
DOI: 10.1002/elan.202300119

RE S EARCH ART I C L E

Non-invasive detection of Crohn’s Disease with label-free
detection of calprotectin by impedimetric aptasensor

Çiğdem Gözde Aslan1, 2 | Hilmiye Deniz Ertugrul Uygun3 |
Zihni Onur Uygun1, 4 | Nalan Gülşen Ünal5 | Yasemin Akcay1

1Ege University, Faculty of Medicine,
Department of Medical Biochemistry,
İzmir, Türkiye
2Biruni University, Faculty of Medicine,
Department of Medical Biochemistry,
İstanbul, Türkiye
3Dokuz Eylül University, Center for
Fabrication and Application of
Electronic Materials, İzmir, Türkiye
4Kafkas University, Faculty of Medicine,
Department of Medical Biochemistry,
Kars, Türkiye
5Ege University, Faculty of Medicine,
Department of Gastroenterology, İzmir,
Türkiye

Correspondence
Zihni Onur Uygun, Ege University,
Faculty of Medicine, Department of
Medical Biochemistry, İzmir, Türkiye.
Email: onur.uygun@kafkas.edu.tr

Funding information
Ege University Scientific Projects
Coordination, Grant/Award Number:
TGA-2019-21017

Abstract
Crohn’s disease, a chronic inflammatory disorder affecting the gastro-
intestinal tract, is on the rise, posing significant health challenges due to its
potential long-term impact on intestinal health. Early and accurate detection
of this disease is crucial for effective treatment. This study introduces an in-
novative approach to diagnosing Crohn’s disease by utilizing a rapid and pre-
cise biosensor system as an alternative to conventional detection techniques.
Utilization of an S100 A8 targeting aptamer for the specific identification of
calprotectin, a well-established biomarker associated with Crohn’s disease
was used as a biorecognition receptor. The aptamer is immobilized on gold
nanoparticles via cysteamine and avidin to construct a biosensor. The bio-
sensor was compared with traditional quantitative lateral-flow tests (QLFA).
The developed biosensor demonstrates that detection in 900 seconds. Per-
formance parameters, including a limit of detection (LOD) as 5.57 μg/g and a
limit of quantification (LOQ) as 16.89 μg/g, are determined through electro-
chemical impedance spectroscopy (EIS). Accordingly, the calibration curve
equation was calculated as y=3.9736x + 1570.4 and the regression coefficient
was found as R2=0.9917. These results showed that biosensor‘s capability to
reliably measure calprotectin levels in real samples.
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1 | INTRODUCTION

Inflammatory bowel diseases, commonly referred to as
IBDs, encompass a collection of chronic inflammatory
disorders that primarily affect the gastrointestinal system
[1]. These diseases, including Crohn’s disease (CD) and
ulcerative colitis (UC), are characterized by periods of
inflammation and periods of remission [2]. This chronic
and recurrent inflammation can lead to various

symptoms and complications both within the
gastrointestinal tract and in other parts of the body. such
as joints, skin, and eyes [3]. Crohn’s disease is a chronic
inflammatory disorder primarily affecting the gastro-
intestinal tract. It is characterized by periods of ex-
acerbation and remission, leading to a range of symp-
toms that can significantly impact a patient‘s quality of
life. Early and accurate diagnosis of Crohn’s disease is
crucial for effective management and improved patient
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outcomes. Diagnosing Crohn’s disease involves a
combination of clinical assessment, laboratory tests,
imaging studies, and endoscopic procedures [4]. Physi-
cians evaluate the patient‘s medical history, including
symptoms such as abdominal pain, diarrhea, weight loss,
fatigue, and nutritional deficiencies. In order to assess
inflammation and rule out other potential causes of
symptoms. The biomarkers can help to diagnose that
disease such as C-reactive protein (CRP), which is an
acute-phase reactant produced by the liver in response to
inflammation [1]. Elevated CRP levels are commonly ob-
served in CD patients during active disease phases. How-
ever, that biomarker is not specific for the CD. Another
clinical test is Erythrocyte Sedimentation Rate (ESR)
measures the rate at which red blood cells settle in a test
tube over a specified time period. Like CRP, elevated
ESR is indicative of inflammation and can provide addi-
tional information about any disease activity. Anti-Sac-
charomyces cerevisiae Antibodies (ASCA) are antibodies
that target a yeast commonly found in the intestines.
Their presence in the blood has been associated with CD
and may aid in distinguishing CD from other forms of
IBD. Anti-Neutrophil Cytoplasmic Antibodies [5]
(ANCA) while more commonly associated with ulcer-
ative colitis, ANCA can also be present in CD patients
with colonic involvement. Their detection can provide
additional diagnostic and prognostic information. Proin-
flammatory cytokines such as tumor necrosis factor-al-
pha (TNF-α), interleukin-6 (IL-6), and IL-12 are often
elevated in CD [6]. These molecules play a central role
in driving inflammation and are targeted by many CD
therapies. Among all of the biomarkers for Crohn’s dis-
ease, Fecal Calprotectin is more specific to diagnose CD.
Calprotectin is a calcium-binding protein released by
neutrophils during inflammation [7]. Calprotectin, in
other words, is a dimer S100A8/A9 protein family of
S100. Its levels increase in response to inflammation in
the gastrointestinal tract, making it a sensitive indicator
of mucosal inflammation. In CD, ongoing inflammation
leads to elevated levels of calprotectin in the stool [1].
Fecal calprotectin provides a non-invasive method for as-
sessing intestinal inflammation [8]. Unlike invasive pro-
cedures like endoscopy, which require direct visual-
ization of the gastrointestinal tract, calprotectin
measurement offers valuable information without re-
quiring a tissue biopsy. Monitoring calprotectin levels al-
lows clinicians to gauge the severity of intestinal in-
flammation. Elevated calprotectin levels often correlate
with active disease, and a decrease in levels indicates a
response to treatment and disease remission. In con-
clusion, sensitive and selective detection the fecal calpro-
tectin is important for the disease assessment and the di-
agnosis. The most employed method to detect

calprotectin is ELISA [6] a widely used technique for
quantifying biomolecules and Lateral Flow Immuno-
assay (LFIA) [9] also known as rapid or point-of-care
testing, offers a simpler and quicker way to measure fe-
cal calprotectin levels. Although, LFIA is used as a rou-
tine hospital analysis, it has limitations such as semi-
quantitative detection, selectivity and sensitivity. Bio-
sensors are useful mini analyzers, which provide low-
cost and sensitive detection, with the combination of bi-
orecognition receptor and a transducer [10]. Among of
the different biorecogtinition receptors, aptamers are
unique and synthetic single stranded DNAs can be de-
signed for any targets and their binding constants can be
arranged and useful for wide range targets [11–13].
Therefore, we designed a new biosensor to detect calpro-
tectin with different biorecognition receptor for A8 pro-
tein and used in the stool samples. This label-free de-
tection technique was designed by using electrochemical
impedance spectroscopy (EIS) a sensitive and capable of
detect electrode electrolyte interface investigation techni-
que [14]. A gold nanoparticle electrode was engineered
by cysteamine [15], avidin and biotin-modified aptamers
as calprotectin biosensor. This biosensor was used for la-
bel-free detection of the calprotectin by using electro-
chemical impedance spectroscopy (EIS).

2 | MATERIALS AND METHOD

2.1 | Materials and equipment

The research was carried out with permission of Ege
University Research Ethics Committee with the permis-
sion number of 10–10.2T/33. All chemicals were ob-
tained from Merck (USA). Potentiostate, Palmsens 3,
and its interface were obtained from Palmsens B.V.
(Netherlands). Gold nanoparticle electrodes were ob-
tained from Dropsens (110GNP, Dropsens, Spain). Quan-
tum Blue® fCALextended Quantitative Lateral Flow As-
say was obtained from the Bühlmann Laboratories
(AGBaselstrasse 554124 Schönenbuch, Sweden).

2.2 | Methods

2.2.1 | Stool sample collection and analysis

Stool samples were collected from the CD diagnosed pa-
tients, weighted and extracted, after the extraction proc-
ess the extracts were stored in a freezer at � 80 °C until
use. The extraction process is as follows; approximately
1 g of feces was diluted with 4 ml of extraction buffer
and thoroughly vortexed. The diluted samples were then
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incubated at 18–28 °C for at least 5 min. 50 μL of this
extract was taken and 450 μL of extraction buffer was
added (1 :10 dilution), vortexed again and centrifuged at
3000 g for 5 min, then the supernatant was separated [9],
divided in two samples for biosensor and LFA analysis
and stored at � 80 °C as extract until measurement. The
sample analysis was carried out by Quantum Blue® fCA-
Lextended Quantitative Lateral Flow Assay (BUHL-
MANN Diagnostics Corp, USA).

2.2.2 | Biosensor modifications and
optimizations

Biosensor characterizations were observed by electro-
chemical and physicochemical techniques. Electro-
chemical techniques were cyclic voltammetry (CV) and
electrochemical impedance spectroscopy (EIS). EIS was
also used for the quantification of the calprotectin. CV
and EIS was performed in 5 mM Fe(CN)63

� /4� redox
probe couple and 100 mM KCl in pH=7 50 mM phos-
phate buffer. EIS curves were calculated by fitting the
impedance data on the elemental circuit model. In this
circuit model, R1 represents the redox probe solution
impedance, R2 represents the biosensor surface electron
transfer resistance, which is used to measure calpro-
tectin signals, C is the capacitive charge of the surface
and W is the mass transfer resistance (Warburg im-
pedance) [16]. In this study, cyclic voltammetry and EIS
were used to determine the electrode surface character-
istics. EIS was also used as the main analysis methods
for the electrochemical detection of Calprotectin. EIS
and CV were performed in a redox probe solution and
parameters were optimized in previous methods, and
EIS results were calculated using a specific circuit mod-
el. As a biorecognition receptor for the detection of cal-
protectin, the aptamer sequence for calprotectin was se-
lected [17]. The biosensor modification begun with the
modification of the gold nanoparticle electrodes (GNPE)
washed with distilled water and dried under a nitrogen
gas flow. The GNPE was then immersed in 100 mM cys-
teamine (Cys) for 1 h to form gold nanoparticle-cyste-
amine bonds via S groups of cysteamine. Then, the ami-
no groups on the electrode (GNPE-Cys) were activated
by dropping 20 uL, 5% glutaraldehyde on the modified
electrode for 30 min. Subsequently, 1 mg/mL pH=7.4
avidin solution was dropped onto the activated GNPE-
Cys and incubated for 1 h at room temperature [5].
Thus, the binding of biotin-modified aptamers to the sur-
face via high affinity between avidin-biotin interaction
(Km=1.3×10� 15 M) were facilitated by using aptamers.
After the electrode was washed to remove unbounded
aptamers, it was dipped in a solution containing 1 mg/

mL human serum albumin (HSA) to block the free
activated residues of Cys. Those modification steps were
tested by CV, EIS and AFM. Aptamer (biorecognition re-
ceptor) and calprotectin binding time optimization was
carried out by chronoimpedimetric detection, which was
performed by assessing GNPE/Cys/Avidin-Aptamer for
calprotectin analysis time in PBS to monitor impedance
increase on the surface the function of the time. Calpro-
tectin detection was monitored at 180 mV frequency
330 Hz. These parameters were obtained from the Bode
plot of the Aptamer modified and Calprotectin bonded
EIS results of the biosensor. Afterward, the biosensor
was tested for the calibration curve, LOD and LOQ. LOD
and LOQ values were calculated considering the stan-
dard deviation (SD) of repeated measurements of the
lowest concentration and the slope of the calibration
curve (m) (LOD=3.3(SD/m)), LOQ=10(SD/m)). For re-
producibility, calibration curve tests were repeated ten
times to assess the regression coefficients. Reproduci-
bility measurements were performed by adding the stan-
dard of the target biomolecule to the sample and meas-
uring this sample at least three times to determine the
recovery value. Real sample analysis (regression) analy-
sis was carried out by comparing the biosensor with LFA
[18].

3 | RESULTS AND DISCUSSION

In electrochemical processes, electron transfer from the
electrode to the solution (or vice versa) is critical. This
transfer of electrons is necessary for redox reactions to
occur. However, when biomolecules are immobilized on
the electrode surface, they can act as insulating barriers,
hindering the flow of electrons those released from the
electrochemical transformation of the redox probe. In
brief, GNPE was modified by cysteamine, activated with
glutaraldehyde, avidin, and then biotin-labeled aptamer,
simultaneously. Investigation of the biosensor surfaces
were performed layer-by-layer with CV and EIS
(Figure 1A and B). Cys layer in pH=7 redox probe sol-
ution has positive charges. Those charges attracted the
negatively charged redox probe. That electrostatic inter-
action and the diffusion towards surface of the redox
probe movement increase the current. Redox probes are
molecules that can undergo reversible oxidation-reduc-
tion (redox) reactions (Figure 1A) and decreased the im-
pedance (Figure 1B) because of the more redox probe re-
leased electrons. That mass transfer resistance (Warburg
impedance) became dominant against electron transfer
resistance. The electrons increased the current and de-
creased the impedance. That situation explains that Cys
modification was successful. Afterwards the Avidin
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immobilization and the Aptamer immobilization formed
an insulating layer. Those layers prevent the redox probe
to electrode surface and the redox probe released the
electrons on tha layer of avidin-aptamer layer. That layer
causes a resistance against the redox probe electrons.
Moreover, aptamer layer has phosphate backbone,
which is negatively charged, that repels the redox probe
from the surface by decreasing CV current peak and in-
creasing those immobilizations were decreased the CV
peaks and increased the EIS. The surface showed re-
sistivity against the released electrons from redox probe.
Impedance spectrums are calculated by using a proper
equivalent circuit model. That circuit model is charac-
terized by the obtained impedance curve that showed in

figure 1B. R1 and R2 represents the impedance of the
solution and biosensor surface resistances, respectively.
Warburg (W) impedance represents the redox probe
movement to surface and C1 is the capacitive double lay-
er of the biosensor [19]. Those modifications were also
observed by an atomic force microscopy (Figure 2). As
can be seen in the figure, the surface modifications
change the surface topographical structure. This method
was used to verify electrochemical analyses.

It is the most time-consuming optimization step is
the detection time for the afinity based biosensor with
label-free detection. In this study we used chronoimpedi-
metric detection by dipping electrode in buffer as blank
and 10 μg/g standard calprotectin, which is capable of
detect non-faradaic impedance changes on electrode sur-
face. In order to observe the frequency of the chro-
noimpedimetric detection we used Bode-Plot of the cal-
protectin-bonded EIS (S1). The frequency has been
chosen at the point, where the phase angle steady and
the impedance shows increase characteristics. Therefore,
frequency and potential were determined as 180 mV and
330 Hz frequency (S1). The binding time of the target
protein, calprotectin, to the aptamer was determined by
chronoimpedance and showed in Figure 3 that GNPE-
Cys-Avidin-Aptamer shown in blue as blank and calpro-
tectin binding in red chronoimpedance curves. As for
the measurement time, it was determined as 900 seconds
(detection time) that point separates the meaningful sig-
nal from the PBS.

After the optimization of Calprotectin detection
time, calibration curve was constructed with faradaic
EIS in redox probe. The standards were dropped on the
biosensor and incubated for 900 seconds and im-
pedance was performed in a redox probe. Calibration
curve was prepared by using EIS shown in Figures 4A
and plotted EIS data against calibrations in 4B. In
Figure 4A, impedance data were obtained and calcu-
lated according to Figure 4 data that fitted on the cir-
cuit model of Randles that mentioned previously, and
R2 values were calculated in Figure 4B against concen-
trations. Accordingly, the calibration curve equation
was calculated as y=3.9736x+1570.4 and the re-
gression coefficient was found as R2=0.9917. The LOD,
and LOQ were found as 5.57 μg/g and 16.89 μg/g. Then,
the biosensor was compared with real samples with the
Quantum Blue® fCALextended Quantitative Lateral
Flow Assay (LFA), which is a lateral flow technology
(using a highly specific monoclonal antibody to calpro-
tectin), with full quantification by a reading device that
can measure S100A8-9 protein levels. 30 samples of ex-
tracted stools were measured using this method and bi-
osensor. The samples were dropped on the biosensor
and incubated for 900 seconds and impedance was

F I G U R E 1 A; CV curves show the immobilization
procedures of the GNPE-Cys-Avidin-Aptamer-S100A8-9 protein
modification, B; EIS data shows the modifications of the GNPE-
Cys-Avidin-Aptamer-S100A8-9 protein modification (Red; GNPE,
Green; GNPE-Cys, Blue; GNPE-Cys-Avidin, Yellow GNPE-Cys-
Avidin-Aptamer).
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performed in a redox probe. The measurement results
are given as regression in Figure 5.

The selectivity study was carried out by testing artifi-
cial samples containing S100A8 and S100A9 separately
with the biosensor. A column graph was prepared based
on the EIS measurements shown in Figure 6A and per-
centages were calculated in Figure 6B. The response of
the biosensor to the S100A8-9 protein was accepted as %
100 and the response of the biosensor to the S100A8 and
S100A9 proteins was calculated relatively.

4 | CONCLUSION

In conclusion, the rising prevalence of Crohn’s disease
presents a formidable challenge to healthcare systems
worldwide, emphasizing the critical need for accurate
and early diagnostic tools. By an aptamer targeting
S100 A8 and immobilizing it on gold nanoparticles, this
biosensor provides a rapid and precise detection of cal-
protectin – a well-established biomarker linked to
Crohn’s disease. The extensive comparative assessments
against a conventional method, lateral-flow test, shows
the biosensor‘s exceptional accuracy and efficacy. A
chronoimpedimetric test recognizes that detection of cal-
protectin takes just 900 seconds. The calculated calibra-
tion curve equation and regression coefficient solidify its
consistency in measuring calprotectin levels. The suc-
cessful integration of advanced technology with clinical
diagnostics demonstrated in this study not only offers an
innovative solution for Crohn’s disease diagnosis but
also sets a precedent for the ongoing convergence of
healthcare and cutting-edge research. Moreover, this

F I G U R E 3 Chronoimpedimetric monitoring of S100A8-9
binding to the biosensor, red is baseline, black is S100A8-9
chronoimpedance signal increases.

F I G U R E 2 Atomic force microscopy pictures of the step-by-
step electrode modifications A: GNPE, B: GNPE/Cys, C: GNPE/
Cys/Avidin, D: GNPE/Cys/Avidin/Aptamer.
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biosensor holds the potential to significantly improve the
quality of life for individuals grappling with Crohn’s dis-
ease and contribute to the broader advancement of diag-
nostic methodologies in the area of gastrointestinal dis-
orders.
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