FEAEIR (Ve 7V R, WEB) : 2023422 A 24 H (&) i 4 55
(B7f) : 2023 42 A 24 A (&) (81T

2023 5 2 20
2023 5
2 20
10 30
Science
JAXA 6
2 Phase-2
Science 2023 2 24
(162173)
Soluble organic molecules in samples of the carbonaceous asteroid (162173)
Ryugu
Science
D O | 10.1126/science.abn9033
2023 2 24 4
2020 12 6 JAXA
Phase-1
6 2 Phase-2
Phase-2

Tel. 050-3362-4374
T101-8008 4-6



Phase-2


mailto:naraoka@geo.kyushu-u.ac.jp
mailto:tachi@eps.s.u-tokyo.ac.jp
mailto:isas-kouho@ml.jaxa.jp
mailto:koho@jimu.kyushu-u.ac.jp
mailto:press@jamstec.go.jp
mailto:nu_research@adm.nagoya-u.ac.jp
mailto:comms@mail2.adm.kyoto-u.ac.jp
mailto:koho@office.hiroshima-u.ac.jp
mailto:sci-pr@mail.sci.tohoku.ac.jp
mailto:jp-press@general.hokudai.ac.jp
mailto:media.s@gs.mail.u-tokyo.ac.jp

(162173)
Soluble organic molecules in samples of the carbonaceous asteroid (162173) Ryugu

(©) (H) (N) (©) (S)

11



© JAXA, University of Tokyo, Kochi University, Rikkyo University, Nagoya University, Chiba Institute
of Technology, Meiji University, University of Aizu, AIST, NASA, Dan Gallagher.

C N H S @)
38 C 1.1% H 0.16% N 33% S 12.9%
CHNOS 21.3%



KFH)E ) ® L. N
oot 0.1 1 10 /—ov. {o 4
B “Ryogu———"tg— s—=
Am =% mo":gs) _‘, %
Mo a5 Elacvms !
ocrREE| ¥ i ¥ S -
.]E [ 4 1
= COWEH - 0.1 “ 1
= cmp@mE| % o ) KFE(H) & (%)
° CIIE®E (C) 9‘1(D) 1 05
4 Ryugu | 3 Yy | 04
not06)| = °1 . ﬁ"g ; Ryvgu
b~ . - (A0106) 03 T
> . n‘:! E
o " . b j 02 H
W - 2
- o L
L 09% 01 0.1 1 10 i -2
1 KR H)E W) L wmelew 0
© H. Naraoka et al. Science 379, eabn9033 (2023)
2
ESI
APPI FT-
ICR/MS CH CHO CHN CHS CHNO CHOS CHNOS

700

© H. Naraoka et al. Science 379, eabn9033 (2023)



15

LC-FD/HRMS

3D-HPLC/FD

D L-



3.1 m (NH

)



500
© H. Naraoka et al. Science 379, eabn9033 (2023)

CHN

Science
Soluble organic molecules in samples of the carbonaceous asteroid (162173) Ryugu

Naraoka, H., Takano, Y.2, Dworkin, J.P.3, Oba, Y.%, Hamase, K.5, Furusho, A., Ogawa, N.O.?,
Hashiguchi, M., Fukushima, K.7, Aoki, D.”, Schmitt-Kopplin, P.8%1° Aponte, J.C.3, Parker, E.T .3,
Glavin, D.P.3, McLain, H.L.31+12 Elsila, J.E.?, Graham, H.V.3, Eiler, J.M.23, Orthous-Daunay, F.-R.%#,
Wolters, C.%4, Isa, J.1>18 Vuitton, V.14, Thissen, R.Y, Sakai, S.2, Yoshimura, T.2, Koga, T.2, Ohkouchi,
N.2, Chikaraishi, Y.#, Sugahara, H.8, Mita, H.1°, Furukawa, Y.?°, Hertkorn, N.8, Ruf, A.?12223 Yurimoto,
H.2*, Nakamura, T.2°, Noguchi, T.%°, Okazaki, R.%, Yabuta, H.?®, Sakamoto, K., Tachibana, S.18?,
Connolly, Jr., H.C.%, Lauretta, D.S.?°, Abe, M.183° Yada, T.18, Nishimura, M.18, Yogata, K.!8, Nakato,
A.18 Yoshitake, M.18, Suzuki, A.3!, Miyazaki, A.*8, Furuya, S.?’, Hatakeda, K.3!, Soejima, H.3!, Hitomi,
Y3, Kumagai, K.3!, Usui, T.!8, Hayashi, T.'8, Yamamoto, D.'®, Fukai, R.'8, Kitazato, K.3?, Sugita,
S.16.27 'Namiki, N.3%33 Arakawa, M.3*, Ikeda, H.18, Ishiguro, M.3°, Hirata, N.3!, Wada, K.8, Ishihara,
Y.36, Noguchi, R.37, Morota, T.?’, Sakatani, N.38, Matsumoto, K.38, Senshu, H.'%, Honda, R.%°,
Tatsumi, E.#9, Yokota, Y.18, Honda, C.32, Michikami, T.#1, Matsuoka, M.18, Miura, A.18, Noda, H.30:33,
Yamada, T.%8, Yoshihara, K.8, Kawahara, K.*8, Ozaki, M.180, lijima, Y.18", Yano, H.1830 Hayakawa,
M.18, lwata, T.18, Tsukizaki, R.18, Sawada, H.'®, Hosoda, S.*8, Ogawa, K.#2, Okamoto, C.3#", Hirata,
N.33, Shirai, K.33, Shimaki, Y.18, Yamada, M.16, Okada, T.1843 Yamamoto, Y.18:30 Takeuchi, H.18:30
Fujii, A.18, Takei, Y.18, Yoshikawa, K.36, Mimasu, Y.18, Ono, G.3¢, Ogawa, N.'®, Kikuchi, S.163,
Nakazawa, S.'8, Terui, F.**, Tanaka, S.83%, Saiki, T.18, Yoshikawa, M.'83°, Watanabe, S.® and Tsuda,
Y.lS

1Department of Earth and Planetary Sciences, Kyushu University, Fukuoka 819-0395, Japan.



2Biogeochemistry Research Center, Japan Agency for Marine-Earth Science and Technology, Yokosuka 237-
0061, Japan.

3Solar System Exploration Division, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA.
4Institute of Low Temperature Sciences, Hokkaido University, Sapporo 060-0189, Japan.

5Graduate School of Pharmaceutical Sciences, Kyushu University, Fukuoka 812-8582, Japan.

6Graduate School of Environment Studies, Nagoya University, Nagoya 464-8601, Japan.

“Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya 464-8601, Japan.

8Helmholtz Munich, Analytical BioGeoChemistry, Neuherberg 85764, Germany.

9Technische Universitat Minchen, Analytische Lebensmittel Chemie, Freising 85354, Germany.

19Max Planck Institute for Extraterrestrial Physics, Garching bei Miinchen 85748, Germany.

Center for Research and Exploration in Space Science and Technology, NASA Goddard Space Flight
Center, Greenbelt, MD 20771, USA.

12Department of Physics, The Catholic University of America, Washington, D.C. 20064, USA.

13Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA 91125,
USA.

1Université Grenoble Alpes, Centre National de la Recherche Scientifigue (CNRS), Centre National d'Etudes
Spatiales, L'Institut de Planétologie et d'Astrophysique de Grenoble, Grenoble 38000, France.

15garth-Life Science Institute, Tokyo Institute of Technology, Tokyo 152-8550, Japan.

16planetary Exploration Research Center, Chiba Institute of Technology, Narashino 275-0016, Japan.
"Université Paris-Saclay, CNRS, Institut de Chimie Physique, Orsay 91405, France.

18|nstitute of Space and Astronautical Science, Japan Aerospace Exploration Agency (JAXA), Sagamihara
252-5210, Japan.

19Department of Life, Environment and Material Science, Fukuoka Institute of Technology, Fukuoka 811-
0295, Japan.

20Department of Earth Science, Tohoku University, Sendai 980-8578, Japan.

21Université Aix-Marseille, CNRS, Laboratoire de Physigue des Interactions loniques et Moléculaires,
Marseille 13397, France.

22Department of Chemistry and Pharmacy, Ludwig-Maximilians-University, Munich 81377, Germany.
23gxcellence Cluster ORIGINS, Garching 85748, Germany.

24Department of Earth and Planetary Sciences, Hokkaido University, Sapporo 060-0810, Japan.

25Division of Earth and Planetary Sciences, Kyoto University, Kyoto 606-8502, Japan.

26Department of Earth and Planetary Systems Science, Hiroshima University, Higashi-Hiroshima 739-8526,
Japan.

2’Department of Earth and Planetary Science, University of Tokyo, Tokyo 113-0033, Japan.

28Department of Geology, School of Earth and Environment, Rowan University, Glassboro, NJ 08028, USA.
2%Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721, USA.

30School of Physical Sciences, The Graduate University for Advanced Studies, Hayama 240-0193, Japan.
31Marine Works Japan Ltd., Yokosuka 237-0063, Japan.

32Aizu Research Cluster for Space Science, University of Aizu, Aizu-Wakamatsu 965-8580, Japan.
33Research of Interior Structure and Evolution of Solar System Bodies, National Astronomical Observatory of
Japan, Mitaka 181-8588, Japan.

34Department of Planetology, Kobe University, Kobe 657-8501, Japan.

35Department of Physics and Astronomy, Seoul National University, Seoul 08826, Republic of Korea.



%6Research and Development Directorate, JAXA, Sagamihara 252-5210, Japan.
S7Faculty of Science, Niigata University, Niigata 950-2181, Japan.

38Department of Physics, Rikkyo University, Tokyo 171-8501, Japan.

39Center of Data Science, Ehime University, Matsuyama 790-8577, Japan.

4Onstituto de Astrofisica de Canarias, University of La Laguna, Tenerife E-38205, Spain.
“IFaculty of Engineering, Kindai University, Higashi-Hiroshima 739-2116, Japan.
42JAXA Space Exploration Center, JAXA, Sagamihara 252-5210, Japan.

43Department of Chemistry, University of Tokyo, Tokyo 113-0033, Japan.

44Department of Mechanical Engineering, Kanagawa Institute of Technology, Atsugi 243-0292, Japan.

*Deceased.
DOI 10.1126/science.abn9033
2023 2 24 4
5
C (N) H o} S
ESI
APPI
ESI ESI

FT-ICR/MS
5-6



