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Chloroperoxidase Catalyzed Halogenation of Pyrimidine Bases

Toshio ITAHARA® and Naoko IDE
Institute of Chemistry, College of Liberal Arts,
Kagoshima University, Korimoto, Kagoshima 890

Treatment of uracil or cytosine with H202 and potassium halides
in the presence of chloroperoxidase in potassium phosphate buffer
solution at pH 3.0 resulted in halogenation of the substrates,
whereas no reaction occurred on thymine by a similar treatment.

Enzymatic halogenation of biomolecules with H202 and halide ions is of interest
in connection with the action of disinfection by myeloperoxidase which is present
in neutrophil. Furthermore, peroxidase catalyzed halogenation of amino acidsl) and
important metabolites such as arachidonic acidz) and prostaglandin E13) with H202
and halide ions has been investigated. However, little attention has been paid to
the reaction of nucleic acid bases, although oxidation of adenine and nucleic acids
and incorporation of chlorine into RNA by myeloperoxidase in the presence of H202
and NaCl was reported.4) On the other hand, chloroperoxidase catalyzed halogen-
ation of B-ketoadipic acid,sa) monochlorodimedone,sb) barbituric acids,sc)

5d) 5d) 51) steroids,sg) NADH,
i om)

cyclo-

propanes, alkenes,se) trans-cinnamic acids, 5h)
tyrosine,5l) anisole,sJ) anilines,5k) antipyrine,sl) and thiazoles

These observations led us to investigate chloroperoxidase catalyzed halogenation

alkynes,
is known,

of pyrimidine bases.

A solution of uracil (1) (1.5 mmol), chloroperoxidase®) (1250 units), and KBr
(3 mmol) in 0.25 mol dm_3 potassium phosphate buffer solution at pH 3.0 (120 ml)
was stirred, The reaction was started by adding H202 and continued for 60 min at
25-28 °C. The solution was adjusted to pH 7.0 with KOH and catalase was added to
remove any remaining H202. The reaction mixture was evaporated to give a white
solid mass. The residue was extracted with a large amount of MeOH. Droplet coun-
tercurrent chromatography (Tokyo Rikakikai Co,, DCC-300-G2) was used for prepara-
tive separation of the extract., The separation with CHC13-Me0H—H O (5:5:3) by
descending method resulted in the isolation of 5-bromouracil QE)7 (41%) and 1
recovered (34%).

Under similar conditions, the reaction of cytosine Qi) gave S5-bromocytosine
g§)7) in 41% yield., Furthermore, treatment of 1 (2 mmol) with KCl (4 mmol), H202
(4 mmol), and chloroperoxidase (1923 units) gave 5-chlorouracil Q2)7) (7%) and 1
recovered (70%). On the other hand, no reaction occurred by a similar treatment
of thymine with the enzyme, although we reported the non-enzymatic chlorination of
8) 1n addaition, 1, 4,
and thymine were unreactive to a mixture of potassium halides and H202 in the

thymines in Clark and Lubs buffer solutions at pH 1.0-2.0.

absence of chloroperoxidase.
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In this paper, we demonstrated the enzymatic halogenation of 1 and 4. On the
other hand, antiviral activities of 5-halogenated uracils and cytosines and their

nucleosidesg) and mutation caused

by phagocyteslo) are known, R l\leR

Therefore, the result suggests é:f\ l C;I:ljﬂ,

a possibility of damage of N l:R=H N 4 : R=H

nucleic acids by peroxidase. H 2 : R =Br H 5 R = Br
3 :R=2C1

References

1) M. Morrison and G. R. Schonbaum, Ann. Rev. Biochem., 45, 861 (1976).

2) J. Turk, W, R. Henderson, S. J. Klebanoff, and W. C. Hubbard, Biochim. Biophys.
Acta, 751, 189 (1983).

3) M. Onishi and T. Odajima, Shika Kiso Igakkai Zasshi, 27, 291 (1985).

4) T. Odajima, Shika Kiso Igakkai Zasshi, 22, 502 (1980).

5) a) P, D, Shaw and L. P. Hager, J. Am. Chem. Soc., 81, 6527 (1959); J. Biol.
Chem,, 236, 1626 (1961); D. R. Morris and L. P. Hager, J. Biol. Chem., 241, 1763
(1966); b) L. P. Hager, D. R, Morris, F, S. Brown, and H. Eberwein, J. Biol,
Chem., 241, 1769 (1966); c) M. C. R. Franssen and H. C. Van der Plas, Recl.
Trav. Chim. Pays-Bas, 103, 99 (1984); Bioorg. Chem., 15, 59 (1987); d) J. Gei-
gert, S. L, Neidleman, and D, J., Dalietos, J. Biol. Chem., 258, 2273 (1983);

e) J. Kollonitsch, S, Marburg, and L. M., Perkins, J. Am., Chem. Soc., 92, 4489
(1970); K, Ramakrishnan, M. E, Oppenhuizen, S. Saunders, and J, Fisher, Biochem-
istry, 22, 3271 (1983); T. D, Lee, J. Geigert, D. J. Dalietos, and D. S. Hirano,
Biochem. Biophys. Res. Commun., 110, 880 (1983); J. Geigert, S. L. Neidleman,

D, J. Dalietos, and S. K. Dewitt, Appl. Environ, Microbiol., 45, 366 (1983);
ibid., 45, 1575 (1983); f) H, Yamada, N. Itoh, and Y, Izumi, J. Biol. Chem.,
260, 11962 (1985); g) S. L. Neidleman and S. D. Levine, Tetrahedron Lett., 1968,
4057; S. L, Neidleman and M. A. Oberc, J. Bactriol., 95, 2424 (1968); S. D.
Levine, S. L. Neidleman, and M. A. Oberc, Tetrahedron, 24, 2979 (1968); h) B. W,
Griffin and R, Haddox, Arch. Biochem. Biophys., 239, 305 (1985); i) A, Taurog
and E. M. Howells, J, Biol. Chem., 241, 1329 (1966); Jj) F. S. Brown and L. P,
Hager, J. Am. Chem. Soc., 89, 719 (1967); k) M. D. Corbett, B. R. Chipko, and

A. 0. Batchelor, Biochem. J., 187, 893 (1980); 1) P. L. Ashley and B, W,
Griffin, Arch. Biochem. Biophys., 210, 167 (1981); m) S. L. Neidleman, A, I,
Cohen, and L, Dean, Biotechnol. Bioeng., 11, 1227 (1969).

6) Chloroperoxidase from Caldariomyces fumago (a crude suspension in sodium
phosphate at pH 4.0) was obtained from Sigma Chemical Co.

7) The structures of 2, 3, and 5 were determined by comparison of the authentic
samples obtained commercially.

8) T. Itahara, Chem, Lett.,, 1987, 841.

9) R, T. Walker, A, S. Jones, E, De Clercq, J. Descamps, H, A, Allaudeen, and
J. W, Kozarich, Nucleic Acids Res. Symposium Series, No, 8, 95 (1980);

E. De Clercq, Biochem. J., 205, 1 (1982).

10) S. A, Weitzman and T, P, Stossel, Science, 212, 546 (1981); J. Immunol., 128,
2770 (1982); S. A, Weitzman, A, B, Weitberg, E. P. Clark, and T. P. Stossel,
Science, 227, 1231 (1985).

(Received August 31, 1987)





