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 8 strand.

a The sequenceis QFNLRW.

b. The polar resduesin the sequence are undealined above an dternae, every other resdue. Do to
the structure of a! drand, that means that one face of the strand is composed of polar Sde chans,
while the other is purely composed of non-polar srands The plit persondity gives the strand
amphipathic character.

Q2. (a) What is the sequence of the protein segment spanning residues 9-14 in swizc4? It may again
help if you sdlect hide cartoon next to switchhelix. (b) Explan 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 helica whed places dl the polar
resdues on oneface of the hdlix and dl the non-polar resdues on the opposte face.

Q3. Explan how Sauer and friends achieved a change in seconday sructure by changing the
sequence of residues 9-14 between the wildtype and switch.

They relied on the thermodynamic drive to bury hydrophobic surface area avay from solution. In
the switch mutant, it would be enthdpicdly costly to extract Asn12 from solution, where the sde
chan obtans H-bonds and plece it in a strand (which is wha would hgppen if no changes in
seconday structure were dlowed. Likewise, there is a thermodynamic drive to reduce the entropic
cost of keeping Leull in solution, surrounded by ordered water molecules. Burying it provides
substantid entropic benefit to forming the helix.

Q4. Isthishdlix, short asit is, an " -hdlix or a 3,;-hdix? Explan your answer.

The carbonyl oxygen of Leull makes an H-bond to the amide nitrogen on the backbone of Trp 14.
That isann# n+3 H-bond, which meansthisisa 3, hdlix.

Q5. The following 2D-NOESY spectrum (other Sideof this sheet of paper) of the GwitchOprotein
shows cross-pesks from protons on the sde chain $-carbon of Leull (which resonate a £0.3 ppm)
to aromatic protonson PhelO and Trpl4 (resonaing between 6.8 and 7.6 ppm).
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How do these NMR daa support their concluson (a) tha a helix involving residues 9-14 has
formed and (b) that the ! -sheet has been disrupted?

aé& b. If the switch mutant adopted a! strand conformation for resdues 9-14, Leu 11 would be on
the opposite sde of the strand from both PhelO and Trpl4. Instead, it is directly adjacent to those

resduesin the helica conformation.
Q6. What isthe sequence of the 6 base fragment tha appearsin the display window?

CGUAAG

Q7. There is one Wason-Crick base par in this structure. Sketch it and report the distances
between the hydrogen-bonding groups in the base parr.

Q8. Thefirst guanine in the tetraoop (colored gray) is essentid to the stability of the tetraoop.
The exocyclic anino group a C2 makes two hydrogen bonds Measure @ and sketch @m!



N2 of G59 donates two H-bonds one to N7 of adenine 62 and the other to a phosphate oxygen
that is5Q0 A62. Thedisgancesare2.9and 3.0« respectively.

Q9. (@) The uracil a the second postion could be any old base. Why?(b.) The adenine a

position threein the loop must be apurine. Why?Look for an essentid H-bond and sketch it. (c.)
The adenine a the third (I meant!) postion is usudly an adenine. Suggest why that might be the
case,

measuring any H-bondsthat look promising and sketching the essentid interaction.

(a) the edges of uracil a postion 2 (U60) do not interact with any other groupsin the tetrdoop. (b)
the adenine a pos. 3 (A62) accepts an H-bond a N7, an aom group not found in pyrimidines. (c)
N6 of the third adenine donates an H-bond to the 20hydroxyl of A59 and the N7 of the third
adenine accepts an H-bond from the same group.

Q10. In aground-bregking paper, Kleywegt and Jones (S#ucture, 3, 535-540, 1995) published two
refinements of models using crystalographic daafrom the cdlular 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 repedt it) and placed the resulting unnaturd peptide chain in the electron densty
map. In separae trid, they took the correct sequence and placed it in the map and refined it. The
following statistics resulted (I @ not specifying which refinement effort led to modd X or Y).

Model X Y
Resolution range (* ) 8.0EB.0 8.0E2.9
R-factor 0214 0.251
Rmsd bond lengths (¢ ) 0.009 0.009
Rmsd bond angles (j) 21 16
Ramachandran plot, most favored areas (%) 27 816
Additiona dlowed aress (%) 36.3 16.0
Generoudly alowed areas (%) 121 16
Disalowed areas (%) 89 038

a Which modd isin better agreement with the daa? Why?

Modd X is in closer agreement B the R-factor measures the deviation of caculaed amplitudes
(taken from the model) from the observed amplitudes (the actud daa). Lower vduesindicae better
fit.

b. Which modd has better stereochemica and conformationa parameters? Explan your
answer explicitly.

In two ways, modd Y issuperior. It hasalower root mean square deviation in bond angles (using a
library of modd compoundsas areference) and shows better agreement with the dlowed regions of
the Ramachandran plot.

C. Which isthe wrong sructure? Explain why you think so.

X iswrong. The tip-off is the lousy fit to the Ramachandran plot (wholly unacceptable gatistics).
Essentidly, the modd could only fit the daa by completely ignoring the permitted vadues for
backbone dihedrds.



