
Early, Purple Earth
and Exoplanet Biosignatures

COMPLEMENTARY PIGMENTS IN PURPLE PONDS | (Top image) The
striking colors of hypersaline ponds are partially due to light—harvesting
extremophilic Haloarchaea. (Bottom plot) These microbes have a purple
membrane pigment (BR) that absorbs light in the green-yellow part of the
spectrum compared to chlorophyll (Chl) and bacteriochlorophyll (Bchl)
pigments, which absorb most strongly in the blue and red.
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The early evolutionary origins in Haloarchaea 
microbes of generating energy from light may be 
a sign of how common this process is, and could 
be a signature for life on Earth-like exoplanets.
• Simple light-harvesting systems, like the purple 

compound bacteriorhodopsin, absorb at 
wavelengths that complement the common plant 
pigment chlorophyll, and power energy synthesis.

• These compounds originated in early microbes 
and may have influenced the evolution of more 
complex light-harvesting photosystems on Earth. 
On exoplanets, pigments like these may create 
unique spectral signatures, similar to the distinct 
“red-edge” feature on Earth due to light reflectance 
in leaves of terrestrial plants.

• Remote life detection on exoplanets will need to 
encompass both atmospheric and surface 
characterization. Expanding the categories of 
surface signatures to include light-harvesting life 
that use pigments other than chlorophyll is an 
important step in life-detection efforts.
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