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The aim of this work was to compare the kinetics of platinum binding to “naked” DNA and 
DNA remaining in a nucleoprotein complex. The incubation of chromatin and DNA from calf 
thymus was carried out with cw-DDP at different concentrations and incubation times. The 
coefficient rt/ixmolPt/nmolDNA/ of platinum binding to DNA was determined and the kinetics of 
c/s-DDP binding to particular preparations was found and compared. The presence of 
chromosomal proteins decreases the extent of DNA platination. Hence it can be suggested that 
this drug induces the process of chromatin aggregation and condensation which in turn reduce the 
release of the total pool of DNA.

Introduction

C l \  /N H 3

G s-diam m inedichloroplatinum /II// Pt is a
C V  x N H 3

well known anticancer drug introduced to clinical re ­
search in 1972. Biological effects of this com pound 
on the cell indicate its direct action with the genetic 
m aterial. The D N A  molecule is preferentially  attack­
ed by this com pound and nitrogen bases are the main 
p latination  sites [1—3].

A m ong pla tinated  derivatives m ono- and bifunc­
tional reaction  products w ere stated  to be present 
[4—7], The possible form ation of bifunctional com ­
pounds in case of the interaction of c/s-DDP with 
D N A  leads to  intra- and in terstrand  crosslinks 
[8—11]. S tructural and physicochemical changes of 
D N A  form ed following platination  [12—18] modify 
the functional properties of D N A . It is well known 
that D N A  in the eukaryotic cells occurs as a highly 
organized nucleoprotein com plex and that this form 
of D N A  is effected by cis-DD P.

C ontrary  to num erous experim ents concerning the 
influence of d s-D D P  on D N A  and its com ponents, 
the data on the interaction with chrom atin are very 
lim ited. Some observations point out that the gross 
structural m odifications of D N A  brought about by its 
reaction with platinum  com pounds are the same for 
“n aked” D N A  and for its nucleoprotein complex
[19]. A lthough it was confirm ed that platinum  can 
bind with D N A , nonhistone [20] and histone [21, 22]
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proteins, the role of proteins in this process has not 
been fully elucidated yet. It is not clear w hether the 
chrom osom al proteins are only a target or protection  
connected with their structural function. Prelim inary 
com parative investigations of the platination of 
“n aked” D N A  and the D N A  in a nucleoprotein com ­
plex may provide, though only to  som e ex ten t, gen­
eral data for the estim ation of the protein  participa­
tion in this process.

Materials and Methods

Calf thym us obta ined  from  slaughter house in 
Lodz directly after killing was used for experim ents. 
Cell nuclei w ere isolated according to  the m ethod of 
Alffrey and M irsky [23] and chrom atin by Spelsberg 
and H nilica’s m ethod [24]. D N A  preparations were 
isolated by mild phenol m ethod according to G ieor- 
giew and Struczkow [25].

The purity o f D N A  and chrom atin preparations 
was determ ined
— spectrophotom etrically  by m easuring spectra in 

the range of 230—300 nm
— chemically by calculating D N A  conten t by B ur­

to n ’s m ethod [26], p ro tein  by Low ry’s et al. 
m ethod [27] and R N A  by S chneider’s m ethod [28]. 
C hrom atin and D N A  prepara tions of the concen­

tration  1.5 mg/ml w ere incubated  with chosen cis- 
D D P concentrations /0.05 m M ,  0.25 m M ,  0.5 m M /  for 
0.5, 1, 2, 18 and 24 h. A fter incubation all the p rep a­
rations were dialyzed to  rem ove the excess of cis- 
D D P. In o rder to  release D N A  from  chrom atin p re­
viously incubated with m -D D P , NaCl was added 
until the concentration  1 m , SDS up to  1% concen-
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tra tion , proteinase K until 100 ng/ml and then  2 h 
incubation at 37 °C was carried ou t. N ext the depro- 
teinization was done according to  Sevag. 5 mM cis- 
D D P  solution in 5 mM N aC 10 4 pH  6.4 was p reincu­
bated  for 72 h at 37 °C. Platinum  concentra tion  was 
m easured by the stannous chloride m ethod d e te r­
mining absorption at 405 nm [29].

R esults and Discussion

The data on the cu -D D P  interaction with ch rom a­
tin are very lim ited. A lthough the occurrence of the 
D N A -protein  and protein-protein  crosslinks has al­
ready been confirm ed, the role of chrom osom al p ro ­
teins in the platination  process of D N A  rem aining in 
the nucleoprotein com plex still needs clarification.

In an attem pt to approach the elucidation of this 
problem  we com pared the rb values estim ated for cis- 
D D P  trea ted  “naked” D N A  and chrom atin  as well as 
D N A  released from  the second one. The results ob ­
tained at different cz's-DDP concentrations are shown 
as dependence of rb values and incubation tim e.

V0 values calculated for platination process of 
chrom atin clearly po in ted  out tha t this reaction d e­
pends only on chrom atin properties. Both “n ak ed ” 
and “released” D N A  reacted with d s -D D P  at sim ilar 
rates. This reaction was effected no t only by D N A  
properties but c/s-D D P concentration  as well, and 
the acceleration of platination process could be o b ­
served. The data on the p latination of “naked” D N A  
indicate that the increase of the incubation tim e 
(0 .5—24 h) and d s-D D P  concentration  (0.05 — 
0.5 m M )  enhances this process. N one of the p res­
en ted  kinetics reaches the saturation  po in t under the 
conditions used in this experim ent. Taking into 
account the lowest cis-D D P concentration  (0.05 mM) 
and the shortest (0.5 h) incubation tim e as well as the 
highest concentration  (0.5 mM) and 24 h incubation 
a 10-fold increase of the rb value can be observed. In 
case of “naked” D N A  the effect of changing d s-D D P  
concentration is notew orthy at the shortest (0.5 h) 
incubation tim e. The change of cis-D D P concen tra­
tion from  0.05 to 0.5 mM causes a 4-fold m ore in ten ­
sive p latination. The results obtained for the chrom a­
tin w ere very different both qualitatively and quan ­
titatively. A fter 18 h all the curves tend to  reach 
plateau.

W hen we com pared the results o f m easurem ents 
perform ed under extrem e experim ental conditions 
only a 3-fold increase of the rb value was noted.

The results obtained for D N A  released from 
chrom atin trea ted  with m -D D P  seem to be quite 
different. For the two lower doses (0.05 and
0.25 m M )  the curves are sim ilar to the ones for 
chrom atin i.e. the extrem e rb values are alike and the

Fig. 1. Kinetics of the reaction between a's-DDP and 
a) “naked” DNA, b) chromatin, c) “released” D NA , as a 
function of rä-D D P  concentration (0.05 m M  • — • — • ,  
0.25 mM O — O — O, 0.5 mM A — ▲— A).
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curves tend to  reach saturation  point. The highest rb 
was observed at the concentration 0.25 mM and 24 h 
incubation. The highest rb at the 0.5 m M  d s-D D P  
was sta ted  after 2  h incubation and the longer incu­
bation the lower the coefficient. Com paring the rb 
values for D N A  released from  chrom atin and 
“naked” D N A  som e specific changes were found. 
The rb values for the “released” D N A  at all d s-D D P  
concentrations and short incubation tim e constitute 
half of the rb values determ ined for “naked” D N A . 
F u rthe r increase of incubation tim e and d s-D D P  
concentration  decreases the ratio  of above m en­
tioned rb values to  one third. T herefore the presence 
of proteins seem s to decrease D N A  platination 2 —3- 
fold depending on the condition of experim ent.

The results ob ta ined  for the “naked” D N A  and 
chrom atin indicate that are no drastic changes of rb at 
low d s-D D P  concentrations and short incubation 
tim es. The rb values determ ined for chrom atin and 
“n aked” D N A  at higher dose of drug and longer 
incubation tim es w ere 2.5-fold lower for chrom atin 
than  for “n aked” D N A .

It can be sta ted  that D N A  is the prim ary target for 
d s-D D P  action, especially at short incubation times 
at which no essential conform ational changes of 
nucleoprotein  com plex are observed. Such results 
can neither confirm  nor exclude the process of p ro ­
tein p la tination . H ow ever, the differences in the rb 
values determ ined  for chrom atin and “released” 
D N A  indicate som e pro tein  p latination as the effect 
of d s-D D P  in teraction  w ith nucleoprotein complex. 
The decrease of rb for the  “released” D N A  at 0.5 mM 
d s-D D P  and 18 and 24 h incubation can suggest that 
under the influence of this com pound the processes 
of wide condensation  of chrom atin superhelical 
structure and aggregation take place thus restraining 
the release of the whole pool of D N A . This is con­
firm ed by the decreased efficiency of “released” 
D N A  from  chrom atin  incubated with d s-D D P .

On the basis of the ob ta ined  results it can be con­
cluded tha t chrom osom al proteins are not only the 
com petitive target for d s-D D P  action; but their 
structural function in the occurrence of biologically 
active form  of D N A  plays an essential role.
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