INS Biology Lab

Winter 2004 Weeks 7 & 8

Examining Mutation and Repair

Reading: Freeman on mutation, mutation repair. Chemistry text (Brady et. al on properties of light, bond energies.) Appendix to this lab on biological and environmental properties of UV light. There is also useful information at http://www.uv-light.co.uk/applications/disinfection/uv_disinfection.htm

Introduction

In this lab we will expose bacterial cells to UV light and examine the effect of UV dose on survival. An interesting early observation on experiments with bacteria and UV light suggested that exposure to fairly intense visible light after the UV irradiation increased the survival of the bacteria. This process is referred to as photoreactivation. We will also examine this effect in today’s lab.

We will use three different strains of Escherichia coli in this experiment. One strain is DH5(, the same variety we used in our transformation experiment. The other two strains are R4 and GM2163. One agar plate will be used for each strain.

Because UV disinfection leaves no chlorine containing waste products, it is becoming increasingly popular as a disinfection method. For example, the LOTT Sewage Treatment plant in Olympia uses UV light as the final step to kill bacteria and viruses before water is released. As you certainly know, the major concern with ozone loss in the upper atmosphere is that less ozone means more UV light reaches the ground. UV exposure has many effects (a good time to review 9 Crazy Ideas). For intertidal anemones, it requires the gain of sun protective compounds, sometimes by symbiosis. 

Microbiology Skill Development:
Everyone should practice a streak plate today (1/person). The starting material will be a liquid culture containing one or more bacteria. After streaking for individual colonies, describe the types of colonies observed. How many different types of bacteria are present in this sample? How could you prove that the resulting colonies on your plate were composed of only one type of bacteria? Why is it not safe to say that you have identified all types of bacteria in your sample? What other experiments would you need to do to see if you had found all the bacterial types?

SAFETY: Again we will be using burners to create a sterile field. The UV light sources will be set up in the hoods to provide a large amount of shielding. During this experiment everyone should be wearing UV safe eye protection. An additional benefit of having the lights in the hoods is that the ozone generated will be removed from the room.

Q1: What would be appropriate controls for an experiment of this nature? What details would be necessary to adequately describe the lights used in this experiment?

Q2: Bacteria are haploid – why is this an advantage in this experiment?

Q3: What kind of mutations would you expect UV light to produce?

Methods. 

1. On the bottom of the Petri plates to be exposed to UV use a Sharpie( and draw 3 parallel lines that divide the plate into 4 roughly equivalent areas. At right angles to this draw another line dividing the plate into two areas. This will produce 8 areas as shown below.  The arrow indicates increasing time of UV exposure.








The two sides (left and right) will measure + and – exposure to visible light after UV exposure. Keep your labeling small-you want to easily see all the plate and make sure light exposure is as uniform as possible. The growth medium used is TSB agar.

2. Using the liquid and hockey stick method spread 100 (l of a liquid bacterial culture evenly across the surface of each plate. The culture used is a fresh overnight growth of bacteria. The goal is to prepare a spread of bacterial cells that will produce a thin lawn, or many small colonies. Take the marked plate and a cardboard cover to the UV light source.

3. Place each Petri dish under the UV light so that only one of the parallel sections is not covered. As time progresses, the cover will successively be pulled back to each of the lines, resulting in 4 different time exposures to UV light. Recommended exposure times are 0, 10, 20, and 30 seconds. Think this through before starting,

4. After completing the UV exposure, take each plate and cover half of it (at right angles to the exposure lines above). The open half will be exposed to intense visible light. As a visible light source we will use the bulb of an overhead projector for 3-4 minutes.

5. All plates should be placed in the incubator and allowed to grow overnight. The staff will remove the plates over the weekend.

6. Next week, examine each of the plates. How many survivors are in each section? Of the survivors, do any show a mutant phenotype? What effect, if any, did time of UV exposure or exposure to visible light have on survival? How did the different types of bacteria respond to this challenge?

Q4. What effect could possibly be observed by growing the exposed plates at different temperatures?

Q5. How could you demonstrate that the observed change in appearance is really a genetic change?

Q6. What is the wavelength of UV light that is most strongly absorbed by DNA?

At this wavelength, what is the energy of a photon? How does this energy compare to the energy of a typical covalent bond? (If you like, you can do this comparison in terms of energy per mole of photons. The key part is how do the energies compare?

A note on quantitative approaches to the data: (This may or may not be possible.) The survival curve for most bacteria exposed to a killing agent, such as autoclaving or UV light, is a semilog plot with time of exposure as the x axis and log survivors (or log % survivors) as the y axis. These killing methods can then be described by the time it takes to produce a l log (1 power of ten) reduction in bacterial survivors. Does this model fit your data?

Appendix I: Some more information on UV light.


In looking at biological effects of UV we are usually talking about the wavelength range of ~210-400 nm. Shorter wavelength light than this does not penetrate air easily. It is common to talk about 3 regions in the UV, listed in the table below:

UV-A
320-400 nm wavelength
Has the deepest skin penetration, reaching the dermis. Absorbed by the skin pigment melanin. Biological effects still somewhat in doubt; may have a role in causation of melanoma.

UV-B
280-320 nm
Penetrates epidermis of skin. Wavelength most likely to cause sunburn is at ~300-310 nm. Some ozone layer filtering of this region; increase of intensity here is a major concern if ozone layer was depleted. Known to cause skin cancer at high enough doses. Most chemical sunscreens only filter this region.

UV-C
100-280 nm
Largely filtered out by ozone layer. 

Appendix II: Values for the light sources used in today’s lab.

Our lamps produce 250 (W/cm2 at the distance to the plates. If you are curious about how this is measured and what wavelengths of light are produced, Shane has some toys for you to play with.

Appendix III: Possible extensions.


This should be a fairly short lab. Some other possible experiments for people to attempt include the use of Bacillus subtilus, which is a spore forming bacterium. It would also be interesting to examine what the effects of different filter materials in front of the UV or visible light source may have. 

