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(Abstract)

To construct a flow reactor system, which enables to simulate the chemical evolution of biopolymers in an
open system in the thermodynamic sense, the influence of stepwise addition of the 2-methylimidazolide of
guanosine 5’-monophosphate (2MelmpG) to the template-directed formation of oligoguanylate (oligoG) on
polycytidylic acid (polyC) template (TD reaction) was investigated. Both the experiment and the computational
simulation of the addition of 2MelmpG showed that the higher oligoGs were accumulated by the addition of
2MelmpG. In addition, the elongation of oligoG was slightly effective when the activated nucleotide monomer
was added within a shorter interval period, where the total amount of the addition of the activated monomer was
kept as constant. This fact indicates that the continuous supplement of 2MelmpG would facilitate the formation
of oligoG rather than the stepwise addition of 2MeImpG when the total amount of guanosine unit was increased.
The present study showed that the computer simulations concerning the TD reaction can be used to evaluate
experimental data of the TD reaction.

(Keywords)
open system, experimental design, nucleotide, biopolymer, thermodynamics, kinetics,

BAERRABRROALFEAERROREL ZOMNT : (1) TV IT7T7 = VBROFHERE
BEIEZ W5 €/ v — DBREE DR E

JIFSFR S, skt
PNV RVIPNE 2PN & T e 2w SN ER (e =y 57
T 599-8531 KFIFHR il HT 1-1
Fax: 072-254-9910; Email: kawamura@chem.osakafu-u.ac.jp

i

1. il DALZEHEAL DOFFZET G, BIGR & WV I FLSICTH
LTHESTDZZENMETHD. £ODITF,
I x L F— L WE R E OR TR T 2 7R RO R AR OVRE 2 BN LAY ) B AR
THZEILL o TEMEHEHERFL WD, OF B e PR TEDEBRREMBE LRI NIT RS
0, EASRIIE R BGR T D it TR e, F 2 2 OFEOERR R TR R & B BGRIC
AL OB TIL, AmICRE U b6 R TAHAINREFARDICED +ORBERILETH
SRR R TH D E VWAL E LA 5.
TENMETHD. IO LX) REMEEXR L TT FILTCARMETIZIZOEOERRZMET S
S 72 EBRA R BFFE L 7. B 2 0E, Miller DFE HEROFE—ERE LT, EbEX 7 LATF K& H
BRI1]°°4 T - B 5 OIRMEIEDBUKEH O %41 WAHA Y TR T LAF KORGS5 2
L7=FEBR[21IL, EH D WA X L X — %24t ST, FHIZERTE /) ~— 269 2R 21T
PHERET IR THDHLERRTILENTES. L ST F T2 T D RETE DB O EE T A P E
L, ZNSDOHD X D B IEHRR Z A 5 5 L, ZNHDMEIZEASNTE ) v — 28T 5%
MZ 2 Z LI I TE 208, WE & i BrIal—yarli. ZOE ZTHNOX
AZSHDHRTLOOLEBEE RO FEDERIX VAT ROBEHT-V OBREBEN —EITHET-
D7guN, Ferris ST 2 AW TCE /) ~—% NAHZRTITE /) ~— %2 FEHICHE T 22 50
TN LU TCEHEOAL Y I X7 AT K INEL, FTZRNOX T LFF FOEEH-Y D
A IRTF KRS8 723]. £72, RNA O MBENKELSRDRETIIE ) ~—2KMNT5
in vitro selection 'XJEUE} & BefEAUIZALRE L AZEY REEEEZ/ NS THEAFVITXTLAF RO
ZHEHTAH0OT, —HOBKRERDZ LN TE AmEnNDLEEIMLE. S5, 2608 S%
LA, =L, EWEkOEEE OB S LE HEHY I 2 L—a  EHAWTHIEL, Z0DK
TV, b2 biz L - THERR LSS ARG 72 RIS R EBET A -ODOFME L THY
FEMEF > THERLERIZEEZRLEZ020. L KRELHBMEZFES TWAZ LML
L, Pl FETET T N THW B SRR =
Wik S g PP W) OFFFE D 72 8 D chemostat T
X, SBA~OWEDEN < EH ARG D 2 & 2. EBMB IOV AT LDHE
NTEDD[4], bFHELOERTITIZFEALEH
WHENTI o, it TRNARK VNV E 2. 1. 3

=11

Viva Origino 35 (2007) 45 - 51

© 2007 by SSOEL Japan 45


Hiroko ETO
Viva Origino 35 (2007) 45 - 51

Hiroko ETO
©

Hiroko ETO
2007 by SSOEL Japan

Hiroko ETO
- 45 -


Viva Origino 35 (2007) 45 - 51

TT I 5-F) )2 AT LA IZY
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7-. UARXZ L7 —+ A (RNaseA, Bovine
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{EZTEMARO L D Z W, ZOhoOREKITE
TR Ah & 2.
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mL/min, & 7 AEE 35°C, #HHi1X 253 nm T{T-
7.

2. 3. BFAERBOG

HHMU®H259mg DR Y T VR (polyC)
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ZRFOSRMEO T AGBER LTV, & 2 TG E
ZOLEDBT-0IZ 40CE I 50C TR
Btz itz L USROS RIZIER IR 72 o
72, ZHVIEBER @ 2MelmpG D #5UHE 7~ t DR
FERAFPEDRIZE L — B LT\ 5. & 2 AA, Zn(l)
fEAFE R T T )3y 5% U VA I &Y
U K (ImpG) 75 oligoG 23 E k9™ 2 $AHR R I
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Fig. 1. Anion-exchange HPLC chromatograms for the template-directed reaction of

oligoG on a polyC template.

Initial reaction conditions: [2MeImpG]

1.0 M, [MgCl,] = 0.2 M, [HEPES]

=0

.01 M, [polyC] = 0.015 M, 1.0 M [NaCl] =

=0.1 M, pH = 8.0.

A: control; B: A 50 uL sample solution was withdrawn at every 12 h and then a 50 uL
solution containing 0.01 M 2MeImpG and 0.015 M polyC was added; C1: A 100 uL
sample solution was withdrawn at every 24 h and then a 100 uL sample containing 0.02
M 2MelmpG and 0.015 M polyC was added; C2: A 50 uL sample solution was
withdrawn at every 12 h and then a 50 uL sample containing 0.02 M 2MelmpG and

0.015 M polyC was added.
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Fig. 2. Reaction curves for the template-directed reactions of 0ligoG on a polyC template.
Reaction conditions are the same as shown in Fig. 1.
a: reaction A, b: reaction B, c: reaction Cl1, d: reaction C2; open circles: 2MelmpG, closed

5 pG.
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Fig. 3. Reaction curves for the
template-directed reactions of oligoG on a
polyC template.

Reaction conditions are the same as shown in
Fig. 1.

a: formation of Smer, b: formation of 10mer,
c: formation of 15mer. Reactions: open
circles: A, closed circles: B, open squares:
Cl1, closed squares: C2 as shown in the
caption of Fig. 1.
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Liz. = X7 VAF ROEEHT- D ORIEEN
I 285 812FF /) ~— &2 EHHITEM L
SZ OWEHERZ /NS <35 & oligopG DA K&
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Fig. 4a—4d, B LU 5a-5¢ 2773, 2MelmpG D
ANZ DN TIIERE EFHEME T B —
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Fig. 4. Simulated reaction curves of the
template-directed reactions corresponding
to Fig. 2.

a: reaction A, b: reaction B, c: reaction
Cl1, d: reaction C2; top lines at time O:
2MelmpG, bottom lines at time O: 5 pG.
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Fig. 5. Simulated reaction curves of the
template-directed reactions corresponding
to Fig. 3.

a: formation of Smer, b: formation of
10mer, c: formation of 15mer. Solid lines
from top to bottom: a: C1, C2, A, B; b and
c: C2, Cl, A, B; dashed line in b: reaction
conditions are the same as C1 and C2, but
the interval period is 6 h.

2=V a B EUTHDHILERLTNDS. T
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7252324 h TEICHOTRT IV LT NICKE
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RV E6hILESEEDY I 2L —a U ELT
STz, FORER, 6 h OFEITIE 12 h [HE TEE
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ST A REMEEZ RRL TV 5.
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BTN TWT Y, B/~ — 2B RS L T4
M % 4 5 % Tl oligoG DAERBIR MK L
BB EEREL TS, F2T, EHMICE
~—%Mzx % & EORRIMREAEZ 2 T oligoG D
ERENED LI ICEIT IR I 2
—3 3 V' Ci~7z (Fig. 6a — 6¢). ZIRTE ) ~—
PRINT 5B Z, Oh, 36h, 24h, BLO
12h & UCRHE Ll L 7= (Fig. 6a— 6c D NE
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& D oligoG DAEREIZRE L 2D Z LN TPHIE
U7z, 15mer TIXHINT DEFHFMRIZ L 2 E WX
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WCBWTE /) ~—Z N 2 RERE R 2 IR /)
WZLT%E, T2 b bl R e 2R G RS
BWTHHB END T/ ~ =R KB L
CC, M offtks e o WE 23 F UHE 121,
oligoG DAREIT/NS LD LA REL T
BH.

0.012

Fig. 6a.

0.010
0.008
0.006

0.004

Concentration/ M

0.002

0.000

0 20 40 60 80
Time/h

2.0E-05

Fig. 6b.

1.5E-05

1.0E-05

Concentration /M

5.0E-06

0.0E+00

0 20 40 60 80
Time/h
8.0E-06
Fig. 6c.
= 6.0E-06
<
c
K]
£ 4.0E-06
c
[
Qo
5
O 2.0E-06
0.0E+00
0 20 40 60 80

Time/h

Fig. 6. Simulated reaction curves of the the
template-directed reactions corresponding
to Fig. 2a and 2b and its variations.

a: disappearance of 2MelmpG and
formation of pG, b: formation of 5Smer, c:
formation of 10mer.

Lines: thin dashed lines: no monomer was
added; solid lines: a 150 uL sample solution
was withdrawn at every 36 h and then a 150
uL solution containing 0.01 M 2MelmpG
and 0.015 M polyC was added; bold dashed
lines: a 100 uL sample solution was
withdrawn at every 24 h and then a 100 uL
solution containing 0.01 M 2MelmpG and
0.015 M polyC was added; bold solid lines:
reaction B.

3. 3. FLHLH%DOMHE

UFPOERES I 2L —a ko> TR
IR RS 2 O CTREEEZ S &R T RNz HW
TUTDOZ RS oT-. F1-, BR TEils
RS ET HEEORES S THIS .

1) £/ ~—%2THIICME LAERY 2 &t
WRAHEH T X, X7 LA F ROEEHT-Y
DOIRIREN—EIZRTZND & =, oligoG DAERK &
TN 725, Fi-inT 2 RRIMREZ /S < T
% & oligoG DAREIT LV /NS 5.

2) [FERIZLC, FBkE /< —2Z2 EHm izt
HBLX 7 LAF ROEEDZ D OMBEN K
{7pd L EITE, HEDKEZR oligoG DA E
N5 . oligoG DARKEDMIZX 7 L AF
FOEKEOEIMIES DO TH HN, ZDHE
WITRE AR LE /) ~— % BINd 5 BB
INE LT BHIFE oligoG DEKEIINEL 725

3) BEMK I 2L —YarTiEAY XY
VAF ROAEKIZIHHBEEF TLNERTER
WEWSEHENH LN, I al—3 gV TES
THHEEZRELSTHI L TIREMRLTE .

4) FUSRICT ) ~—7p E 2Bk EHET 2%
BAEAERIZL > THBITEAZ B0 0ho7=. L
ML, AW TR LT A & Rt B DEWVR,
B Cl & RS C2 OBWIIMUNTH B . 96> T,
T —RREDL VBRI ROFEETRDY
BT ERE VI 2L — Y a U EOEA L CEME
THZENEFEF LW L E2H-oT-.
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