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EVOLUTIONARY BIOMARKERS WITH EJSM AND PENETRATORS	
  



Resurfacing on Europa: a key in the 
search for evolutionary biomarkers!



A first Earth analog of Europa’s icy surface:!
Ellesmere Island!



Second and third Earth analogs of Europa’s icy surface!
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Resurfacing on terrestrial lakes: !
How do microbial mats reach the bottom of the lake icy surface?!

Prostrate mats carrying a consortia of bacteria some not yet identified!



Resurfacing on terrestrial lakes:  
How do microbes reach from the bottom to the top of the lake icy surface?	
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Resurfacing on terrestrial lakes: !
Traffic of biogenic sulfur through the lake’s icy cover!



Biogenic Sulfur in the Solar System!

Lunar!

-40!



Resurfacing on Europa:"
A dust cloud has been released by micrometeroid impacts!

Credits: Miljković, K. and Taylor, E. A. (2007), The LAPLACE 
Consortium (Blanc et al, 2009) and McCord et al. (1998)	
  



Possible sources of the stains!

•  External  source:  Ions  may  be  implanted  from the 
Jovian plasma. !

•   Internal source: Sulfur may be due to microbes !
    living around hydrothermal vents, reaching the icy!
    surface by cryovolcanism.!

•   Could the source of the patches be bacteria, or!
    even eukaryotes or metazoans?!

•   What is the nature of biogenicity?!
     One way to decide may be with penetrators.!



Which eukaryotes, or metazoans, can live in 
extreme environments?"

  Expose-E was carried back to 
Earth  by  Space  Shuttle 
Discovery. These experiments 
investigate  to  what  extent 
terrestrial  organisms are  able 
to  cope  with  extreme 
environmental conditions.!

Expose-E experiment unit outside 
(18 months)!

Europe’s Columbus ISS lab module.!

  Xanthoria Elegans, the elegant sunburst!
    lichen, was outside the European!
    Columbus laboratory. It is a macroscopic!
    composite of a fungus and an alga. !

The American elegant sunburst lichen 	
  

(deVere et al. 2003-2010)	
  



Some extremophiles are more complex than 
single-celled eukaryotes!

Animals with bilateral symmetry found in extreme environments include the Antarctic krill!



Another extreme metazoan:!
Tardigrades (water bears) !

(0.1-1.0mm in length, water-dwelling, segmented animals)!

Scanning electron micrograph (SEM) of Echiniscus testudo, a marine species!



Northern Rock Crawler !
Grylloblatta campodeiformis!

For most of the year, these ice insects remain frozen !



Simple aquatic metazoans in extreme conditions!

•  In the Antarctic analog of Europa there is an ecosystem with simple 
metazoans. !

•     Our ecosystem is underneath McMurdo Sound: !



Metazoans living underneath the icy surface of McMurdo Sound	
  



With currrent instrumentation, how could we test for eukaryotes or 
metazoans in the Europan ocean?	
  

Credit: Richard Greenberg, 
“Europa”, Springer 2005	
  



Penetrator	
  



 Penetrators for the icy surface of Europa!
For geochemical data:	
  



Combined Raman/LIBS spectrometer (ExoMars)!

The instrument design has a total mass smaller than 2kg	
  



Instrument	
   Implica/on	
   Challenges	
  

Penetrator	
   • 	
  	
  Can	
  probe	
  the	
  
surficial	
  sulfur	
  for	
  
biogenicity	
  in	
  the	
  
presence	
  of	
  radia?on	
  

• 	
  	
  Mass	
  budget	
  is	
  
restricted	
  

Mass	
  spectrometry	
   • With	
  geochemistry	
  
we	
  can	
  test	
  for	
  
microbial	
  life	
  	
  

• 	
  	
  To	
  guarantee	
  
accessibility	
  in	
  the	
  
mass	
  budget	
  of	
  JEO	
  

LIBS/Raman	
   • 	
  	
  Can	
  iden?fy	
  single	
  
molecules	
  in	
  a	
  
mul?cellular	
  
ensemble	
  

• 	
  	
  The	
  selec?on	
  of	
  
molecules	
  common	
  to	
  
eukaryotes	
  and	
  
simple	
  metazoans,	
  
but	
  absent	
  in	
  bacteria	
  

• 	
  	
  To	
  develop	
  
protocols	
  and	
  to	
  test	
  
them	
  



Io!

Europa!

Ganymede!

JEO!

Callisto!

The Europa Jupiter System Mission with penetrators!

JGO!


