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(Abstract)

The RNA world hypothesis, which is becoming a
most popular hypothesis, has been extensively
evaluated in the last two decays. However, this
hypothesis has some drawbacks. First, the
hypothesis that life originated near hydrothermal
vent environments (the hydrothermal origin-of-life
hypothesis) appears to be inconsistent with the
RNA world hypothesis. In our group, the thermal
stability, the chemical evolution, and the behaviors
on RNA molecules under hydrothermal conditions
were systematically investigated using our
monitoring methods for rapid hydrothermal
reactions. Based on these empirical data, the RNA
world hypothesis is discussed from the viewpoint
of the hydrothermal origin-of-life hypothesis and
different plausible RNA world systems are
proposed. Second, the reality of the RNA world in
detail is still ambiguous. Thus, several plausible
RNA worlds are evaluated as life-like systems on
the basis of the unified theory regarding the
origin-of-life and evolution of organisms, which
was recently established in our group.

(Keywords)
RNA world, hydrothermal origin-of-life, minimum
life-like system, subjectivity, individuality
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Figure 1. Biological information flow for the present
organisms and RNA based life-like systems. Top:
Present organisms, bottom: RNA world.
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Figure 3. RNA polymerase models without and with a
template polynucleotide. Top: metal ion catalyzed
RNA formation, center: clay catalyzed RNA
formation, bottom: template-directed RNA formation.

-33-



Viva Origino 37 (2009) 31 - 42

TW5., ZORIETIHE /) ~—%2 0T )
5V UEEAIZ YY) RELEEMERY &
FIONBRLETAEEICH > L b IEREL,
Y IVURREEDE ) =L ) U
B O A TIHMIONTERIZS W, 2721,
VIV EFEMRDETHERY X7 AT N
&2 RAWIUR, 4FEOEIREEALTEEIC
bR R EUSRIC X o THEMIRI RNA 23R L,
PN < &L FUAMERILI S D REE FTHE 72
T LENIRENTZ[46-49]. F7-, kit E A
W B RAIIC AR L 7= RNA 2 B -8R R 5
THIMIZR RNADER T2 2 & bR I N
[50].

L Eo#ER, RNA b bicis i 54 A
T T NEBRIIZEORERNCEATEN L
WIORERIZIAHTHD DD, RNA ITBED
HER D B W IF B ER IZ T W BRBE T CAR L
MOER LU WREM RS D Z LRI N,

3.2, RBRENEIEIC LD KF

RNA ORERE NEIEIZ ST 72
RNA Z AT 5 HFiEimDS 1990 42 Tuerk &
Szostak & D 7 )L—7" 3 o TIRIFFIZ 23N L
THREFINZ[S1,52]. ZDOHEIL, T F A
RNA OFAH—EEE OMEEZ B> RNA DEp]
—IBF S 72 RNA DR & W O W\EN S 78 5.
Z O Sk L C Fig. 4 IZR$. 7 U X A
RNA /X DNA AREEIC XL > TAERT D 7
A 5 DNA 2Bl 5 . Wiz, Bz IXEEED
BURTBIKESTHT IR~ —H BT 5
WA, FORRIEET T 4 =T 4 —
BT DT L ENICKTT D RNA OFF S %
FIFA L C®RIT S, 550072 RNA OBEIEIZIT
WHRE PCRIEZH WD, T a2y iRd & &
KEIZHEOME A2 L ORNA T 72 ~—2 5
LbiILh. ZOHFEORDZE->TT & A
T D RNA O E72 RNA NELER)
WCEENTND Z ENFEIESNT-[53-61]. F
T-ARIBIIES - P RBHN THLEETHD
7= O K ENM BRI T, 2 2T,
KT O ANV A 7 VA E O
M-8 B-HARWIKE ML L TS, /o T,

random RNA

v

selection of RNA

amplification of RNA

Figure 4. The principle of in vitro selection of
functional RNA molecules.

-34-

RNA UV —/ L RIZBWTIE Fig. 11273 L91C
DNA & % 7B DOKERESR RNA RN~ 7- L
Zzohd. ZOKEEERTD, O7 4
2 RNA OARIZE 9 DNA SREERE, OfHiE
WAV B RS PCR, @&EFNZHWDLT
T4 =T =BT A%, 2 TANLAZ T
THHD, bLINDOBBENFEHE ET
AT H5FEMEL IR TEIESERERE
RHSREDN RNAIC L » THEAH EN=DTIT R
Wink Wy U ARG, lEDZ b
MBI DFEIZEL D —HDOREIZIRNA U —/L
Rt % L FFT 288 DRI L 72 > T 5.

4. RNA U—/L R{EGROFFA (D 1) : Bk
LR D DORRFE

B R T A BRI O 38 L & BFZEDN D
B FNT2[62-65]. T2, AFEEME O R
DR RS RIT, WO RK%OILEO A%
(LCA) 1IHBFBEWEAM THD Z L E2REBL
TW5[66-68]. HHAAIDEIRIZKKT D
ERbLHH[7-9,69]. — 5T, EIEIEDIHKIE
HifL7e E OBOKBRE 5 EBRTIE7 2
TN S RTF RoX XTI N AR
THEELBAEFEORMLLE STV
[70-74]. it > TEAKGEL JFR 3 A e SR oD (AR
LLTEETHDLZ LIIELEN W, 25
A, RNA U —/b R & A OBUKE R
MAFETHEIICRZH[6,75]. HlziX, RNA
HHNIBKFTREETHDEEZ BT
720 T <, EIRT CEIEG IR EERE
FERELFFONLE I DIEARHTH =, £
IT, BKEREVHIHEETRNA U—/L K%
ML, ZOFERBERNCZYNE S 1 E
LML E&EZTE7-. RNA U—/L K
I & BOKEIFR O O F & S, ORNA DL
LEMEITFE D, @RNA IFBUKF TERKT S
7, @RNA ITBUKTF CEELRERELFBHED
MEI, LnIHEMICEHNESNIN NS
FEBICERT DI ENARARTHS.

4.1. RNA OEZEM

F & A RNA OB EVEDOWIE & dh b 7= tH
SCERRP AR FETITIRNAITBUCTHL & 5 T
RNA U —/L R72 iR F CIERA[REZ & v D
ERNTERTH-72[7-9]. Li>L RNA O
EMZMEL XY E LEERIID o7z
[5,9,76]. #-> T & ITLEMNZ EREIZHET
HLZAMBIHTE. ZOFEDIZEUKRFPTO
5 NG B 1B B U5 R & B L[77-79],
ZhEHAWT RNA OBREZEMEL FER LT
[80,81]. LATFIZ, RNA DENZEMDFEERT —
AWZONWTHTERREEZHHICE LD D, flz
AV IAX T LAF RO Y VYT AT )Lk
A OFFHIL 200°C TITER B 5 10 BE T
»% (Fig.5). £/-, X7 v AF KDV v fgx
Z2F L BIFIERIL RO EREF D, N-7
Vay FiEREHEEOZERITL > LEwv.
—J7, T2 BIIEIE T T 7' b 5[82].
COWEIXTF vy 5-=U U (ATP) @
U UBET AT IVEER OFELEE & b TE &
% 10000 fFE< , SV 2 D5 L, RNA £/ <v—
X7 2 LT 10000 fERLETHD.
—J, To7=20A4 ) IXTF RERNAAY



Viva Origino 37 (2009) 31 - 42

~—OEEME[BERDE, VBT AT
NWAEBIIRTF RES LD 100 fFLL BT T
REVAREETHD. ZNHDHEFEL, HK
IR A BITRIZT 5722 51X RNA U —/L R
EHBETHRIWIZ/D Z5ThD. LinL 44
2R 580, RNA &7 F KDL EM
H o TCRNATU— /L REBIET D LV D i
WZITRRY 0" dH 5.

42, Bk T RNA AL O A RENE

RNA U —/L ORI TH D RNA DJEIRR
Y XF7—¥E5/ (MC K&, CL K, TD
S 1%, 13 AEN 0~25C TSN
THR2 o 72[37-50,83]. BUKEIE & DR %
ETAEOIIE, ThODORISOEIREE
TOWRPERAFMEZ T, Bk TO RNA ARk
Ot EFER LR TdE R bR, 22T
Fxlx, TNOHDOFEBEA) AT —BET L
[74-86] &, XHICA Y IXT LAF ROMEHE
ANz X H2BRILKIE (CY KIE) [8TIZDWT, 0
~100°C TR EMRAFNE & 5~ 36 B 3m L R AT
L7-.

MC KJts, CL s, BEOTD GO ET
WWBWTHY X7 LAF ROAEREITIRE
LR EE BRI D, —TF CY K& T i
WEIIEM L7208 RIIR 0V EDb LW, |k
i 3 MEOKSTIHIER X 7 VAT RE /
~—%ZFE LT BN, AV ITXTVLFF RO
Rk & R, M EX 7 VAF Ronksy
fit, AR LAY X7 L AF FKOIKSE
REDRISISNEZ 5. fHilé LT CL KR ®D
2K E T (Fig. 6) [86].

— R, BELEFICE LR oTAHY I
7 VA F NAEREE IZHENT 508, B4 e
TH DMK FEEE HLHINT 5. #E-oTH L
BENED-TH I OHEOFMKRHIEFR

108
100°C
108 _/ 200
- 300
n 104 |
£ 102 |
s 100
I
102 |
104
~N 0O O 0o o oo o 9o
T VM N 8 E O 5 £ £
) © 0 Q9 4 g < 2 §
) S ®
-]
]
Figure 5. Stability of RNA molecules and related

molecules under hydrothermal conditions. The half-life
for different biomolecules.
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Figure 6. Pathways of RNA oligomer formation from the activated nucleotide on the clay catalyst under hydrothermal

conditions.
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Figure 7. Reaction mechanism of the formation of a
nucleotide trimer from a nucleotide dimer and an
activated nucleotide monomer.
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Figure 8. The importance of the formation and
degradation of RNA and the enzymatic and
non-enzymatic reactions for the accumulation of RNA.
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Figure 9. Realistic RNA based life-like systems.
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A: RNA molecules as living systems and the ambiguous system composed from the RNA molecules. B: Complexes of
RNA molecules with other substances as a unit of life-like system. top: RNA with protein-like molecules, center: RNA
on the mineral surface, bottom: RNA in the mineral nano-structures. C: Cell type RNA based life-like system.
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Figure 10. An infected cell with viruses (A) and an infected prebiotic soup with RNA based life-like systems (B).
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