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Presence and chirality of sugars formed in the early solar system: a new origin
of biomolecule
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Sugars are important constituents of life, but have never found in
extraterrestrial samples and space. In this research we found extraterrestrial ribose and related
sugars from meteorites and published the paper in PNAS. With laboratory experiments, the synthetic
reaction of sugars was found to be formose-type reaction and this reaction was found to be a major
synthetic reaction of meteorite organic compounds that provided large carbon isotope differences
between amino acids and insoluble organic matter.

We also succeeded in developing the protocol of chiral analysis of the sugars and investigated the
chirality of meteorite sugars.



DNA/RNA

DNA RNA

1)
)

®)

@)

120

17 I1SI

30

Ribose
Xylose
Arabinose

Murchison
soil

4t

-

Terrestrial

Pentose and
hexose in algae™

Pentose and hexose
in higher plants*

Secondary Producers*

c-amino acids in
Extra- CR meteorites™™
terrestrial Sugar acids and sugar
alcohols in meteorites™*

4
f
BS_QLSMQ NWA801

Ribose
Xylose

= Rib
—p Xyl

Murchison

Ribose
Xylose

Arabinose

=$= Rib
== Xyl
== Ara

46 47 4
L
e Ara

8 4
8

9
Xyl
9

[

5
ib ﬂw
5

4
44

4 46 47 4

Retention time (min)

50

(Furukawa et al., 2019 PNAS)

)

®)

13C

T 1 1T T 1
0 +20 +40

8'3Cppg (%)

+60

(Furukawa et al., 2019 PNAS)



A 100 B 30 .

13C ¢Gly HFA E ¢ Gly A Total SOM
@ Aa X IOM 20 F @Aa X IOM
10 @ p-Ala @ p-Ala ®

it PN S
i T :§ . _Initial GA_____ ;.-.

Yield (mol %)
8"3Cppg (%o)

1

)

0.1 208
3 (a4
.. ; é Average initial C
-30 F - --TYEERE IS A

0.01 ;@®¢ o o i 4 X

oee 8 e N . | W
0.001 PO N T W W Y S i A S A AT S ST S (T CR G O _50:...jn....:....:....:....

0 20 40 60 80 100 0 20 40 60 80 100

Time (days) Time (days)

(Furukawa et al., Science Advances 2021)

Science Advances

C

4 (Furukawa et al., Science Advances 2021)

FurukawaY., Chikaraishi Y., Ohkouchi N., OgawaN.O., Glavin D.P, Dworkin J.P,, Abe C., and Nakamura
T., Extraterrestrial ribose and other sugars in primitive meteorites. Proceedings of the National
Academy of Sciences USA 116, 24440-24445 (2019).

Furukawa Y., lwasa Y., and Chikaraishi Y., Synthesis of *C-enriched amino acids with *C-depleted
insoluble organic matter in a formose-type reaction in the early solar system. Science Advances 7,
eabd3575 (2021).



3 3 1 3

Yoshihiro Furukawa, Yoshito Chikaraishi, Naohiko Ohkouchi, Nanako O. Ogawa, Daniel P. Glavin, 116
Jason P. Dworkin, Chiaki Abe, and Tomoki Nakamura
Extraterrestrial ribose and other sugars in primitive meteorites 2019

Proceedings of the National Academy of Sciences of the United States of America

24440-24445

DOl
10.1073/pnas.1907169116

Yoshihiro Furukawa, Yoshinari lwasa, and Yoshito Chikaraishi 7
Synthesis of 13C-enriched amino acids with 13C-depleted insoluble organic matter in a formose- 2021
type reaction in the early solar system
Science Advances eabd3575
DOl
10.1126/sciadv.abd3575
79
2021
59-67

Dol
10.14943/1owtemsci .79.59

13 5 1

Yoshihiro Furukawa

Investigation of sugars in meteorites

JPGU 2019

2019




2018

2018

2018

2019




2019

online

2020

2020

Furukawa Y, Chikaraishi Y, Ohkouchi N, Ogawa N, Glavin D, Dworkin J, Abe C & Nakamura T

Sugars in Carbonaceous Chondrites

Goldshimidt 2020

2020




2018

2020

2020

JPGU 2021

2021




(Ohkouchi Naohiko)

(00281832) (82706)
(Chikaraishi Yoshito)
(50455490) (10101)

NASA




