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Redox-controlled proton gating in bovine cytochrome c oxidase1

JOSE ONUCHIC, Rice University

Cytochrome c oxidase is the terminal enzyme in the electron transfer chain of essentially all organisms that utilize oxygen to
generate energy. It reduces oxygen to water and harnesses the energy to pump protons across the mitochondrial membrane
in eukaryotes and the plasma membrane in prokaryotes. The mechanism by which proton pumping is coupled to the oxygen
reduction reaction remains unresolved, owing to the difficulty of visualizing proton movement within the massive membrane-
associated protein matrix. Here, with a novel hydrogen/deuterium exchange resonance Raman spectroscopy method, we
have identified two critical elements of the proton pump: a proton loading site near the propionate groups of heme a, which
is capable of transiently storing protons uploaded from the negative-side of the membrane prior to their release into the
positive-side of the membrane and a conformational gate that controls proton translocation in response to the change in the
redox state of hemea. These findings form the basis for a postulated molecular model describing a detailed mechanism by
which unidirectional proton translocation is coupled to electron transfer from heme a to heme a3, associated with oxygen
chemistry occurring in the heme a3 site, during enzymatic turnover. Each time heme a undergoes an oxidation-reduction
transition a proton is translocated across the membrane accounting for the observation that two protons are translocated
during the oxidative phase of the enzymatic cycle and two more are translocated during the reductive phase. This work was
done in collaboration with Drs. Tsuyoshi Egawa and Syun-Ru Yeh.
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