Molecule to Organism Biochemistry

Spring 2007

Problem set 1
This is due at 1 PM (or when you come to biochemistry workshop) on Friday April 13. Cooperation and discussion are encouraged on this assignment, but work submitted should represent your own thoughts and understanding.

1. It is difficult to directly measure the equilibrium constant for the hydrolysis of ATP. Experimentally, the best route to obtaining a good value is to break this reaction into two steps, resulting in values that can be more accurately measured. One example is the coupling of the following two reactions. The observed free energy changes for each of these reactions are indicated. From this experimental information, what is the standard free energy change for the hydrolysis of ATP to ADP and orthophosphate?

(1) ATP + glutamate + NH3+  → ADP + Pi +glutamine + H+
Δ0’= -16.3 kJ/mol
(2) Glutamate + NH3+ → glutamine + water + H+

Δ0’=   14.2 kJ/mol
2.  The standard free energy of hydrolysis of glycylglycine (GG) is -3.6 kcal/mol at 23 C. 

a. What is the balanced equation for this hydrolysis reaction?

b. Based on the free energy, what is the equilibrium constant for this hydrolysis? 

c. If you make a solution that is 1.0 M in glycine at this temperature and allow it to reach equilibrium, what are the equilibrium concentrations of G and GG?

(A comment on simplifying the math in this problem. When you set up this equilibrium, how large will the concentration of GG be to G? Will the concentration of G change very much when this system reaches equilibrium?

3. An important approach to study metabolism was devised by the Buchner brothers (yes, of the funnel fame!) and Hahn, who studied glycolysis in yeast in cell-free systems. An early discovery was that the rate of fermentation fell off with time, but the rate could be boosted by addition of inorganic phosphate.

For this experiment, a ground up yeast paste was made and the cytoplasm collected. The cytoplasm was then dialyzed (put in a bag with very small pores and the bag then placed in repeated changes of buffer.) This dialysis step removed all small molecules (below 10, 000 MW) but kept all proteins inside.

a. What is the minimal set of small molecules that must be added to these enzymes to allow the fermentation of glucose to take place?

b. Are there other molecules you could add that are not absolutely necessary but would still increase the rate of fermentation? Are there any molecules (normal cell components, not toxins) that would slow the rate of fermentation?

c. They also measured the ratio of moles of inorganic phosphate consumed to moles of carbon dioxide produced. Based on our model for yeast fermentation, what would you expect this ratio to be (moles CO2 produced/moles Pi consumed) to be?

4. A cell uses hexokinase to form glucose-6-phosphate or fructose-6-phosphate from the corresponding monosaccharide. Assume this enzyme has a vmax for glucose of 2x10-5 mol/min, with a KM of 1 x10-5 M. The vmax for fructose is 3 x 10-5 mol/min, and the KM for fructose is 1x10-3 M. The rate of production of phosphosugars in these cells is measured at 1.0 x 10-8 mol/min for glucose-6-P and 1.5 x 10-5 mol/min for fructose-6-P.

a. From this data estimate the concentrations of glucose and fructose in this cell.

b. Which of the two hexoses is more important in generating energy in this cell?

Be sure to clearly indicate the assumptions you are making in answering this problem.

5. Fermenting yeast can produce ethanol until the medium they live in has about 12 % (v/v) ethanol in it. 

a. What is the minimal concentration of glucose (in g/l) you would need to start with to reach this ethanol concentration?

b. What total volume of carbon dioxide (at standard T and P) would be produced by 1 liter of this solution during fermentation? (Assume that there is no significant solubility of carbon dioxide for the sake of this problem.)

c. To optimize the yield of ethanol it is important to block access to oxygen. If there was free access to oxygen, how (in a qualitative sense) would this system change?

6. The standard free energy of hydrolysis for phosphotyrosine is -2.3 kcal/mole.

a. Estimate the free energy for the reaction catalyzed by a protein tyrosine kinase, using the information above in this problem and your text.

b. The free energy of hydrolysis of a phosphotyrosine residue in a protein, produced by the action of v-sarc, is -9.48 kcal/mol. Provide a reasonable explanation for why the free energies of hydrolysis are different for phosphotyrosine as a free amino acid and as a component of this larger protein. 

