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The performance of bioelectronic sensors is strongly governed by the interfacial
properties of the surface used for bioreceptor immobilization. In this work, we present
a microfluidic lab-on-a-chip platform based on PEDOT organic electrochemical
transistors (OECTSs) for the selective detection of cardiac biomarkers in biological
fluids, with particular emphasis on the role of the gate-electrode surface and its
functionalization. Different gate surfaces and immobilization strategies were
systematically investigated to determine how surface chemistry affects antibody
attachment, antigen accessibility, binding efficiency, and OECT electrical response.
Surface characterization was used to assess the changes induced by each
functionalization step, while the integration of the OECT with a microfluidic system
enabled controlled analyte delivery, reduced sample consumption, and improved
measurement reproducibility. The antibody—antigen interaction was independently
investigated by surface plasmon resonance (SPR). The resulting binding kinetics
and equilibrium affinity provided a quantitative benchmark for interpreting the
concentration-dependent OECT response. Comparing the SPR and transistor
measurements made it possible to relate biomolecular recognition at the interface to
the resulting electrical signal modulation and to evaluate how the properties of the
functionalized surface influence the overall sensing performance. The results
highlight the gate interface as a key design parameter in OECT biosensors and
demonstrate the importance of selecting an appropriate surface and immobilization
strategy to achieve efficient and reproducible biomarker detection. The combined
use of microfluidic OECT measurements and SPR analysis therefore provides a
robust approach for optimizing and validating functionalized bioelectronic interfaces
toward next-generation diagnostic platforms.



