Biotechnology
Homework 2
Fall 2010
Hand in on 9/29

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

1.  Imagine you have a cDNA for gene A (of length 1.7kb) cloned between the EcoRI and XbaI sites of the plasmid vector pBluescript SK+ shown in slide 5 of Topic 2 (the key points about the vector are that it has ampicillin resistance, it is about 3.0kb long, it has a short sequence with the only occurrence of KpnI, EcoRI, BamHI, XbaI and SacI sites [you should be able to look up the sequence at which each cuts if it is important], and this region is flanked by T3 and T7 RNA polymerase binding sites, with the latter on the KpnI side). Imagine that the ATG encoding the initiation codon is just downstream from the EcoRI site (5’…..GAATTCGCATG…..3’) and the XbaI site includes the termination codon following the coding region for the entire protein encoded by gene A (5’….GTC GAC TTC TAG ATA…..3’ where triplets are grouped to emphasize the reading frame for you). You can assume that neither the expression plasmid nor the cDNA have sites for KpnI, EcoRI, BamHI, XbaI and SacI other than those originating from the pBS SK+ vector.  You have unlimited amounts of this pure cDNA clone.

(i)  In practice you would probably know a good deal about gene A, including the expected sequence of the cDNA.  However, it is usually a good, worthwhile idea to check that your starting materials are exactly what you expect.  How would you check that the DNA sequence of your cDNA is entirely correct?  Explain whether the method you choose is the most practical (fast, economical) AND if it is conclusive (certainty about the entire cDNA sequence).
[1]

(ii)  If you wanted to use this cloned DNA to generate an RNA probe to be used on a Northern (RNA) blot to visualize mRNA from gene A, how would you do this?


[1]

(iii)  If the RNA probe hybridizes strongly under stringent conditions to a band of about 1.9kb and another of about 3.2kb what is your best guess about what those bands represent?  Explain.












[1]

(iv) You could instead have made a DNA probe from the cloned DNA by PCR.  Imagine that the DNA probe hybridizes to bands of 1.9kb and 3.2kb on an equivalent Northern blot (the same bands as for the RNA probe) but it also hybridizes to a band of 2.4kb (just an example- the size is not important), to which the RNA probe does not hybridize.  What do you think the 2.4kb band might represent?  (You can assume that all bands are strong, that hybridization conditions are equally stringent in the two experiments and that the bands result from hybridization between complementary sequences, as expected and are not the result of any error or artifact).
[1]

(v)  You now want to transfer the cDNA described above to an expression vector to obtain a cloned product.  Imagine that the (cloned pure) expression vector was also made from pBS SK+ by inserting a 1.5kb enhancer/promoter fragment into the KpnI site and a 0.7kb XbaI-SacI fragment that serves to terminate transcription and promote polyadenylation of the mRNA when transcribed in mouse cells. This question is about the details of how you would perform this cloning exercise.

(a) In outline (what do you cut with which enzymes & what do you ligate together) how would you clone the gene A cDNA into the expression vector.




[1]

(b) List the individual steps in the WHOLE procedure (in outline) that allow you to go from the two pure starting DNAs to a CORRECT pure product.




[2]

(c) For any purification steps you list above or mention now, explain what it achieves AND why it is important enough to include, bearing in mind that any purification step takes time and will lead to some loss of material (you can also explain why a purification might be considered optional, but it is sufficient just to describe well-justified purifications, if there are any).
[1]

(vi)  How would any of your answers to (v) change if 

(a) the original plasmid vector with the cDNA fragment was different (only) because it had kanamycin resistance rather than ampicillin resistance?




[1]

or if

(b) the cDNA length was extremely close to 3.0kb (assume you know the entire DNA sequence of vectors and cDNA)?








[1]

or if

(c) the cDNA included an EcoRI site in the middle?





[1]

PLEASE START A NEW PAGE IN YOUR ANSWERS TO THE REMAINING QUESTIONS

2.  You often have to adjust the ends of DNA fragments you wish to assemble into a cloned product either simply to make efficient joints or because the precise sequence at the junctions is critical (or most commonly for both of those reasons).  

Imagine one of your starting materials is the same gene A plasmid as described in question 1 (EcoRI site just prior to ATG in sequence GA ATT CGC ATG, XbaI at end of coding sequence TC TAG A, and no internal sites for EcoRI, XbaI, KpnI, BamHI, SacI).

However, the expression vector is now different.  It still has ampR but it has an enhancer/promoter segment that is followed by the first few codons of a protein (in a context where protein translation would be expected to start there from a transcribed mRNA). These amino acids include the sequence MDYKDDDDK (single-letter code) at the very beginning (M is the initiator methionine), as in the Figure.  That stretch of amino acids is called an epitope tag (it is actually the FLAG tag) because it can be recognized by an antibody when it forms part of a protein.  Following the sequence encoding the FLAG tag are two restriction enzyme sites (BamHI and EcoRI). A short distance beyond the EcoRI site is an XbaI site (which, as in Q1 is followed by a segment ensuring transcription termination and polyadenylation of the mRNA).

The desired product includes the promoter and FLAG epitope coding sequence from the expression vector connected to the cDNA (such that the whole gene A protein is translated following the FLAG epitope to make a “tagged” fusion protein) and followed by the termination/polyadenylation sequence.  It is not important if there are a few extra amino acids between the FLAG tag and the rest of the normal gene A protein.  You can assume that the restriction sites described above do not occur at any additional locations in the plasmids shown and that all of the plasmids have ampicillin-resistance genes.  You can use any additional materials (oligos, enzymes etc.) you think appropriate.  BamHI cuts between the Gs and EcoRI cuts between the G and A in their respective recognition sequences, on each strand.
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(i)  If (as part of your construction) you simply connected the expression vector and cDNA at their EcoRI sites you would not recover the desired product.  Why not?

[1]

(ii) Describe how you would make the desired plasmid WITHOUT using PCR

In your answer be sure to make clear

(a) the exact sequences of any additional DNAs you use AND the exact sequence in your final construct between the FLAG epitope and the start of the cDNA.


[2]

(b) explain where in your procedure (if at all) you will purify any DNAs and why, AND (if relevant) whether 5’ ends of DNA fragments have hydroxyls or phosphates in order to optimize recovery of correct DNA products.






[2]

(iii) With exactly the same reagents and objectives as before how would you make the desired CLONED product using PCR as a key step in the process?

As above, explain

(a) the basic procedure, outlining exact sequences of any additional DNAs you use (or exact length and locations if actual DNA sequences are not shown in the question) AND the exact sequence in your final construct between the FLAG epitope and the start of the cDNA.  [2]

and

(b) explain any important purification steps and whether particular DNAs should specifically have phosphate or hydroxyls at their 5’ ends.





[1]

3. 

(i) Imagine you have the same pBS SK+ plasmid as in Q1 (consecutive KpnI, EcoRI, BamHI, XbaI, SacI sites and you want to construct a complicated molecule that has consecutive fragments from KpnI to EcoRI, EcoRI to BamHI, BamHI to XbaI, and XbaI to SacI in this vector, how would you set about doing this (assuming you have plenty of each of the fragments mentioned above and each is reasonably short (say 500-1,000bp)?
Do not omit a major step (or steps) just because you take it for granted that it would be done or understood.

[1]

(ii) If you suspected that an individual might have a mutation somewhere in the coding region for a specific gene you could consider a number of strategies to look for such a mutation.  Imagine that the coding region is distributed among four exons of about 700nt and that you start with some white blood cells from the individual, which could be used to purify DNA or RNA.  You can also assume that you know the normal sequence of the entire gene and have access to the standard range of commercial materials and services.

(a)  You could either use PCR from DNA or use RT-PCR from RNA to amplify the relevant sequences prior to DNA sequencing.  Which would you choose to do and why?

[1]

(b) If you used PCR on DNA and you expected that the mutation, if present at all, would be heterozygous, would it be better to sequence the PCR product directly or to clone the PCR products first? Explain.







[1]

(iii) In discussing the generation of genomic libraries in bacteriophage lambda or, later, in BACs, I and the textbooks illustrate a common strategy of digesting the genomic DNA with Sau3A (in a partial digest) to generate sticky ends for ligation.  However, sometimes libraries are made by fragmenting DNA by sonication or mechanical shear. This has the advantage of giving a more random distribution of fragment end-points but it generates “ragged ends”, meaning they have variable 3’ or 5’ overhangs and are very occasionally blunt.  How would you convert such fragments into ones suitable for cloning into a vector?  You may be looking for a two step procedure and you should remember that you would be dealing with fairly long pieces of DNA (making PCR of the whole segment of DNA a poor approach) and with a mixture of fragments from all over the genome (so they will include all sorts of different sequences and restriction enzyme sites).  If you cannot think of a perfect method, explain the limitations of your best method as well as its benefits.







[2]
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