Chem 391 — Exam #1 Name
October 11, 2005

The exam period is 9 AM to 10:20 AM. This is a closed book/notes exam. You may
only use a calculator and a pencil. Note that there are 5 pages & 12 questions on this
exam. R = 0.001987 "/, k. Unless stated otherwise, T is 298 K.

1. (12 pts) Draw the tripeptide AsnGlyPro at pH 7. Draw one of the peptide bonds
in the cis-conformation. Choose the peptide bond that is most likely to adopt that
conformation. Label it cis- for clarity’s sake.

2. (12 pts) Draw the deoxyribo-dinucleotide 5’-CT-3’. Again, assume pH 7. On
each of the bases, circle potential H-bond donating groups and put a square around
each potential H-bond acceptor.




3. (12 pts) Consider the following unnatural base pair.

H H
\ /
N O """""" H_N
(
N——~@ N\
/
. \_/
\
R
a. Above each of the dotted lines, in the image above, predict an appropriate

contact distance between the relevant “heavy atoms”, C, N and O.

b. Predict its effect on the melting temperature of duplex DNA, providing an
argument that touches on its structural impact, as well as its likely enthalpic and
entropic contributions to duplex formation/disruption.

4. (10 pts) A small protein contains 3 cystine linkages. Upon reduction, its melting
temperature decreases by over 50°C. Invoke enthalpic and entropic arguments to
explain this shift in stability. You should be able to answer in four succinct sentences.



5. (6 pts) The complex of a ligand, L, to a receptor, R, gives the following binding
curve. Use the curve to determine the Ky of the ligand from the receptor.
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6. (6 pts) For the above receptor-ligand interaction, what is AG" for the following
reaction:

R+L < R-L

7. (10 pts) At some critical concentration, some lipids self-assemble into micelles.
Propose a thermodynamic argument, including enthalpic and entropic considerations,
for why the following phospholipid would self-assemble at a lower concentration than its
constituent fatty acids would alone. Assume a solution pH of 7.0.

N(CH3)3"



8. (8 pts) Resolution is the most frequently cited criterion for the quality of data used
in an x-ray crystal structure determination. In one or two sentences explain why it is
important for the reader to note the value of I/o(l) for the highest resolution data used in
model building.

9. (12 pts) Upon heating, a protein unfolds leading to a change in fluorescence
intensity as shown below:
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a. What is the equilibrium constant for unfolding (Kunfoiding) at 45°C? Show your

reasoning explicitly.

b. Predict whether AGunfoiding, AHunfolding @Nd ASunfoiding are greater than, less than or
about equal to zero at 45°C. Explain your reasoning briefly.



10. (10 pts) The following is a small section of the 'H NOESY spectrum of the DNA-
binding domain of Antennapedia, a small protein. Protons attached to the a carbon
resonate between 3.8 and 4.2 ppm, and protons attached to amide nitrogens resonate
between 7 and 9 ppm. Crosspeaks are labeled to indicate the origins of the NOESY
signal: a for alpha protons, and N for amide protons.
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a. What are the structural requirements for a crosspeak to appear in this spectrum?
b. From this plot, identify a single segment of the protein that adopts an a-helical

conformation. Try to include as many residues of that segment as the spectrum
permits. Explain your reasoning.

11. | had 2 points left over...
a. What is the bond energy for a carbon-carbon bond?

b. What is the bond distance for a carbon-carbon bond?



