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Bacterial Transformation: 

Creating E. coli that Glow

Preparing for the lab

Advances in biotechnology have given us the power to create organisms that would normally not occur in nature, by manipulating DNA. In this lab, you will use a gene found in a jellyfish (Aequoria Victoria) that gives the jellyfish the ability to fluoresce and glow in the dark. You will take this gene and put it into cells of the common bacteria, E. coli. If the E. coli take up the gene and express it by making the protein, they will also glow in the dark under ultraviolet light!

This process is called genetic transformation: the insertion of a new gene into an organism, in order to change the characteristics of the organism. Remember from your studies of DNA that:


New DNA 
           New protein produced

    New trait

Why use E. coli?

1. To genetically transform an entire organism, you must insert the new gene into every cell in the organism. Which organism would be most convenient for us to use?

· One composed of many cells

· One composed of a single cell

2. Once an organism has been genetically transformed, it should be able to pass on the new DNA (and the new trait) to all of its offspring. To determine if this is true, which type of organism would be most convenient for us to use?

· Each new generation develops and reproduces quickly (hours or days)

· Each new generation develops and reproduces slowly (months or years)

3. Safety is another important consideration in choosing an experimental organism. If we are not sure what the effects of our experimental treatment will be, what characteristics would be important for the experimental organism to have (or not have)?
4. Based on the above considerations, which would the best choice for a genetic transformation?

· Bacterium


Explain your choice:

· Fruit fly

· Mouse

· Fish

Bacteria are small and easily contained in petri dishes on growth medium called agar. They reproduce quickly; their population size doubles every 20 minutes under ideal conditions. They are also relatively inexpensive to obtain and keep alive. These cells can be killed with chemicals such as alcohol and bleach, as well as antibiotics such as penicillin and ampicillin. All of 




     these characteristics make them ideal for use in a genetic 



transformation experiment. 









   Petri dish with agar

Bacterial DNA

                
Bacteria such as E. coli have no nucleus, but they do have a large, circular strand of DNA. In addition, they have tiny circles of “extra” DNA called plasmids. Plasmids usually contain a few genes that are beneficial for the bacterium, such as genes that allow the cell to resist and survive treatment with antibiotics. Bacteria are able to exchange plasmids, so they can pass these genes to other bacteria – even to bacteria of different species. This is one of the reasons bacteria can quickly develop resistance to antibiotics.
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      E. coli bacterium

Plasmids make useful tools for genetic engineering

Scientists discovered that they could use these plasmids as a vehicle to carry genes into bacterial cells, if they engineered the plasmids to contain the desired genes. They cut open the plasmids, add the chosen genes, then splice the plasmids closed. Under certain conditions, we can induce bacteria to take up the plasmids through their cell walls, and adopt the plasmids (along with the genes they carry) as part of their own genetic material. This is the basic procedure for genetic transformation, also known as genetic engineering.

In this lab, you will use a plasmid called pGLO, which has been engineered to contain several genes that will be useful to us. On the next page is a “map” of the plasmid, showing the three genes that interest us.
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GFP

Gene for Green Fluorescent Protein; glows green under 

UV light

Ampr Gene

This gene codes for a protein that enables bacteria to survive treatment with the antibiotic ampicillin. Any bacterium that has this gene will be able to grow in the presence of ampicillin, while bacteria without this gene will not.

ARA and GFP Genes
These genes work together to create the “glow-in-the-dark” effect. When arabinose sugar is present in the bacterium’s environment, the ARA gene will be turned on. In normal bacteria, this gene initiates production of a protein that enables them to digest arabinose as a food source. For our plasmid, scientists have inserted this gene as an “on” switch for the GFP gene; when arabinose sugar is present, instead of initiating production of an arabinose enzyme, ARA activates the GFP gene so that the glow-in-the-dark protein is manufactured by the bacteria. If there is no arabinose sugar present in the bacteria’s environment, the GFP gene will not be transcribed and no glowing protein will be made.

Adding genes to bacteria

In order to get the engineered pGLO plasmid (and the gene to produce the Green Fluorescent Protein) into the E. coli bacteria, we have to perform several steps:

· Add pGLO plasmids to a solution containing E. coli cells

· Heat shock the cells so the plasmids will pass through the cell membranes

· Revive the cells that survive the heat shock process

· Plate the cells onto nutrient agar so the cells that received the plasmid can reproduce (passing on the new DNA to their offspring) and be seen

5. When we perform these steps, we will end up with millions of bacteria that survive the process, and only a few bacteria that have successfully received the pGLO plasmid. How might we separate the genetically modified bacteria from the ones that didn’t take up the new DNA? (hint: read over the features of the pGLO plasmid)
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Bacterial Transformation: Creating E. coli that Glow
Laboratory Observations: Day 1

1.  Examine the E. coli bacteria growing on the stock culture plate, and write your observations:

· Appearance:

· Distribution:

· Appearance under UV light:

2. Why are the E. coli colonies placed in the transformation solution?

3. What is the purpose of the heat shock procedure?

4. Why do we add nutrient broth to the cells after heat shocking them?

5. Why is the incubator oven set for C?

6. Predict what will happen on each of the plates: Will there be bacterial growth? Glow?


Bacterial Transformation: Creating E. coli that Glow
Laboratory Observations: Day 2

Sketch what you observe on each plate, and provide an explanation for this observation:


The applications of this technology are far-reaching. Would you be in favor of using bacteria to produce proteins that could be used for medicine? How about genetically modified crops, to produce better-tasting or disease-resistant foods? What about genetically modified animals, to grow organs that wouldn’t be rejected by the human body, or pork with less fat? Would you be in favor of using technology that enabled us to cure diseases in babies before they are born? What about altering other characteristics, such as height, weight or math ability? Discuss your ideas on the back of this page.

Bacterial Transformation: Creating E. coli that Glow
Advanced Analysis of Results: Transformation Efficiency

In many experiments, it is important to genetically transform as many cells as possible. For example, in some types of gene therapy, cells are collected from the patient, transformed in the laboratory, and then put back into the patient. The more cells that are transformed to produce the needed protein, the more likely the therapy will work. 

The transformation efficiency tells a researcher how effective the procedure is at getting DNA molecules into the bacterial cells. In this lab, the transformation efficiency represents the total number of bacterial cells that express the green protein, compared to the amount of DNA used in the experiment. You can calculate your group’s transformation efficiency in this lab by using the following formula:

Transformation efficiency =           Total number of cells growing on the LB/AMP/ARA plate




        Amount of plasmid DNA (in bacterial cells) spread on the agar plate
Use the space below to calculate the transformation efficiency for your group. The units for transformation efficiency are transformants/g, and the numbers are usually large, so scientists frequently use scientific notation when describing these numbers. You will also need the following information about the plasmid DNA we used:

1. 10 l of pGLO DNA at a concentration of 0.08 g/l was added to the bacterial cells

2. 100 l of cells containing the pGLO were spread on the petri dish, from a total volume of 510 l of bacterial cells that received the pGLO DNA

1. Biotechnologists are in general agreement that the transformation protocol that you have just 

    completed generally has a transformation efficiency of between 8.0 x 102 and 7.0 x 103    

    transformants per microgram of DNA. How does your transformation efficiency compare with 

    these numbers?

In the table below, report the transformation efficiency of the other teams in the class. 
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2. How does your transformation efficiency compare with that of the other groups? 

3. What might cause different groups to have different transformation efficiencies?
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