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Due October 21, 2016 
 

1. This problem investigates the question of why glycolysis uses ATP in the priming stage. It 
seems like it would be more profitable for the cell to simply phosphorylate glucose via the 
following reaction: 

 Pi + glucose                  glucose-6-phosphate + H2O  ΔG’°=+14.2 kJ/mole 
 
 A. In a liver cell at 37°C the concentrations of both inorganic phosphate and glucose are 

normally about 5 mM each. What is the equilibrium concentration of G-6-P? Is this 
concentration favorable or unfavorable for glycolysis to proceed? 

 B. One way to increase the concentration of G-6-P might be to increase the concentrations of 
Pi and/or glucose. Assuming that Pi is fixed (it precipitates divalent metal cations at high 
concentrations), how high would the intracellular concentration of glucose have to be to give an 
equilibrium concentration of G-6-P of 250 µM (the normal physiological concentration)? Is this a 
viable strategy to drive glycolysis? 

C. Another way to increase the concentration of G-6-P might be to couple the unfavorable 
glucose phosphorylation reaction with a favorable reaction. If this reaction is coupled to ATP 
hydrolysis (ΔG’° = -30.5 kJ/mole), what is the net reaction and what is its ΔG’°? Does this 
appear to be a viable strategy to drive glycolysis? 

 D. If in addition to the constraints on the glucose and Pi concentrations above, in the liver cell 
[ATP]= 3.5 mM and [ADP] = 1.8 mM. For the coupled reaction, what is the calculated 
equilibrium concentration of G-6-P? In fact, within the cell, it never approaches this. Why not? 

E. Assuming the same constraints on [Pi], [ATP], and [ADP] given above, how high would the 
intracellular concentration of glucose have to be to give the normal physiological concentration 
of G-6-P (250 µM) for the coupled reaction? Is this reasonable? 

F. Why does the cell use ATP instead of Pi in the priming stage of glycolysis? 

 
2. Using the following data, calculate the ΔG for hydrolysis of ATP in muscle, liver, and brain cells. 

In which type of cell is ATP hydrolysis the most favorable? 
  

cell type ATP (mM) ADP (mM) Pi (mM) 
liver 3.5 1.8 5.0 

muscle 8.0 0.9 8.0 
brain 2.6 0.7 2.7 

 
 
3.  Your patient is an 8-year-old girl, born of consanguineous Turkish parents. She presented with 

hemolytic anemia shortly after birth and later developed neuromuscular problems, including 
progressive hypotonia, loss of reflexes, and myopathy. Blood work reveals that the 
concentration of dihydroxyacetone phosphate is increased 20-fold relative to normal values.  

A. What single-enzyme defect best accounts for these symptoms and lab results? Explain.  

B. Would you expect your patient’s muscle pain to vary with type of activity? Explain. 
 
 



4. A. Which carbon atom of pyruvate would be labeled if glucose labeled with C-14 at carbon-6 
were metabolized through glycolysis? Draw the compound with the appropriate carbon labeled, 
and make sure you show your work. What percentage of pyruvate molecules would be 
labeled? 
B. A yeast culture is fermenting glucose to ethanol. In order to ensure that the CO2 released 
during fermentation is radiolabeled, what carbon(s) of glucose must be labeled with C-14?  

 
 
5.  Identical twins, one starting a 400-meter run and the other starting a 10,000-meter run, start at 

the same time. The first twin runs about twice as fast as the second twin and finishes the 400-
meters in approximately 55 seconds. How would the quantities of glucose consumed by each 
twin over that first 50-second time period compare? (Exact amounts are not necessary.) 
 
 

 
 


