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Human DNA topoisomerases are essential for the processes of
chromosomal segregation and relaxation of DNA during replication
and transcription, and may also be required for recombination.1

Generally, topoisomerase poisons convert a functional enzyme to
a DNA damaging agent by trapping the covalent binary complex
formed between a topoisomerase and its DNA substrate.2 DNA
topoisomerase I is a ubiquitous nuclear enzyme which catalyzes
the relaxation of superhelical DNA by inducing a transient single
strand nick in the duplex through cycles of cleavage and religation.3

In contrast, DNA topoisomerase II mediates the ATP-dependent
induction of coordinated nicks in both strands of the DNA duplex,
followed by passage of another double strand DNA through the
transiently broken duplex.4

Several human topoisomerase II-directed agents are used clini-
cally for antitumor therapy, including etoposide, doxorubicin,
amsacrine, and mitoxantrone.5 In contrast, only a single family of
topoisomerase I-targeted agents, the camptothecins,2b are used
clinically at present.6 However, several promising new topoi-
somerase I poisons have been identified, including indolocarba-
zoles,7 indenoisoquinolines,8 terbenzimidazoles,9 aporphine alka-
loids,10 and the topopyrones.11

The topopyrones are planar anthraquinones having a fused 1,4-
pyrone ring; they bear structural relationships both to doxorubicin
and to some of the pluramycins.12 Four topopyrones (A- D) (Figure
1) have been isolated from the culture broths of two fungi, Phoma
sp. BAUA2861 and Penicillium sp. BAUA4206.11 The four
topopyrones strongly inhibited the growth of yeast harboring a
plasmid for human topoisomerase I and did so only under conditions
leading to expression of human topoisomerase I. They were also
reported to inhibit DNA relaxation mediated by topoisomerase I,
but not by topoisomerase II.11a While the study of topopyrones
has been limited by their exclusive availability as natural products,
recent synthetic efforts have now provided access to all four
naturally occurring topopyrones13 as well as synthetic analogues.13c

Presently we report that in addition to stabilization of the topoi-
somerase I-DNA covalent binary complex,11a the topopyrones are
also strong topoisomerase II poisons.

Shown in Figure 2 is the effect of topopyrones A-D on the
topoisomerase I-mediated cleavage of a 23 bp double strand DNA
derived from the Tetrahymena thermophilus rDNA spacer se-
quence,14 which is known to contain a strong topoisomerase I
cleavage site.15 Each of the topopyrones stabilized the enzyme-
DNA covalent binary complex at the same site as camptothecin,
but did so less efficiently.16 These results are fully in agreement
with the earlier reports for the compounds.11

Figure 3 illustrates the effect of topopyrones A-D on the
toposomerase IIR17 mediated cleavage of a 34-bp oligonucleotide
derived from the simian virus 40 nuclear matrix associated protein.18

The topoisomerase IIR poison VP-16 stabilizes a cleavage site at
position 4265 (upper strand of DNA duplex shown in Figure 3),
generating a free 16-nt product observable when the upper strand
is [5′-32P]-end labeled. At the concentrations tested, the four
topopyrones were as potent as VP-16, a clinically used antitumor
agent, in stabilizing the topoisomerase II-DNA covalent binary
complex. Assay of topoisomerase IIR-mediated cleavage of the
lower strand of the same DNA substrates (Figure 4) indicated
precisely the same effect.19
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Figure 1. Structures of topopyrones A, B, C, and D.

Figure 2. Effect of topopyrones A-D on topoisomerase I-mediated DNA
cleavage and religation of a 23-bp DNA substrate. Lane M contained a
13-nucleotide molecular weight standard.

Published on Web 09/06/2008

10.1021/ja805421b CCC: $40.75  2008 American Chemical Society12888 9 J. AM. CHEM. SOC. 2008, 130, 12888–12889

http://pubs.acs.org/action/showImage?doi=10.1021/ja805421b&iName=master.img-000.png&w=193&h=135
http://pubs.acs.org/action/showImage?doi=10.1021/ja805421b&iName=master.img-001.jpg&w=197&h=234


The experiments shown in Figures 2 -4 establish unequivo-
cally that topopyrones A-D act as poisons of both topoisomerase

I and topoisomerase IIR, both of which are validated targets for
antitumor therapy. The results obtained in comparison with the
clinically used agents camptothecin (a specific topoisomerase I
poison2b) and VP-16 (a specific topoisomerase IIR-poison5a) suggest
that the actions of topopyrones A-D may be more potent at the
locus of topoisomerase IIR-DNA interaction.

The topopyrones thus represent a rare example of molecules
capable of interacting effectively with more than one DNA
topoisomerase.20 The exploration of modified topopyrones opti-
mized for interaction at both loci offers an interesting opportunity
to enhance the antitumor activity of these interesting dual DNA
topoisomerase poisons.
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Figure 3. Effect of topopyrones A-D on human topoisomerase IIR-
mediated DNA cleavage and religation of a 34-bp DNA substrate radio-
labeled at the 5′-end of the upper strand shown.

Figure 4. Effect of topopyrones A-D on human topoisomerase IIR-
mediated DNA cleavage and religation of a 34-bp DNA substrate radio-
labeled at the 5′-end of the lower strand shown. Lane M contained a 5′-32P
end labeled 16-mer oligonucleotide standard.
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