Answer key for JN October 27 workshop.
All energy answers are fine in Joules. 
2. A few starting assumptions. Cool ocean temperature ~10 C, so 283 K. (Any reasonable temperature will work here.) No electrical potential difference between inside and outside of fish. The starting concentration is inside the fish, the final concentration is outside. Using:
ΔG = RT ln (c2/c1) + ZF ΔV

There is no electrical potential difference so the ZF ΔV term becomes 0.

ΔG = RT ln (c2/c1) =( 2 cal/mole-K) *283 K*ln{470/110) = 820 cal/mole or 0.82 Kcal/mole. (Always watch units in your answers, use a reasonable number of significant digits. The sign of the answer should also make sense-should this be a positive number?)

You could calculate the reverse process, but something you should remember from general chemistry: the free energy for the reverse of a chemical reaction has the same magnitude but the opposite sign. So, the movement of sodium ions from the ocean into the fish should have a free energy change of -0.82 Kcal/mole.

3. Starting pH 7.4, ending pH 3.0, human body temp ~37 C ( 310K). Again, assuming no potential difference between stomach and blood plasma. First, I need to convert pH to concentrations, since pH is the –Log10 of [H+].

pH of 3.0 = 1 x 10-3 M H+, pH of 7.4 = 4 x 10-8 M H+.
ΔG = RT ln (c2/c1) =( 2 cal/mole-K) *310 K*ln{1 x 10-3 /4 x 10-8) = 6300 cal/mole or 6.3 Kcal/mole

4. Using the Nernst equation from MBOC p. 634
V=RT/zF*ln[Co/Ci] where V is the equilibrium potential for the ion in question. I’m going to pick a T of 23 C, which gives me 300 K. Remember, Ca is a +2 ion, so z=2.

For this problem:

V=(2 cal/mole)* (300 K)/[2*(23.1 kcal/V-mole)]*ln[3 x 10-3/2 x 10-6]

V=0.095 V or 95 mV as the equilibrium potential for calcium ion. If the membrane potential was at this value, and the calcium ions were at these concentrations, there would be no free energy change for calcium crossing the membrane.

5. Building on problem 4. The Ca+2 equilibrium potential is 95 mV. The actual membrane potential in the cell is -85 mV. Rather than a positive potential pushing cations out, we have a negative potential which means calcium will be drawn into the cell. If a calcium channel were opened, calcium ions would move into the cell until the membrane potential reached +95 mV.

6. The cell can use ion pumps to increase the amount of ions on one side of the membrane. For example, the Na/K-pump results in the net increase of one cation on one side of the membrane. Because the ion concentration increases, osmosis will then bring water from the less solute filled to the more solute filled side of the membrane. A useful way to think of this is that you can pump solutes, and then the water follows the solutes.

7. Some examples of mechanical gating-touch and pressure receptors, stretch receptors in muscles, hair cells in the inner ear. In each case, you are converting some type of movement of the membrane or structures attached to the membrane to generate a nerve impulse. (There are also cold and heat gated channels.)

8. Magnesium is just above calcium in the periodic table and forms a similar +2 ion. Because magnesium is smaller than calcium but with the same change you would expect it to be more strongly bound to water, in the same way that potassium is more strongly hydrated than sodium ions. Thus you could have a case in which the hydrated magnesium binds to the opening of a calcium channel but could not pass through it. If there is high enough calcium ion concentration, there will be competition for the binding sites and some calcium will get through.

9. Since the Nernst equation describes an equilibrium conditions, ΔG=0. For starting and ending conditions, the zero potential and energy for the membrane potential is chosen as the outside solution, so C1=Co, and C2=Cin.

Starting:

ΔG = RT ln (c2/c1) + ZF ΔV

Setting ΔG =0 and substituting the concentrations:

0= RT ln (Cin/Cout) + ZF ΔV

-ZF ΔV = RT ln (Cin/Cout)

ΔV = RT/ -ZF [ln (Cin/Cout)]
Changing the sign of a log function gives the inverse of the original log function:
ΔV = RT/ ZF [ln (Cout/Cin)]

This is the Nernst equation

This process is also outlined on p. 634 of MBOC

