
Problem Set #4 – Solutions 
 
Q1.  (a) What is the sequence of the wildtype protein segment spanning residues 9-14?  It may help 
if you select hide cartoon next to wtsheet, and if you click zoom under the A button for wtsheet.  
(b) Explain why this sequence might be described as forming an amphipathic β strand. 
 
a. The sequence is QFNLRW.   
b.  The polar residues in the sequence are underlined above an alternate, every other residue.  Do to 
the structure of a !  strand, that means that one face of the strand is composed of polar side chains, 
while the other is purely composed of non-polar strands.  The split personality gives the strand 
amphipathic character. 
 
Q2.  (a) What is the sequence of the protein segment spanning residues 9-14 in switch?  It may again 
help if you select hide cartoon next to switchhelix.  (b) Explain why this sequence might be 
described as forming an amphipathic helix.   
 
a.  QFLNRW 
b.  Although this is less clear from the sequence, fitting it to a helical wheel places all the polar 
residues on one face of the helix and all the non-polar residues on the opposite face. 
 
Q3. Explain how Sauer and friends achieved a change in secondary structure by changing the 
sequence of residues 9-14 between the wildtype and switch. 
 
They relied on the thermodynamic drive to bury hydrophobic surface area away from solution.  In 
the switch mutant, it would be enthalpically costly to extract Asn12 from solution, where the side 
chain obtains H-bonds, and place it in a strand (which is what would happen if no changes in 
secondary structure were allowed. Likewise, there is a thermodynamic drive to reduce the entropic 
cost of keeping Leu11 in solution, surrounded by ordered water molecules.  Burying it provides 
substantial entropic benefit to forming the helix. 
 
Q4.  Is this helix, short as it is, an " -helix or a 310-helix?  Explain your answer. 
 
The carbonyl oxygen of Leu11 makes an H-bond to the amide nitrogen on the backbone of Trp 14.  
That is an n #  n+3 H-bond, which means this is a 310 helix. 
 
Q5. The following 2D-NOESY spectrum (other side of this sheet of paper) of the ÒswitchÓ protein 
shows cross-peaks from protons on the side chain $-carbon of Leu11 (which resonate at Ð0.3 ppm) 
to aromatic protons on Phe10 and Trp14 (resonating between 6.8 and 7.6 ppm). 



 
How do these NMR data support their conclusion (a) that a helix involving residues 9-14 has 
formed and (b) that the ! -sheet has been disrupted? 
 
a & b. If the switch mutant adopted a !  strand conformation for residues 9-14, Leu 11 would be on 
the opposite side of the strand from both Phe10 and Trp14. Instead, it is directly adjacent to those 
residues in the helical conformation. 
 
Q6. What is the sequence of the 6 base fragment that appears in the display window? 
 
CGUAAG 
 
Q7. There is one Watson-Crick base pair in this structure. Sketch it and report the distances 
between the hydrogen-bonding groups in the base pair. 
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Q8. The first guanine in the tetraloop (colored gray) is essential to the stability of the tetraloop.  
The exocyclic amino group at C2 makes two hydrogen bonds. Measure Ôem and sketch Ôem! 
 



 
N2 of G59 donates two H-bonds, one to N7 of adenine 62 and the other to a phosphate oxygen 
that is 5Õ to A62.  The distances are 2.9 and 3.0 •  respectively. 
 
Q9. (a.) The uracil at the second position could be any old base. Why? (b.) The adenine at 
position three in the loop must be a purine. Why? Look for an essential H-bond and sketch it. (c.) 
The adenine at the third (I meant!) position is usually an adenine. Suggest why that might be the 
case, 
measuring any H-bonds that look promising and sketching the essential interaction. 
 
(a) the edges of uracil at position 2 (U60) do not interact with any other groups in the tetraloop.  (b) 
the adenine at pos. 3 (A62) accepts an H-bond at N7, an atom group not found in pyrimidines. (c) 
N6 of the third adenine donates an H-bond to the 2Õ hydroxyl of A59 and the N7 of the third 
adenine accepts an H-bond from the same group. 
 

 
 
Q10. In a ground-breaking paper, Kleywegt and Jones (Structure, 3, 535-540, 1995)  published two 
refinements of models using crystallographic data from the cellular retinoic acid binding protein.  In 
one case, they reversed the protein sequence (yes, they did something so wild no one in their right 



mind would ever repeat it) and placed the resulting unnatural peptide chain in the electron density 
map.  In separate trial, they took the correct sequence and placed it in the map and refined it.  The 
following statistics resulted (IÕm not specifying which refinement effort led to model X or Y). 
 

Model X Y 

Resolution range (• ) 8.0Ð3.0 8.0Ð2.9 

R-factor 0.214 0.251 

   

Rmsd bond lengths (• ) 0.009 0.009 

Rmsd bond angles (¡) 2.1 1.6 

   

Ramachandran plot, most favored areas (%) 42.7 81.6 

Additional allowed areas (%) 36.3 16.0 

Generously allowed areas (%) 12.1 1.6 

Disallowed areas (%) 8.9 0.8 

 
a. Which model is in better agreement with the data?  Why? 
Model X is in closer agreement Ð the R-factor measures the deviation of calculated amplitudes 
(taken from the model) from the observed amplitudes (the actual data).  Lower values indicate better 
fit. 
b. Which model has better stereochemical and conformational parameters?  Explain your 
answer explicitly. 
In two ways, model Y is superior.  It has a lower root mean square deviation in bond angles (using a 
library of model compounds as a reference) and shows better agreement with the allowed regions of 
the Ramachandran plot. 
 
c. Which is the wrong structure?  Explain why you think so. 
X is wrong.  The tip-off is the lousy fit to the Ramachandran plot (wholly unacceptable statistics).  
Essentially, the model could only fit the data by completely ignoring the permitted values for 
backbone dihedrals. 
 
 


