
Chem 391 – Exam #1   Name       
October 4, 2007     

 
The exam period is 9 AM to 10:20 AM.  This is a closed book/n otes exam.  You may only use a 
calculator and a pencil. There are 5 pages & 8 questions on this exam. R = 0.001987 kcal/ mol K.  Unless 
stated otherwise, T is 298 K.  
 
1. (10 pts) Consider an artificial polynucleic acid system derived from 3Õ-deoxyribose.  Draw a 
dinucleotide with the sequence 5Õ-CT-2Õ.  Assume a 2Õ-5Õ phosphodiester linkage. 
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2. (8 pts) One can prepare peptides containing α-disubstituted amino acids such as the one 
shown below.  These peptides can form very stable α-helices in aqueous solution.  Provide a brief 
thermodynamic rationale for that observation, explicitly invoking enthalpy and/ or entropy. 
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The chief cause entropic.  By having two points of substitution on the α-carbon, the allowed 
conformations of this residue are more restricted than for the average residue, so that it needs to 
give up less entropy from the unfolded state when it adopts a helical conformation.  Many folks 
emphasized the hydrophobic effect Ð but the surface of the helix is not a solvent-protected 
environment, so it wouldnÕt be as dominant for a helix as it would be for a 3û fold. 
 
One could phrase an alternate enthalpic arguments related to favorable vdW interactions that the 
second methyl group, but the conformational entropy is the determining factor. 



3. (24 pts) A protein is found to have two asparagine residues (at positions 45 and 60) buried in 
the core of its tertiary fold.  The side chains of the two Asn residues interact, forming two hydrogen 
bonds with one another. 
 
a. Draw the interaction described above. 
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Two mutants of this protein are prepared, one in which Asn45 is replaced with leucine (Asn45Leu) 
and the second in which both asparagine residues are replaced with leucine (the ÒdoubleÓ mutant). 
 
b. Analysis shows that ! Hunfolding values for the wild-type protein and the double mutant are 
roughly the same, at ~80 kcal/m ol.   Provide a brief explanation for why that might be the case. 
 
In folding of the protein, Asn residues can only at best recapture H-bonding opportunities lost with 
water, so no huge enthalpic boost there.  Leu residues may pack well enough that whatever 
improvement in H-bonding enthalpy provided by the non-polar environment is matched by vdW 
interactions with Leu. 
 
c. How do you think ! Hunfolding for the Asn45Leu mutant would compare to wild-type and the 
ÒdoubleÓ mutant?  Explain your answer briefly. 
 
! Hunfolding for Asn45Leu will be less positive.  The loss of Asn45 means that folding isolates Asn60 
from any H-bonding partners.  A very sorry state of affairs, in terms of enthalpic stabilization of the 
fold. 
 
d. How would the entropy of unfolding of the double mutant compare to the entropy of 
unfolding of the wild type protein?  Why?  It might help to expressly say something like Ò! Sunfolding of 
X will be more positive that for Y, becauseÉÓ 
 
Since clathrates form around non-polar leucine residues, but not around polar Asn residues, the 
solvent entropy will decrease more upon protein unfolding of the double mutant.  Hence ! Sunfolding 
of the wild-type protein will be greater than that of the double mutant because of the hydrophobic 
effect acting on exposed leucine residues. 
 
 
 
 
 
 
 



4. (10 pts) Describe briefly how two-dimensional NMR spectroscopy might be used to identify 
a cis-peptide bond between an alanine and a proline residue in a small protein.  To assist in your 
argument please use an appropriate drawing of the structure. 
 
Here is an opportunity to practice organic line drawing.  Focus on the sp2 hybridization of the amide 
nitrogen (120û bond angles) and that cis- orientation is with Cα groups on the same side of the amide 
bond. 
 

N

C

O

O

H

H3C

N

H

H

 
NOESY would pick up a cross peak between the Cα protons on alanine and proline with a cis-
peptide bond (one could also argue for a likely cross peak with the methyl side chain, but since ÒcisÓ 
is defined as the Cα atoms in close proximity, the Cα protons are a better bet.) 
 
5. (10 pts) In their test for the existence of a helix macrodipole using Peptide III: 
 
 (N-acetyl)-AETAAAKFLRAHA-CONH2 
 
Shoemaker and friends observed the pH response in θ222 shown below.  Predict what the curve 
would look like if the substitution H12→K were made to the peptide.  Explain your answer briefly. 
 

Negative ellipticity at 222 nm is indicative of high 
helix content.  Increasing pH from 2, the peptide 
becomes more helical as Glu2 gets deprotonated, 
stabilizing the positive end of the macrodipole.  In 
the normal peptide III, the helix content declines at 
pH 6 due to deprotonation of His12.  Lys has a 
higher pKa and will remain protonated until about 
pH 10, after which the negative ellipticity would 
decline. 



  
6. (18 pts) A study was performed to isolate functional RNA molecules that act as receptors 
capable of distinguishing between L-arginine and L-citrulline (below). 
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The following dissociation constants were obtained from one of the isolated RNA receptor 
molecules.  
   Kd (mM) 
L-arginine  0.060 
L-citrulline  7.2 
 
a. What is the free energy of dissociation of L-arginine from the RNA receptor?  Feel free to 
give an estimated value if you prefer, but be clear on how you reached your estimate. 
 
! G = -RTln(6.0 x 10-5 M) = +5.8 kcal/m ol 
 
 
 
b. What is the ! ! Gd of citrulline relative to arginine?  Again, you may estimate so long as your 
logic is shown. 
 
! ! Gdû = -RTln(Kd cit/K d arg) = -2.8 kcal/m ol 
 
alternatively, theres about 100 x increase in Kd, meaning a 2.8 kcal/m ol decrease in ! Gd. 
 
c. An guanine in the RNA receptor described above is seen to make two H-bonds to the side 
chain of the bound arginine ligand, but when that guanine replaced with an adenine, the aptamer 
shows selectivity for citrulline.  Show what the original interaction between guanine and arginine 
might look like and then draw the new interaction between citrulline and adenine to the side. 
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7. (18 pts) Teflon cookware is coated with polytetrafluoroethylene.  ItÕs great stuff Ð nothing is 
attracted to it except other fluorocarbons.  The effect extends into the biochemical realm.  Eric 
Kool at Stanford has used the so-called ÒfluorousÓ effect to create stable base pairs without 
hydrogen bonding.  See bases FI and FB below: 
 

   
 
a.   Suggest a 16 nucleotide DNA sequence that would fold to create a stem/l oop structure, with 
a base pairing interaction between FI and FB, which can be incorporated into synthetic DNA without 
difficulty.  It may help to draw the sequence in the stem loop conformation. 
 
 
Something like:  ATFIGCG-GAAA-CGCFBAT 
 
 
 
b. What spectroscopic technique could you use to follow the folding/u nfolding of this stem-
loop structure? 
 
For DNA one typically uses absorbance at 260 nm.  One could also use near UV CD, but DNA 
bases are not typically fluorescent and NOESY is not a quantitative tool for measuring equilibria. 
 
 
c. Briefly, describe an experiment that would allow you to determine the enthalpic and entropic 
contributions of the FI:FB base pair relative to a natural base pair in DNA.   
 
This is a vanÕt Hoff experiment.  Measure A260 vs. temperature and determine Kunfold at multiple 
temps.  Plot lnKunfold vs. 1/T  to get slope of -! H/R  and intercept of +! S/R. 
 
 
 
 
 
 
 
 
 
9. (2 pts) Always something left overÉ  Bases stack in van der Waals contact with each other.  
How far apart are they?  (±0.2 •  wins the points!)  3.4 •  


