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The functionalization of an oligonucleotide by flavin and
deazaflavin derivatives allowed an amperometric determina-
tion of the hybridization process through the disappearance of
the electroactivity of the free oligonucleotide and the appear-
ance of a new electrochemical signal characteristic of the
resulting duplex.

The intimate combination of the principle of nucleic acid
hybridization with the sensitivity of optical, electrochemical or
gravimetric transducers has led to the exponential emergence of
DNA biosensors (or genosensors) and DNA chips as valuable
selective tools in diagnostic laboratories and medical treatment.
Among the conventional methods for detecting a DNA hybrid-
ization event, the electrochemical transduction ensured attractive
advantages such as ease of use in turbid samples, portability, low
cost and compatibility with bulk manufacturing procedures. The
development of electrochemical DNA biosensors has been recently
reviewed.1,2 In general, the detection of a hybridization reaction
between a single strand of DNA (ssDNA) (target) and a
complementary oligonucleotide (probe) is performed by the two
following electrochemical strategies. The first and most common
approach consisted in the use of external electroactive labels such
as metal complexes, organic redox markers or enzymes.3–8

However, it should be noted that non-specific interactions may
affect the electrochemical behavior of these labels interfering thus
with the detection of the duplex formation. The rather simple and
promising second approach is based on the direct electrochemical
detection of the hybridization event without addition of an external
indicator or label of the oligonucleotide probe. For example, the
intrinsic signal of DNA (derived from the direct oxidation of
adenine and guanine) and its variation upon hybridization as well as
the changes in the electrochemical behavior of conducting
polymers functionalized by oligonucleotides in the presence of
complementary ssDNA have been exploited.9,10

Finally, besides these label-free procedures, an original approach
consisted in the use of ssDNA labeled with an electroactive marker.
However, only few examples of oligonucleotides bearing redox
markers such as ferrocene or anthraquinone were reported.11–15 As
in the case of fluorescent markers, the label is introduced in the
target oligonucleotides. Thus hybridization is detected from the
appearance of an electrical signal. We recently proposed that a
significant improvement could be obtained if the label were to be
attached to the probe rather than to the target so that the detected
signal is different according to whether the labelled probe is free or
hybridized.

In the present paper, we report for the first time, the ampero-
metric detection of DNA hybridization by a double signal via the
functionalization of an oligonucleotide probe by flavin and
deazaflavin derivatives 1 and 2, respectively (Scheme 1) exhibiting
electroactive properties.

The electrochemical behavior of flavin 1 and deazaflavin 2 as
model compounds was investigated by differential pulse voltam-

metry (DPV).16 Upon reductive scanning up to 21.2 V vs. AgCl, a
two-electron and a one-electron reduction peak were observed at
20.36 and 20.80 V for 1 and 2 respectively. The current intensity
of these well defined peaks was recorded as a function of the
concentration of the flavin derivatives providing linear calibration
curves. The sensitivity and detection limit were 350 mA M21 and
0.3 mM for 1, respectively, and 120 mA M21 and 0.4 mM for 2,
respectively.

As previously reported, the flavin and deazaflavin–oligonucleo-
tide conjugates, 3 and 4, were synthesized from the corresponding
H-phosphonates 5 and 6.17,18 The influence of the covalent
attachment of the oligonucleotide on the electrochemical behavior
of the flavin and deazaflavin moities was investigated by DPV. A
similar reduction peak was recorded at 20.36 V for 3 indicating the
absence of intramolecular interactions between the flavin and the
oligonucleotide groups. As expected, the detection sensitivity for 3
(195 mA M21) was markedly lower than that determined for the
free 1. This difference is probably due to an increase of the
diffusional constraints in the case of 3. In contrast, the attachment
of the oligonucleotide to 2 (conjugate 4) markedly shifted the
potential of the reduction peak from 20.8 to 21.12 V. It has been
previously reported that electrostatic interactions between neg-
atively charged ssDNA and redox markers such as methylene blue
or tris (2,2A-bipyridyl) cobalt(III) induced a slight negative shift of
their peak potentials.7,19 In comparison to 3, it is likely that the
absence of methyl groups at positions 7 and 8 may facilitate
interactions between the deazaflavin group and the oligonucleotide.
Nevertheless, 4 concentration could be monitored through the
change in the peak magnitude with a sensitivity of 60 mA M21.

The electrochemical behavior of 3 was examined in the presence
of the complementary DNA target 7 to quantify the hybridization
events (Fig. 1). Addition of increasing concentrations of 7 resulted
in a decrease in the magnitude of the reduction peak at 20.36 V
characteristic of the free oligonucleotide flavin 3. After addition of
about 0.4 equivalents of 7 (Fig. 2) the electrochemical response of
3 reached a pseudo-plateau and corresponded to about 30% of its
initial value for a 7/3 ratio higher than 1. Interestingly, a novel
reduction peak at 21 V appeared and increased with increasing
concentrations of 7 . Its intensity reached a plateau for a 7/3 ratio
higher than 1. In a similar way, the electrochemical behavior of 4
was markedly affected by the presence of increasing amounts of 7

Scheme 1 Structure of the flavin and deazaflavin derivatives and their
corresponding oligonucleotide conjugates.
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(Fig. 1). The initial reduction peak at 21.13 V decreased while a
new one appeared at 21.2 V, both tending towards stabilized
current peak values for a 7/4 ratio approximately equimolar (Fig.
3). Similar experiments, carried out with both 3 and 4 and using a
non-complementary oligonucleotide target, 8, did not show any
change in the electrochemical behavior of the redox markers. This
shows that both the decrease of the signal of the free flavin-
oligonucleotide conjugates and the appearance of a new signal upon
addition of a target is a specific indication of an hybridization
reaction.

The influence of the temperature on the DPV peak signal of 4
was examined after the addition of one equivalent of 7. The
reduction peak potentials due to 4 and the duplex both increased
with increasing the temperature while only one peak appeared at 30
°C . Inversely, this unique peak was split into two reduction peaks
during temperature reduction from 40 to 8 °C. This reversible
phenomenon very well reflects the dissociation of the 4–7 complex

(Tm = 30 °C at pH 7, 0.1 M NaCl) and its reformation as a function
of temperature).

We have here characterized new, easy to prepare, redox-active
oligonucleotides that allow the amperometric determination of
DNA hybridization events through the simultaneous disappearance
and appearance of reduction peaks corresponding to the free redox-
active oligonucleotide and the related hybrid, respectively. Upon
hybridization, the flavin moiety of the oligonucleotide–flavin
conjugate is likely to enjoy a different electronic environment due
to interactions, still undefined, with the adjacent complementary
strand, thus explaining the redox potential shift. The previously
reported flavin fluorescence quenching upon hybridization sup-
ports this hypothesis.18 In contrast to commonly used ferrocene or
quinone tracers, these flavin–oligonucleotide conjugates have the
unique ability to provide a double signal, one specific for the free
state and one for the hybridized state. As a consequence, their
immobilization may be of interest for the development of
electrochemical DNA sensors exhibiting an original reagentless
detection.
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Fig. 1 Differential pulse voltammogram of flavin 3 and deazaflavin 4
oligonucleotide conjugates (2.7 and 8.2 mM) in the presence of 0.7 and 3.9
mM 7 respectively. a) 3 peak at 20.36 V and 3–7 duplex at 21.0 V, b) 4
peak and corresponding duplex at 21.13 and 21.20 V, respectively.

Fig. 2 Dependence of the intensity of the DPV peak of 3 and the
corresponding duplex on the 7/3 ratio.

Fig. 3 Dependence of the intensity of the DPV peak of 4 and the
corresponding duplex on the 7/4 ratio.

C h e m . C o m m u n . , 2 0 0 4 , 1 6 2 4 – 1 6 2 5 1 6 2 5


