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Summary: 

We report two electrochemical biosensors for rapid detection of oncogenic mutations based on rolling 
circle amplification and amperometric detection. The platform enables highly selective identification of 
mutations in KRAS and PIK3CA, with sensitivity down to ~61 pM and <1% mutant allele fraction. An 
ultrafast hyperbranched RCA strategy reduces amplification time to 5 minutes while preserving single-
nucleotide specificity. The method shows strong agreement with NGS and offers a rapid, cost-effective 
solution for point-of-care diagnostics. 
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Background 

Oncogenes such as KRAS, BRAF and PIK3CA 
play key roles in oncogenic signaling pathways, 
where point mutations often drive pathway 
dysregulation and contribute to cancer develop-
ment [1]. These biomarkers are commonly asso-
ciated with poor prognosis, resistance to treat-
ment, or predict response to targeted therapy (e. 
g. PIK3CA E545K is predictive for the response 
of alpelisib) [2]. Therefore, their reliable detec-
tion is crucial. 

Conventional detection methods like NGS, or 
PCR-based techniques are often time consum-
ing, require expensive instrumentation, involve 
complex data analysis and can be prone to reac-
tion inhibitors. Isothermal amplification tech-
niques, such as rolling circle amplification 
(RCA), do not require thermal cyclers and are 
well suited for mutational analysis. When com-
bined with electrochemical (EC) detection, they 
represent a promising alternative. [3]. However, 
many RCA-based EC assays remain limited by 
relatively long amplification times [4].  

Description of the New Method or System 

We present two EC RCA-based biosensing plat-
forms for the detection of oncogenic point muta-
tions. The first platform is our previously estab-
lished biosensor for KRAS G12V detection, 
while the second extends this approach to the 
clinically relevant PIK3CA E545K mutation [5]. 
The biosensors employ variant-specific padlock 
probe (PP)-mediated RCA with amperometric 

readout on screen-printed eight-electrode car-
bon chips. Additionally, we enriched our PIK3CA 
platform with hyperbranched RCA (HRCA) an 
exponential amplification variant, to further im-
prove the sensitivity of the biosensor. In both bi-
osensors, target sequences are pre-amplified by 
recombinase-polymerase amplification and sub-
sequently subjected to (H)RCA, enabling highly 
selective amplification of either wild-type (wt) or 
mutant variants. The amplified products are then 
hybridized to complementary LNA (KRAS G12V 
biosensor) or DNA (PIK3CA E545K biosensor) 
capture probes. Incorporation of biotin-labelled 
nucleotides during amplification facilitates bind-
ing of a streptavidin–horseradish peroxidase 
conjugate, which catalyzes an electrochemically 
detectable reaction between hydrogen peroxide 
and hydroquinone (Fig. 1).  
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Figure 1: Schematic overview of the experimental 
workflow for the oncogenic point mutations analysis 
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In addition, the KRAS biosensor incorporates an 
AI-based logistic regression model that enables 
automated classification of the G12V mutation 
presence. 

The proposed PIK3CA biosensor features an ul-
trafast HRCA strategy, reducing amplification 
time from 60 min to 5 min) and total assay time 
to ~1 h, while maintaining comparable limits of 
detection (~61 pM) and single-nucleotide speci-
ficity. In contrast to our previous designs relying 
on LNA capture probes, the current approach 
streamlines the assay architecture by replacing 
these components with cost-effective DNA 
probes while maintaining analytical perfor-
mance. 

Results 

Both biosensors exhibited a concentration-de-
pendent amperometric response with compara-
ble limits of detection of ~61 pM, whereas the 
(H)RCA time for the PIK3CA biosensor was only 
5 minutes, compared to 60-minutes RCA for the 
KRAS biosensor. (Fig. 2).  

 

Figure 2: Dependence of electric current values on 
concentration of PIK3CA E545K target (using E545K 
PP and E545K capture probes). Red dots represent 
RCA samples, and blue dots represent HRCA sam-
ples. 

Clear discrimination between mutant and wt se-
quences, as well as non-complementary con-
trols, confirmed single-nucleotide specificity of 
both biosensors. This was validated across mul-
tiple targets (KRAS, PIK3CA, BRAF, hCMV, 
HPV), where each padlock probe produced a 
signal exclusively with its corresponding target. 

Furthermore, the system enabled reliable detec-
tion of increasing mutant allele fractions in the 
presence of excess wt DNA, with sensitivity 
down to <1% mutant allele fraction, demonstrat-
ing its applicability for analysis of heterogeneous 
samples. 

The KRAS biosensor was validated on 8 cell 
lines and 11 clinical samples, achieving 100% 
agreement with NGS in clinical samples (Fig. 3). 

Ongoing experiments with the PIK3CA biosen-
sor focus on validation using cancer cell lines, 
while future work will address clinical sample val-
idation to assess applicability in real diagnostic 
settings. 

This approach represents a rapid, sensitive, and 
cost-effective platform for point mutation detec-
tion, with strong potential for point-of-care and 
decentralized diagnostic applications. 

References 

[1] Y. Huang, S. Cai, Y. Zhang, X. Wang, Muta-
tion patterns and prognostic analysis of 
BRAF, KRAS and PIK3CA in colorectal can-
cer, Journal of Gastrointestinal Oncology 13, 
1320–1332 (2022); doi: 10.21037/jgo-22-
320 

[2] D.-Y. Chang, W.-L. Ma, Y.-S. Lu, Role of Al-
pelisib in the Treatment of PIK3CA-Mutated 
Breast Cancer: Patient Selection and Clinical 
Perspectives, Therapeutics and Clinical Risk 
Management 17, 193–207 (2021); doi: 
10.2147/TCRM.S251668 

[3] Y. Zhao, F. Chen, Q. Li, L. Wang, C. Fan, 
Isothermal Amplification of Nucleic Acids, 
Chemical Reviews 115, 12491–12545 
(2015); doi: 10.1021/acs.chemrev.5b00428 

[4] R. M. Bialy, A. Mainguy, Y. Li, J. D. Brennan, 
Functional nucleic acid biosensors utilizing 
rolling circle amplification, Chemical Society 
Reviews 51, 9009–9067 (2022); doi: 
10.1039/D2CS00613H 

[5] R. Sebuyoya, S. Sevcikova, B. Yusuf, M. 
Bartosik, Integrating isothermal amplification 
techniques and LNA-based AI-assisted elec-
trochemical bioassay for analysis of KRAS 
G12V point mutation, Talanta 288, 127709 
(2025); doi: 10.1016/j.talanta.2025.127709 

Acknowledgements 

The financial support of the Czech Science Founda-
tion (No. 25-15990S), project SALVAGE (OP JAC; 
reg. no. CZ.02.01.01/00/22_008/0004644) – co-
funded by the European Union and by the State 
Budget of the Czech Republic, BBMRI.cz (No. 
LM2023033) and MH CZ – DRO (MMCI, 00209805) is 
greatly acknowledged. 

 

Figure 3: Real sample analysis included 8 cell lines 
and 11 CRC patient samples with known KRAS sta-
tus (in parenthesis), alongside two synthetic positive 
controls (wt and G12V mutant targets) and a non-
template control. 

DOI 10.5162/eurosensors2026/Mo-SMD-08

EUROSENSORS 2026 587


