The Energy of Electron Transfer Is Efficiently Conserved in a Proton Gradient
1. The transfer of two electrons from NADH through the respiratory chain to molecular oxygen can be written as 
NADH + H+ + ½ O2                           NAD+ + H2O
1. This net reaction is highly exergonic. Go = - 220 kJ/mol
1. [bookmark: _GoBack]Much of this energy is used to pump protons out of the matrix (Fig. 19-16).
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1. The energy of electron transfer is efficiently conserved in a proton gradient.
1. The energy stored in such a gradient, called the proton-motive force.
1. In mitochondria, the electrochemical energy in the proton gradient drives the synthesis of ATP from ADP and Pi.

Reactive Oxygen Species Are Generated during Oxidative Phosphorylation
1. Several steps in the path of oxygen reduction in mitochondria have the potential to produce highly reactive free radicals that can damage cells.
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1. The superoxide free radical thus generated is highly reactive; its formation also leads to production of the even more reactive hydroxyl free radical,[image: ].
1. To prevent oxidative damage by superoxide free radical, cells have superoxide dismutase, which catalyzes the reaction (Fig. 19-18).
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1. The hydrogen peroxide is rendered harmless by the action of glutathione peroxidase (Fig. 19-18).
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FIGURE 19-18 ROS formation in mitochondria and mitochondrial
defenses. When the rate of electron entry into the respiratory chain and the rate
of electron transfer through the chain are mismatched, superoxide radical (
O, ) production increases at Complexes T and TIT as the partially reduced
ubiquinone radical (" ) donates an electron to O;. Superoxide acts on
aconitase, a 4Fe-4S protein (not shown), to release Fe2™. In the presence of
Fe2*, the Fenton reaction leads to formation of the highly reactive hydroxyl

free radical ("OH). The reactions shown in blue defend the cell against the
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ing effects of superoxide. Reduced glutathione (GSH: see Fig. 22-29)
donates electrons for the reduction of Hy0; and of the oxidized Cys residues
(—S—S—) of enzymes and other proteins; GSH is regenerated from the
oxidized form (GSSG) by reduction with NADPH.
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FIGURE 19-16 Summary of the flow of electrons and protons through the
four complexes of the respiratory chain. Electrons reach Q through
Complexes I and II (as well as through several other paths shown in Fig. 19-
15). Reduced Q (QH,) serves as a mobile carrier of electrons and protons. It
passes electrons to Complex I which passes them fo another mobile
connecting link, cytochrome . Complex IV then transfers electrons from
reduced cytochrome ¢ to O. Electron flow through Complexes L. IIL, and IV is
accompanied by proton efflux from the matrix into the intermembrane space.
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