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      In this paper we report experimental evidence that 
terrestrial organisms can take up and metabolize D-
amino acids, contrary to conventional wisdom that life 
on earth exclusively uses L-amino acids.  D- and L-
enantiomers added to cultured bacteria, archaea and 
eukaryotic fungi were, with few exceptions, rapidly 
consumed, in many cases at equal rates (Fig. 1).  Natu-
ral microbial communities in soils and sediments also 
consumed both enantiomers (Fig. 2).  Unlike in cul-
tured cells, where the utilization of the two enanti-
omers began at the same time, in natural populations 
the onset of D-enantiomer utilization lags several 
hours behind that of L-enantiomer utilization. Once 
fully activated, the consumption rate of the D-
enantiomer is approximately equal to that of L-
enantiomer consumption. 
 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 1. Consumption of D-alanine (open symbol) and L-alanine 
(closed symbol) by bacterium Bacillus sp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Consumption of D-alanine (open symbol) and L-alanine 
(closed symbol) in a Mojave Desert soil.  

      
     These results have implications both for evolution-
ary biology and for planetary life detection.  It is 
known that all bacteria use racemases to produce D-
enantiomer from L-enantiomer and use the latter for 
cell wall synthesis [1]. It is also known that some bac-
teria possess a catabolic version of racemases that turn 

on by the presence of external source of D-amino acids 
[2]. The catabolic enzymes run in reverse, converting 
D- to L-enantiomers, which feed to protein synthesis.  
Our results suggest that the catabolic amino acid race-
mases are widely present among bacteria, and more-
over, they have spread to Archaea and Eukarya 
through horizontal gene transfer. 
     What may be the ecological advantage of possess-
ing catabolic racemases in nature?  Mounting evidence 
indicates that recalcitrant peptidoglycans and other D-
enantiomer-containing biochemicals accumulate in 
soils and oceans to biologically significant concentra-
tions [4-6]. Organisms that can degrade these nutrient-
rich materials and are capable of utilizing both D- and 
L-enantiomers are expected to have an ecological ad-
vantage over those that use L-enantiomers exclusively. 
     Our results also provide insights about chirality-
based approachs to life detection.   The Viking La-
beled Release experiment (LR) showed that soil on 
Mars can degrade amino acids and other organic nutri-
ents to carbon dioxide, although the nature of this reac-
tivity, whether it is biological or chemical, is a matter 
of debate [7]. It has been proposed that this debate can 
be resolved by a chiral LR, where the two types of 
enantiomers are exposed to soil in seprate experiments 
[8].  It is thought that biological reactions would be 
selective and consume only one enantiomer type, 
where abiotic redox reactions would destroy both. This 
is the working principle of the Mars Oxidant experi-
ment, a failed attempt to detect life on Mars.  Later, 
this approach was applied to studying the hyperarid 
Atacama Desert,  resulting in the claim that the soils 
there are Mars like and chemically oxidizing [8]. Our 
study warrants an re-intepretation of these previous 
experiments.  Furthermore, the signal from a chiral LR 
is more subtle than thought.  Its detection would re-
quire continuous monitoring of the two reactions. 
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