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Oxidative Phosphorylation, part 1

12 points


1. Mark the following statements as true or false.
_____ 
NADH dehydrogenase complex, cytochrome bc1 complex, and cytochrome oxidase are transmembrane proteins.

_____
Complexes I, II, III, and IV are all proton pumps.

_____
Ubiquinone is a hydrophilic molecule.

_____
The final electron acceptor in the respiratory chain is H2O.

2. Where do the electrons from FADH2 enter the electron transfer chain?
3. Artificial, but functional electron transfer systems can be made in the lab by building artificial membrane-bound vesicles. This is done by combining detergent-solubilized, purified respiratory complexes and membrane lipids. When the mixture is dialyzed to remove the detergent, liposomes spontaneously form that contain the protein complexes integrated into the “membrane.” The central cavity of the liposome can be made to contain certain molecules in aqueous solution; the surrounding medium can also be manipulated.

Using this protocol, you create the following electron transfer systems in liposomes, containing the listed set of components (not necessarily in their functioning order) along with the specified initial electron donor. Place the components in their correct functional sequence and indicate the final electron acceptor in each case.

(a) NADH as initial electron donor; Q and Complexes I, III, and IV in the liposomes; oxygen is present.
(b) NADH as initial electron donor; Complexes I, II, and IV in the liposomes; oxygen is present.

(c) Succinate as initial electron donor; Q, cytochrome c, and Complexes II, III, and IV in the liposomes; oxygen is present.
4. The NADH dehydrogenase complex of the mitochondrial respiratory chain promotes the following reaction, in which the Fe3+ and Fe2+ represent the iron in iron-sulfur centers.
2Fe2+  +  2H+  +  Q  →  2Fe3+  +  QH2
(a) Identify the following in this reaction: the electron donor, the electron acceptor, the oxidizing agent, the reducing agent.

(b) Explain the stoichiometry of the reaction (i.e. why are 2 mol Fe needed for every 1 mol Q?). 

5. In electron transfer, only the quinine portion of ubiquinone undergoes oxidation-reduction; the isoprenoid side chain remains unchanged. What is the function of this chain?
6. Rotenone and antimycin A are strong inhibitors of the electron transfer chain. Both are also toxic. Assuming the inhibitors are equally effective in blocking this respective sites in the chain, which is a more effective poison? Explain.

7. In class we calculated that the transfer of electrons from NADH to O2 released approximately 220 kJ/mol of energy. Using the same procedure, calculate the amount of energy released when electrons transfer from succinate to O2. Show your work for full credit.

