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ABSTRACT: A new highly selective electrochemical sensor for the determination of L-tryptophan was proposed by modifying the sur-
face of screen-printed carbon electrodes (SPCEs). The surface of SPCE was firstly modified by electropolymerization of p-phenylene-
diamine (PPD). The polymer film was then covalently linked with cysteamine capped cadmium sulfide quantum dots (Cys-CdS QDs)
by using glutaraldehyde (GA) as a cross-linker resulted in an organic—inorganic hybrid composite film (QDs/GA/PPD/SPCE). The
modified electrode was applied as a working electrode for detecting various amino acids. It was found that the modified electrode
gave an electrochemical response selectively to L-tryptophan over other amino acids. The experimental parameters, including pH of
solution, buffer types, electropolymerization cycles, scan rate, and accumulation time, were studied and optimized. The proposed sen-
sor can be used to detect L-tryptophan with a low detection limit of 14.74 pmol L™" with good precision and the relative standard
deviation less than 3.7%. The modified electrode was used to detect L-tryptophan in beverage samples and gave satisfactory recoveries

from 91.9 to 104.9%. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 40356.
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INTRODUCTION

L-Tryptophan (Trp) is one of the essential amino acids function-
ing as a normal growth control in infants and as a nitrogen bal-
ance control in adults for humans and herbivorous animals.' In
many biochemical processes, L-tryptophan is an essential precur-
sor of a neurotransmitter such as serotonin and neurohormones
such as melatonin and niacin. 1-Tryptophan cannot be synthe-
sized directly in human body. Therefore, it can only be obtained
through food products, dietary, or added to supplement typical
diets.>®> However, L-tryptophan can cause schizophrenia in peo-
ple who cannot metabolize it properly. Moreover, a large
amount or the improper metabolized of L-tryptophan can cause
a side effect to humans, including hallucinations, delusions, agi-
tation, confusion, and fever."” Therefore, determination of low
concentration of L-tryptophan is important. Simple and less
expensive detection techniques are of great interest.

Many analytical methods such as spectrophotometry,”” liquid
chromatography,’
capillary electrophoresis'>™* have been used for detection of
amino acids. Although these methods have advantages of sensi-

10 . . 11
fluorescence, © chemiluminescence, ™ and

© 2014 Wiley Periodicals, Inc.

M&‘«\;F%U’B WWW.MATERIALSVIEWS.COM
]

40356 (1 of 8)

tivity, accuracy, and low detection limit, they often suffer from
complicated operations, cumbersome pretreatment steps, time
consuming, and matrix interferences.

Recently, electroanalytical techniques have been widely applied
in the analysis of various biological species. Such techniques
have many advantages such as high selectivity, high accuracy,
high sensitivity, simplicity, and low cost. Various electrode sur-
face modifications on carbon,"*'>'® graphite,'”'® platinum,'**°
and gold* electrodes were used. Carbon electrodes have been
widely used because of the ease of construction, compatibility
with various types of modifiers, and low cost. Moreover, carbon
electrodes give a low background current compared with graph-
ite and metal electrodes.”' Nevertheless, the response of L-tryp-
tophan at bare carbon electrodes is not satisfactory because of
slow heterogeneous electron transfer processes and the direct
electrochemical oxidation of r-tryptophan takes place at high
potential >'® Therefore, to overcome these drawbacks, the elec-
trodes must be chemically modified with various compounds
such as nanoparticles,>'®'”** poly(9-aminoacridine) functional-
ized multiwall carbon nanotube,'® hemin,” butyrylcholine,**
glutamic acid,” cerium hexacyanoferrate,®® and 4-aminobenzoic
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acid.”’ In addition, there have been reports on the combination of
polymer films and inorganic materials to fabricate the electro-
chemical sensors for L-tryptophan such as gold nanoparticles/over-
oxidized-polyimidazole (GNPs/PImox),?® iron ion-doped natrolite
zeolite-multiwalled carbon nanotube (FeNAZ/MWCNTs),? and
nano-TiO,/ferrocene carboxylic acid (FCCa/Ti0,).>* Modified
electrodes using these hybrid organic—inorganic materials can
improve the response characteristics toward the L-tryptophan oxi-
dation compared with unmodified electrodes.

Recently, the interest of conducting polymer from aromatic dia-
mines has increased because of its versatile functionality, high
permselectivity to various electroactive species, and easy prepa-
ration. Among diamines that are suitable to the oxidative
polymerization, phenylenediamine is usually used.’'* Polymer-
ization of phenylenediamine can be performed via electrochemi-
cal oxidation on a conductive surface. Poly-p-phenylenediamine
(PPD) film can improve the electron transfer from the redox
species to the electrode surface. In addition, a nanocrystalline
semiconductor or quantum dots (QDs) have emerged as the
attractive materials used in chemical sensors. Quantum dots
(QDs) can be used in several aspects such as fluorescence
probes,”°  electrochemical markers,’*>® sensitized solar
cells,’** and cell imaging*"** depending on the type, capping
molecule, and size of nanoparticles. Interactions of quantum
dots to several chemical species resulting in fluorescence
changes have been reported.*” However, quantum dots may be
also useful in electrochemical sensor as a selective recognition
part analog to its function in the optical sensor. The combina-
tion of PPD and quantum dots may provide an excellent type
of electrochemical sensors. It is expected that the hybrid materi-
als of the conducting polymer films and nanoparticles would
significantly improve the electrocatalytic properties, stability,
and reproducibility of the electrode, decrease drawbacks in
overpotential and increase the reaction rate.**

In this work, we proposed a new electrochemical sensor for
selective detection of r-tryptophan. A screen-printed carbon
electrode (SPCE) was modified with PPD by electropolymeriza-
tion method and then linked with cysteamine capped CdS
quantum dots (Cys-CdS QDs) via glutaraldehyde (GA). Param-
eters affecting the detection sensitivity by the modified electrode
(QDs/GA/PPD/SPCE) were studied and optimized. The feasibil-
ity of the proposed sensor in real applications was demonstrated
by the detection of L-tryptophan in beverage samples.

EXPERIMENTAL

Reagents and Materials

L-Alanine, r-arginine, r-histidine, 1-leucine, L-lysine, L-phenyla-
naline, and L-tryptophan were purchased from Acros Organics
(Belgium). r-Asparagine, L-glutamic acid, r-proline, L-tyrosine,
and 1-valine were purchased from Fluka (Switzerland). L-Aspartic
acid and pr-glutamine were purchased from Biochemicals.
L-Cysteine, L-glycine, p-phenylalanine, r-serine, and 1-threonine
were purchased from Sigma-Aldrich (USA). r-Isoleucine was
purchased from Fisher Scientific (India). bDL-Methionine
was obtained from Himedia (India). GA (25% solution) was
obtained from LobaChemie (India). An SPCE with diameter of
4 mm was purchased from Metrohm (Switzerland). Cysteamine

Mnh\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

WILEYONLINELIBRARY.COM/APP

40356 (2 of 8)

Applied Polymer

SCIENCE

capped CdS quantum dots were synthesized by procedures
described previously.*> PPD was purchased from Fluka (Switzer-
land). Hydrochloric acid was purchased from Lab Scan Asia
(Thailand). Sodium hydroxide, sodium sulfate and di-sodium
hydrogen phosphate were purchased from Carlo Erba (Italy). All
reagents used were of analytical grade. All aqueous solutions were
prepared in deionized water with the specific resistivity of 18.2
MQ cm from RiO;™ Type I Simplicity 185 (Millipore water).

Instrumentation

Electrochemical measurements, including cyclic voltammetry
(CV), linear sweep voltammetry (LSV), and squarewave voltam-
metry (SWV), were performed with an Autolab PGSTAT101
potentiostat/galvanostat. The Nova 1.7 software was used to
control the system and process data. A conventional three elec-
trodes system was used. An SPCE and a modified electrode
(QDs/GA/PPD/SPCE) were used as working electrode, whereas
the platinum sheet was used as counter electrode and Ag/AgCl
as reference electrode. Experiments were performed at ambient
temperature. A pH meter, Ultra Basic DenVER was applied for
the pH adjustment.

Preparation of the Modified SPCE

The solution of 10 mmol L' PPD containing 25 mmol L'
hydrochloric acid and 20 mmol L™ sodium sulfate was polymer-
ized on a bare carbon electrode by cyclic voltammetry using
potential cycling in the range of —0.4 to 1.5 V at a scan rate of 10
mV s~ for 20 cycles. After electropolymerization, of sodium
hydroxide solution (5 mmol L") was dropped on the electrode
surface to neutralize excess HCl and rinsed with water. Then,
electrode was further modified with 0.5% GA by dropping the
solution on the electrode and kept in a close container for 1 h to
allow the reaction completed. Then, the electrode was rinsed
with water and 5 mmol L™" of cysteamine capped CdS quantum
dots (Cys-CdS QDs) was dropped on the electrode. The electrode
was allowed to stand for 1 h and rinsed with water prior to use.
Finally, the obtained modified electrode, QDs/GA/PPD/SPCE,
was used as a working electrode for the sensing of L-tryptophan.

Electrochemical Measurement of 1-Tryptophan by QDs/GA/
PPD/SPCE

The electrocatalytic properties of L-tryptophan at QDs/GA/PPD/
SPCE were investigated by using cyclic voltammetry (CV) and
linear sweep voltammetry (LSV), and potentials were scanned
from +0.7 to +1.05 V versus Ag/AgCl. Determination of L-
tryptophan was performed by squarewave voltammetry (SWV)
obtained by scanning potentials from +0.6 to +1.4 V versus
Ag/AgCl with a step and amplitude of 0.005 V. Typically, 20
mmol L™" phosphate buffer (pH 2.0) containing 20 mmol L'
KCl was used as a supporting electrolyte. After the background
current declined to a steady value, L-tryptophan solution was
added, and the resulted current from electrocatalytic oxidation
of L-tryptophan was recorded. L-Tryptophan concentration was
obtained by measuring the heights of the oxidative peaks
against the standard curve.

RESULTS AND DISCUSSION

In this work, we proposed the use of SPCE as an electrode sub-
strate. This sensor platform may be suitable for constructing a
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Figure 1. Schematic representation of the modified electrode (QDs/GA/
PPD/SPCE).

portable sensor. However, it is not easy to modify a recognition
unit directly on the SPCE surface. Therefore, electrochemical
polymerization of PPD was chosen for surface modification.
The resulting polymer film can further react easily with GA via
the imine formation. Because the capping molecule of the CdS
QDs is cysteamine, it can, therefore, directly react with the alde-
hyde moiety. We expect that SPCE modified with the hybrid
organic—inorganic materials would give a better electrochemical
response toward L-tryptophan. The possible chemical structure
of the modified electrode is demonstrated in Figure 1.

Electropolymerization of PPD on SPCE

The surface of SPCE was firstly covered with the polymer film
of PPD by electropolymerization.'” The thickness of the poly-
mer film can be controlled by the number of scan cycles. The
reproducibility of the electrode surface using this approach is
impressive. Figure 2 shows the cyclic voltammogram recorded
during the electropolymerization of a solution containing 10
mmol L™" PPD in 25 mmol L' hydrochloric acid and using
20 mmol L™ sodium sulfate as a supporting electrolyte. The
cyclic voltammetry was applied for the electropolymerization by
scanning the potential between +1.5 and —0.4 V (vs Ag/AgCl)
with a scan rate of 10 mV s~ '. The obtained CV profiles of
PPD thin film exhibited the obvious oxidation peak at +0.40 V
(vs Ag/AgCl) with a small reduction peak around +0.00 V (vs
Ag/AgCl). In addition, the peak current increased with increas-
ing the number of scan cycles. The results confirm the continu-
ous build up of PPD thin film on the surface of a bare SPCE.
Increasing the number of electropolymerization cycles gave
higher peak currents. However, the oxidation peak increased
until stabilized around 20 cycles (see the inset in Figure 2). This
behavior was attributed to the decrease of PPD conductivity
upon increasing the thickness of the film. The broader peaks
were observed during the ongoing scanning, indicating the per-
manent growth of the polymer film. These results revealed that
PPD films of SPCE by
electropolymerization."

were formed on the surface

Electrochemical Behavior of L-Tryptophan on Modified
Electrodes

Aims of SPCE surface modification focus on the sensor sensitiv-
ity and selectivity. We investigated the response of the sensor
toward L-tryptophan after each modification stage. The experi-
ment was performed by using 0.5 mmol L™ r-tryptophan in 20
mmol L™ phosphate buffer (pH 2.0) containing 20 mmol L™
KCl. SPCEs at each modification stage were used as working
electrode and the cyclic voltammograms were recorded at the
potential range from +1.05 to +0.7 V (vs Ag/AgCl). The results
are showed in Figure 3 and the peak position and peak current
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Figure 2. CVs during electropolymerization of 10 mmol L™' p-phenylene-

diamine in 25 mmol L™ HCl and 20 mmol L' Na,SO, at scan rate of
10 mV s~ ! on bare SPCE. Inset: oxidation and reduction peak current on
CV response. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

are summarized in Table I. From the cyclic voltammogram, it
clearly seen that L-tryptophan has no response on a bare SPCE
(curve a) and a SPCE modified with QDs (curve b) whereas the
cyclic voltammograms of L-tryptophan shows a broad oxidation
peak current around 0.88 V (vs Ag/AgCl) on the PPD/SPCE
(curve ¢). This may indicate that the PPD plays an important
role in the enhancement of L-tryptophan oxidation of the SPCE
electrode. However, when adding GA into the PPD film, the
peak current was reduced which signified the imine formation
of GA on PPD film. Then, Cys-CdS QDs having amine groups
on the surface were added. It can be seen that the peak position
did not change, but the peak current increased significantly.
This result suggested that Cys-CdS QDs were adsorbed on the
layer of PPD/GA. In addition, the result from curve b supported
that we cannot directly put Cys-CdS QDs onto the SPCE with-
out PPD and GA.

25
== (a) bare SPCE
[eemee (b) QDs/SPCE
20 L— — .(c) PPD/SPCE
|- - - - (d) GA/IPPD/SPCE
15 (e) QDs/GA/PPDISPCE /2 — -« = - —— ~
< 1w} T e
‘;::" I .
£ 5
3
Q
0k
5}
10 1 L 1 L 1 L 1

0.7 0.8 0.9 1.0 1.1
Potential, V (vs Ag/AgCl)

Figure 3. The CVs of 0.5 mmol L™" r-tryptophan in 20 mmol L™' phos-
phate buffer (pH 2.0) containing 20 mmol L™" KCI on modified electro-
des with scan rate of 10 mV s~ .
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Table I. Peak Currents (I,,) and Peak Potentials (E,,) of L-Tryptophan
Obtained From CVs Using the Modified Electrodes for the Electrochemi-
cal Oxidation of 0.5 mmol L™" 1-Tryptophan

Electrode lpa (WA) Epa (V)
Bare SPCE n.d. n.d.
QDs/SPCE n.d. n.d.
PPD/SPCE 6.38 0.87
GA/PPD/SPCE 3.89 0.87
QDs/GA/PPD/SPCE 6.25 0.88

n.d.; not detectable

From these investigations, the improvement of electrochemical
responses of the modified electrode may be due to the intensive
properties of PPD and Cys-CdS QDs. The conductive polymer
PPD can obviously enhance electron transfer from the oxidation
of L-tryptophan to the SPCE surface. Cys-CdS QDs on the PPD
layer act as a recognition unit that can interact with r-trypto-
phan in the solution due to hydrogen bonding interactions.
Actually, the determination of adsorb species on the electrode
surface can provide higher current response because no mass
transport is needed. Therefore, it can be concluded that the
hybrid material between PPD and QDs is suitable for improving
the detection sensitivity of L-tryptophan.

Moreover, to show the importance of the modification materi-
als, further experiments were performed by using a bare SPCE
and a modified SPCE to measure the solution in the absence
and presence of 0.5 mmol L™' i-tryptophan. The comparison
results are shown in Figure 4. No significant electrochemical
response of L-tryptophan on a bare electrode was observed. On
the other hand, the oxidation peak current of L-tryptophan was
detected on the modified electrode. This result indicated the
modified electrode (QDs/GA/PPD/SPCE) can be used for the
selective and sensitive detection of L-tryptophan.

Optimization of Parameters
Effect of pH and Buffer. The pH is an important factor that
may affect the electrochemical reaction of L-tryptophan.

Current, pA

0.5 06 0.7 0.8 0.9 1.0
Potential, V (vs Ag/AgCl)
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Figure 4. CVs of bare and modified SPCE (a) in the presence of 0.5

mmol L™" i-tryptophan in 20 mmol L™" phosphate buffer (pH 2.0) con-
taining 20 mmol L™' KCl, (b) in the absence of L-tryptophan.

Moreover, the solution pH can affect the charge on the QDs
surface that may result in different interactions between QDs
and L-tryptophan. Preliminary experiments with three different
pH buffer solutions, acetic—acetate (pH 4.5), Tris-HCI (pH 7.5)
and boric-borate (pH 10.0) buffer showed that in the acidic
solution gave the better response. However, the type of acidic
buffer solution at pH 4.5, including phosphate, phthalate and
acetate did not affect the peak current significantly. Thus, the
studied pH ranged from 2.0 to 4.5 in phosphate buffer solution
was investigated in details. Figure 5(a) shows the effect of pH
on the peak current response of 0.5 mmol L™' 1-tryptophan on
the modified electrode with 20 mmol L™' phosphate buffer
solution containing 20 mmol L' KCI as the supporting electro-
lyte. It revealed that the peak current of L-tryptophan increased
significantly from pH 4.5 to 2.5 and then became stable at pH
lower than 2.5. From the studied pH, the maximum current
response was obtained at pH 2.0 to 2.5. Thus, phosphate buffer
solution at pH 2.0 was chosen for further experiments. More-
over, the oxidation peak potential of L-tryptophan showed the
positive shift with decreasing of pH. In Figure 5(b), a plot of

0.38 "o (b)
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R’ = 0.9981
2 0.80 |
w
0.78 |-
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2.0 25 3.0 3.5 4.0 45
pH

Figure 5. The effect of pH (a) CVs response of modified electrode in the presence of 0.5 mmol L™" i-tryptophan in 20 mmol L™ phosphate buffer con-
taining 20 mmol L ' KCl in pHs: (a) 4.5, (b) 3.5, (c) 2.5, and (d) 2.0. (b) Plot of peak potential versus pH.
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Figure 6. Effect of scan rate (a) LSVs response of 0.5 mmol L™ ' i-tryptophan in 20 mmol L™" phosphate buffer (pH 2.0) containing 20 mmol L™ KCI

at scan rate 5-200 mV s~ '. (b) Plot of peak potential versus logarithm of scan rate.

peak potential versus pH was linear with a linear regression
equation, E,, (V) =0.9783 — 0.0519pH with a correlation coef-
ficient of R*=0.9981. This result suggested that protons may
take part in the oxidation process'>*® by protonating the N-
indole unit and reducing the oxidizing ability of L-tryptophan.

Effect of Scan Rate. The influence of scan rate on peak current
and peak potential of L-tryptophan by using the modified SPCE
was investigated by linear sweep voltammetry (LSV) mode in the
solution composed of 0.5 mmol L™ L-tryptophan, 20 mmol L™
phosphate buffer solution pH 2.0 and 20 mmol L™" KCI as the
supporting electrolyte. The results show in Figure 6(a), the oxida-
tion peak current increased dramatically upon increasing the scan
rate. A good linear relationship between I,, and scan rate was
obtained over the range of 5 — 80 mV s~ '. The linear regression
equation was I, (LA) = 0.1959 v (mV s 1) + 1.4198 with a corre-
lation coefficient of 0.9942. These phenomena suggest that the
reaction of L-tryptophan at the modified SPCE is controlled by
adsorption.'>*® However, at higher scan rates, the peak current
slightly increased. Moreover, the peak potential slightly shifted to
more positive potentials upon increasing the scan rate. The results
show that at higher scan rates a kinetic limitation between L-tryp-
tophan and modified electrode surface can occur. The scan rate of
100 mV s~ ! was chosen for further investigation.

To determine the number of the electron transfer associated with
the oxidation of i-tryptophan at the modified SPCE, the peak
potential was plotted against the logarithm of the scan rate
(log v) in the range of 5-80 mV s L Figure 6(b) shows the linear
correlation between the peak potential and the logarithm of the
scan rate expressed as Ep,=0.0907 log v+ 0.7731 with
R*=0.9925. This relationship can be explained by Laviron’s
theory.">* The slope of this plot is equal to 2.303RT/an,F and o
value was assumed to be 0.5 due to a totally irreversible electrode
reaction. Therefore, based on this relationship, the n, can be calcu-
lated to be 1.30. This result indicated that transfer of two electrons
and two protons involved in the electrooxidation of L-tryptophan.

Effect of Accumulation Time. The role of the QDs on the modi-
fied electrode is to interact with and adsorb L-tryptophan on the
modified surface. To verify this hypothesis, the accumulation
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time of the L-tryptophan on the electrode surface was demon-
strated. The experiment was performed by using the same L-tryp-
tophan concentration, the increasing of accumulation time
should increase the response current if the 1-tryptophan actually
adsorb on the electrode surface. As shown in Figure 7, the peak
current of L-tryptophan increased proportionally with increasing
of accumulation time (the inset shows the voltammograms at the
accumulation time between 0 and 300 s.). The result suggested
that 1-tryptophan was firstly adsorbed on the QDs surface before
the electrooxidation reaction occurred. Although the higher accu-
mulation time can provide higher current, in order to decrease
the analysis time, the accumulation time at 180 s was chosen.

Interference Study

To evaluate the influences of some potential interferences on the
determination of L-tryptophan, 20 L-amino acids (5 mmol L™1),
alanine, arginine, asparagines, aspartic acid, cysteine, glutamic
acid, glutamine, glycine, histidine, isoleucine, leucine, lysine,
methionine, (p-, 1-) phenylalanine, proline, serine, threonine,
tyrosine, and valine were individually mixed with 0.5 mmol L™"

o i
070 076 080 085 080 085 100

Potential, V (vs Ag/AgCl)

0 1 1 1 1 1 1 1 1 1 1
0 30 60 90 120 150 180 210 240 270 300

Accumulation time, s

Figure 7. Effect of the accumulation time on peak current of 0.5 mmol
L™ i-tryptophan in 20 mmol L' phosphate buffer (pH 2.0) containing
20 mmol L™" KCI. Inset: LSVs at scan rate of 100 mV s~ .
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Figure 8. Effect of interferences on CVs response of 0.5 mmol L™ " r-tryp-
tophan and 20 interferences (5 mmol L~ ! each) on QDs/GA/PPD/SPCE.

L-tryptophan and measured by the modified SPCE under the
optimized conditions. The results in Figure 8 show that the
responses current of the mixed solution are not different from
than that of r-tryptophan only for most studied amino acids
except L-tyrosine. L-Tyrosine can also undergo the oxidation
reaction on the modified SPCE when applying squarewave
potential waveform. Figure 9 shows the comparison of the
resulted voltammogram between the measurements of 0.5 mmol
L™" i-tryptophan and 1-tyrosine. It can be seen that L-tyrosine
gave a smaller peak current (27.8 pA) than L-tryptophan (72.2
pA). In addition, oxidation peak potentials of L-tyrosine and 1-
tryptophan were different: +0.97 V for 1-tyrosine and +1.12 V
for L-tryptophan. Therefore, use of the proposed sensor to detect
L-tryptophan may not be interfered from L-tyrosine because the
electrooxidation peak potential of L-tyrosine was far away and
the peak current was much smaller than that of L-tryptophan. In
addition, the interfering from other tested amino acids was negli-
gible. Therefore, it can be concluded that the modified electrode
provides a high selectivity toward L-tryptophan.

The selectivity of this sensor toward r-tryptophan may be due
to many reasons. The main reason is due to the r-tryptophan
contain the indole moiety that can be oxidized more easily than
other oxidizable amino acids.

The QDs may be classified as an efficient absorbent. The nano-
meter size of QDs can provide larger surface area for accommo-
dating more numbers of amino groups on the surface of the
modified electrode. Therefore, QDs increase the number of
adsorbed r-tryptophan on the surface of modified SPCE via
hydrogen bonding interactions.

Basically, all amino acids can possibly form hydrogen bonding
interactions with the amino groups on the surface of QDs.
However, the degree of hydrogen bonding interactions may be
different due to different amino acid side chains. Among the
studied amino acids, only r-tryptophan contains the indole
moiety which can form hydrogen bonds with the amino groups
of the QDs. Moreover, the hydrophobicity of the side chain
group of amino acids can also increase the adsorption ability on
the modified surface as seen from the results of both aromatic
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Figure 9. SWVs in the presence of 0.5 mmol L™! (a) r-tryptophan and
(b) 1-tyrosine in 20 mmol L™' phosphate buffer (pH 2.0) containing 20
mmol L™ KCL.

amino acids (L-tryptophan and r-tyrosine). From these reasons,
the modified SPCE shows higher detection selectivity toward
L-tryptophan than other studied amino acids.

Analytical Performances

To apply the proposed sensor as the r-tryptophan probe, it is
important to evaluate the analytical performance of the new
sensor. A squarewave waveform was applied in the quantitative
analysis due to the better detection sensitivity. The calibration
curve was first evaluated under optimal condition by increasing
the 1-tryptophan concentrations as a function of peak current
by using the modified SPCE. The resulted calibration curve
shows in Figure 10. It can be seen that the peak currents
increased linearly upon increasing L-tryptophan concentration.
The regression equation was found as peak current
(HA) = 80.554[trp, mmol L™'] — 4.5668 (R*=10.9941) within
the working concentration range of 0.1-0.5 mmol L™'. The
detection using the equation
Yrop =X +3Sp, where Yiop is the signal for detection limit,

limit was calculated

35 |-

100} 0.5 mmoi L,

o
=]
1
@
S

Current, A

08 09 10 11 12 13
Potential, V (vs Ag/AgCI)

Y = 80.5540X - 4.5668
R? = 0.9941

0 1 . 1 N 1 . 1 N 1
0.1 0.2 0.3 04 0.5

Concentration of L-tryptophan, mmol L’

Figure 10. Calibration curve of r-tryptophan. Inset: SWVs obtained for
L-tryptophan in 20 mmol L™ phosphate buffer (pH 2.0) containing 20
mmol L™ KCL
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Table II. The Content of L-Tryptophan and Recoveries in Samples Using Standard Addition Method

Content of L-tryptophan Content of L-tryptophan Added Found RSD (%), Recovery

Sample (umol L™%) (/100 g) (umol L™%) (umol L7Y) n=3 (%)

S1 42.4 0.3 150.0 179.9 3.1 91.9
200.0 236.3 4.3 96.6

S2 n.d. n.d. 150.0 142.8 2.2 95.2
200.0 193.1 21 96.6

S3 n.d. n.d. 150.0 152.6 1.4 101.7
200.0 198.3 0.8 99.1

S4 n.d. n.d. 150.0 148.9 2.9 99.3
200.0 209.9 4.4 104.9

n.d., not detectable.

Xp the mean of blank signal and Sg the standard deviation of
the blank signal. The theoretical detection limit of L-tryptophan
was 14.74 X 10~° mol L™'. The repeatability of the sensor was
studied by using the same modified electrode for 10 repetitive
measurements of 0.5 mmol L' r-tryptophan. The relative
standard deviation (RSD) was 3.61%, indicating that the repeat-
ability of the detection of r-tryptophan on the modified elec-
trode was satisfactory. In addition, the modified electrode can
be used for at least 200 times.

Determination of r-Tryptophan in Beverage Samples

To evaluate the applicability of the proposed sensor, the modi-
fied SPCE was applied to detect L-tryptophan in beverage sam-
ples. The content of r-tryptophan was determined with the
standard addition method in order to prevent the matrix effect.
Four beverage samples were analyzed following; the sample bev-
erage (2.5 mL) was diluted with 20 mmol L' phosphate buffer
pH 2.0 containing 20 mmol L™ potassium chloride and ana-
lyzed using squarewave voltammetry (SWV) with a step and
amplitude of 0.005 V. The results are shown in Table II. L-Tryp-
tophan was found only in sample SI at 42.4 umol L™'. The
results indicated that the modified electrode could be efficiently
used for the direct determination of L-tryptophan in real sam-

ples. The recovery tests were also performed. The recoveries
were obtained in the range from 91.9 to 104.9% (see Table II).

Comparison of the Proposed Sensor with Other Related
Electrochemical Sensors

Determination of i-tryptophan by using the electrochemical
sensor approach is attractive to analytical chemists. Several
materials and strategies have been proposed to obtain better
selectivity and sensitivity as summarized in Table III. It can be
seen from Table III that most of the detection limits obtained
by electrochemical sensors were lower than micromolar range.
Although the detection limit of the proposed sensor is not sig-
nificantly better than that reported in the previous literatures,
selectivity and simplicity of the proposed sensor are remarkable.
On the other hand, the proposed SPCE can be used as a dis-
posal sensor, especially in a clinical analysis.

CONCLUSION

A new selective electrochemical i-tryptophan sensor based on
the modification of SPCE was demonstrated. The SPCE was
modified by conducting polymer—nanocrystalline semiconductor
hybrid materials (QDs/GA/PPD/SPCE). The combination of

Table III. Comparison of the Efficiency of Some Modified Electrodes in the Electrochemical Determination of 1-Tryptophan

Detection limit

Modified material Based electrode Possible interference (umol L™%) [Refl]
Poly(9-aminoacridine) functionalized Glassy carbon electrode Tyrosine 0.81 [15]
multiwalled carbon nanotubes

4-Aminobenzoic acid polymer film Glassy carbon electrode Tyrosine 0.2 [27]
Butyrylcholine Glassy carbon electrode Tyrosine 0.6 [24]
Hemin Glassy carbon electrode Tryptophan derivatives 0.025 [23]
Gold nanoparticle Carbon ionic liquid electrode Cysteine, Tyrosine 4.0 [22]
Gold nanoparticle Glassy carbon electrode Tyramine 0.08 [16]
Gold nanoparticles/carbon nanotube film  Glassy carbon electrode — 0.01 [2]
Carbon nanotube, carbon black, Screen-printed carbon electrode  Cysteine, Tyrosine 3.8 (48]
and copper nanoparticle

Poly(p-phenylenediamine) polymer Screen-printed carbon electrode  Tyrosine 14.74 This work

film/cysteamine capped cadmium
sulfide quantum dots
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these materials provided the significant improvement of the
electrochemical response and selectivity toward L-tryptophan
comparing with a bare SPCE. This sensor can be used to detect
the concentration of L-tryptophan at micromolar level. The pro-
posed sensor was applied to detect the L-tryptophan in real bev-
erage samples with satisfactory results. In addition, this sensor
platform is potentially suitable for fabrication of a portable sen-
sor for point of care.
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