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1 AADORRE LIBT3 —BEROBEII T T
Autopoietic Active Selection by Cognitive Self-system:
Towards a Theory on the Origin and Evolution of Life
OKRTEH—, HHrE (FHEA - B
Koji Ohnishi and Hiroshi Shutou (Dept. Biol., Fac. Of Science, Niigata University)
(DEHMTBWHEREC I ¥ SF T, ThrEROBB 2584 (super—organism)
{EL7 EACEIRT, FERET A 245 neuralnetwork BERNNwM) & LT H Ot
% [REEMEHR] -CdbB(Ohnishi et al., 2001). worker % A S, queen ZHIAIE L4 5%
BT, P LOREEE AT < L., queen 23 1 55< O DNA 284 Yiclitfs
ICHITIL T, feedback ANTIRHHVETRRESE, BIHEAAD queen THUFZSRIT, 124
OATERE &> CRHIE -« BN & BRROERAE AW EAR - AN CThEs 5,
ZOBRIE Lamarck OFIFRABHOEL . SV OBENRRHGTA U B R SR L.
ELE LN B, MBI IATHDATIRS | queen HIIETA U7- RS FBAEMD
TN L VEIR, FHROEIZEERISERE LR & CRTRRR SR N30
RRY , EHREEIIHTEN T LR (RNA U RS S b Licb o,
(IR OBIRITIT TR WREOITRETN S | SERDHY . FOUSE
TTLTO/ME system= EAFEE L U COMBIRER, TEREAI - RS N (i
THh BNTLF, beedance FEDTBRINEN, TEADIIMEDEEEAE &
U, ZEINE 08 & D RERrER B T8 NNwM & LT B DR L
7 = w1 L REUR display FORETREGELED, TAMEERLIATESEISL L b
R, ERERICSO TRBHR AN T L, e Rty bASEREE,
AL HERIYEREZ TH Y | BICHREBIIFEEAY tRNA U R0 R kS
FILTHDCUMMEFTUTHT S [FEFSHLRR] ) Vervet monkey HSogitsrpezn
H{Cheney & Seyfarth, 190N IEFIFSTENEIRTHS S, ()% D network HSREHY
NNwM & UCE L7 ATBIEY A, (B2 RHREI T4 foedback system (34 725
EICRRARY system [ZZMRUIBDES 9, AEROBIRCEKITIST 53850 network O
D FITBELABIND, EMTIAE Y D DI Tl 1= ATEEHENE . TOREEN
RS NNwM ORBENEIREF N T 5, THEBIME, ] = (TBIASE S system OER4T
BRESCE Z L] LEE  (Dpoly-tRNA-model 733173 trmD-peptide, rrnBpeptide
PSR SRR superfamily 128 L. FIEPEEEOME KT mRNA OERSOE
IR EREAE R e, SHHEMID. 7 ) TR eI RO IS
S E OIGERREE, (MRNA U RSOV o FOZEE ORIETC, = -
TH(Y NEMEO) TEREITE I L2 XA, Y REWATERIT RNA-phase &
DNA-phase b5, [5] Ohnishi K. et al.: Proc. 6th int. Symp. on Artifcial Lie &
Robotics (ed. Sugisaka & Tanaka), 490-495,2001.,0ita.
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The Origin of Llfe from "the Life of Subjectivity” (1)
-Definition of Life and Refocusing the Subjectivity in Evolution-

NEEE (KEFEKRPERER - TEHRER)
KAWAMURA Kunio (Osaka Prefecture University)

LT 20004E9 AizEFF (f1 &Y 7) TGyula PALYI ##$% Chairman & LG,
“mmmmmu&mﬁﬂén# T OFAORFOENIT19994E8 A IL ISSOL 0L R I%
BiLf=AS (Viva Origino, 28, 57 - 58 (2000)) , EMOER/IL OWTERRAEZME ERito>NWT
BT LY EDD O Thot. “hENLTHRLEHLORRZEELELZS, BE
DEMGELXE LD 5Tk, HWAARERTRD B2 P L DF ¥ AT
B, ERiCHTEEDOELEZELDIRNELLEIRTIERT L. TOKE, HO
WHARZEEOEAEL T LD LORIBRLRP oD DHNRVE, HERRERSP
BAEGLERTDLESRAPRONWTERLE. SERZIOT—7 Y 3y 7 TOREAR
(N, TRETIRAOE LS EMOER LR, BB TEGP SO ELHLHE S
FOEBEPBEERTIAXTHIILR2ERTD.

2. AeB LB HRANERLOZEROHIKEL LTOMEERF TS &E
z LB, ERBSRTRPEAHTTHORBNREROEELZITHSER] ZOK
T HARNZBEOBEL ST b RN ZERRZORME, STERTIOMRICEDSZ
LHTED, LI TCRIOESRELZFEZRELT, BENREMER LIRS,

3. ESOES: FL, £k (EHEEEROVAT A LERTD. IOERITHMREE
OS> TNREEOFTY, WEILFNDD WXL TEMENR X OERNGHEER L
T3LOTREL, WhITEMR LN S VAT LAOEOLEND DN TBREMNEEREET
BHOTHS. Tiabb, EHORBNLBRICEEELZY. #oTZIOoRERIL LT,
HMERA LRI R SNIP VARV AT ERRY, MR EH LR DIBHETEET
WAYATALEBLTERTES. —F, BLEREFN2ERBNEE LWL S AR
FHERTEETDZLR2EET A LRBLY. TRbbAMCERERSDEZ Z L2RDD
OIERYTHA S, BENLEMEPLIX, ABEitioEsY 2R3 5 BE2BRER
¢, ANEBREEEEZFE-TNWDZ L LRBICOEH bEEEE2RBDHS. Thabb, £
BT 2 HENEE LIRSS LR D,

4. BRI EmoEktt  BROEAERIIY —7 1 L OBERIZESIDOTH
Yy, EibizH 3 EMOoTEERERITADRVEL ZREHLT, SFEMT OE/LERO
ATELEER AL, EWOoEEELELICH L THBDISLLELIATDDMEL B
L, @0ttt E b AOEmN2BE LBDD0RPPLLT, #BLLBNTEY
[ 5HOME P T ERADRNETIE FORMIATHIO». ER F—vsrEHED
B Rk — AT B A — O LB TRV ERRTNWA LISL 48 b HARKOERERERE
FRDTND. FITCHE -4 LV LETEORAROEBNE2NHL2NE, #iicBiTdER
OFEEORERLEREERTS.

[ 1] WorkshoponLife, Modena, Italy, September 3 - 8, 2000, Abstract 3%p.

[2] BEANLERRSE, #ER—8, i, 1980

[3] ST LRitatn, SAK5 PEHKE, 1981

[4] &HoitR, SHEME, ock, 191 Ektkoki, STEAF, fRaiit, 1980
[ 5] OntheOriginofSpecies (second edition), C. Darwin, 1859,
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The Origin of LIfe from "the Life of Subjectivity”" (2)
-Assingment of Information and Function,
Definition of Subjectivity, and Origins of Life-

NHAB (KEFLKERER - TEHER)
KAWAMURA Kunio (Osaka Prefecture University)

1. #WK EDI AT AONE : EOBBIT LD LEMLEEN L ORMIPETHD. £
REEEEZR S THDIREEMITE 2R Y. TR XI5 Ea0ERIESNT,
MR EDIAFARZFTHLREL 30L2D. T4 bClass 1 : MBEI4EY, Class
2:97ANX, Class3 : FNUNDT AF A, THB. Class 1 jtBacteria, Archaea,
Eucarya® 3 R TOMIRBEN 2. —F, 74 M RIXClass 1 LR SESRETNDS
P, MR LVICBERTERNWEEALN, EHEARLRILNVIESHS. Tk, Zhbll
%@Emovz?Am.E%TW6I5mii5%AF%$¢ﬁ%%on&m

. g HBY : —75, 45 Class i%, SR LBeEONIEMT &
wHz &meuﬁwr%iaav«»ubé MBS T, RIETR L RER L OWE
ik MROPIEBEESEEE—-RR Lo THLRTWS. £l VATIEH 2R
BRES>THELADOREEREODFIEKTOF LN TNV LR+ LA TE B ). Eie,
Class 3 DY R 7 A IXER L BEE & ORIGRIT 2. F2F, “ofEE2 L 54 Lg»
SRD%EHIT, EREELHBMTOFE L 26000 L Skl & Y KA RS, RNAT—
M RiZmb BBttt 28h, 74 AV RENRTORICAET S, £icfiasest o
LAV OFISH TRERNTIZE 2R, BROLSV AR L~ TR 5
BE & OB EEE LTS, Fizil, EEMEREEEHOREZ Y - THETEDS R
SITREEME OBROMGM T OBBLEE L, Ei2 e CIaEE MR OIS
F2HELRTT2B00n. Fio, ZORROMGTIZA LTS240 L, &5,
FH, ARREGROWBECLoTEREINTNS. EEBIROL~AOHEA T O
BRETHD. ZIT HRLEEEONESTOFER AT ARMRTAEE FE)
HoWE2E () OXbLRFERLTVWAEIEBIRELZLRRN. ZhbDEx I b
ﬁ,ﬁﬂkﬁ%&Oﬁmﬁﬁkm,%ﬁ/XTAkﬁﬁéfin&gwﬁxé ERTE

5. —F, AMiZ, BREEEENNEERTET I LRBLNELOBWEEES D
2. DEY AFIERDEFNRERTHE LELLND. TRbLEEEDOL L, EE
W— A N A-HRBER—~ AR~ BBNCBRLTRY, b5—H0OlTH5EELE

HE & OFIEA T & OBIR & ORMIZROHEBIBHRSED N3 DO TH S,

T OER L EaORE iﬁ%ﬁ#ﬁ%ﬁozerrb%&%ﬁféa,iﬁo
@Ekmiﬁﬁ%ﬁO/erQEE&M9 LiTd. ZZTEREOHEY RS
Hicdaiehic, TEEoEEZRAR. FIWﬁJRIUFﬁﬁ&ﬁ%koﬁEHHJM
ERZHETD I HONRT A—2THY, i%ﬁ&ﬁ%@ﬁ@lo@ﬁ#f%é&iﬁ?
D. THILELICHT D ERRKL ERER L OBRIZELN LTINS, 2543 L, Mkt
KE%&EWOE#E&E%%M&%E&&%%OVZ?AK%okc&mmb,Mi&R
NABRFOEREZRDEMNREEE LRRT I LETES. “hbDELFIIWEDL
DR LR OBRIZET AR S b 5 ¥ o3 L 5 iwBbihB.

[1] N.Nemoto and Y. Husimi, J. Theor. Biol. 176, 67-77 (1995): N. Nemoto E. Mivamoto-
Sato, Y. Husimi, H. Yanagawa, FEBS Lett., 414, 405-408 (1997).
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ok R uUEX®
Cyto-fluid Dynamic Theory
Ken NAITOH  Yamagata University

| MiEHE
4

Abstract

The mesoscopic kinetic theory is proposed, which describes the deformation and atomization
processes of liquid droplets, the biological cell divisions, and the unlacing processes of
DNA and RNA.

RIS BIE D 2 DDRIFE DY A X, BHREHOZREDY A Xtk
2> DNA. RNA %R+ D30 Purine & Pyrimidine DK & SDHITHN 3 -
2o TW5(1,2,4], ZOHEROLAREEZHALNT D,

4. (1) KEOFAER, MIS. DNA #EEEEZRTF (Parcel) LFRES
L, TOMRIERGL TS, HHAED2OOXEE, a, b LTS,
TR ¢ WERELTEL, EBEy =2 /b LB, EEFE L,
Y4BEr f=a FThB, (2) ZOBAKKT (Parcel) DTG OERR
FAbIL. PEREE (S . REOESH. MO T OBELOIMEEC
LFoTHEENS L L., EAEERA»LAHIEAKKFOREAESE Is
L4z, (3) NERESIIEFEREIED Potential i CHIR Eh, RE DRI
1/ ric el 35 (ridBpeiedks), o, R (1) P8I,

[1,2,3,4, 5] I

dy_1 @20 dr 3 A S AL O PN SR
2 1, dr 8 I 1. 4 ’ PLr.
A -3 -5 t

(1)
o XREENEM. o, HEBETHD, vs (=Xs/ r ) BHEXKRELSH
FEEOMBTH D, Is KBWT, 2 Ho0fEEERTH 8 MR T L
TWAE, 3 (1) KESWT, FOERESI 2R TEL « 2B TRV
FELE ] IRT, FHOIDy BRELELSEHTHON, « B3/ 30%K
S ThHhBI ENND, LT, IFIF2 : SOHOKE XE2F -7 Parcel
DR THIIT. EIELIT S, HHNE, GVERTHETD, TOLDHE
BITIERRR R I AR L4 < . M, 2 : 30K EDHIIHETD
BWARERBR AN, T, BOOEMFELE, HelikE EOEEOR
BOHML, 2 30KEXOMEK-HE A, T,6CU) BSHEMRICH
MLiEELLND, [25IASFRICHTAEES T, LhLME

ORI & 5702 B DTh B I
$ER[1] Naitoh, K. Proceedings of E 083 \
COMODIA 98, (1998). {2]Naitoh, K. Japan J. g”‘ \
of Industrial and Applied Mathematics, Vol. g 0.59
18, (2001) [3] Naitoh, K., Trams. SAE R 457 \
Paper 962017, (1996). [4] Naitoh, K., 0il& ot , N
Gas Science and Tech., (2000) [5] Naitoh, K., T 12 14
Proc of 6™ Int. Symposium of Artificial Life £ (2oDHADY AKX LE)
And Robotics, {(2001).
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Significance of Biomembranes in the Originand Evolution of the Life
FPEE
Hakobu Nakamura

5 EMOBR LB 3R OBE|

TRTOHIRAEGITHIA) 5420 Fh b OMRITERE- SEh T 5, Fi5 72, #iRicin
T B AEMEZRHL TV 29ER L BEOMOLEY THBIEDD TR BESTHO DO
RRE LTOERRERZLTOD, MO S THEILY VIEB 29 TETHA, MAILE cha+
STOBRFREF LY VEE2HFROEENPLEYD, ZHRICEEDT VEE < EXREAENT A8
T OBIEEEX TV D, BERONEEITTMMEL %, £ 3> FU 7 38500k (i) Matk, o
MO Y Y —A R () O SEOBERE L ANERES RS,

1) Biomembrane s O54% U REEIEREDS (triacylglycerol) %3ShET BASTSRE (Bhcis)
DIBLDLIORFRAFSYVEY F @ AE) Lo TWE. L) VISEE 7 DRkl b AZ ) —)L
DIRBIZEED UoKE VBT L. U VIEKEICER Y . B TR EHTH. FDBE VA
HorF OBAKRILA I, E BT IR 2, 28I S W S X B2 AT Y VISE
BREARFICAN. ) VIEEAFOERSARZKTREL 51245 L. HFIRECLT micell 27
B S EOBREBUIRL > T2 Y VISR 2O TBE S VkkT b b liposome
EMRYT 5. TOBEKBIRKIZAT, BRARBIAZRITALES S, Rt - ARMBEOEN TS
Y liposome DORERCY CIEE2HTFRFICSESERY VAT EEME 2 2 & NTETS 5, U

CIRE 2 5 TRIERAER—HAT—B RO 3BHEE L LTETHMECE D BHERTES, ED
B &i3# 7.6nm Thd, (LFELOBERICESOLTY VEEOERS CHE 7Y o — ARG AR
BLURARS I FREODHRREZNELERTRE» - EELI LMD, T4bb, liposome
WEL B ERROBALIC L B LM proto-cel ) DTERIL, SHTIIHER Lier 255 3. &
FTRRENTE A LFEFRICL 2B b RT, §F, AL L UMES T O BB S RIT ol
HEMEOREL ST LT TE 5,

2} VIEHE 2 5T RO VVRBERAMEL L LT, RRROESTHEECHEY
EMREL DI ENTER L VLA,

(1) YOBRH2HFRIELDOTH DT, ThEF V. IE (BER) LBKE LTOERE
KEKITFBZ LR TE-,

(2) YBEE 20 FRE. MERERTHY, ¥ o0 Brl ot &ir £aT, ¥
N7 BORRINETRRERIERITT D L N CE I, SAEORBAD & L = CT =
DV EEDRICETFLTHWS, LA CHRiE Y v 2 BRI HltT iMoot
H—FE LT3,

(3) DVoBRR2GTFRRA AV 2R LD LT 3HEDEOBREZHERVOT, BOGERS
v Y AEERT 5 BEHAMICENTRETE /T b g hay Y TRk RO
PIAROMBIMEE) Wit bh, FANRERMEERESES

ATP RO TR ¥—FiE, OB TH D,

(4) VURRH 2 TR LR, L R 5B ERTHRAROSEICR Y - THE Y, ZARMED
AHEE E LS HBD TS, R DR OREIIAROSTOBRILIZH B, L3 oT,
At b & & b IR IR RET 3,

D EOBRAESER T, MIIAORKEELIZBTAY VIEE2 5 TR (1) DEZBLHRTET S,

T D TERA OBELIR 2 AT B,



LEHoRECET 2 [GADVI-ERE 7N F{H
6 [GADV]-Protein World Hypothesis on the Origin of Life
W = (BER&K - # - 1h)
Kenji Tkehara (Dept. Chem., Nara Women's Univ.)

[FFi8] RNA DMEigee s AR A b K582 LORR (1 2) BBk, 5% RNA
O ERORELE LS RNA 7—)V FEHMSERE B>TWD [Ble UL, #X4
X0 RNA 7—)V REZRICIE. U FICRTE3RW L OPOERBRREYH S LEXT
W3 [dle ) XZLAF FREEYRICEGRT ST LHARERIL, (2 ELEHR
RNA &5k BB, X2V F FoEALEERZI L. 3 RNAXPHOHEHNT I &
FEICRAEL BT . WEBERMTEZRNADH oL LTH, EhIZL->
< T &% RNA DB LEOERE AL 82 THREIBO TENC L. RETH Do
ZFRCH LT, BEFPEEHSELURAHEORFOZERIIESVWT, BRTFPEH
BOF—& — 2 DN EED, EROERE XD AMNICHIT & 2 H/2 R [GADV]-
EBELET—)V RERICELEZOTRETS [4, 5.
[:yﬁl—é—wxaﬂﬁﬁﬁlﬂﬁﬁ/b@ﬁﬁ%@ﬁ%ﬁ%%%ﬂﬁ@?i)ﬁ
BHOF—F A ¥ a—F— Lo TEINT A LICL > TEREPHIEERZRLRD
ISR TRROSIEEERDBEPEIPITDONTO 4 DB (Bukikid
. a~Y v PR, B-Y—EBRUB-F—Y (TAN) HRE) ERDE. ThiTk
0T, YOL3RTI I BOMAGDELRS, MEEZKEBIBABL LTHFELRS
DHEHM L.

EREER JFETIEAHOSRHBEORRICL >TERTHILROND 4 DD
BERTFECADVIO 4 O7 I VBROBRTELI LN 2/, LB, D73
JBOMAEDEIE 4 DORBERETELIRLEERT I/ BROEAGHETHS
LHREDPDHB I EBTER, O 4 EH SR BHRHERDOGADVIERETHRTF
REEABEBRT A MEFEE R BEE L ThIE, MRSBERITH L HHIC, BREBE
e (ROE) PBCHEEIZILHNTED, P LOX RFEIBREERICED
W, RLIZ[GADVI-EHET—NV P ERIHEELZEEZIDGH, RNATIE
Iha@hlEFhizr T35 HRZIPITAENTHLEEI TS,

(1] Kruger, et al., Cell, 31, 147 (1982). [2] Guerrier-Takada, et al., Cell, 35, 849 (1983). [3]
Gilbert, Nature, 319, 618 (1986). [4] HF, £HRLZ, 51, 43 (1999). [5] WF, 6% (LFFE
A) 56, 14 (2000).
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Cell Size of Theoretical Unicellar Models on Precambrian Microfossils( Il )
7 BE ILR
HEHKEFREEN
Hiromitsu Yokoo
School of Health Sciences,Kyorin University,Miyashita, Hachioji, Tokyo
192-8508,Japan
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HH 7Y THRILEDY A XOEROLN G 8 E O S B ERH Sl O 4 (L$r 2
T7A B LUPHHRREL NS0 AROUMMBEIC L > THBE LA, ol C
(THASEORBHBRATE LHEICEZE L TWDH E L.BREKEE L THENSOK40
HEET D 0, KO ITHIERER 182 BEDD. 1= & 21T 36 HEFHICIISOBKR L
D 6.8 FE< TRERARZ LONBBNEHT, £7- MBHEHBIL, £ HIRNEIES T
BT L > TIEENERE2 ST T. TARDNALZ KR T 2BENEITHD L1 5,

MREMRARERROTE LERRARAGERNOFSOMA S s BHMIcBEARS
L5304 XL BREEO RN GRICHEH SN T HELTLEY o, #Y 1 XD
FRZELEBZ 5.

EOIC YA ARANREA—RBE N CRFOWL e TBERH D 2 & 2 HAMIc Lo
=,

BRI A XA TOFEEHY A XL WNEFHORBO 2 2% 35 SN TREEY £ X
FHICHEA L TRYLEANE NI MY 5 Rt 5,

HAAIT 3.46Ga DMLAE (1993 FOHE ML, Nagy HIZL b DFH 3.4CGa D H D &

TRH L TH, o T
40— T T -
2] :

u Apex filaments -

n

=39 (11 1axa} 2l

8

w Oscillatoriacean { %

2% cyanobacteria -

- (423 taxa)

S

«

E 10 b

LLJHllLl—H-u—

DEERISYE | WHKEFRERE 15 7l~81\;997 2) HYokoo-Kyonn J of Arts and
Sciences 16566~58,199HSETI &# Sydney,1998). o BERILY: : £ oiERS L oo
L2 BUREX,2000. o J.W.Schopf:Science 260 640~645,1993 . 5 Engel, Nagy
et al : Science 161 10056~8,1968. '

4,
Cell width (um)
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8 “Genome”, "Proteome” and “Glycome”
OFERE( FRR F)

Jun Hirabayashi (Fac. Pharmaceut. Sci., Teikyo Univ.)

ANIEETOAREL U TORER DNA, RNA | ERAOHEE. AiiTe LTons 7 Jic
Mz EEE VD S TR, D EHE WD AEMESOESRL LTV, 205 b, B=T
(gend . #o7 Y E( protein 1Z2WWTHE, Zhb % HDHV EERA TR $ES LTY )/
A geneomd . FTFA—A( proteomd & V) FREAMABSC AV L S, —F, BSITTOER
RORRATE RS B OV WREL T THD 5, ) EmiiR: OWROEHY ( Quart. Rev.
Biol. 71, 365-380, 1996 | i s TEN WHERISIRE, i) HUTE IR 15 BEIBRS~DH
BERE D, EATRNIRATROER EX5N5, R b LD, v -o00EHHE
YDA ) AIEESIRIAS U, HESERET( IEEEER. V) =y —E PHmEE Vo T
V) OEEHRFELS BEENTVS, Z OFRIGNE BRESE FS HEE LTI fa—A
( Glycomd & V) FEEEAMEE Iui=( Trends Glycosci. Glycotechnol, 12, 1-5, 2000 , /5 A=—
LEL AR, iRl (EEMED A BB NS, T OFHESOL & THU W AR
ZoHEET D T L A BENA BT ORI A BEEAED . LIS BT8R TL 2T
EESES WV 5210, S OFERIENEM BaE=Eyr v v E, HiRE, T
JY ) T ENENEBOEESLE, 5310 HEHo BEiaek BFIREHO REER S
Hohs, FERETIY AEEDRS W SMillmeT £ BB C. elegany B
W 5 Aa—=bFaVes b | IR, 774 =71 ueh 774 =R ERE L1722 o0
ST TaLBNF T =T — vk 574 —( J. Chromatogr. A 893, 115-122, 2000; J.
Chromatogr. A. 905, 337-343, 2001) &5 A=3~%F#( Proteomics, in pres§ ZFEI3 D, 7/
AEERL Y L TR SRR glycomicd X, AHREOSTL ~VWTITH AR, EidE
O FEHT. BIEICARRI R BT —F BRGS0 T | AR I RED RARRA
Ei L BEER TN 2EE BT L ARSI LS,
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9 Construction of Multi-dimensional Random-Walk Evolutionary Tree
based on Principal Coordinate Analysis
OXBH_'. HIAES( HFBEK- B 44 /%)
Koji Ohnishi 'and Shigeo Akashf (Dept. Biol. !/Math. !, Fac. of Science, Niigata
University)

[1] FEEAREHEPCOANY, n{EDEATIDIEAP Y POMOEX B - BRAHEE D =
(dy) 1ML, n-1 EOEIIEFHHIIIRS n — 1 KITHE euclid ZERNAZAL P, &,
Xias - X)) & Mapping 3DEEET, d; N DZERNTISNTS #5 euclid FHHEEI < | d; =
[Z{ xx — x50 21 %&W=d, n-1 AOERIBEENI D H5E5N5 SuHdT
5IB =(b;) DOEFYIAT, HkIFEE T B O nfB0EERE - 0O%HED
FREVIRTIEAYE & D, kFEBOEAEITHRTS BEY N VT, nEOEAD
% BRI D SRGIIETD EATEICHEIT D, ROEECRSTS e ey
B 72D, (2) BERREOICEHLIT D LR OATEPCADE A S hAOITHL . PCOA
DRFRBSHBITRZAT2Y OISO R, Seiic k< FRS Uty VRl &
WEDIES) , ZOFEETOMNEEY, —f% Lorenz 238 7B CAEECHY | SHrEEk LCid
TS TV D (RS BB SIS RRERTRI I D Lorenz 2508, S
BN, HARTRE R BER/ NS < TR NTESETHY | $Eo TEDL D RESY% 218D
CEALAOEREEE o= [Z,[abs k- x;) F1'% TEbhB, Z2i0 abs() 12 O @
/b (& HERHE ) T, MRS SR, PCOA 10k o0, 1Akt
THHAEV2V ERRIRRAAITEE 115, Lo, ZDkD A2l 2 RHshEER i o
Tk, SR LT d G¥FX. & 2 ~&Th5, (3) Random 72 25 Eamino
acid EFEIDHIHTEIMERE A = (4;) LLTBBIBL &I o =) 2 2R

$5L PCOADRERL, dy¥X =A 2% P P Clisandom wa) 35 & & o)

Hidak 229 | T OBF eudid FEHRZRNCIT S BRREIRY RirdE & OO
L%, (412 DOZEECRARD L > o b33 Sk TREtiE FRE 3 1y
B¥eEX D, HoINE&HE (Ohnishi, In: Evolotion of Protein Molecules, ed. Matsubara &
Yamanaka , pp.75-87,1974 ; Dev.Comp.Immunol., 5 (Suppl. 1),123~128,1980.) ZWEL., 4
Iz B RS DRSS REEERD R 24215, P, P, U
(IS A PUPE 120° L9H b D3R | ZOBAD A DRHER 15 A
TEX | VW ONDISABIRRITLULBRITOVWTTRRS,



1 0 AW T, ZO—KBBLUT SRR I TERTBIH S AN D
ESR {2 L Bk
ESR Detection of Primary Radicals in Aqueous Solutiens Induced by Glow Discharge
and Argon ArcPlasma Flame
OBk GUNRTH). FHE GFRELTRO
Hirotomo Hase ( Res. Reactor Inst. Kyoto Univ.) and Kaoru Harada( Kobeshoin Women’s Univ.)

(=] EHSIEE & U TAARET B EAmESTKBIEC. WAVWADTSIATERF LIS
OISOV THREEIT> T, TG, FUAKBEAOKEBE - FHEEOEHRS, EFTLD
BlERs SN REOEFINVERTH D, JTNSORIRIF—RNCEDERE. BT, Bk =
B, 73t BVEEVIWLRERiL QRSEITD TEMNTES, s ORI (1]
EEDSN, ZNS ORI NSNS ZOROFFISOTH S WL He OH THHE
g XN TR (2], BAE G5 UV ERIGHMEG S UTERTHEH S Dh)V R E R
47 Ldtln, SUNIVEBREXRET /8T A—F EREMTTBHERIT> Tnd, SEIKIERT
TS5 E D TERT S H R OH I U ORMEROERICOVWTRET S,

[ Hfhy O— @R (OGDE) &K, FHES 1) 0ALELOEEHODDEIYELT.
AP RSy THEESTSIRERERS. B ESR WNIHL TERT ESR BIEZE T/, Bk
SRR (3] THREIEEHEDT + A7 REEERIL. 77K [RHEILZEENT Ar 77—
B7S R amet Ui, REtRREAARRT CENL T, 3K TESRBEE{To7.

[GERLEE] A Ny 7 DMPO 1mmol #SU87 )7 UMK UNERRIED/KIERIT OGDE %
T T RITB L= ESR RS MV EFglA, BICRT, 25 -2 DMPO @ B IAOH adducts
FRIEXNAOT, OGDE &> T H KN OH AYERL TWAZ EDFEELRBDH, TIK T Ar 7—7
75 2TH%E. DMPO A5 ERVKICES Li-E EiBoi5 ESR AR MVE Fg2 TRy, Ih
EOARY P, KiZ rBERE L EEFCESNB AT P ERLHI—HKL TR0, &<A
517 OH. OD SUMNMICE B DD TH S, HBESUABHICT IXTRERE Lz L ZTRHES
7= ESR 2% MUty SR OFE LR AHIT OV THEET S,

1] EE% ARt 48,522(1990). [2] Harada, Role of Radiation in the Origin and Evolution
of Life (Akaboshi et al. ed. Kyoto Univ. Press, 2000 ) 185. [3] Hase and Ishioka, Amise. Rep. Res. Reactor inst.
Kyoto Univ., 23, 183 (1990).
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Fig.1. ESR spectra al room temperatire of glow discharged aqueous sobutions Fig.2. ESR spectaat 77 Kof HO (A} and ;O (B) ices which
of DMPO containing a small amount of NaOH (A) and 15,50, (B). were iradiated by Ar-are plasroa flame at 77 K
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Long Time Relaxation Phenomenon Induced by Temperature Change of
Thermal Heterocomplex Molecules of Amino Acids
R B (AR I TREKRESE - R T AMERBEE - EHEREER)
Shigeru Sakurazawa (Dept. of Complex System Science, Future University - Hakodate)

LIz ®iz]

BERFUVKEH MITATESNESRISOEB L LTELS M OER Sh., 19994, REFs
BEIRERENTWHRFTEBEROBEERY, 7u—) 72 ¥ —|7 k3 3 al
—YaRBIC L > TRLE, ZBRAWES LD, BRI HE5F ks o
BEBICEALRETITEERSH D, —F. 73 /BRESYNT. BETIC S
LT&@%Ew%ﬁﬁﬁ%ﬁé\@o(@&btﬁ&%ﬂ%@itﬁﬁ?%#?ﬁ%
BEMRT D2, XFRTIL, 07 I BRAESY CRIOEKEEERL. 20
FFESMOEBERS, S TRFERROBREYEL S,

[328&]

72 BBEAWIL. AspPro=1:1 (E/E) OBRAWFE 200°CT 3 BREMELL
KEMAEFHE LY TIAE Uiz, 70— 7 27 ¥—iX Img/ml OH > F A% 500ml &
300ml [Z53%F, 500ml DFIEBEL LR 5 1 0CIZEL, 300ml DAL LANRS
BREZOITT1 0 0CItR S, BEDOIIEE L) R ¥ —R o 7TE5y 15mlBEDE
ETHERSE, a3 be—lid Ingml O FAEBR LR SBRS ST
1 0 0 CizfRo7z, o#TidZEICiHiE HPLC (Shodex Asahipak ODP-50) =k .
TSGR ORENREEZ T Fhbbs L,

[#EE L 28]

HPLC IZ&204TTlE, V775 — 0Bk T, RTBEHHEOTa 7 74 e
BIeABNE, 7o—Y7 75— av be— L BkMIr ke < AT 21—
BHY, ZHTAsp DY F T arFA hE—RK LT, THIZT I BEESYN
KOBESNTHTE = Asp LBbh b, £1ProD YT o ia ¥4 MEEE,R —
TIBBRINEPo7 XY, Pro i3 EABRTIZSHENR LI EX b5,

Za—=)T7ri-baria—LEFETEE, FOEBROERIZTEVICHEL NS
RIgolz, FHIT7r—U T 7 ¥ —Cix, OMASRIZE B Asp ORINMUER A 720,
@z ha— L TERT AW ERREO Y — I N7 — 7r =TI L L EEL
L2y, @2y bo—ATROTHE—E—7 EBHEOAEZVRY) Rro—Y 7o
F—TIEKT 3, ZEOEVWIR LN,

EDLD 2B FRER. HRLTOIONEFRRIOIILBOBETH BN, EE
mgﬁ‘7n—v7&ﬁ4ﬁx%&ﬁ%%ﬁﬁféz&&<Em%ﬁwéﬁﬁﬁb5
LEZ6NB, :

[1] Imai, E., Honda, H., Hatori, K., Brack, A. & Matsuno, K., Science 283, 831, 1999
[2]Sakurazawa, S., Honda, H., Imai, E., & Matsuno, K., Viva Origino 22, 81, 1994



Strecker-type reactions by using a supercritical water
1 2 flow reactor simulating submarine hydrothermal
systems

O'Md. Nazrul Islam, Takeo Kaneko and Kensei Kobayashi
Department of Chemistry and Biotechnology
Yokohama National University

Submarine hydrothermal vents has been regarded as models of hellish primeval ocean
where chemical evolutien toward the generation of life occurred to be possible sites for
abiotic formation of bioorgamic compounds. Strecker -type reactions were proposed as
one of the major pathways of amino acid formation [ 1 ]. Here we examined
Strecker-type reaction in hydrothermal fluid by using a supercritical water flow
reactor ( SCWFR) [ 2 .

A mixture of KCN ( 0.1M ), HCHO (0.1 M) and NH4sHCO3 ( 0.05 M ) was pumped
into the SCWFR, and was heated in a Hasteroy tube at 50-400T for 2,5 or 10 minutes.
Inner pressure was maintained at 25 Mpa. The mixture was quenched at 0T just after
heated. Amino acids were determined by cation- exchange HPLC after acid
hydrolysié.

At 50T only glycine was detected. When the reaction temperature was increased,
alanine { > 100 C), sarcosine ( >150%C ), 8 -alanine, ¥ -aminobutyric ac.id, i)
-aminovaleric acid and € —aminocaproic acid { >300C )} were detected. It is shown
that a wide variety of organic compounds including amino aéids could be formed in
hydrothermal systems. Further works should be performed to test the effects of pH,
red-ox potential and roles of metal ions.

This work was partly supported by Grant-In-Aid ( No.11640488 ) from MEXT and

by Special Co-ordination Funds of MEXT.

References :

1. Miller, 8. L. and James E. Van Trump 1981, Origin of Life, 135-141.

2. Md. Nazrul Islam, Takeo Kaneko and Kensei Kobayashi, International chemical

congress of pacific basin scientists, Honululy, Hawaii, Dee. 14-19, 2000, Bios. 3, 458,
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Measurement of the Rate of Racemization of Alanine at 225 - 275 oC
Using the Monitoring Method for Hydrothermal Reactions

ONIHHEE, SME (KEFILAZRES - THSHREM)
OKAWAMURA Kunio, YUKIOKA Masaru
(Osaka Prefecture University)

1. #F : EoBkERE, RET 3 EMOREOEHOHLHBIFRENE TH -
LHEERINDZ LR E-THRENTNS, L ANEEMBORE T TOMERIEIL
LR L >THRETH L LEZOND, BRARINETLRNAOEER 2T TE
RS, R LTT R/ BRE v A BORERCET 3 HHMLAETHD. BEOZ VS
SREBL-ET I/ BrOBRINRTRY, FEXFY 54 —RERBEORBAOLTELEET
HDLEZLND, DFEY, FEIMRIEDMOMEER R LSELe & > TRE L
ol LEETE S, 4HEIL, RAMER LI ABEEOREEBERIIRNTT S=20
EDOTE I EHEEER LURR Uit Ric >N THEd 5.

2. KBTI/ BBIT01MNaClL 0.05 M MgChx ATl OpHA sk L, FolRRK
% TR &2225~275 COBPTMI L, KR 150s $CORGHSGEE L. BRIk
FSEA 7 b (CROWNPAK CR(+) (X 1 T AALE)) #HVWTHPLC A L.

3. BRBIUGER: 002 ~ 05 M OfifiCL-7 5=V d o005 b8 tEk. =
e, V7 RERZVVBITAORIERDARD bive. “hboEREZEER I URG
FrlOMINZ k> T L. EXESROF Y IRT7F Rzl Ehidb ok, —F, D-
TomrpoDIEIMRBRLUARRE ARICCY FERS DY LRIERYBERLEFD
BRL-PLORELEE—FELE TORGOEELZRN)TET L, FOREEHILRE
Q)TREN, ¥V MRSV UOEBERRRG)THEEIND.

L-alanine = D-alanine oh)
In{(1+[D1/IL1)/(1-{DI/[L])}=2Krac -t )
L-alanine + L-alanine — diketopiperazine (€))

ZTkme it 7 & I LR ER R R T 77=Vﬁ§ﬁﬁh&%:ﬁmkﬁofﬁﬁtkﬁ
LTEm%7nsz#ﬁ%&ﬂ&Eﬁ%%%ﬁk TV MRS O DEREEE
ﬁ(m&%iﬂbf,77ﬁ/®ﬂﬁ(N%@SL&T@%LK%T—?%ﬁﬁLEWT
SIMFIT TR LENFROREEB 2 EE L. knclipHA~ 100 ETILIZIF—~ETH o
7. —7%, L-alamyl-L-alanine2F#EDEE T TMBLARE, P& RS DU T HMHERS
Liz. ZORFEEZLBHAN 2s BETTEILEATHELS, 7520 h b0
FERZVVOEBREE LY THAKREN. #oT, RB)ORIETIE 2 4T DL-alanined> &
Lﬁmﬁb&wm#iﬂ?éﬁﬁﬁﬁﬁf&b HHO 2 BEFRESHICBE L L RS

—7, phenylalaninedd & tleucine® J = 3 (LR IGA RRICBH Lie. Z i Okracd
iﬁﬁﬁk#ﬁ#%ﬁﬁs FOEEAECEIALFE— (Ea/kImoH ) HELERE, LHiENEET
BELIEEE I A LE. £L:05L, TI/BOSEIRERT/ ~—0oMEE X
DETHE FVIXRILIF FOIMKGREE L Y EHEPOEELEL, ToEErx
NMNE—BT I/ BOSEIOEBAEI T,

(1] K. Kawamura, Bul. Chem. Soc. Jpn., 73, 1805-1811 (2000).



Hetero-copolymerization of Amino Acids in a Simulated

WMEHKBET COBREMOTI ) b OSTFF e/ .
1 4 Hydrothermal System.

AHF—, EEET, X% m PARTH, REFER
( RAEAHTRIZRE £WR)
E. Imai, M. Sato, H. Honda, K. Hatori, K. Matsuno
(Department of BioEngineering, Nagaoka University of Technology)

W EBUKE L EOBUKRES #L -8ky o —) 7o ¥ —% &7 /) BO
FY de—ERERCINT, 7Y VRL-T T v R HERIGIEE L TEADL DES
WDERBEDL LTV, SR vz L YEMRISRIZOWTOREREZY &
v —L-T T = Ré OHEEEHDTRETS.

Vs, LAY R HBRICHRE LTt & DRRSERYII RIS 23, HPLC iZ
I B RO AR T 38 B T ¥ L-Val-Gly & Gly-L-Val iZiERL 2. £p#OD
FRIEMIL HPLC OENERE ©—7 @ik REL k. ZBREHIZe Y 775 —0
FRF L —DIEESE 150°CH5 250°CETE{LE ¥, L-Val-Gly & Gly-L-Val D4
RRED LB 1T 7. HIBEFGEIROMERLGY 50mM Gly & 50mM Val, pH2.5 THY , i
BRERAL Y 60 HIAROEREY TRIZFRY. TOKR L-Va-Gly OAREN R
=73 O 175°C, Gly-L-Val X 200°CTHh -7z, 4RI Gly-L-Val iX L-Val-Gly &
BT 2-10 fERWVEENES -, —0, 7Y v —L-77 =K T Cly-L-Al 2
220°C, L-Ala-Gly I& 240°CIZRWTERENRKICR~7, EERED Gly-L-Ala
23 L-Ala-Gly (28~_T 10-100 f&b £< 122 Z & BPEEERS it

= DL AT a PR OERITEORIGHIED 5 2 REITHL TERER DL b,
EEXEREEERCEAERERONFETIZ L TS,

140
o 10 | | DValGy
| Giy-Val
S 100 | e
[ nVa|'"Va| )
e 80 .
® 2 -
s 60 | £
o )
8 x| |] 1 B
0 Lowem Ed 3
150 175 200 225 250

Temperature [°C]

Fugure Yields of the oligomers at various temperaturers.
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1 5 Making Oligopeptides i n the Presence of Lipid Vesicles in
Hydrothermal Environments.

BIRFEH, £H%— NEEH, 2% T, REFE—HE
(RFBMNRFERE-EPR)
H.Tsukahara, E.Imai, H.Honda, K.Hatori, K.Matsuno
( Department of BioEngineering, Nagaocka University of Technology)

HHERKE AL FOBUKERREL BHL I koo —) 727 % —% o773
J BREAERICRANT, 7V R OMHEREE LT 8 BERETOAY I v—n
ERPERINTWS, §E., J VEEO—FETHS DPPC( Dipalmitoyl
Phosphatidylcholing #MHAL TFY S E8kTTY BY —AZERHKL . U 3R/ —A
FET. FEFEETIZRENWTYY S ESYWO £REBEE To 7,

U RY —AIERKOABAEEE 7). FORIC/EE RS -k
WEREPTRE DD, EORIITI ) B HUIADARZLIZEY VR —APNERT
DEEHLY BEE D L HEL ERE 1To Tz, EBRSEITEEDEN 180°C, &
BEA CC—ET, I 17TMPa TH D,

FOFER, VR —ATFET T L OESVPIFFETLY (BES ha o e n
FRDDL NIz, 2, 3 BEIZEWVTY WY —LIEFEEFE HESL T 20~4 0% D4R
EOEMA RO L, £ 8 BIEMID £ R TE -,

PLEDRERIL, IREHL £RE 2 Y BY — A B ERNESIE DRGNS
ML - wREtE R IR 9B,

0.45

04 I a—ciYO® //.
2 0% @ qLyvsppec Ve
< 03 —~ —
2 025
£ 02 / e
0.05 yd
o/ L
0 20 40 60 80 100 120 140
Time(min)

Reaction Yields of Triglycine
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1 6 Synthesis of Oligonucleotides in Hydrothermal Environments
and their Reaction Rates.

TERERAL, SEEH,. SHFE—. AL, VERTH, REFE—N
(REHEHRIEXRE - £0F)
A.Sato, A.Yoshida, E.Imai, H.Honda, H.Hatori, KMatuno
(Department of BioEngineering, Nz_igaoka University of Technology)

Fx it BEIKEHAOOBREYRE LEL7o—Y 77 #—IZBVT AMP i
et b U7eRE, AMP @ 2 Bfk, 3 BAOARME 4 TICHER L, ARE T, HE
WG 2 BiRP 3 BEHAVTENULOFY I —%THOMAEOBELRLEZRE
L7z,

9, 20 M 3Bk, 20mM AMP. 1mM ZnCk. pH3.0 (PP) ORISERZAE
L. BIBS 110°C, KB 0C. EA13MPa & LT, 150 7 n— V777 —&
T O

TR, 3 BRENHEME X L TTOHEET DHEE. 3 BEDOAL 3 BIKIZ AMP:
InZ DT IR FEETHHRFSIT 3 ﬁﬁ:ﬁﬁwﬁf)ﬁi% um, 3 BRIz Zn2+d
AMP OmBFREMEN-BE

k. 8 B BE DD AN

12¢

é:h,\ 40 & Wb AR Uik —4— 3mertZn
BBICBTT D, THET, AMP 100 1322:%1;211
e 3 BEOCERIERIN ® 3mer

TW5Z &b 3 BEDGHE

R ShieoTIRRL AR L
MBS S Huie L HERI LT, 3

Fio, ARKTHLRBORE  §
21TV, EFRRICRITF Y 8

T E—TOE L bRTEERKR
BT, BERRETOD4
BEOBFHRALE,

Ehiz.RILZue—07F 2%
—ZHNWTC GMPOESFERDS
Tofe, HIRHMOBEEL 110C
[ZBREL, @/ A& LT o . ) , )
Zn2+, Ph2+&# ik icRe, 3 &K 0 30 60 90 120 150
@ﬁiﬁi%%b 7 S Time (min)

Figure Concentrations of Trigdenylate and their
Debelopments in Lhe Reaclor
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Absolute Asymmetry Synthesis of Non-aromatic Amino Acids with
Circularly Polarized Synchrotron Radiation

OHF EEA (B RABEL)
Yoshihisa Inoue (ERATO, JST and Osaka Univ.)

TR BRI EOMER FOERBELAMICBITEF T YT 4 — DB R oo
WIS  DIRFEDBRENTELN, F—X +F Y 7 TRAZN Murchison FEG D
T~ MU EENTW a0 i EOFEFEBRT I /BN T I TIIARL L&
RoTW=Z &hbd, FHERLE
ZONDE I TE T, FHIZ r
BIITDd3FZVF 4 —DRY 2560
TH1 2D E LT Bonner & o
Rubenstein |3, EHEBRFEOZIZT NH2 o roc-Aanine
% 6 EP{%%E.%%@T%%%%% Earth R o CPL
(BER 2o Frd B o t-Aanine ]
3) 2 HOEE AR Uik (5% el
LBFEINTI / BOTFLF
ﬁ"vaigﬁﬁgﬁ%ﬁﬁg (%@5@71:%’% Linear PL ‘
) SR RE L, BHE, B¥o0 Synchrotron Radiation J
TR RIR LT A
FHEFERICEN T, AREIC L > T2 F o F A —BIREO SRR & | a7
TI/EBMBORDIEBMLNTNS, LOLAERS, BB 7a harhbo
MEROMEXERWHEEEET L BOBROITHONTRE., BN REEN DI
EAERMESNTIRD o0, S50, RORAERYPRISEBIZ SN T LI LI X
TN BESITIEFICA vy,

e, BB AR TR ShBRMEOMRLERAET S - LT
D70 M RANRR THINEBERELTET Do b —F 2 AT, 20D
HEEFRT X/ BOESTREGRERRD L LB, EFRPIT oV THREEED -,
TOFER. ANVK D yMLARFRF 2 E T BHEEERT 3 /BTRVThOES S
ﬁvvyﬁzéﬁ%&LTﬁBn\%hmﬁm¢5ﬁ0®73ﬁ%ybﬁﬁu74y&
LTHEES 2 Z EBRAL MR o, S5IT, ZORSMIIEED pH v kX < KTF L.
AL T o L bRRE GEITTH 2 EBBE LN 272, ZDX D 7y LTDKED
FlEHE LENEMEL 14T VHAPREED 8- MBUTEES 4 V7 4 » ORSEE
gggg?mnﬁm&Lrﬂwﬁ:wmé%?ﬁ@wr—&%&%&m?%0\wwﬁy

—

OgH Murchison Meteorite
-

gy 4 ’ r-CPSR {215 nm) ﬂ\' A

B ﬁf L Ho o=t b[ ,r‘x}/j\m } 7 \[( * "NH;CH2CO,
T & . Giy*

b %% e N

ThH3B,

ACCIE, EFERUGHERS & AL OV THL BB & & bio, ARkICL 373
S BOEHTERRBER SN B D OREEFIZONT HLESL L,
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1 7 Asymmetric Photolysis of Amino Acid by Synchrotron Radiation

Om¥F 6, &F W8, H BEE HEEK-ID
miE E—, M Rk (NTT @ R ¥ —5F)
Sandra Pizzarello and John R. Cronin (Arizona State Univ.)

Yoshinori Takano, Takeo Kaneko, Kensei Kobayashi,

Jun-ichi Takahashi*, Teruo Hosokawa*, Sandra Pizzarello** and John R. Cronin**
Dept. Chemistry and Biotechnology, Yokohama National University,
*NIT Telecommunications Energy Lab.

**Dept. Chemistry and Biochemistry, Arizona State University

oA IR — VLR, HERAEGOERY FHFBREORFL, RGBS T
WRD-=DTH S, HIRKEGBIEON T LE-FEETIE, FEMROESEE = H
FTIEEREELY. UL, #EREANDORETIEEL, HEBRAFEEDEZRAL TS
72T <, KRR UCHERO IR 5@ 2 R0 = & s b Y20 L0 BLoREE .
1997 8, Murchison BRA & L-EEN, ThbbF o FHBRE/F-ST I BenE
E V&N, EO%, Mury BEND b L-hO=F U FAHBRERRMENED. tox
&3, EMOEAEIERIT TR L O BRI 6 OYRRENEL Liem b m
BTHLDTHD. RMHTH, EFERRITIVAULEHETENSEN S EARN
RFAERE LTEAR SR TS Y.

iy, THETNT BE RV —BFERT - MELMEROT 7 a b o U es
HOFRE BV THEIERAAR D b O X- 8 V28N Y e = 3 ¥ —1E & LB D
WAMKIER, 7 BRBEOKICEAINE VAR L TRz, oo bo kst
g, BEVRREEZEL P70 v 7 AT ERRY — L Th DT L RHEEB L
7z,

i, BERERWEREEZROZ ENLEMARE, AREREEERE LTHRY 7
TIERTE, ERNEREOERICT 7o —F3R%5 L CEETHD. 2o TAW
i, BRERBERNORHENET I VBO—FTh 3 D, L-Isovaline & V>, H1ik
B CHRIAMREIRAREREET o2, BRBEEHIHPLCICL Y, =F F BRI L ¥
SEEEFM L. EAThTNOARECATSEMEIT LY. A2 T, “hET
OFERL L HLIERREEENSELNEE L e TERT .

(BEZ3@]
1) J. R. Cronin and Sandra Pizzarello, Science, 275, 951 (1997)
2) I. R. Cronin and Sandra Pizzarello, 4dv. Space Res., 23, 293 (1999)
3) Greenberg et al., J.Biol Phys., 20, 61 (1994)
4) Takahashi et al., Appl. Phys.Lett., 74, 877 (1999)
5) Takahashi et al., Viva Origino,28, 5 (2000)° =#E b, 14 [B] B A 5L, pa2 (2001)



1 8 Heterochiral RNA D& Rk & F D4tk

Synthesis and Properties of Heterochiral RNAs

HHEFC, BEHTF. BHAER, FREBXR (KEREX)

Hidehito Urata, Makiko Go, Hana Shimizu, Masao Akagi
(Osaka University of Pharmaceutical Sciences)

RNA 24 ORI E TH D & T25 RNA world RERIZE-IE, FEAHIER ETIEAE
WEIZ RNA BRERENETeEREFHRLELS LN OIHABREINTWS. Orgel 6
i3 polyU 2 polyC % #5812 Fiv T adenosine 5'-phosphorimidazolide (ImpA) < guanosine
5'-phosphorimidazolide (ImpG) BENEFNPELKEFGT I ERHL, EdmFEdpd
ATORNASRB L UHEEHHE LTEARENTEE. UL, [REHER ETERL
R LAY FEWIERZ LAF PTG ThottBEXONTWVDHI Lk,
Orgel b ITHAKTFERNAS BRI EHRRBEOX 7 VT 4 — oL BE ) v—D&FF
FTTCiTolet A, TOHENELIETT I LBHALNCR>TEE, 0T,
Orgel 5B L TV 3 L ) BB EKEF RNA S RAAHE T 2 LA, LT
J=—NiRkEnsh, BWiES eIy s e ) v —THPRAEGTIREE L
EXERDBD. Tk, BEOBEIIIERTHHERL Y d=—0 b D-REFF AR
RNA @ selection B3B8 5.

T4 1TRE LM TH D montmorillonite FET TFE I v 772 ImpABHIERES
THZLERBLER, TORGEKERFART) dv— L EENICERX DI LN
BLhEiRol. TOREFTBIERENSEHIZE. ) ALFF VT4 —%F
O ) —EEMEENICKIET S, i) REFTFARLY dw—LiEX ~ATaxT
NWip A ) dv— O REEIEV, BV K AREREBE SV, Fp EOWEEHENE R
bbb, TITATHF T RNAOYHEZRALGACTHANT, ~FaxIiLi
RNA XA =—Th s ApApB LT AppALZEELL, TOEER & REF 7 /L D-(ApA)
CHETAHZ EEEEL.

~TaXFTNE A < —ApAp. AppAL BILUBREXFFTNH A< —D-(ApA) 13V B
Y = RFAEIZL DS L, nuclease P18 L T8 RNase T, i L A RIS &1T-7-&
Z 5. D-(ApARHIET HE ) v—k 5 R 5FMHT. AppAL lXREROZER %R L7235,
ApAp W THOBRIZL - ThaBEhadbo7. RIZ, INLEHOF A ~w—0D
AHIBIE R COHE R T 57 CD A7 MDRIEEIT oo, D-(ApANIAIEIR
RTCIODT F =B stacking EERA LU, A& E helix BIBEEHR L TVD L E
ZoNTRY, ZOLIRBEEZRB LT CD A7 "ERT. —F, ApAp &
AppAL I F U F A —DERICH DT DEWVICHIFRIR AT RAETR L. Aplp
N E helix G E ., W AppALITES X helix BEEEL R L TND Z L AVHEAL
=8, OO CDBEEIXD-(ApPAD LD L EET/hINT b, ~NTaFIAFA
< —TIRT7TF = VRO stacking SMEIMET L TE Y, helix #HBERAEEMLL TS
T eI NI
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Simulation of Stereo-specific Condensation Reactions of Peptides
MU THEHESEMERHE TER
Oyama National College of Technology
R R

Toratane Munegumi

2] £GEDF U RNIERLE LN FEEE (FEXFAHKE) 07 3/
BTHEEISATHWIEAIRTSEBE IR TV, £F I Ehisx5 ) F 40—
DRE - BERICETAIWEOFMEIIRD 2 >Bhoi-, (1) ¥ U0 EDE /<
— (TI/B) OLEK (B20iXDH) NoxA¥—d, BEHICEMICRZ - L5
FEFAL LD &ETB2hRHE 22 L, (2) SEIRLELRIDN/NMEROT I/ BO
FETOHRET, MEABRARRERFIARTF FERRSTEI{LRKEETAREF
B 9 THD, TRLEOMETAKEIRTEXEDIX, 4V I2FF FBREICE
FEREFITARTF R~ TudxrINnA7F FOSH. HELHK, $2RIGE
THd, KETIE. 2053 BWARBIZHVT, (1) FEFFALTF FEL.
(2) ~7uRFA_TFFRL, (3) FLT, REXFFANRTFRLEATFTXS
NRTF R LV ) SHBOWMABISDEARENREOBRERL I 1%, K2 DK
ICERT DI TOPMEOERT AN ¥ — (GHEME) 2B+ L CHELT,

[F#E] T2 PRPFRAFALAFADIS T AT LA v —
(L-Ala-L-Ala-0CH;, D-Ala-L-Ala~OCH,) D4 FHNB LU FEOHEAIRISIZOWN
T, ERHESMT, FRE, £RPOERIME . Apple Power Mac L THE Y 7 k
CAChe U —7 L A7 Ak AVWTEE L,

ORR - B EBROICSIARROREL LTABRA TS5 L-Ala-L-Ala-0CH,,
D-Ala-L-Ala-0CH, D4y FARRIEGICOWT, PU3 RS A —F —CHE LIRS
ELFREERT., RE ®HHE : L-Ala-L-Ala-0CH, -117. 45 (kcal/mol, 298K),
L-Ala-D-Ala~OCH, -117.98, ; & [ & : Cyclo-L-Ala-L-Ala-S-0CH, -119. 45,
Cyclo-L~Ala-L-Ala-R—OCH;-114. 61, Cyclo-L-Ala-D-Ala-S—0CH,~110.66 . Cyclo-L-
Ala-D-Ala-R-0CH;-114.65 ; £ R % : Cyclo-l-Ala-L-Ala-70.61 . Cyclo-D-Ala
-L-Ala-78. 71, MeOH-5I. 88.
FNENDORIEERICDWT 2EBE TS0 T RAF LA~ —hlERTETH-
7o BUGEH L-Ala-L-Ala-OCH; iX &% AR T2 & X IHK 2keal/mol LEAL
35 A3, L-Ala-D-Ala-OCH, IXHRHEE AR ¢ 5 & B/ Ch 3. 3keal/mol REE(L
T 5. ZDI ik, L-Ala-L-Ala-0CH, %> Cyclo-L-Ala-L-Ala 4 fRT B ULRA, .
L-Ala-D-Ala-OCH, 25 Cyclo-D-Ala-L-Ala BERTANEBL Y BVWEBHEDOD o T
TR ELILNS, Y BERETIR HRTF FOBERBIC OV ThiiR3,

[3X#R] 1)G. E. Tranter, Chem. Phys. Lett, 120,93(1985). 2) K. Soai, Mature, 378,
767(1995). 3) P. Doty, J.Am. Chem. Soc., 78,4810(1956). 4) T. Munegumi, Chem.
Lett., 1741 (1987). 5) H. Naracka et al., J. Chem. Soc., Perkin I, 1561(1985).
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2 Origins of Life and Thermal Stability of Nucleotides

KB TEE  CGREX - £&8%)
Tairo Oshima (Departmento of Molecular Biclogy, Tokyo University of
Pharmacy and Life Science)

[%F®] RNA 7— NV FESIZASAEOA, KEEA LD TIdZW, RNAIRY /37,
DNA iz R —BBTEETHD. b L. EHOBKEFHEEZZITANS &, BKPT, RNA
REDESITREZINTHWEESI N EWIRMFEL D, ZHEECITIE, SEFHAE
@ RNA # A3 & L, IFRABOMABROSR T, tRNA B Z OB TEELINTH S,
@y EHTHD, SEFRE Thermus thermophilus TiY, TA—7DHhOTERENF
HEa . TNAREEEEO—DLREAN TS, RIRIGCELEET S ] %
EaHaKk 0 RNA OREEEEIZEZ I, FRETH. Z0HORS LHEROFED
HENTWD, Wik, FEEMICEZ ZEHRIGLEZ bNZVDIT TRV 5, J O
BETEQIBETHILLTER,

HH—DDBEITE VT IVICKEFETHD, BV T7I VL BEREESGLT T %
PRI EBMBENTWD, Fo, HHREISEOR) T IVELEETSH, ZDOZELEN
BEOTTHRIT I VHREMAL LTRNTHDZ 22 FTR LTS,

[(ERER] BEOEPECLEENCAGNIR) T IV, AXNVIVY, AXNVI VD
CEVFREOEETIHRERYTI VL, WY tRNA. DNA 2RE(LT S, KV 7T
IvENLDE, Tm A LEATEIRI TR, TRV VI NV E-ELLEART 0T,
FUTIVEDEAITLDIY 7+ A= a VOBREOBHRICIMA T, £ 73 v —#EER
DBESHEES T ANF —LEERZEE LT A EHEZI NS, DNA TIL, SIETIZED
AR v EISLIIRE R,

BRE) ZhEFCHRY 7 I VEEEERROMNE LI N TI b -, LI L, {LEE A
BOVBEOEEMHEHPEN OORFREEROREEADAY 7 I Y ROBSICEET
RETHDHH, £ERTE) 7 I vHIL, EXET I /BOBRRBRFIGTESN S, BRIRE
FIS IR ERIR IS 206, FIEEEPIZRY 7 I VAFEE L T TREEES V.
YT I VIREELDIENMC, BRSNS T 24 RICEIEET 5, RKRHILRNA KR £
% —4 % Staphylococcal X 7 L7 —E T, ZNEDEEERIAYV T IVOFEZERL TV,
TOIERBERLT. VEFSALLEY T I VIRRIERE LC#< FTEESRL, {LF
BILIEBITAR) 7 I VEOR LAREICL > EEH LTI DOTII AN,



2,8 BRIV, 5 -FEEERFSEHRRNAAY dw—
2 1 IR ¥~ 5 VRIS
Nonenzymatic template-directed ligation of short-chained
2',5'- or 3',5"-linked RNA oligomers
ORMHEH, =HF], HEK. BHEH BEXT)
Hiroaki Sawai, Tukasa Kouda, Makoto Wada, Hiroaki Ozaki
( Faculty of Engineering, Gunma University )

(P& JRNA 34 OBEOMIGER CAR L. BN ERR 2170 .

BEEROGRRE, GESLICMBERZE-LEZ 5T, =~ ORNA
DHBERLZECEHOEFNVRIGE LT, EHEEOF Y IYRR 7 L+
FEI LE2ERTIFBENY F—a VREERRLE, RISOERL L
T2,6-HBE3,5 - HEA%EEORNA AU I+ —10 &4k (5" - CACUCAGUCA
2ord) B, BELLT2,5-BXU3,5 HAEESRNA A Tw—4
BEF (- pACUG -2°0r8") BV, ¥¥. 2hon - EEWREES B
U, ERBEEORBHNRAKBEICESCCETT 3 ERE P8R S
2{T o7,

[ERBLORER] BEEZEHECD) A= MAOREIZL N &F ) To—
ED LOEHEREZHANLL 24, FHEERGEET TOThoE
6 EHEAPBED b, SRKEY v a VRIS, 85T RNALO
E (bmM) . EHIZ RNA4 B GnM) 2V, A 35— L EEIE S (PHE. 0) .
NaCl (0. 1IM) . MgCL,(0.02W) FFE T . $EEH & LTKREEIARS AL IR
(0.5M) Z fvy, OCTCHMKEB L TIToTm, FRIED—EBA HPLC 12k b
S LIS DB 2T o772, WTFhOBSLSREET. 2E42K0Y
T—va VRISDETIZL B 8 BIK (pACUGACUG) DR bivt, *
NENOREEE D LTHREGDOYRIIAE S Bir o, 8 L L )RFE—
DREEHRAEFEOHEIL) F—Ta VPHEREL . SEBEDAERBERZ N,
FRICEFE, ZEEWTh B2 ¢ 5’ BEeAT3EA0BEIIRERAD

BMFBRE, —F, BELHEHOBAERAPRZ DL BEOINET
&y,

| |2'0r3'
C A

>umc-—
>nmc—

1,,_
&
0

'|
¢

--Cmub—

_...Onmm_
—Clllllb-—-

_G)mno....
—Omuo-—-

HO

e



2 2 PR IV 7 SVBERKISIINT S

a7 I/ BREAHORE
Effect of thermal copolymers of amino acids
for the template-directed synthesis of oligoguanylate
OEKE, Mz Ll NIHBE (KEFILKE - & « T¥EHEMN)

NAGAHAMA Minoru, KURANOUE Kazuhiro, KAWAMURA Kunio
(Osaka Prefecture Univercity)

(REE] IR L TREHNEREE- R OWRIIRNATH oL &BASNTNS, —4, &
EOEERIZY >N RZ < UTIRIRD IR, Lisdts THEEELORETS, 840
YNNI RIEVICHERBURNRSRBLALELDONBUTHSD. TOEFNEL
T, poly(C) L T2-MelmpGh 541 /7 =)/ (ollgo(@)) MERT HMBUBRRAIID
WTHX 07 2/ BRRESERVOEEEM .

(ER] 73/ BRES®HIE, Glu, Asp, Gly, Ala, VaRSENTORELALBOEERL
L, X 5izHis, Tyr, TrpRid Phe®@ENMA, 180CT24hRASHE. ZOERMEE
Lok, ERERLE. OligoG)DARERL, 0.025 M poly(C), 0.015 M 2-MelmpG,
1.0 M NaCl, 0.2 M MgCls, 0.1 MHEPES (pH=8) 28UBBKHICE4 O I/ RRES
# (0.05M~0.18M) #MAT, 25CT7 BEHT- /& £HMi3, RNaseATPoly(C)& M
KEOEL, B4 MR UBHHPLC T L.

(R EHFR] 73 /BRESYESNERN T L THFLERER, 27EKI3010,000T
Holk. TI/BABSHEMIZVEE, WEBRKAICED 10~20R&kDoligo(G)ANE
BE5. —F, FI/MRESYERERE 0.06 M~ 0.06 M THA % EFE&KIColigo(GAt
LA, MBRE (0.156 M ~0.18 M YWABAEI, GOppGO#AVHMoligo(G D4
REZBAO LA, Bk, Hs2E8D7I /BRBSHEMALBER, 2-MelmpGOINKS
MO Lolgo(G) DERMMA L. ZORBFRLEEMRAHR, REDMOBRRET2-
MelmpGOMASMMRRERIT & o TpGhtER L, HOGOppGOERLEPMICHET L. &
7=, Tyr, Trp, Phe 2807 3 /RBAHICRL TOERRICRSBEEERL LR, Ihb
L TSmO d 5RREESNIh .
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Measurement of the nonenzymatic
phosphodiester bond formation of hexanucleotides
in aqueous solution at elevated temperatures
FPIRUETT, FACE, RIS OIRRRCAY: « B2 - T¥reR)
NAKAHARA Noriyuki, OKAMOTO Fumitaks, KAWAMURA Kunio
(Osaka Prefecture University)

2 3 KIS BT RS LAF R

(#5] BNA I3AAHIER BBy CRERE RO/ 2 50T 2 ( RNA
TR REER ). ke, EMINEEIVIOSIHILO X 5 SEENAT TEE L 2 2R b h
TS ( FUKEAS ) . SOREE TR, FNZ SR T RNA T RIEBA UK EEREE
DIENOREEL TE . AR TR T TO Y VR AT AEAAVERT BRI S
WADIDIZ, KEEIARYA T ¥ (WSC) FIEF TR YR Y LAF RoOBHERS
iRk g CR-<

(52%8) BRALRISI 2 BID~X Y X LAF K B-pGCGCGrC-3, 5-pGCC
CGrG-3, £nEh, oligo~6a, digo—6b &75.) AV, 1.0 X 10 *Moligo—
6 , MEHIE LTO2ZMWSC LY, 02MNaCl, 00756 MMgCl,, 0.1M A I#V'—
/v PH=80) ZELBISNKTT, 0°C ~ 5 C OEFAGEAL. ARniRE( 4
2258 DNA-NPR (TOSOH. CO) %AV 3 HPLC G4 L7-.

[FERBLIUEE] BUNt LD digo-6a BT 6b OERMY HPLC THET LRSS,
EERM & BRI 20— 2RER L. oligo—6a CHIEERMILT < BETH
27 ZNHDRIHE WSC $HBVNIA I 7/ AR LT Lo e, modfiiit
WBCTHLEITLI WL, VU IMEU e AT A A O AR E ORI L% 15 7=,
EOBAEERZREL 0 °C ~ 75 CORPAT 4
EDLANTORMETEEE K72 v MhbIEL

7=. oligo — 6a MUEEXKHIL 59 X 10 ~* h-! _:~§ )
( 07C), 7.7 X10~%h-(25 T ),62 X 10-' -
h'(50 T), 126h-(75 T) THY, 207 32
L=gRFuy M Fig. 1 07T ok sxoE 4|

PHE RN 77 4kI md ! Thot. —F, -6 |
FERMFIREOBE > C—BARLE 8 b
W L. TSRk L= /b b 00025 0003 00035 0004

EX b5, k7, £5%% RNase T, U APH Fig. 1 A;l;'eni{:s plots for
TRERABE L 7458, 4Rk RNase T, T ligation reaction of cligo-8
AAIRRENTAS APH THIs&hiedvole. L O oligo-6a ® oligo-6b

oo T, EEFMIIRR~F X7 VA ke

HDHLHESHS. LLEOREREND, Y o BVx A7 VA OEREEI AR L v 5
GEL, BCLULOMBTTHEIY 5 AWHHERL TS, b, EY b
TREHERE, RNA ORI AERRIGEBE T COERT D - LT 5 L Eans.
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2 4 RNA and peptide evolution within an RNA-peptide complex
(Jﬁﬂﬁﬁ.%mﬁﬁid%*ﬁ(ﬁﬁ%%ﬁ?@@ﬁﬁﬂ#)

Kazuo Harada, Tetsuya Iwazaki, Koh Kobayashi

(Dent. of Life Science, Tokyo Gakugel University)

[(1S] RNA &5 NP HEEORRENBREERBEL. VRV —LRXT51VY—LD
&5mﬁ%nRM%&&N&EE%&@#DTHE<\ﬁﬁ%%ﬁﬁﬁ@%km%ﬁmﬁ
WTES T &S, FE, RNA-F UV BEREEROETIN Y AFLAO—DTHS
PR ) W FRTF REFED RNA #58-9- bOHEERICET 2 £FEHN - #E(
%%ﬁ%ﬁ%ﬁbrm%n:hm;b‘MW%&yﬂbﬁﬁEﬁmE%?%~ﬁwmw—
WOBRRTIRFENS, ~

2xid. CHETICHI V-RRE EBRBETHIAINTFREQEFNITIZ
475U~@6ﬁ$b1€t9if.7»#:y,tuy‘duvy%§yybtomg
SHRESA TS —DHENERSG-1RTFREFAELE, TOXRTFRICESICE
Brinix. EDRNRREMESESREFORTFRERAI V-2 LTEREZS. R
SG-1.2 MESHE, CORTFRIZHIV RevARTFRIDHE6~THR<RRE
LA L. RNA-RTF RESEOREADORTRRERTF REXDBRIBETELD
ST RETES o k(1] 2T, SERIOXSLTRELE
RSG-1.2 & X D& T 5 RRE OEREOBIEZRAZ.

2] RSG-1.2 L TRRE EASES LIRL D BWEEEEEZFH ORREDER
QAL )—2 7L, RADERLUIAIIAN RNA-F /R0 EHERRARERER WL
[2), ZOREBTIE. RT7F RN RNA LFEETHIERED, p-H57 b5 —Hilx
FREEIN, X-gd 2EURFEH ETABEOI O —NELEETS, £¥7. RR
EDOR e vESHM2ZEST 2 4 EEFEROFEREIC 2 4 XORFTHO I DOX I LAF
EHMAZESDNAGREEBVWTIA TS —DNARERLE, TOS17351)—D
NAZpACLER—F—7FAZ RIZHAL, K0T ZOIF1TS5U—-FSAIFER
SG-1.2 RT/FREE /S A3 FESDBRICEHEER L, F5N/W280002D
SO TRNA-TF REEERERTHENIO—NIX RO, TOHFD3 1
BEDORR EZEREORAEHRE L, BONTERRREEFEMRRE EHBRUESHS.
KREHOEATBNTIE, Re vRTF REDEARREETIHRWERICOZERNRS
N7 BIRENZ i, —BoEFcBWTIRESKEERX Y LA F RICERN AL
T, TOoEit Re vERSG-1.2 REBRREFBBOANZXLANERZ-TND

TEEEATRT OO TH D, S, EENRNT, RUHERITIC L DRNT S,

[1] K. Harada, S. S. Martin, R, Tan, and A. D. Frankel (1997) "Molding a Peptide into an RNA Site
by In Vivo Peptide Evolution”, Proc. Natl, Acad. Sci.,, US4, 94: 11887-11892.

[2] K. Harada and A. D. Frankel (1998) "In Vivo Selection of Specific RNA-Binding Polypeptides
using a Transcriptional Antitermination Reporter Assay". In RNA-Frotein Interactions :A Practical
Approach (CW J. Smith ed.), IRL Press, pp 217-236.
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Formation of Bioorganic Molecules and Primitive Catalysts in Primitive
Earth Environments Toward the Origin of Life
O/MEIE, RERIEE, T, HEEH AEESL, ILEEEA, £798( SEEAT) SiEs
—(NTTRBE=RAY—B) , FEg( EAR%H)
OXKensei Kobayashi, Yoshinori Takano, Wang Jing, Shoji Ueoka, Akihiro Ohashi, Hiroto ‘Yamanashi,
Takeo Kaneko (Y okohama Natl. Univ.), Jun-ichi Takahashi (NTT Telecommun, Energy Lab.), Takeshi
Saito (Inst. Advanced Studies)

I NETOFEORFTIL, FratER ECEEMEITERL 1-FaY v 7Y 8, b L< IS
3R NABRAIOREESTL BXLNTE e, ZHE TOEBRIASISRY L0, 7S /B
BEEREO—OERISBES TE -, LL, ZhbhS BEts 43 ~FFR x5 L4
TR PEERIEAEMROIC AR TS OISO THEEE £2 5 13, bhbi s S Ess
A PICAITENEE 97D D TERREL, Kit=X 75 —PEE F15 HFORIICON TS
GL[1] FENEE b IR R 7 7 & —BHEiE FT5 2 FOREER T, FOERICVTEEL
7
(K& —M{br#E(350 Torr), (350 Torr), A&(20 mLy% Pyrex K 58(100 mLiZ AN, Zh
{ZIRT K van de Graaff IEERE D 3 MeV 5784 2 mC LT AR A0SR IREOFEE,
BHD VIR, TI /M VSRR, SEEEEE TATS —PiEE( B CFe LA
LA) , RRT7Z—EEE 2 4R FAT Y T A VB X O ot BT
HE7 o~ Vs va - ERBHETRHEL &,

[ B22] BANERMIITR 7T —E5EE (7.6 mUDHE, HA7 7 ¥ —E5EHH0.060 mU) 274
TDZE Do ole, TOERME IM HCL ¢ 383K, 5 ARIIOAETS & BFHML 7228, &
DIZAIARSAEE BT D & B L, 4 BEAAME, Rl 7=,

U BT RT VRN, WEOTRFAEELY b NIASRRDE L R AE—DE >, & D
W, AT/ NDED Gy T, BB Ser-His DL REAFFR RY e AFT —PiEidE &
T2b DIV, RA7 7 & —PREMERFOL DiEHED 55 TR, BTSRRI
RTT —EIEHDLRLTHRRAT 7 — Ui A3 2 £ 1Y, BEHRR ETE 70 R NAD
ERE FRICTICTE 4 O EARMEAS AR 7o WTREMES 36 mB5, b D EhEAtES F Oz

HOMED FAESENNE, B25 Hihb £QlCAiT 85— 55 Bl & iohs o

FUARSFHER CHFERL LIk ) EAMEIC AR5 BT b3 T S Al
Y THY, TRIFEREEF R TIVKSMRE NB Z L 12k ) T3 ) BB ¥ OIS 70
ERARASER D BUREBARCAL 7 B ORISR T Wb OWMEE Y SALT RNA World
*° Protein World IZ3#fbL 7oo AEERIZZ 0L A23F) F[208FMT 2,

(1] #8E{th, Viva Origino, 28, 19 (2000). [2] /4K, {k28L T, 54, in press (2001).
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2 6 Search for Autocatalytic Sets Consisting of Oligopeptides
O XEBRE LS FHIFZz23
1ZHBRPERERE., 2RAMERERKE., SEIRLF—INERHEME
Shigenobu Mitsuzawal. 3, Tetsuyuki Yukawa? 3
INagoya University, ZT’he Graduate University for Advanced Studies,
8National Laboratory for High Energy Physics

EHOERICEALIERBBEOEELMBEO—2IZ, 7S /BOXILFTF
Rz EDE/ T—5FREKBES LEGIBRETHLIZ2 VNI HEPRNAL
EOR)T—9FREDEIICLTRBEESAEZNEWNSELRDHD, AE,. 2
BORYT—FHSELECMERNEE - ARTELIZLY, BEE
DEWRYT—RHERT D LS EEMEIB STz (Kauffman, 1986). B
DR & F. ZEORY T—RECOERRGEMELESI S EICLH- T,
FhoDRYT—HAERETHEET PMERIGRY FUV—2THD. LAL,
COFRHEChECHR - $ES S AL~ a vIZERBRITELAETHAT
2. ERTCEBIEESATLGL, BHXTIL—-THRE HIHFORE
(Soken/G-3) E£aDEE] M IL—T T, KBRBETH) IRTFF
MO SECMEREERICIERT IO LEZHMNE LERRET > TS,
HEMEROERIZIKX. SEOATFROES - MKkSERIECHEREL
BRIERY FT—V2RBTHEL. TORERADRTIF FORESTE
FARTHEBEORTF FE#ELEY, ERGOFEBHZEAE L THREMIC
BOVREFETCENARETHD, CHLFFEEHRECENTEEORT
FIENSRBARGFY FI—UDFEBERARDIEICIYTEEE LD, KT
II—T RO LI GRBRERBTEIREEEIO—UTFTL2—5ChH
FCICHELE, #LT, COXEBZAVNTRERY bI7—0 25658
& LT, 200°C, 26MPa I8 H2 5 ) 2 (@) TV IILT )L (GG,
SHMERSTY (DKP), JYVILTYL LTIy (GGG) D 453FiE
NSFARIGRY F7—2I1ZD20V T, 45 FRERBZESALTORIE (A1
OFFR) NDEEREERZTRETOIRBZIToT

$$RB. tOMEERERY M= TR EERERHETEEMN o=, L
ML, CORIEARY PTI—ODEBZRRDILIZKY, 1) TE/BOE
EREOFHEFENBEROANERIYKELRLSI L, i) G EHEEL
T GGG HTEBIZ, GG £EDKP #HthThFMERYMELL2DDR
EEBRIAHDEMNGMo1=, 2FY, DRPIE7 S/ BORYv—EIZH L
TINANRADBTET DI EIZLED,
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2 7 An experimental test: If the common ancestor of all the living organism was

a hyper thermophile or not?
BE—, FRE—, SREBE, FERE, KERE. OLERE (G
EREmBF)

Junichi Miyazaki, Shuichi Nakaya, Toshiharu Suzuki, Masatada Tamakoshi,
Tairo Oshima and Akihiko Yamagishi
(Department of Molecular Biology, Tokyo University of Pharmacy and Life Science)

[#FE] REMOBRMGECEFAEAE RONE L o2EMmDHEFEOEL
ITBAFEAEE I o T= D TIE O & 0 5 {REERA, C. Woese, N. Pace AT A ORFIEE T
Lo THEREENRTWS, LhL, AREEBEP BB TIIREERZ M, L6
DERFPEETHD LV IZEXEMTERBLITOA TS, £, N. Galtier b 1%
EBOWMED RNABEFDO GICEERZHE L AWOTHAEBTEEL GHCEED
BRICETIID D L EAEHOERIIBFABE L EEZbRARVE LTINS, 22T
bhvbhid, ZUyRIBEE2ERMEIE LT, BEROBEOTHEMENR FOBRETH
PTDPERNTIEREBRL, FRIZLEBEHORNEITo7,

[RER] EBRMBL L TRTOMETHEL YT O TRk RS L 4 v
7T UBBAKRERER WL, £ EENE L TREO b - H0BEDE L
REEBEZFER U, REBICESE EENE L B0 SIBADT 2 ) BES %
REEZAWTHELR,

PWT, BEETCHERfTON TV IFTCHELE OB LRSS Y P 1
VY IBBARERELREMEL LT, 207 2/ BEFO— AL TRESA
RO I ) BRECERLAERVBR L BET TROICEN L, TER OB
RERGFEATRKERI L, Bl LEBERIC OV THBWER CER ORI 21T 7=,
[EREEZ] cHEOBEROEERFRIII AL S OBRERMELE-BIcEE
M & EMESTIE LI EER L TV, HEROT I ) BEEP ST ERESS 7
MEON, 6 2L S EEITEOMBMER LF LTV, Zo&EIE, H@E0@EEeR
BHABE Tho L W EHRETELTV S,



2 8 HMEEErORKE £OELGA
Origin of Bacterial Genes and their Evolutionary Direction
MR =, i EE (RBLK-E-{b)
Kenji Ikehara and Mari Nakanishi
(Dept. Chem., Nara Women's Univ.)

(F# MEEZNOETIES ) LOFTIRECER LTS, L L, BEFHY
O L3 HEEN, RECE> TNAOPE2NTRIFLEAE AR > TRV, ThiZ
HLUT. BLIEEEETIE GC SROBVEETO7 yF U AFHITRWEETHN
2 A Nw77L—25 (GC-NSF()) #. F/z. £ GC-NSF(@@) & BRELLDENS);n A
FRmEEFREANTRL LTS TCHHILERLTCEE [L 2l LB, BET
REBLOMET S LS GC SROBVWEZEFELTEEN, &L Thid, &=
FixRAMICIE AT EREDA % 2T, GCEROBVWRETFH S GC EEOEVERERT
ArBELEEEZIOND, FOZLERTESD, 215 —RLEFINET ok,
[OYEa—%—Ic&DAE HAREAREZZTNZREES . GCEEDEVE
GEFHERI—FTSBSNS-7I/B (SIZGEEIC 2 NIZ4LEDY I/ BONT
hhrERT) SBREEREFFREADS X EREREBEAIC ST THAL, L 32—
B FCEETFORBAICERERZRET R, EAPI—F T 3HENREGEN
BEOENEOHE D, SUMEDORIC > TEETH S LBDN S 6 DOMENEF (5
MEHEAME., a-~) v PR, B-—bBLUL-F—2 (TA)V) FREES X URYE
FIJRESE. HENT I VBER) ERETEIN L > TEBETFOLELEREY 2
2b—F L%
(R ER] Tv4 L—XA (Gyrd) & FEREHIMEEELRET (RelA/SpeT) ZZh#
NIAEE X SNS-7 2/ BESE2REHEAB L CIEREREBEACHT TR~ LS,
BEERAICIZ SNS-7 2 /BEEWEICEL. GCEROEWVERFICL>TI— ke
h3EAEOHFRERRATIE SNS 7 I/ BERIPEICEN L3P o7z, £.GC
SROBEVWRETFISBEFOEFRE LS 12V — LEBACREFOEARDIF
VOEEMBEOEEERCENEDOT I BERE LFHATEH I LBDP 2.
DLEDERE. RALIEETI LS. BieFid GC SROBVAPSENGICADR
T—HAMEL (Bh) LT0BILRBRLTWREEITWS,

[1] Ikehara and Okazawa, Nucl Acids Res., 21, 2193 (1993). [2] Ikehara et al., Nuel.
Acids Res., 24, 4249 (1996).
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Origin and evolution of endogenous double-stranded RNA replicons in plants

OfRFRHEIT. vEE—. XILEH. FHIMEL BABRE. THSBY . HBUB%
R TRREESEE)
Toshiyuki FUKUHARA, Ryuichi KOGA, Nobuhiro OHYAMA, Tsuyoshi UDAGAWA,
Hideki Horiuchi, Saori MITYAZAKI and Hiromitsu MORIYAMA
(Faculty of Agriculture, Tokyo University of Agriculture and Technology)

B D Y (CE DRV HEOEM FICIL, SEEOES A AR LI A

HERFO>AER AR RNA LY a U REET 5, TO 2484 RNA LY =41,
(1) TEEMmICR U THRLRME RSP, (2) BEXOMRIE—EREEL (3)
FIESHERER RO N TE LT, BFRUOTEHIC L 5 BEEEOLNID L5
VO TTRI FEROWHEFT, AFOMES B>+ 288 RNA LY a2t
BEREC Ustilago maydis & v > =83, Leishmania guyanensis S OEABMTE A6 &

BHIND Z EBBESRTIND,

IND 2AHRNA LY a2 OB FRIIHERIDBNTE Y | EERFINSE X T
DHDRELILNVN, BESNTWVB LDIZOWTIL, FOBEEEER (RNA K7 RNA
B RKEESR) DEEF% RNA U A /LA D RNA JKIF RNA S FRBEEOES L 45 - L iz
LV, FAar =P ENLRHENBH 2kbp D 2 A% RNA % Partitiviridae &
LT, BEOXZ—RETF (ScV-LA) %% &4 4-6kbp b DI Totiviridae & LT RNA
TANZAD—FE LTHRINATNS,

Boabd, BHEA R EEFAEAS XL D REENBES T 14kbp)TENE 2 AEHIZ DT,
B, HERS & S Trs FHER BBICAEIT L, 2 0 RNA K77 RNA 2 iEs -
RNA U A —EDEFIZEERD RNA VA LR EH/BTA I LIk, “hbD 24k
HRNALFY v, TAT7E RNA VA LARSEENS B &, S blrkE.
VIRA AV AL VBHEND 2AHRNA #ED, ZHBEST 2 A8 RNA
VD 3k, HfclE RNA UA VAOHE (Endoviridae) . B (Endomavirus) ot
DILERBLE, ZhoRmAT 24481 RNA 7)) = (Endomavirus) D¥5EEIS|
PHOIEFE S D RNAKTE RNABRBER DT L) BEFIOSFRBFERT NS, “hb
DESTT 2AERNA VY 243, FETH B A REHEY & ~ A BEMASHELA I 4
L7 b, BEDYANVADE HITAERE (B B2 A LTV L, BEXM
R L BRI TERT 3L IR0, KEEE (R Rk b b LIRS

(B EEEEL, BEOL ST IR I REOAEB S BELTBIrE o =
LR E N,

SE R

(1] Ishihara J., Pak J-Y., Fukvhara T. and Nitta T., Planta 187, 475-482 (1992),

(2] Fukuhara T., Moriyama H., Pak J-Y., Hyakutake H. and Nitta T., Plant Mol. Biol. 21, 1121-1130 (1993).
[3] Miyazalki S., Iwabuchi K., Pak J-Y., Fukuhara T., Nitta T., Insect Biochem, Mol. Biol. 26, 955-961 (1996).
[4] Koga R. and Fukuhara T., Viva Origino 26(3), 229-240 (1998).

(5] Fukuthara T., J. Plant Res. 112, 131-138 (1999).

{6] Gibbs M.J., Koga R., Moriyama H., Pfeiffer P. and Fukyhara T., J. Gen. Virol. 81, 227-233 (2000).



Evolution of Aminoacyl+RNA Synthetase of
3 0 Extreme Thermophilic Archaea, Aeropyrum pernix K1
Yoshiyuki Nagaoka", Atsushi Kuno", Yutaka Kawarabayasf"”, Yoshihiko
Sako?, Yoshinori Koyama ? and Tsunemi Hasegawa")
(* Faculty of Science, Yamagata University, “National Institute of Bioscience
and Human-technology, *’National Institute of Technology and Evaluation,
“Graduate School of Agriculture, Kyoto University)

The sequences of the aminoacy-tRNA synthetase (ARS) genes from extreme
thermophilic archaea, deropyrum pernix K1 were analyzed by comparing
with other archaea species. Several unique aspects were found to predict the
evolutionary position of not only A. pernix but also another archeabacteria.
Two ORFs encoding threonyHtRNA synthetase (ThrRS) and alanyHRNA
synthetase (AlaRS) were found by the sequence homology analyses. However,
it seems likely that one of ThrRSs lacking conserved motif of class II ARS is a
pseudogene. The structure of the active ThrRS is very unique in its quite
compact N-terminal domain, and it is interesting to be found that the
N-terminal truncated structure is similar to the mitochondrial precursors. It
is more interesting that the active ThrRS is only synthetase from A. pernix in
which sequence homology with the other archaebacteria is very poor though
the rests of ARSs indicates a strong similarity to archaebacteria group.
Surprisingly, results of sequence homology research showed that the organism
being alike to the active ThrRS are not archaebacteria but primitive
organisms, such as cyanobacteria or proteobacteria that are believed to the
ancestors of organella. Because ThrRS is only synthetase which does not
recognize the discriminator base of tRNA in the Escherichia coli system,
studies on the molecular mechanism or recognition manner of ThrRS might
be one of the key factor to predict the evolutionary position of the organism.
As a striking feature, it was found that the shorter sequence of AlaRS lacking
catalytic core existed only in archaebacteria, but not in eubacteria or
eukaryote. This finding may indicate that the incomplete fragment is a trace
of AlaRS in extending their polypeptide toward C-terminal in the
evolutionary process of archaebacteria.
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The evolutional position of Thiobaci!lus novel lus cytochrome c oxidase based on the
various characters of the purified enzyme
OFIAN~—. &)l W, EFfX, WhiE (BX-BT - MBI
Shin-jchi Tobe, Minoru Tanigawa, Kazuo Shoji and Tateo Yamanaka (Department of Materials
and Applied Chemistry, College of Science and Technology, Nihon University)

BRI L 4RE Thiobacillus novellus D 7 0 A e A ¥ ¥ —¥ix, 19FHIC 2 ~b g
& 2~3Cu%b oI bar FY7RHOMBEOMELRARY . HFRE 23kDa & 32kDa @
2HEBOY T azy M 1STFILRDB/MESEMIFIZ 1 ~2 g & 1Cu L0, L
DL, MOFFVF L LRRICRTER S b ob c 2BEL, 0:% H:O ~BT+ 3, -
L, 7u hrRUAEERITRERN, FLTCOMEYO-REI AT 1 5T R 2 ~A
a&2Cuzb oI LR MOEBOMBOL I 7 e MRV AEREFRT LS THD,
MG ZREDERIIATP OFETR L VB30 THE1Fgl). cOXRYRE: S#5
X7 VZAF FEIRARERY T ATP OATHIDOTIOREMEIT ATP ITE b H#Ih T3
LB, 2F Y, T bRV EMRIL ATP SRICEE L CWA DT, = DOBEED ATP
EE~OBERATP ICL YHBENTHWA - LIt 5, “DL 5% T novelluss k% a A
cAX LV -E O FHME L HEFEOMKIZ, 2~h a b 2~3Cu 2 b b7 B FE
HERRTRRENEY PO B A o % B ~OEILDE LICh ABROE T
oD, T novellus v b7 b e F %S~V hroh e bOREICBNT, T
novellus ¥ r 7 0 b ¢ EOBUSER b LEAKTHBN, Uv, YVDL hrabelh
LB, v /ROY M aA o LORBERBNATI FaY RY7od% s/ —FE R
RoTWB, T. novellus CHFIET BV b v b cAF v ¥ —FH a— K45 DNA IZ 2 /M
BRELMPTRS>TVD, EOLE LIRS 2— 43 DPRHATHIN, TEOHEE
B2 Bradyrhizobium japonicum N b7 b e A X L H—V(amB L obbs )% a—
T 5 DNA OEERFILEMCLIBTHD, #oT, ¥ M A ctF v ¥ —FOrikiz
BOWTIZRECHEE L WOIELT T bR 7EOMENITHOR IMIENE . 2 ~A
a. 2~3Cu E&HOBR, TR2bb T novellus DBERO ZRENB/MEERT T kY
B TR OBR (aas BN H#{L L - FIREEN B 5,

H+
&8s s 'lthout ATP as
wlth ATP Cu

H+

Fig.1 Thiobacillus novellus > b+ 7 1 A ¢4 %L ¥ —B @ ATP it L 2 T FBEAL
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Evolutional position of Thiobaecillus novellus cytochrome ¢ oxidase

based on the DNA base sequence coding the enzyme

QK AKIE, HEMHEE, MWMILET ETRR AREHs, LUPRE

(8K« BT - PHISE, PRk BT - KL

Hircki Makiguchi, Shingo Hayashida, Katsuyuki Takayama, Kazuo Shoji, Morio Ishizuka and Tateo Yamanaka
{Department of Materials and Applied Chemistry, College of Science and Technology, Nihon University,
#Department of Applied Chemistry, College of Science and Technolegy, Chuo University)

(5]  HiSEYAE Thiobacillus novellusiy, BEHRERMO L L HERVTHAEFICSERTF

SRR T & AL SR O N Ch B, T ORI DHE SV by b oA U —ER
2RBEDYT 2=y b 19 TIb AR BB/ NBERAIAT 1 ~bad 1 Cu LA TR L ) T A
HHEDS F 7 b o AT LA —E LIER D, TOMBEOREOY Fr b AR —EREa— FTHDNAD
ra—= ek, ¥ 5 DNA PICiED OF % 7 —E5a— FEaEERTVR & D 2 2TFELTH
B L hyats, AFEETHE O 2-20RGFO DNABESRSZREL, TIrbEEENST I/ BED
BMOEYFED Y b b e AR L F—FOT 2 ) BEFILHE L, ZOBSROEEYIBEO BRI,

[Z=8] 3. T novellus MHiH L4/ A DNA 2HIFEESRIZ X - THLL, TNENOWIREL 77
— 3 DNAITHEAL. B5117 DNAMR 2 a0— b ¥ UV ETaEADNA 5475 ) —& Ui fER L7 DNA
5.4 75— PCREEC L B & 47 AGRE T O— 8% ER s, BOETHRESAIZL 7 7—U%
ELT. Thic X D44 20000 H3E) DNA BiFASEA S 2 77— U2 B3 T LT, BHlEhT
G2t A 77 —DNA 2550, 1 77— DNAITBA SN DNA BT 277 2 X FDNA [T
C z. BbLREELELTF AL FORERFIESA TR VBRI VRELEL,

[ERLER] —7Tr AL 0ELNRRERZ 7 I BESICER L. thospfloy Foab o A
L HA—VOT I ) BEF| L L, FOREREY Table. 110F &0, FICAE Bradyrhizobium
Jjaponicum @ 2FHEAD Y b 7 b ¢ AF L F—F LV ERIEDS R 537, Paracoceus dnitrificans & WA=
b e AHLF—ERI b2 RI7OLO LIRS A0S LT, T novellus i b7 0 e A F L5 —
T B D LASERBEESOLO LIRS D, THED., T novellus®y by b e AF L H—E
BRI OERP S LTV A0 TRV R LR &N S,

Identity

EMBL1 EMBL2 FIX1 FIX2
B. japonicum 79% (aas) 66% (2as) 79% (bba) 63% (bbs)
R. leguminosarum 75% N/A 40% N/A
N. winogradskii 74% 66% 40% 26%
R. sphaeroides N/A 45% N/A 28%(aas)
R. prowazekii 66% % (a2as) 56%(aas) 41%(aas) 25%(aas)
P. denitrificans 61%(aas) 48%{(aas) 39%{(2as) 27%(aas)
P. seruginosa 55% 37% 40% 28%
Halobacterium 42% 31% 27% 30%
Human 61% N/A 38% 27%

Table. 1 T novellus® 28D 7 2/ BEFI[(EMBL1, EMBL2) & (FIX1 & FIX2I(, 2i3ZHhEny7=
= b1, 23EDLEYENY M ahetF L F—ENT I ) BRSO



Distribution Pattern of Rare Earth Elements and Accumulation of Other
Elements in Different Bryophytes -
OllikEl, MEE, MFRE., REXE (KX - B{TEH)
Keizo Kawamoto, Jitsuya Takada, Teruie Sumino and Mitsuhiko Akaboshi
( Research Reactor Institute, Kyoto Univ. )
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DWERIEIZ, AT L5 OFEHEE 0.00E > 7 71 b I OFHES 0.30)ORE I 1T
I35, BROVr TroE =0 ORREREG 0.02~0.04 DEERICH Y . REEOEVEDEL Y &
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bUSGTRTH S SRR 0.1 BETH
0. HHRITE®D Na, Co & RIRBEIEDT, aces
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DOTTHRMB L UOH HETEROBREN S, Fig. 1. Relative REE patterns in different organisms.
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3 4 A way that makes enzyme activity for D-tryptophan enhance, and its mechanism

OB BKE G K- ISAEDEER)
Akihiko Shimada
( Institute of Applied Biochemistry, University of Tsukuba)
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CEBIEN DT, -
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Expression of Human D-beta-Aspartate in
35 Lens-Derived Cell Line

Dawel Yang, Noriko PFujii, Yoshiko Tanaka

Research Reactor Institute, Kyoto University, Kumatori,
Sennan, Osaka 590-0494, Japan.

Introduction: Alpha-crystallin is composed of oA- and
oB-crystallins. oB-crystallinis one of the small heat shock
proteins. We previously identified a biologically uncommon
D-isomer at Asp-58 and Asp-151 in OA-crystallin, and also
at Asp-36 and Asp-62 in 0B-crystallin, fromaged human lenses.
We prepared a highly specific polyclonal antibody against
D-B-Asp-151-containing oA-crystallin. In this study, we
examined the expression of human-D-f-aspartate containing

aA-crystallin in lens-derived cell lines by western blot
analysis using the above antibody.

Materialsandmethods: Twolens-derivedcell lines , OTN4-1
cells and N/N1003A cells, were used mainly in this study.
Since these cells retain lens-specific functions in long-~term
culture, they provide a stable system for investigating the
regulation of crystallin gene expression in lens research.
Proteins were analyzed and electrophoresis was performed
using SDS-PAGE. Proteins were determined by immunoblotting
as an usual method. This first antibodies used in this study

were 1) anti-D-B-aspartate containing protein, 2)

anti-oA-crystallin, 3) anti-oB-crystallin, 4) anti-HSP27,
5) anti-HSP70.

Results and discussion: Western immunoblot analysis
showed that only N/N1003A cell line expressed the

human-D-B-aspartate containing protein with 50 kDa. This
protein, which has mass of 50 kDa, was also stained by antibody

against oA- and oB-crystallin as well as HSP70 protein. This
D—3-Asp-151 containing protein may share the similar common

amino acids sequence of a part of aA- and OB-crystallin as
well as HSP70 protein. We are going to characterize this
protein using the Protein Sequencer and Mass Spectrometry.



EZ LD MAKREEFOD alphaaA-7 Y A FZ Y VD
3 6 Asp-58 BEO XL, BiELE: BRE
Inversion and Isomerization of Asp—58 Residue in
alphaA-crystallin from Aged Human and Cataract Lenses
OfREEmMT, EARZHN, BHHET EBXERFFERED
Sawako Matsumoto, Kosuke Hiroki, Noriko Fujii
(Reseach Reactor Institute of Kyoto University)

[BE#] 4 ITREE TIREBAOKRGEFENDHE alphaA-Z2 YA Z Y D
Asp—-151 BEEL & UMAsp-58 TR E I C S AL R 70 iR (0-{81k) & Rk (beta-
B BRECTVWAIEERRE LTE Y, ST 60 RAOEREKREGE L RFEH
DEAREOKEENHE T alphad-27 VA F Y O Asp-58 FRED B4
SR EITV, REEOGERFERKEERE ANBEKGETHRLZOT
BWEIT D,

[51:] 60 BAADEERARE, ANEDOKERE (& 45 #l) 56 alphai-
7Y REYCERHEEEERL, N SVVAERE, EXTF Fith R EE S
o< b #3574 —®RP-HPLOIZ & o T, 4B, L. Asp-58 EEZETe
T6 R7FF RKET7 I /M. 73/ BES, BEESHCRELE. &’
T ZORTF REMASERL, 73/ BOXEEEEKSITZITo T,

[FEE L EE] ANE, EROKRENSET alphad-7 URFZ Y HD
Asp-58 Fe i L&D B D-E~DKE (D/L of Asp-58>1.0) PR.Hiv, [
Bz AR AL L DiEA M alpha Bl B betaBI~E(LT 2 BHELRISEHAET
TV e, BARREKEED Aap-58 BEIZIEE oAk M & 45 L D/LELIX
< 720 . beta/alpha HEIXIEIN L7=E 5, L-beta (EBEELTHNDH T
R T, PEROFERER XY Asp-587EE D D-betaflild. alphaA-7 ¥
AZ YD Asp-58 BEED OREEMN native REKRBEZRFLTNDH L
X IR THEINLTW DT, KEROFBENL, BRED alphad-7
Y 2&) D Asp-58 BED A LHEIT native REKRBEZ K-> TW5DH L&
EZzbhi,



EMEHSTRBHIZ X B alpha-27 U R &2 Y LD v~2m HEE
~DFER L ORGSR
Correlation Between Loss of Chaperone-like Activity, and Oxidation,
Isomerization and Racemization of Gamma-ray Irradiated Alpha-crystallin

OFAFHA, RAEMTF, RENEZ, BHLEF GEXRELF
Kousuke Hiroki, Sawako Matsumoto, Mitsuhiko Akaboshi, Norike Fujii
. (Kyoto University Research Reactor Institute )

[B®] v FoOKEMED alphad—Crystallin b
Eib L iR« R BIRRBEM (Asp-151, Asp-58 | [oha-boca L pcme | bosa L
BHED T Ik LTREMSL, Met-1 HEOB
B2 &) 2Z T THB I EXRIbA TV, 2
TN OOFFREES L alphaCrystallin @
Chaperone BE8E L OFHEEBEREHE LM T A7
WIZ, Vi@ alpha—Crystallin i H > <H 2R
S L. BAH D alpha-Crystallin ¢ Chaperone
BEEEDIET L BIRRBEMs. BT E MBI
DUVNTRET L7,

[JF#E] U ® alphaACrystallin iz H~#
% 0Gy, 1kGy, 2kGy, 3kGy, 4kGy FB&L 7=, M ! .
5 #% @ alpha—Crystallin @ Chaperone &Mt 3 300 1000 1500 oo
beta—Crystallin O B\ HE H &= & L T Fiure L oy S0 CRERSE
350nm DEWEMEIL L > CTHEMLE, B )

5 7% 0 alpha~Crystallin ¢ 2 3 R R | A L it
Ch THIEL &, T, 2 B 1 74

alpha—Crystallin & trypsi
7z peptide lf /¥ # RP-HP
peptide mapping
D7 Ik,
Met-1 #E oD
ST®wELE

[REER] V>
alpha—Crystalli
7=. (Figure 1)
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SEARBEI L o TR 3 B D-beta-Asp &R &7 37 HOLE
3 8 Characterization of D-B-aspartate-containing protein in human skin by UV-irradiation
OFFAWT OLXFEFIR) . 2BHE  (HFEXEMH).
TEES (UFrs /77 2), REXE (RKETFHF)
Noriko Fujii, (Res. Reactor Inst., Kyoto Univ.), Shingo Tajima (National Defense Medical College),
Tadashi Shimooka, (Asahi Techno Glass Corp.) and Mitsuhiko Akaboshi (R. R. L., Kyoto Univ.)

(B8] B4 EBREETCICE FOKEFENSBT- alpha A-2 Y A¥ U D Asp-151 KA
MARERN S K & Bk (D-beta-Asp (k) 24 L. ThpE{blFicimisE28EL
T&fr, EREOERKRESTIRII O Asp-151 BREFD L FA-ERFID D-beta-Asp EFTF K25
L. THICHT2BROLFERERE L. ZoRKIZE> T PARRETTO D-beta-Asp
SEXLCNIEOREEALMILE, AHAETRA—HREEZAVWTEADKEIC
D-beta-Asp BH ¥ 7 HERBLEDT, £OALFEHIERLFIBICL DRSS VR
DIEMIZ DN THRET B,

[FiE]D-beta-Asp & ¥ 37 R FROICGERITDMEIIL balpha A7 J RS Y D
149-153 BE AN T 5 Gly-LeuDP-AspAlaThr R 7F KM 3 EHVELTFF
Gly-Leu-D-B-Asp-Ala-Thr-Gly-Leu-D-B-Asp-Ala Thr-Gly-Leu-D-f-Asp-AlaThe ZHiH & LT, #
BT, = OHENR DB-AspZEATF FOMHRIOIERT 5 2 L IMEFRE Lz, &
EERAVTE FOEEOREREREA, RUE FOEEO GuHC #iIlEsS ¥ 37 Ho
Westem blotting #1Tv>, DWW T, trypsin LB EIT, NTFF Fv o B 72707,

(R LEZE] b FORBORFIHRREORER, EAORDKEIZERNIC DB-ApEHR
FUREREEL, HROHEOEFICIIFE LRV EEALM ok, LL, MLE
ADEET OB, SABRICIR STV RVEE IR O R TIAEE L b, RNT,
EAOHEORED F 37 HO GuHCLH R E 5y % SDS-PAGE iZF. RiCHET
Western blotting #4772 & =4, ZyF B 50KDa |Z positive band 2457, Fiz, ZD/32 Fidz
5 ZRFUHR, S FUREOEFICREENT, LBl TFRFL, FITFEL A
¥ 7 NARATREIL 50KDa U ETHBEOT, RY U AZHITHAEORRH L bhic, =D
band )0 H L. trypsin MBEITV, XFF Ry B I E8Tol b5, EOXRTFF
WP D2 T F oA E ) LR SRR, EREERICIEE > TRy, B7ESEMITRE
HTHB, AFEZANS ZLICLD, KBFEET T BRI bLESEATEDD
LT E T,
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3 The Radioresistant Mechanism of the Radioresistant Bacteria
by the Red Pigments
EiE B RK - BEFFE)
Takeshi Saito (Research Reactor Institute, Kyoto University)
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Abstract

It was found by 1light microscopic observation, using
phosphomolibdenic acid hematoxylin and Alcian blue stains, that vitreous
body has a three-dimensional meshwork structure and the beads are located
at positions of joints in the fibrils. The HA coats the outer surface of
the meshwork fibrils and the beads. The protein beads may reinforce the
whole meshwork structure. One of non-collagenous protein beads is
identified as aA-crystallin, which is a major component of the lens. It
was suggested that vitreous liquefaction is induced by deformation of
meshwork fibril structure and detachment of the non-collagenocus protein
beads, located at the joint of meshwork structure, resulting in the collapse

of the structure to release watery liquid trapped within the meshwork.

Introduction

The vitreous body is a transparent matrix that £ills the posterior
cavity of the eye, occupying more than two thirds of the intraoccular volume.
The mammalian vitreous body is a hydrophilic gel with a water content higher
than 993. Tt provides ideal support for the retina and allows light to

reach the retina and metabolic solutes to diffuse.
Due to the highly viscous hydrogel, the precise structure of the vitreous
body has not yet been clarified, although some fibrous structures have

been identified (1,2) within the vitreous body. The model proposed by



Balazs (3) shows that the vitreous body is composed of a sparse, random
meshwork of collagen fibrils and that BA is dissolved in the interstices
of the collagen fibrils without chemical links to the collagen. It has
been thought that polymeric HA may adopt a random coil configuration and
that the high viscosity of HA in solution is due to entanglement. But,
a vitreous liquefaction phenomenon of phase change from gel to sol cannot
be explained by this model. Recently} the vitreous body of most mammals
has been shown to contain three polymeric components, namely, collagen,
HA, and beaded fibrils (4,5}. However, the composition and function of
these beads have remained unknown. It was suggested (6} that the beads
may serve to stabilize the three-dimensional structure of vitreous body.

With aging, in the human vitreous body there is a localized breakdown
of the gel structure, with aggregation of the fibrils (7), which appears
to be a frequent precursor to retinal detachment, resulting inliquefaction
which means the phase transition from gel to sol. The liquefaction of the
vitreous body is the most common degenerative change occurring in senile
conditions, which sometimes cause damage to the eyesight. Interleukin
1p (8) and light (9) may be the potent factors to induce this liquefaction.

When the vitreous body of rabbit is melted at the room temperature from
the frozen state (-20°C), it is liquefied and separated into two phases,
namely, more tight gel phase and aqueous phase. This is considered to be
a good model to reveal about the liquefaction. We studied the structure
of the vitreous body, by using this model to make clear the mechanism of

liguefaction.

Methods
This experiment conformed to the ARVO Resolution on the Use of
Animals in Research,

Preparation of specimen for microscopic observation

Rabbit's eyes were dissected usually within 1 hour after sacrifice by
excess extracorporeal injection of pentcbarbital (100 mg/kg). The
specimens were first prefixed with 2 M glutaraldehyde solution for 20 min.
and small incisions were made on the outer surface of the eyeball, which
reached the vitreous humor near the nerve to allow entry of fixing reagents.
Eyes were further fixed with 2 M glutaraldehyde solution for 5 min., and
then with 10% formaldehyde in phosphate buffer (pH 7.5) for 1 day. This



method is essentially the same as Kobayashi's method (10).

The samples were stained by the following methods, phosphomolibdenic acid
hematoxylin stain (11). They were examined on a Leica Microscope LMD at
both visible and dark phase.

Glucosaminoglycan analysis

After digestion of the samples by actinase E and chondroichinase ABC,
the aliquots were applied to BHPLC w.ith ion exchange column and each
glycosaminoglycan (GAG) components were determined. GAG is analyzed by
Seikagaku Industry Co.Ltd. .

Amino acid analysis of gel and sol after liquefaction

The peptides were hydrolyzed with gas-phase 6 n HCl in vacuo at 108C
for 24 hrs (PicoTag Work Stations, Waters). The amino acids were
derivatized by 6-aminoquinolyl-N-hydroxysuccinimidiyl carbamate and
analyzed by RP-HPLC (Schimazu LC 10AD) with an AccQ column {3.9 x 150 mm,
Waters), using fluorescence detection (250 nm excitation wavelength and
395 nm emission length).

Amino acid sequence of protein beads

The sample was digested with lysyl-endoprotease (Wako Pure Chemicals)
for 5 h at 35C in a 10 mM Tris-HCL buffer, pH 9.0. The resulting peptides
were fractionated by reversed-phase (RP)-HPLC (Schimazu LC 10AD), and
analyzed by a protein sequencer. Amino acid sequences were determined by
Edman degradation on a pulsed-liquid protein sequencer, equipped with an
on-line phenylthiohydantoin (PTH) amino acid analyzer (Applied Biosystems
477n/120A, Foster City, CA, U.S.A.).

Two-dimensional gel electrophoresis of the sol

The sols of vitreous humors were dissolved in. .6M urea,
5% (v/v)TritonX-100,2%(v/v), 2 mercaptoetanol. 2% {(v/v) Ampholyto (pH3-10)
and a small quantity of bromo-phencl blue. The immol_):iline DryStrips pH3-10
were rehydrated with 8M urea, 5%(v/v)TritonX-100 » 10mM dithiothreitol,
and 1M aceticacid at least 6h at room temperature. After the l-st dimension
run, the gels were incubated with SDS equilibration solution A {0.05M
Tris-HCl, 6M urea, 30%(v/v)glycerol, 1%Sodium Dodecylsulfate and 16.2mM
dithiothreitol) and SDS equilibration B (0.05M Tris-HC1, 6M urea, 30%(v/v)
glycerol, 1%Sodium Dodecylsulfate, 243mM iodoacetamide, and a small
quantity of bromophenol blue) for 10min at room temperature, respectively.

1-st dimensional gels were placed at the surface of the Exel Gel 5DS {2-nd



dimensional gel, 8-18%gradient) catiodic side.

Results
A typical meshwork structure of a rabbit native vitreous body is
shown in Fig. 1. Bead-like substances of 5-8 um in diameter are present
at most joints of the fibril meshwork (Fig.l arrowheads). This meshwork
structure is more clearly cbserved bj dark phase 'picture, rather than by
phase contrast or bright phase.

When the vitreous beody is melted “from the frozen state (-20°C)
{hereinafter this deformed vitreous body is designated as the melted
vitreous body), the melted vitreous body is changed into two phases, that
is, associated fibrils (arrowhead A, Fig. 2A) and amorphous aggregates
(arrowhead B, Fig. 2B). Beads were not detected at the joints of the
associated fibrils of the melted vitreous body in Fig. 2A. The amorphous

aggregates seem to be released from the associated fibrils (Fig. 2B).

Fig. 1 Cross section of- an native eye
of rabbit dark phase image {bars S50u
m) by phosphomolibdenic  acid

hematoxylin stain.

The gel of the melted vitreous body has HA of 91.4 pug/ml, ChS of 12.4
ug/ml. HA is a major component of GAG in vitreous body. And the sol of
the meltéd vitreous body has just HA of 18.5 pug/ml. After liquefaction,
most of HA still remain in gel.

The proteins released from the amorphous aggregates in Fig. 2B, which
correspond to the proteins, underwent amino acid analysis. Column A of
Table 1 shows that these proteins are not collagenous substances. The
hydrogel of the melted vitreous body is mainly a collagenous substance,
making up approximately 70% of the protein of the hydrogel, as estimated
from the hydroxyproline ratio (column B, Table 1). These results indicate
that collagen is the main protein of the meshwork of the vitreous body

and that the beads are composed of non-collagencus proteins.



Fig. 2 Cross section of the melted vitreous body of dark phase image (bars 50y

m) by phosphomolibdenic acid hematoxylin stain.

(a) associated fibrous area (arrow A), (b) associate fibrous area (arrow A) and

amorphous aggregates area (arrow B)

Amino Acid A B
Hy-Pro 0 94
Asp 88 67
Ser 52 39
Glu 182 11]
Gly 71 215
His 23 9
Arg 22 33
Thr 29 21
Ala 84 78
Pro 51 76
Cys 9 ]
Tyr 13 11
val 79 48
Met 8 20
Lys 66 27
Ile 45 44
Leu 115 83
Phe 63 54
Total 1000 1000

Tabel 1 Amino Acid Analysis of
Vitreous Body. Non collagenous
substances (Column A) released fromthe
melted vitreous body and collagenous
substances (Column B) from associated

£ibrils - opaque hydrogels,

The soluble proteins obtained from
the melted vitreous body (protein
beads) were directly applied to the
protein sequencer. However, these
proteins could not be analyzed because
of N-terminal blocking. After
digestion by the protease, the
resulting peptides were separated by
HPLC. The fractions were collected,
and aliquots of the samples were
analyzed by a protein sequencer. One
of the peaks was determined as

VQSGLDAGH and according to the database



(BLSTO), the sequence was consistent with V1460SGLDAGH of the oaA-
crystallin fragment of lens(12). The two-dimensional gel electrophoresis
patterns of the soluble proteins from native and melted vitreous bodies
are presented in Fig. 3. There was little protein in the solution of the
native vitreous body (Fig. 32). Onthe other hand, the patternof themelted
vitreous body (Fig. 3B) clearly shows many kinds of soluble proteins, with

molecular weights ranging from 20,000 to 35,000, were observed (Fig. 3B).

A B
pl—= 70 6.0 5.0 pl— 7.0 6.0 50
e v v v ﬂ%d v v A
PYURS "*
* % »
% »
s
2650

Fig. 3 Two-dimensional gel electrophoresis patterns of soluble proteins
obtained from native and melted vitreous bodies. (A) soluble proteins of the

native vitreous body, {B) soluble proteins of the melted vitreous body.

Discussion

A typical meshwork structure of a rabbit native vitreous body, of
which the fibrils diameter are 2-4 um, can be observed as shown in Fig.
1. This meshwork structure of vitreous body could not be detected with
hematoxylene eosin stain or Azan stain. It may due to the surface chemical
structure of hyaluronic acid. Bead-like substances of 4-6 pm in diameter
are present at most joints of the fibril meshwork as shown by arrow in
Fig. 1. It is suggested from the results of GAG analysis that HA does not
exist in the vitreous body as amorphous hydrogel or as dissolved state,
but as stable biding state with collagen. HA is a major (about 90%)
glucosaminoglycan component of rabbit vitreous (GAG analysis). In this
experiment, the role of chondroitin sulfate, which occupies about 10% of
vitreous gel, is not clear. fThe glycosaminoglycans of the vitreous. (HA
and chS) aggregate with themselves and with each other in solution (13).

It was found (14) that depolymerization of all vitreous hyaluronan and



of chondroitin sulfate rested in gel wet weight reduction but not gel
destruction.

Many paper (14,15,16) pointed that there are collagen fibers in vitreous
not binding with hyaluronic acid. But, Azan or van Gieson stain for
connective tissue cannot reveal existence of collagen in native and normal
vitreous. It is very clear that the connective tissues in vitreous body
do not exist separately or expose toloutside of fibrils.

Asakura (17) found that ruthenium red positive glycosaminoglycans exist
as amorphous masses on collagen fibrils, as well as filaments
interconnecting collagen fibrils and amorphous materials. It is proposed
that HA binds with collagen fibrils via chondroitin sulfate.

This meshwork can hold so much watery liquid in vitreous body to form
gel-like structure. Afterliquefaction,théstructureischangedintothe
two phases. One phase is associated fibrils as Fig.2 (A) shows, which do
not have the beads. The native meshwork fibrils are easily associated each
other to release watery liquid, after detachment of the beads. -Another
phase is amorphous aggregates as Fig.2(C) shows, which are detached from
the meshwork structure. Afterwashing themelted vitreous bodywithsaline,
the amorphous aggregates as Fig.2(C) shows were not observed except the
associated fibrils. . The amorphous aggregates are water-soluble and
thought to be the beads assembly.

From the results of two dimensional gel electrophoresis, it is also
revealed that these soluble proteins (Fig.3B) were released from the
meshwork structure after being melted. Before liquefaction, any proteins
were not detected in Fig.3A. These beads proteins are different from
collagen (Table 1). This result can be compared with Davidson’s result
(4), which also show non-collagenous substance of beads.

One of the beads proteins was identified as aA-crystallin by amino acid
sequence study. aA-crystallin is one of the main components of the lens
{18) and a lens-specific protein, even though it is expressed in non-
ocular tissues (19). This is the first observation of the presence of
cA-crystallin in the vitreous body, suggesting that there is a relationship
between the lens and the vitreous body and the beads have ah-crystallin.
Other type crystallins were also found in vitreous (20, 21). It was found
that aB-crystallin (22) appear in the subendothelial region of Schlemm’s

canal and outer corneosceleral in normal eye.



What is the mechanism of ligquefaction? Liquefaction is a sort of phase
transition from gel phase to sol phase. If water (like aqueous humor)
merely is trapped as binding waters of hyaluronic acid in vitreous body,
this phase transition is not easily elucidated. If aqueous is trappedwith
three dimensional meshwork structure of hyaluronic acid-collagen fibrils
as shown in this study, this aqueous is easily released from the meshwork
after this structure is broke down. This break down trigger may bhe
detachment of beads protein from the joint of meshwork structure. It was
suggested (2} that the gel vitreous can be liquefied by removing or
destroying the collagen fibrillar network. The former can be achieved by
filtration or by centrifugation, the latter by homogenization or by
digestion with proteases (collagenases) which destroy the fibrillar
collagen. The residue after filtration or the sediment after
centrifugation was called “residual protein”. In this experiment, the
residual protein itself must be beads proteins.

There are so many works (4,6,17) which show very small fibrils and beads
by transmission electron micrograph. On the other hands, Worst (5) found
a characteristic fine structure in vitreous consisting of a number of
radially and concentric runningwavy lines, ina fairly complex arrangement.
It may be due to the difference of the structural hierarchy, namely,
macroscopic revel {(100~1000 micron), microscopic revel (10~100 micron),
and electron microscopic revel (0.1~10 micron). It seems likely that the
structure of microscopic revel is also very important to elucidate the
physical changes in liquefaction. It is very clear that the connective
tissues in vitreous body do not exist separately or expose to outside of
fibrils. It was also revealed by the transmission electron micrographs
(23) that some collagen fibrils in human vitxreous appeared to be packed
in a bundle of parallel fibrils to form big fibrils of diameter 10~20 pm.
And the existence of amorphous beads like substance of diameter 10~40 um
were also observed. The three dimensional structure of the vitreous (2)
is thought to be formed by water-insoluble collagen fibrils, of which are
remarkably uniform in diameter (10 — 20 um}.

Our results suggest that vitreous body is not merely suppeort hydrogel
to retina, but has functional structure and some relationship with lens
andothereyetissues.Andfurthermore,itisnecessarytorevealthenative

vitreous body at native state.
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