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Abstract A highly sensitive and low-cost electrochemical
aptasensor was developed for the determination of chloram-
phenicol (CAP). The system was based on a CAP-binding
aptamer, a molecular recognition element, and 1,4-
diazabicyclo[2.2.2]octane (DABCO)-supported mesoporous
silica SBA-15 on the surface of a screen-printed graphite elec-
trode for formation of dendritic gold nanostructures and im-
proving the performance and conductivity of the biosensor.
Hemin has been applied as an electrochemical indicator which
interacted with the guanine bases of the aptamer. In the ab-
sence of CAP, hemin binds to the aptamer and produces a
weak differential pulse voltammetric (DPV) signal. The pres-
ence of CAP led to stabilization of the folded aptamer, which
generated an amplified DPV signal. The peak current of he-
min increased linearly with the concentration of CAP. Under
optimal conditions, two linear ranges were obtained from 0.03
to 0.15μMand 0.15 to 7.0μM, respectively, and the detection
limit was 4.0 nM. The prepared biosensor has good selectivity
against other non-target drugs. Thus, the sensor could provide
a promising platform for the fabrication of aptasensors. The
feasibility of using this aptasensor was demonstrated by deter-
mination of CAP in a human blood serum sample.
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Introduction

Aptamers are single-stranded oligonucleic acids or peptide
molecules, which can be obtained by an in vitro selection
process called systematic evolution of ligands by exponential
enrichment (SELEX) [1, 2]. Owing to their three-dimensional
structure (3D), aptamers can specifically bind to a variety of
targets, such as enzymes, antibodies, and drugs [3]. A variety
of aptasensors have been developed using different analyt-
ical methods. For example, surface plasmon resonance
spectroscopy [4], microgravimetry [5], quartz crystal mi-
crobalance [6], fluorescence [7], and electrochemistry [8].
Electrochemical aptasensors have received much attention
owing to their distinct advantages, such as simplicity, low
cost, rapid response, and high sensitivity and stability [9,
10]. The performance of aptasensors can be significantly im-
proved by amplifying the electrochemical signals using differ-
ent nanomaterials, such as silica nanoparticles [11], magnetic
beads [12], organic polymers [13], and silver nanoparticles
[14]. One of these materials is mesoporous silica SBA-15.
SBA-15 is a promising candidate for the immobilization of
various materials and can be used to create stable biosensing
systems owing to its high surface to area ratio, porosity, uni-
form pore size distributions, and thermal stability [15]. In this
article, the synthesized SBA-15 was functionalized using 1,4-
diazabicyclo[2.2.2]octane (DABCO) and produced an ionic
liquid framework on the surface of SBA-15. Gold nanoparti-
cles (AuNPs) were then electrochemically deposited on the
SBA-15@DABCO surface. Ionic liquids (ILs) have been
used as electrolytes and potent solvents [16]. ILs have

Electronic supplementary material The online version of this article
(doi:10.1007/s00216-016-9358-6) contains supplementary material,
which is available to authorized users.

* Jahan Bakhsh Raoof
j.raoof@umz.ac.ir

1 Electroanalytical Chemistry Research Laboratory, Department of
Analytical Chemistry, Faculty of Chemistry, University of
Mazandaran, Babolsar, Mazandaran 47416-1467, Iran

Anal Bioanal Chem
DOI 10.1007/s00216-016-9358-6

http://dx.doi.org/10.1007/s00216-016-9358-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s00216-016-9358-6&domain=pdf


remarkable properties, such as very low vapor pressure, large
working temperature range (−40 to +200 °C), highmechanical
stability, high electrochemical stability, low toxicity, and inex-
pensive production, that make them favorable candidates for
producing electrochemical aptasensors [17, 18].

In addition to the aforementioned advantages of ionic
liquid frameworks, the N groups on SBA-15@DABCO
could also help the deposition of more Au nanoparticles
and formation of dendritic Au nanostructure on SBA-
15@DABCO and prevent the aggregation of Au
nanoparticles.

Hemin (HEM) is a porphyrin which has four pyrrole
moieties. The pyrroles are cyclically connected to each
other, and an Fe(III) ion is located in the center of the
structure [19]. HEM is an electrochemical indicator that
is reduced at carbon surfaces at a potential of around
−0.37 V vs. Ag/AgCl electrode [20]. The reduction pro-
cess includes transferring an electron from the negative-
ly charged electrode to the positively charged HEM.
HEM, which is an electrochemical indicator, could also
interact with nucleic acids [21]. Chloramphenicol (CAP)
{2,2-dichloro-N-[2-hydroxy-1-(hydroxymethyl)-2-(4-
nitrophenyl)ethyl]acetamide}, is a broad-spectrum antibi-
otic that was first produced by the soil bacterium
Streptomyces venezuelae [22] and is used for the treat-
ment of infectious diseases in animals and humans. This
antibiotic has several side effects such as aplastic ane-
mia and genotoxicity in humans. Thus, the European
Union (EU) has set a maximum residue limit (MRL)
standard for CAP in foodstuffs of animal origin at a
level of 0.3 × 10−6 g kg−1 [23]. Several analytical
methods have been reported for the determination of
CAP in various samples, such as liquid chromatography
(LC) [24], capillary zone electrophoresis [25], liquid
chromatography– electrospray ionization tandem mass
spectrometry (LC-ESI–MS/MS) [26], planar chromatog-
raphy [27], gas chromatography–mass spectrometry
(GC–MS) [28], chemiluminescence [29], and spectro-
photometry [30]. Although these methods could be used
to detect CAP, they are expensive, tedious, and opera-
tionally complex; hence, the development of a highly
sensitive and selective aptasensor for the detection of
CAP is very important. The present study describes a
sensitive electrochemical method for the detection of
CAP in which the molecular recognition element is an
aptamer. HEM also interacts with guanine bases of the
aptamers and acts as an electrochemical indicator.
Controlling the immobilization of the aptamer on the
electrode surface is an important step in designing this
electrochemical aptasensor. For this purpose, a carbon
screen-printed electrode (SPE) was modified with the
SBA-15@DABCO. The electrodeposition of the AuNPs
was performed to transfer these particles onto the SBA-

15 functionalized surface and lead to the formation of
dendritic gold nanostructures. This step connects the
thiolated aptamer on the electrode by Au–S bonds.
The constructed dendritic AuNPs/SBA-15@DABCO
has a large specific surface area, good biocompatibility,
and high conductivity.

Experimental

Chemicals and reagents

The DNA aptamer with 5'-thiol modification was purified
with HPLC (MWG-BIOTECH, Germany). The sequence of
the aptamer was as follows [31]:

5 ' - (SH) - (CH2 ) 6 -AGCAGCACAGAGGTCAG
ATGACTTCAGTGAGTTGTCCCACGGTCGGCGA-
GTCGG TGGTAGCCTATGCGTGCTACCGTGAA-3'

Healthy human serum sample for real sample analysis
was supplied by the North Research Center, Pasteur
Institute of Iran (Amol, Iran) with ethical approval. All
reagents were of analytical grade and purchased from
Aldrich or Merck. Doubly deionized water was used
for the preparation of working solutions. The stock so-
lution of aptamer (2.0 μM) was prepared from Tris–HCl
buffer (20 mM Tris–HCl, 0.1 M NaCl, 0.2 M KCl,
5 mM MgCl2, pH 7.4) and the solution was kept
frozen.

Apparatus

Graphite SPEs (purchased from Florence, Italy)
consisted of a carbon working electrode (3 mm in di-
ameter), silver pseudoreference electrode, and carbon
counter electrode. Materials and procedures used to
screen print the transducers were described elsewhere
[32].

An Autolab PGstut 30 electrochemical analysis sys-
tem controlled by GPES 4.9 and FRA software (Eco
Chemie Netherlands) was used in electrochemical stud-
ies. Scanning electron microscopy images were obtained
using a Mira 3-XMU Field Emission SEM (FESEM)
system. FT-IR spectra were obtained on a Shimadzu
instrument. TGA was recorded on a Stanton Redcraft
STA-780 (London, UK). Elemental analyses were car-
ried out with a Perkin Elmer CHN 2400 instrument.
Transmission electron microscopy (TEM) images were
observed under a TEM-PHILIPS-CM10HT100KV in-
strument. Melting points were determined on a Thermo
Scientific IA9200 and XRD patterns of the synthesized
SBA-15@DABCO were recorded by an X-ray
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diffractometer (XRD, GBC MMA Instrument) with Be-
filtered Cu Kα radiation.

Procedure

Preparation of SBA-15@DABCO

The SBA-15@DABCO was synthesized by a typical
heterogeneous process that is shown in Scheme 1. The
SBA-15 was prepared according to the literature proce-
dure [33].

First, the SBA-15 (1 g) was dispersed in boiling tol-
uene (25 mL). Then, the (3-chloropropyl)trimethoxysilane
(1.5 mL) was added dropwise and the mixture was
refluxed for 24 h. The resultant solid was filtered and
extracted in a continuous extraction (Soxhlet) apparatus
in the presence of dichloromethane. Then, this mixture
was dried under vacuum at 70 °C for 5 h to form the
SBA-15@Cl.

The SBA-15@Cl (1 g) was refluxed with DABCO
(73 mg) in acetone (60 mL) for 24 h under argon at-
mosphere. The product was filtered and extracted with
dichloromethane in a Soxhlet extractor overnight. The
resulting material was dried under vacuum for 4 h at
50 °C to generate the SBA-15@DABCO.

Preparation of modified graphite screen-printed electrode

A 7-μL droplet of SBA-15@DABCO was dropped on the
working electrode surface. Then, this droplet was dried at
room temperature for 2.0 h. Next, it was rinsed with ultrapure
water to remove the unabsorbed SBA-15@DABCO. The
elec t rodeposi t ion of AuNPs was carr ied out by
chronoamperometry at −0.23 V for 300 s using a solution
containing 0.5 mMHAuCl4 to form dendritic gold nanostruc-
tures on the surface of SBA-15@DABCO/SPE.

Immobilization of aptamer
onto AuNPs/SBA-15@DABCO/SPE surface and interaction
with CAP

The interaction of the aptamer with CAP on the modified SPE
surface was investigated in three steps: First, 7 μL of 2 μM
aptamer solution was placed on the modified SPE and this
solution was incubated for 7 h at room temperature. Then,
7 μL of 20 μM HEM solution was added to the modified
SPE for 15 min. Subsequently, 7 μL of CAP solution with
different concentrations was dropped on the immobilized Apt/
AuNPs/SBA-15@DABCO/SPE for 30 min. The electrode
was rinsed with deionized water after each incubation step.

The fabrication process for the CAP aptasensor is shown in
Scheme 1. The differential pulse voltammetric data were

Scheme 1 Synthesis of SBA-
15@DABCO and schematic
representation of the preparation
of aptasensor for detection of
CAP
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obtained in 50 mM Tris–HCl buffer solution (TBS) and in the
range of −0.07 and −0.7 vs. Ag/AgCl/KCl (3 mol L−1) at a
scan rate of 50 mV s−1 with an amplitude of 50 mVand pulse
width of 0.05 s.

Results and discussion

Analysis of SBA-15@DABCO

Figure 1A shows the FT-IR spectra of the SBA-15, SBA-
15@Cl, and SBA-15@DABCO. The peaks around 465,
800, and 1100 cm−1 are for the Si–O–Si band which is as-
cribed to the presence of the condensed silica network in
SBA-15 materials [34]. The absorption bands at 1630 and
3450 cm−1 are most probably due to the O–H vibration of
silanol groups and physisorbed water for all samples [35].
The band at 960 cm−1 (Fig. 1A, curve a) is assigned to Si–O
stretching of the surface silanols [34, 36]. The characteristic
peaks at about 2800 and 1460 cm−1 are attributed to the C–H
stretching and CH2 bending of the propyl spacer and
cycloalkane ring, respectively (Fig. 1A, curves b, c).

Moreover, the peak at 1615 cm−1, which is characteristic for
the C–N+ stretching, implied that DABCO had been loaded
onto the support (Fig. 1A, curve c) [37].

The quantity of the DABCO attached on the mesoporous
silica SBA-15 was calculated by the nitrogen content,
0.82 mmol/g, based on the elemental analysis (C: 9.26 %;
H: 1.07 %; N: 2.32 %). The loading level of DABCO based
on the chlorine content was similar (0.83 mmol/g). Further
investigations by potentiometric titration [38] were in line
with the elemental analysis and TGA results.

XRD measurements of the SBA-15@DABCO (Fig. 1B)
showed three peaks, a single intense reflection at 2θ angle
around 0.8° and two weak peaks around 2θ=1.5° and 1.7°,
which are assigned to 100, 110, and 200 reflections of the
highly ordered arrangement of two dimensional hexagonal
channels [33, 34]. The thermal stability of the SBA-15 and
SBA-15@DBCO was investigated by thermogravimetry
(TG) analysis. The profiles show that the SBA-15 silica ma-
terial had a relatively high level of thermal stability and the
1.32 % weight loss below 150 °C in the thermogram of SBA-
15@DABCO might be due to the adsorbed water on the sur-
face of the catalyst [39]. In the temperature range of 220–

Fig 1 (A) FT-IR spectra of (a)
SBA-15, (b) SBA-15@Cl, and (c)
SBA-15@DABCO. (B) XRD
pattern and (C) TGA curve of
SBA-15@DABCO
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600 °C, a complete loss of the organic species was observed
(Fig. 1C).

Electrode modification

Figure 2A illustrates TEM images of SBA-15@DABCO.
TEM study established the 2D mesostructure of the SBA-15
material and hexagonal pore arrays [33, 40]. The average pore
diameter of the SBA-15@DABCO estimated by the TEM
measurements was ca. 6 nm.

SEM images of the modified SPEs are shown in Fig. 2B, C.
Figure 2B shows the mesoporous structure for the SBA-
15@DABCO/SPE with nano-sized parallel channels.
Figure 2C shows the morphology of the dendritic AuNPs/
SBA-15@DABCO/SPE. The AuNPs were deposited on the
SBA-15@DABCO channels. The amine groups on the
DABCO can enhance the AuNPs deposition in the SBA-
15@DABCO channels through the formation of N–Au bonds.

Electrochemical characterization of modified electrode

The changes in the characteristics of the surface of SPE mod-
ifications could be monitored using cyclic voltammetry (CV)

and electrical impedance spectroscopy (EIS) techniques.
Cyclic voltammetric responses of 0.01 M [Fe(CN)6]

3−/4− and
100 mM KCl at a scan rate of 100 mV s−1 on the bare SPE,
SBA-15@DABCO/SPE, AuNPs/SBA-15@DABCO/SPE,
and Apt/AuNPs/SBA-15@DABCO/SPE are shown in
Fig. 3A. Curve a shows that a couple of well-defined redox
peaks could be observed at the bare SPE. The ΔEp value of
the surface of bare SPE was about 722 mV, which indicates
that the electron transfer kinetics were limited. After electrode
modification with the SBA-15@DABCO, the porous struc-
ture of SBA-15@DABCO leads to an increase in current re-
sponse of [Fe(CN)6]

3−/4− (curve b) compared to that of bare
electrode (curve a). After the AuNPs electrodeposition on the
SBA-15@DABCO/SPE, the intensity of the [Fe(CN)6]

3−/4−

signal notably increased with a decrease in ΔEp (curve c),
which can be attributed to the large electron transfer ability
and high specific surface area of AuNPs. Upon the immobili-
zation of the aptamer on the dendritic AuNPs/SBA-
15@DABCO, the current response decreased and ΔEp be-
came 259 mV. This phenomenon is due to the repulsive elec-
trostatic interactions between the negative phosphate back-
bone of the aptamer and the [Fe(CN)6]

3−/4− anions indicating
that most of the electrode surface is covered by the aptamer

Fig. 2 (A) TEM image of SBA-
15@DABCO, (B) and (C) SEM
images of SBA-15@DABCO,
AuNPs/SBA-15@DABCO/SPE
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(curve d). Upon binding of CAP to the aptamer-modified
electrode, the peak current increased distinctly (curve e).
This was ascribed to the fact that the formation of Apt–CAP
complex induces folding and conformational change in the
aptamer structure.

To further investigate the generation of the desired
aptasensor, we used EIS to generate the Nyquist plots of the
faradic impedance spectra at the different electrodes in 50mM
TBS (pH 7.40) containing 0.01 M [Fe(CN)6]

3−/4− (1:1) and
100 mM KCl (Fig. 3B). Nyquist plots include a semicircle
portion at higher frequencies corresponding to the electron-
transfer-limited process and a linear part at the lower frequen-
cy range corresponding to the diffusion-limited process. To
analyze the surface properties during the fabrication of the
aptasensor, the change in the values of Rct for different steps
was elected. First, the EIS of the bare SPE exhibited a very
small semicircle and its Rct is 2500Ω (curve a). It can be seen
that for SBA-15@DABCO/SPE, the value of Rct decreased
compared to the bare SPE as a result of the low resistance of
SBA-15@DABCO in the redox couple (curve b). After the
SBA-15@DABCO/SPEwas coated with AuNPs, the value of
Rct decreased compared to the SBA-15@DABCO/SPE,

which indicates a higher electron transfer capability and elec-
tronic conductivity of the immobilized AuNPs at the SBA-
15@DABCO/SPE (curve c). When the thiol-terminated
aptamer was self-assembled onto dendritic AuNPs/SBA-
15@DABCO/SPE for 7 h, the Rct increased to 18,470Ω
(curve d). This increase can be ascribed to an electrostatic
repulsive force between the negative charges on the phosphate
backbone of the self-assembled monolayer (SAM) aptamer
and the negatively charged probe [Fe(CN)6]

3−/4− anions.
Incubation of the Apt/AuNPs/SBA-15@DABCO/SPE with
2 μM CAP for 30 min led to a decrease in the Rct value up
to 15,000Ω (curve e). This is attributed to the interaction of
aptamer with CAP and deformation of the aptamer. This
change made the reception of the [Fe(CN)6]

3−/4− at the
aptasensor surface occur more freely. The above results indi-
cated the successful construction of the aptasensor.

Optimization of experimental conditions

The experimental parameters such as aptamer concentration,
aptamer immobilization time, incubation time, and pH were
optimized for the analysis of the CAP.

Fig. 3 (A) Cyclic
voltammograms and (B) Nyquist
plots of impedance spectra of
different modification steps of
aptasensor: (a) bare SPE, (b)
SBA-15@DABCO/SPE, (c)
AuNPs/SBA-15@DABCO/SPE,
(d) Apt/AuNPs/SBA-
15@DABCO/SPE, and (e) CAP/
Apt/AuNPs/SBA-15@DABCO/
SPE in 50 mM Tris–HCl buffer
solutions (pH 7.40) containing
0.01 M K3[Fe(CN)6]/
K4[Fe(CN)6] (1:1) and 100 mM
KCl. (C) DPV signals of (a)
HEM/SBA-15@DABCO/SPE,
(b) HEM/Apt/AuNPs/SBA-
15@DABCO/SPE, and (c) HEM/
Apt/AuNPs/SBA-15@DABCO/
SPE after incubation for 30 min
with 6.0 μM CAP, in 50 mM
Tris–HCl buffer solution
(pH 7.40)
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The effect of the self-assembly time on the current response
of the aptasensor was investigated between 2.0 and 9.0 h.
Figure S1A in the Electronic Supplementary Material (ESM)
demonstrates that the DPVresponse was increased by increas-
ing the self-assembly time from 2.0 h to 9.0 h. However, after
7.0 h the response was constant. Therefore, the optimal time
was chosen as 7.0 h.

The effects of aptamer concentrations on the signal of
HEM reduction were studied by applying different concentra-
tions (0.5–3.5 μM) of aptamer to the dendritic AuNPs/SBA-
15@DABCO (ESM Fig. S1B). After incubating for 7.0 h,
7 μL of 20 μM HEM solution was added to the modified
SPE for 15min. Then, the modified electrode was treated with
7 μL of 2 μM CAP in 50 mM TBS (pH 7.2) for 30 min. The
electrode was rinsed with deionized water after each incuba-
tion step and DPVs were recorded for different concentrations
of aptamer-modified sensors. The current response increased
with increasing aptamer concentrations. When it reached to
2.0 μM, there was no significant increase in the response of
aptasensor. In addition, the current had reached a steady state
due to the saturation of the active sites for immobilizing the
aptamer. Therefore, the concentration of 2.0 μMwas selected
as an optimized aptamer concentration in this experiment.

The effect of the incubation time of the interaction between
CAP and the thiolated aptamer on the current response of the
aptasensor was also investigated. The current response of the
aptasensor increased with longer reaction times from 0 to
30 min and reached a plateau at 30 min. This result implies
that the formation of the aptamer–CAP complexes was com-
pleted after 30 min. Thus, a 30-min incubation time was used
in these experiments (ESM Fig. S1C). The effect of pH on
CAP detection was studied by recording the DPVover a range
of 4.0–8.3 in 50 mM of TBS (ESM Fig. S1D). The reduction
current increased as the pH increased from pH 4.0 to 7.4 and
reached a steady state at pH 7.4. Thus, pH 7.4 was the opti-
mum pH to achieve a high sensitivity.

Electrochemical investigation of interaction of aptamer
with CAP

In this work, DPV was employed to establish several steps for
the preparation of the aptasensor (Fig. 3C). Significant chang-
es in the DPV signal took place in the area of the HEM reduc-
tion (−0.07 to −0.7 V). Curve a in Fig. 3C shows the DPV
signal for the AuNPs/SBA-15@DABCO in 50 mM TBS
(pH 7.4) in the presence of 20 μM HEM. Upon addition of

Fig. 4 (A) DPV signals of HEM/
Apt/AuNPs/SBA-15@DABCO/
SPE after incubation for 30 min
with different CAP
concentrations in the absence (a)
and presence of different
concentrations of CAP: (b) 0.03,
(c) 0.05, (d) 0.075, (e) 0.1, (f)
0.15, (g) 0.5, (h) 1.0, (i) 2.0, (j)
3.0, (k) 4.0, (l) 5.0, (m) 6.0, and
(n) 7.0 μM in 50 mM Tris–HCl
buffer solution (pH 7.40). Inset B
is the calibration plot of Ip vs.
CAP concentration
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aptamer, a reduction peak at −0.35V in 50mMTBS (pH 7.40)
was observed which shows the capability of the HEM to bind
to the aptamer (Fig. 3C, curve b). After incubation of the Apt/
AuNPs/SBA-15@DABCO/SPE with 2.0 μM CAP, a further
increase in the peak current for the HEM reduction was ob-
tained in comparison with the curve b. This result demonstrat-
ed a successful identification of the CAP by the aptamer,
which indicates that the HEM should be closer to the electrode
surface (Fig. 3C, curve c).

Analytical characteristics of CAP aptasensor

Figure 4A shows the DPV responses of the different
concentrations of CAP at the Apt/AuNPs/SBA-
15@DABCO/SPE, in the presence of 20 μM HEM, in
50 mM TBS (pH 7.4). It was notable that peak currents
increased with the increasing of the concentration of
CAP. Figure 4B shows two linear response ranges of
the constructed aptasensor from 0.03 to 0.15 μM and
0.15 to 7.0 μM based on analyzing the changes between
the current of HEM reduction peak and the concentra-
tions of CAP. The detection limit was calculated as 4
nM at 3σ. The reproducibility of the aptasensor was
evaluated by using the following method. Eight HEM/
Apt/AuNPs/SBA-15@DABCO/SPE electrodes were in-
cubated with 2 μM CAP and all electrodes exhibited
electrochemical responses with an average relative stan-
dard deviation (RSD %) of 1.20 %. Thus, the proposed
aptasensor exhibited an acceptable stability for the de-
tection of CAP.

Selectivity study

In order to determine the specificity of the aptamer for CAP,
control experiments were performed using several drugs:
1.0 μM cefixime, 1.0 μM cephalexin, 1.0 μM amoxicillin,
and 1.0 μM florfenicol (the results are shown in Fig. S2 in
the ESM). The presence of even a 10-fold excess of non-target
drugs caused a negligible current increase compared with that
of the blank test. This result indicated that the binding event
between the CAP and the aptamer is based on a selective
recognition and thus the prepared biosensor is highly specific
for CAP.

Application of aptasensor for detection of CAP in human
serum

The applicability of the aptasensor was examined by
measuring the CAP concentration in a blood serum
sample using spike and recovery experiments .
Recovery experiments were accomplished by adding
the standard solutions of CAP with different concentra-
tions to diluted human serum matrices. The analytical

results shown in Table 1 indicate that the HEM/Apt/
AuNPs/SBA-15@DABCO/SPE biosensor worked accu-
rately for the analysis of CAP in the serum samples.

Conclusion

In this study, a simple, rapid, and label-free aptasensor was
created for detection of CAP by immobilizing the thiolated
aptamer on the dendritic AuNPs/SBA-15@DABCO/SPE
and using HEM as an effective electrochemical indicator.
The immobilization of the AuNPs/SBA-15@DABCO on the
SPE increased the surface area and conductibility of the
aptasensor, which amplified the electrochemical signals. The
interaction between the aptamer and CAP was investigated by
CV, EIS, and DPV techniques. The reductive peak current of
the HEM increased linearly with the addition of CAP in the
concentration range of 0.03–0.15μMand 0.15–7.0 μMwith a
detection limit as low as 4.0 nM. This biosensor showed a
wide linear range, good sensitivity, and high selectivity for
CAP and easily detects CAP in human serum samples.
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