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Twenty years have passed since when the field of Astrobiology, which aims to unveil the origins,
evolution, and habitability of life by integrating multidisciplinary fields, was established. Origins of Life
are currently being re-conceptualized via expansion of prebiotic chemistry to systems chemistry and
chemical space. Besides their relationship to life's building blocks, it is expected to demonstrate the
significant roles of organic molecules in the history of planetary formation. The linkages among the
variations in chemical compositions of deep-sea hydrothermal environments, geological settings, and
ecological systems were systematically investigated. Cassini, which accomplished in the long-term
explorations of the planets bearing liquid, had "Grand Finale" this year. Discoveries of extrasolar planets
have been dramatically increased to date. 
Originally, Astrobiology does not need a specific science category. We therefore aim to make this
session so that Earth and Planetary scientists from all the categories join for discussing 'where we came
from and where we are going' and for making novel integrated researches.  
For the next stage of Astrobiology, presentations on the instrument development in space explorations,
comparative studies of solar system and exoplanets, etc, will be very much welcome. 
 

 

Experimental study on role of sulfide-peptide complexes
in the first metabolism
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Metal sulfides are thought to have played an essential role in chemical evolution processes leading to the
origin of life (the iron-sulfur world hypothesis). Greigite (Fe3S4) contains the cubic Fe4S4 unit, which is
similar to the iron sulfur cluster, which constitutes the catalytic center of various iron-sulfur proteins
such as carbon monoxide dehydrogenase/acetyl-CoA synthase. Although greigite is thought to have been
the origin of iron-sulfur clusters, the catalytic activity of this mineral has not been assayed for
hydrothermal reactions in which inorganic carbons (i.e., CO2 and CO) are reduced to form organics. In
chemical evolution processes, it has been hypothesized that metal sulfides were conjugated with
peptides to form sulfides-peptide complexes, which had greater stability and higher catalytic activity
than the metal sulfides themselves. However, no experimental evidence that supports this hypothesis
has been reported. Thus, the aims of this study are to (i) obtain a more comprehensive understanding of
the catalytic nature of metal sulfides, including greigite, under hydrothermal conditions wherein
inorganic carbons are converted to organics and (ii) obtain evidence for enhancement of the catalytic
activity of metal sulfides by complex formation with peptides. 
The catalytic activity of metal sulfides (FeS, Fe3S4, NiFe2S4, FeS2, CoS, NiS, and ZnS) for the conversion
of CO2 or CO was assayed under various hydrothermal conditions (20&ndash;100&deg;C, pH 4&ndash;10,
2&ndash;100 atm, with/without reductants). Metal sulfides containing Fe and/or Ni catalyzed CO2

reduction by H2 to afford formate. Among them, the greigite species (Fe3S4 and NiFe2S4) showed the
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highest catalytic activity. Similarly, greigite catalyzed CO reduction by HS- more efficiently than did any
other metal sulfides tested, producing 2&ndash;6 mM acetate after 24 h reaction under 100&deg;C and
2 atm. At higher reaction pressures, CO2 was predominantly reduced by H2 to methane, indicating
dissolved gas concentration strongly influence reaction products. These results suggest that greigite
has superior catalytic activity and plays a central role in establishing the first metabolism. In order to
construct sulfide-peptide complexes, greigite-binding peptides were screened by using phage display
random peptide libraries. After three rounds of biopanning, several consensus peptide sequences that
were rich in polar amino acids (especially histidine) were obtained and found to attach to greigite.
Preliminary experiments to study sulfide-peptide complexes are underway, and the results would be
reported in due course.


