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The production o f platinated derivatives o f  nucleic acid bases resulting from the reaction 
of cis and trans DDP with D N A  and chromatin was studied.

Bifunctional complex o f guanine appeared to be the major product o f the interaction o f  
cis isomer with both DN A and chromatin, although other bifunctional adducts o f  A-Pt-G  
and A-Pt-A were also isolated. The main product o f  the interaction o f trans D D P  with D N A  was 
a monofunctional adduct o f guanine. Small amounts o f the bifunctional com plexes were also 
isolated. When ssDNA was incubated with trans D D P more bifunctional com plexes appeared, 
what suggests that geometric constrains o f double helix prevent formation o f these complexes. 
Trans isomer reacts more easily with chromosomal proteins than cis D D P does. Therefore 
after the reaction o f trans D D P with chromatin less platination occurs on D N A  m oieties.

Introduction

After the discovery of antitum or properties of 
cis diaminedichloroplatinum (cis DDP) several 
investigations have tried to elucidate its mechanism 
of action [1 , 2 ].

From most of the studies it appeared that DNA is 
the essential target for the action of the drug [1 ]. 
Though trans diaminedichloroplatinum ( trans 
DDP) also interacts with DNA it is biologically 
inactive [1, 2], It is of particular interest then to 
compare the interaction of both Pt isomers with 
DNA.

In the previous paper we described the system 
which allowed to separate different platinated 
complexes of nucleic acid bases [3]. The purpose of 
this work is to compare the effects of both the 
Pt isomers on the production of the adducts result­
ing from the interaction of the drugs with DNA and 
chromatin.

Materials and Methods

DNA was isolated from calf thymus by the 
method of Zamenhof [4]. The RNA content esti­
mated by the orcynol method [5] as well as the
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protein content estimated by the method of Lowry 
et al. [6 ] were lower than 1%. DNA was dissolved in 
0.05 m  NaC104, pH 6.4 at a concentration of 1 m g/ 
ml. Nuclei were isolated from calf thymus by the 
hypotonic shock procedure [7] and further purified 
by centrifugation through 0.25 M sucrose followed 
by a 0.5% Triton X-100 wosh. Chromatin was 
isolated according to the procedure of Spelsberg 
and Hnilica [8 ]. Isolated chromatin preparations 
(1 mgDNA/ml) were rehydrated in 0.05 m  NaC104 — 
0.1 m M  PMSF, pH 6.4. cis DDP was purchased 
from Sigma Chemical Company and trans DDP 
(NSC 132558) was a product of National Cancer 
Institute. Both the Pt-isomers were dissolved in
0.05 m  NaC104, pH 6.4 and allowed to hydrolyze 
for 72 h a t 37 °C.

Interaction of the Pt compounds with DNA or 
chromatin was allowed to proceed at 37 °C for 24 h 
at PtA/-nucleotide ratios (/-j) of 0 .05-0.3. After that 
time the possible unreacted Pt was dialyzed back. 
To get rid of the chromosomal proteins the chro­
matin samples were digested by proteinaze K 
(0.1 mg/ml) and removed by Zam enhof procedure
[4], The ethanol precipitated DNA was dissolved in 
10 m M  Tris-HCl, pH 8.1 digested by RN-aze (0.1 m g/ 
ml) and extracted by Zamenhof procedure [4], The 
content of RNA in DNA samples obtained in this 
way, was lower than 1%, and protein impurities 
were not higher than 3%. DNA was precipitated 
with 96% ethanol and hydrolized with 0.5 m  HC1 for
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30' at 100 °C. Control samples were treated in the 
same way except the addition of Pt compounds.

To isolate cytosine derivative, pyrimidine nucleo­
tides were hydrolized for 2 h with 5 m HC104 at 
100 °C then neutralized with NaOH. The Dowex 
5 0 W x 2  200-400 mesh (Fluka) columns were 
applied to separate the bases and derivatives. The 
bases were located on a column ( 2 0  x 1 cm) and 
eluted by the gradient of 0 .75-3  m HC1 at a flow 
rate of 0.5 ml/min. Five ml fractions were collected. 
After evaporation and mineralization of samples, 
platinum concentrations were measured by the 
stannous chloride method, determining absorption 
at 405 nm [9]. The exact amounts of Pt and bases 
were calculated from standard curves and Pt/base 
ratios (/-b) were counted. The estimation of amino 
acids was done with ninhydrine reagent, determ in­
ing absorption at 570 nm.

Single stranded DNA (ssDNA) was obtained by 
heating DNA samples in 0.05 m NaC104 at 100°C 
for 15 min followed by quick cooling in an ice bath.

Results

In the previous paper the method which enables 
to isolate and characterize the different products of 
nucleic acid bases platination was presented [3]. 
This method was employed here for the separation 
of the products resulting from the reaction of cis- 
and fra/75-DDP on DNA (“naked” DNA) and DNA 
complexed with chromosomal proteins (chromatin). 
To test the resolution ability of the Dowex column 
all the platinated adducts described in the previous 
paper [3], as well as their standards were applied to 
the column. Results of the experiment are shown in 
j Fig. 1. Good resolution of all the products was 
(obtained although some overlapping of the peak 
containing A-Pt-G complex with peak of A /N 7/ 
PtA/N7 was observed.

Isolation o f  the products resulting from the reaction 
of Pt compounds with DNA

A) Reaction of cis DDP with DNA

Control DNA hydrolized with HC1 was eluted 
from the Dowex column in three separate peaks 
(Fig. 2). Basing on UV spectra and position of 
elution they were identified as follows I-pyrimidine 
nucleotides, II-guanine, III-adenine.

Fig. 1. Dowex 50 W chromatography of the products re­
sulting from the reaction of cis DDP with equimolar 
/̂-guanosine, t/-adenosine and c/-cytidine. Additional mixed 

complex of A-Pt-G was loaded on the column (for details 
see the previous paper [3]).
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Fig. 2. Dowex 50 W chromatography of control DNA.

After DNA was incubated with different con­
centrations of cis DDP a variety of new peaks 
associated with Pt presence appeared (Fig. 3). 
At low /-j value (/-j = 0.05) one distinctive and one 
small peak appeared (Fig. 3 A). They co-chromatog- 
raphed with previously described G-Pt-G and 
G-Pt-A complexes [3].

Both the calculated /'b values and UV spectra 
proved them to be these complexes. At r{ value 0.1 
two additional peaks appeared (Fig. 3B). The posi­
tions of elution, UV spectra and calculated /-b values 
pointed out that both possible bifunctional complexes 
of adenine were eluted in these peaks. However, 
there was higher amount of the chelate via both 
N7 atoms. In high rx value (/-j = 0.3) apart from the 
above characterized adducts, monofunctional ad­
duct of guanine was separated. The appearance of 
the platinated bases was associated with simul­
taneous disappearance of unmodified bases mainly 
guanine. At /', 0.05 about 25% of guanine disap-
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Fig. 3. Dowex 50 W chromatography o f the products 
resulting from the reaction o f D N A  with cis D D P at 
indicated Pt/nucleotide ratios (/-j).
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Fig. 4. Dowex 50 W rechromatography o f  pyrimidine 
nucleotides (eluted in peak I, Fig. 3), after the reaction o f  
DNA with cis DDP at r, =  0.3.

Fig. 5. Dowex 50 W chromatography o f the products re­
sulting from the reaction o f D N A  with trans D D P  at 
Pt/nucleotide ratio ^ =  0.1.

peared from the standard peak and at ^ =  0.3 the 
peak disappeared almost completely. At rx = 0.3 the 
peak of unmodified adenine also significantly 
decreased. The platinated derivative of cytosine was 
isolated only after incubation of cis DDP with DNA 
at high value (/-j =  0.3). The samples of pyrim ­
idine nucleotides (peak I in Fig. 2) were evaporated 
and hydrolized with 5 m  HC104. After neutraliza­
tion the samples were rechromatographed on the 
Dowex column.

Thymine and cytosine were detected during the 
rechromatography of pyrimidines from control 
DNA. When DNA had reacted with cis DDP a 
small additional peak eluted after cytosine standard j 
appeared (Fig. 4). The position of elution, UV 
spectra and /-b value proved it to be the m ono­
functional complex of cytosine and Pt.

B) Reaction of trans DDP with DNA

Comparative studies were performed after the 
reaction of trans DDP with DNA at rt =  0.1.

A different picture emerged from Fig. 5.
Bifunctional complex of Pt and guanines -  the 

main product of the reaction with cis isomer, was 
represented in only minute quantities. Three other 
peaks associated with Pt presence represented 
monofunctional adduct of guanine (the main prod­
uct) mixed bifunctional complex of adenine-guanine 
(probably at the presence of N7 adenine N7 adenine 
complex) and N 7—N1 bifunctional adduct of ade­
nines.

However, when ssDNA was incubated with trans 
DDP all the possible bifunctional complexes ap-
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Fig. 6 . Dowex 50 W chromatography of the products re­
sulting from the reaction of ssDNA with trans DDP at 
Pt/nucleotide ratio /•; j = 0.1.

Fig. 7. Dowex 50 W chromatography of the products re­
sulting from the reaction of chromatin with cis DDP at 
Pt/nucleotide ratio rt =0.1.

Fig. 8 . Dowex 50 W chromatography of the products re­
sulting from the reaction of chromatin with trans DDP at 
Pt/nucleotide ratio ; r, = 0.1.

peared at the same quantities (Fig. 6 ), what sug­
gests that geometric constrains of double helix 
prevent formation of some bifunctional complexes. 
No platinated cytosine was detected even after 
DNA incubation with trans DDP in rt value > 0 .1 .

Isolation o f the product resulting from the reaction 
o f Pt compounds with chromatin

In order to be as close as possible to conditions 
prevailing in the living cell the comparative studies 
were done with chromatin. Samples of chromatin 
were incubated for 24 h with cis- or trans DDP, 
then the possible unreacted drug was dialyzed back. 
To get rid of the protein the chromatin samples 
were digested by proteinase K and removed by 
Zamenhof procedure as described in Materials and 
Methods. DNA was ethanol precipitated and hy- 
drolized with 0.5 m HC1. Control samples were 
treated in the same way except the addition of the 
drug.

Reaction o f cis DDP with chromatin

When chromatographed on the Dowex column 
chromatin treated with cis DDP yielded similar 
picture to that of the platinated DNA.

However, smaller amounts of bifunctional com­
plexes of adenine were eluted and in the place 
where monofunctional complex of guanine was 
eluted a small peak appeared (Fig. 7). It is likely 
to represent the complex between guanine and 
amino acids arising from DNA-protein crosslinks.

Reaction of trans DDP with chromatin

After the trans isomer reacted with chromatin one 
major and three smaller peaks with Pt were detected 
(Fig. 8 ).

The major peak was eluted near the place of 
monofunctional adduct of Pt and guanine (Fig. 8 ). It 
also exhibits UV characteristic similar to that of the 
adduct. Yet the presence of amino acid detected in 
the peak suggests that it represents the complex of 
guanine, Pt and amino acid(s) arising from DNA- 
protein crosslinks. In the three other peaks G-Pt-G , 
A-Pt-G and A-Pt-A complexes were eluted but the 
amount of these complexes was lower when com­
pared with trans Pt treated DNA.

Discussion

Since the discovery of antitum or activity of 
cis DDP a great number of papers have been 
published in order to explain the mechanism of its 
activity [1, 2], It is believed that DNA is a primary 
target for Pt antitumor drug. Though that trans
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DDP also interacts with DNA it is biologically 
inactive [1, 2]. It is of particular interest then to 
compare the interaction of both Pt isomers with 
DNA.

In the previous paper we described the system 
which allowed to separate different platinated 
complexes of nucleic acid bases [3]. This system was 
applied here to isolate the adducts resulting from 
the interaction of both Pt isomers with DNA. As the 
presence of chromosomal proteins in cell nuclei may 
modify interaction of Pt complexes with DNA 
target we also used this method to separate the 
reaction product of Pt complexes with chromatin. 
From the studies presented above following con­
clusions may be drawn:

1. In low /-j values (/-j ^ 0 .1 )  cis DDP was bound 
mostly to guanine moieties and the major product 
of the reaction was the bifunctional complex of 
guanine. It was associated with lowering of the peak 
in which unmodified guanine was eluted (Fig. 3). It 
is in a good agreement with Housier et al. [10]. 
Basing on the data from Tb+ 3  fluorescence they 
proposed that 55-60% of the Pt binding occurs 
through intrastrand cross-linking of guanines [1 0 ].

There is a little chance for GpG sequences to occur 
in calf thymus DNA [11] and therefore the bifunc­
tional complexes must represent crosslinks between 
neighboring guanines as well as links between 
guanines separated by the third base. Crosslinks 
between the adjacent guanines have been suggested 
by Stone et al. [12, 13], on the basis of the ex­
periments on the interaction of cis DDP with poly 
(dG) and poly (dC). Recently detailed NM R studies 
of the chelate formed upon reaction of d(G pG ) 
have been completed [14-16]. From the same 
studies intrastrand crosslinks between two guanines 
separated by the third base appeared to be possible 
[14-16]. More definitive evidence for this type of 
binding modes comes from the experiments in 
which DNA was treated with cis D DP [17-19]. In 
the studies presented here the presence of bifunc­
tional complexes of adenine was detected, as well.

These kinds of adducts were proposed previously 
basing on CD and NMR studies [20]. In addition to 
chelation via both N7 atoms binding to N 1 was also 
observed for the small amount of the products
[21]- It is in an excellent agreement with our 
experiments (Fig. 3).

2. Monofunctional adduct of guanine was the 
main product of the interaction of trans DDP with 
DNA. Bifunctional complex of this base was re­
presented only in minute quantities. Two other 
bifunctional complexes of A-Pt-G and A(N7)-A(N7) 
were also present (Fig. 5). In the case of trans 
isomer where Cl atoms are 4.6 A apart, the form a­
tion of intrastrand crosslinks between the adjacent 
bases in double helical DNA is unlikely. The b i­
functional complexes should, therefore, represent 
interstrand crosslinks or intrastrand links between 
nonadjacent bases (the bases separated by the third 
base). The appearance of these links requires local 
denaturation of double helix. It was shown that 
trans isomer, alike cis DDP unwinds and shortens 
the DNA duplex [22, 23].

Shortening of DNA might be a result of intra­
strand crosslinks [22], Higher frequency of G-A and 
A-A bifunctional complexes observed in this study 
may be a result of greater unstability of A-T 
rich regions upon initial reaction of double stranded 
DNA with trans DDP [24]. When ssDNA reacted 
w'ith the drug more bifunctional complexes ap­
peared (Fig. 6 ) what pointed out that geometrical 
constrains prevent formation of the adducts.

3. It seems that trans isomer reacts more easily 
with chromosomal proteins than cis DDP does. 
Thus after the reaction of trans DDP with chromatin 
less platination occurs on DNA moieties.

Other studies also reported that DNA-protein 
and protein-protein crosslinks were evidenced in 
much higher proportion with the trans isomer 
[25, 26],

Summarizing, the differences reported in these 
studies concerning the occurrence of various platin­
ated derivatives of nucleic acid bases after the trans 
and cis DDP reacted with DNA and chromatin, 
may be very helpful in explanation of various 
biological activities of these compounds.
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