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1

k%ﬁ&k&ﬁ%ﬁgﬁ 17 D&
Roles of trace metal ions in chemical evolution
INAEE REEXBRI)
Kensei Kobayashi (Yokohama National Univ.)

BEOHBREYIEL OMBSRA AV EBEE LTS, Bzt BH, TUTFORER
BTOEMICE > TREREEZEASNT NS, TOT &L, EROEEICELEELOBET, oh
SOBBERA A NBERMEE LIZ EERET 5. FRHETLINECOREERBAL, 4%
DRBIZDVTHIBNRS,

(1) @A A > QWK & ENaL

TR, ¥R ORRMEEE Z0EY~OBREELBL, JVWEENEET ST LEEHLx.
5L, R ABEEEEOMEKED bEET TEMEK AV TIERELERERF,
73 BOERS, B8 (RUFSZa—VOER) BRERHEL TS,

(2) BESKRTOLEEL

1970 BRI TR SN BEEKEHILIC BT, BT 3 H0kF OB SRIEEILEY OWADK
BTG BBETHS 2 ESbMo T, KDY, TYESY A AL BLUEH, &, vH Y,
AR EORBESD TREREMKEHANK #A5 > THEL, 825CIMATAIEEDT
S OBPMERTBCEERWELE, ZOM, TU—UT I I—HTOTI/BOESY, TI B
DERIT, SR T S PMRIERER T T ENREINTNS,

(3) EMOEECE SN EFEYOERE LT, SE0EEREQHIRAMED S OGN E
INTW3, Clarkid, EEFICI/N L, BH, LSO T M HBEICSEN5 2 E2ERHL,
HE MR HEL L BITTED [HER) PTOBELSEETRANS LEHLTWS. Th
SO&EL, BRESTHENI EAEISND, B, ERERE T COEEYERICBITS, T
NEDESRBTZ L OREEZHRARZERZEEITH S,

(4) BUEHEEDERE &BA 4>

B, BYIOBEWEE L TIERS > A2 BOER RNA B55I75hTn5, Lhl, Thos
S HEMRICERT BORRETHS. HIEVE, 2B 4> OROMBEICEE Lk, <A
F PR, ST A DROHDN, FNT 1 UL EBBRT D EMEHEIERL, E51
5 IO BISOBIND ENY T—EEND BRI L 125, TOXSREAN S ORIEEIES T O
S RERA G E NS,
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2 HBENFRYOEMERELTOENE

Alteration of simulated intersteler organic compounds
in high-temperatureand high-pressure environments
QOFRLE. BATF. Md. Nazrul [slam. &FTB. MEEE
(HREARTL)

Hironari Kurihara, Tsukasa Horiuchi, Md. Nazrul Islam,
Takeo Kaneko, and Kensei Kobayashi
Department of Chemistry and Biotechnology, Yokohama National
University

S . 1970 FEARICHREHOMEEILFE RENTHEEZRKERHILIL, =/ < BEROEHRIC
LS AR T OICBLERT AN F—AE I EGSN AT L, B TR THIA BIDAIR
WCIEEICHRITHAIL., MEER L OB &R T IR B IR DB AN, b5
AL ERRBETHY, HIERIZBITAEMOREOBELTHER EBUTVWS, BKRE~DOF
O EETY, BB R TAERLIDOOMIT  BHAHER KR P CERLELD, BEAXICL
DHIER A D LR EN L ORERE X BND, T ETHE 4 OEEERRICEY, RBKENDAER
L, b LIS EO LR SN B EMII S FRET ORMSEEERHEL, RS MHT2ZLT
T BB RS E R T A LBRTFREN TS,

ARFRTH. EBASRELELBERKT )7 72— AT, FUSHIERIC B THEE
KR ICHIES NI LB L ONEE B OENE, BREELHFA,
E8 : Pylex BLHZAZRRIT, CO, NH; %45 350 Torr . CO, N, &4 350 Torr . MiliQ k% 5 mL N
SE AL, BFETBE LR EER L, EZOFEYrE CAW, CNW LRSS,

HESKBEPPELBERKTu—Y77F— (SCWFR)IZ CAW, CNW, £LTHiE&ELT
EBEOTI B, MNLIFT LT IAHSA) BFIL., 25 MPa TMELRG, FE 4 D&M (GREE 200°C
~400°C, RGBSR 1~10 43) CRIGS W, 3FEEIRS , BNk (6MHCL, 110°C, 24h) &
R AG-50 B4 ZcHaitis - L BB D EALE L, B LC-10A 7L/BEAHEEEIC LV 7S /B
ORE  BBEIT I, o, VAT u< b 77 40— (GFOIZ XD 53 FRBOHEELTT 7.
fER . EECAW, ONW i, MIKDMRICE > T Gly & Ala MESREL. EFNIET R
JEbEfEREENE., TR5OT7I B, BMIHUTHEBOT 2/ BLODED TR
ETHoTr. ZOHEANIHSA THRRTH > EEHT I ) BFEL TS & CAW, CNW
WBEBRBTHICEETHSA 0BT I/ BORNENEN -, CAW, CNW &b NERE
LTI ONGTFRIEABO LT o/, CNW R HSA 1T Zo® 23 ULIngE1T5 &, EiD
&7 3 ) BOENRIHENL . BA 4> WERYOREHICHFSTH I EMRINE. #
SEY I /B EHEOLOLD bERIIHTAEEHIIE L, BABETHRIFMOER
WA TH B LAEND, BABETARI N, b L AREVBALEHEMSIC
EVEE  PREEVEL IDEREYEANLEFELERTS C EIARETIEHRN, =
o, BAKBEICTEENEE T SERSBEAE D TOREBICE< @b TWAENREN,

i)
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j; HASERICEIRREMMEI SO
7 = J BATR IR B D RIE

Formation of amino acid precursors
from simulated interstellar media by UV irradiation
NI B R MEh R Mz &F B K EBE  URENXE)
. Tomoya Ogawa Tomohiro Hosogai YasuyukiSatoh Takeo Kaneko KXensei Kobayashi
(Yokohama National University)

(8] 4SHEEOFAOEROBLLTEREMBEARCSFENOEMENETALID, CHET
RIAXRSCEMMAEERBLEBS T RAICHRAGRIRNF—425R35LICE>TTFE/ B XOERKHA
BEMMAEEMNICERT I ENRBITE>TRIATWNS, EFHCEIEROBEEORMNEEL. €
NoMERTOPEELCZRELLEEFEILND, LHAL, CHhETOMETERETELTEEABZHAN
BNTE, —HICHEEME (120190 nm)ERALV=RERIEH S, 10-100 am {HEDEZ2ES FH 0K
X BRABRE VS EBIRLF—OEBORBREFLELALBETLTLEL,. bhbhEELOREED
RFICEDIERELCERARBZCLEHELTCWS, SEITETEEERME (CO, N,, NH;, H,0) [ZEKE
SUTNLORMERS L. ERLETF S/ BOSITE HPLC %, #48 HPLC k. MALDI-TOF-MS ik
ZRALTTofz. FLTEMTOERYMERICE T3 RMROBRBEZEREL -,

[32E%) 2E5MRRSE :  Pyrex BARICEH (ARBEERE) #MYAHF. This €O 350 Torr, NH, (F
f=1E N,) 350 Torr, H,O 5 mL 28®Hf=. Chiz. BRFES T GERAKR =45 R L-1835; MgE, Bt &) #
BALTRESEE 160-170 nm FOENREBET LTz, BEE. ERHEKTEIRL. S4icgt L. B,
BERLELTPVEZTELBVEROERYE CAW, BERZAVEZH0OE CNW & &5,

FE/EBol: &5#%E 6 M HClL T 24 BREIBNAKSBLEZLOEAR 02 tm OAVT LU T NE—
THBAL-%. BiE LC-10A PE/BOSWMPATLTRETE - ©EL, £, AQC HAREZBLOTHER
{A{k-%48 HPLC & (TOSOH FS-8020) & Bt iT-T=,

MALDIL-TOE-MS i% : ¥+ v &2 R & LT CHCA & DHBA ML T Shimadzu / Kratos Model AXIMA-CFR
BRSTHICK YN ETL. SFRERZToR.

[$2 - £E)] ABRFEZFEHSELTRAWVT, 117 BRBSH LR, CAW 5 012 gmo QT YT
DOEEAMABEEEh, S5ICHE HPLC &YV 7SRRI Nz, MALDI-TOF-MS Eh S S EMAS
BEOREIZTIL Y, PSovBELEBDASE—7(miz = 76. 0D Shiz, BIMKABEORIZIE
FE/ROEREZHEAEM>-, BREMZOET LKLY TS/ BOERELEBNLEL, EFI
HB(E, 3.6B-4. ITRILF—IRE (GIE) X 4.7B-3 THo¥=. FI- CNW N EEREBEROITUYI L ETS
v EN =, CAESEBHLEZERERTCEIANAT-NEL ERSTFELIRT IO+
TClElEh >z EEZ NS, :

CHODHEMND., —BILRF - FUEZT - KOS TS/ BABRESRERT LRI, £
L. TRILX—RREBFRELORTHREIHFLIVEMGEVEL, BE. ERSTHEMZEMICEET
BoEMERENIED. ERTOERMERZEIDILT, ERSFORBLERTILHENEL,
S, FUSBEFTHRRETETI LS BEBEALCXBOLERELIZBEFIRRNEZRAATHFETH S,
FOEH. BTANLX—MESTAEBHEKEK)D Photon Factory ¥, EERIMIKFO 2 —AANLIZTEMS
BLUBIRNLF—OETENEOE X 2P0 L LB L2 EREMDEICBHT SRRZHEPT
Hb.
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- BFRBAICKYERLE
4 A 5 — 1) DRSNS
Pyrolysis GC/MS Analysis of Tholin
Formed from Simulated Titan Atmosphere with Proton Irradiation

BREE, EFIB+ BEFIRE . DRFRLE
($HEEEXEREI. s+t XFeiE)
Toshinori Taniuchi (Department of Chemistry and

Biological Science, Yokohama National Univ.)

TEFROWMB THBIAZ AL, BREBERSEL, BIRSITAZ A ET 1.5 [RIEDKTEFL, Sl
F#h (tholin) DR AMOTFENRA V¥ —ICLDBERI LIS - TD, BEFE, TRBEE# v —=bF
AF BT ENIDRURERRA A~ AL T iRICEIT DR DOKRLEBAEDAZ - OIFEN RS, K
WEHEERIZ I TR EEZ BN THWAZO IR, AMORFESEL 5 L CEERFTRERF > TWALIFEh. ZhE
THEURRPEE & REUE RSB AN TE, IR TCOFESERICIITFTHERICL A ENIAFHFCESZHB, Z
ETIZEAER~DR TR,

AFFRTIIA R 400 mL @ Pyrex TOEIHT, A7 BEOLD HLLE UC F~ULLEAZ(1—5%), B
(735 R) DIRE K%L 700 Torr AL, ZHIZ 3 MeV BT CRI KV 727757 IEER) 2B H Lz, £RL
FEMHRESEK, PrunAf b LT THR ickpER Lz,

DFRIFNVEBBE /o 77— LV E -~ FERE LRSI, MALDIFTORMS T “CH, 2 BB HE &
LTRAWALCHZRWES T 4R BT ot~ 233155 A CREBIShz, THUE-CH -2 o T i D TEAE
ETRL TS, 'H NMRIZEBRERIIEFRITBEL ATV, AF L b LLEAF T abAL LB 705

ERBRTaMATIBL Y FBRKESNL, BiE

’ GC/MSDIER. 4 B ERERBRLAHP=N

| HRBRELLTECH, B \,_7 ARSI, S EIS I BRI MR
. _ 2-methyl-pyridine 1, 110°C C2ARERIMIAR S Ak 1T 720 7242 ICHPLC T

) 1 T BEIYL TSV BT 2 DT /B

X, i, ~FEINAOTE ) — e F s
‘ A N LD TR (K 12GC/MS (Chirasil-Valy

W TR R TR R TR SHMMER) THFTHE, TI=ZLR YL RETIE
- \ 7 . OD/LEIEE 1 CRMER L, F2RC-AF 2R R
|| HEBRELTECH, A LB T BN, B 0T B LRI
] \ | L e AL 7 MRS Nz, LU EDRERIL, 54
. . £ ECEHROERIC IS ERERRILAD L
" =M S TR Y (tholin B RKL, ThiX
1 . . "  KEOMEMERICL TR ELSBIEETRELT
1 | 1

- " M » » e g n

] | ‘ LB,
Figl. Pyrolysis Mass Spectra of 2-methyl-pyridine

formed from Titan tholin
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B mhrmBaickss /O HOBRBRORIY

Analysis of the denaturation processes of protein molecules
- by heavy ions irradiation

BHER. HRER. SHEEH. &EF118. IWMELE

(EEIART)

Takahiro Sakai, Nobusige Suzuki, Eri Yosioka,
Takeo Kaneko, Kensei Kobayasi
(Yokohama National University)

e FERI. EECOTMYDERKEELRHEEZLELEZONDS -, ERLE
H#mEER., DETAERLAE TS, £, EFTOMEHOBE) (SR IT) %
EZXBHET, Ay EREREEOEEESTFOFERICHT IEERLLBLDOILERD
5, BAFEHRL, BOTRIRIAXF—OBTR~NI VAAT REA TV REDENT
PbD, ABETIE. RRMRS VA7 ETHHE MAET AT IV HSAEF—F y b
W, FORMTOREMEZR 510, INERE AV TERFHZEBH L, ERERO
T 2 LT, .

B - N TR ERIC T, BSRESAR O ERFINEZE HIMAC (Heavy Ion Medical
Accelerator in Chiba)% iV 7z, HIMAC TiZ He, C, N, O, Ne 72 ¥ OEPLFHRISRBEA T& 245,
SENTAEPBRAERICBOWTE LR Y 2 7 —TH D RFEWR290 MeViE AW, 2 7H
ELTite PET AT I HSA;, SFE 66,0000 AV, BitE LT pH 4 HCl KEHK),
7 (Milli-Q 7k), 10 (NAOH AKEK) O=fFEEAVT 100 p M IZFRB L/, HSA EFiK%
T TAVEITAN, BER T TEZTERWERICHALL, ZhiC HIMAC Db ORFRE
BREBER 1400 Gyh THRASHHABEHLLEL, 77 ENLEIRE, MALDIMS &
DHFRAELTo7, £k, REHI6 M HCI 2 T 110 °C, 24 RMBNKSREITV,
EOEERE., Milli-Q KTEEL., TI/EBHGHV AT A (LC—10A, B A3k HPLC)
FRAWCT7 IV BOEERToT, |

¥E : pH 10 OFEE, MALDIMS OREEMN G, 1 FR(1400Gy) DERFHEBH T T
HSA D F 7 RIS, TROSFRICHES TS miz = 66000 DE—7 BE{BAlE
N2y, Kbtk Y/ hEVWAFERIEHYTAIC—IHBHRALE, SHIBHZETD
ZEIRED E—7ESFEIZS T P L, 11200 Gy Tid m/z = 6900, 14000, 27000 2 XD Y
— I RERLE, —F. BRAERMEMASELTELNST I /BIZ, 3200 Gy BAET
b NBUETH 2T, ThbOFERIL, FU 7 ARFERICEVNENWTF A Moo
BLRTWVHE, FhEHBRTI7 I/ BRIV A7ELERA LEH TREBRNEETHD -
LRI, &bIHEs OMTEELRL S Y, BRI 2 HRMOERBEEE< T
FETH D,
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6 RTFRBRNICKVRBERYELSER L EEHTEY &
A DEIR
Complex organic compounds formed from simulated interstellar media
and their roles in origins of life

IHRERLE, i RER, ANEEHE, BEEF, €FME, SHNE: SEE—nSHE
sk (BUEE KRBT - AL ABRER - NTT % - I EBF % %)
Kensei Kobayashi, Nobushige Suzuki, Toshinori Taniuchi, Hisako Tonishi,
Takeo Kaneko, Yoshinori Takano*, Jun—ichi Takahashi¥*, Satoshi Yoshidak*
% (Yokohama National Univ., Hokkaido Univ.x, NT Tk, NIRS##xk)

REEIAESA FPEEPICEMETERYNETETZ NN TNS, Zhb
RITR, 2FETOEMET A AT MR T, FHECPEAROPRICIVELRE
THHEMEEEINTWNS, TORTDLD, BIBEREY A AT MUICBFEDHLL
ENRERETSE, TI/BHRENECZ I ENREINTER, LML, BH
WEDECA2EHDOEBIZLSFARSNTWINTE,

bbbk, EMEPICRBINTWAEST, A¥ /=), P>EZT, KOBEY
2R, bLIRGAZEERTHEL, 83NV E—FRTF (RE) & (290 MeV/u ,
HER HIMAC /8) Z2BHEL, TOEEPOF Y I I -3 eaffolz,

BENERMORFEEZTNVABETHEET S EBEFEECAMND 5T 2300 BELR
D, ELBHMEGCMS ITED NI, FEIEEEY, SERFEELEWIR ENRT
AN, ZOMKARIZEV IS UREDT I JEAREBENE., DI DRI
F—IVR (GH) 1F=B &HE) T0014, 77 K (BHE) T0007 ThOHol. 2D
E, AFELREORBRBRE TOFHROFERACLIVESTFEOEMEBEY (T3 /8
RIERE) BNENETHESNAIEEZRBLTNS,

BHEHBRICEVEC BT TEEMEBRMEOY I /8 FiRE) 3, #EE7I JBX
DBHWER, BRCICH L TRETHD T ENEID LN, i, THICHREXEZER
WIBHZEWRV T/ BOREERBEIRHILBETH D, -

Wk, FIBKERERENEET HON B EDEMENDFUERL, TORBICEDTI )
MREDE/ =B KRATEFOEGIEDA ) I —NER L. BENSEIH
%, EWS XD stepwise T VANEBEZI ONTERL, EEENS, DA TFEFOEM
E7 AT MVRT, FEECEMIOEBSIC L D ERERYIELS, Q) A5KE
FZEMTRIVRRER LV ERZZTS (RFDORE), Q) FBRKBREEDPTHED
WREBICHORAENS, @) FREE (BUkR) TEISITEREZ, EnlEE2ET5
DAFRERB, EVWSTFUFTEREETS,
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SL1 (UoRoRR : RESRACE>h s BAZMEDRE

Origin of the cloverleaf shape of tRNA: Vestiges of simple hairpin
structures found in modern tRNAs

FHith E(BEEMREEXEE)
Yo Kikuchi (Toyohashi University of Technology)

DRI L7—EP (RNase P) i3, (RVARTERE O RBAIT DN TNE RS LEFIZYVBELTEET
H5. MWEORNase Pk, RNAY 722w FAOERIEMSAERIE S U RY 1 ATH D, ZOBRIIRNO Y o—
N=U—THEB L RBMANT O BERRBEM LR TS, HE S, RNase POEHEROMIEOR L
. Mg ORNase POEMAEY OEEROIRNAZRREFIORMTUM L TLED ZE2RALE. tRNAZES
O OEEFED, BRIMINAZARLTLESDTHD. ZORRF. IS UET2ZIT 5 (RNAPEREEE
{LERILT. 20-N—U—T7HEERER>EEMEATEVBEZRS I EICLVRIS. —fl%
B 1R, DT ) T UNATFAET YFIRYAFAREETT, TOEEFBHIDRFLE
TAFLAEZEEES AL IRHERATLAZBETAOTHS, K1 OEMICRTEER T TNATE ]
EMEBT B, ERASRINZAIRNALIAC S T TIAE REEZERNS RS B DES 5 i, HHE S
EMBL7: & O tRNABRF T — 7 —R—AN B F TNAT EVBEOWHEEREZRBLLE TS, THELSE
DHDITEZETIEELAEDRNAEL, FTINMATEL 2T 2HEBNES % bD T ENHAS

8
¢
5 A 3
A A
G (o}
E <10 C
3 1wk
2 AAA AGS GGGCCCAUAACC
G 1 e —
v celc CéAGGAUc — GAG—CG
G gﬁgu Gy Uag-u
ARG @ ge ueeia
¥} 5 (03: %:U
oud A A &
a-¢* G A é
tat ook

1. Drosophila initiator methionine tRNADREL{L. BEDRFAT:RNase PICLDEIMTENSEL
mmmot,mM®0D~N~U“7%&@%%KT%EKbT@@%T%%%ﬁ?%U~mtw:&m
5, WESIZ, BEOIRNAL., B INATEBEMNSERLEDOEEA TS, (RNARS N
TEERPEBOEHL CEMORLESIN TEERSRICHET 520, £MiE{toBB TAREREL
MTET., BERITEOEABREINTVLS, FOEDIC. BHEOIRNAOEEEFIOPITIRNADOE DR
BEOEBFAEINTWTHRERTIAW, ZOEHRIE. 7oFIRCORE. EMEE0BEEE. 1
FRRIFA SN —TOERES E<HHATE, NAT7—IV ETOIRNAOHEORILZRBRL TS,
WET. ERBFEIBHOBINSBEONRET—F—%ERL. CORKEICDWHTRImL W,






— ik & B

(7—21)
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7 TIZUBET I 2B A DRIMRERILEEL

Chemical evolution of alanine to alanine dimer induced by VUV light

X', Il fEY (MR KREREE AR, 28F XEERS)

Yudai Izumi and Kazumichi Nakagawa (Kobe University)

REHASYTF—2EELOOEGOBRICEEUESAT, (INAEERERIZREYESAS
TELGIANF—ROBFEL, QFREHAS)TF—DRRESNL (=SSN REISLHELR
BOFERNBEETHD. FRRTIETNERFTE—BRBEELT BE-FHEEREEZEEL,
BEfDOL-7S5=2 (L-Al) ICER TERIEORERNRERIL, SEIEEBIHNESD,
F-EBHEAE QBIE) FREIANESHET . |

L~AlaZE B EERSAFASX EIZHERL, Xe, XI5 (FiLiER172 nm)ZERNTE
WS R EZEhTRATLI-(F8). BAHEB--RBEEEREKTEIRL, HPLCA %R
WCHERERELT-.

HRO—HZEFiglZRT. LA DB IUL-Ala 2B (L-L) DERLAERESh=. =
HEMEASD-Ala P EFD M DAIa 2EIK(L-D, D-L, D-D)LfEEShi=. ChoDERMNS,
HBPCERN172 mAEZIRLF—RELEBSICEHSEIASRIYSIDENEI OHL
Nf=. CORFRIL, FER/H146 nmA TS EHLERISUIN-1=TRNTFUBIOBE &5
BMTHA. SHE, COAICHLTEFDHECHESFISEBLTHERIOSFETHS.

FYTRILF—DOBNAEZIRILTF—EE
LI=B&Ici, SEEOERELVLHSBP
BEEOEERBMIRELDEFZDLN,
SEEERISTICEASEIENTED
ﬂ\%bhﬁ't\ 351.:1 79 nmj’t’&I*Jb:‘F—ijﬁ After irradiation
ELEBATHEERBE TIES 3Ly |
WATEEMEEHY, ChoZHEMDITENS
HBOBRBETHS.

Beforeirradiation

Reference

R;etention Time / min
[1] Y. Izumi and K. Nakagawa ISOLAB’ 05 Fig.1 19B§BOOOINITL

7TARE p.76 (RAZ—F=65)
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77 K TORZEENBRBHICED
V2 2 BIENSA)IRTFREADILEEIL
Chemical evolution of diglycine to oligopeptide
induced by VUV irradiation at 77 K

8

RFMEL 'L RN L RBER . HRIGE . SIS
CMEXREE AL, AP XBERE. | BRRFOTRH RN
Takahiro Matsui', Kazumichi Nakagawa'?, Yudai lzumi', Masumi Kamohara', Akinari Yokaya®
(‘Graduate School of Cultural Studies and Human Science, Kobe Univ.,
2Faculty of Human Development, Kobe Univ., *Japan Atomic Energy Agency)

FE/BATHBRRTHEENRBHIW RS, EOLSEREHETEDLSL
b E R HhEERNICERT DL, +ﬁ!-dst+é1t$ﬁ1bﬁﬁ£—am’
HETRETHS.

AWR Tl Si0, XiR EITERLE=S)I Y 2 BRI, BRENE(10° Pa 38
BT, REE 293 KBKU 77 KITERSEL. 146 nm RBRNMBRERBH L, R
OB R EZ P EER RS HriT QMS T, F’Eﬂflfiwiﬁk%olﬁli ERE W
ik HOTRY S5 74—HPLC ZHLTHTof,

HPLGC s34, 293 K TH 77K THI VLY 2 BiFHt 3 Bk, 4lﬂvxé:ﬂ:$:ﬁﬂ:
- EBBEIToEN b o, kR R RETFHEZE Table 1125RY Table 1 &Y Gly ©

- EEBRFIHEMN 293K &Y 77 K OFHREL. (Gly), BEOFTHIO LT 77K BE
TCERTFFEEO n— n BB OIRILF =R FRICIEMRSENIER, 2 B
RIGHRIVIZANIEETRL TN D, T, 293 K BRTR7I/EE/LLLVE
BRFH. 77 K BR TR 7IS/AERKRIZHEOBK OO FRERLICELD
hot=,

%FEaﬁacl:Ufﬂ'JD“JL(D#MI_J:éﬂﬂlﬁﬁ?wﬂ#lﬁmbﬁ\b 293 K mmm&
P/, BkREIROISEN DN oT-AL 77 K TIZBiBER. Bk RGIEES S
P73/ RibERERLNC Lot |

Bk FORMEILS LU HPLC QRIESERMS. 293 K BRTITERLESTH

LABDOSFEBIELTNEE Taple 1 (Gly), KMMAD 146 nm W e RN
PTEERTIERRT, 77 K [k BRER-HRETFHE

f{iﬁ?@ﬂw]ﬁ{ﬁ]mgnéfz . 146 nm, 293 K . 146 nm, 77 K

. Co0XEopEzRE-LTH
COO-DAMYIMEhT /%
EFOERICERLDGFO. AT
FREEOUMOANEIY. €
L EORENRELN =D
EEEZT

(G]Y)z o ]

(1.5£0.09)x 1072

(1.32£0.23)x 1072

Gly &R

(2.5%£0.47)x 10~

(1.4£0.17)x1073

(Gh’)s &£/

(7.5£0.80)x 1075

731078

(Gly)4 4R

(6.7£0.39) X 1075

| @4.1£007yx10-

dkp &£RE

(1.7£0.09) X 10~

(1.4£0.09) X 10~
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9 EEXTS/BORZEABRBRARIMNL(L-AFA =2 - TR I720)
Vacuum ultraviolet absorption spectra of amino acid films (L-Met,L-Trp).

WEIGE, REX, AHEE REXET', T82F" fImy"»
'HEREEE AMBERRE WP REREH R
Masumi Kamohara', Yudai lzumi’, Hiroyuki.Arii', Yoko Kodama', -
Toshiyuki Koketsu', Kazumichi Nakagawa'
Graduate School of Cultural Studies and Human Science, Kobe Univ.!
Faculty of Human Development, Kobe Univ.?2

FHERTOLRELICKRSE ST Z /BORICEEETSHLET, EORROADT

2/ BOEOESICRRENDDHEIEELGHMBETSHS. £ZT.

CoETHELTE

ENEEOT S/ BOEZRENBRRARS RVERIFL, ShEBRT 389 (7
/B ANKREIVE, R E) DRROMBT 2/ B2hE EDREELIRIC

DRTEDZIPERTL,

Fig 112, L-Trp, CH,, N>¥>, BFEE, 4
YERE=, N DARS BILETRT. ZIh5
L-Trp &ChZE#BRKT DM ORINZELET S
E. BEMNAE—2ICOWTEORESKED
ICEHBATE S, 290 nm & (LA > F—JLD 615 &
IRIC, 220 nm%&H(E 6 BIRIC, 150nm 7 (SEFEE
12, 120mm ORI T BT T A9 T
H5H0OEHEHRLE

7. Gly & CH,ORIREHEROMZE L5 &
L-Ala @D o [TIZIE—BTH (Fig 2) T&MD
Mmolze 7Y ORIETERSESE (Fr
EFH) ICIFFHRFTEETMEH. ]I
BMESEADocDHTEREDIEVDIATID
FERIEIER ICHBRIZRO,

R E DS SRS FRESTEZTRL.
0eV ETORDFBEOLRINEFETHZE
LtET S &, NIXICBELZNW &b/,

cross section/ 1
(SIS W B

arb. qnit

o8l

EOO'

L-Trp NG
e CH3(gas) ]
o - = :Benzene H—C—H
1 e HCOOH(gas)
2 ——— CH3COOH(gas) é:c/ﬂ
«o- Indole | “NH
" &
N,
) \!‘}.‘/\" ‘--

0 50 100 150 200 250 300 350 400
Wavelength / nm
Fig.1 L-Trp AT bib

GIy+CH’{"' -~ L-Ala

I o 1 L 1 L U] .
5 10 15 2 25 30 35
waveleng?h ot

Fig.2 L-Ala & Gly, CH N 7 05

COREE, BARBFARORREETHAETETHAVELHEEILNZDT,
SHICHBIRINF—FRE (BEN) ICDVWTHETHEBVETH S,
Sk, XBEHICLXVUBEDOEFRELMET S LE> T HEORGEERN
[CEEITIESHREINEIMZRFLTELL,
X NIRERFED, 8543 EREHHCLIRS (2000, 8-Y-02

[21K. Kameta et all, LB-RESERCH LB-CONTENTS'{2003}. Group |- Voluml7, SubvolumC, 4001-40659
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HAKBETIIBIS2~58EFUYITSZ0D
10 RIS L HREEERBORS
Reaction behavior of 2-mer — 5-mer oligoalanine under hydrothermal
environments and discovery of a pathway for the efficient elongation
OIS, iz, HLEX, \BERSA
(KBRAFIALRZFERERE -« TEWERD
KAWAMURA Kunio, NISHI Teruyuki, SAKIYAMA Tomofumi, YAO Toshio
(Osaka Prefecture University)

kawamura@chem.osakafu-u.ac.jp

HEE AMIREEMKBHILOXL S REEEOWFTHRELZEEZSNTNS.
EEEOBRKEHAL 2B U ZERTRYIVENESLTH) ORTFRBERT
EMEOYBIIHEVEL V(] BKERHEFIELNOTHNEE - EHEDE
NWFHY TRTF ROERFKIGEER D 73T THS. RABBKREETFTTIVD
LRIV ORREBHT 2 5EZ2RARL, BEBPT I/ BORIGEMNEFFELTER
[2]. FOER, 7I/BEIRAKPTSEILTILELEBIIZEOS I NERST TS
(DKP) B&£ERTH %M -7, DKP OEREEERA) IRTF ROMEIZES
THEEBRTHLDT, BLEEOENWAY IRTF EMrSHERIEEHDNIL,
HRIZEEZNDANTN., FIT2ML5#BEOAVIT S ORBEHZH
NERER AEEOFVITSZoNOOBERBIZE/ I—NEDER ERT
100 (SREOHRTETI B E2RAL &3]

ZEEr : 0.1 M NaCl, 0.05 M MgCl,, BXU 1 mM D(Ala),, (AlA);, (Ala), DWW
(Ala), & 0.1 M @ Ala (pH=7.0)2FLBEREZREL K% 0.29~137 s FEBFL
7=, R, CROWNPACK CRHHI T A (F1rEIEETLHE) £
CAPCELLPAK C18 BS54 (B4&E) 2HW3 2HEOD® HPLC &, BLT
MALDI-MASS T4 L 7.

HERBIUEE  AVI7 S CEMORISTIE, MBARBMEIEBIIFIIT I
IR L DKP L7z, (Ala), Til(Ala), Db DKP OERBEERKEDP -
7. 8o T, (Ala), TROTHEERMICK > T DKP BERLZLEEEINS. £
7z, (Ala),®(Ala); M5 D DKP O£RIL (Ala), % (Ala); EHARTEEEN 2. E
L REZER, Ala),MSERBEDWA)BERLEZEN, 28EDO HPLC 7
W CREREN. 2517, (Ala), XD BbEVWREHREICE—IPNR SN OTEEE
LT MALDI-MASS TOH L7 %R, (Ala), TH3 I ERgho7z. (Ala), DRIGE
2T DKP OERINENWT & & Ala BB 6N T &5, (Ala), AORTF R
ENMELT Ala 2ERL, A (Ala), ERIEL T DKP 2VERKRLZHO EHEX
N3, #-T, BLRA (1) OXIRRERZRETNELDOPBACAIIT S
CZUMNERTAHEEZLNS.
(Ala), + Ala CKBE) - (Al (1)

EE2 0.1 ~0.2 M D Ala ZFEM L CTRAKORIGEZTo 2R, MERIGHEK 10%
PLEOTBTED I AN/, B/ —0FY Iv—ICH LU TEEIZHFETS
ZOEDREHEBEBHRETHEHVELTHAD. FIORISIIEHRERTE
BHE2ZRAWIWHE LW ORTF REREE L TORREREZE > TVS.

[1] E. Imai, H. Honda, K. Hatori, A.Brack, K. Matsuno, Science, 283, 831-833 (1999).
' [2] K. Kawamura, Bull. Chem. Soc. Jpn., 73, 1805-1811 (2000).
[3] K. Kawamura, T. Nishi, T. Sakiyama, J. Am. Chem. Soc., 127, 522-523 (2005).
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1 1 EWR S~ ~OENBBHI- L BT/ BOAR

Synthesis of amino acids from inorganic slurry with UV light irradiation

mén HAyr (EREEHEeTRRE)
Seisuke Kano (Natl inst of AIST)

HE: ARMEERTIHEOS, REBCESWERRT I, EWLEOENEE
AT 35 %, L EMOERISE->TERT 2HHTH B, 7S/BEETRNIHHAL
HHEMORE. ChERBILAYISERTIAEMREEShEHTINS, Shix, ShET
ITRMEE S LR ERET S5 RENH B IENY T, EROEMZE ML ETO
EEEROLEAL—LavETS LT REGHRERIE X THIEEILND,

AFARCIERABROETILELT. REELLTERSA L EALRIEBAEEL. R
BMIERIBICAR M T BEDLL T, BKELETHERST DAL LY LEONFOE LT
184 MHAD) BARE LTz, Fofe, MBARELTIEASLHREMEL, FHABALIELSLD
RO EREN TOERELE,

SekR: 2% 1400 0.2N s HAp "B GRATFIEE 1.2, #IIRHAPR 5.82)% 4 oM
IS5 ZaITAN. PRULHE A H REATUL T Uiz, ShiC 400W BIMRS L TR
327 E=15cm)% 60cm RN I-IBFA SRR L=, 752 M OBBAR AR 50°CREREIE
LRAS1 7 BEKEL., BETROBRAE S TUTL, HFRS OWBMBR S ERE
FAEEOMBRICLY P/ BEHH LR, ChITHLTEF=UERYY REEREL. B4
E7S/BS TR (AL L-8500 B)I= kYSHT L,

R T/BIGFOFER. Fig. TITRT RO

DF=/E(Asp, Thr, Ser, Gly, Gly, Ala, Val, lle, Leu, & % 440 nm
U TSRS hiz, LB OT-HRE L RIMRE § g
RHELEVRSOBRREN L. RAOTI/BIHR —— =
&tz ThoOTEM5, HAp BIMOBRETI3AR 570 fm
BELTHREL., 7E2/BRERSNENDITE/ B .
DEEAELT, TICRABEMSORBHELTH 2 g
HELTWEBEZTND, LALTS/BERA DX £ g 8%
ARHADDWIERY . WERFRRAES<. S%a 8| F I 31 @
R ORE ML TLCHEITH 3, 3 3ss8 7§

10 30 50 70

iR WBENFOXRLTRIEBEUARHR Time (min)
EREBHBOETILEL., ChIZRARERELL-R Fig. 1 Chromatogram of HAp/nitric
MroREBOT/BESET HEITERILE, acid suspension.
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1 2 KR T 7 R—EEEERANEESKRD T EDEOESR

Search of submarine hydrothermal sub-vent biosphere
by using phosphatase activity

FEEE®H, BEILE REFEHXR AHZM BHRE AERRe, SFHDEHER
SFNB, IMRE (GREERXRBRI - ALK - ERT « AR Eek)
Yuki Ito, Tadaaki Tukidate, Yae Edazawa, Arimichi, Yoshinori Takano%*,

Katsumi Marumo**, Tetsuro Urabe***, Takeo Kaneko and Kensei Kobayashi

(Yokohama National Univ., Hokkaido Univ.*, AIST**, Univ. Tokyo***)

BT LA AEEYEOGEERABNB XD ot. —F, BESKRIZER
DHEEDEELTEEINTWS, BT Ehs, BESKRIBTOEMEIZ, £&
DIIE * FE1L - S END TR P ONA 0 D— DR 5D THEKREN DD TH B,
bnbhid, KBELBIOEETY 7 FEERKRO 7R - FAS—RBHROK
AT 7 —VPEEEREL, FOMTEMBIZONTEREZT> .,

ApHT, AKEBLUSIUOEIHE~Y 7 HFEERKRNS 2002-4 FITEBRLEZa7EE
BLOFAD—RBEA VL, BRLEERENT, EEEE 05 V8 p-2 b o
Jx /7)) EREL, 3TCTA rFaxX—hLU72E, RIEEELEE, 410 nm O&¢
EREREL, BIEEERDE, T, Tris BEIEEH 9.0) Ik DREN SR Lk
BIEERWTESSTROF Y S 75 ) P—2 5 Y Efok, ZOBA, EEIT 4-AF
VY IRY T CBRERR ST BRI BRI L VRIE LA,

KIEHEILTE, 7RO THRIIE®RE—IBEFELE, —F, EHRIY 7T,
ATREORB TORMEESREEI N, FAS—RE T, SUkEEREML TWE
FEIDEELE D BAMBID B DI EWIE AR X Nk,

FLho—D 5 ORBEHORA T 7 —CEEN S, )HTRI0FEETHS, @)
FL— NEIO EDIA KK VHEEEND, O)FREMROEEHFTHS Levanisole 1Tk
DREINDG, @)EESTEOBREEMEOENOREREFEMFREBROBRICHE
BT 5, BEQHRNREBLNE, ThE, FAS—HOKIT 75 —VIEHS, TR
HROSBBERICHET D2 EEB AT,

MEQHIR, BIUY I BizEONF-REEDESE, KEBLRKRETOME
W) T FF AR MAEDESINEET S & 2RT, £, RAT7 Y —PEE
B, HBRALEDE, FREVBORRICERATHSZ EARBI N,
FFEO—BLT —F 7 > N—VHEO—BELTTFbNE, BRESLICRHT
%, 3 a
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PABETICRIT S b U IARUBORR & HERS
1 3 Prebiotic Carboxylation and Possible Ignition of Primitive Metabolism
in Submarine Hydrothermal Environments.
RAER, SHR— ZE7T, BEE—H
( BERBAREIERE )
A. Nemoto, E. Imai, H. Honda, and K. Matsuno
( Nagaoka University of Technology )

EFELDF & U THAK L BARPER L THOAREDS, {EBELIEBO TR
BT OMHABREOCHR, X7 LvAFFOY VEb, FLTERET I BOTE
LT EBRY . RECHLTHATHEZ ERBESA TS,

AR T, ALEEEOBRBEICBW THER CHEWNRREX Yy F U7 —27 BHHE
ThdeEZ, BkRELER bfh}im;ﬁh%ffj‘éﬂ%ﬁﬁﬁ@ﬁm* vy FU—2 %R
TIEEFAEME L TERYToL,

RBRILBETIEMIL > TERNRRBBBO 1 >THBEEEZ LN TWATCA
YA IZNMTEBL, TheOWEEAWVTERMBIELIT- 7=,

FORER, (1) TCA V1 I i
RYETH D -7 N TNVZILEE, 016 O Malate 0.
SANTBR, TeNBROREGEIRE o
1I80CTCRUS & 78, AL < TCA o
YA I N EERDETHB Y T
BRBERRENKS 180 H%ICiEK
0.16mM £ TWBEI L, (2)
TCA YA 7 NHERE 7 BT
TEELECBOREER S S
20CCTRIGE®B Y, sxvBo O] o © I
BESHEMITZZE, L . - : ; ! ; :
BV g b S LS R 0 36 80 90 420 150 180

Time [ min ]
BMREBY R BiEE B i 5 Figure. Time davelopmemt of the amount of the reaction product
WCRWA L7 /EEOEE DI fromaketoglutarate, succinate and fumarate.
MRl Ehs Z e EHBMNILE,

PLEDHERIT, BERHERT S lglﬁudﬂlﬁ%@itwﬂ%l‘%kio‘b\’c R K MR [ FLIA
BORET T TCA VA I VEBRTIMEBERENTWEI L, TCA YA Z 1%
BT OMEERCEETFTS TCA 3 A 70— b LSIEE LER SRy h 17—
I RBREFDRVWTERINTWEZ E 2R T3H0THS,

e

—

~N
T
O
:

0.08

Product[ mM ]
i
O
@]
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HUBN—AMENRANNET
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TUVAVABLEAZT Y FAL PN TEIPI ) BOREER
1!5 BilcowT

Adsorption of amino acids by kaolinite treated with alkaline

solution

WINFER  (WE - HREEE)

Hideo Hashizume (National Institute for Materials Science)

MEE WL EMIIEE L B DY | EEEEMERETE I LIt LD AR
ML, MR L > TEBTEYOBESFLICEE LERERH B - s, 46
DEFICMLPORBEE X T EEPN TV, BIEmzI0BEOT I/ BORES
RATC, BLEIINA Y T4 bRV, IF Y F4 FOBEEEIITEERHY .
R, WAV T A FOMEICIITAEREREET S ERENSS D 2 L 5 bIESE D
EENHDLEPNTWD, SEETADVERTRE LAY A Mo ) ok
To=w Ny v AVaLvr Tuly Yy, FRARSELUE S
NEIVER, Tx=nNT 7203 RE L. WERDLERORESENIO WM 2T,
R BTV A VAT AV I s —PTEDOLDTHS, 10, 100 mol/lD7k
BRkT b U o AYES0 mlicdgD A AV ;4 MM, 17HRRIBE L%, 100 muol/1d
BWELTHRML, BLSHEELITTV., BREZSHE L7, BEEIHEA 4K T3EESL, 60
CTEER LTz, 5 mmol/1D7 I JEED T & I IREEIKT ml & 100mg DR L7 h AU F 4
N T AEIFTINA, SRR LI, pHEHIE L. BOSBECEIRE S8 LT,
EEARE HEBRE SFBRRFHTON L, BEOREENLRERY REb -7,
e, H_EBMRHBAERBERESZ o< § 75 A HPLC-CD) # VT, EEREEOD
B D WELIEDREDE VIR,

0.008

%% . Flg. 1&:10(‘: 100 mmol/l@?.k@’“ﬁ'j‘ ]\ ]) W‘Ai‘,@ i :gommolf:?;ggH
BTHRBLEZIAYFA M LABT I/ BORE. T fonead

g

EUGKEREF P Y O LB L THWAWESORRS
RLTz, U rRonNy v, AR VEBERWLT,
EEEOKERLT ) VATREBLESAY F4 b
ZRAWIES RRERIIZL 2B HARELN S,
JKEET N OLATREBLEZLIZED, HFUF
A DRESBHRE LI Lk, BEFA b e
WAL TFHEIND, Eio, KESBIOTEEMEIZD g 1 acsorpionof 10 amino acids by kaoliite uniseated
b"CEi\ J:iﬁ%L{EZ%HPLC—CD’Gﬁ::\*E Lf:ﬁ%\ D_ﬁ)é and treated with 10 mmol and 100 mmold NaOH.
WRL-T IV BROBROZEEE LA LR N o, EBEREFOME L LEOR
EDENREFIPAEN=DLEbILS,

Adsorption, mmotd
=)
g

3
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S REERE A S OE RS H O EEES

Direct discovery of the nucleotide sequence information from
the thermal-environments

© AR (R EREATR S TTRAT)

Yutaka Kawarabayasi |
(National Institute of Advance Industrial Science and Technology)

W, B ERSATUOSRENOMRN L& E MO RBEBRCRRITIEL
ERMOBFESNERSA TS, UL, FIEREE - 3 E T D MEYITER E
[CHFETIEREDOIFAD 1WBEICRFGNERDATINS, LT, BITERRE-
ERENREHLME DI SIEXRION CIHREHEET I LERAT

KB FEMRICEETHIHERSRETHIKEELUMSMHLTLSK, &
UANBFECICBERAMRICHEET SRR RRMSERLEBRMEIYBLN
DNA ZRWT. LavbH oS4 T5U—DOMEE Tl BOHDI/0—~2 DIEXAEES
L. RHSWISREFONEMSFELTOAMENORMRMBEBILE
ATz, iz, Bor EREFIHESBEMRAMENBRTHLIRERRB T DL
=, KB CORBAEREAT-,

HER I AESURUVIFEROY O IIMOMELI-SATS)—hDr/a—2 DK
IS XN EMELRFEOBERTTF—2R—RAELERITLILCA, 2TOEXE
BRI TF—AR—RICBFSN TORWTRGEIITHEIS LN Y- e, 2FY. XF
BOIO—2F, ChETICHE- SXSh TOEVDRENHEOBERIIEEAT
WARRRHEAL T, FIT. BEAISRRL-ID—VOBAN £ RO LR Z
RELTWoT=CA, #0500/ ho 2 EMOEG#MIBFICRRALBRTS/FTIUNL
tRNA ERBROLEREI—FTIREFHRHERTE:, ThOOREFOES
EFRAVERSEBROBHIIS. IFRRICELI-)7—2F—2AOETEHEA
SEETSUMIH LA ETh ARG EHENOFENRRHSh T, £0 4.
FRNEHANEFEERRVCKEREUNMBHENTER, 2EARHShRE
FEXBMTORBERIA—ZHEHAAT. BRERA-EC5, KBSOREFEH,
LEARDEENERSh-CLhb, BEREI ELTALhI-RIETFIREIE. S
[RABEMBERLERDID, KBNS, SEMN D BN - BRI
OB ERTIREEBEL TR, EHOEEOEREZMS5 L TREGITRE
RBTIFNEFRTHIEN TSI,
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WERHED Y 75 1w 7 HEERTF ROJKEIFEE B K ORI
1 7 Identification of endogenous functional cryptic peptides and
' investigation of their physiological roles
MHFC, R|NE, EREE
(ZELEENH - FRRTF RIEH)
Hidehito Mukai, Kazuya Someya, and Nobuhiko Ueki
(Lab. of Peptide Biosignal Engineer., Mitsubishi Kagaku Inst. of Life Sci.)

b b ABFIMB S DI/ BE, 7 /N EAOBERITNKE T —
TERHO>TND, FONRTENMYBENTELSZRNTFRIZ, BRXOMSFIZBN
T BT - ABEOBEBROZTELIIRBEERREZREZL TWERAT
HO—DTHO., ¥ NI HERRK, TOMERALNMNIEINDEZ ERFINTNS,
EERNTEEL TWARTFRIE. ETHRES NV EELUTESRINDA,
CORETIIMEEERF BN DORFEAETHD, ¥ UNRNIELRERIZLDY
BrEn., A THIEEZFORBKELRS, ZOEDEFNBERTFR2AETS
iz, RETOFA— AR THAINSRB ) O— 0 JEREDHFEY
P2RFEEEATEZENELL, o THETHEENSEWMEE2IEEICER
UbZEE 2T U TEEL T3 ONRRTH . RebEEBERICBLTF
DERREIZ R L TWAHFPROBELFG T2 ELEBEERTFRE2RAET S
B, TYLBEL DIFRIROBIEZIEZBIHERTF OB ET > Z#H 2. COSP-1
BLU fCyt b ZRETHICEL T, HIT. INBRI I RUFZHZ NI EH
RDARTFRTHD, T VAR UTHINRIEL 0PN THD THFERRE
EEERFDIEMBESNIE- 2, THIIT. HFHEREEE(LTZTF RERFR
EREFETHIEDBRINEIENS, ZOIDIRYNIEOERFICBINH
BERTFRE [7UT5F 4 v U#EE7F R (functional cryptic peptide) & &L
oo ZRERTHE, RABBICBITL2BEZFBLIOSY NI ERFIOHEREICEE L.
EFBEFBLIUSY ONVEEFIDSEERTF RETFH, FN5E2E2ERLT
FRIL -2 DI L2 RRTHIEICE > T PRACERERERTFR
ERETZEND, BAOBELLFEEBNTDELEDI, ARLEBERTF
ROEILREZERICDOVTHELRT S,

L BEER .
(1] Mukai, H., Hokari, Y., Seki, T., Nakano, H., Takao, T., Shimonishi, Y., Nishi, Y., and
Munekata, E. (2001) Peptides: The Wave of the Future, 2001, 1014-1015.
(2] Mukai, H., Matsuo. Y., Kamijo, R., and Wakamatsu, K. (2004) Peptide Revolution: Genomics,
Proteomics & Therapeutics, 2003, 553-555.
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1 8 ASVM—REEELIF o DREEBEHIBES FEL

Sugar recognition mechanism and molecular evolution of
galactose-binding lectins

K BE—ER. RED AL PR BTLUER B REN AR\ AR & TH B
(‘ERRT- T CHURKRR - IR ROk - EWMBE. uTs K -3
Ryuichiro Suzuki!, Rikio Yabe"?, Sachiko Nakamura', Zui Fujimoto®, Tsunemi Hasegawa®, Atsushi Kuno'
and Jun Hirabayashi' (‘National Institute of Advanced Industrial Science and Technology, *University of

Tsukuba, *National Institute of Agrobiological Sciences, ‘Yamagata University)

LOFUEE, SRR AMEE R RN - BA T2V RV HORTTHY . FI~bhi:
BULTOEPETREVEIN TS GHATHEFEMEVOTEBELLTRIRSh TS
FP—REZBHTILIF U TOFEELNBLEERIN T D HSVF—RIT—ARRIC, EHEOIFE
TRGENIRTESNDZIEA B FHILE 47 F v LKBEER VO IEHRAFTHE. ENOE
{BIZHENHS2b—RITFE ., KIGEHRBTHITI—R OO P LBOEHES2TEM. ThixHl
LSRR ST 210 ISR MO RE £ SV TEIEL TEEEZ LA TS, D&Y, Chb0
BTEHEINEHSIF—RERBETHL7F & BB L IFUHREMEL EFS 27— DB
EHRFALTEELRR, SHTESREEELILHAITEZI TS, COBREXFTIHELT
(X HSOP—RAEELIFUTHAIALIFUB PR BELIFUBNREBITONIN, HEADEZTBAL
L LEDEBRMNOETRIL. HSV—RBRLIFUEHRI VB ELTH FELETEMFE
| CEYBRROEEEEHTACLT. EREEERETHT AL,

BEREHTHEEIENFRLLT.HBRYRY—LT+RATL 1. "RARE"(Ribosome display by
Assisting Rare codon cluster Edge)iZFR LS &Lz, BRLRIEF. Vrh—B UL 7R fEEE
B4 DNAZRBRENTEE - BRL mRNA-YRY—L-F R VBHSFEERTS. CO=ZEEEH
POEAMEEBBL A A RIRL. mRNA OEIR- BMIEERYET L TRIBISELI=A0 /8
BEHDELGEN - ABETED, COFEOREE. BIRETO IFBAICLTIRLI5R4—%R
ALTREBILTIIET, BH-LIFUMOLILBOAEERICLERTIELR R TH D, HEF A
HBEELTISXHELYFY EW9EW2CHE LUTHLIF -3 OEREF A (Gal-3CDZERL.
EW29Ch £ & U Gal-3CT 20— F T oREEFRICSUF LEREBALERGFT—ILEERL H
SHP—=ZAADEHEEZETHIVAVRFEANTRRY AV ERBLE-ECH. b I7E—ITH
WTEFEAFRTETHIENAL M Eof, RFRICE>TRIRSW-ER OB S HR
ME, JAVELT ITLZF4—IATRT 57—FAC)ZAWVTEMICRITUER. St~ 03HM
1ERLEE AL TRIFARRIESRESN I LA R TE 1, BE. X IS RERATIRYRE
LOF o B#OBEREREEZBRLMLTLSERETH S,

SETH THE TBEORYTEISBORFEMIET S Viva Origino 29 119- 133. (2001).
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Thermoplasma acidophilum BT 7 F > O ¥t fRHA
1!; BLUEBEYT 752 & OB

Analysis of Archaeal Actin from Thermoplasma acidophilum
and comparison with eukaryotic actin

O FRAE. WRE, RAEM. KBAFA L), TkE4 1), AKEN2). WEHE
‘ OF. Hara, K. Yamashiro, N. Nemoto, Y. Ohta,
T. Yasunaga, S. Hisanaga, A. Yamagishi

HRIERRE, | UM ITEKE, 25K

e ERAEMOZERMIAERS VAT BEELTT 7 FUBRLATNES, T2
FUNIR 2 REREFONRLEELRLO L L THIEBEOHEN ST bR, =
DT 7 F L OMECBTBERF N7 EHE LT MreB &SI TVWS, MreB iX
BRECIREE CRODP-TBY, 77 F L RRICHEFEICED ELZ L L
Zzbh T3, SEINERIT, HHBECRBITBT 2 FUiks v BEOEARKE
OHMBEEEALIIC L, BEEYT 7 F U L BRI AZEEBEMHE LTS,

ER . bhbhid, REZ XV GFAFBREOEHE TH D Thermoplasma
acidophilum BERD T 7 F L A4EZ L2 B TaMreB DMEHERICER T2 2 & 25 BE
BIZE DB LC L, EXEEEEZ AWV T TaMeB OEAIZRIT 5 v F4
VERERB IR 7 U AF FEREZAIE L,

R BONT MRS ETT 5 & TaMreB il T 5 BAACFEIL, 5.5nm X
55 mm THHIERDNPoK, THWEEBEHOT 7 F U HECHLND LD LIEN
ETHD, £/ TaMreB T, 77 F U ERRICZMAF AL VBB BRES
NBZEBRLMNTRoT, —F., MERED MeB TiX, 7/7F 820, =
MAFAVICELVEEPBEESINLSIZ ENAONTNS, KNWTERSIMEATHS
X7 VAT ROGEEEZRTE IS, TaMreB 2o b 3 BOT 7 FUMAREZ 8
JEDFTRGLIENX I VAT FEREEZFEOL VI BRI LNE,

PLEDFERNG TaMreB 137 7 F U DRIRE R o 7o ¥ 30 BT T i i
PENZLBEBLTNARLEEZDND,
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20 | EEBERICONT

Reverse transcriptic mutation

KA (E—wED
Tomohito Tada
(Daiichi Hospital)

S A, JEL N OTA VA TE BOEIEAY A VR HOY) BRIC & 3 B ERERRE
HEh, BEBFICERNFZNTNS, £, 284 TY T =7 X (SLE) DdsDNA
PRI, 2 ARBEINAICH U TREMIIC. ZEROFANHIRT 205, BFIEIEEBHINT
Wiz, A OEMIREICBIT A RBEFOEEIZL haT IV AORIEEROERRE
BN, AZERL bOTL IV AOREEE DR, FOEBAEMAINTREN, LELORZE
, RBRIICTHRFLRELET. '

IR B MR P ORNAY A )V 22 BT, RNAMKERNAR U X 5 —¥ (RdRp) DEIR
FIIHHERICTE D, WEREEZE R BE OIS LT TR TOBEREEZ D DERK
DSBS B &8 X 5 RNMEEDNAR 1) A 5—¥ RdDp) DADTERIRD5NB L EETRE
ERIESEL. NAMEOEAOHKREEL THEREHFNFERI NS, KT, B2R
TEENED SNBEFIZE. L OUA NV ERBREBERFIRETSZEEZS, HE
%R . (1a) RdRp -> RdDp (SLE: R2dR2p -> R2dD2p) (1b) RT -> RdDp oy |

(2) RdRp -> RT _

(R EAREE - 1) 78 EMAZICITRNAR U A S —EREERENIC LM<, AT A NVAR, £0
BWREOLDII 2EEOBEERER IV, RIRURIRRDTH 5. 0V I J BEFZ itk
FALUERETIE, MBEREBIBUTHD., EETH BB EIEBLU TWRN, BRESS
DT I JBOKIIEFEEL A, TSNP, ANTPOERE., HEOMEDEEDAT
H5, 2) RTOHEEIT. 1L RSERNATA N ANS, 2HXENAQ T O I A &ERKR, 70
AN ABRBEENACHAPAENS, FO 7Ot XX, RNA-dependent DNA polymerase. R
NAase H activities BzU’DNA-dependent DNA polymerase @ 3 JmtXicks. 3)HCVIC
LBHHCAREESIE. (la) OMFIck 3L Ebh5, 4) SLEOdsINAFUEIL. ANTERRTS
RNATA NV ADIFZEAEILIFETH DM, 2HFEHTANINATHLLFHRTANAIL K
GMeEZXSE, SLEORERRTAINVAE LU TEEBNRY ANV ATHS. dsDNAtT 1)
ABEEBEEMEE SN, MR X DRA IS T, - dsDNAFIH SRR &4
ERRENS, 5) SLEREETFNEMICL hO IV OBENA SN0, HIVRHILV-1
RREWE 12 B S NS SLEFEDERIL,  (1b) O, RADpER DA EE A D, 6) AR, 8K
DLEEETS, ) IKIHBLOTEEERATILRESSSEEbNS, SEITHL
T, 82, HCV-RdARpA:, RADpIEHZFHFDOLSICELET BB T LN, FEETH DN, fﬁﬂ%f
REWEETNE. W TT,
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W EZRWEHEERBIROSOS N BREERMUDRR
Search for functional units of proteins by the analysis of protein
—protein interactions using IVV
OFRIRIEE. EXREF. HNEAE (BIEKFE - RETI)
Masamichi Ishizaka, Etsuko Miyamoto—Sato, Hiroshi Yanagawa
(Keio Univ., Grad. Sch. Sci. & Tech.)

B RIGIIR A o 7V T EDEL LT E RSB LN R T F 7B a e
AL TEMRT AEIBEE THD, VVILIAZ 7 G BRI RREE L R
BRIZITOT2% (LA RIE» DL E RARFE THAEV LB,

EBFIE IVVBRNAT AT SU—% polyA+ RNA% BV VT, cDNAB B, B EIZ I AmRNASE
g AR— P — AT IV BEF LT, XA B FImRNA%, c-FOSDb-ZipfEike &7
ERF &% S5 LI-mRNA%PCREIN vitrof s EIZ IV #ER LTz, EL 7 aid, RNAGA 77U —&
RAR 7 EmRNAZ wheat gremB ¥ Din vitro translationBx FAVNVTIERBRERT-12. Ig
GE—RIZLDBIR, NV EV 2V —KIZLDBIREITV, SA MU R_TE- IV THEEE
FEINLU=(Fig. 1), BEL7iarE2 8T RT0, _CMNESIVVO FRBRELE, BEL:
8 % DIVVE F OB # 70— T EDRE, ~AheDESHEBL T 74 A METE
iToTlz, '
FER: c-FOSEARARE LI EL I a3l HHEER TAZEBMbN T D JUNEZF Tr5k
DYDY ARAPEERE LU, B LUrc-JUNZI—R 43710 — 22 RWET 74/ A MNEfTH &
aAI P =T PR CE(Fig. 2), ZHUEnAT Py R —E R ORI LT
Brlipo TH U R_IBRIOBELVOIBEEERTR> TWAILEFRRL TS,

vy vinm FNA By
Bt prwtors FPA

(RRENL cqun@PSLAE )

e A AL Sy A= ST SN ME. A EFO—MZHIT SREMERT
Lo







T Al 38R
(SL-2)
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SL2 SR S L DR

Endosymbiosis acts as the Motive Force for Biological Evolution
R & BROUEXE)
Yoshiaki HARA (Yamagata University)

EREMEAREMRIC L SMIENRERRRE TS A IBORENRELZBENICEHTETL
BRWESA, ELZTANLGNTNS, LD, X LEESEY (CLEOFNTHEZ 1 5EEE E/Mb
S5N%) VBERICESERMLCL. MERRENEMERICEES L. TORBHELTHWAEZEHEL
DOHPZELRZL., LHL., TOXDCERIELEEREDBE AADOR L SEEMBEOLEEXERD
B BUMBARELLZE, TOMBREEE. BEORTREM. BN, BEMNLZER - #an
BID, FERAKZRETE, ECOEBAELLTHFSLEZZ BT 0ASNTHARY, Ty
IRTRIB A R OBRP A TREMTEORELERICL D, FITHYOHE, ThDEHEKLEER
EPOHFRTHLNENTELRRNH 2. HEOEMSTF THIENRBOEEORANS, ZOKH
b A Z Mg & BIEND R - Bl £ OMBAAHAE (evolutionary chaemera) M ED X S RIFEEH R
ELTHSMIEN, BBCLEREY (EYF=Plantae IIb 55 ATE=Algae IdIFPEREFHELT
DEFFRICIEAR D B2 ) OEMPHEDIE ORBEICES LB Rl Fheiest LT Sxlichn
54MO#S (Domain Living Things) 2 L0 XS icEMTELI WL, BEDREREFASRL, ERL
7=,

BEO EW=-EEbaREY) OSBERTRRINTVEEAMER (F=phylun ® L <)L T) h&
DRI BAGHREDEMRALKEICL > TRVRAS. XAOEBEOBREEBE LI ZHEIELTS
g, 1 AELEOEMIBREORENFEREDOLT /NI F ) 7T, {LGHEY. SEEY - REHE
WIARET 5, 2REEDOEPIERFORFESLGHEYOLZ VT MEl) - FEREY - NS My - B
B & REEYNBROLI—Y LY - 20SS 7 oA MBI TED, 3IREEOREEE
WA 2 RFEEDOS U T MERPTEEEYERELTHN, HENLEROHERE - HRICWOIDRL
LEREFREDENTNS,

WENOEMFAL NI TRBETEDIHERIIKY / ACE I AHEORTEND OBARKEN LS
N, LHrbAREOHHBEZVFYOEBL TR EMMMB, LHL. FNOHEBMTHRNELR
BB ERTEGEERS, DUAMOREEY (Protista) EOEFEHENBENVEN-TL B, TOMEAI
SERECRRY, TIMRAEEOWETONAZITL S, FROEOWDRERAL. BAFEL
DOREEFSLTHEN,

RBRIZ, TO#FHRE. Y] 2EOKDITMHBIFES InDh, AR 2 DOSEER & F ORI,
E O IHEEEREYZEESE U Cavarier-Snith DFEACETHWT, BEAFIN. SBESEREN
HIENTREINSAZEDNO#R (Enpire Eukarya) @6 R (ERRICIIEMEEL T Kingdon Tid
75< Clade ZHNTWS) EMHT 3,
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HCV NS3 757 —ERs VRN AA—EZzENE L
S1 semsmonzezonm
Isolation and characterization of functional RNAs specific for HCV

NS3 protease and helicase

OFEMEAR, BIEETF. BEERN L Fms'. @N@m. &8s
(k- B, ERTF - FiEn)

Kotaro Fukuda', Fumiko Nishikawa®, Takuya Umehara* %, Kunio Kikuchi, Satoshi Nishikawa®,

Tsunemi Hase:gawaI (lYamagata Univ., Fac. Sci., 2AIST, ADRC)

(FEHREHN] BRIV A HOV) FIEAEBREFADRRET, BEFRAOEERETSHS RN 1)l
ATHB, BEETOELS,. CEFRAORMIIEZAT F— 70 BECAVSRTHWS, LMALENS, K0FY
BEREENEELTWeWED, TOREREBEENTWS, KV OF#EFEAE THS NS3 12, N REfH 173
DFOAFT—E R AL 2o CRBAF 273 DAVH—ERAA RSEYD . ERENOFEM IV ORMICHATS
B, FZTHYV ONS F7OF7—ERSIAUA—HEFEN & U HRBEEEBEE i vitro selection EIZK -
THBL, ThSOBEHE L TOGAZRI O THRET 3.

N3 QFOF 7T AL ICHTB AT FFT—] HHVHEERZHERETILDIC. MIOT7O07F7—HERA
1 (ANS3) KEEMICHESTIRNTIY<— (87 7H<—; 69-1. 69-11. GS-III) % in vitroselection i
X THWE LR, In vitro DEFHER, 63 774w —2ANS 7/ 077 —YiEEEHEEFICEETS L, FLT
ZOBBIZEN - TBEEBRT D SRS NS HARINBETH S T EAHBHLE.

NS} ©FOFF—VeAN)H—VORmBESEMEETD M) N3 METHAUD—VELEDHTE LD, A
NEO-111 (o077 —¥7 7% < —OR/MEEEHIE) © 3 HRIC (U) 14 BRI = NEO-TTI-14U Z#i7zic R L7,
NEO-111-14U A% G9-1 R ANEO-111 & @&z, Full-NS3 @777 —EFEkE2EETLLEHSMILE. E5IT
NEO-TII-14U k. Full-NS3 AN H—EEEOHEET S Z &AHEAL L,

[HCY NS3 AU h—H ot g5 A 7 FH =] HCVNS3 AUA—ERAA ZEMEL. in vitro selection 27
ok, BENEZEFEEALDT T = in vitro DAY H—F assay RICBWTHEDRERL. | BET H0%LLE
DDA —IESREESHRERTHODRONE, 70—V HETRESNTNIEASFEL. £4OHMERFR
ERENLBNORANEREEZENL. BEASOREERT> X, TORR. SRICEE UL —F 3G L RFREFIH
LRBATAN—THREEFDOONANY S —ABEICHT S EFEES I o /.

(RA 7 7 < —DOREEMBADKA] A7 /¥ v —DOREMRAOERZEL NV VRTA LENI T FFT—
OFATHE ) BEMUE, Kic CTE A8 HV-NS3 7 79— (HAC; 1=y ) % (AG 7OE—¥—DTFH#ic
WAL, BRERI S —OHEREETok, E5IC. M OIE—¥2 LT 30, 22y b 1-4) 2@MLED
OEMEL., BFEERICHALE, TOER. N30T 077 —EEEAESIRRENE.
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S2 RNAT—L K54/ Y=
BAhTOTT7—EEEET HRNAD MR
RNA World Technology:
Artificial RNA inhibitors against a highly active protease

Hir F (BERITRESEXE)
Yo Kikuchi (Toyohashi University of Technology)

AHOBFEEZRNAL TS TRNAY —/L PR 1ZE<mbhTWwW5b, RNARELDOFRIZ
BAEICHEKDNA-F R0 BT — N FEEST-LEEZ LR TWS, THPEER LT, RNA
X, BMBETR LN SHEDNOEEEL O TR - CWETRESEN H 5, ThRDOBEE
DEHFITIZE > TWRWD, RNAY — ) FEFIZH -T2 ThH A 5 RNABRE D LARIE DO .
WX, RROBL2 OBBEZITINITEBZ SBELZFORABFEELELEZTHLEML
iEev, EDX572FZ 00, RNADEERNEF EHTHFEREZLLN TS, T
V& LEEFIDORNAE RO 75 HHREMERNAZ 51 & 9~ RNAT 7 Z < —AlIfEE b %0 &
IRFHED—D2>THD, T TR, BELBToREROF 7 BHRERYF5
Ay (RTFYV V) CERiEEZ B ORNAT 72w —DAIREBN Licy, 3F54
U, TENCHESFA SN TV HHEEICEEELRBEDRENERTH D, BB
LOMEMERERVHDEEDNS, 20X EWEEE L OBEFELZHET BRNAT
TEv—F R ERTEDTHAID?2ZDOL ) REMRRMANOEELIX, VFF
A TRTBRNAT 78 v DRI EZ RS, FREOEVRNARRER ORI/ L
Teo THOT LT, RARIEFELRNYF I 4 & —RABIORENIEEERZAIB LU
TEITRY, RN L Y BEREROBEERFZFL L TCOT S ~—0ORENH
BTEDB, ZOXBARRIIT o RNADBBED R EHTE RNAV—A K527 )
= EMAELESTEASH, SEELNET I Fe—it, FxOBEBEITDHNIC
HROBELE D IBETIHR2WS, MEY a7 7 —BITx4 28 TORNAZIFEEA
THY, VYFI57A4 U ORENRE. TuFT7—EEEDOSFRA v F L LTHEETES
LbOLEREEND, TOXH R, BT 7 Hw—ORBIT OV THREG LIV,
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83 B R A RRNAR S RER S LU
IBSIRNADEERE A 2R

In vitro selections of RNA-binding proteins and their target RNAs
in a hyperthermophilic archaeon, Pyrococcus furiosus

&H HBXk (RERBKXEPE SREGEEFARR

Akio Kanai (Institute for Advanced Biosciences, Keio University)

Bk A7 b O RBTIHBIF RS EME Pyrococcus furiosus ZRAWT, RA M/ ABf%E
EZ/= RNA BIREZTHED>TWAN, COFAI3BRBUTOBYTHS, () FHHERAL
7 AYA XD 2,000 kb LR, ETHSBRENDIEARS 2,000 FEEOZ L (b
LAARERLIMREINTINDS), ) BFAETHETHI 0O, HRTIHEZ<DE
BHEOSHE, BEUARICOTHEMMEERL., BOTELCRYEBIRICET 52 &, (o) BiF#
OB IHELRIC, HEYESGORIBICENSBGENTS Y., LHdsRETFOHER
FERBHEREYMOTNE, LV TNICLEBDTHDEEZBZEND T L, X5 RNA
77—l REREZZICIIND &, BHTHRBINAZET RNA OfBEHRTHIIE. KEFHE
DIRBICBHB LSRR N LRSS HINETHSD, D2FY. JOHHEBDS / A
ERASHOIBBETRAI V-0, RNARBICEBL S L5 REAFEHEBNICERT HINE
EEEXEDOTHSD,

FiEeEBR L RGHERFOBRRESA 7S UEERL. FCICRHENSEEERIEIC
MET A REFEERENATLVSIBZREND S ATAZEELEQ). THDE,. HHEH
ROBREFE=RKBRORBRREANVTEEL., BRABERED TN E LR, AEHEE
HREOERENTHAMAE TS L2FBAL T, SBESCISOENETO>CET. XBE
BMEDFEHERL L. Ny OISOV RDENT vy A REBELE. ELRATFATIE. #
B TR EETHRNICERREZSELTO DS, HFIROBOBROHUDT N,
T, CHETRIGOBEEZFTIEABEN TV EHOOHC, HUWMER (FIZIERNA
EHBERTHARE) E2FHTMASC ENTREICA o7, FEDRIICHBELE LERNAL
DEGEEEERIC. INET, FAU-IESHB LAERNAD R F A-V—TEHESEBR)OHE
BOFI O oERBREQIEENMRNAKESHEFTALEZRELTVS, —BOEAKICH
WTI, S»FLLRRMNEFLUARNAT =LY, Bl &S SRNARTIOZRIREERE{T/ >
THEY. RNADH DR (BR) ELFTOHSBHREVATIT4 v ICARLTHH
EOREMICONWTHBL W,

$EH

1) Kanai A. er al. : Biochem J 372, 253-261, 2003
2) Kanai A. et al. : Biochem J 393, 373-379, 2006
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BIESFIEMOETNE
S4 Ea—0%A Y075 /7 09— (IWik & CRMS L)
ISk 28 NRIRBEERBN T DESRIEDSHE-
Puromycin technology
originated from evolutionary molecular engineering
for analyses of protein interactions

BEXRHETF. HIEAE
" Etsuko Miyamoto-Sato & Hiroshi Yanagawa

BESBRAXFEISHRH

Keio University, Graduate School of Science & Technology

1980 £RITAD, Cech HIZYURYA LARFKEAL. REROERDIEERITH L RNA 28
BAIOEMETH > ETIH LU WRAEZREL.RNA TV B RFEZEAH L 721990
FE/RICAD. RNA TV BRFEOKRIEZ BB E L T Joyce % Szostak 51d, RNA DESL
SFTE2ELUTRRBRENELRG vitro selection R)ZHEEL ., e rligEz o7z
RNAATL YD RYA )ZERIHLE, TOEMELRELT. BEHROELFITFIZEEL
THRERENELRE(n vitro selection R)AS, RNP 7—)V ROKREB L UVEHEDELDODL
HADOMPEFOTENGHZEANELT. REOHARLEHDTRELTEL, ELD
FI%¥ER. GFLANDY—U1 V#EEEFIAL, BROEREEZELDIETIHD
TH5, BEHFLRIIBWT, mRNA GEEFE) LERE (REER) oMMz,
WK ERT AR ERRE TSk, R, Ba—DOv1 o UNERE TSR
HIcEEEHEEERTER L2 RHLE, ZOREZFIAL. EBHEPRROUR
V—AETE2—OXA2 22 H—ELT, BRFHUEERMEZEE TSI ETH
Hl. in vito virus IVVZHBELE, Fa—O31 >0 r0HEIIER. BEHEDC
KT RIALZEFREE L. NS 2 DOEMERHL T2 - O A2 T77 /0T —
EIER, RES ) ABHENES, T ABHREBEZA N AOTOFF —AHET,
BIEDFIEOBRST. KFEY ) L%y NT— U@ 2EL T, EWELOZRE
ERBTBREDOY—=NEUTOHLUNEROIERICONWTRRDS,

VY PPl s -

[ Imvirovims (VW 3 | [ CEBINMEE |

24 uromyein Puromycin

mRNA spac’c?'
> LI s

N ETPFERZITER
L1 8 i)

2O-Zr - L AN

v
FPlyey
VL AIVAS
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TAv Oy yTUDTILLBFIRY NI BOEINY
S 5 Creation of novel proteins by block shuffling
O#lIl 3hE, BAL =8F. i B (BEX - REI)
Hiroshi Yanagawa, Michiko Onimaru, Toru Tsuji (Keio Univ., Sch. Sci. & Tech.)

Beld. 7Ov 0 vy TV OICKBFRS NS EOBIRICRYBATNS,
Ay LR>ITREE, EXa -, BETTF—IORE, BRSO ROHEE LG
BEDBAILEZONTVWARTFRTH S, EEEBRTEIRENTELRRADS
SHDOT I/ BREINDNIROF THEHECHEQRM L Ao/2T7 Ay o %, #ICES
BOEIERURTFRTHERADY NI RPEVBIEM I RN F T
FRLU. BEOZHRESIVHBEE. BICHERRT A KN FOSHEEHBEBIDT
TawhEEZ, UTORBRETH-,

Eb-ZALATCRREDOUA L FEERAAL Y EReLBD)EZRIEE LT+
VOERTIOEOT Oy 2258 L /4, RM(Random Multi-Recombinant)-PCRiE %
AW, ALORBIRMR TS ODNASA TS5 ) —#BE DD, SRATRHFER
[CBALE. SOSATSY—%b&IC, invitro vis(QVV)2S A TS U —EHBEL .
FEDUAETHBIA AT LIEBESMUTORVGTPICESEEEZ H DR
R7FROMBZBE L, MNERFHBERBERRICLVRRBTH DI /N0
REBEFROMBFATEL, 9 NRIBADCKRMICAIML/=Hisy FI LY. Eifk
BERRRIEENSIVVSA TS5 U —&R8IL7E, GTPERIE#IEERWTTZ 74 =5«
O BIST7 4 —%FT. GTPICESEZ B DIVVERIRL =, BE. KBRICT
U—OGTPTAHEREN S FEEREGTFETH SmRNA/DNASAZFIRA LT
real-time PCRIEICK YU RFEDH Y. 207 IS AZERLE, BHEESEPCRICKY
BIBLRDSD Y RODNASA TSV~ L, 350 ROBIRKERE1To /=,

BIRENEBEOIR—2VICOWTE DEREERDEEE ZB10%ZEDEYR
FERIEOI/O—-2EBE, 502 0— Y IZmRNA/DNADERS D TlEEIYY
EPWIGELTTHY, §NROMABADCGIPADRSICRETHD ZEPERENE,
ToTHEDOI/O—ZABETHRIR, BEL. GTPICHT2FEMEEAELEZEC
5. WFNO& RO BHGTPICH U THEMA ~& —DKAEZETR L., HOBIVE
ARRMERT IESbh o/, GTPHEY /IO ROER, RIR, BEEHERICD
WTHET S,

1. Tsuji, T., Onimaru, M., & Yanagawa, H. (2001) Nucleic Acids Res., 29, €97
2. Miyamoto-Sato, E., et al. (2003) Nucleic Acids Res.,31, €78
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JY tRNA PATUT4T4—DHESL
Evolution of glycine tRNA identity

Om#* 7'\ A% B K&/ #EY
(iRl - BT, ERP. LA - B)
Koji Okamoto', Atsushi Kuno® and Tsunemi Hasegawa'?

('Grad. Sch. Sci. Tech., Yamagata Univ.,’Nati. Inst. Adv. Ind. Sci. Tech., *Fac. Sci., Yamagata Univ.)

(WE)

F1L L-RNAS BB (CRS)IZL BT YL (RNA DRI UL RNAFTAF o ToT1—)IE. REMB TIRAE
8 4® Thermus thermophilus, RAZEWM CIEBR. EMIEORTEDOEFRAFIERLMIThTLS, TALDOBENS.
EPROTVY RNA TATFoTATA—ELBTHE, T2 RNA OTLFAFLD 2 XFE(C35). 3 XFRCIOEL
VIR GHER (N EHR T U73. REEYIE AT)MERIC GIyRS (TSN BRBUTHIZLITHETHLMN, FOLT
A—RFLIZBALTIE. NEMBE® GlyRS 13 1 EH(GI-C7HE 2 BE(C2-GTHDEEN ., —F. XEEYTE. 2 &S
(C2-G71)& 3 FH(G3-CTODIBE MM B LE->TEY . MEPHMTRERL>TUVS LML E 3 0EYELDARD
TRBOTYL Y RNA PAF T4 Ta—E2RATATLVED, FSCR AL, 1999 FI25 / ARFIABSMIESh -
HEIFRF A BT Aeropyrum pernix K1 #TRRMREL . A. pernix RTCT UL RNA TAF T4 T1—%MRBEL, WIEM
WERREEDD T2 RNA FAFoT4T4—ELETIIET, TOHTRREHMOBLERALNMITEILEZEN
ICHIRZATIC&ISLE=,

(RBE)

FERIC LV GRS (&, N RIRICERFIOL 2T A S E -8R A9 4 —pETIV/GlyRS % KIBM BL21(DE3)K~H K
L, KERB|EEE NI-NTA ASATTI=T—RBLI, SERET UL RNA (FPoFaky, BAGLEES LU
PHtTE—ATALAIZERERALRL)IE TIRNA U AS—EIcLERBENRERGICR>THELI-. ChoERFET UL
2 RNA & GlyRS 8L UMC)~F UL VEBNTH S SRERERE L,

(RRBLUER

A. pernix MGIyRSIE, T ARNADCISECI6ELS[HGBRLTSEY. 79-&7’9—z-7—m:—:1,\'cti. C2-GTIHE KU
G3-CTOBE XM EBMEPLIE L TLVAS, ATIEREBRL T A ofz, BLEDOERME, A pernix DTV ARNAT AT
FAT4—IE FUPAFUIZBLTIH O L PR EFHTH AN, FIET2—ATLAOBRBRER I LR ENEITTH
BrEIBNB, LHL, MCAEL, EMRESCEYBERDHT . GyRSHBHIEELHCRBL TV SOMABLELS
ATV A pernix DFETIFICYRSAMAIEXEZBBLTLENEATH D, DEY. A pernix OTYLURNATATY
FATFA—IE RO EYELLEAF 43+ bNIE R DL FOSFRERRSOONBRENFTY TR OEEOThDIR
FICHBDTITALMEERTED,
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BIFEGEMIE Aeropyrum pernix K1 @
2 3 EAFVUARNAT ATV T 4T 4 —DHEAL,
Evolution of histidine tRNA identity of
hyperthermophilic archaeon, Aeropyrum pernix K1

Ox& mMmE ' =5 £ A &2 R/l AR 1P
(T RBE- B L, 2 EERRHE, ° (L)
OYukari Nagatoyo, Jun Iwaki, Atsushi Kunc and Tsunemi Hasegawa
Grad. Sch. Sci. Tech., ? Natl. Inst. Adv. Ind. Sci. Tech., *Fac. Sci., Yamagata Univ.

o3 AEGHOBRIZEVT, DNA OFF>EEIHERL mRNA KEEESh, 7475 —5FThHD tRNA &
AL CRIBIERE BOOT I BEF 2B F O EOAREITIZLL, Pl THRD TEETHD, 73
J 7 N ~tRNA B EREER (ARS) i, RS T57 I /BRI (RNA L7 3/ B0 BE BB ISR L . 7/ TV B R RE
BT B L TRERRICO L ST BRI I E~EATHIERTED, EENILBTS, Z0L3 ARS
{2 J:5 tRNA DIERE R LB D4 PRI IRNA 7 A T 7474 — R T, tRNAT AT T AT 4—
ik, MERE CHEXBE CIHITERAASN TR, BEAD TLHEREDIFRSEA TS, HHEOR
HHITLRN, BITHL L, LM ITH BN EROEBMAILIDREREN, 1999 FIZREOT V=1
F— Al Lo TS /AR RERA SN B ITFE SR Aeropyrum pernix K1 DEAF VIL~RNA S RkEFEICLD
ERF-I tRNA @%ﬁ%tﬁ%&ﬁﬂ@ﬁ%ﬁ%ﬂ%@ﬁm%ﬁoto EAF I tRNA VIO T I/ BRRE tRNA LEE~ 575K
SN T BRI GBE CIG) BEFEEL TV, -16 id, HEME TIXfETIca—FShTha0ixL. B
BAHTIREFITT—FENTEL T, tRNAS guanylyltransferase (Thgl) 23-1G %ATINT3, 1FLA L OEHE
BT, BEMBLRREIC-1G Ba—FSh TOaMN, 2—U7—% 4 —FRICE TS Methanopyrus kandleri
T -1G RB/EFICa—RFENTEOT . REAMOBE S LAMIC Thel RERSH-1C6 Z4MT5LE 10N
T3, ChETRRBHE OB TIX, ZOMMMN2-16 A HisRS KXDRGESmISh TWaILsgEESh T
%, BEEMEOHE LRRIC A. pernix DEAF VL RNA (ZH-1C BBEFIZT—FINTEY, Z0-1G BT/
T NALBEICE D DI T DD ET AT, TOFER, -1G tRNAT TEREBWEESELN DL, A
~1G tRNA™ CiIIIEMRELIETLE, ThoDRERMPL, thD B 0EMERIRIC, A. pernix DERF I
tRNA lobh~1G BEEL TRY, KIBHECRBELREIC-1C NEERRIL Thorieiibhole, T, MRINAL
WHE, -1G. Ty Fak G AERPEAL, EAFUNERIGETT o2 A, BBNE ORI ¥
T, “IAR-1C THEVEERBLNAZ LMD, ~IIOBEEOHFENREETHHLELLND, T Fafidel
%ﬁ%&aﬂﬁ%br%%ﬂ”ﬂ%ﬁbﬁaﬂ:ﬁu Zlbbhiol, TBDFERDD., HHEE A, pernix DEAF L tRNA
BT B EME OFRICIRLIL TV BZ L ARSI, |
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tRNA 71 F 254 54— 5 B d B sk
24 hUT R T 7 Z)L-RNA & RBERDS T
Molecular evolution of archaeal tryptophanyl-tRNA synthetase
as seen by tRNA identity

OxE ¥\ A% . E#N #p?
CILERBE - BT, EHH. CLEX - B
Wataru Tsuchiya', Atsushi Kuno® and Tsunemi Hasegawa'?

(‘Grad. Sch. Sci. Tech., Yamagata Univ., *Natl. Inst. Adv. Ind. Sci. Tech., *Fac. Sci., Yamagata Univ.)

<FF#i> ZUNUBESRBEBIIBNWT, T3/ 7V )NRNA SFEEHRE (ARS) IRET2 RNA &7 3 /E2E
RPITERML., HELRT I /T IMERBET O EFRNRB{EZE->TWS, £OZH, ARS & tRNA (LML
HPhSEETDHFEELON. TORBBEEZHATI I LRS TEILOBEEMNEIENNDERD S B EEXISN
%, RELZTUHHAEIIDOWTO (RNA EREHOFRRIZON TORSIIED ToE 0, KBEIIBWTIIZIER
BHERTWS, PUTRZ7 2ORICOVWTI. 72FI R CCA. MBHIEE 673 BILUT I Ty — X5 L5kl
D 3 WHEKF Al-U72. G2-CT71. G3-C70 PHMICHE L TWA EREIN TS, LM LANS., BHEBLUEEE
MOT 77— AFLARBOEENIRBECRBEINIATHEO SO LIZRABEEN GI1-C712 THD., Lh
b BEYMICRT D Saccharomyces cerevisiae TVLZ OFMBEM B L CHIIERIRBBINT, F>FaR>V1
MFH C34. 2 XFH C35 DHEBILTHDENSHEMBLIIAZ B> EBROBHEVLINTNS, O
<, HHEO YT N7 72 RNA ORBMEBEMETE 283, ZAEYROSFHILEE R 5 L TREREE
VW, XoT. Z® ARS X3 MUTM77 2 (RNA @ﬁ%ﬁ@%ﬁ%ﬁé%'ﬂ‘%: EEEMIC. TTRAFTRY AR
AP S NIBIFREHE Aeropyrum pernix K1 D M) 7 b7 7 Z)L4RNA SEBEE (TipRSAP) X3 U Y
b7 7 (RNA QOREREMOMBPITOWTHREZB 2o/,

<HEEBLIVER> KBECHERICHEDTWAEENET I/ /Y —AFACHLOLEREEAL,. FPUT Y _
7 oREEERZRB LR, BBIMER A7, 77 ETY—AFLKEO 1 HE G1-C72. 2&E G2-C71 DEHER
BEBENTWHEWIHENEONE, Th BERT/VVETHS SKREQ VEEE MU VELBLUR
DIBETREN TR T 77 URERIFLETT D EN->LERITAKEVRSHND SN, Z0 SHEMOY
SEEA TPRSAP EOMEMERICAE<EDoTNB T L ERRTHHOTHBLEASNS, 72 Fa K OB
DOWTHRAKIZ, (RNA ICEREHAL M T bo7 URABREEELULER. 034, 35 BEBZRESEZhTL
DM, A6 OBRICOWTRBNCEAASMhER . BLEOHENS, BENKEELEL TRRICHEDLT,
TpRSAP 2k 5 MU R 7 7 (RNA OREEMIT. EEASEOBRS LM ENLTWAZEEHSMILE, L
L. P7ETI-AFTLARBMEE A ORBUEBHFTNEWD REYOKFEELELTEO. A pernix ©
RNA BRI AT - A ENOPEORRE o TWHEEA B, HMED RNA & ARS OHTFELES
A5 ETRERKEN,
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25 ERORRIHTS [CADVI-7S/BOES

Significance of [GADV}-amino acids on the origin of life

thEE= hFREF ((SRzX-B-b SR EX ARXIE1E)
K. Ikehara!, S. Nakano®’ ('Dept. Chem., *Chem., Human Cult,.
Nara Women’s Univ.) .

- [FFiR] BEFXINETEREFOREGES. 2/ VELREEGOERD I TLICET
HEFREELICOVTOERERERTHELEIT HBOERKORERICHTS [GADVI-
A DB T— I RERICOWTEHIRIBLTE(1-2) , COEZXAMNELINET S &
LD ENIEITREFFET THRUASICI > TBESh =4O TI /BN D7
BIGADVI-S 89 E T. A OIGADVI-22 U DMZEF(ICE SN TEAHENT
EWNST LTS, SEITEMOERICELT, BH. UL UG PI=U[AL. FRINS
FE [Dl./AJUV] &S 4 BOTE/BANGEEGORRICESBIETELICH
HECE DAL BRNICERLE-OTRET S, |
BHAE] TI/BO 4 DOEE (BUKE/HKE. a-~UvIR B-—k, B-52—
R EE) AR T EFITDOULNTIL, Stryer @ “Biochemistry” [ZEREESNW TS EEE
ALz, <. 4 DOEEZEREHET D 4 XTEMITEL2OT7I/ BB O>THL
OFEEZTOVRL . ETE/BED 4 XRaZHATOERMERD-,

[(EREER] XAD 20 HOTI/EEOD 4 REEFTOEREZTATOEAEHLE
TROBEREZRALTRGIESRD G C A U THELHREHEENI—FTEHFI/
BEICRTISOPEEERLIZECA. G THREIREFSICL>TI—FEND7I/
ERE D EEBE M DB DTS /B O MR TR THEEMISEGERL TSI EN
Shotz, COZEIE G THFEIRERFEITE>TaA—FEND [GADV]-TI/EEES
FLICEIRL B8R LK TRESNDAV I VEREMCT, BV EETHERIL
=K E B KA E R TEASE P a -~y IR ED Z RIBEEREIC
B TEALLGEIVNVBOBERROBANSRTE, [GADVI-7E/BEILIFHE
[STETWAIEN Dotz CNBDFERS. £diAS [GADVI-ZU N\ VEZERELT
EFENTZEWSTNED [GADVI-2UROET— VR RHEXFLTINBEEZDZENT
LR
(1) Ikehara, K. Possible steps to the emergence of Life: The [GADV]-protein world
hypothesis. Chem. Record, b, 107-118 (2005).
(2) Oba, T, Fukushima, J., Maruyama, M., Kurushima, R. and Ikehara, K. Catalytic
activities of (GADV]-peptides. Orig. Life Evol. Biosph., 35, 447-460 (2005).
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2 6 The Chiral Symmetry Breaking derived from the fifth apical
ligand molecule of the square pyramidal tetradentate

five coordinated copper complexes

Takayuki kato,* Mikio Yamasaki, 1T and Kunihisa Sugimotott
tSchool of Engineering, Ashikaga Institute of Technology, 268-1 Omae Ashikaga, Tochigi,
326-8558, Japan (e-mail:tkato@ashitech.ac jp)
++Single Crystal Structural Analysis Group Application Laboratories.
Rigaku Corporation, 3-9-12 Matubara-cho, Akisima, Tokyo, 196-8666, Japan

1. Presentation

In the context of a study on a distant origin of the homochirality in the biosphere, we have focused ont
he Chiral Symmetry Breaking of asymmetric metal complex compound in solvent. We report here the al
temative chirality of a basal plane generated by the fifth ligand molecule of the square pyramidal  tetr
adentate five coordinated copper complexes, Planar-R ' Planar-8

which is named Planar-R and Planar-S chirality L4 L3

L3
. ' . "».‘_' / 1.1 dominats L4
in this stage. The results are attributed to the Ll_/’*"--.._ ‘s

L4
Chiral Symmetry Breaking in aqueous solvent. l ol
. L1 N,
2. Synthesis Ls
(H:0)

CusOy SHZ}, Lj‘\N/\C‘H\# :

H /N OH: iH NH pH4 - i T‘/RR lo,.-—‘ —
istamine gOHaq,, —_— T_?‘—
" - = Kl
I

i R
(L-Histidine) © U M\Q’/RO 1R=H o % =0
2 R=COCH O
tetradentate ligand  Aquaf(6-carboxyl-2-pyridilamide)-histaminatojcopper 1 3 R=COOE: 20

Aqua[(6-carboxyl-2-pyridilamide)-L-histidinato)copper 2 .
3 Results yl-2-pyri Planar-S

c \c-ﬂ“'ﬂ N H0 H{JN}’CQ’ (leu-k)>\<j—wz
1oe-ﬁj—coc1 Hi ; < N aH

3.1 X-Ray Crystal analysis of 1 3.2 Specific rotations of 1,2 and the comresponding complexes

Planar-R pH 7 pH 2

" I Hist: 1 -1240 (after mutarotation) [4)
AL . . - T-COOH: 2 -350 {alter mutarotalion) =3
Uit Coll (P1) D-COOH 730 (alter mutaroiation) +41
DL-COOH -560 (after mutarotation) 0
L-COOEt : 3 +2000% (no mutarotation) —-
. DL-COOEL (* (no mutarotation) ---

- color of soJution blue color less

P HORIBA SEPA-200 [a]D C 0,220 lZOTMeOH, *ETOH frace Ha0) soluiion
anar-

4. Conclusions

1. The fifth apical water molecule is interchangeable to the opposite side ligand
molecule in aqueous’ sojution.

2. The continuous one way irradiation of Polarimeter not like the altemate
frradiations of CD apparatus is an origin of the chirality and mutarotation.

3. The distribution between the planar-R and S-molecules shifts toward the
either side of them under the polarized very weak irradiation.

4, The Chira! Symmetry Breaking was started by the chance of the polarized irradiation in this system.




Viva Origino 34 {2006) 34-34

FANRSGEDERYRTFREOREFS YT 1 —
Asparagine and Homochirality of Polypeptides

fgl Bl (DUEE)
Toratane Munegumi
(Oyama National College of Technology)

HE . YUNTEEERTERYRTF ROSRINTERERBLO. ZOKRE
25U F4 —OREEICDNTIEL RBAINIINTELN, ZOZEIFRAEL=ED
WRTBZENTES(1]., 1DEBEERTHAETI / BEOERETOREFS T4
—ERCESAEEbD. 20BRT I/ BEOHMAROIMASEEICENEELO
. 3084 IV—BETOVTAFLAT—0RMTHS[1]. LHL. chdd
N1DEELH>THEMTHRELESY Ty —ORELHBETERN, TNOOEXFHEE
BHICHE A ETNVARETHEM AL, BE. TANSESERVWETI )
B OHEDENCET 2 HREVRXARE XN (2], T AT E LKA Tt
THZETRYURTF REERTEHOBNT I/ BO 1DOTHD. BIEHTIIRY R
TFROFEFTVUT A —OREZHITEDERERHEREZGATNS,

 AHETE. TANSEYVERELTRYRTFROFERTYF £ —BRETBR
BIZOWTERLE, - |
WRBLUER . L-Asn L-Ala, L-Val, L-AspZORIUSIFEREBED Y I /B & —#EIC
ERLLEETHE, FIATROX S BFEEINRTF ROERERAE X 5N 5,

L-Asn = H20
aly and - o1 Gly, L-Ala, L-Val, L-Asp, L-
, Racemic Ala, Val, As| > | L-Asn crystal mixture
L-Rich copolypeptides ’( L-Rich olygopeptides
. ' . - (L-Asn-L-Ala etc.)
FERTL-AsnZ2EDHREFIINARA Y IRTFR

DERPEIEELSIE, FEFINABRUNTFRERIBBETHA S,
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The Research About D-B-Asp Containing Protein in Lens

mE E\ TR ES. AFN BR. B g7
(REKRE - RFFE, JBF2 ) 75 R)
Takumi Takata' , Tadashi Shimo-Oka? Tadatoshi Kinouchi', Noriko Fujii’
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[Fda] AMOFELRTORBHBERETIE, T BREOEGEERT 2 EARN2
BT EAREFARICTEIRAYE LTARERTWELEZ RTINS, 20
%, TI/BIZIILEORERFF VT 4 ~BRESI L, EMPEELFEEZBNTVE,
>T, FxDEEERTEIEAEIL. BEIZ L7 I/ BOSZTHRENTRBY., £0
AFEBEITEMEDEZHER LTV ARI LTI L3 aVnWEELLNTER, 25
23, T, AERNOFELREIZT D-7 I VEBRER I, BLLE<Bb-oTWaE
VDAL TER, L7 I/ BOL»ORIEHERIC D-7 IV BRERTSEIC
L0, BABRMSICEREREL, TRATRLOREET 2R, AR
TEEZDLNTVD, Fald, RHIELIZHEN, £ENEEAEPTO D-B-T AT E
B2 (D-B-Asp) OEMPBALNAZFIIHFB L, TNERI Y —=U 7T B FREDOREICHR
DA, KEEET O D-R-Asp FATEAEZBENICRE LT,

[ZB] WEODRAsp EFEHEEZRET H2HIT, D--Asp ZHENICHEETIH
B, ROZRTERIKEE, MALDITOF-MS ic L 37 e 54 2 7 AT 2 4Ehi
AP Y ==V FRERBRE L, ThERWT, UH Rl R bk,
BT ARG BT BT BERLT R — R CORMIRER 7 ¥ /KR
& D D-B-Asp BB B AE ORI 21T 72,

(R - BE] UIFEKkEELEHIERME (NN1003A) Fiz, IV, =/ F—
B, aB-7 U RZ U iEh, B 10BED DR-Asp EBEBEEEEHKR L, RIVRIRER
VYRR EFEEE S PIC R TR, AARMICIBADO R o2V AKBERIZ S,
D-B-Asp B EKEEEREEETARH Sh, ZhbORERIX, D-B-Asp 23, #xRE
HEFCHBMIETFELTNAZ L EZRB LTINS, BEICHE SN TWAKEEP, &
EHFD D-p-Asp ENMEIENEMTI2ELEERETI L, ZOEREHREFEELTHS
DR-Asp EFEHHEZ. SLICAREICRE, TETE S 2R 2MEMTHIE, &P, &
Be—b—t LTAVAELARETIIRVAEEZ TS, D-7 I BILELOBR T,
—ERAETHD LARENHOD, MEEBDIZBIT 22 OFERRITIEICHE
BNSDEH B,
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S L3 SsrA 45 BHMARDHEE

Recognition of SsrA tag

FAENEL GBRE GSC A \ORikE BRI L—7)
Tomonari Muramatsu (RIKEN Genomic Science Center, Protein Research Group)

BEEHROBINBRIE, URY—A LT mRNA O EE % (RNA BSFEAR-- T7 I/ B IE R
EL TV RIS T, a—FEIRO K EICTFEET DRI ATRYAR T F FERER FI LR35,
HL, AVvbid mRNA & EaR b RVREEROLO ThHo7FE (RNA RYAZ—EIZ LR
BRGSO T T572E) 2k, YR —2555 mRNA ORHCEIEL T, RYRFFRERERTFIC
LB EIFDBEAIDR B bR T ENICHFEIR Y — 2DV A7V P IEFICiThiens
AR CHD, FEAH T, Tha R4 237 HIC tmRNA(10Sa RNA)EFRIENS 360 XZVAFF
TREDORNADB WSS, ZORNA R, £7°, 3 RIS T 7= 25 G LIRIR BT mRNA Oth iz
RY—Ab ABAIIZAD, T5=/U tRNA L TEIK, 0%, 20 RNA 2177545 10 BEBRE O~ FF
(SsrA # 27 a—F3 AR mRNA DFkbiiz 3" bz Ay e—V L TR TA), ZOFK%
IR LN BEE T 570 il B OBRERE RIS IThi, VRV —A0Y A7V 7L ERIT
HBNAISTRBOTHD, ZDIIINCLTAREENEZVAZBITBWTIE, 2T C R 10 RERE
DIBOTIBEERFISsrA F 7 Ve R oMy BEEETHILITREN, ISR TOSE7 e
1%, KBTI, SspB BN AR S L. ATP {RIEMET 07 7 —E B A4 CIpXP 125 L, 45#ES
BB, ZNORED LI EEE L TOA00E, S EHZETHL R ERBREN,

TNEFASTDI, BENRE Thermus thermophilus HB8 DZ /30 BERWAZEEFHEL, &
TAMN, BIRREBRENLTIDEMOES S AELFDITIE SspB Ba—F$5 ORF IXTEELED T, ssrd
FINETICES ) ARFIEFT N T R TOREEY THOZENTWAZEND, RFEL/{E mRNA
ZEDUARY— AOEILREERRERL . YR — ADUH A2V FEfThR B AR = A LXESHEETBIC
Lhbo T, ZOVAT ATERINEF L RIEOSHEVAT AMTEFBHTIIRWIEERLTVS,
FITC, MEFIEIZRITS SsrA FU RV AT AL TAI2HIT, SstA FT AT FREBEEL I
JETHZLEERL, REFMEORMEKEELLLIA, 1| BEOF L IEOHBHERPICESL.
Lon 7ur7—E¥DFEns/ tAESNZ, O£ brBE)BETFIT 2 BEFET S (JonAl,
lonA2) s, SEIEESNIb O, KIBE® lon B i5F(1 BROLFIEIDF NS DIESTiIew,
DIEDD, B EFIEITIL SsrA F 7 RBES L 73V & SspB IIFFELRWRDOIT, lon BIBFHREEL.
2 FHOHD(LonA2)A SstA F7ERMTDICELLIZO TRV HEEZ LD, BEGFRED 2
FEHD Lon 707 7 —ELRHE L E05, LonAl IZIEKBH Jon RO EMEEL ST 0T 7 —
PIEMESRVEERD, LonA2 12X, BEDLZA, FuF7—VYEERZNEESATHRN, 5%
W, BEFEEIZE T, SstA 27 B MEN e Z L RO BOSIRRB O BEOMRRAERLI N,
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Possible evolutionary pathway of mitochondrial genetic codes

MR IRERE (SRLK-H b, ‘TR &K ARBXE-1b)
K. Ikehara', Y. Niihara® ('Dept. Chem., *Chem., Human Cuit., Nara Women’s Univ.)

[Fif] HER LOEMIEI—HORNNZEZRONTREILEGEESEEALTNG, Z0OH.
MZEEEREESEESIENZL, T, B ChFEFTEEFOREESOER
[ZRAT HERICE DT, B DGNC-SNS R RGEESRHEFIZREBELTE (), —
7. 2RV ECOFBREHESLRGCLIFETFEREEEEIZYORETCHERL
TWWHIEBHMoNTND, ORIV 7 TREASH TOSEHEEERSOM KB
BIZOVTIE. HERGHESTEREL. aFCOEREEAN OFEEHEICE>THB
FTHERRBODBADBRLALN TS (D) SEHIFAZED EIRT S GNC-SNS FHEEIEHS
SREEDILFBMNS, SFAVFU7OFEBREFESOELEREHELEELTRET
Do
[BRAE] ShavRF)7OEEEREBEESOIFMVRY 7O/ L AR OEFDGCE
BLEITOVLTIX, HEIZIELT NCBI F—4-R—X KNP Entrez Genome MSEIYH
LTRERL .
[EREER] PR T TRONDZELOIEEBEGESOELEBREREOTE
9% GNC-SNS RIABEGHESRBRICLEN-THET L. KBOBEHREIZRAY . C
THFELIEEBREBSERT ATOEFEREHZIZTONT—EOIN HEIZL
S>TEILLRBEZEY EIFRIEN G Motz £, Cho O ELCERE, SFVR)T
DT/ LY AXNIZRH>TRECCDIZHFTED L. SMIVEY7 DNAD GCERRED
BETHVEY EFRREATELI LG EE N Do, T, CTHREDIS,AVFITOIEY
EREFESIEIFAVF)TORTE ATEROBRICEWS /ATRONWAZENSER
T. oD DNWTIERESATFRALTNDESIC, REHESOIEIERLFOBFHEIZL
STHATIDEDH DI EN oI, EHIZ, SRaVFY 7 CRLN D IERERIERE
SOHBHEEN, UTHESRIGIES .. ATIHESREES . CTHESRIEESOIEIC
DIEIELTEY, B0, GCTHESRGESICIIEFBREGEESAHMOATIVENE
b EDEIET D GNC-SNS RIGREESRHMEFBLEL BLEDEKSIZ, Shay
FUZIZRONSEEBREEEDSAOCS /LAFA X GCEEOLThEATEDE
589 S GNC-SNS FIRREHSRMEIFLTNDIEEZHIENTES,
(1) Ikehara, K. Omori, Y., Arai, R. and Hirose, A. A Novel Theory on the Origin of th
e Genetic Code: A GNC-SNS hypothesis. J. Mol Evol, 54, 530-538 (2002).
(2) RKBE=NRZHFSORFEHELIGED, LA, KR, #HIHER, 1997 £).
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- RNA aptamer 0%

Isolation of RNA Aptamers Specific to Human Toll-Like Receptor 3 Ectodomain

EEMEE, MAEET. HEEL. BIRE. ESNAE. EEEXR
(VufER - B, ZEXER - 5 - RRERRAR SR, CEEKSTR - i)
Tomoya Watanabe', Misako Matsumoto?, Tsukasa Seya?, Satoshi Nishikawa®, Tsunemi Hasegawa', Kotaro Fukuda!

(' Yamagata Univ., Fac. Sci., *Hokkaido Univ., Grad. School of Med., Dept. Microbiol. Immunol., *AIST, ADRC)

TollHlike receptor (TLR) 1X/AREHRME2RBEL ., HREOBAIZER TR0
RIESIESRITIENS, HBFHRICEDLSY N VBE LU THEBICEERREERR
LTWa  HEE MIBWTI0EEDOTLR 7 7 3 —2E I TWS, FOF T, TLRS
74V AERO=AEH RNA 2388 L. 81 25— 7 20 OREPRHAMRR O RE
BREEBERTT, Lo T, TLR3IEZY 4 NAITHT2AMRLBEE. BLUBERELE
IWEBL T3, H4E,. MRFRERWE TLR3 IZX 5 =48 RNA ORB#RB X UFEOHOIR
BN THHATBE <HRESN TS, HillzBEREORRAIICIEE> THawn, T
TR~ & TLR3 Milgs B A > (TLR3-ECD) # HWT in vitro iI2BV) 5 E{LEAERAT
ETDTET, FOMBEERLTWS. TLR3 A poly (C) £RHL THEMITHE S
FRITIEICEBL, MICDBREMICEREINS =4 RNA ORFIOHENEETE O
TidinwhEEX >, F T, invitro selection IZ& - Tk b TLR3-ECD :#ENICHEST
% RNA aptamer Q%2175 Z &I U7, TLR3-ECD iZ%9 % RNA aptamer 13, - T323%
BEORAICEEST., BRAEDEEHHTIHERNA L L THA/FENS,

EBRBIUREE NF07 4V ARERICK > THE L/ TLRI-ECD &, 40 HEDS >
¥ AEBEE S EE 70 HED RNA T—LEEWL, SHEET (pH 7.6) T in vito
selection Z{T o7z, L1 73 a2 % 10 917 LT 7z, TLR3-ECD I TAHEY R
—3 3 RNA 7L O#E&8E%, filter binding assay Ic &> THRHTL., HEADIGREHER
L. BbEEENAEMN IR —3 3> 7 ® PCRWiH % pGEM-T Easy vector {24
BAAH, B 64 BOWBERIERIT L. TOEE, Family- I &-1 0EFIDENER S
HEOH 20%Z2 50 THD ZEPRELENITRZ- . 2 D0 Family D= Kk#EZI > Ea—%
—7 YT LIS TRF UM, TORSICHEIZE ok, Famiy-1. -0
EEEEN (KEEBIZ3nMABETS B2 &M 5, TLRI-ECD itk T 3 RA AN DO
EEZENS,
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HCV IRES #5875 RNA 772~ —DREEPBIREF DOESREART
In vitro selection and characterization of RNA aptamers against HCV IRES

g FA, MR Eat, W EARERY, AR B3, B M@, BA BRIk
BT, "R, LR E)

Kunio Kikuchi, Takuya Umehara, Kotaro Fukuda, Atsushi Kuno, Tsunemi Hasegawa and Satoshi
Nishikawa ('Graduate school of science and technology, Yamagata university, *Faculty of science,

Yamagata university, >AIST)

Hepatitis C virus (HCV) 13RHRT D &, FELEEZRETHBERACELSIEERREDY
ANVATHD, 95kb D—FEHT T AHEH RNA &5/ LiZdD, HCV ¥/ LA OFFIT
SIERIER IR IZFIE S S Internal ribosome entry site (IRES)AS 408 U ARy — LAY 71
w b B EOEIERBIAKEF eIF3 iICiRE X 115 Z S TS . cap JEIKENTH S, &
RENTE—FRORBEZRIARTF RIE, Ty 72272 & THRLESY >
INOBMEREND, ZOW3SOEEDIRES T4 DD RAA M50, X
FLN—THEED D, BROBLWHCV Y/ ACBWTHBER TESBEINT
WBBISNRERTH D7D, BIEDQY 7w FEMIE DR TS, RABID
IRES 1Zx U TRBRE NRIREE (in vitro selection, SELEX) 2T\, BERICESTS
RNA 7 75— DBRIRET > /2, TORR, BENEEFIOREET S IRES OFERIE
RASZ T BEURAA L T OF EANII—TITPER LTz, TH5 OFRIENT
N IRES OHEBICEERHMTH o2, THIIT TSI T—0RMNT, IRES FEE
BHETH7 /¥y —2RWELE, TO7 7 T—ILRES IZHLTI—7 - JI—7
HEERICK > THAELTWe, BEBIUMBEEICE. E50AR5T, T0 2 K4

BWNEETHD L ENaMhoT,
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THE PROTEIN INTERACTION WORLD HYPOTHESIS OF THE ORIGINS OF LIFE
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(Abstract)

We present in this paper the protein interaction world hypothesis about the origins of life. According to this
hypothesis life originated as a self-reproducing and expanding set of molecular interactions, and living cells are
such sets of molecular interactions. We emphasize that according to our hypothesis the reproduction of
molecular interactions is the critical aspect of such systems, while other origins of life hypotheses put the
emphasis on the reproduction of molecules. We present molecular interaction systems in general, with examples
presented in cellular context. We discuss the evolution of life forms according to our theory, and we show that
RNA and DNA molecules can be seen as generators of molecular interactions that serve as memories of other

such interactions in the context of cells viewed as molecular interaction systems.

Keywords: abstract communication system, molecular interaction system, origins of life, pfotein interaction,

systems theory
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1. Introduction

The question about the origins of life is still
[1-3].
proposes that life started in the form of RNA
molecules (RNA - World) {2,4,5). The most
significant alternative theory suggests that life started

unanswered The most accepted theory

with protein molecules (protein — world) [6,7].
Recently we described a further alternative the
protein  interaction world Thypothesis (PIW -
hypothesis) [8], according to which life may have
started as an interaction systern of proteins, The most
significant difference between the protein — world
hypethesis and the PIW — hypothesis being that the
emphasis in the latter is on the reproduction of
interactions, and not on the reproduction of molecules.
There is evidence suggesting that the synthesis of
nucleic acids and sugars is possible in the prebiotic
environment [4,9,10]. These molecules could have
combined to form nucleobases and RNA molecules
according to the RNA ~ world hypothesis [2,4],
however the formation of nucleobases with sufficient
yield in abiotic environments is questionable [11].
The ability of RNA molecules to catalyze chemical
reactions may have led to self-replicating sets of
RNA molecules, but again the low reliability of
precise copying of RNA molecules may mean that
such replicating sets of RNA molecnles are not
feasible [12].
Experimental evidence shows that proteins
‘ (peptides) can form in abiotic environments using
protenoids [13] or thioesters [7]. According to the
protein — world hypothesis such proteins may form
self-reproducing sets of molecules [6,14-16]. The
main problem of this hypothesis is that generally
proteins lack the ability to replicate themselves
(however note the replication ability of GADV-
proteins [14]), so it remains unclear how protein-
based life could store information about what to
replicate. A promising variant of the protein — world

hypothesis suggests that proteins and RNA might

have co-evoived, the latter helping the reproduction
of the former [6].

In this paper we present our alternative PIW —
hypothesis [8], which emphasizes the importance of
reproduction of moleéular interactions. We fevise to
some extent our earlier view that suggested that life
could have started with proteins only, and we suggest
here that life could have started as a reproducing set
of molecular interactions, which invelved mostly
protein and RNA molecules (moving closer to the
position Lacey et al [6]). We apply the methodology
of abstract communication systems theory to analyse
the problem of emergence of life.

The paper is structured as follows: Section 2
describes molecular interaction systems according to
the theory of abstract communication systems; -in

Section 3 we describe our interpretation of origins of

- life according to the PIW — hypothesis; in Section 4

we discuss implications of our theory; finally in

Section 5 we close the paper with conclusions.

2. Molecular interaction systems

In this section we describe molecular interaction
systems in the context of living cells. We follow the
conceptualisation of abstract communication systems
introduced in Andras and Andras [8].

Molecular interaction systems are considered as
abstract communication systems. Such systems are
built  of ‘

communication units. We consider molecules as

communications generated by

communication units and their interactions as
communications between these units, In cur view the
interaction systém itself is made of these interactions,
and excludes the molecules that generate these
interactions as communication units. In cells, most
molecular interactions involve proteins, and we view
cells as mostly protein-based molecular interaction
systems.

interactions earlier

Molecular depend on

interactions between molecules. A set of molecular
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interactions that happened in a cell determine the
range of further molecular interactions that may
happen in the immediate or even later future.
Similarly, in order for a molecular interaction to
happen a set of earlier interactions should happen
before. In other words, interactions between
molecules generate a new set of molecules {possibly
modified wvariants of the original molecules), and
further possible interactions are those which are
possible between the new molecules. Similarly, for
an interaction between molecules to happen, the
required molecules need to be present in the right
conformation required for the interaction, which
means that previous molecular interactions should
have generated these required molecules. Such
regularities that express the likelihood of interactions
to happen following a set of earlier interactions are
the continuation rules of molecular interaction
systems. Regularities that express the fact that the
realisation of an interaction depends on a set of
necessary earlier interactions are the referencing rules
of these systems. Referencing rules determine the set
of interactions which are referenced by a current
interaction, while continuation rules determine the
range of interactions that may reference a set of
earlier interactions.

A system of molecular interactions is a set of such
interactions, . which  inter-reference  frequently
between themselves, and reference relatively rarely
interactions outside of the system. Note that circular
referencing of interactions. is possible, as one
interaction may be required for a second (ie. it is
referenced by the second one), and the second one
may be followed by a reproduction of the first
interaction (i.e. the second is referenced by the first).
All other molecular interactions that are outside of
the system (i.e. outside of the cluster of frequently.
inter-referencing  interactions)  constitute  the
environment of the system. The boundary of the

system is defined in terms of the relatively sharp

change in the frequency of inter-referencing between
interactions. In case of cells molecules within the cell
interact frequently with each other, generating an
inter-referencing set of molecular interactions, which
depend relatively rarely directly on molecular
interactions that happen outside of the cell {(e.g.
execution of a signalling pathway needs the
triggering possibly by an external molecule, which
interacts with a receptor molecule, but most of
molecular interactions involved in the pathway
happen within the cell, and these interactions
reference mostly other molecular interactions that
happened within the cell). The boundary of the cell
viewed as a molecular interaction system is
materialized as the cell membrane or cell wall.

If a system of molecular interactions is not able to
reproduce itself (i.e. to produce the set of interactions
constituting the system again and again) it cannot be
observed — most likely disappears before it is
observed. Observable molecular interaction systems
are those which reproduce. In addition those system
which reproduce and expand (i.e. produce themselves
in increasing quantity) are more likely to be
observable than others that reproduce but do not
expand. Systems compete with each other for
molecular interactions in the sense of trying the
integration of molecular interactions into the system,
according to the referencing and continuation rules of
the system. Systems which reproduce and expand
faster than others may outcompete those which are
slow in reproduction and expansion, and may drive
the latter extinct. Cells are molecular interaction
systems, which reproduce and expand. Those  cells
which are more successful in integration of molecular
interactions into the system of the cell may drive to
extinction other cells which are less successful in
these terms (e.g. antibiotic resistant and non-resistant
bacteria in the presence of antibiotics).

Memories in molecular interaction systems are

such interactions that facilitate the reproduction of
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themseives and also of a set of interactions that led to
the original production of the memory interaction.
For example, if the interactions A + B, C+ D,E + F
lead to the production of the interaction X + Y, and
the interaction X + Y may lead to the reproduction of
the interaction X + Y or to the reproduction. of the set
of interactions A + B, C + D, E + F then the
interaction X + Y is a memory interaction in the
context of the system which includes all these
interactions. Memory interactions are critical for
molecular interaction systems with high reproduction
and expansion ability. Although in principle
interaction .systems may emerge without memory
interactions and alse based purely on memory
interactions, the ability for reproduction and
expansion of such systems would be very much
inferior of systems, which involve both memory and
non-memory interactions linked together by
memories. In the context of cells we may consider the
interactions of RNA molecules with themselves or
other RNA molecules as memories of interactions
between proteins (i.e. chains of amino acids). In
of mRNA and tRNA

molecules are memories of interactions between

particular, interactions
single amino acids and a chain of amine acids, such
that the sequence of facilitated interactions leads to

the production of a protein (the encoded by the

mRNA). At the same time interactions of segments of .

DNA molecules may be viewed as memories of RNA
interactions. For example the activation of a DNA
segment -is achieved by molecular interactions in
which participate other DNA segments (promoter
sites). The activation may lead to a sequence of
molecular interactions which generate a premature
mRNA molecule. During maturation this molecule
interacts with other RNA molecules and generates
further RNA molecules (e.g. siRNA, microRNA),
which participate in further RNA interactions. In this

way the interactions of the DNA segment facilitate

the reproduction of interactions between RNA
molecules.

Structures of molecular interaction systems are
expressed additional constraints on interactions.
Interactions conforming to censtrained continuation
and referencing rules follow the structures of the
system. Such structures may materialize in context of
cells as intra-cellular structural components
{organelles), e.g. Golgi apparatus or ribosomes.

Molecules participating in interactions that are part of

'structures are restricted in terms of their possible

interactions with other molecules. Satisfying these
additional constraints maintains the structures of the
system. Having structures the system reduces the
which

environment where these structures are appropriate

uncertainties of system rules, in an
(ie. it is possible to reproduce them sufficiently
easily) implies increased ability of the system to
reproduce and expand itself In this way structures
induce a simplification of the system (i.e. less
variable rules) and at the same time contribute to the
expansion of the system. Structures make the system
specialized to fit a range of environment, increasing
its reproduction and expansion ability in these
environments. At the same a major change of the
environment may render structures inappropriate,
leading to a decrease in the system’s ability to
reproduce and expand. Structures also reflect
constraints imposed by the environment onto the
molecular interaction system. Environments with
fewer constraints imply fewer emerging structures in
systems.

Structures- may lead to the emergence of inner

subsystems of systems. Subsystems are clusters of

‘molecular interactions, which satisfy the rules of the

system, also satisfy a set of coherent structural
constraints as well, and in addition constitute a set of

frequently inter-referencing interactions surrounded

by a referencing density boundary within the system.

For example, molecular interactions of mitochondria
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might be seen as a subsystem in the context of the
cell’s system. Mitochondrial interactions constitute a
cluster of frequently inter-referencing interactions,
which satisfy additional constraints to those of the
cell, and surrounded by a boundary in terms of inter-
referencing frequency. This boundary materializes in
the form of the outer membrane of the mitochondria.
Molecular interaction systems may develop a
special which references

subsystem, memory

interactions and generates new memories by
processing other memories. This subsystem of the
molecular interaction system is the information
subsystem, which processes information about the
system (i.e. memories of earlier interactions, which
can be seen as information about the past of the
system). Having an information subsystem increases
the system’s ability to reproduce and expand. This is
because it increases the system’s adaptation ability in
sense of selection of appropriate mixes of system
rules to be applied to generate / recruit new
interactions in response to changes in the system’s
environment. In cell systeﬁs the subsystem of RNA
and DNA interactions can be considered as the
information subsystem. These interactions generate
adaptively new RNA molecules (able to produce new
- memories), which engage in molecular interactions
producing the right mix of proteins that is required
for the reproduction and expansion of the cell in its
changing environment. The interactions of RNA
molecules and DNA segments constitute a subsystem
of fréquently inter-referencing  interactions,
surrounded by a density boundary in terms of
frequency of inter-referencing. In more complex
eukaryotic organisms (we consider complexity in
terms of range of possible organismal behaviours) the
core of the information subsystem constitutes a more
segregated subsystem, the nucleus, the boundary of
the subsystem being materialized as the nuclear

membrane,

The information subsystem defines the identity of
the system. The production of memories is controlled
by the

information

subsystem, and memories

determine (through facilitation) the molecular
interactions that compose the system. In case of cells,
their identity is defined by the interactions of their
DNA and RNA molecules. Defining the identity of
the cell also implies the definition of what is not
considered to be part of the cell. Interactions that are
not part of the cell’s system are eliminated from the
cell. For example, toxins or misfolded proteins may
be neutralized or pumped out from the cell through
interactions with other molecules.

Identity violations may take the form of faulty
interactions (i.e. interactions which do not fit the
interaction lexicon of the cell’s system - e.g.
interactions of a prion), error situations (i.e. when
interactions obey the rule of the system, but their
expected continuation interactions do not happen —
e.g. halting growth because of lack of nutrients) or
system failures (i.e. when the system experiences
major shrinking — e.g. presence of toxins that cannot
be eliminated form the cell). All these cases may
indicate that the system does not match its
environment sufficiently in order to repreduce and
expand. In response to identity violations the
molecular interaction system responds by adaptive
change of its identity. Memories of the past of the
system are processed and new memories are
generated, redefining the identity of the system, with
the aim of increasing the system’s ability to
reproduce and expand. In cells this means the
adaptive change of the active parts of the DNA
leading to changes in the range of active RNA
molecules and proteins present in the cell. For
example, bacteria may adapt to changing nutrient
environments by switching on or off the production
of proteins.

Molecular interaction systems compete with each
interactions that can be

other for molecular
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incorporated into the system such that they satisfy the
system’s referencing and continuation rules {(in other
words, such that they fit the identity of the system).
System interactions are essentially about defining
what is the system and ﬁhat is not (i.e. what should
be incorporated and what should be expulsed). This
also means that in a complémentary sense they
describe their environment (i.e. what is not the
system}. The ability of a system to reproduce and
expand' depends on how well it fits its environment.
Systems with specialist subsystems are likely to
outperform in terms of reproduction and expansion
systems with less specialist structures. Systems
having extensive information subsystem are also
likely to outcompete systems with less developed
information subsystems. At the same time being
environmentally well adapted may also mean
disadvantage in case of a major change in the
environment. Specialist structures may become
disadvantages in a changed envircnment. Highly
developed information subsystem may help dealing
with a wide range of environments, but at the same
time may mean expensive overhead costs after a
major environmental change, reducing the chances
for reproduction and expansion of the system.

The complexity of molecular interaction systems
can be evaluated in terms of their fit to their
environment, which is in principle infinitely complex.
Having structures, the system fits better its
environments, implying that the simplification of the
rules of the system imposed by the structures leads to
a more complex system, which fits to a greater extent
its environment than a less structured system. In the
same way having an information subsystem means
more elaborated identity and larger number of
constraints  on  system-compatible = molecular
interactions. Again the simplification of rules leads to
more complex systems that fit better their
environment. Generally, more complex systems are

likely to outcompete their less complex competitors

in relatively stable environments. At the same time
less complex systems are likely to suffer less in the
case of major environmental changes, and following
such events may gain advantage in the competition
against more complex systems adapted to the wrong

(the previous) environment.

3. The protein interaction world hypothesis

We consider living cells as systems of molecular
interactions. In this sense, life started as a self-
reproducing and quantitatively expanding molecular
interaction system. The competition of such systems
led to molecular interaction systems of extant cells.

To answer the question about the origins of life we
need to find relatively simple molecular interaction
systems that have the ability of seif-reproduction and
expansion. We note that Kauffman [17] and -Segre
and Lancet [3] proposed to some extent similar lines
of reasoning about searching for the origins of life in
terms of molecular interaction systems. Our
discussion of protein interaction systems indicates
that in principle it may be possible to build self-
reprdducing and expanding molecular interaction
systems without having memories or from molecular
interactions that all act also as memories. However in
both cases the expected ability of the system to
reproduce and expand would be very moderate. This
suggests that molecular interaction systems able to

start early life could have emerged as systems of

- molecular interactions supported by a core of

memory interactions.

According to the protein interaction world (PIW)
hypothesis life started as a molecular interaction
system involving mostly interactions of proteins
(peptides) with other proteins and possibly other
molecules, and supported by molecular interactions:
of RNA molecules, which served as memory
interactions for molecular interactions of proteins. It
is important to emphasize that living cells are seen as
The actual

systems of molecular interactions.
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molecules are not considered as part of the system,
but only as communication units, which generate
interactions that constitute the system. This means
that the reproduction of all molecules within the
‘'system is not required according to our hypothesis,
and only the reproduction of interactions between
molecules is required. In principle the molecules may
be produced outside of the narrower context of the
Only

incorporated into the system according to the rules of

system. interactions of molecules are
the system, when these melecules are available to
produce these interactions.

We believe that life originated in hydrothermal
volcanic  marine  environments.  Experimental
evidence shows that amino acids can form tight
clusters called proteinoids at high temperatures [6],
which may lead to the formation of peptides [18]. An
alternative way of building peptides is by the
transformation of thioesters [7,19], a chemical
pathway that works efficiently in abiotic conditions.
Experimental simulations of marine hydrothermal
vents have shown that amino acids may form short
peptides in such conditions [15]. Recently, Leman et
al [13] have shown that peptides may form with high
yield in volcanic marine environments in the
presence of carbonyl sulphide, a common volcanic
gas. Genetic analysis evidence also suggest that early
life emerged in high temperature environment rich in
sulphur [20], which implies the plausibility of the
above mentioned ways to the synthesis of early
peptides. Interactions between peptides may catalyse
the synthesis of fatty acids, lipids, sugars and nucleic
acids, some of which are expected to be present in
early abiotic environments [21]. Pores and micro-
tunnels in the submarine surface may have created
the appropriately dry micro-environments and
- sufficiently high concentrations of organic molecules
such that self-reproducing molecular interaction

systems could have emerged.

In peptide-rich  environments of volcanic
hydrothermal vents proto-cells could have emerged
as molecular interaction systems, which rely on the
production of required proteins {communication
units) elsewhere in their larger environment, and
reproduce themselves by recruiting molecular
interactions that fit their regularities. In case of such
proto-cells the boundary of the system could be
enforced by their environment in form of physical
separation of pores and micro-tunnels. Out of the
possible early forms of self-reproducing protein
interaction systems those could become dominant and
fastest expanding, which relied on the combination of
protein interactions and memories of such
interactions in form of interactions of RNA-like
molecules.

Among proto-cells those are most likely to expand,
which can expand by recreating their boundary easily.
Reproducing faity membranes forming a lining of
walls of pores and micro-tunnels might have led to
the production 'of membranes of proto-cells, making
them able to recreate and enforce their own system
boundary. "The emergence of such systems of
molecular interactions could constitute the first step
towards modern cells.

Our discussion of molecular interaction system
shows that those systems are likely to succeed in
more constrained envirorment, which develop
appropriate structures and subsystems. This means
that as early life-forms conquered more hostile
environmental niches, outside of the supportive
environments of hydrothermal vents, environmental
constraints induced structural constraints on proto-
cells forcing them to develop structures and related
subsystems. The same environmental constraints and
variations could have also induced the emergence of
the information subsystem in proto-cells, which
materialized in the form of increasing number of
RNA, interactions supported by the emergence of the

incorporation of DNA molecule interactions as
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memories of RNA interactions. Cells with structures,

subsystems and in particular with information
subsystem could have easily driven to extinction
possible earlier more primitive forms of life.

According to our hypothesis more complex life
forms developed by applying further simplifications
to their rules by further structures and growing
information subsystem, These cells gained in
complexity and reproduction and expansion ability in
their environment. This leads to the emergence of
eukaryotic cells with well separated nucleus
enclosing the core of their information subsystem.
Eukaryotic cells are able to build complex multi-
cellular organisms increasing further their ability to
reproduce and expand. In a similar manner, an
increasing regulatory component of the DNA (e.g.
reaching up to 95% of the total DNA in some
complex organisms) led to further increase in
environmental fitness and complexity of these
organisms.

Summarizing our hypothesis, life emerged as a
self-reproducing and expanding set of molecular
interactions in hydrothermal volcanic marine
environments. The key players of these interactions
were proteins (peptides) and RNA-like molecules,
which generated interactions representing memories
of protein interactions. In our view the critical aspect
of living system is the reproduction of molecular
interactions and not necessarily the local reproduction
of molecules. Starting from pores of rocks enclosing
reproducing sets of interactions, life evolved by
building independently lipid membranes, creating
early forms of cellular membranes. Conquering less
friendly envfronments led to the emergence of
information
subsystem of proto-cells. Cells with
and DNA-based RNA

interaction system emerged as dominant life forms.

structures and expansion of the
cellular
organelles  (structures)
Such cells developed further by applying further

simplifications to their rules through structures and

developing information subsystem and gaining in
complexity and ability to reproduce and expand in

their environment,
4. Discussion

4.1. Evolution of the amino acid dictionary

It has been discovered recently {22] that amino
acid replacement likelihoods are not symmetrical
during phylogenetic evolution. The data shows that
sulphur containing amino acids are increasing in their
frequency, while ‘old’ amino acids (i.e. those which
could have been present in early abiotic
environments) are decreasing in their frequency,
which is in agreement with the commoenly accepted
view is that life started with a few amino acids and
newer ones were added to the amino acid library of
organisms during evolution [22].

Considering that there are in total 22 amino acids
used in living organisms [23] and that 2 out of these
are rarely used (seleno-cystein and pyrolysine), in our
view, the asymmetric. replacement likelihoods of
amino acids indicate a simplification of the amino
acid dictionary that is still going on. Considering that
plants and bacteria produce a2 wide range of amino
acids which are not used as genetically encoded
components of proteins [24], it is possible that at the
beginning of life there was a much wider lexicon of
amino acids that was allowed to be used as
memorised components of early proteins. The
possibility of encoding moré than 22 amino acids by
the usual triplets of nucleobases constituting codons,
the possibility of using four nucleobase codons {25],
and the fact that the smallest tRNA sets of
mitochondria contain 22 tRNAs, while larger sets
might contain more than 60 tRNAs, all suggest that in
principle it could have been possible the use of a
larger amino acid lexicon by earlier life forms. Our
discussion of meolecular

systems  theoretical

interaction systems indicates that such systems could
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have gained in their ability to reproduce and expand
by simplifications of their rules, which in turn led to
more complex behaviour and better match to their
environment. This suggests that it is possible that
likelihoods

reflect an ongoing process of simplification of the

indeed the asymmetric replacement
amino acid lexicon.

Qur theory aiso suggests an explanation of the fact
that sulphur containing aminc acids are gaining in
terms of frequency through the asymmetric
replacements. In our view such changes should
reflect a better fit to the environment. Considering the
sulphur rich environment of early life forms it is
likely that in order to increase their fitness to their
environment they needed to increase the frequency of
sulphur containing amino acids in their proteins.
Possibly this early process of preference for sulphur
containing amino acids continues today in the cells of
extant life forms.

A way to test the validity of our interpretation
would be to analyse amino acid replacement
likelihoods in the context of thermophile unicellular
organisms, which live in a particularly sulphur rich
environment. Qur expectation is that in these
organisms we should see an even more imbalanced
replacement likelihood assignment, which would
favour even more the replacement of non-sulphur
containing amino acids. with sulphur containing

amino acids.

4.2. RNA interactions

Our hypothesis about the origins of life suggests
that in order for the information subsystem to develop
an increase in the amount of RNA interactions was
necessary. Such interactions would constitute
memory processing interactions, generating new
RNA molecules able to facilitate new protein
interactions through their interactions with other

molecules.

The relatively recent finding that non-coding RNA
molecules are plentiful [26], and that microRNAs and
siRNAs play an Important role in regulating the
maturation and translation of mRNA molecules [27],
indicate that indeed there is 2 major role played by
RNA interactions in living cells. Other recent results
[28] show that it is possible to restore mutated DNA
by relying of RNAs and their interactions, indicating
again the importance of RNA interactions and also
the link between RNA interactions and their DNA
mermories.

According to our theory these results fit the
expectation that underlying the system of protein
interactions there is extensive system of RNA
interactions. Qur theory also suggests that the system
of RNA interactions should be more extensive in
more complex organisms, and should be less
developed in more primitive organisms. The theory
also predicts that more extensive RNA interaction
system should correlate with the presence of larger
amount of regulatory DNA segments. Furthermore,
considering that RNA interactions express constraints
on protein interactions, we expect that primary
response to changing environmental conditions
should happen in terms of changing patterns of RNA
interactions, which leads to adaptive changes in terms

of protein interactions.

5. Conclusions and remarks

We presented in this paper the protein interaction
world (PIW) hypothesis of the origins of life.
According to this hypothesis life emerged as a set of
molecular interactions able to reproduce and
quantitatively expand themselves. Our hypothesis is
similar to some extent to variants of the protein —
world hypothesis; however the main emphasis in our
hypothesis is on the reproduction of molecular
interactions and not on the reproduction of molecules.

We discussed how life might have emerged and

developed according to the PIW hypothesis. We
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pointed out that the role of RNA molecules according
to our hypothesis is to produce molecular interactions
that act as memories of protein interactions in the
sense of facilitating the reproduction of such
interactions. In a similar manner, we suggested that
DNA molecules generate molecular interactions that
‘are memories of RNA interactions. We described the
system of RNA and DNA interactions as the
information subsystem of the cell considered as a
molecular interaction system.

We did not discuss the energetic feasibility of our
hypothesis. We considered that the conceptual
simplicity of our hypothesis (i.e. everything is
formulated in terms of sets of inter-referencing
interactions, memories and constraints on referencing
and continuation rules) makes our hypothesis
interesting and appealing. We are aware that
energetic considerations imply significant practical
restrictions on origins-of-life hypotheses, but we are
also aware that unusual or extreme conditions may
help in overcoming otherwise impassable energetic
barriers. Such special conditions might have been
present in the environment of early life (e.g. high
temperature, high sulphur content, semi-dry
environment). The energetic feasibility analysis of
our theory is part of our future work plans.

A critical aspect of any hypothesis is that it should
be able to lead to testable predictions, which can be
checked leading to validation or invalidation of the
hypothesis. In case of the PIW hypothesis such
potentially testable predictions are: (1) organisms
living in high ;sulphur conteﬁt environment should
have an increased frequency of sulphur containing
nucleobases and amino acids in their RNAs and
proteins, respectively, than the average frequency of
such nucleobases and proteins in organisms; (2) the
range and amount of RNA interactions should be
higher in more complex organisms than in less
complex organisms (where complexity is measured in

terms of range of distinct behaviours); (3) similar

behavioural complexity of two species, such that one
has more developed RNA interaction system, should
imply that this one has a more constrained set of
protein interactions (i.e. possibly fewer expressed
proteins or fewer basic types of interactions, which
are organised into more complex spatio-temporal

patterns of interactions),
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{Abstract)

In order to investigate influence of low pressure on a germination of a plant, the germination rates of
white radish, buckwheat and qing-geng;cai were measured under low pressure in pure oxygen. The
results of germination experiments show that the germination rate of buckwheat is the highest in three
species of plant at 4kPa. The tolerance of buckwheat to the low pressure environment is the highest in this
stage. Germination rates of buckwheat were also investigated at different temperature. As a result, the

germination rate at 20°C was higher than that at 25°C.
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Introduction

In future space development, space agriculture is
necessary for food supply. In the space agriculture, as
plants will be cultivated in a low pressured dome, the
plant cultivation technique under low pressure is very
important.

In the previous experiments, the germination rates
of white radish were investigated under low pressure,
low oxygen partial pressure and low pressure in pure
oxygen [1, 2, 3]. The result of these experiments
showed that the germination rate was affected by
oxygen partial pressure. From this fact, it was

possible to lower total pressure by using only the

pure oxygen in the stage of germination. Furthermore,

the germination rates of buckwheat and qing-geng-cai
were also investigated in pure okygen for the
comparison. Consequently, though the tendency of
germin-ation rate of white radish was similar to that of
qing-geng-cai, it was different from that of
buckwheat.

In this study, the comparison of germination rate

of buckwheat at different temperature is conducted.

The comparison between germination rates under
low pressure in pure oxygen

The germination rates of white radish, buckwheat
and quin-geng-cai were measured under low pressure
in pure oxygen. The experiment equipment is shown
in Fig.1. Six stainless vessels with pressure gage and
window made of acrylic resin employed for this
experiment. The paper with water was laid on the
dish, and one hundred seeds were sown there. The
dish was put in the cultivation vessel, and inside of
the vessel was decompressed by vacuum pump and
injected oxygen. Control sample under the
atmosphere was prepared to compare the results,
Table 1 shows the condition of this experiment.

Figure 2 shows the result of the experiment under
low pressure in pure oxygen. As shown in Fig. 2, the
tendency to germination rate of qing-geng-cai is
similar to that of white radish. In the cases of
buckwheat, the tendency is different from those of

white radish and qing-geng-cai. The germination rate

of buckwheat at 4kPa is 66%. This germination rate
is the highest in three species of plant. The tolerance
of buckwheat to the low pressure environment is the
highest in this stage.

Figure 3 (a) and (b) show the behavior after
germination of buckwheat at 4kPa in pure oxygen
and qing-geng-cai at 4kPa, respectively. From these
pictures, it is clear that there is a difference of the

tolerance to the low pressure environment.

Table 1. Conditions of the germination esperiment in
pure exygen

Pressure (kPa) 20, 10, 8, 6, 4
Period (days) 7
Culture medium Paper and water

Number of samples 100 seeds each vessel

Figure 1.
cultivation vessel made of stainless with pressure gage and

Picture of the experiment equipment. The

window for observation,
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Figure 2. The germination rate of white radish,

ging-geng-cai, buckwheat in pure oxygen.
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Figure 3. The comparison of behavior after germination.
(a) Buckwheat at 4kPa. (b) Qing-geng-cai at 4kPa.
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Figure 4, The germination rate of buckwheat at
20°C and 25°C.

The comparison of germination rate of buckwheat
at different temperature

The germination rate of buckwheat was
investigated under low pressure in pure oxygen at
20°C and 25°C. The other experimental conditions
were the same as those in the case of the pure oxygen
experiment.

Figure 4 shows the result of the germination rate
at 20°C and 25°C. As shown in Fig. 4, in the pressure
of over 8kPa, the germination rates at 20°C are
almost same as those at 25°C. In the pressure of 6kPa
or less, the germination rate at 20°C is differenf from
that at 25°C. The germination rate at 4kPa is 67% at
20°C, which is higher than that at 25°C.,

Conclusion

The germination rates of white radish, buckwheat
and qing-geng-cai were measured under low pressure
in pure oxygen. The tolerance of buckwheat to the
low pressure environment is the highest in this stage.
Germination rates of buckwheat were also
investigated at different temperature. As a result, the
germination rate at 20°C was higher than that at
25°C.
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