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Introduction: The surface condition of Mars is hos-
tile for life. However, the subterranean environments,
where relatively higher pressure-temperature might
exist, could provide a suitable setting for a biosphere.
Also, it has been suggested that subsurface oases may
exist today on Mars (1). On Earth, the hydrothermal
environments, which usually sustain life have pH
lower than physiological pH (2). Methanogenic ar-
chaea are chemolithoautotrphs, which mostly con-
sume CO, and H, and produce CH, as their metabolic
byproduct. These methanogens have been considered
as model Martian life-forms for a long time (3).

In this research, we examine growth and surviv-
ability of a methanogenic archaea, Methanother-
mobacter wolfeii, at four different pressures--latm,
400atm, 800atm, and 1200atm; four different tem-
peratures--45°C, 55°C, 65°C, and 75°C; and four
different pHs--4, 5, 6, and 7.

Methods: A quartz cuvette (Spectracell) was filled
with 1ml of fresh liquid culture of M. wolfeii in an
anaerobic chamber and was placed into a high hydro-
static pressure-temperature chamber (ISS, Illinois)
for 15 hours at desired pressure and temperature. A
high pressure piston was used to pressurize the fluid
(water) and the pressure was measured with a pres-
sure gauge attached to the piston (4,5). To control the
temperature of the chamber, a circulating water bath
was used.

Exposed cells were then transferred into the an-
aerobic tubes containing sterilized MM growth me-
dia, pressurized with 200kPa hydrogen gas and incu-
bated at their optimum growth temperature, 55°C and
1 atm pressure. Methane concentration of the head-
space gas of each of the samples was measured peri-
odically by a gas chromatograph. Phase contrast im-
ages of the cells before and after exposure to high
pressure-temperature were acquired using a Nikon
microscope with 40x objective. To asses the growth
and survivability of methanogens at optimal and non-
optimal temperatures, methanogenic cells were incu-
bated at 45°C, 55°C, 65°C, and 75°C at 1 atm and
headspace gas samples were analysed. Also, the
growth and survivability of M. wolfeii, in different
pHs--4, 5, 6, and 7 at 65°C were examined.

Results and Discussion: For all the pressures,
temperatures, and pHs studied here, M. wofeii exhib-
ited methanogenesis (Figuresl and 2). However, the
lag phase of M. wolfeii increases with the decreasing
temperature and pH (Figure 2). The growth rate (y)

of the cells treated to high pressures does not change
significantly until 400 atm, but y increases as the
pressure is increased beyond 400 atm at 55°C (Figure
1b).
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Figure 1. (a) Methane concentration of cells ex-
posed to different pressures as a function of time at
T=55°C. (b) Growth rate of exposed cells as a func-
tion of exposed pressure obtained from (a).
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Figure 2. (a) Methane concentration as a function of
time at different temperatures. (b) Methane concen-
tration as a function of time, produced at different
pHs.

Images of exposed cells were also analyzed to see
morphological changes due to the effect of high pres-
sures. We observed the increased number of elon-
gated cells at higher pressures suggesting a lack of
cell division [4].

Conclusions: In the light of recent evidence of
water and methane on Mars, our results suggest that
methanogens could be a plausible life form that can
survive and thrive at subsurface conditions.
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