
Not The Real Exam – Just for Fun! 
Chemistry 391 

Fall 2018 
 

Do not open the exam until ready to begin! 
 

Rules of the Game: 
 

This is a take-home Exam.  The exam is due on Thursday, October 11th at 9 AM.  
Otherwise, you may hand it in to me or to Kayla Johnston personally.  DO NOT 
LEAVE IT IN MY MAILBOX OR SLIDE IT UNDER MY DOOR. 
 
• You have three consecutive hours in which to take the exam. 
 
• This is a closed book/notes exam.  You may only use a calculator and a pencil.  
If you feel I have omitted some important information, please let me know immediately 
- or note in the exam that I was unavailable, and that you believe a certain piece of data 
was essential. 
 
• You must do the work independently.  You may not consult with others. 
 
• You may contact me during the 3-hour exam period, my office number is 503-
517-7679, can't promise to be available except during office hours, but if you contact 
me before starting the exam, I can tell you whether or not I'll be around. 
 
• Unless stated otherwise, the temperature is 298 K. R = 0.001987 kcal/mol•K 

 
 
 
 

Note that there are 7 pages to this exam, including this front page. 
 
	  



1.  Draw the short peptide, CDEHKLF. What would be the total charge on the peptide at pH 7? 
 
 
 
 
 
 
 
 
 
 
 
 
2. Predict the effects of the following environments on side chain pKa. Provide a brief rationale 
for each of your answers. 
a. A cysteine side-chain interacting with a Zn2+ ion. 
 
 
 
 
 
 
b. An aspartic acid side chain buried in the hydrophobic core. 
 
 
 
 
 
 
3. Consider an artificial polynucleic acid system derived from 3’-deoxyribose.  Draw a 
dinucleotide with the sequence 5’-CT-2’.  Assume a 2’-5’ phosphodiester linkage. 
 
 
 
 
 
 
	  



4. Alpha helix dimers are stabilized by the heptad repeat of leucine 
residues at every 1st and 4th position of a seven residue repeat. Let’s say we 
wanted to try to improve on nature by using an unnatural residue such as 
norleucine (see right) in place of leucine.  
a. Briefly identify any enthalpic effects you suspect such a 
substitution would have on the stability of a helix dimer. 
 
 
 
 
 
 
b. Briefly identify any entropic effects you expect such a substitution would have on the 
stability of a helix dimer. 
 
 
 
 
 
 
 
 
 
5. You see a blob in your electron density map derived from crystallography data. You wonder, 
could it be a water? It is near a backbone amide nitrogen and the side chain of leucine residue.  How 
far should it be from each if it is really a water molecule interacting with your protein? 
 
 
 
 
 
 
 
 
 
 
6. You obtain a mass spectrum of a peptide obtained via trypsin digestion of a protein.  The 
four smallest peaks in the spectrum have masses of 58.0, 147.1, 157.1 and 234.1. What are the 
masses of the first two (N-terminal) residues in the peptide? Briefly give your logic.	  



7. I have prepared a simulated 2D COSY spectrum of the dipeptide AlaPro, showing only the 
region from 0-6 ppm (below). 
a. Draw the structure of AlaPro and use it to identify the chemical shifts of all proton resonances. 
It may help to label the set of equivalent hydrogens on your structure as “a”, “b”, “c”… 

 
 
b. AlaPro can adopt two conformations separated by 180˚ rotation about the peptide bond, cis- 
or trans-. How can 2D NMR be used to identify the presence of either one or the other of the two 
conformations? Specify which conformation you want to identify, the technique and what result you 
would hope to see from the technique. 
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8. (8 pts) For the following molecule on the right: 
 
 Draw a circle all H-bond donors 
 
 Draw a square around all acceptors 
 
 Put an asterisk* next to groups that can do both 
	  



8. (8 pts) The Ramachandran plots for glycine and proline are shown below. 

 
 
a. Based upon these plots alone, which residue – Gly or Pro – is more likely to support 
secondary structure in proteins?  Explain briefly. 
 
 
 
 
b. Neither residue is commonly associated with secondary structure formation. For the residue 
you ID’d as more likely to support it in “a”, why would it too be a poor choice for stabilizing an a 
helix or b sheet? 
 
 
 
 
 
 
9. The “base” pair at right has been successfully placed in a 
bacterial chromosome and can be replicated through several 
generations of growth.  
 
a. Briefly comment on the enthalpic contributions (positive or 
negative) that you think this base pair will make to duplex stability. 
 
 
 
 
 
a. Briefly comment on the entropic contributions (positive or negative) that you think this base 
pair will make to duplex stability. 
 
 
 
 
c. Briefly comment on why these bases do not pair successfully with other, natural, DNA bases 
(and can therefore be sustained independently in a bacterial chromosome). 



10. (18 pts) A mentioned in class, the 434 repressor protein, an active dimer, is selective for AT 
base pairs at the center of the palindromic DNA sequence it binds.  At one point, it was thought 
that Arg43 might be responsible for direct readout of the AT base pair through contacts in the 
minor groove. 
 
a. Draw a potential example of direct readout that could take place in the minor groove between 
Arg43 and an AT base pair.  Briefly describe how your proposed contact would exclude a GC base 
pair from that position. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. The Arg43®Ala mutation raises the dissociation constant for the 434 repressor-DNA 
complex from 0.02 µM to 2 µM.  Could that difference in Kd be related to the kind of contact you 
show in “a”?  Calculate the difference in ∆Gdissociation (∆∆G)  between the wild-type and Ala43 mutant 
in formulating your answer. 
 
 
 
 
 
 
 
c. When the same experiment, comparing Kd between the wild type (Arg43) and mutant (Ala43) 
variants of 434 repressor is performed with a GC base pair, the Kd increases from 1.0 µM to 200 µM. 
Is that result consistent with direct readout of the minor groove as described above? Explain briefly. 
	  



11. (10 pts) An examination of protein stability is performed. 
a. From the following plot, determine the equilibrium constant for protein unfolding (Kunfold) at 
310 K. 

 
b. A plot of ln(Kunfold) vs. 1/T is prepared. The y-intercept is 86 and the slope is -2.7 x 104 K. 
What is ∆H˚ and ∆S˚ for the unfolding process. 
 
 
 
 
 
 
 
 
12. (8 pts) NMR and crystallographic experiments have greater or lesser success in producing high 
quality models of molecular structure. In the space below, briefly specify how you would determine, 
from a table of experimental statistics, whether the final structure was reliable in… 
 
a. An x-ray structure. 
 
 
 
 
 
 
 
b. An NMR structure. 
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