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INTRODUCTION

The purpose of our experiment is to analyze the differences in mutation rates of antibiotic resistant plasmid DNA exposed to microgravity as compared to Earth’s gravity. Plasmids are small, circular, DNA molecules that are normally found in bacterial cells. The plasmid pBR322 will be sent to space aboard the NASA Space Shuttle Atlantis STS-106 to be exposed to a microgravity environment.  When the shuttle returns, we will introduce these plasmids into bacterial cells. We hypothesize that the conditions to which the microgravity samples will be exposed will cause a greater mutation rate in the plasmid DNA than Earth conditions.  This will result from greater damage to the plasmid DNA itself; damages such as nicking could occur, leading to both nicked and linear DNA, which could create mutations..

These experiments will result in a greater understanding of the possible effects that microgravity could have on plasmid DNA. If mutations occur in this DNA, it is probable that mutations will occur in bacterium found in the shuttle and in the body systems of the humans on board. This information could help scientists protect members of the crew from being infected with a mutated bacterium that may potentially be dangerous.  Also, in the instance of prolonged space flight, this information would be very important.  Although a small amount of this sort of damage may have little or no effect on a human, prolonged exposure to a microgravity environment could lead to severe damage to the DNA in space travelers.
EXPERIMENT

Our experiment consists of an extensive list of procedures. The following is a detailed description of the methods we used to obtain our data:
1. PREPARATION

Our first step was preparing samples of DNA. We began with a total amount of 25,000 nanograms of DNA.  The DNA was divided into equal aliquots.  Two were kept frozen at –20 degrees Celsius and remained on Earth as a control.  The remainder was sent to space aboard the NASA Space Shuttle Atlantis STS- 106 to be exposed to microgravity.  This DNA was also divided into equal aliquots. 

Thirty-one samples of pBR322 were sent into space to allow for repeated trials and accurate data. The space DNA remained in sealed plastic microcentrifuge test tubes within vials and foam provided by NASA throughout the mission. The two aliquots that remained on Earth underwent a “freeze-thaw” procedure in an ethanol and dry ice bath in order to simulate the temperature conditions to which the microgravity sample was exposed. All samples were stored in tris-EDTA (TE). This chemical kept them stable for long term storage and helped the DNA withstand the expected temperature range of –20 to +60 degrees Celsius. Our final step was pouring a total of forty-six plates, using stock Luria Broth. Half of the plates had a concentration of 40 micrograms per milliliter of ampicillin; the other half had 40 micrograms per milliliter of tetracycline.    

2. PREPARING FOR ANALYSIS

The greater portion of our work took place when the space samples returned.  Upon observation of the space samples, we discovered that twenty-three out of thirty-one had dried down. To compensate for this loss of volume, we added ten microliters of water to each dried down sample. We were then ready to begin our experiments.

3. TRANSFORMATIONS

Our next step was to perform transformations with the space and earth DNA. We did two sets of transformations, using the following procedure:

· We added ten microliters of Space DNA to one tube of subcloning efficiency grade competent cells then incubated this mixture of cells plus DNA on ice for five minutes.

· We then transferred the tube of cells to a 42 degree Celsius water bath for two minutes, after which the cells returned to the ice.

· We added two milliliters of Luria Broth to the tube using a plastic Pasteur pipet and then incubated the tube in a controlled environment of 37 degrees Celsius for 20-30 minutes. 

· We repeated this same procedure using the Earth DNA, which functioned as the control of the experiment. 

· We then performed our first transformation. For both the Earth and Space samples of DNA, we spread 50 microliters onto both ampicillin and tetracycline plates, and then 150 microliters on both ampicillin and tetracycline plates. We stored these plates in a 37-degree Celsius incubator to allow for growth for 24 hours.

·  For our second transformation, we plated 150 microliters of both Earth and Space DNA onto 6 plates of ampicillin and 6 plates of tetracycline. We also plated 150 microliters of cells without DNA onto both ampicillin and tetracycline plates to make sure the antibiotics were viable. In addition, we plated 50 microliters of both cut and uncut DNA to ampicillin plates. The cut and uncut DNA was from a plasmid called pUC.  We used the cut and uncut DNA to symbolize the Earth DNA and the Space DNA. We hypothesized that the DNA exposed to microgravity would undergo a greater amount of mutation, and therefore would return with pieces of DNA broken and nicked. By performing transformations with cut and uncut DNA, we can predict what to expect when transforming the Space and Earth DNA, if our hypothesis is correct. We expected transformations of our Space DNA to resemble transformations with the cut DNA, and transformations with our Earth DNA to resemble those of our uncut DNA.

4.  GEL ELECTROPHORESIS

Next we ran two electrophoresis gels, following this outline of procedures:

· First we used 1 Earth sample, 2 Space samples and 1 lambda DNA as a marker. 

· We added 4 microliters of 2X loading dye to an empty tube for each, and then added 1 microliter of DNA. 

· We loaded the gel with the Earth Sample in lane 1, Space Sample #1 in lane 2, Space Sample #2 in lane 3, and 50 micrograms of lambda DNA in lane 4. 

· We ran the gel at 100 milliamps for 25 minutes, stained it, using SYBR Green 1 nucleic acid gel stain, and took a photo.  SYBR Green, although proved by the Ames test to be less dangerous than ethidium bromide, is still potentially dangerous.  For this reason, our supervising professor handled the SYBR Green for us.
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Shown at Left: The original 4 lane gel.

· Following this exact procedure, we ran our second gel. This time, however, we set up the lanes as follows. 

Lane 1 – Practice

Lane 2 – Empty

Lane 3 – Cut DNA

Lane 4 – Uncut DNA

Lane 5 – Empty

Lane 6 – Earth Sample #1

Lane 7 – Space Sample #1

Lane 8 – Space Sample #2

Lane 9 – Space Sample #3

Lane 10 – Space Sample #4

Lane 11 – Space Sample #5

Lane 12 – Space Sample #6

Lane 13 – Space Sample #7

Lane 14 – Space Sample #8

Lane 15 – Space Sample #9

Lane 16 – Space Sample #10

Lane 17 – Earth Sample #2

Lane 18 – Empty

Lane 19 – Empty

Lane 20 – Practice

5. ANALYZING OUR RESULTS

After a sufficient period of incubation, we counted and recorded the number of colonies on each plate. We “toothpicked” the colonies that grew on the ampicillin plates onto both ampicillin and tetracycline grid plates to see if these colonies were also resistant to tetracycline and if any mutations occurred.  “Toothpicking” is a technique used by scientists when they have to inoculate large numbers of colonies. We did this by touching a toothpick to each colony, poking it into a tetracycline plate and then an ampicillin plate, making sure that all colony locations corresponded between plates. We incubated the toothpicked plates at 37 degrees Celsius, and later examined them for mutations.  


Although no visible mutations appeared, some mutation might have occurred anyway.  Neutral mutations very well might have occurred without our knowledge, as they are not obvious, or even recognizable, without DNA sequencing, which is beyond our means at this point.
RESULTS
TRANSFORMATIONS:

In our first transformation, we counted the colonies that grew on the Space and Earth plates, obtaining the following data:

EARTH SAMPLE   (50 microliters, amp)

- 216 colonies

EARTH SAMPLE   (150 microliters, amp)

- 612 colonies

SPACE SAMPLE   (50 microliters, amp)

- 10 colonies

SPACE SAMPLE   (150 microliters, amp)

- 39 colonies

We also found that the Cut and Uncut DNA transformation confirmed our hypothesis:

CUT pUC DNA 
- 0 colonies

UNCUT pUC DNA
 - 53 colonies

(Shown below: Growth on plates containing ampicillin, and 150 microliters of DNA. Top: Space samples, Bottom: Earth samples)
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Due either to an error in the concentration of the tetracycline or the viability of the original tetracycline used, no colonies grew on our original tetracycline plates.  To make up for this, we re-plated DNA on new tetracycline plates, and obtained results almost identical to our ampicillin results.

GEL ELECTROPHORESIS:


In all the space samples, the bands of nicked and linear DNA are thicker than the band of covalently closed DNA.  Although some of the space samples had dried down, and therefore have a smaller volume of DNA, the relationship between cut and uncut in each sample is the same.  While the space samples have significantly more cut DNA, the Earth samples are predominantly covalently closed DNA.
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Shown above: The 20-lane gel electrophoresis, with lanes set up as specified earlier.  The first band, closest to the top, represents the nicked and linear DNA, while the lower band represents the covalently closed DNA.  

DISCUSSION

Plasmids are extrachromosomal circular DNA molecules found in most bacterial species and in some species of eukaryotes. An important aspect of plasmid DNA molecules is that they often contain genes that make their host bacterial cell resistant to antibiotics such as ampicillin and tetracycline. During transformation, the plasmid DNA enters the cell where it can then reproduce indefinitely, producing clones. 

The plasmid we used was pBR322, which is a double stranded circular DNA that carries genes that confer tetracycline and ampicillin resistance. The DNA can be found in three possible forms: nicked, linear and covalently closed. The nicked contains a single-stranded break, while the linear form occurs when both strands of DNA break. The covalently closed form is the result of no breaks in the DNA. In gel electrophoresis, the amount of each form can be determined by the width of the bands, since DNA molecules having the same size move together as a group, but smaller molecules move faster through the gel than larger ones. As a result, the nicked travels the shortest distance because of its size, the covalently closed travels the furthest, and the linear falls in between. We used the cut and the uncut DNA to demonstrate this. 

When we analyzed the results of our gel electrophoresis runs, we found that the Earth samples contained equal parts of cut and uncut DNA, however, the amount of cut DNA in the Space Samples was significantly greater than the uncut. This shows that the exposure to microgravity led to mutations in the Space Samples, because a larger percentage of the DNA was nicked. 

Besides affecting its size, cutting the DNA also affects its ability to clone itself. The uncut DNA is able to reproduce indefinitely, while the cut DNA is incapable. To illustrate this, we transformed cut and uncut DNA onto ampicillin plates; comparing the colony growth on these plates, the uncut reproduced far more. 

In our first transformation, colonies grew much more abundantly on the Earth plates compared to the Space plates. Clearly, cut DNA was prevalent in the Space Samples due to the fact that so few colonies were grown. The Earth Samples, in which many colonies were grown, contained more uncut DNA that still had the capability of reproducing. This conclusion corresponds with the results of the gel electrophoresis.    

When analyzing the samples that we toothpicked, no visible mutations occurred.  This was obvious as all colonies corresponded perfectly between the toothpicked tetracycline and ampicillin plates. However, the possibility of neutral mutations is open. Mutation refers to any structural alteration of DNA that is present in a mutant and gives rise to the mutant phenotype.. Neutral mutations, however, involve a change in the structure of the DNA that cannot be seen in the phenotype. This may be due to a point mutation, in which there is only a single changed base pair. Since multiple codons often code for the same amino acid, this alteration may not effect the amino acid in the protein synthesis. So although we couldn’t observe any mutations, they still may have taken place. If we had the means, we would be able to detect these neutral mutations by sequencing the DNA.   

CONCLUSION

By analyzing our results, we’re able to confirm our hypothesis: It’s apparent that when exposed to the conditions of microgravity, DNA undergoes increased mutation. We demonstrated this with the results of our gel electrophoresis, which showed that the Space DNA was composed of a greater amount of cut DNA than the samples that remained on Earth. This conclusion is also supported by our transformations, because colonies grew significantly more on the Earth Samples compared to the relatively few colonies found on the Space Samples. Clearly, the genes on the Space samples conferring tetracycline and ampicillin resistance were damaged, again supporting our prediction of DNA mutation.


This data could have many implications for the future.  When prolonged space travel becomes more common, the affects of microgravity environments on human cells will become more and more important.  As space missions grow longer, the now minimal affects of microgravity will multiply, and could cause major problems involving the breakdown of the human DNA.  Assuming the human DNA will react as plasmid DNA does, this discovery leads to a need for some kind of safeguard against this problem.
ACKNOWLEDGEMENTS

We would first like to acknowledge our assisting scientist, Dr. Zuzana Zachar, (and the State University of New York at Stony Brook) not only for use of her laboratory facilities, but also for her expert advice and assistance.  We would also like to acknowledge our supervisor, Ms. Mary Loesing, for helping us connect with Dr. Zachar, and for her constant encouragement and assistance.  

REFERENCES

DNA The Master Molecule. (1983). Wayne, NJ: Avery Publishing Group, Inc.

Drlica, Karl. (1984). Understanding DNA and Gene Cloning. New York: John Wiley and Sons.

Freifelder, David. (1983). Molecular Biology. Portola Valley, Boston: Jones and Bartlett Publishers, Inc.

Grobstein, Clifford. (1979). A Double Image of the Double Helix. San Francisco, CA: W.H. Freeman and Company.


