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In this paper, we report the application of a reusable electrochemical aptasensor for detection of
tryptophan by using [Fe(bpy);](p-CH3CsH4S0,), as an electroactive indicator and based on the target-
compelled aptamer displacement. The aptasensor fabricated by self-assembling the thiolated probe
on the surface of graphite screen-printed electrode modified with gold nanoparticles/multiwalled car-
bon nanotubes and chitosan nanocomposite (AuNPs/MWCNTs-Chit/SPE). Afterward, Trp aptamer (Apt)
immobilized on the modified electrode surface through hybridization. In the absence of Trp, a sharp
peak of [Fe(bpy)s](p-CH3CsHy4 SO ), can be observed in differential pulse voltammetry (DPV) study. The
introduction of Trp led to the formation of aptamer-Trp complex and dissociation of the aptamer from
the DNA-Apt duplex on the electrode surface into the solution and decreases the peak current intensity
of electroactive indicator. This is because, [Fe(bpy)s |(p-CH3CsH4SO, ), tends to bind to the two strands
DNA. Therefore, the peak current of [Fe(bpy)s;](p-CH3CsHs4 SO;); linearly decreased with increasing the
concentration of Trp over a range of 3.0 nM- 100 wM. The detection limit (3 o) was 1.0 nM. In addition,
we examined the selectivity of the constructed biosensor for tyrosine, histidine, arginine, lysine, valine
and methionine that belonged to the amino acid family.

The obtained results showed that the fabricated sensor had a good selectivity for Trp against the other
examined amino acids. Also, the potential applicability of the aptasensor was investigated by detecting
the Trp in a complex media such as human blood plasma spiked with Trp.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

(aptasensors) [5]. Aptamers are artificial single-stranded oligonu-
cleotides, which are selected from random RNA or DNA libraries

Diagnosis and quantitative determination of amino acids play an
essential role in biomedical studies, pharmaceutical industries and
clinical applications[1,2]. Tryptophan (Trp)is arequired amino acid
in humans and animals for brain functions and a precursor for some
hormones and vitamins) serotonin, melatonin and niacin) [3]. The
concentration of TRP in human blood is very important, because it
is a probable cause of many diseases [4]. Therefore, development
of a highly sensitive and selective technique for recognition and
determination of TRP is so important.

In recent years, affinity biosensors have attracted much con-
sideration and there has been great interest in the development
of biosensors that use aptamers as the biorecognition element
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for the first time in 1990 by SELEX' [6,7]. Since their discovery,
aptamers have attracted considerable attention in biosensor devel-
opment [8-11].

Numerous aptasensor have been developed using different ana-
lytical methods, including optical [12], electrochemical techniques
[13,14], fluorimetry [15], quartz crystal microbalance (QCM) [16]
and colorimetry [17]. Among various aptamer-based biosensors,
electrochemical aptasensors have received much attention due to
distinct benefits such as good excellent sensitivity and selectivity
for detection of various targets, portability, low production cost and
fast response [5].

A considerably improved performance for aptasensors can be
obtained by modifying the electrode surface with different nano

1 systematic evolution of ligands by exponential enrichment
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particles [18-20]. Among the various nanomaterials, a carbon nan-
otube (CNT) is highly regarded due to exclusive properties such as
high mechanical resistance, conducting, good biocompatibility and
high specific surface area[21,22]. Furthermore, we used chitosan, a
biocompatible and nontoxic polymer, for the preparation of stable
nanocomposite. As a result, through noncovalent binding, multi-
walled CNTs (MWCNTSs) can be uniformly dispersed in a chitosan
film and leads to a homogeneous black solution [23]. Then, gold
nanoparticles (AuNPs) were electrodeposited on the MWCNTs- Chit
modified screen printed electrode (SPE) for attachment of the thi-
olated probe. Also, in this work, [Fe(bpy);](p-CH3CgH4S0, ), was
used as an electrochemical indicator and a reporter for the detec-
tion events. Transition metal complexes and pyridine derivatives
have important biological activities as the part of some vitamins,
enzymes, proteins and also have been widely applied in cancer
therapy [24]. Commonly transition metal complexes can interact
with nucleic acid by intercalation or groove-binding.

In the present study, we report a simple, label-free and
reusable electrochemical aptasensor for the determination of Trp
based on the target-compelled strand displacement mechanism
from DNA/apt duplex to apt/target complex. The fabrication of
reusable Trp aptasensor was based on the self-assembly of thio-
lated DNA (part of the complementary strand of aptamer) onto the
AuNps/MWCNTs-Chit/SPE and then, immobilization of the aptamer
on the surface via its hybridization with the thiolated DNA. Upon
Trp binding, aptamer was taken off from the electrode due to the
formation of a complex between the aptamer and Trp, and part
complementary strands remains at the modified electrode surface.
Thus with this technique, a reusable sensing system will be pro-
vided [25]. As mentioned above, transition metal complexes tend
to interact with nucleic acid by intercalation, so with dissociation
of the Trp/aptamer complex from the electrode surface, the peak
current of [Fe(bpy)s |(p-CH3CgH4SO- ), decreased.

The main advantages and novelties of this work are: a) mak-
ing a reusable sensor for detection and determination of Trp; b)
construction of AuNps/MWCNTs -Chit/SPE with large specific sur-
face area and also high conductivity; c) using [Fe(bpy)s [(p-CH3CgH4
SO, ), as an electroactive indicator for determination of Trp and d)
[Fe(bpy)s](p-CH3CgH4 SO3)2/DNA-Apt/AuNps/MWCNTs-Chit/SPE
was used for the first time to detect Trp, which shows a high sen-
sitivity and specificity.

2. Materials and methods
2.1. Reagents and instruments

Trp aptamer and partly complementary DNA strand with 5'-
thiol modification was purified with HPLC and obtained from
Bioneer Co. (South Korea). The sequence of the selected aptamer
for Trp and partly complementary strand DNA was as follows [26]:

Aptamer sequence: 5:AGCACGTTGGTTAGGTCAGGTTT-
GGGTTTCGTGC-3'.

DNA strand: 5’-SH-(CH; )g-GCACGAAACCCAAACCTG-3'.

All chemicals were of analytical grade and supplied from Aldrich
or Merck Company. A 0.1 mM stock solution of aptamer was pre-
pared by 0.05M Tris-HCl, 1.0 mM EDTA (Tris-EDTA buffer, pH 8.0)
and afterwards the prepared solution was kept at —20 °C. All solu-
tions were prepared using ultrapure water.

Graphite screen-printed electrodes (GSPEs), consisted of the
carbon working electrode, carbon counter electrode and silver
pseudo reference electrode were bought from Florence, Italy.

Autolab PGstut 30 electrochemical analysis system controlled
by GPES 4.9 and FRA software (Eco Chemie Netherlands) was used
for all voltammetry and electrochemical impedance spectrometry
(EIS) measurements. Also in each step of electrode modification,

scanning electron microscopy images were obtained by Mira 3-
XMU Field Emission SEM (FESEM).

2.2. Fabrication of the electrochemical Trp aptasensor

For the preparation of MWCNT-Chit nano composite, Chit
(5.0mg) was dissolved in 1.0mL 1% acetic acid. Then, MWNTSs
(2.0 mg) was dissolved in prepared Chit solution and sonicated until
a homogeneous mixture was obtained [27]. After the preparation
of nanocomposite, the surface of the working electrode was mod-
ified with 7.0 pL of nano composite and allowed to dry at room
temperature. Then, the synthesis of AuNPs was done by chronoam-
perometry at -0.23V for 300s in a solution containing 0.5 mM
HAuCly for the formation of gold nanoparticles on the surface of
MW(CNT-Chit/SPE. Subsequently, 8.0 wL of 2.0 M thiolated DNA
solution was placed on the AuNps/MWCNT-Chit/SPE for 6.0h at
room temperature. In the next step, 8.0 nL of 2.0 uwM 34-bases
Trp aptamer was immobilized on the surface of the prepared elec-
trode through DNA hybridization reaction at room temperature for
construction of DNA-Apt/AuNps/MWCNTs-Chit/SPE. After 100 min,
8.0 pL of (5 wM) [Fe(bpy)3](p-CH3CgH4S0;), was added onto the
modified electrode surface for 20 min. After these processes, for
determination of Trp, 8.0 wL of Trp solutions with different con-
centrations was dropped onto the modified electrode surface for
45 min. After each step, the surface of modified electrode was
rinsed with double distilled water. At last, the peak current of
[Fe(bpy)s |(p-CH3CgH,4 SO, ), was used to evaluate the Trp concen-
tration. Scheme 1 illustrates the step by step fabrication procedure
and the sensing mechanism of aptasensor.

3. Results
3.1. Optimization of effective parameters on aptasensor response

We optimized some of the experimental parameters such as
hybridization and incubation time of the aptasensor for the anal-
ysis of the Trp. The effect of the hybridization time of DNA on
the response of the aptasensor was optimized by EIS method. Fig.
S1A shows the dependence of the R¢; to the hybridization time
of the DNA. As seen, R of the aptasensor obviously increased
with increasing the hybridization time from 10 to 100 min and
then starts to level off. Therefore, the optimum hybridization time
between DNA and aptamer was found to be 100 min.

Furthermore, the effect of Trp incubation time on the response
of the fabricated aptasensor was studied from 0 to 60 min (Fig.
S1B). The interaction time includes both the interaction time of
the Trp with the aptamer and the departure time of the aptamer-
Trp complex from the electrode surface. As shown in Fig. S1B, with
increasing the interaction time from 5 min to 45 min, R¢; decreased
and reaches a minimum at 45 min but no significant change in Rt
was observed over 45 min. Thus, according to the obtained results,
45 min was chosen as the optimal incubation time. After 45 min
hybridization, the sensing interface was approximately regener-
ated and can be reused.

3.2. Morphology study of the modified electrode

The morphology of modified SPE was investigated by FE-SEM
images at each step. Fig. 1 (A-C) represents the FE-SEM images
of the bare SPE, MWCNT-Chit/SPE and AuNPs/ MWCNT-Chit/SPE.
As can be seen, Fig. 1B shows the forming of homogeneous and
spaghetti-like porous MWCNT- Chit nanocomposites on the sur-
face of the SPE. The obtained nanocomposite has good practicality,
because of the high specific surface area and porous structure of
the nanocomposite. After electrodeposition, the gold nanoparticles
with sizes ranging from 21 nm to 28 nm were well distributed and
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Scheme 1. (A) Chemical structure of the hemin, (B) Schematic representation of the construction of reusable electrochemical aptasensor for detection of Trp.

tightly attached on the modified electrode surface by linking to the
hydroxyl and amino groups of the chitosan (Fig. 1C). This causes
to improve the signal and also to strong binding of the DNA to the
AuNPs/ MWCNT-Chit/SPE surface.

3.3. Electrochemical characterization of aptasensor

Electrochemical methods such as CV and EIS were widely used
to affirm the changes in the fabrication process of the biosensors.
Fig. 2A presents the cyclic voltammograms of 0.01 M Fe (CN) g3-/4~
at different steps of aptasensor preparation. The SPE electrode was
first modified with MWCNTs- Chit (curve b), the peak currents of
[Fe(CN)6]3/4 on MWCNTs-Chit/SPE was higher than at bare SPE
(curve a) and the AE; value at the surface of MWCNTSs-Chit/SPE
decrease obviously compared with the bare SPE. The results show
that MWCNTs-Chit can increase the electron transfer speed and
effective surface area.

In the next step, electrodeposition of AuNPs on the MWCNTSs-
Chit/SPE, increased the peaks current intensity and the elec-
trochemical reversibility of [Fe (CN)g]>~/4~ redox couple, which
indicates that the immobilized AuNPs can improved the conductiv-
ity and also effective surface area of the modified electrode (curve
c). After the immobilization of thiol-terminated DNA, the peaks

current intensity of Fe(CN)g3-/4- redox couple decreased (line d)
with an increase in the peak-to-peak separation potential. This
phenomenon can be attributed to the negative charges phosphate
groups of the immobilized DNA on the surface of AUNPs/MWCNTSs-
Chit/SPE repelled the [Fe(CN)g]*”/# anions and confirmed the
successful immobilization of the thiolated DNA on the surface of the
prepared modified electrode. Also, after hybridization of aptamer
with ssDNA on the modified electrode surface, further decrease of
peaks current intensity and increase of AE, of [Fe (CN)gJ3~4- was
observed (curve e).

Finally, after incubation with Trp (0.8 wM) for 45 min, redox
peak currents of [Fe(CN)g]>~/4~ increased compared to the curve
(e) and reached to the curve (d). This was ascribed to the fact
that the formation of Trp/aptamer complex instead of aptamer-
DNA and dissociation of the Trp/aptamer from the electrode
surface. As a result, it can be concluded that a reusable sen-
sor has been obtained. Also, the different stages of aptasensor
preparation were followed using the EIS technique in the pres-
ence of the [Fe(CN)g] 3-/4- redox couple (Fig. 2B). The obtained
results are in good accordance with the results from CV experi-
ments. Thus, the results obtained from CV and EIS confirmed the
successful fabrication of the aptasensor according to Scheme 1.
After one time use of the prepared sensor we rinsed the modified
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Fig. 1. Represents the FE-SEM images of the bare SPE (A), MWCNT-Chit/SPE (B) and AuNPs/ MWCNT-Chit/SPE(C).
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Fig. 2. (A) Cyclic voltammograms and (B) Nyquist plots of different modification steps of aptasensor: (a) bare SPE, (b) MWCNTs-Chit/SPE, (c) AuNPs/MWCNTs-Chit/SPE,

(d) DNA/AuNPs/MWCNTs-Chit/SPE, (e) Apt/DNA/AuNPs/MWCNTs-Chit/SPE and (f) Trp/Apt/DNA/AuNPs/MWCNTs-Chit/SPE in 0.1M PBS (pH 7. 0) containing 0.01 M
K5[Fe(CN)g]/Ka[Fe(CN)s] (1:1) and 100 mM KCl. The insert show the electrical equivalent circuit of presented Nyquist plots of Fig. 2B.
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Fig. 3. (A) Chronocoloumetric curves at Apt/DNA/AuNps/MWCNTs-Chit/SPE in a solution of a) 200 wM ruthenium hexa-amine and 0.05M potassium chloride (b) 0.05M

potassium chloride.

(B) DPV signals of (a) Ind/Apt/DNA/AuNPs/MWCNTs-Chit/SPE (b) Ind/Apt/DNA/AuNPs/ MWCNTs-Chit/SPE after incubation with 0.06 wM Trp, and (c)
Ind/Apt/DNA/AuNPs/MWCNTs-Chit/SPE after incubation with 0.8 wM Trp in 0.1 M PBS (pH 7. 0).

electrode surface with double distilled water, then, for construc-
tion of DNA-Apt/AuNps/MWCNTs-Chit/SPE 7.0 pL (0.8 wM) of Trp
aptamer solution was placed on the modified SPE for 100 min at
room temperature. After hybridization, we examined the modified
electrode surface using the EIS technique. The results were approx-
imately similar to which obtained in Fig. 2B. Results showed that
the measuring interface was almost entirely rebuilt and could be
reused. The reusability of the fabricated sensor was investigated for
the detection of Trp (0.8 wM), after 6 times using the sensor, the
RSD of 2.3% has been achieved.

3.4. Quantitation of surface density of immobilized aptamer

The coverage of immobilized aptamer on the surface of
AuNPs/MWCNTs-Chit/SPE was estimated by chronocoloumetric
measurements and based on the electrostatic interaction of
Apt and [Ru(NH3)s]3*. Measurements were performed at the
AuNPs/MW(CNTs-Chit/SPE in the absence and presence of 50.0 uM
of the [Ru(NH3)s]** (RuHex). Aptamer surface density computed
using the following relationship [28]:

" = (Q/nFA)(z/m)Np (1)

Where Q(C) is the charge from the reduction of absorbed RuHex,
calculated from the difference in chronocoloumetric intercepts in
the presence and absence of RuHex, n is the number of electrons
per molecule for reduction, F is the Faraday constant (C/equiv), A is
the effective surface area of the electrode (cm?), m is the number of
bases in the aptamer, z is the number of electrons involved in the
reduction of Ru (III) to Ru(Il) and N Avogadro’s number. For mea-
suring the effective surface areas of the AuNPs/MWCNTSs-Chit/SPE,
the chronoamperogram of 0.5 mM K3Fe (CN)g (redox probe) was
recorded and the electroactive surface areas were calculated pur-
suant to Cottrell equation [29]:

i = nFAC «D1/2/t1/2111/2 (2)

Where n is the number of electron transfers, D is the diffusion coef-
ficient for redox probe (7.6 x 1076 cm? s~1), C* is the concentration
of K3[Fe(CN)g]. The effective surface area was obtained as 1.3 cm?
from the slope of Cottrell plot (i-t~1/2) (Fig. S2). Finally, according to

Fig. 3A, surface density of aptamers on AuNPs/MWCNTs-Chit/SPE
has been obtained equal to 5.25 x 1017 molecule/cm?.

3.5. Diagnosis principle of Trp aptasensor

Fig. 3 B shows the DPV signal of [Fe(bpy)s](p—CH3CgH4S05),
(Ind)? for the Apt-DNA/AuNPs/MWCNTs-Chit/SPE in the absence
(curve a) and presence of Trp (curve b and curve c) in 0.1 M PBS
(pH 7.0). Fig. 3B, curve a, shows the DPV signal for the Ind/Apt-
DNA/AuNPs/MWCNTs-Chit/SPE. A peak was observed at 0.35V
in 0.1M PBS (pH 7.0), showing the ability of the [Fe(bpy)s](p-
CH3CgH4S0,); to bind to the double strand DNA (dsDNA). Since
generally the transition metal complexes can interact with dsDNA
by intercalation and groove-binding mode, after incubation with
0.06 wM (curve b) and 0.8 wM Trp (curve c), the peak current
for the [Fe(bpy)s3](p-CH3CgH4S05 ), decreased in comparison with
the curve a. The interaction between Trp and aptamer leading to
the conformational changes of the aptamer, dissociation of the
aptamer from the electrode surface and releasing the [Fe(bpy)s;1(p-
CH3CgH4S03),, while the DNA stays connected to the electrode
surface.

4. Discussion
4.1. Linear dynamic range and detection limit

The differential pulse voltammograms of the [Fe(bpy)s](p-
CH3CgH4S0;), were recorded on the surface of
Apt-DNA/AuNPs/MWCNTs-Chit/SPE after incubation with dif-
ferent concentrations of Trp. As shown in Fig. 4A, the peak current
of [Fe(bpy)s3 ](p-CH3 CgH4S0, ), decreased with the increasing of the
concentration of Trp over the range of 0.003-100 wM. This means
that the increasing of peak current of [Fe(bpy)s |(p-CH3CgH4S05 ),
is due to the specific interaction between aptamer and Trp. In
the other words, after the interaction of aptamer with the Trp,
aptamer was desorbed from the surface of modified electrode and
thus decrease the amount of [Fe(bpy)s](p-CH3CgH4SO5), on the

2 Indicator
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Fig.4. (A)DPVsignals of Ind/Apt/DNA/AuNPs/MWCNTSs-Chit/SPE after incubation with different Trp concentrations in the absence (a) and presence of different concentrations
of Trp: (b) 0.003, (c) 0.009, (d) 0.02, (e) 0.04, (f) 0.06, (g) 0.08, (h) 0.1, (i) 0.3, (j) 0.8, (k) 2.0, (1) 4.0, (m) 8.0, (n) 20 (0) 40, (p) 60, (q) 80 and (r) 100 wM in 0.1 M PBS (pH 7.0).
B, C and D are the calibration plots of I, vs. Trp concentration. (E) Linear plot of Log (1/ [L]) vs. Log (Ipna-L/ (Ipna — Ipna-L)) to obtain the value of the binding constant of the

interaction of Trp with aptamer.

Table 1

Comparison of the analytical performance between the proposed aptasensor and other detection methods for Trp.
Sensing surface Method LR LOD Ref.
GNP/CILE SWvV 5 to 900 mM 4 mM [30]
poly(p-ABSA) film/ GCE LSV 1.0x1077-10> M 7.0x108 M [31]
SiO; nanoparticles/CPE LSV 1.0x1077-5.0 x 10°M 3.6x10% M [32]
CuCoHCF/ graphite electrode Amperometry 10-900 uM 6uM [33]
SWNT/GCE DPV 4%x108-1x10° M 1x108M [34]
PGE /| GND cv 1.0x 1078 -4.0 x 10-M 3 nM [35]
MWCNTSs/SGE DPV 02x107%-15x10"¢M 0.139x10°°M [36]
OPPy/CPE ASV 10-100 mM 10mM [37]
- RP-HPLC 0.25-20 pg/mL 0.0144 pg/mL [38]
- HPLC - 0.46x105 M [39]
- HPLC 0.1-0.8 pg/mL 0.002 pg/mL [40]
AuNPs/MWCNTs-Chit/SPE DPV 3.0nM- 100 uM 1nM This Work
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Fig. 5. Selectivity analysis for Trp detection by monitoring the DPV response of prepared aptasensor between six amino acids: A) tyrosine, B) histidine, C) arginine, D) lysine,
E) valine, F) methionine and G) tryptophan. Amino acids concentration is 0.3 M, (Dotted lines: Ind/Apt-DNA/AuNPs/MWCNTs-Chit/SPE, solid lines: amino acids/Ind/Apt-

DNA/AuNPs/MWCNTs-Chit/SPE).

modified electrode surface. As seen in calibration plots (Fig. 4 B, C
and D), the peak current was proportional to the concentrations
of Trp over the ranges of 0.003-100 M. The detection limit was
calculated as 1.0 nM at 30. The comparison results of the analytical
performance of this sensor with some other detection methods to
determinate Trp are given in Table 1.

4.2. Binding constant

The binding constant value of the aptamer-Trp was specify
according to Eq. (3) [41]:

Log(1/[L]) = logKy+Log(Ipna—L/(Ipna—Ipna-L)) (3)

Where L is the free ligand (Trp), Ky, is the binding constant, Ipna
is the peak current of Ind on the surface of immobilized aptamer
and Ipna- is the peak current of Ind on the surface of Trp/Apt-
DNA/AuNPs/MWCNTs-Chit/SPE. As shown in Fig. 4E, plotting the
Log (1/ [L]) versus Log (Ipna-L/ (Ipna— Ipna-1)) Produces a straight
line with the intercept of log K;,. The Ky, of Apt-Trp complex has
been obtained equal to 9 x 107 M.

4.3. Application of the aptasensor for detection of the Trp in
human serum

2 In order to examine the applicability of the fabricated sen-
sor for the determination of Trp in real samples, it was measured
in the diluted healthy human serum sample (serum sample was
diluted 3-folds using PBS (0.1 M, pH 7.4)). Recovery experiments
were performed by adding standard solutions of Trp to the serum
sample and employing them in the electrochemical experiments.
As shown in Table S1, the fabricated aptasensor worked accurately
for the detection of Trp in the serum samples.

Also, under the same condition, the interference effects of some
amino acids were investigated on the detection of Trp in the serum
sample. Recovery experiments were performed by adding several

types of amino acids (tyrosine, histidine, arginine, valine and methi-
onine) to the serum sample containing of Trp. As shown in Table
S2, the aptasensor but did not show any interference effect.

4.4. Selectivity, stability and reproducibility of the Trp aptasensor

The detection specificity of the aptasensor is one of the poten-
tial advantages of an aptasensor. To prove the selectivity of the
aptasensor, control experiments were performed using six amino
acids: tyrosine, histidine, arginine, lysine, valine, methionine and
tryptophan. As shown in Fig. 5, the decrease of [Fe(bpy)s](p-
CH3CgH4S0,), peak current for the complex of Trp -Apt is most
obvious in comparison with other mentioned amino acids at the
equal concentration (0.3 wM). The obtained results demonstrate
that non-specific interactions of fabricated aptasensor with other
examined amino acids are almost inconsiderable.

Also, the stability of the fabricated aptasensor was examined by
storing the aptasensor in PBS (pH 7.4) at 4°C for 22 days. After this
time, no remarkable change in current response was observed for
the detection of Trp at the same concentration (it retained 95% of its
initial response), indicating an acceptable stability of the fabricated
Trp aptasensor.

The reproducibility of this method for the detection of 0.3
M Trp was investigated on a series of five prepared aptasen-
sors at the same experimental condition. The RSD of 2.1% has been
achieved from these experiments, which indicated a satisfactory
reproducibility for the prepared Trp aptasensor.

5. Conclusion

In this study, we have demonstrated a simple and reusable
aptasensor for detection of an amino acid target, tryptophan,
by using [Fe(bpy)s](p-CH3CgH4S0,), as an effective electroactive
indicator. In this work, the Trp sensor was prepared by, first, modi-
fication the electrode with AuNPs/MWCNTs-Chit, which amplified
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the electrochemical signals. Then the thiolated partly complemen-
tary DNA was self-assembled on the surface of modified electrode.
Next, aptamer was immobilized on the prepared electrode through
DNA hybridization reaction.

This is the first report of designing a reusable electrochemical
Trp aptasensor using AuNPs/MWCNTs-Chit/SPE and [Fe(bpy)s](p-
CH3CgH4S0,), together. The sensor performance was investigated
by DPV, CV and EIS techniques. The incubation of the Trp by the
aptamer caused the conformational change of the aptamer, forma-
tion of Trp/aptamer complex and dissociation of the Trp/aptamer
complex from the electrode surface. The peak current of the
[Fe(bpy)s ](p-CH3CgH4S03 ), linearly decreased by the addition of
the trp concentration over the range of 0.003 to 100 wM with a
detection limitaslow as 1.0 nM. In addition, this aptasensor showed
high selectivity for Trp in compared to other amino acids such as
tyrosine, histidine, arginine, lysine, valine and methionine. Also,
the proposed aptasensor was successfully used to Trp detection in
human serum sample.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jpba.2018.10.006.
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