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Formation of nucleobases and amino acids by meteorite impacts on early Earth
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Emergence of biologically important molecules on the prebiotic Earth was a critical step for the origins of life. Miller-Urey
type synthesis was once demonstrated the formation of these molecules, such as amino acids and nucleobases. However, re-
duced atmospheres replicated in those experiments are not realistic considering hot accretion of primitive Earth and hence, this
raised questions about how such biologically important molecules were formed. Impact-induced reaction is a potential pro-
cess that provides these molecules on the early Earth. Formation of a few simple amino acids, amines, and carboxylic acids
has been demonstrated in experimental simulation of impacts [1-3]. In this presentation, we report the formation of biologi-
cally important organic molecules in experiments simulating reactions induced by extraterrestrial objects impacting on the early
oceans. The products contained cytosine and uracil, which are nucleobases found in both DNA and RNA. Proteinogenic amino
acids, glycine, alanine, serine, aspartic acid, glutamic acid, valine, leucine, isoleucine, and proline, were also formed as well
as non-proteinogenic ofβ-alanine, sarcosine,α-amino-n-butyric acid, andβ-aminoisobutyric acid. Furthermore, methylamine,
ethylamine, propylamine, and butylamine were found in products. These organic molecules were formed from impact-induced
reactions from iron, nickel, forsterite, water, and ammonium bicarbonate. The yields of produced organics were dependent on
the amounts of both metallic iron and ammonium bicarbonate in the starting materials. Estimates based on the experimental
results suggest that the formation rate of biologically relevant organics by impacts exceeded the rate supplied by carbonaceous
chondrites and was comparable to the flux of interplanetary dust particles (IDPs), although the concentrations of such organics
in IDPs remains unclear. These results significantly expand the availability of building blocks of life on the prebiotic Earth.
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