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ABSTRACT
This research is focussed to quantify IGF1 by electroanalytical analysis on InterDigitated electrode sur-
face and characterized by the microscopic observations. For the detection, antibody and aptamer were
used to analyze the level of IGF1. The sandwich pattern (aptamer-IGF1-antibody) was designed on the
chemically modified IDE surface and reached the limit of detection to 10 fM with 100 folds enhance-
ment in the sensitivity. Different control experiments (absence of IGF1, binding with IGF2 and with
non-complementary aptamer) were failed to show the current changes, discriminated the specific
detection. A good detection strategy is to complement the currently following imaging systems
for AAA.
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Introduction

Abdominal Aortic Aneurysms (AAA) is a progressive multifac-
torial disease, occurring with 9% of adults aged at �65 [1–3].
AAA has been recognized when the abdomen aorta wall dis-
tension or bulge due to the weakness of the aorta wall.
Smoking found as one of the main reasons for AAA, and
other reasons are blood pressure and atherosclerosis [4–6].
When AAA becomes the size of 5.5 cm and more, it ruptures
even at the normal blood pressure level. This rupture leads
the excess bleeding or haemorrhage and can be fatal. Since
the rupture is asymptomatic, the current imaging analyses
such as magnetic resonance imaging, computed tomography,
and ultrasound are not enough to confirm the occurrence of
AAA before being at the ruptured stage. It makes to follow
the continuous screening using biological markers at the
older age in order to diagnose AAA and the condition [7].
Different biological mechanisms are correlated with AAA and
the associated progress for rupturing [8]. Along with imaging,
researches are focussing on the blood-based biomarker to
diagnose and identify the condition of AAA. Identifying the
right biological marker helps to target the diagnosis of AAA
and analyze its size. Insulin like growth factor-1 (IGF1) was
found as the suitable biomarker for AAA. [9] have conducted
the research to identify the role of IGF1 with AAA, and found

that in serum level of IGF1 was positively correlated with the
size and growth of AAA. Identifying the level of IGF1 helps to
predict the size of AAA and helps to prevent the surgery. In
addition, in an older men, higher level of IGF1 has been
found to be associated with AAA [10]. Various researchers
confirmed the positive correlation of with the level of IGF1
for the identification of AAA and its sizes [11,12]. In this
research, the biomarker IGF1 was identified on the aptamer-
immobilized InterDigitated electrode (IDE) and sandwiched
by the appropriate antibody for the detection molecule.

Affinity of detection molecule with target plays a major
role for measuring the lower level of target detection [13,14].
This research uses aptamer as the capturing probe and anti-
body as the detection probe to detect IGF1 at its lower level.
Antibody is a well-known detection molecule efficiently used
with various Immunosensing systems, such as Enzyme Linked
Immunosorbent Assay, Western blot, Surface plasmon ana-
lysis, Waveguide-mode sensor and RAMAN spectroscopy
[15–18]. Due to the higher stability in biological fluid, anti-
bodies are used to detect the analytes in the body fluid,
which includes saliva, serum, and sweat. On the other hand,
aptamer is known as an artificial antibody developed from
the DNA randomized library by involving three major steps,
which are binding with target, separation of bound and

CONTACT Jianlie Wu qdfywjl@sina.com Department of Oncology, The Affiliated Hospital of Qingdao University, Qingdao City, China; Xunqiang Liu
xnn201408@sina.com Department of Vascular surgery, Yan’an Hospital Affiliated to Kunming Medical University, Kunming City, Yunnan

Province, China
This article has been republished with minor changes. These changes do not impact the academic content of the article.
� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY
2021, VOL. 49, NO. 1, 30–37
https://doi.org/10.1080/21691401.2020.1865992

http://crossmark.crossref.org/dialog/?doi=10.1080/21691401.2020.1865992&domain=pdf&date_stamp=2021-01-29
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


unbound and amplification of bound molecule [19–23]. Since
the selected aptamers having proof of higher binding affinity
than antibody to its target molecule, research are focussing
to utilize the aptamer in various fields, including biosensor
[24,25]. Antibodies and aptamers are having their specific
positive features and both have different binding sites with
their target molecule. In this context, sandwich detection
strategy with aptamer and antibody can be possible to
enhance the target detection [26]. In the sandwich detection
aptamer and antibody both can work as either capture or
detection molecule, but in general high affinity capture mol-
ecule improves the detection of target molecule. Since
aptamers having more binding affinity at several instances
with its target, here aptamer was used as the capture probe,
while antibody was used as the detection probe for detecting
IGF1 on IDE sensing surface.

IDE is the amperometric based sensor, found as the prom-
ising tool due to its simple, rapid, user-friendly, portable and
multiple detections. In particular IDE is more attractive due
to its miniature size. IDE operates with the electric field pene-
tration, and make them sensitive with the changes on the
surface. IDE is a dielectric system forming a uniformly
arranged gaps and fingers with the desired sizes. The opti-
mized gap regions and layer depositions on IDE have found
to enhance the performance of sensor, especially with the
sensitivity. In addition, the suitability of oxide materials fol-
lowed by the appropriate surface functionalization promotes
the sensing behaviour. With this proper arrangement IDE
based dielectrode sensor operates by the mechanism of
dipole moment upon the attaching or interacting the mole-
cule(s) on the surface. In addition, IDE surface is completely
exposed to the open measurement and faster [27,28]. IDE
sensor has been used to detect a wide range of molecules,
which includes DNA, antibody and aptamer at their lower
level. The current study is preferred to utilize IDE sensor for
detecting the level of IGF1 by using aptamer and antibody
sandwich pattern.

Materials and methods

Reagents and biomolecules

IGF1, IGF2 Anti-IGF1 were procured from Sino Biological
(China). Al-coil, Phosphate buffered saline (PBS). Al-etching
solution, and 1,10-Carbonyldiimidazole (CDI) and human
serum were acquired from Sigma-Aldrich (USA).
Ethanolamine was received from Fisher Scientific (UK).
Biotinylated-aptamer for IGF1 detection was synthesized and
received from the local supplier. The original aptamer
sequence (50-ATACGGGAGCCAACACCAGATGCGAGGACGGTGG
GTGGGAGGGTGGAGGTCTCGAGAGCAGGTGTGACGGAT-30) was
adopted from the earlier report [29]. For the control experi-
ment, the non-complementary sequences of the aptamer (50-
TATGCCCTCGGTTGTGGTCTACGCTCCTGCCACCCACCCTCCCAC-
CTCCAGAGCTCTCGTCCACACTGCCTA-30) were prepared. Silica
wafer was received from Mallinckrodt Baker (USA). Resist
developer and positive photoresist were purchased from
Futurrex Inc. (USA).

IDE sensing surface fabrication

IDE sensor was fabricated by wet etching method as
described previously [21]. In the first step on the silicon
wafer, IDE electrode was printed. For that the first the posi-
tive photo resist was coated on the silicon wafer surface and
backed for 90 s. Then the pattern was transformed to the sur-
face, and UV (Ultra-Violet) light was exposed on the surface
for 10 s. Followed by developing on the surface for 15 s by
using the RD-6 developer and again backed for 110�C to
remove the excess moisture and the adhesion between the
silica and silver layer. At last, the silver etchant process was
carried out for 23 s to clear the unexposed portion. Further
the necessary chemical functionalization was performed to
immobilize the biomolecule on the fabricated IDE electrode.
The surface was characterized by the microscopic assess-
ments as described by Letchumanan et al [21,27].

Immobilization of aptamer on IDE sensor surface

Specific aptamer for IGF1 was immobilized on IDE sensor sur-
face by using biotin-streptavidin linker. Initially to immobilize
the streptavidin on IDE surface, CDI chemical linker was used.
For that, 0.5M of CDI was added on IDE and kept for 1 h at
room temperature (RT). The surface thoroughly with distilled
water, to eliminate the excess CDI, 200 nM of diluted 5 mL of
streptavidin was dropped and kept for 1 h. Then the surface
was washed with PBS buffer, and the excess surfaces were
masked by 1M of diluted ethanolamine for 1 h to get
improved signal to noise ratio. Finally, 1M of diluted biotiny-
lated aptamer was dropped on streptavidin modified IDE sur-
face and kept for 30min at RT to allow the binding of biotin
with the tetravalent streptavidin. This surface was utilized to
identify and quantify IGF1 level. The changes of current were
recorded after each immobilization process for comparison.

Detection of IGF1 on aptamer-IDE sensor:
electroanalytical analysis

IGF1 detection was analyzed by aptamer-IDE surfaces. For
that, IGF1 concentration with 1 nM was dropped on the bioti-
nylated-aptamer surface. The changes in current level were
recorded after wash the surface with PBS buffer. A linear
sweep voltage with 0 to 2 V at 0.01 V step voltage were used
for the measurements by ammeter and parameters were fol-
lowed as shown in the earlier report [27].

Limit of detection of IGF1 by aptamer interaction

Detection limit of IGF1 was estimated by carrying the experi-
ment with different concentrations of IGF1 interaction with
aptamer. For this experiment, IGF1 concentrations are from
10 fM to 1 nM with ten order dilutions made and added on
aptamer surfaces individually and kept for 30min. Washed
the sensor surface with PBS buffer and measured the current
changes before and after the immobilization of IGF1. The dif-
ferences in the current were plotted in excel to calculate
detection limit.
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Aptamer-IGF1-antibody sandwich detection

To improve the detection, aptamer-IGF1-antibody sandwich
was analyzed on IDE sensor. For that, on the aptamer-IGF1
interacted surface, 200 nM of anti-IGF1 antibody was dropped
and kept 30min. Washed the sensor surface with PBS and
tested the changes in current level before and after the
immobilization of anti-IGF1 antibody. The values from the dif-
ferences in the current levels were plotted in excel sheet for
calculating the interaction of IGF1 and antibody.

Selective detection of IGF1

IGF1selective detection was analyzed with three different
type of control biomolecules, namely, (i) non-complementary
aptamer sequence instead of aptamer, (ii) with control pro-
tein (IGF2) instead of IGF1, (iii) the surface without aptamer.
These three control biomolecules were compared with the
IGF1 specific detection with aptamer.

Detection of IGF1 from human serum

IGF1 was also detected from human serum, for that diluted
human serum from 1:1280 to 1:80 by two order dilutions and
added independently on the aptamer modified IDE sensor,
followed by sandwiched with 200 nM of antibody. The
changes of current were calculated for each experiment
and compared.

Results and discussion

Abdominal Aortic Aneurysms (AAA) has been identified by
the chronic inflammation occurs in the area of abdomen
aorta of human, especially at the age of 60 or older. Smoking
and hypertension were found to be the main causes of AAA

[30]. The rupture or breaking down of AAA causes the heavy
bleeding and it can be fatal. The sizes of 5.5 cm or more are
considered as the larger AAA and need to be repaired [6,31].
Until now, imaging such as computed tomography (CT),
ultrasound, and magnetic resonance imaging (MRI) were per-
formed to diagnose AAA [32]. In general AAA do not show
any symptom until it become serious, so that along with the
imaging a regular screening on AAA biomarkers helps to
identify and treat AAA easily. Moreover, biomarkers also help
to monitor the progression of treatment with AAA. In this
research, IGF1, a biomarker for AAA was detected by its
aptamer on IDE sensor. Additionally, to improve the detec-
tion, aptamer-IGF1-antibody was also carried out on IDE sur-
face to diagnose AAA. Before being go for the biomolecular
assembly and interaction, the surface uniformity and intact-
ness were morphologically confirmed by high power, scan-
ning electron microscope and 3D-nanoprofiler imaging
analyses (Figure 1(a–e)). This study primarily aims to generate
an alternate method over sensitive fluorescence and bio-
luminescence detections. To fulfil this notion, low current lev-
els have been used at narrow sweep current intervals.
Further, the optimal gap size was desired at 10 mm, further
the sandwich pattern enhanced the sensitivity. Current study
uses alternate strategy instead of impedance to quantify the
specific binding of IGF-1 on the probed surface. The system
operates based on the dipole moment of dielectrodes with
the attachment/interaction of molecules [27].

Figure 2(a) is the schematic presentation of IGF1 detection
by sandwich pattern of aptamer-IGF1-antibody on IDE sensor.
Since it was proved that biomolecule, especially DNA immo-
bilization on sensing surface through biotin-streptavidin strat-
egy improves the high number capture probe immobilization
with the proper arrangement, this study used the similar
strategy to immobilize the biotin on IDE surface [28,33].
Streptavidin was immobilized on IDE surface through CDI

Figure 1. Surface morphology analysis on IDE. (a) Basic mask design of IDE; (b) SEM image; (c) High-power microscopy image; (d) Normal image under 3D-nanopro-
filer; (e) 3D-image under 3D-nanoprofiler.
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chemical linker and then biotinylated aptamer was interacted
and the surface was used to detect IGF1. Aptamer and anti-
body can have different binding sites on the single target
and improves the detection. In the current study, IGF1 was
sandwich patterned between aptamer and antibody [26]. In
most of the sandwich-based analysis, polyclonal antibody has
been used as the capture probe and monoclonal antibody
used as the detection probe. Herein, aptamer is expected to
capture more IGF1, and used as the capture probe and anti-
body was used as the detection probe. Figure 2(b) shows the
crystal structure of IGF1 (PDB accession: 1GZR) from the pro-
tein data bank. Similarly, the secondary structure of aptamer

was predicted by mfold software with its energy levels
(Figure 3(a,b)). The predicted aptamer folding pattern dis-
plays the three prominent loops and strong stems.

Process of aptamer immobilization on IDE sensor

Figure 4(a) explains biotinylated aptamer immobilization pro-
cess on IDE sensor. After each step the current changes level
were noted to get the conclusion of the biomolecule immo-
bilization on IDE sensor. CDI treated IDE sensor current level
was shown as 1.64E-08 A, after drop streptavidin, it was
increased to 2.28E-07 A. This current increment is clearly

Figure 2. (a) Schematic representation of IGF1 detection by aptamer-antibody sandwich. IGF1 was interacted on chemically immobilized aptamer surface and then
sandwiched by antibody. Figure inset explains the dipole moment mechanism. (b) Crystal structure of IGF1. PDB accession is 1GZR.

Figure 3. Probably secondary structures of IGF-1 aptamer. (a) Secondary structure with stems and loops; Loop regions are indicated by blue circles. (b) Energy levels
(dG). Predicted by the mfold online software.
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stated the interacting of streptavidin on CDI-modified sensor.
Further, the surface was covered by ethanolamine, and the
current was increased to 3.47E-07 A. Finally, the biotinylated
aptamer was added, the current change was drastically
dropped to 1.8E-07 A, due to the interaction of biotin with
streptavidin. It has been widely accepted that single strepta-
vidin molecule is able to capture four biotin molecules.
Considering this concept, this study titrated five different
ratios (1:1, 1:2, 1:3, 1:4 and 1:5) of streptavidin and biotiny-
lated aptamer. As displayed in the Figure 4(a) (inset) could
observe gradual increments until 1:4 and at 1:5 it reaches the
saturation. Based on these observations, 200 nM of streptavi-
din and 1 uM of biotinylated aptamer were used in this
study. This overall immobilization process confirms the modi-
fication of IDE surface with aptamer.

Igf1 detection on aptamer-IDE surface:
electroanalytical analysis

On the aptamer-IDE surface, IGF1 was interacted and quanti-
fied. IGF1 at the concentration of 1 nM was added on IDE-
aptamer surface, and the current level was increased from

1.8E-07 to 2.29E-06 A. The difference in the current before
and after interacting IGF1 was found as 2.11E-06 A
(Figure 4(b)). This increment in current was confirmed by the
interaction of aptamer and IGF1.

Limit of IGF1 detection by aptamer

Limit of detection with IGF1-aptamer interaction was calcu-
lated by analyzing different concentrations of IGF1 binding.
Figure 5(a) shows the binding of IGF1 from 10 fM to 1 pM on
the immobilized aptamer with IDE surface. As shown in fig-
ure with 10 fM of IGF1, the current level was increased to
5.63E-07 A. Further, with the increased the concentrations to
0.1, 1, 10, 100, and 1000 pM, the current were increased as
6.87E-07, 1.25E-06, 1.55E-06, 2.07E-06 and 2.29E-07 A, respect-
ively. The concentrations of 100 and 1000 pM are showing
the closed current changes level, indicating the saturation
with IGF1 and aptamer interaction.

Sandwich pattern with aptamer-IGF1-antibody

To elevate the IGF1 detection, aptamer-IGF1-antibody sand-
wich pattern was analyzed on IDE sensor surface. On the

Figure 4. (a) Surface Chemical immobilization of aptamer on IDE surface. Streptavidin was immobilized on IDE surface through CDI linker, and then biotinylated
aptamer was interacted with streptavidin. With each immobilization steps the current changes was clearly monitored. Figure inset displays the titrations with differ-
ent ratios of streptavidin and biotin. (b) Detection of 1 nM IGF1 on aptamer immobilized surfaces is shown. After interacting IGF1 on aptamer surface, the current
was drastically increased. Diagrammatically represented by the figure insets.

Figure 5. (a) Detection limit of IGF1 on aptamer modified surface. Different concentrations of IGF1 were interacted on aptamer surface, the current changes were
noticed. With increasing concentrations, the current levels were gradually increased. (b) Sandwich with antibody. 200 nM of antibody was interacted on aptamer-
IGF1 (10 fM to 1 nM) modified surfaces, the current levels were recorded. With increasing IGF1, the levels of current were gradually decreased. Diagrammatically rep-
resented by the figure insets.
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aptamer-IGF1 (10 fM to 1 nM) surfaces, 200 nM antibody was
added and the current changes were recorded. On all the
interacted concentrations of IGF1, the current changes were
clearly noted after adding the similar concentration of anti-
body (Figure 5(b)). On 10 fM of IGF1 attached surface, the
current was decreased from 5.63E-07 to 4.89E-07 A. Similarly,
changes on other concentrations were monitored, with
100 fM it was from 6.84E-7 to 5.45E-07 A, 1 pM showed from
1.25E-6 to 8.32E-07 A, 10 pM displayed from 1.59E-6 to 7.5E-
07 A, 100 pM showed from 2.07E-6 to 7.5E-07 A, and 1 nM
showed from 2.29E-6 to 6.1E-07 A (Figure 6(a)).

Correlations between interactions were analyzed graphic-
ally by using the slope of the regression line and explored
with the multiple linear regression. With the coefficient vari-
ance of the model (R2), the standardized correlation coeffi-
cient was presented. The obtained R2-value with IGF1 and

Figure 6. (a) Current level of IGF1 binding on aptamer and antibody binding on IGF1. Error bar indicates the averaged values from triplicates (n¼ 3) with the stand-
ard deviations. (b) Difference in current changes with IGF1 binding on aptamer and antibody binding on IGF1. Plotted by a linear graph and the limit of detection
was found as 10 fM. The limit of detection (LOD) was considered the lowest concentration of an analyte (from the calibration line at low concentrations) against the
background signal (S/N¼ 3:1), in other word, LOD¼ standard deviation of the baseline þ 3r.

Figure 7. (a) IGF1 detection from diluted human serum. Diluted human serum from 1:80 to 1:1280 was dropped on aptamer surface and then sandwiched by anti-
body. From the dilution of 1:640, the current level was noted to increase. (b) Control experiments. Performed with commentary aptamer, IGF2 and without aptamer.
All control experiments did not show any significant changes in current compared with the specific interaction of aptamer with IGF1. Differences in current changes
were plotted as figure insets. Error bar indicates the averaged values from triplicates (n¼ 3) with the standard deviations.

Figure 8. Reproducibility test. The repetitions were performed on different sur-
face modifications.
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aptamer was 0.9852 and with antibody it was 0.9228. A linear
regression model was constructed based on graph of linear
equation. From this result, it was concluded that with all the
concentrations of IGF1, this sandwich assay improved the
current level, indicates the improved detection by aptamer-
IGF1-antibody sandwich pattern. The detection limit was cal-
culated by suing the 3r and it was found as 10 fM of IGF1
(Figure 6(b)). Based on the obtained slopes, both involved
two probing molecules (aptamer and antibody) either as cap-
ture or detection molecule. But pattern of sandwiches are
vice-versa and both molecules contributed for these detec-
tions. However, when uses aptamer as the capture molecule,
the response in current was higher with ultimate increment
in the detection limit to the level at 10 fM (n¼ 3;
LOD¼ standard deviation of the baseline þ 3r). Whereas,
when antibody used as the capture molecule the detection
limit was reaching at 1 pM with the discrimination by 100
folds lesser sensitivity and aptamer behaves better. Even
though the size of antibody is larger than aptamer, it does
not show the current level improvement. These results clearly
proved that aptamer can be an ideal capturing molecule and
antibody is good to be as detection molecule.

Detection of IGF1 in human serum by sandwich with
aptamer and antibody

After the successful identification of pure IGF1 on IDE sensor,
IGF1 was detected from the human serum by using aptamer.
Human serum was diluted as 1:500, 1:250, 1:125, and 1:60
and 1:30 and added on aptamer immobilized surfaces and
sandwiched by IGF1-antibody. As shown in the figure, 1:500
dilution shows slight change of current, from 1:250 the
changes were clear and the current increments were getting
the conclusion of the detection of IGF1 from human serum
(Figure 7(a)). In various researches, it was proved that
aptamers are more stable in serum containing sample. The
obtained result in the current research is also concluded the
stability of the aptamer for IGF1 detection in human serum.

Selective IGF1 detection by aptamer

Three control experiments with different biomolecules were
performed to analyze the selective IGF1 detection by the
aptamer. As shown in Figure 7(b) without aptamer, IGF1 did
not show any particular current changes. And also, the non-
complementary aptamer (complementary bases of aptamer

sequences) cannot interact with IGF1. The other control was
carried out with the protein IGF2 and it failed to bind with
IGF1 aptamer. From the results obtained above was con-
cluded that IGF1 was specifically bind with its immobilized
aptamer on IDE sensing surface. Further, the reproducibility
of different surface modifications was evaluated and the out-
come clearly indicates a good reproducibility (Figure 8).
Overall, the demonstrated sensing system has shown high-
performance and comparable with the currently available sys-
tems (Table 1).

Conclusion

This research is focussed to detect IGF1 [a well-known bio-
marker for Abdominal Aortic Aneurysms (AAA)] by its
aptamer on the InterDigitated electrode (IDE) sensor, because
AAA is a life-threatening vascular disease, predominantly
found with the people at older ages. It was found that the
limit of detection of IGF1 was 10 fM. Further, the sandwich
pattern of aptamer-IGF1-antibody was improved the current
level in all the concentrations of tested IGF1. In addition,
IGF1 was detected from the diluted human serum, and from
1:250 dilution, the current changes were clearly noted. This
research helps to diagnose the AAA and its condition to sup-
port the imaging analyses.
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Table 1. Comparison with the current detection methods on AAA.

Method Measurement mode Probe Accuracy mode Accuracy Ref.

Interdigitated electrode Immuno-sensing Antibody Dose-dependent analysis At low picomolar [34]
Ultrasonic transducer Oscillator – Distance travelled 2–400 cm [35]
ELISA Immuno-sensing Antibody Dose-dependent analysis 400 pM [36]
Telemetric pressure Intra-aortic pressure – Transmission range 10 cm [37]
Telemetric pressure Operating frequency – Transmission range 120mm [38]
ELISA Immuno-sensing Antibody Dose-dependent analysis 1 pM [39]
Wireless pressure Operating frequency – Resonant frequency 40.27 kHz/mm Hg [40]
Interdigitated electrode microwave Operating frequency – Frequency 200MHz & 4GHz [41]
Interdigitated electrode Duplex formation MicroRNA Dose-dependent analysis At low femtomolar [42]
Interdigitated electrode Aptasensing Aptamer Dose-dependent analysis 10 fM Current work
Interdigitated electrode Immuno-sensing Antibody Dose-dependent analysis 1 pM Current work
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