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Abstract: Activities of “Astrobiology Experiments in Earth Orbit Working Group” were reported.
This working group was founded in 2004, and has been discussing possible experiments on
astrobiology by utilizing the ISS and other facilities since then. The idea of the Tanpopo mission
was created in this WG. This year we discussed succession missions of the Tanpopo mission.
There could have been two organic sources for the first living organisms on planets: Endogenous
organics and exogenous organics. Since it is suggested that primitive Earth atmosphere was only
mildly reducing, conventional energies such as thundering was not effective for the synthesis.
Laboratory simulations showed that cosmic ray was a possible energy source to form
nitrogen-containing organics including amino acids. We proposed to expose mildly reducing gas
mixture to the environment of low Earth orbit to see chemical evolution toward origins of life
could take place without adding artificial energies. Gas mixtures, such as a mixture of methane
(5%) and nitrogen (95%) will be sealed in mall gas cells with or without MgF, windows, and
attached to the Ex-HAM facility equipped on the Exposed Facility of JEM, and exposed to cosmic
rays and/or solar UV for more than a year. It is expected the formation of amino acid precursors
by the action of cosmic rays and the enhancement of the yield by solar UV. The other possible
experiments by using Ex-HAM were also discussed.

Key words,; Astrobiology experiments, International space station, amino acids, abiotic synthesis,

cosmic rays, solar ultraviolet light, Titan, primitive atmospheres

L. [FL®IZ B - SR PRA T 22 T T O O A AF T REME

[T A bwAAArr—] TEMORK - -
oA s KRR EERD BB L EFR S A1), BOK T
NASA Astrobiology Institute (NAI) , European
Astrobiology Network Association (EANA)7z &% H1.0»
ICHFELTEN, HARTS 2009 FICT A b rssA
Fuv—xy U= PRI, £, 2013 FFIC
I3 H AR ERERE (NINS) O#F o ErAlkE v % —
W IFHICB T D AEMUTTED S DA SN D L,
WRZEARTHI DB S o0 b 5,

DivoIE, R 16 FEELDR, T BR BRI R
ZBa THEKERBEICS T 2T A ha s Fry
—RBRUIEEWG | 2k L, ERTEAT -3
VIR EERWET A hanf A r Y —ERT —<IC
DUV Tl 21T - CE72[2-9], € DEam DTN D,
FHAT— a2 ETOMRF ORI EMAED - A

91

D FEER A T2 AMIEIEEHE]) [10, 11]1& L CEES
FHAT — a VIREHFHOBEMREE & L TRE
L, &bIZ, KEAMEEELE L CEEMEIEICD
WTHRRRT L, JAXA KORPRAFHE(MELOS) ~ DR %
1T 72[12]), REELIL, RAZITEHBEORBRK v a
> ({5Fr Astrobiology Japan 2) DIEED 7= Dk
TV, EBREEOT Ly RAR— FET LBBME
®EDI LT,

2. Astrobiology Japan 2 @ B #4

Afp DFEAIZ LB e B B B OAEIIE, BE
LRI oBAEMOME L, RE - R LT
DERNEZ NS, AIEZEILETHION [TAE
EEHE ] NIRSI 25HE) /ETHD, —FH, #%
FIZBE LT, o 1R 7—0FER) [13]172 LI

This document is provided by JAXA.



Space Utiliz Res, 29 (2015)

Fig. 1 B % 1 % V RI~OW T REH. &5
T HEY) tholins 75 72 B /AN ARk

L, 2F T UoRSTREEE LT SR
JRAEHIER KA RRE L7c sy, MER STk 73
JEBEPRABICAERT S EEZ BN TV, L,
VAR TIRFAAHEER RS L IR BRR #E 4 Tk
L, AL L IF—MbRFER EEMESTTH
BITAMOLOLHESNTND, ZOHA, KE
SOMR72 ETIET XV BROAERITIRER & 72 5.

Kobayashi (%, 595 cHM KR 6ThH, FHED
Xom@mmr X =R e R E, T 2B
BENETHERL D D2 ERWELE4], 72, 12
DEROZA X T, BREERDTEL, AF
EHU%EGLRKERTDIN, 20X KREAFTH
BHER AN O R DIMBER L TWND Z &M,
20054 D Cassini-HuygensitBIZ K W B L E 7o 72
[15], Bifg & A & v REICH T2 RN+ 5 2 Lok
0, BHREEMOOR @A ERL (Fig) , Z
NEMKGIETDET I VBNELDZ ENbo
TUW5I[16],

U EDIENG, JFiGHERD XK 5 72958 oM K&
EETLHEETIE, FHMRREOXKENNDL DX
X —ITKRY, 7 BRI & & M T Y
DAERL S B ENBITBREINTWD, ZThEE
PR AT — 2 g VIR AV, £ 2 TORRD
FHBRT T v 7 ABIOKBGESENME T 7 v 7 A2k
DEHY), VDT TIBOLD REEZFRY
DAL EWRGEET 5 DA%, Astrobiology Japan 20 H
HMThD,

ZAVET, HIERERELUEREZFIH L2 X b e
NAF e o—ERIE, BRI HEMAIZIT- TE
v, Zi ¥ TIZBIOPAN, LDEF, EXPOSE-E, EXPOSE
-R72 ETCANLHESPEEEFHAT —¥ a »ORINE
L0 a o 7 ERE D 2 — L OUREEE A T BN
1T, & IZH(E, EXPOSE-R27N Efifi 1 T 5 73,
MAEH Y 2 FHBRRICRET 5L ONRKRFET
b5, M—, EEFHEAT—Tar ETiTbik

92

© ISAS/JAXA 2015

-

EXPOSE-EZ} > H1 T, PROCESS & V9 EBRNTH

BT/ AL

ExHAM (fia 4} f& R :10 10 2
Do ARER )10 Y D SRR
;it;f_;"\ :;A o~
=~ =M% 1“.’
\;" o) & - O
;&:ﬁ&ﬁt ‘
o EFSBRER | gL (TTOSI)
Fig.2. 7= AXIEEHEICE T 5 ExHAM il

N, ZFZTAHL(50%) - 5, ETFAHX 2 (50%) +
TA WD RIETTIR S SR A RER LTz,
TIEKBESEARIZEI D A 2 b= Ui ED Ak
KRFOERERGE LT, AERE Y O A4k & FZ5E
L &9 &Lz Did/en, Astrobiology Japan 2(3,
ANAWR T F X =52 AT, AR LY — (F
Wk - KEGERSMR) OBENTT I /7 BRO X S 72
BEBAEDOER AR L LD LT DA THD
TORRERD,

- >
— —

3 . Astrobiology Japan 2 D # & 2% 5t

EBGEE LCE, T2 AFE5E) CEHRT 5,
Ex-HAM%ZFIfH9 2% (Fig.2) ., Ex-HAMIX, ZIE)
IREEERICI D (11 D iAME S g T H Y,
10cmx10cm x2emD /Xy r—V WD T2 2 &
NTED, FAMFITFE L, BERBEET /L
NI v &, HEMSHEM OIREE DT
DOMEFE SRV INZ O A4 XA THEE TS (Fig.
2) .
Astrobiology Japan 20## 7%+, Ex-HAMIZ
Y AT rTRB 22 AR TOERZ M L7z, Fig. 3(a),
BOICIRARIKRDBEBRDI-ODH A LOERLL, &
P& A TOMABSL TR EZ T, Bl LA
SUS3I6BLDE H KD & DT, ZHICH AEAERE L
T, Swagelok SS-100-R4% B V) f-+iF % \21/164
YFDOAT U LVAER, EEL NHIRER
BEEAT D, A XOHFIC LY, T 13fEx
Wz, TOEENLODINTTAZ EI2LY TR
EEAT D,
AWBRERMEE LTI, SFEIERL 00 E
W ERDH, 22T, ¥AXVRREETNVEL
72 b DIZOWTHT %, Fig. 3(b)DAEIZEFR
(95%) & A B (5%)DIREEMEE 1 JEE AT D, N
ARA20 mLIC A D IREXIKITA23 mge 725, ZhiT

- >
0 = —

- -
y N —

This document is provided by JAXA.



Space Utiliz Res, 29 (2015)

< <3
S2E/HE/N 2mm I I
(a)
T .............. !
- 60 o 18
(b A-M2M+ T |é’| I<§>-

_______

30
p————

T
ATTTSSEE S

.......

Fig.3. Astrobiology Japan 2 1 % A& /LT

K(a) B2 L, (b)MgF, &
Bz B Lo 7 U o0 (FIBRR) OGIEIE
FEWNERN 5003 THD Z EnbhroTW5H[16],
LDEFEBRIEFOMIE L v, HEkE EELE EToF i
777 AF083Gyy' EHEINTEY, ZOfE%E
A5 &, UEBORE CAERT 227U > (RiBF
&) 130.06 pmol & HEETE 5, ZAUFMRe THE T
HOHN, R ETHD, —J, RO TZ
v 7 A132x 10T m?y! (LEDFEHE)TH Y, T
MIV LRV ENT RV —ETHD, LL,
EHORDO B TIXER DN RNETH L7720, 2D
BREZRENSITT I D X 5 G BHEAHEY T4
RTER, 7272, EROTRFEHBRIZE VIEE
L INTZITERINEDN RS S, 7 X/ BERITEY
%@i5&€%$ﬁ%%@$&#%ﬁfﬁéooi

, FHR LAY TF V=BT & FH
$miw%%<@ﬁ9yy$@méhéﬁ%ﬁﬂ%
bbb,

4. T DD ERIRE

ExHAM ([ZHU Y fHF 5405 10 cm x 10 cm x 2 cm @D
BEL =y N2 HWTEEATE b LER S L
T, IREXEEHAND L OLUNDORKRF HIT- T2,

(1) /NRIENE T O F b

RS R I PO KGR/ RIETIE, KEeETe
%ﬁ&k?ﬁmﬁt:ofwé&%i%hé PR
BIEAIZIE, 72 B E GO IE-OREEE I e 8 M

93

© ISAS/JAXA 2015

<—14 2—>

17.5 f*
(11/16|n|

|q—168

9 53
318|n)

<~ 16. 8_;|

pl. mm

Fig. 4. KR/ RIKPE T Ok et LR EE
FHRAEE OKEE DA~ —X)

BLEME L < oMo TWDHR, b D—HE
N RIEOBRE TR S VTR H 5, AL A
TATE RRTUVE=TRE, IREDOL L Lo
FEBIZEEN TV LB 2 LN 5 Bl G %
FYE L LT KRBV R FEBRIZ LD, K%E’aiﬂé
1 HE 5 1A B %) (insoluble organic matter; IOM)(Z
%%L®i<UKﬁ%%®ﬁﬁﬂﬁméhtnmmo
T, INOBHARKY L RIFCT I BORERE

Wéﬂé’k%“#of%fwéﬂﬂo%lf,¢%
B TOKEERIC ;5%%%%&*‘ *ﬁ

DNRZETARD T msm%ﬂ@ﬁﬁ%ﬁ+
wfk%%¢f%¢“®@?%ﬁ%ﬁﬁom%%/
& LT, H,O:H,CO:NH;=100:10: 10 % Swagelok®
THIR LA E ImL BEDO 2T v L 2l L2 5 A
Lieboz s (Fig. 4) , 1 FROBEETT I/
72 & O AR BEE oy 1O HE i o T B DT RS
W Ccx %, THERE LT, EROHBEWEIZY
MR 72 E&2ATV, FEHBOREZM <D Z L &5
\LTWD,

(2) JFHAMEER TDO Y R X 7 LA F RAERR
JRAEHER EC oA miEIRIC T2 DR L B T
TBMIEEEF D EEWER Y ~—2MbErc B E L
7-LELZBNA, RNA U —)L FIEITIE, ZORY <~
—ZRNA7ZEEZ BN TWAN, ZHNEAYIC
AR LT 2 & & EBRIICHRGET 23RS L T
R, EHEVARX 7 LAF RRESTSHZ L TRNA
DR TE DT ENEIFEIN TS, L, RNA
RV ~w—DERTTHDVARX T AT X, Hi
EWER 7R AL <, LD Y R—R L
BRGNS E D X DI ER SN A B 271X
AN
@%éﬁﬁﬁihtﬁ%ﬂ%f@,%%ﬁ%?ﬁ
MEWEDNRY T =122 L, BEESNDIMIIRT
WMINE OER L SREEE L, £ /XTA%
A A ) %mA%%&ﬁLt&%z%m5
EREEEHEAT— a0 [X1F 5 | s gEsc
BE SR CH D FHME KREICRE 325 2 &#ﬁ
BTha, FOH, Fxald, FIGHEREREEOH ¥
FEEHTHZ LA AL, FUAEEZ R L 72iRis

This document is provided by JAXA.



Space Utiliz Res, 29 (2015)

[N LT X 7 VAT RRTBRAZ & 1X 9 R
ExHAM (ZHU Y HiF T3 5%,
FHERBHICEL Y, (bZEROSMEOEm W7 T —F
TG ERRAEL, BE OLERS TIEE L0
Kz AL BHIB B SND Z ERWIfFCE D, BT
B A M R IZ R, Gk - b A2, NMR °E
B|OW e EERFIMA L CTHITT %, ik EO-E &S
EEREATIUL, SEAMR & TR CTAR S L DM RER
72 AR HIERBRBE O R ITRIBRIR 23 U 2 MeSh, X7
LA TF LA R OEBTER 72 XA 0 = A I Hi 7o
RHRNEONEWFFTE D, M EERTEHEOND
ERAEEYELRIE L, FIEMIZBIT DT AT A
RS DA &SRR Z B9 5,

5. £&8

AR WG 1%, 7=ATTF W25 < #hERE [A#E -
TOT A bu S Ao Vv—FRE/HE LT, FHP
K OV HIERBRBE T C Ok Pk D F2E ¢ AR (R B
HHEM D AEYC GRS D Z & B EIET D720
DFHEREZREET D, BEREE LTE, #1404
YRR A LR R AR A EE B X TV
L, EFBREBEBIZIZEFIOBEHFICREINLTND
ExHAM ([CHUS ATREZR - A4 XD b DEREFL, £D 9
HDOWL D0k, BITE BBM 2 {ER-IFCTH 5,
APRREBRNER I UL, A& RxL¥—
EEIMZDZ 2L, EREGEMNTHERE T T
MEAMINZERL D D2 EE2RFET D, HRAYOHE
Brlirsd,

Eifs3
AUFFEIE, JAXA FHEREAMAREZEZES WG #&
BIZL 0T =0 TEET 5.

S E Xk

1) Soffen, G. A.; Astrobiology, Adv. Space. Res., 23, 283
(1999).

2) /IREIEIE D HUERFE [FILE 1231 5 7 A R
A A v —%8%, Space Util. Res., 21, 280-283 (2005).
B3 IMREIEIZ ) ; HIERJERIHLE ICIR 1T 27 X b
A A v — B - MR R A R FEBR & g,
Space Util. Res., 22,329-332 (2006).

4) /IFRFEIEIZ A HIERE EIHLE I3 1T 57 A hr
A A m =35 TR FTOAKY - ey -
ERERE RS, Space Util. Res., 23, 410-413 (2007).
5) /INREIEIZ ) HIEKE RIGE IS 31T 57 A ha X
A Fr T —ERFFRIEEI L, Space Util. Res., 24,
318-321 (2008).

6) /IREIEIZD) FH CAEMORRE SMaRd—
HIER B RIEGEIZ BT 57 A s asAg F o o — R
2HE WG #45 —, Space Util. Res., 25, 195-198 (2009).
7) AIREIEIZD; THIERERIPUEICR T 57 A b
NA Fa =R T — A IEBEVRE, Space Util.

94

© ISAS/JAXA 2015

Res., 26, 147-150 (2010).

8) /MREIEIE 2 THIEKFERIFLEIZ BT 57 X b
NA Fa Y — TR T — A IEBEVRE, Space Util.
Res.,27,189-192 (2011).

9) /IR IEIZ ) ERFEEHIEIC R 57 A hr s
A Ar Y —RRET — AEE WA BRI A B
Wy - A ORI O 72D OFH FEBR O, Space Util.
Res., 28,224-227 (2012).

10) [L/FHAZ1Z)> ; Tanpopo: A Y & AN OFH
22 IR & BARR AT e OB AW D iR IR, Biol. Sci.
Space, 21 67-75 (2007).

11) A. Yamagishi
Exposure and Micrometeoroid Capture Experiments —

et al., Tanpopo: Astrobiology
Proposed Experiments at the Exposure Facility of
ISS-JEM ISTS Web Paper Archive, 2013-k-49, 1-7
(2013).

12) A. Yamagishi et al., Japan Astrobiology Mars
Project (JAMP): Search for microbes on the Mars surface
with special interest in methane-oxidizing bacteria, Biol.
Sci. Space., 24, 67-82 (2010).

13) S. L. Miller, A Production of Amino Acids Uder
Possible Primitive Earth, Science, 117, 528-529 (1953).

14) K. Kobayashi, T. Kaneko, T. Saito and T. Oshima,
Amino Acid Formation in Gas Mixtures by Particle
irradiation, Origins Life Evol. Biosphere, 28, 155-165
(1998).

15) H. B. Niemann, The
Constituents of Titan’s atmosphere from the GCMS

et al., Abundance of
instrument on the Huygens probe, Nature, 438, 779-784
(2005).

16) T. Taniuchi, Y. Takano, K. Kobayashi, Amino Acid
Precursors From a Simulated Lower Atmosphere of Titan:
Experiments of Cosmic Ray Energy Source with C- and
'80-Stable Isotope Probing Mass Spectrometry, Anal. Sci.,
29,777-785 (2013).

17) C. D. Cody, E. Heying, C. M. O. Alexander, L. R.
Nittler, A. L. D. Kilcoyne, S. A. Sandford, and R. M.
Stroud, Establishing a molecular relationship between
chondritic and cometary organic solids. Proc. Natl. Acad.
Sci. USA, 108, 19171-19176 (2011).

18) Y. Kebukawa, A. L. D. Kilcoyne, G. D. Cody,
Exploring the potential formation of organic solids in
chondrites and comets through polymerization of
interstellar formaldehyde. Astrophys. J. 771,19 (2013).

19) Y. Kebukawa, S. Oka, A. Tokumitsu, S. Tachibana,
Y. Ishikawa, T. Kaneko, K. Kobayashi, and G. D. Cody,
Possible prebiotic organic molecule

syntheses on

asteroids from formaldehyde and ammonia during
aqueous activities (abstract). 46th Lunar and Planetary
The Woodlands, March

Science Conference, Texas,

16-20 (2015).

This document is provided by JAXA.





