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Abstract

Redox transformations of many lipophilic proteins and related biochemical systems proceed via
sequential two-step electron-transfer processes. In a large number of such systems, sustained
catalytic turnover is enabled by regenerative chemical reactions that are coupled to the electron-
transfer steps, resulting in complex multistep electrochemical—catalytic behavior. In this work, we
present the first theoretical model of a surface-confined two-step double-regenerative mechanism,
schematically denoted as a surface EC'EC” mechanism, formulated under square-wave
voltammetry (SWV) conditions. A systematic analysis is carried out to elucidate the combined
effects of electron-transfer kinetics, chemical regeneration rates, and instrumental parameters on
the resulting square-wave voltammetric response. The simulated voltammeograms reveal distinct
mechanistic signatures arising from the interplay between sequential electron-transfer steps and
catalytic regeneration at the electrode surface. The findings of this study are particularly relevant
for researchers employing experimental protein-film voltammetry, as the model provides a robust
theoretical framework for interpreting complex voltammetric responses of lipophilic redox
proteins and enzymes. Furthermore, the proposed approach offers a practical platform for
establishing diagnostic criteria and for developing quantitative methodologies aimed at extracting
kinetic parameters directly related to enzymatic activity and catalytic efficiency in biologically
relevant redox systems Forward and backward voltammetric curves of this mechanism are given,
simulated for moderate and very fast rates at both electron transfer steps. These voltammograms
present playground for deeper insights in the mechanisms in which many redox enzyme undergo

redox transformation in living systems.
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