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Introduction: Carbonaceous chondrite meteorites 

(CC) provide evidence of organic compounds that 
were present in the Solar System before the origin of 
life.  Amino acids, purines, pyrimidines and short 
monocarboxylic acids are some of the classes of  
prebiotically relevant compounds that have been de-
tected in a variety of meteorites [1]. The survival of 
these compound classes in meteorite parent bodies, and 
presumably in the prebiotic Earth environment, is gen-
erally expected based on their known low spontaneous 
degradation rates (Figure 1)  [2]. Recently, however,  
alpha and beta keto acids have been reported in CC [3]. 
These molecules are vital to life's carbon metabolism 
but notorious for their high chemical reactivity and fast 
degradation rates [4,5].   

 

 
Figure 1. Organic compounds found in biology ex-

hibit a wide range of spontaneous degradation rates. Of 
the biologically relevant organics detected in meteor-
ites (denoted by an asterisk above) the alpha and beta 
keto acids (red asterisk) are among the most labile 
known. 
 

How did organic compounds such as these survive 
in early, and uncontrolled, prebiotic environments? 
Cold temperatures and perhaps minimal exposure to 
aqueous alteration on meteorite parent bodies might 
offer an explanation of what aided in the survival of 
these labile compounds. However we have been pursu-
ing an additional hypothesis that can also explain the 
long-term persistence of these compounds in meteor-
ites as well as possibly in various warmer and aqueous 
abiotic settings. This scenario takes advantage of the 
natural chemistry of pyruvic acid, the smallest and 
most abundant alpha keto acid detected in CC [3]. 

Experimental: Reactions of sodium pyruvate and 
isotopically labeled analogues were carried out under 
aqueous alkaline conditions (pH 10) at varying tem-
peratures and concentrations. Time course progress of  
pyruvate reactions were monitored via liquid chroma-
tography-mass specromtetry (LC-MS and LC-MS/MS) 
in order to develop a  reaction map of pyruvate prod-
ucts.  Independent chemical syntheses and/or isolation 
of some pyruvate reaction products with characteriza-
tions by 1H and 13C NMR have also been pursued to 
better understand how intermediates contribute to the 
diversity of the product mixture.    

 
Results and Discussion:  We have found that py-

ruvate can serve as a single-source reactant to continu-
ously generate some of the most labile compounds 
such as oxaloacetate (Figure 2).  The production of 
these metabolites appears to result from the isomeriza-
tion, hydration and decarboxylation reactions of subse-
quent pyruvate aldol condensation products.  Im-
portantly, compounds such as oxaloacetate and other 
(larger) products replenish the starting material as they 
readily degrade to pyruvate. We have begun to search 
for pyruvate aldol polymers in meteorite samples to 
support this scenario of pyruvate chemistry being the 
source of meteoritic metabolites. Thus the chemical 
instability of alpha and beta keto acids does not limit 
their persistence in abiotic environments as long as a 
pyruvate source is maintained. Additional results from 
these studies, proposed mechanistic pathways, and 
implications for prebiotic chemistry will be presented.  
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Figure 2. Top panel: chromatogram of a standard solu-
tion of oxaloacetate under alkaline conditions. Middle 
panel: chromatogram of the heated oxaloacetate stand-
ard under alkaline conditions shows the complete deg-
radation of oxaloacetate to pyruvate occurs within 
minutes.  Bottom panel: chromatogram showing that a 
heated reaction mixture of pyruvate under alkaline 
conditions will generate oxaloacetate and maintain a 
low-level steady state abundance of oxaloacetate.  
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