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Schematic illustration of a possible scenario for origin of life. (1) Organic molecules were formed on inter-

stellar dusts or comets. (2) Asymmetry was introduced in the stage of chemical evolution by circularly polarized light
from e.g. neutron star. (3) Enantio excess organic molecules was transported to the primitive earth by comets or
meteorite, and so on. (4) Primitive life was generated on the earth.
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Sample (Quartz Cell)
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Vacuum Pump

Figure 2.

Schematic view of the apparatus for asymetric reactions settled on ABL-6A, NTT NAR. Synchrotran radia-

tion light is separated by the lower- and upper-beam cutting slit. Left- and right-handed polarized light is introduced into

the sample cell throurgh the quartz window.
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Figure 3. Calculation result of vertical solid angle dependence of
linearly- and circulaly-polarized photon number (I, I..). By the
reason of the beamline geometry, photons from the virtical solid an-
gle smaller than 1.2 mrad can be utilized, Effective component of
circularly polarized photon is represented as a hatching part.
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Figure 4. Picture of the reactor tube for abiotic synthesis from
simulated atmosphere. The sample gas mixture is comet or interstel-
lar dust type (CO+ NH;+H,0) and synchrotron radiation (white)
is introduced to the tube through MgF, window.
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Figure 5.
metric synthesis.
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Schematic illustration of the asymmetric experimenttals. (a) is for asymmetric photolysis and (b) for asym-
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Figure 6. Experimental result of the asymmetric photolysis for

isovaline (Iva) and alaninn (Ala) and the asymmetric synthesis for
alanine (Ala). Horizontal axis is measured by irradiated photon
energy (positive for right-handed and negative for left-handed circu-
lary polarized light) . Virtlcal axis is measured by percentage enantio
excess (positive for L-excess and negative for D-excess).

WKB2%, 22T, AFIRIF—%ZT/0lF, 73/
MAERSNLTTOWE, $TxbbInE THNTE/,
7 X/ BOTERG e G [BHEEERY ) ORI TH 5 LK
EL, BIEVFUARREST L, LML ThH, I"EN
BAINZRIICEL T, —BYOBIERELEZONS
([1I-[3IDBIEMD A%+ & Tacid),

(11 EXRWaAEGT (7 /8%, B, BBEL O
MRz & [HAARY ] HPFEERE (BECR
MIEE ) THERIh 5,

[2](@) [HEMAERD] PFHEERE TERSINSBEOE
I IV F—RHEZNEARRITHFFE LD, [HH
HEY | TEBRINRETREFS U T —% N
LT3,

[2]°() THEMEED ] PFHEERE TERIN2BEOE
B L F —JRIERFR Tla e <, THEGRY ]
RSN, JOTRFRPGREFZY T 4 —
HEAIND,

(3] Co IEHERY | HEkiOEIX N, FREBMEEIC
WIAAR, TFVFARBPOT I /7% & BIEE
A—TwT T %,

CITE, @S L, #BE ([270) OV F ek
Gk L 72 EBRICOWTHRAT 5,

3.4.2 EHAEHRY~OTFEFEARER

Fig.5 () ICRAEALBROMEz =T, HEWETH

HEHAERYIL, BAOAERIR &IN5 ERIEOBE KX
(CO+NH; +H.O RAERMAEK) CHATERSY » /T
57 LRt X —I2 BT 3 MeV BT & Ba L THAR
L7 DTH b, 7/ BHIREE S EE 2 O, ERK
BEATIET I /BIBRHE SN0, BEINKS %o
T I/ BHPmEEEIN S, £ TRIEAFE TR0
RHAEAT L, BIWKGREOT 5 = O D1k, L-{k
OFAEREAEL /2L ATFVF GV, OB
FRBHESOEMAERYIC, BRAEERE EREE
200nm L k) 3 L CEAMRENO A I L O MREE
AT o 70 BEBOREHIME KD O, HPLCIC
LT3 JBESH, HHE-HPLCICXD 7 5=/ 2>\T
D&, LkOFELEZREL /2, TORE, H e« EDOM
RIS T « D~k (0.44%), Ltk (0.65%) OITF v
F A B AL SN (Fig. 6)29, %72, MELCESH
#H T O EMBEMEHARY O 5T BS54 7 VT
FVWPELI-ETH, BEFIHRTIEEA B THE D
53000T 3 - 72,

FIE TR A2 PRI IC K ARSIV TIE,
s ZEOMRICES C& « L&, D-fF@EfOTF v FFH
BHENDD, CHERFBASNEHEERD»HOT
SOV ERSEEROER YR T, LichosT, TOHE
MERM~ORFEANL, HEHET I/ BH O Aakic
N, A e EOFRITT L TRILOK & WAl 2AMEERYIC
DR DREF RO TIIHATE RV, TLAT I/
MR HIBR A T S O EHER R OH « EOMRICIEEHTR L
T, %% D—E, L~{f like 7a AN DO AL % 355
T HBEDRD - 72 2 ERHEII NS, O HITEMEARK
YO5FEPARERHIETIEEAEER LTIk
WO SEIOERKEER, » oMW ERET X BE &
ATOIRWE WD BOEOBIER R 6 LTI N5,

COT I BN G A SO RMEARY ORISR LA
TED, &Y O3 REMEROBE KK G T RIBS % 1T -
TER S N EHERDICOWT, B A TR S
TFhaoH Uk R2 @G L TnWh262D ) ki, T, f&
REDT X JPRIIERET < /W &0 RS AT L C
BAPICEETHLT ELWLNICE - TW5H2, HH
BFEHPAFREOTRIKTH Y, FIAHERANOERF + U
TClE o1z WOEFBELOY T VL ETFTHLDTH 5,

—Ji, REEBRTHEOLNATF VF TBEOREINE
<, BERGTFOFEEETEFFTV T4 —CI3IBEERVEVD
MENTER I N AN, EHGIE, NFECH
BIEME S 7 b, 0.1% U T Db s v F 4 @FEH»
9% L L& T T ARG T ME L TW5B2, Lch-
T, DO VFHEREHABNE, EBEOEMKITIT
BLERLREFT VU T 4 —RIOWEEN B B C L RK
LTW5h,

(bEEAELIC B 5 E DB TARENREA I N A, &0
DT LT, BIEY TV AD[3] (@), TabbARAkx

ST Sept. 2004 Vol.17 No.5 @ 287



IHNVF—FLZOLDTERT S, BEO TR
DOBGERLIETHH Do ARERITDR L LT 2 /1
DERETIE 70 <, BIBRYE OB CRAHE A S 7zl fetk
BRLICHTERPIREVWEEZDLN, HO [HHREE
B BREEAND—H L LE DT TRWTHH D,

4. BEHYIC

HARFUCHAE T B8« OIERFHIED 5B, AR5 T Ok
TFFU T ¢ —ORFEOBERIT, EmoEOBERETNH
RERR] 3 CThH D, FEELPTH->T0DH LD b (Fhk
E) TOBFEER? T TE/a <, FHBREEACI R
WA (74— F) 2OOEHREOHEENLATH 5,
¥/, FEOOMRAEEROEER L O, £hOT 3/
s D L~ SR MBR s, il DAL Tl 7\ D,
EWV D FRITH L TR 6 DS 7 DL L TWwinv, %
IR L7280 F ¢ —IERAFRIC KA DAREIC b &3 S HGESE
Brd SHBHEICANLIRNETHH D,

KD, AR ME SR T2 OB EE DT 212 %
OB BHIR Z 3 5 T 7272 72000 —B) &l hidse v T
B5o

HEE

ARUE A A I B 72D Giscakam L S 7a b UICER
NOE T "N TN TP KR FEERR I RLE#
%, IASIGHEHFERT AlEiE+ ol REK¥EFEH
BBFERT), LT 7 W BpiSer Dr. Viadimir Tsarev, b
HK%E EE#HE, wAo KU BEAELE, T
JFMST K Prof. J. R. Cronin, [A] Dr. S. Pizzarello, #
RLFEKRET 7 VT 757 sty 22— kgL,
BRI OV e HECER CoREN KT,
NTT =L 7 Fu=r7 2@ sl L Oo NTT #fE
ITHRIVFE—=BF5EH), NITA VBV AT LA VTS
V—y a VBERT LGB HICE#HOZ AR L £,

2EXH
D #lzid BHEE : TEaoORR dGETR (BRI
iR, 1984).

2) S. L. Miller: Science 117, 528 (1953).

3) J.R. Cronin and S. Pizzarello: Science 275, 951 (1997).

4) J. R. Cronin and S. Pizzarello: Adv. Space Res. 23, 293
(1999).

5) J. Bailey, A. Chrysostomou, J. H. Hough, T. M. Gledhill, A.
McCall, S. Clark, F. Menard and M. Tamura: Science 281,
672 (1998).

6) W. A. Bonner: Origins Life Evol. Biosphere 21, 59 (1991).

7) M. Greenberg, A. Kouchi, W. Niessen, H. Irth, J. Paradijs,
M. Groot and W. Hermsen: J. Biol. Phys. 20, 61 (1994).

8) /IMREBE FHOPLL G Frbham], REER
M oidgi) L3, 2004) pp. 14-25.

9) K. Kobayashi, T. Kaneko, T. Saito and T. Oshima: Origins
Life Evol. Biosphere 28, 155 (1998).

10) J. Takahashi, T. Hosokawa, H. Masuda, T. Kaneko, K.
Kobayashi, T. Saito and Y. Utsumi: Appl. Phys. Lett. 74,
877 (1999).

288 © K5t Sept. 2004 Vol.17 No.5

11) V. A. Avetisov, V. I. Goldanskii and V. V. Kuz’'min: Physics
Today Vol. 44, (1991). GER REZFE 5054, 4
ok, #Ab, REER MEaok] L, 2004)
pp. 26-51.)

12) W. Q. Wang and F. Yi: in “The Role of Radiation in the Ori-
gin and Evolution of Life”” Eds. M. Akaboshi, N. Fujii, R. N.-
Gonzalez (Kyoto University Press, Japan, 2000) pp. 339-
352.

13) J. Takahashi, T. Hosokawa, H. Masuda, T. Kaneko, K.
Kobayashi and T. Saito: J. Appl. Phys., in review.

14) K. Kobayashi, H. Masuda, K. Ushio, A. Ohashi, H.
Yamanashi, T. Kaneko, J. Takahashi, T. Hosokawa, H.
Hashimoto and T. Saito: Adv. Space Res. 27, 207 (2001).

15) H. Nishino, A. Kosaka, G. A. Hembury, F. Aoki, K.
Miyuchi, H. Shitomi, H. Onuki and Y. Inoue: J. Am. Chem.
Soc. 124, 11618 (2002).

16) M. Tanaka et al.: Physica Scripta, in press.

17) JJlIFnE, HPEA, BREETF, (U =, NEEEE, )
A—F, ZIFRGED P, BRI, HEUH 28170 H
KB F2TRI%E p. 4 (2004).

18) HJIIAnE, FHHAGE, MA £, dERERT, BE—,
JRJIRAE, W ==, DESERE 7 KEFEERHT R
FOEE 5, 423 (1998).

19) ArIE, BEY—  kgHE 17, 119 (2004).

20) E. U. Condon: Rev. Mod. Phys. 9, 432 (1937).

21) 0. Buchardt: Angew. Chem. Intern. Ed. 13, 179 (1974).

22) Y. Takano, T. Kaneko, K. Kobayashi, J. Takahashi, T.
Hosokawa, S. Pizzarello and J. R. Cronin: Viva Origino 29,
21 (2001).

23) Y. Takano, J. Takahashi, T. Kaneko, T. Ebashi, K. Marumo
and K. Kobayashi: J. Am. Chem. Soc. in review.

24) J. Takahashi, Y. Takano, T. Kaneko and K. Kobayashi:
Viva Origino 32, 7 (2004).

25) Y. Takano, A. Ohashi, K. Takeo and K. Kobayashi: Appl.
Phys. Lett. 84, 1410 (2004).

26) Y. Takano, T. Tsuboi, T. Kaneko, K. Kobayashi and K.
Marumo: Bull. Chem. Soc. Jpn. 77, 779 (2004).

27) Y. Takano, K. Marumo, S. Yabashi, T. Kaneko and K.
Kobayashi: Appl. Phys. Lett. 85, 1633 (2004).

28) Y. Takano, K. Kobayashi, D. Hiroishi and H. Ikeda: Earth
Planets Space 56, 669 (2004).

29) T. Shibata, J. Yamamoto, N. Matsumoto, S. Yonekubo, S.
Osanai and K. Soai: J. Am. Chem. Soc. 120, 12157 (1998).

EEBN

_l%_ IEJ;-:?;_

HAREGEEZM)A LM NIT~ A2
OYRATAA VTV —2 g VPFERT
E-mail: jitaka@aecl.ntt.co.jp

= A, MR

W E -

19824F U KK FEBE L RFHE LR ERE T, 19824
HAEBRFBEMEAE (4K REEEXEETET, 1987
iEHAEEBFHAS L LSI AT, 1987 ~904F KEK-
PF BL-1C I B\ TS RIER Y Y avERE 7O AD
PR Icfess, 19954E 1+ (T2) HAL K%, 19974 %0
NTT-NAR {3\ THEE % W 7o L2 L O BF TR I HE
., e, AREROKREENRRBLCE 3 5 DHEBREIC e
#,



PEw 7 X B AEROCIALEEAR—KREF T T 1 —DEBFEZROT—

SEigiE:
FZATBGEN SRS & OFIEPT
H B GO IERS T

E-mail: takano.yoshinori@aist.go.jp

] BEHERILY:, BT

Mg E

20004 B K7 AFBe B Lt sepHE LR EE T, 2002
SEARNZAT BUE AN OB BR AR S DT 28T, 200347 B U 7
RFERFEELFHREHELREE T, HE (%), 2O
M, FHICBT 2WEENRET I /BRI T A5
FENCHEF, 20034 N7 AT Bk A RE ZEH AT RS & B 9ERT, Bl
18, SCRRF AR E AR B B e [ EACR
ISR 4 « WWEHTIEHAOBRINICE T 5 EEELF
78] 1T WT, BBOMRICHESE,

EFNB

KA LA
BEREDBIE AR

E-mail: t-kaneko@ynu.ac.jp
HM b, AbstEk

dia
WEIE -
19724F BN A%, 19914F L 0 BUATRE KK » S5
570 & ORI OERICE A B9 s X OB StV
2 —"B B ST ET ORHRIE S E I HE T,

IR

e RV A oW N M et ] s
BERED BIE#T

E-mail: kkensei@ynu.ac.jp

H o b, EaoORFEET AT
O8N A F iy —

*

W E -

1982FH T KF R F LR FERHE T, B+,
1982~864FE K E A 1) — 5 v/ F KA AE AL BF 58 7 F 58
B, COf, KIEHEL VBB AGSHTOT I/
g o KEEAIESE o Bli7n & OEBUCEI ¢ AR IC /S, 1987
SERIRE 7 KR, 1991 R IR 7 KB #d%, 2003
EREIERT KRR %, 19874ELIRE, R R KA
o BRBRES « IEAUKR L & TOREY OLEBICE+ 5 0F
R,

Research for chemical evolution using synchrtron radiation

"“Explore the Origin of Homochirality in Life

Jun-ichi TAKAHASHI

s
!

NTT Microsystem Integration Laboratories, Nippon Telegraph and Telephon Corpora-

tion, 3—-1, Morinosato Wakamiya, Atsugi, Kanagawa 243-0198, JAPAN

Yoshinori TAKANO

Insitute for Geology and Geoinformation (IGG), National Institute of Advanced Industri-

al Science and Technology (AIST), AIST Central 7,
1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, JAPAN

Takeo KANEKO

Department of Chemistry and Biotechnology, Yokohama National University,

79-5, Tokiwadai, Hodogaya, Yokohama, Kanagawa 240-8501, JAPAN

Kensei KOBAYASHI

Department of Chemistry and Biotechnology, Yokohama National University,

79-5, Tokiwadai, Hodogaya, Yokohama, Kanagawa 240-8501, JAPAN

Abstract

Exploring of the origin of homochirality in bio-organic molecules (L-amino acid, D-suger dominant) is inseparably
related to exploring of the origin of life itself, but any certain evidence has not been provided. In this paper, we out-
line our chemical evolution research using synchrotron radiation. Our interests have been especially concentrated
on the recent experimental results on the development of homochirality by circularly polarized light, which include
the asymmetric photolysis of amino acids and the chirality emergence into ‘’‘complex organic compounds’’. These
results support a scenario that homochirality was introduced in the stage of chemical evolution of organic molec-
ules followed by the transportation to the primitive earth resulting in the origin of life.
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