SHORT TITLE HERE:  A. B. Author and C. D. Author


growth of methanogens on clay and basalt and the
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Background: Mars has become a planet of attention in the quest for discovering life in space due to its unique environment which closely resembles various extreme habitats on our planet, Earth.
Methane findings of 10 parts per billion of Martian atmosphere in March of 2004 intrigued scientists of the several possible sources. Of major interest are the methanogens methane producing anaerobic archaea, common on  Earth in areas of low electron acceptors (oxygen, nitrates, sulfates) like the abysses of wetlands, swamps, muddy-lakes, desert soils, ocean  floor vents, peat bogs and the guts of animals including humans where they aid cellulose digestion and often cause intestinal gas  (flatulence). Their ability to inhabit extreme environments is of great interest to astrobiologists searching for the possibility of life on other planets.

As such, research has been aimed at finding out whether methanogens can survive on the Mars by observing their metabolism in different near-Martian conditions including various soil types similar to those found on that planet.
Introduction: Tim Kral, associate professor of biological sciences in the J. William Fulbright College of Arts and Sciences at the University of Arkansas has done exceptional research with methanogens since the early 1990s and was probably the first person to study them in relation to Mars. In previous research endeavors, Dr. Kral and his students have worked on the following:
(1) successfully growing methanogens in Mars soil stimulant JSC Mars-1 and observing a negative result with pulverized basalt.

(2) determining that methanogens can survive in arid conditions similar to those found on Mars by observing methane presence in vapour samples from various deserts. 
(3) growing methanogens at different pressure conditions using the Andromeda Chamber.
(4) showing the microorganisms can go up to 25 days without water.
Against this background, this summer we set out to repeat the basalt experiment (but this time with chunks not crushed) and venture into growing methanogens in clay: Both substrates are abundant on the Martian surface.
Objectives:  The goal of this research was to:
(1) expand on previous research to determine whether methanogens can grow on pieces of basalt (which is relatively closer to the Martian form instead of the pulverized rock earlier used.
(2) Experiment on a new substrate (clay)

PROCEDURE: Methods and Materials:  Three strains of methanogens were obtained from stock cultures.  These three strains were Methanosarcina. barkeri, Methanobacterium formicicum, and Methanothermobacter wolfeii. Microscopic views of the methanogens used in the experiment are shown in Figure 1. 
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Figure 1. Microscopic views of the methanogens used.

The organisms were grown in specific media ideal for

each of the organisms. Incubation (also optimum) temperatures for the M. formicicum and M. barkeri were 37o  C and for M. wolfeii 54-56o  C.
After cultures were made, we divided each into centrifuge tubes and spun them down. After the first centrifugation, we discarded the supernatant (mostly media), kept the pellet, added buffer and centrifuged again. This was done three times to wash the cells free of the media. After the final washing, the pellets were suspended in fresh, sterile buffer. During the same period the substrates were being prepared.  We decided to work with 12 test tubes (Figure 2) for each organism (36 in total for the three): three for each of the substrates; basalt, clay, glass beads (negative control) and Mars soil simulant (positive control). 
In each test tube we put 5g of substrate and added 4ml of buffer with cells. The cells were exposed to carbon dioxide and then pressurized with hydrogen gas before incubation at their usual optimum metabolic temperatures.

Methane readings were taken every 72 hours (3 days) consecutively using the gas chromatograph (1ml of gas is injected) until results were stable in most test tubes. For the test tubes that showed significant methane levels after just a fortnight we made transfers of cells into fresh substrates. This was done by adding 4ml to the first test tube and then mixing the contents, withdrawing 4ml and then placing it in the fresh substrate.
Transfers were not done for those test tubes that did not show significant methane at all. 
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Figure 2. Test tubes with methanogens in different substrates. From left to right: clay, basalt, Mars soil timulant and glass beads.
Results (Readings): Table 1 shows the percentage methane readings at last day of observation before and after transfer(the last set of readings were taken using a different and more sensitive gas chromatography)
	Methanogen
	 
	Substrate
	 
	 
	 
	 

	Test 
	 
	%Methane Before Transfer
	 
	After transfer
	 

	Tube
	Glass
	JSC-1
	Basalt 
	Clay
	Glass 
	JSC-1
	Basalt 
	Clay

	M. wolfeii1
	1.182
	-
	3.132
	-
	-
	 *
	-
	12.645

	M. wolfeii2
	1.135
	-
	4.839
	-
	-
	*
	-
	0.1917

	M.wolfeii3
	3.368
	3.640
	27.841
	0.336
	-
	26.614
	-
	0.0651

	 
	 
	% Methane Before Transfer
	 
	After transfer
	 

	 
	Glass
	JSC-1
	Basalt 
	Clay
	Glass
	JSC-1
	Basalt 
	Clay

	M. barkeri1
	-
	0.497
	0.138
	0.2
	*
	-
	0.033
	-

	M. barkei2
	0.060
	0.676
	0.115
	0.384
	-
	29.28
	0.024
	-

	M. barkeri3
	0.055
	0.232
	0.064
	0.502
	-
	7.131
	0.521
	-

	 
	 
	% Methane Before Transfer
	 
	After transfer
	 

	 
	Glass
	JSC-1
	Basalt 
	Clay
	Glass
	JSC-1
	Basalt 
	Clay

	M. formicicum1
	0.886
	-
	1.135
	*
	-
	 
	0.045
	 

	M. formicicum2
	0.257
	10.840*
	0.720
	0.0490*
	-
	 
	-
	 

	M. formicicum3
	0.352
	0.450*
	0.431
	0.0659*
	-
	 
	-
	 

	* No transfer made
	
	 
	 
	 
	 
	 
	 
	 


Table 1. Methane percentages for each organism in each substrate. 
Observations, Discussion and Conclusion: The control test tubes gave expected results. M. wolfeii exhibited the best positive results in clay and M. barkeri the best in basalt. As shown in figure 2 clay absorbed all the liquid injected into the test tube with the cultures. Readings so far are not significant enough to make concrete conclusions. All that can be said is that the methanogens are alive and at least metabolising on some of the substates and the experiment should be continued for a longer period of time.
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