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COVALENT BINDING OF NITRACRINE (LEDAKRIN, C-283)
TO NUCLEIC ACIDS AND PROTEINS

In the presence of sulfhydryl compounds an anticancer drug nitra-
crine (NAC), 1-nitro-9-(3, 3 N, N-dimethylaminopropylamino) acridine
binds irreversibly to DNA and RNA. The stability of the drug complex
with DNA and RNA under various conditions were characterized. The fol-
lowing facts indicate the drug in the purified complexes is covalently
bound to nucleic acids: i) E‘cﬂ NAC in the complex is precipitated
with trichloacetic acid (TCA) with similar efficiency as DNA or RNA;
ii) the complex is not dissociated by 7 M urea, sodium dodecyl sulfa-
te (SDS) or high ionic strength; 1ii) neither thermal nor alkaline
denaturation considerably affect the efficiency of precipitation of
[*4C] NAC-DNA with.TCA. In the presence of DTT ['4c] NAC binds ir-
reversibly to both albumin and histone at. the level about tenfold lo-
wer than that found for DNA.

INTRODUCTION

The anticancer drug nitracrine (Ledakrin, C-283), NAC, 1l-ni-
tro-9-(3, 3-N, N-dimethylaminopropylamino) acridine undergoes me-
tabolic activation in the cell leading to covalent binding to DNA
and probably to RNA and proteins [1, 4, 8]. In the presence of
sulfhydryl compounds the drug forms with DNA and RNA irreversible
complexes [2, 5]. There is a correlation between the thiol-depen-
dent binding of several nitracrine analogues to DNA and their
biological effects [5, 6, 10]. The aim of these experiments is to
characterize the stability of NAC bound to macromolecules.
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MATERTALS

Albumin, fraction V according to Cohn and Hyamine 2389 (Serva,
Heidelberg, GFR), calf thymus histon H 1 kindly donated by Dr. Zo-
fia Milewska from our Institute, wheat germ high molecular weight
RNA (Calbiochem, USA), GF/C filters (Whatman, England), Sephadex
G-50 and G-100 (Pharmacia, Sweden) and calf thymus DNA (Worthin-
gton, USA) were used. 9-[14C] NAC (specific activity 3-6 . 103
cpm/nmole) was previously described [2].

METHODS

Estimation of stoichiometry of complexes of NAC with nucleic
acids and proteins. If not stated otherwise the complexes were
formed by incubation of nucleic acids or proteins with NAC in the
presence of 2 mM dithiothreitol (DTT) for 1 h, purified by ex-
traction with isobutanol and their stoichiometry estimated as de-
scribed before [2, 11] except that DNA and RNA concentrations we-
re 400 pg/ml and histone (H 1) concentration 2 mg/ml. KCl ©or
NaCl and NAC concentrations are indicated in the description of
experiments. Complexes of albumin were formed as described above
(albumin concentration was 2 mg/ml) but purified by filtration
through a Sephadex G-50 column (1.5 x 26 cm) preciously equili-
brated with 0.05 M phosphate buffer. Protein concentration was
estimated according to Lowry [7].

Assay of stability of complexes of NAC with nucleic acids.
Except for sodium dodecyl sulfate (SDS) (see below) the stabili-
ty of complexes of NAC with nucleic acids under different condi~
tions was estimated as follows: 0.2 ml aliquots of the purified
complex of NAC with DNA or RNA (250-400 ug/ml) were made up to
1 ml by the addition of the corresponding component (20 mM Tris/
/HCl, pH 7.5, HCl, NaOH, urea) and incubated as specified, then
the samples assayed at low or high pH were neutralized. The sam-
ples were precipitated with 5 ml of 10% TCA at 0°c for 3 h, the
precipitates were collected on GF/C filtres, washed 5-6 times
with cold 5% TCA then once with ethanol. The filters were placed
in counting vials, then 0.5 ml of Hyamine, 10% was added to
each vial. The samples were incubated for 24 h at 5o°c, then
0.5 ml of methanol and 4 ml of toluene scintillator - Triton
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X-100 (2 : 1) mixture were added and counted as before [11]. Each
experiment was done in triplicate, and the results are expressed
as percentage of the controls, i.e. the untreated samples precipi-
tated with TCA as above.

Efficiency of TCA precipitation of[14c] NAC irreversibly bound
to nucleic acids was estimated following precipitation of 0.2 ml
aliquots of the purified complexes with 10% TCA at 0° for 3 h,
washing with 5% TCA and ethanol, solubilization with Hyamine and
counting as described above. The controls were the samples di-
rectly spotted and dried onto GF/C filters prewashed with 5% TCA
and ethanol. The filters were placed in counting vials and su-~
bjected to Hyamine treatment and counted (see above). The effi-
ciency of TCA precipitation of DNA was estimated by phosphorus
determination [3] of the yield of DNA retained on GF/C filters
following TCA precipitation.

Stability of [l‘c] NAC-DNA in the presence of SDS was assayed
by incubation of 170-210 ug of the complex in 3 ml with SDS (2.5%)
and NaCl (0.25 M) at 37°% for 3 h followed by filtration through
Sephadex G-100 column (1.5 x 26 cm) equilibrated with 0.05 M
phosphate buffer, pH 7.4. Absorbance at 260 nm and the radio-
activity in the eluate was measured. The amount of radioactivity
in the main peak corresponding to the high-molecular weight ma-
terial was expressed as a percentage of the total radiocactivity
recovered from the column.

Assay of stability of complexes of NAC with proteins. The ef-
ficiency of TCA precipitation of NAC-albumin complex was followed
by protein determination [7] and radioactivity measurements under
the conditions described for the nucleic acids complexes.

RESULTS AND DISCUSSION

Thiol-dependent binding of NAC to nucleic acids. Incubation of
NAC with DNA in the presence of sulfhydryl compounds leads to
tight irreversible binding of the drug. General properties of the
reaction may be summarized as follows. The yield of the adduct(s)
formed in the presence of DTT is considerably higher than that
with the other thiols tested: merceptoethanol [5, 9] or cysteine
(unpublished observation). As shown on Fig. 1 the binding of NAC
depends on DTT concentration, the optimum being observed at
2-5 mM. Dependences of the reaction on time and on ionic strength
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[pDT] mM
[NaCt] mM (x1072)

Fig. 1. Effect of salt and DTT concentration on NAC binding to DNA

Complexes were formed by incubation of DNA (400 ug/ml) with [“‘c NAC (0.1 mM
in the presence of increasing concentration of NaCl (®) or (@)

Rys. 1. Wplyw stezenia soli i DTT (ditiotreitolu) na wigzanie NAC z DNA

Kompleksy uzyskano podczas inkubacji DNA (400 ug/ml) z [_MC NAC (0,1 mM) w o-
becnosci wzrastajgcego stezenia NaCl (®) lub @)

are shown on Figs. 1-2. The adduct formation with native and de-
natured calf thymus DNA and RNA does not differ more than by a
factor of two [2].

Stability of NAC complexes with DNA and RNA. The following
facts indicate that substantial amount of the drug in the puri-
fied complex is actually covalently bound to nucleic acids (Tab.
1): i) over 80% of the radiocactivity is insoluble in TCA and this
amount is close to the efficiency of DNA (90,7%) and RNA (87.3%)
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Table 1

Stability of NAC-DNA and NAC-RNA complexes

Stabilnosé komplekséw NAC-DNA i NAC-RNA
Conditions of treatment 7 of Egﬁtrol 7 of Eﬂﬁtrol

TCA, 10%, 3 h, 0°%C 87.4 + 4.9 (7)2 83.5+ 2.7 (2)*
TCA, 10%, 3 h, 0°C 90.7 + 5.5 (4)° 87.3 ¢ 8.1 (3°
DS, 2.5%, 3 h, 37°%C 95.5 + 4.9 (3)° -
SDS, 2.5%, 3 h, 37°C, then 0°C 83.5 + 4.0  (2)% -
urea, 7 M, 1 h, 20° 85.2 + 3.3 (5) 76.0 + 6.1 (4)
pH 7.5, 70 h, 37°% 81.4 + 1.6 (2) .| 75.3% 0.9 (2)
pH 7.5, 10 min, 100°C 89.0 + 3.0 (2) 65.9 + 0.6 (2)
pH 7.5, 1 h, 100°C : 57.8 + 9.7 (2) 50.3 ¢+ 1.5 (2)
NaOH, 0.01 M, 1 h, 20°%C 98,2 + 2.9 (3) 96.6 + 0.7 (2)
NaOH, 0.05 M, 1 h, 20° 95.7 + 1.1 (3) 93,9+ 0.3 (2)
NaOH, 0.5 M, 18 h, 30°% - 32.6 + 1.3 (4)
pH 1.7, 1 h, 100% 22.4 + 6.1 (3) 37.2+ 5.8 (5)

&b Efficiency of precipitation of NAC-DNA and NAC-RNA complexes with TCA
estimated by radioactivity measurements (a) and phosphorus determination (b).

€ NAC-DNA complex following treatment with SDS was analyzed on Sephadex G-
=100 column.

4 NAC-DNA treated as (c) but in the presence of 1 M NaCl instead of 0.25 M
NaCl then cooled to 0°C, The material co-precipitated with SDS contained over,
80% of DNA and indicated amount of radioactivity.

N ot e: In all the experiments except these denoted with superscripts a-d
the samples of NAC-DNA (or NAC-RNA) were treated as indicated then precipita-
ted with TCA and counted. The results are expressed as percentage of the cor-
responding controls, i.e. the untreated NAC-DNA or NAC-RNA complex. Averages of
two or more experiments are given (as indicated in the parantheses) + range
or standard deviations values.

ating in a boiling water bath for 10 min.; see Tab. 1). Rather sur-
prisingly [140] NAC-RNA is resistant in the highly alkaline me-
dium. As much as 33% of the-radioactivity remains acid insoluble
under the conditions which are used to hydrolyze RNA (incubation
with 0.5 M NaOH for 18 h). Similar amount of the drug is obser-
ved at the origin of the paper strip when the alkaline hydrolysa-
te of NAC-RNA is subjected to chromatography in ethanol/ammonium
acetate (7 : 3) while the rest of radicactivity migrates with nu-
cleotides in two peaks. The yield of phosphorus RNA precipitated
with TCA following incubation with 0.5 M NaCl is however similar

’
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