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INTRODUCTION

Cytochrome b562 (Cyt b562) (Fig. 1) is a small
redox-active heme protein that has served as a key
model system for understanding biological elec-
tron transfer processes. Electron transport in such
proteins plays a crucial role in various biochemi-
cal functions, including respiration and enzymatic
catalysis. Investigating its transport properties in
protein-metal junctions provides valuable insights
into charge transfer mechanisms relevant to bio-
electronic interfaces. Recent experimental studies
have demonstrated the conductive properties of Cyt
b562 on gold surfaces [1], but a deeper theoretical
understanding of its charge transport mechanism
is necessary. This study presents a comprehensive
theoretical analysis of electron transport in Cyt b562
based junctions using a multiscale computational
approach, examining both coherent and incoherent
transport processes.

METHODOLOGY

To model electron transport, molecular dynamics
(MD) simulations were employed to generate junc-
tion geometries under both vacuum-dried (Fig. 2)
and solvated conditions (Fig. 3), where the protein
was covalently bound to gold contacts in various
configurations [2]. Charge transport was analyzed
through two mechanisms: coherent tunneling, stud-
ied using the Landauer-Büttiker formalism within
the Density Functional Theory (DFT) framework
[3], and incoherent hopping, modeled using the
semi-classical Marcus theory. [3], [4]

RESULTS

The study identified tunneling as the dominant
charge transport mechanism, explaining experimen-

tal observations of Cyt b562 junctions. The tunnel-
ing exhibited an exponential but shallow distance
dependence, highlighting the significance of struc-
tural orientations and protein-electrode contacts in
determining conductance. While solvation effects
had only a minor influence on electronic properties,
primarily through adsorption arrangements, temper-
ature dependence was crucial. The hopping mech-
anism showed a strong temperature dependence,
whereas the tunneling currents remained nearly un-
affected, reinforcing the role of coherent transport
in these systems. [5]
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Fig. 1. Crystal structure of cytochrome b562 (PDB id 2BC5)

Fig. 2. Vacuum lying junction structure of Cyt b562

Fig. 3. Solvent lying junction structure of Cyt b562

Fig. 4. Dominant conduction channel on the solvated lying
structure of Cyt b562


