Chem 454-TCA Problems 2-13pts-I prefer you type on this document as a template.

DUE 9:30 AM Tuesday


NAME            

KEY                .  

[image: image1..pict]1. In 1905 English scientists Harden and Young studied the fermentation of glucose with  cell free extracts of yeast. They monitored formation of ethanol by measuring CO2 gas output. In one set of experiments they observed  the evolution of CO2 increased when inorganic phosphate, Pi , was added to a yeast extract containing excess glucose. In the graph below Curve A shows what happens when no Pi is added. Curve B shows the effect of adding Pi in a separate experiment. As time passes CO2 evolution slows but the rate can be increased by adding more Pi.  Answer the following questions concisely but completely.

a)Why is glucose fermentation dependent on Pi?

Because the G-3-P to 1,3BPG  step requires Pi. Glycolysis cannot proceed without this intermediate.
b) During fermentation what is the ratio of Pi consumed to CO2 evolved?
1:1 since 1,3 BPG is needed to continue on to ethanol and CO2 (AND THERE IS NO OTHER Pi REQUIRING STEP).
c) How does the formation of ethanol ensure that the fermentation process is in redox balance?

The pyruvate ( ethanol step uses NADH and regenerates NAD+ for the G-3-P to 1,3BPG step.

d) Harden and Young found that they could recover phosphate from the reaction mixture, but not precipitate it as Pi with magnesium citrate. This means the phosphorous was present in an organic compounds. Name at least 3 organic compounds that would be phosphorylated when Pi is added to the mixture.

 In truth almost anything will do here since ATP is made from 1,3BPG and is the phosphate source for almost all phosphorylations. But some examples are 1,3BPG, G-6-P and F1,6-BP, etc.
e) As the rate of CO2 evolution decreased, Harden and Young found a compound accumulation that was identified as a hexose bisphosphate. Name the compound and explain why is might accumulate is Pi was limiting.
As the pathway grinds to a halt (due to lack of Pi) the equilibrium from 1,3BPG(GAP and DHAP--> can cause a backwards flux to F-1,6-BP.
f) Later it was shown that the addition of ATP’ase (an enzyme that hydrolyzes ATP to ADP and Pi) to the reaction mixture stimulated the evolution of CO2. Explain.

ATP’ase would generate free Pi and stimulate the pathway as explained in (a). In addition, it would regenerate substrate (ADP) for the pathway.

2) The value of DGo’ for hydrolysis of sucrose to glucose and fructose is -7.30 kcal/mol. You have a solution that is 0.10 M in glucose and contains sufficient sucrase enzyme to rapidly bring the reaction to equilibrium. (show any work)

a) What concentration of fructose would be required to yield sucrose at equilibrium concentration of 0.010 M at 25oC?

Sucrose + H2O ( Fructose + Glucose 
DGo’= -7.3 kcal/mol

Keq=230,000


DGo’= -RT ln Keq = -0.00198*298K*ln Keq
Keq=[fructose][glucose]/[sucrose] = X * [0.09]/[0.01] = 230,000

(assume [fructose] is about the same at equilibrium, we know it will be large)


x~26,000M Fructose!!!!

b) The solubility limit of fructose is about 3.0 M. How might this limit effect your experiment? 

It would be impossible to achieve that concentration of sucrose due to solubility.

3) Researchers have mutated Cys149 in glyceraldehyde 3-phosphate dehydrogenase (GAPDH) to determine the role of the side chain in the GAPDH reaction. Upon mutation of Cys149 to Serine, the catalytic activity of GADPH decreases over 104-fold. 

The dehydrogenase activity was pH sensitive. Base titration of the wild type enzyme resulted in activity with a single pKa near 7.2, while the activity of the Cys149 to Ser mutant increased linearly with pH and did not show a titratable proton below pH 10.

a) What can you conclude about the wild type protein from this pH study, i.e. explain the observations above?

The wild type pH results suggest a vital (probably) nucleophilic) group needs to be deprotonated for maximum activity. The range might suggest His, Cys or maybe even Asp and Glu. The results of the mutation point to Cys.

b) Since Ser can act as a nucleophile in the Serine protease mechanism (see Stryer Chapter 9), why is it unable to catalyze this reaction?

Clearly the “catalytic traid” that activates Ser as a nucleophile by reducing its pK is not present here. The gradual increase reflects the fact that the serine pK is normally VERY high (12-13+).
c) What effect would such a mutation have on glycolysis in living cells?

This would reduce flux through the pathway reducing the ability to effectively use sugars. It is likely to be fatal.
