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Introduction


In the field of molecular biology, bacterial transformation is a very important technique.  It uses the ability to manipulate genetic material, which is known as genetic engineering. This ability can be used to determine the causes and possible cures of genetic diseases (Recombinant DNA Labs: Basic Tools For The Molecular Biologist, n.d.). However, the key to any sort of manipulation is bacterial transformation. It is the process in which bacteria cells express a foreign gene through the intake of foreign DNA (Key Concepts I: Bacteria Transformation, 2008).  

To properly understand the logic behind transformation, one must begin with plasmids.  Plasmids are circular pieces of DNA that code for useful genetic information.  They often contain code for bacterial growth.  The code for resistance to an antibiotic is usually incorporated into plasmids that are present in nature (Slish, n.d.).  They can also be modified to include specific genes.  For example, humans insert the gene for insulin into plasmids.  The insulin is produced by the bacteria that contain the plasmid.  Humans with diabetes or others who do not have the ability to produce insulin use the insulin produced by the bacteria.  

However, before anything from the plasmids can be produced, the plasmids must first enter the bacteria.  Foreign DNA can be injected into a bacterium in three ways.  It can be put in by another bacterium in a process called conjugation.  It can be inserted by a virus through transduction.  Or, it can be eased into a bacterium by using chemical or electrical means, a method called transformation.  The procedure that is used most often, especially in laboratories, is transformation (Anderson, 2002).  
Though there are many different types of bacteria present, there is only one that is used frequently in laboratories.  The most information, from this bacteria’s behavior to its genetic code, is also known about this particular bacteria.  It is present in the human intestines and quite useful (Brown, 1997). Unfortunately, it doesn’t take in foreign DNA easily.  So, a process called heat shock is required to allow the bacteria to recognize and incorporate the plasmid DNA.  It uses chemicals to first neutralize the solution and then adds heat to form a temperature imbalance.  This forces the DNA into the bacteria’s cell wall (Manipulation Techniques: Transferring and Storing, 2003).
Once the plasmid has been incorporated, the bacteria is now called a competent cell (Recombinant DNA Labs: Basic Tools For The Molecular Biologist, n.d.).  In this experiment, there will be four plates of bacteria.  One plate will contain E. coli without the plasmid and another will contain it with the plasmid.  The other two plates will contain ampicilin as well.  Ampicilin is an antibiotic.  It prevents the E. coli from growing by obstructing the formation of cell walls (Anderson, 2002).  One of these ampicilin plates will have E. coli without plasmid and the other will have E. coli with plasmid.  The plasmid used in the experiment will contain a gene that produces light.  Thus an easy way to check if the plasmid works will be to check if the bacteria can glow in the dark, which is the purpose of this experiment.  During the experiment, the plasmid must be incorporated into the bacteria using the process of heat shock.  I predict that the plates without plasmid incorporated E. coli bacteria will not glow and those with plasmid incorporated E. coli bacteria will glow. 
Lab Questions
1. Please describe, at the cellular/molecular level, the precise steps involved in heat shock.  That is, how can we force a bacteria cell to take up a plasmid?

A bacterium has special pores called adhesion zones that are large enough to admit loops of DNA.  These zones are spread out over the surface of the bacteria.  They are imbedded in the lipid bilayer of the bacteria.  The lipid molecules have negatively charged phosphates and are constantly moving.  If any form of DNA tries to enter the bacteria, it would be repelled.  DNA is also made up of negatively charged phosphates.  Only opposites attract, so the negatively charged phosphates would repel each other.
Therefore, special conditions are required to make the bacteria cell accept the DNA.  One usual method is to add calcium chloride.  Since this is a salt, it easily ionizes in water to form Ca+ and Cl-.  The calcium ions (Ca+) can bind to the phospholipids and make them neutral.  However, to do so, the temperature of the lipid bilayer must be lowered to decrease the inherent movement of the lipid molecules.  Once these molecules are slowed down, the calcium ions can attach.  The calcium ions also need to attach to the DNA molecule because it too has negatively charged phosphates in its sugar-phosphate backbone.

The heat shock forces an imbalance of temperature outside and inside the cell.  At this moment of imbalance, the DNA molecule can enter the bacteria cell.  The DNA can enter because the lipid bilayer and the molecule itself are neutral so they will not repel each other.
2. If any predictions regarding bacterial growth made in the pre-lab considerations differed from your observed results, please describe them and explain why you believe you obtained these results.

In the pre-lab considerations, I thought that the “- plasmid” and the “- plasmid AMP” wouldn’t glow.  I also thought that the “+ plasmid” and the “+ plasmid AMP” would glow.  While the remainder of my predictions were correct, my prediction about the “+ plasmid” was wrong; it did not glow.  

I believe this phenomenon did not occur because the bacteria cells want to conserve energy.  The plasmid containing the ability to produce light also had the ampicillin resistance gene.  However, in the “+ plasmid”, there was no ampicillin though the bacteria cells had the plasmid.  I believe that the bacteria cells did not need to use the plasmid since no ampicllin was present.  They did not need to be resistant against the ampicillin.  Also, to produce light requires an input of a lot of energy.  The cell does not need to waste the energy that can be used for more dire reasons than producing light.  Because the cell does not want to waste energy and it has no need to the resistance to ampicillin, I believe that the cell did not use the plasmid and it did not glow.
3. What are you selecting for in this experiment?

In this experiment, I am selecting for the ability to glow.  If a bacteria or a colony of bacteria can glow, then it or they have taken in the plasmid.  Also, the plasmid includes the ampicillin resistance gene as well as the gene to produce light.  By selecting for the ability to produce light, I also know that those bacteria that glow have the resistance gene and, thus, will be able to survive in an environment that contains ampicillin.
4. Transformation efficiency is expressed as the number of antibiotic-resistant colonies per ug of plasmid DNA.  The object is to determine the mass of plasmid that was spread on the experimental plate and that was, therefore, responsible for the transformants (the number of colonies) observed.
a. Determine the total mass (in ug) of plasmid used.  Remember that you used 10 uL of plasmid at a concentration of ug/uL.
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b. Calculate the total volume of cell suspension prepared.
Solutions added: 250 uL of ice-cold calcium chloride, 10 uL of DNA solution, and

250 uL of Luria broth
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c. Now calculate the fraction of total cell suspension prepared.
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d. Determine the mass of plasmid in the cell suspension spread.
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e. Determine the number of colonies per ug of plasmid DNA.  Express your answer in scientific notation.  This is your transformation efficiency.

[image: image5.png]100 ul actually spread

= 1960784314 ¥ .196
510 ul total volume available




5. What factors might influence transformation efficiency?  Explain the effect of each factor that you mention.
There are many factors that influence transformation efficiency.  First, the amount of bacteria used can affect the efficiency.  If there is too much bacteria, then there won’t be enough plasmid available to transform all the bacteria.  This will decrease efficiency.  Also, if there is a lot more plasmid than bacteria, not all the plasmid will enter the bacteria.  This will also decrease efficiency.

Secondly, the procedure for heat shock must be followed closely.  If too much of heat is applied, the bacteria could die, which will definitely deter from the transformation efficiency.   Similarly, if there isn’t enough heat, there may not be enough of a temperature imbalance to allow the plasmids to enter the cell.  This too will decrease efficiency.

Third, the bacteria should not be exposed too much to the air.  Since the lab cannot be conducted in a completely sterilized room, one can expect some contamination.  However, if too many of the instruments are contaminated, then the efficiency will decrease.  Also, if the bacteria are exposed too much to the air, then they can become contaminated, which also decreases the overall efficiency.
Conclusion

My results showed that most of my hypothesis was correct.  I had predicted that the “-plasmid” and “-plasmid AMP” would not cultivate any bacteria with the ability to produce light.  This prediction was supported by my results.  I had also predicted that the “+ plasmid” and the “+ plasmid AMP” would cultivate bacteria with the ability to produce light.  This prediction was refuted by my results.  Though the “+ plasmid AMP” did cultivate bacteria with the ability to produce light, the “+ plasmid” did not.  I believe the reason that the “+ plasmid” did not is because the cell did not need to use the plasmid and would have been wasting energy if the cell did put it to use.  My experimental results don’t support my original thesis.  I have to revise my hypothesis to reflect my results so that I include that the “+ plasmid” may not glow. 
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