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Introduction: Much astrobiology research is con-

cerned with defining the environmental limits for life 
in the universe. Because Mars currently is the primary 
target for life detection missions, it is important to un-
derstand how terrestrial microbes might survive, pro-
liferate, and evolve in martian environments. This is-
sue is relevant in three distinct but related contexts: (i) 
testing panspermia hypotheses [1], (ii) mitigating the 
forward contamination of Mars [2], and (iii) under-
standing the molecular mechanisms leading to micro-
bial growth in extreme extraterrestrial environments 
[3]. Prime candidates for Earth-to-Mars transfer in-
clude bacteria of the genus Bacillus, spores of which 
are significant contaminants of Mars-bound spacecraft 
[4]. It is thus relevant to assess the potential for such 
microbes to survive and proliferate in the martian envi-
ronment. 

The martian atmosphere poses a significant barrier 
to growth of terrestrial microbes, due to its low pres-
sure (1-10 mbar; average 7 mbar) and anoxic (~95% 
CO2) composition. In an earlier study [5] we showed 
that low pressures approaching those found on the sur-
face of Mars exhibited an inhibitory effect on the ger-
mination and vegetative growth of several Bacillus 
spp. isolated from spacecraft or their assembly facili-
ties. Even in an Earth-like 80%N2/20%O2 atmosphere, 
growth of B. subtilis cells was nearly completely inhib-
ited at pressures below 35 mbar, well above the highest 
pressure on the martian surface [5]. The purpose of the 
present investigation was to use low pressure as a se-
lective pressure to test the hypothesis that a terrestrial 
microorganism, B. subtilis, could evolve the ability for 
enhanced growth under hypobaric conditions ap-
proaching those of Mars. 

Materials and Methods: Luria-Bertani (LB) me-
dium was used throughout. Antibiotics used were 
spectinomycin (Spc, 100 µg/ml) and chloramphenicol 
(Cm, 5 µg/ml). Congenic B. subtilis wild-type strains 
WN624 (SpcR) and WN628 (CmR) have been de-
scribed previously [6] are were used as ancestral 
strains. Strains were propagated in LB liquid medium 
containing the appropriate selective antibiotics at 27˚C 
with shaking in Earth atmosphere at a pressure of 1013 
mbar (1 atm; WN628) or at 50 mbar (WN624). At 24-
hour (~6.6 generation) intervals, culture optical densi-
ties at 660 nm (OD660) were recorded, cultures diluted 
1:100 into fresh selective medium, and propagation 
continued. After 1,000 generations of propagation, 

single-colony isolates were obtained from each culture 
and designated WN1105 (evolved at 1013 mbar) and 
WN1106 (evolved at 50 mbar), respectively. 

Relative fitnesses of evolved vs. ancestral strains 
were determined by competition experiments. Equal 
numbers of cells of each strain were inoculated into LB 
medium with no antibiotics and cultivated as described 
above at 1013 mbar or 50 mbar for 7-8 days (~50 gen-
erations). At 24-hour intervals, samples were removed 
from cultures and viable counts of each strain were 
determined by serial tenfold dilution and plate counts 
on LB containing the appropriate antibiotic. The pro-
portion of each strain in the mixed cultures were plot-
ted vs. generation to determine competitive fitness. 

Results and Discussion: Propagation of both 
strains WN628 or WN624 at 1013 or 50 mbar for 
1,000 generations resulted in an overall increase in 24-
hour OD660 values. Increases were seen to occur in a 
stepwise fashion, suggesting that evolution of the 
strains was accomplished through a sequence of muta-
tional events and population sweeps. Both evolved 
strains WN1105 and WN1106 had gained fitness rela-
tive to their wild-type ancestors when competitions 
were performed at the original pressure at which the 
respective strains had evolved. As might be expected, 
strain WN1106 was more fit at 50 mbar than WN1105, 
and WN1105 was more fit than WN1106 at 1013 
mbar. Interestingly,  strain WN1105 was less fit than 
the ancestor at 50 mbar, whereas WN1106 showed the 
same fitness at its ancestral strain at 1013 mbar. Tran-
scription microarrays are in progress to understand (i) 
differences in gene expression in cells at 1013 vs. 50 
mbar and (ii) differences in gene expression of ances-
tral vs. evolved strains at 50 mbar. 
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