




  



Chem 454-EXAM 1 Add-on from problems 3    
 

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%). (10) 

 
-0.070V = q/ 1.0 *10-6 *(1/10000 µm.cm)2 * 2700 µm2 

q=-2.7 *10-11 *  0.070=-1.9 * 10-12 C and # of charges = 1.9 * 10-12 C/1.6 * 10-19 C = 1.2 * 107 
K+ ions pumped out 
 
assume 1mL = 1 cm3 
# ions inside if K+ = 200mM= 0.200 mol K+/L* 1L/1000mL (1cm/10000µm)3 * 6300 µm3 * 
6.02 * 1023 K+/mole = 7.6 * 1011 K+ ions inside. So  
 
7.6 * 1011-1.2 * 107/ 7.6 * 1011 *100%= 99.9984% still left inside!! Not Significant 
 
 
2.  A newly discovered bacterium contains the following cytochromes. (10) 

 
a. Predict the sequence of carriers in this ETS (from most reduced to most oxidized). 
? Flavoprot bNAD+cyt cFlavoprot aFerroprot? 
 
b. How many molecules of ATP could be synthesized per pair of electrons under standard 

conditions using this pathway? 
 
-nFΔE=-2(23)(0.85- -0.62)= -67 kcal/mol 
-67/-7.3= 9.3 moles ATP or 9 molecules ATP whole number per electron pair 
 

c. Why is it unlikely that oxygen is a terminal electron acceptor? 
 
Because O2 std reduction potential is 0.83 V and is more negative than the last carrier. 

 









 


