BRIEBRBESR TOES

CEMEOERIERK

REILH. BRBE. EETE. RAEG-.

B# H.

THEE. $H5KADOF. AFHIEFM

WEET V= AKEWD 50T bR EE 7 VB 7 BRI & B 72 KB 80 TULLLT
280nm & V) Bk OSSN Z AT UL, T I /BB X ORI D e ) ek s
ERRWIEL7ze THIE, REIGWE LTCH, 275t & ) % EICH RSEREE M 720 Tk <
CO, 2 &t & 9 LA RLEIE T CToh o TH A E DMK SR TRRTHL L &
KT o T, TORBHEHNTOEEIIES Mg DIAAIZE > THLLAMEESRBEZ L 5h -

72A5, T, m%ﬂi’i’ t/‘k(ﬁﬂ&fﬁ)é(ﬁi(ff@’[ uu@n@é’[ 5_’”!1/]\1_60 )'\

Fido gy

BHRERD T OFR, RBEDO Y 2B T Y EZ T ABL A ¥4 I VBESMRINEA, Zh

SASHEATH L L SNz, &5,
Mﬁ@ﬁmw%&tkowfmﬁﬂ&ﬂ %ﬁb T X /R BRI O A

BRSO R B L RO R

JEBEHE & KD

WCHESE U720 (D) IKBET Y B AKBHWD A WVIE B bikkE 7 v BT RIS 272K
m&k%ﬂﬁ%wﬁﬁétzlva/% DARELD, QT aAVEET vEZ Y AIBSMR

kcto'fﬂ‘#*j‘\ /@t&%ﬁ\\
X OBGBICHTRES NS L LD

FEH I VI Mg &

ih CSEBMT B 7200, Mg Jiff KT

ML T2 %9 3 VRO F R4 T FANOSMHAHIH S

., AFHIVEBPIHRECERT 5, Q)4 FH I UERIE280nm L D 5K EE D SESHR A L

LTTI/VBRBIUBBRER L 25,

1.# 8
A DRIEOMFFE H IO — 21, Kk
HARFOMIREREEOHEE 12D Do HEK, LG
K5I LTid, CH,. NH,. H,, HO #°F
B THh ol b $5HEILAAB L CO,0 Ny
0,0 HO D EBSTh o7z & BBALALH
Bd o 72D5, 19534, S.L. Miller 25E L A4
HEOERP TOREIC L > THOTT I/
M%ﬁ&@%ﬂﬁ%ﬁﬁ&bfu%u G
KEHPSER L 2D, BIUAGEE %Lf%
 DFFFEAS, 4R m%ﬁ A,
B R SRRV F — ﬁtbfﬁb%h
T&7:(23]0 LAL. EHEOHERAR P DOR
ﬁzﬁﬁ OATPAT LB & UV R R O AR 1E A
SHIT B T KAHLEE D HE ¢ [4-9]) K
ﬂxﬁ&no%bw@ﬂﬁﬁﬂ@&wkhﬂ
B[11] 72 B9 A #bER - FH{RH AR D

BHRDL 1, HEREA:REICAAE L T
AMA R b e, Ao

ARSI TH o722 & %/J\ﬂf*‘ LTw
b, TZT, b LEEILMSRPHA T D2 amk I
W ORI ECSHEGE S AT, RIE KA
SUIH N5 p T L L B,

F# H13$TIT, CO,. NH,, O, 2{7EK
B R NI A iCE 2T, T/
B, BBEXE GG L)L E0R) v =28
GRTELI L E2HE L72[12,13], i
CO, R HHDIRHEW L L7127 I /BB LUK
B LMW AIOMOBI ThH L, £
72y BOBKISHBHIZ Mg 2 fE 88728 &
T3 MO R ATH 72 o TN
THIERHWEZ LA, ZHUd, Mg»ils
A TEHRE R DS A S IR DA & 72 o 72 nl hEE
R HEEZTIV, S50, Ky

"REBXREFEMRR (T611 REFFAETE S E)

BELLFHRE F7E5FE1S FR6F48



GHEDOKBHIITIZ Y 2 BB L O 49 3
VEEDSEREIAER L TWA T & R
CNONPUEH A TH B EHiE L TWw b,
AHTIE, /IR12,13]8 L OZF0%0 Yk
MROFMEBERS & & DI, AR %
EET 5,

2B, BALHSEA COEMGREWE DG
BB L Z2BF RISk D L ) b DA
Bo HEEH A B L 72 KEHOSEETIC X
BERNVE—ADEK14). T2 KET VF
Zy AERD y G L BT VU B LD
7 7 =¥ OFE[15]. CO, 13 Kb TIid
wirh&d CH, £ ) b EILN7Z HCHO &
NH,0H % 5 UKEW16] & 2 W34S HifiE K
17 26DT7 I JEEDOE. a-F X VEEL
NH, 25 GBHHAPLDT I JROGHK
(18], CO. H,BLXU'N, » 541§ 5 HCN %
GUKBEDPSDT I BOLAK [19]. CO
DNHEHT & > TELHC,0, & NH,OH & %
Lt %2105 CTLlThnzha 5 W IZ RS
WA LIZL AT I A [20]. HCHO
BLU NH, 2E5UKEHIC HS 2EH S ¢
27 I AR REFREITONE, &
B, BiKE VBRI, KT Tod4G
EEWEOERICBITAE8EA + » ORE D
EME AR L T B S TR RV,

2. X B

RIRT ¥ &= LKEFHDH D\ ECO, B &
OF NH, % IR & & 727K 35 ml & AAE 20
mm DFBEEITE A L, 400 W &5 RG] 12

L o TENFIGT L7z  DKERETIX Fig. 1
VR &) R ESi - THB Y. RS
P FCOMYESEE V2T EY T Z VA
G L o TRz & T A 2.4x 10" photons/sec
Thotz, MHRIEE, PUCHELEOIMIN %
A RED Yy F & — TV vy MY AD
MEREZHZ L > TREI L7,
APEERIZB T, B~ AR L 72
DL Lok E vz, JEBRICERI L
7RI AT HANTH B 45, K4 DK
HIZDOWTT 2 B & UM IS AR
WAL T TH LI L 2R L THW .
YT ABHT O T 2 g L MR 4y
Frildh 7z o TiE, [HEHIC A 5D NaOH % Il
2 PN CHNREZE . 6 M SERRREM:(C L
T 110 C T 24 BefIhnibt L ThAKS 8 L 72,
O NS A Ve, FRIE & AR AT
LTkl e Lic, 73 /BB L UHREE
HDOGHE, FNEFNGA 4 VR HRHEH 5
AB XU ODS WAl A T 4% WD sk
2a< 7574 —TEro72(22], MGHE A
WHh DY 2, X3 U, FFY3
ROGH g At 20 E (hk
SR IC) Hwz, Thbid ODS A
FAEHWA Gk s u< b5 74T
L7, NEEMEHVAERLSY VA b
D=l & BguiRE L FH L7

B, bSO W)L FOERGT
. 73 VBRI O K L, R
W% D KA 35ml H OB L LR
¥

. (100 |
5 - e
£ | LMLJUL
w oz i) -

[TJ
200 300 400 500

600

wave length/nm

Fig. 1.

Transactions of The Research Institute of
Oceanochemistry Vol. 7, No. 1, April 1994

(5)

Energy Distribution of 400 W high pressure mercury arc lamp.



3 IEREEER

31 KEBREHET
ERE

10 %IRRT VE= 7 AKEWE 90 C T
100 BERSIBEST L7z & &, A2 0.01~0.1mm £
JEDKICAE e FBERIRR ) = — 2545 L
720 B 2 — % B L HGTE ARG & KT
B, ST LI2E A 1.7X105,7.8X10°%,2.1X
104, 7.4X 10 M (M = mol/dm3) ® 7)) 3 >
T2V, )V, TANTFUVEF, £
72, 4 X105, 1.8 X10M DY ¥ v, w35
VBRI E NIz, T 720 1MNH, KEHBIC
pH=89 (%% F TCO, 2 WNSE/2b D%
E&tETHRET Lz E ICL AL R <=8
A B UK A3 #£121.48 X105, 2.1X10°,
§XI0'MDFT )TV, TI5=V, TANT
FUBIBRIE Sz,

—J. B =& B IR R KSR
L. AR Lz 2 a, Bt & A
BLXVDOT I B BRBELEVPRE SN
720 WTHOREEHIDOWT D, IIKGHET
WA Lok &, 7 B BRI D
BEIBMBEEDLETH 72, ThHD
FERIE, LT I R E BRI
R)<w—fiZ3EENT., & LAKBBICH
HLTWAEZE, ZLT BHELTVET S
JBRBBERIES L TWAZ L 2R,
%8B, BEER) v—IiX, HRAERERD LI
BTHRRBEFFHI FO L) hABKELLE
WOEEGKTH L,

SR ARG O IRBET =7 AR
7otk BELEEBOA-HBREDC R
. 73R RRIE RO TR R & TRl
ENLRICHRTBROTE D272, T O
7z /)= )V—HiBEREB L ks o< b
T I7HEICL o THN L7KR, 2RO
WL7e LL. SRLEIEROEE ITHE
oTBY, EHERFEEEEEICIEE>TW
2\,

e DEMETTOT I /BB L UOEEE
D EY 1 Z1 Table 1 3L Table 2

I /BHLUBBIRRED

CEL T I BOAKICE XTI
&&w C# % Table 3 IZ/RT . 3725 Table

FEBEEDL TORED R TE 5
74»& AL TENREGI L 20T
IBERETH->T, 74NV —=HF R
UV-22, UV-25, UV-28, UV-32 x fl\WT#
NZ1 220, 250, 280, 320nm & V) FEED
R MW L TRD7ZZLDTH D,

T 3B L OBBRERO A LR T
VEIY AEEB S CEAEFRICIZIZII L
125

7‘/M£iwﬁ&ﬁ£@%A&mu H
SHRE B L OGO RENPRKE (R
to%(:UFT@m%~l57\/M&&
FRYE LD R 1L 90 C TOFNSITHART
VI0LLFTH 0, FROEAEDARE L I3IT
AL TH o7, 280 nm & V) EHREDNGH
BHZ & BAEREEA R < BT CRISH % 90
C TI00BF RN L CTd 7 3/ R X ARkt 4
DR EIE p MELFICE EF o Tz, UL
WDKFEA A ViEE % HCl B LU NaOH (2
lcfﬂﬁb ﬂﬁ®%i%ﬁ«tkpé‘
=8 ~9 TlgK&h5b
Z t iNaN 75‘0 f_o

Table 4 (27 3 JBEOAKEICB LIZTTH
FEOMBIEODRE /R T ULHLIZ Mg» %
HArs e SAEKEISIML 7245, Tvh
D&/ A L v M, Na 7 U ALA 4
WA 4 V3B L otz RFEBRIIBW
Tid, HPO> DHAFIZ Lo TH T I/ o2k
BEEOBEMAEBRN S Nzhs, oW TiE
SIS LETH B,

T/, Mg R LAF 387 & SRR A
BEd HZo TN L 7z (Table2 £H) ,

Mg 2 5 2 NS DFERIL. KA A B
SOT7 v EZTHAERILL 72K (pH =
8.2 ML DA W) & B\ IdEEAK T TOA
RO R ERIRTADDTH B, LD
L. BUAHERD KRR AT A )L F — 4
E LT MG SN A 2SI oW T
WT RE/EIE > TV b,

BAEFHRE F7EFE1S THE6F4R



Table 1. Amino Acids Formed by UV Irradiation of Aqueous
Ammonium Carbonate(AC) Solution (pH = 8.9) at 90°C.

Conc. of Imadiation Conc. of Amino acids formed ( x 10-7 M)a
AC (%) time (hr) Gly Ala Ser Asp
10 100 170 28 6 14
20 650 175 22 51
5 83 19 3 8
10 440 575 78 21 74
20 22 3 N.D. 2
10b (dark) 1000 7 2 N.D. N.D.
10c (at 25 °C) 100 18 6 N.D. N.D.
NHgz + COxd 100 148 21 N.D. 8

a; Results after hydrolysis of irradiation products in 6 M HCI.

b; Not irradiated.

c; Irradiated at 25 °C instead of 90 °C.

d; Aqueous solution prepared bubbling CO: into aqueous 1 M NHa
until pH =8.9.

N.D.; Not detected.

Results given are cocentrations converted to those in irradiated

solutions (35 ml).

Table 2. Nucleic Acid Bases Formed by UV Irradiation of Aqueous
Ammonium Carbonate (AC) Solution of pH = 8.9 at 90 °C under
Various Conditions

Conc. of Reagent coexisted Iradiation Conc. of bases
AC (%) time (hr) formed ( x 10-7 M)a
Cytosine Uracil
10 none 100 40 18
20 164 25
10 none 440 127 33
100 (dark) none 100 N.D. N.D.
10c(at 25 °C) none 100 3 2
10 0.1 M MgClz 100 68 26
0.05 M oxalic acid 170 81
0.05 M oxamic acid 265 178

a; Results after hydrolysis of irradiation products in 6 M HCI.

b; Not irradiated.

¢: Irradiation at 25 °C instead of 90 °C. N.D.; not detected.

Results given are concentrations converted to those in irradiated solutions (35 ml).
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Table 3. Effect of Wave-Length Irradiated on Amounts of

Amino Acids Formed by UV Irradiation (100 hr)

of Aqueous Ammonium Carbonate (AC) Solution

at 90 °C.

Conc. of AC; 10 %, MgClz; 0.1 M, pH =8.9.

Filter glass Conc. of Amino acids formed (X 10-7 M)a
Gly Ala Ser Asp
none 270 120 21 29
uv-22 297 113 28 32
uv-25 428 156 39 28
uv-28 162 81 14 11
uVv-32 26 6 3 3

a; Results after hydrolysis of irradiation products in 6 M HCI.
Results given are cocentrations converted to those in

irradiated solutions (35 ml).
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Table 4. Effect of Coexisting lons on Amounts of Amino Acids Formed
by UV lIrradiation (100 hr) of Aqueous 10 % Ammonium
Carbonate Solution of pH=8.9 at 90 °C.

Reagent coexisted Conc. of Amino acids formed
(X10-7 M)a

Gly Ala Ser Asp
none 170 28 6 14
0.1 M MgClp 270 120 21 29
0.1 M NaCl 177 25 7 15
2 M NaCl 187 27 9 19
0.1 M LiCl 163 29 6 15
0.1 M CsCil 159 31 9 15
0.1 M MnClz 178 34 8 14
0.1 M MgSO4 293 131 24 32
0.1 M MgBrp 291 113 27 31
0.1 M NazHPO4 325 67 18 26

a; Results after hydrolysis of irradiation products in 6 M HCI.
Results given are cocentrations converted to those in irradiated solutions (35 ml).

Table 5. Amino Acids Formed by UV Irradiation of Aqueous 10 %
Ammonium Carbonate Solution in the Presence of Oxalic Acid
or Oxamic Acid (pH=8.9).

Irradiatin; at 90 °C for 100 hr.

Reagent coexisted Conc. of Amino acids formed (X 10-7 M)a
Gly Ala Ser Asp
none 170 28 6 14
0.1 M MgCl> 270 120 21 29
0.05 M oxalic acid 364 107 29 32
0.05 M oxamic acid 431 86 23 28
0.1 M MgCl + 1200 1230 83 186
0.05 M oxalic acid
0.1 M MgCly + 1430 1170 72 158
0.05 M oxamic acid

" a; Results after hydrolysis of irradiation products in 6 M HCI.
Results given are cocentrations converted to those in irradiated solutions (35 ml).
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Table 6. Amino Acids Formed by UV Irradiation (100 hr) of Aqueous

Ammonium Hydrogencarbonate, Ammonium Carbamate,

Ammonium Oxalate or Oxamic Acid Solution (pH=8.9) at 90 °C.

Reagent Conc. of Amino acids formed
coexisted (X10-7 M)a
Gly Ala Ser Asp

1.0M none 193 26 7 12
Ammonium 0.1 M MgCl, 351 128 32 22
hydrogen- (not irradiated 11 3 N.D. N.D.)
carbonate
1.0M none 40 8 1 N.D.
Ammonium 0.1 M MgCly 105 66 13 8
carbamate (not irradiated 16 2 N.D. N.D.)
0.5M none 803 129 58 52
Ammonjum 0.1 M MgCl, 43600 12500 2320 1600
oxalate (not irradiated 214 30 15 8)
0.5M none 11500 3080 398 325
Oxamic 0.1 M MgCl, 41900 12900 3120 996
acid (not irradiated 180 27 16 14)

a; Results after hydrolysis of irradiation products in 6 M HCI.
N.D.; Not detected
Results given are cocentrations converted to those in irradiated solutions (35 ml).
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Fig. 2. Estimation for the synthesis process.
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Abiotic Synthesis of Substances Relative to the Origin of Life
under the Oxidizing Atmosphere

Sorin Kihara, Nobuhiro Ishio, Mitsuo Sanada, Shinji Kuwada,
Osamu Shirai, Yumi Yoshida, Mitsuko Suzuki and Masakazu Matsui

Institute for Chemical Research, Kyoto University, Uji, Kyoto 611, Japan.

It has been demonstrated that amino acids and nucleic acid bases can be synthesized
from an aqueous solution containing both of CO, and NH, or ammonium carbonate by
the irradiation of UV-light of wave length shorter than 280 nm at a temperature higher
than 80 °C. This finding suggests that the abiotic synthesis of substances relative to the
origin of life can be attained not only under the reducing atmosphere composed of CH,
and H, but also under the oxidizing atmosphere composed of CO, and O,. Since the
synthesis was found to be promoted remarkably by the addition of Mg?* into the aque-
ous solution, the view can be drawn that the life was originated in the sea water,the
aqueous salt solution. High concentrations of ammonium oxalate and oxamic acid
were found in the UV-irradiated solution, and hence these compounds were consid-
ered to be the possible intermediates in the UV-photosynthesis. On the basis of the
detailed investigation on the synthetic conditions and the effect of the coexistence of
Mg?* or the intermediates, the mechanism for the photosynthesis was estimated as fol-
lows; (1) The UV-irradiation of the aqueous ammonium carbonate solution produces
ammonium oxalate. (2) Ammonium oxalate thus produced decomposes thermally re-
sulting oxamic acid. Here, because of the strong complex formation between Mg?* and
oxamic acid, coexistence of Mg?* promotes the thermal decomposition to oxamic acid
and depresses the further decomposition of oxamic acid. (3) Oxamic acid produces
amino acids and nucleic acid bases absorbing UV-light of wave length shorter than 280

nm.

Transactions of The Research Institute of (]5)
Oceanochemistry Vol. 7, No. 1, April 1994



