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Introduction: Algae, with their fast growth rates 

and high photosynthetic efficiency under prolonged 

exposure to harsh environmental conditions, could 

serve as an important component of self-sustaining 

bio-regenerative life support systems (BLSS) to allow 

in situ production of  food and oxygen.  Understanding 

their photosynthetic activity and the adaptions of these 

algae under different Mars-relevant conditions, such as 

low pressure and low light intensity, could therefore be 

key in future space exploratory missions [3]. However, 

there are a lack of in-depth systematic studies 

exploring the photosynthetic adaptations, physiology 

changes and gene expression analysis of 

photosynthetic organisms exposed to Mars-like 

environments [5]. 

We have previously conducted long-term growth 

experiments of the candidate algae species, 

Chloromonas brevispina, Dunaliella salina, and 

Chlorella vulgaris under Mars-relevant low pressure 

conditions and our results demonstrated that all three 

of these algae species showed substantial growth at 

pressures as low as 80 mbar [2]. Here, we further 

expand on our previous work to explore the gene 

expression under low pressure conditions, as well as 

the growth, oxygen production, and photosynthetic 

potential of our candidate algae species under light 

intensities relevant to Mars, which are about half those 

on Earth [1].  

Methodology: Three candidate algae species C. 

vulgaris, C. brevispina, and D. salina were cultured as 

previously described, [2] in 3 Gallon Aluminum 

vacuum chambers (SlickVacSeal) with clear tempered 

glass lids in a CO2 atmosphere at a pressure of 160 mbar 

and 500 μmol m-2 s-1 light intensity with a 16hrs 

light/8hrs dark cycle using full spectrum LED grow 

lights (MIXJOY GL2000). The cultures were set up in 

triplicates with each culture in 100 ml of their 

respective media in a 250 ml Erlenmeyer flask [2]. 

Sampling was performed once a week following our 

previous work, [2] for the duration of the experiments 

until cultures reach their carrying capacity. The 

atmosphere within the low-pressure chamber was 

evacuated to the desired low-pressure and then 

replaced with CO2 using 16g CO2 threaded cartridges 

(ASURA) after each sampling before being evacuated 

to 160 mbar. This process was repeated three times. 

[2]. Algal biomass, pigment production, O2 generation, 

and gene expression analysis are being determined to 

measure growth and photosynthetic potential.  

Algal biomass was measured as previously 

described [2] by optical density (OD) using a UV/Vis 

spectrophotometer (GENESYS) and cell counting 

using disposable hemocytometer chambers (Incyto C-

Chip, Neubauer) under 400× magnification on an 

Olympus BH microscope. Pigment production was 

measured for Chl a, Chl b, and carotenoid pigments 

using the extraction method by [4]. Oxygen generation 

is being measured by Gas Chromatography (GC) on 

1ml gas samples collected through a septa-sealed valve 

on the chamber using a gas syringe and 8610C Gas 

Chromatograph. GC absorbance spectra generated 

from samples and controls are acquired using 

PeakSimple and processed offline in Microsoft Excel 

and Spectragryph, before peak fitting with OriginPro. 

RNA sequencing was performed for 6 samples of 

each algae species including 3 replicates of  algae 

growing at normal atmospheric conditions and 3 

replicates of  algae  growing at low-pressure conditions 

in a CO2 atmosphere. The raw data obtained after 

sequencing was first trimmed using the bioinformatic 

tool FastQC for quality assurance before proceeding 

with gene expression analysis. A Blastable database 

was created for each sample using NCBI makeblastdb 

application [6]. Five photosynthetic gene queries were 

assembled for each species including genes regulating 

Photosystem II (D1, D2), Photosystem I (PsaA, PsaB), 

and RuBisCO (rbcl), which regulates important 

photosynthesis intermediates. These gene queries were 

run through each database and the number of hits were 

recorded and further processed using Microsoft excel 

365 (v 16.43). Ongoing work includes further 

processing of the data to investigate regulation of all 

genes for the species growing under the two different 

conditions.  

Results and discussion:  Algal biomass 

production: All three of our strains showed growth at 

low pressure (160 mbar) and low light conditions (500 

μmol m-2 s-1) relevant to Mars (Figure 1).  
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Figure 1. Growth curves of the candidate algae 

species C. brevispina-CB, C. vulgaris-CV, and D. 

Salina-DS growing at a light intensity of 500 μmol m-2 

s-1 and 160 mbar  pressure. Each data point represents 

the average ± SD of n =3 replicates.  

 

Pigment production: Three photosynthetic 

pigments Chl a, Chl b, and carotenoids were extracted 

at each sampling. C. vulgaris and D. salina showed 

large amounts of pigment production, whereas pigment 

production was much more limited in C. brevispina 

cultures (Figure 2). 

 

 
Figure 2. Plots showing the production of Chlorophyll 

a (Chl a), Chlorophyll b (Chl b) and carotenoid 

pigments as measured in growing algae species C. 

brevispina-CB, C. vulgaris-CV and D. salina-DS. Each 

data point represents the average ± SD of n =3 

replicates. 

Oxygen generation: O2 generation was recorded for 

each species after 1 week of incubation. Quantification 

of oxygen production is ongoing, but preliminary 

results indicate substantial oxygen production 

following the order D. salina > C. vulgaris > C. 

brevispina. 

Gene expression analysis for the extremophilic 

algae C. brevispina and D. salina growing under low 

pressure (160 mbar) and atmospheric pressure (1013 

mbar) conditions is currently ongoing. 

Conclusions: The substantial biomass production, 

pigment production and O2 generation at low pressure 

and low light intensities indicate the remarkable 

potential and suitability of these candidate algae 

species to be used as a component of BLSS for food 

and oxygen production on long term space missions. 

Ongoing work includes quantification of O2 

production, detailed gene expression studies, and 

growth experiments at various light intensities and 

wavelengths to further understand the potential of 

these candidate algae species to be used in BLSS. 
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