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1 FRMER S & kB L Oh#E & 2 Ol

Organic Compounds on Primitive Earth and Mars and Detection Methods for Them
IHERIE" - RIBFET - & FH - RIIFE=? - AIBTTHS - iR
(WRESI KPR ITFE! « AMIE? - ZF(LFESHPP « REKEFHEH)
Kensei Kobayashil, Shigeru Kajishimal, Takeo Kanekol,

Yoji Ishikawa?, Yukishige Kawasaki® and Takeshi Saito*
(Department of Physical Chemistry, Yokohama National University!; Obayashi Corporation?;
Mitsubishi-Kasei Institute of Life Sciences3; ICRR, University of Tokyo#)

19964, McKayi(d, KMEFRAALH 84001 OFFER LY, HWISEEFTOABLIC
WEDHNEE L EDREET o, T OHE - REOLHICE, HFrEkBOESS
LJUERYIEENVETHS. KEDEFRDEEETSILHICR F08—7 9 b &i3
B OBES SUEENSNEOTEECLS. XBECE1 -40L5 GE8MOTE
ENEZBNB. '

1. B KA TER LY . ERithE - AEXTEMBEOFRBH LY
ELlbndddL, TEMERE - —BLRE T kKBETORERELEEING.
DO &I GREKECIERN S DR FRERITTIE (7 3 /B NERK L. C
D7/ BARER SFEHEEET MKSRICLYZ7I/ b UNEET, 73/
BICELT R, CORBREI, BEHRARICENTHIERED—BLRE - BEENH 124D
(£, FERGEOERICEY 7S/ BEEENRER L33 E5Rm%T 3.

2. BEFAEHY: —BLRE - 7UE=T7 - KORSHIC10 KTOBRFEERE
F5E, ERMOMKSBOFRICT S ESNREEN, BHERET CFEHEEOER
(CkY 72/ BEERG] MEKRTICENTEEIN. CO0L557 3/ BEBTERE,
HBEH L HBENGEULBRERMBCLYERREICHBEIh-EEILND.

3. [kBED| BFEOFHBY : XEXTPTER LR HELCOMEEN)
RIROFEIIFRRAEFTECETAAT BB X —7] £ 1cREIZES THL.
CDFERZA =TS EGHEE Ulch ES MMIFERESEI L v, TTREE R0 H 5.
H URE L TESHIERE LIEBE, ABEMRAROFRMNEREDY -7 v &3,
4. BREXSPTOERDOERN : FREONBRRIIZEILRFEZETELTIHERLD
DTHZ3D, —BERFE - BE - KEREHMBENLZT-YH, FHEEOERICLEZLT
E8 - ZIVFE FPT7 I BRREOEKIITRETHS. ChodD7 3 / BaiEEek - &
Tk - TIUFE R EOERHEEROKDICER - BRINTHWIEEEINS.

1 -3 0EESHI MO T PETRIRED EFBEENEZII-8E, SEFEERL
KFPAH) O LS GEaF U EShEOEEEENHS. ChETAERHICHOShT:
PY-GC/MSHEPLMSEIZPAHE OSIFICEFRATHS. UL, =+HEFEFICAED
MM DIKAGER LIcigd, KO—REMTHELELTE-THE EEZISH, F0OFIC
ARINERFEFEEINTHE LTS E, PAHLUBEFIFOBIRERIGELU-ERYMO
FENHBTEZ. TOHS, ERYVEKTHER VI MEAF tERCLB3EESW
ETHITEHE HANEBRIKSRULT7 I /BN T3 A5G ENREETS. &
HBAMICLIEFEOREE, EFESTFOEKEBET COREREOHNENLETSHS.



2 BFREEFACLIERBREXRSISORKBEXEOMEYVR SR
Abiotic Synthesis of Nucleic Acid Bases
from Simulated Planetary Atmospheres by Proton Irradiation

FER— it B /DMEE (REELAFIFER)
Ken-ichi Murasawa, Toru Tsuji, Kensei Kobayashi
(Faculty of Enginnering, Yokohama National University)

19504E(CLIKE, FIAERBIB 24 Lo REBIC L VERTEEMESRT 3 RAAFDPHEE <
LENTE, BEEBASNISO7 2 /BOERRSERESN TSN, BEBERS
FOSREREOBRERBHTLLEL, bhbhhidkil, SSEITIERRERMRATRE LT—
B{bEER - B - KOBESREEZAL. CHICFERES THIBTHRERHTSLILIC
SFUDTUPERTES EEREL (1], LML, BUCERYRICUS ZIVESND 4
BORBEEEBRESWED -, TCT. U3 VIS OEROREMBIEMRGER
NEfe, ErOEBREASENOBTHREHET ., 05T OKBEREEHPLC
EBIUVCOMSEIC L YR LI,

S8 BESMEATE LTIICO, Ny, H20 (RIGMERATRRE) 8LUCO, NH; (HER)
DERESTEEB, CHICHETEAS OVan de Graaff IERMNDS OB T RILF—BTFER
(3 McV) %St L7, BHERMEET, BB F TMHPLCERIC L YESIEROFHUSE
DOES A2 S Uz, RICEESZMPHPLCEICLVYBESRL, EHICHERE1%A S
J =K & U THBHPLCETRIE Uiz C O E %2, BSTFATTMS{E L, GC/MS
(Finnigan GCQ; #1541 J&W DB-5,30m) IC&KYRIEEITo .
BREER CO,NH; 01 : 1 EERGEOBTRBHERD OB,/ OT M5 LI,
MUV ORBEBMICEHETINBICE—-IDRh oM, TNEETLHICHEE, BIEL.
SiEK(LE, GOMS THHT LIz, Fig. 1ICZDHERARY bIVERT, ¥ Mo OEES
Bl OFEE LB, miz 254, 255 (M-I M ICHEE) SEODE—IhEBLHh, by
OEEMBERIERES Wz, LML, CO, N2, H2ORESREANDBFREHERYFIC
BHLNYS VNGB EhEho T, Fiz, CO, NH; iBSKFICHEEDKEMZ.
BEFimBE AT E,. Yo rvidRBEhE 0w
hofe, CHIGKEMA IO ICHERPOT7 Y E=
FOENSEIMNMET LIz EEZ NS,
7EI/BROBE, kERPERREHEALICELS
HTh, UL v 7Sz ERBICEERT
%, chics U, HEHEBOERIERARICE-
TRELEREINB ZENREN, £, Vb
VOERICESHEPOT VEZTHEBEETHIZ L ™
MNhhotz, TOIEIERBMBERELITOY i l lu
UUMBERMNEBCH LN &, DFYIMBARE ‘A kwﬂ """
EHEYOBFTEOTRERETRETEILOTHS,

{1] Tsuji and Kobayashi, Origins Life Evol. Biosphere,  Fig.1.Mass Spectrum of Cytosine For-
26, 347 (1996). med from CO and NH3 (TMS derivative)
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3 EERIUEMERATTOERMOLER .
75 ) BN GE RO

Formatin of Organic Compounds in Cometary and Interstellar Dust Environments II1.
Estimation of the Formation Rate of Amino Acid Precursors

IRER, TN NHEE!. FE R

(BRELI KPP TP, RRAPFEHREP?)
Takashi Kasamatsul, Takeo Kaneko!, Kensei Kobayashil, Takeshi Saito?
(Faculty of Enginnering, Yokohama National Universityl, ICRR, University of Tokyo?)

EE (L& - THIRRICES I -F8Y 35S ORBICEELREE %872 U ST ErH 128
T3, Tz, BE, HIWIZTORRETHIEMELIE LI ERIDERER
HiIThbhTE T, UL, ChETEFFRYOERICHATIEENEHERI LS
Moloo EHARTHE, BEFOERMEZERTIRLELAONIEMEREBICLENT, &
FEEERY E LCEEL 7 I/ BOEREERNICBRET IS L2881,

KB (i)CO-NHz - HHODREMIC10 K(E#H)/ 297K,335K(%4H) TVan de Graaff
MERE (RIK) MhHD2.8 MeV BpFiRERAT Uz, (i) CH3OHE25 %NHzk %5 : 7.1
OEESTRELS OICT7TK(EHR)/ 293K(##8)/ 353K (=#8) TSFH¥ 4 s o0 b o/ {EKX)
Mo M35 MeV BFEXIIRENERS (ER)NSD15 MeVOBFREBHF L1, (i)
FEHREESYICS0CoRRE (RR) MWD Dy 2% E B (48 £(I353K(TMA) T@at L,
HRA SERIK A BRR, A F TMHPLCR(SRLC-6A)ICLY 7 X /B ETT o 72
HBREEE OThoRFEEHOEBEMKSBRYPICHIY LY TEDT I/ BIKRE
Shiz. 2720, CO+NH3 « HoODBEREREMICEFIRERS LB 0sY YVOGE
13 TIELS, ERBERICEMNTOZS, LToL3CLT, BEMEBEBTO7I/8
DOEFICONWTERNICRSFTTEZ &L,

(i} CHaOH%:REFEE L-BOBTHERSICLITY v OGHEEE, SHETEH10-218E,
BELBGETHI048EL LY, BETOGHEIRKEFETOGEDWI/40TH 1,

(i) BFRBHOBESLBTFRRA L ITIRAREHERTH -1

(i) Ho7RBEHOBE, & - BECHEITBGEILEICI0-4F—F -l o1,

(iv) REOEMBEL#E L7-CO+ NHz - HoOm10 : 1 1 100;RSREICIBFHELBE L1-18
& FULUOGHEE2.83 X104 TH> 1.

(1)-(i11) DRI, £ ERLPTOREREOBE, HEMr50BTFR - BT
E—ACL3FEEFENDD, vIROBAEEMNSECRHEINE 2O, REOBETY
WEOMRIMP 212 EEILND, EEICHBITIBTREHAICLIZ TV VOGESR
RED/40LF 3L, EMEBBICHBIZTV LV OGHEIIE x10-6&43, SFHh
OEME (F0.1 um)d, 107 FHFHBRICEREIN, CchiNE0EFET->THEIC
Lolcdd1&, EHEAZ20 nmol/cm3Dy' Y & VEIERENRGEETZ S &I 3(2],
%, BLAOEFNICLIVEERDS L IEERFOREMEIC & UBISHERICHKBINS
FRYRE RRMEBRAKTENHOEUCIFHYMREDEEBET>THFETHS.

Xkt [1] Kobayashi et al., Adv. Space Res., 16, 21 (1995).
(2] ETRRED, MER{EF, 1RFED.



4- FUEKBE I8 3 DNA DEMRICL 20 onT
Decomposition of DNA by UV irradiation under simulated
primitive earth hydrosphere
EEHN - TH - TI0 OR GEK - 1LER)
Yoshihiro Asano, Hajime Mita and Akira Shimiyama (Depart. of Chem., Univ. of Tsukuba)

[F£55] DNARESECATREEESESTFTH Y, LEELORF TIIDNAR LR F
EOBEN R @I BEKEDICFEL L FL bR D, RIEAK CRERRETTAE
Dl 0B FET CEEL-EE LN, FhiEEEfbo AN F-FE L TFIA
2h? s ERCESESTTFEORTLEMCOERLETHA S, & o TDNAORIMEIC
W sRERE, EGOREBLZEIZLTEELRA VM Eehbd, COLDERPRATIR
DNADKEBRIC BN+ BE L, 9 TEEL - SRERPYRUEoREE OV TILFEE
{LHE R % 1T o 70

[£8] XBHE (A221) 2LBEMICTHEEL, ThTEEL 7ML VEREICLD 7
5 A 3 FpBR322 (4362 bps, 2.84 X10°Da) % B M - FM L 7z 2 ODNAKEH (100 pg
ml'l) CERABBET R AT o 70 RAHRIIIEEASRLT ¢ 185 nm, 254 nm (L& | 1.04 mW
cm?) EAV, BEREE, ¥4 IPREEI o b5 74 - EHWTHFEDSH O
WEE, WHEEZ O 7974 —2HWTHBERPORE - EBEZ1To 7.

[ s 28] 8448 & DDNARSEL . 107
FORLEBEOEPURP L, HEWETH S
pBR3220 % B2 BRAT HEIC LT3.8T em? &
HE SN, TERLAEDNAT7 I 72
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Formation of amino acids from amine-water system by UV irradiation at 77K.

LA - =H

T R (HEKREEER)

Hirofumi Yokoyama, Hajime Mita, and Akira Shimoyama
(Department of Chemistry, University of Tsukuba)

(iRl 73/ BRABROBEDE CHLRFEABRATEIFEL TS ), FFCER
Y FOMBOBBADEICDFEEFEE S NTVE, FFETRERHEELLTFI v %
BU, 73 /BROFEWRERICOVTEREL TV 555 A7EIX185mm, 254nmTD T X/
B RIc oW THRE L, S EIE293KDEE L 7TTKOBIRT A F 7 3 KR 1720m
DENBEEE L, EHTA7 I VBICOWTERL,,

[£ER] 293Ki{R o 7-lmol -dm™3 2 F U7 2 Y AKBHICXe* L F v — 5 7 (KR 17
2nm, Y& 1 5 X 1047-cm2-51 ) OB EEITL 2. BINL BHEO—EIXFHMALL.
GCMSTHE - ERBZfTo %0 W7 IVBROBEERLRET I /BROFI#HVWTEERL

770 ERTOEREImol dm3 X F VT 3

VKB EHe M A TEBRL XL HAERETE

HLTAFNT I v-KBEWOKEEY) BARERF L 2o BEBREZRTHIL,

FRTOEBREFRICOH L 72,
[#%] 293K T OEERTIE, BARH
thyyyy, g-79=v, N-AFN
TV vOIEEERE L, Y)Y
EN-XF VYT 2 id30mR B o R
FERTIHREL TH.IRERL. BX
WRER LI, T2, B-TF VN
AFNT) Yy DELS0THo e —
H. TIKTO 4 B ORMARBL T L8
BOERLRICTY Y, -T2
Yo NoAF VT YT o 358+
L7=(Fig. o
AEBRORINEIRIT . FisakE
O H., ERMTHEEORINGIRSHC
MLUT L, ZORRRBAKCEETS
non- ¢ -K7 I JBROERELY, HEK
73 RIS A RIS oW T
RE5 %5,

(M+1)*=214
Glycina
T T 1 1 ] [ )
10.00 20.00 30.00 40.00
Retention time /min
N-methylglycine (M+1)*=228
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1 T 1 T T T ¥ 1
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Retention time /min

Fig. 1 Mass chromatograms of amnio acids produced
from methylamine-water ice mixture by UV imradiation
at 77K.
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Search for chlorophyll related compounds
in Precambrian sedimentary rocks

gEEF—-O T B BERE - LER)
ZENYOQUII, Kazuya and SHIMOYAMA, Akira
(Department of Chemistry, University of Tsukuba)

(] 7oo7 4 VEHBREODHICRLV T4 )V NEBETH EFMLR TS,
BT 4 UMy AR T s F VI A ENEREFE S L THEREREERTET 3.
FOEORKEROBEETCOFEELTCVI TS 2, £ THAFATRERAP O
N7 4 ) ALEHRUTEFOREEHIC OV THA.

[£E&] e & UCHE (8005 €8T . Thule (61%4ERT) . Great Slave (191&%FH]) .
Isua (38{EER) DWHETHAV . HEHBRBERY Y- 25 /- VTHBL, YU A
HNh S ACTHR, BPLCTHH L. MORE SR % lemARICHE, 0.IMHCL ~
VEYA S ) VOREEToz, CORAREEAVHERLE LD ETIT,. BARY
HELITHPLC TR TE R 2T TRYEV-AF /- VTHHB L. T2 IKMHCIE
M CEEELPRMB IS, BNESR L RERFRFARVEY, RYE V- XF /- 1T
HH U7 S HPLC & GC-MS (Great Slave &£ Isua® &) THH7 L 720

(R L £8] FE#EKRE> LETORE

0200 15t wash
Ty S ANT 4 ) Y ET T FINRNT 4 ‘J!u
VYRR . £ ORESHEEHARE o
i ?%Eﬁ@zm‘ﬁ"t LTwi, A7y o200 7th wash

7 B HEFEE D6M HCl B TREE 0 HHE AR
M, SREOHFRTCE L wARBOY— 00 e

& HFHPLCC#E S izo F 7-Thule & Great o0 Ju H
Slave BB CH TR KR INERDE -2 2% oo '
FHELe LBLENT74Y Mgzl o 020 [T ' H20
SHEH O LBRIETE Ldh o 72(Fig. 1)o Thule ’“U

& Great Slave B A 6 BEEHET oV 7 0_:;; , —
I FITHERETASA AT T MR J“L\,A,UL
DEENFZBOLNTWD, EDZORIVT L oo :

1) ALAARRE T & e o 22 0 i HERR S ° 2 0 %

Retention time / min

TAREG £ hoTwdh, RA74) V{LE _ )
. " - Fig. 1. HPLC chromatograms of soluble organic
W D{ta~ LB L7 TEY D 5, compounds in Isua 206-5.
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Analysis of hydrocarbons in the Cretaceous/Tertiary
boundary sedimentary rocks at Kawaruppu, Hokkaido, Japan.

=H BT R (SUERE - EER)
Mita, Hajime and Shimoyama, Akira
(Department of Chemistry, University of Tsukuba)

[Ef] chEcic, R4 MBI ERDERETS LOBA» SEBENFAOEHE
=R (K/T) BREBETO7I VB, VIVEVBRZOWTHH STV EELE
WTE, TITik, CORMORBEHCERT LI LEELCLHNELTCK/THER
DRAKFEDOGFI 2T, F 6 6 O L BRI T o R & IEHRE L 2.

[£8] K/ THFHIER 14m 280F0LT 5 m »5E50 a2
FiRAV . BERIBBPLRVEY A ) — VG DERTHTERB L, YU A5 Vh
5 Az DRI, FERRICKRES LML, FRA2av brT 7 —EEBSHE
rHwWTREEER L

[RRLEE] C,,»bC,F TOHEHMEBHRRIAAZ ZRAEERL 720 £04F
. K/ TERBSC211nmol gk, TOLETOHBM>15 n mol g' ek~ hdo
oo HITH, EHIEBROREREORNEZ, BERBLFOLTRB LB L, *h
o, BRBICE W TRERE L

ENDC,; RO RIKESED 3 — —

T J T T [ ]
RILCVBT EHWRENI — 25 ;.?: %ﬁ%ﬁ}? 7 i
F. Wl ohD T VEFNEREE Ezfﬁﬁﬁﬂm%ﬁW I i
EHDFIIVYIALITRLET Sm:ﬁ—mmm%m |
D2 6WOFEFHRRILKEERAE § | i
ERE L. FDEERIT 60nmol g? 5 05 L ]
BE L, BRRAEARCERS o LEga

(EFELI. T/, SRR AT cis o O o s
Carbon number

MFETEVY, VRAFNFTIL

Y TtV /ST E

YR EDREHFEL L S, BB EEOLTR L OWHLEMIRA LD o,
TGO L) CoRROBERB L RERTCH oL ERBRIRTEY,
K/TERCBWTRLI S OPEBHELTO S OWRI Lo Tikn ., BRRIE

KREOHTOBYNRI L712d b vwidFRRIERFOHBEIBRL L EEL LR
bo —H. FEERILKESH T, Sevos Klint %2 ERIIHBBO K/ THEFTHES L
7 FORIEEAR KK 2 7R T 2 #5 R(Venkatesan et a. 1989)IXEB L N d o, DD
REZHFEHRBEE Y~ boTREP o EFELLNS,

__8_



8 7 3 JBAER O & B
VRIFF ROEREFDT L I{LIC2NT

Formation and racemization of dipeptides from amino acid solutions.

FH E¥ - Tl 2B (RBEKELER)
Masako Takeda and Akira Shimoyama
(Department of Chemistry, University of Tsukuba)

[Fh] R EOLFEEILICBITILT7 2/ BILDORTF FEARBEOR TS, 7
I BOBEREEEEUORES L VBB AKBECHETH B, T THRPFRTIR, &
BAFEEGh sy yRo Iy v %T I BRSO LTV, VRTF FEE
KOWTEBELLZ, WEIE S DIVRTF FERTREBRIEHF T, o« RECKELF
D7 I /ERFBIRENLEEHME Lz SHBEEPOV T AT VAT —HIZOWTH
AR, THELERLICHET 5,

[ZE] L4k DEEE RS U8 D04mol -dm3 7 3 JERIC2 W T, 0.2mol - dm3
CuCl2 & 4mol - dm3 NaCl 2S5 KEHEHEHOCTME L2 7T =V LDV THRT
DA LfEDH 2 Wi DD KR, LfhE DAEE8 1 2H A2 0Wik2  8DEAETRAL L DK
owr%ﬂﬁhuﬁbtoiﬁ%mﬁgﬁtb GoMs%mwfﬁiﬁﬁb:UﬂE-

BL7e T/, MBRCEREO UV ARZ P EHIEL .

lﬁ%lbﬁauw%%ﬂﬁb77_/®
M TI, T9=2NVT7 5= /OURLR4HED

D7 AT L AT =GR o LT, 7, ” (Do B Bo 8o
752V DL ERANKTE, ThER B,
DEFMDIT AT VAT - n EE
2rREL7 (AR o %g
LdL, cokiz7 eIRAPONMBOFE o8
REroFIEINBMELRIRLEY, LEDALD g&
MMBATIE. DL LLEL D b CAERLT ©F

Vit MBRRICRIL 27 5=V ODLIEYT a0 2z 5 8 1
IROT IV T AT VAT =R Ratio of starting Ala-isomers
ECELDRBEETL TN RVWE EERLT.

COHBA L, ER LV TF Fepe Nk Fig. Relative amounts of Ala-diastereomers
WY OB C-KEED bELCF w3k formed in 0.4M Ala, 0.4M CuCly and 4M
TWAE ERMBELE, cnZ Lik¥~75 NaCla80C for 720h.
FARZLR(MBCEL > T7I= Y DDL

PEIET D LERLTE Y, BEEUER
DEBEVIHTOEPENLNRE5 25,
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A New Mechanism of Amino Acid Formation by Electric Discharge

BN fh e EAER - NREIE* - Bl B
Shin Miyakawa, Hideki Tamura, Kensei Kobayashi,* and Akira B. Sawacka
(RIK - [5E 58 (Materials and Structures Laboratory, Tokyo Institute of Technology)

* (*ﬁ@jﬁ %E) (Department of Physical Chemistry, Y okohama National University)

HBERVWETI /BERREBSETEREfTONTEREN, TORBAIZALRT R
JRBEIREOBIRIBAREIC LN TR, —F, KBEBRFPTOT I /JEERIEELT
W, T ALK - FIVATIVFER - PUEDTORBTHEIA Ly h—RisHEE,
VTV AERFRERENELSASENTNG, Z0ED, WBICXZ7 I/ BEARICELTS
TV ACAKFIRENKELSFELTVRBDOTRABWNEEZL SN, KA - RS HOY
7 ALKERLOBRUENEZ < TONTNWS, LML, HEICX D USERITHNWE
RERZMAKDETDE7 I /BAMBREBENE ZEPRA—RNIZT T AEKFEEFNVLT
NWFERPEETSHEEROFIFTEIN I MINICARD CERERELDE, WEBECE
WTIRA Ry —RERI T ALKBRESHNERT I ) BAERBKSEEH N, DL
A, To5AROEEEEZSE, BETHEEOLIREHBO IS XAYHENS ¥ AICK
B-BEUTTY I/ BIBGEERT S LEXRIINEUEBDNS, TITHEERT
W, 7 ALKRFREFERLBDE S ICAERTFEZRWECOINBEHA2HEBESS
ARETHIETCNOTEN T 7y AHEEREL, CHICKEZERERTY I/ BEEKR
THLEERA, E, CORBBELWI EZEHT 5 -DICAMETEEZSDEK
EBCOERWEERbTo .

CO+N, BEH A eEmA 7T I AT DITH RN F—NINAT I AT EERT
HBBEMPDT —27 Pxv hERWE. 5000ED/UVAKEDE. /51 Ly 7 AHORISE
TR L RAHEREN D E 7, CORBHERIIAPTINI-NVICRETH o licd,
BRI N T ENT 7 AREERO LRSS, 73 O BOERE - RSN
KO REBIZGC/MSEHPLCTfTh/e., GC/MSHIEDRR, YUV EFANTEY
BRMERLTNS Z t%ﬁ&bte%@EﬁﬁﬁﬁﬂﬂX&COH%HﬁﬁAﬂXth
BEDI0% EIFERETH- 2.

kXD, COH%EAﬂzmﬁm77z?;DAméhiﬁNO?%W7?zﬁkmE
ERER2ZET BRAAICKEVASTWEESEEEREOT I /BIERTS
ENSole, T, HEBICXDT I JBERICBLTRENWRSERIETH S A b
Ly h—RERI T AKEESNERRB AN LTREL, #EOT I AN
DELMMIERG - BETAIENEETHEEERLTNS, T, SETFRATH -~
IRDERIOT 3/ BRATRANCNOHT £V 7 7 AMBTH B Z &2 RHE Lz,
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Kinetics anat Mechanistic Investigations for the Formation of Oligonucleotides from
$-Phosphorimidazolide of Adencsine, Utidine and Incsine on Na*-Montmorilionite
JURERE, J. P. 7xUR (KEUNMCAZIZER, Vv 5—TRAS)
Kawarnura Kunio, JamesP. Ferris (Osaka Prefecture University, Rensselaer Polytechnic Institute, US.A)

1. RNAFMSRA R D5 L Bl 5 % b ol EaOERFRICHNTERRREIEI L U
Lor#EL RTINS ZOERMBELIHUE RNAFSGER ETESNCER LD LEL B
B, RZLZAY RSV VE 34 ReEER 2 LAF RAmphidEE Y v Mo E T CE
&1L, BB 1 0BEDFY I Ry LAF FRERTS (1], $ERTF/) 0 DY PRI /v
D3V ERA 30 R oWCHEERIVRIT TR  BENRROEEO IR

2. ImpA IrnpUB EOImpls LU ) A MNIBHEOFEICH - Tl Ui, $1FFET ToFY
AR I VAT FERRNE, FrERiC L ic e I UHP L CEMrLGRIR U .. Sicii o
FTREHER 2L AF RBEUR ) IR LA4F ROMTURERIE Ue.  BOSEEORINTIEERT
w45 ASIMETERWE [2] .

3. F%Fa J:U#ﬂ
(1) 2 7 SRS
hml%*éi##?‘cméﬁff% ﬁﬁﬁl OEEEW»]—U :rsw wd-f FAMERL, ImpATEDEIEL
AV TR L. ERINLORINIT IR A T TSR, (2) EMERS
LAF FOMGEEm « WEAbR 7 145 FORTIcH T 2RI LR InpUidoiBidbx >
L Rz BT S — 9 BRSNS P ote.  EToStIMeQ 20FE T TEML.  Impl 2 ImpUailk
FEEEOED, P VAEREE UTH OB ERZ VAT KRG, 7V AR5 & OBivkiAHE
ERMNEEI RS LTS = k4ot ImpUldki Lot 3mEthdvh &y visd Y = — Q&g
DL KSEhofe,  (3) ARRMOESERR | InpUl ImplOFRERIIZ OWT, A2 ZHEPLC
i EN B2 merdd L UB meiSy S USRI UTCRSR. SR ORI merdmer7 5 & ¥ a L HIZEE
RTNBZ L&t 2mer? 57 3 a P& EN 2R3 mad#lAls  Fh-EImpUdd7%),

Impl8%) T3 Y ImpARIDIRE L LR TE L AR&Z D ofe.  ElImp EImpATIE3S- BaoRlaIRE
<, ImpUds X OImpC T2 SHE A D8I SRt (3,4] . 27V B IV EEREHE
HEELTHOERER 7 LAF R G ERT54Y IR 1L3F FOMBERERRRZ - LERR L TN
B, (4) FNIRZLAF ROERFEE : Bk [5] U TRIGEEREL, BIMEoBird
BoBmORREESdE (k) FHELE. ki3, 8h IMIdmpl), 18dmpD, 104dmpAyk, ImpUTHRAT
Bote. T IUImpUIS & Ucisod Y DAERENST 5/ L dhBUVNEA /) R Y VA F ROFE EHAT
L INSND SIZEEL TS, kiiEd) IR 7 LAF FOMRITHL T7 2y bLAER ImpUBX
I OR T HImmADRS L Rk, kIEIEHEN 4 i3 E TN Ehel FT—E L7 HilE
ImpADEEIL A iz, (R BdisMIcImpASSAE v ¥ Fe L o TERE L, ZOSEENPLY VBV
AT NAESDUERT BEFARRRUL. disoODHEICRWTIIAE v 5 FORMPAVNENEEZ O
BOT, BYFEORITOWTRE L TWS.

BHER
{ 1] Perris,]. P. and Brtem, G.: 1992, Science 257, 1387,
[2] Terfor, A andvon Kiedrowski, G.: 1992, Angew. Chem. Int. Ed. Engl. 31, 654.
[3] Ertem, G, and Ferris, J. P.: 1996, Nature379, 238.
(4] Ding,P. Z., Kawamura, X., and Ferris, J. P.: 1996, Origins Life Evol. Biosphere 26, 151.

[ 51 Kawamura, K. and Ferris, J. P.: 1994, J. Am. Chem. Soc. 116, 7564.
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Possibility of separation of optical isomers of amino-acid by allophane
HEMFEK - Benny K.G.Theng (EH#SEIEFFFEET - Landcare Research)
. . Hideo Hashizume and Benny K.G.Theng .
" (National Institute for Research in Inorganic Materials - Manaaki Whenua-Landcare Research)

MM RRFLHVBoOTVENI & 6. REREAOBIRNBERIZIZEAENOETONT
VB, Ll A4 ) F4 bO &S - AT & BRI TR, v DTICRELEEE T
HRH D, TOIy SHTHREREAORIRMESENTHhO A0 LA EEbh T3,

To7RE Al BRo T RP S (BT AASFO-HE W R 2ME TH 2, TO7 = YO
(SEZZH4~6nmO RN T, AVSIELIZILO~2.00FEHTEALT 5. /o TOREEIT. SEEHAIO,0HDA
HEEE, PNEENSLAI-O,OHO MHEMETH B, FHIFHMNIEI L7 07 » YICIEEEHOInmO AN
WO HBIETHB, Bx RN AY F4 FOT v PHTTFUINTO R LI UFETBORYE
FRTOTIRE I EEL, o, 707 2 VOAOBRIZASIHICEDEET S ENIFNBD. 20
AORRICEF LTT 2 JBEOD, LAk BIRNICEE 420 TiREbINEERL -, RSP ICELEY
ARROTO7 2 vERAWTT S 0D, EORFRELE L0 THET S,

ERTII., FEEOEORIEST o7 = VHLEER., b E(FAE). Te Kuiti, One tree point(New
ZealandpE) & O 3 HE LI RRO T 07 = EMW, TEMOTO7 2 YOSHEE. BAaAA KT R T 2
VEAEESEE L. 0.IMOHCIENaOHZ & DpH3S~4ZTHfi L7z, 2pmPl TORBED D EKRIMTSHI &
WKEb, 7a7 %8, 7o7 x rAgEkaEspHOS O S TICERA L. IMONaCIEmA B2 LT
EDTOT 2 Y. NaCOirhEn 3 E T, ERET -7, $50°CTHERRE. /3B EEELLD
OEEERE L Uk, TNEADT 0T 2 OASIREFEICR Uz,

W S26R13.0.004MNaClD BREE 2 MNA e D-F 1o BL-7 5 = OMAKO R 2BEOKEHES & 721310ml
707 2 R100F 10 i3200mehn X, pHEICIEE L. #6SHHHRE Ui, TO%. BMOAMET, LB
HORRBEEFREFRHTOOI- L DA LIz, TORENS, LBABD TS v OBEERD, D-F
7Bl 75200707 = YEHNTABRERFRMB -

D-FhBL75ovD707 x ST 2 REROHEELICTT. 7o07 2 VOAWSIHED-LL-T5 =
vOEERICIIFEAEBENED o7, BEAPTeKuiti7o 7 2 v ~OD-LL-75 = ool R itHiE
EAELITH ST, LidLikE$0ne TreePoimt 7 @7 x »~@OD-&EL-7 5 =y ORBRITITEIBIN I &
20ne Tree Poimt 7 07 = W CIRL- TS5 = oHD-7 5 = k 0 i2{E® { B3 Ui,

BiReTeKuiti7 o7 = Y CRD-EL-7TSo/OERFRINFEAFALZ Eh L. ZhoDT7 7 2 /i
D-LL-73 = o s SBIRMES DI I S S, LU, dbk&One Tree Point7 07 = T 7
S = O FREEEEBIRN BT 23RN H B 2 Edbih oo, SHOBEE LT, )d6E40ne
Tree Point 7 0 7 = O &D & 5 ALEFLO BRI SRR G40 BIRMBEFILES L TH30D0. X
BINST o7 o a0l Licio, REHOBEARET SN, EOTRHSHD-PL-75 = s OBRHIZH
BEEZ T3, (OEENICRDEERGRENAKSHEEDR TS, ToT7 2 VIZEEFLIET
SovhkREEEEAl Ltk D EEBERD., D-LL-7S5 v OREROBNERNE, 2SICTEIEE
BOTOD-, 7S voBRBROLELTH L 2R 24080 5,

Table 1 Al/Si ratio, adsorption of D- and L-alanine and D/L ratio of four allophanes.

Allophane Kamuna  Kitakami Te Kuiti = One Tree Poin
AlfSi 1.4 1.5 1.6 2.0
D 0.0725 0.0699 0.0814 0.0396
L 0.0733 0.0896 0.0887 0.0711
D/L 0.989 0.780 0.918 0.557
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Clay coacervate, a probable key for the mineral origin of life 7

FIREAE (ERHAERRZERT)
Hiromoto Nakazawa
( National Institute for Research in Inorganic Materials)

=g 0. o] e

FIS WBORE EBIESMOERTH /2, YT DEIF H-THELTH.
HIRFRB IR FETE 3REICEEC o h . BEBIENYIEAEL THRLIERY
EET D, BEEWMEIKRICHBEL. EREXFGTEL TR EV. F82F &
HiIE A @ HEERFEN BV, WHITBROEOE TS 3,
EMESLSERRCELE P TZ” EROERE” 12, #OTIDNF PR
LTWEELEDIC, £H0MBEE L TEGRENF T ROFERIVEEBEEER 1
LTWTHRBHE Vv, FIZ TR, BRMEE. SE6E. MifiESe. BX
HO” ZEREN” HEUAC. bocBEE. EalEEC O PO IMENF 3T
TH5,

Hta7t~A— NOARER
7O EMRENZMUKEBROB LIS HERL T, FELIBREEY .
TOHBRICEEERER/LICNASD, BET LTS &, B, MRS U
BRERE OBBEAHBL =, BEOREEF~BI702, whi” E8OEAQ
B OBESF. BEa7EAN—FTHD,
HEELTADPSOMNEIHREDER B - TVIOT. BERPEATHDOZE
ERTT. BoERmbEIAPREV, LEHF-T. COEBEROBIRMER®
BEMEFAZSICAANGTAERRESOhGWY, 7O7 x50 EEEMKLD
A4 KHAAIZErOBRBIFEE LB ERHITHD,

B DRI & E DR RIRER
BH BRSSO~ BAITHA 50, NF—ILEFIE#NLESr 7T
ZAIAPEGFGOUMEREHEBA. BEBETHI EERL 2. BRPIXRIL
F—CHEET A ADWVWED, FHEHY E5TH B, M'd'b%)%ﬁ#ﬁ!—f#ll]ﬁﬁt ;4
{EL7=d0TRELC. FRFADPBILICEEL 2%, BRAS I N-FIREED T
ETEEV, &ThiE, A&y BEL E?Eb‘m%'(’%é [EE] PRILETH
WS WO TEEDPBZ 5D, L7 AN — M, BERBIBROEBRICSH -
T EMEOESE” PMEMBEL - [EE] TH 3, EXEHBORE L 2RI
LD, EHOUBDEEROTEME —DIEHZTFEETELVWTHS I,
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Hydrophobicity Difference between Homochiral and Heterochiral Peptides and
Concentration of Homochirality

FasAcE - FTILR+ (MUBEE, REXRLEERY)
Toratane Munegumi and Akira Shimoyama
{Oyama National College of Technology; +Department of Chemistry, University of Tsukuba)

1. 2SI
SN EEBRT I /BEAELIETH I MENDBREIE. SN IBRPOT Z /BH
HEDETHLLETHSOM, TLT, GHEDLOBETH<SAFRETHIDONEND
COOBBICHITTEIRZENTES, REEOSE. BE. RBEOMBLC—ORE
#5250 LNEWNMRRERELAE, 1) DFEU. DIBO7I/BHLRFHEEED
ORTF RSN IENERTIEENS. (1) 72/ BOIKSRNVESRE.
(2) REFSIARTFREAFOAFIIIRTF ROFRBE, (3) DRKREFIIA
TFRELBREFSIATF ROSABERO 3 BEHMSAD EEXL. REOHEET
3. 4%iC (2) OFRTBFSURTIFREATOAFSIRTFROIFBERITEALT, &
YA7S=y (2 8E~6 BE) OFREFSNARTF R (L-Ala-L-Ala, L-Ala-L-Ala-
L-AlaZz &) DEKESATOFSIATF K (L-Ala-D-Ala, L-Ala-D-Ala-L-Ala’z
E) [THERTHhENWZ &%, BARIOAR M ST 4 —~4¢LogPlE (0% /—IL—kE%
DIRBHROEE) OHEISHALHIZLE.,  SHEIE, Gly, Ala, Val, Asph 5K 5IR
RELUHRORTF ROLogPEDREZTL. HERZETTo .
2. Bk
Oy a—4—v7 & LTCAche System 3.8 &CAche LogP&EZERWE,  N—
Ky T 7 (citPower Mac 7100 AW, E/~. LogPiEDEtHEIE. ERTF KDHis
HYOER, BbRELAV 74+ A—arEBbhdbDICDVTiTo .

3. BR-EE
WS DO PRTF RICDWTOREER%Table 1125R7.

Table I. LogPofdipeptides ___ gd 3L, BRBSLUHEREBICATOE
Mu%—m—“ﬂ SAEOODENREFSIDOOEY D
phELAL A HARSENEVSBRIBONE, o
eyclo-(L-Ala-L-Ala) -0.894 NIZBKEOERNEATOFSNERTF
cyclo-(L-Ala-D-Ala) -0.879 KEREFSMERTF ROSBICEFEL
cyclo-(L-Val-L-Val) 0.088 TWeES EERBLTWNS, &, BET
cyclo-(LVal-D-Va) g (46 Gly, Ala, Val, Aspt» 5B 5Bk S
L AspraDoAla 3504 LUK DR TF ROLogPIED R BHR

ICDWTHERT.

= = s a0 . (Reference) (1)T.Munegumi andA.Shimoyama,
REN7 I /BENZHDIORTIFRTH Viva Origino, 24, 26(1996),
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Possibility of Prebiotic Polypeptide Formation from Thiol Ester Derivatives

msEcEll (DUSE - MEIP)
Toratane Munegumi
{Department of Materials Chemistry and Bioengineering, Oyama National College of Technology)

1. L &IC

P TUREENICRTF REEPERTIRB L LT, 72/ BICHKBESHSE
BULEY ., C—RIFICHBEDDWET S /EBPERYMRICE > EZFORBRBSEZSNT
W3d, —#. FEF. RIFLEEROVBTERI NROBOERDEHIC. BRRTFE
YT A POC—FKFEFF—INIZRATNEL., COFF—IVIATIICHLT, H5—
FORTFRETA CON—KFEDT 2/ BERERESET, 9NV HEZBHIFE
PEROENBLDCHE27ED.  CORIGEBKBERTRIFRBESEERTEIHETSH
U, BEHETAATFROMRICHEDNDRLED, {LFELCHRIEELTHERICHE
THREEZLENS, EBRERTIE., FA-ILIRATINICHATIEEOXMMS. FOk
LM, FhERANWSLEELMANTF FERRICORIERICDODNWTERT S,
2. FF —VIRATFNOLRECNERRIE EXTTF RERERICOWEEX

FF —VIRTIOEHESHCE,. (1) TFLRALT 4 RTINS A R2E
CRAEES, (2) BEACHAINRIBOT ) -V AFINICHIEKkFELZERESE 3.
(3) HIKRVBEEFF—IVICDCC (dicyclohexylcarbodiimide) Z{ERE®S. (4) ¥F
VICAN AT I EEREERREDHFEMMON TS, FAa N—RBTI/EO
FAT7x ZIIRATFNOFALSYA—NBOIATINEREN, EEFA—-IT XTI
ELTRIF RERICFIAEN=(Scheme 1)3) ,

base
2 HCI*HoNCHCOS-Ph - HoNCH2CO-NHCH2COS-Ph {Scheme 1)
(Gly-Gly-S-Ph)

{E2HECRCEBABOFA—LIRAFILEBBESENTNWSEMN, 7I/BROFFAIRTI
DEEPL BISICDOWTIE, BUKHRENTWENWELS TH B, Scheme 1ORIGIE
RURTFROSRICEHELT, SSICHARENTHEVELSICEAS. BANSRE
T, FATIRATFIIEFERBREEEZITHLON, BEPSEZ VP TNERETIE., a-
R TILFEILRIIRFE B (HoNCHoCOS (0)-Ph) £2&ZTHELWwnd LKL, £
e BICIHRERTFROEI AV FAESEETIREICDOVWTIE. XA7FROEETF
F—ILIT ATNOERPIEEECNERIETITADONE I PMRIATILELH D,
(References)
(1)H.Hojo, $. Yoshimura, M. Go, and S. Aimoto, Buil. Chem. Soc. Jpn., 68, 330 (1995).

(2)D.H.Lee, J.R.Granja, J.A.Martinez, K.Severin, and M.R.Ghadiri, Nature, 382, 525 (1996).
(3)T. Wieland and W. Schafer, Ann. Chem., 576, 104 (1952).
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pH dependent precipitation of nano-particles
from thermal hetero complex molecules of amino acids
1% B—-FFE ET-BR ¥-SH RX—-F2 T -HBF F-
(REFWREEKTF - £9FR)

Ken-ichi Tsuchizawa,Tsunayuki Ishimori,Shigeru Sakurazawa,Eiichi Imai Hajime Honda
and Koichiro Matsuno

(Department of Bioengineering,Nagaoka University of Technology)

L-Asp&L-Pro2RENC LT 2/ BRERESWE, KPTO MN#-HHi1812) 285 & THR
WEMERRTS. CITORRMENEEZBESBumMOT =/ BRAESHOERETSHS.
HE, CORRMEYICALULEEER T 28MEL, TpHEEL: BAEPSEXKT DI LNR
HEhTNS" , FHRTE, 73/ BRBRESYHOFRRENSPHECBE TRE-HIHT SR
REBPRTHBIRT, TOWHIBEEH100nmOERE I/ 807 2ERETHLERAN

L,

REBHEIC(E, LAsp&L-Pro (BJVEET : 1) EE¥HZME(200°C - 3hour) LTEKT ST 2
JEBBRESY (DP1)&KPTN#-$E L TB S hARRIREY(DP1ms) £ H L\ s,

(1) 7AAVBREPODPImsE F / BFIRHRES S UpHikFl
DP1iREEASO~10mg/m@DDP1 7L A Y A (0.TM,0.07M,0.05M KOHAER) £HBL
o ZOBR (Tme) ICHCI[IM,0.5M,0.1M] (1m) ZMATi¥IRL, BHELLBEDOR
JBE (EEG00nm)ERELE.

(2) pHEALBIECODPIMsDBR & F / KIFHH
DP1ms&ESKICHE ERNEE (ER600nm) 0.95& L7, ZODPImsBFH(80m)%E
DL S2MKOH(S u 8)2H 4 ICMA T &, —EDEZRMEPH(pHY.0,10,11,12)IC
BT IETORMERERE LUie, DELCEHEBMEPRICEE L 2AMKIC, 2ZNHCI(51 2)%

BACMATHERE (pH1.0)CERTHETOWRAEEZNE L. (Figl)

1 " 7 ~ i
o
0.8 fad g2
g
S 06
E _ Fig1.DP1msdEE-+
& 0.4 J BT O pHE PN
02 (BE—EENA~D
pHEE(L, RE-EER P2l o
0 s ~AOpHEE{L) : - 100nm
0 2 4 6 8 10 12 M4 Fig2.7/ 1+ OR RN

pH(20 °C)

1) Raymond J.Bergeron,0Otto Phanstiel IV, Guo Wei Yao,Sam Milstein,and William R.Weimar.
JAm.Chem. S0c.1994,116,8479-8484
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Behaviors of Thermal Heterocomplex Molecules of Amino Acids
in the Presense of Metal Ions

HRN ORME-SH X—-F% -0 EF-R (BERSEHRE - £9%)
Kazuhiko Wakamura , Eiichi Imai , Hajime Honda , Koichiro Matsuno
( Dapertment of BioEngineering , Nagaoka University of Technology )

B¢ -]
EMORBEEEXS LT, EMEESTONEREE LT, EHROBVWEHEN SHBLE
ENTEAN, EOLSICEBATVmOMEEEILDT BN SRIAT I LIIEER
METHLEBDNS, SEIL, FOE—BESILTY I/ BBLUFY IRIF R
BRER T, ‘
FRABRBRETICBNWTY I/ BOEREBMTZEREEVAEEINDOH 5,
THERBHR LICBWTERLETI VBRI, ot Eok5h7a0A2ETET
MBI 2T WY N TR EDEERBRER S TMEANEETLLLTESRDOTHAD
Mo BARIL, TOEAZEZNT & 2EB3PEELTII/ERBRESGHEVWDIF D
BWEzEBLE., FORBICEUTOEMNSITSNS.
1 FIVBBRESYOLORY VN RE SHIECBER 24809 UTERMIR
BB TERITERT 5.
2 TI/BRBRESYIIBCERELRED,
3 FR/BRESYEIELAOTIE - BEBHSTFERETS. COIEE, 732
JBRESYNE T, B TREOHZRETSEEZTIBT S,
4 FI)BBESDIIBECAFIIAEZES, ZOZEE, T3 BRESY
DRIV —ERBED N REME 2 RBT 5,

H)

FRISTEIBETSOY 2 E200C TIHMMBMUAE, K TERIE, THEK
ETREITS L, EEGH L mORREENIESND., TITELNET ) BRE
BMICT I BB TEMA, F5IT3 JMEMME LTI ISV - ATP -
THRIIN - T A T EENT B, T ORICLTE S R BEE T o — & —
TR X H80C T2R MIIEE, BUKTPICEBEEE, Bl y NRAEBLUS
Db R VRS & BEERER, SHEHPL Cic & 3 ERMBS L ORBOREER
e

FER)
Eoly bbb - 2 RYVEBIZE S ERRBICBVW T, 1I6BEOTYI /B
RISEEOT7 I /BICBWT, 73 BREAYICEBATF REEREER IR
=R gt



17 2’ — 5’ FERU3' -5’ HERNAD2EHR T
SEHEHRE. RNAICBITAEAENRADEARIRD 1 ERX

Double and Triple Helix Formation of 2'~5' and 3'-5!
Linked oOligoribonucleotides. A Factor for Selective
Advantage of Linkage Isomers of RNA

BHEN - WE— - RHERYE (BEAELER)
Hiroaki Sawai, Junichi Seki and Hirocaki Ozaki
(Department of  Chemistry, -Faculty of Engineering , Gunma University)

BIEEROEFERELICEIRNAEELTI' —5° #HeEFoTwa, L LILER
#EEIZ2 — 5 #HEErHEHLBLL, RNAOHEYHEROETFVERTIEL L DA
2 —5' BEEFEEMICERTSE, 27 =5 EERU3 -5 HEnThoEsed
BORNADHDITER L., {bFEd 20Ny ELoBRE T3’ —5° HEIHE
POBIREN, RobtEBZLRSE, COL)RBEIG, EELHIIINT THEADHEED
2" — 5’ #EERU3 —5' HEFVITVEXZLFF FIZonT, Ehb0lE, K
ISt EEFAN, RNATH 3 — 5 EADADPLRBICE- 2O BREBROER
WZoWTHFE L, ELTE, SHT7TEERVI 0BFD2’ — 5" #FERUI —
5° HerfolAd ) IT7TF=IVEE (Oligo(rA)R A ) I 1) FIVEROligo(rU) & VA,
CEFNLD2EYRUIEMETEEEL CDARY PVTHRLAFBRICOWTRRS, EiZ
CNEDERELIRNAD I — 5’ #HEOBEKEREOMEIZOWTIRAS,

Oligo(rA) & Oligo(rU) DAY v 7 AT EEIZ TN 6 OFEEHOME, $ik. BE, 4
X% TV, RER CHRFEREICKTE T 5, Oligo(rA) & Oligo(rU) @ & D& RiEE
OEAEHLETH 1 ;. 1OENVETIZ0O. 1M NaClIFETT, 2EHEN)Y IR %
BT 5, 2EEORERIIHEHAOHEICL Y ARELRE D, [3-5']0ligo(rA)3"
5101iga(rU) » [2"-5']0ligo{rA){3"-5'|0ligo{rU) > [3"-5|Oligo(rA){2-5'|0ligo(rU) > [2'-
5'10ligo(rA)[2"-5’|0ligo(rU) PIETH o7z, E\IEEEE, 0. 5M BT AV T A%
ET, TiAU/yxﬁﬁ&uﬁLLtoit\mmmm&m@mmm%wm$%wmﬁ
EHRCL Y 2EHH VIR 3EHIBREND Z EARO O N, 3 EHHBREIS-
5'[0ligo(rA). 23" 5’ ]Ollgo(rU) 5 [2 -5'10ligo(rA): 2 |3'-5'|0ligo(rU) > | 2 -5"|Oligo({rA): 2 [2"-
5'|0ligo{rU) » [ 3 '-5'[0ligo(rA): 2 [2-5'|Oligo(rU) DNETdH - 7= [2'-5']0ligo(rA) & [2'
5'0ligo(rU) 25 7% % 2 BB HVIE3EHANY v F ADCDANRY MVIEHIET 5
3 —5' HABEED2EMIIVIIZEHEAV Y I ADCDARY MLERECR
ToTHH, 2° =5’ #£E€LW4sb0E3 =5 #EEIoREJDLIZTVF
A= arvPREOTWARILITRRENE, 3° — 5" EERNARTOMAGDLER
QEHEEERV I EREREVTLOBEIIBVT, &§ET52’ —5° HEeERLOEA
EhEHLVIITHEORERIVIEERANT Y P AEZERT A LIBEDLNL, BLE
DERIZ3 — 5" HERNADPKMICE o TERN L HESE, 2EL0ARERED
e BT 7-DIANTHLIER2RLT WS, $/22° —5° EARNABIY
3" —5' HERNATAREELRYS S 2EHEERTLHREIMEORELIR., HEFH
FhMbaEtEL, M ELOBRTH N ELI L ERET 5,
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Monomer World----Origin of Metabolism
PRI RS
MU RT7 R, FIWFr, EAFVUEE REMRTI /B

B L AR R R OEBIE 2 b o TS, XU LAF RICBRTHAD,
CORER. FEREORMANEENS 5.

Chemical
Trp nucleotides / Evolution
Arg +
His - Gly, Ala ---
Trp, Arg
V |
Monomer World
Metabolic Pathways : v
l RNA world
Bioinformation ‘L
l RNP world

DNA world é///////
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Dimer World----Origin of Bioinformation

FHREMER PN TS
Dipeptides ]k Dinucleotides HEYFRIEIER o T D, ZHUT sterecochemical
theory of the geneticcode MEWVHTT 2 /BEFEDCcodonTH S, HHH S

LR, ZE, BENSEESRAICESBioinformat | on®fEh
BT iU,

Phenotype ) ——= mutation —= adaptation
Genotype

dinucleotide

minimum unit of replication

i

Protein Synthetic System

l Origomer World

DNA world

Polymer World

—20—
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O FITER BT AEEOBIIE oo RE K (EER-T)
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-Information Theoretic Approach to Genome Sequences-

EREH KRR SR
F S

BIEERE VI EENIOFL {FbNTVI, REFOFENETI Y
Ca—F P PETHRE LW TSRO LA BIZHER OFHRT B &13T
BiZo&) LTwiwn, REFIMEREHE-TWT, #0FHE LTERGT HL T
CRBEETHAIN, FINVHIFTELHETWAEITTIE, &% 2 0ED
B (BT, BHEE) OLANTIRD Lk CHRLHMH TR, e ditd
OWTHID 2nwZ &g, (1) BEBRTCE2EGOENR, (2) £6& {F)
DIEBROUBERZEDOL LY, (3) EGFOBLDNE, £Thh, FRLLOE
BHEBELT (4) EGEROBR (5) £4EBEOERL ML ETHAE, 2T
i, THLATERAEICENT, Yy /2743y JATVOFRICHELREL
ESER ETFRERDIEDT) MRETFOWRICVPILEDbo T ANdE
BB, TIARX b, BETY, RBEEERE, BEFOHEHEELLZE
BREZOBAGLLET 5.
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A constructive approach to biological evolution

mAER (RERAFEIFEMCHEYM T EED
Tetsuya Yomo (Dept. of Biotech., Faculty of Eng., Osaka Univ. )

LIS ICEMTTOEATH S, E<OEAPEAE O THRELEHFEVLE
LTL D, FOFAFZIORAZRABRRETHALLDET DL, —EILELDI &
FRANEINELZESEN. Uhd, ELEEE{COBERLOT,. FORRIERIC
BoTLEDS, £oT. BIANMICEBLLISIEL TS, H4IBESHL LD
CEBZB, Lokl EDLELSDERICENDIDTHAIM,

COBEERCHAENS, Feld, LVEBHLLAEETFIRBRIEHER
ZHEBEA#AR, FOC, #EEO7AERAZHHRLLDELTNS, bBAA, fE
LTHRIEZNE, FOFAFEHAOMEEHEBIILN, MERDEIEFDS
AR EFEBUEL, TCOEICLES, 251> T, I5Kk51 LYEELTE
TR LTHD, E<DBE. TEDLTIOEn] EVLWDEEREDRNC
FEZSAEN, 3. BATHEUBRNEEIREDLSHLTAN,

HE{EOPRTRAEEMPBNTLSAIEE THB] 7530 ICKBEEZRANW
TEFILBEERET>/-. EMOSHPBBREDIE—DIATVTZERTH
3, BONECERETFOTOENEEVULNERICESENSE, TOBEEHR
T 270, KBEOTERXY v MIEIMERBRET > L. BEFIRECEL-
T, TILY I ERBEOSEICOZEOH I RBEERKEZHABLE.
NEDOSE, W OMOBERY, MICUT, FILE I AKGEL ICERIERE
Fofc. SEOEMLDSH, 6BOEMGT. —EBOERKOHEFSTRENL,
ERPOTEREDLZIEFICRIBELIRETIESEMH o, BEELAHTFH
ERUMEEEICOVNTESICHENS & EOLISFIAMO _HROESHICLS
¥, HDBEICWMRT B EMbhror, iKY, MIICRETSERZDEIE
EE (EREGE) 25 O0ERBOI BN DO0E, BEEFICHDAET.
SMETFRECATRBICAESZEELSNS.

X5z, BONAEBENICATAZABEEAICRAZREATHNICMAS:
7T, BBEERETo/. T5&, BEHNZEMEE, BREERONST AT
<. BRSMETFOBRE L THENAE. HLELY, BAGHISEEOEYMAEAT
%, EIRERBRIVT LBV NAT., BEWNETFEICI > TEEMESERENS D
EManot.
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Representation of Evolution Process in Evolutionary Molecular Engineering
KRR M FEXR-I)
Yuzuru Husimi

(Department of Functional Materials Science, Saitama University)

1. F—OH#l - B—0=—F 17 #ETFIETIR, TRESELSTROBREREL, o, #

FRESRMIDREIER £ FTREAR IR Y 1L &S LW D AL BAILE1T 5 0 C, #koFBE, 52 LoBRE
OHtFE(Fitness Landscape) DA & LiAdeZ L5 CE B(1), BHE L 4GSRSO TFORESRENIE, 08
& LT, EISEOHTENRE D, - I TOHEEE L. — OIS Lo EREEROBEIMTE LT — .1
MICFATCEDZ L2 d, OBENERB L, ZOBHIKE, HIE(E ORI SESED 2 i (AR
SFO—FEBEC T —F 4 T LTWB I L5,

UL, RAOHEL TR, BREES LBELLTWA L, ERERMICIIEE O L 5 2AEERPHS, =
IS TEERRTH Y., FREETMELEMTL 5 2E(LEBRNTENEL, BEvRATATELRRCS
EbL, ZOuEh TN, BEsFIEOMERIERE LT & CREROTR RS RS EBRE LTV
DODHEIZRY, LALERE, BEERAN. HMeEbEEL v AR L SR ML 5 5800
OFRLELEIZETHD, Ty AR B THEIRNCEREELT S LS 8 Ths, FITEUL
Bffb L B> ThRET S TH D, Thbh, 0BT 10FEED T 4 —NF 1 27 OREH
BEiC, ERFHELLD L9758, +AHETHEDLL LI ERILL I, #U0BHTF 1 BREDBEGEDH
EOMES, FERIHLEL S L35 E, NKEeFALDL 5 hdikaaier Lioh3,

2. B_OBHEHE : CO%EOBEMMERERET A e dICE < 118 2 OB EEAMEER(T S, TERSEEOHIEOEAR
1ETH D). BHTE &1L, BFIEROERDORN L. AEREROAPERTEIOL CHRERAAKES
EEPFETD L O THD, TOBRAIL EFIEMOROEITRY T3, BEIECKEEI-FIT25
rH AEITEY GESHMTOSE) TR, REDEFOL DI 3 7 ¥ AR TER CRol A T3
TERTED, TNIBEEOYRERITHT S KIENELEITH D, EEAIRIESTRETHAD TIEERDIL LT
WALTE, ZOMEEEEUL. Sexvual PCR OEEhEIT U, HAMADELSTFIERRIC L~ TlEh
Tvd, ZOEEEREZER LTI L0, EHBEE LT E LS WO BEEEOLOTHS,
3. Booa—F 47 #EaTIEL. TOELOTROBEXAFEOBELERLTVD, Thut, #
TR - REEGHSTTOMETHD, HEVE. ERIZiE, a—F 4 7o#kThsd, 1. TlEa—F
A TR NA YL FOBFSHEER NATH CIIESR b OIS, BEOEMERIT. 2rdebd
d—o, HEEFILT 2 ) BEBMOE_—D=—F 1 o VHEERD, EEF LRI ETIETE. ZO0EZ0OB
WO LD E S DT Th D, BRI LT, BERLEAEFHE I THEDT B L) v L ARIBRHRR S
PhEEA LV, FraidZ OEREESS, RNAV— FGHIRRBHRT 2BE THE Ve L T3 EF 2R L
BCERE). EESTIHET, ZORFIERW L, =2—F ¢ 2)OHEEN, HERET, RNARASGE-Y
A N AR AR RIRIR A S iR R AR, DIEFFIcH b L L 2Rt D,
SCRR
(1) Y.Husimi, Adv.Biophys. 25, 1-41 (1989); Y.Husimi, K Nishigaki, Y.Kinoshita & T.Tanaka, Rev. Sci.
Instrum. 53, 517-522 (1982)
(2 T.Aita & Y.Husimi, J Theor.Biol. 182, 469-485 (1996)
(3) N.Nemoto & Y. Husimi, J.Theor.Bicl. 176, 67-77 (1995)
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A Measurement-orineted Model of Evolutionary Process: An Interaction
between infinite and finite domains (FHFE K - HEHE - AR ANFFFER)

{Department of Earth & Planetary Sciences, Faculty of Science, Kobe Univeersity)

HER(VAFLON - HAEEERIZ, BELTEFRNTS 5, &
ELTEINTHDI iz, HoBHTcoREEREZ—WRALERV
Pnwy kX, LALERK, HEEREAS VAT AEZHET S &
W EFES,S ., BEL-BIRNHEEAR . ETNL2EEOBRE LT
ELLDLEBRLEAU~DEREEET S, NI EHF, BEXR
L TCHEH{LLERWEXE S,

SO IIEMELE-BHEEERTACER. BHLR I L TIER2V,
Wz, DAMBTOI N2 BEOREY, DLURKEOHE., #
HOBEEELTERSND 2L, FREBMOEEOEHHITOR CHE,
BT AMEPEOEE LEBIEKRREESET L. DH5HBATO
FEd. EEOEFRCOTRKNEAELE I HS, BEEVHLFEHMT
AoPORELZTAHEE, HORBHTLR—OEBEKRBIELET HRHA
v, 50, BRBREEICHTLIESOATH 5,

— B CDESE. BROEFNVICHREINT, TFTNVEARBEBE
ZOFECERLYENLIDPWE, L& 28, T TiE, HIC,
Bz, COBA*BETLIETVEBRT S, EE L2VWERR
B3 2240, BROBHEOREEE RHEOBAAER) 22— ﬁw
?5ﬂmkbr%méﬂ5tb FERAE &) BRTHET 5,
COAEEIE, FEIXELTHEN, TOBY, lEHEIFL-2AE
EEX LUTREENS, COHENF, #HESREZ Do T, #HIT,
BEL/Z-BHNHEEFHOETT VBRSNS,
SHEFPLVO—BUERLEAKAFEREN, EFVEEIBEEOM
BN BELEOEBRIERENS,
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2 0 Diversity of saccharlde recognition and History of Life

FHE (FRA, EER)

(Faculty of Pharmaceutical Sciences, Teikyo University)

BIRMATLFE FEPLAY OBET Formose LG L o TERHICER TR b, RiEHIRR
BB THHBRMAETCHFEL- RN, BHEEE - v 7B I CBRCKRELEHMELS
TLIEPE, DHOBELSTFLLTOMEEDELGNSL, LALRRVWORL X R s, FEHILRE
FIAAF—BELTESESLDE (Lo —A%E) wnwshBali» s Lol hs 2 Litis
EAERDol, BETIIENYOL S CEGORE LELICMbo TE 2%, B{b2E, £6WK, FEHR
Wi FONBHOEET L, S, Ty —ABRMETT S = ARBOERNERIIOWTHEELL
Vi, BESHIRETHITEAF V- AOERICHTAER. [0S A FND2—R w2/ —AH—
BE - A5 b—AREB] i2onTIHTTIZEBRLY .

Edy R TS0

HITIIERMOER (KEEORR. a¥ 7+ A-Yay, HeH, SEHER) NHEbOTERIER
b, A TT—ZBITABELOBEHTRETR S PR - BB 2REETE (AFHv—T1
x1071) o b 2hbed, BERLIOHFNEILALILEO DL LAEL RO, HERR
E. FBLAFLWE LD (IE) {LERHHEDZ L6, T FAFU-RIZ2WTHANIEL, §2DOTRE
REMGBOI L, BEERIV I+ A—Yay (CIHTE) 2lo/t 8 i NF—IHED L D iEN
(7Y v VKBREOBSBES) FVa—RA, T¥ /=R, ¥ 7 P 2A0AFRRIEELTWLZ LI
GO, FANT—AETH L v UREEES ST, ¥/ —ATHAIORD, FHFF T b — A TiddfED
ARTEy AREMEE LS (FRFh, FLa—Aa L, BLUiorYw—) , v/ — A0S
MI—ARBTAAVMBETRIEZLY P~ A LEEICEK L (Lobry de BruyniE®) . Cith 3 HHENCE
ICERER TR LB S S, —F. TT 2 b—RITIET ) ok fiEmAR SRk,

eI VRO RICBIIBT Y/ —REHASH F—RABROEH O | RO RS

TEY Y MNKEENEETALEEL 2 F r PHEROEEEFY A7 HILE > TIEZ DO TEELE
BEELoEBbRE, 527 h—ARERNL ZF TN AKBEFEELTEBROEN E 2o Ty
Ahet, chiIH LTy —RARENL 7 F DS TR RBEEHEBIIEbo Ty, v/ —
AEEMH L FF MBP-A (BHCHL I FrO—) Fvv / —AI{EETANVa—-2A N-TE&
FRILaFIY) RL-7I-AICbHEETE (F, MRV —ABROL 7 F Y IFELEW) o
Drickmer & iIMBP-AII— MO 7 X VBERLBATEIETREOL 7 F Y LK T ASEERNFF F— A
BRI FrEERLAL REE (v — 4R | BB (F5 7 b — AKRN) MBPRAL &
Bl oSBT X-SHABIRTHANLEZS, WTLOBEIEEMEME (V77 P —2ROBHETH
Ty ORBEEDEL TV (KEFELRULEE) - BHALAWI EIMBP-ALEFBLA VLY
F VMBP-COMRBELARLEIS, T/ - ASTIREICET S NI MBP-AOSSEMEEIC (s
MrFANBDo#IT) LIFrgTFEHEeLTEN, H2LBTIHEvY / —AOMERANELSZIL
LU TH B I EARENT, —F, FF 2 b—ACRLHEESTAHRWAEESLEICRATZT, 72
b= 24,5, 6ALDOBKE (B LTopREICRFEIWIBERMEEL OBMIFRTRTH 272

CHLFrOBETRIIMTLIERELEIL, v/ —A@ IV a—-Alhboi2L7HF v 0k
BENECLLON, UABEC Lo TIOREEFFDIRENLI I LIEIHTH S, CEL I 7 OfER
Wit A 2 v 2 onKEEE AL TITbREN, v/ —A034iEHic A P ) TUENTHSE
ERLBAHMEICALZEHTET, whid [FME] PR TYD, THICHLTZ 7 b — A7
T7HET Y VKEBEELD > L THBICEER 2o (FF 7 -2V IFrd LT/~
AlTEELEV, HIE) . ZORH, WHEEORBILIIESHORT2HEATAHALLZEELLT, B
AEOERFE (TpnHEA) FEORBTEA SN LEILLNE,

EFOBRICBENT, RECHHEOBE VD O FRE B LSRR EIREIEL (2 =R - F
VA=A -T2 /) =R - FH57b—=2 - LTNEOE) . TOHRBEIRL EMLLIEYEIZL 2T EL
FIRENTwo- 2 BEERD (Fo92 h—A, YTLERD - IFLEBEEWTHELIATYVE) , Zhb
O - W, o, HHTHRTIIEEEIIBIT D [RBY (Hierarchy)} LW IiarfiZzHans,
| Hirabayashi, J. (1996) Quart. Rev. Biol. 71), 365
2 Jobst and Drickamer (1994) J, Biol, Chem. 269, 15512
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The Mechanism of Simultaneous Stereoinversion and
- ' Isomerization in the Native Lens Protein.
HEALTY, BEGTY. BHAUTY. aEAY
(RERAREREEE [V UHAE21] Y TEERRESH")
Noriko Fujii®, Yuko Momose®, Noriyuki Ishii®
and Toshimasa Uemura®™
{ Precursory Research for Embryonic Science and Technology
(PRESTO), Japan Science and Technology Corporation (JST)*
National Institute of Bioscience and Human-technology®’)

By : HAURBREETTRLEMNOKEGFEES O NIETH B aA- 71U R
41) L DAsp-15 1 HBEICBUBBENEIREEESEEIrELC TVEIFEERE
LT&E/, ChETDEBRER,»D ., ChoDAspHERORE R aA-7 V)
24U DONative A BRBEN CORGEFEHL T3 EEIONZ, %
ST, SEEEELEE PaA- T URE YL EBADEHTEEL., TH%
BM#EOAsp-151REORGEROE(LEFL,

Bk BELAEEB MU EBEBERBL, 1) BEMT0C, 1040) .
2) T, 3) Bx., PLFIHEREHLE. FHETRTEMRS L,
chsDHLTNLERNI T ABL, ENTFRFRFEER I O T
5 27 4 —(RP-HPLG)IC K2 T. B, WL &, &5 N & Tryptic
peptidePRAEWRT7 I /HER. 73/ BEI. FAB-MSHH TT- %,
HNT aA- 70X )b DTRTOAspHEEOD/LEEERD D 28,
AspEBENTFREMKSBE L. OPA-Boc-L-CysTHEBIELALDSE,
RP-HPLCTHHF L o
BRLEE  BRTHLEA-TUIEYCRERBIERLTH., 2RV
FhE, BHRENEEIATVWEIEECD-ANT FILTHEEL &,

Nativeh b haA-7 U RXRYLhDAsp-151FKEDOD/LIEE A ERE
LTw7Z=s, NOREELAEaA-7)RE) R DAsp-151FEDD/LEL
FO.7TICKP U, X, CORGETR., BOAspEEDOD/LEICELLRGE H 5
oo —H. 2-3) D&M TIAsp-151BREIRE*+®RELTSEY., D
AspBEOD/LEICBERGE P o/, aA- T VX 2U L E2-3)YDEHET
BE/ = —ThHY ., 1)OEEODHEEHFREFETRL TV, 1)DE
HEOBDH, RERICEEN B>V HZ &k, Nativeh IREET R «
A-crystallinMAsp-151ZXEOEILRE*FHTIRICHEI HY ., Th
it « A-crystatiin®supermoleculariE»HEL TV HDEFELS
Fro BNIBRTOT7I /BORGUEEZLNIENFBRD TOHRER T
HBd, ‘
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in vitro Selection of tRNAs Having Leucylation Activity

TRHENKME, 2HERAE—
(ML AZ - BB, 2FHEHNLARF - BEFAEXR)
1Tsunemi Hasegawa and 2Haruichi Asahara
('Yamagata University, 2Institute of Space and Astronautical Science)

MEFRTHIONADERRIS S O NRI/EBOT7T I/ BREVICERICBR:M
57=8ICIE. tRNABMEBETS7 2/ 7L IL-tRNASRESE (aaRS) IC&->TE
USBEESH., TR/ 7ML TRASEN, COEBICBINT, &4
DIRNAY 1 EHDaaRSEITICBBE WS DITH > TS BIL” tRNAT A
FrraT4—" ERIFRTNS, |

HeZChETKRBERNALYDZ A FUo 574 74 —OMEZ T, BWAME
FEAICIMA T, tRNALY ORI U ABENEERT AT T4 T4 ~E%ET
BBEERLED) . LOLENS, EOLSEIGBENMRNALYD 7 15
TATA~IEH>TEBERERLZODLEHFLLHARS EHICIE. tRNALYH D IT
GHEFERICHELTWS3HBOEROB A DHEIADELEOAM SV SEEHRK S
DOHEBICDNWTHEHRDIVEND S,

VF, PEEMELPCRBESLZIEASDET. SUYAREBFIORNAT -
DHEPSHEOMEPLBELZIFDORNAZERI T34 (in vitro selectionik)
BRESNTND, TZT, tRNALCUD T RIESORERICEELE S8R
(D-W—T. GET7—A, T-W—VES VT AICERULERNALY S — LA BE
L. SOFXEBVWTOAIL-tRNASGREBFE(LeuRS)IC&L »TOHADOA LIk
ENDZ—HORNAZRR L. LeuRSICLDIBRRICHEMLIRNALY DR % RIF T
BPHMEETTofe.. OAZJIERNAZ F D M7 EFIIET B2 &T. HHPLC
ZRAWVWT, AL VIMEUARNAE LA > 75RNAZ SR T DS &N TE L,

BRUBZINTELRNAOBHRELT. (DIEEAEDRNATD-L—ICG18
G19 HMRSHh, 2O BE a=2, B=2TH . (2)A15 - U48DEEN#:E
LTW, 3)D-—7 02000 RDEEZIEFEAEDRNATATH o =,
(A)T-—FICRSUGOMSHBL T, (5)AETF—AIC3HBNI4ERHD
ATABEOHFESHRINN, ATALADS'AUEI'AOBEAFE—ELTWE
Mo, ChbDHB(1)MS(AIIRNALYD P A YT L2275 —RBITHET S
BEE—BLTBEY., TTHLBRRLUAEIRNALYDF A F T F 4+ —EX
OREDELIEZRHFITEZHDOTHD!) ,

1) Asahara, H. Himeno, H. Tamura, K. Hasegawa, T. Watanabe, K and Shimizu, M.
J. Mol. Biol., 231, 219-229 (1993)
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Investigation on the active site of tryptophanase active to D-tryptophan
BEKE - RRLUIE (BEX - ISE, HEEXFR - &%)
Akihiko Shimada and *Isei Nakamura
(Institute of Applied Biochemistry, University of Tsukuba, *Department of Nutrition and Food,

Sagami Women's University)

1. ZU&HIz BUOHRCET TR T IV BIEfmP CLrb 7 eIk Cholc e B D,
ED LS IRBETICh o RAERIEIRLRIROFHFIACHRANL,7 I/ BO L ks DEOER
PEEICEYE ChoTe & LTHRBE LAY, UL, RECEEDIZLA LI L HIZUEEE
HLARWH, 2B OBR TS HhOSLENAE LT D ERHREA L EETRBIRSR
RBEFLELZ HND, COREZALMITHDITi, LIEICHEREMNRREORH LT D EICE®ER
ISR e L T OEMRMEOEMELIALMIT I ENMETH D, uyptophan D L FIZFFRAY
72 tryptophanase i, 7 % B ¢ diammoniumhydrogen phosphate ¥&#E T D fIC biEM &4 2 LISBE
WE L, AEEL, DEICHT S EEREOEEIZ oW TRN LT,

2. HikL tryptophanase - C D-tryptophan (%4732 OIS & L-tryptophan (257 %
TEMEELIE S B ORI A DS B 72 IZ,  L-tryptophan XSS OAEA L LT D-
tryptophan #= i\, L-tryptophan S3 #1238V 2T D-tryptophan 3 E D & 5 (IZHE T 2 DE~, K
12, L-tryptophan B UF D-tryptophan 43RS 0OBAEH] & LT potassium pyruvate % A\,
diammoniumhydrogen p.hosphale T#1F F T tryptophanase DIEMEALIZ X9 D pyruvate DFEE AREME 2 3
R, EORERIZESWC, indole, potassium pyruvate & U8 (NHa):HPOs 2 EH & L T,
diammoniumbydrogen phosphate 7E F T indole + pyruvate + NHs — tryptophan 0 &R 0 T
ZHE LIz, &517, BB &7 tryptophan O REEERR &~

3. BR L-tryptophan 4y #8850 D-tryptophan (>R )L, diammoniumhydrogen phosphate #%
EOLR S HIZHAAE-HEPSREIZE{LT S, 20 Lid D-tryptophan (2% % tryptophanase
DTEMIR{AL i1, diammoniumhydrogen phosphate (i 5 A3 50 % A% & & L-tryptophan D {EERRALIZ X}

L CHasTEO MY 3 = & %=1, —H, potassium pyruvate i diammoniumhydrogen phosphate FF7E T
T4 L-tryptophan B UFD-tryptophan 73 2B %t L CREGHENZ IV 72 DT, pyruvate I tryptophanase
DIFMALITREEST B = & Hbind, % Z-C, diammoniumhydrogen phosphate f77E T "C tryptophanase
iZ uyptophan Z &R T 5 Z EMTE B0 E I DRH LR FETHD 2 LB bhoT, indole ¥
pyruvate 0 & ) R RERFE IR WEE M LA & D tryptophan DRIEERIL L 572205 D K
ROPRR DD £ ZATHDIN, AR SN tryptophan iL L EoAHTDEIIERENRo, T
0= & Hvée diammoniumhydrogen phosphate fFTE T 233 3 tryptophanase F: D-tryptophan — indole 04}
T8 O R W (R ER AN BE 4B F & B A3, pyruvate — tryptophan 0 & Rk J7 A Tid RIEARRIREE £ (R
FTEHZ EM bl o
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Long-Time Relaxation of Thermal Heterocomplex Molecules and
Their Local Pattern Formation in a Non-Equilibrium System

R % &% xn, W F-B (REEREEXE - £9R)
Shigeru Sakurazawa, Hajime Honda and Koichiro Matsunc
(Department of BioEngineering, Nagaoka University of Technology)

WEELPL RS OEEERIZB T, (TI&EoRE) BREELMETHS, &
WEEOERPHEEEAT IR TR, THEEOENENERERESERXTLEY T
BEMEER D, FUNVE, BRBO LI BESTERE L. FEEEEEEERDL, BHaED
REL BB EER RO, TOLOLFHRREERREET, TOBMNRIEVEEED
CRRAIETOHIIRMTH D, aFEMFELEFIIDE F ERM(LT A ETEOREMES
TRL, F LA TOERERES Lk, L LEOBEBNLIISEEEOHE %R
ETDLTHENTH S, RMNICHEROEEERIZL 2HEAROZRELZHIEST 2,

Bz TABBTRAEORE] ZRERBRIERTHIZLEAE L, SFL-0D
BEAOFIREMERZMIEL L, 7 I/ BRESWEE—STEE THRT O ER{BEEABL L
THREV., ERNAEBHOTEFBED L E CEENS B Ui, BIoEEt.
HFEMER CEEMEFRBEZ AV T BIEOBBRICH 2 FEFE TOHEDEM,
RUOEMICBELLHELZER L, TORR, 7/ BRESYOERBEBIEAL .
WL, TRAF—FEVIAR, ¥4 70D LR BE Y — OWREBE LML,
IHEECHEEHE T TOMNEOKRERREIBEVEBNT5,

RER
LTI BRESMOBRERILICHTAE

PR RER UM X 2EETH
~iz, IR ERE L M- TRIEL I,

2. MEMERICER LT I/ BRRESY 0sec 1 min
IRFTBREE{LE: S5 25 L2 oRMmBR
TRENRFI—VEER LR,

3, WEMERICH/NRSERRT il TE
MEEGORDEET DL, WRRE | _
WCHTENERR LT, EDOHTEZLOE T — s i
SIHEREZICEKFELL, T
100nm BREORMF (7 /KF) OFTH
LERIZ Lo THRshE (B1),

HE3TH
1. S. Sakurazawa, H. hdnda, E. Imai and K. Matsuno: Fiva i

Origino 22, 81(1994) 30 sec

2, 5. Sakurazawa, H. honda, E. Imai and K. Matsung: Colloid and
Polymer Science 274, 899(1996)

3. 8. Sakurazawa, T. Ishimori, H. Honda and K. Matsuno: Colloid B1 FRFORECE el s ﬂ?&?’t/b@ﬁ?ﬁﬁ

and Polymer Science, in Press

Jum
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BHE—T7 I/ BEFRICIEREERS S0
Any Dynamical System Relations Underlying
in Protein-Aminoacid System ?

HBHIZ GE#A
Wasaburo Unno (Kinki Univ.)

F—Z BRI INTHEZLEERNIIRETES, T IVETARTHI L. 205
DIRREENS &S UTERNICFTFMTE 5, —R7F—7 13, Kb, fiB s 27 FLAELT,
HiFE Qk OFRELTEREL OIS, &7 FL A, FHPEOMEMICTh
{OD7T FL AT HAERD L2 S OBEYTERBOHAGLEEEY P& L
TEDT FLRARHNTBEBRTRY M ELT. SRTEBRICEDRAAI S OPNFERE
EB 1D ZRT— 7 TH%b, 7 NVADELZFBRALEMICAN oy bEhD, 70
v FENLEOAEEERIFNT 5 L. ROBNRRE LS, FHREOEAE—T 3
B ZTFLADETIR. 2 6WOBHGIEOWT2 00T 3/ BOHENERSI SN
T3, BEOK D IZEBAE RO GlutamicAcid DR (G4 »F v 7 XD ERL. &
FOFED I Ovalbumin FO7 I JBEE (04 Y Fy 72 23, 7 FL RO
5207553, —RF—7id. T/ BEME QGi, 0j) TH5,

52 0BDEOEMAHICITIIREBEDEMMIEYTH D, Ty ~KT—5009
BIELOREMAITT. INSERDETHRY bVED 2 0BADEMIHETS, O
NIRRT -2 T THTRIENERIMERET S, MERS FVOESELTERATS
MMCEENALN, T FLADQ EHIZ—2RIGI-)PREO+DD Q HidEh oM E
2 EBONERTHS, RITEBVEDTH S, BEENERSBITOBRESHHEFHE
ko THIET 2EB RS MIVRRORBICEZERVESNH0T. CHTROBNT
BBAITEIZ &I D, BARS M E0 I BEEOHBDRFICONEINETH S,
THROEPREDLILSONBAR—T 3 /BROEERAHFTRASNZNEIDTH
B0 B—ERADEREILEE EZERDPS SN AR BRTERDORBTIN
DO ESMEREE-ED LT,

7S EEER B CIE. BRERGANET 5, THRIEFOERIFHTTHEONLE
BATMATHODS 3EHROF(MBEEER LT HERIMHEITD . BEOLIE
ROBAFTERELDEEENFMTE S, TONEROUAIFEREROTHEOME:
AT DONBEANTD 205, 4EIE. EENERSATOBRICHERTES SHEBIT
FAHIZkEE S,
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On the Driving Force of Macroevolution

WoTHE = (ReMEMRIEARE « £HR)
Kaji Yamamoto
( Department of BioEngineering, Nagaoka University of Technology }

Darwin AR, EHOELITEICAET 2ERICHENTSAREFRITEL->THES
ENBEEIOLNTERE, Thbbd, BRCRETHIERIBERATL M FREER
FERRNEINTHED, 20T Y LREREREMICLUTAKRRRNEWER 2B TE
ALETFTERERY. HEEMRECEEL TSRS SBEERDEYTHDS &
FHEHXIND, ELLOBRBMNIBBRBRRENS Z LIRS, LML, BE, ZOBAHC
BRAENS ., ESIZAKEEEZZ BALENSERMBRITHITIONT NS, REAE
EEREE NS B AFLAORRERIL. THhAFOELICHREE MASHKE S
DEEZENTWD, FHETIE. EHERBEHELEAD I LICED. ZOHEDT
AR E & BITEEL TWBBASHD S NTNB LN EX ZRET S,

IR ARG EBEORMNE LTS, BHROEN SEETHHN, HlaEEHR
ELTESAERBELBEOH A THIBHEED DHITEZHMAENBEEL
TWg, SSRERNERELAVBELNI FLENE2DE, FEAIERZR/RELTHRE
THELOTHONE, BELTHELTWEMBHFEELTWD, FBETERTS
EHORELEE. ZOXIBANTFEORBEREENEEN, TOMIE BB NER
L9 2BEEHFLTNS,

ERDANTFEREREORHRIL. BRERCH->T—20FL EFDERBALTNDD
AHA0H%E,. ERMEZ2REZD—DOFELEVEZBLELTNIHEREOMICER
., MEBADZENSZETHD, LEATHERNOESFCESTFOBHERNDOAL
ZALNE, FNSORENRERELUTERRKAL TL 2HEOEES, FHOBREND
TEEREHDIEELTEXRIENTES, FhOAMRENWSEFEEETELR
WESTFREITFOEIL, BlRiCiFENs I Litiks,

ZOXII, BrEABHEE (1D0LR))) BEELTERKREREE bWl
V) DL BEE, B3 HBRFORERBEOERIZRETS L LEDIT, K
ERREIH IR U S BEE T THIE OB E DD EMNTERL DR
D, EoWCKRERHEEDL D, ZOBRBIIERZES ZENTRETHHN, £EWT
RMEAREIZEIC, KIEROEEIETEIC L > THRE &0 5 B S ERAET D RENSH D,
ZOZEIEDEYORBHEGEIZECA I LD, BELTOFEERSRTHS.

EWEH RV AN EABTEEEDIT, TOLRNVOAETE M EEHER AT
LEDLDETHEAZHEATED., BLOBBHEMITBELEBLTHWERENETR S,
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Construction of virus-type molecules in evolutionary molecular engineering
OEFET 1.2, REEA2, KRS, MEEL, MI2AE?2

(IEEER - T, 2=Zb¥Ead, 3HEXR-I)
Etsuko Miyamotol.2, Naoto Nemoto2, Yuzuru Hushimi3, Kensei Kobayashil, and

Hiroshi Yanagawa? -
(1Yokohama National Univ., 2Mitsubishi Kasei Inst.Life Sci., 3Saitama Univ.,)

FA4IX 5 v B0 LWEBLSFLEROBEEICAT TY A W AERE
FIF T rRBENCTERE Y VO BARREFIA L TAIHT A% L
TWd, 74 NVABERMET ST LI, BEFHLRABE —OOFAHKL
THLDTHL, EMIES ¥ N7 HEBROMRE, GHENES VNI H
OEFIASEEMIBIC L o THIR I N2 ni®, BRLEVEHMZHEETES
&b,

7 A WV ABSTAT TS F O FH A v oERFEE, 3, (1) 1013140
RNAOER - VEHEBET 5, KiZ (2) RNADIFWICHETFRE EE
BAZERETLLHD) V- %2%I1T5, (3) EMs v 3s BEaEh
»FBLTMmRNA GEEFE) L2hiCHeT 45 030K (RHRE) L
YRV —ALTEETS, (4) BEFREERABMFEZLLZVANVAE
M THFORISBRIDEEES b o2y VT ERBIRTH, (5) &
WL BN TWAERNADERESEELTDNAL L,
Error-prone PCRIZ & W R, HIFE¥, RNAKEKEET S, CO¥VS 7 V%E
BOET LI VENORELZ DD VNI ER2ES,

WAL Y v BARRD) KV — A LT, BIEFR XA, HESE
BIziE) v AP PBETH L, BAZV AL LT, 2-FAFTTF
IWNE-5YWa—1< 4 ¥ VACpPur)EHVEZ L, ThEEHRL
Va—OsA4 Y2 ) VBMEL T, V VBt a—ax A/ 24K L, 3
TR EErKEEER T EFNETREL, 2.TAFVYFVIEA TS
J Uy ERBZEIZEYACpPurE AL L 72,

KT, U ¥ H—DdCpPurDEMIRL 5 VT HMAEARRTOWE Z /T Y
RY — LB AT, RT7F FEBRICOEZ L 25EHERZI DI L Z,
NS ESBRAENRE S VN BEOBERICK DER L, U E
ARAEGRICOVTIE, C2—1a<v4 ¥V BELdCpPurTid £ O HEER
FELLBhotr, Pa—uvf Y VHEBTES VYV ALRBEYRTHLOD
3t LT, dCpPurCIEABEEOR L I P oM TRERICEE L2,
dCpPur & ¥ ¥ /37 BOER TR L T, dCpPurd®y Y NI HEREEEL 2
VBT, Ry VX B EEFTET,

PLEsRR7z kA2, A VAR SF 0 ¥ — OSBRI T
X oYY H—EVWTYERY—ALTRERL Y VS EEEFTE D
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Analysis of change of HIV by entropy evolution rate

ERET - KEMA - BFE RRERAFEHFER)
Keiko Sato, Masanori Ohya and Satoshi MiyazakiMasanori Chya
( Department of Information Sciences, Science University of Tokyo )

AL, A NV ADEELL, c‘:<b~HIV®7“"fE%I§$ﬁ§E FAN—AELTHEASKE
IV OE—#tR, HELY POV -2 XOBRRELYHVWTRIFTA. 25 LS
FEBELT, HIVICEBE L 2%, BHEOCD4HE, %&%@Wt@;@&%ﬁ{x%v«\w#
HINERT AEELRVWIST L EMERR LN ELLENTH A,

i K%.&E%T»’s &, 2T, COMILDOBEITHEREL 2LHRETFOTFA AT D
&, TV O —E#LRIZOWTHET 5, 3#TIE, BiFT 2 EBFOHIVAEZTOT—
FIZDOWTHRA, i TEDT — ¥ % H28 CHBE U BT ARl T 5. 5ETI,
R T ST MELTRL, 6HTROATERTROBIPLEET .

(1) =¥ o E—EEREDFRYRENEL L BEDOCDMENLE(L & DREFE.
(2) HHRHREOELLBEORFEOMDY.
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Information theoretic analysis of coding structure of HIV

R - REHER (REBEAAEEHREER)
Hideki Tachibana,Masanori Ohya
( Department of Information Sciences,Science University of Tokyo )

BIEFIFEHEZE LTV V) BEIL, FHRERLR—AICLTHEAS
Ml VPO — bR P FICHE I H L AEEIS, HIVODNAE ATHRTE LD
FEEEE 2D, HIVOBETOHELEOLIIOWTERET 5,

. HIVERERT 5 LTEELHEERE, =0y, F¥v 7y N7 EDORE
FrF—F e L THWTENTNOHTREIIDVWTEET 5,

2. 1 ADBEIOCBBINZHIVOREFOENEFEHENE L, BREL DM
b L EhS B, RETT 5,
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Hakobu Nakamura
Biological Institute, Faculty of Science
Konan University, kobe 658, Japan

We examined the relationship between physiological modification and genetic adaptation, both of
which are processes necessary for survival, when the environmental conditions changed. Darwin
(1856) did not consider the relatioriship of these survival processes. We have concluded that
the first process to occur in response to environmental change is physiclogical modification, and
that genetic adaptation'as the second process is a result of random mutation. Some of these
mutations which can reach to the physiclogica! madification level will survive, as shown in the
figure, and it is at this point that the natural selection occures. '

The figure is a conceptional model showing the relationshi p between physiological modification
and genetic adaptation. The physiological modification is non-genetic and temporal. The genetic
adaptation is mutational and is of significance in biological evolution. Mutants 3, 4, and 7 reach
to the significant level that is at or above the physiclogical madification level whereas mutants 1,
2, 5, 6, 8,9, and 10 do not. The former could therefore be preferential by selected in the new
environment. However, it is clear that there was some important steps in evolution before the
individuality of an organisms is established.

According to our studies (1964, 1965, 1987, 1979, 1989), drug resistant mutants of
microbes occur spontaneously and are independent of the presence of drugs. Such spontanecus
mutations have been accumulated in the genomes and thus the mutants have increased resistance
levels with time even in the drug-free media. Therefore, we can isolate the mutants without
contacts of the drugs through the so—called sib-selection.

Pysiological
muodification

Relative phenotgpic' level

A
witdl 2 3 4 56 7 8 9 10

type Mutant
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Origin and Early Evolution of Eukaryotes

RN (MEHEBBERT)
Masami Hasegawa (Institute of Statistical Mathematics)

R SEMohicil, BEEHTHYLPLI ba vy R TREDFIVFTRTE OB VH DN
HETH, 3 ParyF) 72372 00wWEEAEYD ) 5T, ABEYOEILOMHMORBCIEIIOR
Fhosg bR odbhil, Fd, I baor FU 74T LEIOESEEoHE SRS
WThDAEENSDS, waﬂﬁmmm\uwiﬂ&ﬁ%ﬂEmE%% T = ST WA,
3. Giardiae EDF 4 7O EF AR, Nosema’s X OMBLT 0, Trichomonas £D b)) T
FAEE TV TOREGEE LTETF WA, bhiubhil, Tho PR Ed:yitEZEsno
LTEDL) B RENHELHDEDPICOVT, R7F FREMBERTL CRENLEARERAY
T 5F ZHEFEW WA 4T o T &7 [3[4](5][6][7][8][10]c # PR, I ba ¥ FUTERFELENT
GO &iind, EEEYOHEILOE {BOERBTCIErOREL PN TREEN BV &
DGdno TEA, E2AM, BEMYIEFRENI2TE b P 7E2F TwiATEEME
HENRTWE[20)e FBETIX, 77 VTHFFELIFETEHEI POMBICOVTRRT 5.
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heat shock protem in Tmchomanas uagmalzs suggests a very early mitochondrial endOSymbmsxs in
eukaryotes. Proc. Natl. Acad. Sci. USA, 93:14614-14617.
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the aumino acid sequences of translation elongation factors 1o/ Tu and 2/G. Adv. Biophys., 32:73-120.
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93:14618-14622.
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Thermoplasma and Eukaryotic Cells.

HIEBE - REBRIE (ERERKE - AR
Akihiko Yamagishi and Tairo Oshima
(Department of Molecular Biology, Tokyo University of Pharmacy and Life Science)

) BV — LARNARPEHEAROWERFR ENL DOADRETFO —RIESEDS Fit
LSRR N 5, ERODHELICET A R BRNESNE I IITZ>TWS .,
TNODERNS, HEALONT VAL T OAEMITIE OM%E (Commonote) IZHEL
TWaZ &, HEDOMENSERNTZ DD I )—TIZHhNFD—FITEEMEI,
FEEODRIGIIHMEEEZEMIOM NI &, ERPS TR0 DDOH B,

Fh BEEPOANHRIOIBEI A2 FUPRFEHEHNE (FasF 837571
7)Y CHEL, EREIZTI/INITFVTFCEAELTVRZE, WFR b EFNSOBTE
U OB NS EN SIREL TELHEBETHD ZENALSMITRSTETH S,

EHEYOHMREERL S<HHEOHEBIERLTNREEI SN TWSY, 20
HHIETHETHS. L0bi, EEEMOMRIZIZORESRY ) LA XN CNET
HENTWASEEMEPHMEIZERTEINEARELS, dHEEOEYNETOEE T
ERFPRI PO RUT7OMBRAKEDE IR EREBZ LN, FEEKARORN
I, BRI b2 RUTRED2KHOBMEZH DA IH RS Oz bAAIEE
RINTHE, UVY—LEO 1KOBNS 2B #MERNE<ROENG, BEMEYTIRE
5 U RMBPROBEMEIREEAEREL TR,

BAE, FRIFAOEMEY — 7 7 XY OMEL S FRIBEBMIRMY GE 2587
BEIRBNSONDREREZB/BTVBEDTERICOVTHENTS,

B4R, BN DRKPSFH T TEBOT - TSIV 2EREL =, Zhbid,
HEG 22972 4R 8, 16S IRNA O EELFI M 5 Thennoplasma acidophilum ERIE SN, L
ALUEBTEMBECEZ2BRETI L, XD RERBBOZEERLE, HTHEDD
BE0—#I3. HECHRABMEL TERREHOBEERLE., &k, v—E 795X~
VRSN MBS Bl At RPN EMSE I X2 BRET SRR BiEES
BERBRINE, RAR, T—2 73 A HKOMBOMILRE 2 REE BRI R R
TRISEDOTREVWIEH#HEL THS,
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D-Amino Acids in Mitochondria

£EA ¥F'.H EH'.HEB RO BABAXRF?
("ERRITR-E-4h. CREEX-@H)
Yoko Nagata, Masaki Sakai, Teruhito lida and Kumiko Kawaguchi-Nagata
(Department of Life Scisnce, Himeji Institute of Technology;
Department of Bacteriology, Hyogo College of Medicine)

ShaAVEUTZIR AR TEAE (T HARREHNERELECLEHER. REOISTHEA
INBEITH o EBEILRTVE, TORMELTETOAZERICIE, DIFIVFYTIIREITH
TLE=DNA EXOMBREFE. IV NOBEERESTASTND, 2)IFIFY7 O DNA HLERE
BROBREK THYAVMOVESELL, 3)HAEISIIIABMBRICITIM AL IRNEREAN, Sk
SRUZIZIh, B EMRH D, 16SrRNA DEERFIOERICEHETNERRIZES L, FREOHEE
AL EEFEOHEETHDILLLY,

FCT.D—PR/BREFAEOEANSEFAVFITHERZEMFHTLZEHNTCERRZE G0, D
~FI/BIL, — BN HMECESFEET AN ED(HERRESDHISEEE Y EHE
FEO)IZRLEL, FREOTEBELLTABE L/ ASavARERW, SFIAVFY7EOMT D—
PE/BEAMREREBLE, T, KBECOVWTIIIFABEELELOLRAERL-LOELRBT L
LlizkoT, BFEEROBIVI\VEED-TF/BOMBREREIRAZLE,

B &

SRAVEUTIRSYFOFRBBAALEBEBEZAVTEERICHE>THEL ., BREPTHRLES
FPaOVKEY P L HEEE. EE-BEREBRLL KB @ ( Escherichia col) B LU /IZaAVAHR
( Paracocc us denitrificans) ., 140 000 g+30 min WL, EXIZHFIPOOEEEEZS5WIZHEDED
[ZhZ. £ EBESIIHEENFE/BOSEIC. L XESRIL Dowex50 ASLIZLAIHEODS
BEETI/BEOSFICAN., — 5. BERFERTCHEBLESFMVFUZALRBR+-IMIYIRE S L
SEESLEELE, COMESCOVNTIIESRTI/BOSRERIHo ,

EARPS/BOAHOLEHISERESZRELEL. 6 M HCIh 3,6, 16, 24 h 11020.5CTM
KEMLE . D- L-7PE/BORE TROECHIC. MAKAIREHOEE 7S /BE FDAA(I-fluoro-
2,4-dinitrophenyl-5-L-alanine amideMtL .2 THBIAT T ST7r—IZ&Y % FDAA-FI/BIZ
S8 EH U, chZEERASLZELE HPLC (20T 340 nm OREETCE=42—L1,

# =B
BEBT I /BICOVTIRENIVRYPEXREER - AS0vhROD—F7E/BAHAICEUSEAROSL
i,
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Formation of Organic Compounds in Submarine Hydrothermal Vent Environments

INFIRIE (BERENTKFETHE)
Kensei Kobayashi (Faculty of Engineering, Yokohama National University)

18704FUR, HS NI ALK PRKEFBE T ETHENDI00°CLLEDRKIE
EELTHWAORRREShIZ, COL5% EREMKETL 37 0%, HREMTES
ERREh, HEEEE, MBHIEY, £8P, FERPLLEL0BSNLRLEEDHT
W3, EHOEBROIFNHDHBOTREROVEETH S, TOBAHLLTE, ROk
SEbONRBIToND,

1) BEMNAEE . BEEKREBILEKOAS V., KT, BILKkFE 7YEZTLLED
Whip 2 BTSN ZORELE—KOBKIRBELYGEEIMCHEON, COL>5% BT
HGEE] (2. BRYEREYNICERTIERCERCHNTH IS MmN TH 3,
(2) TRIVF—DES Lquench#h® X &>, ZEB{LRE, 7Eo 7L SO T{E
SN T I/ BEEDERSTFOERICEBIRIVFE—DPNETHD, BEREKRBAIC
BT, I VERBICAWDCENTRETH D, HBROBTBEND LA T ATEHEKIE
VT OEIZLYRAKICHE00CITMBENEZN, BE<{L->TERL, EMEESEN,. 4
MKPICREL TN, B4 Quench)Zdh3, 2F Y, BEMKREBILOBE, i okzA
£k LUl-A#hquenchilRIC K U BHKRBRERND Z 0 EFEN3E, COBE, BE
EKEHFLBBAED D7 O0—- YT 05— LA EToENTES,
Q) EEEAFVIC LD MIENE BEBRKRLEFLEKPIBERETHY, -EEOE
KEBNTERLDERAF VEENERCESHEFNBENT IS, IS, 8. v vH
v, BRENVSEEBERILEEOREKDOI100000£ZLI FOSBETH L ENBEEH
TWd, ChoBBRRA &/ IELENMEERERT ENAENTN S,
COESERIET TORERYOEEYNERIITEERRKELFEKPO7 3 /BB
ERELZIMOERENTE:. F BEHKREFBETTO7 2/ BOSEN OTEE
ML, WCONDIERERICL > THRRBINTH 3, FIZE BESKREFLEKEE
Lrciamk (Z7vE=v L, &), B, woH A, RN GEDA F o EwMRTKE
B ENRNAVLy P RABOF a—TICAN, = I L—THNTCEZ - A9V - _BULKE
DREH A THE - Igh (F9300°C - HI200T/E) %, BIMKSETSIE, YUy, 7
Z=UEEDT I /BNERYRICRE SN, CORBICE, BEMNBE LU
MR THBC EbrEaEniz[1.2], 73 /JBORRIBHTEL, chidERLEZ7
T/BOMYOEANEISCNBEINIZLICIYSRLTLES S EHEEDNS,
ERORKRTIR, BEEEBRET COERYMOEROE. £RPNAAINTHRSY
RNOIBBNREZNDD, COLSTHEBEERBNICEMNM B T-HICIEEERSESSE
F¥E370—~UFo5—DERANFARTHS. Fi-, EEOEE#MKkRE7O~VTS

S—ICRWSTRER BRI NS,

[1] H. Yanagawa and K. Kobayashi, Origins Life Evol, Biosphere, 22, 147 (1992).

[2] K. Kobayashi et al., "Biogeochemical Process and Ocean Flux in the Western Pacific," eds. by
H.Sakai and Y. Nozaki, Terra Scientific, Tokyo (1995), pp. 523-535.
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Kinetic Analysis for the Degradation and Formation of Nucleic Acids
in Aqueous Solutions at High Temperatures
NEESE, SEEF HBE 5 ERRES KREILAE TFEH
Kawamura Kunio, Yosida Akiko, Matumoto Osamu, Umehara Masatosi
(Osaka Prefecture University)

1. RNAREE@RERETHHE L BERBEEOR S 2o/, R EictaiHE LRRT
BEARFIERELELOLEZ LS. —F, HBRERE (373~64 7K) okbEaOH
BrEEREUR3E LEbOLEL RS, fliiE, Skh TEHFTIHEFAMEER,
BRI S OBR OB LIRS ER - TWBITREEAEREh TS [1] . LLzhb2
SORE (RNAT - FIRE L& OBoREHS) 2RBICERL TR >TeRRRro

fe. TRLRNARRBEKRF CRARE CHILDHBMERTFT I LRHELNEELALNT
WAH, RNANREREETERTFHE, RNAYV— PR L #vkiBRBIEIEWCFET

3. BEHEXIOLSRELAND, RNABEREAR (373~647K) TEDXSRLFENR
Wi F L, RNAT - FIREBBKERR L PO L 5 RERHDOPEWDIMRILEF
Lk, 4BR75F v v5-ZV B (ATP) ZAW, BLIZATPALF)IT7T T VERRE
BB 55, B2I2ATP ONKNROEEFHE L TEORIGEB 2R,

2. EB

ATPOOS M, NaCl0.1M, MgCl20.1 M, pHE@fi#FIL LTS &Y -NV0IMBLTUY VER
(pH=7) #&LERETNL, FSAHBESHINETTRAF v 8L T NITHERSL,
FiIZWh T EREEEd. R0, $#HHPLCRIVGA AR HP L CERAW
fo. SR ORI EERIT 7 v JZ ASIMFITZ e,

3. BRBLUER
(1) S ¥/ nOHBLFVIv—DER: ATPR—EDBERHFETTAIF/—LER

BLT, XIVEF RSNV VB XY ) FEERTAZEBIHLNTWS. ZOA XY E
XGRS TR, HBINWRERA e TEMOBEERIC X > TF Y IR LIS LR
T3, FCT, BEAWTCRNABERTEINE S5PEFR DD, BRKFTATPLAI
) —pNhabd IXVY FRERL, 3V IT7FoLBRERT DT 2R SBOFER
BT, 43IFV) FRECTYIT7TF=ABRERERE, k. T2bBAT Pidiks
MEhle, I TLUHUTZOMKIRERIZONTRAL.

(2) 37 3-5 23 KiIZBUIIKRMER : FEERGT TREFHEZ S 2MHDNiX3 0
SARE Ui b2 0EBHEHP L C T Uk, B¥EHE L ERDORBFMEHLEL TERY
PREE L. FORE, Ny X-TADP, AMP, 75/ ¥, 7F=y, ERFFFV
PERT D BRI, ZREDOERWIZA T P OBERNASREBIZ E > TERLED
or#ERERE (BIER (1)) .

ATP — ADP —> AMP — Adenosine — Adenine — Hypozanthine (1)

(3) EiCSEEORIE : = OREAHEERNICRITT 27cdiz3 73, 398, 423K7T, K
ISEE PRI UEEEREHRE L, Sk REROEEREIIATP~ADP>AMP>7
) Ly OEFTRD Ui, Z OREESEORERENELS 5 2 3 KITB T 5&R58 0K
RT3 3R sRELLER 138 (ATP), 1. 6 (ADP), 0. 95 (AMP),
4. 0 FTF/V) ThHY, EHTHNRETHIZ LEERNICHES L.

EWRIC LT, ATP OIAMBEHEIGRITIIELDTREL, RNAXNEHNIZEFE
T3 Himl, RNAOEREENKE S AFhIhbhnwz Lok, B, FVIRIV
FF FOSHERIES L CERREORESHRATTRAELTWS. TORMBELIBAM L.
[1] KEN#EE, :1996, Viva Origino24,52-53.
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Self-replicative molecule and its chirality

B (RIRARERERAEMAEN A RS2 ER)
Seiji YUASA
(Department of Biology, Graduate School of Science, Osaka University)

7=V RAFADEFNE LT, 1 0OEFORTRIENRBIVZOABRDYPBETLLEZ15L, O
B TORHL Mg, BELREICEY ERHOBEEEOEL . TOBEROBEHEOBEEHM
TREZERTED, MO, BREERE - LET LI VBO XS AMESWOERBHB TS
D, ZOBWRIELSRET DL E b, MBTIHREWUET DB TE R, OFRITIEEEMC
L. FFI/ae b7 74 -BBLIZLBEHMFHTE DS, T TLTFRIREEL, 9FOHFLY
HEE L HEEREEN D, ThENORMBZBREE AT INESTFOSRER 0L 5 RNz 3
ThsH, BCBEMESTFLHN TRV, FORFOREZEDIOBRNEEEOBETHS,

DPRUDREEBEOFEETC.L7 I /7EBEDT I VB L0 LERNICHRWEN 2R L O CFAE
THELELENFAIUR T F T4 —DVRFAERNTRE LK, apriori (CEERNTEE Lk & ThIE,
SHOEREL T I HEENS RS FORLESDEBEE LB Z EERW Ui, 20 apriori 22 5 7EE
HEWRH, ERNICTETEZ50THS 50?2 LTERITNIE. 4 H O FOTFERNIZF R
AFENDZEERB,

EBRBAERES T THY BoBCHBSF TH D OEDEL C4 @ chirality TH 5, anomer &
epimer OREIX, 4R RONDGTFHENRRRENZVI LM LHRALEXD, SEORLRDY
FLEDOHEIL, BRHRERTHYELEBENLREESERNTHELEZXEMLTH B,

DNA B3~V o 7 @R Lol & &, BOMIEEMIZH LTEETHY, HEMITHLTO0E
EESETHAIZR-2TWS, Zo#HEERH TS0, C4 @ chirality & C2 endo THB, oF
B, ~Y w7 RTEOREEIZE STV 3, SFHORKOAFEESEZBIDICEOEOAENEN
L. TNEEECO Y VEEEEET I HRATH D, WRYIFERIEDOERRI LSS,

Bl % C achiral 224y F & AV BIZEAS 5 B 48, acyclic $5° PNA KR BNLS & 5 InE 0 ki

AL BB A REE S il ZREBHE CHNATF FTCHNELR  HEEENTETH 5 Z & AHA
L%, PNA @& 52 DNA & DORITHROF & LTIRBER R0, RIZEVWOKRER/EEW-T
BEh D = AN ERETH IO, BERMATFE L TOMENEDTEE I LItk s,

b OERIT chirality ORMEN L —HRHEOLOTHE, HECIEBEREL ERICHRF LLHE
LU VBB L AR RMEE L oS B OBESERS L LTRLESTH D) 2 L OESIBRELRRS
BRPLBVHEZ L BHERWTHAS S, ZOKEED chirality 12, SBikbi<rkoic, HfosTFo
chirality RBIRIC HHM R L TW A FHERRZEL L0, TORREZESECEE SRS,

BB EROREERIIR I LEF FTHB, LhL, TOERLVEHTHY, Ehav ' a—F
YIal—varilioTPFRENESTFEFNVERTRTAIEKVITLFEBEN I LG, HEH
WoHTFORKOBRMHET DI ZLPBDTERTH D, SEIL, DNA 2T 7N LTHF O chirality &
BESFORE L BRIz YW TRE LEWN,
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Hydrothermal environment on the primitive earth and evolutionary flow reactor
OMINIFAR:
(ZEAFEm R AT
Hiroshi Yanagawa ‘
{(Mitsubishi Kasei Institute of Life Sciences, 11 Minamiocoya,Machida,Tokyo 194,Japan)

i, BEOEBOBKBET CEMIEELLOTELEVWIAEW) WTEEEIEE S H
L9 hoTE I, FINTAEBM L., EATFEEY (REBEOERLR) . 772 -
FeTH, ANV TANVEZTERAOTIA A=, <) TF, it% EDOBEDBBD
ETEP CBEOBAKNTEEBELTWARZ ENRHINATHS, 2, Th, 21 @
HAFEEBEBEOKEZ00A—MDEIAIIHLETSy T AE—H—LIRIThAEE
FLiz. 3 50 COBEEBOEKTEEIELTWE, HBESKEEILE., A5 ¥, bk
T, KFE, TUVELTLREDEENT L) DEBKICEXTREEIIEL, Wb s ETH:
WETH 5, BEINEEFLIEENFEL, HEFSREVWOTHERTZED L 2DD T
ANE—FEREBETH D, T/, GOV ATV RERLEDEBA TV OREIED TH
W EOEEET o T,

ZOL D REEOHKEET CHBMIEENNICARINLTHS ) b RbRE
EHAKE LK L Bh CHROBEREKERILEREO( D, £ORPTAY V2N
E. gL, T3 CEAERSTIERTENE S PLLTA, HEESKEN
KT T AE AN, CRENESICANTREL-EZ, AP Y24 08E. BF%
4 0KEENAHA, 325 CTORMMEL . ENIRRNICIE2 0 0REIET S,
FORR, TV vRT GV EDY YNNI ATI /BT 7=y =TI /B
B EOEEDY VR BEERBRLTOWEWT I VBOVERTAZ LFbh o212,

E51T, BROMKBRETTT 3 /B LbA_TT FRMRREEIBRENLE N L) P
BLLRTh, FVY Y, 72y, XYY, TANTEF VB AL GKBRET TR
HHICAN, 250C, 13 4RETORMNATS L, ERLS-253 70 DE#E?:
bOoM/NBEERTAZEERB LY, ZOBNEKIZZI0O0THEWIE3 5 0 COE
THRBE ENED, 200 CTITILAETERDP 27,

WESRKERILBET 2RO ED DDA NF - IFRORTH S, RO
ZLTED b LARAL BRSSO TREICHY LN, 2Bl FOT S v O
ErEhoHshs, EREoBHEILZ b 2AE—H—ETid, 350 CLLO#KT
LACOEHRFICERBICEEHERE, —BIIABRITEERTER S LT W, 58
D ENR TV, BESKERILO VAT ATH, BELPOBRRETARIN-EAED
FERELEROREBIIBT I LPTEETH L. 2F 0, HEHKBREILEIEED KR
ANBOB OOV TO— T2 5 —Thb, LIL, kil LRl bOEERIZHAM
F. BLERTHD, BERTOERORELHMBELIEREINOPFHEINPT VT
LThB, COMERPRERT 2010, BETHE7O-Y T 77 —2RVwTHIER
DENKEREITOILENSD B, 70— T2 ¥ —2ET 5 EToOMERIL, && &
*, BEO=BNRARTEDIICLTERE. BEQOREZRM., HRFT LD, Wit
KEDL SLEETEOBVYEICHLTEDLS HEBEEAVLION, RETHE, 7
0= 7 2% —%Bni- R0t ERIEEROTEMEICOVTERL THIZ,
1)Kobayashi, K., Kohara, M., Gamo, T., and Yanagawa, H.,Origins of Life Evol.Biosphere, 24,
324(1994): 2)Kobayashi, Kohara, M., Gamo, T., and Yanagawa, H.,Biogeochemical Processes and
Ocean Flux in the Western Pacific(Eds. Sakai, H. and Nozaki, Y.}, pp. 523,Terra Scientific
Publishin g Company, Tokyo, 1995: 3)Yanagawa, H. and Kobayashi, K. Origins Life Evol.
Biosphere, 22, 147(1992).
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LHE SN D, HICHEED & BKSE T 5 IFE Gk ORESE L EHAESFEFR
A3, CORAFARNRBABEREC Lo TR L TITBPEBWT., TOREDOF
LIARLENL I A~ARSTIRLEF—HRBET B, ZOZRAF—HBET I /B
BFREOEBEOESREDEHDTIAR—IFE LTEDNATESESSH B,
MAFARID > TRET BT INF—HEFFEEOLHOIFAF—HE LTHA
TAEOHMITRO=ECH S,

{1} BHPAEREET, NS BH TIBREMFTCRAT 3,

2 HDFOBEFSHBHEARLET S¢5RLNLRATBETH 2. (R
LTI =N HF—D—HE S THROB G RN F—LEREEDZ I LITLD = RX
—EMERFICERSE, LO bR TEASERL LTELNS,)

{8 ATERTOESRCBEAZHREZT R, (EEFEOL DL R X R
T R B OB OTFNF—ITER TOBE L F TR BN FARE B ST
5iBEd L BET5.)

SO EEAREE T BRMALARA ERENTERT S - L AAHEHEOTEA TS
3,

3) #lzo—)T7I—@HoOOREH

{1} BR.BECBKEIER. BEOKBEICESEHCHET 3, SR BEL LTiiko
CERETEEDD,

{2} M D Evkic{b 3 b, o FEI R A EHMO FRIBASE 3,

{8} MAEMITYTF—EEERELLAL HHRD HT,

{4 REHELTHH/TIONAY IRTFF F AV IR VF FTH B,
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Aspartyl tRNA synthetase of high level halophilic
archaebacterium Haloferax voicanii

BERESE - L3R~ - PEEA (RERAILRE - REH)
ERAE - AMER (KRRFIIASE - REREE)

Hiroyuki Shinoda, Ryouichi Yamaji, Yoshihisa Nakano (Department of Applied
Biological Chemistry,Osaka prefecture University) ,
Hidesi Thara* and Masahiro Ishigami® (College of Integrated Arts and
Siences,Osaka prefecture University®)

*EE

73 )T VIMRNASEESE (ARS) REORARACHISTIEETHY). 7 I/ BRERNALEGSE
L@EEFEs TS,

ARSIE. BREOBEFHRESVTEBEROSEITEEL Lofzky IV FI/TDOHRILICATRTH Y,
Xy b TN R b dkicdt b L - TR R B, BIEOERRSKRICBIT 2 RNRE D — FORILIC,
HELEHTREL-LLEEHIRS,

ARSI ZOHMOERD 773V —%2FEL, ThENLBENT I JBEMAIL., 35T HRNADLAT
MALEIEE4T S o

B, BEAYS L UETFHEBIIBVTOARSIZOWT, L OFEFRShTws, LiL, E¥E
Y. BIEME IS ASS0EWR, HHEOARSOEE L BERIIOVWTORIRR, T HTbhTnRy,

$EH
R T, HHEOBOREITER, Haloferax volcanii®20DSREEROHPD, V7 I VIRNAGHE

BE (GIuRS) & 7A/SLFIARNASHREESE (AspRS) (ZEE LTHfEEED 2,

GluRSK . ¥V ¥ 3 = MRNAS X (GlnRS) LEML-#EL HoTHBY., ZNIZGIuRS £ GInRSHF
SEFOHEEISBILLAzC L 2RLTWS, GinRSiE, H{ORBER TS A7 REBEELTLLLE
TEBRWIEFQNLNTBY., BREOEYHOHDGIURSIIZ NS I VEEOWRNAL VY 3V DIRNAR Y
WEIvMTTESTIYMEL. FAF IV BEIVII VORNACIAT Y=Y ar LbDIE7TE
FEEBILL s TIMFIALERLTHS,

L PFIREE T LI T BT At Oy M8 O Sulfolobus acidacaldarivs - THAEDARSOEHR 2 RAAE T
A, GuRSIEMEOH 5 ATAspRSEEL R LBEMRN Y — 2R LA,

GluRSiZclass I MARSTH B, AspRSidclassIDARSTHAZ L, MHITEFIOREI LML LT
;f: LEZORTWAA, o2 TIHHE OGRS & AspRSHR— 7 /32 B TR 2 Ty 2 REE AR

énf:o

AFF R T iR B A B O Haloferax  volcanii® AspRS & GLuRSD IR, R UE DM & B2 BI5 »
IzL, TOS9FHEHLAERSHEHELAICL T, GuRSOER - bW TEREL L J LEHAL,

®HE ‘

HE3e | 7= Haloferax volcanii T BEHEWR L, R GITX > TASBHYRERE L0 HBRERE L

fro B Ow bS5 7 4 —CClRSIHM & AspRSIFMEZHOBEELRBL., VNI FR7F & -4

%&. BRTF FWERHMH IO b T T4 — 0 Lo THEE, FRLE, ERTFFOT I/ BEFES
L7

OHRELER :

Haloferax volcaniiDGWRSIEHA O 0= bS5 7 4 —I2BWT, ApRSE T TE v, GluRS, AspRS
DWHFOEROBRMERT 7522 a y QRO 237 RO—FEEL B L. BEOAspRSE B
FETQYV—%FFR LI,

Haloferax volcaniiiC BV TGIuRS & AspRSIZM—~DEETHATHEE G H L LEZTWD,
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Glycyl tRNA synthetase of high level halophilic
archaebacterium Haloferax volcanii

EHE (KR RE - BARER) | BEEE (KBUFZX
# - REH) . BESF ., GHERE (RERIAE - BREeR£E)

Takuma Hiroki (College of Integrated Arts and Siences,Osaka
prefecture University) Hiroyuki Shinoda (Department of Applied
BiologicalChemistry,Osaka prefecture University) ,

Hidesi Ihara and Masahiro Ishigami (College of Integrated Arts
and Siences,Osaka prefecture University)

<Fa&>

73T VIMRNAGHEE (ARS) EIXRNAL FRICHIGTAT I /%
RFENIERL. FEOTI/BEFEDT Y FIAFVIINRSEL Y
I BEABRILE o TEELBH BT ABEETH S, ARSIZY V)52 H
SRR EITHEIL L., ARSOHEALDS Y YN BERROELICRKESBE L
EFEILNRLTWA,

BE, EEY, EIFEMBEICBWTARSIEP 2 DIFES 28R TWEAS, &
HH I BWTIZARSOF &, BEIZISWTIZREMENS L ENT Wi,

< HE>

)V IRNASKEEE (GIyRS) 1, 7 I /VBEALRNADI'OHEIZFHA S E
EPEROICE B e motif 1, 2, 3% Dclass TARSIZERT 5,

class TARSIZFAE N « , O BELEHL TV 545, GyRSDEHE, HBHE
W L HHEREME TR« , 0BT, RKBEE LA Y7V PR TR
a, B, DUEEROBELRO, DL ) ICGlyRSIE, BEYFR LB L TERHIC
EALL L3 THDH, HHIE TIIGIRSDLK., 2K, 3 Ki#EEILMR LHEHA X
nTwisk,

R T B TR MM T3 5 Haloferax volcanii®GlyRSIZVEE L,
GlyRSOERB LG TFH/ALDOBEEFWHL,IZL, ¥ YN 2EEBRAROELE
BEXELPICTAZEXBHE LTS,

<R >

MFREBEL, BTERER, BEL, KL VHEBERORMLTY, 8BS0
ThFIT4 -2 L WOlyRSOFESEL* 1T 5 725 SDS-PAGEIZ X o TGIyRSEFH
BNBNY FEEEL. FONKREY) & #IT L1
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Alanyl tRNA synthetase of high level halophilicarchaebacterium
Haloferax volcani

EEASE - BEEHEE - BEF - GAESR
(RERREI K2 - BEEE - AR
Fuminort Kamigakiuti,Hiroyuki Shinoda®, Hidesi Ihara
and Masahiro Ishigami
{College of Integrated Arts and Siences, Department of Applied Biological
Chemistry* Osaka prefecture University)

TE/TY Nt RNAGHEE (ARS) . mRNADKEERFFELEO T3 /BRI
Bic, tRNAXFOt RNAICHIGT AREOT7 2 /B ERICES S CAMSHR EOBETH 5,
FOENE L TITRT,

TI/B+ ATP— 73/ 7Y WAMP + PPi
FTR/T7¥NVAMP +tRNA — 7 X/ 7 RNA + AMP

ARSI, BEEEDRLDAHA,. FZEY LEABALTL-oTED, Lo T bAOEROEND Fo

TWhHLEZOLNS, TLRBELET, 2Ot RNAICHT AERBESEL(BFIhTwE,
e, cassIICBRTAT S =)V t RNASRKEESEIL, HIEMESLESESIIBWTiE, tRNADT

FETI—-AFADGI-UT 0OHFFELBDRLT T, ARSOHP Cid, B EICIEvw5, LALE
ot Ty MEBICBWT, ABETIE, AREEZEELTWADKIL, B b, FA 2Tk, HEAK
Thd, F—KEBEIIBVTR., EF—71, 2. 3 bhaGEHME, ERoNERNcET-TB
0, b, TNTOBESNREICERERTWARBIC22TWaA, 2O L) 2#EE, o730 8ic
FWETHARSIKEREGh WS TH S,

TROEDEE, AFEMEPHEEAY THHEO Mo TWAN, THEIIBWTIL, FEAYA~<LGRT
Wi,

AEFERTIL. BEIFEE#E Halofelax volcanii D7 F =)0 t RN ASHEEROMA LTV O— K%
BEBEHLMIL, MO EOFRLIERTAZEIZLIN, T2t RNASEEBXORIE, HL2EZ
ba

FeE

BT Halofelax volcanii MBIV, WERBEEEHZT 2% L LAEDEGRE
LEADA A EAWT T2Vt RNASEBEORMEL T, £/ SDS-PAGEIC L., 792
t RNAGHEBEOLDLBDbhANY FEHEL, ¢ONERTI /MY — 2Ty A%frodz,

BEE

SDS- KUY T2 N NTE VS LVESREOEEN G Halofelax voleaniiD 7 5=l t RNASBEEOLODOL
BEbha/ U FEREL, TONFRTI /B -2 2 AOERLBOEROFNLOFET Y —RFEE
Tof. THERLTHETY -2/, HEMESL, BEEY L ORET Y — 3Bl ok. BER, N
B RELTWAH LA TH A,
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Aspartyl tRNA synthetase of high level thermophiltus archaebacterium,
Pyrococcus furiosus

PifE (RERIRE - £E6RH2E) - BHES (KRBT RE - BEER) -
BEFE - AWER (KERFILAE - S48 %5
Minoru Nakamura (Callege of Integrated Arts and Siences,Osaka prefecture University)
Hiroyuki shinoda® (Department of Applied Biological Chemistry,Osaka
prefecture University") , Hidesi Thara and Masahire Ishigami {College of Integrated Arts
and Siences,Osaka prefecture University)

BENROTRLEFICE. IRNAKKESTE 7 /BOELWRRL WS BEELERERISEL 2 5,
T 37 YIARNASHEEREF (ARS) i, &7 3 /BT HIRNAKH LTAEED 7 £ /B BRI
EXELBEMMEBEOBETHE, 20HOT7I /BT IR BRI, 27X T, LICKHIEH, &4
D2 AR HEPOHEILLTELLEZ SR TS,

FDARSPD—DTH BT ANVTF 4 VIRNAGHEEE (AspRS) 1FTHIE. YIEM® Thermus thermophilus
B A YeastDASpRS T, MHABRENE-THE Y, 253 ARPARST, Z“RERET L T WD, i,
& TICEITHEIHE - B3l UYeast?D 3 P2 FU 7T I BEFMMHOPEEATVS,

M. Delalue® (1994) T, thermophilus® Yeast®AspRSOMAEMEE S S EFRLOT I/ MEAE I
Wli T2k, EF—71- 2 - 3%2GRTIFAT7HA . TRV TALEEN, (RNADT 777 —
AT NEESERY A YR FPEELREET. AspRSOT 3 JEEFHL. BWREDY—2RTEVI Z D
Bofse LAl —HT, BEBRERE NI Y OBETLHPFEINRTS, bbb, XEEYHD
AspRSH., NERICH100REOMEH S5, MIEHEIXCEBRICHARROBENH Y, TF—T72L3
DMITRATSRECEA P XA 355, £, BF—72CH, REEWOAspRSE BB L C, KEMEO
AspRSTHE 7 3 /EBIROREYSH 2. KTMHOEF— 73 TRESNR T AGLDREAM . MEEMTIE
GLEREEANC o Tvea i &, FHEY L MEMNIC L 58V 5,

WERFRR T, ¥lB Halobacterinm salinarium @ AspRSIMETF OEXRFIFHEL . ZOBS, HIE
MR REANRLNE L) 2CERMEPNRRHFRIERSA TR Y TV lEER o T, L
L. —EAGICE EBEELAERIIR VRO Y- 2R LA,

FIATEEEFE TII. P furiosusOEER P, 4/ ADNAZHIB L, 22 AR - —XPCREfTo Ao #
LTEDPCREIEES 2 7 0 —= 7L, EERMNEPRE L. B, PCREKLETNLA Y —o X%
vy, AspRSREFORERFIAEERL TS, 2L, BRELAEERN» L7 I /BEAEEL,
FTOEME . BEMDAspRS L B +3 T &1 X D AspRSOEfL L BFEF o THL, iz, LY
#58 L 7= Pyracoccus sp. KODIDAspRSE HBRE T2 %Ic L b, ZOBEORICERLPTWESEES
I LRGSR VL BRI EEITWS,

BEFTIThbd o TV 5P furiosus AspRSO—KMEIL, Pyrococcus sp. KOD1 LB RWHED Y —
FRLTVRD, '

M.Delalue. et al, {1994) EMBOJ 13:3219—3229
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Correlation between Terbium and-' Other Rare Earth Elements in Fern Leaves,

B R - IR £ RE OBREK - A6 B RE XE TR BFF)
Jitsuya TAKADA, Keizo KAWAMOTO, Teruie SIUMINO, Kenichi KAWAI
and Mitsuhiko AKABOSHI (Research Reactor Institute, Kyoto University)

B VSR ETERERT AL R, FOERLWHEICTAZ &I
LoC, FLERXRFLEYEORBIZBEY W EEZ TWA, FOLDII—DDOFEL L
T, VIVEFOZEFLERLTREOHBE LA, EnEOEBELHLMITILER
Db, BEEORKEIZBWT, Eu & Th &FMEOFTERE L BREHIFHEERT
ZEEWELPIZL. Eu MY A LW 21To 72, $EIE Tb & MITE L OEMICHE
LCRELV (T35,

[AFE] HAZH (9#E) »SBBELL142BEO L FHYELZREDFETUEL,
B E ARV THFIETEY S H0EEOTHE L ER L, £EO 2RO
HEFTEILOWTHE L N NEEEZ S EEAR LI 7oy P L, EOMEOEE (B
¥) LY EAECETAERE LTHRIT L,

ERLEH) B2 2HEOFRIETEMOEA RIS  DBE, —ROBEHRTETS
ENHELTOMBERT, LAL2D S, Bu Tk To P—F WS L2gaid,
TE OMR IZHAEBEEISE LCUREPR 2R EOER ISP B, —FE LT,
Sm & Tb DO EHREIEIIEFH Sm-Th
LCc7ay L7z, —7, BR&Hh UV
WETHWTERL AR LIE, ¥R
@ Sm & Tb & Ot AHREH A

105

¥=1,27X+0.9629 i
- (R=0.67522 ) 3

WEXo THREENTVAZ EPHS 1w
N THhbH, I TEYFHWIT Sm Y=1.269X+0.3861
/ ThHASEE b EV (8.87) #HE. < 1w { R=0.88199)

Hil, kR, ERBEOHD L, B 12
%@w(awm)%m\mﬁﬁsigl
Uil (0.4963) OEEE, KRMES Y
DUD LML NE, FRTEZF 0
NORERNDOEET LEFDOSm/TD
HiZESTHD I h FRIZDWT 0]
S EIT oA, LOBREIIHINT
AL REREELZLIIEEE
htze LEOBRIIEuOHBELLL 1
FM—THh, FLELEDOPTLE
ETLH FEWAMiL S @ﬁ:ﬁﬁgg T w0 w? ufsmx((;;p m)w’ W oW w1
N2 T A L B O S8 bBRE

o AN AL Fig. 1 Relationship between the Sm and Tb con centtrations -
characterized with respect to sampling site.

¥ =1:0325X-0.97 87
(R=0.973 }
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Determination of rare earth elements in Aleae

NiAEE - BEEY - BFBE - Aol— - REXE (EBKE - BTHERA)
Keizo Kawamoto, Jitsuya Takada, Teruie Sumino,Xenichi Kawai,Mitsuhiko Akaboshi
( Research Reactor Institute, Kyoto University)

Frit. BEEAREEHNEORDDEHSMITIANT, CHNETIERMR EFLHT
FHOHEERCEROMEN SERL VY HiphOoRLETEMICEOX I RHRRS M F
TONTIHREKRSTHRE L TEE, &3 LeHFLEaHEOoSBICREREs ot (INAD
EERNT &, SEE. INMAE D EHBESERS T 7 X THBSHE ((CP-HD) 2ANTE
FHMFE TN, REELUTRARFENTHIRBIONWTHIFEARREBLIUVLATHRES LD
BEk D WTRHN LD THEY 5.

BrEE KE: RENCBRLARERR, BRETHEAS S A ITEONEE. 1) [ARA
301 (& U= —AHNTESREREZ I TS i Chlorella Vulg. Bohm Borns) . 2)
[AEA-393 (As,Cd,Cr.Ni,Pb BET He ZEML eI hizChiorella) . 3) TAEA-3
92 (FHN THENORLET L TR S N Scenedesnus obliquus 208) TH5. INAETIE. #ik
L &R B2 RARTFRFRNTRE Ui, Ce-LHRIUBEFALTVTF v 2NVERSH
IR MR R0 k. [CP-MSTHL, &Rls
EEMEMEERVWTA I OV T HERRE
THML . TORI V-V ETT FATRRE- W
HMEATRERDEL., BLETHXMEBKE F
LTHlE L.

gem - g B 1ICICP-HSIZ X AHE L BITR
ORE s BaNorth Aserican Shale Composite
(NASC) T ERAE L TR Y. INABIC L B8 T
B, BB o) L ick D ARAHE L TELE
seRIE BTERMo R, Bici, #E3hik
LA 7 E ZNTOREMITDOWTHNASC
B LTR L. [AEA-391, 392, 393 E
NicBWY TIIRETEL o TWB I EERFE,
REE Pattern OEMIFIIAIzV, HxTRIZES
MINE , FNABREBOERAZRL THD,
EWEO PN &, EYIC K SREEOTIR
CRER RN VW I EERBLTVWS, K

—+— Hlckory ~—+-—Tabocto —e— 393 —— 391
—sa—Ferna -~ Fernb  ~—a—302

Relative REE content

oh D SREE t3B Lic T 1073~ 1 0 L e :

J:REEH:{EDVJRK%EEE#Bﬁﬁibﬂﬁﬁbflﬂ La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm ¥b Lu
BT ENRAND, SRERTHBIERARNG L Fig.1. REE-patterns in the different
mkbh, 4@EREEE OB DERBLEN, organisms (NASC normalized).
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Specific Interaction between Tb ions and DNA molecules in Hela Cells

RENE. WEXIF, BBERE. IEEL, AS5R— X - BPE)
Mitsuhiko Akaboshi, Jitsuya Takada, Teruie Sumino, Keizo kawamoto and kenichi Kawai
(Research Reactor Institute, Kyoto University)

FIWETL (T0) BATSF L TUBE NN SN ORBEEF LR, Tb Hoox
BN L <HIT 2 ENANEIN, MO RAMEEZW|DDDOLENTO~T &

LTTIASEEHZINTN S, THIRZATSF ko TONANY » 7 ZAMEAR. ThAtA DA
AT T ARREMEERTLIDOERPINTVD, XTLF L EPRILFF ROLAR
IVTEREAOEMBRSNT., polydG-dO) TIES TS, —Fh. BEBLFS YRS 5F>
TABZNINMTRBZ I LW, ThIRDNGFLICECRBERBHRL. EWNTHOTH S,
FRETHE INASFLETEKINTOOHEEBNERMEL AN THREEBNESH, X
. BERETRR6E. TNEEORREPREDLSTHZ DOV TRHEL ..

[2k]

Hela®ifg ZTbCL.FFEFIT, BUNBREXRI AT SF L 28D LT3 8ERG LAY CHE
L Q-1 hr), 20=-7 vbA EiCk > TEFRERENL, TMENEEATHIRD A
ENETREBHEIEMTEICLDERL .

(kR & 0R]

VAT IF L TAESNHBOEFREBEECRT, PATSFOBMMAROES, ¥
HEFER Dol 8.3 ul THok, ThERARHERSIREEEO Dok 3.2 udEizb,
AT IF L ORMEHRIIH 2. 665@mD SN, LEREMAEERRMS A ORI LD RS
SFOEREMBSEBAMTHERT S EARMD Sz, BN TRE S NME T

ZOBRBBIERSNT. $hAaste L“%@ ~i . moaiome
HOPTHEPLCL), KPt(Cls) TIE E R o\ *\\4 :
Aok, —#. T BSHOEH
FLEFRE VAT 5F > L OHEER

BRI R RREB S L,

Th#85% &3 5% LTI EDNA & DAF

EERZMBL <V THELTNS, ¥

AT 5 F L& & o THIFRINA L ic & 4”1

Uit &Moo HETEic k- T, Lut 9

B4 REECEEz N, ElRgRoM CDDP 0 1_0 14 21 28 35 7
 RKELESTOOEEALND, Hih - 3 v Lt

YR - CENBRC Lo TREDED L 2 .

SUARYE et b J0 0 g Ay ) A ete s X " Dose

35U, B AEMLE S Nk Helakifa o) &1 R i

0.1r Radiallon
DDP

Surviving Fraclion
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An Approach to Artificial Symbiosis; using Escherichia coli and
Dicryostelium discoideum.

FehBE., mAEH, MRS
(KEEKZAERR - TR - SAREYMIFEE)
Masahiko TODORIKI, Tetsuya Y OMO, Itaru URABE
(Dept. of Biotech., Faculty of Eng., Osaka Univ.)

FEHICHT, HERBE<EVRCROSNIRKENRRTHS. HEMFTOEE
(- T, KB#ETECORRSBEMNEZEIRMICHECHELTOZSNWSEES
LLBHENTETWS, BEETOEIAREEZRARLIHEIL, HELTHWA2EMEE
CHBRRICRHBICEEE>T NS, LMOLEHE60FER[CJeonHE (1967) [T
T, BEAEEOTA=/NICHBTEBELELUTLE > AHED. HBHNCHRAEELTL
FHENDCEMMBEINE, COREARIBENHENKENT, BUBMTER X
R EMTERLE2TWE, CORBREAREOBEPTEHLOLREREBIYS S
EERLTIND,

FoTHEZIERNIC, ZHEOER-2Z2VULTWAEYRATOM TOHAEMBEEMES
HRZEHNTERIDQTEEOWDEEZ, RBREToTHS, REMHIIXEE (
Escherichia coli) YMC21#k &EHMRRIERE (Diciyostelium  discoideum. ) KAB¥ZRAWLTH
B, YMCRAKIZZA IS I ERBRRBETI NI I E2EELVEMTERTL &0
TEHO. FPRICHLULTKAGKEIEA B I TREHAEBE2ABRELGLUICEEET TS &
WTEDLY, FOTREOBRSEHEMICLED EBEZ NI TV ERENM FTRELSRS
E/TEZ&CLE, TASMEBFEMTERLALEZCARSNGNL, SALID=—
MEMLA, Q- (ERRL YV E->TWT, EORTRBESMRREMESEEL T
LB ENL,

WMAE-CHIOZ-OHRELZHRELAY, BMSLDIC O TRTSEHENRICERL
T DHABEEBRBL TS ETATHS.



A2 K~ B O S B & P
~HTIVTIRFELKEEMBRORE S-

Radiation Dominat conditions in Ancient Life Cells by K* and explanations of the
Cambrian Burst and Small Sizes of Martian Life celis
BRI (GE MR FEREEE)

Hiromitsu Yokoo(School of Health Sciences, Kyorin University)

HEGIGEIE L, BHBELED L LTHBOIL SR HHBAZAEMA TS, 3
Mo TERMBELOR b— ) —8EHIT HATHOS (1), L LKSEBNERT
BHBEEALTEEV (). RELEST, FHRBIRTIRA U 7 A0R L 0P B H 2 -
T ABEMTHEEOEE T ATBFIIEE L. EEMROSE Q) MRS KE
BT ECHRBESBREBT O ST B THELELLRS, - ORELHKR
LT YA X RT RSB BEN B,

BHRENAB L R h T TRRARBE L, 2RSS SN KELEAMR
DFAXBNE @) = & bRETES, |

WA

iR

LBlzE~—s ) A E—HFr: MEORRK, REMR. ¥4 1995

2 BEN: [HASONBES L NHBA-BHER/IDCTILIICHRORE SPRE
S T35 ) ,1980. 4. THREERIE) No. 28

EREN: T VREROSDE V) EGOHEER X UL, 1980.3.

4. Mckay et al:Search for Past Life on Mars. Science 273,924-930, 1996
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199 6EDEMDERS L UVEIMERIIKBEIFLRETITDIAD, £
B, HHIEICETA Y U RY AR Tol, FREBSICERTEHES &
E 21 o Woese bW DBk —BHONR I F) TFTERALEOIE1 97 74T
Y., FOH, LR, EFRENEZ{RoP-oTwa, L2PL, 2D
Ny F )T htdanRE EMEELOBRRE T, MiHEREL, EBEYWREIE
e L0 X RBRICB2DME, T, X {bhoTwizwn, £
BAAD RELZRTH S, ZORFETHTICBEL T, ZXRLHNOFDOHHE.
HEL/ADDI o, TIECERBELES






ARCHAEBACTERIA AND PHYLOGENETIC

DISTRIBUTION OF D-AMINO ACIDS

Yoko NAGATA

Department of Life Science, Himeji Institute of Technology, Shosha, Himeji 671-22
Japan

ABSTRACT

In search of a clue to the cause of homochirality of organisms in which
peptides are composed of solely L-amino acids, phylogenetic distribution of
D-enan tiomers of peptide- and free-amino acids was investigated . Since it
is knowmn that D-amino acids are not rare in eubacteria, while D-amino acids
are generally accepted as unnatural in higher animals, we examined
contents of D-enantiomers of serine, alanine, proline, glutamate and
aspartate in archaebacteria grouped between eubacteria and eukaryotes. It
has been shown that some archaebacteria possess peptide- and free-D-amino
acids. The contents were not so high as Gram-positive and some Gram-
negative eubacteria, and were comparable to those of majority of Gram-
negative eubacteria and eukaryotes. The present study may suggest that
the homochirality progressed in archaebacteria and eukaryotes, but it is not
complete even in eukaryotes.:

Key worxds: homochirality, D-amino acids, archaebacteria, eubacteria,
eukaryotes.

Viva Origino 25(1997) 61—72
© 1997 by SSOEL Japan






EMR BT ED-7 3 O & HHE

HEMFIZEIT S D-7 I ) BROSMEHME

EH FEF

IEE TR HMER - AR (T671-22 EEHHEE 2167)

1. B

WEEOEREKICT I VBOFEFSIVF 4 —HNEDIICLTELZON., MY
ERTWEL, 8RLAETIJVEBPRAERKSENZ 7 I /BRI 2IKICEODI. B}
AESLE%BWOY N BIE LTI BEYIMASBEIATHEENW),, MSHDOFEN
PO EBELEDIC, BB bRERICEBYAD-TI/ BOSHERBNICERELTE .

HOZRHEMTTFTENEYICMBTASME T Z.D-TE/BUEALAHELTHWE LI T
HB, HEAR.ARTF I HEDE VOV LR INFI VB 722 N0F7 520, TR FH
Vi, SY U ED D-EREAEN, MIBBORTFFF VALY D CRBTSs. TS
PVBOD-BRUEANBRBEEELLUTARTRTH S, chicd LT BHHORTF FE2H
BLTOWABTIVEBR (R7FRFT7I/8 K. DEREEFGTER TS I EXASNT
WADRPETHS BT 7V ATATADTAF VY (D722 T S52V) &
TN (D-FTRARSFEV) EWHS4DDTI/EISHBIMBERTFF, HkohL
WEFRBYEESOREMSHBENL, F—FNT 108 I IEREIRDTSEE
AOHB720TE)ENISHBAERTF N NMBLEBICD-TANNSF U EBNERHETHE
FOWDOZFANES BOV XS U228 D | ROizy 8 e /. D-2Y
VIERTAI DY VIEEES VN IHEY L ETHE, ENTR.MELEZEEYDOP
Mic A I N23EHEORTFEFI/JBIESDWTREILEARI D, HHEBEOIBAY
EEBIC DN TR.ZOMBERRTIFFIVAVERLTD-7I/BEEALENI L
NYPEXIN TG 100,



BEFET

EFRILBERONTF T/ BOMBPRO, #E7 I/ B3Nz EqIcEME
THMIIFEETATI/BRHE, ChoDTI/JBERIFFOSGRICL->TEL. &
ORTF FEE#RIWIZTEREN L LT, iIRo7I /B —A>onEPIic Rl dh
S, WEETY I /JBCEOHE D-MEHEKLSFEET AV ERTLARERENS O, H
B ITBE L T3 Brickner!V 28, BB ASOMNBECELNIABIABCHBERHICD-7 5=
SDTARSGFEFU/BD-FNVS I VBUEEN, BB~ 10%FTEhTWEI E58EL
T2, BEBHOBEKBICHEETETH Y. N2 /Y, YU IHEDZKE 12 T,
D-T52VR D-TANGFUyBREZHLTHD LBEEMELRABEN AU EFEEL. 7
FJoviev—EERIBRHEIATO 2, IRHERA A 20 13 TH D-2 Y VA L-
Y VEERFEETLIN., ThhoOEBHRNEREEEERETH S,
 HALOMAERCIAEEED- T/ BEISSEHYHIABCIEMIOHESGTEE
TEOTHE, ALBEHRZZRFTOLHREREOMYE 19 TEEY V. TI=V, T
YD 10~20%AD-BIT&H -7 (Table 1) o D-7 % /BB EER (HEHBEOPHED-F 2
JBESHTE)ARBLUTHWAEIERERYZA D T LELE7 /MO 5~10%EEH D-
BTH-7/7 (Table 2) o TREHULIVA, Fv b, w18 LMD EEORBOYE
BB Y LD 20~30%1 D-BTHS (Table 3) ZEbPWohiH-TER, 2D D-k VY
VLN I VEBOMBEEYE (MEHROZAKRIIEALT. B5EEETE) &
LTOERAHMET2RHBYMEEHEINTHS 18, BiE. 59 MFKIZH D-7 R85
FUBEDSNY I VBOBEETEIE 1D D7ANSEVENS y PORMBRICHR
BEBELURRICENHMTEI & 20 | FBREINRTHE, COLHICERRT I B
AR TVEET B EPBES M -,

COLIREPBONMB>TELRE, EVE LB 7)) BOATHRINTHES &
WIREF SV 4 —HEIUHLOESLI D, bz wEHNREH . EhicET
AT/ BOFEFSVF 4 —NEIOIRGRTHITLTES LD ERNZ—Bichhid &,
EMAERBHICBS, R7FFTI/BEBNT I/ BOD-ARBKOTHEER I,

2. MEEHE

2.1 BB OHEE

AicERMOY X F% Table 4 i2dHiF 5,
HE., SHE. EEgEYoMiiz. BFHOML Zic ko BER L. 140,000 g x 30 min &
LHBROEBIZMN) /7o oBEE 5% ICHA3L3EMA. AU LERERT I/ BOSWF
. MRBETERSY N JEESELTRTIFINTIJBOSIICHN .,

2.2 AL uR bS5 4 —

EEISMY JoBBERE LSBT IV BERHETEHIT. Dowex 50W-x8 D H
SLLERRT ASLEKEKRTH - LB T/ BE22MOT7 VY ETTHEHE LI,
2-3 k4

Wy VS EESSBREERE. 6 M HCL# 110°CT 3. 6. 16+ 24 BNk 55
UL#K7 3 /BeEEtL7i,

2-4 IRFEMNL
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Table 3
Contents of free p- and L-serine, and p/L ratios in various brain
regions of several vertebrate species

Vertebrate species  Brain region Free serine (nmol /g wet weight)

L D ©/L
% 1000
Carp (n=12) Cerebrum  1170,1160 0,63 3%

Optic lobe 1290, 895 6.5,0 3%
Hypophysis 796, 917 30,75 6*
Medulla
oblongata 1660, 1870 35,53 2%
Cerebellum 1500, 1110 4.2,0 2
Infantcarp (n=3) Cerebrum  646+194 19419 2+2

Frog {n=3) Cerebrum  377+27 11419 243
Cerebellum 606 3.6 6

Chick (n=13) Cerebrum 7334216 7.0+0.7 10+2
Midbrain 1190495 16+4 14+5
Medulla

oblongata 1510482 1842 12::2
Cerebellum. 1040+10 1100 1140
Mouse, 8w {n=13) Cerebrum . 1290+16 520498 425469
Brainstem 1110+535 127432 115434
Cerebellum 989+123 28416 29420
Rat, 9w (n=3) Cerebrum 928+102 395+74 425452
Bovine (n=2) Cerebrum 917, 1020 355,430 405 *
Cerebellum 835, 801 20,24 27 %

Values are the means+3S.D. for the number of animals shown in
parentheses, except for the cerebellum of frog where tissues from
three animals were combined. * Values are calculated by using the
mean values for two animals, ’

FUNIED)BHERIAKELATHAL TV EDOETEAT S 25T, 140,000
2x 30 min BOLROILEE 4 MORER, 100CT1040MMB L, 0. RELE
EFTBLDICEHKRPT L 2 BAFZWR LI,

25D L-7 3/ BOSHETER 20

L& 2.2, 2.3 THSh/AT I/ BIZ 1-fluoro-2,4-dinitrophenyl-5-L-alanine amide
(FDAA, Marfey'sreagent) 2MA 7 3 /B D FDAA BHEKEHZ, chE 2 RTHE Y
BebSF 74— (VR : 75 ) —ViBEBRIK=8/1/1; 2IR5C : T =) —izk=3/1) 2
IO ETI/BREAET S, ChiZROFE#HEBER I v 757 4~ (HPLC) itk 3
AFEBNT BETIE - ORRER L, LV ERKABERT I -HTH S, i
BV~ HhobBEET RT3 /)8 (FDAAGLLTWADOTHER) £2HEH. RIESKEL.
HTOHPLC AL,

HPLC : FDAA-T I/ BEDBOA 7/ —VIZBEDI L, C18 7S ARERB L7, 50 nM
MYZFNTI—Y VBBEE (DHSS) . T M= MY NEFELBEEHICH NI
HBILICIDD-HLBTIJBICAMBERL. 340om OBEEIC LI OER Lz, MK
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Table 4. List of organisms.

Strain Characteristics
Eubacteria, Gram (+)
Staphylococcus epidermidis ATCC 14990 human skin flora
Streptococceus pyogenes ATCOC 12344 human pathogen
Propionibacterium acness ATCCG 6919 human skin flora
Bacilius sp. PS3 thermophilic (70°C)
Bacillus sp. YN-1 alkaliphilic
Eubacteria, Gram (=)
Synechococcus vulcanus cyanobacterium ( 55°C)
Escherichia coli B
Pseudomonas aeruginesa
Parcoccus denitrificans DSM 65
Helicobactor pylori NCTC 11637 possible cause of peptic ulcer
Desulfovibrio vulgaris Miyazaki sulfer-reducing
Thiohaciflus ferrooxidans acidophilic, iron—oxidizing
Archaebacteria
Pyrobaculum islandicum DSM 4184 hyperthermophilic{95°C)
Sulforobus acidocaldarius 7 thermophilic(75°C), acidophilic
Methanosarcina barkeri DSM 8007 methanogenic
Halobacterium halobium L-33 hyperhalophilic
Eukaryotes
Physarum polycephalum slime mold
Saccharomyces cerevisiae yeast
spinach
rat Wistar

SBEOEIE-~FEOMET I/ BEVEHY Y JHBESCMA. AFICLBELLLHO
AR o bo—nE L,
2-6 ¥ FNHOD-FTI/ BEEEOHE
MAKSBEBFRCETE252ILOXEEELIHLDICUTOLITFEZRWIZ, 420
BENLZEBERMONKABEDICTONT, 573/ BOD/IL L (HPLCIc X bRHIT I/
BOD-B SLEOBEN) . HEBOMKSBERICN LT oy LU BRDZTHREEICX
DIk BRER=0 IKATET D, ML OAXEE. MAKSEEZIT TN native 87
RIBEHDZDTI/JEBEODILEARBEL TR EFEASND . IOLIKKLTD-TE /B
CHBEFNE—FAELTEMRETAVT I (FTEREHE) OBRE%E Fig. 1IlT7d, 24
BEOMARIEEDCEPEDSEIIICRILD-TRAAIF  Bbnative W7 /37
BizREELE I ENRENPig. 2137 5 LBHME O Staphylococcus epidermidis
OHTH Do



HEET

n
I
>

D/L Ratio (x102)

Fig. 1. D/L Ratios of serine (O), alanine (@),
proline (O), glutamate (A) and aspartate (A) F
in B, 16 and 24~h hydrolysates of serum

atbumin. Results from a typical expriment are
shown.

.

16 24
Time {hour)

18

D/L Ratio x 10%

Fig. 2. D/L Ratios of serine (@),
alanine (M), roline {A), glutamate
(O) and aspartate () in 3, 6,

16 and 24-h hydrolysates of
soluble fraction of Staphylococcus
epidermidis. Linear regression” 0 L . : ; )

lines are represented for the plots 0 5 10 18 20 25
of mean values of two independent

: Length of Hydrolysis (h)
experiments.
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We DEMORELY YAJHEBEMCBFTLE )Y, T2, ol sl vy iy
B (G707 0) TANSFEFE B (FFANFFY) © DIL % Table 5ICAd, *
FEMHLA0R. RELEBEE LA LOTH 2, EEMECS B/ LBEHETIED- T3
ZVED- NG UEBOSEENFEECRBCONBIALD, 7T LARKE TIid Thiobacillus
ferrooxidans #B T, BRIED-TI/BE23FLTHWAb0RAYSL SN, BEEEY
TIMEEH. SUBE. Sy PREHBRZEE.D- IV I VBED-TRASF/BREDL
HFET S, ,

FNTREDETCRESIEE I D, WERHEEZA SN S BHFHE Pyrobaculum
islandicum IZiE. BV v T AN EVEO D-ERPPEZN. LML, B0 3O LM
BTHB EREEShEL s, £IT 140,000 g BLBOLRBREF = RFLBL, LU
AIAMEE D ESW LR, Sulforobus acidocaldarius & Halobacterium halobium T
LEEW DIV vBED-TANNSEVE. D-#Y U IhA, ThoOEE.
ZSLAEHUTEOSLDLOPEEAEYEMYUIHETHS (Table 5) » B EIDHFHEA
LD-T: JBOBEET A EMFINLN, CHERE, BEHS 22 FBFEEEHE
Desulfurococcus strain SY &2 D-FANRSF VB SISt —EOFET LI EEHERLL
TEEHBOEIBRETH S,

BT I/ BICOOTREN preliminary TR LB T I A Table 6 IZRT, £
coli ®° Paracoccus denitrificans® X 5757 5 LAEHRMBEITIL~2 &, FHBEOHEED-7
T )BEERIBEN, &I H halobium T D- 73 /BB LIKEEITLEI T, P
islandicum T D- T3 =V & D-FVF L vgRHEMiREEhz, THhom7 3 /BN
FFRT L) BTEBREHENED - LOEN L. RTFF VT IV BICEELAED- Y &
D-TASSEVEMBEBINEL Kk, CONBEORROBRHIEZSHOWRITFLRETR
5 .D-T I/ BBAEBEPD-TANSF  BRBRLBEZREU LOABERIZOVT
HAEXH THEIN, TAHECPHECL M COBETARAUOBRERTFETLHSONG L
N,

4. Bb 0K

HHE . FORTFRFT I/ B - BETI/ BMEDIC. D-BAEKLZTHELTLS
LOND 2, D-TI/BEERIT. SHNBE TR LABHEABEOLIIRESLULLL 75
LEHE EPESEMIENEER LR, EPWROD-TIJBOSHE. RTFFT I/
BilcoWn TRZRD., VI LoBHAREP—H0 /S LEHERCHBEETEEST S, £
NUAD LY TIRERETH S, LL., BEoRETCRELTHIFEMARE (5 v 1)
LM% O DT/ EAREShEI LR, BAFc b —ER LD D-TI/BE
EHET L BENGETIEEAFTELTWEOME LANL.. EMADFEFI VT 14—
IFRET RHEWEITH S,
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Table 5. D/L Ratios of amino—acid residues in soluble fractions of various organisms.
Each specimen was hydrolyzed in 8 M HCl for 3, 6, 16, and 24 h at 110 = 0.5°C. The
resultant amino acids were analyzed by HPLC and the D/L ratios were determined. The
values for D/L ratios at O—h hydrolysis, obtained by plotting the D/L ratios against the
length of hydrolysis and extrapolating the linear regression line te 0 h (Fig. 1), are
represented. Mean valuses of two independent experiments are shown. The range was =

4-30% of the mean. Some specimens denoted with * were incubated in 4 M urea for 10 min
at 100°C, :

D/L x 162
Organism Ser Ala Pro Glu Asp
Eubacteria, Gram (+}
Staph. epidermidis 0.85 13.21 0.84 3.19 1.02
Strep. pyogenes 237 1149 0.39 528 152
P, aches 0.82 0.82 0.32 1.80 152
Bacillus P53 1.68 0.68 . 0.54 1.03 1.33
Bacillus PS3 * 1.95 3.03 0.26 12.64 102
Bacillus YN-1 033 5.50 1.2 28.73 1.20
Eubacteria, Gram (~)
S. vuloanus 0.02 113 024 0.68 1.70
E coli 0.13 0.7 04 1.62 1.78
P. aeruginosa 0.78 0.29 0.61 0.68 1.70
H  pylori - 0.78 0.88 0.25 1.94 1.36
D. vulgaris 1.85 1.15 0.35 1.90 150
T. ferrooxidans 221 0 0 8.65 0.01
7. ferrooxidans ¥ 204 3.87 0.19 1.75 147
Archaebacteria
P. islandicum 3.00 0.67 0.65 1.26 411
P. islandicum % 2.94 0.67 0.75 1.04 3.54
8. acidocaldarius 1.06 0.40 0.16 0.34 0.17
S. acidocaldarius % 0.96 0.65 0.89 1.07 1.59
M. barkeri 0.22 045 0.29 0.63 0.75
H. halobium 0 052 040 1.11 143
H. halobium * 1.11 1.25 052 1.79 1.41
Eukaryotes
F. polycepharum 0.44 0.57 0.97 227 $ 226
8. cerevisiae 0 0.81 0.68 1.64 S 1.82
spinach {leaf) 1.01 0.81 0.63 1.61 0.72
rat (tiver) 0.68 1.07 1.03 1.69 1.86
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Table 8. D/L Ratios of free amine acids in organisms.

The supernatant of 5% trichloeroacetic—acid treated soluble fraction was passed through a
Dovrex 50W column. The eluate was used for the assay. Mean values of two independent
experiments are shown. The range was * 1.5-20% of the mean.

D/L x 10°
Organism Ser Ala Pro Glu Asp

Eub acteria, Gram (=)

E. coli 0 70.88 1.93 14.16 2.89

P. denitrificans 0 5140 4.27 5.25 2.26
Archaebacteria

P. islandicum 0.54 3.65 - 2.77 0

H. halobium 0.66 0 0 0.26 0

G

HFAWRBOMWEME (FHERLK) ( ID—EHAEF (RHEEX) . M8#E (ERL
Jz) HFEHEE (EEIKR) ( HERLC GERIAR) . HEM (ERITR @;gtﬁuimi
LET, FHEO—HMIIXHERETRABELEWRQ) (No. 07308048) DBIRRIZL - 7o
MEEESNRFWAUTORAKBEHLUET (HIRK) @ KEBEEW (RELKE K
HEA)  KBEE EHRIA) . Mib#H®E EEITR) « HEEN (BERKA | #OF
BOURKM T AMR - HHA . KBAR (BEBRIKR) (. FHESE (ERIKR) . E45H#HW (M4
BHEK) o
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Molecular evolution of aspartyl tRNA synthtases and origin of universal
genetic code and urkingdoms of living things

Masahiro Ishigami, Hideshi Ihara and Hiroyuki Shinoda®
College of Arts and Sciences and * College of Agriculture
Osaka Prefecture University,

Gakuencho 1-1, Sakai, Osaka 593 JAPAN

Abstract

It is thought that living things first appeared on the primitive earith 35 hundred million
years ago. At that time, a primitive protein synthesis mechanism was thought to have been
established. A genetic code system evolved, and a universal genetic code system developed.
Aminoacyl tRNA synthetase (ARS) must have evolved with the genetic code system. Every
living things of urkingdoms i.e. Archea, Bacteria and Eucaria have universal genetic code.
Thus, three urkingdoms were supposed to be branched off after a universal genetic code
system wras estsblished. The aim of the present study is to clarify the process of the
establish ment of the universal genetic code system and branched off process of three
urkingdoms by comairing the amino acids allignments of ARSs of living things belong to
three urkingdoms.

Key words: archea, extreme halophiles, Halobacterium salinarium, aminoacyl tRNA
synthetase,aspartyl tRNA synthetase, molecular evolution, universal genetic code,
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T RAANF RN A SREEROHELL

7 AW F IVt RNAEBREBEZROEL,S R
BIERE 5RO BABERE & BEYMRO5 IR

AHIERS, BRE, BHEESE*,
(KRR RE REFHEM. *xRER. TS5 9 IHWEREM1—-1)

1. LB

BAE, HIEME., HHE. EEEYOBEYRICRT 5 ERIIVI N HENEERS
% (universal genetic code}d b o TWwd, SOOI Lid, HIEME. M, LW
PRBENICHERSRVBL LA L2 KB LTS, A, SLD 2, BEEDE S
S LB EICB VT, GInRS 4% { GIuRSHGInRSOH Y & LT Wiz &M T v 5,
CIRiE, TIZ2FVM G RNAGEREFE (ARS) DAL L BIEREFHHHE LKoo
BEEDL LTWEIIICER L, BUIAHROBIEADIEN, S, ¥ 3 5EEMICFEEEY
BETHR, F0HE, 5% (cyanobacteria) ASHIE L., EEAWIIHN 1 6EERIIZZ
BALAEEHIE L EELLNTWS,, BRSEDPBRAL THLEBEYFTHRTLET
D%, LR EILOBEZ P ERT, ZOH, RNAOAKD L 25 BEFIELIZH o
oD, FUNTEERRIIEDL I ICELL T, EENEERETRIZEL-ON, &
EWZon T, $EMbbhos Ty, SEHOEYWTH I LATOFBIIEL LA
D, SHEERLTLESs TV, EHOREDOZICELI S EBDRE, RIGEYOE
LM B LD BRBEHPICT 2 —0o0FERLE LT, BEEYOGTHELE EHPDITH
HENH B, AIFHE L B OEYWERICBITAMERL, ST STREMR2y L2
DG FEAAOLBIZ L DB ENTHWIY, WELZIIREREEHEIGON TR, HF
EYDETEARSD D FHILOBBEREMCTEZ LICL Y, HESBRERESRAFEY L
WAL, HHIE & RIEHEORBBREH T Z ENT, ZOWMEEFToTw
Bo

Erianit>2) ZARSH I FALINICKNTER L LE2RVWHLY, ZOZ EdB,
ARS I EALDIHIC 2 DIz LA & Bb b, Nagel&Doolittle3) 12T TIZBRIC
SNTARSO—REBEDEUHEOR RS ZHEL T, 2 007 I /BRIZHIGT A ARS
DHHE 2H ATV 5B,

vk RITBIEM LS Halobacterium salinarium @7 A3 F 4 JVIRNAS HEEE

(AspRS . SYD)D—%HEEZROLDZEEICL5) | 3OOBEYPRICETHEHD
AspRSZHBI L7z £/, AspRSEBPHEOR VT R8T ¥ WiRNAGHEEEHE (AsnRS,
SYN) % U VIVIRNAAEEESE (LysRS, SYK) #5., ZO3HOARSHFEL-LBbh
LA E WML, FEraE Yo A {bF ko h CRIER B RATESL U7 R B HE L,

2. AspRSOEEMIT

AspRS 7 5 AIMCE L, HHEFGICIGERE, sF-71, 2. 3%802),
AspRS W 20 EDARSOFTED LR ENTVEEEZEDOIO—2TH), F0O—XK
&I, BEEEY T 4ATERY), HIEME T 31012, HHECREELIRELLS
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Table 1. Amino acid sequence identified as Aspartyl tRNA synthetases (SYD), Asparaginyl
tRNA synthetases (SYN) and LysiltRNA synthtases (SYK). C in SYXC indicates "cytosol”
and M in SYXM indicates "mitochondria”,

(abbreviations) (living things) (references)
(AspRS)

A SYD_HALSA Halobacterium salinarium Ihara, H. (1995) 4
SYD_PYRO Pyrococeus sp. KOD1 Imanaka, T.. et al. {1995) 13)

SYD_METHJAN" Methanococcus jannaschii,
SYD_THETH
SYD_ECOLI
SYD _MYCLE Mycobacterium leprae
SYD_HAEMOINF" Haemophilus influenzae RD
SYD_MYCOGEN" Mycoplasma genitalium,
SYDM_YEAST Mitochondria

Saccharomyces cereviciae
{Baker's yeast}

Thermus thermophiius
Escherichia coli

Bult, C.J. et al. (1996) 16)

Poterszman,A. et al. (1993) 1O

Eriani,G. et al. (1990) 11

Spierings,E.H.T. and Thole, JER. (1994) 12)
Fleischman,R.D. et al. (1995) 14

Fraser, CM.,, et al. (1995) 19

Gampel A. and Tzagoloff,A. (1989) 17)

SYD HUMAN Homo sapiens Jacobo-Molina, A. et al. (1989) &
{Human)

SYD_RAT Rattus norvegicus Mirande M. and Waller,J.P. (1989) 7}
(Rat)

SYD_CAEEL". Caenorhabditis elegans Wilson,R., et al, (1994) 8

SYDC_YEAST  Cytoplasm Amiri],, et al, (1985)9)
Saccharomyces cerevisiae
(Baker's yeast)

(AsnRS)

SYN _ECOLI Escherichia coli Anselme ], and Haertlein,M.(1989) 24

SYNC_YEAST Cytoplasm Oliver,S.G. etal. {1992) 25)

Saccharomyces cerevisiae

{Baker's yeast)

SYN_MYCOGEN" Mycoplasma genitalium,

Fraser, CM., et al. (1995) 1%)

{LysRS)

SYK_THETH Thermus thermophilus Chen)]. et al. (1994) 26

SYK_ECOLI Escherichia coli KawakamiK. et al. (1988) 27) ‘

SYK_CAMJE Campylobacter jejuni Chan, V.L. and Bingham,H. (1992) 28)

SYK_BACSU Bacillus subutilis Ogasawara,N. et al. (1994) 29

SYKM_YEAST Mitochondria Gatti,D. and Tzagoloff,A.(1991) 30)
Saccharomyces cereviciae
(Baker's yeast)

SYK_CRILO Cricetulus longicaudatus D’ Andrea,S. and Mirande, M. (1994)31)
(Long-tailed hamster, Chinese hamster)

SYKC YEAST Cytoplasm Mirande,M. andWaller, ].P. (1988) 32

Saccharomyces cerevisiae

*guessed each kind of ARS from its homology of amino acid sequence with ARSs of another
species.
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PEIFYETE  (Halobacterium salinarium) b &ONIT2EBRIITHLMIER, R O FY
TH1IFINBEORIRo T A, EbICERES ) ADNABRKERFIHEH O M ko4
WD e, WERFDPLTFMENRE S TS —F 4 77— adundEHiEo
AspRS& B\WRET YV — 2R L £ EREY TIREE 9, HIEME T2HEE 1419

(55, w4273 X< 118 ) , HHE TLEED 518 (Table 1) , =XHEEICBN
Tk, BEEEYTHLER (Saccharomyces cerevisiae) TIFEEE - tRNAESED (Ruff
518 ) | HFRAMEIEME (Thermus thermophilus) TIIEBIEN T ABEITELMIZER
TWA19) , ZThETICHHAE 2B EREY L EIEMBE O AspRSO—KHE, — RS
DI &, EAZEYRIASpRS L BIEME R AspRS (213" BAEYREREH FA L7 8
FETS S EFBEPICR o729, 2F ), MBEYWHREREDAspRSICICBONEKE ¥ 2 1
Y, BV VRIS, EERLFAAL T OMIC, EEEWAPRSIENEKRME N A %
FH, BIEMEAspRSIEEF — 72 30MOEVEAF AL v BEUCKBRBE R XA~
rFoT VD, TNODFERIE, FREPRERDAspRSH, FNENFHEHEOM DB
TR OBILDER L 2 Lo/ ERRB LTS, ZZTiE, ThETHLATVS
MR, " E30EYW THLIHMEOT—F A TER L, HHIHAspRSOBERE
BizonwTih3s,

3. M & B EH D AspRS DHEE & DM

G BEAT 35T Halobacterium salinarium, #BEFZLE Pyrococcus sp. (strain KOD1), X ¥ ¥
4 B MiMethanococcus jannaschii D7 I /BECFI 2 HBLTH B &, HBOT I /RITE
JEUFIRE LBITRE T42%, HEHFEE & X 7 VARBE T38%, BIFREL A ¥ V&R
WT57% ., 3HBT_TICHEKERT I/ BiEs2% s, BHMEs, SEEE, SR 5
FEEvio 7R o -BREEICAETF, BELTwaI203»0b 5T, FOEUMIEEV
Fig.l}o DM AspRSD — R E % R S & Th b &, EHEWAspRS, EIFHIE AspRS
THRLEETHHEELAOR TV A (EHPLEERT2EF— 71, 2, 3, 73
JBREEHEE, <AV ABEEE. (RNADT 275 - A7 AREHR, 7rFo
FYEETHNERF AL VHRE E) 25, THMEAspRSTHRD S, FOHEMIZ k<
REFEENTVE (Figl) . ZhbDERIE, HHBAspRSIEF— D Mg : &, £
MISEBE £ AspRS. EIEHMBAspRSD b D L AEM LT THRTH S Z E4RBLT
Wh,

4. HH B AspRSO—FAERE DI

TAH AspRSIZ436-4387 I JMREDN S ), EBAEWAspRS L D $60-12058H, &
IEHIE X D d114-2408FA 7% {, BEMICLEWDAspRSO — K% L B5 K45 DIt
LV, & 2T, EEEYWAspRS & HIFHIE AspRS T A4 % 7T 10~ R % ¥E5) X &7
DI, M AspRSEIMNA, BEBELEETHZ LEZLLATVAEENERNTZ L) IC
WRT, ZBEYWREHFEAspRSEZHB L TAB EFig 1,20 8510405, HEREVWI &
(2. OHl B AspRSIZ, EBEWASpRS TR S N5 NEKBMEIAE (N-terminal extension)s
HIEHME AspRSTRENRD EF — 72 & 3OMOIFE AT (insertion), CHMMBEIAE (C-
terminal extension) D LMDV, Fho, TO—REELBEREAspRS, IFHREEIEH
B AspRSDUAMEIZ LTI DO TH B &, HHBEAspRSDO I 2 1Z Fig. 20 & 5 2ER
FLFA A7, e P FAL 7 NRBRFAL PO BB a7 23D THD L
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Figure 2. Linear organization of a bacterial SYD_THETH (T. thermopbi[u_s), an eukaryotic
SYDC_YEAST (S.cerevisiae) and an archeal SYD_HALSA (H. salinarium). Diagram of
SYD _HALSA was aligned with that of Delarue M. et al. 19
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Figure 3. Homology of amino acids sequences of each domain among various kinds of iiving
things belong to three different urkingdoms.
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5. IEHEHLRAL LV ENEKEBRIFRA L

ZREE WO AspRSO 7 3 7 BERES & BRSBTS X ICEFIL” TR
DARET V- nRKDDL L, HHHEZELHEE L) EBZEWEABRTHL Z LI D
(Figd)e THEEHL FAL VEOOMRHIZHEL TS, HHE L AHEROMTREDT Y -
AV, LA L, TrFavz@ild aNER N2 Y2FEME & XBERE LD
b, THEEEATHEOMTRET I —FHNWI Ldbholz (Fig3) o THIEFAAL
Ve w7 ro—@ThESLELLND, BIETOSKEEOGHHEOMFEEER
] BEF20) ERIRLTVAAS, ZOEZICSETWTTrFaly - FA4 ¥Rl
RAA v DOEALE BERMROEL RN TRL EFig 5D X I b, b7 3 /7 BRICH
BT BARSKOWT, 20 L) 2BRLEDTHEMCT A L, ARSOELDERH IR E
hebkEZ5E,
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BLBERL, cNOoDT I/ BEFoT, BOOEMIEAY - LILEILNRSE, X
1o, MR OELIC L VARSI ND LAk o 7 3 DS, RGAEY Y BAEBRICBY
THEINZ N AEGIDHR, SOT I BITEERTRICFLIMALORI-LEZLR
B2l 22) | FORE, COT I J7BICHISTARNA BHEL, ChOoEFEEE5ARS
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Wz (Figh) o COSHEDT I JBOARSHEWVIZANLTWTY | BERFROSE
BOBERTIEE 23BN E i s EL 005, UPGMARIC X % RS iL, EPMEIR
Z2oTh, ARSDT 2 JBHENRR o Th, EEEREREDO RV EV ) REILETNT
W5, BHEWSHELULERE 1 SEFMEBRET S L. AspRS 2B 2 RHE»
5, TR MBS LAz0iE 1 TREMICR D, AspRSE AsaRSHFBE L A=D1
2 3IELEMIZ 25, ¥ 512, LysRSATAspRS & AsnRSOIELFHEA S FBELAzDIE 2 4 4]
ERNC T2 B, BARSDOEALREIZ LDEBEDIZLDEN D oD, b EZFL{bIoT
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BHED 2 AE o TLE o EIGEREOELENEILOBELAMNCL, ¥ 37
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LD BEEBHTAZENFENITH B, TOIIRFRIZE-T, FOBREZ oL
EZ O BERNROFTERLREDCBEREIEDTHPIZITELLELD,
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ABSTRACT: The diversity of the characteristics of the members of euryarchaeota
is discussed, Although it is difficult to trace back the evolution of archaea
from information available at present, a few hypothetical scenarios for the
evolution of methanogens and halophiles wiil be offered for discussion,
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INTRODUCTION

The archaez are known to comprise prokaryotes of four quite distinct general
phenotypes: the methanogens (methane producers), the extreme halophiles
{(requiring at least 2 M NaCl), loosely defined thermophilic sulfur dependent
types, and thermophilic sulfate reducers. The existence only in archaea of quite
unusual membrane lipid structures, derived from diphytanyl-glycerol diether and
its dimer dibiphytanyl diglycerol tetra ether, raises questions concerning the
biosynthetic-pathways. and membrane..functions of these lipids, which have
implications on evolutionary relationships within the Archaea and between
Archaea,” Bacteria (Eubacteria), and Eucarya !. In this short review we would
like to discuss the evolution of archaea with an emphasis on extreme halophiles,

PHYLOGENY OF ARCHAEA

The four major phenotypes of archaea, however, do not correspond to four
distinct taxa of equivalent rank. Phylogenetic relationships deduced from 16S
rRNA sequences among the four phenotypes suggest particular evolutionary
relationships among the phenotypes. The archaeal tree comprises two main
branches, Crenarchaeota and Euryarchaeota !. The crenarchaeotes are relatively
homogeneous phenotypically, i,e. they are exclusively thermophilic, most of them
being anaerobic hyperthermophiles, though some are aerobic Z,

On the other hand, the euryarchaeotes comprise all types of archaea: five
orders of methanogens (Methanobacteriales, Methanomicrobiales, Methanococcales,
Methanosarcinales, and Methanopyrales, see ref.3), Halobacteriales,
Archaeoglobales, Thermoplasmales, and Thermococcales 2. It is of interest that
Methanomicrobiales/Methanosarcinales lineage has spawned the extreme halophiles,
the sulfate reducers, and the cell wall-less Thermoplasma. The relatively close
relationship of Methanomicrobiales/ Methanosarcinales and Halobacteriales has
also been confirmed: by analyses of 23S rRNA sequences %, The fact that the
former are._strict anaerobes,”while the latter are aerobes poses a question on
the nature of the precursors of these archaea during evolution (see discussion
below). Methanomicrobiales/Methanosarcinales has been known to be very
heterogeneous in that various sublines produce methane from a variety of
substrates in addition to carbon dioxide and hydrogen, i.e. formate, isobutanol,
n-propanol, isopropanol, etc. and under a variety of conditions. It is of
interest that Methanosarcinales comprise alkaliphilic or halophilic methanogens;
some are even extremely halophilic, though strictly anaerobic 3. The diversity
of the characteristics of the members of euryarchaeota makes it very complicated
to trace back the evolution of these microbes,
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DIVERSITY OF THE HALOBACTERIACEAE

At this stage we would like to review the diversity of halobacteria. These
extreme ly halophilic, aerobic Archaea are all classified within the family
Halobacteriaceae which currently contains nine valid genera; Halobacterium,
Halococcus, Haloarcula, Haloferax, Halorubrum, Halobaculum, Natrialba,
Natronobacterium,'and Natronococcus. Over the last five years, phylogenetic tree
reconst ruction using 16S rRNA sequence data has become an increasingly powerful
tool in halobacterial taxonomy and, with accumulating numbers of complete
sequences available, the trees produced are more detailed and show an ever
widening diversity of species 9678,

Alkaliphilic extreme halophiles

Another feature of major significance in the classification of halobacteria is
the composition of membrane polar lipids, particularly glycolipids., These have
so far been very reliable markers for phylogenetic groupings at the genus level;
species of the same genus contain the same glycolipid 79, However, difficulties
may arise using polar lipid composition to distinguish members of
haloalkaliphilic genera, Natronobacterium, and Natronococcus, as they may
possess low amounts of glycolipids that are not readily detectable 10, The
alkaliphilic members of Halobacteriaceae form a distinct physiological group as
they not only require high NaCl concentrations, but also high pH (between 8.5-
11) and low Mg?* concentrations (less than 10mM) for growth. They have been
isolated from a variety of alkaline, hypersaline lakes and soils.
Microsceopically, the initial ‘isolates consisted of rods and cocci and were
accordingly separated into two genera, MNatronobacterium and Natronococcus,
Natronobacterium currently contains four recognised species, Nb. gregoryi,

Nb, magacdii, Nb, pharaonis, and Nb, vacuolatum, with Nb. gregoryi as the type
species. The present classification of these isolates was based largely on
chemotazonomic criteria, particularly phenrotypic properties and lipid
composition which, in their case, was the absence of glycolipids 5, However, in
a recent study 10 a non-sulfated glycolipid was identified in haloalkaliphilic
strains from India and in the type strain Nb. gregoryi. Thus it may be possible
to utilize glycolipid composition in classification of haloalkaliphiles, but
further surveys of glycolipids in these halobacteria are required.

The 1685 rRNA gene of only one species, Nb.magadii, has been reported, and
comparison to other halobacteria has clearly shown that it represents a distinct
genus, However, the sequences of the other three species of Natronmobacterium
have not been published, so good phylogenetic support for their inclusion in
this genus is lacking. DNA-DNA cross-hybridisation of the four species indicated
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they share very little sequence homology (31-38%) 1! and, while this was good
evidence for classification as separate species, it does not preclude their

representing different genera.
A new genus of haloalkaliphile

To ascertain whether the four members of the genus Natronobacterium were
indeed close relatives, the complete sequence of the 165 rRNA gene of three
species were determined 12 It was revealed that Natronobacterium pharaonis was
phylogenetically distinct from the other members of the same genus, and from the
other recognised genera of the family Halobacteriaceae, The membrane
phospholipid composition of Nb, pharaonis has also been shown to differ from that
of Nb.magadii, Nb.gregoryi and Nb. vacuolatum '3, On the basis of phylogenetic
tree reconstructions, lipid and other phenotypic differences, we proposed a new
genus, Naironobacter, and that Natronobacterium pharaonis be transferred to this

genus as Natronobacter pharaonis 12,

DIETHER OR TETRAETHER

The archaea of the two orders, Halobacteriales (aerobic extreme halophiles)
and Thermococcales (hyperthermophiles) are unique in that they are devoid of any
tetraether lipids, But it is noteworthy that some mesophilic methanogens form
both diether and tetraether lipids while others form only diethers, and some
thermophilic methanogens, including some hyperthermophiles {(e.g. Methanopyrus
kandleri) completely lack tetraethers 1518 Tetraethers are most likely
biosynthesized by head-to-head condensation of terminal carbons of isoprenyl
diether precursors, but virtually nothing is known so far about the chemical
mechanism or the enzyme system involved, Although it may appear that tetraethers
are formed as an adaptation to high temperatures in thermophiles, the absence of
tetraethers in some thermophilic and even hyperthermophilic archaea and their
presence in some mesophilic methanogens suggests that the evolution of
tetraether lipids may be determined not primarily by temperature adaptation but
by genetic or phylogenetic relationships 1415,

FATTY ACIDS IN HALOBACTERIA

In addition to the diether lipids, a small amount of fatty acid has been
detected in Halobacterium cutirubrum 17 and Methanobacterium thermoautotrophi-
cum 8, Recently it was demonstrated that fatty acids of H, cutirubrum do not
occur in lipid-bound form but largely in the form of acylated proteins in the
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red membrane 18. The fatty acid synthase (FAS), however, is strongly inhibited
by high salt concentrations 17 while the mevalonate enzyme system for iso-
prenoid biosynthesis has an absolute requirement for high salt concentrations
Other enzymes involved in fatty acid ester lipid synthesis are either not
expressed or absent [glycerophosphate acyl transferase (GPAT) and
lysophosphatidic acid acyl transferase (LPAT)] or present (acyl-CoA synthase)
but inactivated by high salt concentration (M.Kates and T.Rana, unpublished
results), This would help to explain the absence of ester phospholipids and
glycolipids and the presence of acylated proteins. These facts may offer a clue
to the mechanism of evolution of extreme halophiles from nonhalophilic or
moderately halophilic precursers, and possibly for the evolution of methanogens
and extreme thermophiles. The following hypothetical scenarios have been offered
for discussion 2.

9I

EVOLUTIONARY CONSIDERATIONS
Scenario 1

In scenarioc 1, an anaerobic precursor synthesizing acyl ester phospholipids,
and perhaps also monoacylmonoalkyl ether phospholipids, as well as isoprenoid
compounds, was exposed to gradually increasing salt concentrations such as in
evaporat ing salt lakes or ponds, As the intracellular cellular salt
concentration increased, progressive inhibition of the FAS, the complex acyl
lipid-synthesizing enzyme, (particularly the acyl-CoA:sn-3-GP acyl transferase)
and the mevalonate enzyme system occurred, resulting eventually in a near-lethal
deficiency of membrane lipid. However, before this state was reached, a mutant
arose, designated ’pre-archaebacterium’ or “pre-extreme halophile’, in which the
mevalonate enzyme system and the alkyl ether lipid synthetase, but not the FAS
to the same extent, were modified for effective functioning in increasingly
salty environments. The driving force here was the increased survival value
afforded by the more stable isopranyl ether phospholipids and glycclipids,

As the salt concentration of the environment approached saturation, the
mevalonate enzyme system and the alkyl ether lipid synthetases of the ’pre-
archaebacterium’ were further modified for optimal synthesis of
isopreny | /isopranyl chains and diphytanyl glycerol diether lipids, respectively,
to form the 'pro-extreme halophile’. The FAS and acyl-CoA synthase, which were
only slightly modified, were now largely inhibited, but still able to produce
sufficient fatty acids and fatty acyl-CoA’s for membrane protein acylation.
Replacement of the membrane acyl lipids by the phytanyl glycerol diether lipids
rectifieel the deficiency in acyl polar lipids and at the same time provided a
membrane lipid bilayer that was more suited to a high salt environment.
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Replacement of the typical eubacterial cell wall by the archaebacterial
glycosylated protein cell wall may also have happened at this stage of ’pro-
extreme halophile’. Further mutation of the anaerobic ’pro-extreme halophile’
occurred to produce bacteriorhodopsin and bacterioruberins, enabling the mutant
to function anaerobically in the light. The aerobic system of fermentation
evolved later to form the extreme halophiles known today.

The methanogens and perhaps the extreme thermophiles may have evolved from
either the ’pre-archaebacterium’ or the *pro-extreme halophile’ to form a pro-
methanogen’ or '"pro-thermoacidophile', a process that would have involved re-
adaptation of the mevalconate enzyme system and the alkyl ether synthetases to
function at lower salt concentrations. In this connection it is interesting that
a few halophilic methanogens growing in 2-4 M salt have been described 15
although a halophilic thermoacidophile has not yet been isolated. At this stage,
development of the novel enzyme system for head-to head coupling of the ends of
the isoprenyl chains to form tetraether lipids may have occurred in the ’pro-

methanogen’ and *pro-thermoacidophile’.

Scenario 2

In scenario 2, it is argued that thermoacidophiles could have developed
independently of the halophiles as a result of inhibition of the FAS in a 'pre-
archaebacterium’ by low pH and/or high temperature. This possibility implies
that the mevalonate enzyme system and ether lipid synthetases, but not the FAS,
would have been modified appropriately to function optimally at low pH and high
temperature. Further, the enzyme systems for synthesis of diether and tetraether
lipids would have developed first in a "pro-thermoacidophile’ and have been
passed on to a ' pro-methanogen’, and then to 2 "pro-extreme halophile’ with
deletion of tetraether synthetase in the latter microbe,

Scenario 3

In scenario 3, it is presumed that the 'pre-archaebacterium’ was a moderately
halophilic and thermophilic methanogen, in which the FAS was inhibited by both
high salt and high temperature, while the mevalonate and ether lipid enzyme
systems were modified to function optimally under these conditions. These enzyme
systems would then have been passed on to a pro-thermoacidophile’, and then to a

"pro-extreme halophile’.
FATTY ACID SYNTHASES OF ARCHAEA

Recently the presence of FAS in a thermophilic methanogen, Methanobacterium
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thermoautotrophicum, was demonstrated by Pugh and Kates 18, They showed that the
activity was higher at 60°C in nitrogen than at 37°C or in oxygen at either
temperature, The FAS was dependent on ACP (acyl carrier protein) but did not
require NADPH or acetyl-CoA. In contrast, the H cutirubrum FAS was not dependent
on ACP or NADPH. Both enzyme systems are also different from that of E coli.
The synthesis of fatty acids by FAS has been shown to involve seven enzymatic
reactions. These reactions were first studied in cell-free extracts of E coli,
in which they were catalyzed by independent enzymes individually 19 In yeast,
fatty acid synthases are known to be agfBg multifunctional enzyme complex with
a molecular weight of 2.5 MD 1%, Gene cloning of FAS from different branches of
archaea is required to gain further insight into the evolution of archaea,

CONCLUS ION

Halophilic archaebacteria balance the external high salt concentrations of
their natural hypersaline medium by accumulating within the cell inorganic ions
to concentrations (almost saturated KCI and 1M NaCl) exceeding that of the
medium. Therefore all the cellular components are thought to have adapted to
function at these extremely high intracellular salt concentrations, and many
studies have been done to elucidate the mechanism of halophilicity of halophilic
proteins, e.g. malate dehydrogenase from Haloarcula marismortui 20, halolysin
172P1 f rom Natrialba asiatica strain 172P1 2!, and halolysin R4 from Haloferax
mediterranei strain R4 22, FAS and acyl-CoA synthase of Halobacterium cutirubrum
are exceptional intracellular enzymes which are inhibited by high salt
concent ration as in E coli, and this fact may have been an important factor in
the evolution of the archaea,

As mentioned above, some extremely halophilic methanogens have been isolated
from hypersaline environments 23 Methanohalophilus mahii, Mh. halophilus,
Methano halobium evestigatum etc, Sequences of 16S and 235 RNA encoding genes of
these isolates are required to gain fine insight into the evolutionary
relationship between extreme halophiles and methanogens.

Further studies on more proteins including FAS of halophilic methanogens and
acidothermophiles would also be of great importance to shed light on the
evolutieon of microorganisms,
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Phylogenetic Relationship of Archaea
Based on Their Lipid Structures
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ABSTRACT

The characteristic glycerol ether polar lipids are one of the most remarkable
features that distinguish members of the domain Archaea from those of the
domain Bacteria. We analyzed lipid component parts from 37 species, and
found that the distribution of lipid component parts were paralelled with the
phylogentic classification of methanogens based on the homology of 16S rRNA
sequences. These facts suggest that lipid structures of Archaea and their
variety among taxonomic groups reflect phylogenetic relationship.

The enantiomeric configuration of glycerophosphate backbone of
phosph.olipids seems to be the most exclusive fundamental difference between
Archaea and Bacteria. We found an enzyme which was responsible to form
archaeal sn-glycerol-1-phosphate structure from Methanobacterium
thermoautotrophicum, and the deduc_ed amino acid sequence of the gene
encoding the enzyme was compared with that of the corresponding enzyme
{sn-glycerol-3-phosphate-forming enzyme) from Escherichia coli. The
significance of stereo isomers of glycerophsophate of membrane lipids and the
enzymes for their formation were discussed in relation to the differentiation of
Archaea and Bacteria at the stage of the first cell appearance.

KEY WORDS: ether lipid, lipid component part, sn-glycerol-1-phosphate
dehydrogenase, Methanobacterium thermoautotrophicum.
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B0 T, INLEEEBRBERE WS . B4 ODAY CEOBIIRIT A EEBRERD
FEDO—RRIZFERICOT 50, BEERBROAY VEM TOLMIERAY E#O
B, EmREI SICEFEENTHS(Table 1), P—FNEOEEERTHS archaeol
ETNA—ARTRTOAY VEICHBIIFEEL TS DT, HEMICIREhRZ2ELZRN
(AT OFERTIRAMTS) .

Methanobacteriaceae Bt O A ¥ > 8iZ, F b L-FIBOBEBSRTSH 5
caldarchaeol %5, I a—ZZT T, EEEIEY > 1/ 2 b=V EH&EIC
Ho TV %, RIZTNA-A2BEEA /b= VEEEDLDF NI T—FNEODY >
HIEHIXZOBOAY RO — A 5FRMNRBE THD I &AL, oM
ICL% / —)7 2 i Methanobacterium & & Methanobrevibacter B%x#5 T3
—H—IZi5, ‘

Methanococcaceae B ORX 7 D EIIEEESROLS MBI —TiER<, EFREICL>
T, PiRE PEEIFAE. BIFREEOERETIE, FOI—TRNTIEE -2 IEE/H R

Table 1 Family-specific distribution of lipid components in methanogens.

Archaeol as a core and glucose as a lipid-sugar were omitted in this table because
methano gens of all families contained them.

Abbreviations: PHG, polar head group. C, caldarchaeol. H, hydroxyarchaeol. M,
macrocyclic archaeol. Ga, galactose. Ma, mannose. [myo- inositol. E, ethanolamine. S,
serine. G, glycerol. A, aminopentanetetrols. +, present. -, absent. +, present in not all
genera of a family.

Family Core Sugar PHG

C H M|[GaMajl E S G A
Methanobacteriaceae + | - - - -+ !+ -]-
Methanothermaceae + | - - | - -+ - - .
Methanococcaceae = |+ | - | - - -+ |+ -] -
Methanocaldococcaceae | + | - | + | - -l -1+ |+ -]~
Methanomicrobiaceae + | - -+ - - -l -+ [+
Methanocorpusculaceae | + | - | - [+ | - | - | - | ~ | + | +
Methanospirillaceae + | - = |+ ] - | - -l -+ |+
Methanosarcinaceae * |+ ]| - ||~ |+ |+ x| +]|-
Methanosaetaceae x [ +j - |+l + |+ |+ |[+] -]
Methanopyraceae - - -+t +
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EbHoTWe, ZOHBEEICEEEHKICA LI, FEBEIKI caldarchaeol 73E<L, &
ROoFEE2H DT —FIIEEKTH S hydroxyarchaeol 2dh 5, HEETH
Methanococcus Tt hydroxyarchaeol & caldarchaeol 28% 0 (archaeol &% T 3
HEDOIFEERE D D). Bir#t® Methanococcus (#1 L < Methanocaldococcaceae
F} & L7z )izid hydroxyarchaeol #%72 <, caldarchaeol &, ZDF)N—TDAF 2 HIZ

BRI T — 7))L RIS E &% TdH % macrocyclic archaeol 8 L Tz,

Methanomicrobiales B @ Methanomicrobiaceae £, Methanocorpuscilaceae
Ft. MethanospirilaceaeFO A& VEIIFEE LTI N IA—ADMIZH I b —ANH 3
&, TR /R FIO-NVDAFIEREEST) - VEEN) CEEEEER
THBI WK TRHRE DTN,

B U B ® Methanosarcinaceae # O A ¥ @iz —2MicHA b H 2., BR
hydroxyarchaeol & archaeol &WSE#, T/ -7, €U A/ b=)b,
FUEO0—=)VO4BOEmER, I aA—203E L THEIT 5L,

Methanomicrobiaceae F.LAT 3 # & Methanosarcinaceae FHIERBEICETH S
Methanomicrobiales BiZ/E@ L TWwizdl, LEOID KIEEHSHRE< R >ThW
7z. Zd Methanobacteriales B & Methanococcus B OFE&IC S iR 2 K &4
BTHD, TO2DO0HRFHOBELTHEIRNEZTEEZAONE. £z,
Methanococcaceae B OAEFIREDRRRS 3 207N —TOAF  HIRFH L WR £
BEUTHAEITRETHEEELX6NE, COAYCEHOBHEOZE XS IT Boone &
Whitman {Z &> TfrhNTWEBRH O 16S rTRNA OFREICETWEAY CEOEL
HMER W e —BTATEMUB LA, T B, Methanosarcinaceae #id
Methanosarcinales B & L., & EIF#MED Methanococcus it Methanothermo- .
coccus J& & U TN &4, #BiF#E® Methanococcus id Methanocaldococcaceae %t
ETB T &R, TOMIC BN WELERIEE ST L 16S rRNA 24T O@EN S, |
BBV~ FDSBESNTNS, ’

DL DITHRE(DOBERENILES LAY VHOLEOERRBE & UT{EES RS
B ——iZR2bDTH 5 EMNBEEMIIL 7. 16S TRNA OFEER £ O Rk
BELSEMUTWBDT, 16STRNA &L —HT2EHEMED A Y CBHORMERE
RMLTWEEWAS, £k XM itds s BEFEELHERICL> TRERET
&3, Tizhs, HEYAEETFERORLNVORKMERERRL TWS, IHIKER
3 BEOEHE(CNSHEALVBERAORKERTSZ)OMTHREREXTL T
BEWTHaZ X EROBED TH D,
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3. IFEMEIFAEEEERRL THARY

HF BT B D Sulfolobus % Thermoplasma TEAICERENA/00, FhIT—
FNEOIEBIIIFHAECFEER CMBRERAFICBIG L DICEFEET S, EW3EX
HI—RIZHOND. HEE? 5 b I—FIREIMEFNCRETHS L. FE_E-Z
HERE THEALTESFBRICT ST b I —F)VERLRRZ, $H50E rigid 2B %%
BEDITRRAB(FELERZOMB LRV, LML, F ST —F)VBUIREITIFRE.
HEBEIZZUFET2H0TIRAW, Ay VEOBEEMRAEHTOBREZBEERZSITHRkE
ML, HOEFEEECY =DM Table 2 TH 5. £HFHRE 85°C D
Methanocaldococcus jannaschii ) 5 23°C @ Methanomicrobium cariaci & TR
A, FRESERITAAE, PRE. SHEELTHBBAFTEEOBEVWEETELLF I
—FNRIEEE D > TW3B. Yz #BIT 8% O Methanopyrus kandleri'® %

Table 2 Core lipid composition and growth temperature of
methanogens.

Abbreviations: T, optimum grwoth temperature. A, archaeol. C, caldaxchaeol. H,
hydroxyarchaeol. M, macrocyclic archaeol. Composition is expressed in % or simply as
present (+) or absent (-).

T Core lipid

Methanogen *C) A C H M
Methanocaldococcus jannaschii 85 + + - +
Methanothermus fervidus 83 74 10 - -
Methanobacterium thermoautotrophicum| 65 20 80 - -
Methanothermococcus 65 + + | + -
thermolithotrophicus

Methanosaeta thermophila 55 + + - -
Methanosalsus zhilinae 45 79 21 - -
Methanoculeus oldenburgensis 42 + + - -
Methanobacterium formicicum 37 + + - -
Methanobrevibacter arboriphilus 37 10 90 - -
Methanomicrobium mobile 37 + + - -
Methanolacinia paynteri 37 + + - -
Methanospirillum hungatei 37 + 5 - -
Methanogenium cariaci 23 + + - -
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Thermococcus celert’ DEHIENIZ P L—FNVBIFE LA S > Tk,

E7, FEEOEE MBI TR %S > T 5 (Thermotoga maritima®®,
Thermus aquaticus'®), - TIL—FIREEMTFRIEITBEAEWIDIT TSN, [FE
¥ 0 Bacillus acidocaldarius®® THRRE N/ 7 AANFY L BEHDIEHRITHRLED
Curtobacterium pusillum® {2 b R\ SN, Thermotoga B C32 THIAR
> ETH B diabolic acid'® 2% TH B Butyrivibrio sp. R i bEET B, “hH0
BEIHAME. EFMEZEL TRECEEBENERBEIOELT5240ICHRL,
BECEEL TV EVNIDYTHRWI EERLTYWS,

THEATIOLDICEHRBIBENEETA20EA50. HERBEZES EVWIHEERR
iz, 2 B0 EKRER(AYV IV /1 FTHIEHETH W) & 1 EOmEEE 2
BT, MYULSEROBEOWRENTFRINDS, EFXTHBVWNDOTHAD. TATFIN
THL—F)NTH, EEAT74 IREOLICT I RFEAOUREESHS. DED. b
AL OB RICBEEZ2ED I EEE O LEYIIIERIIERTH o7, TREDRELD—E
IR B RREE N EHO RN THENITHRINTHFEL TWS, EEX SN
5, LEM->T, IBEREETIIZLS, BRICLoTHRES TR VS HEHmMNEM D,

4. ZV 0 VEERORAREEOESR EHHMBORE

BEFMEE gL ATHEOREORE 2T 4 RITEED T, 1) I—FIL#E
.2 AVTV /A R 3) JUtEnY VEEROSEBEEEOEFE. £LT4) Fh
ST —F VB OFERIHE, Thd. L, PT—F IS S (Thermodesulfoto-
bacterium commune®, Aquifex pyrophilus™, Ammonifex degensii®>) G4}
35 OlgE (Thermotoga®®, Butyribivrio sp. ®)I3EIEHI Bz bFET 5 T LANTER
BMTIRDL T N CIREBERS TR WAL, BEME, EREMIILELEF
T3, TIRTLBE, ZO4EAOFT, BN REHEERLSTTWERES ) &0
D SRR OEGRIEAOBGRTSH S, F) 0 SEEE OB RIER (sn-glycerol-
i-phosphate(G-1-P, &#fiE%!) & sn-glycerol-3-phosphate(G-3-P, EiEfiEL) =
ARTABERRB T L LTINS EBREEGORREZH 2 - L 2ilHTc.

9", HYEO 1 fETH B Methanobacterium thermoautotrophicum O4EiidHh
WPl E ROFL 7R U VEBEDHAP) S G- 1-P 2ERT 2BEHROEE(G 1-P
Fe ROFF—E)2RWEL Y, B2 5 T THBULCRRER). TOBROLERR
VEVBEE T DHAP 25 G-1-P 0#%D< 0. BEETIE G 1-P B UMERET,
G-3-Plzi32<KELAah->k. £/, DHAPXT S KIn iEG-1-Plzdd Km&DiF
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DWTIOEREOBEREFE/ O— 1L, HERFIZHELEGRRESE). COHEE
TFOEEEFNE, Escherichia coli ® G-3-P #0< 5 G-3-P Tk Ro¥r—¥Fozht
EEAEHRENELS, MCEOS ) O0-)VFe RayF—F LB EEOHA
ftzRL. NADREEOZNI— T FOos+—FE7 72 ) —IZBL T, ABFER
RFF—E BRTI)ETI/ I AT P RET. DEICERTARSRE L
HCERTABERIRT I /BRSNS BREEETE< B2 EMNBEEINTHS, &
S THBRRERETHEICER T RRTRIEIZDLOTHREEDO DRV SDEEZ BN,
F/z, DESFRAEFEE L ERMBRIIHEEREEZRICTIRAIEZR T 7IV—KE
TE5HDEEDNS, ' .

)0V CEOBEBRRERIIIEZIES NS BEELOMIEIIH L TRAERESE
HIzWEEZSNDHH, RO IAHROBRFE2ERE-A<BELZEAERK &
WABEAS, £z, BEBEERIEZED, HEGEEOMIDITRI2METHENE, B
BOMEITHRE(TROEMR)OREDRILED D THAI. ZhbDT Ehd,
FIEHNE &l B R R ERICH B IEE TIHRZEo THIl & L THRE L 2 & EN SRR
ELTHEELTERE, EOEREINTVS, JHTITRHEEHE EEFEHNBEOREMN
Ut CEEO 2 EAOSEREEAEERICTA Y VIEEOKE THEN IROHBE O
MRETENSZE, TVEOUVENEHDRREAL ETE, WS T EERK
T 5,
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Primitive Earth Conditions and Arcaebacteria

Tairo Oshima
Tokyo Uninersity of Pharmacy and Life Science
(Horinouchi 1432-1, Hachiouji,Tokyo 192-:03 Japan)

According to the recent phylogenetic tree constructed based on ribosome small
subunit RNA sequence data, in the early history of life the primitive cell
diverged into two lines; eubacterial(Bacteria) and archaebacterial{Archaea)
lines. The nature of this common ancestor is key for the study of origins and
early history of life, We proposed the name "commonote” for the primitive cell
from which every contemporary organism has originated. The biochemistry and
molecular biology of commonote can be speculated by comparing molecular biology
of eubacteria and archaebacteria, especially those located in the deep branch of
the phylogenetic tree. The deepest organisms of the both lineage are
hyperthermophiles, suggesting that the primitive cell was a hyperthermophile.
The thermal history of the primitive ocean can be speculated from the data of
growth temperature ranges of the deepest organisms.

Viva Origino 25(1997) 109—114
© 1997 by SSOEL Japan
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Eukarya
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non-sulphur
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Bacteria Archaea
Sulfolobus
Gram positives Desulfurococeus

Proteobacteria
Thermotoga

Flavobacieria Thermoproteus
Cyanobacteria Pyrobaculum
Pyrococeus
Methanobacterium

Methanothermus

Archacoglobus

Halococcus

Halobucrerium
Methanoplanus |

Aquifex l‘f}g:::;:;;.‘f: Methanospiritium
2—igneus: ' Methanosarcing
3—thermolithotrophicus;
d—vanniellii

Figure 1. Phylogenetic tree of three urkingdoms. Hyperthermophiles are drawn

in thick line.
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