
Problem Set 1          (Due Sepetmber 2
nd

) 

1. Look up the structures and pKa values for the buffers listed below (these are all commonly used in biochemical 

research).  Justify the trend in pKa values you find based on the structures.  (Note that it is a Nitrogen atom that 

accepts a, NOT the R-SO3
-
 group) 

a. PIPES 

b. PIPPS 

c. HEPES 

d. MOPS 

e. MES 

 

2. Generate a titration curve if 250 mM NaOH is titrated into 100 mL of 25 mM MOPS.  Make sure to mark all of the 

important points on the X and Y axes. 

 

3. Identify the primary role for each of the organelles in a eukaryotic cell: 

a. Nucleus 

b. Mitochondria 

c. Golgi apparatus 

d. Smooth ER 

e. Rough ER 

 

4. O2 is transferred from your lungs to muscle tissue by binding to hemoglobin; however, hemoglobin is not able to 

transport CO2 back to the lungs. 

a. Write a balanced chemical reaction that describes how CO2 is generated when O2 reacts with glucose. 

b. The two products of this reaction can subsequently react together to form an acid. 

i. Write a balance chemical reaction for this process. 

ii. Determine the enzyme that catalyzes this reaction. 

c. Describe why these reactions are important in maintaining the pH of blood. 

 

5. We’ll learn this term the protein structure is not rigid. Proteins are very dynamic molecules that continuously 

sample multiple conformations including a fully unfolded form (denatured).  Consider the simple equilibrium for the 

protein Ribonuclease A (RNase) that describes the folded and denatured states: 

RNase (denatured) ⇌ RNase (folded) 

 

If the total protein concentration is 2 mM, using the data in the table below and thermodynamic expressions that 

you learned in General Chemistry (hint: think Van’t Hoff Equation) answer the following question: 

 

a. Determine H° and S° for the folding reaction.  Assume both values are temperature independent. 

b. Calculate G° for RNase A folding at 25°C.  Is this a spontaneous reaction? 

c. What is the denaturation temperature for RNase A under standard conditions? 

d. Standard autoclaves heat water to 121°C.  Comment on why autoclaved water cannot be trusted to prevent 

RNase catalyzed RNA degradation. 

e. What temperature is necessary to make the ratio of denatured:foded RNase = 10? 

 

Temperature (°C) [RNaseA (denatured)] [RNaseA (folded)] 

50 5.1 x 10
-6

 M 2.0 x10
-3

 M
 

100 2.8 x 10
-4

 M
 

1.7 x 10
-3

 M 

 

6. Calculate the concentration of sodium acetate and acetic acid that are necessary to prepare a buffer solution of 

pH 5 that contains a total buffer concentration ([X] + [HX]) of 50 mM. 


