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Figure 1. A fork collision model for Camptothecin-
induced cytotoxicity. During the DNA replication,
the topoisomerase I will form a reversible DNA-to-
poisomerase I cleavable complex, the cleavable com-
plex and the noncleavable complex are at equili-
brium. Camptothecin perturbs this equilibrium by
trapping the cleavable complex and forming a to-
poisomerase I-camptothecin-DNA ternary complex
on DNA. In this model, the topoisomerase I-media-
ted transient break is made on the strand that 1s
complementary to the leading strand of DNA syn-
thesis. Topoisomerase | 1s also represented as an as-
ymmetric enzyme in which the major portein-DNA
contact 1s upstream of the site of cleavage. This po-
larity-dependent collision triggers cell death and cell
-cycle arrest at the G. phase. (Adapted from re-

ference 21)
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Figure 2. Chemical structure of Camptothetcin and some promising camptothecin derivatives. 9-amino-campto-

thecin, Topotecan and Camptothecin-11 (CPT-11) are at various stages of clinical development in Japan, Eu-

ropean and the United States. Among these, 9-amino-10,11-methylenedioxy-camptothecin is the most potent, fo-

llowed by 10,11-methylenedioxy-camptothecin. (Adapted from reference 11)
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Figure 3. DNA minor groove-binding drugs represent other topoisomerase I poisons. DNA minor groove-bi-

nding drugs represents a major class of compounds with broad spectrum antimicrobial and antitumor activities.

Their binding to the minor groove of DNA with A-+T specificity, which causes widening of the minor grooves

and prevents ligation of the two transiently disjoined ends. (Adapted from reference 23)
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xiﬁ + ATP .I’T

Figure 4. An ATP-dependent protein clamp model
tor the DNA topoisomerase II. In the absence of
ATP

open and a second DNA segment, the T-segment,

(left), the G-segment-bound protein clamp is

can enter the molecular trap. The binding of ATP
to the type Il enzyme closes the clamp, trapping the
T-segment 1if one 1s present (right). Topological
transformation of DNA 1s accomplished by trans-
porting the captured T-segment through the enzyme
-mediated DNA gate in the G-segment. (Adapted

from reference 27)
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ABSTRACT

DNA
ubtquitous nuclear enzymes that alter DNA to-
pology by breaking and rejoining DNA strands.
There are two classes of DNA topoisomerases;

Eukaryotic topoisomerases  are

DNA topoisomerase | introduces a transient si-
ngle-strand DNA break, while topoisomerase !l
introduces transient double-strand DNA breaks
for each catalytic reaction. Both are important
for solving topological problems arising during

DNA replication, transcription, recombinaion
and other cellular functions. Recently, scientists
have realized the importance of topoisomerases
as new therapeuic targets for antibacterial, anti-
fungal, antiparastitic, antiviral and anticancer
drugs. The present review focuses on anticancer
drugs targeting mammalian DNA topoisomera-
ses, which are named DNA topoisomerase poi-

son. Camptothecin and VM26 (teniposide) are
representative DNA topoisomerase poisons that
target DNA topoisomerase I and topoisomerase
11, respectively. These drugs alter the breakage-
reunion reactions of DNA topoisomerases by
trapping topoisomerase-DNA cleavable com-
plexes in both the purified system and cultured
cells. However, resistance to various DNA to-
poisomerase poisons has been documented 1n ca-
ncer cells with repect to MDRI1 overexpression,
reduced topoisomerase levels, drug-resistant mu-
tant topoisomerase, lengthened cell cycle time
and altered DNA repair function. A better un-
derstanding of the molecular targets for anti-
cancer drugs and the various drug-resistance
mechanisms may help us to discover and tailor
new drugs for particular drug-resistant tumors.

Key Words : DNA Topoisomerase poison, DNA Topoisomerase 1, DNA Topoisomerase 11.

153



Journal of Food and Drug Analysis. 1995, 3(3)

154



