
Drugs & Disease                         Problem Set 6                                                     February 18, 2023 

Problem Set 6:  

1. α-Amanitin is a natural product that is a potent inhibitor of eukaryotic RNA polymerase. 
i) What are the consequences to the cell of inhibiting its RNA polymerase? 
ii) Where is α-Amanitin produced – what organism makes it (please use the web)? 
iii) Both rifampicin and α-Amanitin inhibit RNA synthesis. Rifampicin can be used to treat bacterial infections, 

but α-Amanitin cannot. Why? 
2. The antibiotic Azithromycin binds to the exit tunnel of the prokaryotic ribosome. It 

was originally isolated from a soil fungus. Its structure is shown on the right. 
i) What are the typical uses of this antibiotic (please cite your source)? 
ii) Which steps of protein synthesis could still occur and which would be prevented 

in the presence of this antibiotic? 
3. The partial sequence of the gene is indicated below (both strands are given).  The 

amino acid sequence for this gene is given below the DNA sequence. The three bases 
to use as the PAM sequence are bold and highlighted in yellow. The start and stop 
codons are highlighted in green and red, respectively. 
ATG...AAGCGTGGACCGTACGTCGTACAACTACGACCGCGTAATTTGGCGACATTT...TAACCTTTA 

TAC...TTCGCACCTGGCATGCAGCATGTTGATGCTGGCGCATTAAACCGCTGTAAA...ATTGGAAAT 

Met...LysArgGlyProTyrValValGlnLeuArgProArgAsnLeuAlaThrPhe... 

i) Give the sequence of the 5’ end of the guide RNA that would target this gene. Your answer should be first 20 
bases (see slide 40 in lecture 5) 

ii) You wish to change the Leu codon (bold, underlined) to a Glycine.  Give the sequence of a template DNA that 
would cause this change after Cas9 caused the double stranded break.  Indicate the important features of 
the template DNA. 

iii) If you only wanted to inactive this gene, is a template DNA necessary? 
4. Charpentier and Doudna investigated 

the degree of complementarity 
between the guide RNA and the DNA 
that is required for activation of Cas9 
(Science, 2012, Vol 337, Pg 816). They 
changed the sequence of the target 
DNA while keeping the sequence of 
the guide RNA (crRNA-sp2) constant. 
Their data is shown on the right.  The 
red bases indicate the region of the 
mismatch between the RNA and the DNA target.  The investigated 6 different mismatches.  The DNA substrate 
was the same as discussed in class, a 2640 bp double stranded DNA that is cleaved into two fragments by Cas9. 
The lane labeled “WT” was obtained using target DNA that was complementary to the guide RNA over the full 
length, i.e. it is the positive control. 
i) Can Cas9 cleave the target, even where there are mismatches between the guide RNA and the target? Briefly 

justify your answer. 
ii) Does the location of the mismatches matter? That is, is it important to have pairing close to the PAM or pairing 

at the 5’ end of the guide RNA? 
5. You are trying to use CRISPR-Cas9 to inactivate the target shown below.  However, similar sequences are found 

at three other locations in the genome and these could potentially be cleaved by Cas9, leading to changes at 
more than one location in the genome. The alignment of these sequences with your target is shown below, with 
the sequence differences in bold and highlighted.  
i) Discuss the likelihood of Cas9 cleaving each of the three off-target sequences. 
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Target: -----GGACCGTACGTCGTACAACTACGACCGCGTAATTTGGCGACA----- 

Off-A:  -----GGACCGTACGTCGAAGGGCTACGACCGCGTAATTTGGCGACA----- 

Off-B:  -----GGACCGTACGACGTACAACTACGACCGCGTTTTTTGGCGACA----- 

Off-C:  -----GGACCGTACGTGGTACAACTACGACCGCGTAATTTAACGACA----- 


