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Abstract

One of tg current issues with thyroid tumour is early diagnosis as it makes the

higher possibility of curing. This research was focused to detect and quantify the
level of mtarget sequence complementation of miR-222 with capture DNA
sequenc rdigitated Electrode (IDE) sensor. The aluminum electrode with the
gap a i izes of 10 um was fabricated on silicon wafer, further the surface
was ami tionalized for accommodating carboxylated-DNA probe. With DNA-
target mplementation, the detection limit was attained to be 1 fM as
estim a linear regression analysis [y = 1.5325x - 2.1171

R? = 0.9065] and the sensitivity was at the similar level. Current responses were
higher bylincreasing the target RNA sequence concentrations. Control experiments

with mis d/noncomplementary sequences were failed to complement the
capture uence immobilized on IDE, indicating the specific target validation.
This res elps diagnosing and identifying the progression with thyroid tumor

and miRNAgbeing a potential “marker” in atypia diagnosis.
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Focused ct the specific target sequence complementation of miR-222 on
ectrode (IDE) sensor at the level of 1 fM. Control experiments with
oncomplementary sequences were failed to complement the capture
DNA sequenc&immobilized on IDE, indicating the specific target validation. This
research helps diagnosing and identifying the progression with thyroid tumor and

miRNA being a potential “marker” in atypia diagnosis.
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1. Introduction

Thyroid tumor is a malignant starts in the thyroid glands located in the front part of
the neck and at the base of throat [1]. It starts with the healthy cells in the thyroid
glands and grow without control to form the tumor [2]. In general, thyroid cancer has
been diagnosed by the physical examination of the neck, X-rays and imaging
systems and used to identify the thyroid tumor. Further, the suspicious patients
undergo ultrasound guided fine needle aspiration [3]. The results of this procedure
may show suspicious malignancy, follicular neoplasm or features of atypia in the
diagnosis of thyroid nodules. Apart from that, these diagnostic methods are highly

depending on the technician and operators.

Currently a decent number of biosensors for diagnosing thyroid are
available predominantly with biochemical sensors [4,5]. Further developments
have been shown recently with involving artificial intelligence and
nanomaterial. These progresses made the way to produce high-performance
sensors for diagnosing issues associated with thyroid [6-9]. Various blood-
based biomarkers are supporting the diagnosis of thyroid tumor along with imaging

system. Among them microRNAs (miRNAs) are found to be dysregulated in various

types of cancers, including thyroid tumor [10-12]. miRNA based sensors have been
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designed similar to the strategies followed in DNA-based sensors. Both are working
with the formation of complementation, however, the sequence from miRNA
considered to be unique in the cellular system compared to the DNA and less
populated, which makes miRNA as an attractive tool in recent days. miRNA is an
endogenous, small, noncoding RNA, act as the negative regulators in gene
expression [13,14]. It plays a major role in cell differentiation, cell growth, adhesion
and apoptosis [15]. miRNA-222 is highly correlated with various types of cancers
such as gastric cancer, bladder cancer, breast cancer, papillary thyroid cancer [16—
19]. In particular, miRNA-222 has been found to be upregulated in the patient with
thyroid tumor, additionally, it differentiate between malignant and benign nodules
[20,21]. Detecting and quantifying the level of miRNA-222 helps to diagnose the
thyroid tumor and follow-up treatments. The current research is focused to quantify
the specific target sequence from miRNA-222 by complementing with capture probe.
Capture DNA sequence was immobilized on interdigitated electrode (IDE) sensor

through the amine-carboxylic acid linker and identified by target sequence.

IDE is an established transducing system, widely used in various applications,
especially in the field of biosensor to diagnose the range of diseases by its easier
fabrication process, inexpensive and higher-sensitivity [22,23]. These bring-out the
inherent advantages with additional advantageous such as, portability, real-time
output and the higher-performance [24-27]. In general, IDE sensor has been
involved a selective recognition of biological elements; it converted into an electric-
signal with the help of transducer. Targets for disease biomarkers, such as DNA,
RNA, protein, peptide, and receptor were successfully identified by using IDE sensor

by its lower detection level using appropriate probes (aptamer/antibody) [28-31]. In
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this research COOH-terminated capture DNA sequence was immobilized on amine-

modified IDE and detected by complementing the target miRNA-222.

2. Materials and methods

2.1. Reagents and biomolecules

Phosphate buffered saline (PBS) and (3-Aminopropyl)triethoxysilane (APTES) were

purchased from Sigma-Aldrich (USA). Ethanolamine was purchased from Fisher

Scientific (UK). All oligos were commercially synthesized and supplied from Apical

Scientific Sdn. Bhd. (Malaysia). The designed oligos are from Bettazzi et al. (2013)

[20] as follows: Target (miRNA-222) RNA sequence: 5

AGCUACAUCUGGCUACUGGGUCUC-3' (18 mer); Probe sequence: 5-COOH-C6-

GAGACCCAGTAGCCAGATGTAGCT-3" (18 mer); Noncomplementary: 5'-

UCGAUGUAGACCGAUGACCCAGAG-3" (18 mer); Three-mismatch sequence

(underlined): 5-~AGCUACAUCUCCGUACUGGGUCUC-3' (18 mer).

2.2. IDE sensor surface fabrication
IDE sensor was fabricated on silicon wafer by applying the traditional wet-
etching method as in the previous study [32]. The procedure for fabrication
was involved 7 mandatory steps: (i) silicon wafer was oxidized to form silicon
di-oxide layer by the thermal oxidation [at 500° C; 1 h]; (ii) On this oxidized
surface aluminum was layered by using the thermal evaporator; (iii) Spin-
coater was used to coat with positive photo-resist; (iv) UV-exposure was
utilized to transform the pattern by the photoresist; (v) Unexposed area was
removed by using the resist developer; (vi) Unexposed aluminum layer was
eliminated by immersing the electrode in an aluminum etchant solution; (vii)

Finally, fabricated IDE was washed with acetone followed by distilled water.
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2.3. Carboxylated-capture DNA immobilization

COOH-linked capture DNA was immobilized on IDE sensor through the amine
(silane) modification. Initially, the surface of IDE was hydrolyzed for 1 min with 1% of
KOH. Two percent of APTES was diluted in 30% ethanol and dropped on the
hydrolyzed IDE sensor and rested it for 2 hr. Washed the surface with 30% ethanol
and double distilled water thoroughly to remove the excess APTES. Then, 1 uM of
diluted COOH-capture DNA in PBS was placed on amine-modified IDE sensor and
kept for 1 h at RT (activation step was preferred). The surface was washed five times
with PBS buffer and then the excess amine surface was blocked by 1 M
ethanolamine to avoid the nonspecific binding. These COOH-capture DNA
immobilized surfaces were utilized to detect the target DNA complementation of the
designed sequence from miRNA-222.

2.4. Determination of target RNA complementation

Hundred picomolar of the diluted target RNA sequence (miRNA-222) was dropped
on COOH-capture DNA modified IDE sensor and kept for 30 min to form a duplex
formation. After the surface washed with PBS buffer, the changes in current were
noted. The current difference between before and after the duplex was considered
as the real interaction of capture-DNA and target-RNA. To find the limit of detection,
target RNA concentrations with 100 aM, 1 fM, 10 fM, 100 fM, 1 pM, and 10 pM were
duplexed individually on COOH-capture DNA modified IDE sensor and then the
current reading was noted after 30 min incubation followed by the washing step. The
difference in current for each target RNA concentration was plotted in an excel sheet
as a linear regression graph to estimate the limit of detection. Limit of detection was

considered from the calibration line at low concentrations against the background
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signal (Signal-to-noise as 3:1) and estimated (standard deviation of the baseline +
30).
2.5. Control experiments for the specific detection of target RNA

complementation

Control experiments were performed with triple mismatch and noncomplementary
RNA sequences of target for miRNA-222. In addition, the surface with no capture-
DNA sequence against the specific target was tested. A 1 uM of these sequences
was complexed on COOH-capture DNA modified IDE sensor. The changes in
current before and after immobilizations were noted. This current change was
compared with the specific complementation of capture DNA and target RNA.

3. Results and Discussion
There are different ways have been followed for the interaction of biomolecules

towards the validation of disease biomarkers on the sensing surfaces [33-35].
These interactions include, protein-protein, protein-antibody, protein-aptamer, DNA-
DNA, DNA-RNA, probe-receptor, probe-glycan, probe-lipid. With these wide range
options, panels of biosensors were generated [11,36—-39]. However, the preferences
fall with the affinity between the desired target molecule/biomarker of interest against
the probe, which can capture the targeted molecule. In the current investigation,
RNA sequence was targeted to complex with DNA as the capturing probe for

determining thyroid tumour on the interdigitated electrode (IDE) sensor (Figure 1).

The target RNA sequence from miRNA-222 was identified on IDE sensor
surface towards diagnosing thyroid cancer. The dimensions of IDE surface are with,
a length of 7500 um; a width of 4100 um; 20 finger-gap pairs; a gap size of 85 um;
electrode size of 100 um; electrode thickness of 40 nm; and a finger length of 4000

um. Figure 2 shows the graphical illustration of surface immobilization of the capture
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DNA and its duplex with the target RNA (miRNA-222) on IDE sensor. Initially, the
fabricated aluminium electrode on the silicon wafer was validated under high-power
microscopy and measured the finger and gap regions to be 10 um. IDE surface was
modified into amine by using 2 % of APTES and then COOH-terminated capture
DNA was attached. COOH in capture DNA interacts with amine on IDE through the
chemical-coupling. Capture DNA molecule immobilization is playing a crucial role in
improving the limit of detection. Higher and proper immobilization of capture
molecule attracts higher number of target sequences. Our earlier research biotin and
tetravalent streptavidin complex strategy was used to immobilize the capture DNA on
IDE sensor, but it involves more steps and leads to an increased experimental
timing. In the current work, capture DNA was directly immobilized on IDE sensor
through one step chemical-coupling of capture DNA and surface of IDE. This method
minimizes the experimental step and cost. On the DNA captured sensor surface,

target RNA sequence from miR-222 was detected and calculated the detection limit.

3.1. Confirmation of COOH-capture DNA immobilization

COOH-capture DNA [5'-COOH-C6-GAGACCCAGTAGCCAGATGTAGCT-31
immobilization was confirmed by measuring the changes in the current level on IDE
sensor (Figure 3a). APTES modified IDE was showing the current level to be 1.57E-
07 A, after drop the COOH-capture DNA, the current was increased to 5.37E-07 A.
The difference in current was noted as 3.8E-07 A. This increment in current was
clearly declared the chemical-coupling of amine on IDE with COOH-terminated

capture DNA.
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3.2. Detection of miRNA-222 on capture DNA-modified IDE

The surface of IDE was blocked with ethanolamine before detecting the target DNA
sequence [5-AGCUACAUCUGGCUACUGGGUCUC-37 in order to avoid the
nonspecific binding. After adding the ethanolamine, the current was increased a little
higher to 6.23E-05 A. This minimal increment was due to the ethanolamine
attachment on the remaining IDE sensor surface, which is free from the capture
DNA. This capture DNA modified IDE was utilized to detect miR-222 target RNA
sequence on IDE sensor. As shown in figure 3b, after adding 100 pM of target RNA,
the level of current was increased to 1.63 E-04 A. The difference in current was
noted as 10.2 E-07 A. This current increment was confirmed the duplex formation

from capture DNA and target RNA sequences.

3.3. Limit of detection with target miRNA-222 complementation

To calculate the limit of detection with target (miRNA-222) complementation,
different concentrations of target RNA and capture DNA duplex formation was
calculated on IDE sensor. For that 100 aM to 10 pM of target RNA concentrations
were titrated and interacted individually on COOH-capture DNA immobilized IDE
sensor. As shown in figure 4a, after drop 100 aM of target, the current response was
increased from 6.23E-05 to 6.84E-05 A. The difference in current change was noted
as 0.61E-05 A. This increment in current was confirmed the detection of 100 aM of
target RNA on capture DNA modified IDE sensor. Further, 1 fM, 10 fM, 100 fM, 1
pM, 10 pM were tested and the current responses were to 7.45 E-05, 7.96E-05,
9.02E-05, 1.10E-04 and 1.30E-04 A, respectively. As revealed from the current
responses, with increment in the target concentrations, the responses in currents

were gradually increased (Figure 4b). These changes caused the difference in
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current were noted as 1.22, 1.73, 2.79, 4.77, and 6.77 E-07 A, respectively. This
difference was plotted in a linear regression graph, and calculated the limit of
detection of target was 1 fM. Further, the sensitivity was also falling under the

similar level (Figure 5a).

3.4. Control experiments for the specific detection of target miRNA-222

Control experiments were carried out to confirm our system that can specifically
detect the target RNA sequence. Two sequences namely, triple mismatch [5-
AGCUACAUCUCCGUACUGGGUCUC-31 and noncomplementary [5-
UCGAUGUAGACCGAUGACCCAGAG-3 of the desired RNA target sequences
were dropped individually on COOH-capture DNA immobilized IDE sensor and the
changes in current were noted. Similarly, the specific sequence [5'-
AGCUACAUCUGGCUACUGGGUCUC-3T was tested on the IDE surface without
capture DNA probe. As shown in figure 5b, all control experiments were failed to
show any significant current responses confirming the specific detection of target
and no nonspecific binding.

4. Conclusion

This research was focused to determine the thyroid tumor by detecting the blood-
based biomarker, miRNA-222 on interdigitated electrode (IDE) sensor. COOH-
capture DNA was chemically immobilized on IDE sensor surface. Target sequence
from miR-222 was duplexed on capture DNA sequence modified surface, and
confirmed by measuring the changes in the current response. The limit of detection
and sensitivity with target RNA and capture DNA interaction were calculated as 1 fM,
and with increasing target concentrations, the responses in current were increased.

In addition, control sequences [noncomplementary and triple mismatch sequences]
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of target did not show the significant changes in current response, which confirmed
the specific detection. This experimental detection of miRNA-222 helps to determine

thyroid tumor and its progression.
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Figure 1: Overview on thyroid cancer and detection. miRNA-222 based detection on IDE is shown.
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5-COOH-CB8-GAGACCCAGTAGCCAGATGTAGCT-3' 5-AGCUACAUCUGGCUACUGGGUCUC-3'
Probe (miRNA-222) Target (MiIRNA-222) 2
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Figure 2: Diagrammatic representation for the detection of miRNA-222. DNA-RNA based detection is
shown. IDE sensing surface observed under high-power microscopy is displayed.
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Figure 3: Preliminary assessment on measurements. (@) Surface chemical functionalization. (b)
Probetarget interaction. 100 pM of the target was tested. Arrow indicates the direction of current
changes. Figure inserts are diagrammatic representation.
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Figure 4: Dose-dependent analysis. (a) Concentration-dependent current changes. Concentrations from

100 aM until 10 pM were tested. (b) Averaged data. Values were averaged by triplicates (n=3).
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Figure 5: High-performance analysis. (a) Linear regression analysis. R-squared value was estimated to
be 0.9065. (b) Specificity analysis. Noncomplementary, triple-mismatched sequences and detection in
the absence of probe were compared with the specific detection. Figure inserts are diagrammatic

representation.
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