CHEM 3653 - Action 01 KEY

1. Consider a reaction B 5 P in which AH =-20. kJ'mol and AS = 10. J'mol - K.

a. Calculate the AG for this reachion at 25°C.
b. Iz the reaction spontanecus (explain your answer)?

a
AG =AH - TAS
AG = -20,000 J'mol — 298 13 K x 10 I/'mol*K = -22 981.3 J'mol = -23 kl/mol

b
since we have a negative AG, this reaction 13 spontanecus.

2. Consider the izomerization reaction B 55 P, in which B 15 converted to P. The AG® for this
reaction 1z —10. kl/mol. Calculate the [P])/[E] at equilibrivm at 25°C.

AG™ = RTInK.
K = [P)[R] = e"-{AG"/RT) = e"-(-10,000 J'mol / §.314 J'mol*K x 29815 K) = 56.5

At equilibrium the ratio of [P] - [R] 15 36.5: 1
3. Phosphogluocomutaze catalyses the reaction in which a phosphate group iz transferred from
the Carbon 1 of glucose to the Carbon 6 of glucose (G1P = G6P). A student at OU incobates a

0.2 M zolution of glucose-1-phosphate overnight with a small amcount of the enzyme. At
equilibrium the concentration of glucose 1-phosphate 13 9.0 = 107 M and the concentration of

glucose G-phosphate 15 19.1 = 107 M

Calculate the equilibrium constant (Kag) and the standard state free energy (AG") for this
reaction at 23°C.

Keg = [GOP)[GIP]=101x 102 M/ O9x 10°-3 M =212

AG™ = RTInK.
AGT =-8314 Vmol*K x 2908 15 K x1n 21 2 = 757 kJ/mol

4. Consider the following reactions at 25°C for which AG® = 0, and [A] = [B] = [C] =1 mM

1) A=—= B +C

2) A+ B C

3) A=—=B

What is AG for each of the above cases?
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1) AG = AG™ + RTInQ) = 0 + 8.314 [ /K*mol x 298.15 Kx In (0.001M x 0.001M / 0.001M)
AG = -17.1 k] fmeol

2)AG=AG™ + RTInQ =0 + 8.314 [ /K*mol x 298.15 K xIn (0.001M / 0.001M x 0.001M)
AG = 17.1 K] /mol

3) AG=AG™ + RTInQ = 0 + 8.314 [ /K*mol x 298.15 K xIn (0.001M / 0.001M)
AG=10

5. FoF1 ATPase is a fully reversible motor enzyme that can transport protons against pH
gradient when supplied with ATP. Assuming that transport of one proton is coupled to
hydrolysis of one ATP, what is the lowest pH that FoFi1 ATPase can generate outside of the
mitochondrial membrane in the absence of other proton-generating fluxes (e.g. complete
inhibition of electron transport chain, other transporters, etc)? Assume that pH inside
mitochondria is 7.0, [ATP] = 1 mM, [ADP] = 0.1 mM, [HPO4] = 1 mM.

First, it 13 important to zee the transport as two separate proceszes coupled together. The first
process 13 the hydrolysiz of ATP:

ATP* + H20 = ADPY + HPOs: + HY
The zecond process 1z the flux of protons from inside the mutochondrnia to its outer membrane:
H inside -= H pumida
We can calculate the free energy for the ATP hydrolysis by using the following equation:
AGare = AG™ + RTIn(} (AG™ for ATP hydrolysis 1s -30.5 kJ/mol)
AGate=-30,500 J'mol + §.314 J/K*mol x 293.5 K In (0.0001M x 0.001M / 0.001M)
AGAT? = -33 33 kl'mel

We can solve AG for the proton flux in the following manner:

AGH-= AG" + RTInQ =0 J/mel + RT In ([H oumside / [H Jinside)
AGH-=RT ( log ([H Joutide / [H Jinsida) ) / log e = 5.7 kl'mol (log [H Jouside — log [H Jmnzide)
AGH-= 3.7 kl'mol x ApH

Now we can set them equal to calculate the pH:

AGH- = AGAT?

3.7 klimol x ApH = -33 33 kl/'mol

ApH =-5333 kl/mol / 5.7 kl/mol = -0 4
FinalpH=-084+7=_24



