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This is the first time the radiocarbon signatures of individual amino acids are revealed in nature.

Amino acids are the building blocks of life and their fate in the sedimentary record represents the
geological legacy of life on Earth. With radiocarbon we can quantitatively understand this.

_ From sediments collected we have extracted and isolated amino acids and have
performed carbon isotope analysis (13C and 14C). These results are revealing carbon isotope

patterns in these compounds for the first time and we will interpret and begin to publish the
results.
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Amino acids comprise the largest molecularly characterizable fraction of sedimentary organic
matter. These “building blocks of life” are ubiquitous throughout geologic time and space with
all known life forms on Earth sharing these. The preservation of amino acids recording the
signatures of life is remarkable as they are considered intrinsically labile; nonetheless, they
are found in the sedimentary record for reasons that have long eluded researchers (Erdman
et al., 1956; Science, 124, p. 1026).

The goal of this research was to investigate the preservation of amino acids in sediments.
Specifically, we tested the following hypothesis: Amino acid preservation in sediments is
modulated by organic matter mineral interactions (Fig. 1; Blattmann & Ishikawa, 2020;
Frontiers in Marine Science, 7). The origin of this hypothesis lies in the starkly contrasting
affinities of different amino acids for different mineral surfaces. In particular, basic amino
acids have a high affinity for clay mineral surfaces, thereby theoretically leading to their
preferential stabilization via sorption. By testing this hypothesis, we sought to research the
basic mechanisms governing the preservation of life’s biogeochemical fingerprint in the
geologic record.
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Figure 1: Amino acid affinity for mineral surfaces with their hypothesized effect on radiocarbon age.

In order to test the hypothesis, we have developed and executed a method for measuring the
radiocarbon signatures of individual amino acids extracted from sediment (Blattmann et al.,
2020; Frontiers in Marine Science, 7). The logic behind choosing radiocarbon is that its decay
is time dependent. By exploiting this property, amino acids retained strongly by mineral
surfaces would experience slower turnover and would therefore exhibit older ages than other
amino acids. This method involved 2- or 3-dimensional high pressure liquid chromatography
in order to separate and purify the individual amino acids. These were then evaluated for
their purity chromatographically and via elemental analysis and were then prepared for
radiocarbon analysis using accelerator mass spectrometry (AMS) at the University of Tokyo
and ETH Zurich.

The project has been successfully executed. Amino acids extracted from contrasting
environments: freshwater vs. marine, oxic vs. low-oxygen, kaolinite vs. smectite vs. illite and
chlorite end members were investigated. One such amino acid is shown in Fig. 2. Preliminary
data from amino acids recovered from sediments have revealed contrasting ages. Currently,
we have a partial data set and are waiting for further measurement from our AMS partners
and data processing to test the hypothesis outlined above. However, with the data we have
on hand we have initiated discussions on the patterns of radiocarbon ages that we have
obtained. These ages are revealing biogeochemical fingerprints that are raising new
guestions that are new to science as this represents the first data set of its kind.



Figure 2: Phenylalanine extracted from marine sediment and chromatographically purified.
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