Introduction:

A mutation is an inheritable change in the genotype of an individual, resulting from the deletion, transposition, or duplication of a piece of the DNA molecule (Biology Department, 2002). Mutations can occur either by chance or through a physical or chemical agent. Mutations could also arise from environmental factors such as ultraviolet radiation. Mutations create variations in the genetic composition of a population, though a mutation may or may not have an effect on the individual. If there is a positive selection pressure for the mutant allele, there could be a significant effect on the genetic equilibrium (Biology Department, 2002).

Though it is known “that most genes conferring antibiotic resistance in E.coli are borne on plasmids and transposable elements”(Selander, 1987), the purpose of this experiment is to attempt to create a mutation in the bacterial DNA itself to produce antibiotic resistance.

Materials and Methods:

Two antibiotic medium plates were obtained, in which the plate bottoms were divided into four quadrants each being labeled penicillin, A = ampicillin, PB = polymyxin B and DW = distilled water respectively. One tube of containing the e.coli top agar was collected from the water bath. 2mL of the agar were then pipetted onto the plate, followed immediately by a gently rocking of the plate to spread the agar evenly. The agar layer was then allowed to solidify. This procedure was repeated for the other plate. Next the antibiotic disks were placed in their appropriately labeled areas. One plate was labeled experimental and the other control. The experimental plate was taken and placed, with its lid removed, into a UV chamber. The plate was exposed to short wavelength ultraviolet for 10 seconds before being removed from the chamber and replacing the lid. Both plates were then placed in a tray at the front to be incubated for 24 hours at 35(C.; after which they were then refrigerated for 6 days. After this time the plate was examined and any clear zones were measured.

Results:

The Control plate showed no growth around the polymyxin B disk, as illustrated in fig. 1. The experimental plate in fig. 2 showed a massive loss of growth… yet there still was growth around all the disks save the polymyxin B. 

Table 1: Inhibition zone width.

Plate
Zone width (mm)

Control
7

Experimental
10

Discussion: 

Generally antibiotics work by attacking a metabolic pathway found in a bacterium, which causes the bacterium to malfunction and/ or die. The mechanism of action for penicillin and ampicillin is to interfere with peptidoglycan (a component of cell wall) synthesis by irreversibly inhibiting the bacterial enzyme transpeptidase from establishing crucial chemical linkages in the cell wall. The resulting cell wall, being improperly constructed, is fragile and prevents the bacterium from multiplying effectively (Solomon et al., 1999). Polymyxins, on the other hand, are basic peptides which are amphipathic (contains both lipophyllic and lipophobic groups) The mechanism of action for polymyxin B is that they behave as detergents, disrupting the bacterial cell wall with their strong interactions with the phospholipid components of the cell wall. The polymyxin increases the permeability of the cell wall, which then causes the contents of the bacterial cell to leak out (Antibiotics / Polymixin, 2002).  It is important to note that the “cell walls of gram-positive bacteria are very thick and consist primarily of peptidoglycan” whereas the “cell walls of gram-negative bacteria consist of two layers, a thin peptidoglycan wall and a thick outer membrane (Solomon et al., 1999).”  Since the Escherichia coli (strain K12) are gram-negative bacteria, they will have an intrinsic resistance to the penicillins due to their cell wall composition. However “gram-positive bacteria are much less susceptible to  polymyxins  than gram-negative bacteria (antibiotics, 2002).” Therefore it would suggest that polymyxin B is the more effective antibiotic against E.coli K12.

There was a clear patch surrounding the polymyxin B disks in both the experimental (fig.2) and control plates (fig.1), with no colonies growing within the clear zone. Comparing the values from table 1 of the experiment with those from table 2 of the lab manual, it is obvious that the results are fairly consistent. The clear zone found in the experiment was around 7mm; the resistance zone value was 8mm in the table.


Exposure to ultraviolet radiation in a bacterium causes the bacterial DNA to absorb the UV and form thymine-thymine dimers. If left unrepaired, the altered DNA no longer codes the original message. If the mutation was beneficial, and caused a biochemical change the resulting effect could be antibiotic resistance. Perhaps the mutation could code for an enzyme that would be capable of breaking down the polymyxin B rendering it harmless to the bacterium (Biology Department, 2002).  But the chances of the UV causes any beneficial mutations are very rare, as indicated by the high mortality rate found in the experimental plate (fig. 1), as opposed to the more populous control plate, (fig. 2). It seems apparent that the UV killing off most of the K12 in the experimental plate causes the difference in population size. 


If a colony did grow within the clear zones of the experimental plate, it could suggest that the bacteria did indeed acquire an antibiotic resistance. Though this would not be conclusive enough without inoculation and culture of the bacteria onto the appropriate antibiotic medium. 

 Since there was no obvious mutation that underwent a positive selective pressure the gene frequencies remained constant. As well, it could be that there had been other environmental factors, other than the UV, which had an impact on the population. 

Conclusion:


Bacterial growth proceeded on both plates, though the experimental plate had a significantly smaller population density. Notwithstanding, the areas of inhibition were very close with 7mm for the control plate and 10mm for the experimental plate. The only disk that had a clear zone was the polymyxin B; the other disks had no clear zone. The approximate diffusion limit for the polymyxin probable was around 11 to 12mm. The similarities in the inhibition zones sizes suggests that no mutations for antibiotic resistance occurred.
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