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Many of the reported amino acid concentrations in Murchison meteorite 
extracts exhibit constant abundance ratios relative to one another. We sug- 
gest two possible interpretations of these ratios. One of these is that the 
ratios are controlled by the pathways through which the amino acids formed, 
with the implication being that the amino acids in the meteorite are distri- 
buted homogeneously. As an example, most Murchison samples appear to con- 
tain alanine and glycine at the same proportions, as shown in Fig. 1, des- 
pite the wide range of concentrations reported for these amino acids. Any 
proposed synthesis pathway for amino acids should be able to produce similar 
relative abundances if these abundances are truly representative of the con- 
centrations of the amino acids in the meteorite. 
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Fig. 1. Plot of the concentration of 
alanine vs. that of glycine in Murchi- 
son extracts. Numbers are keyed to 
references. Samples 4a, 5a, and 6a 
are unhydrolyzed; 4b, 5b, and 6b are 
hydrolyzed; 8a and b refer to interior 
and exterior samples, respectively; 
sample 10a is an HC1 extract, lob is 
hydrolyzed; and lla, b and c stand for 
samples from the Field Museum, Arizona 
State University and Smithsonian col- 
lections, respectively. The slope of 
the solid line corresponds to the 
ratio of the aqueous solubilities of 
alanine and glycine at 100°C. 

The other interpretation is that these constant ratios result from the 
analytical procedures used to extract the amino acids from meteorite sam- 
ples. These methods rely heavily on high-temperature ()lOO°C) aqueous ex- 
traction and subsequent high-temperature acid hydrolysis. Correlations are 
observed between the relative concentrations of several amino acids in me- 
teorite extracts and their relative aqueous solubilities at 100°C (alanine, 
valine, leucine, isoleucine, norleucine, aspartic acid, glutamic acid, and 
glycine), suggesting that the sampling procedure affects directly the repor- 
ted concentrations for these amino acids. An example of this correlation is 
indicated by the solid line in Fig. 1. 

For a smaller set of amino acids (serine, phenylalanine, and methio- 
nine), the ratios of their concentrations to those of glycine are also con- 
stant but can not be accounted for solely by relative solubilities. On the 
other hand, data for &alanine, a-aminobutyric acid, proline, sarcosine, 
alloisoleucine, &aminoisobutyric acid, B-aminobutyric acid and threonine 
show constant abundances relative to glycine, but lack of solubility data at 
extraction conditions prohibits evaluating the possible extent of sampling 
bias for these amino acids. Examples of these correlations for proline and 
a-aminobutyric acid are given in Fig. 2, in which the dotted lines indicate 
the result of least squares regression. 
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Fig. 2. Plot of the concentrations of (a) proline and (b) a-amino- 
butyric acid vs. that of glycine in Murchison extracts. The nun- 
bering system is the same as in Fig. 1. The dotted lines corres- 
pond to linear least squares regression of the data. 

If the extraction process does not bias the results, and all extrac- 
table amino acids are removed from meteorite samples, then the properties of 
amino acids which control both their solubility and their concentration in 
the meteorite need to be established. The observed correlations may imply 
that aqueous alteration of the meteorite parent body is responsible for the 
formation and/or distribution of amino acids in the meteorite, but more 
likely indicate that the extraction techniques have biased the samples. 
Sampling bias may depend on the effectiveness of hot water in dissolving 
crystalline or amorphous amino acids, and/or desorbing amino acids from or- 
ganic matter or mineral surfaces. Before concluding that extraction is con- 
plete, and that the constant relative abundances indicate that the distribu- 
tion of amino acids is homogeneous in the meteorite, the possibility of sam- 
pling bias needs to be tested experimentally. Such tests should also inves- 
tigate the extent to which amino acids are formed or destroyed during ex- 
traction through hydrolysis, pyrolysis and/or dimerization reactions. 
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