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Abstract
This work deals with the study of the interaction between acridine orange (AO) and calf-thymus double stranded
DNA (dsDNA) present in supramolecular architectures built on gold electrodes modified with mercapto-1-
propanesulfonic acid (MPS) by self-assembling of polyethylenimine and dsDNA. The optimal conditions for building
the supramolecular architecture were obtained from UV-vis spectrophotometric experiments. The electrochemical
studies were performed by adsorptive transfer square wave voltammetry from the evaluation of the oxidation signal of
AO accumulated within the multistructure. The effect of the number of PEI-dsDNA bilayers (Au/MPS/(PEI-dsDNA)n)
on the accumulation and electrooxidation of AO is also discussed.
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1. Introduction

Since the discovery of the electroactivity of nucleic acids by
Paleček [1], there has been an increasing interest in the
development of electrochemical affinity biosensors based
on the use of nucleic acids as recognition element. The
combination of the biorecognition properties of nucleic
acids with the known advantages offered by electrochemical
techniques has resulted in highly successful biosensors [2 –
7]. These biosensors have been directed to gene analysis,
detection of genetic disorders, tissue matching, DNA
damage, and forensic applications [8].

Several approaches have been used for nucleic acids
immobilization, the most relevant being: self-assembling of
thiolated oligonucleotides on gold surfaces [9, 10], attach-
ment of biotinylated oligonucleotides on avidin modified
surfaces [11], covalent binding on chemically derivatized
surfaces [11], adsorptive accumulation on electrode surfaces
[12, 13], immobilization through polymeric matrices [14],
and electrostatic self-assembling of multilayers [15, 16].
Among them, the self-assembling of multilayers by layer-by-
layer deposition has been successfully used to immobilize
DNA on different surfaces [17].

One of the applications of electrochemical DNA-based
biosensors is the detection of the DNA interaction with
different compounds. Intercalation is a mode of interaction
that involves the insertion of molecules with planar aromatic
ring systems between DNA base pairs and is responsible for

a variety of biological consequences [7]. For instance, the
know intercalators acridine dyes have demonstrated to
present mutagenic, carcinogenic, antibacterial and antiviral
properties [18]. In particular, the interaction of acridine
orange (AO) with synthetic and biological polyelectrolytes
has been widely investigated, mainly due to its ability to
interact with genetic material. Their similarity to several
antibiotics, such as daunomycin or actinomycin, make them
interesting model systems for studying a variety of (bio)-
physicochemical problems [19]. Furthermore, acridine de-
rivatives are in the vanguard of antitumor drugs, and like
ethidium derivatives, they initially bind to the minor groove
of the DNA double helix through counter ion displacement,
before intercalating between base pairs [20, 21]. Therefore,
the development of new strategies that allow the critical
study of the interaction between AO and dsDNA and the
highly sensitive electrochemical detection of AO accumu-
lated within the double helix confined to an electrode,
represent an interesting alternative for further applications
of AO as redox indicator in the design of electrochemical
hybridization biosensors.

The intercalation between different compounds and
DNA has been studied using diverse platforms. Cordes
and Rechnitz [22] have used gold electrodes modified with
5�-thiol-(GC)10 double stranded DNA oligomers to study
the electrochemical activity of redox couples in the presence
of AO. Girousi et al. [23] have investigated the interaction of
ethidium bromide and AO with DNA in solution using a
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hanging mercury drop electrode. Fojta et al. [24] have
studied the interaction between DNA and different inter-
calators by adsorptive transfer stripping AC voltammetry.
The interaction of ethidium bromide and AO with DNA
(double stranded, thermally denatured and supercoiled) has
been studied by alternating current voltammetry at the
hanging mercury drop electrode [24]. The cathodic adsorp-
tive electrochemical behavior of cytosine and guanine in the
presence of AO at the static mercury drop electrode has
been also investigated [25]. Liu et al. [26] have studied the
interaction of AO with DNA films prepared by layer-by-
layer self-assembly of DNA and poly(allylamine) on quartz
surfaces. Lvov et al. [27] have evaluated the formation of
multilayers films of different nucleic acids with several
polycations like polyallylamine, polyethylenimine, polyly-
sine and polyarginine. The interaction of layer-by-layer
deposited multilayer films of polydiallyldimethylammoni-
um chloride (PDDA) and calf thymus DNA built on
conducting (4-aminobenzoic acid-modified glassy carbon
electrode) and non-conducting (quartz) substrates with
methyl green have been also reported [27, 28]. In this work
we propose the detection of the interaction of AO with
dsDNA immobilized on gold electrodes by self-assembling
of multilayers using the polycation polyethylenimine (PEI).
The studies were performed by adsorptive transfer square
wave voltammetry and the analytical signal of the inter-
action was the oxidation current of AO incorporated within
the multilayer. Spectrophotometric experiments using a
quartz surface were performed to select the optimum
experimental conditions for the multilayer formation. To
the best of our knowledge, this is the first contribution to the
electrochemical determination of AO accumulated on the
dsDNA immobilized at gold electrodes by self-assembling
of multilayers.

2. Experimental

2.1. Reagents

Polyethylenimine (PEI) 50% w/v (Catalog number P-3143),
single stranded calf thymus DNA (ssDNA) (lyophilized
powder, Catalog number D8899), double stranded calf
thymus DNA (dsDNA) (activated and lyophilized, catalog
number D4522) were from Sigma. DNA stock solutions
were prepared in water, while the dilutions were performed
either in acetate (ionic strengths m¼ 0.2, pH 5.00) or in
phosphate (m¼ 0.2 or m¼ 0.1) pH 7.50 buffer solutions.
DNA concentration was determined by UV experiments
using x¼ 6000 M�1 cm�1 [29]. Mercapto-1-propanesulfonic
acid (MPS) and 3,6-bis(dimethylamino)acridine hydrochlo-
ride (acridine orange, AO) were from Aldrich. Other
chemicals were reagent grade and used without further
purification. All solutions were prepared with ultra-pure
water (18 MW cm) from a Millipore MilliQ system.

2.2. Apparatus

2.2.1. Electrochemical Experiments

Electrochemical experiments were performed with an
EPSILON potentiostat (Bioanalytical Systems Inc., USA).
The electrodes were inserted into the cell (BAS, Model MF-
1084) through holes in its Teflon cover. A platinum wire and
Ag/AgCl, 3 M NaCl (BAS, RE-5B) electrodes were used as
counter and reference electrodes, respectively. Gold disks of
3 mm diameter (CHI 101) were employed as working
electrodes.

Preparation of the working electrode: The electrodes were
first polished with alumina 0.05 mm for 2 min, followed by a
careful sonication in deionized water for 5 min, immersion
in “Piranha” solution (1 : 3 H2O2(30% v/v )/ H2SO4 (98% w/
v)) for 10 min, and final rinsing and sonication with ultra-
pure water. Caution: Piranha solution is very corrosive and
must be handled with care. The clean surfaces were stabilized
by cycling the potential between 0.200 Vand 1.650 Vat 10 V
s�1 in a 0.50 M sulfuric acid solution until obtaining a
reproducible response. Before each experiment, a cyclic
voltammogram at 0.100 Vs�1 was performed in 0.50 M
sulfuric acid solution to check the surface conditions and to
obtain the electroactive area. This area was measured by
integration of oxides reduction charge, assuming 420 mC per
square centimeter of real area [30].

Modification of the working electrode: The first step in the
preparation of the working electrode was the adsorption of
the thiol onto the clean gold surface by soaking the electrode
for 30 min in a 2.0� 10�3 M MPS solution (prepared in 1.6�
10�3 M sulfuric acid solution), followed by a careful rinsing
with deionized water. Thiol adsorption produces a nega-
tively charged surface due to the exposure of sulfonate
groups. The following steps consisted of immersion for
20 min in aqueous solutions of 2.0 mg/mL PEI (prepared in
water) and the adsorption of dsDNA (or ssDNA) prepared
in 0.10 M phosphate buffer solution pH 7.50 (m¼ 0.2) for
60 min. After each immersion step, the electrode was
copiously rinsed with the same buffer used to prepare the
dsDNA solution. The multilayered structures were obtained
by alternate immersions in PEI and dsDNA. The resulting
electrodes are indicated as Au/MPS/(PEI-dsDNA)n, being n
the number of PEI-DNA adsorbed bilayers.

Acridine orange interaction: Electrodes modified with the
desired number of layers were immersed in a fresh AO
solution under magnetic stirring for 30 min at open circuit
potential and then copiously rinsed with a 0.10 M phosphate
buffer solution pH 7.50 (m¼ 0.2). Blank experiments were
performed by immersing the electrodes in the buffer
solution using the same experimental conditions.

After the interaction with AO, the electrochemical trans-
duction was performed by Square Wave Voltammetry
(SWV) in a 0.10 M phosphate buffer solution pH 7.50
(m¼ 0.2) at room temperature between �0.200 V and
1.250 V, with a pulse amplitude of 25 mV, a frequency of
10 Hz, and a potential step of 4 mV.
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2.2.2. UV-Vis Experiments

The experiments were performed with a Shimadzu UV 1601
Spectrophotometer and a quartz cuve of 0.1 cm of optic way.
To prepare the multilayer assembly, the internal quartz
surface (Q) was treated to expose negative charges by
sonication for 20 min in NaOH 1.0 % w/v in ethanol aqueous
solution 59% v/v. PEI was adsorbed by filling the cuve with a
2.0 mg/mL aqueous solution for 20 min. Adsorption of
dsDNA was done in a similar way from a solution of the
desired concentration for 120 min. After each immersion
step, the cell was copiously rinsed with buffer solution and
the spectral curves were collected between 190 and 800 nm
in a fresh buffer solution. Alternated contact with PEI and
dsDNA solutions allowed the generation of the multilay-
ered structures with the desired number of bilayers, n (Q/
PEI-dsDNA)n). To analyze the dsDNA adsorption time, the
procedure was similar although DNAwas self-assembled for
different times on Q modified with one layer of PEI.

To study the interaction of AO with dsDNA, the modified
quartz surfaces with the desired number of self-assembled
bilayers were filled with a fresh solution of AO for 30 min
followed by careful rinsing with 0.10 M phosphate buffer
solution pH 7.50 (m¼ 0.2). Spectral curves were recorded in
0.10 M phosphate buffer solution pH 7.50. The concentra-
tion of AO intercalated (CAO) was calculated form the
absorbance at 499 nm where dsDNA does not contribute to
the absorption and considering an extinction coefficient of
55 000 M�1 cm�1 [31].

To study the interaction in solution, the desired quantity
of AO was added to a 2.6� 10�4 M (85 ppm) dsDNA
solution prepared in 0.10 M phosphate buffer pH 7.50 (m¼
0.2) and the spectral curves were recorded.

In all cases the baseline was obtained by using the selected
buffer solution (either 0.10 M phosphate pH 7.50 or 0.10 M
acetate pH 5.00). All experiments were performed at room
temperature.

3. Results and Discussion

The building of PEI-dsDNA multilayers was evaluated
spectrophotometrically following the dsDNA absorption
band at 258 nm (PEI does not absorb at this wavelength).
The interaction of AO with the confined dsDNA was
evaluated both, spectrophotometrically, from the absorb-
ance of AO, and electrochemically from the oxidation signal
of AO.

3.1. Spectrophotometric Results

3.1.1. Characterization of the PEI-dsADN Self-Assembled
Multilayer

Figure 1A shows a plot of absorbance as a function of the
adsorption time of dsDNA and PEI on a Q surface during
the building of the supramolecular architecture Q/(PEI-

dsDNA)n. The absorbance at 258 nm increases with the
number of dsDNA layers, although the time necessary to
reach the steady-state (saturation) value and the changes
between these stationary values depend on the number of
the DNA layer that is adsorbed. For instance, when dsDNA
is adsorbed on Q/PEI (first layer of dsDNA), the change in
the absorbance is 0.0212, while when dsDNA is adsorbed on
Q/(PEI-dsDNA)1/PEI (second layer of dsDNA), it is 0.0828,
that is, almost four times higher than the increment observed
after the adsorption of the first layer of dsDNA.

On the other hand, the kinetics for the adsorption of
dsDNA also depends on the structure where the dsDNA is
adsorbed. For instance, for the first (Q/(PEI-dsDNA)) and
second (Q/(PEI-dsDNA)2) DNA layers, the absorbance
reached the stationary values after 10 and 115 min of
dsDNA adsorption, respectively; while for the third, fourth
and fifth bilayers, the saturation (steady-state) values of
absorbance are reached for times longer than 120 min.
These results are a clear indication that the organization of
the supramolecular structure becomes more complex when
the number of bilayers increases, probably due to the
formation of some intermixed layers.

Figure 1B compares the variation of the absorbance with
the number of PEI-dsDNA layers for supramolecular
architectures prepared in buffer solutions of pH 5.00 and
7.50. In both cases, there is an almost linear relationship
between the absorbance and the number of bilayers,
indicating that there is no desorption of dsDNA during the
deposition of the next PEI layer onto it. The absorbances at
pH 7.50 are more elevated, demonstrating that a higher
amount of dsDNA is immobilized under these conditions
due to the increase in the negative charge density of the
sugar-phosphate backbone that facilitates the electrostatic
interaction with PEI.

The effect of the ionic strength of the dsDNA solution
(prepared in phosphate buffer solution pH 7.50) on the
construction of the supramolecular architecture was also
evaluated (not shown). At variance with the linear incre-
ment obtained when using m¼ 0.2, there is an exponential
increase of the absorbance with the number of adsorbed
bilayers when m¼ 0.1. These results confirm the importance
of the ionic strength when developing multistructures, in
agreement with previous reports for other polymers [32].

3.1.2. Interaction dsDNA-AO

Spectrophotometric measurements allow distinguishing if
AO is present in a monomeric form or as aggregates.
According to the literature [31], the absorption spectrum of
dilute AO solutions presents a band at 492, called a band
attributed to the absorbance of AO in its electrostatically
charged monomeric form (pKa¼ 10.4 [33]). As AO con-
centration increases, the spectrum is gradually substituted
by a new one with a maximum at 465 nm (b band) ascribed to
the dimmer formation through p – p interaction or stacking
complex. Figure 2A shows absorption spectra for two
concentrations of AO in phosphate buffer solution. For
44 mM AO (dashed line), the spectrum presents two
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absorption peaks at 230.5 nm and at 268 nm, and a broad
one with two contributions at lower energies. From these
two contributions, the most important is the one at 490.5 nm,
denoting a high proportion of AO monomeric form. For
88 mM AO (solid line), the AO bands appears at 230 nm and
267 nm, while the maximum contribution in the broad peak
at lower energies is the one at 470 nm, suggesting the
dimmer formation.

When mixing AO and dsDNA solutions, the resulting
absorption spectrum strongly depends on the dsDNA and
AO concentrations ratio (CdsDNA/CAO). Figure 2B shows the
spectral curves for a solution containing 2.6� 10�4 M
dsDNA in the absence (dotted line) and in the presence of
increasing concentrations of AO. A typical profile was
obtained for dsDNA alone with a maximum absorbance at
259.5 nm. For CdsDNA/CAO¼ 30 (solid line), the spectrum
shows two bands, at 259.5 nm and at 501.5 nm. The first one
involves contributions of both, dsDNA and AO, while the
second one corresponds to the AO a band. The red shift of
this band is an evidence of the intercalation of the mono-
meric form of AO within the dsDNA [29, 34]. For
intermediate values, CdsDNA/CAO¼ 3 (dashed line), the
interaction AO-dsADN occurs by intercalation in the

double strand, with high affinity, and also through electro-
static interaction with dsDNA phosphate groups, with a low
affinity constant [35]. Under these conditions, the presence
of dimmers or higher associated forms is not significant,
since the most important contribution in the broad peak is
still the one at lower energies. At the lowest ratio, CdsDNA/
CAO¼0.6 (dashed-dotted line), a signal at 467 nm is ob-
served, which corresponds to the formation of AO dimmers
[29]. Under these conditions, the intercalated monomeric
form of AO, the AO electrostatically associated to dsDNA,
and dimmers of AO are present, being this last contribution
the most important.

Figure 2C shows absorption spectra obtained in phos-
phate buffer solution after the interaction of dsDNA
confined to the Q surface (Q/(PEI-dsDNA)) with AO in
solution. Under these conditions it is possible to evaluate the
intercalation of AO within the double helix, since the AO
electrostatically adsorbed to the phosphate groups of
dsDNA is removed during the exhaustive rinsing with
buffer solution. The spectral curves obtained in phosphate
buffer solution after the interaction of 4.4 mM AO with Q/
(PEI-dsDNA)2 (2bl) present absorption peaks at 271.0 nm
and 499.5 nm. These results demonstrate that, under these
experimental conditions, AO effectively intercalates within
the dsDNA confined to the multilayer. When the number of
dsDNA layers raises the spectrum obtained for Q/(PEI-
dsDNA)4 (4bl) evidences the increase in the amount of AO
accumulated within the multistructure. The surface concen-
tration of dsDNA was obtained through the absorbance at
258 nm from similar experiments performed with 1.67�
10�4 M dsDNA, in the absence of AO. For higher number
of bilayers, the surface ratio CdsDNA/CAO decreases (36 for 4
bl, and 46 for 2 bl) due to the increase in the amount of AO
present in the supramolecular architecture. In both cases, a
red shifting is observed in the a absorption band, demon-
strating that, under these experimental conditions, AO is
effectively intercalated within the dsDNA confined to the
multilayer. It is important to remark that unspecific
adsorption of AO on Q/PEI was not detected (not shown).

3.2. Electrochemical Characterization

Spectrophotometric determinations has been useful to
evaluate the formation of the multilayers system, to know
the amount of DNA immobilized layer-by-layer and to
demonstrate the presence of AO intercalated within the
dsDNA confined to the supramolecular architecture. Elec-
trochemical experiments provide additional information
about the charge transfer of the intercalated AO.

Figure 3A and B show square wave voltammograms for
different concentrations of AO at bare gold electrodes. The
voltammogram obtained in phosphate buffer solution
present a signal at around 0.95 V due to the gold oxides
formation (dashed line, voltammogram I). In the presence
of 1.0 mM AO, there is a broad peak at 0.8 V due to the
oxidation of AO (II). For higher AO concentrations up to
100 mM, the current of this peak remains almost constant,

Fig. 1. A) Kinetic of dsDNA adsorption and B) variation of Amax

vs. layer number using 3.3� 10�4 M dsDNA (100 ppm) in phos-
phate buffer solution m¼ 0.2, pH 7.50 (circles) or acetate m¼ 0.2,
pH 5.00 (squares). Closed and open symbols correspond to
multilayer structures ended in dsDNA or PEI respectively.
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and a new small signal appears at 0.67 V. According to the
spectrophotometric results shown before and previous
reports [35], the peak at 0.8 V can be associated to the
oxidation of the AO monomer, while the one at lower
potentials, can be associated to the oxidation of the dimeric
form. For AO concentrations higher than 100 mM the peak
at 0.8 V becomes broader, including the small signal at lower
potentials. The currents increase proportionally to the
amount of AO with a small shifting in the peak potential

(up to 0.84 V). At such AO concentrations higher associated
forms of AO are also present.

Figure 4A shows square wave voltammograms obtained
in phosphate buffer solution after the interaction of differ-
ent electrodes at open circuit potential with 8.8� 10�5 M
AO for 30 min (selected from the spectrophotometric
experiments). The results represent the average of the
response obtained at four fresh electrodes. At Au/MPS
(dotted line) and Au/MPS/PEI (dashed line), no response
for AO was observed, indicating that AO can not be
accumulated. The voltammograms obtained in phosphate
buffer solution at Au/MPS/(PEI-dsDNA)n for 1� n� 4
(solid lines), show an oxidation signal at 0.84 V that
increases almost linearly with the number of PEI-dsDNA
bilayers up to the third one and more slowly after that (see
inset). Similar trend was observed for experiments per-
formed with AO 1.0� 10�3 M (not shown). These results are
a clear indication that AO can be strongly intercalated
within the double helix of DNA at Au/MPS/(PEI-dsDNA)n

multilayer, and that the accumulated AO can be electro-
oxidized. The electron transfer between the electrode and
AO molecules intercalated within the double helix probably
occurs through a hopping mechanism between the redox
centers. As the number of bilayers increases, the AO
oxidation signal does not increase in a linear way. This fact
could be associated to a more difficult accessibility of AO to
the dsDNA within the multilayer system and/or to a less
efficient charge transfer of the AO accumulated in the
external layers of the multistructure located far from the
electrode surface. The spectrophotometric results showed
that the amount of dsDNA as well as the quantity of AO
accumulated within the multistructure increases with the
number of layers. Therefore, the small increase in the
electrochemical signal observed after the third bilayer,
could be mainly associated to a less efficient electro-
oxidation of AO molecules.

Figure 4B shows the variation of AO peak current at
0.84 V as a function of the AO concentration for multi-
structures containing 2, 4 and 6 PEI-dsDNA bilayers after
subtracting the corresponding buffer signal obtained from
equivalent experiments where the interaction was per-
formed by immersing the electrodes in buffer solution. As it
was previously described, for n � 3 the amount of AO
accessible for oxidation does not increase linearly with the
number of bilayers in the self-assembled structure. For this
reason the results of figure 4B are normalized to the peak
current obtained in phosphate buffer solution after the
interaction with AO 5.0� 10�5 M. Independently of the
bilayer number, a fast saturation is observed for AO
concentrations higher than 5.0� 10�4 M.

The interaction of AO with a multilayer system prepared
with ssDNA was also evaluated. Figure 5 displays the SWV
responses obtained in phosphate buffer solution after the
interaction of 8.8� 10�5 M AO at open circuit potential at
Au/MPS/(PEI-DNA)n prepared with ssDNA. At variance
with the behavior observed at the architecture prepared
with dsDNA, at Au/MPS/(PEI-ssDNA)n, the peak current
for AO remains the same for 1 and 2 bilayers, and decreases

Fig. 2. Spectral curves obtained in phosphate (m¼ 0.2, pH 7.50)
corresponding to: A) AO solution 8.8� 10�5 M (—) and 4.4�
10�5 M (- - -); B) 2.6� 10�4 dsDNA solution plus AO: 0 M ( ··· · · ),
8.8� 10�6 M (—), 8.8� 10�5 M (- - -), 4.4� 10�4 M (- · - · -), and C)
Q/(PEI-dsDNA)n with 2 (2bl) and 4 (4bl) bilayers post interaction
with AO 4.4� 10�5 M.
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for 4 bilayers. Since the intercalation does not occur at
ssDNA, the main mode of interaction is electrostatic,
through the negative charges of the ribose-phosphate
backbone. These results are in agreement with the model
proposed by Decher et al. [36] to describe polyelectrolyte
multilayers film. According to this model, is expected that
negative charges of the ribose-phosphate backbone of the
inner layers be neutralized; consequently, the electrostatic
interaction with AO decreases, and for four bilayers the
response is even smaller.

4. Conclusions

Self-assembled multilayers of PEI-dsDNA were efficiently
adsorbed on quartz surfaces and MPS-modified gold
electrodes. Spectrophotometric determinations provided

Fig. 3. A) and B) SWV at bare gold electrode of AO 0 mM (I), 1 mM (II), 25 mM (III), 50 mM (IV), 100 mM (V), 200 mM (VI), 1000 mM
(VII), and 2000 mM (VIII). Supporting electrolyte: phosphate buffer solution (m¼ 0.2, pH 7.50).

Fig. 4. SWV obtained in phosphate buffer solution (m¼ 0.2,
pH 7.50) at Au/MPS ( ··· · · ); Au/MPS/PEI (- - -) and Au/MPS/
(PEI-dsDNA)n (—) after the interaction for 30 min at o.c.p. with
8.8� 10�5 M AO (n is 1, 2, 3 or 4 bilayers). Inset: AO oxidation
current at 0.84 V as a function of the adsorbed bilayer number. B)
Normalized peak current as a function of AO concentration for
Au/MPS/(PEI-dsDNA)n containing 2, 4 or 6 bilayers. Supporting
electrolyte phosphate buffer solution (m¼ 0.2, pH 7.50).

Fig. 5. SWV obtained in phosphate buffer solution (m¼ 0.2,
pH 7.50) at Au/MPS/(PEI-DNA)n after the interaction with AO
8.8� 10�5 M for 30 min at o.c.p. for bilayers prepared 100 ppm
ssDNA100 where n is a) one (—), b) two (- - -) or c) four ( ·· · · · )
bilayers. In all cases the signal corresponding to the buffer was
subtracted.
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information about the kinetics for the formation of the
multilayers system, the amount of DNA immobilized layer-
by-layer and the presence of AO intercalated within the
dsDNA confined to the supramolecular arquitecture. The
pH and ionic strength of the dsDNA solution demonstrated
to be an important variable for building the supramolecular
multistructures.

Square wave voltammetry determinations, obtained from
the oxidation signal of AO, demonstrated that the amount of
AO accumulated within the Au/MPS/(PEI-dsDNA)n in-
creases linearly with the number of PEI-dsDNA bilayers up
to three, and that for higher number of bilayers the
accessibility of the intercalated AO for electrooxidation is
more difficult. The selectivity of the interaction between
AO and dsDNA was demonstrated by comparing the
response at a multilayer system prepared with ssDNA.
These results represent an important contribution since, to
the best of our knowledge, this is the first contribution that
reports the electrochemical determination of AO accumu-
lated on the dsDNA immobilized at gold electrodes by self-
assembling of multilayers.
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