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Abstract

Pyrite (PR), as a representative sulfide mineral, possesses the advantages of abundancy, thermodynamic stability, non-toxicity
and semi-conductivity. In this study, an amperometric glucose biosensor (GOD/CS/PR/GCE) based on layer-by-layer of
glucose oxidase (GOD), chitosan (CS) and pyrite (PR) on a glassy carbon electrode (GCE) was fabricated through electro-
static force. In this research, PR suspension prepared in phosphate buffer (pH 5.5) was first immobilized on the GCE surface,
which exhibits a negative charge. Then, positively charged CS was adsorbed on the PR/GCE by electrostatic force. Finally,
negatively charged GOD was further modified on the CS/PR/GCE surface through electrostatic force again. The surface
morphology and adsorbance mechanism were supported by field emission scanning electron microscopy, quartz crystal
microbalance with dissipation and atomic force microscope. The step-by-step procedure gives both strong adhesion ability
and good bioelectrocatalytic activity of GOD on the CS- and PR-modified electrode surface. The linear range of this GOD/CS/
PR/GCE biosensor was achieved from 0.5 to 60 mM with the linear regression equation of y=0.897x—0.3016 (R*>=0.9996)
and a limit of detection value of 50 uM. This approach of using pyrite and chitosan as physically modified GOD to serve as
electrostatic glues could be useful for designing better enzyme-based biosensors for a wide variety of practical applications.
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Introduction

Glucose plays an important role in energy replenishment,
liver detoxification and memory enhancement in organisms.
Abnormal blood glucose levels can result in diseases such
as diabetes, cardiopathy, nephropathy, hypoglycemia, stroke
or cardiovascular disorders. Diabetes is one of the biggest
threats to human health globally and the number of diabetic
patients increases year by year [1-3]. In addition, glucose
is extensively used in various fields such as confectionery
manufacturing, food processing, clinical applications and the
wine industry [4, 5]. Therefore, the sensitive and accurate
detection of glucose concentration is of great significance
for the monitoring and treatment of related diseases and the
control of industrial processes.

Compared with traditional analytical methods, for
instance, spectrophotometry [6], fluorescence [7], titrimetry
[8], high-performance and liquid chromatography (HPLC)
[9], electrochemical biosensors have attracted great atten-
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tion for their high sensitivity, excellent selectivity, low
cost, eco-friendliness, and fast detection speed [10-13].
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Enzymes are promising green catalysts in the field of phar-
maceutical intermediates, drugs and fine chemicals due to
their renewability, earth-abundant and low cost properties
[14]. The many functional materials used in enzyme bio-
sensors, include polymer [15], noble metal nanomaterials
[16], grapheme [17, 18], sol-gel [19], ionic liquid [20],
ceramic matrix [21, 22], and sulfide mineral [23-27]. Pyrite
(PR), as the most abundant sulfide ore in the earth, with
the molecular formula of FeS,, is a Fe(II) polysulfide-based
cubic NaCl-type crystalline structure. It has been used as a
cathode material for thermal batteries due to its excellent
properties such as suitable redox electromotive force, high
thermodynamic stability, suitable conductivity, and a fixed
platform that can be charged and discharged [28]. Owing
to the excellent electrochemical performance and the abil-
ity to transfer heterogeneous electrons, it has been studied
extensively in electrochemical catalysis and sensing [29-31].

Glucose oxidase (GOD, B-p-glucose) is a typical oxi-
doreductase and has been extensively applied in enzyme
biosensors for the quantitative detection of glucose in both
clinical diagnostics and food industry analysis [32]. It uses
molecular oxygen as an electron acceptor to catalyze the
oxidation of B-p-glucose to d-gluconolactone, which then
hydrolyzes into gluconic acid and hydrogen peroxide sponta-
neously [33]. Usually, the use of enzymes outside the biolog-
ical environments has challenge limitations including high
cost, sensitivity to surroundings, and narrow specificity. The
methods for immobilization of GOD on electrodes include
physical adsorption [34, 35], covalent bonding, cross-link-
ing [36-38], and entrapment in gels [39—41]. Each of these
immobilization methods has its own advantages and disad-
vantages. Among them, physical adsorption is one of the
simplest methods and it has attracted considerable attention
for fabricating biosensors.

Chitosan (CS, (1 — 4)-p-p-glucosamine) is a kind of
abundant natural polymer derived from chitin and widely
exists in the polysaccharides of insects, arthropods and crus-
taceans. CS has the advantages of low cost, high mechanical
strength, chemical inertia, good hydrophilicity and strong
film-forming ability. This special polymer has important
applications in the field of electroanalytical chemistry due
to its non-toxicity and good biocompatibility [42, 43].

In this study, an amperometric glucose biosensor was
constructed through layer-by-layer (LbL) physical adsorp-
tion of pyrite, CS and GOD on a glassy carbon electrode
(GCE) using electrostatic force. The LbL technique is a
widely used adsorption method of alternately depositing
layers of a charged protein and oppositely charged spe-
cies through electrostatic interactions [44]. It is an effec-
tive approach for enzyme immobilization due to its sim-
plicity and mild operate condition. The LbL method is
suitable for immobilizing different enzyme architectures
with low denaturation effects because most enzymes are
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water-soluble and charged in solution phase [45]. Chi-
tosan is a cationic polymer and has been the most widely
employed for electroanalytical purposes [46]. The neg-
ative-charged PR/positive-charged CS/negative-charged
GOD-based structure of this biosensor is useful to keep
both the bioelectrocatalytic activity and stability of
adsorbed GOD due to strong electrostatic interaction. The
adsorbed GOD exhibited adequate mediated response cur-
rent towards glucose. In addition, the hydration layer of CS
promotes the retention of the GOD structure and activity
to a significant extent [47]. Chitosan and pyrite worked as
suitable protein glues, which bind to both the GOD and the
GCE surface. These data suggested that raw pyrite could
also be used directly as glucose oxidase-based mediated
electrochemical sensor after careful design.

Experimental
Reagents and materials

Glucose oxidase (GOD, EC 1.1.3.4 from Aspergillus niger,
> 100 units/mg) was purchased from Sigma-Aldrich Co.,
China. Glucose, chitosan (CS), hydroquinone (HQ), fer-
rocene (FC), dopamine (DA), catechol (CC), KH,PO, and
K,HPO, were obtained from Sinopharm Chemical Rea-
gent Co., Ltd (China). A 0.1 M phosphate buffer (pre-
pared using KH,PO, and K,HPO,) was used to prepare
the electrolyte. Ferrous disulfide (FeS,) was obtained from
Tongling Weight Mineral Products Sales Co., Ltd. Pyrite
(PR) was achieved from Yichun Luming Mining Co., Ltd.
(Yichun, China). Pure FeS, chips for QCM-D were pur-
chased from Biolin (Shanghai) Trading Co., Ltd. All rea-
gents were used without further purification.

Apparatus

The morphology of the modified electrode was observed
by use of field emission scanning electron microscope
(FE-SEM) (SIGMA-HD, ZEISS). The phase and com-
position of pyrite were obtained by X-ray diffraction
(D8 Advance, Bruker). The fabricated process was char-
acterized by quartz crystal microbalance (QCM-D) and
atomic force microscope (AFM). Electrochemical meas-
urements were performed with a CHI 750D workstation
(Shanghai Chenhua, China). A traditional three-electrode
system was used with modified pyrite electrode as work-
ing electrode, Ag/AgCl (sat. KCl) as reference electrode
and Pt wire as counter electrode. All experiments were
conducted at room temperature of approximately 20 °C.
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Fig.2 XRD patterns of pure FeS, (a) and natural pyrite (b)

Preparation of the GOD/CS/PR/GCE biosensor

A glassy carbon electrode was polished with 1.0 and
0.05 pm of a-alumina slurries powder, respectively. The
GCE was sonicated with deionized water to remove adhered
alumina and any impurities. Then, 30 mg/mL of PR sus-
pension (10 pL) was dropped on the cleaned GCE surface
and allowed to dry in air. Next, a chitosan (0.05%) aqueous
solution was dropped on the PR/GCE surface and allowed
to continue to dry naturally. Finally, GOD (2 mg/mL) solu-
tion was casted on the CS/PR/GCE surface to prepare the
biosensor (GOD/CS/PR/GCE). The preparation process is
shown in Fig. 1.

Results and discussion

Characterization of pyrite and pyrite-based
biosensor

The phase characteristics of FeS, and natural pyrite were
examined by X-ray diffraction (XRD) and the results are
shown in Fig. 2. The composites contents were calculated
and are listed in Table 1. It can be seen that the contents of
FeS, in natural pyrite and pure FeS, were 78.8 and 99.5%,
respectively. The main impurities of natural pyrite are ZnS
and SiO,, respectively. In addition, the cyclic voltammetry
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Table 1 XRD analysis of pure

. Materials FeS, (%) Other
FeS, and natural pyrite

impurities
(%)
FeS, 99.5 0.5
Pyrite 78.8 21.2

(CV) methods were used to evaluate the performances of
GOD/CS/PR/GCE and GOD/CS/FeS,/GCE, which were
prepared in the same way. The response peak current of
GOD/CS/FeS,/GCE to glucose was 35% higher than that
of GOD/CS/PR/GCE (data not shown). Hence, we think
the purity of mineral is important to obtain a better current
response.

The structures and morphologies of PR/GCE (a), GOD/
PR/GCE (b), CS/PR/GCE (c), and GOD/CS/PR/GCE (d)
were characterized by FE-SEM. Figure 3a shows that the
raw pyrite is in a bulky shape. The edges of PR are clearly
observed and the GOD layer seems thin on the PR surface
in Fig. 3b. Hence, we speculated that GOD cannot cover the
PR surface completely when it was directly adsorbed on the
PR-modified GCE as shown in Fig. 3b. In comparison to
Fig. 3b, the granular and rounded morphology are observed
in Fig. 3c. This is attributed to the strong film-forming abil-
ity of chitosan. Figure 3d shows a thick and film-like layer
of GOD on the CS/PR/GCE electrode surface. To verify
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Fig.3 The SEM images of a PR/GCE, b GOD/PR/GCE, ¢ CS/PR/GCE, and d GOD/CS/PR/GCE

our speculation, we measured the XRD in different cases,
including PR, GCE, CS, GOD, CS/GCE, PR/GCE, CS/PR/
GCE, and GOD/CS/PR/GCE, respectively. Without CS
modification, the sharp peaks of PR were observed clearly
even on the GOD/PR/GCE surface (data not shown). How-
ever, in the presence of CS, the sharp peaks of PR were
invisible. Therefore, the cationic CS is essential to tightly
adsorb the negative-charged PR and GOD, which gives a
stable layer-by-layer structure.

Electrochemical behaviors of the modified electrode
surface

In this study, hydroquinone (HQ) was used as electron trans-
fer mediator to evaluate the biocatalytic activity of GOD
adsorbed on a chitosan-modified PR-based electrode in the
presence of nitrogen. The detection mechanism of glucose in
this biosensor is according to the following scheme [48, 49]:
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@)

GOD(FADH,) + p-quinone — GOD(FAD) + Hydroquinone (HQ).
3

Figure 4 shows the CV curves with and without glucose
by four different modified electrodes. The catalytic current
values for the oxidation of 20 mM glucose of the GOD/
CS/PR/GCE (a), GOD/CS/GCE (b), GOD/PR/GCE (c), and
GOD/GCE (d) are 66.0, 47, 6.9, and 3.1 pA at the potential
of 0.6 V vs Ag/AgCl, respectively. A comparison of Fig. 4c,
d shows PR is useful in enhancing the biocatalytic activity of
GOD on the GCE surface. From Fig. 4b, it can be observed
that the catalytic current value of GOD/CS/GCE is about
6.8 times that of GOD/PR/GCE. It could be concluded that
the CS has good adhesion ability and opposite charges to
GOD. The best response current was obtained by GOD/CS/
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Fig.4 Cyclic voltammograms of the GOD/CS/PR/GCE (a), GOD/
CS/GCE (b), GOD/PR/GCE (c), and GOD/GCE (d) in N,-saturated
0.1 M PBS (pH 5.5) containing 5 mM HQ with (red) and without glu-

PR/GCE, which is 1.4 times higher than GOD/CS/GCE. We
speculate the synergistic effect of CS and PR would be use-
ful for keeping suitable orientation and enhancing the bio-
catalytic activity of GOD. To understand the reason of this
phenomena, the following electrochemical method, QCM-D
and AFM measurements were used to explain the response
to glucose of adsorbed GOD on differently immobilized
surfaces.

The structure and conformation of immobilized enzyme
largely affect the electrocatalytic activity and electron trans-
fer performance of enzyme-based biosensor. To obtain the
electrochemical properties of the modified electrodes, we
measured cyclic voltammograms (CV) of GOD/CS/PR/GCE
(green), CS/PR/GCE (red), PR/GCE (blue) and bare GCE
(brown) in 5 mM [Fe(CN),]*~*~ containing PBS (0.1 M,
pH 5.5) at a scan rate of 100 mV/s (Fig. 5a). The potential
difference (AE) between the oxidation peak and reduction
peak of the CS/PR/GCE, GOD/CS/PR/GCE, bare GCE, and
PR/GCE were 101, 171, 328.7 and 402 mV, respectively.
As compared to bare GCE and PR/GCE, the CS-modified
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cose (black). The potential scan rate is 5 mV/s, and the starting poten-
tial is —0.4 V vs Ag/AgCl

electrodes (GOD/CS/PR/GCE, CS/PR/GCE) tend to facili-
tate the electron transfer rate.

EIS is an effective tool for evaluating the interface proper-
ties of the modified electrode surface. The charge transfer
resistance (R,) can be quantified according to the diameter
of the semicircle of the Nyquist plot, and is a useful param-
eter for evaluating the interface properties of the adsorbed
protein layer on the electrode surface [50]. Figure 5b shows
the Nyquist plots of PR/GCE (blue), bare GCE (brown),
GOD/CS/PR/GCE (green) and CS/PR/GCE (red) obtained
using [Fe(CN)6]3_/4_ as an electrochemical redox probe,
respectively. The R, of the CS/PR/GCE-, GOD/CS/PR/
GCE-, bare GCE-, and PR/GCE-modified electrodes were
75, 240, 570, and 700 Q, respectively. The PR/GCE showed
a larger R, value compared with the bare GCE, which is
attributed to the semi-conductivity of pyrite. In addition,
electrostatic repulsion between negatively charged PR and
[Fe(CN)6]3_/4_ also may be responsible for the larger R,.
Differing from the prediction, the R, of CS/PR/GCE and
GOD/CS/PR/GCE were smaller than those of bare GCE
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Fig.5 CVs (a) and EIS (b) Nyquist plots of the PR/GCE (blue), bare
GCE (brown), GOD/CS/PR/GCE (green) and CS/PR/GCE (red),
The electrolyte is N,-saturated 0.1 M PBS (pH 5.5) containing 5 mM
[Fe(CN)6]3"/4‘. The potential was set to the formal potential of the

and PR/GCE. At pH 5.5, CS (pK,~ 10.4) exists in cationic
form [51]. Thus, it can be regarded that the electrostatic
binding between the cationic CS and negatively charged
[Fe(CN)6]3‘/4‘ would accelerate the electron transfer of
[Fe(CN)6]3_/4_ or permeation of [Fe(CN)6]3_/4_ across the
adsorbed GOD/CS/PR/GCE layer, and eventually leads to a
smaller R [52].

Optimization of experimental conditions

Since the detection process is usually affected by the dis-
solved oxygen, various redox active mediators (e.g., hydro-
quinone, hexacyanoferrate (III), p-benzoquinone, catechol,
dopamine, and ferrocene derivatives) were used to replace
molecular oxygen as the electron acceptor of GOD, which
could eliminate the interference of dissolved oxygen for the
second generation GOD biosensors. Here, four mediators
hydroquinone (HQ), ferrocene (FC), catechol (CC), and
dopamine (DA) were selected and compared in this research.
As shown in Fig. 6a, the performance of HQ is the best
among the selected mediators. Therefore, HQ was chosen
as the mediators in subsequent experiments.

Figure 6b shows the optimization of PR concentration for
the detection of 20 mM glucose by CV measurement. The
response current towards glucose increases in the concentra-
tion range from 20 to 40 mg/mL and reaches a maximum
value at 40 mg/mL of pyrite. Thus, 40 mg/mL was chosen
as the optimal PR concentration for the following experi-
ment. The influence of the chitosan concentration ranges
from 0.02 to 0.3% (v/v%) on the peak current response was
also investigated, and the results are shown in Fig. 6¢. The
current response of the GOD/CS/PR/GCE reaches the high-
est value when the concentration of chitosan is 0.05%. A
certain amount of CS is essential to keep the adhesion ability
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mL; [CS]1=0.05% (v/v %)

of GOD on the PR surface. However, a higher concentration
of chitosan would hinder the electron transfer rate of immo-
bilized GOD. Therefore, 0.05% of chitosan was used in the
following experiments.

A series of GOD concentrations including 1.0, 1.5,
2.0, 2.5, 3.0, and 3.5 mg/mL were optimized to obtain the
best electrochemical performance of GOD/CS/PR/GCE as
shown in Fig. 6d. When the GOD concentration is higher
than 2 mg/mL, the current response decreased severely.
Therefore, 2 mg/mL glucose oxidase was selected in this
experiment. The adsorption pH is important for immobilized
enzymes. The effect of the adsorption pH of GOD on the CV
response to glucose was also investigated over a pH range
from 4.5 to 8.0 using 0.1 M PBS (Fig. 6e). The maximum
current response was obtained at a pH of 5.5, which is in
accordance with the optimal pH of GOD [33]. In addition,
the effect of electrolyte pH showed little difference from
the pH range of 4.5-6.5. And the maximum peak current
value is also 5.5. At pH 5.5, PR, CS and GOD are nega-
tively charged, positively charged and negatively charged,
respectively. The three layers of PR, CS and GOD were
tightly adsorbed through electrostatic force. Furthermore,
maximum protein adsorption is often observed at a pH value
close to pI of the protein, due to reduced electrostatic repul-
sion of neighboring proteins [53].

Adsorption behavior of GOD evaluated by quartz
crystal microbalance with dissipation (QCM-D)

QCM-D is a very sensitive instrument for measuring the
mass changes of adsorption species in terms of the change of
resonance frequency, AF, and for obtaining the information
of viscoelasticity in terms of the change of dissipation fac-
tor, AD [54, 55]. The surface mass change of quartz crystal
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electrolyte pH (f) on the catalytic current response for 20 mM glu-

oscillator was converted to a frequency change of the out-
put electrical signal, which is used to characterize the mass
change and thickness of the adsorbed proteins. In addition,
the conformational change of proteins and the hydration
level of the biomolecule films could also be evaluated by
QCM-D [53].

(@) 5 40
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Fig.7 QCM-D responses for the step-by-step adsorption of GOD/
CS/FeS, (a), GOD/FeS, (b) on the FeS, tips in 0.1 M PBS (pH 5.5).
Changes in frequency and dissipation at 15 MHz. The experiment

cose. [PR]=40 mg/mL (for panels a, c—f); [CS]=0.05% (v/v %) (for
panels a, b, and d—f); [GOD]=2 mg/mL (for panels a—c, e-f); elec-
trolyte pH 5.5 (for panels a—e)

To understand the adsorption mechanisms, we studied the
role of CS on the adsorption of GOD with the use of QCM-D
equipped with a pure FeS, sensor tip. Figure 7a shows
the QCM-D results of step-by-step adsorption of CS and
GOD on the FeS, tip (GOD/CS/FeS,). Figure 7b shows the
adsorption of GOD alone on FeS, tip (GOD/FeS,). The first

(b) 50 20
25 1
0 410 .
N
T &
rh:) -25 m"
) S
-50 40
75 1
_100 1 1 1 1 1 1 1 1 1 1 1 1 1 _10
0 500 1000 1500 2000 2500 3000 3500
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was conducted at 25 °C ([GOD]=2 mg/mL; [CS]=0.05%). The car-
rier and sample flow rate were 100 pL/min
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decrease in frequency in Fig. 7a was related to the adsorp-
tion of chitosan on the FeS, sensor tip. The net AF gradually
increased to ca. 50 Hz, which corresponds to the mass of the
adsorbed CS. The frequency further decreased from — 50 to
—230 Hz (net AF, 180 Hz) when GOD was injected to the
system at 1500 s, illustrating that a large amount of GOD
was adsorbed on the surface of CS. The adsorbed GOD was
very stable on the CS-modified FeS, tip even when distilled
water (DW) was added to the detecting system, except for
a temporary increase caused by the adsorption of water. In
addition, the frequency decreases again due to the insta-
bility of the associated water. Figure 7b shows the net AF
was about 75 Hz in the case of GOD adsorption alone. The
adsorbed GOD amount of GOD/CS/FeS, is about 2.4 times
larger than that of GOD/FeS,. In addition, the adsorbed
GOD is very weak, and easily detached from the FeS, sen-
sor surface when DW was added. These results indicate that
the presence of pre-adsorbed chitosan enhances the adsorbed
amount of GOD.

The change of dissipation reveals the information about
the viscoelasticity and morphology of the FeS, sensor and is
used as a method to measure the substrate thickness, hydra-
tion state and conformation [56]. The first rapid increase in
dissipation (AD = 19 ppm) demonstrates that the adsorption
of CS causes the thickness of the substrate. Subsequently,
the continued increase of dissipation result (AD =~ 15 ppm)
was caused by the further addition of GOD. However, the
final AD value of GOD adsorbed alone (GOD/FeS,) is
0 ppm, which reflects the quick (rapid) detachment of GOD
from the FeS, sensor surface. These results are in accord-
ance with the CV data in Fig. 4. Furthermore, the AD/AF
value for the GOD/CS/FeS, layer was 82x 107°. A smaller
AD/AF value for the absorbed layer suggests that CS and
GOD more rigidly attached to PR (FeS,) [51].

A possible explanation for this result could be assessed
with the role of isoelectric point. The isoelectric point of
bare PR is about pH 3 [57]. When the pH value is greater

than 3, the surface of PR is negatively charged. The iso-
electric point of CS is 6.3 [51]. At the pH value below
6.3, chitosan has a positive charge due to protonation of
amino groups. Electrostatic effect is useful to stabilize the
interaction of CS and PR in the first step. In addition, the
isoelectric point of GOD is 4.2 [58]. Therefore, GOD is
also negatively charged in pH 5.5, and is tightly adsorbed
on the positively charged CS surface. These results predict
that CS worked as a double-face glue to adhere PR and
GOD. Thus, the GOD on the surface of PR is not stable
due to the electrostatic repulsion effect.

AFM images with the height profiles of PR/GCE
(Fig. 8a), GOD/CS/PR/GCE (Fig. 8b), and GOD/PR/GCE
(Fig. 8c) were evaluated. The heights of GOD/CS/PR/GCE
(106 nm) and GOD/PR/GCE (102 nm) are increased in
comparison to PR/GCE (95 nm). There were little height
differences among the three electrodes because of the het-
erogeneous property of PR and the tightly adsorbed layers
of PR, CS, and GOD. The modification of GOD would
cover the CS/PR/GCE surface completely as seen from
the rugged, uneven and hill-like image morphology. In
addition, this result is also in accordance with the SEM
and XRD measurements (data not shown).

Electrochemical performances of GOD/CS/PR/GCE
biosensor

The CVs of GOD/CS/PR/GCE with and without glucose
in 0.1 M phosphate solution (pH 5.5) containing 5 mM
HQ under the nitrogen atmosphere are shown in Fig. 9.
The inset graph reflects the relativity between the glucose
concentrations in the electrolyte and the catalytic cur-
rents. The catalytic current increased with an increase in
the concentration of glucose, indicating the GOD/CS/PR/
GCE biosensor has a good linear relationship to glucose
in the range of 0.5-60 mM, with a regression equation of

Fig.8 AFM images of the PR/GCE (a), GOD/CS/PR/GCE (b) and GOD/PR/GCE (c)
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Fig.9 CV curves of GOD/CS/PR/GCE with different concentrations
of glucose in a 0.1 M phosphate solution (pH 5.5) containing 5 mM
HQ in N, atmosphere. The potential scan rate was 5 mV/s with a
starting potential of —0.4 V

I1=0.897¢—0.3016 and a correlation coefficient of 0.9996.
The detection limit (LOD) was 50 uM. Table 2 summarizes
the compared characteristics of the reported GOD-based
glucose biosensors. Although the LOD of this sensor is
not superior with other synthesized nanomaterial-based
systems, this biosensor shows an acceptable linear range,
especially considering a raw mineral was used as support
electrode.

Lifetime of the GOD/CS/PR/GCE biosensor

Lifetime of the same GOD/CS/PR/GCE biosensor was eval-
uated using the CV method towards the detection of 20 mM
glucose. Figure 10 shows the peak current response which
was checked at 2, 4, 24, 48, and 72 h. It was found that the
biosensor lost 1.7% of the initial response at 4 h, 2.3% at
24 h,5.8% at 48 h, and 6.9% at 72 h. This glucose biosensor
was stored in a refrigerator at 4 °C in a dry state when not

120 ~

100 -

x®
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T

Relative current ,%
B [}
o o
T T

N
(=]
T

4 24 48 72

Time /h

Fig. 10 Long-term stability of the electrode

in use. The results show that the electrode has good long-
term stability.

Conclusions

In this study, a simple sandwich structure of GOD/CS/PR/
GCE biosensor was fabricated to detect glucose through
layer-by-layer electrostatic force. CS worked as a double-
face glue to stabilize the GOD on the PR-modified surface.
The surface morphology, adsorption mechanism, and elec-
trochemical behaviors were examined by CV, EIS, QCM-
D, SEM, and AFM instruments. If this strategy can be
adopted for other sulfide minerals and enzymes, then this
physical adsorption-based multilayer structure would be
expected to become one of the versatile tools for develop-
ing various bioelectronic devices.

Table2 Comparison of GOD-

. Electrode Technique Linear range (mM)  Detection References

bgsed electrochemical glucose Timit (uM)

biosensors
GOD/Pt/MOC/Au Amperometry 0.05-3.7 50 [59]
GOD-mesoFe/C-Nafion/Pt Amperometry 0.2-10 80 [60]
Nafion/GOD/OMC/GCE Amperometry 0.5-15 156 [61]
GOD/AuNPs-MoS,/Au Chronoamperometry ~ 0.25-13.2 0.042 [62]
GOD/TCT/AP/OMC/GCE DPV 0.1-1 38 [63]
GOD/tMoS,/CS/APTES/GCE  Voltammetry 3-20 - [64]
GOD/CS/FeS,/GCE Voltammetry 0.5-60 50 This study

Pt platinum, MOC mesoporous carbon, GOD glucose oxidase, GCE glassy carbon electrode, mesoFe/C
magnetic iron oxide mesoporous carbon, rMoS, reduced MoS,, AuNPs Au nanoparticles, TCT
2,4,6-trichloro-1,3,5-triazine, AP aminophenyl, APTES 3-aminopropyltriethoxysilane
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