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Specific binding of chartreusin, an antitumor antibiotic, to DNA

Masakazu Uramoto, Tomonobu Kusano, Tomoko Nishio, Kiyoshi Isono*, Kazuo Shishido™
and Tadahiko Ando

The Institute of Physical and Chemical Research, Wako-shi, Saitama 351, Japan

Received 5 January 1983

Chartreusin, an antitumor and antibacterial antibiotic, was found to inhibit negatively superhelical DNA-
relaxation catalyzed by prokaryotic topoisomerase I and conversion of the superhelical DNA into unit
length linear form catalyzed by single-strand-specific S1 nuclease. The inhibitory effect of the agent was
due to the binding to DNA causing the alteration of tertiary structure. To characterize the binding
specificity, we investigated the protection of DNA against cleavages by various restriction endonucleases.
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It was evidenced that the binding of the agent is not at random and correlates to the sequence 3.8 2/
on DNA stretch.

Chartreusin
Restriction endonuclease

1. INTRODUCTION

It has been reported [1] that chartreusin [2], an
antitumor [3] and antibacterial antibiotic, bound
to DNA and inhibited the in vitro reactions of both
DNA and RNA polymerases. In [4] it was
demonstrated that chartreusin caused a single-
strand scission into DNA in the presence of reduc-
ing agents such as dithiothreitol, sodium
borohydride and ascorbic acid, and the cleavage
was stimulated by ferrous ion.

Here, we clarified the specificity of binding of
chartreusin to DNA and the consequent inhibition
of the actions of topoisomerase I and S1 nuclease
on the superhelical DNA.

2. MATERIALS AND METHODS

2.1. DNAs
Colicin E1 (ColEl) DNA was prepared from
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Escherichia coli strain JC411 (ColE1) thy ™ accord-
ing to the combined procedure in {5,6]. Bacillus
subtilis phage M2 DNA was a generous gift from
Dr Matsumoto, Sophia University.

2.2. Enzymes and reactions

The Haemophilus gallinarum topoisomerase I
was prepared as in [7]. The reaction mixture (20 xl)
containing 20 mM Tris—HCl (pH 7.5), 5 mM
MgCl,, 0.3 xg superhelical ColE1 DNA and the in-
dicated amount of the topoisomerase I was in-
cubated at 37°C for 1 h. The reaction was stopped
by addition of an equal volume of phenol. One
unit of topoisomerase I activity is defined as the
amount of the enzyme that converts 0.3 xg
superhelical DNA into a completely relaxed form
under the above conditions. S1 nuclease provided
by Sankyo Chemicals was further purified as in
[8]. The SI reaction was performed in the buffer
(20 41) containing 30 mM sodium acetate buffer
(pH 5.0), 50 mM NaCl, 1 mM ZnSO,, 0.3 xg
superhelical ColE1 DNA and the indicated amount
of S1 nuclease at 37°C for 30 min. The reaction
was stopped by addition of an equal volume of
phenol after neutralization with 1/10th vol. 1 M
Tris—HCI (pH 8.5). One unit of S1 activity is
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defined as the amount of enzyme that converts
50% of 0.3 g single-stranded ColE1 DNA to acid-
soluble form under the above conditions. Restric-
tion endonucleases except Hgal [9] were purchased
from Bethesda Res. Labs. and used according to
the supplier’s instruction. Hgal was purified and
used as in [10]. The reactions were stopped by ad-
dition of an equal volume of phenol.

2.3. Agarose gel electrophoresis

One percent agarose tube gels (0.6 X 20 cm) and
horizontal slab gels (15 x 20 X 0.3 ¢m) were
prepared; 1/10th vol. 0.05% bromophenol
blue—90% glycerol was added into the reaction
mixtures extracted with phenol, and the resulting
DNA samples were loaded onto the agarose gels.
The electrophoreses were done in Tris—acetate buf-
fer (50 mM Tris—HCI, 20 mM sodium acetate,
18 mM NaCl and 2 mM EDTA, pH 8.2) at
50-120 V for 3-10 h. Visualization and photo-
graphy of the DNA bands were done as in [11].

2.4. Chartreusin

In the course of our screening program for
DNA-binding substances utilizing the reaction
system of topoisomerase I from Haemophilus
gallinarum [12], chartreusin has been found as an
inhibitor of the enzyme reaction from culture
filtrate of a strain of Streptomyces (fig.1). The
antibiotic was isolated by solvent extraction
followed by preparative thin-layer chromato-
graphy, and finally purified by high-pressure
liquid chromatography (Nucleosil 5Cig, 75% aq.
methanol), The IR, UV and visible spectra were in
good accord with [2].

3. RESULTS

Fig.1 shows the inhibitory effect of various con-
centrations of chartreusin on ColEl DNA-
relaxation catalyzed by Haemophilus topoiso-
merase . The reaction was inhibited by 2.4 xM of
the drug (track 4). Over 2.4-39.0 M, the scission
of DNA stranfi by chartreusin was not observed on
its direct treatment with ColE1 DNA. As reported
in [4], the single-strand cleavage was confirmed on
the treatment of DNA with 39 M chartreusin in
the presence of both 1 mM dithiothreitol and
10 #M ferrous sulfate. Little effect, however, was
observed by the addition of either dithiothreitol or
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Fig.1. Inhibitory effect of chartreusin on superhelical

DNA-relaxation catalyzed by topoisomerase I from

Haemophilus gallinarum: (1) ColEl DNA alone; (2)

with enzyme (0.2 unit); (3) with 39 zM agent; (4-8) with

both enzyme and agent — (4) 2.4 M, (5) 4.8:M,
6) 9.7 £M, (7) 19.5 uM, (8) 39 xM.

ferrous ion. To solve the problem whether the in-
hibitory effect of chartreusin on topoisomerase I
reaction was caused by its binding to enzyme or
DNA, we investigated the change of inhibition pat-
tern by adding double-stranded linear DNA to the
reaction mixture. It is known that double-stranded
linear M2 DNA almost does not affect the enzyme
activity [7]. The result showed that DNA-relaxa-
tion is recovered by coexistence of the linear DNA,
indicating that the inhibition is actually due to the
binding to DNA (fig.2). This was supported by the
fact that chartreusin also inhibited the DNA-re-
laxation reaction using topoisomerase I prepared
from Streptomyces achromogenes [13] which is a
distinct protein from the enzyme purified from
Haemophilus gallinarum (not shown).

S1, a single-strand-specific nuclease can cleave
both strands of a negatively superhelical DNA at
the unpaired regions to generate unit length linear
duplex molecule with intact single-strand [14,15].
The reaction proceeds by two steps; first, cleavage

occurs in either one of two strands and then, the

nicked, circular DNA is cleaved on the opposite
strand at or near the nicks to yield a linear
molecule. We investigated the effect of chartreusin
on this S1 action. The enzyme reactions were car-
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Fig.2. Effect of M2 DNA on agarose electrophoretic

patterns of superhelical DNA-relaxation: (1) ColEl Fig.3. Inhibitory effect of chartreusin on S1 nuclease

DNA alone; (2) with enzyme (1 unit); (3) with both action on superhelical DNA: (1) ColE1 DNA alone; (2)

enzyme and 19.5 xM agent; (4) with enzyme (1 unit), with enzyme (5 units); (3—6) with both enzyme and agent
19.5 #M agent and M2 DNA. - (3) 0.6 zM, (@) 2.4 M, (5) 9.7 uM, (6) 39 uM.
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Fig.4. Effect of chartreusin on restriction endonuclease digestion patterns: (1) ColE1 DNA alone; with enzyme, even
numbers; with both enzyme and 19.5 4M agent, odd numbers:

. 4 ¢
(2,3) Alul ('%-S’TSX); (4,5) Hinfl @XX5); (6,7) Hapll (%%%:c); (8,9) Ddel (STA‘;’%T%); (10,11) BsNI CS*%gX%%&}); (12,13) Haelll

i {
gngg), (14,15) Hhal {G%%%g); (16,17) Haell (Bi3SEEED); (18,19) Hgal (3SE6 N};,T),
1

327



Volume 153, number 2

ried out without reducing agents and ferrous ion,
The conversion efficiency to a linear form decreas-
ed in proportion to the concentration of char-
treusin (fig.3). To test whether the drug binds to
the enzyme protein thus inhibiting its activity or
not, S1 was incubated with the drug, dialyzed and
then the enzyme activity was checked. The result
revealed that the antibiotic does not affect the S!
activity.

To define the specificity of its binding to DNA,
the influence of chartreusin on DNA cleavage by
various restriction endonucleases was investigated.
The enzyme reactions were carried out without
reducing agents and ferrous ion. The following en-
donucleases were used: Alul, Hinfl, Hapll, Ddel,
BsiN1, Haelll, Hhal, Haell and Hgal. An in-
hibitory effect of chartreusin (19.5 xM) on the
DNA cleavage was observed in 3 endonucleases,
Hhal, Haell and Hgal (track 15,17,19, fig.4). The
inhibition was partial at this concentration. Higher
concentration of the drug could not be used for the
experiment because of low solubility. The recogni-
tion and the cleavage sites of all the enzymes used
in the experiment are shown in the figure legends.
The recognition sites of Hhal, Haell and Hgal in-
volve the common sequence ;.coci suggesting
the specific binding of chartreusin to DNA.

4. DISCUSSION

Here, it was shown that chartreusin binds site-
specifically to DNA without any strand scission in
the absence of a reducing agent and ferrous ion. It
was suggested that the sequence ;.5oc3 is the
target for chartreusin. The binding of the drug to
superhelical DNA seems very likely to cause un-
winding of double-helix, resulting in decrease of
superhelical turns. The formation of unpaired
regions, owing to negative superhelicity, is not so
significant in partially relaxed DNA as compared
with native DNA. Therefore, S1 nuclease can not
work effectively on the chartreusin-bound DNA.
Shishido [t1] has observed that 60—70% relaxed
DNA molecules exhibit complete resistance to
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Sl-cleavage. With the same concentration of the
antibiotic, the extent of inhibition in the
topoisomerase I reaction is higher than that in the
S1 reaction. This suggests that chartreusin pro-
hibits the swivel of the DNA strand which is re-
quired for DNA-relaxation,

The mechanism of the binding of the antibiotic
to DNA is not clear, although the aglycone is
presumed to be intercalated as shown in the case of
actinomycin and anthracycline antibiotics.
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