Problem Set #7:

Study questions for Chemistry & Physics of Biological Molecules
Fall 2007, K. B. Hall

Nucdleic Acids and their Ligands

1. Calculate the free energy of duplex formation for the sequence

5 GCATTAGGC
CGTAATCCGY

using the measured nearest neighbor data. Calculate the values for both DNA
and RNA sequences.

Based on these values, which duplex would have the higher melting
temperature? Provide one explanation for the difference.

Draw the denaturation curves you expect for these duplexes when the
concentration of strands is 5 uM, 20 uM, 100 uM, and 250 uM, at 1 M NaCl.
Replot the data you expect at 0.1 M NaCl. Provide an explanation for your data,
including the chemical equation for the process.

2. Add a five nucleotide loop to the above RNA stem (creating a stemloop or
hairpin), and recalculate the free energy of formation. Draw the denaturation
curves you expect at strand concentration of 5 uM, 20 uM, 100 uM, and 250 uM,
at 1 M NaCl. Replot the data you expect at 0.1 M NaCl. Provide an explanation
for your data, including the chemical equation for the process.

3. Some RNA loops preferentially bind Mg** ions. How would you
experimentally determine if the loop added in #2 binds Mg**?

4. Compare and contrast the chemistry and physics of protein vs RNA
folding / unfolding transitions.

5. Devise a SELEX protocol for evolution of an RNA that binds S-adenosyl
methionine (SAM). Describe your rationale for each step of the protocol. How do
you expect your RNA to differ from the natural SAM aptamer domain?

6. TFIIIA is a transcription factor (TF) with nine zinc fingers. It binds to both
dsDNA and to 55 rRNA (see next page). Why is this behavior an apparent
conundrum for a nucleic binding protein? What experiments could you do to
compare its binding mechanisms for RNA and DNA?
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Secondary structure of 55 rRNA.

Structure of TFIIIA Fingers 1-6 bound to DNA.



