Sample Solutions for Membrane Practice Problems

1. 
Possible differences (any two of these, matched with explanation below):

i) Higher levels of unsaturated fatty acids (UFA) in April than in August  

ii) Higher levels of short chain fatty acids (SCFA) in April than in August

iii) Higher cholesterol in Aug. than in Apr. OR higher cholesterol in Apr. than in Aug.
(Note: Higher levels of phosphatidyl ethanolamine (PE) in April than August could also be possible, but since the mechanism for how this increases fluidity is unknown, this would not be a good choice since you could not provide a full explanation.)

Sample explanations:
As temperature decreases, the strength of van der Waals forces between phospholipid non-polar tails increases, so membrane fluidity decreases with temperature.   The frog needs to keep its membrane fluidity within a survivable range: in April it will adjust its membrane composition to increase fluidity, while in August it will adjust the composition to decrease fluidity.
· Double bonds in UFAs cause these molecules to kink, increasing the space separating the phospholipid non-polar tails, thus decreasing van der Waals forces and increasing membrane fluidity.

· Strength of van der Waals forces decreases as surface area for force to act upon decreases.  Shorter FA chains have less surface area, so less van der Waals forces between phospholipid non-polar tails, so increased membrane fluidity.

· At higher temperatures, like in August, cholesterol decreases membrane fluidity by strengthening interactions between phospholipid polar heads.  At lower temperatures, cholesterol disrupts interactions between phospholipid non-polar tails, decreasing van der Waals forces and so increasing membrane fluidity.   Having high levels of cholesterol could be beneficial in April (if temperatures are consistently low enough) and/or in August (if temperatures are consistently high enough).

3. 
Possible ways to distinguish between a pump and a permease:
· A pump would require ATP to function, while a permease would not be affected by the availability of ATP.
· A pump would move fructose against its electrochemical gradient, while a permease would move fructose down its electrochemical gradient.
· (Note: On average, permeases transport molecules faster than pumps.  However, because there is significant overlap between the rate of transport for these two types of transporters, this would not be a good option to test at this stage of your investigation.)


Note: For questions 4, 5, and 6, I have provided numerical solutions so that you can check your answers, but have not shown calculations or explanations.  The only exception is the sample solution for question 5b, which includes an explanation.  This is the level of explanation that I would look for if the question included the wording “explain your answer” or “clearly explain why.”  Note that full sentences are not necessary so long as the explanation is clear.
You should always show your calculations when writing exams, so that if you make an unfortunate mathematical error, it could still be possible to give part marks if you have done a sufficient portion of the calculations correctly.  

4. 
a. EK = -88.6mV, ENa = +53.1mV, ECa = +145.4mV, ECl =  -57.7mV

b. Em = -60.1mV

c. 1) Em = -55.8mV  (a depolarization of 4.3mV)
   2) Em = -57.4mV   (a depolarization of 2.7mV)
   3) Em = -60.0mV   (a depolarization of 0.1mV)
   4) Em = -52.7mV   (a depolarization of 7.4mV)
   5) Em = -56.2mV   (a depolarization of 3.9mV)
Of these five options, the largest depolarization from the resting membrane potential is 7.4mV (option 4: doubling the membrane permeability to Na+), so this is the manipulation that would have the largest effect.

5. 
a. Em = -68.5mV

b. ECa = +144.6mV
The channels will open and Ca2+ will move down its electrochemical gradient into the cell.  Because Ca2+ is positively charged, this will depolarize the cell membrane.  It will continue to move into the cell until Em equals 144.6mV (or until the Ca2+ channels close), so the maximum possible change, if the membrane potential reaches ECa, would be a depolarization of 213.1mV.  
(144.6mV – (-68.5mV) = 213.1mV)

c. When extracellular [K+] is 10mM, Em = -57.6mV                                                                                                                                                                                                                                                                                                                                               

d. When extracellular [Na+] is 160mM, Em = -67.0mV

6. 
a. ECl = -69.2mV, Eoxalate = -73.9mV

[bookmark: _GoBack]b. Into the cell

c. 890 joules

d. 2639.8 joules to transport 1 mole of oxalate out of the cell, so at least 3 molecules of Cl- would be needed to transport one molecule of oxalate out of the cell under these conditions

e. Yes

 
