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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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1. Characteristic structures of amino acids
detected in the carbonaceous chondrites.
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Table 1 Concentrations of amino acids detected in various carbonaceous 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
G, Alanine 433 1.3 0.085 50 13 3.8
[-Alanine 15.2 1.2 0.16* 15 14 33
N-Methylglycine 8.0 54
Serine 14.4 0.014 2.3 0.2 -
C, 2-Aminobutyric acid 16.1 0.5 0.016* 47 6.7 14
2-Aminoisobutyric acid 100.2 11.4 360 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 4.9 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 1.2
Glutamic acid 23.5 1.6 0.060 7.0 4.0 1.8
Proline 0.1 13
Cs Leucine - 2.3 1.3
Isoleucine - 5 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

2S,3S/2R,3R 7.0 1.0

2S,3R/2R,3S 9.1 2.2
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 4.4 1.8
2-Aminopentanoic acid (norvaline) 0.4 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'I

Compounds

Concentrations / nmol g'1

Monocarboxylic acids in

Yamato-74662* Dicarboxylic acids in

Yamato-791198 & Murchison**

Acetic acid (C,) 20.1 Oxialic acid 1900 2100
Propionic acid (Cs) 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) 4.2 Glutaric acid 6.5 24
2- & 3-Methylbutyric acid (Cs) 4.9 2-Methylsuccinic acid 16 48
Dimethylpropionic acid (Cs) 2.2 Ethylmalonic acid 23 2.3
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 1.4 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 (C;) 2.9 Ethylsuccinic acid 3.8 14
Octanoic acid (Cy) 5.7 Pimeric acid 0.9 1.9
2-Ethylhexanoic acid (Cg) 18.6 2-Methyladipic acid 0.7 1.6
Nonaoic acid (Cy) 11.7 3-Methyladipic acid 0.9 1.9
Decanoic acid (Cyg) 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 32
Benozic acid and its derivatives in Y-74662* Fumaric acid <1.5 <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 1.5 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. Nitrogenous bases and their related compounds detected in carbonaceous chondrites.

Compounds Chondrites Contents References
Base
Adenine Murchison 15 ppm 45
Guanine Murchison S ppm 45
Murchison 100 ppb 46
Yamato-74662 420 ppb 49
Yamato-791198 230 ppb 49
Uracil Murchison 30 ppb 46
Thymine Murchison <2 ppb 47
Base derivatives
4-Hydroxypyrimidine Murchison 6 ppm 44
4-Hydroxy-2(or6)-methylpyrimidine Murchison 45
Xanthine Murchison 2 ppm 46
Yamato-74662 320 ppb 49
Yamato-791198 36 ppb 49
Hypoxanthine Murchison 40 ppb 46
Yamato-74662 120 ppb 49
Yamato-791198 30 ppb 49
Base like compounds
Melamin Murchison 20 ppm 45
Cyanuric acid Murchison 20-30 ppm 45
Guanylurea Murchison 30-45 ppm 45

X I YN
—CH; H,C— ——CH,
= a4

Naphthalene Methylnaphthalen

e

Dimethylnaphthalene

Phenanthrene

Anthracene

Pyrene

ve

Acenaphtene

Fluorene

Fluoranthene

Fig. 4. Characteristic structures of polycyclic aromatic hydrocarbons detected in the carbonaceous chondrites.
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vE=T R EEREL, EENCHON" L7225
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B EANTEFEETHDLZEDRHALNE -
72[65]. 2N ETOH ETOREEER MBS LE
AL, TIVEBREEIZEENTWA I EBT
R, BEENEMOIFIZ 2 5 HHY OMAEIHT
HDHEDOHHENEE > TS, NASA DOZEA
[Stardust] 1%, Wild2 EHE S L 72 B ORI
oL, HEK FICERE0NT L E2EBIR-7. =
DOEE OB OG Y AT DR FIL [66-70], H
AFECTHHL>TICELEHHENTND[T1]. 20
AER, IRFBEEA T OFEW I AT EFREN D
R BERBFEBIOEMBERENERTIZEEN
TWAHZ L, REEEA XY HARE— 72 AT
O EDRERINTWS. BEBIZEEND A
e 1351 > T & 7o KBV B F2 2 HEW 5 5 7= 9
DR, HESCKEROEREEZ D200
- BIE LN R, Ao & OREL
EBZDEDOBERIIHEVELN TR, FF
REBEAICH_REEIZT I BAEENLTWY
HLEHBENTOWER, AERT I /JBIIBE S
N, AFAT IV EF AT IURBEENT
DIHTIH o712 [66,67]. Z 1L, Hilf EORIED,
HERICIHHINTWDIEEDT 2 BINEAE
L2V DNWNSITH D 00E, RS TD
72U,

4. FHEROEHY

1 mmBL F M 72 EEA, 4ERIIZ 2,000 — 100,000
t/y | EHIERICKEY VTS, #IBRICE T L
FEA Tl 2.5% R E A 4EJRAY 72 CI, CM, CR # A 7
DIRFEMEATHD EHE SN TVDN, BAY
0, L5/, [RINCAREY 7253 4T X 0 BEAgoK H & 0 [\
INENT-FHEDIFEE A EDNIBIFERZ CL CM ¥
AFITBTHEENTVWS [72]. 2D, FH
EENE A HIER ~ DM O F J1 72 E R TH 5
LEZLNTWS. L L, FHEIMPITHY,
HER FICH T OBYRIC KL DY & O R BIMN
W72 7=, FHEFOAHEWIZBET 21X 2%
<RV, ZTHETITHLNT R > TV D EHYS
Breik, ’oME L — Y — B L7 A A OB &
IR X o THEBRA G FHRRICKZDRIH I
TWBHMN 73], HIERSL T 2 JBEOFRE L ST
Da-T 24 HEBRIIHBRE I TRy [74,
75]. BT, T YAHT, RNV T, X
BRI 2~ "NV, CM X A TIRFBEEA &
DFRLIERHRE STV B [76].

5. HERE - FHEREOEHY AT OBLIR

IRFEE RGOS OEE, BARE & BEA N
THBEM AT O RN/ B [22]. BEEREHD
&, LUK & X7 GG T X RS BB TR
INB7E, WER BT L7212 L7- ik
EMNZ X BIEGMNEENTNDEEZLNT
Wb, T, IRBEBATOEEYIHTIC
X, BBAE R OIEYZRE LR D S
N5, LnL, mmYV A XUTOERE, FHE
B & D B O HT TlE, D5
ERELOWTDHZENTERY. Z0), H
BT -5 A RE LIBABA O &
SHTAZ EIFEE LY. X651, A O
OHTICIEE At mg L EORBI RV ETH Y, K1
1EA7Z T TGO TE RNV D T, WL DDk
EELOTHNTOMNENDHD. 2D OFREN
BT, FHEEBEREO LS RMERTPICEE

-

-
—

)
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OB ST E AV EHEA TR, ZoHf
THo & bWENEAL TWDHFZEIL, BIR L=
Stardust #EA CEREL I A7z Wild2 EE S &
N-EHEER FOMETHD. ZOPTIE, 73
J BEOINT, RO L— — BB A AL BT IE
(L°MS), R A A - AT W [ R B Sy AT
(TOF-SIMS), nano-SIMS, X U ULim- AR X
HREAMEE (STXM/XANES), BT ~ 436, B
AR E DI TWD [66-70]. 7 X/ BESY
Mrix, 063k & IRFBEIEA DAL b T
WAHIH AT TH 52, 2SIV b ikE
RO LT LWFETHY, FL LT
REEMAZ 2 —7 > L LTS, L'MS &
TOF-SIMS TiX, RS FERILKFE LR L
TW5. STXM/XANES & BRIV TIE, B
RRESH A ThN, 2R - EMEEREREDT
TEFER S, REEIEA XY HFHERRILKED
HE NV EFER L TV 5. nano-SIM ClI[AE
NEARGIHT S, BATR 7 ~ > 03 Y6 TUIXEMEFE O fif T 3
fTbhiz. L»L, Zhoopirnd, Amoi
TWICHE 2 2EERBOEELEZRWmT D 2 &1L R
THD.

—77, B ENnNTnWET S O BOTIE, AF
NTIvEFATIVETRBE SN
T& 5 [66, 67]. Murchison FEf1 72 & D% DR
BRREAICLo EBEFIZEEFNTWE T v
DOIRFEITHI 100 nmol/g TH Y, EFHKI 30 um O
FTHEICRUEEDCZ) S UNEENTNS &
T5E, F3 fmol REFENTWNWBI LI D.
BIE, bol bmKREDT I /EE4HTIE, Galvin
LICL DB L EEST ZMAE LY
W7 e~ 777 4 —1k (FD-LC-MS) Th
v [77], Y7 fmol L ~ULDAIKT AN ER ST W
D, ZTOBMBENSARD E, TV TSI
MHTTEETH Y, ZTDK 555D 1 OPREE TIEEN
FHRENDT T2 YN U TE S
AREMEN D, L LARNS, AERZ Y T
Bl SN hot-. 202X, HENHHEIN
TV LI 7T 2 7 BOMKBIR CIER o720
M, FEh, BEERTOMEROEEIC L 545
PR« N R U o e B O KT EE
ZRREICERT 2 OEH LI STV,
WTHIZ LA, 7T BEREEFEER L E
Ko, EmOEFE~OHFHGIZET 5 FHERHIT
IZE -5 TR,

6. T2AIFIERERF~DWF & e
HWIRICZ BB SN TV A FHEL, REY
FEA T UG 72 6 D23 <, KA E 22 AR
B TR O@EEN DR, MBI L OFEY
ZHAE LT EZNNTWS [12]. 2D XA
By, HEROAMORFICEE T 5% &KFE L
T2EEZLNDM, TOFEMEHRGIZT A0
120X, HIER RIS T UHER A O B ITE YL A %
AR T HEAZEBR LT ENEEL
VY

HERIZ I 1T DAY ORIIZE T Ak S nTwn
IeWEBERFREIC, R ROEIRFI AR H
5. HER o ToEYIFE L T, AR
DO HECFHFOREEDAHEFALTWD. iz
Z, TI B ba2ToEYyo X 7 HiL L-
TIJBETERENTWS. BET I/ BAES
L- A2 FH L DAETRNo7-Dh. HiEk T
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WO DFEA LT R HIBRIRBEIC L-7 2 8
B DARICHRTCEL FHELELZDTHD EE X
HID. T, FEEMEEOR Y ek EC
AU T=D0s, FH L HIERICHE S D A I
HFRMEEDORY BNFEL TN O, ZoZ L
X, oA %25 ECTEERBED ST
b5, RBEEBEATO o-TIVXILEBRT I R
ICHFREERORFY REH I TWD 0, ZooX
TEERWRT DT I/ BOGAITTEIERTH
HEENTWS [30,31]. FBATT, #o308
ERWERT AT T = I LARRE N LV D R
578, 7191 bR ENTWDEN, ZOHAITE T#%
OHERAMIC L BERICLE D EEZ LN TNS.
HIERYE T 15 DI D ATREME 2 TR E L, IRFEHEIEA
& BT 2 BRICh L-RKm R F
ETDHEONEIMNEVNI ZEEHLNIT BT
DITIE, HERAEMIC X 215G O 0B o 7 2
;@@%?E%%@ﬁ@%%&ézkﬁﬁﬁk
2D,

HER F DAY A 52 1 TR ETRE 7 3k &
LT, FAARGREEDOEHRE & LD T 5/
EOER I A RIT L, BRE U HERICE B IR
DTN = NETEZLND. ZDLD
eRAL LT, NEREREERK N1I05S) [80]
BB Stardust [81]72 R HD. I 5T, i
.5 X 2 [82], Marco Polo [83]& MEIEN B 7= 72
IINEEEAEGFHE SN TWD. L, /RS
HEEROBESIIZ 1TV, 2T, HEFE
AF— g VEIE T, #IERICE T A ERTOFE
BEGEL - B OE BRI L DL EZ IRV K
INTERINT 2 T2 AUIEIEEHE [8411F, Emoi
V%5 2 58N 21T 5 L TORE 72306
ARt A it B,

(7= AT TFH ) TR SN DRI, Kt u
m YA AFREDOFHEM, M 50 HFRE,
SNDHZEETFEENTWS. 26D EE
WTWDHEM O, A XD/ N2 &
O, IRFBEEA & [FRER O EA Y O o3 T 135
L <, Stardust & & FAR OB/ NIHT 24T 5 H3E
N5, LL, Stardust 5HETH S N- Y
BT A ISR T, #ER BIC kT B A DR A~
DEDY LN ENSEHD ERERERITRWD.
T, EHITAMORRICERICED 5 EH
ERDT-OOH T b Nk EIRT S 2 En
VBT D,

I, BT OIS b G 2 B AT D

-
—

RE LT, Wb O & 5 1S RMROR 0 73 5.

Stardust L)L COEIEIZ L DT I VBRI T
WL, AT ER I EEICEEND T I

AL A DT T D 2 EIFARETH DH. L L,

T TR EDE R ERERT SRR E
BREATRHENTWD a-TILFILEBRT I/
fe DI BRI 2RO 2720120, & BIER
FERSNLEICRD. BRI THE, SEER
LC-MS /: T, amol L~ LDSHFNE[REIZ /2 Y D
25 [85]. amol L~ TDOT I /BT A]
B2, Bt um 7 7 AOFEHEE 1 Eohic
EENDT I BOXFRMELEZRETE D
ZEIC D, EBITIE, HmEM R ATRE LIS
b, FHERENLOT I BHHESS, WikE
HHEW) & G e DN R o 7k, iR o
PBHEE ML it e b VWiRE B R S
NTW5D.

—J7, EERRSHTEIC L DR R E
DIAMT, BRI HELH D, Soai Hik, HEfh
PSR & T S TR ORI A ARTE [86]%
RHELTWAR, Z O ETII S ORFIRN
FETIE, ZOEN2AF 2R LKRET 5 2
LNTED., ZoFEERHWSZ EIZLY, 72
J BRIZIR & 3 FH BN AT 5 20O R K & i
TOHMENREENTWVENE I NETARL &
MDABEIZZR v L7 [87].

T BRUSMNC, AmoORIRICED 2 By &
L CHIBERR D 5N TWADFITIE, B,
B, XTFRIREZOLND. UL, REEBRA
DHITICEENTWWL I ODEELEGELNT
HMANLEZ DL, SSICMEBRFHEDSH
SHEONDIHERITH E 0 BIFFTE ARV,

IRFBE R 72 & OEHEW AT TIE o HRESS
T O ZER A S M T D 2 &R — R T
HDN, BEF O K D Ik fIn 2 S H MG
FNTVWDHEIDERNDL L L EERFET
bAHLEZL. B LI LS, REGEAICE
ENDHEY O KEBIIIEERL T VA Y, AL
IR T R OWREEME E L CHFEELTWDS. £0
SFEEERFET D L IFREETH Y, BRER O
TEAE T2 & DAL W RFES0 0 FR i W) % B 5 sz
TAHZENTEDLDLATHD. ZNHDFRZET
T, AMORFEA~OFGZ +/3IlitA i< Z &
MNTERW., 22T, EMoOERFIZEORS L)
TR TR VE 2 oR T 8L 9 Ze iy £ TRt b s i
ITLTCWA N E I Ee et 5. IREERA % A
VT, R e A SRR SE IR A S, R EUK
WEE L FLRO P A e e & D HER b oD R R B B ARk
DWW, 74 AT 7 X —EiEMH7e ERFEDH0F
TENIRENTUWD [88]. ZDHIETIX, REMA
W) DAL AREE A BB ORET S 2 L7, R
YEEE % SV TP H BN TEDH. 20
L35 oEE, ok S efilEEE RS
AR D, B OFH T2 S %S LTV
FaUE 7 570,

PEde D L2MS & TOF-SIMS 1T & A RIEMEE Y
DAL FAEE DN CTlE, ZERAFEHEOW I = A
TWAEITThHo=. L, #ix e S
WEE L, T LM BAELT D ZIRA A
LB LY, HEk FoEmFIcEENn TS
V) 7= ORE#ENT 2 TOF-SIMS Cfifr L 7=
NMEEINTWD [89-91]. ZhbichlziE, F
HEFORIEEAEY OBEMRTL 2Tk
D% DIEREEDZ ENAIREIC/R D L HFFE
N5, U 7=l D & BT ORI
P CII—MN/ N E N EFHEND DT, [LEFHE
BErEobY LEETHZEIEFEHLOMAL LA
72N L L, #ix R 2L TR R
BHE & = 2 VX —JREZFIH L Ciisl U 7= fi
FHEBRERE L FHESEHEED TOF-SIMS 4
MTEHELNDTAARY ML EET 52 & T,
FHESCEEEDTOFEY AR LT RE 2 H
ETDHZEIERRETHAD.

— 5T, TT/AZIEE W) TIN50 10
LA, HIERAEYE N SMAEY N EaZT Y =
Jb & T KR T SO/ N RARTE 221 K 0 #iEk | &
DFEHEMICHT CKRE EIF SN2 /REEN S
D, TNOLOMEELBELTWS. offzitd ?
RIS, R A FHEROBFEEY 2 &0 )
HERS A 2 G TWDONEHRI LT 5 %LE
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WD, T T, HEMEETHE LXK L7201,
A B O &) BT o3 A Bty T & 2 BARUR AN 0 e 150
BT ~ iR EE MWD Z L NENE S

TWab. T bOaHrElE, Stardust DAY 7
b AWVWSENTWA N, BREOHEST 7 7

74 MERFBOMEILEREEZRD D FETH
D, RFEEEASLFHEFOFKY [92-94] & 1%
FEMRCIAEY) & INBVLER L 7= 9> 7 v & D
EEEZALNCTAZEAAELTWS.

7. &9

THICBIT D EMIEER A EZDHE, T3
JEEOBENBESEY EIF5NDER, 7 BN
M EN D Z &%, AMOEROMLESMENE L
NV EMETITRW. LavL, EfdoiR
WX T B MBI TH BN, FEHL
WTW., ZO7e), BELMERREEZ o0
LA, EAREEYMOREEITO Z &N, B
WAEMORIFIZH O < HRACHE S oo
IR EE LW, AT IR ER IOV T,
Stardust & [FEROEED T EITH ZLIZL D F
HEORIF W - TERESMOEBE LS )
2T 52 LIEHICARETH D, £z, O TiE
DEEIIC X 0 FRMER DR O O, il g
MOFELZ LT L, HiEK Fo4taoEisE
ZHEWREGEL LN TELTHAH. EHIT,
HER Bz R LT OBV IED 2 FHEBICE £
NHEHYN, REEBEAFTICEEND G &
FERDh, ZH e b X0 BEARWENFEL
TWABDNEHLNZTAHAZELA[EETHA ).
b LRFBEMEA & RE THIUL, T 72 & el
TX, KOG Lo B el RE 2 R B E R A
DE¥EM A, 5 £ TLLRICEEMAR O 28D 5 =
EREMOEROFEMREHNT Z L ITENRD
THAH. —JF, THEN I IBFE A%
L0 BEFIZEDoTHNE, E6HITEL OFHE
Z HUERTG YR 0D 72 W IR BE TERIR L, 2 722 L2007
BEDDHVENHMEE 70D . SHBIED LD/
BIFE T CAUNKRESR D BUNKRE L REBEEA
RFHE L ORISEHA LT A7, HER
W DIGYe % 52 T T2 VR C, TR OEB T
L2 WE S ICFHEEZRINT A2 ENEEN
L, b0 ENnG, EAMTIEHE THESN
DEHEIX, 7 A a4 a U—f5Eic s o T
HE IR ELE 20, FRZRMANEZDZ &
NHFTE 5.

WEE: KA FELDHITH-Y, ZAIFE (HER
L FH 2R O AEY &G O R WREE) WG
(JAXA/ISAS) & HIEREF#EICBIT ST X b
NA Fa P—ERIFFEHE WG (JAXA/ISAS) (28
F A RABLTHEW-ZEZ DIEREBE|C
LELEZZ EELL, M WG DOEEE L JAXA/ISAS
IIEHT N U E.
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