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PEP 535 - Exercise Biochemistry

Practice Exam #1

The questions on this exam are all short answer/essay questions, and I expect that your answers will be thorough.  However, being thorough does not necessarily relate to length !!!  In fact, too much length that is uncalled for will increase the likelihood for lost marks due to errors!  Use the point value for the question to help determine the length of your answer.

I recommend using diagrams to aid your explanations and reduce the length of your writing sections.

Good luck.  

Dr. Rob Robergs

1.  If enzymes do not alter thermodynamics/bioenergetics, why are they so important in the control of metabolism?





(15 points)

Enzymes function to do several things.  1) They increase reaction velocities so that there are meaningful rates of product formation. 2) They can operate in both directions so that reaction bioenergetics dictates directionality. 3) Some enzymes can be regulated by activators and inhibitors, allowing control over which exergonic reactions occur in a cell.  Such enzyme control exists because substrate and product concentrations are so low inside a cell that even if reactions were exergonic, no meaningful change in substrates and products would occur. 4) Regulation of enzymes therefore allows regulation of specific reactions and entire metabolic pathways. 5) Enzymes provide for coupling of exergonic to endergonic reaction directionalities.  Thus, coupling a highly exergonic reaction to an energy dependent (endergonic) reaction provides the free energy to make the coupled reaction net exergonic.  Without coupling, there would be no way to foster free energy transfer between catabolism and anabolism, and as such, there could not be life.
2.  Explain the significance of the moderate free energy release from ATP hydrolysis to cellular energy metabolism. 



















(10 points)

ATP hydrolysis releases moderate free energy so that sufficient free energy is available for cell work, yet free energy transfer is still allowable based on coupling ATP formation to more exergonic reactions.  If ATP hydrolysis yielded higher free energy release, then it would be more and more difficult to have enzyme coupling causing ATP formation, which in turn would make energy catabolism less efficient.
3.  Below are mathematical and biochemical equations that identify the relationships between creatine phosphate, ADP, ATP, H+, AMP, IMP and NH3.  The equation for calculating the absolute (in vivo) Gibb’s free energy change of a reaction is also provided.

i) CrP + H+ + ADP <--------> ATP + Cr 

ii) ADP + ADP <---------> ATP + AMP

iii) AMP + H2O + H+ ----------> IMP + NH4
iv) Keq(CK)   =        [ATP] [Cr]


         [CrP] [H+] [ADP]

v) (G = G(’ + R T ln ([P] / [S])

R = 0.001986 Kcal/mol, T = (K

a)  Using concentrations of substrates and products inside a muscle cell (rest conditions), calculate the (G for the creatine kinase reaction?

(5 points)

Assume that the G(’ for the creatine kinase reaction is the sum of the two reaction G(’ values (see below).
CrP + H+ + ADP <----Creatine Kinase----> ATP + Cr

CrP + H+ <--------> Cr + Pi ; G(’ = -10.3 Kcal/M
ADP + Pi <--------> ATP ; ; G(’ = 7.3 Kcal/M
(G = G(’ + R T ln ([P] / [S])
      = -3 + (0.001986 x 310 x (ln ((10 x 6)/(30 x 0.05)))
      = -3 + (0.61566 x (ln 40)
      = -3 + (0.61566 x 3.68)

      = -3 + 2.2656
      = -0.7344 Kcals/M
This is interesting, as it is not at equilibrium.  It is also clear that if we use a lower [ADP} as we calculated in class from the CKeq, then the (G would be closer to zero and a true equilibrium!  Furthermore, the CKeq from above equals 40 and not 1.66 x 106!  Thus, I used the [ADP] we calculated from class lecture notes below.
(G = G(’ + R T ln ([P] / [S])
      = -3 + (0.001986 x 310 x (ln ((10 x 6)/(30 x 0.000001204))

      = -3 + (0.61566 x (ln 1661129.568)

      = -3 + (0.61566 x 14.323)

      = -3 + 0.0882

      = 5.8121 Kcals/M
This is still far from equilibrium in the opposite direction!  Consequently, to get this reaction to a (G=0, yet still using a CKeq of 1.66 x 106, the G(’ must be far more negative than -3 Kcal/M!  See below.
(G = G(’ + R T ln ([P] / [S])
      = G(’  + (0.001986 x 310 x (ln 1660000))

      = G(’  + (0.61566 x (ln 1660000)

      = G(’  + (0.61566 x 14.3224)

      = G(’  + 8.8177
This is a bit of a mystery!!!!!!!!!

b) Explain the difference between the equilibrium constant and mass action ratio in computations of G(’ and (G, respectively.










(10 points)
The equilibrium constant (Keq) refers to the final equilibrium concentrations of products and substrates under standard conditions, expressed as a ratio.  These concentrations are changes that did or did not occur after the initial substrate and product concentrations of 1 M each.
The mass action ratio is the ratio of products to substrates that occur inside living tissue.  These concentrations change with different metabolic conditions, which is why this is not a constant.
c) Explain where you are most likely to find allosteric enzymes in metabolic pathways.










(10 points)

In the beginnings, branch points and ends of metabolic pathways.  Allosteric enzymes are also found at reactions that involve ATP hydrolysis as a free energy releasing component of a coupled reaction.
4.  Why is the muscle [ATP] not an energy store?


(5 points)

Cells need to maintain the [ATP] as a stable entity in order to optimize free energy transfer.  Changes in [ATP] would interfere with this function, and this explains the consistent finding in research of only small changes in muscle ATP during intense exercise to volitional exhaustion.
5.  Is the phosphagen system only involved in high intensity exercise, or exercise transition conditions?  Explain.






(5 points)

No, the phosphagen system is intimately involved in all energy transfer in muscle.  Even when there is a dependence on  mitochondrial respiration, the CK and AK reactions are involved in shuttling terminal phosphate groups from the mitochondria to the contractile proteins.
6. Why do enzymes essentially control energy metabolism when they do not alter thermodynamics?






(5 points)

Really, the same answer as for question 1!
7. Explain/define the following terms;




(10 points)

Exergonic

Free energy releasing and entropy increasing energy transfer.
Endergonic

Energy transfer that requires energy input.
Allosteric

Type of enzyme that can be activated or inhibited.
Entropy

Increased randomness or disorder.
Enthalpy

The heat transfer during energy transfer.
Gibbs Free Energy

The component of energy release in energy transfer that a cell can use to fuel work.
8. Explain the sources of ammonia (NH4) production during contracting skeletal muscle.






















(10 points)

Ammonia production occurs from amino acid deamination as well as the AMP deaminase reaction.  Amino acid deamination increases in times of low carbohydrate nutrition, as well as during more intense exercise.  The activity of the AMP deaminase reaction increases during metabolic acidosis.
AMP + H2O + H+ ----------> IMP + NH4
