Chem 391 — Exam #1 Name

October 4, 2007
The exam period is 9 AM to 10:20 AM. Thisis a closed book/n otes exam. You may only use a
caculator and apencil. There are 5 pages & 8 questions on this exam. R = 0.001987 *?/ ., «. Unless

gaed otherwise, T is298 K.

1. (10 pts) Consider an artificid polynucleic acid system derived from 3@deoxyribose. Draw a
dinucleotide with the sequence 5GCT-20 Assume a 2cb(phosphodiester linkage.
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2 (8 pts) One can prepare peptides containing a-disubgtituted amino acids such as the one

shown below. These peptides can form very stable a-hdlices in agueous solution. Provide a brief
thermodynamic rationde for tha observation, explicitly invoking enthapy and/ or entropy.

HsC, ~ CHj

*HsN CO,

The chief cause entropic. By having two points of subgtitution on the a-carbon, the alowed
conformations of this resdue are more redricted than for the average resdue, so tha it needsto
give up less entropy from the unfolded state when it adopts a helicd conformation. Many folks
emphasized the hydrophobic effect B but the surface of the helix is not a solvent-protected
environment, so it wouldn®be as dominant for ahelix asit would be for a3afold.

One could phrase an dternate enthdpic arguments related to favorable vdW interactions tha the
second methyl group, but the conformationd entropy is the deermining factor.




3. (24 pt9) A protein isfound to have two asparagine resdues (at postions 45 and 60) buried in
the core of itstertiary fold. The sdechans of the two Asn residues interact, forming two hydrogen
bondswith one another.

a Draw the interaction decribed above.
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Two mutants of this protein are prepared, one in which Asn45 is replaced with leucine (Asn45Lev)
and the second in which both asparagine residues are replaced with leucine (the GloubleOmutant).

b. Anadyss shows that ! H,, 4, VAues for the wild-type protein and the double mutant are
roughly the same, a ~80 kcd/mol. Provideabrief explanation for why that might be the case.

In folding of the protein, Asn residues can only a best recapture H-bonding opportunities lost with
water, so no huge enthdpic boos there. Leu resdues may pack wel enough tha whatever
improvement in H-bonding enthdpy provided by the non-polar environment is matched by vdW
interactions with Leu.

C. How do you think ! H yqng fOr the Asn45Leu mutant would compare to wild-type and the
QloubleOmutant? Explan your answer briefly.

! H toling fOr Asnd5Leu will be less positive. The loss of Asn45 means that folding isolates Asn60
from any H-bonding partners. A very sorry sate of afars, in terms of enthdpic 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 expresdy say something like Q S, o/qing Of
X will be more positive that for Y, becauseEO

Snce clahraes form around non-polar leucine resdues, but not around polar Asn resdues, the
solvent entropy will decrease more upon protein unfolding of the double mutant. Hence ! S, qiing
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-dimensond NMR spectroscopy might be used to identify
a as-peptide bond between an danine and a proline resdue in a andl protein. To assg in your
argument please use an gppropriate drawing of the structure.

Here is an opportunity to practice organic line drawing. Focus on the $p? hybridization of the amide
nitrogen (1200bond angles) and tha cis- orientation iswith C, groups on the same sde of the amide
bond.
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NOESY would pick up a cross pesk between the C, protons on danine and proline with a cis-
peptide bond (one could aso argue for alikely cross pesk with the methyl side chain, but since @isO

isddined asthe C, aomsin close proximity, the C, protons are a better bet.)
5. (10 pts) In their test for the existence of ahelix macrodipole using Peptidel1:
(N-acetyl)-AETAAAKFLRAHA-CONH:

Shoemaker and friends observed the pH response in 6,,, shown below. Predict what the curve
would look like if the substitution H12—K were madeto the peptide Explan your answer briefly.
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6. (18 pts) A study was performed to isolate functiond RNA molecules that act as receptors
capable of distinguishing between L-arginine and L-citrulline (below).
NHg*
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T
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The following dissociation congtants were obtaned from one of the isolated RNA receptor
molecules,

K, (mM)
L-arginine 0.060
L-citrulline 7.2

a What is the free energy of dissociation of L-arginine from the RNA receptor? Fed freeto
gve an estimated vaue if you prefer, but be clear on how you reached your estimate.

| G = -RTIn(6.0x 10° M) = +5.8 kca/m ol

b. What isthe! ! G, of citrulline relaive to arginine? Agan, you may estimate so long as your
logic is shown.

'l G4 0= -RTIn(K, cit/K 4 arg) = -2.8 kcd/m ol

dternaively, theres about 100 x increase in K, meaning a2.8 kcad/m ol decreasein ! G,

C. An guanine in the RN A receptor described above is seen to make two H-bondsto the Sde
chan of the bound arginine ligand, but when tha guanine replaced with an adenine, the gptamer

shows sdlectivity for citrulline.  Show what the origind interaction between guanine and arginine
might look like and then draw the new interaction between citrulline and adenine to the sde
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7. (18 pts) Teflon cookware is coated with polytetrafluoroethylene. 1t@great stuff Bnothing is
dtracted to it except other fluorocarbons. The effect extends into the biochemicd redm. Eric
Kool a Sanford has used the so-caled GluorousO effect to creste stable base pairs without
hydrogen bonding. See bases | and "B below:

5 F

F
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a Suggest a 16 nucleotide DNA sequence that would fold to create a ssem/I oop structure, with

abase paring interaction between I and "B, which can be incorporated into synthetic DN A without
difficulty. It may help to draw the sequencein the ssem loop conformation.

Something like: AT IGCG-GAAA-CGC'BAT

b. What spectroscopic technique could you use to follow the folding/u nfolding of this stem-
loop structure?

For DNA one typicdly uses asorbance & 260 nm. One could dso use near UV CD, but DNA
bases are not typicdly fluorescent and NOESY isnot a quantitaive tool for measuring equilibria

C. Briefly, describe an experiment that would dlow you to deermine the enthdpic and entropic
contributions of the FI:"B base par relative to anaturd base pair in DNA.

This is a van® Hoff experiment. Measure A, Vs, temperature and determine K4 & multiple
temps. Plot InK .4 VS. /T to get dopeof -! H/R and intercept of +! SR.

9. (2 pts) Always something left overE  Bases stack in van der Wadls contact with each other.
How far gpat arethey? (£0.2« winsthe pointsl) 34«



