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Laccase biosensor based on phytic acid modification of
nanostructured SiO, surface for sensitive detection of dopamine
Wenbo Zhao*, Kuai Wang, Yuan Wei, Yinghui Ma, Lingling Liu,

and Xiaohua Huang*

National and Local Joint Engineering Research Center of Biomedical Functional
Materials, Jiangsu Key Laboratory of Biofunctional Materials, College of Chemistry
and Materials Science, Nanjing Normal University, Nanjing 210023, P. R. China.

ABSTRACT: In this work, three kinds of nanostructured silica-phytic acid (SiO,-PA)
materials with diverse morphologies including spherical SiO,-PA (s-SiO,-PA),
rod-like (r-SiO,-PA), and helical SiO,-PA (h-SiO,-PA) were prepared with the help of
electrostatic interaction. The SiO,-PA nanomaterials with different morphologies were
characterized by using transmission electron microscopy (TEM), Fourier transform
infrared (FTIR), electrochemical impedance spectroscopy (EIS) and circular
dichroism spectrum (CD). Diverse morphologies of SiO,-PA were used as electrode
decorated materials to achieve a high efficiency for electrochemical dopamine
(DA) detection. The laccase biosensors were fabricated by immobilizing different
morphologies of SiO,-PA nanomaterials and laccase onto the glassy carbon electrode
(GCE) surface, successively. Then the electrochemical responses of the different
morphologies of nanostructured SiO,-PA nanomaterials to laccase were discussed.
Results indicated that compared to laccase/s-SiO,-PA and laccase/r-SiO;,-PA, the

laccase/h-Si0O,-PA modified electrode showed the best electrochemical performances.

Keywords: Silica; Biomimetic surface modification; Silica-phytic acid; Laccase;
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1. INTRODUCTION

The elegant way for interfacing was offered by electrochemical biosensor at the
molecular level. And it also plays a significant role for electronic signal transduction
and biological recognition processes'. Further, with the development of material
science, nanostructured materials (NMs) have wide variety applications in
electrochemical biosensors. Many electronic, optical and magnetic functional NMs,
which bound to biomolecules (e.g. proteins, peptides, nucleic acids) and used in
biosensors, have been developed for detecting and amplifying various signalsz.
Compared to the conventional materials, NMs have obvious advantages in terms of
enzymatic immobilization that can attributed to their high surface-to-volume ratios

and nanosized-surface activity 3

Recent advances in nanotechnology have led to many different kinds of SiO, NMs
with a wide variety of highly controlled shapes and sizes . The abilities of SiO, NMs
that offer suitable microenvironment for biomolecules immobilization were
investigated by some research groups®'. Many hybrided SiO, NMs with conducting
materials, such as MWCNT/SiO,, Au/SiO,, were also used to prepare
nano-biosensors'>">. It was proved that these hybrided materials can enhance the
efficiency of electrical communication and have the potential act as the substrate for

immobilization of biomolecules.

As we all know that the intrinsic properties of NMs mainly depend on their size,
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shape, crystallinity, structure, and composition'®. In this paper, the three kinds of
nanostructured silica-phytic acid (SiO,-PA) materials with diverse morphologies
including spherical SiO,-PA (s-Si0,-PA), rod-like (r-SiO,-PA), and helical SiO,-PA
(h-Si0,-PA) were synthesized and characterized. Laccase was used as the model
protein, and the electrochemical responses of the different morphologies
nanostructured SiO,-PA materials to laccase were explored. Further, the direct
electrochemistry of these biosensors we proposed for dopamine (DA) was

investigated.

2. EXPERIMENTAL SECTION

2.1. Chemical Reagents. Cetyltrimethylammonium bromide (CTAB), triton X-100,
hexanol, cicloesano and ammonia aqueous solution (NH3-H,O, 71 wt %) were
purchased from Lingfeng Chemistry Co. Ltd, China. Tetraethyl orthosilicate (TEOS),
hydrochloric acid (HCl) was received from Sinopharm, China. Pluronic F127
(MW=12600 g/mol) was obtained from BASF, Germany. Phytic acid solution (PA, 70
wt%) and its sodium salt hydrate were obtained from Aladdin, China. Laccase (1.34
U/mg) was purchased from Sigma. 3-Hydroxytyramine hydrochloride was purchased
from Saen, China. Phosphate buffer solution (PBS) was obtained by self-preparation.
Stock solution of laccase (0.3 mg/mL) was made in 0.1 M PBS (pH = 6.0) and kept at

4.

2.2. Preparation of s-SiO,-PA, r-SiO,-PA and h-SiO,-PA NMs. The three kinds
of SiO, NMs were synthesized by using two different methods. The spherical SiO,
NMs were obtained by using a reverse micro-emulsion method as described in the

reference'”. However, both of the rod-like and the helical SiO, NMs were easily
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prepared by ammonia-catalyzed hydrolysis reaction of TEOS. In these reactions,
CTAB and F127 were used as binary templates in acidic aqueous solutions at room
temperature'®. For the synthesis of rod-like and helical SiO, NMs, the two procedures
were similar except that the volume of CTAB solution was changed. Simple synthesis
process is as follows: (1) Synthesis of rod-like and helical SiO, NMs. A clear solution
was obtained by mixing F127 (0.123 g), CTAB (17.5 mL), concentrated aqueous HCl
(4 mL) and H,O (6.65 mL), and then TEOS (0.425 mL) was added into the above
clear solution with agitating. After stirring for 10 s, the mixed solution was kept at

20 °C for 20 h, the rod-like SiO, NMs were obtained. For the preparation of helical

Si0,-PA NMs, the volume of 0.04 M CTAB solution was 2.5 mL, and other
procedures were similar to the synthesis of rod-like NMs. SiO, NMs were obtained by
centrifugation at 4000 rpm for 15 min, and then washed by ethanol and water,
respectively. (2) Synthesis of s-SiO,-PA, r-SiO,-PA NMs. Firstly, 0.2 g SiO, NMs
were added into 80 mL deionized water (DI water), and then 400 uL. TEOS was added
subsequent for NMs post-coating and surface modification. The solution was then
subjected to magnetic stirring for 30 min at room temperature. The active functional
groups grafted onto the surface of the SiO, NMs were obtained by condensation of
TEOS and 400 uL. APTES. Then 500 puL PA/PA sodium salt hydrate buffer solution
(pH = 7) was dripped into the above solution under stirring. After mixing, the solution
was allowed to stir for 24 h. The product was washed with alcohol and DI water, and
finally dried at 607 overnight under vacuum. The amine groups of APTES have
positive charges and the phosphate groups of PA have negative charges. So the three
kinds of SiO,-PA NMs were obtained by the help of the electrostatic interaction
between phosphate groups and amine on the surface of SiO, NMs with different

morphologies.
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2.3. Preparation of laccase/SiO,-PA/GCE. Before the modification, the GCE was
firstly polished by small alumina powder, and cleaned subsequent by ultra-sonication
in ethanol and water bath for 5 min, respectively. After natural drying of the clean
GCE, 8.0 uL. SiO,-PA (0.5 mg/mL, various morphologies) were dropped onto the
GCE surface and dried naturally. Then 8.0 uL laccase (0.3 mg/mL) was coated onto
the SiO,-PA/GCE surface and stored at 4[]. Final, the laccase/SiO,-PA/GCE was

obtained.

2.4. Apparatus and measurements. For obtaining the representative images of
transmission electron microscopy (TEM), high-resolution TEM (H-7650, HITACHI
Company, Japan) were used. The Fourier transform infrared (FTIR) spectra of
different morphologies SiO, and SiO,-PA NMs were measured by FTIR
spectrophotometer (Cary 5000, VARIAN Company, USA) with the resolution is 4
cm’. The far-UV circular dichroism (CD) spectra were measured by CD
spectrophotometer (Chirascan, Applied Photophysics Company, UK). The contents of

various conformations of laccase were analyzed and calculated by the help of the

JASCO710 program.

All electrochemical tests were carried out and analyzed by electrochemical analyzer
(760C, CHI Instruments, Inc., US). For cyclic voltammogram experiments, the scan
range of the electrodes was from -0.4 to 0.8 V with a scan rate of 100 mV-s™, and
prior to the electrochemical experiments, the solution were deoxygenated by high
purity nitrogen. Electrochemical impedance spectroscopy (EIS) was performed in a
KCI solution (0.1 M) containing 5 mM K;Fe(CN)s and 5 mM K4Fe(CN)s. The
current-time curves of oxidation of DA were investigated with an operating potential

of +0.22 V.
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3. RESULTS AND DISCUSSION

3.1. Characterization of the SiO,-PA NMs. Fig. 1 showed the TEM images and
size distribution of SiO,-PA NMs with different morphologies. The s-SiO,-PA NMs
were consisted of extremely monodispersed nanoparticles having an average primary
particle size of 50 nm (Fig. 1a). The r-SiO,-PA NMs were nearly monodisperse with
the average length of 300 nm and diameter of 100 nm (Fig. 1b). As to the h-SiO,-PA

NMs, their helical shapes with lengths up to several micrometers and the average

diameter of 50 nm can be observed (Fig. 1c).

a 50+ 10 nm b b:
50 80 100 = 20 nm 80 300 =30 nm
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Figure 1. (up) TEM images of s-SiO,-PA (a), r-SiO,-PA (b) and h-SiO,-PA (c). (down)
And histogram of the diameter (a;) distribution of s-SiO,-PA, the width (b;) and

length (b,) distribution of r-SiO,-PA, and the diameter (c;) distribution of h-Si0,-PA

obtained from TEM images of the nanomaterials.

The FTIR spectra of the three kinds of SiO, and SiO,-PA NMs were represented in

Fig. 2 with the resolution is 4 cm™. The spectrum of SiO, showed two bands around
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973 and 1110 cm™, which were attributed to asymmetric O-Si-O stretching (curve a
of Fig. 2A, 2B and 2C)"". In the spectrum of SiO,-PA, the speaks at 2927, 1560 and
693 cm™ were attributed to —C—NH, stretching, symmetric ~NH, stretching and the
bending vibrations of —NH, respectively (curve b of Fig. 2A, 2B and 2C). Results
indicated APTES was grafted onto the surface of SiO, successfully. Further, the
intensity of the peak at 1104 cm™ increased because of the phosphate bands of PA and
the overlap of this phosphate bands with the O-Si—O bands'®. It meant that PA was
successfully modified the surface of SiO, NMs by the help of electrostatic interaction.
PA, known as inositol hexakisphosphate, is obtained from beans, cereal grains, and
animal hematids. Its salts have strong electrostatic interaction that attributed to its
small molecules with six phosphate groups. So it can easy form stable films with

positive polyelectrolytes'*2.

1 1560 973 693

Transmittance
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Figure 2. (A) FTIR of (a) s-SiO; and (b) s-SiO,-PA; (B) FTIR of (a) r-SiO; and (b)

r-Si0,-PA; (C) FTIR of (a) h-SiO, and (b) h-SiO,-PA.

The conductivities of bare GCE, s-SiO,/GCE, r-Si0,/GCE, h-SiO,/GCE,
s-Si0,-PA/GCE, 1-Si0;,-PA/GCE and h-SiO,-PA/GCE were investigated by EIS (Fig.
3). This program can exhibit the electrochemical impedance status of electrode
surface we prepared. The semicircle portion of the Nyquist plot, corresponded to the
electron-transfer limited process, was measured at higher frequencies. And the linear

portion of the Nyquist plot was obtained at lower frequencies. It corresponds to the
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impedance of diffusion process of the electrode reaction. The charge transfer
resistance (R.), equaled to the semicircle diameter, was used to describe the interface
properties of electrode”’*%. For the EIS of the bare GCE (Fig. 3A, curve a), the
semicircle domain on EIS was very small. It indicated there was a very low R to the
redox-probe that dissolved in our electrolyte solution. All of the R values (Fig. 3A)
of the s-Si0,/GCE (curve b), r-SiO,/GCE (curve ¢) and h-SiO,/GCE (curve d) were
larger than that data of the bare GCE. It indicated that the SiO, layer coated onto the
GCE surface really inhibited the electron transfer efficiency of the redox-probe of
[Fe(CN)6]3'/ “* to the GCE surface. However, all of the R, value of the s-SiO,-PA/GCE
(curve e), r-Si0,-PA/GCE (curve f) and h-SiO,-PA/GCE (curve g) were much less
than that of s-SiO,/GCE (curve b), r-SiO,/GCE (curve c) and h-SiO,/GCE (curve d)
obviously. Results indicated that the modified PA layer was in favor of the electron
transfer between [Fe(CN)s]*’* and the GCE surface. It should be noted that the
equivalent circuit model was inserted in Fig. 3A. It represented the typical

electrochemical interface that used to fit the impedance data into R values.
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Figure 3. (A) EIS in 0.1 M KCI that containing 0.5 mM K;Fe(CN)¢/K4Fe(CN)g, bare
(a), s-SiO; (b); 1-Si0; (c); h-Si0; (d); s-SiO,-PA (e); r-SiO,-PA (f) and h-SiO,-PA (g)
modified GCE electrode. The frequencies swept from 10*to 10" Hz at the formal
potential of the redox couple. The three characteristic frequencies of the main

semicircles were marked in curve e. Inset of (A): schematic of equivalent circuit. (B)
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Close-up of plots (a), (¢), (f) and (g).

Circular dichroism (CD) spectroscopy was used extensively over the past few
decades to investigate of the secondary structure of biomolecules™. CD acted as an
attractive analytical tool that attributed to its speed, sensitivity and special capability
of analyzing surface-adsorbed. Here, the influence of SiO,-PA NMs on the secondary
structure of laccase was investigated by CD technique. To account for the structural
variation of laccase in the PBS (pH = 6.0) with changing morphologies of SiO,-PA,
the far-UV CD spectra were recorded (Fig. 4A). The major negative band (215 nm)
and positive band (195 nm) of CD spectra were attributed to the n—n* and the n—m*
amide transitions, respectively’’. Bands of laccase/s-SiO,-PA (Fig. 4A-b),
laccase/r-Si0,-PA (Fig. 4A-c) and laccase/h-SiO, (Fig. 4A-d) looked almost the same
as that of pure laccase (Fig. 4A-a). There were just slight increases for the intensity of
the two bands (195 nm and 215 nm). It indicated that there was not obviously changed
for the secondary structure of laccase. At the same time, the secondary structural
elements of laccase were calculated from CD data by using CDNN program (Fig. 4B).
The data demonstrated that the native conformation of laccase (pure) contained
~28.3% a-helices, ~20% p-sheets, ~17.7% p-turns, and ~35.8% random coils.
Compared to pure laccase, the slightly increase of the a-helix structure (s: ~29.5%, 1:
~29.4%, h: ~30.1%) and a little bit loss of B-sheet (s: ~19.2%, 1: ~19.3%, h: ~18.8%)),
B-turn (s: ~17.5%, r: ~17.5%, h: ~17.3%) and random coil (s: ~34.7%, r: ~35.0%, h:
~34.3%) were observed when pure laccase contacted with SiO,-PA NMs. Here, results
of CD spectra can be used to explain the reason why the laccase still remained good
catalytic activity in the presentence of SiO,-PA NMs. It was very important for the

performance of biosensor®2*,
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Figure 4. (A) The CD spectra of pure laccase (a); laccase/(s-SiO,-PA) (b);
laccase/(r-Si0,-PA) (c) and laccase/(h-Si0;,-PA) (d) in 0.1 M PBS (pH = 6.0) in the
190-260 nm wavelength region. (B) Relative amounts of native conformations in pure
laccase and s-SiO;-PA (s) r-SiO,-PA (r) and h-SiO,-PA (h) bioconjugate system (0.3
mg/mL laccase and 50 pg/mLSiO,-PA) in 0.1 M PBS (pH = 6.0). The data were

obtained from CD spectra by using the CDNN program.

3.2. Direct electrochemistry of the laccase/(SiO,-PA)/GCE. The

laccase/(Si0,-PA)/GCE biosensor toward the oxidation of DA can be affected by a

variety of parameters™~". The properties of different morphologies SiO,-PA modified
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GCE were studied by using cyclic voltammetry method. As shown in Fig. 5 for GCE
(curve a) and laccase/GCE (curve b), no redox response could be observed in the
potential range from -0.4 to +0.8 V. It indicated that the laccase was not well fixed on
the electrode surface in the absence of suitable nanomaterials. But all of the
laccase/s-Si0,-PA/GCE  (curve c¢), laccase/r-SiO,-PA/GCE  (curve d) and
laccase/h-Si0,-PA/GCE (curve e) exhibited the CV peaks with a formal potential
value of +0.22 V. Compared with laccase/s-SiO,-PA/GCE (I, = 1.392 pA) and
laccase/r-Si0,-PA/GCE (I, = 0.1183 pA), laccase/h-SiO,-PA/GCE (I, = 2.608 pA)
showed higher oxidation peak currents. A smaller current to laccase/r-SiO,-PA/GCE
was observed because 1-SiO,-PA had a larger R, which agreed well with the analysis
results obtained from EIS. The waves appearing with higher intensity of h-SiO,-PA
NMs included the following traits: firstly, the decorated nanomaterials were in favor
of more enzymes fixed onto electrode surface®'. Secondly, the laccase attached to the
h-Si0,-PA film surface had more spatial freedom in its orientation. So it facilitated the
direct electron transfer’”. Finally, h-SiO,-PA had special helix structure, and can
combine with more laccase. Therefore, h-SiO,-PA was selected as the optimal
decorated substrate to immobilize laccase for detecting DA in three kinds of SiO,-PA

NMs.
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Figure 5. Cyclic votammograms of GCE (a); laccase/GCE (b); laccase/(s-SiO;-PA)
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(c); laccase/(r-SiO,-PA) (d) and laccase/(h-SiO,-PA) (e) in PBS (0.1 M, pH = 6.0)

containing 5 pM DA with a scan rate of 100 mV-s .

The working principle of this biosensor was as follows: DA was oxidized to its
corresponding dopamine-o-quinone (DOQ) by laccase (oxid)/SiO,-PA modified
electrode, and then laccase (red) lost electrons to form laccase (oxid). Thus, it formed

a bioelectrocatalytic cycle and thereby generated electrons, which were passed to

working electrode (Scheme 1),

Laccase (red) DOQ

2e DA

Laccase (oxid)

Working electrode (laccase/SiO,-PA/GCE)

Scheme 1. Chemical reaction mechanisms for direct electrocatalysis of DA by

laccase/Si0,-PA/GCE.

3.3. Amperometric response of DA at laccase biosensor. The amperometric
responses of the laccase/(s-Si0,-PA) (Fig. 6A-a), laccase/(r-SiO,-PA) (Fig. 6A-b) and
laccase/(h-Si0,-PA) (Fig. 6A-c) modified GCE were investigated with the successive
addition of DA at an applied potential of +0.22 V. The above biosensors exhibited
different responses to the change of DA concentration. Compared with
laccase/(s-Si0,-PA)/GCE (Fig. 6A-a and Fig. 6B-a) and laccase/(r-SiO,-PA)/GCE
(Fig. 6A-b and Fig. 6B-b), laccase/(h-SiO,-PA)/GCE exhibited higher sensitivity and
lower detection limit. The calibration plot resulting from current-time response of

laccase/(h-Si0,-PA)/GCE was presented in Fig. 6B (curve c). With the increasing DA

ACS Paragon Plus Environment

Page 12 of 24



Page 13 of 24

©CoO~NOUTA,WNPE

Langmuir

concentration in a range from 0.99 to 138.40 puM, the peak current of catalytic
oxidation was simultaneously increased linearly. The linear regression equation was
[I,/uA = (4.44 £ 0.004) x 10/uA + (1.66 + 0.002) x 10 [DA/uM] (R* = 0.9992),
and the detection limit was 0.17 (= 0.002) uM, which was calculated from the ratio of

signal to mnoise ratio (S/N) of 3. This datum was lower than most

35-38

previously published reports (Table 1)

0.30

(g}

0.25-
0.20-
< 0.5
~
0.10-
0.05-

0.00-

0 300 600 900 1200 1500 0 30 60 90
t/s [DA]/uM

120 150
Figure 6. (A) Current-time response of laccase/(s-Si0,-PA)/GCE (a),
laccase/(r-Si0,-PA)/GCE (b) and laccase/(h-Si0,-PA)/GCE (c) by successive
additions of DA in a 0.1 M PBS (pH = 6.0) at applied potential +0.22 V. (B)

Calibration plots obtained for laccase/(s-Si0,-PA)/GCE (a), laccase/(r-SiO,-PA)/GCE

(b) and laccase/(h-SiO,-PA)/GCE for DA detection.

Table 1. Comparison of a few reported values for detection limit, linear range and

R-square of DA.

Detection limit

Biosensor Linear range(pM) R-square Ref.
(uM)

Laccase/Si/MWCNTs/SPE 0.42 1.3-85.5 0.991 33

Laccase/MWNT-based 0.4 10-30 0.974 34

TGA-capped CdTe QD/Lac  0.16 0.3-100 0.996 35
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Bean sprout/SAM/Au 0.48 9.91-221 0.999 36
MAO/GCE 20.00 50-250 0.987 37
Laccase/(h-Si0,-PA)/GCE 0.17 0.99-138.40 0.999 This work

The repeatability of the biosensor we proposed was studied by using five
independently prepared biosensors at the DA concentration of 10 uM. Results showed
that the resulting relative standard deviations of five times measurements were less
than 5%, and indicated the biosensor had good reproducibility. Further, the electrode
was stored in dry, closed environment, and was detected in the PBS solution. After 20
days, the enzyme electrode still kept 89% of its initial activity.

3.4. Anti-interferences of laccase/(h-Si0,-PA)/GCE biosensor. Some substances
in real samples such as glucose (Glu), ascorbic acid (AA), uric acid (UA), and etc.,
may affect the electrochemical detection of analyte®®. In this case, the
anti-interference abilities of the laccase/(h-SiO,-PA)/GCE were investigated. The
differential pulse voltammetry responses of analyzed solutions containing DA and
mixture of DA and different electroactive species (such as Glu, phenol (Phe), cysteine
(Cys), nonylphenol (NP), UA and AA) were recorded and analyzed, respectively. The
influences of Glu, Phe, Cys, AA, NP and UA on the electrochemical detection of DA
were presented in Fig. 7. The results showed that the responses of DA and the mixture
of DA with electroactive species were similar, and indicated that the biosensor we

proposed had a good anti-interference ability.
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Figure 7. Amperometric responses of the laccase/(h-SiO,-PA)/GCE biosensor upon
additions of DA (3 pM), and a mixture of DA (3 uM) and electroactive species (Glu
(1 mM), Phe (1 mM), Cys (1 mM), NP (I mM), UA (100 pM) and AA (50 uM)) in
PBS, respectively. MIX was a mixture of DA (3 uM) with all electroactive species in

PBS.

3.5. Real sample analysis. Pharmaceutical injection samples and rabbit blood
serums were chosen as models for evaluating the practical utility of the
laccase/(h-Si0,-PA)/GCE biosensor we proposed. Fresh blood sample (obtained from
anticoagulated rabbit whole blood) was collected and centrifuged at 3000 rpm. After 5
min, the supernatant liquid (serum) was obtained and separated for next step. As far as
we know, there was no standard procedure for the determination of DA concentration
in rabbit blood serum, so the recovery testing was used to evaluating the practical
utility of the laccase/(h-SiO,-PA)/GCE biosensor*”*2. The DA analytic recoveries of
target sample (pharmaceutical injection or rabbit blood serum) were determined by
the proposed biosensor.

Before detection, the models including pharmaceutical and serum samples were
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diluted with PBS, and certain amounts of DA were then added, respectively. The

analytical results were shown in Table 2. The average recovery of DA concentration

was 98.55%. Further, the comparison between the experimental data and the results of

previous references (Control sample 1-3) indicated the recoveries were
acceptable®**%.
Table 2. Recovery tests for detection of DA of real samples (n = 3).
Sample DA/pM added DA/uM found Recovery (%) Ref
2.00 1.98 99.00%
Pharmaceutical injection samples  13.00 14.28 94.46%
30.00 3291 102.84% This work
10 9.93 99.30%
Rabbit blood serum samples 30 29.49 98.30%
50 48.71 97.42% This work
Control sample 1 (2.00~6.00)  (1.91~5.899) (97.50 ~ 103.00) 40
Control sample 2 0.2~10) (0.28 ~15.33) (93.33~103.53) 41
Control sample 3 1.2~3.7) (1.3~3.9) (98 ~102) 42

4. CONCLUSION

In this case, the effects of different morphologies of SiO,-PA on the performances of

amperometric laccase biosensor we prepared were investigated. Results showed that

laccase adsorbed onto h-SiO,-PA NMs had the best electrochemical performances.

The biosensor based on laccase immobilized onto h-SiO,-PA possessed many

advantages including high enzymatic activity, low detection limit, short response time,

satisfactory anti-interference ability and selectivity. Therefore, h-SiO,-PA NMs were

recommended as decorated material of electrode of enzyme-based biosensor, and the
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related mechanism of proposed applications will be further investigated as well. It is
expected that this convenient fabrication of enzyme devices would be useful in the

development of clinical detection.
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The different morphologies nanostructured silica-phytic acid (SiO,-PA) particles were
used as electrode decorated materials to achieve the sensitive detection of dopamine
(DA). Compared to spherical SiO;-PA (s-SiO,-PA) and rod-like (r-SiO,-PA), laccase
immobilized onto helical SiO,-PA (h-SiO,-PA) film exhibited higher current signals
and low detection limit. Results indicated that the proposed biosensor could be
efficiently used for the determination of DA in pharmaceutical and human blood

plasma samples.
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