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ABSTRACT

A highly efficient enzyme-based screen printed electrode (SPE) was obtained by using covalent attach-
ment between 1-pyrenebutanoic acid, succinimidyl ester (PASE) adsorbing on the graphene oxide
(GO) sheets and amines of tyrosinase-protected gold nanoparticles (Tyr-Au). Herein, the bi-functional
molecule PASE was assembled onto GO sheets. Subsequently, the Tyr-Au was immobilized on the
PASE-GO sheets forming a biocompatible nanocomposite, which was further coated onto the working
electrode surface of the SPE. The characterization of obtained nanocomposite and modified SPE sur-
face was investigated by atomic force microscopy (AFM), transmission electron microscopy (TEM) and
scanning electron microscopy (SEM). Attributing to the synergistic effect of GO-Au integration and the
good biocompatibility of the hybrid-material, the fabricated disposable biosensor (Tyr-Au/PASE-GO/SPE)
exhibited a rapid amperometric response (less than 6 s) with a high sensitivity and good storage stability
for monitoring catechol. This method shows a good linearity in the range from 8.3 x 108 to 2.3 x 10> M
for catechol with a squared correlation coefficient of 0.9980, a quantitation limit of 8.2 x 10-8 M (S/N=10)
and a detection limit of 2.4 x 10~8 M (S/N=3). The Michaelis-Menten constant was measured to be
0.027 mM. This disposable tyrosinase biosensor could offer a great potential for rapid, cost-effective

and on-field analysis of phenolic compounds.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Phenolic compounds have been become a group of consider-
able contaminants in medical, food, ground and surface waters. The
determination of phenolic compounds is of great importance to the
protection of public health and the environment (Shan et al., 2007).
Among electrochemical methods, amperometric biosensors based
on tyrosinase (Tyr) and polyphenol oxidase (PPO) have proved to
be sensitive and convenient for the determination of phenolic com-
pounds (Liu et al., 2005). To achieve the construction quality of Tyr
biosensor, the signal amplification and the stable immobilization
of the enzyme on the electrode surface are of considerable inter-
est (Kotte et al., 1995). More recently, various supporting materials
have been successfully utilized to immobilize Tyr on the electrode
(Arecchi et al., 2010; Portaccio et al., 2010; Tan et al., 2009, 2010;
Wang et al., 2008; Zhao et al., 2009). In addition, there are several
works related to the fabrication of tyrosinase biosensors immo-
bilized on the screen printed electrode (SPE) (Chang et al., 2002;
Montereali et al., 2010; Sapelnikova et al., 2003; Solna et al., 2005),
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which can be incorporated in portable systems as an alterative
detection method for the direct on-site analysis (Kampouris et al.,
2009).

In the past years, graphene-oriented electrochemistry, bioelec-
trochemistry as well as electrocatalysis have greatly stimulated
research interests (Chen et al., 2010). Graphene, with an atomically
thin two-dimensional lattice of sp? carbon atoms, has emerged in
recent years as a novel class of nano-material, with remarkable
electronic and mechanical properties (Sun et al., 2008). The excel-
lent electrochemical behaviors of graphene indicate graphene is a
promising electrode material in electroanalysis (Shao et al., 2010).
Graphene oxide (GO), bearing oxygen functional groups on its basal
planes and edges, is a single sheet of GO and exhibits a good perfor-
mance (Wang et al., 2010). The solubility of GO in water and other
solvents allows it to be uniformly deposited onto the wide rang-
ing substrates in the form of thin films or networks which makes
it potentially useful for macro-electronics (Mkhoyan et al., 2009).
Individual GO sheet has an atomically flat surface, and can serve
as an ideal solid substrate for enzyme immobilization (Zhang et al.,
2010a). Because of their interesting electrochemical behaviors, GO
nanomaterials have been well studied for enzyme immobilization
and biosensor applications (Liu et al., 2010; Wang et al., 2009; Zhou
etal.,2010a,b; Zuo etal.,2010). In these studies, enzyme was immo-
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bilized on the GO sheets through physical adsorption, electrostatic
interaction and covalent attachment.

The integration of nanomaterials on gold nanoparticles (AuNPs)
potentially paves a new way to enhance their electronic, chem-
ical, and electrochemical properties (Fang et al., 2010). Due to
their unique chemical and physical properties, AuNPs have been
used widely in the fabrication of biosensors. Especially, the unique
properties of AuNPs provide a suitable microenvironment for bio-
molecules immobilization and facilitate electron transfer (Shan
etal., 2010). Recently, graphene-AuNPs composites have been well
prepared and used as the electro-catalysts for biosensing glucose,
oxygen, and uric acid (Hong et al., 2010; Li et al., 2009; Lu et al.,
2008; Zhou et al., 2010a).

Compared with the covalent functionalization, some of the sim-
ple and versatile noncovalent methods through supermolecular
interactions such as - stacking (Xu et al., 2008) have the advan-
tage of preserving the unique electronic properties of GO without
serious damage. Through this manner, GO can be functionalized
with the designed properties when it combined with the pla-
nar aromatic molecules (Zhang et al., 2010b). Herein, we applied
1-pyrenebutanoic acid, succinimidyl ester (PASE) as the nonco-
valent functionalization reagent adsorbing onto the GO sheet via
- interaction (Subrahmanyam et al., 2009). PASE could react
with carbon nanotubes (CNTs) by r-stacking, resulting in a sta-
ble composite nanomaterial. Then, the protein could covalently
bind with PASE-functionalized CNTs by forming amide bond (Chen
et al., 2001). According to the same method as above, Tyr can be
assembled onto the PASE-functionalized GO sheets with a high
degree of control and specificity. The protein-protected AuNPs and
AgNPs have been well studied for the fabrication of CNTs/metal
nanoparticles hybrid. These researches indicate that it is possi-
ble to fabricate structure-controllable CNTs-AuNPs hybrids and
explore the potential application of these nanomaterials in the
field of biosensering (Bale et al., 2007; Kurppa et al., 2007; Wei
etal.,2010). In our study, Tyr-protected AuNPs (Tyr-Au) was immo-
bilized onto the GO sheets by using PASE as a linkage reagent.
Subsequently, the Tyr-Au/PASE-GO nanocomposite was modi-
fied on the surface of working electrode of the SPE, fabricating
a new disposable tyrosinase biosensor. The procedure of fabri-
cating the Tyr—-Au/PASE-GO/SPE is illustrated in Scheme 1. The
morphologies of the nanocomposite were characterized by atomic
force microscopy (AFM), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The proposed biosensor
exhibits fast and sensitive amperometric responses to catechol. The
optimized parameters such as working potential, pH of supporting
electrolyte were studied. The amperometric response of the pro-
posed biosensor to catechol concentration has been investigated
and the kinetic parameter was calculated. The results showed that
the developed biosensor (Tyr-Au/PASE-GO/SPE) exhibited good
stability and high sensitivity for the determination of catechol,
showing a promising performance as a preliminary application in
environmental monitoring.

2. Materials and methods
2.1. Reagents and materials

All reagents were of analytical grade and were used as
received without further purification. Tyrosinase (EC 1.14.18.1,
3900Umg-! from mushroom) was bought from Sigma-Aldrich
(USA). N,N’-Dicyclohexyl carbodiimide (DCC), 1-Pyrenebutylacid
and N-hydroxysuccinimide were obtained from Aladdin (Shanghai,
China). HAuCl4 and NaBH,4 and other reagents were purchased from
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Graphite
powder (99.9995%, 325 mesh) was purchased from Alfa Aesar

(Ward Hill, MA, USA). The supporting electrolyte was 0.1 M phos-
phate buffer solution (PBS) prepared with Na,HPO4 and KH,POy,
and the pH was adjusted with NaOH or H3PO4. Deionized water
obtained with a Milli-Q System (Billerica, MA, USA) was used for
preparing all solutions.

2.2. Instruments

The UV-vis absorption spectra were collected using the
USB2000+ spectrometer with an Ocean Optics DT-mini-2 halogen
recourse (Ocean Optics, USA). Fourier transform infrared spec-
troscopy (FTIR) was recorded on a Nicolet Avatar 360 spectrometer
(Thermo, USA). Atomic force microscopic (AFM) study was per-
formed with NanoScope Illa (Veeco, USA) operating in the tapping
mode. Scanning electron microscopy (SEM) images were obtained
using a JSM-6360LV scanning electron microscope (JEOL Ltd.,
Japan). Transmission electron microscopy (TEM) image was taken
by a JEOL 3010 electron microscope (JEOL Ltd., Japan). All electro-
chemistry experiments were performed on a CHI 1232A portable
electrochemical analyzer (Chenhua, Shanghai, China). According
to our previous work (Song et al., 2010), the screen printed elec-
trode was produced on an AT-25P machine (ATMACHAMP ENT.
Corp., Taiwan) using polyester screens with appropriate stencil
designs.

2.3. Preparation of Tyr-Au/PASE-GO modified SPE

PASE was synthesized according to the method described by the
previous report (Wu, 2008). In brief, a solution of DCC (43 mg) in
dry THF (2 mL) was added drop-wise to the stirred reaction mix-
ture of 1-pyrenebutyl acid (600 mg) and N-hydroxysuccinimide
(24 mg) in THF (5 mL) at 0°C under argon. After stirring overnight
at room temperature, the resulting mixture was filtered. The sol-
vent was removed under reduced pressure to give the compound
PASE as a yellow solid, which was purified by recrystallization from
ethanol.

Graphene oxide (0.2mgmL-1) was prepared from graphite
powder according to the modified Hummers method (Kovtyukhova
et al.,, 1999). PASE-GO was prepared according to the literature
(Yang et al., 2008). 2mgmL-! PASE solution in DMF was mixed
with the same volume of GO for 2 h while stirring. Subsequently,
the mixture was centrifuged at 12,000 rpm for 10 min to remove the
supernatant. The resulting PASE-GO composite was then dispersed
in 1 mL 0.02 M pH 7.0 PBS solution.

Tyr-Au was prepared following a previously described proce-
dure (Wei et al., 2010). Briefly, 2mL of 1mM HAuCl,; aqueous
solution was mixed with 200 p.L of Tyrosinase solution (5 mgmL~1)
in 0.02M pH 7.0 PBS under vigorous stirring. Ten minutes later,
freshly prepared NaBH4 aqueous solution (1%) was added to the
mixed solution drop-wise until the color of the AuNPs did not
change.

1mL of Tyr-Au solution was mixed with 1mL of PASE-GO
solution. Then the mixture was kept at 4°C for 18 h with occa-
sional shaking. After centrifugation at 12,000 rpm for 20 min, the
Tyr-Au/PASE-GO nanocomposite was washed with 0.02M pH 7.0
PBS. This stock was stored under refrigeration (4 °C) before use.

The SPE was pretreated in 0.1 M PBS (pH 7.0) containing 0.1 M
KCI by applying an anodic potential of 1.7V for 3 min before use.
Prior to the modification, the SPE was washed with water several
times. Then 5 pL of Tyr-Au/PASE-GO solution was dropped onto
the working electrode area. After dried at 4 °C, the modified SPE was
rinsed with water three times. And the Tyr-Au/PASE-GO modified
SPE was obtained. The dried electrode was keptin 0.02 M pH 7.0 PBS
under refrigeration when not in use. For the comparison, Tyr/SPE
and Tyr/PASE-GO/SPE were also fabricated.
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Scheme 1. Assembling process of Tyr-Au/PASE-GO on SPE.

2.4. Electrochemical measurements

Voltammetric and amperometric measurements were carried
out with a CHI 1232A portable electrochemical analyzer. The mod-
ified circular area (2mm in diameter) was used as a working
electrode. The reference electrode was printed with 40% silver chlo-
ride in silver paste, and the auxiliary electrode was printed with
carbon ink. Cyclic voltammetric measurements were performed in
PBS at a scan rate of 50 mV s~!. Amperometric measurements were
performed in a 10 mL electrochemical cell under magnetically stir-
ring. All experiments were carried out at room temperature in 0.1 M
PBS containing 0.1 M KCL

3. Results and discussion
3.1. Non-covalent functionalization of GO with PASE

Similar to CNTs, noncovalent functionalization of GO was per-
formed by mixing GO with PASE, which is a bi-functional molecule
with pyrenyl group at one end and N-hydroxysuccinimide (NHS)
group at another end. PASE can irreversibly adsorb onto the GO
in DMF through noncovalent interaction. The pyrenyl group, being
highly aromatic in nature, is known to interact strongly with the
basal plane of graphite via m-stacking (Jaegfeldt et al., 1983), pro-
viding a fixation point for PASE on the GO. And the succinimidyl
ester group is highly reactive to the nucleophilic substitution by
amines that existed in abundance on the surface of tyrosinase,
resulting in the formation of an amide bond. Through this manner,
tyrosinase was immobilized on the GO sheets with a high efficiency.
Fig. 1 shows the AFM image of PASE functional GO sheets. The
sample used for AFM study was prepared by depositing the cor-
responding dispersion on the silicon wafer dried under vacuum at
room temperature. The mean thickness of single PASE-GO sheet
was measured to be about 2.9 nm, which is almost triple the thick-
ness of pure GO sheet (about 1nm) reported by pervious work
(Niyogi et al., 2006). Thus, we consumed that PASE molecules have
covered both sides of GO sheets.

UV-vis spectra and FT-IR spectra were used to investigate the
structural modification of GO and identify the successful function-
alization of GO with PASE (Fig. 2). Fig. 2A illustrates the UV-vis
absorption spectrum of PASE and PASE-GO. As it can be seen, the
main absorption peaks of the PASE-GO appear at 283, 335 and
354 nm, respectively, which are red shifted by 7nm in compar-
ison with that of the pure PASE. This is mainly due to the w-
interaction between the GO sheets and the large aromatic ring of
PASE. As shown in Fig. 2B, the FT-IR spectra of PASE-GO shows
the absorption bands at 3037, 2932, 2874, 1812, 1785, 1728, 1376,
1213, 1066, 840 and 663 cm~!, which are contributed to the char-

acteristic absorption peaks of PASE. These peaks are similar to the
resulting FT-IR spectra of pure PASE, suggesting that PASE was suc-
cessfully assembled onto GO sheets by w-stacking interaction.

3.2. Characterization of Tyr-Au/PASE-GO modified SPE

The morphology of the Tyr-Au/PASE-GO nanocomposite is
examined by TEM observation. Figure S1 (in supplementary mate-
rials) shows the TEM image of the obtained GO sheets, illustrating
the flake-like shapes of graphene. It is clear that AuNPs distributed
well on GO sheets, evidencing the well-behaved assembly process.
The morphological character of the Tyr-Au/PASE-GO modified SPE
isinvestigated by using SEM (Fig. 3). Compared to the SEM image of
bare SPE (Fig. 3A), it is found that the Tyr-Au/PASE-GO biocompos-
ite film on the working electrode exhibited a porous surface with
three-dimensional (3D) network (Fig. 3B). As it can be seen, the
nanocomposite deposited on the surface of the electrode is inter-
twined with each other into a complex 3D architecture. The Tyr
molecule has acted as a glue reagent connecting the PASE-GO with
AuNPs. Such morphological characteristics might result in high
loading of enzyme and fast response to the substrate.

0 1.00 2.00 pm

Fig. 1. Tapping-mode AFM image of PASE-GO and the height profile along the
dashed line in the panel.
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Fig. 3. SEM images of (A) bare SPE

3.3. CV curves for catechol at the SPE

In this paper, catechol was used as the typical model of
phenolic compounds to study the electrochemical sensing char-
acteristics of the disposable Tyr-Au/PASE-GO nanobiocomposite
biosensor. Tyrosinase can exist as monophenolase or diphenolase.
The monophenolase form can be inactive or active. A huge amount
of the active form is obtained in the presence of catechol (Dempsey
et al., 2004). Catechol is oxidized to form o-quinone which is elec-
trochemically reduced back to catechol. As it can be seen in Fig. 4,
the cyclic voltammograms of catechol at the Tyr/SPE (curve a),
Tyr/PASE-GO/SPE (curve b) and Tyr-Au/PASE-GO/SPE (curve c) in
0.1M PBS (pH 7.0) containing 0.1 M KCl show obvious reduction
peaks appearing at both of the electrodes, which is due to the reduc-
tion of enzymatic reaction product (o-quinone). The steps of the
enzymatic reaction are shown as follows:

catechol + tyrosinase(O,) — o-quinone + H,0 (1)
o-quinone + 2H + 2e~ — catechol (2)

At the Tyr/SPE, there was a pair of reversible redox peaks (curve
a). In the case of Tyr/PASE-GO/SPE (curve b), the observed oxida-
tion peak decreased; the reduction peak was heightened; and the
potential shifted negatively, which was obviously attributed to the

EHI = 150 k¥

and (B) Tyr-Au/PASE-GO modified SPE.

direct reduction of o-quinone liberated from the enzyme-catalyzed
reaction on the electrode surface. This may due to the following
two reasons. Firstly, the presence of GO sheets in the nanocom-
posite results in the improvement of electron transfer kinetic and

Current /pA
b

-8

124 c

02 0.0 0.2 0.4 0.6
Potential /V

Fig. 4. Cyclic voltammograms of 1.0 x 104 M catechol in 0.1 M PBS (pH 7.0) at
Tyr/SPE (a); Tyr/PASE-GO/SPE (b); and Tyr-Au/PASE-GO/SPE (c).
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Fig. 5. (A) Typical current-time response curves for the successive addition of 1 mM catechol in 0.1 M PBS (pH 7.0) on Tyr-Au/PASE-GO/SPE at an applied potential of —0.2V
vs. Ag/AgCl. Inset: the magnification of initial steps; (B) Calibration curves for catechol obtained at Tyr-Au/PASE-GO/SPE.

enhancement in the reduction current of o-quinone, which may be
ascribed to the high surface area and the unique electrical conduc-
tivity of the graphene nanosheets. Secondly, tyrosinase molecules
covalently bind with the PASE-GO by forming the amide bond with
PASE molecules, resulting in the increasement of enzyme loading.
Comparing to the Tyr/SPE, more o-quinone molecules are liber-
ated from the enzyme-catalyzed reaction on the Tyr/PASE-GO/SPE
surface, leading to the larger reduction current.

Comparing the reduction peak currents of catechol at the
Tyr/PASE-GO/SPE with the Tyr-Au/PASE-GO/SPE, the AuNPs in
the nanocomposite dramatically enhanced the electrochemical
response of catechol, resulting in an increasing reduction current.
The tyrosinase could retain its bioactivity to a large extent by the
covalently binding due to the unique properties of GO-Au com-
plex and the synergistic effect (Zhou et al., 2010a). On one hand,
the good biocompatibility of GO and AuNPs make the enzyme keep
bioactivity well; On the other hand, GO and AuNPs can both pro-
vide more active sites for the electrode by their high specific surface
area.

It is clear that the reduction peak current of catechol on the
Tyr/PASE-GO/SPE depends linearly on the scan rate in the range
from 20 to 120mVs~! (Figure S2 in supplementary materials),
which is expected for a surface-controlled process.

3.4. Optimization of experimental parameters

To determine the optimum applied potential for the biosen-
sor operation, amperometric measurements were carried out in
5.0 wM catechol. Figure S3A (in supplementary materials) displays
the effect of the applied potential of the disposable biosensor on
the amperometric response of catechol. The biosensor was oper-
ated at a different potential changing from —0.3t0 0.1 V (with 50 mV
potential step), and the transient currents were permitted to atten-
uate to a steady-state value. As can be seen, the response of the
biosensor increases with the change of applied potential from 0.1
to —0.3 V. The highest sensitivity is obtained at —0.25V. The lower
potential may bring interferences from other electro-active species.
Therefore, the potential of —0.2 V was selected for the amperomet-
ric experiments.

The effect of pH value on the current response of the biosensor to
5.0 M catechol in 0.1 M PBS was investigated with the pH range
from 6.0 to 8.0, and the results are shown in Figure S3B (in sup-
plementary materials). It can be seen that the response current
increases with pH value ranging from 6.0 to 8.0, after reaching its
maximum at pH 7.0, then it decreases as pH increases further. In

order to achieve the maximum sensitivity, pH 7.0 PBS was selected
as the electrolyte in subsequent experiments. This is in accordance
with the optimum pH range in the reported literature (Xue and
Shen, 2002).

3.5. Amperometric response of the biosensor

The amperometric response of the disposable biosensor of
catechol was further evaluated under the optimized experi-
mental conditions. As it can be seen in Fig. 5A, the fabri-
cated Tyr-Au/PASE-GO/SPE biosensor shows a bioelectrocatalytic
response rapidly and sensitively, reaching 95% of the steady-state
current within 6s after each addition of catechol, which means
that small molecules have a rapid diffuse from the solution into
the bionanocomposite film. Fig. 5B shows the typical calibration
curve of the tyrosinase modified electrode to catechol. The biosens-
ing performance is given as follows, linear response range (LRR)
from 8.3 x 1078 t0 2.3 x 10~> M with a linearity regression equation
(LRE) of I (wA)=0.16C (M) +0.37 (r?=0.9980), a limit of quan-
titation (LOQ) of 8.2 x 10~ M (S/N=10) and a limit of detection
(LOD) of 2.4 x 10~8 M (S/N=3). The Michaelis-Menten constant
(Kmapp) is estimated to be 0.027 mM from the data obtained from
the amperometric response, indicating that the immobilized tyrosi-
nase strongly adsorbed on the surface of biosensor and increased
affinity to catechol.

3.6. Reproducibility, stability, recovery and interference

The repeatability of the disposable biosensor was investigated
by detecting 10 WM catechol for ten times successive determi-
nations, with a relative standard deviation (RSD) value of 3.9%.
This result shows the biosensor has a good repeatability with-
out using a complicated pretreatment procedure to the SPE. The
reproducibility was also examined with ten different SPEs con-
structed by the same step independently. The RSD was 5.1% for
the response current to 10 wM catechol, demonstrating that the
fabrication procedure was reliable and the modified SPE had good
reproducibility.

The biosensor’s storage stability was also evaluated by measur-
ingits response to 10 .M catechol in 0.1 M PBS containing 0.1 M KCl
(pH 7.0) at —0.2 V. The results show that the activity of the biosen-
sor retained 89% of its original response after 20 days and then
decreased gradually to about 54% after 2 months. The relatively
good stability may explain the fact that this Tyr-Au/PASE-GO
bionanocomposite film could provide a biocompatible
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microenvironment to protect the specific ability of tyrosinase
effectively.

The amperometric responses of the Tyr-Au/PASE-GO/SPE
biosensor to other phenolic compounds were investigated.
The biosensor has good responses to catechol, phenol, p-
cresol and p-chlorophenol, and the sensitivity for these four
compounds followed the general trend: catechol (160 mAM~1)>p-
cresol (153 mAM~1)>p-chlorophenol (142mAM~1)> phenol
(84mAM-1). This sequence for catechol, phenol, and p-cresol
is the same as that reported in previous works (Kochana et al.,
2008; Wang et al, 2008; Zhao et al, 2009). The sensitivi-
ties for other phenolic compounds (0-aminophenol, resorcinol
and p-acetamidophenol) were less than 2mAM-!. The differ-
ent sensitivity for different phenolic compounds may depend
on the tyrosinase catalytic selectivity for different phenolic
compounds.

The practical application of the biosensor was also tested by
the catechol recovery experiments in water samples, with average
recoveries from 94.2% to 104.7%, as presented in Table S1 (in sup-
plementary materials). The satisfactory results confirmed that the
disposable biosensor could be used for practical phenol detec-
tion.

The selectivity of the biosensor was investigated by detecting
the response to 10 WM catechol in the presence of some possi-
ble interferents, with the following results: 10 mMK*, Na*, Cl-,
HPO42-, H,PO4~, Ac™, NO3~, Cu?*; 100 uM nitrobenzene, 1 mM
ethanol, acetone, glucose does not show the significant interfer-
ing effect. Besides, nitrophenol, when present in a concentration of
10 wM, causes a slightly negative error.

4. Conclusion

In summary, we have developed a disposable tyrosinase biosen-
sor based on the immobilization of tyrosinase-protected gold
nanoparticles onto the 1-pyrenebutanoic acid, succinimidyl ester
functional graphene oxide for the determination of catechol. The bi-
functional molecule PASE was assembled onto GO sheets through
noncovalent interaction, which was confirmed by UV-vis, FT-IR and
AFM. Subsequently, the Tyr-Au was immobilized on the PASE-GO
sheets forming a biocompatible nanocomposite. TEM indicated
that Tyr-Au successfully assembled onto the functionalized GO
sheets. The disposable tyrosinase biosensor was fabricated by
modifying the screen printed electrode with the Tyr-Au/PASE-GO
bionanocomposite. The biosensor provides a suitable microenvi-
ronment for retaining bioactivity of tyrosinase and exhibits a good
analytical performance for the amperometric detection of cate-
chol. In addition, this biosensor exhibits high sensitivity, good
reproducibility and acceptable stability, showing a great poten-
tial for rapid, cost-effective and on-field analysis of phenolic
compounds.
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