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1. Excitable cells use a lot of ATP to generate transmembrane gradients and membrane potentials. Consider a neuron. It can be approximated as a cylinder with a volume of 6300 µm3 and a surface area of  2700 µm2. How many K+ ions would need to be actively pumped from inside to outside to charge the membrane to -70. mV. Considering the concentration of  K+ inside a typical cell is 200. mM (and outside is 7 mM), would this pumping significantly change the internal [K+]?  Show all work. (by significant I mean more than 5%). 

2.  DGo’ and DEo’ are analogous in that they represent STANDARD conditions. However, just as DGo’ has a related term DG’ which reflects the actual energy available under “real” conditions of products and reactants, DEo’ has a related term DE’ which relates redox energy available and spontaneity of a redox reaction under real cellular conditions:
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a. What is DGo’ for the transfer of two electrons from succinate/fumarate to ubiquinone/ubiquinol (and correctly write the equation in the spontaneous direction)? What is the Keq? See Table 18.1.

b. If [succinate] = 3 x 10-3 M and [fumarate] =  1 x 10-3 M and [ubiquinone]=[ubiquinol], what is DG’? What is DE’ ?

c. If [succinate] = 3 x 10-3 M and [fumarate] =  1 x 10-3 M as above, what is the minimum ratio of [ubiquinol]/[ubiquinone] which would render the reaction nonspontaneous (i.e. electrons would no longer flow in the “forward” direction above? When might this situation occur in a real organism?

3. If the carbon #2 of fructose was labeled with 14C and fed to an active aerobic suspension of yeast cells, which carbon(s) on oxaloacetate would be primarily labeled (after one “round” of the TCA cycle)? Explain or show your logic. 

4. Nitrite (NO2-) is toxic to many microbes. Thus it is often used as a preservative  and it also keeps cured meat looking red by binding to myoglobin (bacon and sausage anyone?).  Nitrobacter species, however can oxidize Nitrite to Nitrate (NO3-) and transfer electrons to oxygen to power ATP synthesis. Given Eo’ values below calculate the maximum number of ATP which can be synthesized per mole of nitrite.
NO3- + 2H+ + 2 e- ( NO2- + H20 

Eo’= +0.42
1/2O2 + 2H+ + 2 e- ( NO2- + H20

Eo’= +0.82

5. A newly discovered bacterium contains the following cytochromes. 
a. Predict the sequence of carriers in this ETS (from most reduced to most oxidized).

b. How many molecules of ATP could be synthesized per pair of electrons under standard conditions using this pathway?

c. Why is it unlikely that oxygen is a terminal electron acceptor?
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