
 

 

Abstract: Cancer is one of the greatest 
challenges in modern medicine. There is a wide 
range of therapeutics and methodologies in 
treating cancer. The 5-year survival rate greatly 
depends on timing of cancer detection. Earlier 
detection implies greater possibility for cure. 
Besides continuous development of new drugs for 
cancer treatment, the development of new medical 
devices for early detection is also very important. 
microRNAs (miRs) could be considered as 
biomarkers for early detection of cancer. All 
healthy and cancerous tissues express the whole 
group of tissue specific miRs. According to 
literature, there is a great difference in miR 
expression in healthy and in affected tissue. miR21 
is one of the hallmarks of human breast cancer. 
Modern electrochemical methods could serve as 
very useful in miR21 (and other miRs) detection 
prior to early human breast cancer detection. In 
this paper, we describe the electrochemical 
methods for miR21 detection based on peptide 
nucleic acid (PNA)-RNA hybridization. 
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1. INTRODUCTION 

Mature miRs are a huge class of single 
stranded, protein non-coding small RNA 
molecules (19-22 nucleotides) responsible for 
many processes in a cell. miRs are post-
transcriptional regulators [1]. Among many 
functions, miRs are sometimes responsible for 
drug resistance [2], and could be considered as 
prognostic biomarkers for many normal and 
pathological states, such as cancer, 
cardiovascular disorders, diabetes, rheumatic 
diseases, and neurological disorders [3].  

On the other hand, every kind of cancer 
produces the whole group of miRs, where some 
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of them are overexpressed and some of them 
down expressed, as it is illustrated in Table 1 [4]. 

 

Cancer Over-
expressed 
miRs 

Down-
expressed 
miRs 

Colon 21 1 
Breast 15 12 
Prostate 39 6 

 
Thus, miRs could be considered as biomarkers 

of the beginning, prognosis, classification and risk 
assessment for certain diseases, and especially 
for cancer. Establishment of miRs as physiologic 
markers of disease brings a new quality and a 
new hope for the exact, sensitive, selective and 
inexpensive diagnostics.  

miRs could be found in all human sera in the 
free (unstable) state and in the stable formation in 
exosomes. It is believed that human body 
produces more than 1000 various miRs [5]. miRs 
could be isolated from cell lines (>1,000 ng miR), 
fresh tissue (>1,000 ng miR), formalin fixed 
samples (1–100 ng), plasma (1–10 ng), sera (1–
10 ng), and urine (1–10 ng). These 
concentrations are very low, and diagnostics 
should be able to detect them. Electrochemistry 
offers cheap, reliable and sensitive way in miR 
detection. Regarding this, we focused on 
electrochemical detection of miR21 in total RNA 
sample isolated from human breast cancer 
tissue. As one of the key miRs is overexpressed 
in human breast cancer, miR21 could be 
considered as a very important biomarker for 
early detection of such type of cancer [6]. We 
choose miR21 as hallmark of human breast 
cancer, because its level is overexpressed in 
comparison to healthy tissue [7]. 

2. METHODOLOGY CONCEPT 

We put efforts in creation of a point-of-care 
diagnostic device for miR detection from tissue 
and serum without previous PCR amplification. 
The aim of this study is to present, in brief, some 
aspects of our methodology, which is based on in 
situ hybridization of miR with peptide nucleic acid 
(PNA). Hybridization could be passive and active. 
Passive hybridization is performed in 
standardized and controlled detection conditions, 
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such as temperature, buffer composition etc. and 
is well described in [8, 9]. The imperfection of 
passive hybridization is a diffusion limiting factor. 
Thus, we chose active hybridization controlled by 
appropriate electric field conditions in solid phase 
technique. We immobilized miR sequence 
complementary PNA molecules on solid (gold) 
electrode surface for electrochemical detection of 
PNA/miR hybridization. PNA/RNA heteroduplex is 
more stable than PNA/DNA duplex [10]. Thus, we 
chose PNA prior to hybridization. On the other 
hand, PNA is chemically more inert and more 
stable than a DNA molecule. Immobilized PNA 
onto gold electrode served as a sequence 
specific probe, and, using electrochemical 
methods, served for detection of such 
hybridization. 

3. ELECTROCHEMICAL DETECTION OF MIR – 

PNA/RNA HYBRIDIZATION ON GOLD 

ELECTRODES  

Our technology is based on stable gold 
electrode surface PNA modification which is 
100% complementary to miR21. In controlled 
conditions of buffer composition, current and 
applied potential, the measured electrochemical 
response is used as residual. On the other hand, 
after adding a sample, hybridization occurs, and a 
new electrochemical response is measured and 
compared to residual signal. The greater the 
extent of hybridization, the greater the 
electrochemical response is measured. PNA/miR 
hybridization is presented in Figure 1. 

 

Fig. 1. PNA/miR hybridization on gold electrode.  

 
We used commercially synthesized miR21. 

PNA was of HPLC grade and was purchased 
from biomers.net GmbH, Ulm, Germany. PNA 
was synthesized with thiol modification on the 5` 
end. miR21 was purchased from Eurofins 
Genomics GmbH, Wien, Austria. Monosodium 
dihydrogen orthophosphate, sodium hydrogen 
phosphate, Tris-HCl, EDTA, 6-mercapto-1-
hexanol, hexaamine-ruthenium (III) chloride, 
potassium ferricyanide, and potassium 
ferrocyanide were purchased from Sigma-Aldrich 
and were of analytical grade. The measurements 

were performed with an EmStat-3 potentiostat 
(PalmSens BV, The Netherlands) operated with 
the PSTrace v.5.2 software. We used a standard 
electrochemical cell equipped with three-
electrode system. The working electrode was 2 
mm diameter gold electrode; the reference 
electrode was Ag│AgCl│3 M KCl, with Pt wire as 
auxiliary electrode. 

Hybridization process was conducted by 
immersing the working gold electrode in 10 µM 
solution of PNA dissolved in 1 x TE buffer (10 mM 
Tris-HCl, 1 mM EDTA) solution for 12 hours. 
Thiol groups at 5`-end of PNA allow tight covalent 
bonding of PNA on gold surface. Thereafter, the 
electrode was immersed in 100 µM solution of 6-
mercapto-1-hexanol for another 12 hours prior to 
remove nonspecifically adsorbed PNA molecules 
on electrode. Such a PNA probe prepared 
electrode was immersed in 100 µM solution of 
miR21 solution. 

The PNA/miR21 hybridization was followed by 
using of two various electroactive compounds: 
Ru

3+
 and with Fe

2+
/Fe

3+
 couple. In controlled 

current/potential conditions electroactive 
compounds oxidize/reduce on electrode yielding 
the electrochemical signal. 

We used cyclic voltammetry and differential 
pulse voltammetry methods for electrochemical 
detection. All methods were performed in 
phosphate buffer solutions of various pHs and 
ionic strengths supplemented with addition of 10 
mM K3[Fe(CN)6]/K4[Fe(CN)6] or 10 mM 
[Ru(NH3)6]Cl3.  

Cyclic voltammetry and Differential pulse 
voltammetry conditions: Ei= ‒0.5 V, Eend = +1.5 V, 
with scan rate of 0.1 V/s.  

At the beginning of electrochemical 
measurement, it is necessary to optimize the 
measuring and buffer conditions. For this 
purpose, we performed our measurements in 
various buffer solutions, i.e. in three various pHs 
(5, 7 and 9 resp.) and in three various ionic 
strengths of buffer solution (50, 100 and 150 mM, 
resp.). Influence of various pHs on 
electrochemical signal of PNA/miR21 hybridome 
on gold electrode was presented on Figure 2 for 
Fe

2+
/Fe

3+
 pair and on Figure 3 for Ru

3+
.  



 

 
 
Fig. 2. Fe2+/Fe3+ Voltammograms of PNA/miR21 hybridome 
performed in 100 mM phosphate buffer, pH 5, 7 and 9. A) 
Cyclic voltammetry, B) Differential pulse voltammetry.  

 

 
Fig. 3. Ru3+ Voltammograms of PNA/miR21 hybridome 

performed in 100 mM phosphate buffer, pH 5, 7 and 9. A) 
Cyclic voltammetry, B) Differential pulse voltammetry.  

 
Our results indicate significant influence of pH 

on electrochemical response. Presented results 
showed that Fe2+/Fe3+ pair is less sensitive to pH 
change, when compared to Ru

3+
 in investigation 

of in situ hybridization of PNA and miR21 onto 
gold electrode. Use of Ru

3+
 indicated significant 

decrease in electron flow on gold surface 
electrode with the increasing of pH.  

Results of influence of ionic strength on 
electrochemical signal of PNA/miR21 
hybridization was presented on Figure 4 for 
Fe

2+
/Fe

3+
 and on Figure 5 for Ru

3+
 respectively.   

 

 
Fig. 4. Fe2+/Fe3+ Voltammograms of PNA/miR21 hybridome 
performed in 50, 100, 150 mM phosphate buffer, pH 7. A) 
Cyclic voltammetry, B) Differential pulse voltammetry. 

 

 
Fig. 5. Ru3+ Voltammograms of PNA/miR21 hybridome 
performed in 50, 100, 150 mM phosphate buffer, pH 7. A) 
Cyclic voltammetry, B) Differential pulse voltammetry. 

 
Results showed a significant influence of ionic 

strength on investigated electrochemical signal. 
Similarly, as in investigation of pHs, our 
experiments indicate more significant influence of 
ionic strength on electrochemical response of 
Ru

3+
 electroactive component, when compared to 

Fe2+/Fe3+ pair. With the increasing of ionic 
strength, signal significantly decreased.  

After first measurements we choose phosphate 
buffer of concentration of 100 mM and pH 7 for 
detection of hybridization of PNA and miR21. 
Figures 6 and 7 represent results obtained by 



 

following the Fe
2+

/Fe
3+

 pair and Ru
3+

 in optimized 
conditions of pH and ionic strength.  
 

 

 
 
Fig. 6. Fe2+/Fe3+ Voltammograms of PNA/miR21 hybridome 
performed in 100 mM phosphate buffer, pH 7. A) Cyclic 
voltammetry, B) Differential pulse voltammetry. 

 

 
Fig. 7. Ru3+ Voltammograms of PNA/miR21 hybridome 
performed in 100 mM phosphate buffer, pH 7. A) Cyclic 
voltammetry, B) Differential pulse voltammetry. 
 

Results presented in Figures 6 and 7 clearly 
represent reduction in electron flow onto gold 
electrode due to possible hybridization process. 
Namely, electrochemical signal of supporting 
electrolyte is considered as residual signal. With 
addition of self-assembled monolayer of PNA 
probe molecules on gold surface, the 
electrochemical signal increased. Hybridization of 
PNA with miR21 greatly influences 

electrochemical response. After hybridization with 
synthetic miR21, we observed decreasing of 
current due to possible hybridization of miR21 to 
PNA. Such hybridomes serve as an obstacle for 
electron flow on working electrode, thus yielding 
the decrease of peak when compared to 
PNA@Gold electrode.  

Despite many advantages of widely used 
hybridization of nucleic acids and PNA there are 
some obstacles to be solved in our future work. 
miRs are very small molecules and designing of 
PNA probe could be quite complicated. Small 
sized miR/PNA duplexes often possess low 
annealing temperature, and the probability of 
cross-hybridization processes should not be 
neglected. Another challenge is in situ detection 
because pre-miR and mature miR possess great 
sequence similarity and PNA could easily 
hybridize to pre-miR. Pre-miR is the precursor of 
mature miR, but precursor level does not 
necessarily correspond to mature miR level. 

4. CONCLUSION 

Nowadays, miRs detection is widely used in 
many scientific purposes. Electrochemistry is one 
of the possible approaches for their detection, 
especially when one considered highly precision, 
reproducibility, selectivity and cheapness. 
Electrochemical methods often are very useful in 
determination of many biomacromolecules and 
their complexes, but optimization of 
electrochemical measuring conditions and 
supporting chemicals could be complicated. Many 
authors used electrochemical methods for miRs 
analyses and this work is one of attempts for their 
detection.    

Despite the existence of many proved methods 
for miR detection, according to our knowledge, 
there is a lack of cheap, accurate, precise and 
fast diagnostic tool for early cancer detection for 
miR detection on the market. Nowadays, from 
patients` point of view, early cancer diagnostics 
are very expensive and in many cases not 
available at all, especially in mid and low 
developed countries. Our goal is to provide 
methodology and to create such device with the 
above-mentioned qualities.  
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