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Mobilizing microbes for the Moon



Why microbes on the Moon?
Microorganisms are nature’s engineers and factories

Biomining Drug 
production

BiofuelsPlastics,
Other products

Soil
formation

- These capacities can be augmented by synthetic biology/genetic modification

Life Support



Microorganisms are an integral part of human existence
Human beings are mammal-microbe hybrids
(Weird thought of the day – humans are exoskeleton mobility suits for microbes)

 Humans are about 50% mammal 
cells/50% microbial cells.

 Rather than view microbes as ‘hitch-
hikers’ we should view them as an 
inseparable part of the biota.

 ‘Mobilize microbes’ to establish a 
permanent human presence beyond 
Earth.







Mining in space
Using “biomining” – microbes doing mining
A Biomining Reactor

BioRock involved development of new hardware that can be used to study 
microbe-mineral interactions and biofilm formation in space. 

with our microbes…..





Experiment uses basalt rock as a mining substrate
- Lots of it on the Moon and Mars





We were able to demonstrate for the first time the principles of biomining in space by 
mining rare earth elements from basalt rocks



Rare Earth Elements on the Moon

Lunar KREEP terrain
 The Oceanus Procellarum region, including 

Imbrium Basin contains KREEP rocks [Potassium 
(K), Rare Earth Element (REE), Phosphorus (P)]. 

 Up to ten times higher REEs than other rocks, but 
still 10-100 times less than REEs ores on Earth.

 Could be higher concentrations at sub-km scales.

Biomining can help us achieve a self-sustaining presence in space and learn 
how to do mining on Earth without environmental destruction 



We also demonstrated vanadium biomining 

Cockell CS et al (2020) Microbially-enhanced vanadium mining and bioremediation under micro- and 
Mars gravity on the International Space Station. Frontiers Microbiol. (in press).

Vanadium has uses in:
 High strength steel alloys
 Abrasion and thermal fluctuation 

resistant steel
 Neutron absorption in reactor metals
 Batteries
 etc



BioRock-L and beyond….
 Autonomous BioRock hardware

 Flights to Moon, Mars and beyond

 Currently developing autonomous capability with Kayser and University of 
Edinburgh



Ultimately we want to build a lab on the Moon…

This is an old paper, but an updated version might include the capacity for 
molecular biology, synthetic biology, cell biology, human biology etc.



We are developing a proposed lunar BioMission concept

 Part of ESA’s proposed Large Logistics Lander (EL3) proposed programme
 Passive and active biological analysis with a range of biological models
 Interactions with radiation, regolith etc
 Sophisticated biomolecular/genetic analysis on the lunar surface.
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