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1. Introduction
Liquid water is one of the essential

requirements for terrestrial life together
with a source of chemical elements to
build biomolecules useful for structure and

maintenance, as well as a source of energy

that promotes a redox metabolism.

If a planetary object fulfills at least one of
these requirements, it is identified as a
habitable place in the Solar System.

Nowadays, the astrobiological interest on
Mars is rising as the number of robotic and
future manned missions can testify. Recent

observations evidence the existence of
sulfates (SO42-), chlorates (ClO3-), and
perchlorates (ClO4-) brines that could be

responsible for partial surface hydration
(Glavin et al., 2013: Ojha et al., 2015).

With such a scenery, we are interested in
evaluating the growth of Bacillus subtilis, a
mesophilic Gram-positive bacterium, in

culture media modified with KClO3, NaClO4

and Mg(ClO4)2 and also under a low-oxygen

atmospheric regime as the first step aimed
to develop a systematic study to investigate
the capabilities of terrestrial bacterial life,

as an extremophilic model, to survive into
different conditions that mimic the surface
and sub-surface of the planet Mars.

2. Methods
Bacillus subtilis was grown in nominal

medium (5 g peptone and 3 g yeast
extract per liter), as well as in medium
modified with 0.15 M Mg(ClO4)2, 0.6 M

NaClO4, and 0.6 M KClO3. Inoculation was
done in a 1:10 ratio into 50-mL flasks.
Incubation was performed at 36 ºC, and

150 rpm. Bacterial growth was monitored
as changes in the optical density at 630
nm (OD630) at regular time intervals using

a UV-Vis spectrophotometer until the
stationary phase was reached.

Bacterial growth was also verified under
anaerobic conditions using resazurin as an
indicator of metabolic activity.

Bacterial growth was observed, at the
defined concentrations, in the presence of

perchlorates and chlorates as those detected
on the surface of Mars. In the presence of

20% O2, the higher growth was observed at
0.6 M NaClO4, while at anaerobic conditions

it was observed at 0.15 M Mg(ClO4)2.

B. subtilis is a good astrobiological model as
its spores resist the outer space conditions

(Cockell et al., 2016). Under the light of our
results, it can also be proposed as a

halotolerant bacterium to chlorinated
oxyanions. Further studies related to the

expression of the HemHYQ complex,
homologous to the chlorite dismutases

described by other biological groups
(Mielcarek, et al., 2015), are under

development.

The planet Mars. NASA-JLP

Mass (kg) 6.4 x 1023 (0.017 Earth)
Equatorial radius (km) 3.4 x 103 (0.533 Earth)
Rotation period (h) 24.623
Mean Surface tempertaure (K) 210 

Liquid water
(Per)chlorate brines on the surface.
Pounds detected by radar at 1.5 km
under the surface

Energetic processes
Chemolithotrophy, chemoorganotrophy,
fermentation(?) depending on the
concentration of organics

3. Results

Figure 1. Growth of Bacillus subtilis, after 72
hours, in nominal medium, 0.15 M Mg(ClO4)2, 0.6
M NaClO4, and 0.6 M KClO3 at 36 ºC, and 150 rpm.
The initial OD630 is shown in all conditions (light
blue).
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Figure 2. Growth of Bacillus subtilis, after 96
hours, at anaerobic conditions in nominal
medium, 0.15 M Mg(ClO4)2, 0.6 M NaClO4, and 0.6
M KClO3 at 36 ºC, and 150 rpm. The initial OD630 is
shown in all conditions (light green).
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