Multidimensional Electrochemical Fingerprinting of Vancomycin using an Aptamer-Based Sensor via Dynamic Electrochemical Impedance Spectroscopy

1Zofia Jeleniewska, 1Mohsen Khodadadi Yazdi, 2Elisa Paialunga, 2Andrea Idili, 1Jacek Ryl

1Institute of Nanotechnology and Materials Engineering, Gdańsk University of Technology, Gdańsk, Poland
2Department of Chemical Science and Technologies, University of Rome Tor Vergata, Roma, Italy 
Narutowicza 11/12, 80-233, Gdańsk, Poland
zofjelen@pg.edu.pl

Real-time tracking of physiologically relevant molecules within human body, such as hormones, metabolites, and small-molecule drugs, is critical for evaluating health status1. Electrochemical aptamer-based (E-AB) sensors represent a promising class of biosensors that rely on aptamers which are short, single-stranded nucleic acids capable of selectively binding target molecules. They provide a robust sensing platform due to their synthetic accessibility, resilience to environmental changes, and reversible interactions with target molecules2. 
Despite this progress, signal drift during in vivo operation remains a critical limitation, significantly compromising long-term stability. This drift is commonly attributed to the large potential perturbations inherent to voltammetric techniques, which can promote interfacial degradation, including desorption of the aptamer self-assembled monolayer and/or blocking layer from gold electrode surfaces. Impedimetric approaches mitigate this issue by operating under low-amplitude perturbations, thereby reducing interfacial degradation and extending sensor lifetime. Conventional electrochemical impedance spectroscopy (EIS) has been shown to extend sensor lifetime from approximately 24 hours to several days3. Nevertheless, classical EIS is typically restricted to stationary conditions, limiting its capability to resolve non-stationary processes such as signal drift and interfacial degradation. 
To address these limitations, we employ dynamic electrochemical impedance spectroscopy (DEIS), an advanced electrochemical technique that enables probing of non-stationary processes evolving over time. This approach provides high-dimensional impedance data as a function of both time and frequency. This technique not only enables analyte detection but also allows in-depth probing of interfacial processes and their kinetics. In this work, DEIS was implemented alongside conventional square wave voltammetry (SWV) in an E-AB sensor for vancomycin as a model analyte. 
 Quantitative analysis was performed via target titration in PBS buffer, and measurements were conducted in both potentiostatic and galvanostatic DEIS modes to enable comprehensive mechanistic and kinetic analysis. In the potentiostatic regime, two working potentials were selected: the open circuit potential and the formal potential of methylene blue, the redox reporter attached to the aptamer. Combined with advanced data analysis techniques, this approach enables time-resolved characterization of target binding and interfacial processes occurring at different timescales, providing insight into charge-transfer dynamics and degradation mechanisms.
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