Chapter 19     Oxidative Phosphorylation

1. All oxidative steps in the degradation of carbohydrates, fats, and amino acids converge at this final stage of cellular respiration, in which the energy of oxidation drives the synthesis of ATP. 

19.1 Electron-Transfer Reactions in Mitochondria

1. In eukaryotes, oxidative phosphorylation occurs in mitochondria. 
1. Oxidative phosphorylation involves the reduction of O2 to H2O with electrons donated by NADH and FADH2.
1. Mitochondria have two membranes (outer and inner). 
1. The inner membrane bears the components of the respiratory chain and the ATP synthase.

Electrons Pass through a Series of Membrane-Bound Carriers
1. Oxidative phosphorylation begins with the entry of electrons into the chain of electron carriers called the respiratory chain (Fig. 19-1).
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1. In addition to NAD-linked dehydrogenases and FMN or FAD-linked flavoproteins, three other types of electron-carrying molecules function in the respiratory chain.
· A hydrophobic quinone (ubiquinone) is also called coenzyme Q (simply Q) (Fig. 19-3) and two different types of iron-containing proteins (cytochromes) (Fig. 19-4) and iron-sulfur proteins) (Fig. 19-5).
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1. Cytochromes have iron-containing heme prosthetic groups (Fig. 19-4a).
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1. In iron-sulfur proteins, the iron is present not in heme but in association with inorganic sulfur atoms or with the sulfur atoms of Cys residues in the protein, or both (Fig. 19-5).
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FIGURE 19-4 Prosthetic groups of cytochromes. (a) Each group consists of
four five-membered. nitrogen-containing rings in a cyclic structure called a
porphyrin. The four nitrogen atoms are coordinated with a central Fe ion, either

Fe?* or Fe?*.
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FIGURE 19-5 Iron-sulfur centers. The Fe-S centers of iron-sulfur proteins
may be as simple as shown in (a). with a single Fe ion surrounded by the S
atoms of four Cys residues: Fe is red, inorganic S is yellow, and the S of Cys is
orange. Other centers include both inorganic and Cys S atoms, as in (b) 2Fe-2S
or () 4Fe-4S centers.
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FIGURE 19-1 The chemiosmotic mechanism for ATP synthesis in
mitochondria. Electrons move spontancously through a chain of membrane-
bound carriers, the respiratory chain, driven by the high reduction potential of
oxygen and the relatively low reduction potentials of the various reduced
substrates (fuels) that undergo oxidation in the mitochondrion. Electron flow
creates an electrochemical potential by the transmembrane movement of
protons and positive charge. This electrochemical potential drives ATP
synthesis by a membrane-bound enzyme, ATP synthase, that is fundamentally
similar in mitochondria and chloroplasts. and in bacteria and archaea as well.
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FIGURE 19-3 Ubiquinone (Q, or coenzyme Q). Complete reduction of
ubiquinone requires two electrons and two protons, and oceurs in two steps
through the semiquinone radical intermediate.




