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ABSTRACT

This experiment is designed to test the hypothesis that cave bacteria will be more sensitive to ultraviolet light and higher temperatures than surface bacteria from a high ultraviolet environment like a desert.   Most bacteria that live on the surface have photo-repair mechanisms (called “photoreactivation”) that allow them to fix their DNA after it is damaged by ultraviolet light. These processes require a lot of energy. Cave organisms that are always in the dark may save energy by losing the capability to do this photoreactivation because they don’t gain any advantage from such a process.

In a pilot study performed in 1999 by Northup and Peck (unpublished results), some of these strains were sensitive to long wavelength ultraviolet light pulses (365 nm). In another published study (Arrage et al., 1993) on non-cave subsurface bacteria in a core of rock drilled from the subsurface saw no increased sensitivity to ultraviolet light.


In this experiment, non-pathogenic bacteria cultured from cave deposits and waters will be compared with bacteria from soils overlying the lava tubes.  All organisms will be tested with 1 second, 5 second, and 10 second ultraviolet pulses and a non-ultraviolet control.  All organisms will also be tested at cave temperature (0-5 C), at 20 C and 30 C. Sets of experimental organisms will be incubated in the light and compared to those incubated in the dark.

I.  Introduction
A.  Background of the Problem:

Ultraviolet light shining on bacterial cells damages DNA (Wittkin, 1966).  Bacteria have evolved a repair system to fix the damage from this type of radiation (Wittkin, 1976). It is called photoreactivation. To be activated, this system needs visible light (Friedberg, 1985). 


Bacteria in some low nutrient environments discard genes that produce enzymes and other proteins that they do not need because they have no excess energy to waste.  Many bacteria living in caves are adapted to very low nutrient conditions (Boston et al., 2001). They exist in a state of permanent starvation (Boston, 2003). The cave environment is dark and they are never exposed to ultraviolet radiation, so they do not need photoreactivation. 

B.  Hypothesis:

We hypothesize that low-nutrient adapted cave bacteria will have lost the ability to repair DNA damage from ultraviolet light. This should be detectable by less growth in cave organisms exposed to ultraviolet light compared to bacteria isolated from high ultraviolet surface environments, like the desert.  Additionally, we hypothesize that cave-adapted bacteria will not be able to survive at higher temperatures (i.e. above 25 C).

C.  Origin of the Project:

Peck, Northup, and Boston found that  some strains of cave bacteria were significantly more sensitive to exposure to ultraviolet light and higher temperatures than common surface lake bacteria. There is another scientific paper that has looked at the effects of ultraviolet light on subsurface bacteria NOT in caves, but in drill cores (Arrage et al., 1993). In their laboratory, they found no difference in ultraviolet sensitivity between drill core bacteria and surface controls. 


D.  Scientific Goals:

We hope to discover whether strains of cave bacteria are more sensitive to ultraviolet light pulses of different durations than a strain of bacteria isolated from the surface soils above lava tubes in which cave-adapted bacteria were collected.  If they are more sensitive, then it may be that cave bacteria respond differently to UV than subsurface bacteria that live in pore spaces in rocks and aquifers that were studied by the Arrage laboratory (1993).  

II.  Experimental Methodology

A.  Source of Organisms:


The cave bacteria will be isolated from Junction and Four Windows Caves located in El Malpais National Monument near Grants, NM.   The surface bacteria will be isolated from soils overlying the two lava tubes. 

B.  Media Preparation:


We will mix the R2A medium (made by Difco Co.) and distilled water (18.2 grams R2A per liter of water), to make a total of 1200 ml of solution.  We will then autoclave the solution in Erlenmeyer flasks for 15 minutes at 121˚C and 15psi. Allowing them to cool until we can handle them, we will pour the solution into 40 pre-sterilized polystyrene Petri plates and let them cool and become solid.

C.  Inoculation:

We will inoculate R2A plates using sterile swabs rubbed gently across cave walls and cave water collected form puddles with sterile syringes.  Cultures will be grown in the dark in the cave for 24 hours and then transported in a cooler to the lab where they will be maintained in the dark.  Pure cultures will be grown from resultant colonies that form.

D.  Ultraviolet Treatment:

We will expose the plates to the right length of ultraviolet light by holding a long-wave Ultraviolet light (365nm Mineral Light) approximately 3cm from the plates. This will be done with the lids off the plates to prevent blocking of the ultraviolet light by the plastic lids or condensation on them.

E.  Incubation and Counting:

We will incubate the treated plates and controls in the dark in a temperature-controlled environment. At the time periods of 18hrs, 28hrs, 3 days, 6 days, and 10 days, we will count the visible colonies for each plate using a back-lighted slide-sorting table, and will tally them with permanent marker with a different color for each time increment.
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