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Abstract 
This work presents a cutting-edge bio-electronic technological advancement by investigating the 
Single-Molecule at a Large Surface (SiMoLS) platform, a novel device designed to pioneer digitized, 
ultra-sensitive diagnostics. Central to this technology is the precise characterization and 
manipulation of protein layers on gold interfaces, enabling the detailed study of nanoscale bio-
recognition phenomena. By combining optical and electrical interrogation directly at the gold-liquid 
interface, this platform achieves the unprecedented capability to detect single protein and genomic 
molecules in ultra-low volumes (0.1 mL) with an accuracy exceeding 95%. 
The technological robustness of this gold-templated surface chemistry was validated through the 
selective bio-recognition of high-risk Human Papillomavirus (HPV) biomarkers, specifically the L1 
capsid protein and the E6 oncoprotein. While traditional genomic assays rely on time-consuming, 
specialist-led PCR protocols that underperform in complex matrices (such as saliva in head-and-neck 
cancers), this bio-electronic interface overcomes these limitations. It provides rapid, direct, and non-
invasive detection even at low viral loads typical of early-stage infections. Ultimately, this 
integration of advanced surface science and solid-state electronics offers a scalable, portable, and 
cost-effective paradigm shift, aligning with World Health Organization (WHO) targets for global 
malignancy screening through advanced digitized healthcare solutions. 
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