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Factor Limit for terrestrial life Mars
Gravity ~ 0 to unknown higher g 0.376 g
Temperature Active from -20°C to 122°C  -87°C to -5°C or 20 °C?
Pressure Survi_vable Iqwest: unknown Atmosphere 0.6 kPa

Survivable highest: 1.6 Gpa (ca. 6/1000 of Earth)
Vacuum Survivable 0.4 kPa
Salinity (NaCl%) 0 to >30% (saturation) Evaporites
Water activity ~ 0.6 (bio-activity) -0
(Desiccation) ~ 0 (survival)
lonizing radiation 1440 Gy 0.4 mGy day?
pH -0.06 to 12.5 7.7£0.5
Redox potential Limits undefined Highly oxidizing
UV radiation ~ 5000 J m? ~20W m=2

uv (I::ii—éﬁﬁéhé 14
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Methane abundance [ppb]
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Manganese— and Iron—Dependent

Marine Methane Oxidation

Emily J. Beal,1* Christopher H. House,1* Victoria J. Orphan?2

Anaerobic methanotrophs help regulate Earth’s climate and may have been an important
part of the microbial ecosystem on the early Earth. The anaerobic oxidation of methane
(AOM) is often thought of as a sulfate—dependent process, despite the fact that other
electron acceptors are more energetically favorable. Here, we show that microorganisms
from marine methane—seep sediment in the Eel River Basin in California are capable of
using manganese (birnessite) and iron (ferrihydrite) to oxidize methane, revealing that
marine AOM is coupled, either directly or indirectly, to a larger variety of oxidants than
previously thought. Large amounts of manganese and iron are provided to oceans from
rivers, indicating that manganese— and iron—dependent AOM have the potential to be
globally important.

10 JULY 2009 VOL 325 SCIENCE, 184-187
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Ny SYBR Green I and I1, SYBR Gold,
E{Kﬁﬁ *}-‘m Acridine orange, DAPI, etc.
K xR CFDA, CFDA-AM, SFDA, etc.
¥ f JBE & ANS, FM1-43, FM4-64, etc.

FEEMHERF

Fluorescamine, etc.

Antarcticice Alpine soil Antarctic soil
stained by SYBR Gold  stained by CFDA-AM stained by FVA-64
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Staining of miniature Escherichia coli P678-54

(a) (b)

Bright field Fluorescent field
Microscopic images of P678-54. (a): brigt image, (b):
fluorescence image stained with
LIVE/DEAD BacLight Bacterial Viabllity Kit (SYTO9 & PI)
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Fluorescence images of JSC Mars-1A. (a): autofluorescence
, (b): stained with LIVE/DEAD BacLight Bacterial Viability Kit (SYTO9 & PI)
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Fluorescence images of Antarctica soils stained with various probes.
(A): LIVE/DEAD BacLight Bacterial Viability Kit (SYTO9 & Pl), nucleic acids probes (NP). (B):
CFDA, esterase substrate probe. (C): DiHydroethidium, NP. (D): TMADPH, membrane probe

(MP). (E): SYBR Green I, NP.(F): Acridine orange, NP. (G): DAPI, NP. (H): FM1-43, MP.
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Maccalube mud volcano ir

G. Etiope
OIil and Gas Business.

Sarmascl, Romania Cuarny, Swilzelznd Giswil, Swileerland



MUD VOLCANOES AS EXPLORATION TARGETS ON MARS.
Astrobiology Science Conference 2010

C. C. Allen and D. Z. Oehler (NASA Johnson Space Center)

Figure 1. Mud volcano in Acidalia

Planitia; HIRISE PSP_002233-2225;  Figure 2. Mud volcano in Azerbaijan

42.1° N, 319.3° E; scale bar 200 m. with nearly flat, pedestal-like surface
and central high—albedo, sub—circular patch;
40.4° N, 49.0° E; scale bar 1 km.
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e BRIEEX(IDIXEBRIIR (FeO), #hmaslL T
(X X2 A (Wiistite) DN EI5 N TLYS,

« $H 5L [Lolivine (Mg,Fe)2SiO4.

Peridotite xenoliths in basalt--olivines are light green crystals.
Location: San Carlos Indian Reservation, Gila Co., Arizona,
USA.
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Searches for volcanic or crustal gas in the recent

« H. Nakagawa, , Sendai, Japan
* Y. Kasaba, Tohoku University, Sendai, Japan

« S. Aoki, Tohoku University, Miyagi, Japan

e [.Murata, Tohoku University, Sendai, Japan

* S. Okano, Tohoku Univ., Sendai, Japan

 H. Maezawa, Solar-Terrestrial Environment Laboratory,
Nagoya University, Japan

 H.Sagawa, , Tokyo, Japan
« Y.Kasai, NIICT, Tokyo, Japan
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 The ESA-NASA ExoMars Programme:
and Data Relay

I

— The ESA-led Orbiter will perform detailed,
remote observations of the Martian atmosphere,
searching for evidence of trace gases of
possible biological importance, such as
methane and 1ts degradation products.
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* Glavin, D. P.; Schubert, M.; Botta, O.:
Kminek, G.; Bada, J. L, 2001: Detecting
pyrolysis products from bacteria on Mars,
Earth and Planetary Science Letters, 185, 1-5

 Emily J. Beall, Christopher H. House, and
Victoria J. Orphan., 2009: Manganese- and
Iron-Dependent Marine Methane Oxidation,

science, 325, 184-187
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