Recombinant DNA Lab

PURPOSE: 

Understand the techniques used in recombinant DNA technology.

Understand how bacteria are used to produce insulin for diabetics.

BACKGROUND INFORMATION:  

Recombinant DNA refers to DNA of one organism inserted into the DNA of another.  A Transformation refers to the process of creating recombinant DNA.  The major tools of recombinant DNA technology are bacterial enzymes called restriction enzymes. 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 single stranded ends do easily 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.

In order to be useful, the recombinant DNA molecules have to be made to replicate and function genetically within a cell. One method for doing this is to use plasmid DNA from bacteria.  Plasmids are relatively small circular pieces of DNA found in bacteria. Small DNA fragments can be inserted into the plasmids, which are then introduced into bacterial cells. As the bacteria reproduce, so do the recombinant plasmids. The result is a bacterial colony in which the foreign gene has been cloned.
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In 1978 Genentech in South San Francisco used this process to create recombinant insulin known as rInsulin, or Humulin©.  Insulin is a hormone produced by the pancreas used to digest sugars.  Diabetes occurs when the body does not produce enough, or properly responds to, insulin.  Because insulin is a protein coded for by a gene, Genentech developed a process of inserting the gene for insulin into a bacterial plasmid, in turn tricking bacteria into growing large volumes of insulin for diabetic patients world wide.  This discovery made Genentech one of the first biotech companies in the world, and one of the biggest and most influential even to this day.

MATERIALS:  In addition to this handout, you will need scissors, tape, and the three colored handouts. 

GROUP PROCEDURE:

READ ALL INSTRUCTIONS BEFORE BEGINNING

1. In your notebook write the purpose of this lab.  Create a section for Background Information, and write the definition of each bolded word in your notebook.  Copy the diagram labeled “Creating recombinant plasmids.”

2. Create a label called Procedure.  Create a flow chart of steps that you will take in this experiment (hint: look for bolded words).  Once the flow chart is completed, get a stamp from Mr. Orre, and then you may pick up your materials and begin working.  Work in pairs, sharing the materials, but answer questions individually.

3. Cut out the Plasmid (blue) strips.  Discard any two of the strips (except for the strip which contains the site where the plasmid can begin to replicate itself).  Shuffle the strips and tape them end-to-end in any random fashion.  Tape the two remaining ends together to form a ring of paper.  You have now formed a model of a plasmid, which is a ring of DNA.

4. As one partner works on step 2, the other partner should cut out the CELL DNA (pink) strips.  They must be taped together in the order indicated at the bottom.  That is, strip 2 is taped to the bottom of strip 1; strip 3 is attached to the bottom of strip 2, etc.

5. After completing steps 2 and 3, create a section titled Results and then copy table 1.1 in your notebook, labeling it as Plasmid Map.  Copy down the full plasmid sequence, and map the relative locations of the genes for antibiotic resistance that your plasmid contains by placing a box around them.  Label all antibiotic resistant genes.

Table 1.1: PLASMID MAP 

Write out the sequence of your plasmid.  Box in the locations of your antibiotic resistant genes, and replication gene and label them.  Be sure that your base pairs line up.

	5’                                                                                                                                                     3’

	3’                                                                                                                                                     5’

	5’                                                                                                                                                     3’

	3’                                                                                                                                                     5’

	5’                                                                                                                                                     3’

	3’                                                                                                                                                     5’


Ex:

	5’  AGAAAATGTGTGT…                                                3’

	3’  TCTTTTACACACA…                                                                5’


Box =Ampicillin resistance

6. You are now ready to begin testing the various restriction enzymes that you have in your ‘lab.’  Cut out the enzymes (golden sheet).

a. Your job is to find a restriction enzyme that will cut open your plasmid at ONE site only.  The same enzyme should be able to cut your cell DNA at TWO sites, ONCE on EACH side of the protein gene (we will imagine that this is the gene for the protein insulin).  Try to cut the cell DNA as close to the insulin gene as possible.

b. You have 8 enzymes to choose from. Some of the enzymes cannot cut open your plasmid, some can.  Some of the enzymes cannot cut your cell DNA at two sites. You cannot use these enzymes.  

c. One partner should take an enzyme, for example, Ava II, and check the plasmid for a location(s), which can be cut by this enzyme.  Use a pencil to mark on the plasmid where the enzyme will cut.  Write the name of the enzyme that would make the cut next to your mark.  See how many times the enzyme will cut your plasmid.  REMEMBER, YOU WANT TO FIND AN ENZYME THAT WILL ONLY MAKE ONE CUT IN YOUR PLASMID.  Continue this procedure until all 8 enzymes have been tried.

d. While one partner does (c), the other partner should be checking the 8 enzymes for possible cut sites on the cell DNA. REMEMBER, THE GOAL IS TO FIND AN ENZYME THAT WILL MAKE CUTS CLOSE TO THE INSULIN GENE, ONE ON EITHER SIDE.  Use a pencil to mark on your DNA where the enzymes will cut; write the name of the enzyme next to each mark.
7. Copy table 1.2 in your notebook.  After testing all 8 enzymes, decide which ONE enzyme you will use to cut the plasmid and cell DNA.  Explain in your data table why you will use this enzyme, and not the other enzymes.  Use a pair of scissors to make the cut in your plasmid and cell DNA in the staggered fashion made by the actual enzyme.  

Table 1.2 RESTRICTION ENZYMES

  Choose one

	Restriction Enzyme
	Used
	Not used
	Reason why or why not chosen

	Ava II


	
	
	

	Hin dIII


	
	
	

	Bam HI


	
	
	

	Bgl II


	
	
	

	Hpa II


	
	
	

	Eco RI


	
	
	

	Sac I


	
	
	

	Xma I


	
	
	

	LIGASE


	
	
	


8. Use tape to splice your insulin gene into the plasmid.  In a real experiment you would add the enzyme Ligase, the repair enzyme.  Ligase “glues” the sticky ends together, so in this case as you tape the plasmid you are acting like Ligase.  You have now created a recombinant plasmid.

9. Copy table 1.3 in your notebook, and now write out the plasmid map with the inserted gene.

Table 1.3: RECOMBINANT PLASMID MAP 

Now write out the sequence of your plasmid with the insulin gene added.  Box in the newly added gene.

	5’                                                                                                                                                     3’

	3’                                                                                                                                                     5’

	5’                                                                                                                                                     3’

	3’                                                                                                                                                     5’

	5’                                                                                                                                                     3’

	3’                                                                                                                                                     5’


10. In an actual lab, you would now mix your recombinant plasmid with host bacteria and grow the bacteria on petri dishes.  Some of the host bacteria would take in you recombinant plasmids, multiply, and begin producing human insulin. The product Humulin is made this way.

11. After mixing you recombinant plasmid with host bacteria, you must test to see if the plasmid has been taken into the host cells.  Antibiotics such as tetracycline, kanamycin, and ampicillin normally kill the host bacteria.  Any host bacteria that survive and reproduce in a petri dish containing one or more of those antibiotics must have taken up the plasmid containing genes for antibiotic resistance.  These host bacteria reproduce and should begin to produce the gene product, insulin in this case.

CONCLUSION:  

Using the REE, PE, PA method, write a conclusion summarizing the experiment.  

THINKING LIKE A BIOTECHNICIAN

Create a label titled Thinking like a biotechnician.  You do not need to copy the questions, but answer questions in complete sentences:

1. Which antibiotics could you use in your petri dishes to see if bacteria have taken in your plasmid?  Why?

2. Which antibiotics would you not use?  Why?

3. What would happen if you used an enzyme that cut the plasmid in two places?

4. How do you think this process is important in our everyday life?

5. How else could this process be used?
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