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	     Introduction: When analyzing the possibility of life beyond Earth, an important organism to consider is the methanogen. Methanogens inhabit anaerobic environments and can reduce CO, CO2, formate, methanol, methylamines, or acetate to methane [1]. Mars is one location within the solar system which could potentially be conducive to this form of life. However, before the viability of methanogens can be tested under Martian conditions, thorough analyses in the laboratory must be performed. Maintenance of a highly anaerobic environment is somewhat of a hindrance to the advancement of methanogenic studies. However, researchers have shown that exposure to oxygen does not necessarily have a lethal effect; rather, some strains of methanogens have been shown to endure exposure to high levels of oxygen [2]. 

     Objectives: Results indicative of oxygen tolerance in methanogens could lead to greater ease in experimentation and allow analysis by laboratories lacking equipment such as an anaerobic chamber. Objectives of this study were as follows:
· To analyze the recovery of two strains of methanogens, Methanosarcina barkeri and Methanothermobacter wolfeii, upon exposure to oxygen both in the presence and absence of the reducing agent Na2S.

·  To discern whether inhibited methane production following atmospheric O2 exposure is caused by the death of most organisms or by the survival of many organisms that have been hindered in growth by atmospheric O2. 

Table 1. Ideal growth conditions for strains used in this study. 

Organism

Media

Temperature

M. barkeri

MS

37(C

M. wolfeii

MM

55(C

Methods: These experiments utilize the strains of methanogens listed in Table 1. Optical density (O.D.) measurements were taken initially for each experiment to determine that cultures were actively growing. Cells were centrifuged, washed and suspended in sterile buffer to remove residual Na2S. Half-milliliter aliquots of this buffer solution were used to inoculate twelve tubes of media, six containing and six lacking Na2S. Two of these tubes were control tubes. A syringe needle packed with cotton was inserted into all tubes but the controls and served to allow oxygen to infiltrate the tubes. At designated time intervals,  a   pair  of  tubes  
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	containing and one lacking) Na2S were removed from the shaker and centrifuged. Supernatant was discarded, and pelleted cells were re-suspended in a sterile buffer solution. Aliquots (0.5mL) of this buffer solution were added to fresh, anaerobic media. After all tubes had been removed from oxygen exposure and placed into anaerobic media, tubes were pressurized to 180 kPa with H2. Cultures were then allowed to recover under ideal growth conditions. Following oxygen exposure, analysis using Gas Chromatography (GC) was performed to quantify methane composition of the headspace, a characteristic indicative of methanogen growth. This experiment was repeated seven times in the case of M. wolfeii, and six times using M. barkeri.
     Results and Discussion: Results indicate that a primary factor affecting recovery of the analyzed strains after oxygen exposure is initial cell count. This could support the hypothesis that methane production following O2 exposure is due to only a few organisms surviving. Researchers have shown that M. barkeri exhibits higher oxygen tolerance in cell aggregates than in dispersed cells [2]. If organisms pack together upon O2 exposure, organisms near the center will likely be protected by those on the outside. These results indicate that, at least initially, tubes exposed to O2 for shorter time periods are most likely to show detectable levels of methane production. 

     It is possible that in these strains, decreased methane production upon O2 exposure is bacteriostatic rather than bactericidal, meaning growth rate is hindered but cells are not killed. In the case of M. barkeri, this could be attributed partly to the presence of an SOD enzyme [3]. It has been shown that M. barkeri can survive for hours in the presence of air [2], and results of this experiment support these findings. This strain was originally isolated from sludge digesters periodically exposed to air, while other strains isolated from strictly anaerobic habitats were shown to die upon contact with air [2].

Table 2. O.D. measurements recorded for each trial and strain used in this experiment.

Trial 

M. wolfeii

M. barkeri

1

0.16

0.13

2

0.20

0.26

3

0.13

0.17

4

0.15

0.1

5

0.14

0.12

6

0.13

0.09

7

0.15

N/A
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Figures 1-4.  Methane production by Methanothermobacter wolfeii and Methanosarcina barkeri three days after the cessation of atmospheric O2 exposure for various lengths of time. 
	It is possible that both cellular aggregation and the action of an SOD enzyme play a role in conferring a sort of “oxygen tolerance” on some strains of methanogens, such as those tested here. This could mean that exposure to the reducing agent Na2S is not the deciding factor of survival.  As shown in Figures 1-4, cultures grown in the presence of the reducing agent do not show a distinct advantage in terms of methane production after three days; rather, some other contributing factor seems to contribute to the growth of some cultures and not others. Comparison to Table 2, which gives the optical density measurements corresponding to each trial, seems to suggest that, especially in the case of M. barkeri, cell count plays a role in methane production and therefore cellular survival to oxygen exposure. 

     Conclusion: Findings are preliminary, as this is the first experiment performed to analyze the effect of Na2S on cultures exposed to O2. No apparent difference was seen in growth of cultures with or without the reducing agent, which suggests that another factor could be affecting growth. In this experiment, cultures exposed to O2 for shorter periods of time generally recovered more quickly, which could be a result of cellular aggregation. As time goes on, more and more cells are killed in the aggregate, therefore resulting in a longer recovery time. 
	In addition, the presence of an SOD enzyme has been elucidated in M. barkeri, [3] and although it likely           provides only limited intrinsic tolerance to oxygen [2], it may, in concert with aggregation, offer a defense system against O2. The fact that M. wolfeii also proved able to endure significant exposure to atmospheric O2 could indicate that it too possesses an SOD or similar enzyme.

     Further Study: Further analysis concerning the relation between cell count and survival rate would be beneficial, as would more trials and use of more strains. 
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