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In this study, we developed an ultrasensitive label-free aptamer-based electrochemical biosensor,

featuring a highly specific anti-human immunoglobulin E (IgE) aptamer as a capture probe, for human

IgE detection. Construction of the aptasensor began with the electrodeposition of gold nanoparticles

(AuNPs) onto a graphite-based screen-printed electrode (SPE). After immobilizing the thiol-capped

anti-human IgE aptamer onto the AuNPs through self-assembly, we treated the electrode with

mercaptohexanol (MCH) to ensure that the remaining unoccupied surfaces of the AuNPs would not

undergo nonspecific binding. We employed a designed complementary DNA featuring a guanine-rich

section in its sequence (cDNA G1) as a detection probe to bind with the unbound anti-human IgE

aptamer. We measured the redox current of methylene blue (MB) to determine the concentration of

human IgE in the sample. When the aptamer captured human IgE, the binding of cDNA G1 to the

aptamer was inhibited. Using cDNA G1 in the assay greatly amplified the redox signal of MB bound to

the detection probe. Accordingly, this approach allowed the linear range (coefficient of determination:

0.996) for the analysis of human IgE to extend from 1 to 100,000 pM; the limit of detection was

0.16 pM. The fabricated aptasensor exhibited good selectivity toward human IgE even when human

IgG, thrombin, and human serum albumin were present at 100-fold concentrations. This method should

be readily applicable to the detection of other analytes, merely by replacing the anti-human IgE

aptamer/cDNA G1 pair with a suitable anti-target molecule aptamer and cDNA.

& 2012 Elsevier B.V. All rights reserved.
1. Introduction

Aptamers are synthetic DNA or RNA sequences that are
selected through SELEX (systematic evolution of ligands by
exponential enrichment) processes from a random sequence bank
(Deng et al., 2009; Sassolas et al., 2009). High affinity and specific
binding usually occur between a selected aptamer and its related
target molecule. The combination of good binding affinity and
excellent selectivity makes aptamers as attractive as antibodies
when used as critical identification materials during protein
analysis. Aptamers are, however, more stable, easier to store,
and cheaper than antibodies. Furthermore, aptamers can be
synthesized without using a host. Therefore, aptamers have been
used as alternatives to antibodies in various fields for various
applications (Hamaguchi et al., 2001; Iqbal et al., 2000; Liu and
Lu, 2004; Tombelli et al., 2005).

Taking advantage of their specific affinity, several aptamer-
based sensors (so-called ‘‘aptasensors’’) have been developed to
detect small molecules (Bing et al., 2010; Du et al., 2008; Zuo
ll rights reserved.
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et al., 2009) and proteins (Bing et al., 2010; Wu et al., 2009). In the
majority of these aptamer-based analyses, the aptamers have
been used merely as substitutes for antibodies, with several
drawbacks remaining: the approach is time consuming (multiple
procedures; long incubation); the assay requires tagging of labels
for most spectroscopic detection; and it is difficult to avoid
background interference and unsatisfactory derivative issues.
Nevertheless, the sensitivity of electrochemical detection when
using the aptameric method can be competitive with spectro-
scopic detection schemes. Most electrochemical schemes for the
detection of target analytes on fabricated electrodes are label-
free, with any potential interference during analysis minimized
by modifying the surface of the electrode. Other advantages of
combining electrochemical detection with aptasensors include
high sensitivity, simple operation, rapid response, and portability
(Hianik and Wang, 2009).

Methylene blue (MB) is a popular redox agent used in the
electrochemical analysis of DNA (Wang et al., 2010); its affinity
toward single-strand DNA (ssDNA) is greater than that toward
double-strand DNA (dsDNA) (Farjami et al., 2010; Loaiza et al.,
2005). If an analyte hybridizes with ssDNA (aptamer), it will
decrease the degree of binding of complementary DNA (cDNA) to
the ssDNA (aptamer), in turn decreasing the redox signal of MB
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bound to the DNA. This change in electrochemical signal from MB
can be used as an indicator of hybridization. In general, the
interaction of MB with ssDNA occurs specifically through the
guanine bases of ssDNA (Yang et al., 2002). Thus, the MB signal
will be greatly enhanced if the number of guanine bases in ssDNA
is increased intentionally.

Human immunoglobulin E (IgE) is an important protein found
in blood, where its concentration can be used as a marker for
several allergic diseases (Gould et al., 2003; Winter et al., 2000)
through regular blood tests. Unlike other immunoglobulins found
in blood, the concentration of human IgE is extremely low
(ca.150 ng mL�1) in healthy people (Gould et al., 2003). An
increase in the human IgE concentration in blood can hint at
illness or approaching illness. Because low concentrations of
human IgE (reaching over 10 times the normal level) can be
found in blood during the early stages of certain diseases (Gould
et al., 2003), highly sensitive methods for its analysis are required.

Several methods have been developed for assessing human IgE
concentrations (Jiang et al., 2004; Liss et al., 2002; Maehashi et al.,
2007; Wang et al., 2008; Wang et al., 2010; Xu et al., 2005),
including several aptamer-based electrochemical biosensors
(Chen et al., 2009; Maehashi et al., 2009; Tran et al., 2011). An
electrochemical biosensor for the detection of thrombin and
human IgE using pyrroquinoline quinone glucose dehydrogenase
(PQQGDH) as a label provided a limit of detection (LOD) of 1 nM
for human IgE (Fukasawa et al., 2009). Measuring the change in
electrochemical impedance allowed an aptamer-based sensor for
human IgE to reach an LOD of 0.1 nM (Xu et al., 2005). Feng et al.
employed the specific interactions of conjugated alkaline phos-
phate and a detection probe, with enzymatic silver deposition to
amplify the signal response, to enhance the sensitivity of an
aptasensor to an LOD of 0.02 nM (Feng et al., 2008). Wu et al. used
an aptasensor platform featuring a specifically designed aptamer
having a hairpin structure as the probe to directly detect human
IgE; efficiently converting the aptamer–target recognition scheme
into an electrochemical signal led to an LOD of 36 pM for human
IgE (Wu et al., 2009). A highly sensitive aptameric assay based on
chemiluminescence (CL) detection with polystyrene beads as the
amplification platform has been developed for the detection of
human IgE with an extra-low LOD of 4.6 pM (Peng et al., 2011).

In this study, our goal was to develop a label-free electro-
chemical aptasensor platform for even more sensitive analysis of
human IgE as a model protein. Our constructed electrochemical
biosensor featured a thiol-terminated anti-human IgE aptamer as
the capture probe and its cDNA sequence as the detection probe.
The aptamer sequence has been studied previously (Wang et al.,
2010; Wu et al., 2009; Xu et al., 2006). We synthesized a designed
cDNA featuring a guanine-rich section at its 50 terminus (cDNA
G1) and bound it with anti-human IgE aptamer. We chose MB as
the electrochemical indicator because of its specific binding to
guanine bases in DNA sequence (Becker and Nordén, 1997; Kara
et al., 2002; Yang et al., 2002). The redox electrochemical signal of
MB can be enhanced after its binding to the guanine-rich section
of the detection probe. In the presence of human IgE, the amount
of cDNA G1 bound to the aptamer decreases. The higher the
human IgE concentration in the sample, the lower the number of
cDNA G1–aptamer complexes formed, leading to fewer bound MB
Table 1
Sequences of the aptamer and cDNAs used in this study.

Name Sequence (50–30)

Anti-human IgE aptamer HS-(CH2)6-GGG GCA CGT TTA TCC GTC CCT CCT A

cDNA G1 GGA GGA GGA GGA GGA GGA GGA GGA GGA GGA

cDNA GGG GCA CGC CAC TAG GAG GGA CGG ATA AAC G
molecules and a lower MB redox current. Our main aim in this
present study was to evaluate the proposed aptamer-based assay
as an alternative and sensitive approach for analyzing proteins.
2. Material and methods

2.1. Chemicals and reagents

All chemicals were of reagent grade or higher. All stocking and
working solutions were prepared using Milli-Q de-ionized (DI)
water (Millipore, Bedford, MA, USA) having a measured resistance
of greater than 18.2 MO cm. Anti-human IgE aptamer, cDNA G1,
and cDNA were purchased from MDBio (Taipei, Taiwan); their
sequences are listed in Table 1. Hydrogen tetrachloroaurate
trihydrate were obtained from Alfa Aesar (Ward Hill, MA, USA).
Sodium dihydrogen phosphate, disodium hydrogen phosphate,
Tris (base), mercaptohexanol (MCH), tris(2-carboxyethyl)pho-
sphine (TCEP), ethylenediaminetetraacetic acid (EDTA), MB, and
sodium chloride were purchased from Sigma (St. Louis, MO, USA).
Potassium hexacyanoferrate was obtained from Riedel–de Haën
(Morristown, NJ, USA). Disposable graphite-based screen-printed
electrodes (SPEs) were purchased from Zensor (Taichung,
Taiwan).

2.2. Apparatus

Square-wave voltammetry (SWV), cyclic voltammetry (CV)
and amperometry were performed using a CHI 8021B electro-
chemical analyzer (CH Instruments, Austin, TX, USA). Electroche-
mical impedance spectroscopy (EIS) was performed using a CHI
6081C electrochemical analyzer (CH Instruments, Austin, TX,
USA). A three-electrode system was used with Ag/AgCl as the
reference electrode, a platinum wire as an auxiliary electrode, and
an SPE-based electrode as a working electrode. Field emission
scanning electron microscopy (FE-SEM) was performed using a
JSM-7401F instrument (JEOL, Tokyo, Japan).

2.3. Fabrication of aptasensor

Prior to modification of the electrode surface, the SPE was
revived through 10 cycles of CV between �0.6 V to 1.2 V at 0.1 V/s
in 10 mM phosphate buffer (pH 7.4). The graphite-based SPE was
first modified with gold nanoparticles (AuNPs) using a procedure
described previously (Liao and Ho 2009). Briefly, the revived SPE
was rinsed with DI water twice and placed into 10 mM HAuCl4.
AuNPs were electrodeposited by applying a fixed electrode poten-
tial at �0.66 V for 10 s. After electrodeposition, the electrode was
rinsed with DI water and 10 mM Tris buffer (pH 7.4). The
fabricated AuNP-modified SPE was characterized using SEM and
electrochemistry.

The anti-human IgE aptamer was immobilized on the surface
of the electrode through self-assembly of the thiol group at the 50

terminus of the aptamer with the AuNPs. A droplet (5 mL) of 1 mM
human IgE aptamer solution, containing 0.1 mM TCEP, 1 mM
EDTA, and 1 M KCl, in 10 mM Tris buffer (pH 7.4) was placed on
the surface of the AuNP-modified SPE. After 12 h, the electrode
GT GGC GTG CCC C

GGA GGA GGA G GGG GCA CGC CAC TAG GAG GGA CGG ATA AAC GTG CCC C

TG CCC C
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was rinsed with 10 mM Tris buffer (pH 7.4) containing 1 M KCl
and then it was kept in the same solution. The aptamer-immo-
bilized electrode was treated with 100 mM MCH for 15 min and
rinsed again prior to use.

2.4. Assay of aptasensor

The detection and quantitation of human IgE was performed
by adding cDNA G1, which had a sequence complementary to that
of the aptamer and competed with human IgE for the immobi-
lized anti-human IgE aptamer on the surface of the electrode.
The human IgE was mixed with 10 mM Tris buffer containing
2 mM of cDNA G1 and 1 M KCl. A droplet (5 mL) of the mixed
solution was placed on the electrode for 12 h to ensure the
equilibrium of competition reactions. Single rinse step was
performed to remove excess cDNA G1 and non-bound human
IgE by using 10 mM Tris buffer containing 10 mM KCl. The assay
was then placed for 10 min in 10 mM Tris buffer containing
20 mM MB and 10 mM KCl before being rinsed again and placed
into 10 mM Tris buffer containing 10 mM KCl for measurement.
The CV system was scanned from þ0.7 to �0.2 V at a scan rate of
0.1 V/s. The SWV system was scanned from �1.0 to 0 V with
amplitude of 25 mV and a step potential of 4 mV at a frequency of
15 Hz. The maximum current of the signal was used to evaluate
the concentration of human IgE.
3. Results and discussion

3.1. Detection principle of electrochemical aptasensor

Scheme 1 depicts the electrochemical aptasensor that we
developed for the detection of human IgE. This electrochemical
biosensor employed a thiol-terminated aptamer as the capture
probe and a modified cDNA G1 as the detection probe. First,
AuNPs were electrodeposited on a graphite-based SPE. The thiol-
capped anti-human IgE aptamer was then immobilized, through
self-assembly, onto the AuNPs of the SPE. To complete the
construction of the aptasensor, we treated the electrode with
MCH to cover any remaining unoccupied surfaces of the AuNPs,
thereby preventing nonspecific binding. When the aptasensor
Scheme 1. Electrochemical aptase
was immersed in a sample, human IgE and cDNA G1 bound
competitively with the aptamer units. We used MB as the
electrochemical indicator because it bound strongly to the gua-
nine-rich section in cDNA G1 and provided an extra redox
electrochemical signal in addition to that of the cDNA. Thus, the
guanine-rich component of cDNA G1 enhanced both the MB
binding capacity and the redox signal.

In the absence of human IgE (bottom half of Scheme 1), the
electrochemical signal from MB bound to cDNA G1 would reach
its maximum value. In the presence of human IgE (top half of
Scheme 1), the electrochemical signal would decrease upon
decreasing the amount of cDNA G1 bound to the anti-human
IgE aptamer. Thus, the difference between the redox current of
MB in the presence and absence of human IgE could be used to
reflect the concentration of human IgE. A higher human IgE
concentration in the sample would result in a lower MB redox
current. This approach is, therefore, an alternative to the aptamer-
based sandwich protein assay.

3.2. Fabrication and electrochemical characterization of aptasensor

Electrochemical methods like CV and EIS were widely used to
confirm the electrode fabrication process in studies involving
aptamer sensor (Du et al., 2008; Wang et al., 2010; Wu et al.,
2009). The responses of CV and EIS indicated not only the change
in surface area but also the change in resistance and carried
charge, thus providing additional information about electrode
surface modification. Thus, we used CV and EIS to confirm the
fabrication of the sensing interface of the aptasensor.
Fig. 1(A) presents cyclic voltammograms of the aptasensor at
different stages during its preparation, scanning from þ0.7 to
�0.2 V at a rate of 0.1 V/s for 10 cycles in the presence of a
reversible redox couple, 1 mM Fe(CN)6

3�/4� in 1 M KCl. The cyclic
voltammogram of the SPE features a pair of reversible redox
peaks (line a). The SPE electrode was first modified with AuNPs,
resulting in increased electrocatalytic ability, with the redox
current of Fe(CN)6

3�/4� increasing by approximately 1.5-fold over
that of the bare SPE (line b). Thus, the electrodeposited AuNPs not
only improved the conductivity of the bare SPE but also provided
a larger effective surface area. After immobilizing the thiol-
terminated aptamer on the AuNP-modified SPE, the redox current
nsor for detecting human IgE.



Fig. 1. (A) CV and (B) EIS characterization of the fabricated sensing interfaces

using 1 mM Fe(CN)6
3�/4� in 1 M KCl and (a) SPE, (b) AuNPs/SPE, (c) Apt/AuNPs/

SPE, and (d) MCH/Apt/AuNPs/SPE electrodes.

Fig. 2. Square wave voltammograms recorded using the (a) MCH/Apt/AuNPs/SPE,

(b) cDNA G1/MCH/Apt/AuNPs/SPE, and (c) cDNA/MCH/Apt/AuNPs/SPE electrodes.

Experimental conditions: 20 mM MB in 10 mM Tris–HCl buffer (pH 7.4) containing

2 mM KCl.
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of Fe(CN)6
3�4� decreased (line c), presumably because the net

negative charge provided by the phosphate groups of the immo-
bilized aptamer sequence repelled the anionic Fe(CN)6

3�/4�; this
decrease in redox current confirmed the successful immobiliza-
tion of the aptamer onto the electrode surface. Next, we treated
the fabricated electrode with MCH to minimize nonspecific
adsorption (i.e., to deposit MCH units onto areas of the AuNPs’
surface that were not presenting aptamer molecules); this cover-
age of MCH minimized the exposed surface area of the AuNPs,
thereby decreasing the redox current of Fe(CN)6

3�/4� (line d).
Fig. 1(B) displays the change in impedance of the electrode after

each modification step and verifies our successful construction of
the sensing interface. The trace for the bare SPE features a semi-
circular domain (line a). The resistance of the electrode decreased
significantly after electrodeposition of the AuNPs (line b), consistent
with the AuNPs having been immobilized on the SPE; the combina-
tion of high conductivity and large surface area decreased the
electron transfer resistance, which increased, however, after immo-
bilization of the anti-human IgE aptamer (line c). The net negative
charge of the anti-human IgE aptamer repelled the Fe(CN)6

3�/4�

anions and increased the resistance. The redox signal of the
Fe(CN)6

3�/4� anions decreased greatly on the surface of the MCH/
Apt/AuNPs/SPE electrode, resulting in a lower degree of electron
transfer and a large semicircular trace (line d). Because the aptamer-
free surface of the AuNPs was covered with MCH moieties,
nonspecific adsorption in subsequent aptasensor experiments and
Fe(CN)6

3�/4� redox processes were both inhibited at these sites. Our
results obtained using EIS were consistent with those from CV,
confirming the successful fabrication of the electrode device.

3.3. Amplification effect of cDNA G1 on aptasensor

We chose MB as our electrochemical redox substrate not only
for its specific adsorption with guanine units of ssDNA but also for
its electrochemical characteristics. The small value of DEp of MB
provides SWV with good sensitivity and, therefore, a better
signal-to-noise (S/N) ratio for quantitation. Fig. 2 displays the
MB redox signals we obtained using SWV under different sensing
conditions. After immobilization of anti-human IgE aptamer, the
MB molecules in the solution were strongly adsorbed by the
guanine units on the exposed aptamer sequence, resulting in a
significant MB redox peak appearing at �0.4 V. To prevent
nonspecific adsorption of MB on the AuNPs/SPE, we treated the
fabricated electrode with MCH to cover any areas of the AuNPs/
SPE surface not occupied by aptamer units; this coverage of MCH
also minimized the possibility of the AuNPs coming into contact
with MB.

After we removed the electrode from the solution containing
MB and rinsed it twice with the measuring buffer solution, the
signal for the adsorbed MB still remained. The large redox current
for MB on MCH/Apt/AuNPs/SPE (line a) suggests that it was the
aptamer that was mainly responsible for the adsorption of the MB
molecules. The redox current of MB decreased when human IgE
was present (Fig. S1). The decrease in the redox current of MB
could, therefore, be used for quantitation of human IgE, although
the amount of guanine in the anti-human IgE aptamer sequence
was limited, leading to poor sensitivity. Therefore, we designed
cDNA G1 as a cDNA for competitive binding to the anti-human IgE
aptamer, such that more MB molecules would bind to the guanine
units on the G1 portion of cDNA G1. The redox current when MB
was bound to cDNA G1 (line b) was 60% greater than that when
MB was bound directly to the anti-human IgE aptamer. When we
replaced cDNA G1 with cDNA, the redox current of MB decreased
(line c) because MB bound weakly to the dsDNA formed from
cDNA and the anti-human IgE aptamer. The significant difference
in redox current between the cDNA G1/anti-human IgE aptamer
and cDNA/anti-human IgE aptamer assays (lines b and c) confirms
that MB adsorbed specifically to the guanine-rich section of cDNA



Fig. 3. Square wave voltammograms obtained when using the aptasensor to

measure different concentrations of human IgE (1–100,000 pM). Inset: Calibration

curve for the detection of human IgE. Error bars represent standard deviation

(n¼3). Experimental conditions: 2 mM cDNA G1. Other conditions were the same

as those used to obtain Fig. 2.

Fig. 4. Specificity of the fabricated aptasensor. Concentration of human IgE:

100 pM; concentration of human IgG, thrombin, or HSA: 10 nM. Presented data

are averages from three experiments.
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G1. Increasing the concentration of human IgE would increase the
amount of human IgE bound to anti-human IgE aptamer and,
therefore, decrease the binding of cDNA G1 to the aptamer.
Accordingly, the redox current of MB decreased because fewer
MB units were bound to cDNA G1. The guanine-rich portion of
cDNA G1 could, indeed, amplify the MB redox current. Our
proposed detection method, with MB attached to cDNA G1,
improved the sensitivity of the aptasensor for the analysis of
human IgE over that obtained using the aptamer-only electrode.

3.4. Optimization of aptasensor

We optimized the performance of the aptasensor prior to
testing. To obtain the best sensitivity, we immersed the AuNPs/
SPE in solutions containing different concentrations of anti-
human IgE aptamer and then used SWV to measure the redox
signal of MB (Fig. S2). The MB redox signal increased as we
increased the concentration of the anti-human IgE aptamer from
0.1 to 1.0 mM. Increasing the concentration of the aptamer
increased the cDNA G1–to–aptamer recognition and, thereby,
enhanced the sensitivity of the assay. The MB redox signal
decreased, however, upon increasing the concentration of the
aptamer beyond 1.0 mM, presumably because fewer cDNA G1
moieties were captured by the aptamer units on the electrode. For
example, steric hindrance of overpopulated anti-human IgE
aptamers might have prevented cDNA G1 moieties from forming
double stranded complexes with the remaining free aptamer
units, thereby decreasing the MB signal. Thus, we selected
1.0 mM of the anti-human IgE aptamer as the optimal concentra-
tion for fabrication of the aptasensor.

We also evaluated the effects of adding different amounts of
cDNA G1 (2 or 10 mM) on the performance of the aptasensor.
The redox signal of MB for the MCH/Apt/AuNPs/SPE was satisfac-
tory in the presence of 2 mM cDNA G1; it increased by only 7.4%
when using 10 mM cDNA G1. Therefore, near-saturation occurred
when employing 2 mM cDNA G1, the concentration that we used
accordingly in our subsequent experiments for competitive bind-
ing with the aptamer.

3.5. Sensitivity and selectivity of aptasensor

Fig. 3 displays the SWV traces of MB that we obtained upon
increasing the concentration of human IgE standard solution from
0 to 100,000 pM. The electrochemical signal of MB at �0.4 V was
very intense in the absence of human IgE, due to the adsorption of
MB at the guanine-rich portion of cDNA G1 bound to the aptamer.
The intensity of the electrochemical signal of MB decreased upon
increasing the concentration of human IgE, but it retained nearly
the same peak shape and position. The relationship between the
change in current of MB and the log concentration of human IgE
was linear (R2

¼0.996) over the range 1–100,000 pM (inset to
Fig. 3). The relative standard deviation (RSD) of the aptasensor
(n¼3) was 10.4%, 8.8%, 2.4%, 5.2%, 0.7%, and 3.0% for the
concentration of 1, 10, 100, 1,000, 10,000, and 100,000 pM IgE,
respectively. The LOD of 0.16 pM appears suitable for routine
analyses of human IgE and is much better than those provided by
other biosensors for human IgE (Chen et al., 2009; Feng et al.,
2008; Maehashi et al., 2007; Tran et al., 2011; Wang et al., 2010;
Wu et al., 2009; Xu et al., 2005).

Fig. 4 displays the selectivity of our aptasensor for human IgE
in the presence of interfering human IgG, thrombin, or human
serum albumin (HSA). The current responses of MB from solu-
tions (n¼3) containing 100 pM human IgE spiked with 10 nM of
the interfering agents were practically identical to that from the
solution containing only 100 pM human IgE, revealing that the
specificity of this fabricated aptasensor was adequate for analyses
of human IgE.

We also evaluated the recoveries of different concentrations of
human IgE solutions spiked with 0.1 mM BSA. The recoveries
(n¼3) of spiked human IgE at concentrations of 10,000, 1000,
and 100 pM were 104.6% (71.81%), 108.6% (74.31%), and 107.2%
(72.18%), respectively. These recoveries of greater than 100%
arose presumably because of nonspecific absorption of BSA,
which blocked the binding of cDNA G1 with the unoccupied
aptamer units, thereby decreasing the current response of MB.
Although the recoveries of human IgE were slightly higher than
100%, the performance of the aptasensor remained acceptable for
the analysis of human IgE.
4. Conclusions

We had developed an ultrasensitive aptamer-based electro-
chemical biosensor that allows measurement of the concentration
of human IgE. The anti-human IgE aptamer was used as a capture



C.-Y. Lee et al. / Biosensors and Bioelectronics 39 (2013) 133–138138
probe, immobilized on an SPE modified with AuNPs. The capture
of human IgE by the aptamer blocked it from binding to cDNA G1.
As a result, increasing the concentration of human IgE decreased
the amount of cDNA G1 that bound to the aptamer. We used the
redox current of MB as the signal source because of its excellent
electrochemical characteristics and its ability to bind with DNA.
The binding of MB to cDNA G1 provided an amplified redox
electrochemical signal, which enhanced the sensitivity of the
biosensor. High linearity existed between the change in current
of MB and the log concentration of human IgE over the range from
1 to 100,000 pM, with a coefficient of determination of 0.996. The
LOD of the aptasensor (0.16 pM) appeared suitable for routine
analyses of human IgE. The aptasensor also exhibited good
selectivity and recovery. Optimizing the length of the guanine-
rich section in the cDNA might further enhance the sensitivity of
this aptasensor. Theoretically, this present scheme should be
applicable to the sensitive detection of different analytes, merely
by replacing the anti-human IgE aptamer/cDNA G1 pair with a
relevant aptamer and cDNA.
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