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Peptides formation for chemical evolution
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Oligomerization of amino acids is an essential process in chemical evolution of precursor of
life and would have occurred on the primitive earth. Peptide formation is unfavorable in aque-
ous solution, since this reaction involves dehydration. However, the peptides are synthesized in
aqueous solution at hydrothermal condition. Equilibrium thermodynamic calculation and ex-
periments indicate that the synthesis is promoted at high temperature and pressure conditions
such as seafloor hydrothermal systems. However, the amino acids and peptides are rapidly de-
composed under the hydrothermal condition. Peptides formation reaction positively occurs by
heating and application of pressure without catalysts under dry condition, and the products
were remained for a long time. The peptide formation is also promoted via Salt-induced peptide
formation (SIPF), in which transition metal ions included in the complexes with amino acids to
form peptides. Also, oligomerization of amino acids is accelerated via adsorption on oxide min-
eral surface. In particular, clay minerals have a high ability of peptide chain elongation, and
protect from thermal decomposition of amino acids and proteins. Catalysts such as transition
ions and minerals would be important to synthesize primary biopolymer on the primitive earth.
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1. U & (C

BAE, WK ECREEMEMRREGPERL TS
A, FIRHER FI2B VT, AEmAED X ) Rl E R
THE, #EL720»R7ZL S bho TRV, 1927
4E, Oparin (ZFEIHERIC B W CTAEASA L2 HE
WZOWTHB L7z b bim] 2 9o TIRE L7z,
FNE, RO XD BRIEBEIIHITTHHE I TN S
(Oparin, 1976) .
D) 7IVBPEREINZKERBIIEH I NS,
2) FNSHFEBLL Y V37 B L TWw L,

* KRR S KRFRF I 7E R
T558-8585 KFRTlifE# XA 4MT3-3-138

3) Zo%, EHE RNA 25K & NUE IR A: fy 25t

HEL7

7 X/ BROIEAYRE BRI DO W T, Miller
(1953) ZHHRKATTTY I VBOARIZEI LT
Lk, £ OWMAHEDOEIREZT| X, 4 RFEBRI»ITH
NTwa, 73 VBOBEDOEMIZEIC, BENKE
W EAMYERICHTTEZ BN T WA, RENKERN
TRRAT TORESL, HEHKETILTORRT 1V
FIZLBEHE VSO EZLNT VS, £
7o, BESGEERIL, FH M TERIREOZEI
Lo TEREINLT I VD, BAFIZE > THIERIZ
ERENER SN L) SDOTH L (Zaia et al,
2008) o

73 BOEGRERE FEFIZ, HMER LKA RIRE
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BT A7 I ) BROZERREE 2R ERLITD
N7z (Bernhardt et al., 1984; White, 1984; Bada et
al., 1995). AR, 19704 ICF R S TRl
* (Weiss et al., 1977; Corliss et al., 1979) , A A5
HEHAL L ELTEZOND X512 57 (Miller
and Bada, 1988), 72, FELoiRRLHRWERIER
KL 722 &, Bex Bt dr o5k, #Iboo
BERiE LTHETFONDE X)o7 (KRB - #I,
2005)c TNOHDOEMETICBIT 2 EMmBEEORENE %2
a3 572012, 73 VBPESLLTY OGERE, §
bbRTF FOAEFBIRIZ OV TEREIFTbNTE
720 AETIE, R4 BEIETICBTBXTF FOE
BB AR W TORET b L WF%E & b
AR L, HiER BICB B Aass oo kg sn %
ZHLI2V,

2. NXTFRFORFHE

WA, BT F FEAEEE X K OWT s B k4 Tk
PEREINTBY, ZOETELZNLEZMNT S, &
bW o B EEERE 7 e M7 57 4 —

(HPLC) % M\, UV (¥ %195 nm~210 nm %
) ko THINT 245 TH A (e.g., Bujdak and
Rode, 1996; Suwannachot and Rode, 1998; Imai et
al., 1999a). ~X7F FOIEEICIE ODS 77 7 A% H
ENDBYENLE L, 2B ~6EERE DKM T T
FOERIZHEL TV 5,

Kawamura and Shimahashi (2008) &~ btV v
7 ARV —F— i A 4+ S ALE = 5HE (MALDI-
MS) ZHWT, 108EKU EDOKRY 72857 F RO
FMExiT, BRHOXRTF N2 T268H2 53D
—DELTRAL TS, 2032, MY 74 ok
A EZHNTRTF V& M) 7uta 7 eF vt
352 LT (Pearson and McCroskey, 1996), ififk
ru= 77 7GEGHE (LC/MS) 12X - TESH
DOXRTF RO HETH % (Ohara et al., 2007) -

RIKFER O AR T F FIIAAER DD T  Hrs
HLWEWIENS, FN6 2 IEMEICER L7
BHEINFETIZL AL LD 7205 F4E, Ogasawara
et al. (2001) IHGBHNOWEKHER R ICHFET S
IRTF FOGHIEI LT w5, IXRTF FORH
FIEFIZEZ W ®, HPLCIZ X 2583 fF T & &
Vo ZXTHSIE, Az uY NS T T ERSHE

(GC-MS: column, 25 m X 0.25 mm I.D., Chrompack
International) # 5% Z & T, 34D I RTF

K #%0.03~5.8 nmol/g & \» 9 HERAGM IREE# PR TR
Hj Lf:o

3. BAKEHTICHTBEINTF NOERER

3.1 BKEZHETICHTEIXRTFNOERRIE
NRTF FOEBESUSZ LT O TR S5 BLASG
ThobI ehb, FEEE 226, KERPTIIE
DI, RIBAEITIZ SR S K Z T B <
VDD 5. (Meggy, 1956) o

2 Amino Acids — Peptide + H.O

LAL, R7F FOARS RIS TH 5 72
B, MEEKRD X9 % FIO KB Tl UG
H#EEN 2D, Shock (1992) (X FHGE )22 2 3T % 47
V, KR TIRREO LA TRT T FAERED
Hde EHE L7z SHUISHT L, Qianetal. (1993) i3,
POGHEERMBE L) 7 I VBB L ORTF FORE
HeBlgt L, ToME, REO AL LEBIIENS
DHTREREN ERTH DS, BROBKSESTT
BFRTF FOREWMET L, 3L ALRELTHE
TERVOTE LW EEZ T2, T72H 51, Shock
(1992) 247 -o723tHE TR 7 I VBH Y OBMR (K
D) BEEEL TRV LS, BREICIZFHIRED
Do TR e L, Shock (1992) I2& - T
E SN FMEIBENTH D L L.

ZNIZDOWT, Lemke et al. (2009) &, R7FF
DA SN DT 2 ) S OB 0 5 FER % AT
Vv, Shock (1992) A%7R L 7= S5 e % FMRET L 720
Z DR, Shock (1992) AR L7z R & il
L0, RTF FOERSUSIEREAET TRES
B LAEE 720 SIE TR oK BB L FEBR DT D
NTW5BA (Brack, 1993), 13& AL DEBRTRTF
RO RD b, BIJFN R R EATT
W5 (Cleaves et al., 2009) .

MEATDbNI2L  DWRTIE, EEBLUHT T X
HOBRA IS E AW TREEREZIT-o Tz, L
ML, EBEOMKHAARIIHAIRTIEZ L BBRTH
5o WAEIZ 5T, £ EBEOMKBSKEEIZE WS
2B 572012, 70 —RBUSERE % 72928
Pirbhbd X 9il% 572 (Islam et al., 2003). T D
P, BiRSMERER L 20 bIRREFICBET S
X REDERT % (Fig. 1)o Imai et al. (1999a)
7 e - SR EZ TR TF FOERERZ
175720 100mM @ 7' ) ¥ VB %110°C~350°C,
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24 MPa THIZ L 72 & 2 A, MBS LDINIZ Y X
TFFBIPMNIRTF PR L ZFDO®%ESHICH
oo THREL TV, H51E, 7o—ReEEhic
B ER7F FoARRKG I H KIS (auto-
catalytic) IZBATL, RIBdMRESNZEHPIL TW
%o F72, Alargovet al. (2002) 13250°C~400°C, 15
MPa~40 MPa DA 5M4 T OERT, FKIZT T
FFBLOMNIRTF FOEEZMHE LT, L EH
DOXRTF RIS (Imai et al., 1999b) AR %
WRTHBE (V2SVI M AVTFRAT7FV0ay
V) wfiiE s LTz 7284 (Tsukahara et al,
2002) ICORER L7ze T72, TNOHOEETIE, fil
WA WAL RTRTF FORFED LA L,
FEBEOBKBREI Ik~ 2 &R A * ¥ B L
TBY, TNSEXRTTF FMHEOMEE 2 0155,
Kawamura and Shimahashi (2008) X7 3/
BCTHELTANTFUVBBIO VY I VBICHEH
L, XIF FOWMRIZTNVE I VIRPBRIRILLTTE
e¥u Ny I VBB L, XTF MR LTY
{72 RTF FMHRETVERIBL TV 5,

LR O KRBA B ERR TRED SN2 RTF AR,
Bk L 72 P2 2 5 Blin s EO T AR TH 5,

Cooling Zone
Low temperature, Natazral
high pressure chamber Hydrotheromsl
sspesteon Mol
Sample inject
11
Hightempersture,
high pressure chamber

PRSI

Fig.1 Hydrothermal flow reactor model used each
peptides synthesis experiments. The back-
ground picture is natural hydrothermal sys-
tem model.

L L, BukdilBsll s X7F FORERIZEL, ~
TFFOERPRDOONTLZOEIITS HLITHTH
% (Table 1)o F 7z, KERGHIZBRIC BT B SRR
FIERICH L, EBROBKIFRSLHMIROBEL 2% 2 5
EIBENTHLLEDER Do TI/HBRRTF RS
ANEEALT B BRI A GOREDOY & LT3 L
WD7EA D I

3.2 BKEFHETICETIXRTFFOREHEANDE

HDHE

BOKEMFTIZBWT, ENIRTF FOERKL%
WHRTLEME L CEETH S, EEOHKAKRT
1330 MPa BEDREN 2> THB Y, FIFHIRTIZ
KEMAETLERENE P2 EZLNTVWL Z L0
5, EN%BREL72KRBEREREAT ) LEND 5,
Qian et al. (1993) 13200°C LLF O LR IR WL &
BT TRENDPEL BB ERTF FEIALEE LD
A%, 200°C L Lo ®iREH T TidEho A s e d
WCRTZF FORENED EATLEHEML T S,
Alargov et al. (2002) 1%, 350°C T15 MPa~40 MPa
D THENZELEE, RTF FERANOREL Wi
b ol TOMFE, 15 MPa~20 MPa TlZ 7V ¥ > ®
SR AS#E T & [FFEIC DKP (diketopiperazines)
DA RAEAE S 7275, 25 MPa L EDENICHR D &
DKP DI L 7)) ¥ Vi EIc L
720 25 MPa L EORESEGT TIEZ ) ¥ v ORENE
L 72A%, RTF FoRE e 3 Qian et al
(1993) MRS o 1R E R L DRR LB o720 JE
BOEN X BRTF FOEFERLER~DEE %
RAED o 2 EBI KRN P v, LarL, Eho kR
WKLo TRTF FHALELTHETE2HEED H
%o

4. BREHETTONTF FOERFEE

WAKSHETIIBITBERTF FOERIZOWTER S
L, WERZP T THAAKRPEELEVWEREIZBITS
AR E DAL F AL 2 E 25 L THEETH L, kI

Table 1 Experiments of peptide formation under hydrothermal conditions.

Reference Condition Reacted time Reactor Products
Nagayama (1990) 90°C, AP 200hrs Batch type DKP < 6%, GlyGly < 3%
Imai et al. (1999) 225°C, 24MPa 30min Flow type DKP, GlyGly, GlyGlyGly < 3%
Ogata et al. (2000) 250°C, 24MPa 50min Flow type Ala oligomer < 3%
Alargov et al. (2002) 350°C, 40MPa 10sec Flow type DKP, GlyGly < 0.5%
Cleaves et al. (2009) 200°C, 16MPa 50min Flow type DKP, GlyGly, GlyGlyGly < 1%
Lemke et al. (2009) 160°C, AP 250hrs Batch type DKP, GlyGly < 0.05%

$¢AP = Atmospheric Pressure
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ARz XN, RTF FOAR IS BEAK RIS TH
D, KBGWIEEIITF FOERIB» EE, F
7o, XTF FEBRSEBRBRIE TS 57:0, Hin
ST TRERTF FEENEL, L7z25-> T, K
OFMEMTTIRT I/ BoEA{LIHED (Lambert,
2008) . MEAKEMETICBIT 2T F FAERERIL,
JKEKR VR EIND XY YR~ sfrbh T& 7
(Katchalski, 1951; Fox and Middlebrook, 1954),
LIS, TANTF VBRIV I VRO TG % Bl
L 72#F5e6043% < (Harada and Fox, 1960), Zh 5
kT I/ BE%130°C~200°C TH#E 3 % 2 & T,
proteinoid & FFEN % X7 F FOER I H#T 2 & H3FE
A ENTW/z (Fox and Nakashima, 1967) . Table 2
i, BKEMT Tirbiz v OO ERR R E R
L7z EAEDIZETIE, HBEMEWIRETH XTF K
DOEWAIKT LT 5%, Napier and Yin (2006) i,
8 CTT 7= THI LT, TI7=VDOES
RPBERT BT LR LTS, /2, RT7FFid
filit & U CIRA LS 2 N 2 7235 o AIZER L, o
AN Z 7R 2 AN h o 725E811ERTF F
AR Lotz 2O D0, o EWA +
UHPERGFG T TORTF FERIIFICERE 2 &H %
R2L, 7B EER LEMETHZ LT
TF FOEEIMRE SN O TR RV EHENL T
%, Shanker et al. (2012) %, &K, REAB X
OREEEZMZ 52 & T, 50°C & w9 K Wi
BEEHTTORTF FPERT S L 2R L7z, &
KRG T TR D X 9 RAENSRTF FAEKIZRR
MThHbEEN) ZENbRE, T0OL) HRMRPEH,
FEW DR RO W TIISE TR L {1k 5,
¥ 72, Ohara et al. (2007) IHERIWRIBICBIT S
MEKGAMEZHE L, 5 MPa~100 MPa @ &£ 54T
TIEIC LB ) RTF FOAERREOELZBLL
720 TORR, KEWP TRIEZRSI N Do 72621k
U EoRTF RAMMfEZR L TEKL, BESBETHLE

WoH K H

RN D725 TR L Tz, BHONRTF Fidsiok
ZMTFTTRARETHLDIZH LT, MASLAETTIZ
REWICHEET L L 2R L7, & 512, Otake
et al. (2011) 1%, XV ®WELLEHGT (1.0 GPa~5.5
GPa) T/ ) Y v BIOTI= %Nk (180°C~400
°C) L7z T5&, ZUTrBIUTS5= 00584
DERDPTEREN, FEHO LRI TRTF Fask
EALL 720

INDDOEBRKENS, WMARSGAT T, AT
ZETRTF FAEBRRIEAHEAR, HENEKWRETDH
RTIF FPRER L TWLEZERbh b, 72, NEE
B2k - Cid, 6BEULEORHOXRTF FOEKD
MARAINT WD, RTF FEROBEI WX, #
KB LD DRSO I EGOIEDY;E LCHEL
TWwbEknz %,

5. MRICKBNTF NERE

5.1 EMEEHRICKINTFNOFRK

ZITE, 7I/ROESISICED S WS
XOEEA & v O RICOVWCIHIT 2, KD
HARBREE I3k 4 ZIBPFIELTHB Y, & Il
KPR RRAZEEPRBICBERL T D, 72& 2
¥, Yanagawa and Egami (1978) 73 %z &
CREHAKTICHEOERER  BIRETHEL2L
105°CTM# L ZARTF FEGLRS T
(marigranule & IFENTW2%) OEKEHRE L7z,
C OEBRERIIED T, WRIYITHETE T 5 AR
BLUEEA A BT I BOBEELEREL T D
DTEBZVPEZEZOND L) ko720 TOMRHIE
SIPF i (Salt-Induce Peptide Formation) & IF:iZ
TWwWa,

Schwendinger and Rode (1989) 1377V ¥ VA
ZHiEF Y 7 A (05M~5M) %I1285°C Thll#k
L7z L22L, LT MY Y 20AREMZTHRTF
I3RS, SOIHLH (I) 2Nz 52 & TN

Table 2 Experiments of peptide formation under dry conditions.

Reference Condition Reacted time Catalysts Products
Harada and Fox (1960) 200°C, AP 6hrs Asp+Glu polymer
Fox and Nakashima (1967) 170°C, AP 10hrs Proteinoid
Melius and Strisomsap (1997) 200°C, AP 17hrs Proteinoid
Matrajt and Blanot (2004) 95°C, AP 7days  Ferrihydrite GlyGly, AlaAla < 0.07%
Napier and Yin (2006) 80°C, AP 600hrs CuCl, AlaAla < 10%
Ohara et al. (2007) 150°C, 100MPa  35days - Gly 8-mer < 1%
Otake et al. (2011) 180C, 2.5GPa 25hrs Gly, Ala 5-mer < 0.1%
Shanker et al. (2012) 120°C, AP 40days Goethite, Akaganeite, DKP < 40%, GlyGly < 20%

Hematite, Ti02, ZnO

$¢AP = Atmospheric Pressure
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TFREER L, 22 &5, #E51E SIPF 12
BRESEA L, B THHAF Y (1) 2 FFICEE
ThHbLEZT WEOWIELS, XTF FEHIZIE
7 AV A () =y i)V (1), @ (1) %
EOERAF Y OMPIINS L, ALy (M) 25&
DDITMRENTHEIEPHLNLEL>TWVS
(Napier and Yin, 2006). %7z, {&EORED AR
FTERTF FRICKESCEEL 5252 HWLMNI
ENTVD, HITRESEWSEANHE LvwbiF Tt
L, TIJBEMALY (1) ORI 104
2, RZF FALCEKT S (Eder and Rode,
1994), A+ > () 237 I VB Lshikz g
K3 BEE, S5 TICRLTT 3 B2 AN HE
N5 THA9 (Napier and Yin, 2006), 7 I /
TR DEEARTER D55 T 172 A 51 = XLV TIERD &
I %IZFE 2 BN TWw5 (Schwendinger and Rode,
1992; Eder and Rode, 1994), 73, 7 3 /A
F v LRSS ERK L, WA A+ v L& Ik
#5<% (Fig.2a)e €D, bH)—2DT I JBEH
AWK NVEEBLTHEAL, sBEkPIZIZ20D T 3
IS THHEHELTWAHIREE 25 (Fig. 2b)o FLAL
LCTWwa7 I BarTHoERETH»H IV R= vk
DIRFER T2 REBEREL, XTF FHPERT S
(Fig.2¢)0 2O 7L X %@L T, ¥5I23RMKL
rtoTI o mbAERINLEEZSLNTWD (Su-
wannachot and Rode, 1998), SIPF #i Tidfk4 7 fl
FEMAEGLERT IV BOUBIZOWTRRILNT
WBED, BHIZH—HD7 I VBOXRTF FIERICEE
LEERLZEEZ 5N TS (Schwendinger
and Rode, 1992), ZhIZOWTIFHDTETHL L
HHT %,

SIPF #CiX, Lok eMpiiomz<cr I/

o
H” H

-GlyGly+2H* :ﬂ
+HGly*
H H
N7
o

> :
Ha | e
NSNS

20
HHOHH

o
H” H H

Peptization

ol
H  Nucleophilic attack H

BEAERPTF MRt LTHFHTHELLEDR
Fbdb, 72z, 7)YV TY) v Al e LT
&, TANTE VB0 P OXTF FEERT
A4, UTo k) % XTHKENh5b (Plankensteiner
et al., 2002)

GlyGly+Asp — GlyGlyAsp

GlyGlyAsp+Leu — GlyGlyAspLeu

GlyGlyAspLeu — GlyGly+ AspLeu

TV IRTIVINT) T VIEH LWL ERERT
D7 I 7 BRNRTF FERTESIERT L L
25, FIRHEROBRE IR KEIHAEL Tz
EEZLNTWE, LoT, INHMlE Lo
TIVMOBEGIGERAEL, XTF FOERDS X
VERICHMLZzOTE A2 LEZ bR TS
(Suwannachot and Rode, 1999) .

PDbko k)i, fb¥#(tE2E 2 %9 2 CSIPF I3&E
BELBERTH A, 2O L) RIS, EEEANKREL
R, M, HBEORWIRR L CEEOREN L S
BT T X %5, Bujdak B X UF Rode O Hf 5% F —
2%, X OBEBMARREME LT, drying-wetting
B ROEBEFEAZBRYEL, BEE2) 2 HW
TEHHEBREIT>TWw5 (eg,Bujdak and Rode,
1996; Suwannachot and Rode, 1999), Z 5 D FkxE
RO, BELORRLTEZETIE, EBRTHIAL
7o X ) IIEATRE D B3N, RT T FIVER,
R LAWEBEIRZEIN TV,

5.2 NTFFNERICH T 3L OBBENE
BT X ROESLEHE S & B M e LT
HI3NT&7, 72& 21, BMEBHIIRTF PR AERT
LM UCiEH &7z (Wachtershauser, 1988),
WEHLRMTIINT T FOMITKBO S DER I

Fig. 2 Postulated reaction mechanism for the salt-induced peptide forma-

tion (Eder and Rode, 1994).
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TBY, WM EGORAEICHEEZEEL G
ZT2DTIE RV E#EZ 5N TWA (Schreiner et al.,
2011),

K8 d 2o Eh» S, EdodsEIcEbo2H|
BhEWTHDH EEZ 5N TW5b, Bernal (1951)
AR REICBT ST I BOEES SO i
ZR LTS, TOWAERED B S oM 15 10 72 55 1
5, MLl e 7 I BRoOKISICER LD Th
N T&7: (Lahav et al., 1978) . T DIETIIHiT85W
EHOMIZEDORTF FERIZE 2 5 BBIZOWTHNA
T 5%

KoM EE T, ¥454 bRk E
bZENICEHELY A% %, Bujdak and Rode (1999)
O OR L HR g (A1) FA b, WA, E
vEJUFAL b, ATIFTAR, N=3IF a2 T4},
¥EAINA, BIeA, T8 VY v A4 b+, EEF S A
b ZHWTRTF FOEBEEOECEBLE Lz, 2
ks e, WEROLEF T4 FR2ANHAKDY — b
DEVYE)EFA FEDIINAEY— DAY T
A PTENVELDORTF FPEK LTV, ZhiZk
D, SEMOREENELR L E TEREOKE 2@V
AT, ELIEMgO R Li-ODfEEELAZ M4
MIXRTTF FOERERETLE2DTIEZVNLEZD
NTWb, LEAo>T, £+ U RIMEDFH S DADPE
D TE %L, SEYOIAFHERHEE D XTF Fo
R (73 7B EORIS) 8% RTT RS D
%o

BT I BORISIE, FISREORZICE -
TEDOBTFMRADZZALOBEISEEINL LD
2% 572, Basiuk et al. (1990) &, 7 3 /WAL
KM AET S &L TEHAMITETL TV LE R
720 2F0, TIVBEGSTHOINVEF TV
(COOH-) L #MERMEICHFET ST /) —VHE (Si
-OH) 2SS LT AT VG ERIEDZ L THRAEL, €
OWHELLT I VBBEBEHFL TR0 T7 I AT
BT AHZETRTF PR ENE, L2rL, 2Ok
) K 2 0k D BOS IZBE E o KL o X 9 7 k4
P RHERY RO X 9 7% dry-wetting € 7V 121358
IETE B2, WEHBKRD LD B KEDOKIGFIET S
FUTCREFCERNTHS ) o WEEKAKRED X
) BIARDPEEIHFIELTOULEATTIE, 73/ BO
KEBTIFFERINC L o THEWEEICRAE TS, K=
DT I BHHEHOTHR D B L ITRET S
Eh b, A (complex) LIFIINZHLEDLH 5

(Naidja and Huang, 1996) ., JTiEDOWFZETIX, KA
TR L TV DRYE, BEMR 52 & THYRm
WG L T05 7T X BOMEIREIEILT 552
5N T\w% (Henrichs and Sugai, 1993;Ito et al.,
2009; Cuadros et al., 2009) .

Ito et al. (2009) %, 7 I /WM EEIC&ETINLHE
M % 100°C~250°C O K TME L7236, 7 3
J ERIBHENI RS B & D BRI THOHERIIICL
LA IS FCE v pH AT T, HEEWh
W7 I VBOBHELTWAE I ERMER L, bl
BALTWLT I/ RIEFHELRNTIERL, Moo
(LB L o THWEREICRAE L7 3 7 Bor et
PREEZINTVEDOTIE RV EHEN L TV 5,
Cuadros et al. (2009) X, V¥ % Na—A X7 ¥4
MW S+, 80°C T1OH MIMEFEERZ 17> 720 FT
IR IS X B9 DMER, KB THIHETH5EMLTT
X, ARXT A FNRADOFR L) T V5 TFHOT
I L OMIIKREREIEEENLZ LT, LDk
BUZWEAE LIREE 2 L W) S 2R L. T3
J BRI AL FE SIS L VMWAE T LI LT
BOKEMTTHERAL, ZORIINTF FORERM
ElZlboTwiond Lhikv, LaL, BuksEst
TIBTBE8EM—T I VBOKISIZOWTEEL L b
PoTWiRWV, TNOHDAHZALEZMFTS I &I
GHROBETH 5,

BT, ST I MBEWRET S E TR
<, MR KA A + >~ 2RET L ETRT
FFOBBICEE L ZEEZ G52 TWHEWHIFEDLH
%o, Zamaraev et al. (1997) &, pH O 7% % #K

(100°C~150°C) Z#H\WT, TV Y SEETTIEX
TF R BRICERT 52 L E2HERL TV D,
Sakata et al. (2010) 12X 5Td, TVHIEEFT
NRTF FOEFEEDS EAT D E0) T PRI N
TWwh, ¥+ 54 ML X9 %7 A4 Wik
WEoK & BOG S 2 BICKERE A F v 2 AR L, S
BICRELTWELEEZEZLNSL, 2O LD D,
Zamaraev et al. (1997) 5 it pH DKW BKSEMG T T
b, SWELOKBIA Y EMHATLZET, T3
JBORTF FALDBEATVWEDOTIE W L
TWwhb,

F72, SEMREIRTTF FOAER L ) QBEHFORT
F FOMEZMHEST ZHE L L COEDO AW E
W) %2 b5, Bujdak and Rode (2004) X271
VYDA EECEYTFA M EE H1285°C
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T L7z ZOKE, EVEVTFA FE2ARTHY
WA L RTERRTF FOAERRIIRE LD
Lhah oz, 6REUEDOREHERTF FoREIZof
UEZLholze 2O EDL, P51, MLt
RTF R LMET 2% FF o EE 2 filuit 72 &
AL TW5B, FERIZ, Pant et al. (2009) 1%, 7 3
JW%85°C TME L7254, M2 TdIRT
FRPER L7225, BV OFA FOBHELET HHE
FYRTF FORIEKRAL, L) EEOXRTF 9%
CEBRLTWAZERERL TS, 2O XHIZ, &
REMT T, BEEWEIRTF FOERB L OHE
e ARAE T B Ml A0 A O PR S 2 PR & L CHEEE
LA RO L V) T LA 5,

6. PI/BOBHEICLBZERNTF FDEN

7 I BB OMBEIC L > THHENS, F0f
FUCX o THEIR L S, 2L 21, #KkPTOT I
JBOBEEEIZOVTREL »SMEIN TS
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Fig.3 Condition formed peptides on planet.
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