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ABSTRACT

Synthetically produced miRNA molecules plays an important role as biomarker to examine and investigate the diagnosis of
some diseases including cancer. In order to develop a sensitive electrochemical biosensor system for the detection of miRNA
molecules, the anti-miRNA molecules are synthesized and immobilized on the biosensor surfaces and observe the signal
changes via a proper measurement. Immobilization time and temperature along with the anti-miRNA concentration are
critically important for an appropriate observation of the miRNA detection sensitivity of the prepared biosensor system. In this
regard, synthetically produced anti-miRNA (anti-miR451(G)) was purchased and diluted into different concentration by using
phosphate buffer solution. Then, the solutions were immobilized on the screen printed electrodes (SPEs) and the guanine
oxidation signal of the anti-miRNA molecules were observed via differential pulse voltammetry method (DPV). An appropriate
concentration of the solution was selected and dropped on the SPEs and held on at different temperatures (-18, +5 and +25 °C)
for1, 3, 14 and 21 days and DPV measurements were conducted to investigate the optimum immobilization time and
temperature. The result shown that guanine oxidation signal was increased by increasing the concentration of the genetic
molecules in the immobilization solution and increased less after that point when the concentration increased more because the
surface reached to a certain saturation value . The guanine oxidation signal revealed that the best suitable storing temperature
after the immobilization was +5 °C determined.
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1. INTRODUCTION

Early diagnosis of diseases is important for determining an effective treatment program. Diagnosis of
many diseases can be achieved by detecting and examining genetic molecules. For this, the genetic
molecule can be obtained directly from the living creature that has caught the disease, or can be obtained
and examined from the microorganism that causes the disease. For example, some diseases such as
breast cancer[1], haemophilia A [2] and cystic fibrosis [3] are related with the human genome and could
be diagnosed via genetic methods. Covid-19 [4] and influenza [5] are virus related diseases and could
be diagnosed by extracting the genetic molecules from the infecting virus and investigating them by
using genetic characterization methods.

The proper detection of genetics base sequences in human, viral and bacterial nucleic acids is very
important in a wide range of fields, it include the detection of diseases-causing, food-contamination and
a large type of pathogenic diseases. A convenient and efficient diagnostic system should be developed
with caring the same level of sensitivity, precision with the ability of detecting different targets, in view
of the most used diagnostic methods are laborious, time consuming and complicated. The properties of
selectivity, compatibility with micro-scale technologies and the label-free characteristic make
electrochemical biosensors a wide opted tool for the large applications [7]. A variety of immobilization
strategies and transducing materials have been developed [6].
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Screen printing microfabrication technology is continuously in development and have been combined
with the electrochemical DNA biosensors research to fabricate analyte specific sensors [8][9], the screen
printed electrodes SPE proved a ductility and flexibility to be designed with a wide range of materials
and able to be modified with a different biological elements such enzymes, antibodies, DNA and other
recognition elements [10]. Nanomaterials have also accelerated the performance of the electrochemical
application by a high bio-compatibility and enhancing the electron transfer [11], and the combination
with the SPE properties could lead to a synergistic effect eliciting unforeseen advantages. As presented
in the literature studies, there is a wide range of conventional electrodes, the carbon based screen printed
electrodes have shown a good extent in comparison to other metals based electrodes, it was also
demonstrated that there is a function between the surface morphology and the electrochemical activity
of the electrodes which makes the choice of the working electrode depending upon the electroanalytical
application and technique used [8].

MicroRNAs (miRNAS) are single stranded, non-coding RNA molecules established of a class of 18-22
endogenous nucleotides in length that affect the mRNA stability and translation, combining with the 3’
end of the untranslated regions (3'UTR) of target mRNAs, resulting in target gene degradation or
inhibition of its translation [12]. MicroRNA play a crucial role in tumor proliferation, tumor
development is associated to the glucose metabolism [13] and are predicted to regulate the expression
of approximately the one-third of the human genes [14]. The literature present a wide scale of studies
and have shown that some miRNA regulate cellular differentiation, proliferation and apoptotic
processes, that are proved with a higher importance in cancer aggravation, the miRNA profiling across
different human cancers has proved that miRNAs were an efficient indicators of the developmental
origin of cancers [15].various technologies for detecting miRNA have been developed such template
repairing-PCR [16], microarrays [17] and northern blotting [18], the disadvantages of these processes
are the high cost and production time which is long, this make the research in continuous development
to conceive a low cost, flexible and easy techniques for miRNA analysis without losing the efficiency
and the level of sensitivity. miRNA-451 exists in the human genome and has been considered as
biomarker for some types of cancers [19] [20]. The recent studies in this field concentrate the effort on
the properties of the miRNA-451 and shown that it can modulate process of tumorigenesis and the
behaviour of cancers cells by deleting a series of oncogenes [21].

Electrochemical genetic sensors are considered as an alternative way for the detection of miRNA
biomarkers and have promising feature in the miRNA biosensor field because of their fast, repeatable,
feasible and easy applying properties. Various electrodes such as glassy carbon electrodes[22], pencil
graphite electrodes[23], screen printed electrodes[24] and carbon paste electrodes[25] are used in
electrochemical genetic biosensor measurements. During the sample preparation and the measurement,
first the genetic molecules were attached on the electrode surfaces and the electrochemical
measurements were carried out by using a proper buffer solution. The determination of the minimum
amount of the genetic molecules that are attached on the electrode surface is important to obtain an
interpretable signal with a proper sensitivity. Additionally, the time between sample preparation and
measurement is also another critical parameter for a correct measurement. SPEs have been widely used
for the detection of miRNA molecules [24, 26].

In this study, different concentrations of the miRNA molecules were immobilized on the SPEs and the
guanine oxidation signals were observed from these electrodes via differential pulse voltammetry
method. Synthetic anti-miRNA molecules (antimiR451 (G)) were purchased and diluted with phosphate
buffer solution. Effect of the time and temperatures were also investigated by keeping the samples at -
18, +5 and +25 °C for 1, 3, 14 and 21 days and conducting measurement with these samples.
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2. Material and Methods
2.1. Chemicals

All the buffer solutions used in the electrochemical measurements were prepared by using ultra-pure
water (DNase and RNase free). The prepared solutions were kept in the sterilized glass bottles at +4 °C
until they are used. Potassium phosphate monobasic (KH.PO.), Sodium hydroxide (NaOH),
Hydrochloric acid (HCI) and glacial acetic acid were purchased from Sigma Aldrich. Potassium
phosphate dibasic (HK204P) was purchased from Scharlau. Anti-miRNA (polyT-antimiR451(G),
28mer DNA, Scale M inclusive HPLC) molecules used in this study were received from Genaxxon
Bioscience (Germany). The sequence of the oligonucleotide is given as following: 5'-TTT TTT AAC
TCA GTAATG GTAACG GTT T-3'

2.2. Preparation of Phosphate Buffer Solution (PBS)

0.05 M PBS solution was prepared with 1.36 gr (0.01 mol) KH:PO,and 6.96 gr (0.04 mol) HK204P by
dissolving them in 1 It ultra-pure water. In order to bring the solution to pH 7.4 NaOH or HCI was added
into the solution. Finally, 1.168 gr NaCl was put into the prepared solution to adjust the NaCl as 0.02 M
in the solution.

2.3. Preparation of Acetate Buffer Solution (ABS)

0.5 M ABS solution was prepared by setting 0.5 M glacial acetic acid in 500 ml ultra-pure water. NaOH
or HCI was added into the solution in order to bring the solution to pH 4.8. Finally, 1.168 gr NaCl was
put into the prepared solution to adjust the NaCl as 0.02 M in the solution.

2.4. Preparation of Anti-miRNA Stock and Measurement Solutions

Anti-miRNA stock solution was prepared as 1000 ppm. The purchased anti-miRNA was firstly
dissolved in ultra-pure water for stock solution preparation. The stock solution was poured in the PCR
tubes as 50 ul and stored at -18 °C until they are going to be used. The measurement anti-miRNA
solutions were prepared by diluting the stock solutions. Stock solutions were shared into empty PCR
tubes as 10 pl, and then 50 pl of PBS was added into the PCR tubes for the dilution. A vortex mixture
was used for the stock and measurement solution preparations.

2.5. Attachment of Anti-miRNA Molecules on SPEs Surfaces

Figure 1. Surface cleaning and activation, anti-miRNA attachment and measurement process.

Surface cleaning and activation of the SPEs were carried out electrochemically with DPV method before
the immobilization of anti-miRNA molecules. All the process steps were schematically illustrated in
Figure 1. This process was conducted by dropping 100 ul of ABS on the electrode surface and applying
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1.4 deposition potential for 60 s with 600 estimated number of the points and flowingly apply potential
between 0.7-1.4 V with 10 mV/s scanning rate. After the cleaning and activation process, the surface of
the SPEs were washed by dropping 300 ul PBS with a micropipette and left them to dry until they are
going to be used. The attachment of the anti-miRNA molecules on the SPEs were carried out by
dropping the measurement solution on the surfaces. 5 ul of anti-miRNA measurement solution was
dropped on the previously cleaned and activated SPEs and waited for 1 hr. Then, electrode parts of the
SPEs surfaces were washed with 300 pul of PBS before the measurement in order to remove unattached
anti-miRNA molecules on SPEs. After the PBS washing, the sample surfaces were dried for 1 hr before
the measurement.

2.6. Electrochemical Measurements of the Biosensory System via DPV Measurements

Electrochemical measurements were performed by using Potansiyostat - AUTOLAB AUT204 (Eco
Chemie, Nederland) and NOVA 1.11 software. Screen-printed electrodes (SPEs) were purchased from
Metrohm with DS 150 product code which has carbon working electrode, platinum auxiliary electrode
(PAE) and silver reference electrode. DS 110 product code model which differently has carbon auxiliary
electrode (CAE) was also tried in the initial measurements. Photograph images of the SPEs during anti-
miRNA immobilization and DPV measurement were shown in Figure 2. The measurements were carried
out between 0.75-1.3 V with 10 mV/s scanning rate by dropping 100 ul ABS on the electrode surface.

3 ul
PolyT(G)/PBS

-~ i ’

Figure 2. (A) Measurement anti-miRNA solution drop on the working electrode of SPE and (B) ABS solution
drop on SPE during the measurement.

3. RESULTS AND DISCUSSION
3.1. DPV Measurement by using PBS Buffer Solution

PBS and ABS as two different buffer solutions were prepared in order to observe which buffer solution
is better for an appropriate DPV measurement. It was begun with PBS solution at the measurements. In
this regard, two different ways have been tried. First, the prepared measurement solution (anti-
miRNA/PBS) was directly dropped on the SPE and the DPV measurement was conducted (Figure 3a
and 3c). In the second way, the measurement solution was dropped on the SPE, waited for 60 min and
then washed with just PBS the remove unattached molecules and DPV measurement was carried out
(Figure 3b and 3d). These two methods were examined by using two different SPE types which has
either platinum (Figure 3a and 3b) or carbon (Figure 3c and 3d) auxiliary electrode. Both guanine and
adenine oxidation peaks were appeared at all the measurements when the plots were observed as given
in Figure 3. When the results were compared with the literature, these peaks are generally appeared
around 1 and 1.25 V correspond to guanine and adenine oxidations [27,28]. These peaks seems shifted
to lower voltage values when the measurements were conducted by using PBS solution. In order to
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observe the effect clearly with PBS measurement, ABS cleaning and activation was not applied to the
SPEs in this group of the measurement before the anti-miRNA attachment and the measurement.
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Figure 3. DPV measurement with PBS: (a) anti-miRNA/PBS (with PAE), (b) anti-miRNA/PBS wait 60 min-wash
—measure (with PAE), (c) anti-miRNA/PBS (with CAE) and (d) anti-miRNA/PBS wait 60 min-wash —
measure (with CAE).

3.2. DPV Measurement by using ABS Buffer Solution

ABS solution was also used during the DPV measurement, since when PBS solution was used the
guanine and oxidation peak positions were not matched as in the studies published literature. Metrohm
with DS 150 product code SPEs were used at all the measurements when ABS was used. In the
measurement, 5 ul of anti-miRNA measurement solution was dropped on the previously cleaned and
activated SPEs and waited for 1 hr. Then the samples were washed with PBS, dried and the measurement
was carried out by putting 100 ul of ABS solution during the measurement. When the measurement plot
was observed (obtained) as in Figure 4, it was observed that guanine and adenine oxidation peaks
positions were matching as in the literature [27,28]. After the comparison of the results of PBS and ABS
measurements with the literature, since the results were compatible when ABS was used as the buffer
solution for the measurement, all the measurements were continued by using ABS solution.
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Figure 4. DPV measurement with ABS buffer solution.
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3.3. DPV Measurement with Different Rate of Anti-miRNA Attached SPEs

The effect of the anti-miRNA concentration in the measurement solutions was studied by preparing five
different diluting concentrations. The dilution was carried out by adjusting the anti-miRNA
measurement solution/PBS (v/v) rate a 1/50, 2/50, 5/50, 10/50 and 20/50. Then, the prepared diluted
solutions were dropped on the previously surface cleaned and activated SPEs, waited 1 hr, washed with
PBS, dried for 1 hr and then the measurements were conducted. As seen from Figure 5, guanine and
adenine oxidation peaks were clearly detected around 1 and 1.25 V sequentially [27,28]. The intensity
of the guanine oxidation peak dramatically increased when the ratio of the anti-miRNA molecules were
increased in the measurement solution up to 10/50 anti-miRNA measurement solution/PBS rate, and
was not increased dramatically while increasing anti-miRNA ratio in the solution. On the other hand,
there was a prominent enhancement at the adenine oxidation peak when the anti-miRNA measurement
solution/PBS rate increased from 2/50 to 5/50, and not significant changes were observed at other
concentrations. The results revealed that guanine and adenine oxidation peaks are detectable at every
concentration, so the minimum concentration can be used in the following studies.
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Figure 5. DPV measurement with different rate of anti-miRNA attached SPEs: anti-miRNA measurement
solution/PBS (v/v) rates are (a) 1/50, (b) 2/50, (c) 5/50, (d) 10/50 and (e) 20/50.

3.4. Storage Time and Temperature Study of anti-miRNA Attached SPEs

In order to investigate the appropriate time and temperature of the anti-miRNA immobilized SPEs, DPV
measurements were carried out after the samples stored at -18, +5 and +25 °C for 1, 3, 14 and 21 days.
The DPV measurements plots were demonstrated in Figure 6. When it was focused on the guanine
oxidation signal around 0.9-1.0 V, there was a dramatic decrease at the -18 °C stored sample when the
measurement was conducted after one day stored samples. On the other hand, no significant change was
observed at +5 ve +25 °C stored samples. The measured oxidation signal was always lower at -18 and
+25 °C stored sample than +5 °C stored sample. Overall results revealed that the most suitable storage
temperature after anti-miRNA attached samples until the measurement was +5 °C.
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Figure 6. DPV measurements of anti-miRNA attached SPEs at different storage times at -18, +5 and +25 °C stored
samples: (A) 1 day, (B) 3 days, (C) 14 days and (D) 21 days.

4. CONCLUSION

Anti-miRNA immobilization optimization on the screen-printed electrodes for the sensitive detection of
miRNA molecules were carried out. In this regard, different amounts of anti-miRNA molecules were
attached on SPE surfaces and guanine oxidation signals were electrochemically measured and analysed
in order to determine the best adequate immobilization concentration. Additionally, time and
temperature after the anti-miRNA attachments on the SPEs were also investigated. The same amount of
anti-miRNA molecules was immobilized on the SPEs and stored in -18, +5 and +25 °C for 1, 3, 14 and
21 days. Then, guanine oxidation signals were observed again to determine the best time and
temperature. The results demonstrated that even though the guanine oxidation signal dramatically
increased by increasing anti-miRNA content in the immobilization solution, the signal was not increased
more when it was continued to increase anti-miRNA content. Time and temperature result revealed that
the best suitable condition was +5 °C since the guanine oxidation signal intensity decrease less with time
and was more stable comparing the other sample groups.
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