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biomarker detection

Detecting overexpressed unique cancer biomarkers in serum holds significant
promise for cancer prognosis, diagnostics, and therapies. Prostate-specific antigen (PSA)
serves as a prominent biomarker, widely employed in medical settings for prostate
cancer screening and routine health check-ups in men. PSA screening plays a crucial
role in early prostate cancer detection and assessment of treatment efficacy. However,
conventional methods such as clinical chemistry and immunochemistry instruments,
while effective, are costly and demand specialized expertise, thus limiting their
utilization in resource-limited settings. Consequently, the development of accessible
and efficient screening tools, such as biosensors, becomes imperative. Among these,
the piezoelectric quartz crystal microbalance (QCM) biosensor stands out for label-free
biomarker detection capabilities, particularly in tumor screening, owing to its rapid
detection, high sensitivity, and compatibility with cost-effective electronics.
Nanotechnology-based biosensors play a pivotal role in precisely detecting these
biomarkers, enabling timely interventions and enhancing patient outcomes. Exploring
a signal amplification strategy with nanotechnology would be invaluable for
developing a highly effective biosensing platform.

This study aims to develop a label-free QCM biosensor for detecting PSA
biomarker. Various nanostructures were fabricated using electrodeposition techniques,
including direct-current (DC) electroplating and pulse current electrodeposition (PCD),
to heighten sensitivity while minimizing nanoparticle mass loading. The performance
of the developed QCM biosensor was evaluated across various PSA concentrations,
with nanostructures characterized using techniques such as Wettability test, X-ray

diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), Field-emission



scanning electron microscopy (FE-SEM), Atomic force microscopy (AFM), X-ray
photoelectron spectroscopy (XPS), and Cyclic voltammetry (CV). Furthermore, the
study explores the development of a Zinc oxide surface acoustic wave device (ZnO-
SAW) alongside the QCM biosensor, aiming to optimize fabrication and effectively
control its performance for future cancer biomarker detection. The results
demonstrated that the developed QCM biosensor enhances detection efficiency by
augmenting binding sites for biomolecules through increased surface area,
demonstrating promising sensitivity for early diagnosis and screening applications.
Moreover, the successful fabrication of a two-port SAW device on ZnO films with Au/Ti
delay line electrodes underscores the integration of experimental and simulation
approaches in precise device fabrication and performance prediction. The consistency
between simulation and experimental results validates the research, providing insights
into SAW device fabrication and operation, with implications for enhancing biosensing

capabilities across various biomarkers for other diseases.
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