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Theoretical study of effect on ionization potential by hydrogen bonds around [4Fe-4S] active
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The redox potential of electron-transfer protein is largely determined by the ionization potential
of the active site, and it is thought to be controlled by the surrounding hydrogen bonds. HiPIP,
which is one of the electron-transfer proteins, has a [4Fe-4S] cluster in its active site, and amino
acids provide five hydrogen bonds to the cluster. In this study, we investigate the effect of the
hydrogen bonds on the ionization potential of the [4Fe-4S] cluster using quantum chemical
calculations. By comparing the calculated ionization potentials between the models with and
without five hydrogen bonds, it is revealed that the five hydrogen bonds shift the ionization
potential of [4Fe-4S] cluster by + 1.387 eV. In addition, ionization potential is also calculated
on the models involving one, two, three, or four hydrogen bonds. The result plotted against
numbers of hydrogen bonds shows the ionization potential is roughly proportional to the
numbers of hydrogen bonds. The slope of the plotted line is 0.275, indicating each hydrogen
bond increases the ionization potential by +0.275 eV on average.
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