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1. Introduction

Monolayers prepared by direct adsorption of dendrimers onto
solid substrates have been proven to be highly stable and amenable
to functionalisation without loss of dendrimers into solution [1].
The large surface area of dendrimers allows various functional units
to be immobilised, which is important in applications such as sen-
sors. Biosensors based on enzymes have been built which exploit
the properties of dendrimers.

Dendrimer-encapsulated platinum nanoparticles have been
used for layer-by-layer (LbL) glucose biosensor development on
platinum electrodes [2] and on carbon nanotubes [3], and for a glu-
tamate biosensor on carbon nanotubes [4], without redox mediator.

Yoon and Kim [5] prepared layer-by-layer films with polyami-
doamine (PAMAM) dendrimer alternated with periodate oxidized
glucose oxidase, on a gold substrate, and detected glucose using
ferrocenemethanol in solution as diffusional electron-transfer
mediator. A similar method, with the same redox mediator, was
used by Yang et al. [6] but with gold nanoparticles in combina-
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embranes have been produced by the layer-by-layer (LbL) technique, and
enzyme biosensors for glucose by modification with cobalt hexacyano-
mobilisation of glucose oxidase enzyme. Indium tin oxide (ITO) glass
up to three bilayers of polyamidoamine (PAMAM) dendrimers contain-

y(vinylsulfonate) (PVS). The gold nanoparticles were covered with cobalt
d as a redox mediator, allowing the modified electrode to be used to detect

se enzymatic reaction, at 0.0 V vs. SCE. Enzyme was then immobilised by
yde. Several parameters for optimisation of the glucose biosensor were

ber of deposited bilayers, the enzyme immobilisation protocol and the
enzyme and of the protein that was crosslinked with PAMAM. The latter
idase with a friendly environment, in order to preserve its bioactivity. The
e bilayers, has high sensitivity and operational stability, with a detection
Michaelis–Menten constant of 0.20 mM. It showed good selectivity against
glucose measurements in natural samples.

© 2008 Elsevier B.V. All rights reserved.

tion with the covalently attached cross-linker cysteamine instead
of PAMAM. The main disadvantage of these methods is the addition
10.1016/j.talanta.2008.04.054

of a mediator to the reaction medium.
A new method for enzymatic immobilisation was recently

demonstrated by us, which uses a combination of LbL self-assembly,
redox mediator electrodeposition and cross-linking [7]. It was
shown how one can benefit from combining the biocatalytic
properties of the enzyme with the conductivity and electrocat-
alytic properties of gold nanoparticles. The strategy used consists
in applying a new concept in nanoarchitecture: electroactive
nanostructured membranes (ENM) with ITO-PVS/PAMAM-Au LbL
electrodes [8], where indium tin oxide (ITO) is the electrode
substrate and PVS is poly(vinylsulfonate), which alternates with
PAMAM-Au (PAMAM containing gold nanoparticles) in the bilayer
structure. A redox mediator (Me) is then electrodeposited around
the Au nanoparticles to form an ITO-PVS/PAMAM-Au@Me system.
The redox mediators used were Co, Fe, Ni and Cu hexacyanoferrates.
These hexacyanoferrate modified electrodes showed electrocat-
alytic activity towards hydrogen peroxide, demonstrating that this
new approach can be used in biosensors and nanodevices, where a
redox mediator is required.

The LbL assembly of oppositely charged species is a simple
and powerful method to provide a suitable nanoenvironment to

dx.doi.org/10.1016/j.talanta.2008.04.054
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retain the biomolecular activity. Methods to build ordered enzy-
matic monolayer or multilayers include Langmuir–Blodgett [9],
self-assembly [10], layer-by-layer electrostatic adsorption [6,11],
antigen–antibody interaction [12] and surfactant films [13].

The present paper concerns several new developments with
respect to the report in [7], focusing on optimising enzymatic
devices and further characterising the biosensor architectures
obtained with the LbL approach. Glucose oxidase (GOx) was the
enzyme of choice because the catalytic properties of this enzyme
are well known in the literature and because the determination of
glucose concentration is important in clinical, biological and chem-
ical samples, as well as in food processing and fermentation [14].
The preparation and characterisation of bilayer nanostructured
membranes, containing gold nanoparticles, is presented. Strate-
gies for covering the gold nanoparticles with the redox mediator
cobalt hexacyanoferrate (CoHCF), and methodologies for coating
by the enzyme-containing layer are investigated. Optimisation of
the biosensor construction involved testing different numbers of
bilayers and different ways of immobilising glucose oxidase. Sensor
performance and operational stability were evaluated.

2. Experimental

2.1. Reagents and buffers

Glucose oxidase (E.C. 1.1.3.4, from Aspergillus Niger, 24 U/mg)
was acquired from Fluka. �-d(+)-glucose, glutaraldehyde (GA) (25%,
v/v in water) and bovine serum albumin (BSA) were purchased from
Sigma. Potassium hexacyanoferrate (III) (K3Fe(CN)6) and cobalt
chloride (CoCl2·6H2O) were obtained from Merck. The supporting
Please cite this article in press as: F.N. Crespilho, et al., Talanta (2008), doi:

electrolyte solution for electrochemical measurements was sodium
phosphate buffer saline (NaPBS) (0.1 M NaH2PO4/Na2HPO4 + 0.05 M
NaCl, pH 7.0), prepared with ultrapure water supplied by a Millipore
Milli-Q nanopure system (resistivity >18 M� cm). Experiments
were performed at room temperature, 25 ± 1 ◦C. Polyamidoamine
(PAMAM) and poly(vinylsulfonate) (PVS) were purchased from
Aldrich, Germany.

2.2. Methods and instruments

Measurements were performed in a 15 mL, one-compartment
cell containing the ITO (indium tin oxide) modified electrode (geo-
metric area 1.0 cm2) as working electrode, a platinum auxiliary
electrode and a saturated calomel electrode (SCE) as reference.
Voltammetric and amperometric experiments were carried out
using a CV-50 W Voltammetric Analyser from Bioanalytical Sys-
tems, West Lafayette, IN, USA, controlled by BAS CV-2.1 software or
a �-Autolab Type II potentiostat/galvanostat running with GPES 4.9
software (Eco Chemie, Netherlands). Electrochemical impedance
measurements were carried out with a PC-controlled Solartron
1250 Frequency Response Analyser coupled to a Solartron 1286

Scheme 1. Cross-linking between PAMAM and
 PRESS
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electrochemical interface using ZPlot 2.4 software (Solartron Ana-
lytical, UK). A sinusoidal voltage perturbation of amplitude 10 mV
rms was applied in the frequency range between 65 kHz and 0.1 Hz
with a 10 frequency steps per decade. The pH measurements were
performed with a CRISON 2001 micro pH-meter.

Atomic force microscopy (AFM) images were obtained with
a MultimodeTM Atomic Force Microscope controlled by a Digital
Instruments Nanoscope E controller (Veeco Instruments, USA). The
cantilevers were silicon nitride NanoProbesTM V-shaped, 100 �m
long, and with a spring constant of 0.58 N m−1. All AFM images
were taken in the contact mode in air at room temperature. The
contrast and brightness of the images were adjusted.

2.3. Electrode preparation

The working electrode was prepared from an ITO-covered glass
electrode by electrostatic deposition of up to three bilayers of
(PVS/PAMAM-Au) as described in detail in [7,15]. Briefly, gold
metallic nanoparticles of diameter ∼3 nm stabilised by PAMAM
dendrimer molecules were synthesized in aqueous solution, which
was then used as cationic polyelectrolyte to build multilayers
containing nanoparticles together with poly(vinylsulfonate). The
sequential deposition was performed by immersing the ITO sub-
strate alternately into the PAMAM-Au and PVS solutions for
5 min; it was found by cyclic voltammetry and UV–vis spec-
troscopy that 5 min is sufficient for complete surface coverage
by PAMAM-Au.

Following this, cobalt hexacyanoferrate was electrochemically
deposited on the ITO-(PVS/PAMAM-Au)n (n = 1, 2 or 3) electrode
and finally glucose oxidase was immobilised using the cross-linking
10.1016/j.talanta.2008.04.054

method. Cobalt hexacyanoferrate was deposited, as described in
[16], by cycling the ITO-(PVS/PAMAM-Au)n electrode 30 times
between −0.2 and 0.9 V vs. SCE at a scan rate of 50 mV s−1 in a freshly
prepared solution containing 0.5 mmol L−1 CoCl2, 0.25 mmol L−1

K3Fe(CN)6 and 0.05 mol L−1 NaCl at pH 3.0 (pH adjusted with HCl).
Enzyme immobilisation was performed using the cross-linking

reaction with glutaraldehyde, depicted in Scheme 1. Two enzyme
immobilisation procedures were compared: dip-coating and drop-
coating. GOx immobilisation by dip-coating was performed using
a mixture of the enzyme with glutaraldehyde and bovine serum
albumin. In the optimised procedure, the mixture contained 100 �L
of GA (2.5%, v/v in water) and 240 �L of enzyme solution. The lat-
ter was prepared by dissolving 20 mg BSA and 50 mg GOx in 1 mL
of 0.1 M NaPBS (pH 7.0). Electrodes previously modified with the
mediator were immersed in the mixture for 2 h, and then allowed
to dry for another 2 h at room temperature. For drop-coating, 10 �L
of enzyme solution (GOx and BSA in the same proportion as used
above) were placed onto the electrodes modified with the media-
tor. After 1 h, 10 �L of GA (2.5%, v/v in water) were placed on top
of the electrodes and allowed to dry for 2 h. The biosensors were
first used on the day after preparation when the response was bet-

BSA/GOx system using glutaraldehyde.

dx.doi.org/10.1016/j.talanta.2008.04.054
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ter. When not in use, the electrodes were kept at 4 ◦C in phosphate
buffer electrolyte, pH 7.0.

3. Results and discussion

3.1. Preparation of an electroactive nanostructured membrane
(ENM) modified electrode: ITO-(PVS/PAMAM-Au)3@CoHCF

Using PAMAM dendrimers as matrix, metallic gold nanoparti-
cles of ∼3 nm diameter were deposited from an aqueous solution

Fig. 1. (a) 3D AFM topographical images of ITO and ITO-(PVS/PAMAM-Au)n (n
10.1016/j.talanta.2008.04.054
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onto an ITO substrate using the LbL technique, as described in Sec-
tion 2. In previous work, three bilayers of PVS/PAMAM-Au was
found to be the best configuration to prepare an ITO modified
electrode, since 3-bilayer PVS/PAMAM-Au LbL films were found to
possess high organisation and outstanding uniformity [8].

To verify the influence of PVS/PAMAM-Au multilayers on the
ITO surface morphology, a bare ITO and ITO-(PVS/PAMAM-Au)n

(n = 1, 2 or 3 bilayers) systems were examined by AFM, Fig. 1.
The images of ITO-(PVS/PAMAM-Au)n revealed a globular mor-
phology, analogous to other LbL films [17]. Profile and roughness

= 1, 2, and 3). (b) AFM topographical image of ITO-(PVS/PAMAM-Au)2.

dx.doi.org/10.1016/j.talanta.2008.04.054
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analysis, carried out on images of 10 �m × 10 �m, revealed some
differences in morphological parameters with the number of bilay-
ers. The root mean square roughness, representing the standard
deviation of the distribution of surface heights [18], and typically
used to quantify variations in surface elevation, increases with the
number of bilayers. The values were ∼1.93 nm for ITO and ∼2.88,
∼3.31 and ∼4.35 nm for ITO-(PVS/PAMAM-Au)n with n = 1, 2 or 3
bilayers, respectively. Cross-section plots of surface morphology
(not shown) reveal a uniform particle distribution with maximum
height of ca. 6 nm for ITO, and ca. 9, 11 and 13 nm for the first, sec-
ond and third bilayer respectively. The difference in the maximum
height between the first bilayer and ITO corresponds to the diame-
ter of one gold nanoparticle (∼3 nm). The second and third bilayers
showed a uniform distribution of PAMAM nano-rings containing Au
nanoparticles inside their cavities, which can be seen in the AFM
2D image for the second bilayer in Fig. 1b.

The last step for ITO-(PVS/PAMAM-Au)3@CoHCF build-up was
to use the system ITO-(PVS/PAMAM-Au)3 as working electrode
to electrochemically modify the PAMAM-Au surface. We previ-
ously showed that ITO-(PVS/PAMAM-Au)3 structures are suitable
for biosensors and electrocatalysis owing to their low capaci-
tive and high Faradaic currents associated with low ohmic drop
[8]. Electrodeposition by potential cycling of cobalt hexacyano-
ferrate onto ITO-(PVS/PAMAM-Au)3 electrodes was carried out
according to the optimised conditions in previous work [7,16].
As shown in Fig. 2a, CoHCF was successfully deposited onto
ITO-(PVS/PAMAM-Au)3 electrodes by potential cycling, with the
cathodic and anodic peak currents increasing linearly with the
number of cycles. The deposited mediator was characterised by
cyclic voltammetry in 0.1 M NaPBS (pH 7.0) supporting electrolyte,
the anodic and cathodic peak currents being a linear function
of the square root of the scan rate, as shown in Fig. 2b. There-
fore, the electrochemical process is controlled by diffusion of the
counter ion.

In [8] and by comparing electrochemical impedance spectra
of different electrodeposited metal hexacyanoferrate mediators, it
was demonstrated that the charge-transfer at ITO-(PVS/PAMAM-
Au)3@Me electrodes is faster than at ITO-(PVS/PAMAM-Au)3, and
the charge-transfer resistance using CoHCF is lower than for other
hexacyanoferrates (e.g. CuHCF, FeHCF and NiHCF). In general terms,
the spectra collected after mediator deposition differ from those
of ITO-(PVS/PAMAM-Au)3 electrodes with the mediator in solu-
tion. The strategy used here to study diffusion and charge-transport
mechanisms was to analyse the impedance at high frequencies for
Please cite this article in press as: F.N. Crespilho, et al., Talanta (2008), doi:

ITO-(PVS/PAMAM-Au)3 electrodes before and after immobilisation
of CoHCF redox mediator. After cycling to immobilise the redox
mediator, the spectra of the new system containing Au@CoHCF
were recorded. The results obtained at the open circuit potential
are shown in the complex plane plots of Fig. 3a, with a semi-
circle at high frequencies in the complex plane plot after redox
mediator immobilisation. The relatively small diameter is evi-
dence of fast charge-transport, and the value of the charge-transfer
resistance can also be related to the degree of coverage of the
gold nanoparticles by CoHCF, assuming that electron-transfer reac-
tions occur at CoHCF sites inside the LbL film. The spectra for
the ITO-(PVS/PAMAM-Au)3 system both with and without CoHCF
also exhibit very reproducible near-vertical parallel lines at low
frequencies, a typical finite-diffusion behaviour observed for elec-
trodes covered by conducting films.

The ITO-(PVS/PAMAM-Au)3@CoHCF electrode was used as
working electrode for amperometric measurements of H2O2 in
0.1 M NaPBS (pH 7.0), at an applied potential of 0.0 V vs. SCE. The
current changed cathodically with the injection of fifteen aliquots
of H2O2 stock solution to the buffer, with a good linearity between
20 and 100 �M (data not shown); the total analysis time was half
10.1016/j.talanta.2008.04.054

Fig. 2. (a) Cyclic voltammograms showing continuous growth of CoHCF on ITO-
(PVS/PAMAM-Au)3 electrodes and dependence of anodic and cathodic peak currents
on the number of cycles. (b) Dependence of anodic and cathodic peak currents on
the square root of scan rate for the ITO-(PVS/PAMAM-Au)3@CoHCF electrode in 0.1 M
NaPBS (pH 7.0).

an hour. The detection limit (three times the signal-to-noise ratio)
was 5.7 �M. The corresponding regression equation of the linear
plot was I/nA = 3.44–237.55c, where c is the H2O2 concentration
in �M, with a correlation coefficient R = 0.9989. The stability of
the CoHCF mediator on the ITO-(PVS/PAMAM-Au)3 electrode was
studied by performing successive calibration curves at the same
electrode leading to a decrease of up to 50%, probably due either
to some damage of the mediator film caused by the peroxide or by
leaching of the mediator. However, this loss of sensitivity should
not affect the operation of the enzyme biosensor since the media-

dx.doi.org/10.1016/j.talanta.2008.04.054
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Several parameters were studied to optimise the biosensor
response. It was first investigated whether the number of bilay-
ers, up to three, deposited on the ITO electrode influenced the
results. In previous papers [15,21], it was found that the electrodes
with best performance were prepared with up to 3 bilayers, and
additional bilayers led to no improvement in response. Therefore,
electrodes with one, two and three bilayers of (PVS/PAMAM-Au)
were prepared, CoHCF mediator was electrodeposited and then
the enzyme was immobilised by dip-coating or drop-coating of
the enzyme solution (see Section 2 for enzyme solution prepara-
tion). Fig. 4 shows a better glucose response curve for a drop-coated
electrode with three bilayers of (PVS/PAMAM-Au), in comparison to
that with one or two bilayers. Similar results were obtained with the
electrode prepared by dip-coating of enzyme solution (not shown).

Secondly, the response to glucose following enzyme immobili-
sation by dip-coating or by drop-coating was compared, see Fig. 5.
The drop-coating method proved more suitable than dip-coating
for enzyme immobilisation, leading to a higher response by about
30% and a detection limit up to three times lower comparing with
that obtained by the dip-coating technique. The reason for this
Please cite this article in press as: F.N. Crespilho, et al., Talanta (2008), doi:

Fig. 3. Complex plane impedance spectra for electrode at 0.0 V vs. SCE in 0.1 M
NaPBS, pH 7.0 of (a) ITO-(PVS/PAMAM-Au)3 electrode before (-�-) and after (-©-
) CoHCF electrodeposition); (b) ITO-(PVS/PAMAM-Au)3@CoHCF-GOx in the absence
(-�-) and presence (-�-) of glucose. Frequency range: 65 kHz to 0.1 Hz.

tor is trapped under the enzyme layer and the amount of peroxide
is less, as will be demonstrated below.

3.2. Enzyme immobilisation onto ITO-(PVS/PAMAM-Au)3@CoHCF
electrode using dip-coating and drop-coating procedure

Enzyme immobilisation onto ITO-(PVS/PAMAM-Au)3@CoHCF
was carried out by assembling GOx using dip-coating or drop-
coating, as described Section 2. The resulting architecture is
ITO-(PVS/PAMAM-Au)3@CoHCF-GOx electrode. The response to
glucose was evaluated in amperometric mode at 0.0 V. vs. SCE.
Detection at this low potential represents a significant improve-
ment for the determination of glucose with respect to previous
glucose enzymatic devices using dendrimers, in which the poten-
tials (vs. SCE) used were 0.67 V [19], 0.55 V [20] and 0.25 V [6].
Fig. 4. Glucose response curves at ITO-(PVS/PAMAM-Au)@CoHCF-GOx electrode
prepared with 20 mg mL−1 BSA, 50 mg mL−1 GOx and 2.5% GA by drop-coating using
(�) 1 bilayer; ( ) 2 bilayers and ( ) 3 bilayers of (PVS/PAMAM-Au) in 0.1 M NaPBS
(pH 7.0). Applied potential 0.0 V vs. SCE.
10.1016/j.talanta.2008.04.054

Fig. 5. Glucose response curves at ITO-(PVS/PAMAM-Au)3@CoHCF-GOx electrode
obtained by ( ) dip-coating and ( ) drop-coating in 0.1 M NaPBS (pH 7.0). Applied
potential 0.0 V vs. SCE.

dx.doi.org/10.1016/j.talanta.2008.04.054
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Fig. 6. Glucose response curves at ITO-(PVS/PAMAM-Au)3@CoHCF-GOx electrode
in 0.1 M NaPBS (pH 7.0) at 0.0 V vs. SCE using drop-coating with 2.5% GA and (a)
20 mg mL−1 BSA and different GOx concentrations: ( ) 10; ( ) 20; ( ) 50 mg mL−1.
(b) 50 mg mL−1 GOx and different BSA concentrations: ( ) 20; ( ) 50; ( )
100 mg mL−1.

difference may be due to the preparation method. In the case of
drop-coating, an aliquot of the enzyme solution with BSA was
placed on the mediator-modified electrode and left to dry for 1 h,
Please cite this article in press as: F.N. Crespilho, et al., Talanta (2008), doi:

the time required for the enzyme to bind to the dendrimer amino
group. Then, glutaraldehyde was placed on top of the enzyme
to perform cross-linking. It is likely that a more robust biosen-
sor is achieved when using this technique by permitting stronger
binding between enzyme and dendrimer, before cross-linking by
glutaraldehyde, leading to better stability and sensitivity. More-
over, the amount of immobilised enzyme is better controlled by
drop-coating.

Finally, the influence of the concentration of the enzyme and
BSA on the electrode response was studied by keeping the con-
centration of BSA constant and varying the concentration of GOx,
and vice versa. Fig. 6a shows a higher glucose response for increas-
ing enzyme concentrations in the range from 10 to 50 mg mL−1; it
is likely that the response could be further increased with larger
amounts of enzyme, but this would increase the cost of the biosen-
sor. With the GOx concentration fixed at 50 mg mL−1, an increase of
sensitivity was observed for increasing BSA concentrations, but this
was accompanied by a decrease of the linear range of the biosensor,
as shown in Fig. 6b. Therefore, to study the effect of the concentra-
tion of glutaraldehyde, 50 mg mL−1 of GOx and 20 mg mL−1 of BSA
were employed. The response with 25% GA was a factor of five lower
 PRESS
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than that for 2.5% GA, which might be due to enzyme deactivation
during cross-linking.

3.3. Analytical characteristics of the
ITO-(PVS/PAMAM-Au)3@CoHCF-GOx electrode

The optimised electrode system, i.e. ITO-(PVS/PAMAM-
Au)3@CoHCF-GOx with GOx immobilised by the drop-coating
method using a solution of 50 mg mL−1 of GOx, 20 mg mL−1 of BSA
and 2.5% GA, was used to obtain the full analytical characteristics
of the biosensor.

The response to glucose measured in 0.1 M NaPBS (pH 7.0) at
0.0 V vs. SCE was found to be linear up to 250 �M glucose with a
sensitivity of 111 nA mM−1, correlation coefficient R = 0.9998 and
a detection limit (three times signal-to-noise ratio) of 6.1 �M. The
glucose sensor described in [16], which used a CoHCF mediator
layer on a carbon film substrate covered by the enzyme layer, had
a detection limit of 1.9 �M, lower by a factor of three, and a smaller
linear range up to 30 �M. The sensor described here shows a larger
linear range, which may be advantageous in the analysis of some
natural samples such as sweet wines, in that less sample dilution
is required.

Another important characteristic of this electrode, which can be
obtained from electrochemical impedance data, see Fig. 3b, is the
lower charge-transfer resistance for hydrogen peroxide reduction
when glucose is present in the electrolyte solution. This supports
the hypothesis that the ITO-(PVS/PAMAM-Au)3@CoHCF-GOx elec-
trode promotes easier electron-transfer reaction, as mentioned
above. The apparent Michaelis–Menten constant (KM

app) was deter-
mined from the Lineweaver–Burk plot. The value of KM

app obtained
was 0.20 mM, which is similar to other values reported in the lit-
erature [20] and lower than the value for the enzyme in solution.
This might be explained by the fact that in the case of immobilised
enzymes the overall reaction rate is not controlled just by the dif-
fusion of the substrate, some other processes occurring in the same
time leading to a slower kinetic rate.

The operational stability was tested by measuring the response
to a glucose concentration of 0.74 mM during 20 measurements,
after which the current response dropped by 30%. This loss of stabil-
ity after consecutive measurements can be due to the interaction of
the hydrogen peroxide produced in the enzymatic reaction with the
mediator, which can damage the CoHCF film. The storage stability
was good when the electrodes were kept at 4 ◦C in phosphate buffer
solution. After 1 month of storage the biosensor still maintained
10.1016/j.talanta.2008.04.054

65% of its initial response.
The selectivity of the biosensor was assessed by checking the

influence of interferents such as chemical species normally present
in wines. In these experiments, a concentration of 0.30 mM glucose
and 0.60 mM interferent was used. From the interferents studied,
viz. fructose, ethanol, acetic acid, ascorbic acid, citric acid, lactic
acid, malic acid, oxalic acid and tartaric acid, only ascorbic acid
was detected at 0.0 V vs. SCE. In order to reduce the ascorbic acid
interference, experiments were performed in which glucose was
measured at two other potentials, −0.050 and −0.180 V vs. SCE
(not shown). The response to ascorbic acid then decreased, and
at −0.180 V vs. SCE the signal was only 8.6% of that at 0.0 V. The
response to glucose also showed some decrease, but by much less,
to 78.3%. Since the response to glucose normally increases when
applying more negative potentials (verified in independent mea-
surements, data not shown) this decrease in the glucose response
might be due to some loss of stability during consecutive measure-
ments, as stated before. However, at −0.180 V vs. SCE it is possible to
measure glucose without interferences from the above-mentioned
compounds, and the response to ascorbic acid, present in the form
of ascorbate, at the value of pH used in the experiments, is reduced

dx.doi.org/10.1016/j.talanta.2008.04.054
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much more. Taking into account the fact that the concentration
of ascorbic acid in natural samples, such as wine, is much lower
than that of glucose, it should therefore not represent any interfer-
ence in the determination of glucose. If necessary, an outer layer
of a cation exchange polymer, such as Nafion, can be added to the
biosensor assembly in order to exclude anions, such as ascorbate,
for measurements in complex natural samples.

4. Conclusions

A novel glucose biosensor has been developed using ITO-
Please cite this article in press as: F.N. Crespilho, et al., Talanta (2008), doi:

covered glass electrodes modified with three bilayers of
(PVS/PAMAM-Au) self-assembly as supporting electrode with
cobalt hexacyanoferrate mediator and glucose oxidase enzyme.
Electrodeposition of cobalt hexacyanoferrate on the gold nanopar-
ticles led to successful determination of hydrogen peroxide at
lower potentials where other compounds had less electroactivity.
After optimising the immobilisation of glucose oxidase on the
modified electrode assembly, glucose was measured amperomet-
rically at 0.0V vs. SCE; the biosensor showed a linear response
up to 250 �M glucose with a detection limit (3�) of 6.1 �M. The
biosensor had a good operational and storage stability, and was
tested successfully against interferences normally present in
wines. This work opens up excellent future perspectives for the
development of electrochemical biosensors constructed using
such a layer-by-layer modification strategy.
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