Chem 135: Third Midterm

November 16%, 2012

Please provide all answers in the spaces provided. You are allowed to use a calculator for this exam, and
you may use {previously disassembled) molecular model kits, Including the title page, there should be

6 total questions spread over 5 pages. There is also a sixth page that should be blank. You can use this
last page for scratch paper if you need it, but please remember to copy your answers into the appropriate
exam question space.
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2 6-Diaminopurine (DAP, shown below) is an artificial nucleotide base that can pair with at least one

of the “natural” nucleotide bases.
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a. In the space below, draw DAP as it would appear in an DNA segment, including the sugar and
the backbone phosphates. Next, provide the name and full structure of the natural RNA base it
would most likely complement, Also indicate the Watson-Crick-Franklin-type interactions that

would occur between the bases (8 points).
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b. Considering the complementary base that you chose above, suppose you exchanged its “normal”
base pairing partner in an RNA sequence with the DAP group. Would the melting temperature of
the resulting duplex region increase, decrease, or stay the same? Briefly explain your answer (6

points).
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2. Circle the individual terpene units in longifolene. What is the name of the linear precursor that would
give rise to this compound (10 points)?
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3. As noted in lecture on Wednesday, there are many therapeutic possibilities HO

of synthetic DNA strands and structures that mimic them. One type of DNA o)

mimic that has been explored has methylphosphonate groups as the back-

bone, as shown in the structure on the right. - -
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rate at pH 107 Briefly explain your answer (6 poinis).
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b. When methylphosphonate DNA hybridizes to a complementary se- ?4* o. B

quence of normal DNA, would you expect the resulting duplex to have feesher .
a higher, lower, or identical melting temperature to that of an analogous
double-stranded segment of natural DNA? Briefly explain your answer OH
(6 points). methylphosphonate DNA

(B = nucleotide base}
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4, Suppose you have discovered a new transcription factor that binds to a specific double stranded DNA
(dsDNA) sequence. Your initial experiments have determined that the protein functions as a dimer.

a.

c.

Based on the other examples of DNA binding proteins that were discussed in class, what proper-
ty would you expect the recognition site of this transcription factor to have? Provide an example
of such a dsDNA sequence that is 8 bases in length. Also label the directionality of the strands (8

poinis). . . .
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Upon binding, your transcription factor decreases the ability of an adjacent gene to recruit RNA
polymerase, thus lowering the amount of mRNA that is produced. This is an example of which
type of regulation (4 points)?

”e%&’@‘ e ¢ ?«JQ'L\W
What is the term for a transcription factor that has this function (4 points)?
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d. The shaded region of the diagram below indicates a gene that will be transcribed into mRNA.
Add the following features to the drawing and clearly Iabel them: (1) the RNA polymerase bind-
ing site(s), (2) the operator, and (3) the promoter. Finally, indicate which of the two DNA sirands
will be transcribed (8 points).
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5. One common technique in biology is the generation of fusion proteins, which consist of two differ-
ent proteins that are joined together into a single polypeptide strand. For example, one might connect
the transcription factor discussed above 1o a green fluorescent protein (GFP) segment. The resulting
protein product would bind to a specific focation in chromosomal DNA, which could be visualized
by tracking the fluorescence of the GFP portion.

Assume that the two proteins to be joined are encoded by the two separate, linear segments of DNA
shown below. Qutline a strategy that you could use to (1) join the two boxed protein-encoding seg-
ments together, and (2) ligate the final gene product into the plasmid shown below. Provide clear
drawings as part of your answer, and include the names and specific locations of any restriction
endonuclease sites that you would use durinlg the process (18 points).
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6. Small, cyclic oligonucleotides have been shown to be efficient templates for DNA polymerases, in
what is called “Rolling Circle DNA Synthesis.” In these experiments, rings of single-stranded DNA
50 to 75 nucleotides in size are used. When incubated with DNA polymerase, Mg*, a DNA primer
that is 15-20 bases in length, and deoxynucleotide triphosphates, the usual double-stranded product
is formed. However, double-stranded DNA is highly strained when bent into such a smal circle, and
therefore the strands are forced to separate as the polymerase continues along the circular path.

a. Based on this consideration, describe the product of a Rolling Circle DNA Synthesis reaction and
provide a sketch that shows how this product is formed (8 points).
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b. Describe the product of a Rolling Circle DNA Synthesis reaction wherein the 3’-overhanging end
sequence of a eukaryotic chromosome serves as the primer for a circular oligonucleotide. What
cellular process might this technique mimic (6 points)?
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¢. Suppose you would like to synthesize one of the circular, single stranded DNA templates de-
scribed above from a linear single stranded piece of DNA obtained using chemical synthesis
techniques. How would you accomplish this? You may use any reagents or enzymes that you see
fit {8 points).
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