03-410 Genes, Drugs, and Disease                               Problem Set 4                                      Due October 11, 2014

1. (7 pts, 15 min) The following DNA fragment, in double stranded from, was treated with the restriction enzyme HaeIII (GG^CC) (This is often called a restriction digest).
AAAATGGATCCGAATTCGGCCGATCCCCTGCAGGCCAGGTC

i) Give the double stranded DNA fragment(s) that you would expect to obtain after this treatment (the given sequence is for one strand, give both strands in your answer and label their 5' and 3' ends.) (3 pts)

ii)Treatment of the fragments with DNA ligase + ATP results in the formation of DNA molecules that are several thousands of basepairs in length.  Explain this outcome.(4 pts)

2. (14 pts, 20 min) You want to use PCR to amplify a segment of DNA from the larger segment shown below.  The DNA to be present in the final PCR product is shown in uppercase. In addition you want to add restriction endonuclease sites for HindIII at the left end and for BamH1 on the other end, plus some additional basepairs flanking the cutting sites.
ggcctaggtTTGCGGTACGTAGCGGTATATAGGCGATCGATTCTGCCCGGGTATAGCGCTAGCGATAGCTAATTGCGcgcgttagtagta

ccggatccaAACGCCATGCATCGCCATATATCCGCTAGCTAAGACGGGCCCATATCGCGATCGCTATCGATTAACGCgcgcaatcatcat
Your final product should be:

GGGAAGCTTTTGCGGTACGTAGCGGTATATAGGCGATCGATTCTGCCCGGGTATAGCGCTAGCGATAGCTAATTGCGGGATCCTTT
CCCTTCGAAAACGCCATGCATCGCCATATATCCGCTAGCTAAGACGGGCCCATATCGCGATCGCTATCGATTAACGCCCTAGGAAA
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code | abbreviation | full name
Iy A Alanine
R Arg Arginine
N Asn Asparagine
D Asp Aspartic acid
C Cys Cysteine
Q Gl Glutamine
E Glu Glutamic acid
G Gly Glycine
H His Histidine
1 Ile Isoleucine
L Leu Leucine
K Lys Lysine
M Met Methionine
F Phe Phenylalanine
P Pro Proline
] Ser Serine
T Thr Threonine
w Trp Tryptophan
Y Tyr Tyrosine
v Val Valine




i) Determine the sequence of both the right and left primers that you would use for the PCR reaction. You should assume that you need 12 bases of homologous sequences so that the primers will anneal to the correct location (10 pts).
ii) Illustrate how you would insert the resultant PCR product into an expression vector, assuming that the vector had the structure shown to the right (4 pts).

3. (23 pts, 30 min) Two sequencing reactions are shown on the last page.  The top sequence is of a mutant HIV protease gene and the bottom is from a wild-type virus.  Your ultimate goal is to determine how a mutation may have affected binding of the drug to the HIV protease.

i) Read the sequence of the first 12 bases from either sequence trace and generate the resultant amino acid sequence assuming the 2nd base begins the reading frame (3 pts)
ii) Scan the sequence data and determine the location where changes occur and then read about 15 bases of each sequence at the location of those changes (2 pts)
iii) Using nucleotide blast,(http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome) determine where the sequence data you just read is located within the coding region of the HIV protease.  You can download the sequence file for the region that contains the HIV protease gene from the course web site (hiv_prot.txt).  Please submit a screenshot of your blast output with your answer.  After determining the reading frame, use the codon table to determine what mutation occurred (4 pts).
iv) Download the interpreted sequence data for the mutant virus (from the course web site, seq_data.txt), and use the Expasy DNA translation tool (http://web.expasy.org/translate/) to translate the sequence in all three reading frames.  Submit the correct reading frame and show how it verifies your answer to part iii.  Note that the output of Expasy gives the one letter code for amino acids.  The one letter codes are also provided on the last page of this problem set (4 pts).
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v) Comment on whether you expect this mutation to affect the substrate specificity or the catalytic efficiency of the protease (4 pts).
vi) The anti-viral drug that inhibits HIV protease is shown on the right.  How might you modify the drug such that it would bind, and effectively inhibit, the activity of the virus containing the mutant protease? (6 pts)  [Hint: Review the previous problem set.]
4. (10 pts, 15 min) One of the Jmol pages associated with this problem set shows two DNA binding proteins - the methionine repressor and the lambda repressor.  View this page and answer the following questions:
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i) Both of these proteins control gene expression by preventing RNA polymerase from synthesizing mRNA.  However, they binding to DNA by inserting different secondary structure element into a groove in the DNA.  View the Jmol page and state the secondary structure that is used by each protein.  Which groove are they binding too – the major or minor groove.  Why do you think one groove is preferred over the other when proteins bind to DNA? (5 pts)
ii) Click on the button marked “Lys” under the Jmol image of the methionine repressor. This will zoom in on the structure and highlight two Lys residues by placing a surface around their sidechain atoms.  Briefly describe how each of these residues in interacting with the DNA and whether the interaction would be sequence specific (base recognized) or non-sequence specific (5 pts)
5. View the “mystery” nucleic acid on the Jmol page.  Is this DNA or RNA? Briefly justify your answer.
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