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(Abstract)

The hydrothermal origin-of-life hypothesis has
been experimentally verified using the hydrothermal
flow reactor systems in our group. In this review, the
reason why we have examined RNA and proteins
from the viewpoint of the hydrothermal origin-of-life
and the process for development of the hydrothermal
reactors is briefly described. Based on these
investigations, the importance of the stability and
prebiotic ~ formation of  biopolymers under
hydrothermal environments on primitive earth, and
the interactions and solubility of prebiotic
biomolecules will be addressed. Furthermore, the
studies led to another requisites for a primitive
life-like system as a living system as well as the
stability, formation, interaction, and solubility of
prebiotic molecules. The stability of the primitive
life-like system, which is one of the requisites, would
have been the base for continuous chemical
evolutions towards a higher level of the system.

(Keywords)
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1. Fif

FAZ 1992 FFl2 LB T —TRERFD James P.
Ferris #4% D FC, A£MmORLIFEOMEZE MR-
ZOMEFLRNA U —/L RS LTS 22 < [1],
RNA U — )b R % ZEFT D Je B 7 iF 78 3
W 2B L[2-8], RNA U —/ b RE#UIEMm o
EIFRICOWTHRDARDH ARG~ EFRB LD
D& o 7-. Ferris BHEZ D T TIT o I 4G -G f i
ZHWD RNA OERKIG D RNA U —/L R
ZXERT AR —FTH 5[6,9]. LarL, Bk
B E VDI ENE RNA ZAD EE I 2D
ToH A2 [10]. RNA IZFRLZETH L0 6T <5
fig L, BUKEFEMREIIFETS2 X5 IC8bhs.
F 7=, ERF T RNA BNEEERER RILT D7
OITIE 3 G #7722 T uE e 53, = ofkd
ZEVEL, KFEREE - BUKMEHEAEER R Eoggn
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B, L LEUKEH LD L5 s T, KE
FEASCHUKMEF ELEH 72 S & Z o 2T e,
— 5T, RNA 2 &0 CEUKEFRMNETET 5 &
972 300°CICH L SHEEIRERE T, ARk ok
TP Z T T 27200 B WERITIEIL R
Mot E5HIZ, RNA OZLEME S > THEdMm
IHESRLT RN X — 0N H AV 5 IEEHRRET
TFETLHLDOTHDLN S, RNA U—/L K&
T DA PRI R ZEMETIE R L, RN T
DAEREERBDENSWEDOENIET D LW
7? , WX E RN 2 2 ENEEE 2 it s
2N,

TS ORI, FAD RNA U—/L RGH % #,
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FEOFIENEZ NS, F 11X, #HEDOH AR
ZARERBR D /NS L, BB E & Bf Ry
MCRINSEDENI HFIETHD. ZOHEDOR
L, INEARER 2 IEREICHIE CE D E It
WHZ kL, HEVA X ENESLTDHE, EE
BN BRBEDTHNNE LS RB L THD.
F21x, HONUDMEAL T=F o — Tk 2 i
LCEFZ AT 2MZTmEv-s2s Lo 7
n0—yETHDH. ZOHEAITIE, FH1 TYEEND
2ODORMEITRILTE S, Tibb, fidEd —&
T E 7 v —RICEAT ZREHMAREIC L 5
WCINBEE O A2 T I —ETH Y, it
PRI O R OFEFAN TMEE M 2 HIf#E T X 5.
Ly AR 7% WV AUEHE O HIEN I E B <
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—75, 7a—EThHNE, e AT s 2 A
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PCThDH. b OFEHATR 2 INEVEE & O H % 8
W AT 7 —ROREEE 2 TR L IZTE
AT, BSOS RE R 2 28 (b & H 7= 3R N
MicEonsd. 2ok, 7e—E0 RN
OMNDHTENLTNWD EFREINEDT, 70—
P DT B IR ERIE BOIG 0 55 R [ 18 A2 18 B
EEPFR L.

RAIOHEE % 1998 123K L1=[12]. (FIX[FH
W, 43 - I8 5 D 7 )V — 7 CrIiRiE L
KL AR LBk 70— U 7 7 2 —n5
K INTZ[13]. Fexr OFHEO BEEIIROS 2B
HZETHY, 5H5OFETITRUKEHLE >
Ral—yarT A ElhD. REOEAA

ZLLTFICHAT 5 (Fig. 1). MNEEERE O NERIE
Fa—T7ThHZOHEZRE @RS H. RKED
BRESIT 2o 5. & 113, RehIEIoKE
WTHDHN, HDHIREITINET HEEITITF DR
RIELL FICR 2R OIE S % & < Rz 72 i ik
LN THD. ZOFEDHIT, YT
Fa—TNOHRWE LIRS 2 AW, il
EHEEE g EAREHAT S E L AEETH
%, H 20k, R IR T AR v T E B
BNIF2a—TH A X (NREREX) 28252
LICE o TRHICEEREETHD EWVWH Z & T
b5, LT LSS, IBERRIIEE O EA
EREIITIRGE L2V, RPIOEETIE, 350C,
INEAER 1 ~ 3P CORENRFRETH - 7=

ZOFBIZHESNT, Fa—TH A X (NREE
EX) #/h&< LT, FZFTHEHRFBOMIGCEZ B
MTEANRREZTAR . Z2O7-DIZTFa—T ¢
LTHRAI B~ NI T 74—V EF ¥ BT
J—EBEXIKENETHWAE@M U I Xy T
V—%HW= Bl ) hx v BT U — 13 fiHIC
FIZADIEBHNTHIROF 2 —7 THDH. NEIT
/T 0005 mm OLONHIRENTWS., Zh
W2 Lo T, B/ NNEERRT 0.002 BAER L, 2~
50 2 URD, 1 300°CLL ETX 7 L AT R4y
BB 21595 2 L ITREh L72[14,15].

Loy 2 UV L~ L TOWMENAIREIZ 72
D, ZEHYOBEEEZERL L. STIIT, &
B Y X TV —OEMITAETHLHDT
F ZATERSN TR SRR AR 7 £ AT U, B
EIRIRIR D AR MIVIERNE DG TELND.
FIT, 2O XD eSO TR ATk
TV EHEE OB R 23 T2[16]. Z OHFFE Tld~
Y Z W OB b2, EHEICE R & T 5 E
ZEUWEL 72, REIRE 4000CTH 10 2 UG
B TEORERNTE . ZOEEZHNT, &
BT Ccon+RMEAEERORIEZTITo72[16]. B
FEIXZZDEBOFEAZDI L THREL L LI
WL D TV B[17].
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Figure 1. Hydrothermal flow reactor system.
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N ELTCINGOWER THE L TEMPYT A
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F) d~w—, R ~—, £=7 3 i, XTF R,
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[10,12-14,18-23]. MR L LD ET X B -
TFR BRI BIXLETD, FEARNZITEK
GO fRET 5. AR R IZ DWW T
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K x I RE A LA TR T oy VA FEOWE
Th 20, ALFEAL O FZRRIZIEEHERE L VW D 1R
REMZTAEMOEROMBEIZ LTS5
A5, —F, B FNHDLINES A O A
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5 &V ) FHILITSE S LTV R,
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Ry DV IIBUKER A& 2 5 ECEHER
SMETHDH LA -T12[18,24]. 5] %1F DNA 1%
RIBETIZ2ELSHAZIBRT D0, TD=DIZE
REEII R E V. 2y 1 B 72 B L L7/ A A
v Bl IR A F V) EFRBEAER UER
DRSNS OBRIRENMET 5. £/, &F
SERFURTETHRMEITR T L., 2o
HiX, # 2 /X7B 0 3 RiEEDIRES DNA O3
A LRERIT, fFEA A LA F ot BB IR
PMETTDRENREBEZLNDETHAD.
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EHICERIZEZHD L ENVETHDH. £,
Bl & 2 X7 L DM EAER L2 Akt
LU WD ZEDHN, HIEOAMEKEZE 2D
ERY DT, FOMRED ERITHAIATeRE T
»H5. HlzlE, RNA OEEANRHBR LT 5
ROIE, FINCH R ERYENED L DI
DU, FOX NI ERWEOWEE ED X I
a— NMeEnint w2 BT 5 2 &
NPLETHD., ZOLDRESOMIEE LT
RNA O HERGSe, RNA DL EMITR 5
B R ERME DB RPN, BRI
RE VT EAICTIIRE R BIT vz &0
5y D30 12[25-27].

4. RO AT AL LTOLENE

PLED X D IR0 EME L Bk T
DALFHEALIBRR AR L CE 2. — 5T, Efho
ER, EWotms LEE2 L7263,
HHEARSTFOEMNS ED X 5 IR &L FEN
DBYAT ANERBE LN E, Ei & FOREIR
DOARZIZHF DO 2 ED T X 72[28-31]. =
NoOWFEERERET D E, HDHILFET AT A
MR BT DI2IE, Ay AT ADRENE
ITEAMERTHY, 202 LICESEHTTH
BT RETHDHZENPPALNIZ o T. Bl
DBEING D &, RNA °FZ X7 ERWE 7
O 55 FHEMIT, A ORIk E LTIR
+5THB. RNA U—)L FR#E % 308
U —L RGHR[32] D, RAOEBIRY Z D X 9 72|
BEREELTWHR.
EMIZITAEMDL LI Z2ET WL D00 BEN

Table 1. Comparison of RNA and protein from the viewpoint of the hydrothermal origin of life.

RNA protein
Thermal stability (relative degradation rate)
monomer 10000
oligomer 100

Formation under hydrothermal
conditions

Accumulation under
hydrothermal conditions

Hydrophobic interaction and
hydrogen bonding

Solubility temperature.

It would be possible if the
elongation starts from 3-mer and
longer in the presence of additives.

Oli%opeptides form at 250~
330C.

It would be possible if the formation rate is greater than the
degradation rate.

These interactions decrease with increasing temperatures.

The solubility of RNA and protein would decrease with increasing
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H5[31] (Table2). 7y L~ULThHDH L, RFH -
L Z5 B RS EHERE DS T R ENF D
PEL LTHIF BN H[28-30]. —F, PATLEL
ThHDE, AmIEEA2RHE LEREE2 B HICHY
IAF, FET-BREEIZH LT AT MM S & DT
HHENZEHSTWA, 2Oz, £ty
AT NE L TCORMMENRMETH L. F-5REL
FEAMERTH7-01201%, B & REZRMT 2 HE
NPVETHD. AR OEE T TR R UHEIZ
g3 2 M 25T 21 bl > Tnb. —F,
EMmIZiE—o0FLED (—IKME) 286, 20
F & FVITLEROB L ORISR 5 & v
IEEMEE B, FAE, FALSE Y AT A3 A
WCE SIS, — R ZENIIRDL 7Y I T4

Table 2. Attributes for a system to regard as alive.

TRBETHY, TNLEES LRI, BEL
DORARS, FfktE, FRFREER EEmD L X 20
HLZEEZTWD.
ZDOREMEREFT A2 OIC VAT AT 2D
DFIFZT - SR ER bR WEAS B 1 L
LT, #ERNREEFORRTFIER S0, D
F AT REE RO LEEL TV,
F2 L LT, EEHIRES: L oL EME AR
X7 670, LLENS, (bl b & AR AT
BOWTEDLIBRBERN AT LMo T
WS 7ZMZOWT Fig 2 ICflICE L D, Bl
2T OERD, WD AT v P TEL TR0
RSN EER LI bF v AT A~ L
2. WIZ, ToHmnb HEERRZ E LR G

Attributes Descriptions

Inside of the system

Metabolism

Chemical networks for controlling inflow and outflow, and

formation and degradation.

Replication
Mutation
Functional as a system
Subjectivity to environments
Flexibility
Cognition
Individuality
Stability

Based on the replication of DNA and RNA.
Based on the error during the replication of DNA and RNA.

Ability to subjectively adapt to the environments.

The system is flexible to adapt to the change of outer stress.
Ability to cognize itself, others, species, and environments.
A system is integrated as a unit.

Continuity of the system.

Mixture of
molecules

Chemical systems ]_{ Life-like systems ]
. )

Primitive life

~

Static and kinetic
stability

[ Self-catalysis

Chemical reaction

Assignment
between information
and function

Individuality

Improvement of
replication and
enzymatic activities

networks

Emergence of
enzymes

Cognition

Subjective actions
to environments

J

Temperature

Milder earth
environments

Meteorite impact

Figure 2. A scenario for the emergence of life.
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