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Electron transfer thermodynamics of a protein is determined by its standard electrode potential E0 relative to the standard hydrogen electrode (S.H.E.). The value of  E0  can be calculated from a thermodynamical cycle which includes the standard Gibbs energy of ionization of the reduced form, the standard solvation Gibbs energies of the reduced and oxidized forms and the S.H.E. potential. 

Iron-sulfur proteins (ISP) present an important class of redox proteins with widely varying properties. Among them, the Rieske ISP posseses one of the most positive redox potentials. To elucidate the nature of this peculiarity we have performed theoretical model calculations of the redox potentials of this protein using the following combined approach. The active site [2Fe2S] and its nearest ligand environment were included in the quantum-chemical calculation within the density functional theory using the B3LYP exchange-correlation functional implemented in the GAUSSIAN 03 program package. Effects of spin coupling between the unpaired electrons of the two iron centers were estimated using the so-called “broken symmetry” approach. Interactions of the quantum-chemical subsystem with the intraprotein electric field (using optical dielectric constant of protein) as well as with the dielectric surrounding (static dielectric constant) were accounted by a finite-difference solution of the Poisson-Boltzmann equation. 
The combined quantum-chemical and electrostatic calculation of the redox potentials of the Rieske ISP results in a reasonable agreement with the experiment. For comparison, we used the 6-31G(d,p) and TZVP atomic basis sets. The first basis set gives the most reliable values for partial charges distribution, and was employed for this purpose in all calculations. Better results for redox potentials of the fully protonated form of the prosthetic group were obtained with ionization free energy computed with the 6-31G(d,p), but the more extended TZVP also yields ruther close figures.  For the deprotonated redox center, the redox potential calculated with the TZVP basis set is much closer to the experiment than that calculated with the 6-31G(d,p) basis set. 
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