range from
genotyping to nol ecul ar’ di agnostics: Fluorescence-based techniques
afford high-density nucleic acid arrays for analyzing specific
nucl ei ¢ aci d sequences and _gene. exp!e55|on AIthough mndely

enpl oyed, t hese Xl IERBIINATION ‘

“sanpl es. El ect rocheni cal - transductggﬁggzégggizggs

proposed for ultrasensitive detecti : ici d

hybridi zation. events. The use of el ectrocheniical techniques'instead

" of fluorem an_a Iow for S|rrpler and snall er detectors,; .The
ability t Lq oM ¢ acid selectively and sensitively

has been a maj r.ochem cal eargch. SUMVARY OF THE .

| NVENTI ON [ ooo Cor gfhlsu neﬁﬁé HFRR IS 91 %WF@fm\béomﬁuédtmpnofnuclem acids
devi si ng nmm@mwh@acmmamnsors for detecting nucleic acids in

a sanple. This approach i'sbased on the synthesis and analytical

applicati nucI el ¢ aci-d intercalators for use in

ul t rasens{ﬁﬁ*&kﬁé THE INVENTION ' [ 0004] | n various

enbodi nments, the present |nvent|on prOV|des a core conpound of

formula I: oo W AmiiagRr: Lvalent cyeclic group. Lt and

L2 are each |nggpendently a@idﬁ?u ng- gro %5 ﬁ‘% gPeBcatiopsthairange from
Zlml gﬁa[]?\élgqgommm dmgm:saus. H%mm&%w&&@lﬁ&aﬂ@ﬁmgh-dmtymmlm

acid arrays for analyzmg specific- 1111016’10 acid sequences and gene €xpression, Although widely
employed, these arrays reqmre labelmg of the target nuclelc acid sa.n::ples Electrechemcal
n'ansducmn methods have tberefore been proposed. for ultrasenmtlve detection.of nuclele acid -
-hy‘bndlzatxon events. The use.of: elecirochemcal techmques mstead of fluorescence can allow
for simpler and smaller detectors -The ability to directly.détect nucleit acid selectxvely and
sensmvely has been a maj or goal of electrochemcal research.

SUMMARY OF THE INVENTION

-[0003] : Accordmgly,’the mventors have succeeded in dewsmg new approaches in
biosensors for detectmg micleic aclds ina sample This approach is'based on the synthesis and

1 analytical apphcauon 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~—13



am no group, and a nitrogenous noiety. [0005] In further enbodi nents,
the present invention also provides electrocatalytic intercalators
conprising the-core conpound of fornmula |I bonded to a transition
metal compound of formula M M Z MZ X wherein Mis a netallic

el ement that can forma coordinate bond to nitrogen. Rand R are

ni trogen-containing organic noieties coordinated to Mat their
nitrogen atons. Zis a halogen atomand inis +1, +2, 3, +4,.+S, or
+6. Xi s wherainidas a divaleohéyiclia grap. df andilgare, eab&laﬂeﬂmﬁanb&shn]nﬁg grbtip a

preferred erroodl ment the. alLlic el t heni u 00061 In_, .
various FARHHE m?h% §§ﬂ‘ftn31 W@S%t&bﬂ%‘lhy iogsan aliphatic

met hods aﬁ‘lﬁbg&g gﬁdg RN G SCI’I bed el ectrocatal ytic
intercalators. fhe conpri s contacting the core conpound of

formula | w t[#0D5E trhﬁmthmmboﬁbﬁnmmmmmenhonﬂhb@rdvhdﬁ@lecﬁ&catz@yﬂc
form a petal to nitrp en coor di nate‘ﬁ#dd bet weéen t he core_conpound
and t he YR ?‘fscﬁ?mmé (e ERFH GomBoURdRIFormin Ebonded ine trapsition mefal compound
further @r $1-met hods for electrocatal ytic detection of nucleic
acids uti1l1zi ng the above-described el ectrocatal ytic intercalator. In
vari ous ~enbodi nents, the electrocatalytic intercalator is cont act ed
with a conpl ex corrprlsmgthetar nuc acid so as to .
intercalate the el ectrocatal ytic i}nt eLg r into the conplex. 2
[0008] In still further enbodi mentys, iﬁe prdsent invention is also
- directed to kits conprising eIectroc -ytifc ntercal ators, as well
as, to biosensors that utilize sudhZ-e catal ytic intercal ators
for el ectrocat al yti.c detection of nué §a i d. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0009} The skilled adti | } understand that the
drawi ngs, described below, are fo str tion purposes only. The
drawi ngs are not intended to limt the scope of the present

iy

wherein M is a metallic element that can form a coordinate bond to nitrogen.- Rand R are
nitrogen-containing organic moieties coordinated to M at their niﬁ'ogen atoms. Zis a halogen
atom and m is +1, +2, +3, +4, +5, or +6. X is an anion, or combinatien of anions, that balances
m. In a preferred embodiment, the metallic element 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 formuia II so
s to form a metal to nitrogen coordinate bond between the core compound and the traﬁsition

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.



teachings in any way. [0010] FIG1 is an illustration of Proton

Nucl ear Magnetic Resonance ("H NMR) Spectroscopy (300 MHz) of PIND
in CDCL3. [0011] FIG 2 is an illustration of nass spectronetric tests
on PIND using electron- spray ionization node. [0012] FIG 3 is an
illustration of cyclic voltamograns of Ru(bpy)2Cl2 (trace 1),

Ru(bpy) 2C12 (trace 2) -after 30 mn of refluxing with PIND in ethylene
glycol, and purified PIND=Ru (trace 3), where supporting electrolyte
for (trace 3) i90P8lS aru splbfurtier ehbadiments thepiesent LRONtO 1 albQRIRE 1S

4 is an il tratiqn of | i.c _vol t anmogranms of the purified Pl ND Ru
"in PBS MQ#‘Z’ &.510etieoiv intgicalators As MRl 2. 40 biosmpsers et ibzomcho st

V0|tam"f09re?é§&o¥3&h@ﬁé(iﬁtem@1a&ﬁ'§fo %)ecfrg%%ﬁﬁéﬁ f&tiod of sitfeic bLgee ). 400

(trace 4) and 500 (trace 5) s an i ration of
‘(A Wvis spectra-of 25 pM PI ND-Ru as a function of increasing
concentrat I&E OF THE DRAWRNGSpair) of 0 (trace 1), 25

 nt or cal ator dlléﬁﬁ e ey apieetoilicilrshog it i raviaga. dessibed below, s for

hai r pi n olxmmah o4& Gy tmerahﬂﬁngﬁ'&e

AAATT. [0015] FIT gqu an 11lustratfon ogﬁd%gﬁcycIhlﬂﬁtbi/[l e prEsent
200 nM of tqsshipgs ymary webr i di zed to a non- conpl ement ar yCP coat ed

el ectrode (trace 1), and 200 nM of poI y(A 0 (trace 2), poly(AG 20

(trace 3), andmp (G d| to thel r .conpl enent ar

CP 3 coated el c@%de ﬁ%éﬁ% 9 pelear PMenetiy Resenanger Hl‘ﬁ\ﬁl)
(trace 2) Spmww(mmwm@c p53 nucl ei ¢ acid hybridi zed

bi osensor, where potential scan rate is 100 nv/s. DETAI'LED

DESCRI PTI O\I OF I NV 016]. I n _accordance with the present

i nvention, AppI[J@gAt S Eﬁgé ’%4&‘2'8‘5‘3\”@80 W&@W@@Mﬂﬁ@mmg electron-
I nt ercal agﬁa‘;jl@;ﬂg&udﬂ}ﬁgdg bet ween t he base pairs of nucleic acids and
catal yze

[0012]  FIG 3 is an illustration of c'jrclic voltammograms of Ru(bpy),CL (trace 1),
Ru(bpy)zClz (trace 2) after 30 min of refluxing with PIND in ethylene glycol, and punfied

PIND-Ru (trace 3), where supporting electrolyte for (trace 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 (frace 4) and 500 (trace 5y mV/s.

- [0014]  FIG5is an illustration of (A) UV-vis specira 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 (frace 4) pM; (B) Fluorescent intercalator displacement titration curve

of PIND-Ru against a hairpin oligonucleotide containing the sequence 5’-AATTT-CCCCC-
AAATT.

[0015]  FIG6is an illustration of (A) cyclic voltammograms of 200 oM of pon(’Dm
hybridized to 2 non-complementary CP coated electrode (trace 1), and 200 oM of pon(AT)zo
(trace 2), poly(AG)zo (trace 3), and poly(Gyy (trace 4) hybridized to their complementary CP



oxi dation of nucleotides follow ng el ectrochem cal potentiation. The
intercal ators of the present invention conprise various noieties
that contribute to the electrocatal ytic properties-of the '
intercal ator. Applicants have discovered that selective incorporation
of the electrocatalytic intercalators of the present invention into
doubl e-stranded nucleic acid and efficient electrocatalysis provides
a general platformfor sensitive non-|abeling determnation or

det ect i ogpatedfeldcandeirespectively; By Figst (trfdeq} ahd Figh (ﬁ%@fm?ﬁtenﬁﬂt@%ﬂﬁg'ﬁ PBSofa
intercal ators, ,are an |nportant group of conpounds that interact
rever si B3P THciee ¥adyhndized hiorensar, whese potautial scanmatedadVhmVis.

I ntercal ators share comon structural features such as, for exanple,
t he presence of planar polyaromatic systens, which bind in insertion

bet ween DETAIRED BPESCRIDPTION OF EHBINVENAION! hout bei ng bound by a

particul ar theo&, following intercalation of the present .
el ect rocat al yi0PE6]i nt & eacsprdaneawith the niesent iaventiona Applitantsdiare dissovered novel

| ect | 5 det t erein the. . .
ol ect r ocpeiftleil BB otna Pl B AR Re B ot Mbicic avids and el
t r ansf ergx@gation@fnitledtiies FslRWih@clicirdth@ARABHGHERIAH, TS intehRRNE of the present

limting utiJity, functjon, or_conposition of the present invention,

the el ecOVFERRSPIAPTISe YaRI00R GuDieties thab pontibuse tortheleleotroeitaly i propaities of the

Ts o o S e DR b ool P Iiolb o cibordimat e BleChocaiyed

el ect r orinfercalaters ofl tHegodsetlicinventioainto Aotislelseahdedaini it dofiPindiemcRhpnat es

and undergoes further  reactiop. The reaction is thus catalytic and

| eads t FIEHEC RpTidss agenpraLPlattermsior genskivangR-labeling detezmaration or detection
reacti onsr thiainucRiIPMSdse! ectrons directly fromnucleic acids and

transfer themto an electrode, resulting in a detectable current.

[0018] In one embodi ment, the present invention provides' core

conpounds t had00Fve Forexaupls: dyeading intorealasersanelan importantigmup bf compounds

L1-D- L2 : AR . epresents a.dival ent cyclic

gr oup mt?%}xﬂ%ﬂaa?/l %eggfgﬁagﬁtgﬁg Fmﬂ!}lg S&Lﬂded I'Ruclgﬁ acids! tI%:readmg méerca&a.to% 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 by a
particular theory, following intercalation of the present 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. Ina
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 fransfer them to anr
electrode, resulting in a detectable current.

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



nore substituents. The divalent cyclic group preferably conprises a
pl anar cyclic group. Non limting exanples of divalent cyclic groups
I ncl ude a napht hal ene diimde group having two bonding sites at its
- two nitrogen atons, an aathracene group having two bonding sites at
2- and 6-positions or 1- and 5- positions (preferably 2- and

6- positions), an anthraqui none group having two bonding sites in the
sanme manner as in the antbracene group, a fluorene group having two
bondi ng sites at 2- and 6-positions, a Riphersd ene group having two
bonding sites at 2- and 6- positions, a phenantholene group having
‘two bonding sites at 2-.and 7 -positions, @hd a pyrene group havi ng

two bonding sit 2- d C|IC oup is
a napht hal gne gf:h?de éﬁiﬁvﬁf%wﬁwﬁ@ﬁﬁ?ﬁﬂg&ﬂf %gayhave one o1
"at ons. .NonIngrase colsa fheasvabdnt ¢ %M‘C%l ferab!
substltuentls are halq cﬁl ns (eyﬁm |I§I’I neg("% ﬁn&ggkﬁom neV°{‘T3F‘j°}‘P Non-
or al kyl grU gsg‘:’f Yagexg cﬁmwmﬂmhdﬂsmaphﬂmlmtmae gghaw@g two

| . D I
nt er cal at E’?Q@?%f%%% Bl Bt B lirsc ez e P ecodorvias stesine 2 and

base pai rsﬁdiompsevd-mndlilposmam@ref&m 2a8nd il
DNA/ RNA hy?$8 g Pre er.a y the | ntercgl ator%%r@?m%%ﬁ?mmﬂg

di i.m de qllhg%}&ﬁ,né *@&D@%ﬁﬂsﬁ%ﬁmaﬂmqnnmhﬂhmene groap heesg two
1458na £ drid 021]. | orrrula -

(1) descri Eed gf/&gat%lﬁg%ﬁégearééglgﬂweﬁ %/t“?] ingfiges at 2- and 6-
group co rerP%ﬁ"Pig, %mh@agﬂ:nime griupchabing itwg bf)ﬁcﬂﬂg ok 23 2k P7. ?Qgﬂ‘gnsz Ghda o
non- hydr og E]gﬁg a0 &%gh%rag am group, and furthef conpfi si

a ni trogengl% o) ae ¥ ?R Hesab e -BOSEHAnS| AQIEfﬁﬂerwbngroupmanaphthalene
coor di nat edhﬂﬂﬁgduplmv&[gaévﬁfﬂcﬁ%:@m en b3Es NJOBSHOUS, DL RLY S o o

a heterocyclic rinpg cont ainin Ieast ne nitrogen a At B “Xeamp

No_ndl i mI ti B 8%’&?\’&%%1 Dgiatugnis gqmougénlguchlmee(cllmnmmmr)), or alkyl
i ni dazol e, glagpidira r e i azol es
benzotri az%libes pyrliZRJl ﬁgarﬂé({;/%t%%ﬂ ne, ﬁ%}%&ﬁth%i °{)’§/PF‘?HY3I-| ne and -

triazines. One of the nitrogen of the heterocyclic ring can forma
coor di nat €& bond 213 nﬁ@&lpfefmﬁr@ﬁbndmchtﬁbts gecleldacilinRbdaldtr. Intercalators are

i ni dazol e. m¥3Sies e et eterocyclic ring, the .
aliphatic amno gr ou%agll %ﬁgggﬁ%ﬁg}n&aﬁeﬁ%&s% ex gucleic acid, such as, f01' example,
DNA/DNA or DNA/RNA hybrids. Preferably, the intercalator comprises a naphthalene diimide

group. In a préferred embodiment, the intercalator compﬁses 1,4,5,8-naphthalene
tetracarboxylic dianhydride. |

,....)

[0621]  In formula (f) described above, Ly 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 mtrogenous 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 nitro genous
moieties mclude m:udazole benzimidazole, pymoles, pyrazole, triazoles, benzotriazoles,
pyridine, pyndazme pyrazine, pyrimidine and triazines. One of the nitrogens of the heterocyclic
ring can form a coordinate bond to 2 metal. A preferred nitrogenous moiety is imidazole, When

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



al kyl group attached to the ring. The al kyl group may be strai ght
chain or branched and contains generally fromabout 1 to about 20
carbons, preferably fromabout 2 to about 12 and nore preferably
fromabout 3 to about 6 carbon atons. A preferred linking group is 3-
am nopropyl i m dazole. [0022] In another enbodi nent, conpounds havi ng
structures that correspond to the above-described formula (1) are
part of an electrocatalytic intercalator. In a preferred enbodi nent,

the el erﬂmf‘geé@ attakEedi B RS 2R AT RS RAZY Bémg!ﬂ@hiﬁ%%fﬁcﬁe@and cgntains

bonded to transition neta npound of forrrul 1): rat Z-

where M geseraﬂuétoal ahoat b keshove 20 waztboms praferablydioml almtt 3 tmabnm 12 and more
ni trogen d j t nt ai ni 0 i.C, JTDI et i es

coor di né:[r%ﬁ'a?@' eﬁn %Pﬁf@@@ﬁ %t 9’%’ @9533#}34“85&9%16% and m
is +1, ‘unindpto ﬁnfﬂmﬁél gOr +6. X is an anion, or conbination of

ani ons, that bg ances in. [0023] In.fornula U, suitable netallic
el ements for use as Minclude, for exanple, ruthenium (Ru)y, osm um

(Cs), zinc (48922]i roh@&qﬂh@&mm&dﬁb;poumﬂénms@%}mwﬁhﬂmm&pmdmme .

aghesi ARLARForbeY b i Bets ot BB lalihc oo ér%émlum

(Cr), nengwaasent( M8 Hechbataltid MNidrealMat SMRLETLA :(lé@c)zmd g p‘?ﬂo

iridium(lr) and mxtures thereof In a preferre nbodi men

met al | i drassigion metalipompowndeof fommplat(n netal rut heni um (Ru).. [0024] R
and R of fornmula 11 can be the sane or different and are coordi nated
to the netallic elenent at their nitrogen.atons. R R, or both can
be, for exanple, 2,2'-bipyridyl; £ 2'-_bipy}fdyl substltuted with one
or nore substituents selected frofy Rg}ou

al kyl , phenyl and phenyl substltutedwin ope or nore C|-C4 aIkyI
groups; 1,10-phenanthrolinyl andjlziOpphegnhnt®rolinyl substituted
with one or nore substituents sel gcteg fronjthe group consisting of
Cl-4 al kyl, phenyl and phenyl sulyst ig i tth one or Cl-C4 al kyl
groups.

where M is a metallic element that forms a coordinate bond to nitrogen. R and R’ are nifrogen-
containing organic moieties coordinated to M at their nitrogen atoms. Z is 2 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 ¥, suitable metallic elements for use as M include, for example,
ruthenium (Ru), osmium (Os), zinc (Zn), iron (Fe), rhodium (Rh), thenium (Re), platinum (Pf),
scandium (Sc), titanium (Ti), vanadium (V), cadmium (Cd), ﬁ:agnesium (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] RandR’ of formula II can be the same or different and are coordinated to the
metallic element at theu' 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



Preferably,.at least one of Rand R is 2,2 -bipyridyl.. [0025] In
anot her enbodi nent, at |east one and preferably both of Rand R is a
2,2"- bipyridyl or 1,10 phenanthrolinyl, either of which can be
optionally substituted. When the bipyridyl or phenanthrolinyl is
substituted, the substituents are preferably selected fromthe group
consisting of anmong  to C4 al kyl, phenyl, and phenyl substituted
further with C1-C4 alkyl, nore preferably Cl-C2 al kyl groups. The

subst i t ut ealkyl] phyenyiarid phiedylshbstinioed olidonb or iofPO U WHBSLETD- linyl
_nonosubst i ty ﬂ di subsij@dut ed, or hi gher substitute noVart ohis
enbodi mentaé1 Mithene apmord substiftents sélmtechfimmﬂie@roup

4 4 di su

_ - di sugogot | t utgetgt‘g ?W%WPW%MWWPHWM C1-C4 alkyl nguPS
4 7 di subsﬁrefembhdﬂﬂleiﬁﬂnpbénaﬂﬂflt’ﬁé 20Ybipridil,

5, 6-di substituted-1, 10- phenant hrolinyl, can be used. [0026] Vhen onIy

one of Rand R pyridyl or phenanthrol i nyl or one of the
optional ]y subslp';'fﬁlt edhﬁ’@ egpbadimsst at lepst oug andprefarsbdy both of R and R’ is 22,2

g{ gxrgg:oz% edg’f&fe%rl%ng coo&gﬁ%’aﬁge%dﬁﬁ?%\f@ﬂ’tal 5 ?%m tr%%%g the
Non- | i mi t ibuyr‘dyho@lmanthmhuﬂas Subsktipited) eeadhaithéits arél«péefbasgg On@é{b@-& the

and derivatives af .ei t where the derivatives a

pr opanedi &F7HREOBFIstnE0 RoRsdeh torfohalkephayhasd phenyil sutsstituedsfbthériwitkt €1-C4

with al Kylaficyhmyd - not r.fer

coordi nate boné?rggéfgl?b e1 %?'?ﬂggg}ﬁ? f}geﬂ%ﬁtgmﬁﬂ cﬁ'ﬁlﬂ#]&?@m"hﬂﬂ

el ect r ochdigardirg ﬁ@ﬂp&/@@beoﬁondsabmmd,%ubhﬂﬁﬁi] orlHigHep EabttiBtédl . In afiGus?
hal ogen at.Q; %})dm{% Hléﬁ?%l,ﬂ}eh dinment Z js.chlorine or bromne,

and nore preferapry %%’B‘Ess’é‘ﬂ“&lngifﬁf pxample, W-dlsuémtutﬁd-Zﬂ'
+5, or +6 blpyddpleﬁﬁr-agumltdtaﬂz XbipHERN enagih%r#} Ehi :
enbodi ment, for, exanpl e en’QM ??h %Jt %gﬁFum I n the +Z oXl Elat qu—

state, 7 PRena %Wé%&ﬁrdwbgm@dmorﬁwmmmm car beaselli nat i on of

anions, that bal ances the fornmal charge mof the cation. For exanple,

Ko pe Y)“bé?g‘%‘?ﬂ per aRt oy ont B Riahd e s 1081 o BELAB bRl i or e

sulfite. ¢PiieraligFubsiitted grorps M@ﬂlﬁbdvemhﬁ othtrHe paifeablyaehtel WohCaliphatic

I nter cal agpindRicofthiidY S HHrogen 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}  Informula I, Z is a hzlogen atom. Ina preferred embodiment Z is chlerine or
bromine, and more preferably chlorine, The superscript m is +1, +2, +3, +4, +5, or 46,
depending on the oxidation state of M. Ina preferred embodlment, for example, when M is
ruthenium in the +4 oxidation state, Z is chlorine and m is +3. Xis 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, nifrate, sulfate
carbonate, or sulfite.



i nvention conprises the conpound of formula (1) bonded to the
conpound of forrmula (I1) where Dis 1,4,5, 8 naphthal ene
tetracarboxylic dianhydride, LI and L2 are each 3-

am nopropyl i m dazole, Mis ruthenium R and R are each
2,2'-bipyridyl, and Zis chlorine. More preferably the

el ectrocatal ytic intercalator of the present invention conprises the
formul a: . P?hd o N O NO -~uG9}t~ [0029] The present invention

al so provide rgc)%é RESR
el ectrocat al t| c i nter Ee?‘f)e?s I ﬁﬁéﬁg ?@?@%ﬁ%ﬁ%@gﬁgg%@ ese1t1t
i nvent i dnventidreconepréses thecernaopnd of fortnatad@® whosd ﬂo&h@:ﬁcﬁﬁ]ﬁf@d off Yortiu@o@il) where

exchangme%en t core conpound of eneral formula (1) and a
transit 4102p ¢ tetarargerdicitanhydnds, ki and §a avggech 3-ansi ti on

metal c I t
forma %@g#%b?orrp ex Wﬁ#ﬁwm é%géch FHFQ@E@@‘ édl?ﬁ cﬁjeb%g :
|'i nki ngMpre prefereblydhe Eldctrovacktytic ilﬂ&r@m&l ofileyyreht hb&ﬁdn%ﬂiimses the formula:
exchange. Preferred |inking groups conprise a nitrogenous noiety that
provi des a nmetal -to- nitrogen coordinate bond . to the netal. In a
preferréd enbodi nent, the netal is rut T Z is chlorine, and the
| i nking group is 3-am nopropylimda e. [0030] The electrocatal ytic
i ntercal ators of the present inventfh may be used for detecting

e

target nucleic acid in a sanple. In non-limting exanple, a conplex
conprising the nucleic acid and th | ectrocatal ytic intercalator is
formed at the surface of a solid Sopbeft, such as an el ectrode and
el ectron transfer is detected. In vdance with the present

i nvention, the electrocatalytic i al ator inserts between

base- pairs of doubl e-stranded nucl.e™g=%gci-d 8 conprising the target
nucl eic acid hybridized to a conplengntary probe nol ecule. Wthout
limting the nechanism function or ility of present invention,
such methods take advantage of el egtyochem cal oxidation of

nucl eoti des. The el ectrocatal ytic int evgxal at c‘):rrs can oxidi ze

[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 () and a transition metal compound of general formula (I). 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 hgand
exchange. Preferred linking groups comprise a nitrogenous mo1ety that prowdes 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 ina 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



nucl eoti des, preferably guanines, upon intercalation into
doubl e- stranded nucl eic acid and upon appropriate el ectrochem cal
potentiation. Wthout being bound by a particular theory, in a
catalytic cycle, the intercalator is oxidized by an el ectrode, which
i s capable of renmoving an electron froma nucleotide to forma

radi cal cation that deprotonates and undergoes further reaction. The
reaction is catalytic and leads to the consunption of nucleic acid

through a compriging thé targetmchmsacid"lgﬂ;nﬂmm ﬁnﬁﬁ&ﬁﬁﬂ&y@k&b@%&l&ujg Omthom
nucl ei ¢ aﬁqugﬁpaﬂ}ﬁ” nsfer hemto.an electrode; réSulting in
" det ect abl ﬁeaew#ﬂwfﬂ%mntme@mmmhmﬂmsmemgmmge of

the targe t |nter |ators .i.s
formed at te%eﬁgsdé%#:fﬁgéﬂ?% P F@d (%E ’tf)@ Vi ?ongalgrp pD4eR gridize

"the tar gemudmm(bsﬁpﬁfﬂdbly(gummesphpoﬂ infercabitioh &ito %ublé@@@idéd #8310 5kid B8 upon
el ectrode surfacegz is,abjJe to bind-to the electrode surface.

Sui t abl e BPRYBRYAtE HIB?IP@('EI netRatigtion. aWithent being bowndioy apstmgmtheory, ina

ﬁLL?QT’ﬁdaE?‘gb’%Ee PP URTRRIALor o 4BRE bl b BeERESPER Renbtblpptrdiving an

nucl ei ¢ aeledromfiboha nagledtidesd fighea fidicalebéien Gat 8QubtbRatesSiniang oes"i‘&ther
specified é o,gﬁal n portions of bgt h doubl e stranded or sing
Shteh

st randed ?%lst"ﬁ Ytigragd deads to the éomllﬂnh@moﬁnuckmdthmugh a series

doubl e st paRdeEbRBkSmIEL dirdettp S, at_,denaturation i

requi r ed pr| or to hybri di zaﬁ%%£o %ég%%r?ﬁgf g’ﬁ‘l‘ tpan electrode,
conpl enenteselfing pn aistetectdbodimeihe t arget nucl eic acid can be DNA

(either genom c or cDNA) RNA or a hybrid, where the nucleic acid

cont ai ns any CRLﬁéllzatl eqxyri bo- and ribo- nucl eotides and an
conbi nati on of ] nc mprigig the tgrgehpyeleic acid and the
t hyni ne, dwmméyngmalamsmmiﬁieﬂ@tﬂﬁ%%@'oﬁn 1@&'@6@6 %B{ hﬁﬁ
ero = ?3’ &aﬁonof

the I'ike. _,The binding of target nuclelc aC|dtop

exanpl e, g&?q"ﬂ' "B“‘:[ g?ﬁé@a[?m cibarigimmob qubbelemdesmfanelos&ableto
for exarmb:ﬁdt@tuegﬂ&t@‘dd@%ﬂ&'s Sul %é{qp

peptide nucl eic acids (PNAs) ortg}gé fyggg% sequence ?lgagld-?%ing&ﬁ%gle-
probe canStEBdehTegIoRePTPISHEDRYY tora SPGtsﬂtﬁ seayenetof thettingbt MRYidD&id, The target

obt ai ned’ Ry &XLEAGH HRUefebRT cat 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 genomic or ¢DNA),RNA, or a
hybrid, where the nucleic acid containg 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 nueleic acid to probe can
be, for example, by hybridization.

[0033] Generally, the probe can comprise, for example, oligonucieotides, 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



a living body, cleavage by restriction enzyne, separation by

el ectrophoresis, and denaturation by heat-treatnent or

al kal i ne-treatnent. The probe can also be chem cally synthesized.

Al so the probe can be synthesized using an alternate base that woul d
substitute for guanine (i.e., a base that, |ike guanine, has a
greater .binding affinity for cytosine than do other bases in a

nucl eic acid duplex) in the probe strand but would not be oxidi zed

by the el @E%Eggan%}?uéﬁra?e bp&&ﬁ@@&@%&@eﬁmﬂ&ﬁ%ﬁ?&% Bok&s, 8AGchABration by

condi tions. 5l es of such alternate bases aré 1nosine and /-deaza-
guani ne. heaBRajtmeni aralialingtrsatment rTherpopherdanglsotbe chemisellysynthesized. Also the

”oynt het (ROBE A e Rlesiod 3808 e trSE Rt Y P lbsRfts Bingbnlis fies buse
maybe, f ohateKROPlRineBRA HeaterBIAdAE B¥inity ek tyRRineWiACdd oth& Whsbd WY MR leic acid

Probes may be also be prepared from nonnatdral |y occurring or -

"synt het i d&tplex) i) o prabe suaxﬁmmld B0t be oxifiized dydheeiectmcadlyiicdnigromibtorainder
6- mer capt gguani 4-acetyl.cytidigne, 5- (caybox roxyethyl,) uridjne,

2 "0 ot HPP EORCGh R £ese RS eaERe ERTHeley PR AGFRets s B R and T-deiza-
5- car boxy, | am nonet hyl uri di ne, di hydrouri dine, )

2' - O- et hyl pseudouri di ne, .beta, D- gal act osyl queosi ne,

T- O et hyl guanosi ne, inosine, N6-isopentenyl adenosine, 1-

met hyl adenosi rl8034]- neSuitablshescsion pregiing the probemdyhesalesieddron naturally

met hyl i nosi.n 2-di hyl quano i ne. .2 nethyl.adenos] .

2- et hyl gﬁ%ﬁ%@’?— @?Yy%%@ﬂ”& %e?yn@eﬁ’ﬁt il #@Fg% Nnagirallyoccumng

N6- met hy|@iotias bedes Mayibs, P Eratipls bdind) cyiBiiny,| gabAing il g iliniiRe, Probes
met hoxyam nopet hyl - 2-t hi ouri di ne, . bet a, D-mannosyl queosi ne, 5-

met hoxy c JRBOPR/AFRbSBIERATed AR DognafreHy RpeHTiag Ak synthetic” nucleotide bases such as 7-

2- et hyl tfai, &-_%@Fiﬁ r@_ﬂéghﬁg ' . .
((g?. bgt a- D- nbof | rgﬁggéf - -'néﬁlr}gﬁcﬁﬁ%%url r?bi—g?%%%drl%%r?ﬁyl )t hr eoni ne,
N ( <(1I 9-. be{ca‘bmiyhydMV't ; ch_ﬁldhuﬁluh' tanFOFral tetﬁylyyﬁﬁheg_ét-daydmnbﬂlmt hinbhnethyl- b FDithioridine, .
uri di ne- 5 0x et i.C .aci J.est el ur.i.di ne-5- oxyacetjc acid,
wybut ox oé’%@g)é&cl%fwa?lﬁ%ﬁ s%@@?@‘ﬁ?’%ﬁmﬁ&se c’f‘l’é’%FﬂPr :bsta..D-
t hi our i digatactodylqbéasitie] 2HQMenctlddfibingsiné, dhddthe, N6HRIpaNteRY1ddRsine, 1-

N-((9-.beta: Dribof ' -6yl bamoy| ) t breoni ne, ..
A N TR AT SR A D N
2% nggd%faﬁg‘?% e) 3 etiyhtendiive, Olrh @RNBEARRIL LA KR MG T8 My Lcytidine,

Né6-methyladenosine, 7-methylguanosine, 5-methylaminomethyluridine, 5-

)

methoxyaminomethyl-2-thiouridine, .beta.,D-mannosylqueosine, 5-
methoxycarbonylmethyluridine, 5-methoxyuridine, 2-methylthio-Nﬁfisopentenyladenosine, N-.
((9--beta.-D-ribofuranosyl-2-methylthiopurine-6-yl)carbamoyl)fhreonine, 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-

~ yDcarbamoyl)threonine, 2’-0-methy1-5-£nethyluridjne,2'—O-methyluridine, wybutosine, and 3-(3-

- amino-3-carboxypropyl)uridine. Any o]igonuéleotide 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 kphospha'te residues are modified phosphates, such as methyl
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DNA, RNA, nodified sugars such as carbocycl es, and sugars contai ni ng
2' substitutions such as fluoro and nmethoxy. The ol igonucl eoti des
maybe ol i gonucl eoti des wherein at |east one,- or all, of the

i nt emucl eoti de bridgi ng phosphate residues are nodified phosphates,
such as nethyl 10 phosphonates, nethyl phosphonot hi oat es,
phosphor onor phol i dat es, phosphor opi perazi dates and phosphoram dat es
(for exanple, every other one of the internucleotide bridging

D1 gondct brs Baohias, FRibybf Db pHe Hblon HhcninSs, phosboronpsidites nd
“P. Niel senthSphb:aml@ese(fur&xé‘ﬁéle évedy othbHéhe(c¥ ¥blihtermitlplide Bnbﬁh@?ﬁosphaie

i ncor por at ed. ere| n,by reference. The onI requi rement is that e
ol i gonucl et} SBEE&%&W{PS éﬁpﬁ@&é@l@tmajeb@a "peptide nixeleic acid"

“of which i a (o} uenc

the DNA saﬁlp‘%?%lg%%"ﬁp r“*ﬁé@?ﬂ# %“éﬂé .ﬁ%#& rbeBiasil vhRHorhasy

t he t ar get incompotatédchesein by seferenee. Whe lonky enbis %l@@gﬁg&ﬁg&bg@e robe should
probes having different hase sequences , Where there are V\%

nor e t ar gePOHUEASPINRES eqsﬁap °§&Wh@h leﬁamhbr@baldmgwgl aekﬂomxgﬁimonofthe
nucl ei ¢ -ac %Qm}p tobes in..a

assay) . [O%egm]bﬁc_r% pérlglg ecu can pe TS a?@!:}"?ﬂﬂnﬁ t%ppntactthetarget
el ect r ode. nicleiaagid eimaple edth ﬂmimhhrﬁﬁaﬁﬁ r&blébﬁdd Probdstia t%e sequences

el ectrodes Ho e one skilled in the art vvould understan
the probe & i\éﬁﬁ? R 0T 19Ts tRegebrcieie acids m}hasmpibemvﬁiereamngletarget

S e PR b R bt KE Rt SRR

vari ety of techniques are avai |IIed in
the art for |nnnb|I|2|H% probes onto the surface of el ectrodes for
use in accor daif8d5i t en@bsm@@qﬂem\bsnmmmz[emeﬁﬁ]aﬂeimode In a preferred

non-limti I t ached tq

3' -terni naélﬁsb Ea’eéﬁb%éﬁ%eg%e éﬁ@ree%% g?s eﬁf”bﬁﬁe ﬁlﬂwﬁe‘éﬂ? the ageqyld

as, oli gonuldbtst}mddlmidhemoﬂaqwuﬂeaﬁﬁncdﬁ:zeammhete!&&QM Wﬂﬁﬂm‘b@ St techniques known
e ele trode The nethod fo

B B o e e i peibisangtnov

al ., m,emwmwmﬂ@&ﬁaﬁﬁéaﬁﬁm iiob% Qir}aé | ds.
Res., 13, 448 1985) which is here y |?18%r por ate ﬁer gl:tﬁécﬁ%% T use in

r ef er ence.2°P9¥ @PP&W&I@‘C@%D- t he probe nol ecul e having thiol
termnal is dropped onto the

[0Q36]_ In 2 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 @ol 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,

vD

[0037]  In another non-limiting example, such as the use of a glassy carbon eleE:trode,
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 temnnal, so that an amide bonding is formed to fix the probe molecule onto the surface of
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gold el ectrode, and then the desired probe nolecule is fixed on the

el ectrode after allowing it to stand for a few hours at a | ow
tenperature. [0037] In another non-limting exanple, such as the use
of a glassy carbon electrode, the electrode is oxidized by potassium
per manganate to produce carboxyl groups on the surface of the

el ectrode. On the surface having carboxyl groups is dropped the probe
nol ecul e having thiol termnal, so that an am de bonding is forned

to fix the @m?@dﬁﬁh@%ﬁ@ie@]ﬁe&ﬁﬁ gfméﬁs& aﬁdeaér?bﬁfl%?ﬁ%ﬁ%ﬁﬁﬁg{ﬁgr

el ectrode. Details of this nethod are describe . :
Anal yt i canabyieal Ghemistrys §5, 283772323 13993).o0kiph isdteretly thaorperatet herein by reference.
I ncorporated herein by reference. [0038] Recognition pairs can al so

be used to at prabe to.electrode. I.n this regard t he probe can
be modi 11 edt OBk ( Reokmith BN Gslse s PRobG 0 piariodan g s regard,

the el ectiidsithe cilticandified QBiffisWaliist dnciftic? B o REGBIKion AEE GEHL T Hectibde

doubl e-stranded nuclei c acid. “conprising probedtarget nuclelc acl
hybrid cawfacgineasted with s sacbad mentbet.hAcairdinglypa donbilestranded nacitic @sidof -

the first_and.second, nenber.s. of .fhe recoqgnitio airs. Reeognitiaon

pairs andt Ié%"?gpré’?’?‘lgéﬁ?]"gﬁ?%‘cta&l r&@“%?ﬂ%&fﬁ%@“@@@@%ﬁ&@ﬁﬁé :
art. |n mt@etioni ofithd fift £36BdRE mBmbES tb&{ %:i \pair§ ORSobkftiof pa :
biotin and avidin. [0039] Hybr iI(rjli zat | ggﬁigfr t gtfeb?ﬂ;lmlfg'l elrc. amogfpfutl)s and their
probe capftasdmentsitp serignsmaledudes aroknewitlin the artoln 4 hen-lintittngexamiply; a escoghition

the pres tha.l.atercalator, which is preferably used in a
concentrg%lféﬁigp%}?&%nrﬂa&ﬁ%‘ﬁ% several nmWL The target nucleic acid
sanple may be contacted wth the probe in any suitable manner known

to those skil[0849] n tHybrididationof taed fildieic abiddo hAbEREn b BABLE olBHOP fo

sol ubi | |éﬁﬂ.| n | uti O;]’ and. contacted with the probe by sol ubi'lizing
the pr ob®en WJhe Migralgier or inrhe presenee of thepnteraalatnay whishds prefemblyvhsedtin a
permt hydHckgttARh 0¥ 8evei| QDN l, .2 t ose
skilled in the art a%vd iﬁ%lﬁﬁ"d%vvarl ousﬁgezﬁaf&gg‘rﬁ%@%tﬂ?lg{}’%lec%ﬁwﬁ%%@
Al t er nat Wit Ithe probein any quitablemphesrkmpwhdo ke tkillediadhée art Frukiroplehe trget

e, BT OOV eS8t SR, BB O SR S e

f: 2 ﬁt 2 : .n ?s:rlubtmnemith the tangetsemplemidet c@tktidns eviteHpérmithyBriaRktidn. (itable conditions
ard Weﬁ(?lcnown to those skilled in the art and include various salt concentration conditions.
Alternatively, the target 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 ate 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 fuily
complementary target nucleic acid fragment (i.e., full-match fragment).

12



target sanple. Hybridization of the target nucleic acid to the probe

nol ecul e is determ ned upon application of an electric potential to

the el ectrode and detection of current. [0040] The el ectrocatal ytic
intercal ators of the present invention can also be enployable for
detecting target nucleic acid fragnent sanples that are partly
conplenmentary to the probe nol ecul es. Such fragnent sanples are
generally referred to as "ms-match fragnment”. The detection of the

m s-mat ch fragnidédltan Tie dqaeit Iésﬁﬁfoﬁ%%@d}l

peak current obtajned ip the %g??tion of heﬂ%i%g??gr%ﬁé t}Sg .dee fed
“target nuctéEP ooy suibahin meaps knpwire thase skijethinghe atcTheakteenpatthedecironic

i . i . ' f.a ful.l '
e o Bl it e o s

"The cat al ypresency ot atsencewfibybridized bbbt gt ansleia81C ] et pated
accordi ng _t% an%/bsui t_gl e neans kgown t%ethogg%ﬁgwraﬁg%ﬁg?&mn

The det ect § fran @%ﬁbbﬁm@blngmam@mmhﬁvmmmmbe
and reducty, : ' Tl e determination of the presence or .
absence of hybri SI ge i oég}t%a?%%?tﬁ&ﬁﬂ?@“aﬁsﬂm%P & pongeniration, target - .
measur i ng coneentmtion, mediaton b e \ehferfiar] h&ﬁoﬂ@cﬂ*&é{h@%ﬂgﬁ{tﬁo@pl e .

nmeans. For exanple, the relative reaction rate nmay be eterm ned by
conparing the nt a function of scan rate, probe

concentrati oi ni%‘g‘nﬁget ﬁee@%PﬁﬁMnWammmmmrmmme '

and/ or el Qﬁéﬁ:@kﬂ@ﬁ@@moé@mﬂédi:ltﬁgéﬁm%ﬂt%gﬁgh?@hg@nte om0

reaction rate may be neasured acco D FeAGHPR 13ge is

those ski |npaguIed Imeaalming@@@&bﬁkﬁ@ﬂ@s@éidﬁ&ﬁﬁﬂeﬁ&ﬁ&%of%@ﬁ&ﬁd@bﬁ.
rate is rr@ﬁﬁ:’d{;ﬁ? a? reasuring, the el ect,roni ¢ signal associated wt
the occurience ot ﬁ%%?&ﬁ@gﬁz P EGHEITOHERA gesorited with the puidplian-retthation

el ect r oni ceatignalaydesaeisatedbyWirbiidin %sﬁiﬁb@@%ﬁﬂa}&%ﬂ RGeS wi
may be rmﬁu‘#ed, by provi di ng)j\(!lis sui tgbl e appar at us |%%#§@%F§)I%Pl cation with
conmuni cat1oTFIFHtCR elacitade) et sitablsapprratiss mad be capable dfaidasuriyphe slottonic signal
wll be cagiéi® Ra L B I i lL.gnal., which i.s ]
generated sp as g?%erpro%?_gbéﬂgp}r?e@gﬁr%%eﬁr{?& 8% O?ﬁ%’%% Trﬁl-"P%Eﬁ?F‘FWQ‘-‘fﬂE
reaction FecEowef hrdybridized prbebirgttnmcleinyibid AidzRslelnsealatylt Gftbrealator. The

nucl ei ¢ agjeds, rocatalytic intercalator. The _electronic

signal nay egeaﬂggaﬁgac&%fgé F@a‘%?t“?:#& OE F@&?IPWLWQ mefapdderinding exelicng

cyclic voltammetry, normal pulse voltammefry, chronoamperometry, and square-wave voltammetry,
with cyclic voltammetry being the currently preferred form. ;

[0043]  Inpreferred embodiments, the methods a:é 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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voltammetry, normal pul se voltametry, chronoanperonetry, and
square-wave vol tametry, wth cyclic voltametry being the currently
preferred form - [0043] In preferred enbodi nents, the nethods are
used in genetic diagnosis. For exanple, oligonucleotide probes can
be used for determ ning target anal yte sequences such as the gene
for p53, which is a gene associated with a variety of cancers. O her
non-limting exanples I ncl ude the gene for nonpol yposis colon

cancer, hitsy BiR@echicRRAing0R0REIal gaRSles td\EetooiTor Bxangsts) HIVhaicldiatid séqpences.

a great er risk of Al zheinmer's d| sease al l owi ng for, _easy

pr esynpt bradditions é.ns@lmwsgmfst TBeRIEIES cwaﬂmga‘ﬁ@ssmmg\pew pgan improved

fibrosis Qr_.an t n
L0701 A ordisclle AL S b RS ol ok B0 SEnl Wl ik
carried Mmm%h@mm@qﬁﬁexﬂet&wdnﬁmw@t Bactewil ififeetions such as

i nvention. In this enbodi nment, probes are designed to detect target -
sequencetibercylasis may alen Ye dstectedet eri a and vi ruses. - The met hods

di scl osed herein 13 allow for direct screening of clinical-sanples

thi s al | ows dIERT Rt PrBb St EhG r G R} ieRe b ERe e
?ﬁ an i ”Bi@%ﬂéwat&%ﬂ&ﬂ)oﬂfsaﬁﬁl‘égsﬁm ?ﬁ: SdnhplePmiy Bétr@a[tbdtd/IHq_/E@dhe bacteria to
er api es imlarly, viruses associated with |eukenia LV-1 and

HTLV- U, relsaspits amleléta@d ang) then;psobes dlesignedite recapniza baserial sEains dpeluding, but not

t ub I
uber oul B3t e Tl aluditafShaR e o B SR TESBe, v
f ood sanpisiss of Breotbandiegionsrivesldiseasrhacteeiat Similely, bivrémyadiatidnestrategies may be

bacteria t | ease its nyclei cid and then probes designed to
recogni z& 33%?‘@ E‘QPP’&PH%“"I?S REFPFEFHOBut not linmited to, such

pat hogeni ¢ strains as, Sal nonella, Canpyl obacter, Vibrio cholerae,

enterotoxic §§046} NS Iﬁfoﬂﬁr eeBbdinRAE, 16 PrabRE S Kt &edvf&efa&gmlawwelmm
Simlarly, biorenediation strategies may be eval uated using the

conposi t HBETPORtiagis uel e MatgrCTINOrEE taraetm asibagh ae BINA agaiest samples

probes cap 03l cs where DNA fingerprinting is used to
mat ch cri ngggrgieiﬁgig?ﬁpgeé%gcl ei ¢ acid .such as DNA agai nst sanpl es

[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 embodim.ents, the present invention is ﬁn‘ther directed toa
biosensor that utilizes the electrocatalytic intercalators described herein. The biosensor may
comprise an apparatus or be used in a system that includes the necessary compp;lents for
detecting and measuring a signal prociuced 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 fo those of skill in the art. Systems
including the biosensor array may additionally include means for measuring an electrochemical

signal after a potential is applied across a working electrode.
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taken fromvictinms and suspects. [0047] The source of target nucleic

acid can include, for exanple, humans, animals, plants, or

environnent. [0048] In other enbodi nents, the present invention is

also directed to kits conprising electrocatalytic intercalators. The

kits can further conprise probes, such as those described herein,

whi ch can recognize and bind to the target nucleic acid to be

detected. [0049] In various other enbodinents, the present I nvention

i's further direi@08¢] t oThe meilnsie as®apralbds debdritied Bore ize laboratory techniques well
el ectrocatal ytic jntercal ators described herein. The bl osensor “nay

" conpri se a]ﬁl“é‘ﬁ‘&ﬁrsgﬂlﬁgm@ﬁaﬂé and<ag be fouad iy lebemtory saniais sushias Stanbrook, J., et al,,

B;Cgﬁzag¥ nore e ect r§c‘ékt1‘al%(8 ,=C&W§}_&;§c€§é5‘igﬁmﬁgﬂ?&@r odu%ergss Cold

conpri se | SpringHédrbat, NY; 2001 Sipetiot, B T0g: & OLR$ 2B SHordtb
and a dgt ector. Such int egratoed Ilcv‘?\?t'?:%"?j'tﬂts&ar eprlngHaxbor

with a po su
known to t 9@1‘25%%5‘?(5‘154 Gold Spring Harhor, NYs1998pand Hedaw)iBygUtihe Antibsdios or

3 gnon o (2Pt Mt L S RS Rl M1 Sorae Haes, MY 41000

[0050] The nethods and apparatus described herein utilize |aboratory
t echni ques wel I[OOSGﬂOMI‘E&msthbHéaﬁ@pﬁﬁﬂ%ﬁ%@dﬁ%ﬁﬁb&@?ﬂﬂﬁég}gt&hﬂi@&s well
ar ni ng:

| abor at ory manyal s..such as Sanbr ook ., et al Mol ecu
c&’ :

A Labor at gigang and cen be foyrd imjaberetory memids sich ay SEnbewk, I, ef al,,

Labor at or W%ﬁ%@bmg?éﬁ‘?%&‘ﬁaﬁ%g S8, PaldiayPe Hace Tabprtiags Erers, Cold

ﬁr bolr N\SPIQSMWH%QGIQ?E@I DUEI ditgl P@éﬂsbﬁcﬂl%‘és N!ﬂﬂl_g.f,?cﬁ& E&r@ng Harbor
I n r r

To95.  oostorek Bt tent o Radot Y. 95 8cing st Rorliang Anibodics: A

| abor at or YL abermbay M&l&aI,V\@blld SpE @ Warb st L%Bbtlaio?,gP?cffE '(&ﬁ&@gﬁﬁé’ﬂﬁ%@r %m 1999.

found in | aboratory nanua s such as Sanbr

Cloning: A Lab ry 3rd ed. Cold Spring Harbor Laboratory

Press, Cold® Sgéﬁ?g 3le3’5 (snefnas “Beglgrownd ofthe Invertion] and “Setninsiry &f the

Labor at or Ynvéatithtt) usédHefbipRfe inftnfd f fo5 e cal d.Spri n '

Har bor, NY, 1998b and Harl ow, IIEl %g? orlg%?«%i%; ggﬁéza%oﬂ of topics it the dlsclosure
of the invention and are not intended to lnmt the disclosure of the 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 admlssmn 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
enfirety,

[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 features or other embodiments
incorporating different combinations of the stated features. Specific Examples are provided for
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Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring

Har bor, NY, 1999. [0052] The headi ngs (such as " Background- of the

I nvention" 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 limt the disclosure of the

i nvention or any aspect thereof. In particular, subject matter

di sclosed in the "Background of the Invention" nmay include aspects

of techn Vd Ly t j - e .
Const | upLERHIYY pROsd T IpSPRE kol iR Wt BRELGIUBVRYB mad pothods of this
t he " Suntaveptiof andeutless emplicitly stated otheawisexdraumt intended toctenp lr@resentation that
di scl osure of th .e%ﬁi rfe .S(é%pe_of t he invention or any enbodi nents -

t her eof . Ej¥GBSBPOFRET ¢ eaion Bavs, enbavs opb berymadear taged.const i t ut e

an adm ssion t’mgg] t hosggr r LQr « [1»D ‘ >

rel evance to ghe patentgéi Fgletﬁyq%?&'tﬁhgﬁ?n@éfn io‘ﬁ{elgfir%g] o%gaz %Eééf?%w refer to
Al | ref eembodimenis ef tha inbentiopethdti affdidooertdie beeahy indepraeatiat ekcuystances.
r ef erenc% in their %g{oi rety. [005%4]. The description and specific

exanpl es R e SR i deh 08 paeferrediamdar dher same ompider circumstances.

i nt ended ‘] ‘rati only . .i.ntended to
e O ElEerBidt R ORE tpcatidd b Bhe Ur' AhceOficlerl ol URLCRAErlf shat other
enbodi meambodimentsgars nethuselfnl ami ismed intendedad exdlodeotber érsboikabns Gonl h8kcope of

enbodi mept s _havi ng addi tional features, or other enbodinents
I ncor por at’ ﬁe‘%‘P erent conbinations of the stated features. Specific

Exanpl es are yded f bl ugtorat | 2% . -1

use and pract H:Gésq.he co_%gpgssﬁh?}égé]ﬂsn’ anf%ﬁgﬁ@%}%??ﬁs?m%ﬁ%@% Fé()}:‘ﬁg‘g%?emn‘
unl ess eﬁpmm sush tetnesitation b€ itainsdn adistisot to theendadioh@f btheplike items that may
represen ' Lven .enbodi nents pf. this, inyenti have, or

have not Lﬁ%ggﬁsﬁé%ﬁqﬁ% %%&OHW%?FS’M@%F P&ﬁ °’ft&é ipyspHen.
"preferred" ajeds7pr efiettefolowingldscrigionthdReh Sl Smihatiod® of “AERRELP Nwill be

ot her " entHeearm<s Rotp AL angh BPas Rau: aupaaRor s RetoR obmieisic acd ina

U R WIS TR, e 61D i 05y TBLEA 5

i s not i fetestmac nusleiseid e medinm, ghib isineant tosdenotendetdrmining fhe peésence of an a
nucleic acid in the medfum 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, ete.).

[0058]  Asused 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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the invention. [0056] As used herein, the word "include," and its
variants, is intended to be non limting, such that recitation of
itenms in alist is not to the exclusion of other like itens that may
al so be useful in the materials, conpositions, devices and net hods of
this invention. [0057] In the follow ng description the terns
"determ nation" or "detection" will be wused to denote both
qualitative and quantitative determ nation or detection of nucleic

acid in a sanpl er f exanpl e, the nethod and system defined
bel ow are used P?)bra et e&rﬁsﬁﬁ?h’&eﬁ’r’ eifgf%té{“fﬁl@c ael ﬂ@%@?@%in@clm agid, including
- medi um  t hbethiBNARRdRNA. Niefé ScidebeihiiphisBg ﬁ%ﬁ%ﬁéﬁ?@?ﬁ]@#uﬂﬁu@lﬁc acids; that

nucleic acjd in the medi umand optionally 1ts concent

Accor gi ggl 13 quﬁgeﬁrﬂfa%@WdﬂﬂtﬂléﬂnbM%qhatl ragecpmahﬂ tig foined ﬁg&,eﬂpﬁosgﬁédiés&rbonds,

-1 ntended tgny; ual I 1at| /. determning and, ) .
quantitati vei y%%’glgtﬁr;ﬁﬁgnﬁ Pﬁ‘"é‘*“ﬁﬁ’éﬁ?%&s#mame sAmetHacs ¢xplained with respect
event (e. gto, DINMWerdishthisdé fabi 1A dnd %8 td td targe

nucl eic acid, etc.). [0058] bi{Alg’Bﬁess?(\jf%hereﬁdﬁglﬁ??%?nrg%%%%eﬂﬁtﬁm&smd

i s nmeant t¥PPgERREef the mstant inventienimaybe applicd toosthermmiclete sdsehites BGAL
are capabl e of insertion and/or stacking between the base pairs of

| ei I ds. her gi "th di
"t ercal ators i O2EL, A UeERE’ B lem Ko liriansscy BeRielergid” efers to any muclic
subst i t uerdesd, dncladifig ol fuinbisstide}}66ds, At Seeficify Sinds 1d Ak ﬁﬁ@lei? 3‘%"8 fo form a

"electrocatalytic intercalator™ is nmeant to denote an 1 nterca
t hat can Hﬁlﬁ?&?@@w el ectrode and can oxidi ze a nucl eoti de
following electrochenm cal potentiation. 16 [0061] As used herein,

the term "nucl ?]bOGﬂCi dksﬁxeécﬂ{e?%ib,%é@éénﬂ“ﬁ i'diz f'gﬁ'@@ L AEL08, o DL 16 denote

DNA and RNA Nucl ei ¢ acids of the present, Tnven

typi cal | yFblapatisioaigleinacitstrantinessotiatedivwitlysieh stief wihitthi nthyehtahay not be fully base-
nucl eot i Wat are covalently joined by 31, 5 phosphodiester

bonds. e the methods and apparatus of the present invention are
sonetines explained with respect to DNA herein, this is for purposes

of clarity,.and004li s Asulwd herdeythe eathsheanirde" BRRRYGrARE” are meant fo denote
the process by which strands of oligonucleotide duplexes are no longer base-paired by hydrogen -
bonding and are separated into single-stranded molecules. Methods ccof denaturation are well
known to those skilled in the art and include thermal denaturation and alkaline denaturation.

[0065] Asused hergin, the term "electrode” is meant to denote an electric conductor
that conducts 2 current in and out 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 alsobe a microarray,

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

[6066]  As used herein, the term "nucleoside” is meant to denote a nitrogenous
heterocyclic base linked to a pentose sugar, either a ribose, deoxyribose, or derivétives_ 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 fonming groups; it is the monomeric unit of an ol gonucleotide. Nucleotide units may

include the common bases such as guanine (G), adenine (A), cytosine (C), thymine (T), or
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apparatus of the instant invention nmay be applied to other nucleic
acids such as RNA. [0062] As used herein, the term "conpl enentary
nucl eic acid" refers to any nucleic acid, including oligonucleotide
probes, that specifically binds to another nucleic acid to forma
hybri di zed nucleic acid. [0063] As used herein, the terns

"hybridi zed" or "hybridization" are neant to denote at |east two
nucl eic acid strands associ ated with each other which may or may not
be ful | ydcrvativesthereofi Thé f&idde QEE%F

or "denaturation" are negnt téﬁ%enote t he’ pﬁgggggﬁgy u%ﬁﬂﬁ%ran

of O|Igdhﬁ@ﬁ§@ilde dupl exes are no | onger base-paired by hydrogen
bondi ng and are separated into S|ngle stranded nDIecuIes Met hods

ccof denat ur a kno to t.n0 l.ed, i,n t rt and X
i ncl ude t her n&ogﬁe %@HB H‘é%ﬂgﬁ 5."[’I @Hd&%{l%&@gi ‘bage analog”,
used hercri"modifie iuloaridet Q‘@Eﬁéﬁﬂﬁo deﬁotl%%ﬂﬁéuefsﬂ:a@ ? ﬁeﬁ naturally
conductor that conducts a.current-in and out © an e] ectrfca

conduct|%“m®ﬁﬁtm$bm¢bmmmmodlﬂamde and t he cat hode
recei ve and emt el ectrons,. respectively. An el ectrode is used

enerally to cr or en nventi on,
gl ectrodg ma o L%#%&%ﬁ?tﬁgbﬁm&o 8“@? el Beléqqmﬂce are
separ at ehgamcwdmﬁﬁ);blﬁrﬁk}e@ﬂ] bRee ﬁucl@dn&’imiﬂz T&rﬁiﬂi‘iﬁ 95{%}&%{ £fence KINEO!

As used herejin, the term"nucl eoside" is neant to d

nitr ogeﬁaﬂgﬂlﬁe%%ﬁe%&s bagep ﬂnttnmt@ﬁxmnpaiteqwalmmupsgomb@mgh
r| bose, %B‘ﬁéﬁ'b es. or anal ogs thereof. The term
"nucl eotpﬁg re[?at es tgf)hc{jg ospén HEERPEs ester of a nucl eoside
conprising a nitrogenous . heterocycllc base, a pentose sugar, and one
or nore phosdf869d or A@uhﬂihebam&mmf"ohgumlegﬁwﬁﬁlogsf ot "mddifed
nonomer i an _ol i | e t| de. Nucl eotide .units may i ncl ude

t he com?%iﬁglg'%éegldsuc %33 ﬁ LHAos that fynstion-gimilsely e natgrl

t hym ne oligpnud¢otitiés Eiﬂlhhvaﬁéﬁlﬁﬁ'tﬁah?b %‘Eorﬁ@ﬂé Qﬁ%eﬁﬁt?éfudg%g%ﬁ xgsodzﬁed

deoxyri bgse, ribgse, or groups that subsiitute ore
used heP gﬂnu“‘tl??éld%mﬁ% ave Aliceed e rapigtiesgalteredibases, beth déwsngﬂtb asdbases or

anal 09" altered inter-sugar linkages, which are known for use in the att,

[0070]  Asused 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

_ bwlogwal mterest 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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or "nodified nucl eoside” are neant to denote noieties that function
simlarly to their naturally occurring counterparts but have been
structurally nodified. [0068] As used herein, the terns

"ol i gonucl eoti de" or "nucl eoti de sequence" are neant to denote a
plurality of j oined nucleotide units formed in a specific sequence
from naturally occurring heterocyclic bases and pentofi uanosyl

equi val ent groups joined through . phosphorodi ester or other backbone

form ng groups. 9] 1sed: e] he term "ol i gonucl eoti de

anal ogs" or " rmtﬁé@?id ’gqﬁfgo é?%@% eéff%g?ﬂﬂ%ﬂf@te Hesataltic infercalator (N,N’-
- conposi t i obis[HBairopyiphidemnie]iing, 5 8iawh i i i

have non-n Qtyﬁ}g)gcurri nq; porti%ﬁs@%@%l@%ﬁ%ﬁgﬁ%gg@ﬁygaz

turall
nodi fi ed %fﬂ%ﬁ’l’)&oti des may have altered sugar noieties, altered
- bases, both altered sugars and bases or altered inter-sugar

| i nkages, which 73 kn USEpd e.art., 070] -As used herein,-
the term "bi osehSard is né&ﬁ@@@%om-gu%o .%tfgﬁc“ﬁ?: syst em t hat
conprises the necessary conponents for detgecting or. neasuting a '

signal produced by novenent of el ectrons/froduced in an oxidation or
reduction reaction. The term "bi osensor” %ncl udes devi ces for

determ ning the concentration of substanc and ot her paraneters of
bi ol ogi cal o nbergst evemnnhere a bi ol ogi,c ystemis not directly
utilized. EXAMHLES [0071) The foll owi ngJexgnpl es are intended to be
illustrativ aregnot wntended o i he scope of the '

i nventi on. MfPLE 1 18 0072] This exa illustrates the

synt hesi s e@¥~anngl ectrodatfal ytic inferca (N, N -

with Ru(bpy)2Cl2 ("FIND-Ru")). [0073] Thg/synthesis of PIND-Ru is
outlined as follows: NN ON ' Q :

Re(bpy),CI*

/
3

f\/\z/j

+ Rubpy)Cl; ——

) [}
o< g x

{‘/2\/\’

€«

N
Ni?
N

I

N

Ru(bpy),C1*

{0074]  PIND is prepared following a general procedure for the synthesis of 1,4,5,8-
naphthalene tetracarboxylic dianhydride (ND). 0.30 g of 1,4,5,8-naphthalene tetracarboxylic .
dianhydride is slowly added {0 a magnetically stirred mixture of 3.0 mi 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 m! 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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N~// OOO NOC4 P an (bpy)zCl+ 0 N O + Ru(bPY)2Clz _ I \ 0) N
No cN N~N "Ru(bPy)=C]+ [0074] PIND is prepared foll.oning a
general procedure for the synthesis of 1,4,5, 8- naphthal ene
tetracarboxylic dianhydride (ND). 0.30 g of 1, 4,5, 8-naphthal ene
tetracarboxylic . dianhydride is slowy added to a nagnetically
stirred mxture of 3.0 m of 3- am nopropylimdizole (Al) and 3.0 mnl
of tetrahydrofuran. The rate of addition is controlled so that there

then codtaob o PR BAsE e illlltons sisrehmm btunehd SBivalwme
10 m, | Slenadeieduadescvasiun s 40CBykhie1oARde DG oRNER L IC (] o)

rapidly stirred anhydrous ether to precipita
precipitate is collected by suction filtration through a fine fritted

L unnel and wd9P&d b][ PW%W%W&%@EB&&P@% ﬁ'gamlt-eimhali@ rmgibg.@ﬁﬂ

ander v 31108 3F KB viCE: (o2t T fhatiofens decdiedeiiens mvons frpged PED

(vield 3625 mho) HbsmBINRERE dver w&lﬁﬁlaﬁi ﬁl@‘i‘?mwg%%g%f@%%f@p%p}zﬁu The
etry. e

| i gand-exchange reaction. To a solution:o

in 8.0 spmpletionofithaliganddxdiangs eaeticyliy mohnitbredyctydlie¢diBmit

30 -0 R0 pEr e M Ny o L) 05 et el el saal with KCL

moni t or e Pyecipitite 1 c¥Bectsd BYPucon AlkatioN BRbSgh a fine fritted funnel. The crude product
is washed with PBS, dissolved in 3.0 - 5.0 ml of ethanol and precipitated again from XCI
sarm'z_a.ted ethanol. The precipitate is further purified by crystallization from ethanol giving the
pure product m 78% yield. The product shows a single pair of reversible redox Waveé at a gold
electrode with an Ey, 0f 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 Finnigan/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
CDClz) 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-grafied PIND is not observed in the ESI-MS spectrum,
we can rule out any incomplete grafting of PIND. '

EXAMPIE 2

[0079]  This example illustrates the formation and electrochemical properties of the
electroactive PIND-RU intercalator using cyclic voltammetry.
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reaction mxture is then poured slowy into 100 m of rapid stirred
et hanol saturated with KCL The precipitate is collected by suction.
filtration through a fine fitted funnel The crude product is washed
with PBS, dissolved in 3.0 - 5.0 m of ethanol and precipitated again
fromKCl 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

e ctrode i {0 J60RT= s R BT A AR S8 S

. of Ru_(bpy)ezemsami:smﬁssmmwoeybmﬂ% SOAThS fifst 30 min, As can be
experiments is perfarned vm th Fi nn| an/ Mass Spectroneter
( Ther moFi ¥ S&ﬁﬂ\%@e"; befare admﬂg tor%ll(bBY) %mmd@dlraf ravemsible voltammetric

-t t ¥ . P I ti
Rgggﬁ;ﬁcgﬁjg H‘ﬁ =) Spec‘{roscoﬁ%”"gé'u?%i@ﬁlJ %&@B[él?% cki“% %@%Per?ceg%"f
(2H), 7. 26Ru(E),Cl4. Dpot 4ddixg PIND,2A fbdpair 8f6c91ta§:ﬂﬁam@P@k3 appeaPhtd}83 Vih&oating

1). [0078 SS spectronetrl c test.s on PIND using-electron-spray

%ﬁ%@ Bidrac Bnﬁwd

i oni zati o femprocesessiase aearlyresolved
483. 3 and A and FI G

2), which aéééa%ndg%ogﬁ%g&ggérﬁe}g? %ﬁnvFIﬁlh&l gmr?ﬁls %@W{WF‘(E% to-peak
desi r ed cgn@ﬂﬂ@paﬁnmwhhﬁﬁﬁmﬂhﬁfdﬁiolﬂﬂi@drmﬂ&i SHBSFNAT A, The

ESI - M5 spectrym . we can rule out a i nconpl ete graftlng of P N .
EXAVPLE 2 e efg ‘501@3?%%541@@&3&9{6%&( insreases gradustly with razntion time.

el ectroch D-RU i‘nterc
u\|SI ngI cycfﬁ%ﬂ% tan qﬁéfé g:tb:hw ng teritlb %@Pﬁ eﬁnmatﬁi?a&y-
col, c 4@ mim pfirefiukin mizute voliamme: £ 104057 &
gh)c/)ws two olf%? s, bt ai ned méﬂ“}@lrst 30 mn. e
seen i &Fr%@ Wéﬂ b‘%ﬁ?frsgp%ﬂ?]h@n WW(’EWE@PZBSW@HWS
palr of 1 pwméfied PIND-Ru dataHly bffe paReRDIGRMNIE Hel il ‘

gick::
obt ai ned, cor'tresponding to the wel | - known redox pr ogﬁlgs oftﬁ‘elmmﬁcatlon
processmverye ective (FIG3 trace 3).

oo [0081] As illustrated 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
potentjal 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-¢lectron exchange system exhibiting an ideal Nemstian behavior: the peak
current is proportional to the square root of the potential scan rate, the peak-to-peék potential
separation is very close to the theoretical value of 59 mV and potential scan rate independent
(FIG 4). Such results ascertain t.hat alt 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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Ru( bpy) 2C12. Upon adding 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
| ar ger peak-to-peak potential separation which is mainly due to a

hi gher i R drop of the reaction nmedium The intensity of the

vol tanmetric peak at 0.63 V increases gradually with reaction tine.
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of the thme%]awdqm@BMP BY-¢isible PBdtie 19 AstoRfidlon@h A81ehfRaBITVS; 1b1e
peaks i nplyi nq t the purification process is very effectlve

3, tr aceSPeFirophpiemptensinithe UVt viaspastrophotornetey, 31gnaturas@fmtem1mmmg, here

Col ut ontErrerRlu R afhRRE 80 silim 3t ikl i ier bt isei peween e base

pot ent i apaifsyef!dsiIINAC @G odhrénRithnQePdVits <50W SES gﬁoh'oﬁﬁﬂto

PIND-Ru in solution. At slow scan rates,
di f f usi oPidnRu at 2 BNMWG@W@@NB&RDM@% Qlestultsin 24096 deerehst and 82-nm-red-

the. peaiclieaf P SOSEpU0 P08 §Reasi o aq%%&%%?{}ééﬁ%é{m

scan r atghseived vAPkaphfRAa ee(ﬂm% g’é&ﬁcl al:lﬁe Y6k ¥
the theoretical value of 59 nV and )p0¥1g ti 1o ate %ngepen en eND
(FI G 4) .abspibraneebandihypochremisai reatticat phtdauat i0 >4.0, and

centers wed, t o .reac .el.ectrode surfac roceed to
reversib e%ﬁ%t“% H@Wéﬁ&?ﬁv&ﬁ’ ﬁg}géga.t @““?‘dg‘B

exanpl e plhddﬁﬁpﬁfe@@nﬂahﬁ;tdr@dlﬁidﬁﬂmf PI'ND-Ru wi th ds- DNA as
determ ned by U\/—VI s spectrophotonetry of PIND-Ru. 21 [0083] The node

of i nteractlﬁﬂl0 PIND-Ru_wth ds-DNA is determ ned by UV-vis
spect r ophot o 1 of W@%Ofﬁemgcﬂﬁ@%ﬁ@éwmmammtht s

of sal MzpERALK }6&%12%@ Slgofiit %‘ﬁd@f LR Yo thzu\ﬁrgﬂo%wtﬁ B3p&" Af)alo{ of the

recor ded on an Agl I en
-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, con'espondmg to approximately a 75-fold
enhancement over ND. A plausible explanation for the stability constant enhancement would be
that after the ND group has mterca'lated with ds-DNA, the two cationic Ru(bpy).Cl groups in
PIND-Ru form ion-pairs with phosphates ori 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 -+ 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. 4nal. 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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spectrophotoneter. In the UV-vis spectrophotonetry, signatures of

I ntercal ati ve binding, where the fused planar aromatic ring system
of a threading intercalator inserts itself between the base pairs of
ds- DNA, are. hypochrom smand red shifts. As shown in FIG 5A, addition
of DNAto PIND-Ru at a DNA base pair/PIND-Ru ratio of 4.0 results in
a 40% decrease and a 2-rimred- shift of the ND absorbance band at
366 and 387 nm Si m I ar phenomena were previously observed vm'th

napht hal engned; e B DB B 5G4 bRLYET DS jer 1S adsorbed

The ND absor banc and rom sm reac es a

- base pai r/ 5 ibDnétsingahe goId&leﬁtm@eﬂﬂtaBBS@ﬂﬁh@ﬂbf TUOOBE/Bﬂ@Pi%PM-%
observed, eﬁ-ﬁﬁdl cating that_binding of PIND-Ru to ds DNA takes p ace

by pref er ciEPREon he elegiradss or espiously Hmsed[WidePBS midsoskedlin PBS)fop20 g rinsed

ohort ey g 50 BRTRY S DGR £ RSt ons B, B e lebtetemsicatly
pl ot of t l‘lgrthemmnbmcfrbdwlﬁﬁwmmiﬁ%%e?m bdtie ?éseﬁfbpp ie’é’?‘ i§¥und to be in

provides a titration curve me ch t ry o
det er mi neddf range 9By.13730x%07 l/czgz -canmwzenmrBNmmhtbdmma’aubhke and

conpetltl 3. 0 107, res

appr oxi mat %g@#&aﬁ%n%ﬁﬁgd%tﬁ?& “’Ah‘i) Sglé Hfﬁ‘éﬁiséﬁmemﬁ
for the stmhnbtﬁanoﬁ@ﬁﬂﬁﬁﬂﬂom M db

group has |@t ercal ated with ds- theer two catloglng Igg(bph)%ag&m
groups i n PPREEsare rgsed ‘P@ﬁﬂ%ﬁlﬁﬁl@mﬂh%@bﬁ gmension drc i stmretbethdnol g 10 min

SZ % EXAB/PLE%&# “%EII S e e i lagéyv&feaéjhpe o5 lggéﬁrdg’&ﬁeqﬁmdfy

P] ND- RU i n DNA bi-osensors. [0086] The preparation and pretreatnent
.-f goel ect rodd088d asThe hybruhzanpndfamm& and¥e eRbtrédhemidd @btection is carried

TR e A e DRI RN I .
Synt h. Nemmfaﬁnmpﬂead@ﬁ%é eleirbdeind thb eRbiradess DREGDY Wgﬁrﬁ%

efly, prior to capture probe

herein by reéf grenc

adsor pt i off™H fftﬁﬁ b?%@@@)@ﬁé@@ﬂ?‘é’ stinggeey PG betawf the salt-adjustbcdmelting

and then ltéﬂg@emefb) 28min. It is then rinsed thoroughly with a blank hybridization solution at 60°C and
incubated at 35°C for 10 min with 2 5.0 pl aliquot of 100 pg/ml of PIND-Ru in the hybridization
solution. PIND-Ru is aftached 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% ethano} 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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i medi ately in absolute ethanol for 20 mn to reduce the oxide |ayer.
CP nonol ayer is adsorbed by imersing the gold electrode in a PBS
solution of 100 pg/m CP for 16-24 It After adsorption, the

el ectrodes are copiously rinsed with PBS and soaked in PBS for 20
mn, rinsed again, and blowm dry with a streamof air. The surface
density of CP, assessed electrochemically by the use of cationic
redox probe according to the procedure proposed by steel; is found to

"ol af ed DU B oA o of e G M HorkatelFchiied i IR SR PP B A A

nmonol ayexlectrdde. CP- coat ed gold el ectrode is imersed in an ethanolic
solution of 2.0 ng/mmM 1-nercaptododecane (MD) for 4-6 It Unreacted MD

LTI 8RB0 AR ol e s e
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ﬁa lr3 ri Sdcoatﬁi dl'wtlltoﬂc;g msp@oﬁpgly. Bor sﬁm&ais&n,&h&éah[;ﬁl\él:t élil@écttbfd?s a.rﬁ1 treated withdS.O
ot £ RS RaE t obbht fo Gmers y

t t _
57" bel cayinley e VPR M enkis O35 ind BBl 68 of v oesigl Hetice! PGP pinsing
rinsed twith thediybyidization tmffer svakhds)olff il f1hé haph@aiditation rélhte® OBacHidleotides.

I ncubat 35C for. 10 mn with a 5.0 gl aliquot of 100 g/ nil of

Pl ND- Ru%'ﬁél iRm0 43 ¢leptods surfacs Auring meptaducst imekbativn vithshe AOuL.
hybri di zgdubse ELTY 'mqj]rﬁ?%i j o ' t .

el ectrode i sggi?@cool eé(dit and hel %hﬁgg%%ﬁn%@ﬁg%r@ffgﬁ%gfﬂwe

t hor ouglwashing wigh WaChsatiaied 16anMphbhatetasihedmtaibing 1684 &hihbl fdmoves most of
cont ai ni 09 hanol .1 ndyct ed. The electrocatal ytic oxidation
current dﬁ%n& 'aséégﬂ\%r’%?? ly. At |ow DNA concentrations,
snoothing is applied after each neasurenent to renobve random noi se

and el ectromej§02d]i ¢ Cyelicevdimnensgamd 20 8 clédn@ddbs S BYbdLatRRREE MR S FIG

or kst a0 G PR PSPl e e P8 £ peive o meiermesis ave Gbservod

oL S0 s o B . A
el ect r o P& eippirastadic dytaragiion of REND:Roand KB)ondhel electrode surface, For the

' complementary poly(AT)z poly(AG)z 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 A after hybridization to 200 oM of poly(AT),, results therefore
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-Ru/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)so and poly{G)yp 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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platinumw re counter electrode. To avoid the spreading of the sanple
dropl et beyond the 3.0- nmm di aneter working area, a patterned

hydr ophobic filmis applied to the gold electrode after 23 the

i mobilization of the CP. Al potentials reported in this work are |

referred to the Ag/AgCl electrode. [00891 In the first hybridization
test, 5.0 L aliquots of 200 nM of pol y(AT)20 poly(AG 20 and

poly(G 40 in TE are hybridized with their correspondi ng conpl enentary
CP coate idissiPg ol E. '

el ectrodeg&I‘g’\lJr:%gl rea ecjll‘:'1 w t.h gfagwkygei%%%@?%ﬁmﬁ%eg%@f @%%lgﬁatethat
. Upon hybr iINEaR1 seigctiviely interapiswith doDiNFe sndithe PENDeR1t-+dseDWA daductdhas avery slow

their conpl.enentary, CPs,.a beco I xed on,t el.ectrqde surface.

Thor ough Aﬁﬁ&?ﬁﬁm W ﬁm@ﬂwﬁfﬁf Slepf e oL UGS B dgiom, B gpvesifae way
» non- hybr i Gh7 ddveRPirctinAli@skeftitiGODN GiBldndgs. PIND-Ru is brought to

the el ectrode surface durirng a subsequent incubation with the 5.01I.

aliquot of 100 g/m of PIND-Ru in the hybridization solution. It is
found that extd0@hje- NesththednieicalatedRINDsRu, asdhecleddantiteihdisgibn for direct

buffer co i pi ng 10% eth . renoves st of, the non- rel at ed .
PIND. R s ELReiE PSS espEp ey St e Valpptog 08 Ehe il g gy protein
hybri di zaty59777p8 OWMMRN A Alour¢hhgetedhe. { g&?cﬂ PAtfe) ﬁ{%N “%m%lﬁe

pol y(T) 40}’ ompgig?ﬁof m nut e vugl t§e t?i%?%rggg are og";@%ve Aa e1S
redox pot eletitatedaf 70I0\ND: RO nfifl. EBighfincidotides Wit séquenees complemkefarytid TP53 gene
trace 1), largely.due t G&gre el ectrostatic interaction of PIND Ru

and CP on 3fermRelatized R Fede supigee descrigas Ee Hnonbypodigatiom ap §3°C for 30

pol y(AG 29,3 %ﬂnﬂb@ ' gﬁtm . L ' j edox:

potential - angPo ser ve%glgflnt%gt51 e pﬁg%&%@%ﬁgﬁ{&h%%%ﬁ%@%&%gfé%g‘ﬁogggh
100-f ol d (dEksiBg6vith the bybridizatidndmdferwashed bef atitodf ¢hosmah-Toybiidination-136d ARNA.
after hybridization to 200 nM of pol y(AT)20i results therefore from

1.3 pnol of ac and,Lnter.c d_PILND: Ru.. Thi.s nunber resent s
S0 5600 of P11 0 Al MRS ME bR IR EY¥ i VBl fmmoesaat o4 5E gleazopls after
mol / en? ( reppiyhp@IND-Riheneietabht idgher pkalegimentds obb@ved ok 8ambBc process,

coverage ang assum t hat the xi mum Pl ND- Ru/ base ratio of 1/4,
0.13 pno™ aﬁ“ﬁ%i&g@‘t Rt P%QHFﬁHﬂDF & ipgRivedrm, fhe oxidatiosy progess, mreshpiobably due

DNA and 1384 capfifedI8hg TPS3 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/em®, 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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bound CP is actually hybridized, which is conparable to those found
inthe literature. Interestingly, when poly(AG 20 and poly(G 40 are
hybri di zed with their corresponding conplenentary CP coated

el ectrodes, 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 24 are

cat al yt| cal IWTW
results denonstrate jthat PIN selectiyely intera i 1h ds- DNA
and the Pl ND-Ru-ds- adduBybridigation very §$l ow di sso%@f’ﬁb‘ﬁﬁf‘:&f@nand

hi ghly efficient el gctrocatal ysis of guanine oxidation, which paves

the way for GEQMann an ultrasensitivel DNA bi osensors. [00911

Next, the intg[ lmgted PIND-Ru, as the el ectroactive indicator, for -
direct det ectl ‘NG ddnggr submept | Bytriiesd g;n@é’ i N ATRNAPIND-RnKerdadieg e (BIND-RwBase
taking the full length ur pr ot efpgs p5S P53 ene i p as OUlRp.s
target gene. Prior tlo @ébrl zatlonb t he r&ﬁé mg?g)gree(‘fiso l"ggf‘fl\lgtz)ured Ratio
at 70C for 10 min. ‘@ igonucl eoti del wiokh fequences conpl enentary to
TP53 gene are TTmmoff
Upon hybri di zat ijon 4t Cf 30 hp, TPp3s gRNAf 4 omthe xture |s
sel ectively bounld tg the el g{:t rodemssgrfac hor oligh ri ns:bnng W th

t he hybridi zation byffer washes off all of the

non- hybri di zati @n-r ¢l at8ed nFNA. [009R2] As|s&4n i 6.5F1 G 613 ,22a typical 1
cyclic vol tammogramjof the el ectrode afte appl yi ng Pl ND- Ru,

114

consi derably higher Ipegk cupsent is bser/eg for .the anodi g process,

i ndi cating that g"‘l ar erel%armu{nt of el 8tronb P2 inddved in '&h v

oxi dation process, st probably due to [he captured | ong TP53 nRNA

nmol ecul es whi ch4brimg @ nucl | arger 4anounf 6§ guani ne to the 112
wifann Jnr\ naalk. curraont Adr nnc sianificantlyv durinag

| t g J 7, 4
gugge;gldf@f btV Rat2 of EPicRged Averiz crystel Tespnatons efterdtybadetinmeton TRS3 i 1.0 fig
att ai necinamzan@aﬁmim R§16ER: G0N 0. 90 V (FI G 5B trace 2).

I ntegration of oxidation or reductl on current peak at slow can rate
510 nV/s yields a surface coverage of 3.8 pnol in terns of

ISR T e e B I G S S m—

and ful Ingpregengy Q%%Tog%e s-ﬁﬂ'ace-bound CP is actually hybridized which is much lower than those
of short oligonuclectides (20-50-mers) reported in the literature. Itis 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 per 11-14 bases of TP53,

~ suggesting that some of the PEND-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/em?, which is in good agreement with that obtained in
voltammefric 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

26



have a better understanding of the hybridization efficiency and
PIND-Ru | oading level, a series of quartz crystal m crobal ance (QCM
nmeasurenents are carried out on TP53 after hybridization, and after
PIND-Ru intercalation. The results are sumuarized in Table 1: 25 TP53
Hybridi zati on PIND-Rn Intercalation CP Coated Resonator df an
Hybridi zed Al Am PI ND- Ru Loadi ng PI ND-Ru/ Base (fEz) (ng) TP53 (Hz)
(ng) (xIQunole/cnm) Ratio (xlOunole) 1 . 17 15 38 5.4 4.7 15 1/14 2

606, 1 2 bR nERrdan 1 gl B stntindihdes Hapdty Hish SPRA conbebiration
- resonat or sroad 28rto BIOpMiwithbiderctich IRB 3L 1S pA Occﬂrefﬁdifw}&ta@%oaigvﬂTm the

PIND-Ru intercal ation. [0093] As shown in Table 1, f ol es of TP5
i s hybri dieple volime Wnimennsideraipn.as diflesas. 715 aforaples nETRIY DN A ibsugoessiaty

- 1s actuall Ldi | ' h han t.hose ,of .ghort .. |
ol i gonucl gé&%?‘k i%lg ~50- és(réésifaerﬁg}gg?mé %l\éﬁiq W‘F@%&Fﬂ’ﬂ%?fﬁlﬁqt?ﬂﬂ?}? acid
sur pri si ngxidatibn kdagys, thetvehsifiviay dfpanerhic ik RRC il GEPRDE N idpEdvea by ¥dopting

wi th increasi-ng the I ength of the analyzed gene. I'n "addrtion, the
QCM exper .Wﬁgmw@ﬁmsmﬂ% preset invedtions The spries! bftheson-

of TP53, Wl t f the. Pl nol ecul es.intercal ated
“hto che LRHAEEbEAGA PO Rr bl Sk HeteRon Bh el SR ol 2B Wom real-
sensi ti vi worldfsatnple thettdoathin Mhifb e kot aBove @il (byanife dn84RdrealaRdPINDIRY)
the range of_1.5-2.2x10"11 nole/cn2, which is in good agreenent with

that obt aFHuhitiigh sgasitiRitG Fae afvantageiof the PIND-Ru catalyzed system described here is that
both guanine and PIND-Ru are oxidized at potential as low as 0.63 V where little background

current exists. Moreover, genes with more guanines give more sensitive signal. The combination

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

chapges 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 imiting sense. Unless explicitly stated to recite activities

that have been done (i.e., using the past tense), ﬂluétraﬁons 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.
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[ 0094] " The dynami c range for the quantification of TP53 gene is
established using purified cDNA transcribed fromthe nmRNA of TP53
and diluted to different concentrations with TE buffer before use.
For control experinents, non-conplenentary CPs are used in the 26

el ectrode preparation. It is found that the current increases
linearly with cDNA concentration from2.5 to 350 pMwth a detection
limt of 1.5 pM corresponding to 0.60 ng/m . Taking the sanple
volume into consideration, as little as 7.5 attonoles of TP53 cDNA is
successf ul WMHATE €eABEER S :ng t he proposed nethod. Conpared to the
previous results of direct nucleic acid oxidation assays, the
sensitivity of genom c nucleic acid assay is greatly inproved by
adopting .the catalytic threading intercal ator schenme of the present
i nvention. 1 The appsahn@bfthdehen | abeling el ectrochem cal nmethod for
the direct detection of nucleic acid is that genes fromreal - world
sanpl e that contain many of the regaxmctive units (guani ne and
intercalated PIND-Ru) exhibit high sensitivity. The advantage of the
PI ND- Ru cawbdrgized system descri bed here is that both guani ne and
FIND-Ru are oxi dized at potential as low as 0.63 V where-little
background cur? Brisha&knarhéelenpteacreioxylircimbydidetendor e guani nes gi ve

nore sensitive,si | . The.conbi.nation,, of the twp, enabl es pi conol ar
detection |1 m (I ARNCAEHFH AP PARGN J5ing 959 HRRTSIRE o Sieens Emine Riigfes
coul d be nade ifmnteh:euﬁibmwbomtbﬂﬁ@:aﬁ:ﬂﬂs,@ﬁ)ﬁmﬁsﬁdéﬂﬂﬂﬁg’%}%ﬂﬁhﬁﬁﬂcﬂ@,rti ng
fromthe scope of the present teachings, it is intended that all

mat t er cont ai néediimidarnts kainshsidresn ikt Erovp dacheim Ge pridesstt ring.
illustrative and not in a limting sense. Unless explicitly stated to -
recite activities that have been done (i.e., using the past tense),
il lustratidns anehmpesmpisest fartein(dein hwbkardeehid omiiezde prodpmsesemlad-i on
t hat given,; j , this present teachings have, or have not,
been per %?%EQ&%%%%FQ%I references cited in this specification
are hereby incorporated by reference in their entirety. The

d scussi om of LNGRLE K68 DR AL | Snd b BIOEA LS KoL 8.2 UETRS 12
the assertions mad’e, y therr authors and no M SS o1 S°Hade t hat
any ref er eahowt-dcariwpgtogtses prior art relevant to patentability.
Applicant reserves the right to challenge the accuracy and pertinency
of _ _ _ _

4, A compound as set forth in Claim 1 wherein the organic amine is 3-
aminopropylimidazole, - o

- " A compound comprising the formula:
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the cited references. 27 WHAT 1S CLAIMED IS: 1. A conpound of the
fornula: L1-D-L2 wherein Dis 1,4,5,8-naphthal ene tetracarboxylic
di anhydride; and Li and L2 are each |ndependently a |linking group
conprising an organic am ne having from about 2.to about 12 carbon
atons, an aliphatic am no group, and im dazole, said imdazol e being
held on an alkyl group attached to the imdazole ring. 2. A conpound
as set forth in Caim1l wherein said injdazole provides a netal -to-
nitrogen- coordi nate bond. 3. A conpogza\as set forthin Caiml
wherein the organic am ne has froma 3 to about.6 carbon atons.
4. A conpound as. set forth in Caim}) wherein the organic amne is
3- am nopropylimdazole, 5. ' A conpotynd conprising the fornmula: 28
O ONe NCp 6. An electrocatal ytic ¥ntercal ator conprising a core
conpound of the fornmula: Lt-DL2 owhereinoD is 1,4,5,8-naphthal ene

tetracarboxylic dianhydride; and

Q N o)

N,

»

6. An electrocatalytic intercalator comprising a core compound of the formula:

Li-D-1,
wherein
Dis 1,4,5,8—nap11t11a16nc tetracarboxylic diaﬁhydridc; and
ILyand Lz-' are each indépendcnﬂy a linking group compﬁsing an organjc arnine having
from about 2 ti_::' about 12 carbon atéms, an-aliphatic amino group, and imidazole,
said imidazole being held on an alkyl group attached to the 'i:.nidgzdlc ting,

bonded to a transition metal compound of the formula:

X,

)

m

whe;rem

M isa meta]hc eIemen’c that can form a coordmate bond to mtrogen
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Lt and L2 are each independently a |inking group conprising an
organi c am ne having fromabout 2 tq aboyt 12 carbon atons, an
al i phatic am no group, and im dazole, said imdazole being held on an
al kyl group attached to the imdazole ring, bonded to a transition
metal compound of the formula: m. Z-M-z X wherein Mis a netallic
el ement that can forma coordinate bond to:nitrogen; 29 r R and R
are nitrogen- Coplaal R 6 nfto SANohtal Mt o8BS megeda%@e@edttﬁ NMt@%ir‘hﬂ?o'gEn
nitrogen atons, wherein R and R are independently selected fromthe
group consi sti n§oBF MBI i pyridyl; 2, 2' -bipyridyl substituted with
one or nore substi e ¥ Seneleriinily S8cted &l Rou ﬂﬁ&%tgioﬂﬂz'ﬁpﬁh?@
al kyl , phenyl, andnfﬂ?”?}{l. u St.lﬂ’t&:ﬁt e%(?vmth one_Or nore - C4 alk
groups; 1, 10- phenantht Y,flﬂxjﬁ? SHRRPY ™I PN RERAR FHRsBIPPHS elesisd Spm din Eepp
g t hC40nIekOIr rmrﬁ mbstﬁntggea?]«m&iﬂdyg@gﬁgy ﬁﬁd}iﬁbﬁﬂ@u&ﬁﬁﬂt&ﬂ w§18138¢ Srirhddg COf

- al kyl, phen n henyl . substj.tute th one or re g -,
al kyl groups; Zis @ﬂ?ﬁgﬁ ’i’tleg'ﬁjile tﬁrgiﬁﬁ,m‘gbm@@ﬁ}@?}, YBQBSP@“%WE%
X is an anion, or cewb:mateisostinkntesl@Rs froldthd sroad aunsiedng of C1-C4 a3,
el ectrocatal ytic intercal gtor as.set forth in C al erein the
core conpound is b‘%])lﬁ%g ?Bgﬁfnﬁgsu{jé%untgﬁ{ﬂﬂbﬂw%fnge SpAHE PR a
metal to nitrogérs ’debedl sanpm oty :+2,.8:3, Ah +6)azabyandat al yti e
i ntercal at or asX?ﬁ%nMBt&cEﬂbﬂ@n%Zﬁmeﬁxﬁib&aMé§n,Sel ected fromthe

group consisting of ruthenium osmum zinc, Iron, rhodium rhenium
pl ati num--scandi um titanium vanadium cadnm um magnesi um copper,

~cobalt, pal| adi AEeGRcRN S ntercalator as set forth in Claim 6 wherein the core compound is

bonded to the transition metal compound with & metal o nitrogen coordinate bond.’

8. An electrocatalytic intercalator as set-forth in Claim 7 wherein M is selected from the
group consisting of ruthenium, osmium, zine, iron, thodivm, rhenium, platinum, scandinm,
ﬁtanium, vanadium, cadmivm, magnesium, copper, cobalt, palladium, chromium,

manganese, nickel, molybdenum, tungsten, and iridium, or mixtures thercof.
9. ' An electrocatalytic intercalator as set forth in Claim 7 wherein M is ruthenium. -

10. An electrocatalytic intercalator as set forth in Claim 6 wherein the organic amine has

from about 3 to about 6 carbon atorms.

11.  An electrocatalytic intercalator as set forth in Clan'n. 6 wherein the orgdnic amine

compfiscs 3-aminopropylimidazole. .

12. An electrocatalytic intercalator as set forth in Claim 7 wherein Z is chlorine or

bromine.

13, An electrocatalytic intercalator as set forth in Claim 7 wherein R and R' are
independently selected from the group consisting of 2,2bipyridyl, 4,4 -methyl-2,2-bipyridyl,
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manganese, nickel, nolybdenum tungsten, and iridium or nixtures
thereof. 9. An electrocatalytic intercalator as set forth in Caim7
wherein Mis ruthenium 10. An electrocatalytic intercalator as set
forth in Claim6 wherein the organic anm ne has from about 3 to about
6 carbon atonms. 11. An electrocatalytic intercalator as set forth in
Claim6 wherein the organic amne conprises 3-am nopropylim dazol e:

12. An el ect4- %%zai%wyﬁdyln& gl Bﬁbﬁtzf? g:?nocts g %Eh'}l-b,lﬂ n%?"’ﬁ)ﬁs;f%%‘e' n

Z is chlori brom ne atal'ytre

set forth i @%HW&@?@YW%W@WYare i ndependent |y sel ected
fromthe group consisting of 2,2'-bipyridyl,

4, 4" -met hyl.- 2, 25 bi pyr 0 4,4 -et 2, 2" -bipyrid

phenyl - 2, 214 p§Fi ](%T"ca Y%“%?W”%S%?O%%tﬂaﬁﬂ%w ?IEIB{iétsﬁ‘?Pfﬂdﬁom
2,2 - bi pyr ittygroupankiding of mhﬁﬂfjdin- @smimn iRy frért) Yodivdd thefim, platinum,

electrocat nteroala set forth in CaimJ13 erein 14 is
sel ect ed fr%J(:)a)r%hILl tarmrn:cl)'lu‘" WB‘ BRERT e $APEFH o8& hiPaiRdys, ghromiymy,

rhodi um rhangamnqe,mblm |rnm]yhdcnmamgl,stwmndﬁﬂﬁm, bithixkaddekabf) cadm um
magnesi um copper, cobalt, palladium chromum manganese, nickel,
nmol ybdenum tungsten, and iridium or mxtures thereof. 15. An

el ectrocat afyt i A1 plactecatalytie reralt ot sef forthiin Claindl 4ivherdid MBetBidud i S
rut henium 16. An electrocatalytic intercalator -as set forth in daim
13 wherein the organic-am ne has fromabout 3 to about 6 carbon
atons. 17. 1n e&%@?%@%@ﬁ@mﬁ‘palﬂm ey hfoath.dr Clagn sewhdrein the drgunichaniina hiS

wher ei n t h@oQALEaR1EGo MHLE carsRIASes 3-am nopropyl i mi dazole. 18_ An
el eetroeatal ytie intercalator as set forth in Claim213 wherein Z is

chlorine or bromne. 19. An electroeatalytic interealator as set

forth in. Clai m Adelwueesilpid R@rddiaed bt st &l El6im OF PhReif QRS %m%ne

noi ety that can | tercal ate énto doubl e- st randed nucl ei ¢ aci
Compiises &mmopropy azole

18.  An clectrocatalytic intercalator as set forth in Cfaim 13 wherein Z is chlorine or
bromine,

19, Anelectrocatalytic intercalator as set forth in Claim 13 wherein the divalent cyclic
group comprises a moiety that can intercalate inta double-stranded muclsic acid.

20. . - An electrocatalytic intercalator as set form in Claim 19 wherein the moiety comprises
1,4,5.8-naphthaléne tetracarboxylic dianhydride,

21. - Anelectrocatalytic intercalator as-set forth in-Claim 6 Wherein D is 1 4,5,8-
naphthalene tetracarboxylic dianhydride, the organic amine is 3-a1mnopropﬁnudazole at

least onc of R and R’ is 2,2'—b1pyr1dyl M is ruthenium, and Z is chlon.ue

22.  Anelectrocatalytic intercalator comprising the formula;
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20.. . An electrocatalytic intercalator as set formin C aim19
wherein.the noiety conprises | ,4,5,8-naphthal ene tetracarboxylic
di anhydride. . 21. An electrocatalytic intercalator asset forth in-
Claim6 wherein Dis 1 ,4,5,8- naphthal ene tetracarboxylic

di anhydri de, the organic am ne is 3-aininopropyi mdazole, at -|east
one of Rand R is 2,2-bipyridyl, Mis ruthgnlunl and Z is chlorine.
22. An electrocatalytlc |ntercalator'?8 MsP'i sing the formula; 31
Ru(bpy)2C+ 0. ON ONO ~N Ru(pPY)2Q+ 23. A nethod for
preparing an el ectrocatal ytic |nté§£ | at or, the nethod conprising
contacting a core conmpound of the nuJa Li-D-L2 wherein D
isl,4,5, 8-napht hal ene tetracarboxylfic dianhydride; and LI and L2 are
each independently a |inking group>onprising an organic am ne
havi ng from about 2 to about 12 cafbon atons, an aliphatic am no
group, andi m dazole, said imd
attached-to the i m dazol e ring,
the formula: RrcT Z X

ol eNbeimg held on an al kyl group
withf'a transition netal conpound of

Ru{bpy)CI*

23. A method for preparing an electrocatalytic intercalator, the method comprising
contacting a core compound of the formula:

L-D-1,
wherein : ,
D is1,4,5,8-naphthalene tetracarboxylic dianhydride; and
Ly and L, are each independently a linkirig group éompﬁsing an organic
amine having from about 2 to about 12 carbori atoms, an-aliphatic amino
- group, andimidazole, ' . .
said imidazole being held on an a]ky] group attached-to the nmdazole ring,

with a transition metal compound of the formula:

pe—— _m|

R

2Bz ] X

K&
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32 wherein Mis a netallic elenent that can form a coordi nate bond
to-nitrogen; R and R- are nitrogen-contai ning organi c noieties
coordinated to Mat their nitrogen atons, wherein -- Rand R are

i ndependently selected fromthe group consistng of bipyridyl;

2,2' -bipyridyl substituted with one or nore substituents sel ected
“fromthe group consisting of C-C4 alkyl, phenyl, and phenyl

subst i t ut edwhendid h one or nore Cl-C4-al kyl groups

1, 10- phenant hrobé d 1, 10-, phenantl unlin substituted with one
or nore subsfit ﬁt?i@ %ﬂ?‘é??tf}%ag?ﬁ‘f?q?é‘@i”éﬁﬁﬁe bewkipaitosgniof Cl - C4

al kyl, phenyl, &nadBhesyjrogetdedntsiril aganhd Hoiet Bootdindi8H 18 MoatkhatCA al Kyl
groups; Z |s a Iq_z%w %[ at og& mis +1, +2, +3, +4, +5, or +6; and X is
an ani on, conbi A &M ons, mat bal ances in, so as to forma

tal t A t Cthe. .
transi t.ooﬂ' et gﬁ”cgﬁ%ﬂﬁﬁ? 5 BO0REE SRl B o TR GBS, e
wherein Mis sel ect edBFER: £Rebipyriguisuk WmeefmomaneMelected
osnmium zinc, iron, riRdiegoub hﬁﬁisﬂx’i@of@let%iadli‘%yﬂph&ﬁ?réga Hﬁ@n}, {,&%&m

vanadi um cadm um rmagnesiun co rom um
manganese, nickel, moft WSHHWPWQJné%%I@H STORAY 11191ph¢nﬁ-mhr®nylmndtlmoes

thereof. 25. A net hO@h&&nﬁ]@@[uicypiubEhthted AR bie o%%df@ﬁﬁ@t‘itﬂeﬂ\é defocted from
ruthenium 26. A nmethod as set forth in Caim23 wherein the organic

am ne has from about TP RHHRE °§C&§r4589f1 B’E@H’saﬂdﬂeﬂﬂs‘iﬁﬁ‘ﬁﬁd%@ set
forth in Caim23 whenetmmbb€ DIdyalkytgdm@sne conpri ses 3-

Z is a halogen aiom;
mis +1, +2, +3, -+4, +5, or +6; and
X is an anion, or combination of anions, mat balances m,

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

transmon mefal eompound.

24.  Amethod as set forth in Claim 23 wherein M is selected from the group consisting of
ruthenium, osmium, zing, iron, thodium, rheniom, platinum, scé.ndium, titanium, vanadiwm,-
cadmium, magnesium, copper, cobalt, palladium, chromium, manganese, mickel,
molybdemmn, tungsten, and iridium, or mixtures thereof,

25. A method as set forth in Claim 24 wherein M is nutheniurr,

26.  Amethod as set forth in Claim 23 wherein the organic amine has from about 3 to
about § carbon atoms. ' ' |

27. A method as set forth in Clalm 23 whermn the organic amine comprises 3-
_ annnopmpylumdazole

28. - A method as set forth in Claim 23 wherein Z i¢ chlorine or bromine, .
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am nopropyl i m dazole. 28. A nethod as set forth in Caim23 wherein Z
is chlorine or bromne, 33 29. A nethod as set forth in O aim23
wherein R and R are independently selected from the group
consisting of 2,2 -bipyridyl, 4,4 -nethyl-2,2"-bipyridyl,

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

5 5 -nethyl-2,2"-bi[rho]yridyl, and 5,5 -phenyl-2,2"- bipyridyl. 30.

A net hod agg seta Lol ad 3t BB iITRIn Weh&ER RME &' S61R6 a0ty SlctddSrom
group-consi sting of _ ruthenium, Qs ni um

) um, mum_zinc, iron, ghodluq%,rh
platinum GESRIPGATSISNG S tiiP Uar et tRYIY-CaRPYRAY T AR 2P iR B bfer
cobal t, pahleadhdnyl-2,ehsemeyns, sTBOTATES Bi[rHolekel andBphesnm bipimgsat en,
and iridium or mxtures thereof. 31. A nethod as set forth in Caim
30 wherein Mis ruthenium 32. A nethod as set forth in Caim?29- . -
wher ei n t hé0.or gamicthod ps ssbomhén Clabnpawberen ¥ is gelecitsbiinm Giegmub ornsigtingg,
33. A et NAh Ao Sl ifk, biin, Tt i, 20t £f2lihch NGBl 10 Bl i,
conprises .3- am nopropyli mdazole. 34. A nmet hod as set forth in Caim
29 wher ei nSREIiEN YDA CEPPEh cabAlhpalladinm, dhrosritnogansngetidkey m i n

G ai m 23 WaglBidhuR, hiigstentany ifalbAPARRhER QitsE M acar boxyl i ¢

di anhydri de, 'the organic amne i s 3-am nopropylim dazole, at |east
one of Rand R is 2,2- bipyridyl, Mis ruthenium and Z is chlorine.
36. A net hdd f ok netdioé ed senfprth imQkine B whereid M ishnethemdirhod conpri si ng: -
contacting in aqueous nmedi um an el ectrocatal ytiai ntercal ator
conprising a core conmpound . of the fornmula: LI-D-L1 wherein D-is

1, 4, 5, 8- napht hat oredot et setitvath im Kz 89 whereih fibrorgioic aanint hag framabout dite
each i ndepgpdegtldoded ki ng group conpri’sing an organic

33. A method as sét forth in Claim 2¢ wherein the organic amine comprises 3-

aminopropylimidazole.
34, A method as set forth in Claim 29 wherein Z is chlorine or bromine.

35. A method as set form in Claim 23 wherein D 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.

36, A method for detecting a nucleie acid, the method comprising: _
_-‘contacting in aqueouns meditm an ele&:t'ocatalytiq intercalator comprising a core compound
of the formula: '

L;-D-Ls»
wherein
D isl,4,5,8-naphthalene tetracarboxylic dianhydride; and
L; and L are each independently a linking group comprising an organic
amine having from about 2 to about 12 carbon atoms, an aliphatic aming
group, and imidazdle, .

said imidazole being held onan atkyl group attached to the imidazole rihg,
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am ne having fromabout 2 to about 12 carbon atons, an aliphatic
*ami no ~group, and imdazole, said inidazole being held on an al kyl
.group attached to the imidazole ring, 34 bonded to a transition
nmetal compound of the formula: m \ . x Z-M Z wherein Mis a
metallic el enment that.can forma coordinate bond to nitrogen; R and
R are nitrogen-containing organi-c noieties coordinated to M at
their nitrogensakied®.a tASES Betal comporBd BemBRforabR; | Ndependent | y
selected fromthe group consisting of 2,2 - bipyridyl; 2,2'-bipyridyl
substituted with one or nore substituents sel ected. fromthe gr oup
consisting of d-C4 al kyl, phenyl . anc henyl substituted w th one
or nore C|-C4 al kyl groups; ]Q\M?a fant hrol i nyl ; and

1, 10- phenant hrol i nyi substi tuf ed ope or nore substituents
"selected fromthe group consi s@nM-oR Ja¥c4 al kyl, phenyl; and
phenyl substituted with one o ré& d}- C4 alkyl groups; Zis a

hal ogen atom in is +1, +2, +B, %w#./+4, or +6; and X is an anion, or
conbi nati on of anions, that bhRLances.ddn, with a conpl ex conprising
the nucleic acid so as to intercalate the electrocatal ytic

i ntercal ator intE¢he conpl ex; and detecting an electric current

wherein the el ectrogat amyiie cleﬂa‘é@c&ﬁ:ﬁl:ﬁ:tf%n RXI SR BSbéhd to nitrogen;

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

-

nitrogen atorns, 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-phenanihrolinyt substituted with
one or more substituents selected from the group consisting of C1-C4
alkyl, phenyl, and phenyl substituted with one or more Cl- C4 alkyl
Boups;
Z is a halogen atom
mis +1, +2, +3, +4, +3, or +6; and
‘X 1s an anion, or combination of anions, that balances m,
with a complex comprising thé nucleic acid so as to intercalate theeiectrocatalyhc
intercalator into the complex; dnd . o ’ .
dctécﬁng'qn clectric current wherein the electrocatﬁlyﬁc intercalator oxidizes a
- nucleotide, '

37. A mecthod as set forth in Claim 36 wherein the nucleotide is guanine,

38. A method as set forth in claim 36 wherein M is selected from the group consisting of

ruthemum osmium, zing, iron, thodium, rthenium, platmum, scandium, titanium, vanadium,
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nucl eotide. 37. A nmethod as set forth in Caim36 wherein the

nucl eotide is guanine. 38. A nethod as set forth in claim 36 wherein
Mis selected fromthe group consisting of ruthenium osm um zinc,
iron, rhodium rhenium platinum scandium titanium vanadium 35
---------- . ------- cadm um nmagnesium copper, cobalt, palladium
chrom um nmanganese, nickel, nolybdenum tungsten, and iridiumor

m xtures t heds@im, &egneshiniyRbiiRf colaltslladitnh diromiturh) rBdrignidle, wkiedein Mis -
rut heni um 40.% nmet hod as gngt. .%P(f)l&t h_i, QHCIthai 36 wherei'n the organic
am ne has fPoRP4HEH B PGS BRFEEHh gt Bns. 41. A nethod as set
forth in Caim36 wherein the organic am ne conprises 3-

am nopropyl i4m dazol e. .42, t Rpd et. r i.n.Claim36 wherein Z
is chlori neéggr %?%lﬁlt%%e?‘ss 5@%@@}%?&“@%%‘&?%‘&%@% claim 36, -
wherein the nmethod furthér conprises: immbilizing a probe on the

el ectrode; and BE Qb kel Btn BB 6 Afktn i ARLULIAR el bRMRCA o L
t he el ectrode, erern the probe and nuclelc acl ybridize to each
ot her. 44. #onklwdnatmset forth in claim36, wherein the nethod
further conprises: imvobilizing a first nenber of a recognition pair
on the electrode; |abeling a probe with a second nenber of the
recogni ti on*pai rA mebadryfchigrth freClaim &b wherpip 815 £T2RIC SBAFICPBPNEh3cont act
W th the el gehtad8miesei n the probe and the nucleic acid hybridize
to forma conmpl'ex that is bound to a surface of the electrode. 36

42, A method as set forth in Claim 36 wherein Z is chlorine or bromine.

43. A method as set forth in ¢laim 36, wherein the method further comprises:
immobilizing a probe on the electrode; and
providing the nuclei¢ acid in solution in contact with the electrode, wherein

the probe and nucleic acid hybridize to each other.

44, . A method as set forth in claim 36, wherein the method further comprises:
immobilizing a first member of a recogrition 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; whgrein
the probé and the nucleic acid hybridize to form a complex that is bound to asurface
of the electrode.
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