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Transformation
Intro:
DNA Transformation is a common technique used in genetic engineering.  It involves inserting a target sequence of DNA into an organism that didn’t originally contain that target sequence.  Very often, the target sequence is a gene of interest and the organism is a bacterium.  Once the gene is inserted into the bacterium, the bacterium is grown in a culture medium to produce many copies of the bacterium.  The gene is activated and the bacterium begins to produce the protein that the gene codes for.  One real-life application of this is the production of human insulin by bacteria.

In this activity, students will model how DNA transformation works.  They will be given a paper bacterium from which they will remove a plasmid – a circular piece of DNA that the target sequence will be inserted into.  A restriction enzyme will locate the place in the plasmid for the insert and cut open the plasmid to receive the insert.

The steps that are modeled in this activity:

Miniprep
1. Extract the plasmid from the original bacteria

Recombination

2. Locate the restriction site on the plasmid (the site where the target DNA will be inserted to the plasmid)

3. Cut the plasmid at the restriction site

4. Add the target DNA to the plasmid

Bacterial Transformation

5. Transform the new bacteria – insert the plasmid into the bacteria
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Teacher Prep for Activity
1. Print one set of this activity for each group.  

2. Provide the following materials to each group:

· Scissors

· Pencil
· 2 envelopes or ziplock bags

Student Prep for Activity

1. Cut out all of the pieces on page 7.  The pieces to be cut include two strips of Plasmid DNA, a Gene Insert  (the target sequence of DNA) and the Restriction Enzyme. 

2. Plasmid DNA: Fold back both tabs on each piece of Plasmid DNA.  Tape the two pieces together at tab 1 and tab 1a and at tab 2 and tab 2a to make one long circular DNA strand.  
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3. Place the Plasmid DNA in an envelope.   


4. Label this envelope “ORIGINAL BACTERIUM” and seal the envelope. 


5. Label a second envelope, “TRANSFORMED BACTERIUM” but do not seal. 


6. Restriction Enzyme: Cut out the flap in the Restriction Enzyme.   Cut along the dotted lines.  Make sure you do not cut along the solid line at the top of the flap.

Perform the DNA Transformation
Extract the plasmid from the original bacteria

The envelope with the plasmid inside represents the original bacterium.  To remove the plasmid, the bacterium must be broken open.  In the lab, this is done by adding a detergent. In this activity, a pair of scissors represents the detergent.

1. Cut open the envelope and take out the plasmid.  Discard the cut-open original bacterium (the envelope).

Locate the restriction site on the plasmid
2. Place the plasmid DNA, Gene insert and Restriction Enzyme on the table in front of you. 
3. Place the Restriction Enzyme over the Plasmid DNA with the flap behind the Plasmid DNA and the base pairs showing through the opening in the Restriction Enzyme.

4. Slide the Restriction Enzyme along the Plasmid DNA until the base pairs match up.  The CCTAGG on the Restriction Enzyme should be directly above a CCTAGG on the top line of the Plasmid DNA and the GGATCC on the bottom of the Restriction Enzyme should be directly below a GGATCC on the bottom line of the Plasmid DNA.


Cutting the Plasmid
5. Make a pencil mark on the Plasmid DNA along the two lines indicated on the Restriction Enzyme.  Then remove the Restriction Enzyme from the Plasmid DNA.

6. Connect the two lines on the Plasmid DNA as indicated in the diagram below.




7. Cut the Plasmid DNA along the pencil mark.  You should now have one long piece of DNA with a 4 base overhang at each end.  These overhangs are called “sticky ends”.


Adding the Gene Insert


8. In the presence of a chemical called a “Ligase”, any single-stranded DNA will attach to another piece of single-stranded DNA if their base pairs match.  If the sticky ends of the Plasmid DNA match the sticky ends of the Gene Insert, tape them together as shown below.

You should now have a circular plasmid again – with the addition of the Gene Insert DNA.

Transforming the new Bacteria
9. Place the Plasmid DNA into the envelope labeled “Transformed Bacteria”  In a typical DNA Transformation, this step is accomplished by placing the plasmid, bacteria and a salt in a test tube and heat shocking it.  This causes the bacteria to take up the plasmid.  

You now have a bacterium with a segment of DNA that it did not originally have.  The bacteria has been “Transformed”


Extension

In step 9, the sticky ends of the Plasmid DNA joined with the sticky ends of the Gene Insert to form the genetically engineered stretch of DNA that was intended.  However, since the Ligase will cause any matching sticky ends to join, it is just as likely that the two sticky ends of the original Plasmid DNA will rejoin together with no Gene Insert added.  When the plasmid is inserted back into a bacterium, there is no Gene Insert, the bacterium ends up with the original Plasmid DNA - the bacterium has not been transformed.

To test if the Transformation was successful, the plasmid is removed from the bacterium and run on a gel.  By comparing the size of the plasmid to a DNA ladder, the number of base pairs in the plasmid can be determined.  If the number of base pairs of the original Plasmid DNA and the Gene Insert are known, it will be easy to determine if the Plasmid contains the Gene Insert fragment.

1. Have some students join their Plasmid DNA successfully to the Gene Insert while others have their Plasmid DNA join back to itself.

2. Run their plasmids through a gel to determine which bacteria have been successfully transformed.

To run the gel, see the DNA Fingerprinting paper activity.
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