Transformation, Recombinant DNA, and Antibiotic Resistance
Introduction:

In this lab you will learn about a procedure known as genetic transformation, and interpret the results of an experiment such as the one you would have carried out in lab. Remember that a gene is a piece of DNA that provides the instructions for making (codes for) a protein. A protein gives an organism a particular trait.  Genetic transformation involves the insertion of a gene into an organism in order to change an organism’s characteristics.  This phenomenon happens naturally, and it is also used widely in biotechnology, in a controlled environment, to create bacteria with desired characteristics.
As you know, bacteria are unicellular, prokaryotic cells with one circular chromosome. Some bacteria carry small extra circular piece of DNA called plasmids.  Plasmids carry genes that may be useful to the bacterium in some environments, for example antibiotic resistance and/or toxin genes, will lead to better survival in a host.  Genetic transformation occurs when a cell takes up from the environment a foreign piece of (DNA), such as a plasmid.  Expression of the genes on this new DNA gives the cell new properties, which may be advantageous.  
Genetic transformation of bacteria was discovered by Frederick Griffith in the 1920s, and led to the discovery in 1944 that DNA is the genetic material, in a milestone set of experiments by Avery, McLeod, and McCarty.  

Watch these videos and answer the questions in part 1 of the worksheet below.

https://www.youtube.com/watch?v=0QjVnJ7H198

https://www.youtube.com/watch?v=LPms5JQcwCA
Transformation today is used in many areas of biotechnology.  To produce therapeutic proteins, like insulin and TPA.  In bioremediation, bacteria can be genetically transformed with genes enabling them to digest oil spills.  There are literally countless uses.  In this online lab you will go over the transformation procedure for a bacterium (E. coli) where a plasmid is added to the medium and E. coli is treated in a way that increases transformation.  
The plasmid you use here is called pGLO (refer to the figure below).  This is an engineered plasmid for biotechnology applications. It carries a gene for ampicillin resistance (bla, for "beta-lactamase", an enzyme that destroys the antibiotic ampicillin). It also carries a gene coding for Green Fluorescent Protein (GFP), originally isolated from a bioluminescent jellyfish.  The GFP gene is driven by an inducible, arabinose-dependent promoter; gfp glows green when illuminated with blue light.  The araC gene codes for the repressor protein that blocks transcription of gfp in the absence of arabinose (review operons in the genetics ppt!).
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In nature, bacteria can transfer plasmids back and forth, allowing them to share beneficial genes.  This natural mechanism allows bacteria to adapt to new environments.  The occurrence of bacterial resistance to antibiotics is due in large part to the transmission of plasmids, and you will be able to observe this acquired resistance in this exercise.  
In biotechnology applications, the acquisition of antibiotic resistance is used to select the rare transformed cells.  In a given population of cells, transformation is rare: only a small fraction of the cells exposed to foreign DNA take it in and express it.  The ampicillin-resistance gene is purposely included on a plasmid, so the rare transformed cells can be readily separated from the non-transformed by growth on an ampicillin-containing plate.  Cells containing the plasmid can grow, the others cannot.  

The gene for GFP illustrates one of the manipulations possible in biotechnology:  GFP is engineered with an inducible promoter that is switched on when the sugar arabinose is present in the nutrient medium.   Transformed cells will not fluoresce on plates containing only ampicillin, but will fluoresce green if arabinose is included in the agar medium.
Method of Transformation
Strategy: Transformation is rare in normal cells, in the sense that only a small % of cells are able to take up DNA from their sourroundings.  Because bacteria occur in huge numbers, this phenomenon is still very significant in nature, but for it to be useful as a biotechnology tool, the proportion of competent cells (cells able to take up foreign DNA) has to be increased.  
This is done in two ways: first, by carrying out the procedure in a solution of CaCl2, which binds to negatively charged DNA, favoring its uptake in the negatively charged cell.  Second, the cell membranes are temporarily permeabilized using heat-shocking, a cycle of cooling, warming up, and cooling again.  You will recall that the membrane needs to be fluid to act as a barrier; the cooling-warming-cooling cycle induces temporary openings that allow DNA to enter the cell. 
Procedure: go over the procedure steps below, and make sure that you understand what happens in each step.  Then watch this video to see how it is done:
https://www.youtube.com/watch?v=vdY8uCQ84_4
It ends at 4:48.
1. Label one plastic microcentrifuge tube “+pGLO” and another test tube “-pGLO” and place them in the foam tube rack.
2. Open the tubes and using a sterile transfer pipette, transfer 250 microliters of transformation solution (CaCl2) into each tube.
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‘When opening pipette and loop packages, open them from the end that you will hold in
your hand. Do not put your fingers on the circular part of the loop or tip of the pipette.
Keep these sterile, and don’t allow them to touch the table or any other object.

Once loops and pipettes have touched solutions, they must be placed in the 10% bleach
solution to decontaminate them. Don’t place any object that has come into contact with
bacteria on the lab table or any other surface.

Measurement Practice

Practice the pipetting technique using water. Place the volumes you measure into
microtubes or into the wells of a spot plate. Practice measuring 250 ul and 100 ul
volumes.

Using the blue dye solution, practice getting a liquid film on the circular part of the loop.
Dry the loop off on a paper towel between trials.




3. Place tubes on ice until you are ready for the next step.
4. Use a sterile inoculating loop to pick up a single E.coli colony of bacteria from the petri plate supplied by the instructor.  Pick up the +pGLO tune and immerse the loop into the transformation solution at the bottom of the tube.  Spin the loop between your index finger and thumb until the entire colony is dispersed in the transformation solution with no floating chunks.  Place the tube back on the ice.
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4. Use a sterile locp to pick up one single colony of bacteria from your starter plate. Pick
up the +DNA tube and immerse the loop into the Transformation Solution at the bottom
of the tube. Snin the loop between your index finger and thumb until the entire colony is
dispersed in ~ .2 Transformation Solution (no floating chunks). Place the tube back in the
tube rack in the ice. Using a new sterile loop, repeat for the -DNA tube.

(-DNA)

5. Examine the pGLO DNA solution with the UV lamp. Note your observations. Immerse
’ anew sterile loop into the plasmid DNA stock tube. Withdraw a loop full. There should
be a film of plasmid solution across the ring. This is similar to seeing a soapy film across
aring for blowing soap bubbles. Mix the loop full into the cell suspension of the +DNA
tube, Close the tube and return it to the rack on ice. Also close the -DNA tube. Do not

add plasmid DNA to the -DNA tube. Why not?

Plasmid DNA (-DNA)




5. Repeat step 4 using a new sterile loop for the –pGLO.  Close the tube.

6. The pGLO plasmid is added into the cell suspension of the +pGLO tube.  Close the tube and return to the ice.  DO NOT add plasmid DNA to the –pGLO tube.  This is the control.
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7. Incubate the tubes on ice for 10 minutes.  Make sure to push the tubes all the way down in the foam racks so that the bottom of the tubes stick out and make contact with the ice.
8. While the tubes are sitting on ice, obtain four LB nutrient agar plates as shown below.  LB is a general growth medium for E. coli.  Other ingredients are added to some of the plates: amp is the antibiotic ampicillin; ara is the sugar arabinose.
LB/amp  +pGLO

LB/amp/ara  +pGLO

LB/amp  -pGLO

LB  -pGLO
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9.  Heat shock.  NOTE: For the best transformation results, the transfer from ice to water and back to ice must be rapid.  Using the foam rack as a holder, transfer both tubes into the water bath (set at 42OC) for exactly 50 seconds.  Make sure that the tubes are pushed through so that the bottoms stick into the warm water.

10. After 50 seconds, place both tubes back on the ice. Incubate tubes for 2 minutes.
11. Remove the rack containing the tubes from the ice and place it on the bench top.  Open each tube, and using a sterile pipette add 250 microliters of LB broth to the tube and reclose it.  Be careful not to cross-contaminate the two tubes.  Incubate for 10 minutes at room temperature.  This step gets the cells growing again.
[image: image6.emf]
12. Tap the closed tubes with your finger to mix.  Using a new sterile pipette for each tube, pipette 100 microliters of the cell suspensions onto the appropriate nutrient agar plates:  make sure you add this same volume to all plates!
[image: image7.emf]
13. Using a sterile inoculating loop for each plate, spread the suspension evenly around the surface of the LB nutrient agar by quickly streaking the loop back and forth.  Do not dig the agar.
[image: image8.emf]
14. Allow the liquid to soak in the agar and then stack up the plates inverted and put them on your shelf at room temperature until next class.  If some liquid is still visible, leave them right-side-up.
Look at the attached ppt "Transformation online results".  The last slide has a set of pictures for this experiment.  Pay attention to the amount of growth in the plates in relation to the composition of the plates (is there ampicillin in the plate? Is there arabinose in the plate?). Answer the questions in Part 2: Transformation and virtual results
Lab Report--Transformation

Part 1: Discovery of Transformation and identification of the transforming principle.
1. Which of the two bacterial strains in Griffith's experiments had the ability to cause disease in mice?  What was the reason for this difference?
2. What happened to the mice when Griffith injected them with only R strain, S strain, or heat-killed S strain?
3.  What happened when he injected the mice with mixed R strain and heat-killed S strain?  Was this result surprising, and why?
4. What was Griffith's conclusion from these experiments?

5. What was Avery's goal in following up on Griffith's experiments?

6. In his experiments, Avery used chemical treatments and enzymatic digestion to selectively remove cell components from S strain cell extracts, and then tested the ability of the extract to transform R cells.  Fill in the experiments and their results in the table below:

	Component removed
	Transformation occurred?

	
	

	
	

	
	

	
	


7.  What did Avery and colleagues conclude from these results?

8. What is the most important consequence of Avery, McLeod, and McCarty's work?

Part 2: Transformation and Virtual Results interpretation.
1.
What is the purpose of heat-shocking bacteria?

2. How does heat-shock and CaCl2 work together in transformation?
3. Look at the results in the accompanying ppt (last slide).  In this table, record the results for each of the four plates shown.

	Treatment 

medium
	How much growth on plate? (no growth, few colonies, many colonies, growth to confluence)
	green fluorescence  Y/N

	+pGLO

LB/amp
	
	

	+pGLO

LB/amp/ara
	
	

	-pGLO

LB/amp
	
	

	-pGLO

LB
	
	


2.  What is the reason for the difference in the amount of growth between -pGLO LB and +pGLO LB/amp?

4.  On which of the plates would you expect to find bacteria most like the original untransformed E. coli you used for the experiment?  Explain.  

5. Is there any difference in the amount of growth of the two -pglo plates? What is the reason for the difference? Remember, the - pglo plates were seeded with cells that were not exposed to the pGLO plasmid.  (Hint: Consider the composition of the two plates)
6.  Why is only one of the 4 plates glowing green?  Is this what you expected? Explain this result using information about the pGLO plasmid and composition of the plates.

