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Introduction: The impact of comets onto rocky surfaces, and 

equally, the impact of meteorites into icy surfaces (such as some 

of the moons of Jupiter and Saturn) may have led to the for-

mation of complex organic molecules through a process of shock 

synthesis. This may have been one of the sources of organic car-

bon in our solar system 4.5 to 3.8 billion years ago [1-4], just 

before life emerged [5-7]. Indeed amino acid precursors (such as 

ammonia, methanol and carbonyl compounds) have been ob-

served in comets [8-13]. Also, the surface of Saturn’s moons 

have IR absorption features characteristic of ammonia hydrate. 

Water, CO2, ammonia and methanol have all been detected on the 

surface and within the plumes of Enceladus [14,15], while organ-

ic material may be present on the water ice surface of Tethys, Di-

one, Rhea, Iapetus, Hyperion, and Phoebe [16]. We have experi-

mentally tested whether amino acids could be produced by 

shocking analogue cometary ice mixtures with a projectile fired 

in a light gas gun [17].  

Results and Discussion: Our results show that the impact of 

comets onto rocky surfaces, and impacts of meteorites onto icy 

surfaces produces several α-amino acids, including racemic mix-

tures of alanine and norvaline (D/L≈1), and the non-protein ami-

no acids α-aminoisobutyric acid (α-AIB) and isovaline [17]. This 

is in agreement with ab initio simulations modelling [18]. Sug-

gested synthetic pathways include the Strecker-cyanohydrin syn-

thesis using α-amino acid precursors. Alternatively, a high shock 

pressure would result in the formation of ions and radicals, which 

would then be involved in the post-shock reaction to form amino 

acids [18]. These results provide a realistic production pathway 

for the components of proteins in our Solar System, expanding 

the locations where life may originate. 
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