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There is currently no clear tracer for biological processes. Our method shows a clear distinction
between molecules produced by biological and non-bioloigcal processes, which will be of tremendous
help in the future for life exploration in the solar system and beyond.

We were able to calibrate the method and evaluate its accuracy (Taguchi et
al. 2021). We were able to do a systematic survey of 13C-13C signatures of biotic and abiotic
processes. The data include simulation experiments (hydrocarbons cracking, methane polymerization
with different energy sources) as well as natural gas samples from different locations provided by
international colleagues and sampled by ourselves.

The data shows that (i) 13C13C signature can be a robust tracer of abiotic vs biotic processes (ii)
it may help distinguishing mechanisms and/conditions of formation biotic and abiotic molecules. The
data has been presented in various conferences and in an article in Nature Communications (Taguchi
et al. 2022).
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The research project’s motivation is built on the lack of clear biological indicators for organic
molecules. Stable isotopes have long been used to distinguish biologically-made molecules
from non-biological ones, but the current methods show overlap and there is a need to develop
new methods for that purpose.

The method developed at Tokyo Tech (Taguchi et al. 2020; Figure 1) allows the measurement
of the doubly-substituted 13C-13C isotopologue of C2 molecules such as ethane and ethanol.
The method has potential to trace the process by which a molecule is formed, since the 13C-
13C isotopologue may record the conditions of C-C bond formation.
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Figure 1. Overall strategy for the measurement of 13C-13C isotopologues of ethane, ethene
and ethanol. Fluorination is necessary in order to avoid any interferences due to the presence
of 2H atoms in the original molecule. After fluorination, only the 13C atoms contribute to the
higher masses of the molecules in the mass spectrometer (from Taguchi et al. 2020).

The purpose of the project is to determine whether the doubly-substituted isotopologue 13C-
13C of ethane (C2H6) can be used as a tracer for abiotic process, namely, if the 13C13C
relative abundance can be used to distinguish molecules made by biological processes from
those made by purely geochemical processes not involving biology (abiotic).

We used the recently developed method and measured ethane samples from different
simulation processes: cracking of biological organic matter (petroleum, natural gas, lignin)
and polymerization of methane to higher hydrocarbons using different energy sources (UV,
spark discharge, gamma irradiation).

We then collected natural gas samples from different origins, including thermogenic
(cracking of biological organic matter) and putatively abiotic samples. The samples were
collected by ourselves and also with the help of national and international collaborators.



The data shows that (i) 13C13C signature can be a robust tracer of abiotic vs biotic processes
(it) it may help distinguishing mechanisms and/conditions of formation biotic and abiotic
molecules. Work is still on progress to determine the factors leading to different
signatures, but it appears that the formation of a C-C bond in abiotic (polymerization)
processes leads to low 13C-13C abundance in the product, the C-C formation being
slower to be produced when 2 13C-atoms are involved.

On the whole, our method shows a clear distinction between molecules produced by
biological and non-biological processes, which will be of tremendous help in the future
for life exploration in the solar system and beyond. The data has been presented in various
conferences and in an article in Nature Communications (Taguchi et al. 2022; Figure 2).

The data has also been covered as a press release (See Fig. 2).
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Figure 2. Result of 13C-13C double substitution degree of ethane in natural gas. The
vertical axis indicates the degree of 13C-13C double substitution of ethane, and the
horizontal axis indicates the carbon isotope ratio of ethane. Ethane abiotically
synthesized in the laboratory and ethane in natural gas, which is said to be of non-
biogenic origin, tend to have a clearly lower abundance of 13C2H6 than ethanol of
biological origin and ethane in natural gas. The 13C-13C double substitution degree is
defined as the difference between the 13C-13C double substitution degree
probabilistically predicted from the 13C/12C ratio (the square of the 13C/12C ratio) and
the actual 13C-13C double substitution degree. be. The measured values shown on the
vertical axis are expressed as differences from the standard gas.
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