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Murchison amino acids comprise a diverse suite of
over seventy isomeric and homologous species of
up to seven-carbon chain length that include: 2-
amino mono- and dicarboxylic acids, 3-, 4-, and 5-
amino acids, cyclo alkyl-, and N-substituted
compounds. This complex distribution has
required us to postulate diverse synthetic
pathways for their numerous subgroups of
molecular species [1]. 13C analyses have supported
the proposal of diverse synthetic processes for
these amino acids, by showing significant
differences in their δ13C values. So, α-metlyl amino
acids exhibit a declining 13C content with carbon
chain length, while non α - amino acids and
dicarboxylic acids do not and have 13C content that
remains aproximately unchanged for up to seven-
carbon species [1]. We have measured the
deuterium content of individual Murchison amino
acids by gas chromatography thermal conversion-
isotope ratio mass spectrometry (GCTC-IRMS).
Samples were obtained by water extraction of
10.9g of meteorite powder, followed by
chromatography of the extract to separate groups
of amino acids of similar chain length [1]. Isotope
ratios are listed in the following table that gives
the δD values of 2-amino mono- and di-carboxylic
acids, and amino acids having the amino group
farther removed from the carboxyl function. For
each amino acid subgroup, the linear and methyl
branched species are listed separately; data for
sarcosine, a cyclic amino acid, and nicotinic acid,
that separates with the amino acids during sample
preparation, are also given. A representative
chromatogram is shown in the figure for a sample
containing the amino acids: (1) D L 2-methyl
norvaline, (2)(3) D- and L- 2,3- methyl butyric acid,
and (4) 3-amino 2,2-methyl propanoic acids (L 2,3-
methyl  butyric a. was not measured).

As the data show, meteoritic amino acids display
δD values that vary between molecular species and
are highest for α-amino as well as non α-amino
mono- and dic-arboxylic acids having a methyl
adjacent to the carboxyl group or farther along the
alkyl chain. These branched amino acids are rare or
unknown in the biosphere but abundant in CM
chondrites where they display a characteristic
distribution: their amounts vary independently of
other amino acids in different samples of the
meteorite, they are more 13C and 15N enriched [1,2]
than linear species, and display L-enantiomeric
excesses [3]. The data reported here extend their
distinctive features to include a deuterium content
that is significantly higher than those of any other
individual meteoritic compounds measured so far.

Amino acid        δD     σ    (n)

D-alanine    429    ±128   (3)

L-alanine    360     ±140   (3)

D-2-amino butyric acid (a.)  1338     ±    2   (2)

L-2-amino butyric  a.  1225     ±134   (3)

2-amino isobutyric a.  3058     ±186   (3)

DL3 isovaline  3419     ±118   (2)

DL 2-methyl norvaline  2986               (1)

D-glutamic a.   473      ±  50   (2)

L-glutamic a.   292      ±  73   (2)

DL 2-amino adipic a.   164      ±  59   (3)

DL 2-methyl glutamic a. 2049      ±103   (3)

DL threo 3-methyl glutamic a. 1343      ±121   (2)

DL erythro 4-methyl glutamic a. 1335                (1)

β-alanine   461     ±2121   (3)

4-amino butyric acid (a.)   599     ±   80   (2)

4-amino valeric a.   367     ±  23    (2)

5-amino valeric a.   362     ±    0.5 (2)

DL3 3-amino isobutyric acid   968     ±  85    (2)

3amino 2,2-dimethyl propionic a.. 2122     ±  101  (2)

6C 3-amino branched acid4 2234     ±  14    (2)
DL 4-amino 2-methyl butyric a.
DL 4-amino 3-methyl butyric a. 1164     ±  20    (2)

Nicotinic acid   129    ±    0.5 (2)

cycloleucine   425    ±   23   (2)

sarcosine   962    ± 160   (2)
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If we take deuterium enrichment to be diagnostic of
a relationship with chemical processes of cold
interstellar environments [4], these isotopic data
further indicate that this relation was uniquely
more direct for the branched meteoritic amino
acids. A distinct relation that would agree well
with the compounds’ branched structure, that
likely involved reaction of radicals and ions such as
those found in the interstellar medium, and their
unique L-enantiomeric asymmetry, whose origin is
still unknown but can be rationalized under cosmic
environments [5].

While the molecular, chiral, and 13C isotopic
distribution of Murchison amino acids confirm e
diverse formative processes for the compounds,
their deuterium composition appears surprisingly
simple, with a magnitude of the D-enrichment that
varies more with the structure of their alkyl chains
than with their chemical reactivity or differences in
synthetic histories.

That a deuterium enrichment of such magnitude
and extent is shared by so many and varied
compounds indicates that cold, hydrogen
fractionating cosmic regimes such as those found in
the interstellar medium were capable to produce, if
not all the amino acids directly, at least a suite of
their direct precursors that was abundant, varied,
and considerably saturated. If we accept the
likelihood that a life other than terrestrial could
have been carbon based as well, these data also
encourage the suggestion of a widespread
exobiology.
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