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After the discovery of the cytostatic properties
[1] of cis-diamminedichloroplatinum(ll) and its
subsequent successful use as an anti-tumor drug [2],
a large number of investigations on structure—activity
relations and on the mechanism of action have
evolved [3]. The main target of the drug is now
generally accepted to be the chromosomal DNA in
the cell, and a specific binding to this DNA is sup-
posed to be a crucial step in cell death [4].

Early investigations have shown that the kinetical-
ly most favoured binding site is the N7 atom of the
guanine bases, although other sites (such as N7 of
adenine, N1 of adenine and of guanine after deproto-
nation, N3 of cytidine) also bind to metal ions and
in particular to platinum [5, 6].

Since cis-PtCl,(NHj), possesses two binding sites
after complete hydrolysis [7], there has to be a
second binding in addition to guanine N7. The
following possibilities have been put forward in the
literature:

(a) The formation of a specific chelate with one
guanine base {8] through N7 and 06.

(b) The formation of an interstrand crosslink
between two bases in opposite strands of DNA [9].

(c) The formation of an intrastrand crosslink
between two bases in the same strand of DNA {10].

(d) The formation of a crosslink between DNA
and a protein residue [11].

As has been summarized elsewhere [12], most
results point towards intrastrand crosslinks as the
most likely target responsible for the antineoplastic
activity, although a key rdle for the other possibilities
cannot be completely ruled out. Because several
single-stranded oligonucleotides are commercially
available or can be synthesized rather easily, we are
working on the synthesis and characterization of
adducts formed between cis-Pt(NH;),%* and oligo-
nucleotides. The results of this work are compared
with those obtained from mutation studies in bacteri-
al cells (specific hotspots for cisPt-induced base-pair
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substitutions) [13], and with those from enzymati-
cally hydrolysed cis-Pt treated salmon sperm DNA
[14].

From a series of GG- and GCG-containing di-,
tri-, tetra-, hexa- and octanucleotides the following
two specific intrastrand crosslinks have been unequiv-
ocally found so far:

Mutation studies have indicated that apart from GCG
sequences, GAG sequences may also occur [13]. This
has not yet been investigated in oligonucleotides.
The occurrence of GG-Pt chelates has also been
recently found by other groups [15, 16].
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The conformation of an adduct d(ATGG)—cisPt
resulting from the interaction of the antitumor
cisPt(NH;),Cl, with a short DNA fragment dApTp-
GpG has been investigated by 'H NMR at 500 MHz
and at various temperatures. The chemical shift and
coupling constant measurements confirm the CD and
UV results that divalent platinum binds covalently
to the N-7 atoms of the two adjacent guanines in
the same strand as in the case of diguanosine mono-
phosphates [1, 2]. Analysis of the coupling constants
between the deoxyribose protons (Fig. 1) shows that
the sugar ring of the internal dG adopts the N con-
formation (Cy'-endo) (91% N) while the external dG
and the other residues adopt the S conformation
(C, -endo) (70-80% S). In the case of unplatinated
oligomer, the S conformation is largely predominant
(>70%) for all residues of d(ATGG).

The relaxation time and nuclear Overhauser mea-
surements indicate that the orientation of the two
guanines is anti, in agreement with the previous
results obtained for the dimers r(GpG)—cisPt,
d(GpG)—cisPt [1, 2]. Surprisingly, on decreasing
temperature from 80 to 25 °C, the H,', resonance
of the internal dG (Fig. 1) and the Hy resonance
of the internal dT (not shown) shift and broaden
substantially and finally disappear at t <40 °C.
These results suggest that d(ATGG)—cisPt tends to
associate with neighbouring molecules and the
conformation of this adduct changes with temper-
ature. It seems likely that at low temperature the
base protons (H-6 and CHj;) of dT are situated
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Fig. 1. 500 MHz 'H NMR spectra of the Hy’ protons of
d(ATGG)~—cisPt in aqueous solution at various temperatures.
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‘inside’ the adenine ring whereas the sugar protons
of dT are very close to the guanine ring of the inter-
nal dG.
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The enzyme-catalyzed reactions of transferring
simple and substituted phosphoryl groups, such as
nucleotidyl groups, are among the most fundamental
biochemical processes. Enzymes which utilize one of
the nucleotides as a cofactor or substrate usually
require a specific complex of the nucleotide with
metal ion for activity. The metal ions are involved
in a number of mono-, bi- and tri-dentate coordination
geometries and some of the forms may be preferred
by specific enzymes over the others as substrates.
X-ray studies of several metal-polyphosphate



