Investigation of isovaline enantiomeric excesses in CM meteorites using liquid chromatography time of flight mass spectrometry
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The enantiomeric abundances of the -dialkyl amino acid isovaline were measured in the CM2 meteorites Murchison and LEW 90500 using a new liquid chromatography-time of flight-mass spectrometry (LC-ToF-MS) technique coupled with OPA/NAC derivatization and UV fluorescence detection.   Previous analyses of Murchison have shown that L-enantiomeric excesses of isovaline range from 0 to 15.2% with significant variation between meteorite fragments [1].  For this study, hot water extracts of interior fragments (> 2 cm from fusion crust) of the Murchison (USNM 6650.2, mass 6 g) and LEW 90500 (split 69, parent 1, mass 5 g) meteorites were analyzed.  Enantiomeric excesses were measured using the single ion LC-ToF-MS trace at the exact mass of the OPA/NAC derivative of isovaline (Fig. 1).  L-isovaline excesses in these meteorite samples ranged from 18.4 to 20.8% for Murchison and -0.9 to 3.3% for LEW 90500.  The measured values for Murchison are the largest enantiomeric excesses for isovaline reported to date.  The enantiomeric excesses of L-isovaline cannot be the result of interference from other C5 amino acid isomers present in the meteorites or terrestrial contamination from the landing site environments.   The L-isovaline excesses in Murchison are inconsistent with the synthesis of all of the isovaline by the Strecker-cyanohydrin pathway on the CM meteorite parent body.  The mechanism(s) for the formation of the enantiomeric asymmetry in isovaline in Murchison are currently unknown and it is not clear how the asymmetry of -dialkyl amino acids could be transferred to the -hydrogen protein amino acids common in all life on Earth today.
[1] Pizzarello, S., Zolensky, M., and Turk, K. A.  (2003) Geochim. Cosmochim. Acta 67, 1589-1595.
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Figure 1.  Single ion LC-ToF-MS trace of the exact masses (m/z 379.13 ± 0.04) at FWHM of the OPA/NAC-five carbon amino acid derivatives in acid hydrolyzed hot water extracts of Murchison and LEW 90500.  Peak identifications were as follows: (1) 3-amino-2,2-dimethylpropanoic acid; (2) 5-aminopentanoic acid; (3) 3-amino-3-methylbutanoic acid; (4) D-isovaline; (5) L-isovaline; (6) L-valine; (7) D-valine; (8) D,L-norvaline; and (X) unknown.
