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Introduction

Nucleic acids have an important function in
the life processes and their study has become
animportant research field of life sciences. A
variety of drugs can bind to DNA and
interfere in processes like transcription and
replication.

Different classes of anticancer drugs that
interact with DNA in different ways have
been developed. There are non-covalent
interactions by intercalation (e.g. the anthra-
cycline antibiotics!'!: doxorubicin, epirubi-
cin, daunomycin) or minor groove binders
(e.g. the aureolic acids®™*!: mithramycin,
chromomycin Aj, olivomycin). Other drugs
bind covalently to DNA, including mitomy-
cins, anthramycin and related antibiotics,
and some cause backbone cleavages, e.g.
bleomycin,>*! streptonigrin. Many of these
drugs show sequence selectivity, which make
them potential targets for DNA from
different sources. For example, the minor
groove binders preferentially bind to AT-
rich sequences whereas the intercalators
have been proposed to prefer GC-rich
sequences.["®!

The interaction of anticancer drugs with
DNA is generally highly specific but not
necessarily selective. DNA has many spe-
cific sites for these interactions, including
the polyanionic phosphate, sugar backbone
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and various hydrogen acceptors and donors
of bases from minor and major grooves. For
example, the exocyclic N2 atom of guanine
in the minor groove and the N7 atoms of
guanine and adenine in the major groove
are binding sites for alkylating agents. The
N3 atoms of both adenine and guanine in
the minor groove are also drug-binding
sites.!”!

Drugs can be classified into the categories:
intercalators, minor or major groove binders
and alkylating agents, depending on their
mode of the interaction with DNA. In some
cases drugs bind via more than one mode (e.g.
intercalating alkylators such as the pluramy-
cin antibiotics). The pluramycin antibiotics
(altromycin, hedamycin) are a group of the
DNA-reactive agents that represent a range
of 4H-anthra[1,2]--pyran-4,7,12-trione struc-
tures with attached carbohydrate and epoxide
moieties on the corners of their planar
anthrapyrantrione chromophores. Following
intercalation of the chromophore into DNA,
the epoxide side chain is located in the major
groove, allowing selective alkylation of N7
atom of guanine.'*!!]

Hedamycin was originally isolated from
fermentation broths of Streptomyces griseor-
uber. Interest in this compound arose from
its potent antibacterial action and also its
ability to inhibit the growth of HeLa cells in
culture and some transplanted rodent
tumours.[?! Early studies directed towards
elucidating the mechanism of action of
hedamycin, revealed that it binds to double-
stranded DNA, produces substantial increases
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Figure 1.
The chemical structure of hedamycin.

in DNA melting temperature and inhibits
DNA and RNA polymerases.[l3’l4]

Hedamycin (Figure 1) consists of an
anthrapyrantrione chromophores to which
are attached amino sugar rings at carbons 8 and
10 and a six carbon, bis(epoxide)-containing
side chain at carbon 2.

In this paper, we present the results of the
interaction of hedamycin with calf thymus
DNA, obtained by the UV-Vis absorption
spectroscopy. The results have been ratio-
nalised in terms of several literature meth-
ods: Wolfe,[lsl Benesi-Hildebrand,['®! Scott!”)
and Scatchard.!"®! We have determined the
binding constant (K) and the number of
binding sites per DNA segment (n).

Experimental Part

Calf thymus DNA was obtained from
Sigma-Aldrich, USA. Hedamycin supplied
by the National Cancer Institute (NCI),
National Institutes of Health (NTH), USA,
was generously donated by the Develop-
mental Therapeutics Program, Division of
Cancer Treatment and Diagnosis. The stock
solutions were prepared by dissolving the
reagents in doubly distilled water. The
concentrations of the stock solutions of
reagents were determined by the molar
absorption coefficients £260nm=0600M "'em™!
for DNAM and £48,m=10000M 'cm ™"
for hedamycin.!"!
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The absorption measurements were
performed on a Perkin-Elmer Lambda 25
UV-Vis spectrophotometer using a lcm
optical path length quartz cell, at room
temperature.

Results and Discussion

Figure 2a presents three absorption spectra
of hedamycin, which shows a major band
centred at 428 nm and a shoulder at 340 nm.

The influence of DNA on hedamycin is
presented in Figure 2b by a family of curves
obtained at the titration of hedamycin
solutions of concentrations in the range
10-°-10"°M with calf thymus DNA. It may
be observed that at small polymer to drug
ratios (£) the changes of the drug absorption
spectrum are similar to those observed at
increasing concentration of drug.
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Figure 2.

(a) The absorption spectra of hedamycin at concentra-
tions: (1) 11,89 -10 > M, (2) 8,95-10 > M, (3) 5,12+ 10 ° M.
(b) Absorption spectra of hedamycin - DNA system.
The polymer to drug ratios are: (1) 0; (2) 0,39; (3) 0,94;
(4) 1,44; (5) 2,22.
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Figure 3.
The plot of C—'F versus the binding ratio r for hedamycin
- DNA interaction.

On the basis of the equilibrium between
hedamycin, DNA and hedamycin - DNA
complex:

Hedamycin + DNA = complex

the absorbance is assumed to be the sum of
the absorbance of the free and bound
species, weighted by their respective con-
centrations:

A=fy-(CH—Cp)+fs-Cs

Ay = fr- Cp

where A is the absorbance of free drug, A -
the absorbance of drug measured at each
DNA concentration, C%, - the total drug
concentration, Cp - the bound drug con-
centration. On the assumption of the
absorption is due only to the free form of
drug (fg =0), the concentrations of free
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Figure 4.

Wolfe plot of hedamycin - DNA interaction.
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Figure 5.

Benesi-Hildebrand plot of hedamycin - DNA inter-
action.

and bound drug are given by:

A — A
Cp=0CY ——
B D AO

Cr=CY% —Cp

Thus, the experimental data (Figure 3)
may be fitted on the basis of Scatchard

Table 1.
Results of the hedamycin - DNA interaction.
Method Equations K, M~'
Cona — Cona 4 1 105 M!
Wolfe o =R +he 3,36-10° M
i-Hi | 1 L1 1 .10° M!
Benesi-Hildebrand A = KA Gom + @ 1,28-10° M
I 5 pp—1
Scott iDANA = ﬁ - Cona +ﬁ 1,36-10° M
Scatchard AA K AA £ C°.K-As 1,29-10° M~
FCona 1 D
&=m-r-K 1,07-10° M~

where &, & and &g are the apparent, free and bound drug absorption coefficients, I is path length, AA is the
change in absorbance at a given wavelength, CJ is the total concentration of drug, Cpya is the concentration of
calf thymus DNA and Ae is the molar absorptive difference.
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Figure 6.

Scott plot of hedamycin - DNA interaction.
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Figure 7.
Scatchard plot of hedamycin - DNA interaction.

equation:['8!

r
L -k
Cr (n—r)

corresponding to a single class of the
binding sites. In this relationship, Cr is
the free drug concentration, n - the number
of binding sites and r is the binding ratio:

Cp

r = .
Cpna

Therefore, the binding constant K=
1,07-10° M~! and the number of binding
sites n = ~0,4 were obtained.
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The binding constant may be also
evaluated by the methods proposed by
Wolfe,[ls] Benesi-Hildebrand,[m] Scott!!”]
and Scatchard."8! The equations utilized
and the results obtained are summarized in
Table 1. In the Figures 4-7 are presented
the used plots.
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