Introduction

This experiment involves the genetic transformation of E. coli cells. Genetic transformation simply means change caused by genes, pieces of DNA that code for proteins which give an organism certain traits.  The process involves the insertion of a gene(s) into an organism’s genome (Malloy, 2006). In the case of this experiment multiple genes from the lux operon will be inserted into the bacterial genome of E. coli cells via plasmids. 

Bacteria have, in addition to one large chromosome, several plasmids. Plasmids are small circular pieces of DNA, which usually contain genes that are beneficial to the bacteria. Bacteria are capable of transferring plasmids to and from other bacteria, making it possible for them to share those beneficial genes. The lux operon can be found on the plasmid pVIB. pVIB also contains a gene that codes for resistance to ampicillin, an antibiotic (Rapp, 2008). 

The lux operon is responsible for an organism’s bioluminescence. Bioluminescence refers to the visible light emission in living organisms (Bluth, 1995). The lux operon contains genes that code for Luciferase, an enzyme that catalyzes the light-emitting reaction. The lux operon also contains genes that code for luciferins; organic compounds that act as substrates for the reaction.  

In this experiment, we will attempt to transfer the pVIB plasmid (containing the lux operon and an ampicillin resistance gene) to colonies of E. coli bacteria. To determine the success of our experiment we will be performing the transformation on four different colonies of E. Coli. Two will be on plates with ampicillin and Luria Broth, one with plasmid and one without. The other two will be on plates with Luria Broth but no ampicillin, one with plasmid one without. We are predicting that the plate with amp/LB + plasmid and the plate with LB + plasmid will be transformed, and will thus display bioluminescence. The other two plates are predicted not to display the bioluminescence.

Responses to Lab Questions

1. A bacterial cell has hundreds of pores during rapid growth called adhesion zones. The membrane of the cell and the DNA double helix both contain negatively charged phosphates, and are therefore repelled by one another. This alone prevents DNA from entering the adhesion zone. But, by adding calcium chloride, calcium ions (Ca2+) are able to create an electrostatically neutral environment.  For this to work the temperature must also be lowered to congeal and stabilize the lipid membrane. Finally, by creating a rapid rise in temperature or “heat shock”, a current can be created by the temperature imbalance on either side of the cell membrane. The DNA is now swept into the cell with no interference from negatively charged phosphates. This process is how we can force plasmids into bacterial cells.

2. In the pre-lab we predicted that the E. Coli colonies grown on the LB/+plasmid plate would display the bioluminescent phenotype. However, this was not the case. We believe that these results were due to the possibility that in the absence of ampicillin, the E. Coli cells had no need to express the gene for ampicillin resistance. Because the gene for bioluminescence and the gene for ampicillin resistance are found on a single operon, neither was expressed. 

3. Bioluminescence and ampicillin resistance

4. 

a.) (10 μL plasmid )(0.005 μg/ μL) = 0.05 μg plasmid
b.) 5 μL E. Coli + 10 μL plasmid +250 μL CaCl2 + 250 μL LB= 515 μL 

c.) [100 μL cell suspension spread]/ [515 μL total] = 20/103
d.) (20/30)( 0.05 μg plasmid ) = 9.7 x 10-3 μg plasmid
 e.) 1/ (9.7 x 10-3) = 1 x 102 colonies/ μg plasmid

5. One factor that could affect transformation efficiency is the step in which heat shock is performed. If not executed properly, the heat shock might not allow the plasmids to enter the E. Coli cells. The difference in temperature could be insufficient, or the temperature could be too high resulting in cell death. Another factor might be how much of the plasmid we were able to expose to the E. Coli cells, and the resulting plasmid to cell ratio. Too much plasmid per cell would be inefficient, as would too little plasmid per cell.

Conclusion

All of our predictions proved to be true with the exception of the LB +plasmid plate. We thought that because of the presence of plasmids all of the cells would be transformed and would therefore display bioluminescence. However this was not the case. It is possible that the cells were in fact transformed, but did not express the genes found on the plasmids. Without ampicillin there is no need for the cells to express an ampicillin resistance gene. And because the ampicillin resistance gene is found on the same plasmid the lux operon wasn’t expressed either. 

Aside from that one prediction, our others were true. The ability to transform cells with plasmid DNA is an incredibly useful tool for the future.
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