Biology W4034/3034 11/12/2011   Homework #7   Name   Answers____

Print your name on every page.  Use the back of the same page if you need more room.


1. The lac repressor protein is very well characterized, including its specificity for its DNA target, the lac operator (O).  Suppose the DNA binding function of the lac repressor is mediated by a distinct autonomously-folding DNA-binding C-terminal domain (DBD) in the protein.  Using the tet system described in class as a model, describe how you would build a mammalian cell expression 2-vector system for the regulated expression of YFG (your favorite gene) using the lac components instead of tet components, such that YFG is turned on when a component of the medium is removed. This system would be analogous to the tet‑off system described in class. 

A. Include a list of each and every necessary DNA sequence components with a few words explaining their roles (e.g., a parts list of cDNAs for all proteins, genetic elements, etc. needed. I get 6 or 7. Yours could be different.).

B. Include a diagram that shows the relationship of all necessary components, clearly labeled. 

C. Include a few sentences explaining how the system works overall, including what happens when what is added or removed from the medium.
Do not describe how you would put these components together, technically (restriction digestions, etc).
A.
YFG cDNA
polyA site
6 tandem copies of the lac operator DNA

Gene for the Lac repressor DBD fused to the VP16 transcriptional activator domain

CMV minimal promoter-enhancer 
CMV complete promoter
B.
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C. In the presence of lactose (or IPTG), the lac repressor-VP16 fusion protein would be unable to bind the lac operator (lacO). Upon removal of the lactose, the fusion protein would bind to the 6 operator sequences, the VP16 domain would recruit or activate the host RNA polymerase, and thus YFG will be transcribed and the protein produced. 
2.  Some researchers estimate the quantity of a specific RNA in a cell extract by using end-point RT-PCR rather than Q-RT-PCR. However, instead of using ethidium bromide ot stain their gels, they measure the amount of a 32P radioactively labeled PCR product. 

A. Explain why the radioactive measurement is superior to ethidium bromide for this purpose.
The radioactive bands can be detected with more sensitivity than ethidium bromide  so fewer cycles need to be run in order to accumulate enough product to see and quantify. With fewer cycles, there is less chance that the PCR reaction will have reached the plateau phase. That is, it will still be in the exponential phase and so the amount of PCR product will reflect the amount of starting RNA. 
B.  How could you produce a 32P radioactively labeled PCR product? Describe two methods in detail.

1. Run the PCR reaction using dATP (or another deoxynucleotide triphosphate)  that includes a radioactive tracer:  dATP labeled in the alpha phosphate position. 

2. Label one of the PCR primers at its 5’ end with 32P using polynucleotide kinase and dATP labeled with 32P in its gamma position. 

 3. Suppose you test one of the human mutant 20-mers produced in (3) for binding to some protein in a nuclear extract from HeLa cells. You perform an EMSA with a highly radioactive 20-mer double stranded DNA and see a band shift. Which of the following methods could you use to help identify the protein or proteins causing the gel shift. Explain why or why not the method could be used and any limitations. . 

1) mass spectroscopy
2) yeast 2-hybrid
3) yeast 1-hybrid
4) supershifting

1) mass spectroscopy.  This would not work because all the proteins of the nuclear extract (unlabeled) are present spread out over the entire gel according to their net charge and size.  Thus many proteins would show up as present if the gel were extracted under the radioactive band and one would not know which one was responsible for the shift.
2)  yeast 2-hybrid.  This method is not appropriate because it is designed to detect protein-protein interactions, and here we are concerned with protein – DNA interactions. 

3)  yeast 1-hybrid.  This method is appropriate.  The 20-mer human DNA sequence would be inserted upstream of a selectable reporter sequence such as HIS3.  A full-length cDNA expression library under the control of a constitutive yeast promoter would be introduced into these yeast cells and colonies picked that were able to grow up on histidine-free agar medium.  The cDNA could be recovered by PCR and identified by comparing its DNA sequence to the human genome.  If more than one protein was causing the gel shift and both were required to effect efficient (tight) binding, then this method would not work because most transfected yeast cells would only express one cDNA.

4) supershifting.  This method could work, but requires guessing at what the DNA binding protein could be and then treating the DNA-protein complex with an antibody to that protein to see if mobility is further reduced. The limitation here is the small number of guesses that could be tried. If you have no idea what the DNA-binding protein is, then this method is not practical. 
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