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a b s t r a c t
We report here an electrochemical assay to detect S100B, a serum biomarker of melanoma. This assay takes
advantage of the 1:2 binding between S100B and its speciﬁc binding peptide. The ﬁrst peptide immobilized on
a gold electrode can capture S100B, while a second peptide modiﬁed with Gly–His–Lys copper ion chelating
motif can generate signal. The chelated copper ion can also amplify the signal by catalyzing the oxidation
of o-phenylenediamine (OPD) to electroactive 3-diaminophenazine (DAP). By using square wave voltammetry,
a limit of detection as low as 0.1 nM can be achieved. This method has also demonstrated favorable recovery in
the complex serum sample, indicating potential clinical application in the future.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Melanoma is one of the most aggressive and life-threatening forms
of cancer, which is characterized by not only highly unpredictable patterns of dissemination but also high risk of recurrence and mortality
[1,2]. In order to provide crucial clinical information about the tumor
burden, progression, prognostics and treatment response, timely monitoring the highly efﬁcient biomarker of melanoma cancer is greatly
and urgently required [3–5]. Currently, lactate dehydrogenase is the
most prominent melanoma serum marker used in clinical routine [4].
Recently, it was reported that S100B, a 21 kDa dimer protein, was
even superior to lactate dehydrogenase [5]. So in this work we aimed
to propose a method to assay S100B in patient serum with electrochemical technique.
The applications of peptide and other artiﬁcial targeting ligands for
electrochemical detection of proteins have received increasing interest
[6–11]. So, different from the traditional methods for S100B assay
such as enzyme-linked immunosorbnent assay (ELISA) and immunohistochemistry by using antibody, here we propose to use peptide as a
simpliﬁed equivalent to antibody, while electrochemistry, instead of
spectroscopy, is employed for the measurement. On the one hand, electrochemical technique is known to be simple, rapid, and cost-effective
[11]. On the other hand, several merits of peptides such as synthetic accessibility and amenability to modiﬁcation make them a compelling
choice as targeting ligand for protein assay [12,13]. Moreover, it has
been reported that a speciﬁc binding peptide can bind with S100B in a
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2:1 ratio [14]. So, taking advantage of these facts, we have proposed a
strategy to assay the melanoma biomarker in this work. As is illustrated
in Scheme 1, the capture peptide is ﬁrstly immobilized on the electrode
surface to provide the intrinsic recognition of S100B. After it has
captured S100B from the test solution, the signal peptide is then
employed to bind with the captured S100B. For signal generation, the
signal peptide has been modiﬁed with a Gly–His–Lys motif (GHK), a
strong chelator of copper ion [15,16]. So, the chelated copper ions may
produce electrochemical signal in proportion to S100B abundance.
Moreover, since the chelated copper ions can catalyze the oxidation
of o-phenylenediamine (OPD) to electroactive 3-diaminophenazine
(DAP) [17], ampliﬁed signal response can be achieved, thus the sensitivity of our strategy can be greatly improved. Our approach has also been
applied to analyze spiked serum samples with different concentrations
of S100B. The obtained results demonstrate not only favorable feasibility but also satisfactory recovery, so this electrochemical method may
have promising clinical applications in the future.
2. Experimental
2.1. Materials and chemicals
Capture peptide (K(11-mercaptoundecanoic acid, MUA)KRLRRSAHARKETEFLRLKRTRLGLE, Lyophilized powder, purity N 95%)
and signal peptide (D(GHK)-KRLRRSAHARKETEFLRLKRTRLGLE, Lyophilized powder, purity N 95%) were custom-synthesized from Shanghai
Science Peptide Biological Technology Co., Ltd. Recombinant human
S100B (Lyophilized powder, purity N 95%) was purchased from Sino
Biological Inc. Tris (2-carboxyethyl) phosphine hydrochloride (TCEP),
9-mercapto-1-nonanol (MN) and bovine serum albumin (BSA) were
obtained from Sigma Aldrich Chemical Co. Spectra/Pro 7 Standard
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Scheme 1. Schematic illustration of the mechanism for peptide-based S100B assay.

Grade Regenerated Cellulose dialysis membranes were purchased from
Spectrum Laboratories Inc. Other chemicals were of analytical grade
and used as received. The stock solution of capture peptide and signal
peptide were prepared by dissolving the powder with 20 mM Tris–
HCl (pH 7.5). Desired concentrations of standard sample S100B was
prepared by dissolving the powder with buffer of 20 mM Tris–HCl containing 1 mM TCEP (pH 7.5). All aqueous solutions were prepared by
using double-distilled water, which was puriﬁed with a Milli-Q puriﬁcation system to a speciﬁc resistance of N 18 MΩ cm.
Venous blood sample from a healthy volunteer was collected. This
investigation was approved by the local ethics committee. Pretreatment
of fresh blood sample was conducted as follows. Venous blood sample
was separated by centrifugation at 2500 rpm for 10 min, followed
by collecting and dialyzing the supernatant. Then the prepared serum
from the healthy volunteer was spiked with various concentrations of
S100B (0.2 nM, 2 nM, 20 nM).

for 30 min 50 °C water bath. Electrochemical response of DAP was subsequently recorded.

2.2. Preparation and treatment of gold electrode

3. Results and discussion

Gold electrode (3 mm diameter) was ﬁrst polished by P3000 and
P5000 silicon carbide paper and then 1 μm, 0.3 μm alumina slurry
respectively. The electrode was then sequentially ultrasonicated in ethanol and doubly distilled water for 5 min to remove adhesive particles.
After that, it was soaked in piranha solution (concentrated H2SO4:
30% H2O2 = 3:1) for 5 min and further in nitric acid (50%) for 30 min.
Finally, the electrode was electrochemically activated by 0.5 M H2SO4.
The prepared clean gold electrode was incubated with 50 μl assembly solution (2.5 μM capture peptide and 5 mM TCEP, pH 7.5) at 4 °C for
16 h. Afterward, the electrode was dipped in 100 μM MN solution
at room temperature for 3 h to block the nonspeciﬁc binding on the
electrode surface.

As is shown in Fig. 1A, no wave on the square wave voltammograms
(SWVs) can be observed in the absence of target S100B, while an apparent peak can be observed if the test solution contains S100B. Moreover,
with the increase of S100B concentration, the response of chelated copper ion gradually increases, so this obtained peak of the chelated copper
ion can be used to quantify the occurrence of the target protein. Certainly, since the chelated copper ion can catalyze the oxidation of OPD, a
much higher peak can be obtained to more sensitively show the occurrence of the target. Before the generated DAP is employed for the measurement, we have also optimized the several important experimental
conditions of the assay. Firstly, the interaction time between the target
protein S100B and the capture peptide is investigated and 2.5 h is
found to be sufﬁcient for the binding to complete. Secondly, to ensure
that the catalytic ability of copper ion can be fully exploited, the amount
of OPD is examined. Experimental results reveal that 1.5 mg/ml OPD is
enough to give the highest peak current, so we have chosen an excessive
amount (2.5 mg/ml) for the following experiments. By making use
of the catalytic signal, various concentrations of S100B are introduced
to evaluate the possibility to sensitively detect S100B. As shown
in Fig. 1B, the peak currents show a gradual increase along with the
concentration of S100B, and a positive correlation can be obtained in
the concentration range from 0.1 to 25.6 nM with a detection limit of
0.1 nM. The average coefﬁcient of variation is below 5%, showing an
acceptable and desirable precision and reproducibility.
To evaluate the speciﬁcity of our method, control experiments have
been further performed (Fig. 1C). Compared with the peak current of
S100B, insigniﬁcant response is observed, although the used amount
of BSA (300 nM) is much higher than that of S100B (3 nM).

2.3. Detection of S100B
The peptide-modiﬁed gold electrode was incubated with the test
solution containing S100B or the prepared supernatant of venous
blood samples from malignant melanoma patient for 2.5 h at 30 °C
(calcium chloride was added to the samples to achieve a ﬁnal concentration of 5 mM to facilitate S100B–peptide interaction). At the same
time, 2.5 μM signal peptide solution was mixed with copper chloride
in a 1:1 concentration ratio at 30 °C to form copper-signal peptide complex [16]. After that, the target-bound electrode was thoroughly rinsed
with double-distilled water and incubated with the solution containing
the copper-signal peptide complex for 2.5 h at 30 °C. Then signal
response of the chelated copper ion was recorded. To amplify signal, the
copper-ion labeled electrode was inserted in 1 ml Tris–HCl (20 mM,
pH 7.5) buffer solution containing 1 μl HCl and excessive OPD (2.5 mg)

2.4. Electrochemical measurements
All the electrochemical measurements were performed at room
temperature on CHI660D Electrochemical Analyzers (CH Instruments,
USA) with a conventional three-electrode system, which consists of a
gold electrode, a saturated calomel electrode (SCE) and a platinum
wire. To avoid the interference from the reduction of oxygen, solutions
applied below were thoroughly purged with nitrogen gas for 10 min
before measurements. Experimental parameters of square wave voltammetry are as follows. For the coordinated copper ion, scan range,
0.4–−0.1 V, step potential, 4 mV, frequency, 15 Hz, amplitude,
25 mV. For the generated DAP, scan range, −0.2 to −0.6 V, while the
others are not changed.
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Fig. 1. (A) SWVs obtained at the capture peptide-modiﬁed electrode after sequential incubation with S100B at different concentrations shown on the graph and 2.5 μM signal peptide
chelated by copper ion. (B) SWVs of DAP for the assay of S100B with different concentrations. DAP is generated by OPD oxidation catalyzed by chelated copper ion from electrode treated
as described in panel (A). Inset shows the calibration curve, and the error bars indicate standard deviation (n = 3). (C) SWVs of generated DAP to show the selectivity of the proposed
method. Concentrations of S100B and BSA are 3 nM and 300 nM respectively. (D) Comparison of the detected signal in spiked serums and in standard S100B samples. Error bars indicate
standard deviation (n = 3).

Table 1
The recovery of spiked S100B determined in serum samples using our method.
Sample

Concentrations spiked
(nM)

Concentrations measured
(nM)

Recovery
(%)

1
2
3

0.2
2
20

0.197
2.074
20.556

98.5
103.7
102.78

Given that circulating S100B level is a valuable biomarker for melanoma patients, it is critical to assess the applicability of the proposed
method in complex serum samples. To this end, serum samples spiked
with different concentrations of S100B have been evaluated, and the results have been shown in Fig. 1D. So, the signal readout from the spiked
samples is very comparable to that from standard samples of the same
concentration. Moreover, the spiked samples also give a satisfactory recovery (Table 1). Therefore, results of the above spiking experiment
may indicate favorable feasibility for clinical applications.
4. Conclusion
In summary, an electrochemical strategy for S100B assay is proposed. In the meantime, peptide, instead of antibody, can be used for
this assay method. Our method may offer easy handling, and considerable sensitivity and selectivity. This proposed method has also been
used to determine the spiked S100B in blood samples. Since S100B occupies a crucial position in improving clinical management, outcome,
and survival of melanoma patients, our method might be of great potential for further clinical applications.
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