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Tryptophan (Trp) enantiomers sensing with the assistance of Cu(Il). The nano-bionic interface was constructed
as follows: Firstly, the nanocomposite was dropped on the surface of glassy carbon electrode (GCE), and then ds-
DNA (negatively charged) was immobilized onto the nanocomposite film via the opposite-charged adsorption
techniques. This biofunctionalized nanocomposite was characterized with scanning electron microscopy
(SEM), ultraviolet-visible (UV-vis) spectrometry and cyclic voltammetry (CV). The chiral biosensor was
employed to study the recognition effect between ds-DNA and Trp enantiomers by CV. The results show that
larger electrochemical response was obtained from L-Trp when Cu(Il) was present, indicating this strategy
could be employed to enantioselectively recognize Trp enantiomers. Under optimum conditions, the chiral bio-
sensor exhibited a good linear response to Trp enantiomers in the range of the concentration of [Cu(II)(Trp),]
from 5.0 x 10~*to 2.5 mM with a low limit of detection 0f 0.17 uM (S/N = 3). The binding constant was calcu-
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lated to be 2.97 x 10> M~ for [Cu(Il)(L-Trp)] and 2.50 x 10> M~ for [Cu(II)(D-Trp)a].

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Graphene (GR), a single layer of sp? bonded carbon atoms in a honey-
comb two-dimensional lattice, has attracted considerable attentions due
to plenty of superior qualities, such as large specific surface, excellent
electrical conductivity [1,2], high mechanical strength [3], prominent
biocompatibility [4] and easy chemical modification by other groups
and molecules [5]. Noticeable progress has been made in the utilization
of graphene and graphene-based composites in recent years [6-9]. By
virtue of the outstanding physical and chemical properties, graphene-
based nanocomposites are increasingly attractive and have been
designed towards applications in electrochemical biosensors [9-12].
For example, chitosan/graphene composite has been used to develop a
sensitive electrochemical immunosensor for immunodetection of o-
fetoprotein antigen [10], graphene-assisted signal amplification has
been used in the sensitive detection of human IgG [13], a sensitive
label-free electrochemical biosensor based on gold nanoparticles,
polythionine, and graphene has been used to determine the sequence-
specific target DNA [14]. Recently, a novel oligo(phenylene ethynylene)
s/graphene nanocomposite has been synthesized to improve the electro-
catalytic activity for dopamine determination [15], and a label-free elec-
trochemical impedance genosensor based on 1-aminopyrene/graphene
hybrids high has been fabricated for the detection of complementary ol-
igonucleotide with high sensitivity and low detection limit [9]. Thionine
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(THi) is a redox dye including two amino groups, two aromatic rings and
a heterocycle. Owing to its planar aromatic structure, THi is bound easily
to the surface of GR via strong - stacking and synergistical noncovalent
charge transfer [16]. The introduction of positively charged THi can im-
prove the water solubility and prevent the aggregation of noncovalent
functionalized GR [17]. Not only the GR, which owns excellent conduc-
tivity, can reinforce the electroactivity of THi, but also the THi can retain
the intrinsic properties of GR [18]. Moreover, it is a favorable platform for
the further biofunctionalization of the nanocomposite because of the ex-
istence of positively charged THi in nanocomposite. ds-DNA is a nega-
tively charged biomolecule, which can be electrostatically attracted by
THi and the bioactivity of ds-DNA will be retained to the largest extent
on this nanocomposite, which is crucial for biosensing [19]. The thio-
nine-graphene (THi—-GR) nanocomposite combining the merits of GR
with properties of THi has been used to fabricate a biosensor for detec-
tion of specific DNA sequence [2], but its biofunctionalization with ds-
DNA to construct a nano-bionic interface for application in electrochem-
ical chiral sensing has not been reported.

Enantiomers of a chiral molecule usually differ from each other in
bioactivity and pharmacological behavior, of which one is useful for
the body while the other is useless, even toxic [20]. Hence, the study
of recognizing enantiomers is apparently significant. The interaction be-
tween ds-DNA and chiral molecules is an active subject in the area of life
science, for instance, design of chemotherapeutic agents [21], function
of DNA targeted drug, and mutation of genes [22]. The double stranded
structure, usually right handed helical conformation, makes ds-DNA a
natural chiral selector for chiral sensing of enantiomers. Additionally,
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some transition metal ions (Cu(Il), Ni(II), Zn(II), etc.) and their com-
plexes are able to bind to ds-DNA [23], and specially the copper ions
bind strongly to ds-DNA through the N7 of guanine [24,25]. The stereo-
specific interaction between the metal complexes of different confor-
mations and ds-DNA can lead to different DNA-adduct profiles with
different bioactivities, having been studied to design the new DNA
targeted drug [26]. L-Tryptophan (L-Trp) is an essential amino acid of
protein and a precursor of neurotransmitter serotonin [27]. The short-
age of L-Trp in plasma may cause a number of chronic diseases [28].
To our pleasure, most amino acids including Trp can link with transition
metal ions to form metal complexes with enantioselectivity very easily
[29-32]. Owing to different interacting styles between ds-DNA and
metal complexes of amino acids enantiomers, ds-DNA was chose as a
selector for chiral sensing of Trp enantiomers in the presence of Cu(ll).

In this work, a nano-bionic interface based on THi-GR nanocompos-
ite and ds-DNA was designed as a chiral platform for Trp enantiomers
sensing in the presence of Cu(ll). The thionine-graphene (THi-GR)
nanocomposite was first modified on the surface of glassy carbon
electrode (GCE). Subsequently, ds-DNA was immobilized onto the
nanocomposite film via electrostatic interaction between positively
charged thionine (THi) and negatively charged ds-DNA, namely the op-
posite-charged adsorption techniques. This nanocomposite not only
exhibited high electron transfer, but also could remain the bioactivity
of ds-DNA to the largest extent. Moreover, instead of the traditional chi-
ral recognition technique, the redox signal generated by the redox
probe which was modified on the electrode could enhance electro-
chemical response of the chiral biosensor. Scanning electron micro-
scope (SEM), ultraviolet-visible (UV-vis) spectrometry and cyclic
voltammetry (CV) were employed to characterize the biofunctionalized
THi-GR nanocomposite. This nano-bionic interface was employed to in-
vestigate the interaction between ds-DNA and Trp enantiomers by CV.
Larger electrochemical response was obtained from [Cu(Il)(L-Trp),].
The electrochemical signal difference for chiral recognition was
obtained by monitoring the electrochemical response signal of Cu(Il)/
Cu(I) redox couple.

2. Experimental
2.1. Reagents and materials

L-Tryptophan (99%) and p-Tryptophan (99%) (L-Trp and p-Trp) were
purchased from J&K chemical Co. (Beijing, China). Graphene oxide (GO)
was obtained from Nanjing Xianfeng nano Co. (Nanjing, China). Herring
Sperm double stranded DNA (ds-DNA, crude oligonucleotides, <50 bp),
thionine (THi) and poly (ethylene imine) (PEI) were purchased from
Sigma chemical Co. (St. Louis, MO, USA). CuSO4-5H,0 was purchased
from Chemical Reagent Co. (Chongging, China). 0.1 M Phosphate buffer
solution (PBS, pH 7.0) and 0.1 M HAc-NaAc buffer solution of various
pH values were prepared. Other chemical reagents were analytical
grade and used without further purification. Double distilled water
was used in all experiments.

2.2. Apparatus

All electrochemical measurements were performed on a CHI 620D
electrochemical workstation (Shanghai Chenhua Instruments, China),
which was connected with a standard three-electrode system com-
posed of a saturated calomel electrode (SCE) as the reference electrode,
a platinum wire as the counter electrode, and a modified glassy carbon
electrode (GCE) as the working electrode. The UV-vis absorption spec-
tra were recorded by an UV-2450 spectrometer (Shimadzu, Japan). The
scanning electron micrographs were taken with an S-4800 scanning
electron microscope (SEM) at an acceleration voltage of 20 kV (Hitachi,
Japan).

2.3. Preparation of THi-GR nanocomposite

GR was prepared by reducing GO according to literature reported
previously [33]. In brief, reducing of GO was carried out via mixing
10 mL homogeneous dispersion of GO (1.0 mg/mL) with 1 mL PEI
(3%) and refluxing for 3 h at 135 °C. Then the obtained black suspension
was centrifuged and washed for several times to remove excessive PEL
The resulting GR was dispersed in water to be a stable suspension
(1.0 mg/mL).

To prepare THi-GR nanocomposite, 5 mL suspension of GR
(1.0 mg/mL) was mixed with 5 mL THi solution (1.2 mg/mL) and stirred
at room temperature for 24 h. After removing excessive THi by
centrifugation and washing with water, as-prepared THi-GR nano-
composite was dispersed in water (1.0 mg/mL).

2.4. Construction of the nano-bionic interface

Before construction, GCE (& = 4 mm) was polished with 1.0, 0.3
and 0.05 pm alumina powders, respectively, rinsed thoroughly with
double distilled water after each polishing, followed by successive
ultrasonication in double distilled water and ethanol for 5 min. Subse-
quently, the GCE was subjected to cyclic scanning in sulfuric acid
(0.5 M) ranging from —0.4 to 1.6 V ata scan rate of 0.1 V s~ ! for 15 cir-
cles, and then dried at room temperature.

20 pL suspension of THi-GR nanocomposite was dropped onto the
electrode surface and dried in the air. 8 pL ds-DNA (0.5 mg/mL) was
prepared in 0.1 M PBS solution (pH 7.0), then it was dripped onto the
surface to achieve the chiral biosensor modified with the nano-bionic
interface (denoted as ds-DNA/THi-GR/GCE). After drying and washing,
the chiral biosensor was ready for measurement. The stepwise proce-
dure for assembly of the nano-bionic interface-based chiral biosensor
is illustrated in Fig. 1.

3. Results and discussion
3.1. Characterization of the nano-bionic interface

3.1.1. SEM results

The morphologies of GR, THi-GR nanocomposite and ds-DNA-THi-
GR nano-bionic interface were characterized with the SEM technique
(Fig. 2A). As shown in Fig. 2A, the shape of GR is regularly flake like
and slightly wrinkled (image a). The flake-like structure did not change
significantly after the THi molecules were bound to the GR (image b).
When ds-DNA was electrostatically adsorbed onto the surface of THi-
GR nanocomposite, the morphology of ds-DNA-THi-GR nano-bionic in-
terface still retained the basically flake-like structure and more irregular
sheets aggregated together (image c).

3.1.2. UV-vis characterization

UV-vis spectrometry was performed to study the interaction among
GR, THi and ds-DNA during the fabrication of the nano-bionic interface.
UV-vis absorption spectra of GR, THi, THi-GR nanocomposite, ds-DNA,
ds-DNA-THi-GR nano-bionic interface are illustrated in Fig. 2B. The
spectrum of GR (curve a) exhibited an absorption maximum around
270 nm ascribed to the m-conjugation network of its structure. There
were two characteristic absorption peaks in the spectrum of THi
(curve b) that one was at 282 nm attributed to the m-m* transitions of
benzene rings and the other was around 600 nm corresponding to
n-m* transitions of (=N bond. When THi interacted with GR, the two
characteristic absorption peaks can also be observed from the spectrum
of THi-GR nanocomposite (curve ¢) with a bit blue shift and red shift,
respectively, indicating the m-m interaction between THi and GR
[2,16,34]. ds-DNA existing alone showed a characteristic absorption at
260 nm (curve d), which was in accordance with the report [35]. In
the spectrum of ds-DNA-THi-GR nano-bionic interface (curve e), nei-
ther blue shift nor red shift appeared after ds-DNA interacted with the
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Fig. 1. Assembly of the nano-bionic interface-based chiral biosensor.

THi-GR nanocomposite, just a hypochromic effect, which demonstrated
a typical electrostatic interaction between ds-DNA and the THi-GR
nanocomposite [36]. This indicates ds-DNA has been successfully as-
sembled on the surface of the nanocomposite via THi as mediator and
ds-DNA still maintained its native structure [37]. All the results suggest
that the nano-bionic interface has been successfully constructed.

3.1.3. Electrochemical characterization of different interfaces

CV was used to study the electrochemical behaviors of different in-
terfaces modified electrodes in 0.1 M HAc-NaAc buffer solution
(pH 5.5) at the scan rate of 0.1 V s~ 1. As shown in Fig. 3, CV of each
modified step is recorded from — 0.6 to 0.3 V. There were no evident
peaks on bare GCE (curve a) and GR modified GCE (denoted as GR/
GCE, curve b). In contrast with GR/GCE, a couple of well-defined redox
peaks with the high peak currents was obtained after the THi-GR nano-
composite was immobilized onto the surface of GCE (denoted as THi-
GR/GCE, curve c). It was attributed to the excellent electronic transport
property, high stability of GR and the good electroactivity of THi. After-
wards, ds-DNA was bound to the surface of THi-GR/GCE through
noncovalent electrostatic interaction between ds-DNA and THi-GR
nanocomposite [38,39], leading to some obvious decrease of the peak
currents (denoted as ds-DNA/THi-GR/GCE, curve d). This resulted
from that ds-DNA formed an electron-transfer blocking layer inhibiting
the electron transporting but the good electronic transport property of
THi-GR nanocomposite improved this situation. Compared with the
conventional means by using [Fe(CN)g]* /3~ in the electrolyte as the
redox probe, THi in the nano-bionic interface modified on the electrode
undoubtedly acted as a perfect redox mediator and a good linker to the
chiral selector. Moreover, the THi-GR nanocomposite could provide a
well biocompatible microenvironment for ds-DNA to stabilize its bio-
logical activity. Due to this interface as the chiral sensing platform, the
electrochemical chiral biosensor exhibited good response for the chiral
sensing of Trp enantiomers. The effect of the scan rate on the nano-
bionic interface modified electrode was also investigated. The experi-
mental result shows that both anodic and cathodic current presented
good linear dependence of square root of the scan rate, which indicates
that the redox reaction of THi in the nano-bionic interface was a diffu-
sion controlled process [40]. The redox reaction of the electroactive
THi can be described by the following equation in Scheme 1:

3.2. ds-DNA-THi-GR nano-bionic interface for Trp enantiomer sensing

CV measurements were carried out in 0.1 M HAc-NaAc buffer
solution (pH 5.5) to record the electrochemical responses before
and after the ds-DNA-THi-GR nano-bionic interface-based chiral

biosensor interacted with Trp enantiomers. The peak currents aug-
mented after the ds-DNA/THi-GR/GCE (curve a and curve b) was in-
cubated in 5.0 mM L-Trp or p-Trp in the presence of 2.5 mM Cu(lIl)
for 20 min (Fig. 4A). It was assumed that the attack of Cu complexes
to ds-DNA caused the augmentation of peak currents and the elec-
trochemical signal for the stereoselective interaction between ds-DNA
and [Cu(I)(L-Trp),] or [Cu(II)(p-Trp),] was detected from the signal
of Cu(Il)/Cu(I) redox couple [41]. The redox reaction can be expressed
as follows:

[Cu(I)(D/L-Trp),] + THi" + H" + 3e™ =[Cu(I)(D/L-Trp),] + LTHi. (1)

From the CVs in Fig. 4A, it can be seen that a larger increase of anodic
peak current was attained from [Cu(II)(L-Trp),] (curve c) than that from
[Cu(II)(p-Trp)2] (curve d), and the average difference between Al
(Al = Iy — I,) and Alpp (Alyp = Ip — I,) was 20.5 pA (RSD = 3.9%,
n = 5). What was gained implied the amount of [Cu(Il)(L-Trp).]
adsorbed on the ds-DNA/THi-GR/GCE was more than that of
[Cu(I)(D-Trp),]. It further certified that [Cu(Il)(L-Trp),] bound more
easily to ds-DNA than [Cu(II)(p-Trp),] did. The higher stereospecific se-
lection of ds-DNA to [Cu(Il)(t-Trp),] when forming ds-DNA-
[Cu(I)(Trp),] complex was mainly achieved through electrostatic in-
teraction via the phosphate skeleton of ds-DNA [26].

To explore the importance on Cu(ll), the situation without Cu(II)
was investigated. As shown in Fig. 4B, ds-DNA/THi-GR/GCE (curve a
and curve b) presented a couple of well-defined redox peaks. After ds-
DNA/THi-GR/GCE was incubated in 5.0 mM L-Trp or p-Trp without
Cu(Il), the peak currents descended with the variation of time and
reached to constance after some minutes indicating the existence of
the interaction between ds-DNA and Trp, but there was almost no dif-
ference between the peak currents of ds-DNA/THi-GR/GCE incubated
in .-Trp (curve c) and p-Trp (curve d) in the absence of Cu(ll) after
20 min or even longer time. All the results demonstrated the signal for
chiral recognition was ascribable to the Cu(Il)/Cu(I) redox couple and
Cu(ll) played an important role in the enantioselective discrimination.

3.3. Optimization of experimental conditions

3.3.1. Effect of pH

The pH of the working buffer solution has a great effect on the elec-
trochemical behavior of the designed chiral biosensor, which will affect
the chiral recognition. The influence of pH on the peak current response
of the chiral biosensor was tested in 0.1 M HAc-NaAc buffer solution
from pH 4.0 to pH 7.0 (Fig. 5A). There came the largest anodic peak cur-
rentat pH 5.5 (RSD = 1.3%,n = 5), and a couple of well-defined redox
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Fig. 2. (A) SEM images. (a) GR, (b) THi-GR nanocomposite and (c) ds-DNA-THi-GR nano-bionic interface. (B) UV-vis absorption spectra. (a) GR, (b) THi, (c) THi-GR nanocom-

posite, (d) ds-DNA and (e) ds-DNA-THi-GR nano-bionic interface.

peaks was presented at the pH value. Therefore, pH 5.5 HAc-NaAc buff-
er solution was used as the working buffer solution throughout the
experiments.

3.3.2. The influence of incubation time

It is important to investigate incubation time of ds-DNA/THi-GR/
GCE in [Cu(II)(Trp),]. Fig. 5B describes the influence of incubation
time from O to 35 min, demonstrating the time dependence of the in-
crease of anodic peak current when the chiral biosensor interacted
with [Cu(II)(L-Trp),] or [Cu(Il)(D-Trp),]. It shows that the current re-
sponse from [Cu(Il)(L-Trp),] increased fast and sharply, and even was
always larger than that from [Cu(II)(p-Trp),], owing to the faster attack
of [Cu(Il)(L-Trp),] to ds-DNA and the more [Cu(II)(L-Trp),] adsorbed
onto the modified electrode. When the obvious and maximum

electrochemical signal difference emerged at 20 min (RSD = 1.0%,
n = 5), therefore, 20 min was selected as the optimized time for the
chiral recognition.

3.4. Performance of the chiral biosensor

The anodic peak current responses after the chiral biosensor
interacted with L-Trp and p-Trp solution containing Cu(ll) at a series
of concentrations are illustrated in Fig. 6. As shown, the anodic peak cur-
rent change (Al or Al,p) increased with the increasing concentration
of [Cu(II)(L-Trp),] or [Cu(Il)(D-Trp),]. Under optimized conditions, the
peak current change of ds-DNA/THi-GR/GCE incubated in [Cu(II)(L-
Trp),] (curve a) was always larger than [Cu(II)(p-Trp),] (curve b) at
all concentrations, further certifying that ds-DNA had a higher affinity
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Fig. 3. CVs of different interfaces in 0.1 M HAc-NaAc buffer solution (pH 5.5). (a) bare
GCE, (b) GR/GCE, (c) THi-GR/GCE and (d) ds-DNA/THi-GR/GCE.

to [Cu(II)(L-Trp),] than [Cu(Il)(D-Trp),]. The chiral biosensor exhibited
a good linear response to Trp enantiomers in the range of the concentra-
tion of [Cu(II)(Trp).] from 5.0 x 10~*to 2.5 mM with a low limit of de-
tection of 0.17 pM (S/N = 3). The linear regression equations are y;
(UA) = 27.34 x (mM) + 7.433(40.0005) with R, = 0.9981 and yp
(MA) = 20.75 x (mM) + 5.867(40.0005) with Rp = 0.9927, respec-
tively. In order to estimate the effect of substrate for chiral recognition,
calibration plots without the ds-DNA at the same conditions are shown
in Fig. 6. As shown, the peak current change was not apparent, and there
was almost no difference between the Al,; and Al after THi-GR/GCE
was incubated in [Cu(II)(L-Trp),] (curve ¢) and [Cu(Il)(D-Trp),] (curve
d), respectively. All of above results demonstrate the proposed electro-
chemical chiral biosensor could be used for the chiral discrimination of
Trp.

3.5. Determination of the binding constant

To quantify the difference of DNA binding between [Cu(II)(L-Trp),]
and [Cu(II)(p-Trp),] in this recognition strategy, the binding constant
was calculated. The value of the binding constant between DNA and
[Cu(I)(L-Trp),] or [Cu(Il)(p-Trp),], K, and the binding number, m, can
be determined by the Eq. (1) [42,43]:

log(Al/(Al—Al)) = logK + mlog([Cu(II)(Trp), | /M) (2)

where Al is the peak current change after the ds-DNA/THi-GR/GCE
interacted with [Cu(II)(L-Trp),] or [Cu(Il)(D-Trp)z], Alnay is the maxi-
mum peak current change, and [Cu(Il)(Trp),] is the molar concentra-
tion of [Cu(II)(Trp)-].

When the quantity of ds-DNA was kept constant and the con-
centration of [Cu(I)(Trp),] was changed from 5.0 x 1077 to
2.5 x 1073 M, the plot of correlation between log(Al/(Alpmax —
Al)) and log([Cu(II)(Trp),]) was obtained with the mean value of Al
(n =5) and is presented in Fig. 7. As shown, the value of log(Al/
(Alpgy — Al)) is linear with both log([Cu(Il)(L-Trp),]) (curve a) and
log([Cu(I)(D-Trp),]) (curve b). The linear equation are y; =

150 4
A

100 A

-100

0.4

E/V (vs. SCE)

Fig. 4. (A) CVs of the interaction of the nano-bionic interface with 5.0 mM Trp enantiomers
in the presence of 2.5 mM Cu(ll). (a and b) ds-DNA/THi-GR/GCE, (c) after incubated in
[Cu(I1)(L-Trp)>] and (d) [Cu(Il)(p-Trp)2] for 20 min, respectively. (B) CVs of the interaction
of the nano-bionic interface with 5.0 mM Trp enantiomers in the absence of Cu(ll). (a and
b) ds-DNA/THi-GR/GCE, (c) after incubated in L-Trp and (d) p-Trp for 20 min, respectively.

09124 x (M) + 3.473(40.0005) (R, = 0.9959) and yp = 0.6022 x
(M) + 2.398(+0.0005) (Rp = 0.9968), respectively. Based on the inter-
cept of the linear plot, K; was calculated to be 2.97 x 10> M~ ! and K, was
250 x 10> M~ . According to the slope, both m = 1 were obtained.
Herein, [Cu(Il)(Trp),] bound to ds-DNA formed 1:1 complex, and K;
was larger than Kp, which further suggested that the binding of ds-DNA
to [Cu(II)(L-Trp),] was much stronger than to [Cu(Il)(D-Trp),].

4. Conclusions

In summary, a chiral biosensor for Trp enantiomers sensing was
constructed. The THi-GR nanocomposite combining the good electronic
transport and biocompatible properties of GR with the excellent
electroactivity of THi was employed to immobilize ds-DNA. In the pres-
ence of Cu(Il), larger response was obtained from L-Trp and the chiral bio-
sensor exhibited a good linear response to Trp enantiomers with a low
limit of detection. The easy preparation and excellent performance of

H
N N
/@E jij\ +H*+ 2e _— /@E jij\
H,N §/ NH, H,N 7 NH,

Thionine(THi)

Leucothionine(LTHi)

Scheme 1. Schematic representation of the redox reaction of thionine.
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HAc-NaAc buffer solution. (B) The influence of incubation time on the current response of
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Fig. 6. Calibration plots of the peak current change at different concentrations: 5.0 x 10~%,
50 x 1073,5.0 x 1072,5.0 x 107, 1.0, 1.5, 2.0, 2.5 mM. (a) and (b) ds-DNA/THi-GR/GCE
after incubated in [Cu(1I)(L-Trp),] and [Cu(II)(D-Trp),], respectively, linear regression equa-
tions: y, (UA) = 27.34 x (mM) + 7.433(£0.0005) (R, = 0.9981) and yp (uA) =
20.75 x (mM) + 5.867(40.0005) (Rp = 0.9927), (¢) and (d) THi-GR/GCE after incubated
in [Cu(11)(1-Trp)3] and [Cu(II)(p-Trp);], respectively.
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Fig. 7. The plot of dependence of log(Al/(Alne, — Al)) on log[Cu(Il)(Trp),]. (a) [Cu(ll)(1-
Trp),] and (b) [Cu(Il)(p-Trp),], linear regression equations: y; = 0.9124 x (M) +
3.473(40.0005) (R, = 0.9959) and yp = 0.6022 x (M) + 2.398(40.0005) (Rp =
0.9968).

the chiral biosensor suggest that the development and application of the
biocompatible and redox-active nanomaterials is an attractive subject in
enantioselective recognition. Meanwhile, this work is very expected to
provide a novel model for chiral sensing of other chiral drugs and may
provide useful information for the study of new DNA targeted drugs.
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