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Table

Evidence for Synergistic Effects in the Dephosphorylation of

ATP (10 -3 M) at pH 5.5 by Mixed Metal Ion Systems (1=0.1,

NaClO4; 50°C). The Effect of the Second Metal Ion on

M2+ /ATP 1:1 Systems is Expressed by Rate Enhancement

Factors (=REF)°'. All Initial Rates are Given as vo x 108 n4 s 1
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SYNERGISM IN THE METAL ION
PROMOTED HYDROLYSIS
OF ADENOSINE 5'-TRIPHOSPHATE
The enzyme-catalyzed transfers of phosphoryl or
nucleotidyl groups depend on the presence of di-
valent metal ions, and the various stages of infor-
mation transfer in genetic processes, DNA replica-
tion, RNA synthesis, and protein synthesis all re-
quire metal ions [1]. Hence, it is not surprising
that the metal ion promoted dephosphorylation of
nucleoside 5'-triphosphates, especially of adenosi-
ne 5'-triphosphate (ATP4- ), has long been recog-
nized [2]. The simplest of these processes is the
transfer of a phosphoryl group to water, and so-
me insight into the mechanism of this reaction
with ATP has been gained [3,4].
Many enzyme-nucleotide systems involve two (or
more) metal ions [1]. Therefore, we are attemp-
ting to elucidate the influence of different metal
ion mixtures on the dephosphorylation rate of
ATP [5]. So far, the initial rates of dephosphory-
lation (i.e., v o =d[PO4 ]/dt) of ATP (10 -3 M) in
the mixed metal ion systems Cue+/ATP/Mg 2+,
Nit. or Zn 2+ with the ratio 1:1:5 have been measu-
red at pH 5.5 and compared with the binary
ATP/M 2+ 1:6 systems (see Table).
The remarkable result is that addition of Mgt+ to
a Cue+/ATP 1:1 system accelerates the dephos-
phorylation rate significantly more than the same
amounts of Mgt+ accelerate the reaction in a
Mgt+/ATP 1:1 system. The same synergism, based
also on the Cue ./ATP 1:1 system is observed with
Nit', but not with Zn 2+. We attribute this observa-
tion, based on previous results [4], to the forma-
tion of a pre-reactive complex in the Cu 2VATP
1:1 system, i.e. of a [Cu(ATP)11- dimer which in-
volves purine-stacking and a Cue+/N-7 interaction;
the inherent reactivity in this dimer may be trigge-
red by the addition of Mgt* or Nit+. Furthermore,
we suggest that in the Zn 2+/ATP 1:1 system a cor-

Effect
of

system vo for
REF a)

1:1 1:1:5 1:1 1:1:5

Mg t ` Mg/ATP 0.096
Mg/ATP/Mg 0.13 1.4

Cu/ATP 2.5
Cu/ATP/Mg 9.7 4

Ni 2' Ni/ATP 0.075
Ni/ATP/Ni 0.18 2.4

Cu/ATP 2.5
Cu/ATP /Ni 9.5 4

Zn 2' Zn/ATP 0.15
Zn/ATP/Zn 0.92 6

Cu/ATP 2.5
Cu/ATP /Zn 14 6

a) REF = v o of a 1:1:5 system divided by v o of the correspond-
ing 1:1 system; e.g., 0.13/0.096=1.4 or 9.7/2.5=4. The
rate data are summarized from several of our studies [3-7].

responding pre-reactive state is formed and that
therefore no synergism with Cue+ is observed.
In accord with this interpretation are the results
of preliminary experiments which suggest that
there is also a very pronounced synergism in
Zn 2+/ATP/Mg 2+ systems at pH 7.5. This is inte-
resting because, e.g., DNA and RNA polymerase
[1] contain tightly bound Zn 2+ and use nucleoside
5'-triphosphates as substrates, but for activity the
enzymes require in addition Mgt+.
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BIOLOGICAL TISSUE DISTRIBUTION
OF Ru(NH 3) 5-BLEOMYCIN

The reaction of Ru(NH 3 ) 5 H 2 0 2+ with the chemo-
therapeutic agent bleomycin at pH 7.2 gives a
Ru-modified derivative. The modified bleomycin
has been purified and characterized (by 'H NMR
and differential pulse electrochemistry) as
Ru(NH 3 ) 5 3 *-(pyrimidine)-BLM.
A model compound, Ru(NH 3 ) 5 His 3+, was found
to be effective in the scission of DNA strands, in
vitro, when combined with a reducing agent. The
activity of Ru(NH 3 ) S BLM in DNA strand scission
will be presented and discussed. The distribution
of the radioactive drug 106 Ru(NH 3 ) 5 BLM in nor-
mal and tumor-bearing mice has been studied.
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PLATINUM COMPLEXES OF EDDA
AND ITS ETHYL ESTER:
SYNTHESES AND ANTITUMOR
PROPERTIES

Structure-activity relationship for antitumor pro-
perties of platinum complexes is still not clear, al-
though cis-[PtA2 X 2 ] compounds seem to be active
when A ligands are inert and X ligands can be ea-
sily replaced in biological media. The nature of A
is of great importance for the antitumor activity
of the complex, with little changes in its structure
leading sometimes to main changes in activity.
Therefore we are testing complexes of this type
with new structures in order to obtain cis-DDP
analogs with higher therapeutic indexes.
We have shown recently activity against Ehrlich
ascites tumor for some platinum complexes with
aminopolycarboxylic ligands [1]. However,
[Pt(EDDA-H 2 )C12 ] was showed to be inactive in a
previous study by SPEER et al. [2]. One interesting
problem in structure-activity relationship is that
related to the effect of the charge of the complex,
active compounds being normally neutral comple-
xes. So esterification of carboxylic groups in li-
gands must lead to an increase in the activity of
the complexes. However, the results of previous
studies with similar ligands [3,4] by other authors
are contradictory and new data must be obtained
for solving the problem. In this sense, we report
in this paper the results of a new test of this com-
pound and of its analog with the ethyl
ester of the ligand.
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