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Name:  _________________

Recombinant DNA Using Paper Plasmids

Background Information
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One of the biggest challenges when learning about biotechnology or molecular biology is that many of the events and processes being studied are invisible. Genetic transformation involves the insertion of one or more gene(s) into an organism in order to change the organism’s traits.  Genes can be cut out of human, animal, or plant DNA and placed inside bacteria.  This “recombining” of DNA is called Recombinant DNA. Genetic transformation is used in many areas of biotechnology in the industries of agriculture and medicine. For example, a human gene that codes for the hormone insulin can be combined with DNA of bacteria in order to produce insulin for diabetic patients.  
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Cutting DNA strands



As an example of this process we will use the pGlo transformation kit to transform bacteria with a gene that codes for Green Fluorescent Protein (GFP).  The real-life source of this gene is the bioluminescent jellyfish Aequorea victoria, and GFP causes the jellyfish to fluoresce and glow in the dark.  Following the transformation procedure, the bacteria will express their newly acquired jellyfish gene and produce the fluorescent protein which causes them to glow a brilliant green color under ultraviolet light.
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Creoling recombinant plosmids



We have already begun to culture our host organism, a strain of E. coli K-12 bacteria.  In addition to one large chromosome, bacteria naturally contain one or more small circular pieces of DNA called plasmids.  Plasmid DNA usually contains genes for one or more traits that may be beneficial to bacterial survival. The gene for GFP was originally isolated from the jellyfish Aequorea Victoria.  This wild-type jellyfish gene has been modified by Maxygen Inc., a biotechnology company in Santa Clara, California.  Specific mutations were introduced into the DNA sequence, which greatly enhance fluorescence of the protein.  This modified form of the GFP has been inserted into Bio-Rad’s pGlo plasmid and is available exclusively from Bio-Rad for educational applications.
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In order for the GFP gene to be inserted, the plasmid DNA had to first be cut using a restriction enzyme. Each enzyme recognizes a short, specific nucleotide sequence in DNA molecules, and cuts the backbones of the molecules at that sequence. The result is a set of double-stranded DNA fragments with single-stranded ends, called "sticky ends." Sticky ends are not really “sticky” however; the bases on the sticky ends form base pairs with the complementary bases on other DNA molecules. Thus, the “sticky” ends of DNA fragments can be used to join DNA pieces originating from different sources.
Since many events in microbiology are invisible, today you will simulate the work done by Maxygen Inc. when they engineered the plasmid for our pGlo lab.  Through a paper simulation lab, you must first determine which restriction enzyme successfully cuts both the plasmid and the GFP gene, and then “recombine” the sequences together.
1.  What are you doing today?  What work done by Maxygen Inc. are you simulating with today’s lab?
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Lab Protocol
Step 1: Cut out the strips of the (green) Cell DNA and tape them in order in one long strip.

Step 2: Cut out the strips of (white) Plasmid DNA and tape them in order.  Next, tape them into a complete circle.

Step 3:  Draw in the cuts made by each restriction enzyme using a different color for each restriction enzyme, labeling the cuts on both the Cell DNA and Plasmid DNA.  

2.  Record the number of cuts each restriction enzyme makes on both strands of DNA in the table below:

	Name of Restriction Enzyme
	Number of cuts on Plasmid DNA
	Number of cuts on Cell DNA
	Reason for use or non-use of the enzyme

	Eco RI


	
	
	

	Hin dIII


	
	
	

	Xma I
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BEFORE YOU CUT Attain your teacher’s initials here:

3.  Select the correct Restriction enzyme to use, cut both DNA sequences, and tape them together creating a recombined paper plasmid in which the GFP gene has been successfully inserted.
Analysis Questions
4.  Why is it important to select use the same restriction enzyme on both sequences of DNA?  Why will it not work any other way?

5.  What is the importance of using a restriction enzyme that leaves “sticky ends” instead of “blunt” ends?


6.  How many times did the plasmid have to be cut in order for it to be opened up?  WHY?

7.  How many times did the Cell DNA have to be cut in order to remove the sequence for splicing?  WHY?

8. Show the recognition sites of the enzymes below. Draw in the cleavage points with a different color (anything other than black ink) to indicate the cuts made by each enzyme below:

A.  Hind III



AGATTCGATGGGCCCTTAAAAGCTTAGGTCCTAAGGAATAAGCTT 



TCTAAGCTACCCGGGAATTTTCGAATCCAGGATTCCTTATTCGAA
B.  Eco RI



GGCCTATAGAATTCGGTTAAGGGAATTCGGTTAACTAGAATTCGGA



CCGGATATCTTAAGCCAATTCCCT TAAGCCAATTGATCTTAAGCCT
9.  Describe 2 examples of how restriction enzyme technology is used today in the world of science. 
(ie. In a research lab, agriculture, or medical technology)
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