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Abstract Novel potential type electrochemical chiral biosensing
system with unique capability of distinguishing and quantitating
of tyrosine (Tyr) enantiomers by L-cysteic acid and left-handed
chiral carbonaceous nanotubes (L-CCNT) modified glassy
carbon electrode (L-Cys/L-CCNT/GCE) was first developed.
The effect of sweep cycles of L-Cys and the kinds of L-CCNT
on electrochemical chiral biosensing performance of L-Cys/L-
CCNT/GCE were investigated. The electrochemical identifica-
tion and quantitative determination of L- and D-tyrosine in their
mixed solution were successfully achieved based on the different
oxidation potential signals. The chiral structure of L-CCNT, the
aromatic ring of Tyr, and also the intermolecular hydrogen bond
between cysteic acid (CyA) and Tyr could possibly produce the
difference in the free energy, which reflects as potential difference
of L- and D-tyrosine. A good linear relationship between the
potential, current, and different concentration ratios of L- and
D-Tyr was obtained. Our present work realizes the simultaneous
detection of Tyr enantiomers in their mixed solution based on the
different potential signals, and it is of far-reaching significance in
real electrochemical chiral biosensor study.
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Introduction

Chirality is a determinative property of most biological mole-
cules; the stereoselectivity of chemical and biochemical pro-
cesses often depends on recognizing and discriminating one of
the chiral enantiomers [1, 2]. Thus, the chiral recognition of
enantiomers is very essential in chemical and biological
science.

Although high-performance liquid chromatography,
capillary electrochromatography, and other methods have
been widely employed to discriminate enantiomers [3—6],
the weaknesses such as high cost and time-consuming have
not been overcome [7]. Electrochemical method provides a
simple and rapid chiral analysis technique. The chiral rec-
ognition can be evaluated through the changes of electro-
chemical signals in the presence of the probe molecules [8,
9]. Research of amino acid isomers using electrochemical
method has attracted wide interests. Some important works
has been reported for electrochemical recognition of tryp-
tophan isomers and showed satisfactory results [10—14].
Therefore, developing a new electrochemical chiral
biosening system for more amino acid becomes an impor-
tant research area.

Tyrosine (Tyr) plays an important role in regulating var-
ious biological signaling molecules such as epinephrine,
norepinephrine, and dopamine, which are related to mood.
Due to the importance of Tyr, monitoring it in food and
pharmaceutical industries as well as in clinical diagnosis
becomes significant. On the other hand, the investigation
of chiral amino acids remains fundamentally significant in
exploring the origin of life [4], but currently, there are still
barriers for discrimination due to their similar physical and
chemical properties [15].

Great efforts have been made to recognize Tyr enantio-
mers. Liang et al. fabricated electrochemical sensors based
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on nickel electrode by molecularly imprinting D/L-Tyr on
polypyrrole films to form complementary cavities for sub-
sequent template recognition [7]. Wang et al. introduced an
electrochemical sensor based on bovine serum albumin
enantioselective films coupled with silver-enhanced gold
nanoparticles [16]. These works are mainly focused on the
different peak current signal between enantiomer in the so-
lution containing only L- or D-amino acid. Actually, L- and
D-amino acid usually coexist in the mixture, and their de-
tection based on peak current is not the real separation and
detection of enantiomers. These limitations would possibly
influence the further application of chiral electrochemical
sensors. Up to now, the electrochemical chiral biosensor
employing peak potential as electrochemical signal has
been rarely reported. Moreover, as far as we are aware, there
is few attention given to the study of electrochemical chiral
biosensor with enantiopure chiral carbon nanotubes (100%
L type or 100% R type chiral carbon nanotubes) as recog-
nition interface.

Selective synthesis of enantiopure chiral carbon-based
nanotubes (CNTs) is still a formidable challenge that remains
unsolved. Most of the CNTs that are grown by chemical vapor
deposition are mixtures of equal amounts of left- and right-
handed helical structures, which do not have optical activity
[17, 18]. To obtain enantiopure chiral CNTs, it is essential to
enrich and separate racemic mixtures through so-called
enantioenrichment.

In the present work, left-handed chiral carbonaceous
nanotubes (L-CCNT) are prepared by the one-step carbon-
ization of self-assembled chiral polypyrrole (CPPy) nano-
tubes. The CPPy nanotubes are templated by self-assembly
of left chiral amphiphilic glutamic acid molecules and sub-
sequent polymerization of the pyrroles. The obtained L-
CCNT is 100% left-handed double-helical morphology
and used as the chiral recognition interface. For the first
time, we build a chiral interface employing L-cysteine (L-
Cys) and left-handed chiral carbon nanotube (L-CCNT) to
identify the potential differences of the two enantiomers.
Moreover, we plan to use the potential difference signal to
realize quantitative detection of different concentration ra-
tios of Tyr enantiomers in their racemic mixture. This work
provides a simple, effective, and economic way to quantita-
tively analyze Tyr enantiomers in racemic mixture, as well
as offers a novel route for the constructing of electrochem-
ical chiral biosensor.

Experimental
Reagents and apparatus

L-Cys, L-glutamic acid, L-Tyr, D-Tyr, myristoyl chloride, and
pyrrole were purchased from Aladdin Industrial Corporation
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(shanghai, China). All other reagents were of analytical grade
and used as received without further purification. Double-
distilled water was used throughout the whole experiment.
The 0.1 M phosphate buffer solution (PBS, pH 7.4) prepared
from Na,HPO,, NaH,PO,, and H;PO, was employed as
supporting electrolyte.

Electrochemical detection was performed on a Autolab
electrochemistry workstation (PGSTAT-302N, Switzerland
metrohm) with a conventional three-electrode system. A plat-
inum electrode was used as the counter electrode, and the
reference electrode was an Ag/AgCl electrode. The working
electrode was a glassy carbon electrode (GCE) modified with
L-CCNT (L-CCNT/GCE).

The transmission electron microscopy (TEM) images were
recorded on a JEM-2100F transmission electron microscope
(JEOL, Japan) operating at 200 kV. Scanning electron micros-
copy (SEM) images were determined with a Philips XL-30
ESEM operating at 3.0 kV. X-ray photoelectron spectra (XPS)
was collected using an ESCALAB-MKII 250 photoelectron
spectrometer (VG Co.) with Al-Ka X-ray radiation as the X-
ray source for excitation.

Preparation of L-CCNT-X samples

Amino acid surfactant C,g-L-Glu was first prepared according
to the following step [19]: 35.5 g of L-glutamic acid was
dissolved in a mixed solution of deionized water (140 mL),
acetone (120 mL), and NaOH (19.2 g). The obtained solution
was stirred vigorously under 30 °C; then, 60.5 g of myristoyl
chloride was added into the mixed solution drop by drop un-
der ice-cooling condition and 20 mL of NaOH (0.2 M) was
added to keep the pH 12 simultaneously. The reaction mixture
was stirred for additional 1 h and acidified to pH 1 with HCI.
Finally, the surfactant C,g-L-Glu was obtained by washing the
sample with deionized water and petroleum ether, and then
freeze-drying under — 60 °C.

The enantiopure L-CCNT-X sample was prepared by a
one-step carbonization of self-assembled chiral polypyr-
role nanotubes according to the method reported by Liu
et al. [20]. In a typical procedure, C;g-L-Glu (0.06 mmol)
was dissolved in methanol (12.9 mL); then, pyrrole
(2.4 mmol) and deionized water (60 mL) were added and
stirred for 10 min. A total of 2.0 M of precooled ammoni-
um persulfate aqueous solution was added into the mixture
and stirred for another 30 min. The chiral polypyrrole
nanotube was obtained by filtration, washing and then
drying at 40 °C in vacuum. Finally, the enantiopure L-
CCNT-X sample was obtained by carbonizing chiral poly-
pyrrole nanotube at different temperatures for 6 h under an
Ar atmosphere. The different L-CCNT-X samples carbon-
ized at 500, 700, and 900 °C were denoted as L-CCNT-1,
L-CCNT-2, and L-CCNT-3, respectively.
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Preparation of the modified electrode

GCE was polished before each experiment with 0.05 um alu-
mina powder and rinsed thoroughly with doubly distilled wa-
ter. Then, the cleaned electrode was dried with high-purify
nitrogen for the next modification. To prepare the modified
electrode, 1 mg of the as-prepared L-CCNT-X sample was
dispersed in 1 mL of dimethyl formamide (DMF); a homoge-
neous suspension (1 mg/mL) was obtained upon bath sonica-
tion. The L-CCNT-X/GCE was prepared by casting 5 pL. of
the L-CCNT-X suspension on the surface of GCE, and the
solvent was dried under an infrared lamp. The L-CCNT-X/
GCE was first scanned to steady by cyclic voltammetry
(CV) from 0.40 to 0.90 V for 10 cycles at the scan rate of
50 mV/sin 0.1 M PBS (pH 7); then, the L-CCNT-X/GCE was
scanned again from — 0.60 to 2.0 V for 15 cycles at the rate of
100 mV s ! in PBS (pH 7.4) containing 0.01 M L-Cys; the L-
Cys/L-CCNT/GCE was obtained. Finally, the L-Cys/L-
CCNT/GCE was rinsed with double-distilled water for remov-
ing the residues. L-Cys/GCE was prepared by using the same
method on the bare GCE. The construction of electrochemical
chiral electrode interface and the chiral biosensing mechanism
for L-Tyr and D-Tyr are shown in Fig. 1.

Results and discussion
Characterization of L-CCNT-X

The electrocatalytic activity of carbon nano-materials great-
ly depends on their morphology and microstructure. In this
paper, SEM and TEM were employed to research the

Fig.1 Illustration of construction
of chiral electrode interface and
the chiral biosensing mechanism
for L-Tyr and D-Tyr
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morphology of L-CCNT-X. Figure 2a—d shows the SEM
images of the three kinds of left-handed CCNTs synthesized
at different carbonization temperatures (donated as L-
CCNT-1, L-CCNT-2, and L-CCNT-3, respectively). As
can be observed, the three CCNTs are typically composed
of left-handed double-helical chiral nanotubes with the
same morphology. Moreover, the double-helical morpholo-
gy of the L-CCNT is kept well at 900 °C, as indicated by
black arrows in Fig. 2d. Figure 2e shows the high-resolution
SEM image of L-CCNT-3; the double-helical morphology
can be clearly seen, which further indicates the stability of
the double-helical morphology. Furthermore, the diameters
of'the three kinds of nanotubes are in the range of 40—73 nm,
the outer diameter of the L-CCNTs reduces slightly, and the
surface of the L-CCNT becomes folded as the carbonization
temperature increases. The TEM images in Fig. 2f, g further
suggest that the L-CCNT-3 possess double-helical structure
with inner tubes. Additionally, L-CCNTs carbonized at high
temperature (900 °C) shows a layered arrangement with a
rough surface, which may be the characteristic structure of
graphitized carbon. These structural characteristics are ben-
eficial to accelerate the processes of mass transfer and elec-
tron transfer.

To further explore the compositions and chemical con-
figurations of the L-CCNT-X samples, X-ray photoelectron
spectra were recorded (XPS, Fig. 3a—c). The XPS spectra
shows different binding energies, attributing to Cls, Nls,
and Ols (insert of Fig. 3a—c). The nitrogen element origi-
nates from the polypyrrol molecule and amino acid surfac-
tant C;g-L-Glu. From the data of XPS, the atomic contents
of C, N, and O are 81.68, 5.3, and 13.02 in L-CCNT-1; 84.3,
4.0,and 11.7 in L-CCNT-2; and 79.33, 1.58, and 19.09 in L-
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Fig. 2 SEM images of a L-CCNT-1, b L-CCNT-2, and ¢, d L-CCNT-3. e High-resolution SEM image of L-CCNT-3. f TEM image of L-CCNT-3. g

High-resolution TEM (HRTEM) image of L-CCNT-3

CCNT-3, respectively. With the increase of pyrolysis tem-
perature, the overall nitrogen content decreases [21] and
oxygen content increases in different L-CCNT samples.
High-resolution N1s XPS spectra (Fig. 3a—c) can be
deconvoluted into three different signals with binding ener-
gies of 398.0, 400.0, and 401.3 eV that correspond to
pyridinic N, pyrrolic N, and graphitic N, respectively.
Moreover, the three peaks significantly change with the

pyrolysis temperature, which indicates that different N-
bonding congurations have different stability. With the in-
crease of pyrolysis temperature, both the pyridinic N and
pyrrolic N are largely decreased, implying that these species
are less stable at high temperatures.

Circular dichroism (CD) is the measure method for dif-
ferential absorption of left- and right-handed circularly po-
larized light. As can be seen from the Fig. 3d, the L-CCNT-3

Fig. 3 High-resolution N1s XPS a b
spectra of a L-CCNT-1, b L- 3000
CCNT-2, and ¢ L-CCNT-3, insert: . . 140000
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sample shows a single CD signal in the corresponding ab-
sorption region, which indicates the enantiopure left-
handed chiral structure of our prepared carbonaceous
nanotubes.

Chiral selective recognition and detection of Tyr
enantiomers on different electrodes

The CVs of L-Cys depositing on GCE are shown in Fig. 4a.
It can be clearly seen that two peaks appear at the potential
0f0.60 and 1.47 V, which come from the oxidation of L-Cys
to L-cystine [22, 23] and chemisorbing molecules (cysteic
acid (CyA)) [24]. CyA is the end product of Cys oxidation
and can be strongly adsorbed at electrode [25]. This indi-
cates that L-Cys has been electrodeposited on L-CCNT-X
successfully. Figure 4b shows the DPVs of 0.75 mM L-Tyr
or D-Tyr on bare GCE. The £, of L-Tyr and D-Tyr on bare
GCE is observed at 0.930 V (curve a) and 0.922 V (curve b).
Figure 4c shows the DPVs of 0.75 mM L-Tyr or D-Tyr on L-
Cys/GCE; the E, of L-Tyr and D-Tyr are located at 0.892 V
(curve c¢) and 0.880 V (curve d). The difference of peak
potential (AE) is 12 mV. The increased AE,, indicates that

L-Cys can recognize L-Tyr and D-Tyr, and it has different
interreactions with the enantiomer. Inset of Fig. 4d shows
the DPVs of L-Tyr and D-Tyr on L-CCNT-3/GCE; the AE,
is 16 mVof L-Tyr and D-Tyr, larger than that on GCE and L-
Cys/GCE. The result indicates that L-CCNT-3 with unique
L type chiral helical structure may have different spatial
interaction with L-Tyr and D-Tyr; the difference of L-
CCNT-3 and L/D-Tyr attachment might lead to the differ-
ence in the free energy [26], thus leading to increased AE,,.
In Fig. 4d, on L-Cys/L-CCNT-3/GCE, the AE,, of Tyr en-
antiomers increases to 24 mV with the £}, of L-Tyr and D-
Tyr at 0.908 V (curve g) and 0.884 V (curve h). The greater
AE, of Tyr enantiomers shows that L-CCNT-3 and L-Cys
have a synergistic reaction on the discriminate of L-Tyr and
D-Tyr. The enantiopure chiral structure of L-CCNT-3 and
steric interaction of L-Cys/L-CCNT-3 with the enantiomers
lead to the higher £, of L-Tyr and lower £, of D-Tyr. The
increased current of D-Tyr than L-Tyr on L-Cys/L-CCNT-3/
GCE also agrees with the potential signal of enantiomers.
These data indicate that the L-Cys/L-CCNT-3 interface
shows excellent chiral recognition performance based on
peak potential and peak current signals.

Fig. 4 a CVs modify 0.01 M L- a b
Cys on GCE, scan rate: 100 mV/s. 800 16
b Different potential
voltammograms (DPVs) of a L-
Tyr and b D-Tyr on GCE. ¢ DPVs 12+ a
of ¢ L-Tyr and d D-Tyr on L-Cys/
GCE. d Inset: DPVs of e L-Tyr <
and f D-Tyr on L-CCNT-3/GCE. 3 400 <1
DPVs of g L-Tyr and h D-Tyr on - ~ §
L-Cys/L-CCNT-3/GCE. L-Tyr =
and D-Tyr concentration:
0.75 mM
44
0 ; e —
0.7 0.0 0.7 1.4 21 0.6 0.8 1.0 12
EVS (AglAgCIIV EVS (AglAgCI)IV
c d
284
24 c ? T
d h\ 2
21 .
q 16+ i go's E/%E(!vs.A;:gcl)m
2 <14
81 7.
0 L) » L} d L} 0 | b 1 1
0.6 0.8 1.0 0.6 0.8 1.0 1.2
EVS (AgiAgCIIV EVS (Agl/AgCIV

@ Springer



46

J Solid State Electrochem (2018) 22:41-49

Optimization of experimental condition
Option of chiral carbon nanotubes

Chiral carbon nanotubes are the key nanomaterial in this ex-
periment. Three kinds of L-CCNTs (L-CCNT-1, L-CCNT-2,
and L-CCNT-3) carbonized at 500, 700, and 900 °C were used
as the chiral catalysts in the Tyr recognition experiments.

As is shown in Fig. 5a, L-Cys/L-CCNT-1/GCE shows peak
potential 0£0.910 V (line a) and 0.898 V (line b) for L-Tyr and
D-Tyr, and the AE, is 12 mV. While L-Cys/L-CCNT-2/GCE
(Fig. 5b) and L-Cys/L-CCNT-3/GCE (Fig. 5¢) show the AE,
of 16 mV (lines ¢ and d) and 24 mV (lines e and f), these data
suggest that L-CCNT-3 has better chiral recognition ability
than L-CCNT-1 and L-CCNT-2. Therefore, L-CCNT-3 with
largest AE,, for Tyr enantiomers is selected as the optimum
material in the next experiments.

Optimization of sweep cycle of L-Cys

Sweep cycle plays an important role in modifying the elec-
trode with L-Cys. The modification condition is investigated
by varying sweep cycles of L-Cys from 5 to 30 on different
electrodes (Fig. 5d). It can be clearly seen that the AEp of Tyr
enantiomers on L-Cys/L-CCNT-1/GCE keeps stable when the
sweep cycles increase. While AEp of Tyr enantiomers on L-
Cys/L-CCNT-2/GCE and L-Cys/L-CCNT-3/GCE first in-
crease with sweep cycle and then decrease, the L-Cys/L-

21+
> 144
£

w

< 7-
04 -/

4 5 6 7 8 9
pH

Fig. 6 The relationship between AEp of L/D-Tyr and pH. Concentration
of L-Tyr and D-Tyr: 0.75 mM

CCNT-3/GCE with the sweep cycles of 15 shows the most
distinct AEp for L-Tyr and D-Tyr. This may be attributed to
the saturation of enantioselective reaction sites of adsorbed
CyA on electrode. According to above results, 15 cycle and
L-CCNT-3 are chosen as the detection condition in the follow-
ing experiments.

Optimization of pH

The electrooxidation of 0.75 mM L-Tyr and D-Tyr on L-Cys/L-
CCNT-3/GCE at different pH values in 0.1 M PBS was
researched. As can be seen from the plot of (AEp)-pH (Fig. 6),
the AEp of L-Tyr and D-Tyr increases from pH 4.0 and reaches
top value at pH 7.4, then the AEp decreases sharply. The reason

Fig.5 a DPVsofaL-Tyron L- a b
Cys/L-CCNT-1/GCE, b D-Tyr on 214
L-Cys/L-CCNT-1/GCE. b DPVs
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on L-Cys/L-CCNT-3/GCE and f i ' 3 14
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amplitude: 0.05 V, pulse width:
0.05 s, pulse period: 0.5 s. d The 0
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Fig. 7 Nyquist plots at GCE, L-CCNT-3/GCE, L-Cys/L-CCNT-3/GCE,
L-Tyr/L-Cys/L-CCNT-3/GCE, and D-Tyr/L-Cys/L-CCNT-3/GCE in
5 mM Fe(CN)637/47 (1:1) containing 0.1 M KCI within a frequency
range from 1.0 to 10 kHz. The measurements were operated at open
circuit potential

is that the pH of phosphate buffer solution plays an important
role in enantiospecificity of amino acid [16, 27, 28]. Under near
neutral pH, Tyr and CyA are zwitterions; the electrostatic repul-
sion is weak, which allows favorable interaction for chiral rec-
ognition [29, 30]. That is to say, under near neutral pH, the
interaction of L-CyA with D-Tyr is more stronger than that
under other pH, while the space mismatching of L-CyA with
L-Tyr still exists, thus leading to increased difference of potential
for L-Tyr and D-Tyr under near neutral pH (pH 7.4). Therefore,
pH 7.4 is selected for the determination of L-Tyr and D-Tyr.

Electrochemical impedance spectroscopy research

It is well known that EIS technique is a powerful method to
characterize the electrochemical processes occurring at the
solution/electrode interface. In order to research the interac-
tions of L-Tyr or D-Tyr with our prepared chiral electrode
interface, EIS was employed in 5.0 mM K;3;Fe(CN)g—
K4Fe(CN)g and 0.1 M KCI solution at open potential. The
curve of EIS includes a semicircle portion and a linear portion,
with the former at higher frequencies corresponding to the

Fig. 8 a DPVs of different L- a

Table 1  Determination of L-tyrosine in L-tyrosine tablet sample
Sample Labeled Added Found Recovery (%)
(mgmL¥  (mgl)  (mgmL)
0.0650 0.0065 0.0718 104.6
0.0650 0.0130 0.0781 100.8
3 0.0650 0.0195 0.0852 103.6

#The sample was diluted 20 times with pH 7.4 PBS

electron-transfer limited process and the latter at lower fre-
quencies to the diffusion process. The surface electron-
transfer resistance (Rct) equals to the diameter of the semicir-
cle, which can be used to describe the interface properties of
the electrode. Randles equivalent circuit model (inset of Fig.
7) was used to fit the obtained impedance data (where Rs
represents the Warburg impedence, Cg;, double layer capaci-
tance, W, resulting from the diffusion of ions from the bulk
electrolyte to the electrode interface, and Rct the electron-
transfer resistance). From the impedance spectra, the Rct of
L-CCNT/GCE (28 Q) reduced enormously as compared with
that of GCE (659 2). This indicates that the L-CCNTs greatly
facilitate the electron transfer of the electrode. While for L-
Cys/L-CCNT/GCE, the Rct is increased to 308 €2, indicating
the successful polymerization of L-Cys on L-CCNT/GCE.
The Rct (323 ) slightly increases after immersing L-Cys/L-
CCNT/GCE in D-Tyr, which could be understood by the spa-
tial interaction of L-Cys/L-CCNT with D-Tyr. The Rct (426) is
further dramatically increased after L-Tyr is anchored onto the
surface of L-Cys/L-CCNT/GCE. The greatly increased Rct of
L-Tyr/L-Cys/L-CCNT/GCE suggests that L-Tyr has larger
steric hindrance with L-Cys/L-CCNT/GCE than D-Tyr. The
result agrees well with the changes of potential signals for L-
Tyr and D-Tyr in DPVs.

Application of Tyr chiral recognition in their racemic
solution

According to the above optimized experimental conditions, our
prepared L-Cys/L-CCNT-3/GCE may realize electrochemical
chiral detection of L-Tyr and D-Tyr in racemic solution based

b 0.96

Tyr% of 0.75 mM Tyr racemic 24
mixture on L-Cys/L-CCNT-3/

GCE. L-Tyr percentage (a to k,

%): 0, 10, 20, 30, 40, 50, 60, 70,

80, 90, 100. b Relationship i 16
between a Ip (blue line), b Ep (red =
line) and different L-Tyr%
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on the potential difference signals. Figure 8a shows the DPVs
of different L-Tyr% (a-k: 0, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100) of 0.75 mM Tyr racemic mixture on L-Cys/L-CCNT-3/
GCE. It can be clearly seen that the peak potential positive shift
and the peak current decrease with the increased L-Tyr%.
Figure 8b exhibits the good linear relationship of L-Tyr% with
peak potential and current. The detection limit, based on a
signal-to-noise ratio of 3, was calculated to be 2.93 uM for L-
Tyr. The result shows that L-Cys/L-CCNT-3/GCE can quanti-
tatively detect L-Tyr and D-Tyr enantiomers in their racemic
solution based on potential and current signals simultaneously.
According to Dalgliesh’s theory [31] and “three-point attach-
ment model,” an interaction in at least three configuration-
dependent points is needed for a chiral selector to recognize
entantiomers [32]. Thermodynamic enantioselectivity arises
from the difference in the intensity of the interaction, i.e., the
difference in the stability of two possible diastereomeric ad-
ducts formed in the course of the interaction. Chiral discrimi-
nation of the enantiomers can be based on the thermodynamic
enantioselectivity and the difference in the free energy [32]. In
this study, the chiral structure of L-CCNT, the aromatic ring of
Tyr, and the intermolecular hydrogen bond between CyA and
Tyr could possibly give this “three-point” attachment. The dif-
ference of L-Cys/L-CCNT/GCE and L/D-Tyr attachment might
lead to the difference in the free energy, which reflects as po-
tential shift in electrochemical measurements [26]. Because of
the space structure of L-Cys/L-CCNT, it may have stronger
attachment with D-Tyr than L-Tyr, leading to lower free energy;
therefore, the potential decreases and current increases with the
increased (decreased) of D-Tyr% (L-Tyr%).

Determination of L-tyrosine in pharmaceutical
formulations

For the purpose of proving its practical application, the pre-
pared electrode was used to determine the L-tyrosine tablet. L-
tyrosine sample was prepared by dissolving a L-tyrosine
caplet (containing 500 mg of L-tyrosine) into 384-mL formic
acid solution (1:1). The determination was realized by the
standard addition method, and the results are listed in
Table 1. It was found that the recoveries of the proposed
method were satisfactory (100.8 ~ 104.6%).

Conclusions

In this work, a kind of novel left-handed chiral carbonaceous
nanotubes were prepared and used as the chiral electrocatalyst
for Tyr enantiomer recognition. The electrochemical determi-
nation of L- and D-tyrosine in their mixed solution was suc-
cessfully achieved based on different oxidation potential sig-
nals on L-Cys/L-CCNT-3/GCE. What is more, the peak po-
tential and peak current linear variation with the increased
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percentage of L-Tyr in racemic mixture. This work builds a
novel potential type electrochemical chiral biosensing system
based on chiral carbonaceous nanotubes; moreover, it realizes
the distinguished and quantitative determination of Tyr enan-
tiomers with satisfactory results. This work is of great impor-
tance in real chiral biosensing research.
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