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Introduction:

PCR is a process used to create millions of copies of DNA from a small amount (or a single strand) of a specific, targeted DNA sequence.  Just 20 cycles of PCR produces over a million copies of the targeted DNA sequence.  (Thirty cycles of PCR produces over one billion copies.)  Used in crime labs as well as genetics labs, this process consists of several distinct steps, based upon our knowledge of the process of DNA replication, taking place at specific temperatures.  To accomplish these varying temperatures, a device called a thermocycler is used.  

The first step in the PCR process is called the denaturation step.  This step heats the DNA to a temperature that breaks the H-bonds between the nitrogen bases thereby exposing the bases.  The typical temperature for this step is 94(C.  This step mimics the action of helicase in DNA replication.


The second step in the PCR process is called the annealing step (or the hybridization step).  This step cools the DNA to a temperature between 50 and 65(C so that the primers can anneal to the targeted DNA strand.  One primer is complementary to the 5’ to 3’ portion of the targeted strand, and the other primer is complementary to the 3’ to 5’ portion of the targeted strand.  

The third step in the PCR process is called the extension step.  During this step, the temperature of the reaction is again increased.  The usual temperature for this step is 72(C.  This higher temperature is the temperature at which the Taq polymerase works best.  Taq polymerase is not present in the K’nex lab below, but students should realize when it would be working to extend the DNA strand.  The Taq polymerase replicates the DNA strands in vitro just as DNA polymerase does in vivo.  The end result is just like replication in vivo—two identical strands of DNA, half parent strand and half daughter strand.  

It should be noted that the primers begin replication, but there is no “stop” to end replication.  Therefore, the first few cycles of PCR create DNA strands longer than the specific targeted sequence.  Performing the laboratory exercise will demonstrate to students how many cycles of PCR are necessary for the first “discrete” segment to be produced.  A discrete segment is a DNA segment that contains only that section of nucleotides being targeted for duplication.  This segment is defined by the 5’ to 3’ primer and by the 3’ to 5’ primer.  Students should be aware of the desired segment as they proceed through the activity so that they can correctly identify the discrete product when it is produced.

The K’nex laboratory below is a simulation of the three steps of PCR.  

Guiding Questions:

Vocabulary:

Polymerase Chain Reaction (PCR)—an in vitro procedure for amplifying a specific sequence of DNA.  A series of reagents (nucleotides, primers, DNA polymerase and other reagents) are incubated at varying temperatures (using a thermocycler) to amplify the specific DNA sequence desired. 


Deoxynucleotide Triphosphates (dNTPs)—the basic building blocks of DNA 


consisting of a deoxyribose sugar, phosphate groups, and one of the 4 possible nitrogen 


bases.


Taq DNA polymerase—a heat-stable enzyme isolated from bacteria living in the steam 


vents in Yellowstone National Park.


Annealing—the process by which primers “find” and attach to their complementary base 


sequence within the targeted DNA.


Primers—sections of complementary DNA that anneal to the single-stranded, targeted 

DNA providing a small piece of double-stranded DNA from which the Taq DNA  polymerase can build or replicate (or extend) the rest of the DNA molecule, thereby creating a new complementary strand.

Materials:


K’nex PCR kit boxes


K’nex PCR lab copies
Safety notes:
There are no personal safety notes for this laboratory.  Students should be cautioned that K’nex pieces are easily lost on the floor.  Please check the floor around the work area before packing up the kit boxes.  Thank you.  (Should any pieces break, they should be reported to the instructor for recording on the QC sheet.)

Procedure:   (please note that the term “parent DNA strand” in this lab refers to the initial targeted DNA strand—the initial section of the DNA molecule to be recognized by the primers and amplified.)
1. Build all of the nucleotide units that you will need by following the directions below:
a. For each nucleotide of the parent DNA strand, you will need one gray connector (deoxyribose sugar), one purple rod with a blue clip (phosphate group), and one nitrogen base (adenine, thymine, cytosine, or guanine).  There should be a total of 9 adenine (white), 9 thymine (black), 10 cytosine (teal), and 10 guanine (gray). 

i. Construct the double-stranded parent DNA molecule following the pattern:     (Please remember that the 5’ end is denoted by the phosphate group (the blue clip) just as in actual DNA nucleotides)
(5’) AGCTCTGCGACTCAATGGA (3’)

(3’) TCGAGACGCTGAGTTACCT (5’)

b. For each nucleotide of the primers, you will need one gray connector with a gold bead in the center, one purple rod with a blue clip, and one nitrogen base.  There should be a total of 28 adenine, 7 thymine, and 21 guanine nucleotides.  

i. Construct seven (7) sets of primers following the pattern:

(5’) CATT (3’)   (Note:  5’ end is phosphate group end)
ii. Construct seven (7) sets of primers following the pattern:

(5’) CTCT (3’)   (Note:  5’ end is phosphate group end)
c. For each dNTP, you will need one yellow connector, one purple rod with a blue clip, and one nitrogen base.  There should be a total of 24 adenine, 45 thymine, 59 cytosine, and 38 guanine nucleotides.  Set these aside for later use. 
2. Once the parent strands are touching each other (showing the H-bonds between the two strands), the PCR process is ready to begin.
First Round of PCR 

3. In the denaturing step, the two parent strands are split apart from each other. (The hydrogen bonds that hold the complementary DNA strands together are broken).  To simulate this, move the two parent strands apart from each other.
4. The primers are annealed to the DNA strand near the 3’ end.  Match up one primer to each parent strand of DNA using complementary base pair rules.

5. Extend the new strands by adding the complementary dNTPs after the primers in the 5’ to 3’ direction of the daughter strand. (Remember that the 5’ end of your K’nex nucleotide is the end with the purple rod and blue connector sticking out—the end with the phosphate group extended from the deoxyribose sugar.)  Connect (touching each other) the nucleotides of each new daughter strand to the parent strand in order to show the new bonds.  You should now have two double-stranded pieces of DNA, each having parent strands having a 3’ end that is longer than the new daughter strand.
Second Round of PCR

6. In the denaturing step, each double-stranded DNA molecule is once again broken into two complementary strands.  Slide the strands of both DNA molecules away from each other to show the breaking of the hydrogen bonds.

7. Anneal the primers to each of the four DNA strands as in the first round.
8. Extend the new strands by adding the complementary dNTPs after the primers in the 5’ to 3’ direction of each daughter strand.  Connect (touching each other) the nucleotides of each new daughter strand to their parent strand in order to show the new bonds in each new DNA molecule.  You should  now have four double-stranded molecules.
Third Round of PCR
9. In the denaturing step, each of the DNA molecules are once again broken into two complementary strands.  Slide all of the strands away from each other to show the breaking of the hydrogen bonds.

10. Anneal the primers to each DNA strand as in the first and second rounds.

11. Extend the new strands by adding the complementary dNTPs after the primers in the 5’ to 3’ direction of each daughter strand.  Connect the nucleotides of each new daughter strand to their parent strand in order to show the new bonds.

12. You should now have eight double-stranded DNA molecules.  Two molecules will contain the original parent strands and two molecules will contain only the targeted double stranded products (no other nucleotides besides the primers and those inside of each primer’s limits).

Analysis and Conclusions:
1. Record the nucleotide sequence of your target DNA sequence.

2. How many discrete double-stranded products are produced:

· After the first round of PCR?

· After the second round of PCR?

· After the third round of PCR?

3. How many discrete double-stranded products would you expect to obtain:

· After four rounds of PCR?

· After twenty rounds of PCR?

4. Explain the role of the primers.

5. How many primers were used:

· During the first round of PCR?

· During the second round of PCR?

· During the third round of PCR?

6. Explain how the information stated in questions 1-5 would be useful if you were determining concentrations of reaction substrates for 30 PCR cycles.
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