Biotechnology
Homework 2
Fall 2011
Hand in on 9/28

Please read questions carefully. You always need to provide explanations in your answers.

1.  This question concerns some basic plasmid cloning procedures and design choices.  The overall task is realistic.  You have two pure (cloned) DNAs as starting materials. 

One is the cDNA for a particular mouse gene in an ampicillin resistant vector.  A full-length cDNA is a complete copy of an mRNA and therefore has sequences corresponding to 5’ untranslated sequence (5’ UTR), coding region (starting with the ATG triplet [AUG in mRNA] and ending with a stop codon) and 3’ UTR.  

The second DNA (also an ampicillin resistant plasmid) is a mouse expression vector. It has a DNA segment that acts as a strong promoter in the mouse tissue culture cells, followed by a sequence that directs the initiation of translation and encodes a short epitope tag sequence of amino acids.  Beyond the epitope tag segment are sequences that will form 3’ UTR and direct polyadenylation of the transcribed RNA (polyA signal sequences).  In mouse cells the promoter will direct transcription to start before the epitope tag sequence and the latter segment will direct translation of the resulting mRNA initiating at the ATG as diagrammed (next page).  The sequence of the first few amino acids and corresponding codons is shown.  This short stretch of amino acids (this particular epitope tag is known as a Flag tag) is used because it can be recognized by a commercially available antibody.  

If a cDNA segment is inserted appropriately between the epitope tag sequence and the polyA signal sequence and the resulting DNA is introduced into mouse cells an mRNA should be produced that is translated into a fusion protein containing the epitope tag at its N-terminus followed by the amino acid sequence encoded by the cDNA.  This requires that the mouse cDNA sequence is translated in the correct reading frame and contains the entire coding region.  Neither the 5’UTR nor the 3’ UTR of the cDNA are required in the expression construct because the expression vector includes sequences that substitute for these elements (allowing translation initiation and polyadenylation). Note that in mouse cells translation generally starts at the first AUG in an mRNA.  Thus, when the cDNA is placed downstream of the epitope tag sequence initiation of translation will still be at the AUG of the epitope tag (not at the first AUG of the cDNA). It is not a problem if a few random codons (not from the epitope tag or the cDNA) are present between the epitope tag and the cDNA coding sequence.

You can assume (unless stated otherwise) that the restriction enzymes named in the diagrams cut only at the sites shown, and that the DNAs do not have sites for restriction enzymes that are not shown.

The questions below are about the process of successfully creating a cloned correct expression construct from the two starting DNAs.

(i)  If you ignore the phasing of reading frames you can see that it might be possible to insert the cDNA into the expression vector as a BamHI- XbaI fragment or as an EcoRI-XbaI fragment.  Explain which you would choose.







[1]

For (ii)-(vii) imagine you insert the BamHI-XbaI fragment:-

(ii) Would you get the fusion protein you are aiming for (in cells)? Draw out relevant sequences to explain.
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(iii) Prior to ligation, what (if any) is the benefit of purifying the Bam-Xba cDNA fragment on a gel?  Be clear as to whether you expect more correct product, less incorrect product and give an idea of magnitude.
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(iv) Prior to ligation, what (if any) is the benefit of purifying the Bam-Xba expression vector fragment on a gel?  Be clear as to whether you expect more correct product, less incorrect product and give an idea of magnitude.   Please assume that the very small BamHI-XbaI fragment released from the expression vector is so short that it dissociates largely into single strands and would not participate in any ligation reactions.
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Assuming that you did purify the two fragments to be ligated…..

(v) Prior to ligation should you treat the expression vector fragment with alkaline phosphatase?  Explain.
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(vi) After ligation should you purify the desired product on a gel?  Explain.

[1]

(vii) After ligation what would you do to COMPLETE the cloning experiment? Be specific (& note the number of points available).
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For (viii)- (xi) imagine that the BamHI site on the cDNA is NOT PRESENT (e.g. the sequence shown starts CGATCCATGG…) but the NcoI site is present.  NcoI cuts between the C residues of its recognition sequence CCATGG.  BamHI cuts between the G residues of its recognition sequence GGATCC.

(viii) If you decide to “convert” the NcoI site of the cDNA to a BamHI site by ligating to an adapter (allowing subsequent cloning into the expression vector)

(a) Write out a possible sequence for the adapter that will work (to give you the fusion protein you want- it does not matter if there are a few extra amino acids between the eiptope tag sequence and the amino acid sequences encoded by the cDNA). You will need to write out sequences for both strands of DNA and to include the end of the epitope tag sequence and the start of the cDNA sequence to see clearly whether your solution is correct.


[1]

(b) In what order would you add restriction enzymes, ligate the adapter and purify the cDNA fragment prior to ligating to the expression vector?  Explain
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(c) Would you phosphorylate the oligos that form the adapter prior to ligation? Explain.  
[1]

(ix) If you used a linker instead of an adapter to “convert” the NcoI site to a BamHI site

(a) Write out a possible sequence for the linker.
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(b) In what order do you cut, ligate and purify to proceed from the original cDNA plasmid to a fragment ready to ligate to the expression vector?
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(c) The pros and cons of phosphorylating the linker are fairly minor.  Can you think of one advantage and one disadvantage?
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(x) How would you change the overall strategy outlined in (viii) or (ix) if the cDNA had an internal BamHI site?
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(xi) How would you use PCR to make a suitable cDNA fragment to insert into the expression vector (without using any linkers or adapters)? Write down any important sequences, paying attention to reading frames.  Remember that for any PCR reaction you have to describe two primers, and in this question it is also important to describe what you do after the PCR reaction.












[2]

(xii) It is important that products of cloning are exactly what you intend.  Hence, it is quite common nowadays to sequence products of cloning experiments in their entirety (the vector DNA is usually omitted).  However, an investigator also has a reasonable idea in advance of whether the DNA sequence of the product is likely to be perfect (once the construct has been found to be roughly correct according to a restriction digest or the size of certain PCR products). Four different cloning strategies were mentioned in this question (direct ligation of restriction fragments, inclusion of adapters, inclusion of linkers, and a PCR step).  For each, where do you think errors might be detected by DNA sequencing (giving a reason and an indication of how frequently)?
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PLEASE START A NEW PAGE IN YOUR ANSWERS TO THE REMAINING QUESTIONS

2. In the previous question the objective was to connect two molecules together to form a recombinant plasmid.  However, you sometimes need to build more complex constructs.  For example, still sticking to the objective of building an expression construct, you may wish to assemble it from various modules available from separate cloned DNAs. Those modules might be- vector, promoter, N-terminal epitope tag, cDNA coding sequence, C-terminal epitope tag, polyA signal, making a total of 6 constituent DNA elements.

(i) If you want to connect a vector with two other DNA elements in a cloning experiment that can work quite well using conventional ligation of restriction fragments (assuming that you can arrange for specific restriction sites to be at the ends of each module).  Give an example of how a specific set of ends generated by different restriction enzymes can make this process fairly efficient.










[1]

(ii) Will the same strategy remain efficient as the number of fragments increases (say to 6 or beyond)?  Explain. (Assume that you can make the required fragments).


[1]

(iii) If you found that the strategy was not working well enough to assemble 6 fragments how would you change it in order to produce a correct cloned product assembled from 6 fragments?
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(iv) Imagine that you want to be able to assemble a variety of expression constructs (where you might choose one of any 4-5 promoters and one of any 4-5 epitope tags at the N-terminus and the C-terminus for most of the genes in a mouse genome (20,000 and more).  Obviously this is a lot of work no matter how you go about it but some strategies will be more efficient than others.

(a)  It would be advantageous to use exactly the same strategy for all cDNAs.  However, different cDNAs have different sequences.  How does that present a problem for any method based on ligating fragments that are cut with restriction enzymes?
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(b) What kind of method could by-pass the above problem?  Explain.
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3.  Cloning with lambda phage

(i) In order for lambda phage to work well as a cloning vector it is important that each phage particle contains only a single copy (one molecule) of recombinant phage genomic DNA.  What experiment can you design to test if this is true?
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(ii) It is fortunate that a large segment of lambda phage DNA can be deleted without impairing its lytic cycle.  That allowed the creation and use of lambda replacement vectors.  If that central region had contained a segment of DNA encoding one or more proteins that are critical for the lytic cycle it still might have been possible to use exactly the same deleted genomes to make replacement vectors.  How in principle could that be done?
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(iii) Lambda replacement vectors are essentially no longer used because BACs and other vectors can accommodate larger segments of DNA (and are handled easily).  However, lambda insertion vectors are still sometimes used for cloning cDNA libraries.  That may be surprising to you given the high efficiency of electroporation or transformation of chemically competent cells with plasmid DNA (and the fact that recombinant lambda DNA is not as easy to prepare as plasmid DNA and contains a higher ratio of vector to insert DNA).  Explain how it is that the efficiency of cloning with lambda can match (or exceed) that of cloning with plasmids when making a cDNA library.
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