Answers to Weaver end of chapter questions

Chapter 4  Molecular Cloning Methods

a) AluI

blunt ends.

b) BglII

4 bp 5’ overhang

c) ClaI

2 bp 5’ overhang

d) KpnI

4 bp 3’ overhang

e) PvuI

2 bp 3’ overhang

f) MboI

4 bp 5’ overhang

g) NotI

4 bp 5’ overhang

2. In order to produce many copies of a DNA fragment we typically replicate it in an organism such as E. coli. Vectors such as plasmids have an origin of replication and by attaching a DNA fragment to the plasmid the foreign DNA will also be replicated.

3. Cloning a DNA fragment into the PstI site of pBR322 requires that the DNA fragment we want to clone have PstI sticky ends. We would cut the purified vector DNA with the restriction enzyme PstI (the PstI site of pBR322 is within an ampicillin resistance gene) generating complementary sticky ends on the vector. DNA ligase can be used to covalently attach the DNA fragment to the vector and this reaction mixture can then be transformed into E. coli cells.  Since there is a tetracycline resistance gene on the plasmid, growing these cells on media containing the antibiotic, tetracycline, will select for colonies carrying the plasmid. Of these tetracycline resistant colonies, the ones which are additionally resistant to ampicillin are ones in which the ampicillin resistance gene has not been interrupted by insertion of a foreign DNA fragment. These contain non-recombinant plasmids. A second sub-group of tetracyline resistant E. coli resulting from the transformation will be ampicillin sensitive.  In these bacteria the ampicillin resistance gene will have been inactivated by insertion of the foreign DNA. These are the colonies we want and in order to identify them we can replica plate the entire population of tetracycline resistant colonies onto two media types, the first containing the antibiotic ampicillin and the second lacking the antibiotic ampicillin. The colonies which do not grow on ampicillin are identified and rescued from the ampicillin free plates. These ampicillin sensitive tetracycline resistant colonies contain the DNA fragment we are trying to clone. 

4. The multiple cloning site of the vector pUC18 is within a lacZ’ gene which directs the synthesis of the  peptide of the enzyme -galactosidase.  (The host cell has been engineered to produce the  peptide.  Together, the  and  peptides complement each other and produce -galactosidase activity.)  Whether there is an intact lacZ’ gene  in the plasmid can be determined by plating bacteria on the colorless substrate, X-gal, which, when cleaved by -galactosidase, results in release of a blue dye which will stain the colonies. Interruption of the lacZ’ gene by a DNA fragment will result in loss of -galactosidase activity and the growth of white colonies on X-gal. Cloning a DNA fragment into the BamHI and PstI sites of pUC18 requires cleavage of the plasmid DNA with BamHI and PstI, and ligation of the DNA fragment, which must also have BamHI and PstI sticky ends, into the vector. The resulting transformation reaction can be plated on ampicillin-containing medium which will allow growth only of colonies which contain the pUC18 plasmid. Plasmids that are recombinant, i.e. carrying the inserted DNA fragment, can be identified by plating on X-gal and screening for white colonies.

5. The first step in cloning a DNA fragment into the EcoRI site of Charon 4  is digestion of the Charon 4 vector with EcoRI to remove the stuffer DNA fragments. The arms of the vector are then purified and mixed with the DNA fragment to be cloned which must also have EcoRI sticky ends. DNA fragments are ligated and the recombinant phage is then packaged in vitro using a packaging extract containing phage heads and tails and all the other components required to make functional phage particles. These phage are used to infect E. coli and plaques carrying the recombinant phage are isolated and purified. 

6. The vectors pBR322, pUC, and Bluescript would be an appropriate choice for cloning a 1 kb cDNA.  Plasmid vectors can replicate efficiently with fragments of up to approximately 10 kb.  pUC or pBluescript would be excellent choices because they offer the convenience of blue/white screening for recombinant plasmids. A phage vector such as Charon 4 would be a poor choice since packaging constraints prevent packaging of phage particles carrying foreign DNA fragments less than 12 kb. 

7. A cosmid vector is the appropriate choice for making a genomic library of DNA containing 45 kb fragments.  Cosmid vectors are “stripped down” phage vectors containing phage cos ends and an E. coli plasmid origin of replication. Removal of all sequences required for phage replication means that the recombinant vector does not exceed phage packaging size limits when carrying large (40-50 kb) inserts.

8. A Bacterial Artificial Chromosome (or BAC) is an appropriate vector for making a genomic library of inserts averaging over 100 kb in length. BACs are based on F plasmids that naturally occur in E. coli cells. Versions of the F plasmid (F’) can mobilize a whole chromosome from one E. coli cell to another and thus can accommodate large fragments of DNA (up to 300 kb). These vectors are stable in E. coli cells and despite their large size are resistant to shearing because they exist is a supercoiled state.

9. Screening a phagemid library for a particular gene of interest involves plating the library to generate plates containing colonies arrayed evenly and at a density allowing individual colonies to be distinguished from one another. The DNA and protein present in these colonies is copied onto either a nitrocellulose filter or a positively charged nylon membrane by overlaying the plates with the filters. This should be done under alkaline conditions to denature the DNA and lyse the cells. The filters have a high affinity for DNA and protein and a blocking step is required. Here all of the regions of the filter that are not already bound with DNA or protein are coated with non-specific DNA or protein. This ensures that the probe will not bind empty sites on the filter but rather binding will depend upon specific recognition by the probe of its target on the filter. Detection of a particular gene of interest can be accomplished using a radiolabeled single stranded DNA probe with complementarity to the gene of interest. The filters are exposed to the probe and a subsequent washing step removes probe that is not stably associated with a particular plaque. Autoradiography will show black spots corresponding to regions on the filter where the DNA probe is bound. The colony corresponding to that position on the filter can be identified and this colony contains the gene we wish to clone. Since phagemids can also express the protein encoded by the genes they carry, the gene of interest can be identified using an antibody probe. A primary antibody raised against the protein of interest is used to detect the corresponding clone.  The location of this primary antibody on the filter can be visualized by binding it to a secondary antibody which is covalently linked to an enzyme which reacts with a substrate to yield a colored product. 

10. M13 phage vectors exist in a double-stranded form within transfected E. coli but the phage particles in plaques exist in a single-stranded form. To obtain single-stranded cloned DNA, recombinant M13 phage is generated from the double-stranded phage DNA isolated from E. coli. Plaques generated by transfection of host cells with recombinant phage will contain single-stranded recombinant DNA.  In fact, since M13 phage progeny particles are secreted through the host cell membrane, they can simply be harvested from the medium.  Phagemids like pBluescript contain an origin of replication from the single-stranded phage f1. If a cell bearing cloned DNA in pBluescript is infected by an f1 helper phage, this phage will supply the single-stranded phage DNA replication machinery and single stranded phagemid DNA will be present in plaques (and the medium) from this infection.

11. A method for creating a cDNA library
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12. The process of nick translation


[image: image2]
13. Amplifying a piece of DNA using the polymerase chain reaction requires: DNA primers flanking the target DNA sequence, dNTP’s, and Taq DNA polymerase. The primers are designed to be complementary to opposite strands of the target DNA with their 3’ ends pointing toward each other. Each PCR cycle involves three steps: denaturation, primer binding, and primer extension. The template is denatured by increasing the temperature to 95°C. The temperature is then lowered to allow annealing of the primers to their complementary sites on the target DNA. The annealing temperature is typically between 50 and 60°C. Taq polymerase replicates the DNA at 72°C.  The key to the process is the thermostability of the Taq enzyme which allows denaturation of the newly synthesized DNA strands in subsequent cycles without destroying the activity of the enzyme. With every cycle the number of replicated DNA molecules is doubled leading to an exponential increase in the amount of target DNA.

14. Reverse transcriptase PCR (RT-PCR) differs from standard PCR in that a specific mRNA molecule is targeted for amplification rather then a DNA molecule. RT-PCR requires the generation of a double-stranded DNA template for PCR using reverse transcriptase and DNA polymerase. RT-PCR can therefore be used to generate a cDNA clone for a specific gene that has been targeted by the primers. 

15. An oligohistidine-containing vector for expression of a recombinant protein has a coding region encoding six histidines (His)6 just after an initiating ATG. The oligohistidine coding region is followed by a region encoding the recognition site for a proteolytic enzyme such as enterokinase. The multiple cloning site is downstream of this region and allows cloning of the gene of interest in frame with the oligohistidine. This directs the production of a fusion protein with an amino terminal oligohistidine tag. The recombinant protein can be purified from a lysate of the bacteria expressing the protein using affinity chromatography. Affinity chromatography uses nickel to bind specifically to the histidine tag. Unbound proteins can be washed from the column and the recombinant protein can then be released from the column by using either histidine or imidazole to compete with the histidine tag for binding to the nickel. The tag can be cleaved from the purified fusion protein with enterokinase and passing the mixture through the column again will result in binding of the cleaved tag to the column and release of purified recombinant protein. 

16.  replacement vectors are ones in which genes from the phage genome that are not required for phage replication have been removed. We can therefore replace this region with a large foreign DNA insert without generating a recombinant vector that is too large to be packaged by the phage. Such vectors are useful for constructing genomic libraries. Insertion vectors such as gt11 can accommodate smaller DNA fragments since phage DNA has not been removed. This makes insertion vectors more appropriate for cloning cDNAs or small genomic fragments. They are also used as expression vectors.

17. Expressing a recombinant protein from a cloned gene in a baculovirus expression system involves making baculovirus DNA that carries the gene of interest under the direction of the powerful viral polyhedrin promoter. This can be accomplished using a transfer vector to generate, in E. coli, a recombinant plasmid lacking the polyhedrin gene but which contains the gene of interest under the control of polyhedrin promoter. This vector also contains a gene that is essential for viral replication in insect cells. The vector is co-transfected into insect cells along with disabled viral DNA that is missing a gene required for viral replication.  Successful replication of the virus in the insect cells depends upon a recombination event occurring between the transfer vector and the viral DNA. This results in the production of a recombinant virus which has the gene essential for replication. These insect cells can be cultured and the protein product produced by the cloned gene can be purified. The advantage of this system over a bacterial system is that insect cells have most of the post-translational modification and transport system present in higher eukaryotic cells. This means that it is likely that a eukaryotic protein produced in this system will be correctly processed.  Another advantage is that eukaryotic proteins produced in insect cells tend to be folded properly, unlike those produced in bacterial cells, which tend to form insoluble inclusion bodies.
18. To insert a transgene into a plant the method of choice is Agrobacterium-mediated transformation. In Agrobacterium-mediated transformation a portion of DNA, the T-DNA, from a Ti or tumor-inducing plasmid is transferred into the genome of a plant.  By replacing genes within the T-DNA with our gene of interest we can use this process to transform plants. Modified vectors based on the Ti plasmid are used in this process. 
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Analytical Questions:

Pro-Arg-Tyr-Met-Cys-Trp-Ile-Leu-Met-Ser





4      6       2
1     2 
   1    3    6     1     6

a. The sequence Tyr-Met-Cys-Trp-Ile will generate a 14-mer probe with the least degeneracy.

b. The degeneracy will be 2 X 1 X 2 X 1 = 4.  Only the initial two bases of the Ile codon will be used and they will not add to the degeneracy. This will require the synthesis of four different 14-mers in order to be sure that the probe will contain a sequence that perfectly matches the corresponding sequence in the cloned gene. 

c. Shifting one amino acid to the left will give the peptide sequence Arg-Tyr-Met-Cys-Trp. The degeneracy of this sequence will be 6 X 2 X 1 X 2 X 1 = 24. This will require the synthesis of 24 four different 14-mers in order to be sure that the probe will contain a sequence that perfectly matches the corresponding sequence in the cloned gene. A 15-mer probe will in fact have the same degeneracy as the 14-mer since Ile is specified by three codons that all begin with the same base.

1. When cloning into pUC18 and plating transformants on X-gal, we expect plasmids lacking an insert to be blue and plasmids containing an insert to be white. This is because insertion of a cloned gene fragment into the lacZ’ gene leads to insertional inactivation of the gene and no cleavage of X-gal to yield a blue dye. A blue colony which in fact contains a small 60 bp insert is explained by the fact that a sequence with a size that is a multiple of 3 will not result in a frameshift within the lacZ’ coding sequence and a small inserted amino acid sequence may actually not affect the catalytic ability of the enzyme fragment encoded. A white colony which in fact contains no cloned gene fragment is best explained by removal of a nucleotide during the restriction digestion of the vector which upon self religation of the vector resulted in a frameshift mutation within the lacZ’ gene.

 mRNA is isolated from a tissue expressing the gene of interest.


cDNA is synthesized and ligated into a plasmid vector using a scheme such as that diagrammed below





A collection of recombinant plasmids in E. coli cells is a cDNA library





Recombinant plasmids are transformed into E. coli cells








A population of recombinant plasmids is generated each containing a cDNA


 synthesized from one of the variety of different mRNAs present in the original sample.
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