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Abstract

It was established that one half of the ledakrin (I-nitro-9-(3-dimethylamino-
propylamino)-acridine) bound to the DNA in the cells of the studied onion
root tips (Allium cepa L.), forms labile complexes with it, the remaining half
is covalently attached to only one strand of the DNA. One molecule of cova-
lently bound ledakrin falls on average to 10%-2X10% pairs of bases.
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INTRODUCTION

Ledakrin (l-nitro-9-(3-dimethylaminopropylamino)-acridine) is a com-
pound with anticancer properties (Gniazdowski et al. 1979, Ra-
dzikowski 1974). In spite of numerous experiments performed with
animals and plants, its mechanism of action still remains obscure. It is
known that its main mechanism of action in animal cells is a covalent
binding to DNA and formation of ,,cross-links” between two DNA chains.
The biologically active form of ledakrin able to form such bonds is its
metabolite produced by an enzymatic system which includs cytochrome
P-450 (Filipski et al. 1977, Konopa et al. 1976a, b, Krawczyk
1982, Pawlak and Konopa 1979).

In none of the earlier cytological studies was the mutagenic action
of this drug noted (Radzikowski et al. 1967, Radzikowski 1974,
Wajda 1978). Such an effect was detected when the influence of
ledakrin was tested in meristematic cells of onion (Allium cepa L.) root
tips during the course of mitosis. Chromosome aberrations appeared late
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in the postincubation period, attaining a maximum in the 2nd or 3rd24h
period, that is, about 70-90 h after administration of the drug (Antosie-
wicz, in preparation).

This study was undertaken to establish if and how ledakrin combines
with the DNA of apical meristem cells of onion adventitious roots.

MATERIAL AND METHODS

Roots of onion bulb (Allium cepa L.) were grown at room temperature
(19-22°C) in dark vessels (one bulb per one vessel) containing deionised
water and were constantly aerated. Water was changed every 24 h. When
the roots reached a langeth of 2.5-3.5 cm, the onions with their roots
were transferred for 24 h to a radioactive 0.1 ppm ledakrin solution in
deionised water. The ledakrin was labelled with 3H in the ring (synthesis-
ed at the Technical University of Gdansk) spec. act. 11.94 Ci-mol~L
After incubation, all of the apical meristems (2-3 mm) were cut off and
used for isolation of DNA. Two experimental series were run together
with controls.

DNA was isolated according to the modified method of Marmur
(1961). The apical meristems (8 g) frozen in liquid nitrogen were ground
with quartz sand, next 80 cm3 of a warm (50°-60°C) 0.15 M NaCl, 0.1 M
EDTA, 2.5% SDS, pH 8-8.5 solution were added and grinding was con-
tinued. After filtration through double cheese cloth, 5 M NaClO, was
added to a final concentration of 1 M. Deproteinization was achieved by
using an equal volume of a mixture of chloroform-isoamyl alcohol (v:v,
19:1). After centrifugation the water phase was collected, DNA pre-
cipitated with a double volume of cold 96% ethanol and wound onto
a glass rod. After drying, the DNA was dissolved in 0.1 SSC and the
solution concentration adjusted to 1XSSC. DNA was then repeatedly
deproteinized until protein did not appear at the interphase. The water
phase was then collected and the DNA was ethanol-precipitated and
wound onto a glass rod. After dissolving, the DNA was digested by
RNAse (500 rg-cm~3, bovine pancrease, Sigma) for 2 h at 37°C. Next
5 M NaCl was added to a 1 M concentration and digestion with pronase
(500 ug-cm~3, Calbiochem, 45.000 P.U.K./g) at 37°C was carried out for
2 h. Deproteinization was performed until the disappearance of proteins
at the interphase. The DNA was again precipitated with ethanol and
wound on a glass rod, dried, dissolved in 0.1XSSC and adjusted to
1XSSC. This DNA solution was used for further analyses.

DNA concentration was determined spectrophotometrically at 280 nm.
The absorption coefficient of a solution of 50 pg DNA-cm~3 was accepted
as 1.00 A. The degree of deproteinization of DNA was determined as the
absorption ratio at 260/280 nm.
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The amount of ledakrin incorporated into DNA and the type of its
binding were determined from measurements of the radioactivity of the
native DNA solution and of the supernatants obtained after centrifuga-
tion of the DNA precipitated after thermic and acidic (10 M HCIO,) de-
naturation. Ledakrin covalently bound to DNA remains in the sediment
after denaturation. Radioactivity was measured by liquid scintilation in
a Beckman LS-900 counter for 10 min. To each 100-mm? sample, 0.5 em3
soluene and 5 ecm? of a Bray’s scintillator (Bray 1960) was added. The
measurements were repeated three times.

In order to check whether ledakrin combines with one or two DNA
chains, denaturation and renaturation of DNA was investigated by
measuring extinction at 260 nm with constant warming of the solution
from 30°C to 90°C and then cooling to the starting temperature. The
whole process was run automatically. The rate of temperature rise was
1.8°C-min~! and of cooling 5°C-min—!. The temperature changes were
recorded using a Beckman TM Programmer. Extinction was measured
with an ACTA M VI spectrophotometer, the melting temperature curves
were recorded with a Hewlett Packard 7015 A x-y recorder.

RESULTS AND DISCUSSION

DNA isolated from the cells of onion root tips was of high purity.
This was indicated by the extinction ratio of 260/280 nm, amounting in
all cases to more than 1.7.

The estimation of radioactivity of the purified DNA solutions showed
that 3H-ledakrin was incorporated into DNA (Table 1). For the determi-
nation of the nature of this incorporation, the DNA was submitted to
acidic denaturation. This was done by precipitation of DNA from the
solution with 10 M HCIO, and consequent centrifugation. It appeared
that under these conditions an average of 50% of the radioactivity was
released into the supernatant (Table 1). This represents the quantity of
the ®H-ledakrin bound noncovalently with DNA. Similar results were
obtained after thermal denaturation. In comparison, the amount of
ledakrin forming labile complexes with rat DNA corresponds to about
60-70% of the activity of the DNA solution before its denaturation
(Krawczyk 1982). Thus, the presented results are close to those
obtained for animal cells.

The remaining 50% of radioactivity appears in the DNA sediment.
This suggests that this proportion of *H-ledakrin is covalently bound to
DNA. One molecule of ledakrin is covalently bound to a DNA fragment
consisting of, on the average, 10%-2X10% base pars. The amount of co-
valently bound ledakrin in mice and rats was, for example six molecules
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Table 1

Distribution of radioactivity in the solution of native DNA, in the supernatant and in the DNA
sediment obtained after acidic (10 M HCIO,) denaturation

! | DNA solution in 1xSSC | Supernatant | DNA sediment |

| No. of o | ok ME

| conccnfration)]  * radicactivity radioactivity | sy.jedakrin |
exper- 7

1' ient | s ‘ cpm- 100 | cpm- gt cpm - 100 | cpm - ug=?! amount,

i : #8.© CTit mm~* | DNA mm-* | DNA o :

‘ 1 o8 | 680 | 8500 ‘ 329 o487 52 :

11 | 0.9 | 362 4022

189 | 192 | 48

per 102 base pairs (Konopa et al. 1976b, Filipski et al. 1977). The
binding rate of ledakrin with DNA in onion cells is thus, somewhat lowe:
than in animal cells. Ledakrin also binds covalently to DNA in wvitro
after activation with thiol compounds. In experiments with calf thymus
cells, the value of 7 molecules per 10% base pairs was obtained (Slaska
et al. 1979).

Changes in the extinction of control DNA and ledakrin-treated DNA
tested during thermal denaturation and renaturation, are presented in
Figs. la and b. As it can be seen, the presence of covalently bound
ledakrin does not change the rate of renaturation. This indicates that
ledakrin is covalently bound with only one DNA strand.

°C
Fig. 1. Thermal denaturation and renaturation profiles of DNA from apical meri-
stems of onion roots; a — after administering ledakrin in 0.1 ppm concentration

for 24 h; b — control. Arrows indicate the direction of changes of the temperature
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Intercalation of acridines with DAN occurs spontaneously, whereas
formation of covalent bonds requires previous transformation of acridines
into derivatives capable of reacting with DNA. The metabolic transforma-
tion of the acridine derivative, ledakrin, into a compound capable of
forming covalent bonds with DNA has so far only been ascertained in
animal cells. The demonstration of the formation of such bonds with
DNA of meristematic onion root cells gives evidence that this compound
can be metabolized by plant cells also. The absence of DNA cross-links
in plant cells after ledakrin administration indicates a somewhat different
metabolic pathway than in animal cells. Metabolism of various chemical
compounds to active mutagens in plants has been noted earlier. Metabolic
activation of sodium azide has been described in barley embryos (Owais
et al. 1978) and of 1.2-dibromoethane in maize (Scott et al. 1978).
These experiments indicate that the metabolic pathway of 1.2-dibromo-
ethane in the microsomal system of mammals and plant extracts is
similar. Numerous insecticides and pesticides are also metabolised in
plants and the mode of this metabolism in animals and plants is frequently
similar (Menn and Still 1977).

Similarities in the molecular mechanism of action of ledakrin in
animal and plant cells has been demonstrated in the present paper.
Results showing the mutagenic activity of ledakrin in onion meristematic
cells will be published elsewhere (Antosiewicz, in preparation). Therefore,
further investigations with particular attention paid to the effect of
ledakrin after a long time following its administration seem to be very
promising.
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Wigzanie 1-nitro-9-(3-dwumetyloaminopropyloamino)-akrydyny z DNA
komérek merysteméw wierzcholkowych korzeni przybyszowych cebuli
(Allium cepa L.)

Streszczenie

W pracy badano wigzanie sie ledakrinu (1-nitro-9-(3-dwumetyloaminopropylo-
amino)-akrydyny) z DNA komérek merysteméw wierzchotkowych korzeni przyby-
szowych cebuli (Allium cepa L.). Po 24-godzinnej inkubacji z 3H-ledakrinem stwier-
dzono, ze polowa tego zwigzku polgczonego z DNA tworzy z nim labilne komplek-
sy, natomiast pozostale 509 lgczy sie kowalencyjnie z jedng z nici DNA. Jedna
czasteczka ledakrinu przypada na 104-2X104 par zasad.
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