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(Abstract)
Analyses of organic compounds in the
extraterrestrial materials, e. g  carbonaceous

chondrites, micrometeorites, and cometary dust, are
important for the study of origins of life on the Earth,
since the terrestrial living organisms are formed by
highly organized organic compounds and, organic
compounds and their source materials should be
transported into the Earth from the outside of the
Earth. To avoid the contaminants from the terrestrial
organisms is the most important for organic analyses
of the extraterrestrial materials. Therefore, intact
micrometeoroids captured on the exposure facility of
the “Kibo” module at the International Space Station
by “TANPOPO” mission are suitable for the

astrobiological studies concerning with origins of life.

In this review, organic analyses of extraterrestrial
materials are summarized and tasks for the analyses
of organic compounds in the sub-mm sized
micrometeoroids, especially captured particles in the
“TANPOPO” mission, are described.
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Fig. 1. Characteristic structures of amino acids HAREAREEERY P HFEETIZEDY—D

detected in the carbonaceous chondrites.

Table 1 Concentrations of amino acids detected in various carbonacecus chondrites.

Concentration / nmol g’

C# Amino acid Murchison Murray Allende Y-791198  Y-74662 ALH-77306
C, Glycine 96.0 3.0 0.19 98 34 18.3
C, - Alanine 433 1.3 0.085 50 13 38
S-Alanine 15.2 12 0.16* 15 14 33
N-Methylglycine 8.0 54
Serine 144 0.014 2.3 0.2 -
C, 2-Aminobutyric acid 16.1 0.5 0.016* 47 6.7 1.4
2-Aminoisobutyric acid 100.2 114 360 3.7 2.6
3-Aminobutyric acid 52 - - 1.1
3-Aminoisobutyric acid 3.8 0.3 8.8 * 0.6
4-Aminobutyric acid 23.1 8.6 17* 1.8
Aspartic acid 5.1 1.6 0.010 49 1.2 1.0
Threonine 13.3 0.005 1.5 0.2 -
Cs Norvaline 14
Valine 11.3 - 14 3.4 0.6
Isovaline 23.2 0.9 12
Glutamic acid 23.5 1.6 0.060 7.0 4.0 1.8
Proline 0.1 13
Cq Leucine - 23 1.3
Isoleucine - S 2.2
Alloisoleucine 3.6 - 2.7 0.1
2-Aminoadipic acid 13
Refernce 24 13 22 27 23 24

Empty column: no description in the reference; -: no or very small signal; *: with some uncertainty of identification or quantification.
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Fig. 2. Enantiomeric structures of amino acids.
D-form is a mirror image of L-form, when a
mirror is placed at the line at center of the figure.
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Table 2. Enantiomeric excessess of L-amino acids in the Murchison and Murray meteorites.

Enantiomer excesses of L-amino acid / %

Amino acid Murchison Murray
2-Amino-2,3-dimethylpentanoic acid

28,38/2R,3R 7.0 1.0

28,3R/2R,38 9.1 22
2-Amino-2-methylpentanoic acid 2.8 1.4
2-Amino-2-methylbutyric acid (isovaline) 8.4 6.0
2-Amino-2,3-dimethylbutyric acid 2.8 1.0
2-Amino-2-methylhexanoic acid 44 1.8
2-Aminopentanoic acid (norvaline) 04 0.8
2-Aminobutyric acid 0.4 -0.4
Alanine 1.2 0.4
Valine 2.2 -0.4
Data from Ref. 30, 31.
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Table 3. Concentrations of carboxylic acids and other acidic compounds detected in carbonaceous chondrites.

Concentrations

Compounds /nmol g Compounds Concentrations / nmol g'1

Monocarboxylic acids in ~ Yamato-74662* Dicarboxylic acids in  Yamato-791198 & Murchison**

Acetic acid (Cy) 20.1 Oxialic acid 1900 2100
Propionic acid (C;) 11.4 Malonic acid 20 96
Butyric acid (Cy) 12.2 Succinic acid 21 97
Methylpropionic acid (Cy) 4.5 Methylmalonic acid 3.7 9.2
Pentanoic acid (Cs) 42 Glutaric acid 6.5 24
2- & 3-Methylbutyric acid (Cs) 4.9 2-Methylsuccinic acid 16 48
Dimethylpropionic acid (Cs) 2.2 Ethylmalonic acid 2.3 23
Hexanoic acid (Cg) 7.4 Adipic acid 2.3 5.8
2-Methylpentanoic acid (Cg) 1.1 2-Metylglutaric acid <0.1 <0.4
3-Methylpentanoic acid (Cg) 1.5 3-Methylglutaric acid 3.1 15
4-Methylpentanoic acid (Cg) 0.9 2,2-Dimethylsuccinic acid 14 8.8
2,3-Dimethylbutyric acid (Cg) 0.5 meso-2,3-Dimethylsuccinic acid  0.39 1.8
2-Ethylbutyric acid (Cg) 0.5 D,L-2,3-Dimethylsuccinic acid 1.0 5.9
Heptanoic acid (C5) 2.9 Ethylsuccinic acid 3.8 14
Octanoic acid (Cg) 5.7 Pimeric acid 0.9 1.9
2-Ethylhexanoic acid (Cg) 18.6 2-Methyladipic acid 0.7 1.6
Nonaoic acid (Cg) 11.7 3-Methyladipic acid 0.9 1.9
Decanoic acid (Cg) 2.3 : Ethylglutaric acid n.d. 2.9
Undecanoic acid (Cy)) 0.5 Suberic acid 0.3 1.7
Dodecanoic acid (Cy,) 2.6 Azelaic acid 0.3 3.2
Benozic acid and its derivatives in Y-74662* Fumaric acid <l.5 <8.1
Benzoic acid 8.7 Maleic acid 0.3 1.0
o-Methylbenzoic acid 0.3 Itaconic acid <0.1 <0.4
m-, & p-Methylbenzooic acid 15 Citraconic acid 3.7 19
Phenol in Yamato-74662* Phthalic acid in Yamato-791198 & Murchison**
Phenol n.d. Phthalic acid 32 3.2

*Data from Ref. 38; **Data from Ref. 40; n.d.: not determined.
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Table 4. Niwrogenous bases and their related compounds detected in earbopaceous chondrites.

Compounds Chondrites Contents References
Base
Adenine Murchison 1S ppm 45
(Guanine Murchison S ppm 45
Marchison 100 ppb 46
Yuamato-74662 420 pph 49
Yamato-791198 230 ppb 49
Uracii Murchison 30 pph 46
Thymine Murchison <2 ppb 477
Base derivatives
4-Hydroxypyrimidine Marchison 6 ppm 44
4-Hydroxy-Z{or6}-methylpyrimidine Murchison 45
Kanthine Murchisen 2 ppm 46
Yamato-74G62 320 ppb 49
Yamato-791198 36 ppb 49
Hypoxanthine Murchison 40 ppb 46
Yamato-74662 120 ppb 49
Yamato-791198 3G pph 49
Base like compounds
Melamin Murchison 20 ppm 45
Cyanuric acid Murchison 20-30 ppm 45
Guanylared Murchison 30-45 ppm 45
(3ot I3
~=CH3 HyCwi+ wium CHy
- N
Naphthal N Dimethyinaphthalene
l’heaant Anthracene e
Acenaphtene Fluorene Fluoranthene

Fig. 4. Characteristic structures of polycyclic aromatic hydrocarbons detected in the carbonaceous chondrites.
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72 [65]. TNE TOMETOMEERBLLE
HBL, TIVBREBEEIIEENTWVWAZ BT
BEN, BEENEGORIZR 5 FEYOBIRT
HAREOHEBENREE > TS, NASA DOIFEEHE
[Stardust] (%, Wild2 221K L7z BORRUIC
BIThL, #HEk FICEEONT L2 ELIR . =
DELEOBTOEEM ST OERIT [66-70], H
ABECTHHLI>TIRELDHON TS [71]. 2O
R, RREEAEFOFEYIC B FEREND
KEEEBIVEBRERENEEICEEL
TWA I L, REEEA LY L RY 72K T
LA LREBEINTWA. BEEBICSENWAE
bl > CE KA EBBREEZHRNT 2D
DERL Y, BEREERDOERSE X D1-H0
Fl-mBIREORER, EH0EREOEES
EZDHIOOBRIIBEVELNTHRV. FIZ,
REEBAICHEREEZLTI/VEBRAEELTY
BEBBEANTWEDR, BELRT I JBIIRHE
NT, AFATIVEDFATIVURBRHENTE
DHTH o7 [66, 67]. Zivik, Bt EORED,
BERIZEABFINRTHRIEEDT I ) BREFEE
LWV TH B0, MBI TWY
72U,

4. FHEVPOEBERD

! mm A T/ EEDS, ERIZ 2,000 — 100,000
tly I EHERICED EVWTL A, HERICET L
FEA Tl 2 5% RERMHFRNAZCL,CM,CRZ A7
DRBEBATHLEHESNTWEE, 2F7%F
8, b2, RALEMRS L D ElkP L v E
INENTFHBEDIZE A EDNBEN CL,CM #
ATICBETDHEENRTWS[72]. 2D, FH
ERFRAHER~DOFEY OF N ERETH D
CEZLNRTWA. LML, FHBIIMATHY,
HER EICETHROBRICIIF®BY & 0K
W=, FHESOFEMICET AHEILE
KRRV, ZTNETITHLNITR > TWAE#EY S
WX, RABL—VF —CHEEL- A A DEBEE
S L > TCEBRAFFERRILAZEIRESL
TWABMN[73], #ERAT 2 VEBOBEEL ST
Ha-TI/AYVERBRIBREIRLTWARW [74,
751 X BIZ, I raNSET, RASISHT, X
BRI AT LT, CM ¥ A1 7TIREBERBF &
OELERSE IR TV 3 [76].

5. EEE - FHERBOAEEWSITORR

REERADODITOES, BAREEEBANE
THBY O OBRENERS [22]. BARKEMD
W, LEOZ R EERT I BREEICRE
EINBe L, fER EICET L2 BISf % L2 #hEk
EMIZ I BIERMBEETNTWEEELLNT
W5, £ TEE, REEEETOREBEMIITIC
11, BEEEOHELREBRELERATGEBSE VD
na. La»rL, mm¥ A XUTOEEE, FHE
BRI EEND2EHEPOLT T, REOHER
ERELSINTHIZENTERV. 20D, #
HRETSTRERE2BRELIBAEEOEEY S
SHTAZLBE LY. S50, iHEEEDD
ST+ mg LEORBBULETHY, BF
12T TSI TERND T, WL DRI F
EELDTHNTHILERSS. 2 6 OBREMN
B0, FHEREO L 3 RMENTFRICEE
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NAEEBBOSITITE A EEATHRY. Z O
Tho & BIFZENEA TWABIEE, fhdl Lz
Stardust A CTHIEN - WiIld2 EENSORKH X
NrEREEN O THDL. ZOFTiIE, 73
J BRAHT, O L — BBt A ALE BT
(L’MS), “WA A -RITHBREE S
(TOF-SIMS), nano-SIMS, X #WRUNEE-EER X
BEATEE (STXM/XANES), BT < 4%, B
WARADHIMEDIT VD [66-70]. T 3 /B4y
ik, fEsen b RBERA OSITICELEbNT
WAHIHSH TH B, ZhifirnSh e
FEHOSICE LEHF LVWFEETHY, T LT
REHESYWEZ—7 vy e LTS, L’MS &
TOF-SIMS Tid, ZBRAFEFRRIKFBLHREL
TWW5. STXM/XANES & BAMUGRASE T, B
BRESITMTbh, 88FE - SBMIETEEOHE
ERERSh, REERER LY EFERR{ILKED
HENDR N EEE LTS, nano-SIM TiX[F
PLRSIAT A3, BEBR T ~ 4 6 TR E O 53
1Tohf=. LL, ZhbDHns, Edoi
ﬁg%zéﬁiﬁm%ﬁéﬁﬁﬁéztu@%
THb.

—F, BRFEENTWET I BSIFTIE, AF
NTF I exFATIVETFABREISREET
T 5 [66, 67]. Murchison f[EF 72 EDE L DRFE
HREAICH2EHEBEIZETNA TR T v
DOFEIIA 100 nmol/g TH Y, EEH 30 pm D
FHEBIRUCEBEOCS YV UREERA TS &
TB5E, B3 fmol REENTWNBILIZARB.
WA, botbEREDT I /EBSHTIL, Galvin
DICL DR EEESTEZAAEDEREE
B 7 v~ 777 4—% (FD-LC-MS) Th
D [77], Y7 fmol LUV DT RER &R T
L. ZOBRHRENLRD L, ZT) i3 +4aic
BRHTRETH Y, T 5 50D 1 OBRE THEEN
FRENBT T4 RN LB TES
HREMER DD, UL LR, FERZV 03
BEIhAahol. 20Oz &iX, BENGHE SN
TWhEE> 7 I/ BORKETIIRh» 72D
», Fhld, BEERFORMBROERRICL S
RO -~ R U B EoB R RS
ARRBBEIZERT S ONEHEOMIER TV V.
WTFHIZ LA, T/ BEAE L FEERELE
kKo, EAORE~OEFEEZETIHEHEEI
IZE S TR,

6. TAEITHERL T ~OH#F L RS
HERICZBICEB ENTWAEEFEIL, REE
FBARICHAIBENE b ONE L, KKEEARER
i EETEEOEBERN DL, I ECEZL OFEY
PHBLAELEZNANRTVWA[72]. 2D X528
MR, MEROAMOBFRICEERFSEZRIEL
FEEBEZONDD, TOFHMEHEONNITALED
W20, HER EICHE T LHIRED O EBYER LS
AR FHEZERLOM T2 ENEEL
V.

HERIZ BT 2P ORBFICET BB I TN
PRVWEBELREC, XEREEAORIRBFIALRD
. HEREOSTOEMITIBBL T, XFBEMEME
DOIHIBRCHFFOBEDOLERHALTWAS. filz
X, TI/BRLETOEYDZ LRI BT L-
TIJBETEARENRTWS. RETIVEAD
L-AZF AL D-ETRroizmh. K ETHE
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VDA IAE UBICHIERRIEI. L-7 3 B
B DFIZHERTELLFELEZDTHD EEX
LS. FNTIE, KREREEORY A HER BT
EUTEON, FHMOMBKICHE SN HESIZ
HZEMEEDFEY REEL TV DN 02
2, EROBEYE X5 ETEERBEEND— DT
b5, REBEAFD o-TAIABHRT I /B
IZAFREEORY BRHINTNER, 73
TEEERTHET IV BOBARETIEIETH
HEENTWD [30,31]. BBEFT, #o08
PERTDBET I8 LRSSV
178, 7191 R ENTWHEMR, ZORESIIETE
DOHEREIZ L ABERIZLZEEZ LR TVAS.
HIRE TR OBLROTREELBREL, RELGESG
iz Z RN BT I/ BICY LEIEENE
ETHONEINENIZEZBELNITHE
DITIL, HIEREIZ L BBELROBRVEEFOT 2
;%@%?ﬁﬁ%@ﬁ@%ﬁﬂé:&ﬁ%%&
2 5.

HIBR D AEMIER 52T TN R O B &
LT, FREKBREZEDERE E LD TV AN
ERHBEICEERSRITL, BER UHKICELRE
AP TNYE—UBNETEZLNRS. ZDLS
IRAE LT, MEREREE NILH5 ) [80]
LEEHEE Stardust [81)172 BB D, &6, 1k
L5 & 2 [82], Marco Polo [83]& FRIZHI 5 ¥77- 72
INBRBEELHEINTWS. LAiL, /hERESR
HEBIEFOESIIZ IRV, 2T, BEFE
ATF— g VEET, #ERICE T+ AEAOFEE
ERNTHBROFERRICLATHRES TN E
SIWEET B [T AASITEE) (8411, EHoid
REEZELDHABDTITEIT O ETCOBRELRER
BREAETAZEiITAR B,

(7= ANEIEEE) THEINIRFIL, Bt
m YA RXRBREOFEEEN, 4R 50 FEE, WM
ENAZEFTFEENTWS. Zhb0RIZEE
NTHBEHEG G, 1 BNz exn
5, IRREIEE & RO EMEEEY O oix s
L <, Stardust FHE & RIRED/ T 21T 9 SHE
b5, UL, Stardust HETE LN FHEY
BT 5B T, iR EIZB T A ERORER~
OEHLY EVIENLARD EREBERITRW.
IO, ELIAMOERICEBEICIELAER
ERBTEODOBF R ASTETRBRT I Z LN
WMEZR A,

59, BB ONOSIENLEMEPBBMTS
BHELT B L 3 ICZEMEEDORY BHS.
Stardust LV CTOMMBIEIC L BT I VBSOS T
W, mAEIERBR FHRICEBBIZEENDT I
B ZBE O NI T A2 LIEFEETH S, LivL,
TSmO EERT I OBRRE
BERATRHEN TS a-TAFAEBHBRT I/
BEONFERMEERLEEZRD B-0DI120, EHICER
BB SLEIZ/RD. RETIE, SRER
LC-MS {£C, amol L-UVDSHT A EIEEIZ 2 D
2% % [85]. amol L THT I/ BESSHT AT
ek, Btum 727 ADFEHE 1L @EOFIC
EENDT I VEBOREREEALEFRIETE S
Z s, EBRICE, EEMASTTRELSMNT
b, FHERENOLOT I BEHEES, BME
FH AP STeiHiED N R 71, fIHERD
BREERVBELZ2TRERORVEELE X
NnTWna.
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—7, BEEMASWIEIC LA FENKLRIE
Piohiz, MM FELH D, Seai HIX, Bk
EREFACEZHRZREEEORBING SR [86]1%
RHELTWAMN, ZOFETIIT S pORFEN
GETHE, TOEIGAFLZEELRETSZ
EMTES., ZOFEERWAZ EICEY, 73
JBIZRLTFHERMIMorORELHIL
TEMBEBREENTHAEINE INEFARLZ L
MREERIZZ2 B0 b Lt v [87].

T I BRLANT, ASOREIZEDD HEY L
LTHRENERD SN TWBSFITIE, ERE,
B, XTFRERBIOLNRD. LML, REBEFR
DBTICEEFNLTWHINLOEELELNT
HENOEZD L, ELITMELREEBOSF M
LELNABERIIDEVEEFTE R,
RBEEFR R EOFEY ST RS THESS
FOFENBEEERLNICTHZ N — BT
HDHN, BEREO L D IafbliEN 2 L 0B NE
FNTWEBEINERD L LEERBET
HHEEZD. BB LIEX S, REBERICS
FhEEBIORIMITITEELT VY, AERE
BT WREEHME L L THEEL WS FD
SFBETEETHIILRESETHY, EEED
FER EOCEHEROSBEHY 280 50
TAEZERTERDLTHD. ZHHDEHRT T
T, £MOBR~DEFESE 2SI HAEL L
MTERW. ZZT, EMOERIZERS2 K
R ETEM AR T L D S T T{hEE L
TLTWANE I e 5. REZEELR A
WT, FREEMEZ TR RV A, HEEEUK
LB TE S E oMk FoBRRERE
WZDWT, 74 A7 7 ¥ —EEEREBHADLH
FRBZENTVWD [88]. ZDFIETIE, REtH
BB E2BANORET S Z 72, RE
HEEYE LI TROB|IZENTER. 2D
X O BSDEE, 0L ) REEEEE TS
AxEh, FEHEOFME T EESEBBRE L Tk
HiidZe b2,

PESR D L>MS & TOF-SIMS IZ & A RIS H iy
DL FEEEDOBRIT T, ERAFFEOW I Z R
TWAETTHo7=. LnL, a2 ET s
MEERL, EFTNMEEMNLAELD ZRA A
EORBICI Y, R oEYRIZEENTWS
U = DGR TOF-SIMS CHEHT L 7241
BEHEINTWVWS [89-91]. Zh bz, F
HETOREHEBYOEEMRTL ZhETX
VL DFEREEDIZEHVFRRICRD LHFES
N5, Y T =R B EFHETOREE S
BT —HERNENWE TREND DT, bFE
EEEH-DBYDERETAZERELVAAL LA
2, L L, e RFHREZHE L TEE2E
BB e o x X —FEA2FH L TR L
FHRERB L FHESEEED TOF-SIMS 7
HTHBLNAYARRY ML EZHET D Z LT,
FHEXLEEBTOEESWNER ULBELH
ETAHIEIEIFETHAS.

—FTC, A EEHE] CHEBINRIRLTO
BA, HERAME > OREHNERRLZ TR Y
T KBRS REERIC X v ek L &
DEFHZERICAT CRE BT D ATEER D
D, FNOLORBELEHIELTWS. SfreED S
AN, HERTFAEHEREOAEY TSSO,
HERMAENZ S AL THDEDONEHI LT BH5E
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NHD.F T, EWMETHEELRITH0HIZ,
FiBY O RBFTSATEN Th 2 BEBMARN D HES
PR S < o N EREETRWAZENEEEN
TW5B. ZHbDHHTIEIX, Stardust DH Y4y
MICHLAVWLGNR TV AN, BERECEESS 77
74 MEREOKBILEREEARDDIFETH
D, REEBRALFHETOFEEY [92-94) & %
E IR A = MEGLE L= v & DOFE
BREEFRAOMITAILEEZAELTWS.

7. £&D
FHIIBITA2AEMBEEREE2EZL8E, 73
JBOBRHEBESEY EIFoRAN, 7 ;S
BHEINAZ &, AH0RBEOLESRENL L
NARVHBHSEETIEARY. L, £60RE
WX AMLBEDEEBRMTHDINE, EFHS
MTCRW. 207, BELRBELZRAB 25T
BIGEI, FARFEBYOBRHEZITOZ LR, B
WAGORRICEVCR K BRIZET S D10
HETE L., ZABIERBAEFIZoWT,
Stardust & FIEEOFEDSFEITS> 2 LI2L 05
FEROBR -Uo CEHBELSEOLEELH L,
W32 R+ DICTEETHB. £, S FiE
DEFALIZ L WV AZRMEOR Y OFE, g
HOEEZALMNIL, ik EoLEGOERELE
ZAEREBLIENTEXBTHAY. IbiZ,
HER EICERD LT OB ELAITFHEBICE X
NAEEN, RKEEBETICEEN TS &
BEROM, Theéb L VRN MEREEL
TWEDOPRERONICTAZLELERETHAS.
L LRBERER ERE THIUT, +oENREE
TE, LVEEMA LB N AT RE R B E IR A P
DE#EYE, 5 CULICHERRS ST EED S -
EREMOBFEORPZMEEAMNT I LIZRNS
THAH. —F, FHEN IV HEN HEEY Y
LVBEIZEOTHNIE, S6ICHEL OFEHE
T HERIE Y D72V IREE TR L, 2672 LS 00T
PEDDOMENEELE D, SHRED BN B/
BERECCHR/IBRESLD AUNKE L IRBERE
REFEEHBREOXMEEZELNIT A DI L, #HiEk
EYOIBELREZTITIRORET, HEFROFRTE
BRLRWESIRFEBREBRRTIZENREN
B. b0 Enh, FATITHETHEIR
AEEBEIX, TAbPa LA d—RICE 5T
EEARPREEE 2, FRRMANE LB D L
DHFETE B,

BEE: AR AEELEDRICHIY, AT (HiEk
EFHEMOBAY L B ORI HEE) WG
(JAXA/ISAS) L HIERBE#LEICRITAT R b
A A U—ERIFFEIE WG JAXA/SAS) 125
TARREBLTEWEZELL OIERYSE|Z
LELAEIERFL, WG DERL JAXA/NISAS
IS LET.
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