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Introduction: Astrobiology seeks to scientifically 

understand the origin and distribution of life in the 

Universe. Consequently, it is concerned with infor-

mation that helps to determine if terrestrial life can 

adapt to the conditions of a planet or satellite of the 

Solar System [1]. One of the research strategies used to 

explore the validity of this approach deals with the 

understanding of the extremophiles. 

We are interested in the adaptation strategies dis-

played by the halophilic bacterium C. marina [2], the 

psychrophilic bacterium P. cryohalolentis [3], and 

Bacillus pumilus, a non-halophilic bacterium [4], when 

exposed to laboratory-controlled conditions that repre-

sents as closely as possible, the salinity, temperature, 

and available oxygen conditions of the salty liquid 

water ocean present on Europa [5].  

Material and methods: Growth kinetics were per-

formed in each bacterial nominal and modified media. 

C. marina nominal medium was modified with 1.37 M 

NaCl and 0.41 M MgSO4. B. pumilus nominal medium 

was modified with 0.43 M NaCl and 0.27 M MgSO4. 

Experiments without and with 2.0 and 5.0 mM of beta-

ine were also done. The growth of P. cryohalolentis 

was evaluated in the absence of salts and up to 3.3 M 

NaCl and 2.1 M MgSO4. The water activity (aw) of 

each medium was measured with a dew point hygrom-

eter (Aqualab 3TE). Bacterial growth was evaluated at 

30, 20 and 10 °C (IRO80 Lumistell), and was moni-

tored by changes in the optical density at 630 nm using 

a UV-Vis spectrophotometer (Cary 8454, Agilent 

Tech.). From a linear adjustment by the least squares 

method of the exponential phase region of each growth 

kinetic, the specific growth rate (μ) and the duplication 

time (tD) were calculated. 

Results and discussion: The growth of C. marina, 

in modified media decreases as the temperature drops 

in the range of 30 to 10 °C. In the nominal medium 

there were minimal changes between 30 and 20 °C, but 

the values were smaller at 10 °C. The value of µ at 30 

°C increases as the value of aw changes from 0.992 to 

0.951, however at 20 °C the value of µ increases from 

0.992 to 0.976, and an abrupt decrement was observed 

from 0.976 to 0.951. At 10° C, µ goes down as aw 

decreases. In the growth curves of C. marina no 

changes were observed in µ when betaine was added 

Probably the salt concentrations did not induce a 

strong osmotic stress to the bacterium and the use of 

betaine to combat osmotic stress and thus maintain 

their cellular activity, is not necessary [6].  

B. pumilus can growth in media modified with 

NaCl as well as with MgSO4, so it can be considered 

as a halotolerant bacterium. The value of µ in the mod-

ified media showed minimal changes when the tem-

perature decreased from 30 to 20 °C and decreased in 

the range of 20 to 10 °C, contrary to the situation in the 

nominal medium, where a continuous decrement is 

observed throughout all the temperature range studied. 

The value of µ at 30 °C decreases when aw diminishes 

from 0.999 to 0.993, however at 20 °C and 10 °C, µ 

has a little increment between 0.999 and 0.994, but 

begins to lower up to 0.993. When B. pumilus was 

exposed to lower temperatures and low aw values the 

compatible solute betaine did not make any difference 

in the growing, contrary to the situation reported for 

Bacillus subtilis strain 168, where betaine had a posi-

tive action in the growing particularly at low tempera-

tures [7]. 

P. cryohalolentis growth was done in the absence 

and up to 2.0 M NaCl. In the media modified with 

MgSO4, growing was observed up to 1.35 M. 

In Europa’s ocean the concentration of MgSO4 var-

ies from 0.1 to 282 g/L [8], our experiments covered 

the salinity values of 49.3 g/L up to 162.5 g/L MgSO4 

and the three bacteria exposed, showed a significant 

growing. This allows us to propose that, in terms of 

salinity, microbial terrestrial life could be able to thrive 

in the salty liquid ocean of Europe. According to the 

model proposed in [8], the temperature of the salty 

ocean would range from 210 to 270 K (-63 °C to -3 

°C) without considering the thermal energy generated 

by cryovolcanism or hydrothermal vents, which can 

change the estimated temperature in the ocean floor. 

All the above information can be used to evaluate the 

habitability potential of Europa’s ocean. 
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