A Thiophene-Based Multilayer Electrochemical Aptasensor for Kanamycin Monitoring
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Sensitive detection of Kanamycin in food and environmental samples is essential to ensure food safety, minimize public health risks, and prevent the spread of antibiotic resistance. A biotin-functionalized electropolymerizable bithiophene monomer was synthesized and applied in the fabrication of an electrochemical aptasensor for kanamycin detection. The sensing interface was constructed on a glassy carbon electrode via electropolymerization of the functional monomer in the presence of bis(3,4-ethylenedioxythiophene) (biEDOT), followed by sequential immobilization of neutravidin and a biotinylated kanamycin aptamer.
The influence of copolymer composition and deposition method on sensor performance was systematically investigated. Incorporation of biEDOT improved the conductivity and structural organization of the polymer film, while potentiostatic electropolymerization generated rougher and more porous surfaces that enhanced the sensing response. Electrochemical characterization using cyclic voltammetry (CV) and differential pulse voltammetry (DPV) demonstrated a concentration-dependent suppression of ferri/ferrocyanide redox currents upon kanamycin binding, attributed to increased interfacial resistance and hindered charge transfer. The decrease in the reduction peak current observed in DPV was used as the analytical signal for the sensor.
The optimized aptasensor exhibited a linear analytical response over the concentration range from 790 pM to 1.28 μM with good reproducibility (n = 3) and excellent linearity (R² > 0.97). The sensing platform also demonstrated improved selectivity toward kanamycin relative to other antibiotics.
These results demonstrate the potential of electropolymerized thiophene-based multilayer architectures for the development of sensitive and cost-effective electrochemical sensors for antibiotic monitoring in environmental and food safety applications.
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