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Origin of life"s building blocks is key to understand the origin of life (OOL). This research
proposed a new model based on the non-equilibrium thermodynamics, which brings new_insights into the
organic chemical evolution on the Solar System small bodies and meteorites® contribution to OOL.

Organic evolution on carbonaceous chondrites gives important clues on the

evolutionary history occured on the early Solar System bodies. We have clarified the following: 1)
the degradation effect of aqueous alteration on proteinogenic amino acids. The alfa-amino acids tend
to decompose electrochemically via deamination and decarboxylation pathways; 2)the origin of
heterogenity of amino acid distribution on various types of carbonaceous chondrite parent bodies. We

proposed that the difference in the core and mantle within a water/rock differentiated parent
planetesimal is the origin for such heterogenity.
These results have important implications on meteorites® contribution to life"s origin and guiding
the search for life"s building blocks in space. The results were published on two peer-reviewed
papers (Nat. Comm., 2022 and Sci. Adv., 2023) and reported in several domestic and international
conferences.
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This project aims at achieving reductive functionalization of CO,, for expanding the product
spectrum of CO, utilization. During this project, several additives were introduced to facilitate
the reaction, such as amino acid compounds. However, it was found that amino acids were
decomposed under electrochemical conditions. Specifically, aliphatic a-amino acids were
decomposed to aiphatic amines and a-hydroxy acids. These compounds were reported to coexist
with amino acids in carbonaceous chondrites; thus, these results inspire me to consider the
relevance between geo-electrochemistry and meteoritic observations. Based on extensive
literature survey, the research target has been shifted to clarify the reaction mechanism of amino
acid decomposition and its implications to the chemical evolution on the parent bodies of
carbonaceous chondrites (CCs), which are the most primitive bodiesin our Solar System.

Amino acids on CCs were formed in multiple continuous evolutionary processes, including
intersteller medium, protosolar nebula, and the parent body processes. Therefore, the chemical
characteristics and distribution carry the most primitive record of solar system evolution. It has
been a research frontier in cosmochemistry field to constrain the chemica evolutionary history
based on the distribution patterns 1. Besides, CCs are the only extraterrestrial material that carry
more than 30 types of life’s building blocks; thus, the formation and coexisting mechanisms and
their contributions to origin of life (OOL) has become one of the important research topics in
astrobiology?. These scientific values of CCs have directly promoted the sample return missions
of JAXA’s Hayabusa 2 and NASA’s OSIRIS-Rex to obtain pristine samples from asteroid Ryugu
and Bennu.

There has been a long-standing gap between the reaction models and laboratory results and
meteoritic observationsin terms of organic distribution and variation tendencies. This has caused
great challenges on rationalizing the observational data. Specifically, previous studies have shown
that CCs’ amino acids were strongly affected by the type of metamorphism (thermal and agueous
alteration)® * 5, Amino acid abundances greatly decrease upon increase in the aqueous alteration
degree, which is contradictive to the experimental studies showing that amino acids can be
efficiently synthesized via multiple pathways (e.g., formose-type reaction, Strecker reaction,
reductive amination).

The research aims at elucidating the effect of aqueous ateration on the amino acid distribution on
carbonaceous planetesimals, which arethe parent bodies of carbonaceous chondrites and asteroids.

Here in this project, | proposed a new geochemical model, namely geo-electrochemical driven

ateration of amino acids, to account for the mechanism of amino acid decomposition under

relatively low temperature (e.g., 25 °C). The following experiments were conducted:

1) Electrolysisof aiphatic amino acids. Three model amino acids (glycine, alanine, and valine)
were used asthe substrates. Freshly precipitated FeS and NiSwere used asthe model catalyst.



The electrolysis was conducted at awide potential range of -0.5t0-1.0V vs. SHE, simulating
the range of redox potential of H*/H; couple in the rocky core.

2) Electrolysis of dicarboxylic amino acids. Two dicarboxylic amino acids (aspartic acid and
glutamic acid) were used asthe substrates. Similar experimental conditions asdescribedin 1)
were applied.

3) Product analyses. After reaction for one-week and two-week durations, samples were
analyzed for the amino acids, amines, carboxylic acids using combined analytical methods
(NMR, fluorescence HPLC with post-column derivatization and ion chromatography).
Chirality of resulted amino acids after reaction was analyzed by GCM Swith achiral column.

4) Comparethe product distribution with meteoritic data. More than 20 carbonaceous meteorites
with a wide range of agueous alteration (with petrological type of 1 to 3) were investigated

in terms of their amino acid, amine, and a-hydroxy acids abundances.

5) Mechanism study. Isotope labeled reagent was used to trace the bond breaking and forming
pathways involving carbon and nitrogen atoms.

Two peer-reviewed papers were published related to this project. In thefirst paper6, the following
research achievement was obtained: 1) Clarified the effect of agueous alteration on the amino acid
abundances in CR chondrites with a wide range of aqueous alteration degree (CR2.0-
2.8).2)Proposed a new cosmo-electrochemical model to explain the organic evolution under low
temperature regime. In the second paper’, the following research achievement was obtained: 1)
Verified the generality of geo-electrochemical mode on explaining the amino acid distributionsin
diverse groups of carbonaceous chondrites; 2) Proposed a new evolutionary model of parent
bodies of carbonaceous chondrites and asteroids, which can explain the origin of chemical
heterogeneity in the soluble organic matter; 3) The newly proposed model can also explain the
amino acid distribution in the return sample from asteroid Ryugu, providing molecular-level
evidence of the evolutionary linkage between Cl chondrite and asteroid Ryugu.

Thisresearch has been highlighted in the media of Earth-Life Science Institute of Tokyo Institute
of Technology, and arecent JSPS interview.

The research results were reported in several academic conferences, including JpGU meeting,
AbSciCon meeting, and Hayabusa 2 Symposium.
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