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Development of a Label Free IGE Sensitive Aptasensor Based on
Electrochemical Impedance Spectrometry

Pinar Kara', Buket Meric and Mehmet Ozsoz

Department of Analytical Chemistry, Faculty of Pharmacy, Ege University, 35100, Bornova, lzmir, Turkey

Abstract: A sensitive aptamer based electrochemical biosensor to detect human immunoglobulin E (IgE) is presented in
this study. 5’ Biotin labeled 45 mer DNA aptamer sequence was immobilized onto streptavidin coated graphite surfaces.
Interaction between human IgE and DNA aptamer was monitored by Electrochemical Impedance Spectrometry (EIS) in a
0.48nM detection limit of IgE. EIS analyses are based on electron transfer resistance (R¢) in the presence of 5mM

[Fe(CN)e*™.
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1. INTRODUCTION

Aptamers are short single-stranded DNA or RNA
sequences which have high specific affinity in binding
protein targets [1]. Aptamer based studies represent a novel
modern and a strategic approach in bioanalytical analysis for
specific protein detection [2, 3]. Due to their high stability,
chemical simplicity and easy applicability, they can be used
as alternative captures to antibodies [4, 5]. Thereby, aptamer
applications hold a great promise for biosensing of protein,
and for developing protein arrays [6, 7].

In recent years, there has been a great interest in
developing aptamer sensors, thereby different strategies have
been developed for aptamer based protein screening. Affinity
biosensors have a great promise in aptamer sensing analysis
due to their, high sensitivity, selectivity, simple
instrumentation, portable and cost effectiveness [8]. Thus, a
lot of aptamer based sensing interfaces have been developed
including optical [9-11], piezoelectrical [12] transduction,
fluorescence [13, 14] and atomic force microscopy [15].

Current studies based on electrochemical methods
represent a new approach for molecular recognition of
aptamer — protein interaction. Various formats have reported
that, a single-stranded aptamer sequence with an
electroactive label, such as methylene blue or ferrocene,
immobilized onto electrode surface, protein binding and
electrochemical monitoring were performed in same solution
[16-19].

In  recent studies, electrochemical impedance
spectrometric trunsduction of aptamer based protein analysis
have shown a great prospect for label -free detections [20-
22]. Electrochemical impedance spectroscopy (EIS) has been
proven as one of the most powerful analytical tools for
diagnostic analysis based on interfacial investigations. EIS
measures the response of an electrochemical system to an
applied oscillating potential as a function of the frequency.
Impidimetric techniques have been developed to characterize
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the fabrication of the biosensors and to monitor the catalyzed
reactions of biomolecules, such as enzymes, proteins, nucleic
acids, whole cells and antibodies [23, 24].

Here in, we describe a label-free bioelectronic detection
of aptamer — IgE interaction based on EIS technique. The
5’biotinylated aptamer sequence was immobilized onto
streptavidin coated disposable graphite electrode (DGE)
surfaces. The binding of IgE to aptamer sequence was
monitored by EIS transduction of the R in the presence of
5mM [Fe(CN)s]*'*. This article gives an overview of
alternative electrochemical biosensors for the detection of
DNA- protein interactions.

2. MATERIALS AND METHODS
2.1. Apparatus

Streptavidin, N-hydroxysulfsuccinimide (NHS), [n-(3-
dimethylamino)propyl)]-N-ethylcarbodiimide (EDC) and
Trizma hydrochlorides were purchased from Sigma-Aldrich
Chemical Company (Germany), and tri-Natrium citrate were
purchased from Merck (Germany). Other chemicals were of
analytical reagent grade and supplied Merck and Sigma.
Ultrapure distilled water was used in all solutions, and all the
experiments were performed at room temperature.

DNA aptamer that selective bind human IgE with the 5’
modified with Biotin was purchased from sequence was
purchased from TIB MOLBIOL - Germany. Human IgE
clone HE 1 was purchased from Bioporto Diagnostics — UK.
The aptamer sequence has a following base composition [10-
5]:

5’ Biotin - GCG CGG GGC ACG TTT ATC CGT CCC
TCC TAG TGG CGT GCC CCG CGC 3",

2.2. Electrochemical Apparatus

Electrochemical impedance spectrometry (EIS) were
performed by using AUTOLAB PGSTAT-10 -FRA,
Differential pulse voltammetry (DPV) experiments were
performed by wusing an AUTOLAB PGSTAT-30
electrochemical analysis system (Eco Chemie -The
Netherland). The three electrode system consisted of a DGE
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as working electrode, an Ag/AgCl reference electrode, and a
platinum wire auxiliary electrode.

2.3. Aptasensor Preparation

2.3.1. Electrode Pretreatment

The DGE surfaces were chemically modified by
exposure to 0.5 M phosphate buffer containing 5mmoL /L
EDC and 8mmoL / L NHS used for streptavidin coupling.

2.3.2. Streptavidin Biomodification

Prior to aptamer immobilization, DGE’s were modified
with streptavidin via carbodiimide chemistry. DGE’s were
immersed into 0.5 M phospahate buffer containing 1ug /mL
streptavidin (pH = 7.4) for 1 hour.

2.3.3. Aptamer Biomodification

5" biotynlated 45 — mer IgE sensitive aptamer was
immobilized on to streptavidin coated DGE surfaces by
immersing the modified electrodes in to 0.7 upM
concentration of the aptamer solution for 1 hour. % 1 BSA
solution prepared in phosphate buffer was used as a blocking
agent.

2.4. IgE Accumulation

Aptamer biomodificated sensors were incubated with
PBS buffer containing 1 pg /mL concentration of IgE for 1
hour. 1 pg /mL concentration of BSA is also used as non —
specific protein

2.5. Detection of IgE by EIS Spectroscopy

EIS used for IgE detection. Modified DGE’s were
measured in a PBS (pH 7.4) in the presence of 0.5mM
Fe[CNg]*™* at +0.24 V. A frequency range from 10 kHz to
50 mHz and an AC amplitude of 10mV were applied. The
impedance data was fitted to an equivalent circuit.

3. RESULTS AND DISCUSSION

An impidimetric system was proposed for direct
electrochemical detection of IgE via aptamer — protein
interaction. Disposable graphite electrodes were used as
analytical surface. 5’biotinylated aptamer sequence was
immobilized on to straptavidine coated surfaces and IgE
detection was accomplished by EIS trunsduction of aptamer
— protein interaction.

Fig. gl) represents the Impedance Spectra of 5mM
Fe(CN)g]*™ at +0.24 V at DGE electrode surface before and
after aptamer — protein interaction. Incubation with aptamer
sequence (Fig. 1b) resulted in an increase in the semicircle
diameter as compared with blank electrode responses (Fig.
1a), incubation with aptamer — protein (IgE) complex (Fig.
1d) resulted in significant admittance increases as compared
with only aptamer modified electrode responses, also
incubation with BSA solution as a control experiment of
non-specific bounding resulted (Fig. 1c) in a decrease in the
semicircle diameter as compared with aptamer-IgE complex
and also bare electrode responses (Fig. 1), as expected.
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Experiments reproduced several times and repeatability of
the responses was in a fair condition.

The AC imaginary faradaic admittance response of
[Fe(CN)g]*™ (5x10° M, 1:1), was measured to determine the
peak potential of the [Fe(CN)g]*™*.
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Fig. (1). Impedance Spectra of chemically pretreated (a) bare
electrode, (b) after aptamer immobilization, (c) after interaction
with non-specific BSA and (d) after interaction with IgE targets, at
graphite electrode surface. Measurements performed in a 0.05 M
phosphate buffer (pH 7.4) in the presence of [Fe(CN)s]*™ (5x10®
M, 1:1) at +0.24 V.

Fig. (2) represents the histammograms of Rct values
obtained after electrode pretreatment with EDC &NHS
solutions (A), streptavidin biomodification of pretreated
DGE’s (B), aptamer biomodification at streptavidin coated
surfaces (C), IgE interaction at aptamer modified surfaces
(D) and after BSA interaction at aptamer modified surfaces
(E) as control experiment of non specific bounding. It
observed an increase in EIS responses after streptavidin
binding at pretreated DGE surfaces. After 5’biotin labeled
aptamer sequence biomodification at streptavidin coated
DGE’s a significant increase was observed in responses,
compared with before modification. The interaction between
IgE and aptamer sequences was observed by increasing the
EIS response due to comparison of the responses before
interaction. Control experiments were performed by using
BSA interaction with aptamer sequence such as; after BSA
accumulation it was observed that no significant change in
the response comparing to aptamer modified DGE’s. Thus
here we demonstrate the detection efficiency and the
selectivity of the designed aptasensor. RSD values are given
as error bars.

To qualitatively understand the human IgE protein
concentration at aptamer modified surface, the magnitudes of
Rct values after interaction with aptamer sequence, were
recorded. The calibration plot due to EIS responses is shown
in Fig. (3). Various concentrations of IgE solutions were
trialed to optimize the sensitivity. Elected IgE concentration
values were from 0 pg /mL up to 10 pg /mL RSD values are
given as error bars. Both full saturation degree, optimum
value of the responses and low error rate, were obtained with
1 png /mL concentration of human IgE.
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Fig. (2). EIS transduction of Rct values obtained from (A)
chemically pretreated bare electrodes, (B) streptavidin modificated
bare electrodes, (C) aptamer biomodification on to streptavidin
coated electrodes, (D) human IgE interaction with aptamer
modified electrodes and (E) BSA interaction as control experiment,
at aptamer modified electrodes.

The detection limit estimated from S/N =3 correspond to
0.48 nM at IgE sensitive aptamer modified DGE’s.
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Fig. (3). Calibration plot for dependence of Rct values at upon
increasing the target IgE concentration from 0 pg /mL to 10 pg /mL
at aptamer modified DGE surfaces.

4. CONCLUSION

Here, we have described a label free impidimetric
aptasensor that provides sensitive detection of human IgE
protein. For the detection 5’ Biotin labeled aptamer sequence
was immobilized on to streptavidin coated disposable
graphite electrodes and human IgE was interacted. The
detection, was accomplished by electrochemical impedance
spectrometric transduction the Rct values in the presence of
[Fe(CN)g]*™. The selectivity of aptasensor was evaluated by
using the EIS response differences between aptamer- IgE
and aptamer —BSA interaction. Depend on detection limit,
such as 0.48 nM; even it is incomparable with previous
studies it was shown that the designed IgE sensitive
aptasensor is capable of label free; low-cost, fast and reliable
electrochemical detection. Furthermore by using different
aptamer sequences, more types of proteins can be detected.
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