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SUMMARY

The interaction of chartreusin with covalently closed circular
PM2 phage DNA was studied. The antibiotic caused a single strand
scission in the presence of reducing agents, such as dithiothreitol,
ascorbic acid or NaBHy4. The degree of DNA breakage was dependent
upon the drug concentration. The DNA~cleaving activity was
enhanced by ferrous ion; but was completely blocked by catalase
and partially by superoxide dismutase. The results suggest that
reduction, chelate formation and auto-oxidation of the antibiotic,
presumably the 5,12-dione moiety, produce free radicals, including
Oé and °"0OH, which are capable of inducing DNA strand scission.

Chartreusin, produced by Streptomyces chartreusis, is a greenish-

yellow crystalline antibiotic, showing antimicrobial activity
against Gram-positive bacteria and Mycobacterial). The structure
of the antibiotic was elucidated2’3)(Fig. 1). The drug was recently
demonstrated to exhibit a significant antitumor activity against
murine tumors: ascitic P388 and L1210 leukemia and Bl6 melanoma4'52
Biochemical investigations showed that the antibiotic binds to DNA
and inhibits RNA and DNA polymerase reactionsls).

We have isolated chartreusin from culture broth of a strain of

Streptomycetes, and found that the antibiotic is a potent DNA-

cleaving agent. The results are presented in this communication.

MATERIALS AND METHODS

PM2 phage DNA was purchased from Boehringer Mannheim, Germany.
Superoxide dismutase was a product of Miles Lab. (PTY), South
Africa, and catalase was that of Sigma Chemical Co., St. Louis, Mo.,
U.S.A. All other chemicals were of the highest grade available
commercially.

Chartreusin was prepared from cultTfe broth of a strain of
Streptomycetes by solvent extraction and purified by silica gel
chromatography. It gave a single spot on TLC (Rf 0.27), using a
solvent system of benzene : acetone (1:2). The antibiotic was
identified with chartreusin by ultraviolet, visible and infrared
spectra, elementary analysis, and antibacterial spectrum.

The strand scission of PM2 phage DNA was detected by agarose gel
electrophoresis, following the procedure described previously®/.
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Fig., 1., Structure of chartreusin.

RESULTS

A single strand scission of PM2 phage DNA induced by chartreusin

—-- Dependency on antibiotic concentrations:
As illustrated in Fig, 2 lane 1, PM2 phage DNA showed three

bands on agarose gel electrophoresis. According to Aaij and
7)

Borst ', the fastest moving band corresponded to the native form of
covalently closed circular (CCC)DNA, the most slowly moving one

the open circular form, and the intermediate the linear form of

the DNA. The electrophoretic analysis of the products of PM2 DNA
and chartreusin, incubated in the presence of a reducing agent

(1 mM dithiothreitol) revealed an antibiotic concentration-dependent
decrease of the cccDNA and increase of open circular form DNA

(Fig. 2). The results indicated that the drug produced a single
strand scission of the cccDNA. The DNA cleavage was observed even
at 7 pM of chartreusin, and more breaks at higher concentrations.
The DNA strand scission was not detected at concentrations lower

than 7 pM by the method employed (Data are not shown).

Reguirement of a reducing agent and ferrous ion for chartreusin-

Pproduced DNA cleavage:

As shown in Fig. 3, chartreusin caused DNA strand scission in
the presence of 1 mM dithiothreitol, but not significantly in the
absence of reducing agents (lanes 2 and 3). The DNA cleavage was
also observed with 0.1 mM ascorbic acid or 1 -~ 10 mM NaBH4 (Data

are not shown).
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Fig. 2. Chartreusin concentration dependency of the PM2 DNA
breakage in the presence of 1 mM dithiothreitol.

Chartreusin 56 (1), 28 (2), 14 pM (3), 7 pM (4), and
0 pM (5). o M

Fig. 3., Effects of a reducing agent and ferrous ion on
chartreusin-induced DNA cleavage.

(1): Control, (2): + 28 pM chartreusin, (3): + 28 pM
chartreusin and 1 mM DTT (dithiothreitol), (4): + 28 pM
chartreusin, 1 mM DTT and 20 mM EDTA, (5): + 28 pM
chartreusin and 5 pM FeSO4, (6): + 5 pM FeSO4 and 1 mM
DTT, (7): + 28 pM chartreusin, 5 pM FeSO4 and 1 mM DTT.
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Fig. 4. The inhibition of chartreusin-produced DNA degradation
by catalase and/or superoxide dismutase.

(1): Control, (2): + 28 chartreusin and 1 mM DTT, (3):
+ 28 chartreusin, 5 FeSO4 and 1 mM DTT, (4): + 5 pM
FeSO4 and 1 mM DTT, (5): + 28 pM chartreusin, 5 pM FeSO4,
1 mM DTT and 0.2 mg/ml catalase, (6): + 28 pM chartreusin,
5 pM FeSO4, 1 mM DTT and 0.1 mg/ml superoxide dismutase,
(7): + 28 pM chartreusin, 5 pM FeSO4, 1 mM DTT, 0.2 mg/ml
catalase and 0.1 mg/ml superoxide dismutase.

Addition of 20 mM EDTA to the reaction mixture abolished the DNA-
cleaving activity of chartreusin, showing requirement of metal ion
for the DNA strand scission (Fig. 3 lane 4). Of metal ions tested,
ferrous ion (5 pM) was found to the most potent in stimulating the
DNA breakage (Fig. 3 lane 7). The DNA cleavage was induced by
ferrous ion itself at higher metal concentrations, but not at 5 M

with or without dithiothreitol (Fig. 3 lanes 5 and 6).

Effects of catalase and superoxide dismutase on chartreusin-

induced DNA strand scission:

The DNA cleavage, caused by chartreusin in the presence of
dithiothreitol and ferrous ion, was completely reversed by catalase

and partially by superoxide dismutase (Fig. 4 lanes 5 - 7).

DISCUSSION

Several antitumor antibiotics have been reported to produce DNA
8,15)
14

13)
14

breakage under appropriate conditions. They include bleomycin

9) 0) 11,12)

tallysomycin”’, streptonigrin1 , anthracyclines hedamycin
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14} 6) 6)

neocarzinostatin , macromomycin ', and auromomycin ‘. The
current study shows that chartreusin is a new member of DNA-cleaving
antitumor antibiotics.

The mechanism of DNA breakage by chartreusin is not certain.
The requirement of a reducing agent and ferrous ion for chartreusin-
induced DNA strand scission suggests that reduction, chelate forma-
tion and auto-oxidation of the drug, which result in the production
of H202, O; and °OH, participate in the DNA cleavage, as in the
case of streptonigrin and anthracyclinesg_lz). The inhibition of
the DNA breakage by catalase and superoxide dismutase seems to
support the assumption. Since reduction and auto-oxidation occur
in the guinone moiety of streptonigrin and anthracyclines, the 5,
12-dione portion of chartreusin may be reduced and oxidized, form-
ing a free radical, which sequentially produces 0; and "OH, These
free radicals are capable of inducing DNA strand scission. Since

o+ (Haber-Weiss

the production of °‘OH from H202 is stimulated by Fe
reaction), the greater effect of catalase than that of superoxide
dismutase (Fig. 4) suggests that hydroxyl radical (°OH) plays a
more important role in the DNA breakage than superoxide radical
(O;). A similar mechanism of DNA strand scission has been reported
with bleomycinlS).

Li gE_gl.ls) have observed that chartreusin preferentially
inhibits RNA synthesis over DNA synthesis, and also causes damage
to DNA in cultured L1210 cells. Although the mechanism of action
of the antibiotic cannot be precisely pinpointed, its effects on
the DNA structure may play a major role in determining its antitumor

activity.
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