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ABSTRACT

Gold ultramicroelectrode arrays (UMEAs) modified with gold nanoparticles (GNP) are shown to be a highly
suitable transducer platform for the fabrication of biosensors. Comparative studies were carried out with
microelectrodes and UMEAs, the latter being either bare or modified with GNPs. GNPs could be
electrodeposited on to the UMEA surface, thereby increasing its active area up to one hundred times but
without affecting its inherent electrodic properties. Horseradish peroxidase enzyme (HRP) was covalently
immobilized over the three different transducer platforms by means of a thiol self-assembled monolayer
(SAM). The resulting biosensors were applied to the amperometric detection of catechol, selected as a target
analyte, at a set potential of —0.1 V vs. Ag/AgCl. The use of GNP-modified UMEAs increased the sensitivity of
the developed biosensor 3-fold and 80-fold compared with the values achieved with bare UMEA and
microelectrode based biosensors, respectively. The GNP-modified UMEA based biosensor showed a linear
response to catechol in the concentration range from 0.1 mM to 0.4 mM, with a limit of detection of 0.05 mM.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The current trend towards the miniaturisation of chemical sensors
has led to the application of ultramicroelectrode arrays (UMEAs) as
feasible electrochemical transducer approaches in numerous applica-
tions, including biochemical and environmental analysis [1,2]. Their
advantages over conventional electrodes are widely documented
[3,4]. UMEASs exhibit a greatly enhanced mass transport and very high
current densities compared with conventional microelectrodes [5].
Among the different existing configurations [6] the array based on the
assembly of hundreds of ultramicroelectrodes discs operating in
parallel has been extensively used for the anodic stripping voltam-
metric detection of heavy metals [7]. However, their use for the
development of biosensors has hardly been explored [8]. As observed
by our group, electrodeposition of gold nanoparticles (GNP) on to a
UMEA surface increases its surface area while keeping its inherent
electrode features [9]. Taking advantage of this fact and based on the
biocompatible microenvironment of GNP, anchorage of biorecognition
elements on GNP-modified UMEA platforms could significantly
improve the benefits of biosensors in terms of selectivity, sensitivity
and detection limits.

Conjugation of nanoparticles with biomaterials has been inten-
sively studied. Nanoparticles enable the electronic or optical transduc-
tion of a wide variety of biological phenomena. Moreover, the reported
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biocompatibility of nanoparticles may be responsible for the effective
direct electron transfer between proteins and electrodes [10]. They
also provide a microenvironment similar to that of the redox proteins
in native systems, thus allowing immobilization of proteins without
affecting their bioactivity [11,12]. In this context, GNPs have been
conveniently assembled to both gold and glassy carbon electrodes for
the development of biosensors [11,13,14].

Immobilization of redox enzymes on electrode surfaces for the
development of bio-electrochemical sensor devices has been widely
reported over the past decades [15-18]. A common methodology to
immobilize biomolecules on gold metal surfaces is by means of
thiolated molecules forming self-assembled monolayers (SAMs).
These monolayers enable in some cases the oriented anchorage of
biomolecules, thus attaining a high improvement in biosensor
performance [19,20]. Nevertheless, a careful selection of the thiolated
molecule has to be carried out. On one hand, SAMs formed from long
thiol alkyl chains can block the electrode surface due to the formation
of densely packed monolayers. On the other hand, should the thiol
alkyl chains be relatively short, the surface would be just partially
blocked due to the presence of defects in the SAM. Nevertheless, the
electrode reaction rate can be much slower than that obtained at a
bare electrode [21]. In order to improve the performance/control of
the porosity of the thiolated layer, a selective desorption of the SAM
can be carried out [22]. Immobilization of enzymes on nanometre-
scale domains of SAMs formed with dithiobis-N-succinimidyl propio-
nate (DTSP) and 1-tetradecanethiol [23], and with cystamine [12],
have been reported.

Phenolic compounds are commonly present in nature either as a
result of naturally formed products of biological degradation or by
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residual formation in a number of industrial processes. Thus, they are
usually found as waste product in, i.e., beverages, food, mining, plastic
and pharmaceutical industry. Many phenols are known to be highly
toxic to man and aquatic organisms. Therefore, their measurement is
of great interest. Even though there are several conventional stand-
ardised analytical methods available for the detection phenols [24,25],
there is a high demand for simple and fast analyses of these kind of
compounds. In this context, electrochemical laccase-based biosensors
have been developed using different electrode surfaces [26-30].
Phenol determination has also been reported with other enzymatic
sensors based on the use of lignin peroxidase, tyrosinase or horse-
radish peroxidase (HRP) [31-35]. HRP biosensor approaches appear to
be sensitive to a wider range of phenolic compounds compared with
tyrosinase-based ones [36].

In this work, the use of gold nanoparticles to enhance the vol-
tammetric performance of UMEA-based biosensors is described. Using
HRP as a model recognition element, a biosensor approach for the
detection of the catechol phenolic compound, selected as a target
analyte, was developed. The benefits of applying GNP-modified
UMEAs are demonstrated by carrying out a comparative study with
gold microelectrodes and bare gold UMEAs.

2. Experimental section
2.1. Reagents and solutions

Peroxidase Type II from Horseradish 181 Umg ™, catechol, 20-nm
gold nanoparticle stock solution containing 0.01% HAuCl, and 0.02%
sodium azide, hydrogen peroxide, and dithiobis-N-succinimidyl pro-
pionate (DTSP) were purchased from Sigma-Aldrich Quimica S.A.
(Spain). All other chemicals were of analytical grade. Solutions were
prepared using 18 MQ.cm deionised water.

2.2. Apparatus

Voltammetric experiments were performed at room temperature
using a type III p-Autolab potentiostat (Ecochemie), controlled with
GPES 4.7 (General Purpose Electrochemical System) software pack-
age. Measurements were carried out with a three electrode cell
consisting of a UMEA working electrode or, alternatively, a microelec-
trode, an on-chip counter electrode and a Ag/AgCl/10% (w/v) KNO3
reference electrode (Metrohm 0726 100). A miniaturised Ag/AgCl
pseudo-reference electrode RC6 (50-mm length, 1.5-mm external
diameter from World Precision Instruments) was used for electro-
deposition experiments.

2.3. Microelectrode fabrication

Au microelectrodes and Au ultramicroelectrode arrays (UMEAs)
were used in this work. Both of them were fabricated at the IMB-CNM
facilities with standard photolithographic techniques using Si/SiO,/
metal structures, as described elsewhere [9]. The area of micro-
electrodes was 1.62 x 10~ 2 cm?. UMEAs with three different geome-
tries were tested. A first array (UMEA-10) contained 100 disc-shaped
microelectrodes (10 pm diameter, 100 pm interelectrode distance)
having a total area of 7x 10~ cm? The second and third array con-
tained 400 and 1600 discs, 5 pm in diameter (UMEA-5A and 5B,
respectively). The interelectrode distances were 100 um and 50 pm
and the areas 7.05x 10~ ° cm? and 3.14 x 10~ * cm?, respectively. Both
microelectrode and UMEAs included a counter gold electrode on chip
with an area of 0.7 cm?, separated 0.5 mm from the working electrode.

2.4. Analytical approach

Microelectrodes and UMEAs were initially cleaned with 95% etha-
nol and acetone, followed by rinsing steps with water. A chemical

cleaning process in a Piranha solution for 30 s was then performed in
order to remove small particles coming from the UMEA fabrication
and encapsulation process. Afterwards, microelectrode and UMEAs
were electrochemically activated in a 0.1 M KNOs solution by cycling
the potential from + 0.8 Vto — 2.2V (vs. Ag/AgCl/10% KNO3) at a scan
rate of 0.1 Vs~ !, for at least 20 times. Cyclic voltammograms in a 0.1 M
KNO3 background solution containing 1 mM catechol were then
recorded in a potential window between +0.35 V and +0.15V, at
0.1 Vs~ in order to evaluate the electrochemical surface active area
and choose the suitable UMEA device geometry.

The electrodeposition of GNPs on the electrode surface was carried
out as follows. Some 10 pl of the commercial GNP solution were
dropped over the UMEA surface and a constant potential of + 1.6 V vs.
a miniaturized Ag/AgCl pseudo-reference electrode was applied for
10 min. Cyclic voltammetric scans in a potential window between
—0.2 Vand +1.4 Vin 0.1 M H,SO4 /0.1 M KNOs at a scan rate of
0.1 Vs~ ! were carried out to estimate the microscopic surface area
of the UMEAs [9].

SAMs were prepared by immersing the Au substrates in a 4 mM
DTSP solution, dissolved in DMSO, for 1 h at room temperature. Then,
the modified electrodes were thoroughly rinsed with DMSO and
water. In order to make a characterization of the generated SAM,
potential scan cycles from —0.3 V to —1.3 V were performed in a
deoxygenated 0.5 M KOH solution, at a scan rate of 0.05 V s~ . The
SAM surface coverage (I') could be estimated from the areas of the
different peaks recorded, which were ascribed to the reductive
desorption of the adsorbed thiols, as described elsewhere [37]. The
electrochemical active area of the SAM-modified electrodes was also
estimated by cyclic voltammetric measurements carried outina 0.1 M
KNOs5 solution containing 1 mM catechol, in the same fashion as
above.

HRP was immobilized on to the SAM-modified electrodes by im-
mersion in 0.05 M phosphate buffer saline solution pH 7.4 (PBS),
containing 10 mg ml~! HRP, overnight at 4 °C. Following a washing
step in PBS, the electrodes were immersed in a PBS solution con-
taining 0.05% Tween 20 for 1 h under stirring, in order to remove any
adsorbed HRP molecules from the electrode surface.

The response of the different biosensor approaches to catechol was
evaluated by recording cyclic voltammograms in PBS containing
0.5 mM catechol and 0.1 mM H,0,. The potential was scanned be-
tween +0.35 V and —0.30 V, at a scan rate of 0.005 V s~ . When not
in use, the modified electrodes were stored in PBS at 4 °C.

3. Results and discussion
3.1. Voltammetric response of bare microelectrodes and UMEAs to catechol

Fig. 1 (signal 1) shows the cyclic voltammetric response of a
gold microelectrode to catechol. A reversible signal related to the
oxidation/reduction of the catechol/ o-benzoquinone species was
recorded. A peak potential separation (AE,) of 35 mV and cathodic to
anodic peak current ratio (ireq/iox) Of 1.1 demonstrates the reversi-
bility of the electrochemical process at the bare gold surface and the
absence of coupled chemical reactions. Fig. 2 (signal 1) shows the
cyclic voltammetric response of a bare UMEA. As expected, the current
recorded depended on the number, diameter and separation between
adjacent ultramicroelectrode disc units of each array [9]. A limiting
current plateau is not observed, which may be due to the instability of
the o-benzoquinone species resulting from the oxidation of the
catechol target analyte. It is reported that this molecule readily un-
dergoes decomposition in aqueous solution and this process is greatly
affected by the presence of catechol [38]. By contrast, a well-defined
limiting current plateau was easily observed when working with other
electroactive species and the same transducer platform [9].

The sensitivity to catechol, expressed as current density per con-
centration unit, was evaluated by chronoamperometry in a 0.1 M
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Fig. 1. Cyclic voltammetric responses recorded in a 0.1 M KNOs solution containing
1 mM catechol with a gold microelectrode: (1) bare; (2) coated with intact SAM; coated
with SAM, (3) after thiol first selective desorption step and, (4) after thiol second
selective desorption step. Scan rate: 0.1 Vs~ .

KNOs5 solution containing increasing concentrations of the target
analyte. The potential was set at +0.275 V and +0.310 V for the
microelectrodes and the different UMEA geometries, respectively.
Values are presented in Table 1. The highest sensitivity value
(413.1 pAcm—2mM~ ') was achieved with the UMEA-5A device, this
being in good agreement with previous results recorded using other
electroactive species [2]. Thus, this was the UMEA geometry chosen
for further experiments. Previous work was carried out on the
voltammetric detection of catechol using a Au electrode (1.8 mm
diameter) modified with a SAM/gold nanoparticle conductive film
[39]. The electrode sensitivity was 214 pAcm™?mM ™~ !, which is nearly
half the one obtained with the selected ultramicroelectrode array
geometry.

3.2. SAM formation and selective desorption

SAMs provide one of the most elegant approaches to functionalize
noble metal surfaces [40]. In this work, gold electrodes were in-
cubated in a 4 mM DTSP solution in DMSO for 1 h. This time was long
enough to get a highly blocked surface, as demonstrated by cyclic
voltammetry. Indeed, the response of the resulting SAM-coated elec-
trodes to catechol was negligible compared with that of the bare
electrodes (Figs. 1 and 2, signal 2).

Voltammograms recorded in a deoxygenated 0.5 M KOH solution
with SAM-coated microelectrodes show three cathodic peaks at

015 020 025 030 035
E/V vs Ag/AgCl

Fig. 2. Cyclic voltammetric responses recorded in a 0.1 M KNOs5 solution containing
1 mM catechol with a gold ultramicroelectrode array (UMEA-5A): (1) bare; (2) coated
with intact SAM; coated with SAM, (3) after thiol first selective desorption step and,
(4) after thiol second selective desorption step. Scan rate: 0.1 Vs~ L

Table 1
Values of the surface area and sensitivity to catechol for the different electrode
geometries.

Electrode Area/cm? Sensitivity/uAcm =2 mM~!
UMEA-10 7.85x10~ > 1539
UMEA-5A 7.85x10~> 413.1
UMEA-5B 3.14x10~ 4 402.2
Microelectrode 1.62x10~2 3451

—0.6V, —0.9Vand — 1.1V (Fig. 3, signal 1 and inset), related to the
reductive desorption of the corresponding gold thiolated species from
the electrode surface. A polycrystalline Au surface is considered to be
formed by domains of different crystallographic orientations, also
containing a high number of step edges or domain boundaries. Al-
though a bit controversial, the presence of more than one desorption
peak might be related to the thiol binding strength differences at
either the exposed Au crystalline faces [41] or at Au domain and
domain edges or boundaries [37]. Either way, such behaviour could be
exploited in order to tailor defective SAMs, which enabled the direct
electron transfer of electroactive species at the modified electrode
surface. The total area of defects induced by the selective desorption of
thiols could be derived from the surface coverage (I') of the DTSP-Au
label. I was calculated as described in the Experimental Section and
estimated to be 2.7 x 10~ ' mol cm ™2, which corresponded to 60 & 4%
(n=3) of the total microelectrode area. This was calculated on the
basis of the surface concentration value of a densely packed long-
chain alkanethiol monolayer onto polycrystalline Au electrodes, which
is 4.5% 107 ' mol cm™ 2 [42]. Therefore, around 40% of the Au micro-
electrode area remained bare in the form of voids or defects after the
formation of the DTSP-SAM.

In the case of SAM-coated UMEASs, three waves were also shown, at
potentials similar to those recorded with the microelectrodes (Fig. 3,
signal 2). The estimated I value was 4.49 x 10~ ' mol cm ™2, this being
around 100+ 2% (n=3) of the UMEA surface. Here, thiolated mole-
cules appeared to be more efficiently assembled and the total elec-
trode area seemed to be coated.

Potential scans in a deoxygenated 0.5 M KOH solution were carried
out for the selective desorption of the DTSP-SAM. The potential was
scanned in a potential window from — 0.3 V to — 0.9 V, where the first
two thiol desorption peaks appeared. This process was repeated twice,
changing the background solution in between. After that, the presence
of bare domains and/or pinholes at the Au electrode surface was
checked by cyclic voltammetry. Figs. 1 and 2 (signals 3 and 4 in both
figures) show the catechol voltammograms recorded with the par-
tially unblocked Au microelectrode and UMEA surface, respectively.
The characteristic anodic and cathodic signals of the catechol redox
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Fig. 3. Linear sweep voltammograms corresponding to the cathodic desorption of a
DTSP-SAM at a (1) microelectrode, (2) a UMEA-5A, and (3) a GNP-modified UMEA-5A.
Inset: amplified image of voltammogram 1. Scan rate: 0.05 Vs~ .



J. Orozco et al. / Bioelectrochemistry 75 (2009) 176-181 179

probe were observed, which evidenced the direct electron transfer
that took place at the electrode surface.

Contrary to what it was observed in this work, there is a good
number of papers that deal with the application of DTSP-SAMs for the
development of electrochemical biosensors on Au electrodes, where
no selective desorption was carried out [43]. It is well known that
short-chain organothiol molecules (number of carbon atoms<9) do
not appear to completely hinder the electron transfer of electroactive
species and a combined tunnelling effect and electron transfer at SAM
pinholes or defects is what indeed takes place. However, in the
present work, several HRP-based biosensors were fabricated using an
intact DTSP SAM and no response to catechol was recorded. Similar
behaviour was observed for other SAMs formed by short-chain
thiolated molecules. For instance, it was previously reported that O,
reduction was completely blocked at an intact three-carbon cysteine
SAM-coated Au electrode [22]. This reaction was by contrast possible
when cysteine was selectively desorbed from the electrode surface
and a SAM sub-monolayer was thus obtained.

In this context, other side effects may have taken place. Short-
chain SAMs appear to be selective to the size and chemical nature of
the electroactive species present in solution [44]. Electrostatic
repulsion could have an impact on the electron transfer process
taking place at SAM modified electrodes. There are several studies of
such effect reported in the literature [45]. Indeed, comparative studies
carried out with charged species showed a different behaviour de-
pending on whether both the electroactive species and the thiolated
molecules possessed the same or opposite charge [46,47]. Size ex-
clusion could also influence permeation of species across the SAM
monolayer [46]. Likewise, it has been reported that chemisorbed thiol
molecules adjacent to pinhole sites could be collapsed and the alkyl
chain physisorbed to the gold surface, thus also inhibiting the electron
transfer processes at those sites [48]. Similar effects could be taking
place when working with DTSP modified gold electrodes and catechol.
As shown above, selective desorption of the SAM monolayer creates
well-defined voids or pinholes that greatly enhanced the catechol
electron transfer at the electrode-solution interface.

3.3. GNP electrodeposition and SAM formation

The electrodeposition of gold nanoparticles on the UMEA surface
increased their surface microscopic area without affecting the
electrode voltammetric response, as recently reported [9]. GNPs
exhibit a net negative charge induced in their preparation process.
This was used to deposit them over the UMEA surface by applying a
positive potential high enough to induce the discharge of the nano-
particles by anodic oxidation. During the electrodeposition process at
+ 1.6 V a temporary decrease in the current was recorded. This could
be explained as an oscillating electrode surface during the growth of
the nanostructured gold layer. The electrodeposition was stopped
when a minimum and constant current was reached, which meant
that deposition of as many gold nanoparticles as possible (less than a
monolayer) was guaranteed. The time and charge necessary to reach
such stage was evaluated and optimized with 15 UMEAs and values
were 10 min and 2.4 mC (SD = 0.2 mC) respectively. The theoretical
amount of charge consumed during the reduction of a gold surface
oxide monolayer (400 pC cm~2) was used to calculate the GNP-
modified UMEA surface microscopic area [49]. This value was
compared with the experimental charge values obtained from the
integration of the voltammetric signal due to gold oxide reduction,
recorded in 0.1 mM H,SO,4 solution [9]. The GNP-modified UMEA
surface area was 3.50x 10~ 3 cm?, which is around 50 times larger
than that of the bare UMEA but still around 5 times smaller than that
of the bare microelectrode. The morphology of the gold UMEA surface
before and after depositing gold nanoparticles was studied by atomic
force microscopy and scanning electron microscopy techniques, as
described elsewhere [2].

Cathodic desorption of DTSP SAM at GNP-modified UMEAs also
gave rise to three well-defined cathodic peaks at potentials of — 0.7 V,
—0.9 Vand —1.2 V (Fig. 3, signal 3). Such potentials were slightly
more negative than those recorded with the plain UMEAs and micro-
electrodes. The I value obtained for the GNP-modified UMEAs was
1.92x 107 '° mol cm™2, which is 42+ 5% (n=3) of the electroche-
mical active area. In this case, over half the GNP-UMEA electro-
chemical surface remained bare. Here, direct electron transfer of
catechol at the intact SAM-GNP-modified UMEA surface was ob-
served, so that no selective desorption step was performed. The reason
for that might be related to the high increase of the electrode surface
roughness upon GNP electrodeposition [9] with a much larger number
of kinks or defects. Such surface would hinder the formation of a well-
ordered SAM thus leaving a higher number of surface domains
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Fig. 4. Biosensor cyclic voltammetric responses of a: (a) HRP/DTSP/microelectrode;
(b) a HRP/DTSP/UMEA; (c) a HRP/DTSP/GNP-modified UMEA. Signals were recorded
in: (1) PBS; (2) PBS containing 0.5 mM catechol; and (3) PBS containing 0.5 mM
catechol and 0.1 mM H-0,. Scan rate: 0.005 Vs~ .
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exposed. It was also reported that gold nanoparticle inherent proper-
ties make them much more reactive than gold as a bulk material [42].
This fact induces a strong interaction of the thiolated molecule with
the electrodeposited GNP and may also be related to the shifting of the
desorption peak potential towards more negative values, as men-
tioned above. In addition, it might be responsible for the enhanced
electron transfer of catechol electroactive species at the SAM-GNP
modified electrode.

3.4. HRP immobilisation and biosensor voltammetric characterisation

HRP was covalently attached to the modified gold surface through
the formation of a peptide bond between amino moieties of its
structure and the activated carboxylic group of DTSP (succinimide
end-group). This procedure has being widely reported [23,43]. Cyclic
voltammograms for the three prepared biosensor approaches, that is,
HRP/DTSP/microelectrode, HRP/DTSP/UMEA and HRP/DTSP/GNP-
modified UMEA, all of them recorded in PBS, showed that no direct
electron transfer between the heme group of the HRP structure and
the electrode took place (signals 1, Fig. 4). Cyclic voltammetric signals
were also recorded in PBS containing 0.5 mM catechol (signals 2,
Fig. 4). Anodic and cathodic faradaic currents due to the catechol
electrodic process were recorded with the three different devices.
When H,0, was added to the catechol solution, a large cathodic
current was recorded in all cases, this being related to the reduction of
the o-benzoquinone species generated by the HRP catalytic process
(signals 3, Fig. 4).

It is worth mentioning the considerable increase of the catalytic
current density attained when using the HRP/DTSP/UMEA compared
with that obtained with the HRP/DTSP/microelectrode (Fig. 4). More-
over, a higher increase of the catalytic current density was recorded
after modification of UMEAs with nanoparticles.

3.5. Biosensor response

Catechol was chosen as a redox mediator and as a target analyte
among the phenolic molecules in order to demonstrate the feasible
application of this sensor approach in environmental applications. The
biosensor performance is based on the catalytic reduction of the H,0,
to H,0, which takes place with the concomitant oxidation of catechol
to give o-benzoquinone. This species could be reduced back to catechol
by applying a set potential of —0.1 V vs. Ag/AgCl, selected on the basis
of the catalytic currents recorded and shown in Fig. 4. In this context,
further experiments were conducted in PBS solutions containing
0.1 mM H,0,; and the biosensor response to increasing concentrations
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Fig. 5. Biosensor dynamic responses of a: (a) HRP/DTSP/microelectrode; (b) HRP/
DTSP/UMEA; (c) HRP/DTSP/GNP-modified UMEA. Inset: amplified image of ampero-
gram (a).

Table 2
Response characteristics of the different biosensor approaches (n=35, n being the
number of points per calibration curve).

Electrode Slope/pAcm~2 mM~! Intercept/pAcm =2 12

HRP/DTSP/GNP-modified UMEA 228.6 71.8 0.9912
HRP/DTSP/UMEA 75.8 43.8 0.9988
HRP/DTSP/microelectrode 2.9 0.2 0.9991

of catechol was evaluated. Fig. 5 shows the dynamic response of the
electrodes to additions of 0.1 mM catechol in a concentration range
from 0.1 mM to 0.8 mM. An improved amperometric response was
recorded with the HRP/DTSP/UMEA (Fig. 5, signal b) compared with
that obtained with the HRP/DTSP/microelectrode (Fig. 5, signal a, and
inset). This was the expected behaviour considering the advantageous
electrodic properties of the UMEA devices. It is noteworthy the dra-
matic increase in the response of the HRP/DTSP/GNP-modified UMEA
(Fig. 5, signal c) with respect to the other two biosensors. The values of
the corresponding calibration parameters for this biosensor approach,
in the linear concentration range of 0.1 mM to 0.4 mM catechol (Table
2), show a sensitivity of 228.6 yA cm™2mM ™~ . This value is around 3-
fold and 80-fold higher than the values obtained with the HRP/DTSP/
UMEA and the HRP/DTSP/microelectrode, respectively. The reprodu-
cibility, expressed as the RSD values obtained with three different
biosensors of each configuration, was always below 10%. The
repeatability was tested by means of five calibration replicates
performed with a single device. Results yielded a RSD lower than 6%
in all cases. The limit of detection (LOD) was calculated based on the
3Sb/m IUPAC criterion (n= 3). For the HRP/DTSP/microelectrode the
LOD was estimated in 0.015 mM catechol and for the HRP/DTSP/GNP-
modified UMEA this was 0.05 mM.

As pointed out in the Introduction, there are other amperometric
biosensor approaches previously reported for the detection of phe-
nolic compounds where different enzymes were used as selective
recognition elements, such as laccase, tyrosinase, HRP and lignin
peroxidase [26-36]. All these works relied on the use of commercial
electrodes of millimetre dimensions and different strategies for the
immobilisation and detection of the target analyte. Limits of detection
in the uM range were obtained in most cases. This work describes a
similar approach as a proof of concept to demonstrate that such type
of biosensors could be scaled down using miniaturized ultramicroe-
lectrode arrays of planar configuration and that an enhanced per-
formance could be attained when such transducers were modified
with gold nanoparticles.

4. Conclusions

GNP-modified UMEAs are shown to be an excellent platform for
the development of biosensors. The comparative study carried out
with microelectrodes reveals the higher sensitivities that can be
attained when working with UMEA-based devices. The simple elec-
trodeposition process of GNP further improves the biosensor
performance very highly. The benefits of this approach were dem-
onstrated by developing a HRP biosensor for the detection of catechol,
chosen as a model analyte, and bearing in mind the potential use of
such platforms in the development of environmental applications.
Work is in progress in order to explore the full potential of these
devices in automatic systems and multiplexed approaches. Also,
working with in-situ generated GNP-modified electrode surfaces and
nanoparticles of other materials is being considered.
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