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Bacterial Transformation

Using the pGLO plasmid
Standards:
3.3.10 C  Describe how genetic information is inherited and expressed.

· Describe the role of DNA in protein synthesis as it relates to gene expression.

3.3.12 C  Explain gene inheritance and expression at the molecular level.

· Analyze gene expression at the molecular level.

· Describe genetic engineering techniques, applications and impacts.

4.7.10 B Explain how structure, function and behavior of plants and animals affect their 


ability to survive.

· Describe an organism’s adaptations for survival in its habitat.

3.2.12 B  Evaluate experimental information for appropriateness and adherence to 


relevant science processes.

· Judge that conclusions are consistent and logical with experimental conditions.

3.2.12 C  Apply the elements of scientific inquiry to solve multi-step problems.

· Evaluate the significance of experimental information in answering the questions.

3.3.12 B   Analyze the chemical and structural basis of living organisms.

· Describe potential impact of genome research on the biochemistry and physiology of life.

Introduction and Background:

In 1928, Fredrick Griffith witnessed a miraculous event, a transformation in the literal sense of the word.  During the course of an experiment, a living organism had changed its physical form.  At the start of the experiment, Griffith had injected a mouse with a mixture of a heat-killed, virulent smooth (S) strain of pneumococcus bacteria and a living but nonvirulent rough (R) strain.  The smooth polysaccharide capsule of the S strain is essential for infection; the R strain, which appears rough, lacks the polysaccharide capsule and thus is incapable of infection.  When injected alone, neither the heat-killed, virulent S strain nor the living, nonvirulent R strain caused infection in the mouse, but co-injection of the two strains did result in death.  Upon culturing the dead mouse, Griffith isolated the S strain from the dead mouse.  Griffith hypothesized that some transforming principle was transferred from the heat-killed S bacteria to the R bacteria, enabling the bacteria to produce the smooth polysaccharide capsule necessary for virulence.  
Transformation appeared to be a genetic phenomenon, leading to a one gene-one enzyme hypothesis proposed by George Beadle and Edward Tatum in 1940.  According to this hypothesis, the transforming principle involved one or more genes that produced the proteins needed to synthesize the polysaccharide coat. In 1944, a team of researchers at the Rockefeller Institute purified the transforming principle from pneumococcus.  Biochemical tests revealed that the transforming principle was in fact deoxyribonucleic acid (DNA).  As a whole, this evidence pointed to DNA as the component of genes.

The phenomenon of transformation, which provided a key clue to understanding the molecular basis of the gene, also provided a tool for manipulating the genetic makeup of living organisms.  To a large extent, genetic engineering relies on adding relatively short segments of DNA containing a foreign or modified gene to living cells.  The most common method of transformation involves bacterial cells and small, circular pieces of DNA called plasmids.  Plasmids typically contain extraneous DNA which is beneficial, but not essential for survival, such as antibiotic resistance, metabolism of certain sugars, and nonessential enzymes.  These plasmids are taken up by the bacteria and replicates autonomously during cell division.  In their natural environment, bacteria cells can randomly acquire plasmids from nearby bacterial strains.  In the laboratory, this process is made more efficient by treating the cells with chemicals or placing them in intense heat, causing an increase in cell membrane permeability.  The bacteria multiply rapidly, leading to millions of copies of the plasmid and its proteins.   
Genetic transformation is now a pervasive event.  It is used in agriculture to make plants less susceptible to pests and frost.  In addition, livestock managers have used these techniques to generate cows that produce more milk and grow larger than wild type animals.  Transformation has also become useful for medicinal purposes.  The human insulin gene can be inserted into bacteria.  Under the proper conditions, the bacteria express the gene and make authentic human insulin.  The harvested insulin is used to treat patients with the genetic disease diabetes, whose insulin genes do not function normally.  Finally, there is hope that transformation will be successful in human gene therapy, where a healthy copy of the gene can replace a damaged gene.  The new, healthy copy would allow for the transcription of the proper gene product, usually a protein, which might alleviate the symptoms of the disease.

In this lab you will be transforming the bacteria Escherichia coli with a gene that codes for Green Fluorescent Protein (GFP). The real-life source of this gene is the bioluminescent jellyfish Aequorea Victoria. The GFP gene causes the jellyfish to glow in the dark. Following the transformation procedure, the bacteria express their newly acquired jellyfish gene and produce the fluorescent protein, which causes them to glow a brilliant green color under UV light.

You will be moving the gene for GFP into E. coli with the plasmid pGLO. This plasmid encodes the GFP gene and a gene for antibiotic resistance to ampicillin. The transcription of the GFP gene is regulated by another gene, araC.  Under normal conditions, araC acts as a repressor of the GFP gene.  Arabinose binds to the araC gene, causing a conformational change which allows for the transcription of the GFP gene.  These two characteristics allow selective media to be used to determine transformation.  Selection for cells that have been successfully uptaken and express the plasmid DNA is accomplished by growth on ampicillin antibiotic plates. Furthermore, transformed cells will appear white when grown on selective media that does not contain arabinose, and fluorescent green when arabinose is included in the nutrient agar.  These unique growth patterns allow researchers to easily find the bacteria cells containing the desired genes.
Guiding Questions:

Vocabulary:

Materials:


per group:
1 starter plate of E. coli K-12 strain: HBlOl

1 v ial pGLO plasmid (on ice), 
2 Luria Broth (LB) agar plate

2 Luria Broth /ampicillin (LB/amp) agar plates

1 Luria Broth /ampicillin /arabinose (LB/amp/ara) agar plates
1 vial sterile transformation buffer (CaCl soln.)

1 vial LB broth

2 sterile microtubes

7 sterile inoculation loops

5 sterile pipettes

1 foam microtube rack
1 styrofoam cup of crushed ice

1 marking pen
per class:

1 UV lamp

1 waterbath

1 incubator (optional)

Safety Notes:

1.  Bacteria can make you sick!  Therefore, use extreme caution when handling them.  Wash your hands before and after doing the lab.  Additionally, make sure to disinfect the lab benches both before and after the lab.

2.   Be sure to properly dispose of the bacteria in autoclave bags and return to Juniata College for sterilization.  DO NOT DUMP TUBES OF BACTERIA IN THE SINK!!!

3. Be careful not to spill the bacteria cultures.  If such a spill does occur, notify your teacher and douse the area with disinfectant.  Allow to air dry.  The agar can then be cleaned off of the surface using a paper towel and water.  

4.  Be sure to keep ethanol and disinfectant away from the Bunsen burners.  

Procedure:
(day 1)

1.
Label one closed microtube +DNA and another -DNA. Label both tubes with your


group’s name. Place them in the foam tube rack.

2.
Open the tubes and, using a sterile transfer pipette, transfer 250 (L of transformation


solution (found in the TS tube) into each DNA tube.

3.
Place the tubes on ice.

4.
Use a sterile loop to pick up a single colony of bacteria from your starter plate. Be


sure you can actually see that you have picked up a colony. Pick up the + DNA

tube and immerse the loop into the transformation solution, touching the loop to the bottom of the tube.  Be sure that you have actually transferred the colony to the tube. Spin the loop between your first two fingers and your thumb until the entire colony is evenly dispersed in the transformation solution (no floating chunks). Place the tube back in the tube rack on the ice. Using a new sterile loop, repeat for the --DNA tube.

5.
Immerse a new sterile loop into the pGLO DNA stock tube.  Withdraw the loop slowly. 

There should be a thin, transparent film of plasmid solution across the ring. This is 

similar to seeing a soapy film across a ring for blowing soap bubbles.  Mix the loop 

into the cell suspension of the + DNA tube.  Do not add plasmid DNA to the - DNA 

tube. 
6.
Place the +DNA and –DNA tubes into the foam microtube rack, making sure to push 

the tubes all the way down in the rack so the bottom of the tubes stick out and make 

contact with the ice. Incubate the tubes on ice for 10 minutes. 

7.
While the tubes are sitting on ice, label your four agar plates on the bottom (not the


 lid) as follows:


        label the second LB plate:   
-DNA
        

              label one LB/amp plate:
+DNA


        label the other LB/amp plate:
- DNA 

              label the LB/amp/ara plate:
+DNA

8.
Using the foam rack as a holder, transfer both the + and - tubes into the water bath set at 42°C for exactly 50 seconds. As with the ice incubation, be sure to push the tubes all the


way down in the rack so the bottom of the tubes stick out and make contact with the


warm water to obtain a more effective heat shock.

When the 50 seconds are complete, place both tubes back on ice. The change from ice to 42°C and then back to ice must be rapid.  Incubate tubes on ice for 2 minutes.
9.
Remove the rack containing the tubes from the ice and place on the bench top. Open one of the DNA tubes and, using a new sterile pipette, add 250 ( L of LB broth to the tube. Close the cap. Repeat this inoculation with a new sterile pipette for the other DNA tube. Incubate the tubes for 10 minutes at room temperature.

10.
Holding the tubes at the cap, flick the bottom of the tubes with your first finger to mix. Using a new sterile pipette for each tube, pipette 100 (L of the DNA solution onto the plates as follows:

100 ( L from the + DNA tube to each of the two + DNA plates

100 (L from the - DNA tube to each of the two - DNA plates

11.
Using a new sterile loop for each plate, spread the suspensions evenly around the surface of the agar by quickly skating the flat surface of a new sterile loop back and forth across the plate surface.

12.
Stack the plates and tape them together. Put your group name and class period on the bottom of the stack and place it upside down in the 37°C incubator for 24 hours. 
Day 1 review questions:

1.
On which plate would you expect to find untransformed bacteria? Explain your predictions.

2.
If there were any genetically transformed bacterial cells, on which plate(s) would they be most likely located? Explain your predictions.

3.
Which plates should be compared to determine if genetic transformation has occurred? Why?

4.  
Which plate(s) serves as a control?  How does it do this? 

Procedure:
(day 2)

1.
Observe the results you obtained from the transformation lab under normal room lighting. Then turn off the lights and hold the UV lamp over the plates.

2.
In the space below construct a data table of your results and carefully draw what you see on each of the four plates. Include a description of the bacterial growth, colony color (room light and UV), and number of bacterial colonies.

Day 2 review questions:

1.
Which of the traits that you originally observed in the wild type E. coli did not seem to be altered with the transformation?  
2.
Very often an organism’s traits are caused by a combination of its genes and its environment. In this case what two factors must be present in the bacteria’s environment for you to see the green color?
3.
What factors might influence transformation efficiency?
4.
What advantage would there be for an organism to be able to turn on or off particular genes in response to certain conditions?

5.  Calculate the transformation efficiency:
Transformation efficiency =

Total number of cells growing on the agar plate ÷ amount of DNA spread on the agar plate

a.  Count the total number of green fluorescent cells ___________
b.  The amount of DNA is determined from the following information: the thin film 

     covering your loop of pGLO DNA contained 10µL of solution, the concentration 

     of this DNA is 0.08µg/µL.  What is the amount of DNA in mg added to the cell 

     suspension? __________________________
     After adding this, you spread 100(L of cells containing DNA from the test tube 
     containing 510 (L total solution.  What fraction of DNA did you actually spread 

     on the agar plate? _________________________________________________
     Next, multiply the fraction of DNA added by the amount of DNA (in mg) 

     added to the cell suspension. ___________________________________

c. Calculate the transformation efficiency by dividing your answer to (a) by the  

                   final answer to (b).  Express your answer in the proper units, transformants/µg
                   ______________________________________________________________
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