No Analytical crib available
9-23-06

Written by Professor Hovis



CUMULATIVE EXAMINATION IN BIOCHEMISTRY
Sep 23, 2006

It is expected that the answer should comtain 1-4 succinct straight-to-the-point
sentences. If you feel like elaborating, please stay within an 8 sentence limit anyway.
All questions carry the same weight.

1. The protein Databank coordinate set IMBO shows the structure of myoglobin with
an Oz molecule bound to the heme group. Close inspection of the structure reveals that

there is no path available to O; to leave myoglobin. If so, then how can myoglobin
unload O,?

2. In order to study folding kinetics, a stopped-flow fluorescence experiment has been
performed on a small protein domain. In doing so, 1 part of a denatured protein
solution was rapidly mixed with 9 parts of a refolding buffer; then a fluorescence
signal (mainly from a single tryptophan present in the protein) was monitored as a
function of time. Predict the shape of the experimental curve (fluorescence intensity vs.
time).

3. A protein sample was dissolved in D»O and left on a bench for 10 mins. Then the
sample was rapidly digested and the obtained peptide mixture was used to take a
MALDI-TOF mass spectrum. The result: loop regions in the protein showed a higher
level of deuteration than c-helices. Why?

4. A small protein contains three tryptophan residues. In order to identify the NMR
signals of these residues (specifically, three well resolved lines from indole 'H) we rely
on a site-directed mutagenesis strategy. What is the minimum number of mutants that
need to be prepared in order to assign all three spectral lines?
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5. Briefly describe the principle of ‘western blotting’ technique.

6. A protein has two binding sites, BS1 and BS2, located close to each other on the
surface. Small molecule M1 binds to BS1 with dissociation constant K’ =0.1 mM.
Small molecule M2 binds to BS2 with X{® = 1.0 mM.

K 2= 277
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We now make a construct where M1 and M2 are covalently linked through a tether
(assume that the tether is sufficiently long and flexible and does not interact with the
protein). This construct, M1-M2, binds to the protein such as shown in the figure (right
portion). Estimate the dissociation constant of the construct, K%, and briefly

describe your reasoning,

7. How many PCR cycles are needed to obtain ~10°-fold DNA amplification?

8. Vectors used for bacterial expression of proteins carry genes for resistance to
antibiotics (¢.g. ampicillin). What is the purpose of inserting these genes there?




9. What is the difference between “native” gel and SDS gel?

10. To confirm the tesult of protein expression, amino acid analysis is performed.
Briefly, the protein is hydrolyzed into individual amino acids, the products are run
through HPLC, and the resulting chromatogram is used to determine the content of
different amino acids. Write the reaction of hydrolysis of peptide bond (you do not
need to specify intermediates, catalytic species, etc.).

11. What is the main difference between a conventional flaorescence microscope and a
confocal fluorescence microscope?

12. Consider a certain protein for which both X-ray and NMR structure is available.
The resolution of the X-ray structure is 1 A. The precision of the NMR structure
(backbone heavy atom rmsd) also happens to be 1 A. Which structure is more

accurate?
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b} In the experimental procedure, /BuOK is added last (and slowly) to the reaction mixture. Why?

Organic Cumulative Exam Sept. 23, 2006

1. (25 pts.) Aldehydes and ketones are usually converted into acetals under acidic conditions.

Barbasiewicz and Makosza have developed a useful alternative for preparing cyclic acetals using
basic conditions (Org. Lett. 2006, 8, 3745-48).
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a) Propose a mechanism for this transformation.
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c) The formation of 5-membered cyclic acetals (1,3 -dioxolanes) requires 1.5 equiv of chloroethanol at
—60 °C for efficient conversion, whereas the formation of 6-membered cyclic acetals (1,3-dioxanes) only

requires 1.05 equiv. of 1,3-chloropropanol and can be performed at 0 °C, making the latter more tractable
for scaleup. Provide reason(s) for the difference in reaction conditions.
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2. (30 pts.) Coates and coworkers have developed a bimetallic Cr-Co ionic complex which can catalyze
the formation of 3-lactones from epoxides and CO in very high yields (Org. Lett. 2006, 8, 3709-12).
The reaction is remarkable because the CO insertion can be performed at atmospheric pressure (1
atm). The reaction proceeds with inversion of configuration of one stereocenter, which becomes the
a-carbon of the (B-lactone.
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a) Draw the expected product of this reaction.
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b) A ketone is produced as a minor product of the reaction above, with the same MW as the starting
material. What is its structure?
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¢) Propose a reaction mechanism with a catalytic cycle that can generate the products in (a) and (b).
Hint: Co(CO)4 is a good nucleophile. b- L&/-Aﬂ‘&c.
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3. (20 pts.) In their efforts to make unnatural C-nucleosides, Singh and Seitz have developed a
methodology from furanoid glycals (Org. Lett. 2006, 8, 4319-22). These compounds were

stercoselectively epoxidized by dimethyl dioxirane (DMDO), followed by addition of
organometailic reagents:
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(a} Provide a reasonable explanation for the stereoselective epoxidations in reactions A and B.
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(b) The organocuprate addition in reaction A failed, whereas the organoaluminum addition in reaction

B produced the B-C-aryl furanoside in high yield and stereoselectivity. Give an explanation for each of
these reaction outcomes.
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4. (25 pts.) Liu ef al. have synthesized a triacetylated guanosine derivative with an aryl substituent at
N2 (Org. Lett. 2006, 8, 3685-88). When exposed to Na* or K*, four of these molecules can selfj W

assemble into a planar, hydrogen-bonded tetramer known as a G-quartet (the metal ion acts as a
template). Draw the Cy-symmetric G-quartet.
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