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Peptide selection using mineral surface and its application towards searching for extra-

terrestrial life

R IS

Kosuke Fujishima

FOR THERFHERA A T IERT, HOnCHD B R DR L 2-12-1
Earth-Life Science Institute, Tokyo Institiute of Technology, Tokyo 152-8550 Japan

Abstract: Understanding how complex organic
molecules leading to biological system could have
initially synthesized and selected through various envi-
ronment, provides an important clue to construct plau-
sible hypothesis for the origins of life on Earth and
beyond. This fundamental question became one of the
major topic of the interdisciplinary field coined as
“Astrobiology” by NASA in 1995.

To tackle the process leading to selectivity of bio-
related molecules, I have been focusing on polypep-
tide, a chain of amino acids known as an essential pol-
ymer to drive chemical reaction for biology. There
have been reports on abiotic polymerization of amino
acids in prebiotically relevant conditions, how specific
geochemical condition contributes to the selectivity of
polymer sequence is not yet systematically character-
ized.

We therefore prepared random octapeptide library
with a combination of limited set of amino acids with
various side chain properties (Gly, Ala, Ser, His, Asp,
Cys) as a probe to explore the adsorption and selectivi-
ty of peptides against amorphous iron sulfide (FeS)
surface, a simulant of early Earth geochemical setting.
FeS nanoparticles and random peptides were mixed
under moderate temperature/pH condition in aqueous
solution to allow adsorption. After multiple rinsing,
remaining peptides on the FeS surface were analyzed
Assisted  Laser

directly by Matrix Desorp-

tion/Ionization tandem Mass Spectrometry (MALDI-
MS/MS) to retrieve their mass distribution and se-
quence information. Latest results on the FeS effect on
peptide selection will be discussed.

On the contrary, understanding the variety and the
distribution of extraterrestrial building blocks of life is
equally important towards searching for life within our
Solar System. Especially Saturn’s moon Enceladus has
been discovered to vent water and organic contain-
ing plumes from the south polar region. It is likely
that organic compounds including amino acids could
undergo water—rock induced chemical evolution near
the hydrothermal sites in subsurface ocean. Indeed, we
have previously shown that simulated Enceladus con-
dition can lead to synthesis of short dipeptides.

Therefore an Enceladus plume fly-through simula-
tion experiment was performed by accelerating pep-
tides soaked in rock and salt particles up to a speed ~ 6
km/sec and capturing with silica aerogel. Direct pep-
tide extraction with acetonitrile-water followed by LC-
TOF-MS and CE led to the detection of peptide peaks
that has survived the impact of capture, suggesting the
possibility of future sample return mission from the icy

moon.
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Enantioselective analysis of amino acids and hydroxy acids
in extraterrestrial materials
(Graduate School of Pharmaceutical Sciences, Kyushu University)
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FHPUBH IR R KA &2 VT 105°C T 20 BRI fR 2TV, BkEHE L2, 7%
IR ZE I A CTREM L2k, A UBRERER (pH 8.0) 3 X TN 4-Fluoro-7-nitro-2,1,3-
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BRI L VITHo T2,

3. fER - B
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bt A M T A, ZRICBICHFDEI S T LEFH L=, =%t HPLC THW/=
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LTI )BE DKL LIKORAEME LT LT L —T 2=y MNIOSRL. A T4 2T
TWRITCBICEA L, BT ) Su VAT HEA W T 5 (KSAAAX,
1.5x 150 mm) ICX VST IV BEZHEDRE LIKOREWE LTHE L., =%&tH
A TA VB A LT, ZIRICH TR L-rA VB8R E XTI LB L X — L3 5%
4y BT Z A (KSAACSP-001S,1.5x500mm) %W T DA E LIKEDEEL. ERE R
1To 7, KR=WIL HPLC v AT NI =FEDO 2 5 EEMZ WA Z & T T g
ME2AELTEY  HEELRTHAY T ICBWTHET R ) BE2 BIFICERTRETH -2,
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R 26 3 FEER OB BRI TIEIE 50/50 Th o 77, BAE. BICONTRIREZIRT S &
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Multidimensional isotopologue analysis for understanding origin and
environment of molecules
~ High-resolution Isotope ratio mass spectroscopy widen the view of

isotopologue world™
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Isotopologues of organic molecules: concepts, measurements and applications

Alexis Gilbert (CGRR TZEKZEHEERE BHED

Stable isotopes of light elements (1*C, H, N, ...) are useful to trace the origin and fate of
organic molecules in natural environments [1]. The measurement of isotope ratios in organic
molecules is conventionally made by isotope ratio mass spectrometry (IRMS) after the molecule
is converted to a simple gas: CO2 for 3C/!2C analysis, N2 for '’N/!“N analysis, Hz for D/H
analysis, etc.

Organic molecules are made of isotopologues, namely molecules with different number of heavy
isotope in their structure (e.g. '*CHs and 'CHiD are two methane isotopologues). In
principle, analyzing not only isotope ratios but also isotopologue ratios provide invaluable
information on the origin of the molecule [2].

The conversion of organic molecules to simple gases, while necessary for isotope
ratio determination, precludes any isotopologue ratio analysis. New methods must thus be
developed in order to separate and quantify with sufficient precision the relative ratio of
isotopologue in organic molecules.

In the past decade, there has been growing interest for the development of techniques allowing
isotopologue ratio determination. These include new sequences in nuclear magnetic resonance
[3], new mass spectrometers [4] and modified isotope ratio mass spectrometers [5].

In this talk, after introducing the concept and measurement techniques for isotopologue ratio
analysis, I will give few examples of recent applications including (i) food authentication [6] (i)
determination of temperature formation of methane [7] (iii) detection of bacterial
propane oxidation in natural gas reservoirs [8].

[1] Hayes 2001 “Fractionation of carbon and hydrogen isotopes in biosynthetic processes”
[2] Eiler 2013 Ann. Rev. Earth Planet. Sci. 41, 411

[3] Jezequel et al. 2017 Magn. Res. Chem., 55, 77

[4] Eiler et al., 2013 Int. J. Mass Spec. 335, 45

[5] Gilbert et al. 2016 GCA 177, 205

[6] Gilbert et al. 2011 Plant Cell Environ. 34, 1104

[7] Stolper et al. 2014 Science 344, 1500

[8] Gilbert et al. 2019 PNAS 116, 6653
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Research on the origin and evolution of Solar System using secondary ion mass spectrometry
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