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A community of phototrophic organisms that naturally 

inhabit the surface of sandstone/carbonate cliffs was 

launched into Low Earth Orbit in 2008. The experi-

ment was part of the ADAPT experiment using the 

EXPOSE facility outside of the International Space 

Station. ADAPT is a DLR-led experiment that ex-

amined the adaptations of microorganisms that allow 

them to survive in space conditions. 

  Our four objectives in this study were to:1) Study the 

survival of a range of phototrophs to space conditions, 

to understand what features allow them to survive in 

space, 2) Investigate the effects of a biofilm in allowing 

organisms to survive exposure to high UV radiation on 

the early (anoxic) Earth, 3) Investigate the fate of bio-

molecules, indigenous or contaminant, on the surface 

of Mars, 4) Identify novel phototrophs that may be 

used in the human exploration and settlement of space. 

  The community we chose is made of a diverse assem-

blage of cyanobacteria and algae (1), some of which 

share close phylogenetic similarity with halotolerant 

cyanobacteria. They naturally inhabit the surface of 

coastal cliffs in the village of Beer, South England. The 

community was chosen because the organisms expe-

rience periodic desiccation, exposure to UV radiation, 

and fluctuating  freshwater and seawater, so that we 

expected the community to include extremophilic 

members. We augmented the community with akinetes 

(cyanobacterial resting states) of Anabaena cylindrica, 

a non-extremophilic cyanobacterium to study the fate 

of cyanobacterial resting states compared to vegetative 

cells. 

   The samples were prepared as small (~1 cm
2
) seg-

ments of biofilm-covered rocks attached to quartz 

discs. The experiment comprised: Sixteen dark controls 

and 16 samples exposed to selected portions of the 

extraterrestrial UV flux as follows: Eight samples ex-

posed to space vacuum and >110 nm, four of were 

covered by a neutral density MgF2 filter to reduce ex-

sposure to 0.1%, and eight samples were within sample 

holders filled with CO2 to simulate early Earth/Mars 

and were exposed to wavelengths >200 nm  with a neu-

tral density Suprasil filter to reduce the flux to 0.1%. 

  Samples exposed to the unattenuated UV flux (both 

>110 nm and >200 nm) showed complete bleaching of 

chlorophyll determined by fluorescence. Raman spec-

troscopy at 514.4 nm showed that the surface caroteno-

ids had been destroyed, manifested as destruction of 

the C=C and C-C stretching features of the polyene 

chain. All other samples showed no significant loss of 

fluorescence or Raman signatures for carotenoid stret-

ching features. Microscopy revealed a layer of dead 

surface cells in the UV exposed samples consistent 

with destruction of biomolecules revealed by fluores-

cence and Raman, although the morphology of the cells 

was visible, consistent with the survival of cell mor-

phology, but destruction of biomolecules reported in 

Chroococcidiopsis sp. (2).  

  In all samples, members of the community survived 

the space exposure conditions. Dominant survivors 

were two species of algae, a coccoid and a filamentous 

segmented species, currently being identified by mole-

cular methods. A Gloeocapsa-like cyanobacterium also 

survived and grew from the samples and resembled that 

described from our previous BIOPAN short-term ex-

posure experiment (1).  

  Consistent with previous ground-based and BIOPAN 

exposure experiments (3), the A. cylindrica akinetes 

did not survive in space. 

   Our results have bearing on our objectives in several 

ways: 1) The results show that unlike Bacillus subtilis, 

in phototrophs the ability to form resting states (aki-

netes) does not necessary confer greater survivability to 

space conditions, 2) The results validate the hypothesis 

that dead layers of cells on the surface of a biofilm 

could have provided protection for organisms under-

neath, from high UV radiation on early Earth, 3) The 

results show that biomolecules are rapidly destroyed 

under Martian surface conditions using a natural extra-

terrestrial spectrum and not a laboratory UV source, 4) 

Our work furnishes a new set of organisms useful for 

applications in space settlement. 
 

Figure 1. Born survivors. An alga (left) and cyanbacte-

rium (right), which survived 1 year in space conditions. 

Scale bar 10 µm. 
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