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Both the oxidative cleavage of DNA and controlled ox-
idation of hydrocarbons by metal complexes are the subject
of continued pursuit.! Metalloporphyrins are the often-used
metal complexes in the oxidation reactions, for mimicking
the reactivities of biological enzymes, i.e., cytochrome P-
450, peroxidase, and catalase, and developing synthetic res-
triction enzymes for sequence specific recognition and ef-
ficient DNA cleavage.” In the studies, various kinds of ox-
idants such as H,0,, ROOH, PhIO, peracids, NaOCl, and
KHSO; have been used to generate reactive intermediates
responsible for the oxidation reactions. Of all the oxygen
atom donors, water-soluble KHSO; (potassium mono-
persulfate) has been often used as an efficient oxygen atom
donor for the reactions in aqueous solution.> We herein des-
cribe the results of iron porphyrin complex-mediated ox-
idative DNA cleavage and olefin epoxidation by KHSO; in
aqueous media. An electronegatively-substituted iron por-
phyrin complex, (meso-5,10,15,20-tetrakis(2,3,5,6-tetrafluoro-
4-N,N,N-trimethylammoniummethylphenyl)porphinato)iron
(II1) [Fe(TF4TMAP)™], was used in this study, since it has
been shown that this complex is an efficient catalyst in ole-
fin epoxidation reactions.* The reactivity of the iron com-
plex was followed by monitoring the conversion of su-
percoiled pBR-322 plasmid DNA (form I) to an open circle
(form ) (eq 1). Olefin epoxidation was studied to und-
erstand the structure of reactive intermediate generated in
the reaction of iron porphyrin complex with KHSOs.
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Water-soluble iron porphyrin complexes tested in the ox-
idative cleavage of DNA by KHSO; are depicted in Figure
1. Only the Fe(TF, TMAPY* complex showed the activity of
cleaving DNA efficiently and the other two iron complexes
were found to be inactive (see Figure 2A).° The low reac-
tivity of (meso-5,10,15,20-tetrakis(2,6-dichloro-3-sulfonato-
phenyl)porphinato)iron(Ill) {Fe(TDCPPS)*] and (meso-5,10,
15,20-tetrakis(2,4,6-trimethyl-3,5-disulfonatophenyl)por-
phinato)iron(Ill) [Fe(TTMDSP)’"] in the DNA cleavage
reaction was attributed to the overall negative charge of the
iron porphyrin complexes,’ since it has been known that ca-
tionic metalloporphyrins are able to bind to DNA in a close
vicinity.® Other oxidants, i.e. tert-butyl hydroperoxide and
hydrogen peroxide, were studied in the DNA cleavage reac-
tion, and these appear to be less efficient than KHSO,
(Figure 2B). A similar reactivity pattern was observed in
manganese porphyrin systems as well.*®°

Since the nature of the species responsible for the DNA
cleavage may be related to the production of reactive rad-
icals formed upon the interaction of KHSO; with the iron
porphyrin complex, alcohol quenching studies were per-
formed to understand whether the cleavage of DNA was in-
duced by radicals.”® Since the possible radical species gen-
erated in the reaction were hydroxyl radical (HO-) and sul-
fate radical (SO," 7), alcohols added to the reaction solution
as a radical scavenger were ethanol and tert-butyl alcohol.'™
As the results are shown in Figure 2C, the presence of al-
cohol in the reaction media did not inhibit the DNA
cleavage, suggesting that the reactive species responsible for
the oxidative cleavage of DNA were not the diffusible rad-
icals. We, therefore, tentatively propose that a high-valent
iron oxo porphyrin complex'' is a potent intermediate
responsible for the oxidative DNA scission.

In order to gain further evidence for the involvement of
the high-valent iron oxo porphyrin complex in the DNA
cleavage reaction, olefin epoxidations were performed in
aqueous solution. When the epoxidation of CBZ by the iron
complex and KHSO;s was carried out under the identical
reaction conditions used in the DNA cleavage reaction,*®®
high conversion (65%) of CBZ to CBZ-10,11-oxide was ob-
served (eq. 2).® Moreover, as observed in the DNA
cleavage reaction, addition of alcohols, i.e. ethanol and tert-
butyl alcohol, to the reaction solution did not reduce the
yield of the oxide product, suggesting again that the epox-
idizing agent was not radicals but a high-valent iron oxo
porphyrin complex.

We also carried out the oxidation of cis-stilbene by Fe
(TF,TMAP)* and KHSOs, since analysis of the product dis-
tributions (i.e. the ratio of cis-stilbene oxide to trans-stil-
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Figure 1. Structure of water-soluble iron porphyrin complexes.
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Figure 2. Reactions of oxidative cleavage of supercoiled pBR
322 plasmid DNA. (A) Cleavage of supercoiled plasmid DNA
(18.7 uM bp) by various kinds of iron porphyrin complexes (0.5
uM) with KHSO5 (40 puM). Lane 1, DNA control; lane 2,
KHSO; control; lane 3, Fe(TDCPPS) control; lane 4, Fe
(TDCPPS)+KHSO;; lane 5, Fe(TF,TMAP) control; lane 6, Fe
(TF,TMAP)+KHSOs; lane 7, Fe(TTMDSP) control; lane 8, Fe
(TTMDSP)+KHSO;. (B) Cleavage of supercoiled plasmid DNA
(18.7 uM bp) by Fe(TF,TMAP) (0.5 uM) with various oxidants.
Lane 1, DNA control; lane 2, KHSO;s control; lane 3, Fe
(TF,TMAP) control; lane 4, Fe(TF,TMAP)+KHSO; (40 puM);
lane 5, Fe(TF,TMAP)+t-BuOOH (150 mM); lane 6, Fe(TF,
TMAP)+H,0, (150 pM). (C) Effect of radical scavengers on the
DNA cleavage reaction by Fe(TF,TMAP) (0.5 uM) with KHSO,
(40 pM). Lane 1, DNA control; lane 2, KHSO; control; lane 3,
Fe(TF,TMAP) control; lane 4, Fe(TF,TMAP)+KHSO;; lane 5,
Fe(TF,TMAP)+KHSOs+ethanol (50 mM); lane 6, Fe(TF,TMAP)+
KHSO;+¢ethanol (100 mM); lane 7, Fe(TF,TMAP)+KHSOs+tert-
butanol (50 mM); lane 8, Fe(TF,TMAP)+KHSO,+fert-butanol
(100 mM).

bene oxide) may give us clues to exclude the possibility of
radical species as reactive intermediate.' In the cis-stilbene
epoxidation reaction, cis-stilbene was oxidized to cis-stil-
bene oxide predominantly with only a trace amount of trans-
stilbene oxide formation.”® This result strongly supports that

\ / Fe(TF ,TMAP)>*/KHSO,
’]‘ buffer at pH §

CcBZ CBZ-10,11-oxide

high-valent iron oxo porphyrin complex was generated as a
reactive intermediate in the reaction of Fe(TF,TMAP)** and
KHSO:;. If the cis-stilbene oxidation was mediated by a rad-
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ical species, then trans-stilbene oxide should be yielded as
the major product.’*'

‘In conclusion, we have shown that a water-soluble ca-
tionic iron porphyrin complex associated with KHSO; was
able to induce DNA cleavage efficiently. On the basis of
the results obtained in the alcohol quenching studies and
olefin epoxidations, the reactive intermediate responsible for
the DNA cleavage was proposed to be a high-valent iron
oxo porphyrin complex, not radical species.

Experimental

Materials. All chemicals obtained from Aldrich Chem-
ical Co. were of the best available purity and used without
further purification. Potassium monopersulfate, available as
2KHSOs-KHSO,-K,SO, (Oxone), was obtained from Al-
drich. H,0, (30%) and tert-butyl hydroperoxide (70%) were
purchased from Fluka and Sigma, respectively. CBZ-10,11
oxide was synthesized by the published method®® and used
as an authentic sample for the determination of product
yield. [Fe(TF,TMAP)|(CF;SO,);s, [Fe(TDCPPS)]Na;, and
[Fe(TTMDSP)]|Na, were obtained from Mid-Century Chem-
icals. pBR322 supercoiled plasmid DNA was isolated from
E. coli and purified by equilibrium centrifugation in CsCl-
Ethidium Bromide concentration gradients."”

DNA Cleavage Experiments. In a typical DNA
cleavage assay, preincubation of supercoiled pBR322 DNA
(18.7 uM in base pairs) with iron porphyrin complex (0.5
UM) was performed for 1 min in sodium acetate (S0 mM,
pH 5), and the digestion time in the presence of KHSOj
was 10 min at 25 °C. The extent of DNA cleavage was
monitored by agarose gel electrophoresis. Loading buffer
was added before the mixtures were run in 1% agarose slab
horizontal gel containing 1 pg/mL ethidium bromide at con-
stant current in Tris-borate buffer. Bands were located by
UV light and photographed using SL-5G-Photographic sys-
tem.

General Epoxidation Reactions. HPLC analyses of
the reaction solution were performed on Orom Vintage 2000
high performance liquid chromatography equipped with a
variable wavelength detector. Reaction mixtures were
separated by using C18 column, eluted by a mixture of
methanol-water (70:30, v/v) at a flow rate of 1.2 mL/min.
Detection was at 215 nm.

In a typical experiment for CBZ epoxidation, KHSO; (2
mM) was added to a reaction solution containing [Fe
(TF,TMAP)](CH,S0,); (0.08 mM) and CBZ (CBZ=car-
bamazepine, 1 mM, introduced as a 100 mM solution in
methanol) in 5 mL of 250 mM acetate buffer (pH 5). The
reaction mixture was stirred for 30 min at room temperature
and analyzed by HPLC. For the epoxidation of cis-stilbene,
a solvent mixture (5 mL) consisting of 50% H,0 (250 mM
acetate buffer, pH 5), 40% CH,CN, and 10% CH,OH was
used to make the reaction solution homogeneous. All reac-
tion procedures were the same as described in the CBZ ox-
idation reaction except that cis-stilbene (1 mM) was used in-
stead of CBZ.
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