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(Abstract)

The condensation reaction of oligonucleotides was investigated to develop a prebiotic model reaction for the
formation of oligonucleotides which can be examined under hydrothermal conditions. The reaction behavior of
(1) the condensation of 12-mer oligonucleotide (5’-pGGGCCCCCCGGrG, 5’-pGGGCCCGGGCCrC), (2) the
condensation of oligoguanylate (5’-pGGGGGrG, 5’-pGGGGGGGrG) in the absence and presence of a
oligocytidylate template, (3) the condensation of mix-hexanucleotide including guanine and cytosine (5°-
pGGGCCrC, 5’-pGCGCGrC, 5’-pGCCCGrG) in the absence and presence of several 12-mer oligonucleotides,
was investigated at 0 — 25 °C. In these systems, it was expected that the dimerization of the starting
oligonucleotides would be enhanced using 12-mer oligonucleotides or in the presence of a template
oligonucleotide. = However, the cyclization of oligonucleotides proceeded as the main process and the
dimerization was not efficient. The rates of the cyclization of 12-mer oligonucleotides were not much different
from those of hexanucleotides determined in previous studies. The rate of cyclization of 5’-pGGGGGrG or 5°-
pGGGGGGGrG was somewhat affected with a oligocytidylate template. Although the cyclization of mix-
hexanucleotides was not much affected by the presence of 5’-GGGCCCCCCGGG or 5’-GGGCCCGGGCCC, the
condensation of mix-hexanucleotides did not proceed in the presence of 5’-GCGCGCGCGCGC or 5°-
GCCCGGGCCCGG. These resultes indicate that cyclization of short oligonucleotides have readily proceeded
even in the presence of template oligonucleotides so that the accumulation of RNA would not be efficient through
the dimerization of short oligonucleotides. Conclusively, the reactions tested in this study are not suitable for

the elongation model of oligonucleotide which acts under hydrothermal conditions
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1. Frim

HiER ECTAEMMAHBETLWETY AR
(RNA) WFEHEREHZIZ/-LEEEASNT
W% (RNA 7 —)b B [1]. L,/ L, Z@ RNA
T — )b BRI A A SRR O BRI H L O &K
D2 ER OWEKF THAEL 7= &9 2 BOKE
MEHDEMEND 5. HlZIE RNA [ ZEiRKH
TIEARETH DD CTHERERECHRE REFT
LHREERBTHZEIIHLZES>THO,
Z EIFRNA U —)b RREE & KRR T &S
HZEZERLTVDEIDICHADNS24]. £ Z
TEELZEUJ/I)I—T7TIE, RNA U—)LF %
i DBUKERN S BEET 5% 27> TE 7
[4-7]. $1A1E, RNA O$EHIL 200°C T 2~70s,
300CT 0.01~09 s THV, ZTHIFIAMDEE
ZHUEITT D EREE N[5, LaL,
ZH > TRNA 7 =)L RGN TARARETH -
FEMETAHIEEITERNI EZE, TNEXT
DFE TR Uz, RZBUKFTOD RNA DL
{LDOWFHDXRDEREE LT, @ik FTH< RNA
DERETIVEHFEL, ERICZDOETIVRIG
ZHWT RNA W RHE R O Bl < AT 5 Z
LEIRT T EMBETH 5[4,6,7].

ZIT, MR TTHEH RNA ORIEMNRE
FIVEOS DB & LT 2 FEO KIS DR EK T
PHICOWTHRLTER. B 1 OETIELT

Zd

ZDZ &

- 69 -

5 U R B s D il FEE AR 1 & B X Tz [6].
JIRTIEA U IAX T LA F ROERFHRIL 80CLL
ETIEIZWAAKLS 250, TS 2 BN E
BRI HEZICE/X—ESLOXAMNIRED I
FICEBR-o>TRERIDIZK KRB EN—KT
BB EMRINoTe. i, TOMOKINITHE
U 7255 2 FLD VT B 72 9D 1T 13 5 3 ) 7 R AT 708
B TH 2D, FHRIRERES T AR 3 %
DEENSRBZFVIXILAF REZZOLD
SRR E AT M T B E WS RIS - -
B2 OETINELT, 6 HEREEDOF Y IXY
LAF RRMEHOGEEFTRILT S 2Lz R
WZL, ZOBRKBEZANWNIEY BT
FIVEES DAERGEE &2 DR EKRGEEZHRD
ZENTERZEEZRLEAT]. LU, &Rk
ROSEY DY TATIVIEG DERZFHNRDE
TIELTIERWR, RUAST—EETIVEL
TEARA TR THS.

Z AL TIE 3 FEH O SR D W TG
Lz, 881 &LT, V7Z2&ET R 22D
12 HEN SR 5F Y IX U LA F KOS
IZCDWTHF L7 (Scheme 1). Z#NETIT 6 $4
EHEOAYIXZLAF REFEELUTHN
723, BHEZKEZTHUL duplex ZARKR LT
{50 T2EBROAERNBIIREL 25 LM

BEIN5. 8 2 34377 VOB KN

ZDK


エトウヒロコ
Viva Origino 32 (2004) 68 - 80

エトウヒロコ
- 69 -


Viva Origino 32 (2004) 68 - 80

5l 3|
[ 1 " 1 ° 1 |
G G G C C C C C C G G G

G C

t 1

G C

% d

\G\C,C/

54% A~ \.3

\NT T T 7T 7T 171 [ 1T 1T [T 1T 1N
C ¢ ¢ ¢ 866G 6 GGG
G G G C CCC CZC G G G
3|||||||||||||5.

Scheme 1. Possible pathways of the condensation of oligo-

12b.

L CERl L7 B4 U T F DIV ERML,
BALZHHIL T 2 BRI SRIGRERBEL
£ 9 EiRkATz (Scheme 2). % 312, FEHRICLT
T7Z2ET R 2EGUOANFYX I LAF R
DBRALKIEIZR LT, 0D 2 BREHEHEND D
WISIEFM R ARSI 2 B D 12 HEOA U O
XLVFFRELEESETCRIEZTS
(Scheme 3). ZNH5DRTHIFFINS 2 BILK
i id, BALSOS K D B EBRDORY A T —ERIE
DETINELTHELTWS., Ei, BRSO
RN DTN O TEAFR R UG K D B b 2%
BTHDHEMHEIND. INSDORIBRITDN
THIRRE D 2 BALKOR OEN RN LT 50 ES
MEMFL, HRZLFELOBRNSERL
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2—1 ¥

FUVIXULAF R (5-pGGGCCCCCCGGrG
(oligo-12a), 5’-pGGGCCCGGGCCrC (oligo-12b)
5"-pGGGGGrG  (oligo-G6),  5’-pGGGGGGGrG
(oligo-G8), 5°-CCCCCCCCCCCC (temp-C12), 5°-
CCCCCCCCCCCCCCCC (temp-16), 5°-pGGGCCrC
(oligo-6a),

5-pGCGCGIC  (oligo-6b),  5'-

pGCCCGrG  (oligo-6¢), 5’-GGGCCCCCCGGG

(temp-12a) , 5°-GGGCCCGGGCCC (temp-12b) |,
5’-GCGCGCGCGCGC (temp-12c), 5-
GCCCGGGCCCGG (temp-12d)) 1Z 700 I3 %
N HPLC FEE T L —RObDZEH Nz,

T DA OFAFIIRIEAEIEH DR 2 W 7z,

2 — 2 SHRIELE R CORINIG
RBEEDOAY TXV L AF ROHMEE K)i:0.05
mM oligo-12a £ 721Z-12b, 0.1 M NaCl, 0.1 M
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Scheme 2. Possible pathways of the condensation of oligo-G6 in the presence of (C),,

template.
oligo-G6: 5’-pGGGGGrG.
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Scheme 3. Possible pathways of the condensation of oligo-6a in the presence of temp-12d.
Oligo-6a: 5’-pGGGCCrC, temp-12d: GCCCGGGCCCGQG.

MgClL, 0.1 M 3%V —)l, BXUL02 M I-T
FI3-GB-PAFINT TR A
2 K (EDAC) ZE /KB (pH=7.5) 7% il
L, BEOCTRAIL68 h (7 d) KIESH#ERZE
b7z, F7= KR OE 20 uL 2L,

Felg Y > B 7 BEERT 4 mM) TURRX Y
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L7 —% T, (0.05 unit/100 uL) ZHMA T 37CT
6hLEL /=

FUdTY 2V OBRACRINICR T 54U O
CFIIVEDFEE 0.1 mM oligo-G6 F 7z 1
oligo-G8, 0.2 M NaCl, 0.075 M MgCl,, 0.1 M -

IHY—), BLW 02 M EDAC 2 & L/KIATR
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(pH=8.0) ZFHL, EE 25CTHA 43 h Kt
SERRELZR Nz, £HMELT 0.1 mM
temp-C12 F£721d temp-Cl16 % fl 2 TIREKRITHRF
L7z.

ANFH X7 L AF RORIKIZITHT S 12
HEAVIX LA F RHEMOZE 1 0.1 mM
oligo-6a, -6b, F7zld-6¢c, 0.2 mM temp-12a, -12b,
-12¢, F7213-12d, 0.2M NaCl, 0.075M MgCl,,
0.1 M A 3¥V—)l, BXU 02 M EDAC &5
LKA (pH=8.0) ZFHEL, WRE 0CT 168 h
7d) RINSHET.

2—-3 ®m#Ewksox ~7 77 +— (HPLC)
B LOEHIE

HPLC 47 @ ki, HPLC %@ (&
LCI0A) IZRaA A 23T L (d4.6 mm, K
& 15 cm, DNA-NPR, ®—) ZHWT, oligo-
12a 3B &£ Woligo-12b D K% Tid NaCl 71 0.3
M (Omin), 0.6M (30min), 1.2M (45 min)
ERBEDIT, £FDMOKIEFR TIE NaCl 2
FE730.15 M (0 min) /05 1.2 M (80 min) &7%
LEDICHEBRT I NENTTHI L.
IR 35C, MRHB&RiE 253 nm & L7z,

AR E (T,) OHEE : 0.63 mM oligo-G6 &
0.31 mM temp-C12, 0.2 M NaCl, 0.075 M MgCl,,
B O0I M 13I5 )28 OERZHE
(pH=8.0) L, Calorimetory Sciences Corp. (USA)
P CSC 6100 Nano 11 DSC % W THlE L 7=.

3. MRBLOER

3—1 REEAVIXTVLAF ROME KIS
INET 6 HEOFUIXY AT ROME

Rtz FITHREL TED, HENKRELRS

& duplex DERDEESRE<25 EMFIN

5. £IT 12 HEOFUIXV L AT EOBRIL
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B & 2 Bl DR ERE U7z, LW % HPLC
THOMLERE, TNETNEHOS LAICH S
=2 MMHELEZ (Fig. 1). INETOW
JETOHEDTY TX 7 LA F ROBFEITITER
EEIEREZ D Z ENHENPD SN TNDDT,
AP OFEIL HPLC OfRFFRH &R X 7 L
7—t T, ICLBUITHE DN TIT- /2.
12a B X oligo-12b DALY D HPLC DR
iz, FRD 2 BkT72bB 24 HEOMRT 5
BFZzHDFUITXT LAF REKRL Zni—
HBUnol iz, URXZ L 7—F T, T
YD EERYNEAD UREIO E— 7 23 L
o, Thhbbt, ZOEEMI) DT ATIV
MEZERSTHBOND2EBERTIERNDT, 12

oligo-

4 EDAC—p

] ) oligo-12b
rglagtlon time 7d y'd |
oligo-12b cyclic-

?-m er

-

0 30
4 EDAC—a
1d 7d
oligo-12a oligo-12a
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{ ¥
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Figure 1. HPLC profiles of the condesation
reaction of 5’-pGGGCCCCCCGGrG (oligo-
12a) and 5’-pGGGCCCGGGCCrC (oligo-
12b). [NaCl] = 0.1 M, [MgCl,] = 0.1 M,
[imidazole] = 0.1 M, [EDAC] = 0.2 M, [oligo-
12a or-12b] =0.05 mM, pH="7.5,0 °C.
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HEOFVIAX VL AT ROBETH6HED
FUIXT LA TF R ERBRICERAL OGN E
ELTRHRISRENS ZENTES. ORI
DR OWBAEEZE 1 X7 Oy b U TRINEE
TERERE U TR,
6c 72 EDYE EERT oligo-12a TIEIF IR Ul
FHT®H D oligo-12b T LU KE N 57z (Table 1).

oligo-6a, oligo-6b, oligo-

Table 1. The rate constants for the cyclization of 12-mer
and 6-mer oligonucleotides.

System Koy /8"
oligo-12a (4.4%0.2)X107
oligo-12b (1.2£0.1)X10°
oligo-6a" (4.6+0.1)X 107
oligo-6b” (6.3£0.1)X 107
oligo-6¢” (2.7£0.1)X 107

[NaCl] = 0.1 M, [MgCl,] = 0.1 M, [imidazole] = 0.1 M,
[EDAC] =0.2 M, [oligo-12a or —12b] =0.05 mM, pH="7.5,
0°C.

a: Data from reference [7], [oligo-6a, -6b, or —6¢] = 0.1
mM was added instead of oligo-12a or —12b.

£z, ZORIED oligo-12b @ 2 BAKIZHIET 5
24 HEOFY IX T LATF RO HPLC ¥
1Z, EED oligo-12b XD H/hI Moz, ZHUT
BEA A 2 A T L THE BRI O
O TIREFRFFENA KR E < B2 HEMERIZ > TNWD.
Z QML HPLC L TKFEMEBMITELS 3K
gz L, A@E<ERPAENT EAS
{zolzlehEEZEZA6N%.

UEDXDIZ, TNETOMETHXREZDHD
KOBHEORERAVIXZLAF REZHWN
T, KEHEGOREHCPLAAKELELIE
2 BEZEZDRTLSTEHENDIETIVITHES)
ZfBinism o 7z

3—2 FUITTZIVEEOBRKINITHT S
R DB

0ligo-G6 B XN oligo-G8 DIR{L X Jits 2§57 7z
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LIGEIFT 5 & & 612, TNEN temp-C12 B&X
O temp-C16 DFTE F CRFRICERL G ZTT> T
BROEEEFRE., Z2THVAT T ZIVEE
B/ R—EHBMF)IFOINBOMAGEDYE
B EREHRIZ, XZLVAR S-S
A5V REE/I—ELTHWDHERE
IR DIEIC K> T T 22250 E /X —
ERT U EBUOBHOMAGDEN DS ED
RESEGT LI ENDDH>THBD, ART
BN NEHRFLZZEITH B8], FHEO
oligo-G6 % HPLC T/ #rL/z#5%, HPLC LiZ
BAOE—INHEBLE (Fig. 2). F7=272
NS5 X7 AT REHIZ4BKREERT S
ZEVHSNTVWDDTI], AD HPLC E—
7 MNENTZZ 213 oligo-G6 NI DD R EKZE
R LIZEDTHDEEZEZ NS, ZORHHK
WFIRED EFICE SR L MREET 50T,
oligo-G6 % 100°CD/KHT 1~3 min JNELL TH
S LIERER, | KOE—IE5Nk (Fig.
2). £, WoTltAMELL /2 oligo-G6 Z 12 h [id]

@) oligo-G6

oligo-G6

®)

0 10 20 0 10 20

Retention time / min

Figure 2. HPLC profiles of 5’-pGGGGGrG (oligo-G6)
on anion-exchange column. (a) oligo-G6 was injected

without any treatment, (b) oligo-G6 was heated for 3 min
at 100 °C.
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ACTHELTHOE—ZIRIFZEAERLL N>
7z. £ T, L&, oligo-G6 13 Z D n#iE %
LTh6fHLEZ. L, ZomEEEzZ>D
IINA 2 HETRIGS B 2i k%2 HPLC TH#r
U758, 4 BIREHEE S5 E— 2 W oligo-G6
T LENZ. £7z, oligo-G6 D Xk Tld sk
MOBWEGICFEHOE—7ITiENnE I AIC
HOSTTERYITHIENT 5 E— 7 BRIz
(Fig. 3a). ZOERMIT oligo-G6 782 kL 7z
GBRICEKTZHOEFACHEEZ B DG), &k
NCRFRERNZDEN > Tz, £z, TNE
TOF Y IXT LA F RORKIE DL DS
B, V72 0BIOT M EFD6HEDOS
JaX 7 LAF REEEL, HPLC ETHEEIO
EHEHROA U IXT LATF R EHBET WA E
KHLWE—V 25252 ENERINTNVDS
[7]. L7225 T, oligo-G6 % T HEBRILKISAE
Zolz&FEZS5N% (Scheme 2). LML, IN
FTICMEL MDAV ITXI LA F ROSHE

EHRD ERCERYOENNS S, ZOHH
IBRAL R D2 T 4 BARD A KT 5 KO 2
flCERN OO TH B EHMETNS. 2D
FORHi#R % Fig. 4 (B30 1TRTD, $ERNELE
LBWSEEOEAHBITIZZDOE I REEKD
BERRICK 2 ZENEENTWS. FHERICL T,
4 BIRO AR
ZMHIT D72 oligo-6G DEF & [FHEIZ 100C D
KT 1~3 min NEAL THSEERIE L THWE
N, RSB OEI%E HPLC THOMT % & 4 &Ik
EEZASNBE—INRE BN DX
N TH - 7.

oligo-G8 D IR IZ DN THNTz.
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Time/h
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Figure 3. HPLC profiles of the reaction products of
oligo-G6 in the absence and presence of (C),, (temp-
C12).

Reaction conditions: [NaCl] = 0.2 M, [MgCl,] = 0.075
M, [imidazole] = 0.1 M, [EDAC] = 0.2 M, [oligo-G6] =
0.1 mM, pH =8.0, 25 °C.

(a) no template, 18 h, (b) [template] = 0.1 mM, 24 h.

-74 -

Figure 4. Reaction curves of the disappearance of
0ligo-G6 in the absence and presence of temp-C12.
Reaction conditions: [NaCl] = 0.2 M, [MgCl,] =
0.075 M, [imidazole] = 0.1 M, [EDAC] = 0.2 M
[oligo-G6] = 0.1 mM, pH = 8.0, 25 °C.

Closed circles: no template, open circles: [template] =
0.1 mM.

—75, $RNERET 2HED oligo-G6 D i
TIEHEHOE— DA LEBEAITEBIOE—27 N
N7z (Fig. 3b). 2D EZI,
B OE—2738BRN 2 WSS X0 H8i< o7z
Z U oligo-G6 TIIFEH & duplex ZELT S7z
O, 4 BEKOERPIMGFI S N2/ D/lZ EHE S
N5, TOEED oligo-G6 DI DK isihifR &
Fig. 4 (F3L) 1ZRT. LA L, oligo-G8 TIIJHE
BoE—27348k0EKICE2bDEEbN

HPLC LT
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LDEBODE—VEEALTWE, £2EBS5DH
BEOHAEITH 2 BIKOERIIHER S Naho Tz,
Z DX DT oligo-G6 B X oligo-G8 F TlIAkk
YD HEEL W E WS R DD, R
DD D H) i FEE 1T He DU TR T R A T
(Table 2). T35 DHEEEEIL oligo-G6 T4
NHHHELUNDORTIZA BROERDZE
GHLTND EREEINS. oligo-G8 Tl oligo-G6
FOBRIGHEENKRELS Kok, ZHREFAUT
SFVINBOBEITHEDMINC L B> TR
LR ENE T 2@ E KL TWEA, 4 &
HROERICLDEEEZDEZERASND. —H,

oligo-G6 D% THAMNIELET 2 6 D# L E K
BFEFRIEREOREER ERRTLenTE
M, MEDOMIETHRZMDO A TXT LA
FROBICHEHEEREHPEVEDLT, HHO
HEBIINSVWEED ZENTES.

Table 2. The rate constants for the disappearance of

oligoguanylates in the absence and presence of
polycytidylic acid template.

System Kgeg / 8!

oligo-G6 without temp-C12*
oligo-G6 with temp-C12"

(1.8+0.2) X107
(9.7£0.8)X10°
(6.6%+1.8)X10°
(3.2%0.4)X10°

oligo-G8 without temp-C16?
oligo-G8 with temp-C162®
oligo-6a” (2.4£0.1)X 10°
p(C)srC? (1.2£0.1)X 10°

[NaCl] = 0.2 M, [MgCl,] = 0.075 M, [imidazole] = 0.1 M,
[EDAC] = 0.2 M, [oligonucleotide] = 0.1 mM, pH = 8.0, 25
°C.

a: The rate constants involve the influence of the
quadrahelix formation of oligo-G6 or oligo-GS8.

b: [template] = 0.1 mM.

c: Data from reference [7]

d: Data from reference [4]

Z T, oligo-G6 RTDHMDEEEERT
57291 oligo-G6 & temp-C12 DIRELL 2:1 @
RERD T, 2RSS & [F Uik EER CTHIE
L7zfES, 52CTholz. £/, XZLFF R
& LT oligo-G6 72T & EERIRD T, & DSC %

-75 -

HAWTHE LD, T E—Z(bidmit s
Nismo7z. - 7T, HPLC X% oligo-G6 D
RS ERIT oligo-G6 D 4 BAAD AR ERE L 72
M, ALFW AR 4 BEOERIZT TR ZOD
ENOT7 TN r—2a O BEZATND D
DEHRIND. LEORERNS, RERSM
Tl oligo-G6 & temp-C12 DIRERTIE I NS
IN5735 duplex ZHERLEZEHEINS. £
7z, temp-C12 Z{RMUL7ZFRDFH A HPLC [T
oligo-G6 DE—JNHRIZEHNZZEDHIDI
LEXFFLTWVWS., EELUARERSH T T,
Scheme 2 127”9 & 7% oligo-G6 B L U temp-C12
DALZEMam LAY 2:1 M 5725 duplex 72V & &L
MEIMIZDONTIES SITHERDNETH 5.
TP EOFERIT, duplex DAL 2 BILDOF)
R LT3 ECREEBICHEUIDLSHD TR
WZEERBLTWS., —7F, ’x DEITIHE
TIZ, oligo-6a 1FH CAHFHAIZELSITH O T, LA
T TIX duplex Z4ERKT S, duplex DAERKIZEK
LEBIIFIEAERNT ENIREINM4]. £z,
EH 5D poly(A) LT oligo(U)D 2 BALKIRIC
XY HHETIE, 2 BRICIETT 200 RIEDH
F OB /RN 72[10]. —F, poly(U) % §5H! &
U oligo(A) & i K9 2 KH R TS 81 A4 > fil
WEHWD ERBENEBRDTENFTSN TN
B[11]. - T, ARTHMZRMLTD 2 &
HEOBEERBEMRRD 5NN TzZ &, 2
BAL D AR DR H % & 6D 5 1= 1213855 %
MABEZFTIEARTSTHE I EZREL TN
2.

3—3 AFHXILAFRORLIIHTS 1
2 HEHM D8

B2 ORITHETIE, V7= BXUOT by
CEREONFY X LA F R (oligo-6a, -6b, -6¢)
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Z W T OERAL KU DR BEAK 777 2 58 X 2 B
KB llrolz. ZORKIBITHL TAFY
X7 LA TF R EHFE D D W ISR ) 7 HE A
Az &0 4 fEO 2 HEOA U IX I LA F
-12d) ZMA TE
BN, SRR A T WA OFER & Mg L 7
R Z HPLC Tobr LIORFpie R 238X, JetfT
WIE THZRILERY & 2 BERERYMNIRT S
HPLC Of{RFffH & L TR ZIRIE L 72
(Fig. 5). 2 @R EHHR &M UH AR SO 35
BT, 2 BEROMEIX 5- Ky > EBREND
WTWSZEEUR—AZEORTHDOME
EIFTEAITIEFE U TId7ZaWway, HPLC TIdsr
SNl iz, MHEHNTRWELZ O 12
EOFUVIXILAF RZ2E0HEITHRILE
R % WiE 2 BILERMOE—2 & 12 SHEA
JadX 7 LAF RIE, HPLC L TR UCALEICE
— 0 DY EMNH 5D T, TEERE< HPLC
F v — NEFHAERYOEGEFHE L7 (Table
3).

R (temp-12a, -12b, -12c,

EDAC @) EDAC ()
mboﬁb“‘emp42b temp-12b
\ / cyclic-6b

oligo-6b)

-
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Figure 5. HPLC profiles of the condensation reaction of
5’-pGCGCGrC (oligo-6b) in the presence of 5’-
GGGCCCCCCGGG (temp-12b) template.

Reaction conditions: [NaCl] = 0.2 M, [MgCl,] = 0.075
M, [imidazole] = 0.1 M, [EDAC] = 0.2 M, [oligo-6b] =
0.1 mM, [temp-12b] = 0.2 mM, pH = 8.0, 0 °C.

Reaction time: (a) O h, (b) 168 h.
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oligo-6a DI temp-12a DFEE R TH LM
filE, F7z temp-12¢ & 5 WIiJ temp-12d DFIE
TTREECIET L2, 2 3 TFD
oligo-6a & FH#HAY72 duplex Z FE Bk L %55 temp-12b
DOEFEFE R TIE, oligo-6a DKM EHEMDOE—2
I2E2 50, JFEFoligo-6a & ER{LA R4 D HPLC
HREOFIIKIGHIE TIEIEZ~ETHDH T ENDS,
2 BREHFEELEEL THEDOAEKRREITE N E
e SN 5. oligo-6b TII,
temp-12b ZIRIML THH A E L TORRIZIFIZ
BOLNIEMND 2. £z oligo-6b @ 2 FrF EHH
W72 E 2 B D temp-12¢ Z RN L 2551213,
RIERBERDIHRBEEN A>Tz, £
oligo-6b @ 2 &fKk& temp-12c @ HPLC E—7 1%

temp-12a ¥ 7= 1

H2 DM, JFEE oligo-6b @ HPLC E— 7 Hf&ED
temp-12¢ 12K T 5 [LIIKBHIZ TIEE—ETH

S7/2DT, 2 BRIFERLEM>TZEEZSN
5. £72E 512, temp-12d ZMMAZHEITITR
LAY D 2 BILERYOES S5 BHRD 5 NTR
Mo 7z, oligo-6¢ 12Xt L T temp-12a & % Wi 12b
EMA 5L, 8 & 2 B{bE kY &3 HPLC
E—ZI3ER SV, 25 TIRRIEARY
DEMRBIIHEODEMLBEN >, —F, temp-
12d ZHNA % ETREIEDONRITEA Lz,
7z, temp-12c ZMATZHEITIE temp-12¢ LERAL
RO HPLC E— 27 I13H 725 O TERILARY
DODNEZEHZHET S EIFTERWN. L,
FEROE— 7 REO#HMOE— 7 HEICHT 5
IR 0 d &7 d TEEFALCTHD, 2 &
EOERLIIIEF IS VW EHEE I NS,
PLEDER, 858 E L T temp-12a H 5 W3
temp-12b Z A ZHEITIIBRLICH L THED
I, 2 BEROERER LU .
ZOMHIT, 12 HEOXVIXZLAF RAH
INH CAHE 72 BL 5 2 B D72 8 duplex Z4ERL L,
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Table 3. The yield of cyclic-hexanucleotide and the dimer of hexanucleotide in the presence of a possible template

oligonucleotide
system yield (%)
Hexanucleotide template reactant cyclic- hexanucleotide Dimer
Oligo-6a temp-12a 72 28 0
temp-12b (49) (51) 0)
temp-12¢ 100 0
temp-12d 100 0
no template 44 51
Oligo-6b temp-12a 53 47 0
temp-12b 51 48 0
temp-12¢? 100 0)
temp-12d 100 0
no template 45 53 2
Oligo-6¢ temp-12a 59 41 0
temp-12b 68 32 0
temp-12c?) (87) (13) 0)
temp-12d” 100 0 0)
no template 62 30 8

[NaCl] = 0.2 M, [MgCl,] = 0.075 M, [imidazole] = 0.1 M, [EDAC] = 0.2 M, [oligonucleotide] = 0.1 mM,
[template] = 0.2 mM, pH = 8.0, 0 °C, reaction time: 168 h.
a: These data were estimated values since one of the products was co-eluted with the template oligonucleotide on the

anion-exchange HPLC column.

Scheme 3 IZ7RT duplex EDFFED, HE
9% duplex WD XL DI SN T2/2DTH
HMHHANZN. —F, temp-12¢ & B WL temp-
12d Z WA % RIS HE F 72 < 72 2 M0
BB EMphole. ZOMHBELT, HRE
JFCR SR> BUIC duplex % A2k U BRAL 240 L 7=
ZERENEBEZSNDM, FHFL WIFZERNL

ETh.

3—4 INS5ORIEDOILFEANTERE

RNA OARRETIV & L TO M

AR TIE, FUIXT7 LAF RORIEKE
ML 2 BAEARIRE<HETT H5M4E AN
ZLU, MR TFTTHETLA2FYIXILAF RO
FERRREMET H7-012 3 FEO KR Z N
%1 ICHEROFETHW A IX 7 LA F R
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FOHEOKRER1 2HEOF Y IX I LA F
FEHWT, BIERIGZHFHRZ. TOER, Z
N5 ORTITHEMICERCISNETTZZFT
Ho 2 BbiT#EELNho7. B2 BIU3 &L
T, 6 £7213 8 HEOAV IX U LA F ROBR
LRSI L TEB QA1) TX 7 LA F R EM
M7 IRRS 2D 2 5O EOF Y IX
LA F RERML TEOREEZHRZ. ZhH5
DEEMNEET 2R THEE L TRIENHETL,
BRIERDEHAY OAXT LA F ROZE TN
Ihofe. £z, BRIEMAMHISNZHETS 2
BLOETITH L TEL X DRI N 72

Tiabb, EEAUIXZLAF RO 2 &K
JMT U T2 OB ER S 2 HD 2 58
EOFUIXILAF RZRMT 5%, &il
TTEH< RNA DERETINELTWEDETA
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HMLTWRW, INS5ORTIE 5-Kitd U >
BENA 5 —I)VOFEET T EDAC IZX>TA
AV RERD, EHEEINERE L THA
ENBHDT, TOAIFYV Y ROERBRENE
& 2 BlLOMRICHEEZ B X N BHANIRN.
INZEWGEET 272012, A1 24V RE 5-fI#E
WHDAF) IXT LAF R%E Joyce 5D HIET
RE L& ZA12], A& TRALEISVE
DAY ROMEIZEN >z, Lizdt->
T, AUVIRXRIVLAFROAIFVY Relk
ELTHWADIZIITRNNETHS. £z,
J7_2EFVREFVIXV LATF RIRE
e LT WD, BT F 2 3KH: HPLC T
DT D EXCEREOE—V2ELDRE,
N EMICR DT o /2.
WEEWET IV ERE AR,
—7J, AR T >724&8FTIE, 6 HEM
5 12 HEDOA U IX 7 LAF MIIIEEYRIRER
BRCIESEAE RIZIIHELICSWI EAURS
Nz, bbb, FHRNA ALY I —2RFHL
TENSNHIERNICHET 2 ERIT, R
b5 pis Z 313 2 MR A3 72 AUV R A Hh ER R 5
TTIEEIZIDIZ DI EEZRBLTVWS. 3
HEDRTHHATRNEMEZEZT2DIC
13 5-BEY - KT ENBETHDLZEH
[13], TNZMERICFFL TS EEBDbNS.
FEBAE, Lok o il EThHEER
WA IXTLFF RPNERL TS, Hitns
FUIAXT LATF RELE L TKP T EDNE
T 588 ICRBRILRENEE SR> 2 2 &N
EZO5ND. KB, HTHEE T THRLKRE
HEKIGEOMRE/R TSI LI EARINTS
D[14], BRALKIGIFAY IX 7 LA F EDOEMRK
XL CREE En o 72l 2 X R L T S
4 F£&©

ZDHTHIDOR
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RNA 7 —) RIEFIIEMOEFEOETILEL
THETHD. o, BREND TELETHL
DURTA LZRAHTES Z &0, {LFiEE
BT RNA 2VERKT 25 HEIE RNA T —)b RKGER
EHMSZFELTWS. Lo L, BUKEEHED
B EEm T 2201003, TOXIBRETH
SETNERBELZDOERIEE L TOREE
FLMBITT2ZLICL-T, MATFTENS
DRISDEZ DTN o72DNE D INEREEL
RN ERN. ZOXIRBRETIVEHET
B OICARIFE THRR L 2 ik EHE O+ U
IX 7 LFFREAWLRIRRIT, 2 &bz
9 HEE L TERRIIE - 7=
T4 7T =Y RETCESNNETH SN, 1k
FHEALDOZEIC B W TR % 725 F TO K
ICBET B A A N T 2 EENBETH B[15].
£z, AR THSNERIL, RBIEZIHT
B70IEHMEMA LT TIEARTSTH S
ZEZERBLTNDN, UK TIE RNA OERK
RINZE Z SN EZWET2HDTHRN.
KB, PRI OFF(EIL, B R & AL HIUE RNA
DERKIGIEER FTHAEETHD ZEERL
TWa. ZOXDRIFAEMBEOBREDET IV
ELT, FRRETHRNITAERT S5 2\
BIRWENZOX S /@ EIR R Z E B ICHEHE
THMEDIMIIDMETRNA, RNA ZEHBET 5
KO HREZ IR RN B HNES M En
HDZEEHBITWNLEZEBLETHS. £z
FUVIAXTVLFATF REenhid 2 HEORR DL
BETHHTEZEAOI.

Z DD T

HIEE

KB SLR R 2EBE A RHE S 5 A B)
IR DSC WEICOWTHBHFEICARDE L
E A RN S N TR SR SR I - & A
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