Molecular Biology

Lab 8
Polymerase Chain Reaction

Traditional PCR/End-point PCR 

We introduced PCR in lecture as an excellent example of in vitro DNA replication.   The technique is a cell free, highly sensitive, rapid, and powerful method of copying/amplifying specific regions of DNA for various purposes.  For example, one may want to sequence a specific promoter of an interesting gene.  Historically, the easiest way to do this was to make many copies of the region, and then use these fragments directly for sequencing or use the fragments to create a recombinant DNA molecule to use when needed.  In either case, many copies of the promoter region would need to be made to start the experiments.

PCR is used routinely to detect DNA of specific species in cells or samples of biomolecules.  For example, one of the most sensitive methods for diagnosing viral infections is by attempting to copy/amplify viral DNA in a biological sample taken from a sick person.  If you can amplify DNA that originated from a virus in a sample of human blood, the template for that viral DNA must be in that blood.  
Today we will use our recent bioinformatics experience with pGLO plasmid to carry out PCR using primers of our own design.  Some parts of the procedure will be up to you to determine.

Background on PCR (From Wikipedia)
Typically, PCR consists of a series of 20-40 repeated temperature changes, called cycles, with each cycle commonly consisting of 2-3 discrete temperature steps, usually three (Figure). The cycling is often preceded by a single temperature step (called hold) at a high temperature (>90°C), and followed by one hold at the end for final product extension or brief storage. The temperatures used and the length of time they are applied in each cycle depend on a variety of parameters. These include the enzyme used for DNA synthesis, the concentration of divalent ions and dNTPs in the reaction, and the melting temperature (Tm) of the primers.[9]
· Initialization step: This step consists of heating the reaction to a temperature of 94–96 °C (or 98 °C if extremely thermostable polymerases are used), which is held for 1–9 minutes. It is only required for DNA polymerases that require heat activation by hot-start PCR.[10]
· Denaturation step: This step is the first regular cycling event and consists of heating the reaction to 94–98 °C for 20–30 seconds. It causes DNA melting of the DNA template by disrupting the hydrogen bonds between complementary bases, yielding single-stranded DNA molecules.

· Annealing step: The reaction temperature is lowered to 50–65 °C for 20–40 seconds allowing annealing of the primers to the single-stranded DNA template. Typically the annealing temperature is about 3-5 degrees Celsius below the Tm of the primers used. Stable DNA-DNA hydrogen bonds are only formed when the primer sequence very closely matches the template sequence. The polymerase binds to the primer-template hybrid and begins DNA formation.

· Extension/elongation step: The temperature at this step depends on the DNA polymerase used; Taq polymerase has its optimum activity temperature at 75–80 °C,[11][12] and commonly a temperature of 72 °C is used with this enzyme. At this step the DNA polymerase synthesizes a new DNA strand complementary to the DNA template strand by adding dNTPs that are complementary to the template in 5' to 3' direction, condensing the 5'-phosphate group of the dNTPs with the 3'-hydroxyl group at the end of the nascent (extending) DNA strand. The extension time depends both on the DNA polymerase used and on the length of the DNA fragment to be amplified. As a rule-of-thumb, at its optimum temperature, the DNA polymerase will polymerize a thousand bases per minute. Under optimum conditions, i.e., if there are no limitations due to limiting substrates or reagents, at each extension step, the amount of DNA target is doubled, leading to exponential (geometric) amplification of the specific DNA fragment.

· Final elongation: This single step is occasionally performed at a temperature of 70–74 °C for 5–15 minutes after the last PCR cycle to ensure that any remaining single-stranded DNA is fully extended.

· Final hold: This step at 4–15 °C for an indefinite time may be employed for short-term storage of the reaction.

To check whether the PCR generated the anticipated DNA fragment (also sometimes referred to as the amplimer or amplicon), agarose gel electrophoresis is employed for size separation of the PCR products. The size(s) of PCR products is determined by comparison with a DNA ladder (a molecular weight marker), which contains DNA fragments of known size, run on the gel alongside the PCR products 
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Procedure

Materials
· Bioinformatics handouts

· PCR/thin walled tubes

· Template DNA (pGLO plasmid)

· dNTPs 

· taq polymerase

· Taq buffer (10X)

· Forward Primer

· Reverse Primer

· Water

· Thermal cycler

Protocol

1. Each student will prepare 4 tubes for PCR.  Each group will try 2 different annealing temperatures.  PCR is a sometimes a tricky procedure, and having a back-up tube for each temperature is a good idea.  
2. Gather supplies.

3. Look at your data sheet describing your primers.  Dissolve your freeze-dried primer sample to a concentration of 100 M.  This will be considered your “ frozen stock” concentration you can always go back to-- to make  your “working stock”.  Mark concentration and identify contents.
4. Make 50 l of a 10 M working stock for each primer.  Mark concentration and identify contents.
5. Set up your samples as follows.(Starting with water)
1 l template DNA (pGLO plasmid DNA)

2.5 l 10X taq polymerase buffer

0.5 l dNTPs

0.5 l forward primer (10 M)

0.5 l reverse primer   (10 M)

0.5 l taq polymerase enzyme

water to make 25 l total volume 

6. Mix and spin your tubes to collect the contents.
7. Determine two annealing temperatures you would like to try.  
8. Take samples to CMCS and set protocol on thermal cyclers as directed by Dr. Super

If time, we will make agarose gels for next week’s analysis of these PCR products.
