356

Chemistry Letters 2000

Hydrolysis of Oligonucleotides by Homogeneous Ce(1V)/EDTA Complex
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Homogeneous Ce(1V) complex of EDTA promptly
hydrolyzes oligonuclectides under physiological conditions. In
contrast, dinucleotides are not hydrolyzed to measurable
extents. The degree of polymerization of DNA substrate is cru-
cial for the present catalysis.

Non-enzymatic hydrolysis of DNA has been one of the
most significant targets for chemists.! Several years ago, the
remarkable catalysis by the lanthanide ions was found, and
highly stable phosphodiester linkages in DNA were hydrolyzed
at pH 7.23 The Ce(IV) ion is especially active*® However,
the Ce(1V) easily forms a gel of metal hydroxide, and this fea-
ture imposes limitations to the scope of its application.
Homogeneous and catalytically active Ce(IV) complexes are
required for more versatile applications.

Previously,” the authors found that homogeneous compl ex-
es of Ce(lV) with ethylenediamine-N,N,N',N'-tetraacetate
(EDTA), poly(vinylpyrrolidone), and dextran hydrolyze plas-
mid DNA. Interestingly, Ce(IV) hydroxide gel is virtually
inactive for the purpose, although it is highly active for the
hydrolysis of dinucleotides and oligonucleotides. This finding
prompted us to study the effect of the structure of DNA sub-
strates on the catalysis by these homogeneous complexes. Here
we show that homogeneous Ce(lV)/EDTA complex hydrolyzes
oligonucleotides, athough it is inactive for the hydrolysis of
dinucleotides. Significant role of the degree of polymerization
of DNA substrateis clearly evidenced.

Homogeneous solutions of the Ce(IV)/EDTA complex
were prepared by adding equimolar amounts of
Ce(NH,),(NO,); and EDTA (2Na salt) to Hepes buffer (20
mmol dm3). The pH was adjusted to 7.0 by NaOH. Under
these conditions, the complex is amost quantitatively formed
(the formation constant of the 1:1 complex is 10?42 at 25 °C).8
Consistently, the solutions were kept completely homogeneous
throughout the reactions. The reversed-phase HPL C pattern for
the scission of T, is presented in Figure 1 (A).° The signal for
T,, gradually weakened, and concurrently several peaks (corre-
sponding to smaller fragments) appeared at shorter retention-
times. In contrast, thymidylyl(3' — 5')thymidine (T,) aswell as
other dinucleotides was not hydrolyzed at all under the same
conditions (B). The degree of polymerization (n) of DNA sub-
strate shows a drastic effect on the present catalysis.

As depicted in Figure 2, three oligo(thymidine)s (n = 4, 8,
and 12: the 5'-ends were 32P-labeled) were notably hydrolyzed
by the complex. When [the complex], = 0.5 mmol dm® at pH
7.0 and 37 °C, about 25% of pT, were converted to smaller
fragments in 15 h. The catalytic activity of this complex was
comparable to that of Ce(IV) hydroxide gel. The other sub-
strates were also hydrolyzed effectively. The present homoge-
neous catalyst is sufficiently active. Oligonucleotides of vari-
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Figure 1. HPLC patterns for the hydrolysis of T,, (A) and T, (B) by
the Ce(IVYYEDTA complex at pH 7.0 and 50 °C for 2 days;
[phosphodiester linkage}, = 0.1, [Ce(NH,),(NO,)], = [EDTA], = 0.5,
and [NaCl] = 100 mmol dm™ The peaks at around 2 min are
associated with the buffer agents and others, which hardly interact with
the column.
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Figure 2. Polyacrylamide-gel electrophoresis patterns for the
hydrolysis of oligo(thymidine)s of different degrees of polymerization
at pH 7.0 and 37 °C for 15 h. Lanes1and 2, pT,; lanes 3 and 4, pTy;
lanes 5 and 6, pT,,. Lanes 2, 4, and 6; with the Ce(IV)/EDTA complex.
Lanes 1, 3, and 5; without the complex. The substrates were 2P-
labelled at the 5’-ends. [phosphodiester linkage], = 1.0,
[Ce(NH,),(NO;)s], = [EDTA], = 0.5, and [NaCl] = 100 mmol dm™.
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ous sequences (involving all of A, G, C, and T) were hydrolyzed
without specific base-preference (data not presented). The scis-
sion took place almost randomly throughout the DNA chain.
The scission of the internal phosphodiester linkages in pT,
(also in T,) was confirmed by the reversed-phase HPLC (Figure
3).10 All the products were firmly assigned to the hydrolytic
ones by the coinjection with authentic samples (see the assign-
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Figure 3. Assignments of the HPLC signals for the hydrolysis of pT,
by the Ce(IVYEDTA complex at pH 7.0 and 37 °C for 3 days;
[phosphodiester linkage], = 0.1, [Ce(NH,),(NO;)], = [EDTA], = 1.0,
and [NaCi] = 100 mmol dm™.

ments in the Figure).!! The scission occurs via hydrolytic path-
way.*2 Similarly, the hydrolysis of the internal linkages in pT,
was evidenced by the HPLC. However, the phosphodiester link-
ages in T, and pT, were hardly hydrolyzed by the complex.'?
These results are consistent with the fact that T, was kept intact
even in the presence of the complex (see Figure 1 (B)). Thus,
the number of phosphates in the substrate must be greater than
3, in order for the Ce(IV)/EDTA complex to show a notable
catalysis. Assumedly, several phosphates must be simultaneous-
ly coordinated to Ce(IV) for the Ce(IV)/EDTA complex to form
the catalyst/substrate complex, since the net positive-charge on
the Ce(1V) in this complex is diminished due to the negative-
charges of the EDTA.13

In conclusion, it has been found that the Ce(IV)/EDTA
complex efficiently hydrolyzes oligonucleotides under physio-
logical conditions. This complex is homogeneous and stable,
and thus a promising candidate for the catalytic sites of
sequence-selective artificial nucleases and the relevant artificial
enzymes.

This work was partially supported by a Grant-in-Aid for
Scientific Research from the Ministry of Education, Science,
Sports, and Culture, Japan. The support by the Grant from
“Research for the Future” Program of the Japan Society for the
Promotion of Science (JSPS-RFTF97100301) is also acknowl-
edged.

References and Notes

1 Reviews: a) B. N. Trawick, A. T. Daniher, and J. K.
Bashkin, Chem. Rev., 98, 939 (1998). b) M. Komiyama
and J. Sumaoka, Curr. Opin. Chem. Biol., 2, 751 (1998).
c¢) G. Pratviel, J. Bernadou, and B. Meunier, in “Advances
in Inorganic Chemistry,” ed by A.G. Sykes, Academic

10

11

12

13

357

Press, San Diego (1998), Vol. 45, p. 251. d) J. Chin, Curr.
Opin. Chem. Biol., 1, 514 (1997). e) E. Kimura and T.
Koike, in “Advances in Inorganic Chemistry,” ed by A.G.
Sykes, Academic Press, San Diego (1997), Vol. 44, p. 229.
a) Y. Matsumoto and M. Komiyama, Nucleic Acids, Symp.
Ser., 27, 33 (1992). b) M. Komiyama, K. Matsumura, K.
Yonezawa, and Y. Matsumoto, Chem. Express, 8, 85
(1993). c¢) T. Shiiba, K. Yonezawa, N. Takeda, Y.
Matsumoto, M. Yashiro, and M. Komiyama, J. Mol.
Catal., 84, L21 (1993).

Plasmid DNA was cleaved by lanthanide complexes via
the hydrolytic pathway: a) J. Rammo, R. Hettich, A.
Roigk, and H. -J. Schneider, J. Chem. Soc., Chem.
Commun., 1996, 105. b) S. Hashimoto and Y. Nakamura,
J. Chem. Soc., Perkin Trans. 1, 1996, 2623. c) K. G.
Ragunathan and H. -J. Schneider, Angew. Chem., Int. Ed.
Engl., 35, 1219 (1996). d) A. Roigk, R. Hettich, and H. -J.
Schneider, Inorg. Chem., 73, 751 (1998). e) N. Kimizuka,
E. Watanabe, and T. Kunitake, Chem. Lett., 1999, 29.

a) M. Komiyama, T. Shiiba, T. Kodama, N. Takeda, J.
Sumaoka, and M. Yashiro, Chem. Lett., 1994, 1025. b) B.
K. Takasaki and J. Chin, J. Am. Chem. Soc., 116, 1121
(1994). ¢) M. Komiyama, N. Takeda, Y. Takahashi, H.
Uchida, T. Shiiba, T. Kodama, and M. Yashiro, J. Chem.
Soc., Perkin Trans. 2, 1995, 269. d) J. Sumaoka, Y.
Azuma, and M. Komiyama, Chem. Eur. J., 4, 205 (1998).
The mechanism of Ce(IV)-induced hydrolysis of DNA was
recently discussed; M. Komiyama, N. Takeda, and H.
Shigekawa, J. Chem. Soc., Chem. Commun, 1999, 1443.
Artificial enzymes for sequence-selective scission of DNA
were prepared by conjugating Ce(1V) ion with DNA
oligomers: a) M. Komiyama, T. Shiiba, Y. Takahashi, N.
Takeda, K. Matsumura, and T. Kodama, Supramol. Chem,, 4,
31 (1994). b) M. Komiyama, J. Biochem., 118, 665 (1995).
Plasmid DNA was chosen as a substrate because of the
experimental convenience (the products were easily ana-
lyzed by agarose-gel electrophoresis): a) J. Sumaoka, T.
Igawa, and M. Komiyama, Chem. Lett., 2000, 56. b) M.E.
Branum and L. Que, Jr. independently reported that plas-
mid DNA is hydrolyzed by a dinuclear Ce(IV) complex of
1,3-diamino-2-hydroxypropane-N,N,N',N'-tetraacetate: J.
Inorg. Biochem., 74, 81 (1999).

T. R. Bhat and D. Radhamma, Ind. J. Chem., 3, 152
(1965).

A Merck LiChrospher RP-18(e) ODS column (25 cm); 0-
5% acetonitrile/water (0-5 min), 5-25% acetonitrile/water
(5-60 min). The water contained 50 mmol dm-® ammoni-
um formate.

Although the terminal phosphates in pT,, pT,, and pT,
were also hydrolyzed rather efficiently, all the products
were well characterized by the HPLC and thus the efficien-
cy for the scission of the internal linkages could be precise-
ly evaluated.

When the internal linkages in pT, are hydrolyzed, plausible
products are pT, pT,, pT,, T, T,, T4, pTp, pT,p, and pT,p.
The first six are clearly observed in Figure 3.

When the reaction mixtures were treated with hot-piperi-
dine (90 °C for 30 min), the polyacrylamide-gel elec-
trophoresis patterns were virtually unchanged. No alka-
line-labile sites were formed during the reactions, provid-
ing a further evidence for the hydrolytic nature of the scis-
sion.

Similar chelate-structures were previously proposed in the
metal-mediated hydrolysis of DNA (Ref. 4d) and RNA (S.
Kuusela, A. Guzaev, and H. Lénnberg, J. Chem. Soc.,
Perkin Trans. 2, 1996, 1895).



