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I-V Measurement of Lysozyme Single Molecule by Conductive-AFM
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Although the protein attracts as a candidate molecular electronic material, its conduction mechanism in dry condition
is not clear in detail. Electrical conductance through a single molecule of lysozyme, which is composed of only peptide
chain without metal, was observed by conductive atomic force microscopy using a gold substrate and gold-coated tip
modified with a self-assembled monolayer of 2-pyridine sulfide. A significant current (~10~" A) is observed to flow
under a bias voltage, and the current-voltage (I-V) characteristics show non-linear /-V characteristics with clear
thresholds about 2.5 V. Observed -V characteristics can be well reproduced by the single barrier tunneling model based
on the narrower barrier width with the bias voltage. These results suggest that the electrical conduction of lysozyme is
governed by the tunneling mechanism via the peptide chain of protein.
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Fig. 1. (color online). Schematic diagram of I-V measure-
ment for lysozyme single molecule by 2-PyS SAM modified
Au electrodes using C-AFM.
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Fig. 2. (color online). AFM image of lysozyme molecules
adsorbed on 2-PyS SAM modified Au substrate. The inset
shows an enlarged image of white framed area. The section
profile of white line in inset indicates a lysozyme single
molecular height of about 2.5 nm.
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Fig. 3. (color online). (a) /-V curves obtained for lysozyme single molecule by 2-PyS SAM modified electrodes at different
positions under a loading force of 20 nN. (b) Normalized /-V curves for several measurements. Non-linear /-V curves are

obtained with threshold at 2.5 V.
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Fig. 4. (color online). Schematic diagram of tunneling conduction model through lysozyme
single molecule. Left panel : without bias voltage ; right panel : with bias voltage.
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Fig. 5. (color online). Representative /-V curve obtained for
lysozyme single molecule by 2-PyS SAM modified electrodes
(black dot) and fitting result by tunneling conduction model
expressed in equation (1) (solid line).
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