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Name:_______KEY_______ 
 
Question One. 
In a bacterial plasma membrane, suppose the electrochemical proton gradient is the 
driving force for a sodium extrusion system (antiport). For two H+ coming into the cell, 
one Na+ ion is pumped out. In turn, the Na+ gradient is used to drive the efflux of Ca2+ out 
of the cell. For each Na+ ion coming into the cell, one Ca2+ ion is pumped out. At steady 
state, if the [Ca2+](outside) is 5 mM and  [Ca2+](inside) is 0.005 mM, what is the required proton 
electrochemical gradient, assuming the potential is -120 mV? What if the H+/Na+ 
antiporter stoichiometry is 1 H+ per 1 Na+? 
 

 
 
_______________________________________________________________________ 

equating delta-mu’s correctly  (50/100) 
Electrochemical gradient (either ratio or [H+] or pH  (25/100) 
Correct answer  (25/100) 

Clarity and logic 
were important 
adjuncts to the very 
general grading 
scheme to the right. 

  

_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 
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Question Two. 
 
A bacteria (for the sake of simplicity, assume it is a square, with 2 µm sides that are very 
rigid) has an internal pressure of 1 MPa. It is subjected to a hypo-osmotic shock that 
dilutes the external medium from an osmotically active concentration of 500 mM to 1 
mM. Without mechanosensitive channels, the bacteria would lyse and die in 60 seconds. 
How many mechanosensitive channels would be required if the current per channel is 10 
pA? For the sake of simplicity, assume that the movement of ions through the channel 
does not affect the membrane potential of the bacterium.  

 
_______________________________________________________________________ 

P=RT(Ci-Co)  (20/100) 
Ci change  (20/100) 
Cell volume  (10/100) 
Number of molecules  (20/100) 
Channel molecules in molecules per sec (*60 sec)  (20/100) 

Clarity and logic 
were important 
adjuncts to the 
general grading 
scheme to the right. 

Number of Channels  (10/100) 
 


