1. Consider a short pepude CDEHKLF. What would be the total charge on the peptide
at pH 0, and what is the 1Bpromate pl of the peptide?

HCE QBEHK@?L\_ cOo, H Aokl clAuK»""S

= e
~Co.M 0 @ Y ‘—I- n:{-. l‘d
i I | ¢ { v ]
L A WL s D NS ‘
o 3 4 T
13 —8 —> 0 —> =\
(P—E *QS
2. Predict the effects of the following environments on side chain pK,. Provide a brief
rationale for each of your answets.
a. A cysteine side-chain interacting with a Zn® jon.
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b. An aspartic acid side chain buried in the hydrophobic core.
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3 Consider an artificial polynucleic acid system derived from 3’-deoxyribose. Draw a
dinucleotide with the sequence 5’-CT-2. Assume“a 2°-5' phosphodiester linkage.
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4. .. . Alpha helix dimers are stabilized by the heptad repeat of COs
leucine residues at every 1* and 4™ position of a seven residue repeat. Let’s

say we wanted to try to improve on nature by using an unnatural residue NHa
such as norleucine (see right) in place of leucine.

a. Briefly identify any enthalpic effects you suspect such a Vs,
substitution would have on the stability of a helix dimer.
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b. Briefly identify any entropic effects you expect such a substitution would have on the

stability of a helix dimer.
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3. You sce a ball of green in your electron density map. You wonder, could it be a water.
It is near a backbone amide nitrogen and the side chain of leucine residue. How far should it be
from each if it is really a water interacting with your protein?
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6. You obtain a mass spectrum of a peptide obtained via trypsin digestion of a protein.
The four smallest peaks in the spectrum have masses of 58.0, 147.1, 157.1 and 234.1. What ate the
masses of the first two (N-terminal) residues in the peptide? Briefly give your logic.
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7. I have prepared a simulated 2D COSY spectrum of the dipeptide AlaPro, showing
only the region from 0-6 ppm (below).

a. Draw the structure of AlaPro and use it to identify the chemical shifts of all proton
resonances. It may help to label the set of equivalent hydrogens on your structure as “a”, “b”, “c”...
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b. AlaPro can adopt two conformations separated by 180" rotation about the peptide bond, as-

or trans-. How can 2D NMR be used to identify the presence of cither one or the other of the two
conformations? Specify which conformation you want to identify, the technique and what result you
would hope to see from the technique.
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8. For the following molecule on the right:
Draw a circle all H-bond donors

Draw a squate around all acceptors

Put an asterisk* next to groups that can do both




8. The Ramachandran plots for glycine and proline are shown below.
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a. Based upon these plots alone, which residue — Gly or Pro — is more likely to support
secondary structure in proteins? Explain briefly,
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b. Neither residue is commonly associated with secondary structure formation. For the residue
you ID'd as more likely to support it in “a”, why would it too be a poor choice for stabilizing an &
helix or § sheet? ‘ ¥
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9. ~_ The “base” pair has been successfully placed in a
bacterial chromosome and can be replicated through several
generations of growth.

N
a Briefly comment on the enthalpic contributions (positive or
negative) that you think this base pair will make to duplex stability. N
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a. Briefly comment on the entropic contributions (positive or negative) that you think this base
pair will make to duplex stability.
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c. Briefly comment on why these bases do not pair successfully with other, natural, DNA bases
(and can therefore be sustained independently in a bacterial chromosome).
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10. A mentioned in class, the 434 repressor protein, an active dimer, is selective for AT
base pairs at the center of the palindromic DNA sequence it binds. At one point, it was thought
that Arg43 might be responsible for direct readout of the AT base pair through contacts in the
minor groove.

a Draw a potential example of direct readout that could take place in the minor groove
between Arg43 and an AT base pair. Briefly describe how your proposed contact would exclude a
GC base pair from that position.
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b. The Arg43—>Ala mutation raises the dissociation constant for the 434 repressor-DNA
complex from 0.02 pM to 2 uM. Could that difference in K, be related to the kind of contact you
show in “a”? Calculate the difference in AGy,.ouion (AAG) between the wild-type and Ala43 mutant

in formulating your answer. s \
— (B2 - kee!
AAG, -1 (.02\«&4 * 2.8

vvluhuv" e"\:“OCQ,t PRy S‘Caé}‘a_, a\\.ﬁ-'-_

Ao \o«s or‘— Hu

c. When the same experiment, comparing K, between the wild type (Arg43) and mutant
(Ala43) variants of 434 repressor is performed with a2 GC base pair, the K, increases from 1.0 uM to
200 pM. Is that result consistent with direct readout of the minor groove as described above?

Explain briefly. -
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11. .. . 4nexamination of protein stability is performed.
a. From the following plot, determine the equilibrium constant for protein unfolding (I, at
JI0K,
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b. A plot of In(K,ua) vs. 1/T is prepared. The y-intercept is 86 and the slope is -2.7 x 10° K.
What is AH" and AS* for the unfolding process.
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12, NMR and crystallographic experiments have greater or lesser success in producing

high quality models of molecular structure. In the space below, briefly specify how you would
determine, from a table of experimental statistics, whether the final structure was teliable in...

a. An x-ray structure. 4 /3 o
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b. An NMR structure.
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