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In Situ DNA Oxidative Damage by Electrochemically Generated
Hydroxyl Free Radicals on a Boron-Doped Diamond Electrode
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ABSTRACT: In situ DNA oxidative damage by electrochemically generated hydroxyl free
radicals has been directly demonstrated on a boron-doped diamond electrode. The DNA-
electrochemical biosensor incorporates immobilized double-stranded DNA (dsDNA) as
molecular recognition element on the electrode surface, and measures in situ specific binding
processes with dsDNA, as it is a complementary tool for the study of bimolecular interaction
mechanisms of compounds binding to DNA and enabling the screening and evaluation of the
effect caused to DNA by radicals and health hazardous compounds. Oxidants, particularly
reactive oxygen species (ROS), play an important role in dsDNA oxidative damage which is
strongly related to mutagenesis, carcinogenesis, autoimmune inflammatory, and neuro-
degenerative diseases. The hydroxyl radical is considered the main contributing ROS to
endogenous oxidation of cellular dsDNA causing double-stranded and single-stranded breaks,
free bases, and 8-oxoguanine occurrence. The dsDNA-electrochemical biosensor was used to
study the interaction between dsDNA immobilized on a boron-doped diamond electrode
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surface and in situ electrochemically generate hydroxyl radicals. Non-denaturing agarose gel-electrophoresis of the dsDNA films
on the electrode surface after interaction with the electrochemically generated hydroxyl radicals clearly showed the occurrence of
in situ dSDNA oxidative damage. The importance of the dsDNA-electrochemical biosensor in the evaluation of the dsDNA—

hydroxyl radical interactions is clearly demonstrated.

B INTRODUCTION

Reactive oxygen species (ROS) such as superoxide (O,*”),
peroxyl (ROO®), and hydroxyl (OH®) radicals are generated
inside cells as products of metabolism, by leakage from
mitochondrial respiration, and also under the influence of
exogenous agents—such as ionizing radiation, quinones, and
peroxides. The biological function of ROS in the organism so
far is ambiguous. On the one hand, ROS can assist the immune
system, mediate cell signaling, and be essential in apoptosis. On
the other hand, excess ROS are responsible for causing DNA
oxidative modifications and mutations, which can initiate
carcinogenesis and may play a role in the development of
several age-correlated degenerative diseases.' >

Among ROS, hydroxyl radicals are the most reactive and are
frequently assumed to be directly responsible for the steady-
state level of DNA oxidative modifications observed under
natural growth conditions as well as for the damage induced by
exposure to peroxides, quinones, and many other oxidants."3 ™16
Moreover, based on the results with radical scavengers, 70% of
the DNA cellular damage induced by ionizing radiation has
been attributed to hydroxyl radicals."'*'” Consequently, the
interaction mechanism of OH® radicals with dsDNA has been
investigated by several authors"®*~'> and the chemical damage
to dsDNA has been separated into DNA single-stranded and
double-stranded breaks and base oxidation.

DNA strand breakage is due to direct action of OH® radicals
on the dsDNA backbone or indirectly as a consequence of
oxidation of the sugar moiety"" and has been confirmed by the
decrease in viscosity'> and molecular wei%ht determined by
sedimentation and diffusion measurements."
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The effect of OH® radicals on DNA base oxidation has been
extensively studied.**'® DNA samples exposed to OH® radicals
showed increased levels of 8-0x0-7,8-dihydroguanine
(8-0x0Gua)'?*° and 8-ox0-7,8-dihydroadenine (8-oxoAde)>*"*
important biomarkers of DNA oxidative damage.

Various methods with great sensitivity and specificity have
helped to characterize the nature of OH® interaction with
DNA, such as UV-vis, single cell gel electrophoresis,
HPLC-ECD, GC/MS, post labeling, and electrochemical
methods.*'*'” However, for different reasons, conflicting
results have been reported'>'” such as (I) the high reactivity
and the short life of the OH® radicals; OH® reacts only with
molecules that are very close to it, that is, only a few
nanometers distance; (II) the nature of the OH® interaction
with DNA has been investigated in different conditions so that
results cannot be compared; and (III) different techniques with
comparable sensitivity for detection DNA base oxidation give
different results. Consequently, consensus and clarification of
the interaction of OH® with dsDNA is still needed.

Electrochemical techniques, such as pulse techniques, are
suitable for studies of biological systems, since they are fast and
have high sensitivity. One advantage of the use of pulse
techniques is that they lead to a great improvement in the
signal-to-noise ratio compared to steady-state techniques and in
many cases greater selectivity.23
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A dsDNA-electrochemical biosensor is an integrated
receptor—transducer device that uses DNA as a biomolecular
recognition element to measure specific binding processes with
DNA, through electrochemical transduction. The most
important factor for the construction of efficient dsDNA—
electrochemical biosensors is the immobilization of the DNA
probe on the electrode surface. Different adsorption immobi-
lization procedures, electrostatic adsorption or evaporation, of a
monolayer or multilayer DNA films have been used. The
multilayer dsDNA-electrochemical biosensor consists of an
electrode with dsDNA deposited on the transducer surface by
successive monolayer coverage.”*

The dsDNA-electrochemical biosensor, using differential
pulse voltammetry, has been successfully utilized to investigate
the interaction of small molecules, heavy metals, and other
hazardous compounds with dsDNA**"*” and compared with
other methods shows great sensitivity toward detecting small
perturbations of the double-helical structure and the detection
of DNA oxidative damage, allowing the unraveling of detailed
mechanistic interactions. Another important advantage of using
dsDNA-electrochemical biosensors is the possibility of the
generation of highly reactive intermediates in situ, on the
electrode surface, and the electrochemical detection of their
direct interaction with dsDNA.**

Among the electrochemical transducers, the boron-dogped
diamond electrode (BDDE) presents unique properties.”* >’
The BDDE has an inert character, weak adsorption properties,
with an excellent extensive positive potential window. The
BDDE behavior is strongly related to the controlled in situ
electrochemical generation (by water discharge) of hydroxyl
radicals (OH®) and their subsequent reactions. The OH*
electrochemically generated on a BDDE has been investigated
in different electrolyte media.”®>°

The oxidation of organic compounds at the BDDE surface
can follow two different mechanisms depending on the applied
potential. In the region of water stability before oxygen
evolution, only reactions involving simple electron transfer
occur. At high positive applied potentials, in the potential
region of oxygen evolution (water discharge)®” a sequence of
reactions occur which are initiated by the OH® formed at the
BDDE surface with the organic compound in solution.

The extremely reactive hydroxyl radicals cause dsDNA
oxidative damage, and it is very important to explain and
characterize the electrogenerated OH®-dsDNA interaction
mechanisms, which can be electrochemically evaluated on the
BDDE surface.

The aim of this work was to investigate the in situ interaction
and oxidative damage caused by hydroxyl radicals to dsDNA. A
thick multilayer dsDNA-electrochemical biosensor was pre-
pared on the BDDE surface. The BDDE surface is the source of
the electrochemically generated OH® and the transducer to
detect dsDNA oxidative damage, caused by OH® to the dsDNA
immobilized on the BDDE surface. Differential pulse
voltammetry was used to monitor the occurrence and changes
to the oxidation peaks of dsDNA and its oxidation products.*’

B EXPERIMENTAL SECTION

Materials and Reagents. The sodium salt of highly polymerized
calf thymus dsDNA (length, 10 000—15 000 bp) was obtained from
Sigma-Aldrich and used without further purification. A stock solution
of 30 mg mL~! dsDNA was prepared in deionized water and diluted to
the desired concentration in the supporting electrolyte. The
supporting electrolyte solution used was 0.1 M acetate buffer pH =
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4.5. All solutions were prepared using analytical-grade reagents and
purified water from a Millipore Milli-Q system (conductivity <0.1 uS
cm™h).

The concentration of nucleic acids in aqueous solution was
determined by measuring their absorbance at 260 nm and considering
the relation between optical units and micrograms given by the
Sigma—Aldrich certificate of analysis. A Specord S 100 UV—vis
spectrophotometer (Carl Zeiss Technology, Analytic Jena, Jena,
Germany) was used to measure the absorbance of the nucleic acid
solutions. The purity level of calf thymus dsDNA samples was checked
spectrophotometrically by determining their UV 260/280 nm
absorbance ratio and was always higher than 1.8.

Microvolumes were measured using EP-10 and EP-100 Plus
Motorized Microliter Pipettes (Rainin Instrument Co. Inc,, Woburn,
USA). The pH measurements were carried out using a Crison
micropH 2001 pH-meter with an Ingold combined glass electrode. All
experiments were done at room temperature (25 + 1 °C).

Voltammetric Parameters and Electrochemical Cells. Voltam-
metric experiments were performed using a pAutolab running with
GPES 4.9 software, Metrohm, Autolab, Utrecht, The Netherlands.
Differential pulse (DP) voltammetry conditions were as follows: pulse
amplitude, S0 mV; pulse width, 70 ms; and scan rate, v = S mV s7L
Measurements were carried out using a boron-doped diamond
working electrode, a Pt wire counter electrode, and a Ag/AgCl
(3 M KCl) as reference, in a 2 mL one-compartment electrochemical
cell.

The boron-doped diamond films were prepared at the Centre Suisse
de Electronique et de Microtechnique SA (CSEM), Neuchatel,
Switzerland, on silicon wafers using the hot filament chemical vapor
deposition (HF-CVD) technique with a filament temperature in the
range 2440—2560 °C and a gaseous mixture containing CH,, H,, and
trimethylboron (TMB). The boron dopant is introduced in the
diamond film by in situ doping during the CVD process through a
TMB gas source. This HF-CVD process gives a columnar, randomly
textured polycrystalline boron-doped diamond film with the surface
dominated by facets. The final boron content was of the order of 8000
ppm, 5.7 X 6.1 mm® surface area, ~ 1 um thickness.

Acquisition and Presentation of Voltammetric Data. Some
voltammograms presented were baseline-corrected using the moving
average application with a step window of S mV included in GPES v
4.9 software. This mathematical treatment improves the visualization
and identification of peaks over the baseline without introducing any
artifact, although the peak intensity is in some cases reduced (<10%)
relative to that of the untreated curve. Nevertheless, this mathematical
treatment of the original voltammograms was used in the presentation
of all experimental voltammograms for a better and clearer
identification of the peaks. The values for peak current presented in
all plots were determined from the original untreated voltammograms
after subtraction of the baseline.

BDDE Surface Conditioning. An anodic electrochemical pretreat-
ment of the BDDE surface was carried out”®*® applying a potential of
E,, = +3.0V for 15 min, in pH = 4.5 0.1 M acetate buffer. The BDDE
surface was oxidized, Ox-BDDE, together with a long and extensive
oxygen evolution. After the Ox-BDDE was placed in 0.1 M acetate
buffer pH = 4.5, electrolyte and various DP voltammograms were
recorded until a steady-state baseline voltammogram was obtained.
This procedure ensured very reproducible experimental results.

Thick Multilayer DNA-Electrochemical Biosensor Prepara-
tion and Incubation Procedure. The thick multilayer dsDNA-
electrochemical biosensors were prepared by covering the Ox-BDDE
surface successively with six drops each of 40 uL 10 mg mL™" dsDNA
solution. After placing each drop on the electrode surface, the
biosensor was dried under a constant flux of N,. The prepared thick
multilayer dsSDNA-BDDE biosensors were transferred to the 0.1 M
acetate buffer pH = 4.5, where the dried film was hydrated for 30 min
and afterward +0.30 V applied during 30 min, in order to have a
stronger adsorption of dsDNA to the BDDE surface. This potential
was chosen because it is not positive enough to irreversibly oxidize the
DNA bases inside the molecule’” and was considered to be sufficient
to stabilize the negatively charged DNA film on the Ox-BDDE surface.
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Electrogeneration of Hydroxyl Radicals. The OH* were in situ
electrogenerated on the thick multilayer dsDNA-BDDE biosensor
surface by applying different positive potentials, + 2.0 V, + 2.5 V, and
+3.0'V, for different periods of time, 15 min, 30 min, 1 h, 2 h, and 3 h.

DNA Gel Electrophoresis. Nondenaturing agarose (0.5%, ultra-
pure DNA grade from Sigma) gel was prepared in TA buffer (10 mM
Tris base and 4.4 mM acetic acid). 40 uL dsDNA control solution and
hydroxyl radical-dsDNA sample aliquots (with 0.25% bromophenol
blue in water) were loaded into wells, and electrophoresis was carried
out in TAE buffer (10 mM Tris base, 4.4 mM acetic acid, and 0.5 mM
EDTA, pH = 8) for 1 h at 100 V. After 2% ethidium bromide (EtBr)
staining, DNA was visualized and photographed under UV (312 nm)
transillumination to visualize DNA mobility. The dsDNA films
oxidatively damaged by the electrochemically generated OH®, on the
BDDE surface, in different experimental conditions, were removed
from the BDDE surface, transferred to Eppendorf tubes and dissolved
in 100 uL of pH = 4.5 0.1 M acetate buffer. The procedure for the
dsDNA control solution was the same. The control dsDNA film was
prepared on the BDDE, hydrated for 30 min, and afterward a potential
of +0.30 V was applied for 30 min.

B RESULTS AND DISCUSSION

Electrogeneration of Hydroxyl Radicals in Situ at the
BDDE Surface. The BDDE surface was pretreated anodically
in acetate buffer, as described in the Experimental Section. The
in situ electrochemical generation of OH® at the Ox-BDDE
surface was studied by DP voltammetry, between the potential
limits E; = 0.0 V and E, = +2.10 V, in pH = 4.5 0.1 M acetate
buffer, Figure 1.
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Figure 1. DP voltammograms in pH = 4.5 0.1 M acetate buffer at
Ox-BDDE surface.

The DP voltammogram presented a very high oxidation peak
la, at E,, ~ +1.9 V, corresponding to the in situ
electrochemical generation of OH® at the Ox-BDDE surface,
by water discharge, reaction 1.

BDDE + H,0 — BDDE(®OH) + H' + ¢~ 1)

OH® + OH® - H,0, )

The Ox-BDDE surface undergoes little interaction with the
electrolyte, the overpotential for oxygen evolution is high,
reaction 2 occurs in the solution due to the OH* high reactivity,
but the oxygen evolution reaction, via H,0,, does not

occur.
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The kinetics of the H,O/OH?* redox couple at the Ox-BDDE
surface is pH-dependent and the apglied potential also
influences the rate of water discharge.”*™>°

Considering that at potentials higher than +1.8 V water
discharge occurs, the potentials of +2.0, +2.5, and +3.0 V were
chosen to investigate the interaction with dsDNA of in situ
electrogenerated OH® on the thick multilayer dsDNA-BDDE
biosensors at different potentials applied during different
periods of time.

The concentration profile of hydroxyl radicals during oxygen
evolution as a function of the distance from the electrode
surface can be calculated®® For the current density used
j ~ 300 A m~? the reaction layer thickness was ~1 ym whereas
the maximum (surface) concentration of hydroxyl radicals
reached several tenths of uM.

Electrochemical Behavior of dsDNA at Ox-BDDE
Surface. The electrochemical behavior of dsDNA, all DNA
bases, nucleosides, nucleotides, and biomarker 8-oxoGua was
investigated at BDDE surfaces.”® All DNA bases and 8-oxoGua
are electroactive on the Ox-BDDE surface and it is possible to
evaluate the integrity of dsDNA by a DP voltammogram. The
peak potentials obtained for the oxidation of each of the four
free bases in solution, Figure 2A, occurs at less positive
potentials compared with the peak potentials found for their
corresponding nucleotides® Figure 2B, enabling the evaluation
of dsDNA integrity by the detection of the oxidation peaks due
to the presence of free bases and oxidized free bases. Peak
overlapping occurs when the free bases and nucleotides are
present. However, the detection of Gua and 8-oxoGua®
oxidation peaks is a clear indication of the occurrence of DNA
oxidative damage, Figure 2A.

As shown in Figure 2A and B, voltammetric methods are an
excellent analytical tool, giving important information in
assessing the occurrence of any physical, chemical, enzymatic,
or oxidative damage to DNA that can cause the release of free
bases or strand breaks disrupting the polymer morphology, or
generate the products of purine base oxidation.

In Situ Evaluation of Hydroxyl Radical-dsDNA
Interaction. The dsDNA-BDDE biosensor was used to
evaluate the interaction of the immobilized dsDNA on the
BDDE surface with the in situ electrogenerated OH® at different
potentials, +2.0 V, +2.5 V, and +3.0 V, applied during different
periods of time, 15 min up to 3 h.

The thick multilayer dsDNA-BDDE biosensor was always
prepared as described in the Experimental Section, in which the
hydration of the dsDNA film and the application of +0.3 V to
the BDDE surface are very important. All experiments were
performed in pH = 4.5 0.1 M acetate buffer since the dsDNA
oxidation peak currents are much higher at pH = 4.5 than at
physiological pH ~ 7*” thus allowing lower detection limits for
the identification of DNA oxidative damage.

The results obtained with the dsDNA-BDDE biosensor to
evaluate the interaction of the immobilized dsDNA with the
in situ electrogenerated OH® on the BDDE surface at different
positive potentials applied during different times were always
compared with those obtained with the control dsDNA-BDDE
biosensor, which was not subjected to applied high positive
potentials.

The control dsDNA-BDDE biosensor was characterized by
DP voltammetry in pH = 4.5 0.1 M acetate buffer, showing
well-defined small oxidation peaks due to the oxidation of
desoxyguanosine (dGuo), at E,, = +1.10 V, and desoxyadeno-
sine (dAdo), at E,, = +1.38 V, Figure 3. The dGuo and dAdo
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Figure 2. DP voltammograms baseline corrected in pH = 4.5 0.1 M
acetate buffer at Ox-BDDE surface: (A) filtered supernatant from a
saturated solution of 1 mM of 8-oxoguanine (8-oxoGua), S uM
guanine (Gua), 10 #M adenine (Ade), 20 uM of thymine (Thy), and
20 uM of cytosine (Cyt) and (B) 200 ug mL™" of dsDNA.

oxidation peaks are small due to the difficulty of electron
transfer from the inside of the rigid dsDNA structure to the
BDDE surface, similar to the results obtained using a glassy
carbon electrode.'”?!

A potential of +2.0 V was applied for 15 min and 3 h to
newly prepared dsDNA-BDDE biosensors, and the interaction
of the immobilized dsDNA with the OH® electrogenerated on
the BDDE surface was detected. DP voltammograms after 15
min showed an increase of the oxidation peak currents of dGuo
and dAdo compared with those obtained with the control
dsDNA-BDDE biosensor. The DP voltammograms after 3 h
showed a larger increase of the oxidation peak currents of
dAdo, that occurred at a more negative potential, and a new
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Figure 3. DP voltammograms baseline corrected in pH = 4.5 0.1 M
acetate buffer with a thick multilayer dSDNA-BDDE biosensor: (red
line) control; and after applying +2.5 V for (eee) 15 min, (---) 30 min,
and (—) 2 h to the BDDE surface causing electrogeneration of
hydroxyl radicals.
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oxidation peak corresponding to oxidation of the pyrimidine,
cytosine and thymine, nucleotides (dCyt/dThy), at E,, ~ +1.55
V. However, the interaction of dsDNA with the electro-
generated OH® did not lead to the occurrence of base oxidation
products.

A potential of +2.5 V was applied for 15 min, 30 min, and 2 h
to new dsDNA-BDDE biosensors, Figure 3, and as expected,
the DP voltammograms after 15 and 30 min showed a large
increase of the oxidation peak currents of dGuo and dAdo
compared with the results obtained with the control dsDNA-
biosensor. The DP voltammograms obtained for the dsDNA-
BDDE biosensor after 2 h showed the same behavior as those
for an applied potential of +2.0 V for 3 h, a large increase of the
dAdo oxidation peak currents, that also occurred at a more
negative potential, and a new oxidation peak corresponding to
dCyt/dThy, at E,, ~ +1.55 V, but the interaction did not lead
to the occurrence of base oxidation products.

The results in Figure 3 are due to hydrogen bond breaking,
unfolding and strand breaking of the DNA double helix
structure, causing the appearance of short DNA single strands
and enabling oxidation of the DNA bases morphologically more
accessible to the Ox-BDDE surface. For the applied potentials
of +2.0 V and +2.5 V, the new peak dCyt/dThy only occurs
after a long time, because the in situ concentration of OH®
electrogenerated on the BDDE surface is low at these potentials
and the damage to the dsDNA on the BDDE surface is not
electrochemically detectable. Voltammetric analysis is not easy
because overlap of the oxidation peaks of the free bases and
nucleosides or nucleotides occurs, all present in the DNA
damaged film on the BDDE surface.

After applying a potential of +3.0 V during 30 min and 1 h to
newly prepared dsDNA-BDDE biosensors, the interaction of
the immobilized dsDNA with the OH® electrogenerated on the
BDDE surface was detected. The DP voltammograms showed a
large increase of the oxidation peak currents of dGuo and
dAdo, due to the (OH®)—DNA interaction, compared with the
results obtained with the control dsDNA-BDDE biosensor,
Figure 4, explained by the DNA double helix unfolding, causing
the DNA bases to be more exposed and in contact with the
electrode surface, thus facilitating their oxidation.
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Figure 4. DP voltammograms baseline corrected in pH = 4.5 0.1 M
acetate buffer with a thick multilayer dSDNA-BDDE biosensor: (red
line) control and after applying +3.0 V for (eee) 30 min and (—) 1 h
to the BDDE surface causing electrogeneration of hydroxyl radicals.

Applying +3.0 V for 2 h to a new dsDNA-BDDE biosensor,
compared with the results obtained with the control dsDNA-
BDDE biosensor, showed a large increase in the oxidation peak
currents of dGuo and dAdo, and the occurrence of three new
oxidation peaks corresponding to the oxidation of 8-oxoGua, at
E,, = +042V, and of the free purine bases Gua, at E,, ~ +1.0
V, and Ade, at E;, ~ +1.3 V. These are released from the DNA
double helix after a longer incubation time exposure, ie., to a
higher concentration of electrogenerated OH?®, Figure S.

A decrease of the oxidation peak currents of dAdo and dGuo
and an increase of the oxidation peak currents of 8-oxoGua,

dAdo
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Figure 5. DP voltammograms in pH = 4.5 0.1 M acetate buffer with a
thick multilayer dsDNA-BDDE biosensor: (red) control and (blue)
first scan and (black) subsequent scans after applying +3.0 V for 2 h to
the BDDE surface causing electrogeneration of hydroxyl radicals.
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Gua, and Ade were observed in subsequent scans, Figure S,
confirming dsDNA oxidative damage caused by a higher
concentration of electrogenerated OH® under the conditions of
+3.0 V for 2 h.

The results showed direct evidence of the (OH®)—DNA
interaction in acidic media at pH = 4.5, where the dsDNA
predominating structure is the B-form, and it can be concluded
that the (OH®)—DNA interaction can easily occur at
physiological pH.>**’

Electrophoresis Evaluation of Hydroxyl Radical-
dsDNA Interaction. Gel electrophoresis was performed as
described in the Experimental Section, to detect conformation
changes in dsDNA after interaction with in situ electro-
generated OH®. The main objective of the electrophoresis
experiments was to compare the relative migration profile of
dsDNA after interaction with in situ electrogenerated OH® with
that of control native dsDNA. Therefore, the use of markers for
molecular mass determination was not considered necessary.

To visualize the dsDNA mobility and damage, the EtBr
binding assay for dsDNA damage was used.**** In general, the
smaller the DNA fragment length, the greater the electro-
phoretic mobility.””*® Moreover, the migration distances for
dsDNA and ssDNA fragments of the same length are expected
to be different due to the accelerated mobility of ssDNA
relative to dsDNA throughout the agarose gel matrix, although
for the same length, the double negatively charged dsDNA
would sense a stronger electrophoretic mobility force.>***

The electrophoretic migration profile of the dsDNA after
interaction with in situ OH® electrogenerated on the BDDE
surface after applying +2.0 V for 2 h (line 2) and +2.0 V for 30
min (line 4), + 2.5 V for 3 h (line 5), and +3.0 V for 2 h (line
3) and +3.0 V for 3 h (line 6) is shown in Figure 6. The control
dsDNA (line 1) was analyzed and the band observed in the
absence of OH® interaction corresponded to different-sized
length fragments present in the loaded samples.****

Figure 6. Nondenaturing agarose (0.5%) gel electrophoresis: dsDNA
control (line 1) and dsDNA from a thick multilayer dsSDNA-BDDE
biosensor after applying: +2.0 V for 2 h (line 2) and 30 min (line 4);
+2.5 V for 3 h (line 5) and +3.0 V for 2 h (line 3) and 3 h (line 6) to
the BDDE surface causing electrogeneration of hydroxyl radicals.
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The electrophoresis obtained for dsDNA after interaction
with in situ OH® electrogenerated on the BDDE surface for a
lower concentration of electrogenerated OH® (lines 2 and 4)
showed that the electrophoretic migration mobility increased
indicating the presence of a population of different-length small
ssDNA fragments. The large decrease in total fluorescence,
observed in lines 3, S, and 6, corresponds to accumulation of
damage in the DNA exposed for a longer period of time to a
higher concentration of electrogenerated OH®, and is in
agreement with the OH®-induced loss of DNA-EtBr
fluorescence, explained by the occurrence of free bases and
breakage of the sugar phosphate backbone.

These electrophoretic experiments confirm the results for
(OH®)—DNA interaction detected using voltammetric meth-
ods, which is of crucial importance to interpret and explain the
occurrence of dsDNA oxidative damage.

B CONCLUSIONS

An electrochemical dsDNA-BDDE biosensor prepared by
immobilization of dsSDNA on Ox-BDDE surface was success-
fully used to identify different kinds of dsDNA damage caused
by in situ electrogenerated OH®. The dsDNA-BDDE biosensor
enabled preconcentration of the OH* electrogenerated on the
dsDNA-BDDE biosensor surface. By controlling the applied
potential, different concentrations of OH® were electrochemical
generated in situ. By monitoring the modification of oxidation
peak currents of the purine and pyrimidine deoxynucleoside
residues, it was concluded that OH® oxidatively damage the
immobilized dsDNA, leading to modifications in the dsDNA
structure, exposing more purinic and pyrimidinic residues to
the electrode surface and facilitating their oxidation. DNA
oxidative damage was confirmed by electrophoresis and
demonstated the occurrence of the 8-oxoGua peak, a biomarker
of DNA oxidative damage. The dsDNA-BDDE biosensors
enable an inexpensive direct and fast detection procedure that
can contribute to elucidation of the mechanism by which DNA
is oxidatively damaged by radicals and hazard compounds.
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