
Exercise 11 2024 

 
Question 1 

During cellular respiration, a glucose molecule is gradually broken down into carbon dioxide 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? 

 
 
 
 
 
 
 
 

 

 

Ǫuestion 2 

In the lecture you had 2 pathways (1) and (2) on the picture below.  Check what 
would be the Gibbs energy for both. What you can say? 
 

 

 

 

 

 

 

 

 

 

 

 



Question 3 

You have a protein sample that was subjected to a technique that produces the piece of data shown 
below. The area under the curve of the peak between 55 and 75 ºC (yellow) is 200 kJ/mol and the 
difference of Cp at low and high temperature (ΔCp) is 3.5 kJ/K mol.  

 

a) Which technique can produce these data? 

b) Which type of biochemical reaction is the protein undergoing? 

c) Using the data available calculate the entropy contribution for the reaction at the 
temperature at the maximum of the curve and at 35 ºC. 

 

Question 4 

Which of the following statements are TRUE, and which are FALSE? 

a. The binding affinity of a molecule increases as the dissociation constant (Kd) decreases. 

b. Enthalpy (ΔH) is the sole determinant of binding specificity in molecular recognition. 

c. Hydrophobic interactions play a major role in molecular recognition by reducing the 
entropy loss upon ligand binding. 

d. The Gibbs free energy (ΔG) of binding is independent of temperature. 

e. The binding of a ligand to a receptor often involves an enthalpy-entropy trade-off. 

f. The equilibrium constant (Ka) is inversely proportional to the dissociation constant (Kd). 

g. Specificity in molecular recognition is always determined by the strongest non-covalent 
interaction. 

h. Hydrogen bonds in molecular recognition are stronger in a non-polar environment than in 
a polar environment. 



i. The entropy (ΔS) of binding is always positive for favorable binding interactions. 

j. Allosteric binding refers to the binding of a ligand at a site other than the active site of the 
receptor, affecting the receptor's activity.



Question 5 

Methotrexate is a potent inhibitor of dihydrofolate reductase (DHFR), binding to the active 
site and preventing the reduction of dihydrofolate to tetrahydrofolate. Below is a binding 
isotherm showing the interaction between DHFR and methotrexate. The fluorescence signal 
(arbitrary units) is measured as a proxy for binding. At the highest concentration of 
methotrexate tested (500 nM), the fluorescence signal saturates at 425 units. 
 

a) Estimate the dissociation constant (KD ) for methotrexate from the binding curve. 
 

 

b) Calculate the ΔGbind∘ at 298 K for methotrexate's interaction with DHFR. 
 

 
Question 6 
 
The binding between the drug Ritonavir and the protein HIV-1 protease is measured, giving a 
binding free energy of −45 kJ/mol at human body temperature. What is the value of Kd? 
 
Question 7 
 
At 298 K, the enzyme lysozyme binds to a specific polysaccharide substrate with a 
dissociation constant of 20 μM. What are the values of association constant and ΔGbind∘? 
 
 
 



Question 8 

The drug jafrasitor (MW = 540 Da) binds the histone deacetylase enzyme Sir2 with a 
dissociation constant of 0.1 nM. What mass of jafrasitor should be administered to a patient 
with a blood volume of 5.5 L such that Sir2 is at least 91% inhibited? 

 

Question 9 
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 10 
 
A histidine is involved in an interaction with a glutamic acid that stabilizes the charged form 
of the histidine, such that the value of ∆Go for deprotonation is 15 kJ•mol–1 at pH 7.0 and 
293 K (calculated using the biochemical standard state). What is the pKa of this histidine? 


