
BIO-212. Lecture 6. ​
Exercises 

Question 1. 
Which of the following statements are TRUE, and which are FALSE?​
 
a) Secondary structural elements of a domain generally pack so that a hydrophobic core 
is formed.​
 
b) Most protein conformational changes involve breaking and reforming several covalent 
bonds along the polypeptide chain.​
 
c) Two proteins that share more than 50% sequence identity over a 100-residue stretch 
are likely to have the same three-dimensional fold. 
 
During a protein folding event, what happens to the entropy of water molecules? Explain 
your answer.​
 
a) It increases 
b) It decreases 
c) It is equal to the protein entropy change 
d) It does not change​
 
A protein has two conformational states with different energy. Which of the following is not 
true? Explain your answer.​
 
a) If the energy difference between the two states is equal to kBT, they will be equally 
populated 
b) With higher temperature it is more probable to visit the state with higher energy 
c) The occupancy of the two states depends on the temperature 
d) The occupancy of the two states depends on the energy difference between the two 
states 
 

Question 2.  
Assume that entropy and enthalpy changes are independent of temperature. A system in 
state A has an enthalpy of –22 kJ and an entropy of 7 J•K–1. In state B, it has an enthalpy of 
-12 kJ and an entropy of 15 J•K–1. At what temperatures will state B be favored? 



​

 

Question 3.  
During cellular respiration, a glucose molecule is gradually broken down into carbondioxide 
and water. Below you have a reaction: 

 
Using a table from the lecture: 

​

 
 

a) Calculate the standard Gibbs free energy change (ΔG) for the reaction 
 
b) Interpret the result: Is the reaction thermodynamically favorable under standard 
conditions? 



Question 4.  
A system at 275 K in state A has an enthalpy of –25 kJ and an entropy of 2 J•K–1. In state 
B, it has an enthalpy of –20 kJ and an entropy of 10 J•K–1. Will state A convert 
spontaneously to state B? 

 

Question 5.  
You are studying a recombinant protein you’ve designed, expressed, and purified in the lab. 
You are unsure of its thermal stability so you perform a calorimetry experiment and obtain 
the melting curve below. 

 
A. What is the Tm? 
B. At point ‘D’ on the graph, approximately what percent of proteins are still folded and what 
percent are unfolded? 
C. Estimate roughly how much energy it takes to melt the protein. 

Question 6. 
Using your knowledge about calculating protonation states and the energy of charge-charge 
interactions, answer the following questions: 
 
a) Consider a protein with a surface-exposed histidine residue in a pH 5.5 solution. What is 
the fraction of protein molecules in which this histidine residue is charged? (Assume that the 
pKa is 6.0.) 
 
b) For a protein with a surface-exposed aspartic acid, at what pH will this residue be charged 
in 60% of the protein molecules? (Assume that the pKa is 3.65) 
 
c) Consider an electrostatic interaction between the histidine and the aspartic acid at a 
distance of 5.0 A˚. What is the energy of interaction if the residues are on the protein surface 



(ε=70) at the pH is 5.0? Define the charge of these amino acids by checking the pKa values 
below. 
 

 

Question 7*. 
The Boltzmann distribution describes the most probable distribution of particles 
in different energy states for a given system. Thinking about each particle as being 
a protein and remembering that each different possible conformation of a protein 
has a different energy, use the Boltzmann distribution to explain why at extremely 
high temperatures proteins are unfolded. 

Question 8*. 
The two accessible conformations of a protein differ by 2 kJ/mol. What percentage of protein 
molecules will be in the higher energy state at 270K? 
 
 
* Feel free to work on these exercises now or save them for the next session  
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