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Microgreens
Desert cyanobacteria 

Cyanobacterial lysate-based 

medium

as feedstock/fertilizer 

The aim:
linking in-situ resources to life support systems
using desert cyanobacteria

Mars regolith analog

Lunar regolith analog
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The desert strain Chroococcidiopsis sp. CCMEE 029  
was selected because :

- it is desiccation and radiation tolerant
- It survives in the dried state under space and Mars-like conditions
- Its genome sequence has been sequenced
- It repairs efficiently DNA damage accumulated under space or Mars-like conditions
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Features relevant when moving 
an experimental approach form Earth to space 



A feature relevant for ISRU on Mars is Chroococcidiopsis
resistance to perchlorate ions
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Abstract

The presence of perchlorate in the Martian soil may limit in-situ resource utilization (ISRU)

technologies to support human outposts. In order to exploit thedesiccation, radiation-tolerant

cyanobacterium Chroococcidopsis in Biological LifeSupport Systemsbased on ISRU, weinves-

tigated the perchlorate tolerance of Chroococcidopsis sp. CCMEE 029 and its derivative

CCMEE 029 P-MRS. This strain was obtained from dried cells mixed with Martian regolith

simulant and exposed to Mars-likeconditions during the BIOMEX space experiment. After a

55-day exposure of up to 200mM perchlorate ions, a tolerance threshold value of 100mM

perchlorate ions was identified for both Chroococcidopsis strains. After 40-day incubation, a

Mars-relevant perchlorate concentration of 2.4mM perchlorate ions, provided as a 60 and

40% mixture of Mg- and Ca-perchlorate, had no negative effect on the growth rate of the

two strains. A proof-of-concept experiment was conducted using Chroococcidopsis lysate in

ISRU technologies to feed a heterotrophic bacterium, i.e. an Escherichia coli strain capable

of metabolizing sucrose. The sucrose content was fivefold increased in Chroococcidopsis

cells through air-drying and the yielded lysate successfully supported the bacterial growth.

This suggested that Chroococcidopsis is a suitable candidate for ISRU technologies to support

heterotrophic BLSScomponents in aMars-relevant perchlorateenvironment that would prove

challenging to many other cyanobacteria, allowing a ‘live off the land’ approach on Mars.

Introduction

Sustaining human outposts on Mars by providing life-support consumables from Earth is
unrealistic mainly due to launch costs, travel times and failure risks. The development of
Life Support Systems (LSS) is mandatory. On Earth, oxygenic photosynthesizers convert
CO2 to organic matter which serves as food, and H2O to O2, processes that should play a
key role in Biological Life Support Systems (BLSS) off the planet (Binot et al., 1994;
Wheeler et al., 2008). An important aspect of LSS is the utilization of local materials, the
so-called in-situ resource utilization (ISRU), although, to date, these technologies focused
mainly on inorganic chemistry and building materials (Sridhar et al., 2000).

A link between local resourcesand BLSScomponents, otherwise unable to live ‘off the land’
might beprovided by oxygenic phototrophs, such ascyanobacteria, thanks to thedevelopment
of Bio-ISRU technologies (Verseux et al., 2016; Brown, 2018). Lithotrophic cyanobacteria have
been proposed as ideal candidates for Bio-ISRU due to their capability of utilising rocks as a
growth substrate (Olsson-Francis and Cockell, 2010).

The concept of using cyanobacteria to feed bacteria has been approached by genetically
modifying the cyanobacterium Anabaena sp. 7120 in order to secrete sucrose to grow
Bacillus subtilis (Moss and Ho, 2011; McCutcheon et al., 2015). This approach was further
developed into theNASA PowerCell spaceexperiment, on-board theDLR Eu:CROPISsatellite
(Hauslage et al., 2018), aimed to germinate Bacillus subtilis spores by using Anabaena lysate
under simulated Moon and Martian gravity (McCutcheon et al., 2015).

It has been suggested that cyanobacteria could be used in BLSS using Martian local
resources with relatively low hardware requirements and attenuation of surface conditions,
such as low pressure and high flux of ionizing and UV radiation (Lehto et al., 2006;
Murukesan et al., 2016). However, the presence in the Martian soil of a highly oxidizing
agent such as perchlorate in the range of 0.4–0.6 wt % (Hecht et al., 2009) provides an add-
itional limiting factor for Bio-ISRU.

The exploitation of desert strains of Chroococcidiopsis to support human space exploration
has been proposed taking advantage of their remarkable desiccation- and radiation-tolerance
(Billi, 2019). In particular, strain CCMEE 029 isolated from the Negev Desert has been
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Relevant Chroococcidiopsis’s features for ISRU on Mars and Moon are:
- capability of using Martian and Lunar regolith simulants as nutrient source, 

supplemented with NaNO3 (Fig. A)
- Lysate suitability as feedstock for E. coli (Fig. B)

Mars regolith analog

Lunar regolith analog

A B



Relevant Chroococcidiopsis’s features  for ISRU on Mars and Moon are:
- capability of using human synthetic urine (10 mM urea) as nitrogen source (Fig. A)
- lysate suitability as feedstock for E. coli (Fig. B)

A B
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Bacteria
Chroococcidiopsis sp. 029

Lysate used as feedstock 

Proof – of – concept in
linking in-situ resources to life support systems using desert cyanobacteria

Mars regolith analog
supplemented with
human synthetic urine

Lunar regolith analog 
supplemented with 
human synthetic urine
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