Molecule to Organism

Biology Laboratory for January 30-31

Preparation of Competent Cells and Transformation of Bacteria with Plasmid DNA
Introduction and Background:


Most recipes for plasmid transformation have developed by trial and error, and are very specific for different species of bacteria. Cells that have been treated to be more suited for transformation are referred to as competent cells.  For E.coli, some common features in procedures to make competent cells are incubating in cold calcium chloride solutions, and a heat shock step in which the bacteria and the DNA are briefly (1-2 minutes) exposed to higher than normal temperature (perhaps up to 44 ( C.) Cells collected fairly early in the rapid growth phase usually seem to work better than older cells that are not actively growing. The quality of competent cells is judged by the number of transformed bacteria (determined by counting colonies of the correct phenotype) per (g of DNA. If you have little DNA or need to sample many colonies looking for a rare event, you want cells with a high transformation efficiency. It is possible to reach efficiencies of 106 to 1010 transformed colonies for 1 (g of DNA.


The host bacterial strain we will be using is E. coli BL21(DE3). We will screen for transformed cells by selecting on TSB agar that contains 100 mg/l of ampicillin.
For high quality competent cells it is important that all solutions stay at ice temperature!

Preparation of Competent Cells: (Steps 1 and 2 will be done for you.)
1. Use 1 ml of an overnight culture of E. coli to aseptically inoculate 100 ml of TSB broth. 

2. Monitor the OD600 of the culture, the optimum OD600 for transformation is about 0.2-0.4, early to mid-log. This should take a couple of hours. 

3. Once an OD600 0.2-0.4 is reached, aseptically transfer 25-30 ml of the cells to a sterile Corex centrifuge tube on ice. Pellet the cells at approx. 4000 rpm for 10 min at 4 C. IT IS IMPORTANT THAT THE CENTRIFUGE TUBES AND THEIR RUBBER ADAPTERS ARE WELL BALANCED!

4. Decant off the supernatant and invert the tube on a paper towel for 1 min to remove the remainder of the medium. 

5. Resuspend the cells in 5 ml of ice cold 0.1 M CaCl2 and pellet the cells again. 

6. Decant off the supernatant and invert the tube on a paper towel again for 1 min. 

7. Resuspend the cells carefully in 1 ml of 0.1 M CaCl2. Store in a sterile Eppendorf tube on ice. 

8. These cells are now competent and ready to take up DNA. These cells should be kept cold. Also, competent cells become more fragile and do not take vortex mixing well. Mix them gently. Competent cells will stay useable on ice for several days.
Transformation of competent cells:

You will need a sterile Eppendorf for each of the following samples: each of your ligation mixes (1-2), a positive control, and a negative control. Thus you will prepare 3-4 transformation mixes. The negative control will have no plasmid DNA added. The positive control will have a prepared plasmid known to provide ampicillin resistance (pDM223). 

1. Place 200 μl of competent cells in each of your cooled Eppendorf tubes. 
2. Add the DNA. The ideal amount is probably about 10-20 ng of DNA in 10-20 μl of solution. If your ligation mix is much more dilute that this, use ½ of your total ligation amount. For the negative control, add an equal volume of TE.
3. Allow the DNA-competent cell mixtures to sit on ice for 20-30 minutes.
4. Heat shock the cells. You want this to be an abrupt and well timed step. Place the tubes from ice directly into a 42 C water bath for 90 seconds. Place the heat shocked cells back into ice for at least 2 minutes.
5. Add 800 μl of sterile growth medium (TSB or LB) to each tube and allow the cells grow with gentle agitation at 37 C for 45 minutes. (Why is this step important?)
6. Plate the cells as outlined below using the glass spreader method. The recommended volume for this technique is 200 μl of culture. After spreading allow the bacteria to soak into the plate for 10 minutes. Invert the plates and place them in the incubator
For negative control cells: Plate 200 μl of an AMP plate, and also plate 1:104 dilution of this tube on a no-amp TSB plate.
For the positive control: Plate 100 μl on an AMP plate. Also, plate a similar 1:104 dilution on a no-amp TSB plate

For each of your ligation mixes plate 100-200 μl on an AMP plate

For the ligation and positive control you should also plate some dilutions on AMP plates. If you did 2 ligations, do a 1:10 or 1:100 dilutions of these ligation mixes, particularly if you started with a lot of DNA. If you only have one ligation mix, try at least one dilution of your positive control.

You should be able to identify the purpose on each control plate which was prepared.

ON FRIDAY PM:

You will have time in lab to count your plates. For those colonies which are amp resistant from your ligation mix we will use sterile toothpicks to make replica plates to examine their phenotypes on starch agar plates.
From the plate counts estimate the number of bacteria that were in your original transformation mix. Give the total number of transformants and the transformation efficiency in cfu (colony forming units) per (g DNA. What fraction of the total number of bacteria were transformed in this experiment?
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