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The enantioselective interaction between horseradish peroxidase (HRP) and arginine enantiomers was inves-
tigated by electrochemical methods through studying the electrocatalytic activity of H2O2 biosensor, which
was obtained through L-arginine or D-arginine functionalized multi-walled carbon nanotubes (D-Arg-MWCNTs
or L-Arg-MWCNTs) immobilizing horseradish peroxidase (HRP) on glassy carbon electrode. Cyclic voltammetric
and chronoamperometrywere used to characterize the properties of the biosensor. Under the optimal conditions,
LAM-CS@HRP/dpAu/GCE biosensor showed better electrocatalytic activity to H2O2 compared to DAM-CS@HRP/
dpAu/GCE and MWCNTs-CS@HRP/dpAu/GCE, implying that the different configurations of nanocomposites
have different interactions with HRP. The currents of LAM-CS@HRP/dpAu/GCE biosensor had a linear relationship
with the concentration of H2O2 in the range of 2.5×10−6 to 2.9×10−3 M with a detection limit of 8.3×10−7 M
(S/N=3). For MWCNTs-CS-HRP/dpAu/GCE electrode, the calibration range of H2O2 was from 6.4×10−4 to
2.9×10−2 M and a detection limit of 2×10−5 M (S/N=3). For the case of DAM-CS@HRP/dpAu/GCE, there has
a linear relationship with the concentration of H2O2 from 1.8×10−5 to 2.6×10−3 M and the detection limit is
6×10−5 M (S/N=3).

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The existence and induction of chirality are one of the most in-
triguing and inspiringphenomena in nature [1,2]. Living beings are com-
posed of a variety of optically active macromolecules, in which chiral
recognition plays a crucial role for maintaining their function [3,4]. The
body exhibits different physiological responses to stimuli caused by en-
antiomers of a racemic drug, whichmay have different pharmacological
activities, pharmacokinetic and pharmacodynamic effects [5–7]. With
the increasing use of chiral compounds in pharmaceuticals and agro-
chemicals, the detection of chiral compounds still remains an important
subject [8].

Amino acids are important biological compounds. Different con-
figurations of amino acids differ in their biological or physiological
activities [9]. L-forms amino acids play an important role in the food
and pharmaceutical industries, while D-formswere discovered in species
of lower animals, vegetables and fruits [10–12], and D-amino acids are
generally considered to be importantmarkers of bacterial contamination
of food products [13]. Great efforts have been made to discriminate
amino acids enantiomers [14–16]. Arginine (Arg) is frequently used in
structural probing of proteins and RNA based on the guanidino group is
the excellent recognition sites to bio-molecules [17]. L-Arg is a precursor
: +86 023 6825.
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of nitric oxide and protein synthesis, and it plays a very important role in
the living systems [18,19]. While D-Arg, an active molecule in mammals,
is believed to have pharmacological activity [20]. Therefore, developing
the methods for the recognition of Arg enantiomers is lasting and
interesting.

The electronic properties of multi-walled carbon nanotubes
(MWCNTs), which are the subtle electronic properties, the excellent
conductivity, the high aspect ratio, the large specific area and good
chemical stability, suggested that they have the ability to mediate the
electron-transfer reactions and can be exploited as amean of promoting
the reactions in a wide range of bioactive species [21–26]. Functional-
ized MWCNTs have been widely used in constructing biosensor for
the good physical properties and solubility [27–29]. Chiral molecular
functionalized MWCNTs, which could keep the chirality and excellent
electronic properties, are potential biomaterials applied in biosensor.

In this work, Arg enantiomers functionalized MWCNTs and
MWCNTs were used to construct hydrogen peroxide (H2O2) biosensor.
Compared DAM-CS@HRP/dpAu/GCE or LAM-CS@HRP/dpAu/GCE with
MWCNTs-CS@HRP/dpAu/GCE, LAM-CS@HRP/dpAu/GCE has the best
electrocatalytic effect toward the reduction of H2O2. The difference of
electrocatalytic activity of DAM@HRP/dpAu/GCE and LAM-CS@HRP/
dpAu/GCE may be caused by the enantioselective interaction between
HRP and Arg enantiomers. This work not only provides a new method
for investigating the enantioselective interaction of chiral molecules
and biomolecules, but also constructs a new biosensor for the detection
of H2O2.
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Fig. 1. Cyclic voltammograms of different electrodes. (a) GCE; (b) dpAu/GCE; (c)
DAM-CS@HRP/dpAu/GCE; (c′) LAM-CS@HRP/dpAu/GCE in 2.5 mM [Fe(CN)6]4−/3−

solution at 50 mV/s.
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2. Experimental

2.1. Reagents and materials

The multi-walled carbon nanotubes (MWCNTs>95%), L- and D-
arginine (L- and D-Arg, 98%) were purchased from Chengdu Organic
Chemicals Co., Ltd. (Chengdu, China). Gold chloride (HAuCl4), chitosan
(CS), N-hydroxy succinimide (NHS), N-(3-dimethylaminopropyl)-N′-
ethylcarbodiimidehydrochloride (EDC) and Horseradish peroxidase
(HRP) were purchased from Sigma Chemical Co. (St. Louis, USA).
Hydrogen peroxide (H2O2, 30%) was purchased from Chemical Reagent
Co. (Chongqing, China). Various pH of phosphate buffer solutions (PBS)
containing 0.1 M KCl were prepared by 0.1 M of KH2PO4 and 0.1 M of
Na2HPO4. Other chemical reagents were analytical grade and used
without further purification. Double distilled water was used
throughout the study. All the experiments were carried out at room
temperature (25.0±0.5 °C).

2.2. Apparatus

Cyclic voltammetric (CV) and chronoamperometry measurements
were performed on a CHI 660D electrochemistry workstation (Shanghai
Chenhua Instruments Co., China). A conventional three-electrode system
was employedwith bare or themodified electrodes as the working elec-
trodes, a platinumwire auxiliary electrode as the counter electrode and a
saturated calomel reference electrode (SCE) as the reference electrode.

2.3. Constructing the chiral hydrogen peroxide biosensors

L- or D-Arg functionalized MWCNTs were obtained as follows. First,
the oxidized MWCNTs were added into NHS solution and sonicated.
Then EDC was added in the stirred mixture and allowed to react for
3 h. After that, the obtained solution was successively centrifuged and
rinsed thoroughly with water. Next, it was transferred to L- or D-Arg
solution, the L- or D-Arg functionalized MWCNTs were obtained by
covalent interaction between the –NH2 of Arg and –COOH of the
MWCNTs [30].

Before each experiment, GCEs (Φ=4 mm) were polished with 1.0,
0.3, and 0.05 μm of alumina slurries, which was followed by successive
sonicating inwater, and ethanol. Then, the cleaned GCEswere immersed
in 1%HAuCl4 solution, and treated by controlling−0.2 V for 1 min to get
gold nanocrystal film (dpAu/GCE) [31,32]. 0.2 mg of D-Arg-MWCNTs or
L-Arg-MWCNTs was dispersed in 0.6 mL of CS by sonicating for 1 h,
thenHRP (0.4 mg/mL)was added and sonicated for 0.5 h to obtain a sta-
ble black suspension. 10 μL of the suspensionwas dropped on the surface
of the dpAu/GCE to fabricate a biosensor (noted LAM-CS@HRP/dpAu/
GCE or DAM-CS@HRP/dpAu/GCE). For comparison, MWCNTs-CS@HRP/
dpAu/GCE were also prepared by dropping 10 μL of MWCNTs-CS@HRP
mixed solution on the dpAu/GCE, and dried in air at room temperature.

3. Results and discussion

3.1. Electrochemical characterization of the modified electrode

Cyclic voltammograms (CVs) of different modified electrodes were
performed in 2.5 mM [Fe(CN)6]4−/3− solution (pH 6.0) from −0.2 to
0.6 V at a scan rate of 0.05 V/s. As shown in Fig. 1, a standard redox
peak was observed on the bare GCE (curve a). After the GCE electrode
deposited with the HAuCl4, the peak current increased because of
good electronic transmission of gold nanoparticles (curve b). When
LAM-CS@HRP or DAM-CS@HRP mixture modified on dpAu/GCE, a fur-
ther increase of the peak current was obtained and the peak current
values of LAM-CS@HRP/dpAu/GCE and DAM-CS@HRP/dpAu/GCE were
almost the same (curve c and c′), which is due to good conductive prop-
erties of chiral nanotubes.
The CV performance of LAM-CS@HRP/dpAu/GCE and DAM-CS@
HRP/dpAu/GCE electrodes at different scan rates was measured. Both
the anodic and cathodic peak currents were directly proportional to
the square root of scan rate (v1/2) from 0.02 to 0.50 V/s, suggesting dif-
fusion controlled electron transfer process.

3.2. Optimization of analytical conditions

3.2.1. The influence of pH
The pH of the working buffer is an important influencing factor for

the sensitivity of the modified electrode. To improve the performance
of the biosensor, the optimum pH for modified electrode was selected
by amperometric response in a series of PBS (containing 0.2 mM
H2O2) from 4.8 to 8.0. As shown in Fig. 2A, the amperometric response
of both LAM-CS@HRP/dpAu/GCE (a) and DAM-CS@HRP/dpAu/GCE (b)
increases the pH value from 4.8 to 6.0, and then decreases. The amper-
ometric currents achieved the highest value at pH 6.0, which indicated
that pH 6.0 was optimum. The reason might be that the bioactivity of
HRPwould decrease in a strong acidic or alkaline solution. So, the buffer
solution of pH 6.0 was selected for further experiments. In addition, it
can also be seen that the catalytic reduction of H2O2 on LAM-CS@HRP/
dpAu/GCE electrode was always larger than DAM-CS@HRP/dpAu/GCE.

3.2.2. The effect of applied potential
The effect of applied potential on the amperometric response of

the modified electrodes toward H2O2 (0.2 mM) was also investigated
on the applied potential from −0.05 V to −0.50 V. As shown in
Fig. 2B, the peak current of LAM-CS@HRP/dpAu/GCE (a) and DAM-
CS@HRP/dpAu/GCE (b) was gradually increasing with applied poten-
tial varies from −0.05 V to −0.50 V. Considering the interference of
many coexisted foreign species at too negative potential, −0.25 V
was chosen as the working potential to maintain a high sensitivity.

3.3. Electrocatalytic performance of the chiral biosensor

Fig. 3A displayed electrocatalytic activity of the LAM-CS@HRP/
dpAu/GCE (I) and DAM-CS@HRP/dpAu/GCE (II) toward the reduction
of H2O2 at a scan rate of 0.05 V/s. Curve a was the CV in the absence
of H2O2, after H2O2 was added into the PBS (pH 6.0), an obvious in-
crease in the peak current was observed (curve b). The results show
that LAM-CS@HRP and DAM-CS@HRP have successful modification on
dpAu/GCE. And the chiral nanocomposites have good biocompatibility
which can maintain the biological activity of HRP. It is noteworthy
that the catalytic effects of LAM-CS@HRP/dpAu/GCE were better than



Fig. 2. Effects of pH (A) and applied potential (B) on steady-state response current to 0.2 mM H2O2. (a) LAM-CS@HRP/dpAu/GCE electrode and (b) DAM-CS@HRP/dpAu/GCE.
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DAM-CS@HRP/dpAu/GCE. The oxidated process of H2O2 on LAM-CS@
HRP/dpAu/GCE and DAM-CS@HRP/dpAu/GCE was shown in Fig. 3B.

To further investigate the roles of the chiral nanocomposites in the
catalytic effects of H2O2, the chronoamperometry responses of LAM-
CS@HRP/dpAu/GCE, DAM-CS@HRP/dpAu/GCE and MWCNTs-CS@HRP/
dpAu/GCEwere compared by successive injections of H2O2 to a continu-
ous stirring of PBS solution (pH 6.0) at applied potential of −0.25 V.
As shown in Fig. 4, the chronoamperometry response of LAM-CS@
HRP/dpAu/GCE (a) was larger than that of MWCNTs-CS@HRP/dpAu/
GCE (b) and DAM-CS@HRP/dpAu/GCE (c), and the difference of
chronoamperometry response gradually increase with the increasing
of H2O2 concentration.

Fig. 5 displayed the calibration curve of the biosensor for H2O2

determination. As can be seen, the LAM-CS@HRP/dpAu/GCE electrode
displays a linear H2O2 concentration in the range from 2.5×10−6 to
2.9×10−3 M with a correlation coefficient of 0.998, and the detection
Fig. 3. A: The electrocatalytic activity of the LAM-CS@HRP/dpAu/GCE (I) and the DAM-CS@H
and (b) in 0.584 mM H2O2 PBS (pH 6.0) at a scan rate of 0.05 V/s. B: The schematic repres
dpAu/GCE and (b)DAM-CS@HRP/dpAu/GCE.
limit is 8.3×10−7 M (S/N=3) (a). For MWCNTs-CS-HRP/dpAu/GCE
electrode, a linear range from 6.4×10−4 to 2.9×10−2 M is obtained
with a correlation coefficient of 0.963, and the detection limit is
2×10−5 M (b). For the case of DAM-CS@HRP/dpAu/GCE, there has a
linear relationship with the concentration of H2O2 from 1.8×10−5 to
2.6×10−3 M, with a correlation coefficient of 0.973, and the detection
limit is 6×10−5 M (c). From above dates, it shows that the catalytic
effect of LAM-CS@HRP/dpAu/GCE electrode is stronger than that of
MWCNTs-CS@HRP/dpAu/GCE and DAM-CS@HRP/dpAu/GCE.

Compared to MWCNTs-CS-HRP/dpAu/GCE, the electrocatalytic be-
havior of HRP was improved upon its immobilization on the LAM-CS@
HRP/dpAu/GCE, allowing an efficient electron transfer between the
redox active site of the enzyme and the electrode surface, while the
chronoamperometry response was decreased in the presence of D-Arg.
The difference of chronoamperometry response between LAM-CS@
HRP/dpAu/GCE and DAM-CS@HRP/dpAu/GCE may be resulting from
RP/dpAu/GCE (II) toward the reduction of H2O2. (a) in 0.1 M PBS (pH 6.0) without H2O2

entation of electrocatalysis progress of modified electrode to H2O2. (a) LAM-CS@HRP/

image of Fig.�2
image of Fig.�3


Fig. 4. Amperometric response of the different electrodes. (a) LAM-CS@HRP/dpAu/GCE;
(b) MWCNTs-CS@HRP/dpAu/GCE and (c) DAM-CS@HRP/dpAu/GCE in PBS (pH 6.0) at
an applied potential of−0.25 V upon successive additions of H2O2.
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the chirality-induced difference in the molecular configurations for
L- and D-Arg molecules, which greatly influences their interactions
with HRP molecules. The spatial structure of L-Arg may match well
with HRP and leads electron to transfer more easily than D-Arg.
3.4. Stability, repeatability and reproducibility of biosensors

The stability of the biosensors was studied. When the 100
continuous cyclic scans were carried out in the potential range from
0.6 to −0.2 V with a 0.05 V/s scan rate, the decrease of anodic current
peaks was 1.8% for LAM-CS@HRP/dpAu/GCE, and 1.6% for DAM-CS@
HRP/dpAu/GCE. On the other hand, after the modified chiral electrodes
were stored at 4 °C for two weeks, the sensor retained 92% (DAM-CS@
HRP/dpAu/GCE) or 90% (LAM-CS@HRP/dpAu/GCE) of its initial activity.
It showed that this biosensor exhibited a high stability. The repeatability
of the LAM-CS@HRP/dpAu/GCE biosensor and DAM-CS@HRP/dpAu/
GCE biosensor was also investigated and relative standard deviation
(RSD) was 3.2% and 3.8% (n=6) for 0.2 mM H2O2. The reproducibility
was determined in the presence of 0.2 mM H2O2. The RSD of the
LAM-CS@HRP/dpAu/GCE biosensor and DAM-CS@HRP/dpAu/GCE bio-
sensor was 4.5% and 4.7%, respectively. The good reproducibility may
be due to the HRP molecules that were firmly immobilized on the elec-
trode surface and the good biocompatibility of Arg enantiomers func-
tionalized MWCNTs.
Fig. 5. Linear calibration curves. (a) LAM-CS@HRP/dpAu/GCE; (b) MWCNTs-CS@HRP/
dpAu/GCE and (c) DAM-CS@HRP/dpAu/GCE.
4. Conclusions

The stereoselective interaction between the Arg enantiomers and
HRP was investigated by electrochemical methods. The result shows
that LAM-CS@HRP/dpAu/GCE, MWCNT-CS@HRP/GCE and DAM-CS@
HRP/dpAu/GCE effectively retain electrocatalytic activity of HRP for the
reduction of H2O2, but LAM-CS@HRP/dpAu/GCE biosensors show wider
linear range, lower detection limit and good sensitivity for H2O2 than
the others. The difference of electrocatalytic activity between LAM-CS@
HRP/dpAu/GCE and DAM-CS@HRP/dpAu/GCE may be caused by the
chirality of Arg. That is to say, HRP can selectively recognize Arg enan-
tiomers and the spatial structure of L-Arg may match well with HRP
and leads electron to transfer more easily than D-Arg. Based on this, it
would be a good alternative method to further study the properties of
biomacromolecule and the origin of the high chiral preference in nature.
The developed chiral amino acid functionalized nanomaterials have a
wide range of applications in biosensors.
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