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Problem Set 2: 

1. The chemical formula and bonding of the drugs Dexedrine and Benzedrine are the same, and shown on 
the right.  Both of these drugs have the identical physical properties, such as melting point, molecular 
weight, etc.  The dose of Dexedrine is 5mg/day, but the dose of Benzedrine is 10 mg/day. Additional 
side effects are seen when patients take Benzedrine.  Please answer the following 
questions: [Hint: Is there a chiral center in this compound?] 
i) Why is twice as much Benzedrine required for the same biological effect. 
ii) Why are there reduced side effects with Dexedrine?  

2. Benzedrine is absorbed more readily in the small intestine, where the pH=8, than 
in the stomach, where the pH=2.0.  Why?  Hint.  Identify the ionizable group on 
Benzedrine, consider how its ionization state would differ at the different pH 
values, and then consider how the ionization state would affect movement across 
the non-polar cell membrane. 

Problems 3 and 5 require you to view a small protein using graphic software called JSmol.  There is a 
tutorial on the software that can be found at: 

http://www.andrew.cmu.edu/user/rule/jsmol/jsmol_tutorial.html 
Clicking on “Summary” will give you information on how the mouse works. 

3. A link to a JSmol page can be found on the course page.  Navigate to that page and answer the following 
questions: 
i) Give the primary structure (amino acid sequence of the protein, N to C). Note that you need to identify 

the amino acid on the basis of its sidechain atoms. 
ii) What is the secondary structure of this peptide, α-helical or β-strand? Justify your answer. 
(Note that there are checkboxes below the image to help you understand the structure, click them!) 

4. Proteins that regulate the expression of DNA in cells 
generally bind to the DNA by either hydrogen 
bonding, electrostatic (charge-charge) interactions, or 
both. These proteins contain a large number of lysine 
residues. In answering the following, assume that the 
pKa of the lysine sidechain is 9 and the pKa of the 
phosphate group in DNA is 2.0.  A partial structure of 
DNA is shown on the right. 

i) Explain how the presence of lysine residues would 
enhance the interaction (binding) of the protein to 
the DNA by hydrogen bonding.  Which groups on 
the DNA would be involved. 

ii) Explain how the presence of lysine residues would enhance the interaction (binding) of the protein 
to the DNA by electrostatics.  Which groups on the DNA would be involved? 

iii) Mutations occur such that the some of the lysine residues on the protein are changed to glutamic 
acid.  Predict how the DNA binding would change, would it get better, worse, or stay the same.  Justify 
your answer. 
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5. Two different antibodies (Ab_A, Ab_B) are being 
tested as treatments for Covid-19 infection.  
Both of these antibodies bind to a surface 
protein on the virus, the spike protein, 
preventing the virus from entering the cell 
(physical blocking).  A plot of fractional 
saturation versus the concentration of the spike 
protein (in nM)  is shown on the right.  Please 
answer the following questions. 
i) What is the KD for each antibody? 
ii) Which of these antibodies will be more 

effective against Covid-19?  You can assume 
that the concentration of spike protein is 10 
nM during an infection. Justify your answer.  

 

6. The Jmol page contains the structure of a complex between an 
immunoglobulin (antibody) and cocaine.   The chemical structure of 
cocaine is shown on the right.  Only the very top part of the 
immunoglobulin (Fv region) is shown on the Jmol page.  

i) Describe the energetics of the interaction between Tryptophan33H 
and the bound cocaine. Your answer should discuss what stabilizes 
the bound cocaine, e.g. H-bonds, electrostatics, van der Waals, or the hydrophobic effect. 

ii) Describe the interaction(s) between Tyrosine32L and the bound cocaine. Your answer should 
discuss what stabilizes the bound cocaine, e.g. H-bonds, electrostatics, van der Waals, or the 
hydrophobic effect. 

https://www.andrew.cmu.edu/user/rule/03_131/Pset/PS03/ps03_jmol_b.html 
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