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Abstract 

A field-effect biosensor employing tobacco mosaic virus (TMV) particles as scaffolds for 

enzyme immobilization is presented. Nanotubular TMV scaffolds allow a dense 

immobilization of precisely positioned enzymes with retained activity. To demonstrate 

feasibility of this new strategy, a penicillin sensor has been developed by coupling a 

penicillinase with virus particles as a model system. The developed field-effect penicillin 

biosensor consists of an Al-p-Si-SiO2-Ta2O5-TMV structure and has been electrochemically 

characterized in buffer solutions containing different concentrations of penicillin G. In 

addition, the morphology of the biosensor surface with virus particles was characterized by 

scanning electron microscopy and atomic force microscopy methods. The sensors possessed a 

high penicillin sensitivity of ~92 mV/dec in a nearly-linear range from 0.1 mM to 10 mM, and 

a low detection limit of about 50 µM. The long-term stability of the penicillin biosensor was 

periodically tested over a time period of about one year without any significant loss of 

sensitivity. The biosensor has also been successfully applied for penicillin detection in bovine 

milk samples. 
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