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Introduction: Despite stringent procedures, nu-

merous bacterial and archaeal species have been iso-
lated from spacecraft cleanrooms [1]. Bacteria able to 
endure cleaning procedures may also have the ability 
to survive interplanetary travel, and could possibly 
arrive at Mars. A common spacecraft contaminant, 
Serratia liquefaciens, was recently shown to grow un-
der martian conditions of  7 mbar, 0 °C, and a CO2-
dominated anoxic atmosphere [2]. The experiments 
discussed here expand upon previous research by test-
ing the surviviability of S. liquefaciens exposed to mar-
tian UV irradiation. Liquid and frozen salt solutions 
were tested for their UV attenuation properties and 
effects on survival of S. liquefaciens cells. 

Methods: Experiment 1: Cells of S. liquefaciens 
were prepared at densities of 2 x 106 cells/mL in four 
solutions: sterile deionized water (SDIW), 10 mM PO4 
buffer, 5% MgSO4, or 10% MgSO4. The solutions 
were dispensed into 6-cm petri dishes, equipped with 
magnetic stir bars, and placed into a Mars Simulation 
Chamber (MSC) atop magnetic stir pads. The dishes 
were immediately assayed using a Most Probable 
Number (MPN) procedure [3, 4]. The liquid solutions 
were exposed to Mars UV irradiation for 0, 10, 30, 60, 
300, 600, 1200, 1800, or 3600 sec (cumulative). A 1 
mL sample was removed after each timestep and as-
sayed via MPN. The experiment was conducted under 
Earth-normal lab conditions. 

Experiment 2: Cell suspensions of S. liquefaciens 
were prepared in four solutions as above. The dishes 
were placed in the MSC atop an LN2 cold plate. The 
MSC was equilibrated to 7 mbar, -25 °C, and a CO2-
enriched anoxic atmosphere for 60 min. The frozen 
cell suspensions were exposed to Mars UV irradiation 
for 0, 10, 60, 600, or 3600 sec. After 3600 sec, regard-
less of the period of UV exposure, the MSC was 
equilibrated to lab conditions and the cells were proc-
essed via MPN. A second set of dishes were prepared 
similarly, but were shielded from UV exposure.  

Results: Survival of S. liquefaciens cells in all four 
liquids decreased by 2.5-logs after 10 sec of martian 
UV irradiation and by 6-logs after 3600 sec exposure 
(e.g., Fig. 1, 5% MgSO4). All solutions yielded similar 
results. Frozen solutions offered no additional protec-
tion against martian UV irradiation, resulting in less 
than 10 viable cells/mL after only 10 min exposure. In 
addition, cell survival in the frozen ices at 3600 sec 
were all below the detection limit of the assay (11 

cells/mL) indicating slightly greater biocidal effects in 
ices versus liquids.  

Discussion: Liquids and frozen ices of the PO4-
buffer and two salt solutions offered no additional pro-
tection against Mars equatorial UV irradiation than 
cells in SDIW. Viable cell numbers of S. liquefaciens 
were reduced by 6-logs after 3600 sec exposure of 
Mars UV radiation. Increases in viable cells numbers 
after longer exposure times in liquids (e.g., Fig. 1, 
1800 sec) may be attributable to shielding effects of 
cells by the magnetic stir bar (Expt. 1 only). Samples 
exposed to 7 mbar, -25 °C, and a CO2, anoxic atmos-
phere, but shielded from UV irradiation, confirm the 
ability of S. liquefaciens to survive under multiple 
Mars conditions. 

 
Figure 1. Kill curve for S. liquefaciens in a 5% MgSO4 solution 
exposed to Mars equatorial UV flux. Cells of S. liquefaciens were 
added to 5% MgSO4 solutions at 2 x 106 cells/mL. The number of 
viable cells decreased by 3.5-logs after 30 sec exposure to martian 
UV radiation. Error bars represent one standard deviation. 
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