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Abstract: A 2’-0-methyloligo(pyrimidine)nucIeotide containing a 5-methyl-2’-0-methyluridine (I) forms a more 
stable triple-helix with double-stranded DNA than the 5unmodified parent probe, whereas 5-methyl-2’-O- 
methylcytidine (II) destabilizes the triplex. It is also shown that at low salt concentrations, the triplexes with 2’- 
O-methyl RNAs are more stable than the corresponding DNA-triplex. 

OligonucI~~d~ that bind ~uence-s~~~c~iy to double stranded DNA t-2 have attracted much attention as 

potential chemotherapeutic agents, because they can he used to control gene expression at the level of 

transcription.3~4 On the other hand, triple-helix forming oligonucleotides (TFOs) with DNA cleaving ability may 

be useful for mapping long chromosomai DNAs. Various modifications of TFOs at the base, sugar, or phosphate 

residues have been studied in order to obtain efficient biochemical tools for antisense strategies or genome 

analysis.5 

In the py~midine*pu~ne*pyrimidine type DNA triplex, which has been more commonly described, a 

homopy~midine-TFO can bind parallel to a homopu~ne sequence in the major groove of a homopurine* 

homopy~midine duplex DNA through Hoogsteen bond formation, 1 The triplex contains T*AT and C+*GC 

triplets; a protonated C is necessary to form two hydrogen bonds with a GC Watson-Crick base pair. 

In the course of our studies of the synthesis and biochemical applications of oligo(2’-O- 

methylribonucleotides),6-8 we recently demonstrated that the triplex of a 2’-0-methyl(pyrimidine)RNA oligomer 

with a duplex DNA oiigomer is more thermally stable than the corresponding DNA triplex;9 the same result was 

also obtained by H&i% and co-workers. 10 Although unaimed pyrimidine RNAs also stabilize the tripIexes,9- 

tt the 2’-O-methyl TFOs are more chemically stable, and are relatively nuclease resistant, as compared to the 

RNAs.8 In this study, we introduced !I-methyl-2’-0-methyluridine (I, urn) and/or 5-methyl-2’-0-methytcytidine 

(II, cm) (Figure 1) into a 2’-0-methyl(pyrimidine)TFG to find probes with higher binding affinity for duplex 

DNA, and examined the effects of the 5-methyl modification on the thermal stability of the triplex. 

It has been shown that thymidine (dT) and 5-methyl-2’-deoxycytidine (dM) in a DNA-TFO enhance triplex 

formation relative to 2’-deoxyuridine and 2’deoxycytidine (dC), and the introduction of the 5-methylcytosine 

residues extends the pH range for binding to duplex DNA. 12.13 The present resutts show that the in~odu~tion of 

I into 2’-O-methyl TFO stabilizes the triplex, but unexpectedly, the substitution with II leads to des~biiization of 

the triplex. 

Compound I was easily prepared from 5methyIuridine (ribothymidine) according to our method6 described 

for 2’-0-methyluridine (Urn). The synthetic intermediate, the 3’,5’-0-(tetraisopropyldisiloxane-1,3-diyl) 

derivative of I, was also converted by the POCl@iazole procedure14 to the cytidine counterpart, which upon 

N4benzoylation followed by sugar-deprotection, afforded N4-benzoyi-5-methyl-2’-~-methylcytidine. This 

com~und and I were protected and phosphitylated by standard procedures and incorporated into TFOs on a 

1029 



1030 M. l%IIMIZU et al. 

DNA/RNA synthesizer using the phosphoramidite method. Oligonucleotide products were purified as described 

previously.9 
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TFOs Target DNA8 

m9: 5’ m(UCCCUUCUC) 3’ DD15: 

LJ-m9: 5' m(IJZCCuCyC) 3' 5' d(GGGAGGGAAGAGAAA) 3' 

C-m9: 5' m(UcccUUcUC) 3' 3' d(CCCTCCCTTCTCTTT) 5' 

y,c-m9: 5' m (UCCCUUCUC) 3' 
r9: 5' r(UCCCUUCUC) 3' HD34: 

d9: 5' d(TCCCTTCTC) 3' 5' d(GGGAGGGAAGAGAAA T T 

M-d9: 5' d(TMMMTTMTC) 3' (CCCTCCCTTCTCTTT T T 

H 

Figure 1: Structure of 5methylpyrimidine 2’-0-methyhibosides and sequences of TFOs and the target DNAs; 
m, r, d denote 2’-O-methyl ribooligomer, ribooligomer, 2’-deoxyribooligomer, respectively. The underlines 
indicate the presence of the 5-methyl substituents. 

We used seven kinds of 9-mer pyrimidine-TFOs, and as a target, a 15mer duplex DNA (DDl5) or a 34-mer 

hairpin DNA (HD34) for triplex formation (Figure 1). The thermal stabilities (T,,, values) of the triplexes were 

evaluated by determination of the UV-absorbance (260 nm)-temperature profiles as described.9 The pKa values 

of the TFOs, which would indicate the apparent pK,‘s of cytosine bases, were also measured: pK, = 4.3 for m9; 

4.2 for &m9; 4.0 for c-m9; 4.2 for l_J,Gm9; 4.6 for 19; 4.5 for d9; and 4.8 for M-d9. The data revealed that the 

TFO with the lowest pKa was Gm9, although a base-methyl substituent should be an electron-donating group; 

as expected, M-d9 showed higher pKa value than d9.15 

Tm measurements were carried out in a solution at pH 5.0. Under these conditions, the cytosines or 5- 

methylcytosines on the TFOs may be sufficiently protonated within the triplex.16 The thermal denaturation 

profiles of the triplexes with DD15 showed monophasic or near-monophasic helix-coil transitions, which were 

similar to those observed for the triplexes of the 15-mer TFOs and the same DDI 5.9 The target DDI 5 had a T,,, 

of 46.2”C. The triplexes with HD34 showed a biphasic dissociation; the first transition corresponds to the 

melting of the third strand, and the second transition corresponds to the denaturation of the hairpin DNA (T,,, = 

72.5OC). The triplex formation (at pH 5.4) was also confirmed by a gel retardation assay9 using a 20% native 

polyacrylamide gel (data not shown). 

The triplexes with the 5-methyluracil-containing 2’-O-methyl TFO (l_J-m9) had the highest Trr, values for the 

denaturation in both triplex-types, as shown in Table 1. The thermodynamic parameters for triplex formation 

were obtained17 using the triplexes with DD15, and are listed in Table 2. The data clearly show that y-m9 forms 

the most stable triplex with DDI 5. On the other hand, the introduction of 5-methylcytosines to 2’-O-methyl TFOs 
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Table 1: Melting temperatures (T,,-,) of the triplexes of TFOs and the target DNAs 

m9 y-m9 Cm9 u,Crn9 19 d9 M-d9 

DD15 a 54.9 55.3 52.0 49.3 48.1 nd* 43.4 

HD34 b 61.6 63.8 56.9 53.8 48.7 33.3 41.3 

Tn, values were determined in a buffer containing 10 mM sodium acetate (pH 5.0), 
100 mM NaCl, and 0.1 mM EDTA and the concentration of TFO+arget DNA was 
a) 1 J.~M orb) 2 FM. *not determined. 

Table 2: Thermodynamic parameters for triplex formation of Wetarget DD15 

-LWO -AS0 -AC=‘25 

W/m01 J/Kmol kJ/mol 

m9 703 2024 100 
u-m9 1539 4566 178 
Cm9 630 1817 85 

Y&-m9 317 864 60 
t9 312 851 58 

d9* 229 638 38 
M-d9 289 792 53 

Data were obtained in the buffer indicated in Table 1. The values were 

derived from the T,,,-* vs. log (C t / 6) plots.17 *HD34 was used. 
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Figure 2: Salt dependence of Tm’s for the duplex DNA (DD15) and triplexes with TFOs; Data were 
obtained in the buffer indicated in Table 1, with an additional 20400 mM NaCI, and the concentration 

of either DD15 or TFO*DDlS was 2 PM. 

destabilized the triplexes. The stabilities of various TFO-triplexes are in the order, y-m9 (AG”25oc = -178 

kJ/mol) > m9 (AGO= -100) > c-m9 (AC”= -85) > UC-m9 (AC”= -60) > 19 (AC”= -58) > M-d9 (AC”= -53) 
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> d9 (AC” = -38*). At pH 6.0, triplex formation could hardly been observed under conditions similar to those 

indicated in Table 1. 

Recently Froehler et al. reported that, while a 5-( 1 -propynyl)-2’-deoxyuridine in DNA-TFO significantly 

enhances triplex stability, the cytidine analog exhibits the opposite effect .la The low pKa (3.30) of the cytosine 

derivative can explain this destabilization. In the present experiments, the relative instability of C-m9 as compared 

to m9 may be due partly to the lower apparent pKa value of the cm residue, although the value may be 2-3 units 

higher in triplex formation.16 Studies of the structures of the cm-containing triplexes to explain the relative 

stability of c-m9 > I_l, c-m9 will provide valuable information. 

Thermal denaturations of the triplexes with DD15 were also investigated under various salt concentrations 

(Figure 2). It has been shown that the variation of the Tm’s of triplex DNAs is similar to that for the 

corresponding duplex DNAs.19 Such a tendency was observed for the M-d9-triplex and DD15, but the series of 

triplexes with RNA/2’-O-methyl RNAs was distinct and the salt dependance of their T,,,‘s was found to be 

comparatively low. Thus, 2’-O-methyl TFOs and 5methyluracilcontaining 2’-@methyl TFOs have high or 

higher binding affinity for duplex DNA, even at low salt concentrations.20 
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