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1. Introduction

Tallysomycin is an antitumor antibiotic that is
structurally related to bleomycin. The mechanism of
action of tallysomycin appears to be similar to that of
bleomycin. Bleomycin induces strand scission of puri-
fied isolated DNA [1-5]. Bleomycin has also been
shown to produce breakage of intracellular DNA[5,6].
Iron(Il) appears to be associated with the mechanism
of action of bleomycin. The following model for the
action of bleomycin has been proposed [1]. Bleomycin
can bind to DNA. Fe(II) can then attach to the bleo-
mycin to form a ternary complex. This complex, in
the presence of oxygen, can then produce a species
which degrades DNA. We have recently shown that

bleomycin and Fe(il) produces the hydroxyl radicai

[7]. Because of the high reactivity of "OH, it is hkely
that this radical is responsible for the toxicity

=N

bleomycin.

Tallysomycin, a third generation bleomycin analogue,

has been found to be more potent than bleomycin in
the Walker 256 carcinoma and the P-388 leukemia
tumor systems [8], as well as in a variety of bacteria
and fungi [9]. Antitumor activity has also been observed
for other tumor systems [9].

The mechanism of action of tallysomycin appears
to be similar to that of bleomycin in that it produces
strand breaks in purified isolated DNA and intracellular
DNA similar to bleomycin [5]. However, the increased
efficacy of tallysomycin to bleomycin couid not be cor-
related with the breakage of DNA in vitro [5]. It was
also observed that the concentration of ferrous ion
appeared not to be a factor in the greater breakage of
DNA observed for bleomycin over that of tallyso-
mycin.
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Using the technique of spin trapping we have
observed the production of hydroxy! radical by tally-
somycin and copper(I]).

2. Materials and methods

2.1. Reagents
Tallysomycin was a gift from Dr William T. Bradner
of Bristol Labs, East Syracuse, NY, lot no. 87F-11.

The fq”\/cnmvmn was dissolved in S0 mM potassium
phosphate buffer (pH 7.5) immediately before use.
The spin trap 5.5-dimethyl-1-pyrroline-1-oxide
(DMPO) was purchased from Aldrich Chem. Co.,
Milwaukee, WI. The colored impurity was removed
by filtration with decolorizing charcoal using ~10
parts water to 1 part DMPO [10]. The purified DMPO

solution was frozen until used. All other chemicals

were reagent grade.

2.2. Methods
All additions were made to 50 mM potassium
phosphate buffer (pH 7.5). All reaction mixtures con-

tained ~70 mM DMPO. Electron spin resonance (EPR)

measurements were carried out na-ng a Varian E-9

INCASUICINCHUS WCOIC

spectrometer with an aqueous sample cell at room
temperature using standard procedures.

3. Results

hMl)ﬂ 70 mM in nhosphate buffer. nrodu

1 phosphate buffer, produc
signal. When either 180 uM tallysomycin or 500 uM
copper(IT) chloride was added to the buffer in the
presence of 70 mM DMPO, no signal was observed.
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When 180 uM tallysomycin, 70 mM DMPO and
100 uM Fe(II) chloride was added to buffer no signal

'lﬂﬂﬂf)v'DA (A gim
appearcea. (A stimuar mixtur

in the hydroxyl spin adduct signal of DMPO [7].)
However, when 180 uM tallysomycin, 70 mM DMPO
and 180 uM Cu(IT) was added to buffer the signal
shown in fig.1 appedred Ay —AH =15.0G,
£=2.006). This 1:2:2:1 quartet 51gnal has been assigned
to the hydroxyl spin adduct of DMPO [11,12]. When

the f‘n{T]\ in the above experime was first chelated

1) in the above experiment was first chelate
with a 5 told excess of EDTA before addition to the
mixture, the signal was abolished. When superoxide
dismutase (80 units/ml) or catalase (1000 units/ml)
was included in the above mixture no change in sig-
nal was observed. Also bubbling the above solution
with oxygen for 10 min before the addition of Cu(Il)
{the last addition to the mixture) resulted in no signif-
icant change in signal intensity.

When a solution of 500 uM tallysomycin, 70 mM
DMPO and 16 mM Cu(Il) was prepared in phosphate
buffer a spectrum similar to that in fig.1 was obtained.
However, when this mixture was bubbled with oxygen
for 5 min before the addition of the Cu(II) the signal
of fig.2 resulted. This spectrum is the result of two
spin adducts of DMPO being present, one with spectral
parameter of Ay = Ap =15.0 G,g=2.006and another
w1th parameters ofAN =16.1 G, AH 24.0 G and

= 2.006. In addition, the resultmg solution had a
slight milky-white appearance with a visible precipi-
tate as opposed to the clear solution observed in the

ilar mixture with bleomvecin results
til DieOMYy<Cin réesuits

These results suggest that copper(Il) may have a
role in the mode of action of tallysomycin in contrast

S M/\vhnﬂ A
B L

Fig.1. ESR spectra of the hydroxyl spin adduct of DMPO pro-
duced by areaction mixture containing 180 uM tallysomycin,

70 mM DMPO. 180 uM copnert (ID chloride in 50 mM nhnc_
JU MM UMY, 10U M COpperii) ¢uond 4 ne

phate buffer (pH 7.5). (See text for spectral parameters.)
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Fig.2. ESR spectra of the spin adducts of DMPO produced by
a reaction mixture containing 500 uM tallysomycin, 70 mM
DMPO, and 16 mM copper(II) chloride in 50 mM phosphate
buffer. The solution was bubbled with oxygen for 5 min
before the final addition of Cu(II) was made. The spin adducts

observed appear ta be the result of tranpine hvdrovvl ra dical
OOSLIVEG applar 10 08 tne 1ésuit o1 uayyunb uyuluf\_yl raqaiCar

and a carbon-centered free radical. (See text for spectral
parameters.)

the

to the apparent 1 Ji

been shown [13] that there are apparently two metal
binding sites in the tallysomycin molecule and that
copper is chosen over iron to occupy the second site.
The last experiment described above suggests that
oxygen may also be involved in the mode of action.
The results of this experiment can be rationalized as
F\llnum Tl\e additional o

additional oxygen present apparently
increased the reactivity of tallysomycin such that it is
essentially self destructive by a radical process. The
large splitting constants observed in the additional sig-
nal present in fig.2 suggests a carbon-centered radical
as opposed to an oxygen-centered radical [14]. Thus,
we could have trapped radical fragments of the tally-
samycm generawd duuus its self destruction.

Since neither superoxide dismutase nor catalase
affected the signal intensity, it appears that neither
free superoxide nor hydrogen peroxide is involved in
the mechanism of action. Apparently, "OH can be pro-
duced by tallysomycin without these intermediates.

The results of this report suggest that, indeed, tally-

JRp, P acacg and that

bUlll_y blll llld_)’ lUllbLlUll v1a a Aa\.u\,al leb\aao daiiu uiiav

copper(1l) may have a role in its mode of action. Addi-
tional studies need to be done to elucidate further any
possible role of copper(1) so that therapies utilizing
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tallysomycin can be designed to reflect the possible
need for copper.
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