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And many others… 



Biological Questions for the Moon 

•  What are the limits of terrestrial biology across the solar system? 
•  What are the biological impacts of living on a body other than 

the earth?  
•  What are the adaptive processes that occur when biology 

experiences conditions outside of its evolutionary history?  

•  What is the biological impact of the Lunar environment 
–  Radiation 
–  Gravity 
–  Circadian issues  
–  Habitat environment 

–  Atmospheric pressure 
–  Mineral environment 

–  ISRU from biological perspective 



Biology on the moon 
•  The opportunities for science largely address fundamental  
The engineering drivers are derived from those basic astrobiological 

issues and deal with the practical issues of sustaining lunar 
explorers:  

•  What protection must be employed where biology is threatened 
beyond adaptation?  

•  What structures or processes need be in place to mitigate 
negative biological effects of the lunar environment?  

•  What are the opportunities and limitations of life support systems 
that include non-human biological components? 

•  Plants and microbes are well suited to study and utilization  
•  Impact of lunar regolith on plants/microbes 
•  Impact of plants/microbes on regolith – biological habitats 



Biology then and now 

•  First trips to the moon – Biology primarily human (and their biology) 
－  Human physiology and backward contamination 
－  Anything from the moon that could harm earth life? 
－  Walkinshaw et al. : regolith treatments benign to plants  

•  Next trips to the moon will occur in the genomics era, 30+ years of 
extraordinary progress in molecular biology after Apollo 
–  Genomes,  genes,  transcriptional profiling, metabolic profiling… 
–  Powerful new tools to assay the biological response of an organism 

•  Genes control adaptation to the environment, therefore  
•  A change in gene expression patterns reflect the response and 

inform the adaptation 



Biology on the moon: then and now 

Family Mountain and edge of South Massif; 
Harrison Schmitt works alongside the lunar rover.  
Apollo 17-NASA 

•  Engulfed in the era of molecular biology 
•  Plants as vegetables to plants as model organisms 
•  Relatedness of genomes and metabolisms 
•  Deep sequences and metagenomics 
•  Biology defines new niches, works to survive, 

adapts and responds. Non evolutionary pressures 
•  Recognition of Walkinshaw and colleagues, LRL 



Biology on the moon: Apollo Era 

•  LRL, philosophy and mission 
•  Quarantine 
•  Safety 
•  Preservation and understanding of lunar samples 
•  ICBC and the notion of back contamination 

Family Mountain and edge of South Massif; 
Harrison Schmitt works alongside the lunar rover.  
Apollo 17-NASA 



Biology on the moon: Apollo Era 



Tables 

NASA Technical Reports Server Entry 
 To access, see h7p://naca.larc.nasa.gov/search.jsp  then enter the Document ID 

Results of Apollo 11 and 12 quarantine studies on plants 
Author(s): Horne, W. H.; Sweet, H. C.; Venketeswaran, S.; Walkinshaw, C. H. 
Abstract: Botanical quarantine studies on Apollo 11 and 12 lunar soil samples effects on terrestrial plants, indicating 
absence of disease generating agents  
NASA Center: NASA (non Center Specific) 
Publication Year: 1970 
Added to NTRS: 2004-11-03 
Accession Number: 71A15393; Document ID: 19710034696  

Analysis of vegetable seedlings grown in contact with Apollo 14 lunar surface fines. 
Author(s): Walkinshaw, C. H.; Johnson, P. H. 
Abstract: Study of plant seedlings treated with lunar material, grown for 14 to 21 days, and then subjected to chemical 
analyses and other measurements. The purpose of the study was to determine whether plants growing in contact 
with ...  
NASA Center: Johnson Space Center 
Publication Year: 1971 
Added to NTRS: 2004-11-03 
Accession Number: 72A35925; Document ID: 19720052259  



Resources 
http://www.hos.ufl.edu/ferllab/Apollo%20Era%20Plant%20Biology/index.html 
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Published by: American Institute of  Biological Sciences 
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Biology on the moon: Apollo Era 

•  Leaf Abrasion 



Biology on the moon: Apollo Era 



Challenging Radish Seedlings 



Challenging Radish Seedlings 



Challenging Radish Seedlings 



Biology on the moon: Apollo Era 

•  Biological safety; sprinkled – dusted - challenged 
•  Quarantine released 
•  Biological science stopped 
•  Plants extract value- clear indications 
•  Plant / regolith ratio high, signal low 
•  Some work on ion uptake, lipids and pigments but no 

metabolic data, growth rate data, physical 
interaction or actual growth in lunar soils  

Family Mountain and edge of South Massif; 
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Arabidopsis 

  Very small, rapid life cycle, small genome 
  Long history of research and development; spaceflight / analogs 
  Genome sequenced, can be readily engineered with virtually any 

gene of interest 
  Rich datasets for metabolic and genomic responses to a variety 

of environmental conditions – millions of comparable data points 

Arabidopsis plants growing in a 48 well 
plate – plate is 10 x 14 cm 



HMP serves as a Mars and Moon 
Analog Site 

Haughton Crater – Lunar Analog site 

Arabidopsis plants growing in JSC-1a Lunar simulant in the 
Green House at Haughton Crater 

Moon 



Diversity of Local Breccias form Haughton Crater compared 
to JSC1a – variations in their ability to support plants 

Although plants will grow very well in JSC1a Lunar regolith simulant (with the 
right amount of nutrient supplements) this is not always true of natural 
breccias fines collected from the impact site of Haughton Crater on Devon 
Island – top row received water, bottom row augmented with nutrients.  







Biology on the moon: Modern Era 

•  Each plant produces thick dataset,  x26,000 datapoints 
•  Comparable datasets in the thousands 
•  Data sets allow a metabolic understanding of the lunar 

adaptation process 
•  With a specific readout of metabolic consequences 
•  Integration of component reactivities, stresses 
•  Sustainability and life support relevant data beyond 

plants 
•  Microbial metagenomics outside of sterility 

Family Mountain and edge of South Massif; 
Harrison Schmitt works alongside the lunar rover.  
Apollo 17-NASA 



Biologically relevant issues 

•  Inherent diversity of the lunar surface 
•  Relatively high content of Fe, Mn, Mg, Ca, S, Cr and Ni  
•  Relatively low content of Zn and K 
•  Virtual absence of N in regolith 
•  Highly reduced nature of lunar regolith - But composition will 

change when coming in contact with an earth-like environment 
•  Need to further explore: 

–  The possibility that phyto-toxic components may be released 
–  The complement of mineral nutrients that become biologically 

available under these conditions.  

Some things we know…  

e.g.:  (McKay and Ming, 1989; McKay et al., 1991).  



Some things we know… 

•  the surface of lunar soil very reactive (Grossman et al., 1972), 
and the lunar glasses, with their fine grain size and high solubility, 
are likely to be especially so (Whitney, 1989 - and refs therein). 

•   These abundant glasses are also high in nanophase iron, (Keller 
and McKay, 1993)  

•  exposure to oxygen can produce a Fe-oxide layer that may 
retard dissolution of Fe-bearing minerals (Schott and Berner, 
1983; Whitney, 1989).   

•  But exposure to water can also create mico-pores that 
significantly increase the surface area, which in turn creates an 
elevated release of ions into solution (Holmes et al., 1973).    

•  Regolith from Apollo 12 exposed to pure and CO2-charged 
water yielded  many useful nutrients, but also increased the 
solubility of toxic trace metals (Keller and Huang, 1971).   



Some things we don’t know… 

•  The changes in regolith within habitats / contact with 
biology especially over time 
–  Root exudates 
–  Microbiota associated with humans and plants 

•  The adaptive responses within biological systems 
within regolith 

•  The interplay between biology and geology 
especially as biology extracts nutrients / minerals from 
breccias   Conditioning between growth cycles 

•  Variation in breccia / regolith mineralogy  



Conclusions 

• We have molecular tools of discovery now that were 
unimagined during the Apollo era 
• No biological experiments with regolith in the 
molecular era 
• Those tools have been vetted in spaceflight  planetary 
analogs and relevance to terrestrial colonization issues 
• Robust terrestrial datasets for analysis 
• Iterative process involving biology and geology 
• Immediate use of simulants 
• Mature enough for direct use of lunar samples 
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