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Introduction: Algal systems are promising candi-
dates for human life support due to their fully edible bi-
omass, ease of handling, and fast growth rates. Since the 
beginning of spaceflight, algae have been intensively 
studied for this purpose [1]. With long-term missions to 
Mars and beyond that would not allow resupply, a self-
sustaining bio-regenerative life support system (BLSS) 
that would provide food and oxygen production is es-
sential. Using algae in BLSS to generate food and oxy-
gen would be an important step forward in the exciting 
field of human space exploration. To the best of our 
knowledge, and as reflected in over 50 prior space stud-
ies examining algal growth, very few studies have ex-
amined the growth of microorganisms at pressures close 
to the conditions found on the surface of Mars (range 1–
14 mbar) [2, 4, 11]. Additionally, other than our ongoing 
work [3], no prior studies have examined snow algae 
and other extremophilic microalgae for use in BLSS. 

 Extremophilic microalgae such as snow algae and 
halophilic microalgae are naturally exposed to extreme 
conditions on Earth including low-temperatures, low 
nutrient conditions, high salinity, and high UV radia-
tion.  However, despite these challenging conditions, 
snow algae can reach very high concentrations of over 
one million cells per ml [8].  These microalgae are often 
the primary producers and an important CO2 sink in cold 
and saline environments [13,16,17]. Some species of 
microalgae, including the extremophilic halophilic Du-
naliella salina, are also edible, and are increasingly uti-
lized as food sources [12]. Growth of such polyextremo-
philic and edible microalgae species, therefore, has the 
potential to provide both oxygen and nutrients for long-
term human exploration of Mars.  
Methodology: The overarching goal of this research is 
to determine the potential of algae for oxygen and food 
production on Mars by determining their growth under 
low-pressure conditions relevant to Mars. Our lab has 
previously grown snow algae under challenging low-
nutrient conditions and low-pressures of 670 ± 5 mbar 
[3, 6,12]. Here we expanded on previous work and in-
vestigated the growth of microalgae under low-pressure 
ranges of 330±5mbar, 160±5mbar, and 80±5mbar.  A 
total of 5 microalgae species were used for our growth 
experiments. Of these, the snow algae Chloromonas 
brevispina [7], Kremastochrysopsis austriaca [10] and 
the halophilic microalgae Dunaliella salina are ex-
tremophilic microalgae, and Chlorella vulgaris and 

Spirulina plantensis are widely studied edible microal-
gae. The cultures were grown in duplicate in M1 me-
dium [9] in a 3 gallon aluminum vacuum chamber 
(SlickVacSeal) with a clear tempered glass lid (Figure 
1) under continuous light exposure from a T5 High out-
put fluorescent grow light  lamp (2500-3000 lux). The 
atmosphere was evacuated and purged with CO2 three 
times using a 16g CO2 threaded cartridge (ASURA) 
every three days. For the duration of the experiment, 
sampling was performed once a week for growth meas-
urements.  

 
Figure 1:  A) Design of low-pressure growth chamber, 
B) An experimental setup for low-pressure growth ex-
periments using the SlickVacSeal Al vacuum chamber. 
      Temperature was maintained at 4°C for snow algae 
and at room temperature (25oC) for other microalgae at 
pressures of 670, 330, and 160 mbar. At lower pressure 
(80 mbar), microalgae other than snow algae were 
grown at 10oC to decrease vapor pressure [14]. The cul-
tures showing the best growth at low-pressure are being 
further tested for their ability to grow on Mars regolith 
simulant. The Mars regolith simulant (Exolith MGS-
1C) was heated at 160 °C for 3 hours to sterilize it, then 
solutions were prepared by adding 4g of regolith to 100 
ml of autoclaved 18 MΩ water per reaction vessel and 
agitating them at 35°C for one week at 100 shakes/min 
[15]. The solution was decanted, filter sterilized 
(0.20µm) and used as media for growth experiments. 
      Algal growth was measured using optical density 
determined on a GENESYS 10S (UV/Vis spectropho-
tometer) at 750 nm [5]. Cell counts were also performed 
for candidate microalgae species Chloromas brevispina, 
Dunaliella salina, and Chlorella vulgaris using dispos-
able hemocytometer chambers (Incyto C-Chip, 
Neubauer Improved, Model # DHC-N01) under 400× 
magnification on an Olympus BH microscope.  
Results and discussion:  All 5 strains of microalgae 
showed growth at 670 mbar [3]. However, at lower pres-
sures, only 3 species grew as demonstrated by increas-
ing OD750 (Figure 2) and cell counts with time. Since 
Kremostochryopsis austriaca and Spirulina plantensis 

1609.pdf52nd Lunar and Planetary Science Conference 2021 (LPI Contrib. No. 2548)



did not grow at pressures below 670 mbar, these cul-
tures were not used in additional experiments.  

 
Figure 2. Growth curves demonstrated as a mean ab-
sorbance of duplicate OD750 measurements taken of 
candidate microalgae species C. brevispina (CB), C. 
vulgaris (CV) and D. salina (DS) growing at 80 ± 5 
mbar.  

 
Figure 3. Growth curves demonstrated as a mean ab-
sorbance of duplicate OD750 measurements taken of 
candidate microalgae species C. brevispina (CB), C. 
vulgaris (CV), and D. salina (DS) growing in Exolith 
MGS-1C solution. 

The candidate strains Chloromas brevispina, Dunal-
iella salina, and Chlorella vulgaris all showed signifi-
cant growth at 160 mbar before reaching the stationary 
phase.  Despite the slow growth rate at the low pressure 
of 80 mbar, the cultures are still in the exponential 
growth phase and the experiment is still in progress.   
     Due to the successful growth of Chloromas 
brevispina, Dunaliella salina, and Chlorella vulgaris at 
80 mbar, we used these three candidate species for fur-
ther growth analysis using Mars regolith simulant as a 
nutrient source. Our preliminary results indicate that 
both the snow algae Chloromas brevispina and the mi-
croalgae Chlorella vulgaris showed the ability to suc-
cessfully grow in the Exolith MGS-1C solution. Dunal-
iella salina did not show any growth (Figure 3), which 
is likely due to the fact that it is halophilic and the reg-
olith solution contained a lower salinity than the me-
dium used to grow Dunaliella salina. Next, we plan to 

add different salts to the Mars regolith simulant medium 
to assess the impact on algae growth. We will also in-
clude other Mars simulant samples such as JSC Mars-1 
and other commercially available Mars regolith simu-
lants.  We will also test the maximum amount of Mars 
regolith simulant that algal species can tolerate before 
growth rates are decreased by growing the microalgae 
species in their respective media to the exponential 
phase and then inoculating with different concentrations 
of regolith solutions. We are in the process of  conduct-
ing whole genome sequencing analysis of our candidate 
species growing at 80 mbar and their counterparts grow-
ing under normal atmospheric pressures to determine 
key genes involved in adaptations to extreme atmos-
pheric conditions.    

Conclusions:  Our results demonstrate the ability of 
three microalgae species, Chloromas brevispina, Du-
naliella salina and Chlorella vulgaris to grow at pres-
sures as low as 80 ± 5 mbar. In addition to growing at 
low pressure, two of our candidate algae species, 
Chloromas brevispina and Chlorella vulgaris, are also 
successfully growing in Exolith MGS-1C solution mak-
ing them ideal candidates for potential oxygen and food 
production on Mars. These experiments are ongoing and 
the species are currently in the exponential growth 
phase. Future work will include a detailed set of exper-
iments to test combinations of space conditions includ-
ing low pressure, low light, and low nutrients on the 
growth of our candidate algae species. 
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