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A facile one-step electrochemical synthesis of a platinum/reduced graphene oxide/poly(3-aminobenzoic acid)
(Pt/rGO/P3ABA) nanocomposite film on a screen-printed carbon electrode (SPCE) and its application in
the development of sensitive amperometric biosensors was successfully demonstrated herein. The
electropolymerization of P3ABA together with co-electrodeposition of rGO and Pt was conducted by cyclic volt-
ammetry, as was the GO reduction to rGO. A Pt/rGO/P3ABA-modified SPCE exhibited excellent electrocatalytic
oxidation towards hydrogen peroxide (H2O2) and can be employed as an electrochemical platform for the immo-
bilization of glucose oxidase (GOx) and cholesterol oxidase (ChOx) to fabricate glucose and cholesterol biosen-
sors, respectively. Under the optimized conditions at a working potential of +0.50 V, the proposed biosensors
revealed excellent linear responses to glucose and cholesterol in the concentration ranges of 0.25–6.00 mM
and 0.25–4.00 mM, respectively, with high sensitivities of 22.01 and 15.94 μA mM−1 cm−2 and low detection
limits (LODs) of 44.3 and 40.5 μM. Additionally, the Michaelis-Menten constant (Km) of GOx was 3.54 mM,
while the Km of ChOxwas 3.82mM. Both biosensors displayed a good anti-interference ability and clearly exhib-
ited acceptable recoveries for the detection of glucose and cholesterol in a human serum sample (98.2–104.1%).

© 2019 Published by Elsevier B.V.
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1. Introduction

The estimation and management of glucose and cholesterol metab-
olite levels in human blood are very important to clinical diagnostics
because an abnormality of either metabolite level can lead to high
risks of several serious diseases [1,2]. It is well known that diabetes
mellitus is a chronic disease associated with abnormally high levels of
glucose. This disease is a global public health problem and is one of
themain factors formortality anddisability due to its long-term compli-
cations including blindness, kidney failure, heart disease, and
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cardiovascular disease [2–5]; at the same time, a high level of choles-
terol in the blood also causes heart disease and other diseases such as
arteriosclerosis, hypertension, coronary artery disease, and cerebral
thrombosis [1,6]. Furthermore, the determination of both glucose and
cholesterol has been essentially required for nutritional quality controls
in the food and beverage industries [7,8].

Various conventional approaches including chromatographic
[8–10], spectrophotometric [11,12], chemiluminescence [13,14], and
electrochemical methods [15–17] have been developed to determine
glucose and cholesterol in actual samples. Among these techniques, an
electrochemical biosensor represents an excellent potential tool and
has attracted much attention as a point-of-care (POC) device because
of its accurate and rapid analysis, high sensitivity and specificity, ease
of use, portable equipment and low cost [15]. Typically, electrochemical
biosensors of glucose and cholesterol can be achieved by the enzymatic
reaction between an analyte and oxidase enzyme, i.e., glucose oxidase
(GOx) and cholesterol oxidase (ChOx), due to high specificity. In this
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case, the quantification of glucose and cholesterol can be electrochemi-
cally investigated by monitoring the concentration of hydrogen perox-
ide (H2O2) generated during the enzymatic reaction [18,19].

Nanomaterials are the most promising candidates that have been
applied as support materials in various kinds of biosensors due to
their outstanding physical and chemical properties including high sur-
face area to volume ratio, good thermal and electrical properties, and
high conductivity [20,21]. Therefore, themodification of nanostructured
materials on the electrode surface has been widely performed in order
to improve the electrochemical performances of the devices. Graphene
(GP), an aromatic carbon monolayer nanomaterial, is considerably at-
tractive among the various types of carbon nanostructures because it
possesses many advantageous features such as excellent mobility of
electron transfer, good electrical conductivity, ultralight weight, large
surface area and high mechanical strength [20,22]. GP is primarily
obtained from the chemical reduction of graphene oxide (GO) by
many reducing agents including sodium borohydride [23], hydrazine
[24], and ammonia [25]; however, these reagents are toxic. Moreover,
nontoxic reducing agents including ascorbic acid [26], hydroquinone
[27], and glucose [28] have also been employed. Nevertheless, GP can
easily aggregate and restack to form graphitic particles via van der
Waals interactions and π-π stacking from the reduction process [29].
Consequently, electrochemical reduction is a candidate procedure for
GP preparation [30–33]. This method is usually performed under mild
conditions, whichwould prevent an agglomeration of GP during the re-
duction process and reduce the use of toxic reagents.

Functionalization of nanomaterials plays a significant role in the im-
provement of biosensor performance by providinggreater electrochem-
ical properties including high electron transfer, good conductivity and
better biocompatibility compared with those of a single component.
Recently, the combination of GP with other nanostructures such as
metal oxides, metal nanoparticles and/or conducting polymers has
been performed to obtain nanocomposites possessing attractive, en-
hanced properties. A variety of nanocomposites based on GP sheets,
such as Pt/GP [18,34–36], GP/polyaniline [20], and Pt/GP–CNT [37],
have been extensively employed in electrochemical sensors and exhibit
an excellent electrocatalytic effect towardsH2O2. The insertion ofmetal-
lic nanoparticles into GP nanostructures leads to enhanced conductivity
and electrocatalytic properties; additionally, the introduction of poly-
mers or conducting polymers (CPs), such as polyaniline, chitosan, and
poly(aminobenzoic acid), into the composites has contributed to
the production of abundant functional groups such as amines and
carboxylic groups, which can be used as support materials for the
immobilization of biomolecules via covalent binding [15,38–42]. The
immobilization of GOx or ChOx on electrodes modified with Pt/GP
[18,43], GP/chitosan [44], PtPd/GP/chitosan [16], Pt/GP/chitosan [45],
AuNPs/GP/polyaniline [39], and GP/polyvinyl pyrrolidone/polyaniline
[46] has been successfully performed for applications as glucose and
cholesterol biosensors, respectively. These nanocomposites demon-
strated an improved chemical stability, greater electrical conductivity
and larger surface area,which can promotemore rapid electron transfer
into the system through an advanced synergistic effect; such materials
are importantly useful in many fields of electroanalytical sciences [15].
On the other hand, the preparation of these nanocomposites is much
more complicated than conventional methods, requiring more numer-
ous chemicals and greater time consumption.

In this work, a facile preparation of a sensing platform based on
a platinum/reduced graphene oxide/poly(3-aminobenzoic acid)
(Pt/rGO/P3ABA) nanocomposite has been successfully developed for
using the modified electrode as a glucose and cholesterol biosensor. A
new one-step electrochemical synthesis of a Pt/rGO/P3ABA nanocom-
posite film was performed by cyclic voltammetry (CV). Under the elec-
trochemical processing, GO was reduced to rGO at the cathodic
potential, while the polymerization of P3ABA was achieved at the an-
odic potential, and Pt nanoparticles (PtNPs) were electrodeposited dur-
ing the scanning process. The proposed Pt/rGO/P3ABA sensing platform
obtainedmultifunctional properties, and Pt distributed on the rGO sheet
provided a higher surface area and displayed an excellent electrocata-
lytic effect towards H2O2. Additionally, the biocompatible P3ABA con-
tains an abundance of carboxylic groups, which are used as the matrix
for immobilization of enzymes (GOx or ChOx) via amide linkages to in-
crease enzyme loading, to enhance the sensitivity and specificity and to
improve the stability of the modified electrode. Furthermore, the bio-
sensing platform retains the bioactivity of the enzymes and exhibits a
great potential for measurement of glucose and cholesterol in biological
fluids with high sensitivity.
2. Experimental details

2.1. Materials and reagents

All chemicals used were of analytical grade. Glucose oxidase (GOx)
10 KU from Aspergillus niger Type VII, cholesterol oxidase (ChOx) 250
UN from Streptomyces sp. EC 1.1.3.6, D(+)-glucose (Glu, ≥ 99.5%), cho-
lesterol (Cho, ≥ 99%), uric acid (UA, ≥ 99%), L-ascorbic acid (AA, 99%),
3-aminobenzoic acid (3ABA, 98%), chloroplatinic acid solution
(H2PtCl6, 8 wt%), potassium chloride (KCl, 99.5%), sodium chloride
(NaCl, 99.5%), disodium hydrogen phosphate (Na2HPO4, 99.5%), potas-
sium dihydrogen phosphate (KH2PO4, 99.5%), and human serum from
human male (AB plasma, USA origin) were purchased from Sigma-
Aldrich (Singapore). Potassium ferricyanide (K3[Fe(CN)6], ≥ 99%), N-
(3-dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC,
≤ 100%), and N-hydroxysuccinimide (NHS, ≥ 99%) were obtained from
Merck (Germany). Sucrose (extra pure), sodium dodecyl sulfate (SDS,
96%), and polyoxyethylene octyl phenyl ether (Triton X-100, extra
pure) were purchased from Loba Chemie (India). Hydrochloric acid
(HCl, 37%) and isopropanol (N99%) were obtained from RCI Labscan
(Thailand). Hydrogen peroxide (H2O2, 30%) was purchased from QRëC
(Thailand). Natural graphite (≥ 98%) was purchased from Bay Carbon
Inc., USA. All other chemicals were of analytical reagent (AR) grade. De-
ionized water (DI) was collected from a purification system (Millipore
systems, USA). Stock solutions of GOx and ChOx were freshly prepared
in phosphate buffered saline (PBS) solution. A stock solution of glucose
was prepared daily with DI water and stored overnight before use for
the mutarotation determination [5]. The GO was synthesized from nat-
ural graphite using a modified Hummers method [47]. The stock solu-
tion of cholesterol was prepared by dissolving cholesterol in a mixture
solution of Triton X-100 (1.0 mL), isopropanol (1.0 mL), and DI water
(18 mL) at a temperature of 60 °C under stirring to obtain a standard
solution [48]. The stock solutions were diluted to create different con-
centrations of analytes with PBS (pH 7.4) for further experimentation.
The human serum solution was employed with a 50-fold dilution.
2.2. Apparatus and electrodes

Electrochemical measurements, i.e., cyclic voltammetry (CV) and
chronoamperometry, were carried out with an EmStat3 potentiostat
(PalmSens, Netherlands). Electrochemical impedance spectroscopy
(EIS) was performed on an electrochemical impedance analyzer, a
Z100 EDAQ potentiostat (Australia). Screen-printed carbon electrodes
(SPCEs) were purchased from Zensor, USA. The SPCE is composed of a
carbon working electrode (WE) with a diameter of 3.0 mm, carbon
counter electrode (CE), and silver/silver chloride (Ag/AgCl) pseudo-
reference electrode (RE). All experiments were measured at room
temperature. The SPCEs were treated by employing a plasma cleaner
(PDC-32G) prior to use. A field-emission scanning electron microscope
(FE-SEM, JEOL JSM-6335F) combined with energy dispersive X-ray
spectroscopy (EDS)was employed for studying the surfacemorphology
of our synthesized nanostructures and elemental analysis of the sample
surfaces.
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2.3. Procedures

2.3.1. Preparation of Pt/rGO/P3ABA-modified SPCE
A 0.50 mg mL−1 GO suspension was prepared in 0.50 M HCl by

ultrasonication for 1 h. Then, H2PtCl6 and 3-aminobenzoic acid (3ABA)
monomer were added into the GO suspension and sonicated for 1 h
to obtain a homogeneous dispersion. The solution contained
0.50 mg mL−1 GO, 2.5 mM H2PtCl6, and 50 mM 3ABA. In the first step,
SPCE was treated in a plasma cleaner for removing impurities and im-
proving the hydrophilic property, followed by immersing the SPCE
into a mixture solution. The mixture suspension was electrochemically
deposited onto WE using CV by applying the potential between 1.20
and− 0.80 V at a scan rate of 100 mV s−1 for 10 cycles. The deposition
was conducted under stirring at 700 rpm. The Pt/rGO/P3ABA-modified
electrode was rinsed with DI water several times and then dried at
room temperature. In the cases of rGO/P3ABA- and Pt/P3ABA-
modified SPCEs, the suspension was prepared according to the same
procedure with absence of the precursor, H2PtCl6 and GO, respectively,
and only 3ABA was included in the deposition solution to prepare the
P3ABA-modified SPCE. All electrodepositions were performed under
similar conditions.
2.3.2. Fabrication of glucose and cholesterol biosensors
The best modified electrode, denoted as Pt/rGO/P3ABA-modified

SPCE, was incubatedwith 10 μL of 0.40M EDC/0.10MNHS (1:1 v/v) so-
lution for 20 min to activate the carboxylic group of the P3ABA on the
surface electrode; then, the electrode was rinsed with DI water several
times and dried at room temperature. For the fabrication of the glucose
biosensor, 2.5 μL of GOx solution (5 mg mL−1) was dropped onto the
modified electrode, while 2.5 μL of ChOx solution (0.2 UμL−1) was
drop-casted onto the electrode for construction of the cholesterol bio-
sensor. Then, the GOx/Pt/rGO/P3ABA-modified SPCE and ChOx/Pt/
rGO/P3ABA-modified SPCE were stored at a temperature of 4.0 °C over-
night for further use. A schematic diagram of the device fabrication, to-
gether with the enzymatic reactions, is demonstrated in Fig. 1. For
Fig. 1. Schematic representation of the fabrication of glucose and cholesterol biosensors and the
film-modified SPCE.
testing the applicability of our optimized electrode, glucose and choles-
terol spiked in diluted human serum samples were used.

2.3.3. Electrochemical measurements
The electron transfer processes of the Pt/rGO/P3ABA-, Pt/P3ABA-,

rGO/P3ABA-, and P3ABA-modified SPCEs were studied using CV and
EIS measurements in 5.0 mM K3[Fe(CN)6] solution containing 0.10 M
KCl. The CV was undertaken by scanning the potential from 0.80 to
−0.40 V at a scan rate of 50 mV s−1. Additionally, the effect of scan
rate on the electrochemical response of the Pt/rGO/P3ABA-modified
SPCE was investigated. Moreover, the sensitivity of different modified
SPCEs for the electrooxidation of H2O2 was investigated using CV in a
2.50 mM H2O2 solution under a scanning potential from −0.20 to
0.80 V at a scan rate of 50 mV s−1. Under the optimized conditions,
amperometry was conducted for the successive addition of H2O2 solu-
tion into 0.10 M PBS (pH 7.4) under stirring at an applied potential of
+0.50 V at the electrodes. In addition, the presence of PtNPs within
the nanocomposite film was evaluated in 0.50 M H2SO4 using CV with
the scan potential from −0.30 to 1.20 V at a scan rate of 50 mV s−1.
The quantitative analysis of glucose or cholesterol standard solution
was performed via the detection of H2O2, which is one of the products
from the enzymatic reaction, and the measurement was operated
using chronoamperometry at a potential of +0.50 V for 100 s. All elec-
trochemical studies were performed at room temperature. Moreover,
the detection of both analytes added into diluted human serumwas car-
ried out using the same potential.

3. Results and discussion

3.1. Optimization of electrochemical synthesis

In this work, a nanocomposite film of Pt/rGO/P3ABA-modified SPCE
was successfully synthesized by a one-pot electrochemical deposition
via CV, and the cyclic voltammograms (CVs) are demonstrated in
Fig. S1 (supporting information). The CVwas performed over the poten-
tial range between −0.80 and 1.20 V, in which 3ABA in an electrolytic
enzymatic reaction mechanism of biosensors based on the Pt/rGO/P3ABA nanocomposite
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solution was electropolymerized to form poly(3-aminobenzoic acid)
(P3ABA) on the SPCE. The electrooxidation of 3ABA initially occurs at
the potential of ca. +0.85 V, after which, P3ABA forms on the electrode
surface [49,50]. Moreover, during polymerization, GO and PtNPs were
also electrochemically deposited onto SPCEs, and GO was reduced to
rGO under the negative potential scan [51]. For codeposition of PtNPs,
during deposition of the nanocomposite film, the electrochemical pro-
file of Pt was observed. Pt is oxidized to Pt oxides, which are formed at
the anodic peak potential of+0.85 V, and for the reduction to Pt, the ca-
thodic peak current could be clearly observed at the potential of
+0.40 V. A well-defined hydrogen adsorption/desorption characteristic
is also demonstrated in CV scans over the potential ranges from−0.26
to −0.12 V and − 0.16 to −0.25 V, respectively, which is catalyzed by
PtNPs sitting upon the modified SPCE. In addition, the reduction of GO
could be achieved at −0.62 V and further negative potential scanning.
The irreversible cathodic current peak indicates the reduction of the ox-
ygenated groups on the GO surface under this experimental condition.
By increasing the number of CV scans, the nanocomposite amount grad-
ually grows on the SPCE, as seen in the increased peak currents. The con-
centrations of GO and H2PtCl6 for the synthesis exhibited an important
effect on the sensitivity of H2O2 detection. To obtain the highest current
response of the electrocatalysis of H2O2, the optimizations of GO and
H2PtCl6 concentrations were investigated under a fixed concentration
of 3ABA monomer at 50 mM. The optimized GO concentration in the
monomer solution was observed at 0.50 mg mL−1, which gave the
highest sensitivity to H2O2, as presented in Fig. S2(A) (supporting infor-
mation). Moreover, the effect of Pt precursor concentration has also
been examined, as shown in Fig. S2(B). As a result, it is noticed that
2.5 mM is the optimal H2PtCl6 concentration. In the case of lower con-
centrations (0.5 or 1.0mM), the filmwould contain a smaller deposition
amount of PtNPs, thus leading to attenuated electrocatalysis. In contrast,
an agglomeration of PtNPs could easily occur at concentrations above
2.5 mM, which would result in a decrease in electrocatalytic efficiency.
Consequently, a solution containing 0.50 mg mL−1 GO, 2.5 mM
H2PtCl6, and 50 mM 3-ABA was employed to investigate the number
of CV scans necessary for the fabrication of the Pt/rGO/P3ABA film-
modified SPCE. The thickness of the polymer film could be subsequently
controlled by setting the number of cycles and the scan rate during elec-
trochemical operation [52]. Due to the lower electrochemical reactivity
of P3ABA, the increased thickness would restrict the electron transfer or
electrochemical reaction at the electrode surface, thus lowering the
Fig. 2. FE-SEM images of the bare SPCE (A) and P3ABA- (B), Pt/P3AB
current response. It was found that after 10 polymerization cycles, the
film exhibited a maximum current response to H2O2 (Fig. S2(C),
supporting information). Therefore, this condition was further used
for all experiments of our biosensor development.

3.2. Study of surface morphology

The surfacemorphologies of differentmodified electrodes, including
the bare SPCE and P3ABA-, Pt/P3ABA-, rGO/P3ABA-, and Pt/rGO/P3ABA-
modified SPCEs, were elucidated by SEM, as presented in Figs. 2(A-E)
and Figs. S3(A-J) (supporting information). In comparison with those
of the bare electrode, the SEM images revealed the morphology change
after electrochemical deposition was carried out. As seen in Fig. 2(B),
larger particleswere observed for the P3ABA-modified SPCE due to cov-
ering by P3ABA, while no significant change in particle size was ob-
served on the Pt/P3ABA-modified SPCE surface (Fig. 2(C)) due to
polymerization of P3ABA together with PtNPs. Furthermore, the rGO/
P3ABA-modified SPCE (Fig. 2(D)) manifestly illustrated flat and flake-
like particles and wrinkles on the surface, which is the characteristic
structure of rGO [20,53] deposited along with P3ABA. Additionally, the
PtNPs/P3ABA coating together with some naked rGO particles and
coated rGO particles formed the Pt/rGO/P3ABA nanocomposite,
as shown in Fig. 2(E). As a result, it is expected that the nanostructures
deposited onto the electrode surface would exhibit a high surface-to-
volume ratio (or electroactive surface area), thus facilitating the
electron transfer. Moreover, the images of energy dispersive X-ray spec-
trometry (EDS) elemental mapping for the surfaces of the Pt/P3ABA-
and Pt/rGO/P3ABA-modified SPCEs have also been analyzed to confirm
the presence of PtNPs, as shown in Fig. S4 and Fig. S5 (supporting
information), respectively. It was found that the distribution of Pt was
observed in both nanocomposite films (Figs. S4(D) and S5(D),
supporting information).

3.3. Electrochemical characterization

3.3.1. Electrochemical activity of prepared modified electrodes
CV was carried out to evaluate the electron transfer properties of

different modified electrodes, namely, the bare SPCE and P3ABA-,
Pt/P3ABA-, rGO/P3ABA-, and Pt/rGO/P3ABA-modified SPCEs, in contact
with 0.10 M KCl solution containing 5.0 mM of K3[Fe(CN)6]. The exper-
iment was recorded over the potential range from 0.80 V to −0.40 V
A- (C), rGO/P3ABA- (D), and Pt/rGO/P3ABA-modified (E) SPCEs.
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with the scan rate of 50 mV s−1, and the CVs are presented in Fig. 3(A).
As a result, it is clearly seen that all modified electrodes exhibited
well-defined redox response peaks and that the different interfacial
structures resulted in a significant difference in the electrochemical re-
sponses. In the case of bare SPCE, the highest anodic and cathodic peak
currents with a peak potential separation (ΔEp) of 100 mV were ob-
served (curve a, Fig. 3(A)). After P3ABA was electropolymerized on
the SPCE, the CV curvewas drastically changed, with lower conductivity
and a remarkable increase in the ΔEp value (650 mV) compared to that
of the unmodified electrode, indicating the successful formation of poly-
mer film (curve b, Fig. 3(A)). A decrease in redox current responses
could have resulted from ahigher resistance of electron transfer kinetics
at the P3ABA film. Moreover, the Pt/P3ABA-modified SPCE and rGO/
P3ABA-modified SPCE exhibited higher redox peaks with declining
ΔEp values of 375 and 450mV, respectively. It is plausible that the pres-
ence of PtNPs or rGOwithin the deposited P3ABA film caused increased
electrocatalytic activities (curves c and d, Fig. 3(A)). Interestingly, a sig-
nificant improvement of the reversible electrochemical response for the
K3[Fe(CN)6] redox couplewas obviously observed at the Pt/rGO/P3ABA-
modified electrode, thus exhibiting a lower ΔEp value of 200 mV (curve
e, Fig. 3(A)). This result suggests that the Pt/rGO/P3ABA nanocomposite
can increase the electroactive surface area and improve the electron
transfer kinetics due to the distribution of the PtNP catalyst on the
rGO and P3ABA surface [23].

EIS was applied to investigate the electron transfer properties of the
different surface-modified electrodes, whichwasmeasured in the pres-
ence of 5.0 mM of K3[Fe(CN)6] in 0.10 M KCl solution. EIS was operated
Fig. 3. CVs at a scan rate of 50mV s−1 (A) and EIS spectra (B) of bare SPCE (a), P3ABA- (b),
rGO/P3ABA- (c), Pt/P3ABA- (d), and Pt/rGO/P3ABA-modified (e) SPCEs in contact with
5.0 mM K3[Fe(CN)6] solution containing 0.10 M KCl.
under diffusion-kinetic-controlled parameters, and the Nyquist plots
are illustrated in Fig. 3(B). Semicircle curves in the plotswere clearly ob-
served for all of the devices, corresponding to the resistance of electron
transferwithin the system [13]. Generally, the charge transfer resistance
(Rct) of the electrode surface is equal to the semicircle diameter of the
Nyquist diagram [13,51]. As a result, it can be noted that the different
modified electrodes exhibited impedance spectra in agreement with
their CV characteristics, as mentioned above. The smallest semicircle
curve could be observed on the bare SPCE (Rct = 7.75 kΩ, curve a,
Fig. 3(B)), implying the lowest resistance of the electron transfer of
the redox probe at the electrolyte/electrode interface. On the other
hand, the modification of P3ABA onto the SPCE provided the highest
charge transport resistance (Rct = 10.0 kΩ, curve b, Fig. 3(B)) compared
to those of other electrodes. In this case, the polymer film obviously
demonstrated a relatively larger resistance resulting from its low elec-
trical conductivity. To understand the roles of rGO and PtNPs, the Pt/
P3ABA- and rGO/P3ABA-modified electrodes were consequently evalu-
ated. As seen in Fig. 3(B) (curves c and d), the Rct valuewas decreased to
the resistances of 8.75 kΩ and 9.0 kΩ for Pt/P3ABA and rGO/P3ABA, re-
spectively, indicating that loading PtNPs and rGO into nanocomposites
could improve the conductivity and facilitate the electron transfer. Ad-
ditionally, the Pt/rGO/P3ABA-modified electrode revealed a lower Rct
(8.25 kΩ, curve e, Fig. 3(B)) than those of the Pt/P3ABA-modified
SPCE and rGO/P3ABA-modified SPCE. Therefore, this result indicates
that the combination of both PtNPs and rGO within nanocomposite
can further reduce the electron transfer resistance, resulting in an en-
hanced electron transfer rate attributed to the better electrochemical
activity and higher electroactive surface area.

The electrochemical behavior of the Pt/rGO/P3ABA-modified elec-
trode was examined using a standard solution of K3[Fe(CN)6] as a
redox couple probe. CV was performed at different scan rates in the
range of 20–300 mV s−1. The CV curves and the relationship between
the current density and the square root of the scan rate are plotted in
Fig. 4. It can be seen that the redox peak currents are gradually increased
and that the peak positions are shifted slightly by increasing the scan
rate. The plots of the peak current against the square root of the scan
rate exhibited linear relationships with good correlation coefficients
(R2) of 0.992 and 0.995 for the anodic and cathodic peak currents, re-
spectively, indicating that the redox behavior at the modified electrode
is a diffusion-controlled process. The scan rate of 50 mV s−1 was se-
lected to perform the measurement in this work. To confirm the pres-
ence of PtNPs within the nanocomposite, the electrochemical behavior
Fig. 4. CVs of the Pt/rGO/P3ABA nanocomposite-modified electrode in contact with
5.0 mM K3[Fe(CN)6] solution containing 0.10 M KCl at different scan rates from 20 to
300 mV s−1 and the linear relationship between peak currents and the square root of
scan rate (inset). The linear regression lines for anodic and cathodic peak currents have
equations of y = 4.177 × + 4.4299 (R2 = 0.992) and y = −4.9379 × – 9.7488 (R2 =
0.995), respectively.



Fig. 5. CVs of the Pt/rGPO/P3ABA-modified SPCE in contact with 0.10 M PBS (pH 7.4)
containing various concentrations of H2O2, (a) 0 mM, (b) 0.15 mM, (c) 0.30 mM,
(d) 0.60 mM, (e) 1.25 mM, (f) 2.50 mM, and (g) 5.00 mM at a scan rate of 50 mV s−1.

Fig. 6. Amperometric response of Pt/rGO/P3ABA/SPCE for detection of H2O2 in 0.10M PBS
(pH 7.4) and the calibration curve (inset). A linear regression line for the curve has an
equation of y = 0.0059× + 0.1897 (R2 = 0.9927).
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of the PtNPs in themodified electrode was investigated by CV in 0.50M
H2SO4, as shown in Fig. S6 (supporting information). The Pt/P3ABA-
modified SPCE obviously exhibited the characteristic features of Pt re-
lated to its hydrogen adsorption/desorption (in the potential ranges
from −0.26 to−0.18 V and − 0.16 to−0.24 V, respectively), elevated
oxide formation region, and oxide reduction peak at the potential of
0.30 V (curve d, Fig. S6). Observable and significant hydrogen adsorp-
tion/desorption of Pt (in the potential ranges from −0.26 to 0.12 V
and 0.08 to −0.22 V, respectively) and higher current densities of the
Pt oxide formation and reduction were achieved for the Pt/rGO/
P3ABA-modified SPCE (curve e, Fig. S6) compared to those of
the SPCEs (curves a-c, Fig. S6), indicating that PtNPs were deposited
together with rGO and P3ABA to form the film on the SPCE [36,54]. In
addition, the reduction peak potential of Pt oxide for the Pt/rGO/
P3ABA-modified SPCE shifted to 0.44 V.

3.3.2. Electrocatalytic performance of modified electrodes towards H2O2

oxidation
The catalytic performances of different modified electrodes towards

the electrochemical oxidation of H2O2 were further investigated in PBS
solution in the presence of 2.5 mM H2O2 using CV. The CV curves with
different platforms are shown in Fig. S7(A). Although unmodified
SPCE possesses a lower electron transfer resistance with the K3[Fe
(CN)6] redox probe, the result showed a very low catalytic current
response to H2O2 (curve a, Fig. S7(A)). Additionally, the rGO/P3ABA-
and P3ABA-modified SPCEs exhibited a similar trend with low re-
sponses (curves b and c, Fig. S7(A)), but the current responses from
such electrodes are higher than that of a bare SPCE. This result suggests
that the presence of rGO within the nanocomposite film can enhance
the electroreactivity of the electrode surface. A small oxidation peak of
H2O2 electrooxidation at the potential of +0.60 V (curve d, Fig. S7(A))
could be observed with respect to the Pt/P3ABA-modified SPCE, which
is a unique electrocatalytic oxidation response of H2O2 over PtNPs. In-
terestingly, the Pt/rGO/P3ABA-modified SPCE clearly exhibited an ex-
cellent electrocatalysis of H2O2, with the remarkably high oxidation
peak observed in the CV curve (curve e, Fig. S7(A)). Compared to the
Pt/P3ABA- and rGO/P3ABA-modified SPCEs, the current response at
the potential of +0.60 V for the Pt/rGO/P3ABA-modified SPCE was im-
proved by approximately 5.75 and 13.14 times, respectively, indicating
the synergistic effect of PtNPs and rGO. This combination offered both
the best electrochemical oxidation and the highest sensitivity. In addi-
tion, an amperometric measurement of H2O2 oxidation at the modified
electrodes was subsequently conducted for the successive addition of
H2O2 solution into 0.10MPBS (pH7.4) under stirring and an applied po-
tential of +0.50 V. Typical current-time responses are shown in Fig. S7
(B). It is found that the Pt/rGO/P3ABA sensing platform exhibited an ex-
cellent catalytic performance, indicating the highest sensitivity followed
by that of the Pt/P3ABA-modified SPCE. Weak signals were obtained
from the rGO/P3ABA-modified SPCE and P3ABA-modified SPCE, which
were related to the previous CV results. According to the effective elec-
trocatalytic property of the Pt/rGO/P3ABA-modified electrode, the de-
tection of H2O2 was further evaluated with various concentrations
(0–5.0 mM), as illustrated in Fig. 5. The increase in anodic current re-
sponse was found by the increase in the H2O2 concentration.

Under optimized experimental conditions, the Pt/rGO/P3ABA sensing
platformwas consequently employed for the detection of H2O2with suc-
cessive additions, as shown in Fig. 6. The linear relationship between cur-
rent response and concentration exhibited a good correlation coefficient
(R2) of 0.9927 over the concentration range of 0.010–0.80 mM, with a
high sensitivity of 0.0835 μA μM−1 cm−2 and a low limit of detection
(LOD) of 5.24 μM. The LOD of the proposed sensor was calculated using
three standard deviations (SDb) from the blank signal divided by the
slope (m) of the calibration standard curve (LOD = 3SDb/m). The Pt/
rGO/P3ABA nanocomposite-modified SPCE was further used in the de-
velopment of glucose and cholesterol biosensors by the immobilization
of GOx and ChOx onto the electrode surface, namely, GOx/Pt/rGO/
P3ABA- and ChOx/Pt/rGO/P3ABA-modified SPCEs, respectively. The
nanostructures possess an abundance of free carboxylic groups on the
P3ABA polymer chain, which is favorable to form covalent bonds be-
tween the activated carboxylic groups and the amino groups of the en-
zymes. Additionally, rGO not only has gained a high conductivity in this
system but also exhibits a large electroactive surface area, which would
promote improved loading of immobilized enzymes, one of themost im-
portant factors affecting the performances of biosensors. Moreover, the
distribution of PtNPs together with rGO in the developed platform also
exhibits a unique electrocatalytic property towardsH2O2,which is gener-
ated during both enzymatic reactions. Therefore, the synergistic effect in
the nanocomposite could provide a great potential to efficiently detect
H2O2, the production ofwhich is proportional to the oxidation of the sub-
strate (glucose or cholesterol) by enzymes (GOx or ChOx). Furthermore,
the Pt/rGO/P3ABA film provides good charge transfer at the electrolyte/
electrode interface.

The electrocatalytic performances of glucose and cholesterol biosen-
sors towards glucose and cholesterol have been demonstrated in
Figs. S8(A) and S8(B), respectively (supporting information). The CVs
for GOx/Pt/rGO/P3ABA- and ChOx/Pt/rGO/P3ABA-modified SPCEs in so-
lutions containing glucose and cholesterol, respectively, revealed higher
currents due to bioelectrocatalytic reactions. The currents are propor-
tional to their concentrations, and the bioelectrocatalytic currents are
increased by increasing the applied potential. At a low potential of
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+0.40 V, there is low sensitivity (low current response) in the case of
both biosensors, and responses could not be discriminated between
low and high concentrations of the analytes, while high sensitivities
for the detection of both analytes were observed at high applied poten-
tials such as +0.60, +0.70, and+0.80 V. Although high potential offers
good sensitivity, the detection is affected by interfering currents from
other electroactive species such as AA and UA. Therefore, +0.50 V was
chosen as the working potential in order to reduce the interference ef-
fect from common electroactive species in our study.

3.3.3. Chronoamperometric determination of glucose and cholesterol
Chronoamperometry waswidely applied to examine the quantifica-

tion of glucose and cholesterol because of its high sensitivity [19]. The
determination of glucose or cholesterol is based on the electrocatalysis
current response of H2O2 produced from their enzymatic oxidations.
In this work, the chronoamperometric measurement was performed
at the constant potential of +0.50 V, with different standard concentra-
tions, and the current responses could be recorded at the steady-state
current of 50 s. For the glucose biosensor, chronoamperograms and
the plot of current response against glucose concentration were ob-
tained, as presented in Figs. 7(A) and 7(B). The result shows that the
current response increases with increasing glucose concentration and
slightly changes at high concentrations above 6.0 mM, at which access
to the electrode surface could be limited. Our glucose biosensor exhib-
ited a high sensitivity (22.01 μA.mM−1.cm−2), and the LOD was
Fig. 7. (A) Chronoamperograms from different glucose concentrations, (a) 0 mM,
(b) 0.25 mM, (c) 0.50 mM, (d) 1.00 mM, (e) 2.00 mM, (f) 3.00 mM, (g) 4.00 mM,
(h) 5.00 mM, and (i) 6.00 mM using the Pt/rGO/P3ABA-modified electrode at an
operating potential of +0.50 V in 0.10 M PBS (pH 7.4) and (B) the corresponding
calibration curve of glucose determination. A linear regression line for the calibration
curve has an equation of y = 1.5554× + 0.25 (R2 = 0.9988).
estimated to be 44.3 μM (n = 3). Additionally, the glucose biosensor
provided an excellent linear response to glucose solutions in the range
of concentrations from 0.25 to 6.00mM(R2= 0.9988),with the relative
standard deviations (RSDs) between 1.22% and 6.47% (n = 3). As seen
in Table 1, the sensitivity of our sensor is greater than that of a PtNPs/
nitrogen-doped GP nanoscroll-modified glassy carbon electrode (GCE)
(6.36 μA mM−1 cm−2) [29], while its linear dynamic range is wider
than those of some previous reports: GP/conducting polyaniline-
modified Pt electrode (0.010–1.48 mM) [17], Pt/GP/chitosan-modified
GCE (0.15–5.0 mM) [45], and chitosan/rGO/AuNPs-modified Pt elec-
trode (0.010–2.13 mM) [55].

Additionally, the fabricated cholesterol biosensor (ChOx/Pt/rGO/
P3ABA-modified SPCE) demonstrated a similar trend to the glucose bio-
sensor, with the current responses related to the concentration of cho-
lesterol solution, as illustrated in Figs. 8(A) and 8(B). In Table 1, the
excellent linear relationship of current response versus cholesterol con-
centration observed in our study is demonstrated in the range of
0.25–4.00 mM (R2 = 0.9928) with the RSD between 0.12% and 6.61%
(n = 3), which is wider than those based on a Pt/GP electrode (up to
35 μM) [18] and AuNPs/poly(diallyldimethylammonium chloride)
(PDDA)/multiwalled carbon nanotube (MWCNT)-modified GCE
(0.020–1.2 mM) [56]. Our cholesterol biosensor also obtained a low
LOD of 40.5 μM (n=3) and a good sensitivity of 15.94 μAmM−1 cm−2,
which are superior to those for the cholesterol biosensing based on a
polyaniline/PtNPs electrode (0.88 μA mM−1 cm−2) [1] and AuNPs/
MWCNTs/polypyrrole-modified electrode (10.12 μAmM−1 cm−2) [57].

The apparent Michaelis-Menten constant (Km), which provides an
indication of the enzyme-substrate kinetics, was calculated according
to the Lineweaver-Burk equation [6,38,58]:

1
Iss

¼ 1
Imax

þ Km

Imax
� 1
C

ð1Þ

where Iss is the steady-state current, Imax is the maximum current mea-
sured under the saturated substrate solution condition and C is the con-
centration of the substrate. Typically, the Km value depends on the
nature of thematrix or sensing platform and the immobilization process.
The lower Km value implies that a strong affinity between enzymes and
substrates promoted effective enzymatic reaction [18]. The Km of the fab-
ricated glucose biosensorwas estimated to be 3.54mM,whichwas lower
than that of freeGOx in solution (27mM) [59]. Furthermore, theKm value
demonstrates a much smaller magnitude than those of previous reports
obtained from the glucose biosensors based on the Pt/mesoporous car-
bon CMK-3-modified GCE (10.8 mM) [60], AuNPs/PtNPs/CNT-modified
Au electrode (10.73 mM) [61], rGO/PAMAM/AgNPs-modified GCE
(9.64 mM) [62], polydopamine/GP-modified Au electrode (6.77 mM)
[63], and chitosan/rGO/AuNPs-modified Pt electrode (4.33 mM) [55].

In the case of our fabricated cholesterol biosensor, the Km value of
ChOx was calculated to be 3.82 mM, which was higher than those ob-
served by other cholesterol biosensingplatforms such as PtPdNPs/chito-
san/GP (0.11 mM) [16] and TiO2/GP/PtPd/TiO2-GP/AuNPs/ChOx
(0.21 mM) [64]; however, the preparation of these materials involves
high synthetic complexity and requires many chemicals. Furthermore,
our biosensing platform provided amuch lower Km value than those re-
ported in the literature, including the values obtained from cholesterol
biosensors based on the PDDA/ChOx/MWCNTs-modified Au electrode
[65], AgNPs/boron-doped diamond electrode coupled with PAD [66],
and poly(3-thiopheneacetic acid)-modified Pt electrode [67], which
were 7.17, 6.48, and 14.53 mM, respectively. The results above indicate
that the immobilization of either GOx or ChOx onto the developed sens-
ing platform demonstrated a good enzymatic activity and exhibited a
high affinity to glucose and cholesterol, respectively. Furthermore, the
comparison of the performances of our proposed glucose and choles-
terol biosensors with those from the literature have been shown in
Table 1, including the linear dynamic range, LOD, sensitivity, and Km



Table 1
Comparison of the electrochemical biosensor performances of glucose and cholesterol biosensors with different modified electrodes based on nanomaterial and polymer.

Modified electrodea linearity (mM) Sensitivity (μA.mM−1.cm2) Detection limit (μM) Km (mM) References

Glucose biosensor

Pt/CMK-3-GOx-gelatin/GCE 0.04–12.2 ND 1 10.8 [60]
GOx/PtNP/PANI/PtE 0.01–8 96.1 0.7 2.35 [70]
GOD-CS/GP-PANI/Pt disc electrode 0.01–1.48 22.1 2.77 3.26 [17]
GOD/CS-rGO/AuNPs/Pt electrode 0.01–2.13 102.4 1.7 4.33 [55]
GOx/Pt/rGO/P3ABA/SPCE 0.25–6.00 22.01 44.3 3.54 This work

Cholesterol biosensor

PDDA/ChOx/MWCNTs/AuE up to 6.0 mM 7.32 200 7.17 [65]
ChOx/HRP/AuNPs/PDDA/MWCNTs/GCE 0.01–1.05 18.6 2.2 2.18 [56]
ChOx/AuNPs/PDDA/MWCNTs/GCE 0.02–1.2 2.23 4.4 0.89 [56]
ChOx/Poly(3TPAA)/PtE 0–8 4.49 420 14.53 [67]
ChOx/Pt/rGO/P3ABA/SPCE 0.25–4.00 15.94 40.5 3.82 This work

GCE: glassy carbon electrode, PtE: platinum electrode, AuE: gold electrode, NP: nanoparticle, Pt: platinum, CMK-3: mesoporous carbon CMK-3, PANI: polyaniline, rGO: reduced graphene
oxide, CS: chitosan, PDDA: poly(diallyldimethylammonium chloride), MWCNT: multi-walled carbon nanotubes, AuNPs: gold nanoparticles, Poly(3TPAA): poly(3-thiopheneacetic acid).

132 S. Phetsang et al. / Bioelectrochemistry 127 (2019) 125–135
value. The proposed platform for determination of glucose and choles-
terol offers comparable device performances.

In summary for our Pt/rGO/P3ABA-modified SPCE, the presence of
P3ABA provided a sufficient conductivity and a covalent attachment of
enzymes, which protected against loss of enzyme to the electrolyte dur-
ingmeasurement and preserved the enzyme activity similarly to that in
a biological environment, while the PtNPs and rGO synergistically
Fig. 8. (A) Chronoamperograms from different cholesterol concentrations, (a) 0 mM,
(b) 0.25 mM, (c) 0.50 mM, (d) 1.00 mM, (e) 1.50 mM, (f) 2.00 mM, (g) 2.50 mM,
(h) 3.00 mM, (i) 3.50 mM, and (j) 4.00 mM using the Pt/rGO/P3ABA-modified electrode
at an operating potential of +0.50 V in 0.10 M PBS (pH 7.4) and (B) the calibration
curve of cholesterol determination. A linear regression line for the calibration curve has
an equation of y = 1.1604× + 0.4608 (R2 = 0.9928).
combined to yield high electroactive surface areas and electrocatalytic
properties. Additionally, this sensing platform can be facilely fabricated
in a one-step process, which reduced chemical usage and time con-
sumption. This result suggests that the proposed sensing platform for
biosensor device construction could be applied with low cost and high
efficiency for the determination of glucose and cholesterol in clinical
diagnostics.

3.3.4. Interference study
Selectivity is a very important aspect of efficient biosensor detection

of an analyte. In human body fluid, glucose (Glu) and cholesterol (Cho)
are typically coexisting with common interfering molecules, some of
which are electroactive compounds such as ascorbic acid (AA) and uric
acid (UA) [2,55]. Therefore, the studyof the interference effect on thede-
termination of glucose and cholesterol was subsequently performed
using chronoamperometry under the same experimental conditions.
For the glucose biosensor, the interference effects of Cho (1.0 mM), AA
(0.25 mM), UA (0.10 mM), and sucrose (Su) (1.0 mM) in the presence
and absence of 1.0 mM glucose were investigated, and the effects on
the current response of the proposed biosensor are shown in Fig. 9(A).
In the case of the cholesterol biosensor, the current effects from Glu
(1.0 mM), AA (0.25 mM), UA (0.10 mM), and sucrose (Su) (1.0 mM)
with and without 1.0 mM cholesterol were also evaluated, as presented
in Fig. 9(B). Itwas found that AA andUA strongly affected the current re-
sponses of both proposed biosensors (supporting information Fig. S9),
but this problem was solved by coating the electrode with an anionic
surfactant (SDS). In this study, 2.0 μL of 2.0 mM SDS was dropped onto
the GOx/Pt/rGO/P3ABA- or ChOx/Pt/rGO/P3ABA-modified SPCE and
then dried at room temperature before use. The anti-interference
could be exhibited in the electrostatic repulsion between anionic SDS
and anionic AA (pKa = 4.1) and anionic UA (pKa = 5.4) in neutral
pH 7.4 [2,46]. As shown in Figs. 9(A) and 9(B), the interferingmolecules
can be oxidized at the applied operating potential of+0.50 V: especially
UA and AA. The current responses from the electrochemical oxidation of
AA and UA could contribute to the analytical responses for both glucose
and cholesterol determinations. Compared to the responses of both en-
zymatic reactionsusing1.0mMglucose and1.0mMcholesterol, the cur-
rents from AA and UA oxidation are from 6.73–10.21%, which is
significantly high; however, when the interferences coexisted in the de-
tection solution with glucose or cholesterol, in the cases of Su, AA, UA,
and Cho, the response differences were increased by approximately
0.59%, 2.94%, and 7.35% and decreased by approximately 4.41%, respec-
tively, from the response of glucose alone. For the cholesterol detection
system, the response differences were decreased by approximately
1.44% and 0.28%, and increased by approximately 4.35% and 8.40%, for
the coexisting Glu, Su, AA, and UA, respectively. Although coexistence
of the common interferingmetabolites resulted in changes in the analyt-
ical response, a 10-fold higher concentration of substrate, i.e., glucose or



Table 2
Determination of glucose and cholesterol in human serum samples (n = 3).

Glucose

Added (mM) Found (mM) % Recovery

0.50 0.491 ± 0.030 98.2
1.00 1.028 ± 0.019 102.8
2.00 2.044 ± 0.134 102.2

Cholesterol

0.50 0.493 ± 0.029 98.6
1.00 1.041 ± 0.092 104.1
2.00 2.010 ± 0.003 100.5
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cholesterol, was employed in our study. In general, normal human
plasma contains glucose (3.5–5.5 mM) [68], cholesterol (b5.17 mM)
[1], UA (0.13–0.46 mM) [1], and AA (23 μM) [69]. The concentration of
glucose is higher than those of UA (ca. 8–42 times) and AA (ca.
152–239 times), while the cholesterol concentration is higher than
thoseofUA(ca. 11–40 times) andAA(ca. 225 times).Moreover, the con-
centrations of glucose and cholesterol are much higher in patients. This
consideration suggests that no interference effect occurred when our
biosensors were used for glucose and cholesterol assays. Therefore, the
result indicates that by using our glucose and cholesterol biosensors,
the interference effect is negligible. Consequently, our proposed biosen-
sors provide a satisfactory selectivity and have an applicability to assay
both analytes efficiently within real samples.

3.3.5. Reproducibility, repeatability, and stability of biosensors
The reproducibility, repeatability, and stability of proposed biosen-

sors were also investigated using amperometric measurement under
the optimized conditions. Sufficient reproducibility of each biosensor
is obtained with current responses of five individual biosensors for
each system, and 2.58% RSD (n = 5) and 3.50% RSD (n = 5) were ob-
served for 1.0 mM glucose and cholesterol, respectively. Moreover, to
investigate electrode reproducibility, five individual Pt/rGO/P3ABA/
SPCEs were employed to detect 1.0 mM H2O2, and the RSD (n = 5)
was calculated as 4.08%. The repeatability of each system is observed
with 2.81% RSD (n = 5, 2.5 mM glucose) and 3.30% RSD (n = 5,
2.5 mM cholesterol) for the glucose and cholesterol biosensors, respec-
tively, verifying the satisfactory repeatability of each biosensing system.
To evaluate the stability of the prepared electrode and both biosensors,
Pt/rGO/P3ABA-, GOx/Pt/rGO/P3ABA- and ChOx/Pt/rGO/P3ABA-
modified SPCEs were stored at a temperature of 4.0 °C for 7 days, and
Fig. 9. Interference study of glucose (A) and cholesterol (B) biosensors.
changes in current responses towards 1.0 mM H2O2, 1.0 mM glucose,
and 1.0 mM cholesterol, separately, were measured, as shown in
Fig. S10. It was found that after 7 days, the storage electrodes retained
the current responses of ca. 87, 86, and 88% of the initial responses for
the detection of H2O2, glucose, and cholesterol, respectively. The results
indicate the sufficient stability of these electrodes.

3.3.6. Sample analysis
Glucose and cholesterol levels, as indicative biomarkers, are impor-

tant factors to estimate human health and diagnosis disease. To study
the possibilities of clinical application, the proposed biosensors were
applied in the determination of glucose and cholesterol in a human
serum sample. Different concentrations of glucose or cholesterol (0.50,
1.00, and 2.00 mM) were spiked into a 50-fold diluted human serum,
and the result of this recovery study is shown in Table 2. The percent-
ages of recoveries were observed in the ranges of 98.2–102.8% and
98.6–104.1% for glucose and cholesterol biosensors, respectively. This
result suggests that the proposed biosensor could be employed tomea-
sure glucose and cholesterol within clinical samples.

4. Conclusions

In summary, a Pt/rGO/P3ABA nanocomposite film on SPCE was suc-
cessfully synthesized using a facile one-step electrochemical deposition.
The Pt/rGO/P3ABA-modified SPCE exhibited an excellent electrocata-
lytic capability towards H2O2 oxidation. Therefore, our novel and versa-
tile sensing platform was examined in terms of applicability in the
fabrication of glucose and cholesterol biosensors by immobilizing GOx
and ChOx onto the surface of the modified electrode, respectively.
These biosensors achieved excellent sensing capabilities in the detec-
tion of both metabolites, with wide linear dynamic ranges, high sensi-
tivity, and low detection limits. Furthermore, the biosensors possessed
good anti-interference ability, thus exhibiting suitability for genuine
sample analysis in clinical diagnosis. Moreover, our versatile Pt/rGO/
P3ABA-modified SPCE offers a great potential use for the construction
of other biosensors by using other specific enzymes, for example,
uricase, lactate oxidase, and alcohol oxidase.
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