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Study guide for research assistants
Read "Ligation-independent cloning of PCR products (LIC-PCR)" (C. Aslanidis and P. J. de Jong, Nucleic Acids Research 18: 6069-6074, 1990).  The full text of this paper can be accessed online by following the links from this page: http://www.ncbi.nlm.nih.gov/pubmed/2235490. 

Use the study guide below to help you understand the paper.  You are welcome to discuss the paper with Greg and/or other people at any time.  When you are satisfied with your overall understanding of the paper, please answer the "Questions for lab notebook" in your notebook; these won't be given a letter grade but will be checked!
General background


This paper is relevant to our work because it introduces "ligation-independent cloning" (LIC), which is the method by which our group clones genes from Plasmodium and other organisms.  LIC is an improvement on older cloning methods involving restriction enzymes and DNA ligase; those older methods are summarized in the following web pages:
• http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::535::535::/sites/dl/free/0072437316/120078/micro10.swf

• http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/R/RecombinantDNA.html
In short, researchers have traditionally used restriction enzymes as the "scissors" that cut DNA into pieces and DNA ligase as the "glue" that sticks the desired pieces (a plasmid vector and an insert, containing the gene of interest) back together.  Then the plasmids with inserts are introduced into bacterial cells, where they are replicated and the gene is expressed.

While the traditional approach is still used in many labs, there are certain limitations associated with the use of restriction enzymes to prepare the desired insert.  For example, to make sure that an insert doesn't anneal to itself and circularize, different restriction enzymes must be used at its two ends; also, a given restriction enzyme can't be used if it cuts at a sequence found in the middle of the gene of interest.  The use of DNA ligase to join the insert to the plasmid vector adds another step to the cloning procedure – another step where things can go wrong – so elimination of that step further simplifies things.

The traditional approach relies in part on the "sticky ends" generated by restriction enzymes to ensure that the pieces of DNA are recombined in the desired manner (e.g., that plasmids contain inserts and that the inserts have the proper 5'-to-3' orientation).  LIC also entails sticky ends, but they are generated by the exonuclease (nucleotide-removing) activity of DNA polymerase rather than by restriction enzymes, as will be explained.

Abstract

• The third sentence states, "The procedure does not require the use of restriction enzymes, T4 DNA ligase or alkaline phosphatase."  However, note that the procedure, as summarized in Figure 1, does show use of the restriction enzyme XbaI to linearize the plasmid.  This use of XbaI is not required but improves the efficacy of the method, as shown later in Table 2.

• As you know, DNA polymerase is an enzyme that replicates DNA.  Some DNA polymerases have 3'-to-5' "proofreading" capability, meaning that they can remove and replace nucleotides at the 3' end of the DNA.  This ability to remove nucleotides is exploited here as a way of generating sticky ends (i.e., "5'-extending single-stranded [ss] tails of a defined sequence and length").

• The abstract says that the entire plasmid vector is amplified via PCR.  This point is not critical to the overall understanding of the method, but the plasmids in our lab are too big to be amplified efficiently with PCR, so we allow host cells to replicate them for us.

• The second-to-last sentence says, "The resulting circular recombinant molecules [as pictured in the bottom of Figure 1] do not require in vitro ligation for efficient bacterial transformation."  Transformation refers here to the introduction of foreign DNA into bacterial cells, where it can be replicated.
Introduction


• Middle of the first paragraph: "Even with these preventions, a sizeable fraction of the clones [i.e., plasmids] will lack inserts.  This may not present a major problem if a convenient screening procedure is available, such as the functionality of the lacZα gene segment in pUC plasmids."  In other words, we need a way to distinguish cells with "empty" plasmids from those with insert-containing plasmids, and a popular way to do this involves the lacZ gene and "blue-white screening," which is explained here: http://en.wikipedia.org/wiki/Blue_white_screen.  In brief, plasmids that have been "interrupted" with inserts no longer encode a functional beta-galactosidase enzyme, so cells with this kind of plasmid cannot convert X-gal into a blue product, and they appear white.  In contrast, cells with "empty" plasmids make beta-galactosidase and appear blue.

• The end of the second paragraph (beginning with "In essence…" and continuing onto the next page) offers a nice verbal summary of the method.  Transformation efficiency refers to the frequency at which cells take up DNA; it is much higher for circular DNA than for linear DNA.
Materials and Methods


The details in this section may not be very meaningful to you unless you are already well-acquainted with cloning.  I recommend either skipping it, reading it quickly without getting hung up on the details, or coming back to it after you've read the rest of the paper.
Results


• As shown in Figure 1, PCR products initially have no sticky ends (called "cohesive ends" here in the first paragraph); those result from treatment with T4 DNA polymerase.  To understand how this works, keep in mind that the polymerase can both remove and add nucleotides to/from the 3' end of the DNA.  However, it can only add a nucleotide if the right one (complementary to the one on the other DNA strand) is available; otherwise it can only remove what is already there.  This is the key to understanding the "+dGTP" and "+dCTP" in Figure 1.  Primer 83 was designed to have its first C be located 13 nucleotides from the 5' end, meaning that the corresponding G will be 13 nucleotides from the 3' end on the other DNA strand.  The 12 nucleotides to the 3'-end side of that G will be chewed off by the polymerase, and they won't be replaced because those nucleotides aren't present in the reaction mixture.  The G will become the new 3' end of the PCR product because, if the polymerase removes that nucleotide, it then replaces it using GTP from the reaction mixture.  A similar logic applies to primers 80 and 81.

• If you understand Figure 1, then you understand the essence of the method.  Everything else from page 6071 onward is simply a demonstration that the method actually works.  Incorporation of ALU-PCR fragments into the pUC119 plasmid vector was regarded as proof that the method is useful.

• Regarding the faint blue transformants mentioned on p. 6072, note that a light-blue color suggests the presence of a slightly active beta-galactosidase.  If the plasmid's gene for beta-galactosidase is interrupted with a small insert, it is possible that the gene could still be transcribed and translated into a partially functional protein. 

• The last paragraph begins, "Since PCR amplification is known to be mutagenic…"  This refers to the fact that the DNA polymerase used in PCR does occasionally make mistakes when replicating DNA.
Discussion


• Note: "The absence of a non-recombinant background reduces the need to screen for recombinants and thus simplifies the procedure."  This sentence helps us understand why the researchers bothered with the experiments summarized in Table 2.  Those experiments investigated what could be done to prevent the appearance of blue colonies, which contain plasmids without inserts.  At one level, the blue colonies are not a problem, since you can simply ignore them and harvest the white colonies.  However, since the paper identified conditions in which only white colonies (i.e., the desirable ones) were generated, those conditions could allow the method to be used with plasmids that don't contain a beta-galactosidase gene.  That is, if the only colonies that appear are the desirable ones, then you don't need a way of distinguishing between desirable and undesirable ones.
Questions for lab notebook
1.  What are ALU-PCR products?  If needed, consult Figure 1 and the last paragraph on p. 6069.
2.  Draw a blow-up view of the ends of the sticky-ended PCR products shown in Figure 1.  Can these products circularize via annealing of their sticky ends?  Why or why not?
3.  What does Table 1 provide as evidence that the T4 polymerase can be used to insert PCR products into pUC119?
4.  Do you think that this method would work equally well if the overhangs created by the DNA polymerase were only four nucleotides long?  Why or why not?
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