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Abstract: Bicyclic nucleoside analogues, 3'-O,4'-C-methyleneuridine and -5-methyluridine, were successfully
incorporated into oligonucleotides via connection with 2',5"-phosphodiester linkage, and hybridization behavior
and nuclease stability of the modified oligonucleotides were investigated. © 1999 Elsevier Science Lid. All rights reserved.
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Various oligonucleotide modifications have been developing in recent years because of their vast
potential for diagnostic and therapeutic agents.!-5 Since the first reports about the properties of 'non-genetic’
2'5"-linked oligonucleotides (2',5'-DNA or 2',5'-RNA) in 1992,6-8 intensive studies on 2,5'-DNA or -RNA have
been carried out which revealed that the hybridization affinity of 2',5'-DNA or -RNA/3',5'-RNA is somewhat
inferior to that of the 3',5'-DNA/3',5'-RNA duplex, although 2',5'-DNA or -RNA shows binding selectivity for
3',5-RNA over 3',5'-ssDNA.9-13

Recently, we have reported the synthesis and conformational analysis of the bicyclic nucleoside
analogues, 3'-0,4'-C-methyleneribonucleosides 1, potential synthons for 2'.5'-linked oligonucleotide
modifications. 14 Judging from !H NMR analysis and PM3 calculation, the bicyclic nucleosides 1 were found to
exist predominantly in S-conformation, while 3'-deoxyribonucleosides have mainly N-conformation and
natural ribonucleosides exist in equilibrium between S- and N-conformations.!4.15 Therefore, it is of great
interest to study the relationship between nucleoside conformation and some properties, such as hybridization
ability, of 2',5'-linked oligonucleotides containing the bicyclic nucleosides 1.
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In this paper, we describe the synthesis of 2',5'-linked oligonucleotide modifications containing the
bicyclic nucleoside analogues, 3'-0,4'-C-methyleneuridine and -5-methyluridine, their hybridization properties,
and the resistant ability to the snake venom phosphodiesterase (SVPDE).

As shown in Scheme 1, the phosphoramidite building blocks 3 were prepared from the corresponding 5'-
O-dimethoxytrityl derivatives 21416 by the usual method.!7 The modified oligonucleotides 4-14 were
successfully synthesized using the standard phosphoramidite protocol on the DNA synthesizer.18
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(a) 2-Cyanoethyl N.N.N'N'-tetraisopropylphosphordiamidite, diisopropylammonium tetrazolide,
MeCN-THF (3:1), r.t., 30 min, 82-100%.

The binding efficiency of the modified oligonucleotides to the complementary DNA or RNA in 10 mM
sodium phosphate buffer, pH 7.2, and 100 mM sodium chloride was assessed by an analysis of the UV melting
curve. The melting temperatures (7m) for the modified oligonucleotides 4-13 are summarized in Table 1 which
shows that the modified oligonucleotides 4-12 gave little depression or some increase in Tm towards
complementary RNA 16 as compared with the unmodified oligonucleotide 15 (ATm/modifications = -1.3 to +2
for 4a-12a, and -1 to +4 for 4b-12b), while moderate depressions in Tm were observed towards complementary
ssDNA 17 (ATm/modifications = -6.5 to 0 for 4a-12a, and -5.5 to 0 for 4b-12b).!9 The oligonucleotides 8-13
with two or more modifications showed distinct difference between the RNA case and the DNA case in
ATm/modifications. Especially, the oligonucleotide 13a with six modifications maintained its hybridization
ability towards complementary RNA 16, in spite of the lack of hybridization ability of 13a towards
complementary DNA 17. No significant difference in the hybridization ability was observed between the
modified oligonucleotides 4a-12a series and 4b-12b series containing 3'-0,4'-C-methyleneuridine and 3'-0,4'-
C-methylene-5-methyluridine, respectively. These results clearly indicate that the modified oligonucleotides 4-
13 containing the conformationally restricted nucleoside analogues 1 bind with complementary RNA more
strongly than 2',5'-RNA does,%13 and also have significant selectivity for RNA over ssDNA as well as 2',5'-
DNA or -RNA 9-13 The details are not clear; however, these results are probably ascribable to preorganization
of the modified oligonucleotides in suitable conformation20 together with 2',5'-phosphodiester linkages.

As shown in Figure |, the stability of the modified oligonucleotide 14a to SVPDE, one of the most
representative 3'-exonucleases, was also investigated by monitoring the change in absorbance at 260 nm. The
unmodified and 3'-end modified oligonucleotides 18 and 14a were treated with SVPDE at 37 °C. The half-lives
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of the modified oligonucleotide 14a was estimated to be ca. 1400 sec while that of unmodified oligonucleotide
18 was ca. 350 sec. The partial digestion of the modified oligonucleotide 14a was observed which, however,
was mainly due to its slow endonucleolytic activity rather than exonucleolytic activity.13 Therefore, the
modified oligonucleotide 14a was shown to be more stable than the unmodified oligonucleotide 18.

Table 1
Tm Values (°C) of the modified oligonucleotides 4-13 towards complementary RNA 16 and DNA 17.2

Oligonucleotides RNA Complement 16 DNA Complement 17
8 5'-r (AGCAAAAAACGC)-3' 5'-d (AGCAAAAAACGC)-3'
a(R=H) b (R = Me) a{R=H) b (R =Me)
5-d (GCGTTTTTTGCT)-3 15 45 47
5'-d (GCGXTTTTTGCT)-3' 4 45 (+0) 46 (+1) 47 (£0) 44 (-3)
5-d (GCGTTXTTTGCT)-3' 5 47(+2) 47 (+2) 47 (0) 47 (20)
5-d (GCGTTTIXTTGCT)-3' 6 4(-1) 47 (+2) 44 (-3) 46 (-1)
5-d (GCGTTTITXGCT)-3 7 47 (+2) 49 (+4) 43 (-4) 47 (0
5'-d (GCGXXTTTTGCT)-3' 8 43 (-1) 46 (+0.5) 34 (-6.5) 36 (-5.5)
5'-d (GCGTTXXTTGCT)-3' 9 44 (-0.5) 44 (-0.5) 37 (-5 38(-4.5)
5-d (GCGTTTTXXGCT)-3' 10 43 (-1) 43 (-1) 36 (-5.5) 40 (-3.5
5-d (GCGXTTTTXGCT)-3' 11 46 (+0.5) NDP® 37 (-5) NDY
5'-d (GCGXTXTXTGCT)-3' 12 41 (-1.3) 42 (-1) 30 (-5.7) 33(-4.7)
5'-d (GCGXXXXXXGCT)-3' 13 30(-2.5) NDP <5 (<-7) NDP
a. Duplex concentration, 4 pM; buffer, 100 mM NaCl,10 mM A
sodium phosphate buffer (pH 7.2); the values in parentheses N [ /t”
are ATm/modifications. o N7TO
b. Not determined. X= h ?‘
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Figure 1. Time course of SVPDE digestion of oligonucleotides 14a and 18.

Oligonucleotide concentration, 4 uM; enzyme, 0.0012 U snake venom phosphodiesterase
(Boehringer); buffer, 100 mM NacCl, 14 mM MgCl, , 100 mM Tris-HCl (pH 8.6); temp., 37 °C.
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Thus, we have demonstrated here that the modified oligonucleotides with the conformationally restricted
nucleoside analogues 1 have favorable hybridization ability towards complementary RNA with significant
selectivity for RNA over ssDNA. Moreover, incorporation of the nucleoside analogues 1 into the 3-end of the
oligonucleotide was shown to enhance the expected nuclease resistance. These features mean that the 2',5'-
linked oligonucleotide modifications with the bicyclic nucleoside analogues 1 are a promising candidate for
antisense methodology.
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