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In little over a decade, since the concept was first introduced,1

efforts to develop electrochemical methods for detecting nucleic
acid hybridization (e.g., DNA) have mushroomed.2-7 In 2005 alone,
over 100 articles and patents appeared describing electrochemical
biosensors for, or electrochemical detection of, DNA hybridization.
At least three commercial products based on electrochemical
methods are marketed.8 Compared with nearly all other analytical
techniques, electrochemical instrumentation is inexpensive, robust,
and relatively simple to operate. On this basis alone, electrochemical
biosensors for DNA hybridization present attractive prospects for
real-world clinical applications which represent a substantial driver
to achieve reliable, sensitive, quantitative detection of DNA
hybridization.

Fundamentally, electrochemical DNA detection bears consider-
able similarity to common fluorescent nucleic acid detection.2-7

Usually, a probe molecule consisting of a single strand oligonucleo-
tide (ss-DNA) is first chemically attached to an electrode surface.
The probe-modified electrode is then challenged with a solution
containing the complementary target ss-DNA sequence to form a
surface-bound duplex (ds-DNA).2-7 At this point, fluorescence- and
electrochemical-based detection approaches diverge. For electro-
chemical detection, the surface-bound ds-DNA must produce an
electrochemical signalsusually a current. Only guanine (G) and
adenine (A) bases are inherently electrochemically active at practical
potentials.7,9 At ca. 1.0 and 1.3 V versus Ag/AgCl, respectively, G
and A can undergo oxidation but only when the solution and
electrode conditions are precisely controlled.7,9 Furthermore, because
these oxidation processes are chemically irreversible, the sensing
event necessarily destroys the DNA. For these reasons, much effort
seeking to improve electrochemical DNA sensors has been applied
to indirect sensing approaches.2-7 Because the DNA is not
destroyed, prospects for multiuse are a significant advantage of
indirect sensing. More importantly, however, the electrochemical
signal is not limited by the A and G composition of the probe/
target complex strand. Consequently, the potential for significantly
enhanced (i.e., beyond the stoichiometric G and A content) analyte
detection signals is possible.

Herein we describe a new electrochemical approach to detect
target DNA molecules from solution based on the catalytic oxidation
of a reporter molecule, Co(DTB)3

2+ where DTB is 4,4′-di-t-butyl-
2,2′-bipyridine. Briefly, probe/target duplex DNA bound to ITO
electrode surfaces selectively recruit redox catalysts that “turns on”
the redox chemistry of the reporter molecule. Catalytic currents
result producing signal amplification. With this approach, we
demonstrate detection of a 20-mer ss-DNA target oligonucleotide
at picomolar concentrations with outstanding signal-to-noise.

We have observed and previously reported that Co(bpy)3
2+-type

complexes containing sterically bulky substituents exhibit hetero-
geneous electron-transfer properties that are exquisitely electrode-
surface dependent.10 Figure 1 shows CVs of Co(DTB)3

2+ on both
glassy carbon and ITO electrodes, along with a background scan
of the same ITO electrode. For over-potentials of<350 mV, Co-
(DTB)3

2+ is essentially kinetically inert to oxidation on the bare
ITO surface. However, in the presence of any of a number of redox-
active molecules, the oxidation of Co(DTB)3

2+ can be catalyzed
via an EC′ mechanism.11 The catalyst can either be dissolved in
solution (cf. Figures 1 and 2) or, as previously shown,12 be confined
to the electrode surface. This dramatic on/off behavior for the
oxidation of Co(DTB)32+ led us to investigate exploiting this
chemistry to detect hybridization of target ss-DNA with surface-
bound probe ss-DNA.

Success in this strategy requires that the chemistry used to recruit
the catalyst molecule to the electrode surface reliably and strongly
discriminate between ss- (e.g., the noise) and ds-DNA. Selective
intercalation of planar molecules between the base pairs of ds-DNA,
in principle, meets this requirement. ComplexI was chosen as the
catalyst primarily for three reasons: (1) phenothiazine is known to
strongly intercalate into ds-DNA,13 (2) Ru(bpy)2Cl2 undergoes
oxidation in the desired potential region,14 and (3) the molecule is
uncharged and, thus, should be free of nonspecific electrostatic
interactions with ss-DNA. Probe and target ss-DNA employed were
fully complementary 20-mer synthetic oligonucleotides studied
previously in surface-capture fluorescence hybridization assays.15-17

Prior to attaching ss-DNA probe, the ITO surface was modified
with a monolayer of adsorbed 11-phosphonoundecanoic acid.18

Probe ss-DNA, modified on its 3′-end with a -(CH2)6-NH2 moiety
was then covalently attached to the monolayer carboxylic acid

† Colorado State University.
‡ Universitàdi Ferrara.

Figure 1. Cyclic voltammograms for Co(DTB)3
2+ on both glassy carbon

(green) and ITO (red) electrodes, along with a background scan (black) of
the same ITO electrode. Current for the CV on glassy carbon is normalized
to that on the ITO electrode based on differences in area.
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groups on the ITO surface using standard aqueous amide-coupling
chemistry (see Supporting Information for details).19

Figure 3 shows typical, representative differential pulse volta-
mmograms (DPVs) for two ITO electrodes, each measured in the
same 0.10 mM solution of Co(DTB)3

2+. Both electrodes were
identically modified as described to attach probe ss-DNA. Both
electrodes were immersed in the same 1× 10-6 M acetonitrile
solution of catalystI for 15 min and rinsed with acetonitrile
immediately prior to obtaining the respective DPVs. Electrodes A
and B differed only in that the former electrode was stirred with
gentle rocking for 24 h in 25 mL of a 4 pM solution of the
complementary target ss-DNA. Figure 3 shows that on electrode
A the target/probe duplex has formed and successfully recruited

catalystI , whereas no catalyst activity is apparent on electrode B
containing only the ss-DNA probe. Additional DPV data is provided
in the Supporting Information, including controls with mismatched
(i.e., noncomplementary) target.

On the basis of the signal-to-noise and background from data in
Figure 3, sensing DNA hybridization from dilute target solutions
<1 × 10-14 M should be possible. Proof for such limits of detection
are currently hampered by the solution volumes and transport kinetis
required in the current electrode configuration. For example,
consider measuring a 10 fM analyte solution with the electrode
used in Figure 3. Assuming approximately a limiting coverage of
probe (∼4 × 1012 probe molecules),15 ca. 7 L ofsolution would be
required to contain sufficient target molecules to hybridize only
1% of the probe molecules on the ca. 0.5 cm2 surface. Thus, from
a practical perspective, investigating target concentrations signifi-
cantly less than 1 pM requires reducing the electrode dimensions
to ∼0.01 mm2 or less, and improving target mass transport to the
electrode surface during hybridization. These experiments are in
progress.
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Figure 2. Cyclic voltammograms of complex I in 0.1 M TMAPF6/
acetonitrile on an ITO electrode in the absence (black) or presence (red) of
Co(DTB)32+.

Figure 3. DPVs of two identical probe-modified ITO sensors with (sensor
A, black) and without (sensor B, red) exposure to 4 pM ss-DNA target
solution. Both electrodes were exposed identically to the same catalystI
solution before DPV measurement (see text and Supporting Information
for details).
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