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ABSTRACT: The ability of homopyrimidine oligoribonucleotides (RNA) and olige€-methyl-ribonucle-

otides (2-O-methyl RNA) containing 8-oxo-adenosine (AOH) and 8-oxé22methyl (AmOH) adenosine

to form stable, triple-helical structures with sequences containing the recognition site for the class II-S
restriction enzymeKsp632-1, was studied as a function of pH. The AOH- and AmOH-substituted RNA
and 2-O-methyl RNA oligonucleotides were shown to bind within the physiological pH range in a pH-
independent fashion, without a compromise in specificity. The substitutions of three cytidine residues
with AOH showed higher endonuclease inhibition than the substitution of either one or two cytidine
residues with AOH. In particular, thé-©-methyl RNA oligonucleotide with only one cytidine substituted

with AmOH showed higher endonuclease inhibition than the homopyrimidine RNA'a@ehZethyl RNA
oligonucleotides and the RNA oligonucleotides containing either one or two AOH moieties. Furthermore,
the AmOH-substituted'20-methyl RNA oligonucleotides were stable (53%) after an incubation in 10%
fetal bovine serum for 8 h, whereas the RNA oligonucleotides were completely degraded. Increased
resistance to nucleases is observed with the introductior-@FrRethylnucleosides. This stabilization
should help us to design much more efficient third strand homopyrimidine oligomer and antisense nucleic
acid-based antiviral therapies, which could be used as tools in cellular biology.

Homopyrimidine-homopurine sequences have been mapped contain multiple C residues is sensitive to pH and is usually
to several sites in the regulatory regions of eukaryotic genesrestricted to pH values of 7 or below.

and are hypersensitive to single-strand-specific nucleases, Recently, the triple helix forming abilities of Nmethyl-
such as S11(-3). These sequences are expected to exhibit g_oys.2_deoxyadenosinelg, 16), 8-oxo-2-deoxyadenosine
unusual DNA structures, as they are known to undergo a(17, 18), and pseudoisocytidinel) as protonated deoxy-
transition to an underwound state in plasmids, under condi- cytidine analogues were shown to be pH-independent within
tions of moderately acidic pH and negative supercoiling. pa physiological range. Furthermore, Shimizu et aD)(
Studigs of these systems appear to supporta model consisting e shown that the triplexes formed with oligo-tgeth-

of a triple-strand (pyr-pur-pyr) plus a single-stranded struc- v rihonucleotides) or (2fluororibonucleotides) were more
ture called H-DNA ¢-8). Pyrimidine oligonucleotides bind  ,a/maly stable than those formed by DNA oligonucleotides.
in the major groove of the DNA, parallel to the purine g 5 odified RNAs may bind more effectively and tightly
Watson-Crick strand, through the formation of specific to the DNA duplex than a third DNA strand, if the

Eoogstesen h%_/d_rogen d b(_)ndds fto th?] pu.rine 'I\'N afs@rick . 2'-modified RNAs have the C3ndoconformation and the
?seds. _pec;]'c'tY IS Ae\_rrlveb rom t. ym'_lr_“;_(l_ ) relcognltlog 2'-substituted groups enhance the rigidity of the triple-helix
of adenine-thymine (AT) ase parrs (T- trip et), and - structure. However, the oligd-B-methoxylribonucleotides
protonated cytosine (€) recognition of guanine-cytosine bind in a pH-dependent manner to the target duplex.
(GC) base pairs (€GC triplex) ©—14). However, proto- . ) e S
nation at the N-3 of C is required in order to form two In this paper, we wish to .rep_ort the p0_55|b|llty of inhibiting
hydrogen bonds with the G of the target strand. Due to this Seduence-specific DNA binding proteins by RNA arfd 2
requirement, triplex formation by homopyrimidines that O-methyl RNA oligonucletides containing 8-ox6-@denos-
ine (AOH) and/or 20-methyladenosine (AmOH) instead
- . _ of cytidine. We have tested the ability of homopyrimidine
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after desilylation of the RNA. The cartridge was first washed
with 4% acetonitrile in 100 mM triethylammonium bicar-
bonate (pH 7.5) to remove the impurities. The RNA was
then eluted with acetonitritemethanot-water (3:3:4) and
was evaporated in vacuo. The crude RNA was purified by
chromatography on a YMC column with a linear gradient
of CH;CN in 0.1 M triethylammonium acetate (pH 7.0).
After purification, the fragments were lyophilized to dryness.

5.TTFTTY CTT CTC TTT CC:3'

5._ch4ﬁcj;ﬂx; ";’éé‘{fﬁ: Circular SV 40 DNA was linearized with the restriction
¥-AGG TTT TTTCIT CTCTIT CC ATE-5' enzymeHpall, which cleaves at position 346. The cleavage
rognition products were separated on 0.8% agarose gels. The products
for S pomaetsatide site were eluted from the gel, and were recovered from the eluate
by ethanol precipitation.
u-ODN  SAAAAAAGAAGAGAAAGGY Thermal Denaturation ProfilesThermal transitions were
y-ODN  STTTTTICTICTCTITCCS' recorded at 260 nm using a Shimadzu UV-2200 spectrometer.
Fuuutuucuycucuuuees! The insulated cell compartment was warmed from 5 to 90
S'UUUUUUCUUACHUCUUUCCS °C, with increments of 2C and equilibration for 1 min after
S'UUUUUUAOHUUCUAOHUUUCES the attainment of each temperature, using a temperature

5’UUUUUUAOHUUAOHUAOQHUUUCCC3’
S'UmUnUmUmUmUmCnUmUmCmnUmCmUmUmUmCmnCm3'

5' UmUmUmUnUmUmCmUmUmAmOHUmCmUmUmUmCmCm 3'

§' UmUmUmUmUmUmAmOHUmUmCmUmAmOHUmUmUmCmCm 3'

5' UmUmUmUmUnUmAmOHUmUmAmOHUMAmOHUmUmUmCmCm 3*

controller, SPR-8 (Shimadzu). Samples were heated in
masked 1 cm path length quartz cuvettes fitted with Teflon
stoppers. Each thermal denaturation was performed in 33
mM Tris/acetate buffer (pH 6.0, 7.0, and 8.0), 1 mM EDTA,
10 mM MgChk, and 100 mM NaCl, containing/AM of each
strand. The mixture of duplex and single strands was kept
) ) ) at 90°C for 5 min, and then cooled to°&. At temperatures
FiGURE 1: Schematic representation of SV40 DNA, showing the ajow 20°C, N, gas was continuously passed through the

recognition site for th&Ksp632-1 enzyme and the target sequences | t tt tthe f fi f d ¢
for the homopyrimidine oligonucleotides containing 8-oxo-adeno- S&MPple compartment to prevent the formation or condensate.

sine and 8-ox0-20-methyladenosine, which are shown above the ~ Gel ElectrophoresisThe duplex DNA was made by
boxed target sequencksps23-1 andHpall were used for SV40 combining the designated concentrations of oligonucleotides

DNA linearization. Short arrows indicate the cleavage sites for the jn 33 mM Tris-acetate (pH 7.0) buffer/100 mM NaCl/10 mM
restriction endonucleases. MgCl,, incubating the mixture at 99C for 10 min, and
slowly cooling it to room temperature. The triplex oligo-
nucleotides were made by the addition of an equimolar
amount of the third strand to the duplex, followed by an
incubation at 4°C overnight. The concentration of each
strand was 1.23«< 103 uM in a total volume of 10uL.
Electrophoresis experiments were conducted using gels
containing 15% polyacrylamide (acrylamide/bisacrylamide,
19:1) prepared in a Bio-Rad Protean Il gel apparatus with
. S . L 20 x 22 x 0.75 cm glass plates. Tris/borate buffer (50 mM,
otlde§ Cof‘ta'”'”g e|ther. one or two AOH mo'e“‘?s’ under pH 7.8)/5 mM MgC} was used in the electrophoresis
physiological pH conditions. Furthermore, an increased reservoirs. Electrophoresis was conducted at a constant

resistance to nucleases was observed with the intrOdUCtiontemperature (4C) and 200 V for 16 h. The gel was stained
of 2'-O-methylnucleosides. using methylene blue '

[N B Y L S

u-ODN:homopurine oligonucleotide; y-ODN:homopyrimidine oligonucleotide.

sized a 17 mer homopyrimidine RNA and@-methyl RNA
oligonucleotides containing AOH and/or AmOH, which are
designed to bind to the major groove according to Hoogsteen
base pairing (Figure 1). We found that the AmOH-substituted
2'-O-methyl RNA oligonucleotides selectively inhibit the
cleavage of SV40 linear DNA by the restriction enzyme
Ksps32-1, as compared with the homopyrimidine RNA and
2'-O-methyl RNA oligonucleotides and the RNA oligonucle-

Inhibition of Restriction Endonuclease Digestion at Ksp632-|

MATERIALS AND METHODS Sites in SV40 Linear DNANnzymatic assays were performed

Oligonucleotide Synthesishe 3-O-(4,4-dimethoxytrityl)- in a buffer containing 33 mM Tris-acetate, 100 mM NacCl,

8-hydroxyl-2-O-(tert-butyldimethyl-silyl)- and 8-hydroxyl- 66 mM potassium acetate (pH 7.0, and 8.0), 0.5 mM
2'-O-(methyl)-N-acetyladenosine-3D-[(N,N-diisopropy!l- dithiothreitol, 10 mM MgC}, 1 mM spermine, and Ag/uL

amino) (2-cyanoethyl)] phosphoramidites were synthesized tRNA at 30°C (24). The pH of the incubation medium was
by the procedures of Kim et al28). Oligonucleotides were  changed as indicated in the text and the legend of the figure.
synthesized on an Applied Biosystems Model 392 DNA/ The concentration of SV40 linear DNA was usually 6 nM,
RNA automatic synthesizer on guM scale with ribonucle-  and 20 unitgiL restriction enzyme was used in each assay.
otide phosphoramidite reagents; standard phosphoramiditeAfter the incubation, the enzymatic reactions were stopped
chemistry was employed. The oligoribonucleotides were by the addition of EDTA (10 mM). Specimens were then
base-deprotected by an incubation in 3 mL of aqueous analyzed by electrophoresis on slab gels (0.8% agarose).
concentrated ammonia (28%)/ethanol (3:1) for 16 h at 55 Densitometric analysis of gels stained with ethidium bromide
°C in a screw-cap glass vial. After complete removal of the was performed on a Millipore Bio Image 60S.

solvent by evaporation, the residue was taken up in 0.5 mL  Exonuclease Stability of Oligonucleotide Detiives.The

of 1.1 M tetrabutylammonium fluoride in THF and left at oligonucleotide was labeled withy{32P]ATP and T4 poly-
room temperature overnight. An OPC reverse-phase cartridgenucleotide kinase. The oligonucleotides (QuM) were
(PerSeptive Biosystems) was used for simple purification incubated with 10Q:L of culture medium containing 10%
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Ficure 2: Possible hydrogen-bonding scheme for (A) the@C triad, (B) the 8-oxo-Asyn}G-C triad, and (C) the 8-oxo-@nti)-G-C

triad.

Table 1. Melting Temperature$,, (°C), of the Triplexe¥and
Inhibition of Restriction Endonuclease Activity by the Modified
Oligonucleotides (£8)

oligonucleotide Tm (°C) ICso (M)®
number pH 6.0 pH7.0 pH 8.0 pH7.0
1 46 29 25 >10
2 35 32 26 10
3 30 31 24 8.9
4 28 28 27 25
5 52 30 28 >10.
6 34 34 34 1.8
7 37 36 36 0.51
8 40 39 38 0.08

aDuplex, BAAAAAAGAAGAGAAAGGS3 '/3-TTTTTTCTTCTC-
TTTCCS. P The 1G5 value is the concentration of the test compound
that caused 50% inhibition of restriction enzyme cleavage.

fetal bovine serum for 24 h at 3. Aliquots (5uL) of the
reaction were removed at the indicated times (15, 50, 60,

manner to the target duplex. Thus, an increase in the pH
should not favor the protonation of cytidine and thereby
should decrease the stability of the triplex. In contrast, the
oligonucleotide with the complete substitution of AOH for
the cytidine base residued)(exhibited pH-independent
binding in the physiological range (pH 6-@.0). On the other
hand, the 20-methyl RNA oligonucleotides with from one

to three substitutions of AmMOH showed pH-independent
binding in the physiological range. Of particular interest was
the 2-O-methyl RNA oligonucleotide with only one substi-
tution of AmOH, which was found to have pH-independent
binding of the same order as that for the oligom®r (n a
previous study, we tested the pH-independent binding for
homopyrimidine oligodeoxyribonucleotides containing 2
modified nucleosides (Um, Cm, Uf, and Cf), but the results
showed the same pH dependence as the pyrimidine-rich DNA
oligomers 5). The mixed oligonucleotides containing 2
modified nucleosides and 8-ox6-@eoxyadenosine (AAOH)

120, 240, 480, 960, and 1440 min), added to an equal volumedestabilized the triplex by the incorporation of dAOH at pH

of 80% deionized formamide containing 0.1% xylene cyanol

6.0—8.0. This triplex destabilization is influenced by the

and 0.1% bromophenol blue, and analyzed by electrophoresidifferent conformation of the dAOHsy) and the 2

on 20% polyacrylamide/7 M urea (29:1) gels. Autoradio-

grams were obtained by exposing the gels to Fuji (X-ray)
film at —20 °C. The extent of cleavage was determined by
comparing the radioactivity of the intact fragment to that of

the cleaved fragments with a Biolmage analyzer, BAS 2000
(Fuji Medical Systems, Tokyo, Japan).

RESULTS AND DISCUSSION

Triple-Helix Formation by the Modified Oligonucleotides.
To investigate whether imperfect recognition sites, containing
more than a €G inversion, can form triplex structures, we
synthesized the 17 nucleotide duplexAAAAAAGAA-
GAGAAAGGI/3TTTTTTCTTCTCTTTCCS5 (SV40 target
sequence), and studied its interactions with the homo-
pyrimidine RNA and 20-methyl RNA oligonucleotide
analogues containing AOH and/or AmOH instead of cytidine
(Figure 1). The ability of the oligonucleotides to form triple

modified nucleosides3(-endqd. However, the 20-methyl
RNA oligonucleotides enhance the Hoogsteen bond stability
by the incorporation of the AmMOH at pH 6:8.0. These
results suggest that the conformation of the=Bdosugar

of the third strand pyrimidine and theyn conformation of

the adenosine base favor the triple-helix structure and the
increased pH independence of the binding of the triplex, due
to the 2-O-methyl and 8-hydroxyl groups (Figure 2). Since
8-oxo-2-deoxyadenosine contains two hydrogen bond do-
nors, at positions N-7 and N-6, and thi€ pf the hydrogen

at position 7 is approximately 8.7, its ability to participate
in triplex formation should not be affected by an increase in
the pH. 8-Oxo-2deoxyadenosine has been shown to exist
in the keto form, with the base in thleynconformation 26,

27), and recent NMR results suggested that when incorpo-
rated in a DNA duplex, 8-oxo‘Zleoxyadenosine exists in
the keto form, although in this case, the base appears to adopt

helices was examined by melting temperature studies. Table2n anti conformation in the duplex) The formation of a

1 shows the results of the thermal melting of the homo-
pyrimidine RNA and 20-methyl RNA oligonucleotides
containing AOH and AmOH X—8) bound to the 17 mer
duplex. The influence of the pH on thg, was determined
at pH 6.0, 7.0, and 8.0 for the 17 mer duplex/unmodified
and modified homopyrimidine oligoribonucleotides—<8).
The unmodified,1, and modified (AOH;2 and 3) homo-
pyrimidine oligoribonucleotides bind in a pH-dependent

similar hydrogen bond was recently proposed by Young et
al. (15) for the interaction of Rkmethyl-8-oxo-2-deoxy-
adenosine with GC base pairs in duplex DNA.

Next, the formation and the stability of triplexes with RNA
and 2-O-methyl RNA oligonucleotide analogues containing
8-0x0-2-adenosine (AOH) and/or 8-oxd-@-methyladenos-
ine (AmOH) were confirmed by gel retardation assays. As
Figure 3 shows, the single-, double-, and triple-stranded
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Ficure 3: Methylene-blue stained, 15% nondenaturing polyacryl-
amide gel run in 33 mM Tris/acetate buffer (pH 7.0), 100 mM
NaCl, and 10 mM MgGt lane 1, ODNSs; lane 2, duplex DNA;
lanes 3-10, oligomersl—8.
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Ficure 4: Stability of oligonucleotide derivatived,(4, 5, and8)
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31). However, the results reported by Moni29) clearly
indicate that the nuclease resistance conferred on an adjacent
P—0 linkage by a 20-methyl substituent still does not allow
for potent antisense activity in cellular systems. On the other
hand, the 20-alkyl-RNA binds complementary sequences
with high affinity, relative to analogous DNA or RNA
oligonucleotides. The clinical applications df@-methoxy-
ethyl RNA with a phosphorothioate backbone are being
explored in phase I/1l clinical trials directed against PGK-

in refractory solid tumors32). This stabilization should help
us to design much more efficient chemical recognition
enzymes, which could be used as toalgitro andin vivo.

Inhibition of Endonuclease Cleage Actiity by Modified
OligonucleotidesThe restriction enzym&sp632-1 recog-
nizes the sequencéBTCTTC-3/3-GAGAAG-5 and cleaves
the two strands asymmetrically outside the recognition
sequence (Figure 1). We have synthesized homopyrimidine
RNA and 2-O-methyl RNA oligonucleotides containing
AOH and/or AmOH instead of cytidine, which are 17 bases
in length and have a parallel orientation as compared to the
homopurine sequence of the 17 bp SV40 DNA sequence.
Previous reports showed that this oligonucleotide binds to
the major groove of the duplex DNA in the homopurine
sequencegq, 11).

To test the ability of the 17 mer homopyrimidine RNA
and 2-O-methyl RNA oligonucleotides containing AOH and/
or AmOH instead of cytidine to recognize selectively their
Ksp632-1 site within the SV40 DNA, we conducted the
experiments under physiologically relevant pH conditions.

in the presence of 10% calf serum. Oligonucleotides were incubatedSV40 DNA was digested withipall (position 346) and was
in the presence of 10% calf serum for the indicated times, as used as a substrate to assay the restriction enzyme cleavage

described in the Materials and Methods. Full-length (“intact”) and

digested oligonucleotides were resolved on 20% denaturing poly-
acrylamide gels, and the full-length oligonucleotide was quantitated
at the indicated time points, as described in the Materials and

activity of the homopyrimidine-oligoribonucleotide deriva-
tives. Cleavage of linear SV40 DNA witksp632-I yields
fragments of 1150 and 4090 base pairs in length. The

Methods section. Oligonucleotides tested are indicated as follows: €Xperiments were carried out at 30 and at either pH 7.0

M, oligo 1; @, oligo 4; A, oligo 5; and #, oligo 8. The percentage

of the oligonucleotide that remained intact was calculated by
comparison with the full-length oligonucleotide levels in the
samples.

or 8.0, in the presence of 100 mM NacCl, 66 mM potassium
acetate, 10 mM MgG) and 1 mM spermine. The DNA
fragments were visualized by ethidium bromide staining and
were subjected to quantitative analysis, assuming that the

species can be separated on a 12% polyacrylamide gel afluorescent intensities were proportional to the lengths of

pH 7.0. It is worth noting that a band, corresponding to a
weaker binding mode of the pyrimidine oligonucleotides to
the imperfect C-G sites, was observed for the oligoribo-

the DNA fragments. The oligonucleotides were added to the
SV40 linear DNA before the addition of the restriction
enzyme. Figures 5A (lane 3) and 3C (lane 3) show the

nucleotide analogues lacking the complete substitution of digestion of the SV40 DNA bsp632-I in the presence of
8-oxo-adenosine for cytidine. On the other hand, we could the oligo- and oligo-20-methyl- ribonucleotidesl(and5)

detect more stable triple-helical structures with theD2
methyl RNA oligonucleotides with from one to three AmMOH
substitutions.

Exonuclease Resistance of Modified Oligonucleotidbs.
exonuclease resistance of the homopyrimidine RNA dnd 2
O-methyl RNA oligonucleotides containing AOH and AmMOH
was examined in the medium used for anti-HIV assays,
which contains 10% fetal bovine serum (FBS) (Figure 4).
For comparison, the unmodified oligoribonucleotidgWas
chosen as a control. Thé-@-methyl RNA oligonucleotide
(5) and the 20-methyl RNA oligonucleotide containing
AmOH (8) were stable (50% and 53%) aft&8 h of
incubation, whereas the oligoribonucleotidg 4nd the RNA
oligonucleotide containing AOH4j were completely de-

at a 10uM concentration. Densitometric analysis of the gels
indicated that the percentages of restriction enzyme cleavage
inhibition at a 1QuM oligomer concentration were 35% and
10%, respectively. When the pH of the cleavage reaction
was increased to 8.0, no inhibition of the restriction enzyme
was observed at a 1M concentration of oligonucleotide
(1) (Figure 5B, lane 3). In the case Bfvery weak cleavage
protection was observed (Figure 5C, lane 3). This was also
supported by the gel retardation assay (Figure 3). Further
evidence for the oligonucleotide binding to the duplex DNA
was obtained using conditions that are known to either
destabilize or stabilize triple-helical structures. Triple helix
formation by a homopyrimidine oligonucleotide involves
binding of uridine and protonated cytidine to-A and G-C

graded (100%) after 2 h. An increased resistance to nucleasdase pairs, respectively. An increase in the pH destabilizes

degradation has been observed in oligg2methylribo-
nucleotide derivatives incubated with&onuclease8—

the triple helix, due to the loss of cytidine protonation, which
is required to form the EG—C base triplet.
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Ficure 5: Specific inhibition of the restriction enzyniesps32-1 by the homopyrimidine oligonucleotides containing 8-oxo-adenosine and
8-0x0-2-O-methyladenosine. The enzymatic assay was performed by incubating SV40 linear DNA (6 nM)Gatd3a h with Ksps32-I

(20 unitskL) and oligonucleotide in a buffer containing 33 mM Tris-acetate, 66 mM potassium acetate, 0.5 mM dithiothreitol, 10 mM
MgCl,, 1 mM spermine, and ag/uL tRNA. (A) The enzymatic assay was carried out in the presence of the unmodiji¢idrie 3) and
modified 2—4) (lanes 4-6) oligonucleotides (1@2M) at pH 7.0. (B) The enzymatic assay was carried out in the presence of the unmodified
(1) and modified 2—4) oligonucleotides (1&M) at pH 8.0. (C) The enzymatic assay was carried out in the presence of the mo&ifigd (
oligonucleotides (1&M) at pH 7.0. (D) The enzymatic assay was carried out in the presence of the mo#ifi8fdligonucleotides (10

uM) at pH 8.0. (E) The enzymatic assay was carried out in the presence of the moBifigdaligonucleotides (0.1kM) at pH 7.0. Lane

1: SVA40 linear DNA incubated without restriction enzyme. Lane 2: SV40 linear DNA incubated with restriction enzyme.

In a subsequent experiment, we incubated the SV40 linearIn contrast, the oligoribonucleotide analogues with one or
DNA with Ksps32-1 in the presence of the homopyrimidine two substitutions of AOH provided only weak cleavage
RNA and 2-O-methyl RNA oligonucleotides containing protection. However, in the case of the substitution of three
AOH and/or AmOH instead of cytidin€{-4 and6—38). Gel cytidine residues with AOH, inhibition of the restriction
analysis of the modified oligomer2(4 and6—8) revealed enzyme was observed. These findings suggest that the
cleavage inhibition by 52%2f, 68% @), 94% @), 100% homopyrimidine RNA and 20-methyl RNA oligonucleo-
(6), 100% (), and 100% &) at a 10uM concentration tides containing AOH and AmOH can specifically inhibit
(Figure 5, panels A (lanes—46) and C (lanes 46)). the DNA—protein interaction via triplex formation, within
Furthermore, the above experiment was also repeated at pHhe physiological pH range. The substitution of one cytidine
8.0, using the homopyrimidine RNA and-@-methyl RNA residue with AmOH showed higher endonuclease inhibition
oligonucleotides containing AOH and/or AMOH instead of than the substitution of either one or two cytidine residues
cytidine 2—4 and 6—8). The percentages of inhibition of  with AOH. Furthermore, the'20-methyl RNA oligonucleo-
restriction enzyme cleavage at the ARl concentration of tide analogues with from one to three AmOH substitutions

modified oligomers Z—4 and6—8) were 0% ), 11% @), provided very high cleavage protection in the physiological

95% (@), 86% 6), 100% (7), and 100% &) (Figure 5, panels  pH range. In particular, in the case of the substitution of

B (lanes 4-6) and D (lanes 46)). only one cytidine residue with AmOH, the restriction enzyme
To estimate the inhibitory effect of the homopyrimidine inhibition was similar to that of the oligome#),

RNA and 2-O-methyl RNA oligonucleotides containing Conclusion.The recognition of a DNA sequence by a

AOH and/or AmOH instead of cytidine, we compared the restriction endonuclease can be strongly inhibited under
50% effective concentrations (6} (Table 1). Figure 5E  physiological pH conditions (pH 6-68.0) by homopyrimi-
shows the digestion of SV40 DNA bisps32-I in the dine 2-O-methyl RNA oligonucleotides containing AmOH,
presence of the modified oligomer§—<8) at a 0.1uM which bind with high affinity to duplex DNA. Specific
concentration. The modified oligome®+8) showed higher  binding of a homopyrimidine'20-methyl RNA oligonucleo-
inhibition of the endonuclease activity (Table 1 and Figure tide containing AmOH might modulate transcription, either
5E). This inhibition increased with the number of AmOH by interacting with the binding of protein factors or by
substitutions, as the oligomers with one, two, and three preventing the elongation of RNA. DNA replication might
AmMOH residues possessedé@alues of 1.8, 0.51, and 0.08  be similarly inhibited. The oligo-20-methylribonucleotide
uM, respectively. In contrast, the RNA oligonucleotidd (  derivatives also display enhanced resistance to nuclease
with three AOH substitutions inhibited the endonuclease degradation by'3exonucleases. This stabilization should help
activity with an IGg value of 2.54M, a substantially lower  us to design much more efficient transcription and replication
inhibitory effect than that observed for the@-methyl RNA inhibitors, which possess favorable pharmacological proper-
oligonucleotide analogue8)( The RNA oligonucleotides( ties, thus facilitating their applications as antigene agents in
and 3) with one and two AOH substitutions showed less animal testing and therapeutic development.

inhibition of the endonuclease activity than tHe®methyl
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