Suggested solution for biochemistry workshop of May 11 –Part 1
Note there is an important typo-the standard reduction potential of oxygen is +0.82 V.

1. a. Balancing the equation as to number of electrons, (a 2 electron reaction) in direction written, and checking that charges and atoms balance:

2Hb(+2)  → 2Hb(+3) + 2 e-
NO3- + 2 H+ + 2 e- → NO2- + H2O

Net: 2Hb(+2)  + NO3- + 2 H+ →2Hb(+3) + NO2- + H2O

The second reaction is in reduction direction, the first (Hb) reaction is an oxidation, so its potential is the reverse of the reduction potential;

Overall potential: -(0.17) + 0.42 = 0.25 V  

A positive potential, so spontaneous in forward direction under standard conditions.

b. Also balancing for 2 electrons:

succinate→
Fumarate + 2 H+ + 2 e-   (This is an alkane to alkene oxidation, Fumarate has 2 fewer hydrogen atoms)
2Fe+3 + 2 e- → 2Fe+2

Net: succinate +2Fe+3  → 2Fe+2  + Fumarate + 2 H+
Succinate to fumarate is opposite direction of reduction, so potential is reversed.

Overall potential: -(0.3) + 0.77 = 0.74 V   , also spontaneous
2. Using ΔG0’ = -nFΔE0’,  with both examples 2 electron movements: 

1a free energy is -12 kcal/mole or 48 kJ/mole (data only supports a 2 significant digit answer at best. Succinate reduction potential is actually worse than that.)

1b is -35 kcal/mole or -1.4 x 102 kJ/mole.
3. Standard electrical potential for oxidation of NADH by oxygen is –( -0.32)  + 0.82  = 1.14 V

Standard electrical potential for oxidation of NADH by nitrate is –(-0.32) + 0.42 = 0.74 V. Since these are both 2 electron reactions, we can directly compare their free energies by comparing their potentials. (You could convert to free energy, but it is actually not necessary.) The ration is 0.74/1.14, or about 65 %. Thus at maximum the bacteria can get 65 % as much energy per mole of NADH if it has to use nitrate rather that oxygen as its ultimate electron acceptor. 

In terms of ATP yield, multiplying this ratio by the 2.5-3 ATP/NADH with oxygen, you would get 1.6-2 ATP/NADH, a 1/3 reduction.

4. a CoQ is very hydrophobic, with a long alkane (50 C) attached. Using the like dissolves like model, something like hexane would be a good solvent choice.

b. Pyruvate would be converted to acetyl-CoA and donate electrons in the form of NADH and FADH2. This would feed electrons into complex 1 and complex 2. The exit for electrons from these complexes is Q, so these first two complexes would be loaded with electrons (reduced). Oxygen is present, so electrons will be removed from the system via complexes 3 and 4. These final two complexes will have lost their electrons, so they will be in the oxidized state.

c. Since cytochrome c oxidase still works, you could add reduced cyt c and transfer electrons to oxygen, making complex 4 work. 

