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Introduction: In 2005, the spacecraft Cassini wit-

nessed a plume erupt from Enceladus, the sixth largest 
moon of Saturn. The moon is approximately 500 km 
in diameter and reflects almost 100% of the light that 
strikes its surface due to a significant amount of water 
ice. The surface of Enceladus has an average tempera-
ture of 72 K and has a variety of different terrains 
from craters in the North pole to the "tiger stripe" re-
gion in the South pole [1].  

The previously mentioned plume erupted from the 
tiger stripe region, a result of the geological activity 
present there. This area is known to be uncharacteris-
tically warm compared to the rest of the moon; these 
hot spots are thought to be kept warm by tidal heating 
of the subsurface, potentially giving rise to subsurface 
liquid water aquifers. The hypothetical liquid aquifers 
could have a number of salts dissolved in it, which 
would lower the freezing point even further making 
the chance of subsurface liquid water even more 
plausible [2].  

Upon further analysis of the plume, the consistence 
of the plume was largely water vapor with trace 
amounts of inorganic molecules, such as ammonia. In 
a recent fly-by of Enceladus, the highest signal-to-
noise ratio used yielded traces of complex organic 
molecules and a definitive detection of ammonia 
(NH3). The presence of ammonia lends support to the 
idea that liquid water may exist or has existed recently 
on Enceladus, as dissolved ammonium (NH4

+) would 
act as an antifreeze permitting the existence of liquid 
water [3].  

In addition to the measurable amounts of ammo-
nia, methane (CH4) was detected. The origins of the 
methane are unknown, but one possible explanation is 
a biological origin, that is methanogen production of 
the methane. Methanogens are anaerobic chemoauto-
trophs that consume carbon and produce methane us-
ing an energy source such as molecular hydrogen; 
some are also able to survive in very extreme envi-
ronments [4]. 
Considering the environment on Enceladus, methano-
gens could have inhabited these subsurface liquid 
aquifers in the presence of dissolved ammonium. 

Methods: The methanogens selected for these ex-
periments were Methanothermobacter wolfeii and 
Methanococcus maripaludis. M. wolfeii is a thermo-
phile that has been shown to grow at somewhat ele-
vated salt concentrations (up to 8% in some exper 

 
 
ments). M. maripaludis is a moderate halophile that 
requires a salt concentration of at least 3-4% [4]. The 
methanogens were grown in MS medium that con-
tained selected ratios of ammonium chloride and so-
dium chloride. Total salt concentration was 4%. This 
eliminated variation in salt concentration as a factor. 
The media were prepared in anaerobic culture tubes in 
a Coy anaerobic chamber. The tubes were sealed with 
butyl rubber stoppers, crimped, and sterilized in an 
autoclave. Following addition of 150 ul of 2.5% Na2S 
to each tube (10 mL) to eliminate residual oxygen, the 
tubes were inoculated with M. wolfeii or M. maripalu-
dis. Since these methanogens use hydrogen as their 
energy source, all tubes were pressurized with hydro-
gen (200 kPa) and then incubated at their respective 
optimal growth temperatures (55oC for M. wolfeii and 
RT [approximately 25oC] for M. maripaludis). All 
culture tubes were maintained in a horizontal position 
in order to increase the surface area of exposed me-
dium. Methane levels were then recorded by means of 
a gas chromatograph every 3 days for 2 weeks and 
then once a week after the second week. 

Results: The purpose of these experiments was to 
determine the highest concentration of ammonium 
chloride (NH4Cl) that would allow for methane pro-
duction by M. wolfeii and M. maripaludis. Figure 1 
shows M. wolfeii producing methane in the presence 
of ammonium chloride at concentrations up to 2%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Methane production by Methanothermobac-
ter wolfeii in the presence of varying concentrations of 
ammonium chloride. Total salt concentration was 4% 
with the balance being NaCl. 
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Figure 2: Methane production by Methanococcus ma-
ripaludis in the presence of varying concentrations of 
ammonium chloride. Total salt concentration was 4% 
with the balance being NaCl.  
 
Figure 2 shows M. maripaludis producing methane in 
the presence of ammonium chloride up to only 1%. In 
a follow-up set of experiments designed to test for 
adaptability to higher ammonium chloride concentra-
tions, M. wolfeii from the 2% ammonium chloride 
tubes was inoculated into 3 and 4% ammonium chlo-
ride media. Aliquots from the 1 and 2% M. maripalu-
dis tubes were also inoculated into 3 and 4% ammo-
nium chloride media.  
  
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Methane production by Methanothermobac-
ter wolfeii, originally in 2% ammonium chloride, 
transferred into 3 and 4% ammonium chloride media. 
Total salt concentration was 4% with the balance be-
ing NaCl.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Methane production by Methanococcus ma-
ripaludis, originally in 1 and 2% ammonium chloride, 
transferred into 3 and 4% ammonium chloride media. 
Total salt concentration was 4% with the balance be-
ing NaCl.  
 
      Figure 3 shows substantial methane production by 
M. wolfeii that had been transferred from 2% to 3% 
ammonium chloride media. Lesser amounts of me-
thane were produced following the transfer to 4%.  
     Figure 4 shows very little methane production by 
M. maripaludis in 3 and 4% ammonium chloride me-
dia following any transfer.  
     A final experiment was conducted where M. wol-
feii that had been growing in 4% ammonium chloride 
was transferred to 5 and 6% ammonium chloride me-
dia. At this time, there has been no methane produc-
tion.  
     Conclusion: M. wolfeii has demonstrated methane 
production on concentrations of ammonium chloride 
as high as 4%. M. maripaludis has demonstrated me-
thane production at a very low level on concentrations 
as high as 3%.  
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