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Sequence Dependent Binding of 
cis-Dichlorodiammineplatinum(II) to DNA 

Sir: 

cM-Dichlorodiammineplatinum(II) (c/s-DDP) is an anti
cancer drug of clinical importance.' The site of cytotoxic action 
of ci'5-DDP is generally believed to be DNA.2 We previously 
reported that covalent binding of CM-DDP to DNA unwinds 
and shortens the double helix.3 Here we present evidence that 
the drug binds selectively to the (dG)„-(dC)„, n <4, sequence 
in DNA and discuss a possible recognition site for this inter
action. 

Closed and nicked circular pSMl DNAs and m-DDP were 

pSMl DNA 

Pst I Sites: 

D-B Junction 

B-A Junction 

C-D Junction 

A -C Junction 

TGATGCGC 
ACTACGCG 

TAATCAAT 
ATTAGTTA 

CAGAAAAC 
GTCTTTTG 

AACATGGC 
TTGTACCG 

TCCTGC 
AGGACG 

ATCTGC 
TAGACG 

TGCTGC 
ACGACG 

AACTGC 
TTGACG 

t 

AGGGGCTGTGTT 
TCCCCGACACAA 

AGTTTATGCTGG 
TCAAATACGACC 

AGATGACCGGAG 
TCTACTGGCCTC 

I 
AGTTCACTTACA 
TCAAGTGAATGT 

Figure 1. Map of bacterial plasmid pSMl DNA showing the origin of 
replication (ori) and cleavage pattern by the restriction endonuclease Pst 
I. Fragments A, B, C, and D are 1.80, 1.60, 1.19, and 1.09 kilobases in 
length, respectively. The sequence of bases at each of the four cutting sites 
is also shown. 

incubated at 37 0 C in 5 mM NaCl, 1 mM sodium phosphate 
buffer (pH 7.4), as described previously.3 The final concen
tration of cw-DDP was 0.023 mM and the formal ratio (77) of 
Pt to DNA phosphate was 0.075. At various times, samples 
were removed from the reaction mixture, brought to 0.2 M in 
NaCl, and frozen to stop the reaction,3 and spin dialyzed4 for 
subsequent analysis by restriction endonuclease cleavage, gel 
electrophoresis, and atomic absorption (AA) spectroscopy. The 
spin dialysis step removes unbound platinum and excess salt 
to facilitate restriction endonuclease cleavage and the deter
mination of the mole ratio of platinum bound per DNA 
phosphate (r) by carbon arc AA spectroscopy. 

The restriction endonuclease Pst I (New England Biolabs) 
cleaves the circular pSM 1 DNAs at four sequence specific loci 
to produce four fragments designated A-D in order of de
creasing size (Figure 1). The fragments are separable by 
agarose gel electrophoresis (Figure 2, control channels C). 
Cleavage of DNA that had been incubated with CM-DDP 
produces partially fragmented pieces that are readily identified 
on the gels because of their greater length. These partials in
clude the four "dimers" BA, AC, DB, and CD and the four 
"trimers" DBA, BAC, ACD, and CDB (Figure 1), all of which 
eventually appear over the time course of the experiment 
(Figure 2). Since C M - D D P unwinds the double helix, it is not 
surprising that the Pst I enzyme would be unable to cut the 
platinated DNA. It is significant, however, that fragments B 
and D are the first to disappear over the incubation time course, 
concomitant with the appearance of the DB dimer on the gels 
(Figure 2). This result indicates that, at low levels of platination 
(t = 20 min, r = 0.004), the restriction endonuclease Pst I can 
cleave the DNA at three of the four normal cutting sites but 
not at the D-B junction.5 At comparable binding levels, 
fA-a/w-dichlorodiammineplatinum(Il) did not produce this 
effect. 

Since all four cutting sites have the same six-base-pair se-
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Figure 2. Hlectrophorcsis in 1% agarose gels of a mixture of closed and 
nicked circular pSMI DNAs incubated with n'.v-DDP for various lime 
intervals and treated with Pst I restriction cndonuclease. Channels 2-24 
correspond to incubation times of 0 (C, control) and 30 s, 1.5, 5, 10, 20, 
and 40 min, 1.3, 2, 3, 5, 7, 9, 12, 16, 20, 24, 30, 36, 48, 72, 96, and 0 (C) 
h. The amount of platinum bound per nucleotide for channels 3-23 was 
determined by AA to rise from 3.63 X 10 - 3 after 20 min to 0.070 near the 
end of the incubation period. Labels refer to fragments identified in Figure 
1; the symbols H-Pt and HI-Pt refer to nicked circular and linear DNAs, 
respectively, produced following long time incubation with ra-DDP (see 
rcf 15). Channel I contains A DNA cut with Hind III as an internal 
standard for sizing the pSMI DNA fragments. Further experimental 
details and results will be reported elsewhere. 

quence, the selective inhibition by m - D D P of cleavage at the 
D-B junction must involve base pairs adjacent to the restriction 
sequence. Figure 1 displays the sequences6 of pSMI DNA 
surrounding the four Pst I restriction sites. Examination of the 
region around the D-B junction reveals the occurrence of a 
unique (dG)4(dC)4 cluster to which we ascribe the selectivity 
of cleavage inhibition.7 The other three cutting sites are not 
adjacent to an oligo(dG)«(dC) sequence. Studies of the reaction 
of ciJ-DDP with DNAs of varying (G + C)/ (A + T) ratios 
have shown that the extent of binding increases with the (G + 
C) content; moreover, binding to poly(dG)-poly(dC) is sub
stantially greater than to poly(dG-dC).8 A study of cis-DDP 
with various nucleotides showed the rate of reaction with 5'-
GMP to be the most rapid.9 A previous investigation of the 
effect of cw-DDP on the Bam Hl restriction enzyme digest 
of X DNA was interpreted as evidence for binding to adjacent 
guanine bases, although this was not a unique interpretation.10 

The present results are the first demonstration of selective 
binding of cis-DDP to a specific sequence in a naturally oc
curring DNA. It is also noteworthy that the effect occurs with 
as little as four bound platinum atoms per thousand nucleo
tides. 

An examination of a CPK space filling model of (dC)4(dG)4 
reveals that m - D D P can bind two adjacent guanine bases at 
N-7, or two adjacent cytosine bases at N-3, if base pairing is 
disrupted. The models indicate that such binding could produce 
a twofold shortening of the DNA measured along the original 
helix axis, as found by electron microscopy.3,11 Numerous 
X-ray diffraction studies of guanine or cytosine containing 
DNA fragments coordinated to ro-DDP support the likelihood 
of N-7 (G) or N-3 (C) coordination.2-12 It is interesting that 
the two guanine N-7 atoms of the d(pGpG) unit cannot bind 
the inactive /ran.v-diammineplatinum(II) moiety as revealed 
by studying CPK models of the dinucleotide and the platinum 
complex. The difficulty of coordinating a /ra«.y-diammine-
platinum(II) complex to adjacent guanine bases on a DNA 

strand was noted previously.815 Thus, of the various candidates 
for the CW-DDP recognition site on DNA, 2 1 3 intrastrand 
cross-linking of nearest neighbor guanine10-14 or cytosine bases 
by the drug is strongly supported by the present results. 
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Mechanism of Oxidative Cleavage of 
a-Hydroxyalkylchromium Complexes 

Sir: 

One key intermediate in the Fischer-Tropsch process may 
be a metal-bound a-hydroxyalkyl group.1-2 Transition metal 
complexes containing this group 3 5 are relatively rare and often 
quite unstable, and thus their chemistry has not been exten
sively explored. Hydroxymethyl complexes of cobalt(III) 
macrocycles,3-4 for example, undergo unimolecular decom
position in aqueous solution by an internal two-electron process 
(eq 1) preventing an examination of their chemical reac
tions. 

[Co11HN4ChCl)CH2OH]"+ + H 2O 
— [Co l(N4chel)]w-1 + HCHO + H 3 O + (1) 

The closely related chromium(IIl) analogues6-7 such as 
(H2O)5CrCH2OH2 + and other ( H 2 O ) 5 C r C R R ^ H 2 + cations 
are stable to decomposition in this manner.8 We have found 
that these complexes, prepared by the published methods,6 are 
very powerful but selective reducing agents. They react with 
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