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ABSTRACT

Decauridylate containing exclusively a 2 '-5' phospho-
diester bond ([2 '-5'U1g) served as a template for the
synthesis of oligoadenylates [oligo(A)s] from the
5'-phosphorimidazolide of 2 '-5' diadenylate (ImpA-
2'p5'A). Joining of [2 '-5"]U1g and ImpA2 'p5'A also took
place in substantial amounts to yield long-chain
oligoribonucleotides in the template-directed reaction.

An unusual CD spectrum ascribed to helix formation
between [2 '-5']U 19 and [2'-5](pA) » was observed under
the same conditions as that of the template-directed
reaction. The 3 '-5' linked decauridylate ([3 '-5'1U1g) also
promoted the template-directed synthesis of oligo(A)s
from ImpA2 'p5'A, but more slowly compared with
[2'-5'1U4o. The results indicate that short-chain RNA
oligomers witha 2 '-5' phosphodiester bond could lead
to longer oligoribonucleotides by template-directed
chain elongation.

INTRODUCTION

the 3-OH group and the'%' phosphodiester bond is formed more
easily than the '&’ bond in non-enzymatic oligoribonucleotide
synthesis 16), although the reactivity of each OH group is
affected by the ribose ring conformation and by a steric effect
imposed by the activated group or a template. Th&s 2and
3'-5'-linked oligoribonucleotides could have been formed during
chemical evolution and possibly served as a template for comple-
mentary oligoribonucleotide synthesis from mono- or short-chain
oligoribonucleotides. The-§'-linked poly- or oligoribonucleotides
have been proved to serve as a template in the non-enzymatic
oligomerization or ligation of oligoribonucleotides,15-17).
Very recently, Ferriset al reported the template-directed
synthesis of oligo(G)s from activated guanylate 6&'%inked
oligo(C)s formed by a clay mineral cataly$8(9). Prakashet

al. have also demonstrated®-linked oligo(C)s in a hairpin
template-promoted oligomerization of the 2-methylimidazolide
of guanosine-5phosphate (2-MelmpG) in the presence offg
They have shown that thé-2-linked oligo(C) template is less
efficient than the '35'-linked oligo(C) for oligomerization of
2-MelmpG @0). However, template-directed ligation of
2'-5'-linked short-chain oligoribonucleotides on the complementary

It has been proposed that RNA could have played the roles §f° - Or 3-5-linked oligoribonucleotides, which could take place in

information carrier and catalyst in the prebiotic eiz)( the prebiotic chemical process, has been a matter of speculation.

Contemporary RNA exclusively has'aBphosphodiester bond. I this study, we investigated helix formation and non-enzymatic
However, 25' linked oligoribonucleotides are chemically feasible!emplate-directed ligation of-3'-linked diadenylate on'%'- or

and are formed in model processes of prebiotic synthesis ofRN%.‘?"!”ked decauridylate, [5]Uip or [3-5]Ui0 The

For example, 25 linked oligoribonucleotides are mainly formed 2 -5-linked oligonucleotides were formed from the activated
from activated mononucleotides in the presence of a divaleticleotide by a uranyl ion catalyst. We found that thé&[2) 10
metal @G,4) or uranyl ion catalyst5(6). Template-directed te'mplate promoted Ilg’atlon of thé—fi? diadenylate to yield
oligomerization of the activated nucleotides also produces mainffgo(A)s faster than [&U1o (reaction a, Scherds. Moreover,

2-5' linked oligoribonucleotides in the non-enzymatic modei® 2-5' diadenylate substantially condensed to the template
reaction of RNA replicationi7). On the other hand!-8' linked ~ [2"-51U10, as shown in Schendg reaction b.

oligoribonucleotides are preferentially formed in oligomerization

by a clay mineral catalyst3{10) or in template-directed MATERIALS AND METHODS

oligomerization of 2-methylimidazole-activated guanylate on
3-5-linked poly(C) template 1(1-14). The Z#*-catalyzed
oligomerization of guanosine '-phosphorimidazolide on Poly(A), poly(U), adenosine '#nonophosphate, uridine
3'-5'-linked poly(C) also yields '&'-linked oligoguanylates 5'-monophosphate and nuclease P1 (NP1) were from Yamasa
[oligo(G)s], while the P¥" catalyst yields mainly'%S'-linked  (Tokyo). Snake venom phosphodiesterase (SVPD) and bacterial
oligo(G)s under the same conditioris), Lohrmann and Orgel alkaline phosphatase (BAP) were from Worthington Biochemical
reported that the'ZDH group of ribonucleotide is more reactive than(Freehold, NJ). Nuclease SW was a generous gift from

faterials
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Synthesis of templates [25']U 19 and [3-5'1U1g

\—/ O.o l;o_\(Ad The 2-5'-linked decauridylate ([&5']U1g was prepared by
UO»2*-catalyzed polymerization of uridingphosphorimidazolide
(ImpU) by the literature procedurg,21), followed by treatment
with NP1 and BAP to concomitantly degradeb3linkages and
the B-terminal phosphate. Thé-2-linked oligo(U)s were purified
by DEAE-Sephadex ion exchange column chromatography using
linear gradient elution with triethylammonium hydrogen carbonate
| buffer (0—1.0 M). Fractions of [%'|U1o were collected and
U dialyzed several times to remove triethylammonium hydrogen
A A reaction b carbonate completely.'The_B—Iin'ked decauridyla;e ([3'1U10)
I__kr-\l_k I__k was prepared by partial digestion of poly(U) with nuclease SW
Im Im m (21) followed by treatment with BAP to cleave thet&rminal
reaction a phosphate and purified by the same procedure as described for
[2'-5'TU10. The purity of the oligoribonucleotides was determined
by HPLC.

HO

v

R
vu
A A

Scheme 1ImpA2'p5 A and template-directed ligation on thé$JU 1o template. HPLC

HPLC analyses were performed on an RPC-5 column with linear

gradient elution with NaClg0-0.05 M) buffered with 2.5 mM

Tris—acetate (pH 7.5) and 0.1 mM EDTA or an ODS-Silicagel
A column with a linear gradient of acetonitrile (2—30 %) buffered
with 0.1 M triethylammonium acetate (pH 7.0).

UV spectroscopy and oligoribonucleotide concentration

UV spectra were taken with a Hitachi 3200 spectrophotometer.
Oligoribonucleotide concentrations were determined by UV
240 260 25',0 300 absorbance at 260 nm using the residual molar extinction
Wave Length (nm) coefficients of A and Ugygo= 15.3x 103 and 10.0< 103/M/cm
respectively, after correcting for the hypochromicity of each
(B) oligoribonucleotide. Hypochromicity of the oligoribonucleotides
was determined by the ratio of absorbance at 260 nm in Tris buffer
r (pH 7.0) before and after alkaline hydrolysis of the oligoribo-
nucleotide. The hypochromicity value was the mean of five
determinations. The hypochromicities of -&](pA)2,
051 [2'-5'1(pA) 4, [2-5(pA)6, [2-5']U10 and [3-51U 1o were 18, 25,
28, 15 and 10% respectively. All oligomer concentrations are
expressed based on a monomer equivalent.

Mol. Ellip. (x 10%)

Mol. Ellip. (x 10%)

i 1 { 1
0 10 20 30 40

Temp (°C) Circular dichroism (CD) spectroscopy and melting studies

CD spectra were recorded with a JASCO-720 spectropolarimeter
Figure 1. CD spectra of the helix composed ot5J(pA), and [2-5]U1o. at several temperatures with a PTC-343 temperature controller.
(A) The measurement was carried out at 10 mMb[RpA)2 and 20 MM The CD results were expressed in terms @jf (nolecular
%Z'Z'ﬂﬁ_lgtﬁs{;fg:‘;i’gﬁ‘esgﬂ f}gf (Bﬁ?eg)css?; 93‘; ?gﬂomgétzh%ygiﬁuﬂveue ellipticity). CD versus temperature plots were recorded at 260 or
at0(—), 5 (——-), 10 ¢ -) and 30C (- - —).(B) Melting curve constructed 265 nm measuring at every QClWlth a temperature increase
from CD at 260 nm. rate of 0.25C/min. The melting temperature was determined
from the first differential of the CD melting curve. The CD
measurements of the combinationsgXpA)»:[2'-57U 19 and
[2"-57(pA)2:[3'-5'TU10 were carried out at high oligoribonucleotide
concentrations using a 0.0025 cm path length cuvette to obtain

. ) . . information on helix formation under the conditions of template-
Dr J.Mukai (Kyushu University, Japan). All other materials wergjjrected synthesis.

obtained commercially. Thé-8'-linked oligo(A)s ([2-5'1(pA)n,
n =2 4 and 6) were prepared by O ion-catalyzed
polymerization of adenosiné-phosphorimidazolide (ImpA) in
aqueous solution by the published procedus@lf. The A reaction mixture (5@u) containing 0.01 M ImpADS5A, 0.02 M
phosphorimidazolide of' &'-linked diadenylate (ImpAp5A) [2'-5'U1g or [3-5']U10, 0.03 M MgC}, 0.2 M NaCl and 0.2 M
was prepared from [B'](pA)2 and imidazole by the same N-ethylmorpholine buffer (pH 7.0) was prepared aCQCand
procedure as for the synthesis of Im@BALE). allowed to stand for 28 days &@. Aliquots of the mixture were

Template-directed condensation
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taken out after 1, 3, 7, 10, 14 and 21 days and analyzed by HPLC.
A control reaction of ImpAD5A without template was also
done under the same conditions as for the template-directed
condensation.

Characterization of the reaction products

Identification of the reaction products;](pA) 4, [2'-5'1(pA)s,
[2'-57A,, [2-5A4 and pAZpA3'pA2'pA, was carried out by
comparison of HPLC retention times with those of authentic 340 260 280 300
samples. Characterization of other minor oligo(A)s containing a Wave Length (nm)
partial 3-5' linkage was not attempted. However, digestion of the
reaction mixture with NP1 was conducted to degrade only the (B)
3'-5' linkage, leaving only'25' oligoribonucleotides, which were
analyzed by HPLC. Long-chain products, which were formed by
condensation between ImpABA and template [25]Ug,
were isolated by preparative HPLC on ODS-Silicagel. The

Mol. Ellip. (x 10%

Moal. Ellip. (x 10%)
(]
[

isolated oligoribonucleotides were characterized by two different =

enzyme digestion systems. Degradation of the oligoribo- ; | | L |
nucleotide with SVPD and BAP was carried out to analyze the 0 10 20 30 40
ratio of adenosine to uridine in the oligoribonucleotide. SVPD Temp (°C)

cleaves both the'® and 35 phosphodiester bonds of the
oligonucleotide to yield the cgmonent 5mononucleotides,
whose 5phosphates were cleaved by BAP. Enzyme digestion, - ,

. . . 7 gure 2. CD spectra of the helix composed oF§J(pA)2 and [3-57U10.
was carried out in a mixture (p) containing 0.5 U SVPD, 0.2 U (a) The measurement was carried out at 10 mM5[20A), and 20 mM
BAP, 0.1 ODggsubstrate oligoribonucleotide and 0.01 M MgCI  [3'-5']U1g concentrations in the presence of 30 mM Mgid 0.2 M NaCl in
in 0.02 M Tris—HCI buffer (pH 8.0) at 3T for 8 h. Treatment of 0.2 MN-ethylmorpholine buffer (pH 7.0) using a 0.0025 cm path length cuvette
the oligoribonucleotides with NP1 was further conducted to?t0 (). 5 (=), 15 (- - -) and 20-¢), 35 (~-) and 50°C (- --).

- . . B) Melting curve constructed from CD at 270 nm.
analyze the type of linkage formed in the template—dwecte&
reaction, because NP1 degrades only #& [hkage. The NP1
digestion was carried out in a mixture (@) containing 1Qug i ) . o .
NP1 and 0.25 Oy substrate oligoribonucleotide in 0.01 M of the first differential curve allows d_etermmatlon of the melting
ammonium acetate buffer (pH 5.3) for 8 h atG7The molecular  temperature of the helix as 8. Figure2A shows the CD
weight of the isolated long-chain oligoribonucleotides was furthefPectrum of a 1:2 mixture of{8(pA) and [3-5]U ;ounder the
analyzed in a PE-Sciex API-100 electrospray mass spectromefgme conditions as for the mixture 6#§3(pA)2 and [2-5]U 0.
Triple helix formation between E&'](pA)2 and [3-5']U1g9 was

observed as an increased CD band and shorter wavelength shift
RESULTS AND DISCUSSION of the peak CD around 270 nr&2}; the CD band decreased
CD of helices composed of [5'](pA) 2 and [2-57U1g or considerably at high temperature, reflecting melting of the helix
[3'-5]U1g to the single-stranded components. The melting curve of the helix

) ) ) monitored by CD at 270 nm is shown in FiglBe The melting
We have examined helix formation betweeRJRpA)2 and  temperature, which was estimated from the first differential of the
[2'-5lU g 0r [3-5]U10 by CD under the conditions of template- melting curve, was 5. The CD studies of helix formation
directed condensation of ImpABA on U template using a jndicate the possibility of template-directed condensatiohsf 2

0.0025 cm cuvette. FiguA shows the CD spectrum of the giadenylate on the [5]U1g or [3-5]U1o template at oC.
mixture of 0.01 M [25](pA)2 and 0.02 M [25TU4g in the

presence of 0.03 M Mg at 0, 5, 10 and 3. The spectrum at A A

0°C, shown by a solid line, has a peak at 255 nm which is ascrib-g(ajrmjIate directed ligation

to the triple helix formed from '%'-linked oligo(A) and Figure3A illustrates the HPLC profiles of the reaction products
2'-5'-linked oligo(U) in the presence of Mifyion (22). This  from ImpA2p5A in the presence of the'[8']U1o template at
unique CD spectrum suggests that the triplex composed of theC. After 28 days the starting ImpAB A disappeared and the
2'-5'-linked oligo(A) and oligo(U) has a different conformational condensation products, tetra- and hexaadenylates, were formed in
form from that composed of-8'-linked RNAs. The peak at 255 nm 21 and 1.5% vyields respectively, in addition to large amounts of
disappeared with rising temperature and a CD band with a néwo long-chain ligation products from'{2]U10and pA2p5A,

peak at 270 nm appeared, which is ascribed to a mixture of thandll (Tablel). The main peak in the fraction of tetraadenylate
single-stranded [5'](pA)2 and [2-5']U1o. The CD spectrum of was fully 2-5'-linked (pA), and the subsidiary peak after the
the mixture at 30C is essentially the same as that of the sum ohain peak was tetraadenylate with an interrigd’ dinkage,

the component strands under the same conditions@t@ata pA2pA3'pA2pA. The molar ratio of the resulting linkage
not shown). FiguréB shows the CD melting curve of the triplex isomers  of the tetraadenylate, pPpR2'pA2pA to
composed of [25'](pA)2 and [2-5TU1g, which was monitored pA2'pA3'pA2'pA, was 81:19%. The template-directed synthesis
by CD at 260 nm. The CD amplitude versus temperature profiteaction mixture was further subjected to NP1 digestion. NP1
indicates that helix formation takes place below@QAnalysis degrades only the'8' linkage, to yield fully 25'-linked
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oligonucleotides or a mononucleotide with'#eBminal phosphate,

although concomitant phosphatase digestion gave a small amount
of 5'-dephosphorylated products. The results of the NP1 digestion

demonstrates that fully’-8'-linked oligonucleotides were the
main products of template-directed synthesis. With-&'T8 19
template instead of 5'JU1p, @ small amount of the starting

ImpA2p5A survived even after 28 days, and tetra- and
hexaadenylates were formed in 8 and 0.5% yields respectively €

(Fig.3B). The internal linkage of the tetraadenylate formed in thi
reaction was mainly the-8' phosphodiester bond, as shown in

Table 1. No long-chain oligoribonucleotide corresponding to

compound| or Il was obtained from ImpAG5A with

[3'-5TU10. Tetraadenylate was formed in very small amounts and

the starting ImpAD5A survived in substantial amounts in the
control reaction without template (Fi§C). The half-life of
hydrolysis of the phosphorimidazolide bond of ImfI#®A was
17 days at 0C and pH 7.0 in the absence of template. Figure

exhibits the time course of the condensation reaction of

ImpA2'p5A on [2-5] or [3-5]U1g template. The reaction was
almost complete in 14 days with a-B]U1o template but
required over 30 days with &{8]U1gtemplate. The [25']U1g
template promoted condensation of Imf#A more efficiently
than the [35]U1g template, although helix formation was
observed in both cases &@under the same conditions.

Characterization of the reaction products

(A)
[2-5'1pA,
pA, |
pAs (257U i
£ [2-5'1pA,
s o | (B)

©
I
®
o
2 (251
g ImpA, 135Uy
e
o
Q
e
! S J\w

(©)

1 | 1 { t | i |
0 5

10 15 35 40 45
Retention Time (min)

Identification of the ligation products was carried out by
comparison of the HPLC with that of an authentic sample or _ _ _
selective enzyme digestion. Structure analysis of the Iong-chaiﬂgure 3. HPLC profile of the reaction products from template-directed

ligation products andll was performed on fractions isolated by

condensation of ImpARSA. (A) Reaction on [25'1U 1o template. Template-
irected synthesis was performed in @D solution containing 10 mM

reverse phased ODS-Silicagel HPLC. We used ODS-Silicagghpa2psa, 20 mM template, 30 mM MggJ 0.2 M NaCl and 0.2 M

HPLC for preparative purposes, because the sample charg

imgethylmorpholine buffer (pH 7.0) for 28 days at (B) Reaction on

Capacity of the RPC-5 column is too small to obtain sufficientl3'-51U1otemplate. The reaction was carried out under the same conditions as

amounts of the samples for characterization. Enzyme digestion
compounds andll with SVPD and BAP yielded adenosine and

@ scribed above except for the templaig Gontrol reaction without template.
e reaction was performed under the same conditions as described above.

uridine in ratios of nearly 10:2 and 10:4, respectively. The result

indicates that compount was formed by condensation of
[2'-51U10 and ImpA2p5A and Il from | and another
ImpA2'p5A. The structure of compoundsandlIl was also

2'- or 3-OH group of the ribosyl system takes part in efficient
non-enzymatic template-directed condensatit$i). (Formation

confirmed by their molecular weight determination by electrospragf compounds$ andll indicates that ImpARS5 A reacts with the

mass spectrometry. The observed massearalll were 3762.2

2'- or 3-terminal OH group of [25']U g in the helix state. It is

and 4425.6 respectively, which correspond to the calculatetbteworthy that template-directed ligation takes place between

masses of hAo-triethylammonium (mol wt 3762.2) anch ¢4
triethylammonium (mol wt 4424.6), respectively. Compouraisd

the template and ligator strands in thé&'2oligoribonucleotide
system. No such ligation product was formed from InmMpB2

I were further treated with NP1 to determine the type oénd [3-5]U;q although helix formation takes place in this

phosphodiester bond betweeft§2U1g and [2-5'JA». Substantial
amounts of 25'U;gand pA2p5 A were formed in addition to the
intact form by NP1 digestion ofl. In compound I,
[2'-5TU102pA2pA was resistant to NP1, while
[2'-5TU103'pA2'pA was cleaved to [5']U1g and pA2pSA.
NP1 digestion of compounid yielded fully 2-5'-linked U;pA»,
U1o A4 and A, in addition to intact YhA4. The result indicates
that compoundll is a mixture of [251U103' pA2'pA2'pA2'pA,
[2'-5'MU103' pA2pA3'pA2pA, [2-5]U102pA2pA2'pA2pA
and [2-5')U102' pA2' pA3'pA2'pA. The yields and the types of
linkage ofl and Il formed from ImpA5A and template
[2'-5TU10 are listed in Tabld. [2'-5TU19 and pAZpA were

system. The unique conformational geometry of the helix
composed of [25']U1g and pA2p5A, as suggested by CD
studies, may promote this unusual ligation reaction. The mechanism
of the ligation reaction is not clear, however, one could propose
a conceivable model of how the reaction might work. In the
py-pu-py triplex model, the purine and the third strand are aligned
in parallel and the two phosphodiester backbones are close
together. This allows close proximity of th§32OH of the
template end with the activatetténd of a dimer unit bound to
the last two bases of the template.

Previous studies demonstrate tHef'3inked poly- or oligoribo-
nucleotides serve as a template for oligomerization of com-

joined by 2-5" and 3-5' phosphodiester bonds in nearly the samelementary activated mononucleotides to form the corresponding

ratio. The possibility of a's®' phosphodiester bond between

oligoribonucleotides with '%S' or 3-5 phosphodiester bonds

[2'-5TU10and pAZpA could be excluded by the fact that only the(7,11-17). For example, polymerization of ImpA oh3-linked
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(A) the A-U system in the template-directed chain elongation of
100 oligoribonucleotides.

80

Table 1. Template-directed oligomerization of ImpA8 A and ligation of
60~ ImpA2'p5 A to the template strand'[3'1U1g

Yield (%)

or ; Template Product Yield(%)2 Type of formed linkage (%)
* = =
2-5 3-5
20 - g
[2'-5'U10 (PA)4 21 81b 19
o 10 20 30 (PA)s 15
Time (d) 1(U10A2) 22 43 55¢
(B) 11 (U10A4) 10 64 36°¢
354 65d
[3-51U10  (PA)4 8 op 6P
(PA)s 0.5

-
(=3
<

©
=]
I

(=]
S
T

The reaction of ImpAPSA (0.01 M) on the gy template was run in the presence
of 0.03 M MgC} and 0.2 M NaCl ilN-ethylmorpholine buffer (pH 7.0) at@
for 28 days.
aYield was estimated from the peak area of products in the HPLC of the reaction
oA mixture. The peak area of compourdsr Il was allocated to the area due to
b 1‘0 bt 2'0‘ "0 [2'-5'U10and [2-5']A or A4 after correcting for their extinction coefficients.
Time (d) The yield data are expressed based on the starting I'm§A2
bRatio of type of linkage between twd{&](pA)» units, pA2pA-pA2'pA.
CRatio of type of linkage between'{2]U1g and [2-5](pA)2 or (pA).
dRatio of type of linkage between'{2]U10A, and [2-5'](pA)».

Yield (%)
8
T

]
=]
T

(=1

o

Figure 4. Time course of the template-directed synthe#i$.Reaction on
[2'-5'1U 1ptemplate.B) Reaction on [35']U1gtemplate. Yields were estimated
from the peak area of the products on HPLC and are expressed based on the

starting ImpAZpA: T, IMpAZpSA; e, pAZpSA; [, tetramerA, hexamer; In conclusion, the present finding demonstrates that long-chain

. ligation productsi(+11). 2'-5-linked oligo(U)s formed by Ug¥* ion-catalyzed poly-
merization of ImpU serves as a template for the template-directed
synthesis of oligo(A)s from ImpARBSA. [3'-5']U1¢ also functions

poly(U) or an oligo(U) template yields-&- and 3-5-linked @S @ template for condensation of Im(@&A, but at lower

oligo(A)s (14,24,25). The PB*- or ZrP*-catalyzed polymerization €fficiency compared with [S]Ujo The observation that

of ImpG on 35-linked poly(C) gives mainly''- or 3-5-linked ~ 2-5-linked oligo(V) is more active than-8-linked oligo(U) as a

oligo(G)s respectivelyls). 3-5-Linked poly- or oligo(C)s also  template for oligomerization of ImpA#A is in contradiction of the

promote template-directed polymerization of guanosirghgs-  finding by Prakasiet al that 3-5'-linked oligo(C) is a more active
phor-2-mehylimidazolide to yield oligo(G)s with mainly -3  template than the corresponding52linked oligo(C) for oligo-
phosphodiester bondL1-14). The poly(U) template assists Merization of 2-MelmpGZ0). The discrepancy is probably due to
ligation of short-chain oligo(A)s to yield longer oligo(A)s with the fact the they used 2-MelmpG monomers rather tHalFigked

2-5' and 3-5' phosphodiester bondg§27). Recently, Szostak dimers, ImpAZpA, for template-directed oligomerization. Use of

et al reported the non-enzymatic ligation 63linked hetero- ~ 2-5-linked RNAs as both the ligator strand and the template

oligoribonucleotides on the complementafainked oligoribo- ~ Strand may promote template-directed oligomerization more
nucleotide template26-30). Thus, non-enzymatic template- efficiently than the chimeric system where52linked short
directed synthesis of oligonucleotides has been proved to procedigoribonucleotides condense ohS3linked RNA templates.

on 3-5-linked RNA templates. Very recently, Ertem and Ferri)0ining of INpAZpSA with the template [25]U 1 also takes

have reported that-8'-linked oligo(C)s prepared from ImpC by Place to yield the longer oligonucleotides, which could also

montmorillonite catalysis serve as a template for formation dinction as a template for other oligonucleotide syntheses. The
complementary oligo(G) from ImpG1§19). The template 2-5-linked oligoribonucleotides are formed along with the
ability of 2-5-linked oligo(C)s was also confirmed in the 3-5-linked oligoribonucleotides by montmorillonite or metal ion
oligomerization of 2-MelmpG using hairpin templatex0)( ~ catalysts or by any other model process of prebiotic synthesis of

However, partially 25-linked oligo(U)s up to 9mer formed from oligonucleotides. The'%'- and 3-5-linked oligoribonucleotides

ImpU by a montmorillonite catalyst failed in template-directeccould have formed a helix between complementary strands

formation of oligo(A)s from ImpA, because hydrogen bonding if2232,33) and initiated template-directed ligation in the prebiotic

the A-U system is weaker than that in the G-C system and thg&% Prior to the advent of exclusivelyS-linked RNA, which
insufficient helix formation takes place between the oligo(U)4'as selected due to its advantage of slow hydrolysis when the
and ImpA @1). The current results establish that use of€lix is formed §4) and/or of high helix forming ability
2'-5-linked diadenylate or longer oligoadenylates with-& 2r (2232333 and conformational flexibility 41) compared with
3-5'-linked oligo(U) template overcomes the above limitation o -5 -linked RNA.
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