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Introduction: Carbonaceous chondrites con- Gly
tain a diverse suite of amino acids that varies in /
abundance and structural diversity depending on
the degree of aqueous alteration and thermal histo-
ry that the parent body experienced [1 — 3]. We
recently determined the amino acid contents of
several fragments of the Sutter’s Mill CM2 chon-
drite [4]. In contrast with most other CM2 chon-
drites, the Sutter’s Mill meteorites showed minimal l;’_‘;:;zg
evidence for the presence of indigenous amino Blank
acids. A notable difference between the Sutter’s
Mill meteorites and other CM2 chondrites are that
the Sutter’s Mill stones were heated to tempera-
tures of 150 - 400 °C [4], whereas most other CM2 SAla
chondrites do not show evidence for thermal met-
amorphism [5]. Because empirical studies have
shown that amino acids rapidly degrade in aqueous
solutions above 150 °C and the presence of miner-
als accelerates this degradation [6], a plausible
explanation for the lack of amino acids observed in DAl L
the Sutter’s Mill meteorites is that they were de- o vuna
stroyed during metamorphic alteration. Y-86029
Fewer CI chondrites have been analyzed for Blank
amino acids because only a small number of these 12 14 16 18 20 22
meteorites have been recovered. Nevertheless, Retention Time
indigenous amino acids have been reported in the
Cl chondrites Ivuna and Orgueil [7]. Here we D-p-aba
report on the amino acid analysis of the Cl-like I o-aib
chondrite, Yamato 86029 (Y-86029; sample size of
110 mg). Just as the Sutter’s Mill meteorites were V"iba
thermally metamporphosed CM2 chondrites, Y-
86029 has experienced thermal metamorphism at
higher temperatures than Orgueil and Ivuna (nor-
mal CI chondrites) experienced, possibly up to 600
°C [8]. The abundance, distribution and
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enantiomeric compositions of the two- to five- Y-86029
carbon aliphatic amino acids found in this meteor- : : : : . : : . Blank
ite were measured by ultra performance liquid 16 18 20 22 24 26 286 30 32
chromatography fluorescence detection and time of Retention Time

flight mass  spectrometry (LC-FD/TOF-MS) Figure 1. Representative LC-ToF-MS single-ion chromatograms of Y-86029,
coupled with o—phthaldialdehyde / N-acetyI-L- Ivuna, and an amino acid standard. A) The single-ion chromatogram for
cysteine (OPA/NAC) derivatization [1] For OPA/NAC-derivatized two-carbon amino acid glycine (Gly); B) single ion-
comparison, a similarly sized sample of the Ivuna chromatograms for the OPA/NAC-derivatized three-carbon amino acids B-
CI1 carbonaceous chondrite (92 mg) from the Nat- alanine (B-Ala), D-alanine (D-Ala) and L-alanine (L-Ala); C) single ion-
ural History Museum of London was also analyzed chromatograms corresponding to the OPA/NAC-derivatized four-carbon ami-
using the same protocols. no acids y-amino-n- butyric acid (y-aba), B-aminoisobutyric acid (B-aib), -

Results and Discussion: The correlation be- amino-n-butyric acid (B-aba), a-aminoisobutyric acid (a-aib), and a-amino-n-
tween thermal metamorphism and very low amino  butyric acid (a-aba).
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acid abundances previously observed for CM2 chon-
drites was also observed here with the CI chondrites.
From a qualitative perspective, Y-86029 shows only
low levels of the amino acids glycine and B-alanine
that are both abundant in Ivuna (Figure 1). Many other
amino acids found in Ivuna (and other aqueously al-
tered meteorites) are virtually absent (Figure 1, ref 7).
The most obvious difference between Y-86029 and
Ivuna and Orgueil is the thermal metamorphism that Y-
86029 experienced [8]. However, thermal metamor-
phism alone is not a sufficient explanation for the ami-
no acid depletion observed in observed in Y-86029
because indigenous amino acids have been found in
other thermally metamorphosed meteorites including
CV and CO chondrites and ureilites [3, 9]. As was the
case for the Sutter’s Mill meteorites, then, the combi-
nation of thermal metamorphism and aqueous altera-
tion that occurred on the parent body of Y-86029 ap-
pears to have been responsible for destroying and/or
preventing the synthesis of amino acids. This finding,
in addition to our previous results from the Sutter’s
Mill meteorite, places an important constraint on the on
the range of impactors capable of delivering amino
acids to the prebiotic Earth.
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