CHEM6101/8101

HomeWork #2
Fall 2007
Energetics (Chap. 3) Review Questions:   Do not forget units, if appropriate. 

Recommended textbook end of chapter questions for Chapter 3 are #4 -9,12,13&17. 

1. The combustion of glucose (C6H12O6) to CO2 and water is a major source of energy in aerobic organisms. The reaction is favored mainly by a large negative enthalpy change, Hº = -2816 kJ/mol and Sº = +181 J/ºmol.   How many O-H bonds are broken in the following reaction?

a) Recalling that combustion indicates oxidation (addition of O2), draw the equation for this reaction with correct  stoichiometries.

b) At 37ºC, what is the value for (Gº ?

c) In the overall reaction of aerobic metabolism of glucose, 38 moles of ATP are produced from ADP for every mole of glucose oxidized. Calculate the standard state free energy change for the overall reaction when glucose oxidation is coupled to the formation of ATP.

2. Given the following information:


   glucose +  pyruvate          (        -ketoglutarate + alanine
(G(( = -0.57 kJ/mole


              glucose + oxaloacetate     (        -ketoglutarate + aspartate
(G(( = -2.75 kJ/mole
a) What is the (G(( for the synthesis of alanine and oxaloacetate from pyruvate and aspartate?  Is the reaction favored?

b) At 25( C, the physiological concentrations of these are [pyruvate] = [aspartate] = 10 mM, [alanine] = 0.1 mM and [oxaloacetate] = 10 (M. What is the (G for this reaction? Is the reaction favored at physiological concentrations?

3. Briefly define each of the following: (G, (G(, and (G((. Circle the term that best describes the tendencies in a biological system?

4. The first reaction in glycolysis is the phosphorylation of glucose to create glucose-6-phosphate (G-6-P). This is a thermodynamically unfavorable process with Gº´ = +14 kJ/mol.

a) In a liver cell at 37ºC the concentrations of both phosphate and glucose are normally maintained at  about 5 mM each. What would the equilibrium concentration of G-6-P be?

b) This very low concentration of the desired product would be very unfavorable for glycolysis. In fact,  the reaction is coupled to ATP hydrolysis to give the overall reaction below. What is the Gº´ for the reaction now?



ATP   +  glucose   (   G-6-P  +  ADP

c) If, in addition to the constraints on glucose concentration listed above, we have [ATP] = 2.5 mM and   [ADP] = 0.5 mM, what is the equilibrium concentration of G-6-P?

5. A protein molecule is a polymer that can fold up into itself like spaghetti. Amazingly, in its folded native state, it has only one favored conformation. But when it is denatured, it becomes a random coil, with many possible conformations.  Even more amazingly this is often a reversible process.
D(enatured)
(
N(ative)
a)  What must be the sign of S for the protein in a D to N transition? 

b)   Write out the equation that describes the thermodynamic relationship between  G, S  and H.

 c)   Will the contribution of S to the free energy change (G) for the N to D process be + or -? What requirement does this impose on HN(D, if proteins in their folded native state are to be stable structures?

You should now be able to explain why most proteins denature as temperature is increased EXCEPT that Native proteins do not exist apart from an aqueous solvent so you HAVE to also consider the thermodynamics of water………… try this next problem.
6. When a hydrophobic substance, (such as the surface of an unfolded protein would mostly be),  is dissoved in water, a clathrate cage of ordered water molecules is formed about it. 
a) What do you expect the sign of S to be for the water in this process? 
b) If a protein molecule contained a large number of hydrophobic amino acid residues what might this do the Stot (i.e. SH2O + SProtein)  for the Native to Denatured transition discussed in question 5 above? 

c) Now can you explain why Temperature increase generally disrupts the native structure of a protein?

Multiple Choice QUESTIONS for chapter 3: Unless otherwise stated , choose the one BEST response.
1.
Rank the following according to their hydrophobicity.  Circle the letter corresponding to the one that you expect to be most soluble in H2O?

A. CH3-CH2-OH

B. CH3-CH2-CH2-CH2-OH

C. CH3-CH2-CH2-CH2-CH2-CH2-OH

D. CH3-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-OH

2.
The binding between a specific antibody and a virus is very tight. If the forces that allow interactions between molecules are said to be weak, how can electrostatic attractions, hydrogen bonds, van der  Waals bonds and hydrophobic attractions lead to a very strong  interaction? 

A. The structure of the antibody allows the formation of a large number of weak interactions.

B. Weak interaction is the precursor to the formation of covalent bonds.

C. The weak forces lead to condensation reactions converting interaction to a very tight bond.

D. The electrostatic attractions become very strong once water is excluded from the bound molecules.

3.
The equilibrium constant for the conversion of the disaccharide sucrose to the simple sugars glucose  and fructose is 1.4x105. What can you conclude about the reaction: sucrose + H2O    (    glucose + fructose? 

A. It is a closed system. 

B. It never reaches equilibrium. 

C. It is favored thermodynamically. 

D. Keq increases when the starting concentration of sucrose is increased. 

E. At equilibrium, the concentration of sucrose is much higher than the concentrations of glucose and fructose.

4.
The equilibrium constant for the ionization of acetic acid,  CH3COOH     (    CH3COO- + H+, is 2 x10-5. What can you conclude about this reaction? 

A. It is a closed system. 

B. At equilibrium, the concentration of CH3COOH is much higher than the concentrations of CH3COO- + H+. 

C. It never reaches equilibrium. 

D. It is favored thermodynamically.

E. Keq increases when the starting concentration of CH3COOH is increased.

5.
Energy-requiring reactions can occur in biological systems because enzymes allow their coupling to other reactions with: 

A. an increase in entropy 

B. a low activation energy 

C. no inhibitors 

D. products of lower free energy than the reactants 

6.
The equilibrium constant for the reaction, glucose 6-phosphate (G-6-P) + water  (    glucose  + phosphate, is 260. What can you conclude about this reaction: 

A. It is a closed system. 

B. It never reaches equilibrium. 

C.  It is favored thermodynamically.

D. At equilibrium, the concentration of glucose is much higher than the concentration of G-6-P.

E. The equilibrium constant increases when the starting concentration of G-6-P is increased.
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