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EXPERIMENTAL SECTION

The reaction mixtures initially consisted of 2
 carrier DNA (1 µg), 3 µL of nucleosomal DNA

(146 base pairs in length) labeled at the 5' ends
with radioactive phosphorous, and 65 µL of a
suspension of calcium phosphate precipitate. The
calcium phosphate precipitate was prepared by
mixing solutions of calcium chloride and potas-
sium phosphate, in a Tris-chloride buffer of pH
8.0, to final concentrations of 26 mm phosphate
and 16 mm calcium. The DNA was allowed to
adsorb to the calcium phosphate precipitate for 1
hour; control experiments show that this is suffi-
cient time for all DNA to be bound. To the mix-
ture was then added the cutting reagent: either 0.2
units of DNase I, or 20 µL of 25 mm ferrous am-
monium sulfate, 50 mm EDTA. To the iron-con-
taining mixtures was then added 10 µL of 0.3%
H2 02 to initiate the reaction. The reaction mix-
tures were incubated at 37°C for the appropriate
times, quenched by addition of excess EDTA and
thiourea (a hydroxyl radical scavenger), ethanol
precipitated, dissolved in formamide-dye mixture,
denatured, and electrophoresed.
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SOLVENT-INFLUENCE
ON THE INTRAMOLECULAR EQUILIBRIA
OCCURRING IN COMPLEXES
OF ADENOSINE 5'-TRIPHOSPHATE

Metal ion complexes of nucleotides are substrates
for many enzymic reactions. In fact, nucleotides,
especially adenosine 5'-triphosphate (ATP4- ), are
quite versatile ligands [1-3]. Part of this versatility
is connected with the occurrence of intramolecular
equilibria in their binary and ternary complexes.
To learn how the position of these equilibria is
influenced by the polarity of the solvent, we
have studied the effect of dioxane on the stability
and structure of the complexes formed in the
Cue+/1,10-phenanthroline (Phen)/ATP system.
Such knowledge is important, because enzymic
reactions usually take place in active-site cavities
of proteins, and there is evidence [4] that the
polarity in these cavities is decreased compared
with the polarity of aqueous solutions.
The following results and conclusions are based
on potentiometric pH titrations carried out in
water and in 30% or 50% (v/v) dioxane-water
mixtures (I= 0.1, NaC1O 4 ; 25°C) [5]. For the eva-
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luation of many of the data it was necessary to
study not only Cuz+/Phen/ATP, but to include
also the Cuz+/Phen/uridine 5'-triphosphate
(UTP4- ) system [5]. We are considering in the fol-
lowing the position of three intramolecular equili-
bria occurring with ATP complexes; all are affec-
ted by dioxane:

1) Location of the Proton in Cu(H•ATP) -

The proton in Cu(H•ATP) - may be at N-I of the
adenine moiety or at the terminal y-phosphate
group; i.e. there is an equilibrium between iso-
meric complexes. In aqueous solution the isomer
with the proton at N-1 is dominating, while in wa-
ter-dioxane mixtures the complexes with the pro-
ton at the -y-phosphate are favored. This indica-
tes, as one might expect, that with decreasing sol-
vent polarity the formation of non-charged sites is
promoted.

2) Extent of Macrochelate-Formation
in Cu(ATP) 2-

Equilibrium (1) involves for Cu(ATP)z - an isomer
with phosphate-coordination only, and a macro-
chelate, Cu(ATP)J, in which N-7 is also coordina-

phosphate -ribose- base

M2+ KI
phosphate-r

=	 I
M2.	 b
_	 o=	 s

bãse -e
(1)

ted to Cuz+. The formation degree of this macro-
chelated isomer is influenced by dioxane as indi-
cated:

% (v/v) Dioxane: 0 30 50
% Cu(ATP)? ¡: 68±4 45±6 24±9
(the error limits correspond to an uncertainty
of ±0.05 in the log K values; see [5])

The concentration of the macrochelated isomer
decreases evidently with increasing amounts of
dioxane in the solvent mixture. This is probably
the result of an increasing hydrophobic solvation
of the adenine moiety of ATP 4- by the ethylene
groups of dioxane, rendering the metal ion coor-
dination to N-7 more difficult.

3) Intramolecular Stack-Formation in
Cu(Phen)(A TP) 2 -

The formation of an intramolecular, i.e. metal
ion-bridged, stack between the aromatic rings of
1,10-phenanthroline and the adenine residue of
ATP4- is indicated in equilibrium (2):

The formation of the stacked isomer,
Cu(Phen)(ATP)s,, is affected by dioxane, but by
far not as much as the binary adduct formed bet-
ween Phen and ATP 4- . A change from water to
50% (v/v) dioxane-water decreases the stability of
the binary (Phen)(ATP) 4- adduct by a factor of
< 1/10, while the metal ion-bridged ternary ad-
duct is disfavored only by a factor of about 1/2
(see figure).

The observation that dioxane influences the for-
mation of intramolecular stacks differently than
simple unbridged stacks is interesting and should
be viewed in a wider frame: In the figure the for-
mation degree of the intramolecular stack accor-
ding to equilibrium (2) is plotted in dependence
on the percentage of dioxane (added to an
aqueous solution) for Cu(Phen)(ATP)z - , as well as
for M(Phen)(2-phenylacetate)+ and M(Phen)(3-
-phenylpropionate)+, where M = Cuz+ or Znz+. It is
evident that dioxane (or ethanol) [6] is even able
to promote intramolecular stack formation in ter-
nary Cuz± or Znz+ complexes; this contrasts with
any experience regarding binary stacking adducts
[5-7]. The reason for this observation must be
connected with the presence of the metal ion; it
appears that under certain structural conditions
(the distance in the ligand between the coordina-
ting atom and the stacking moiety is obviously
important; see [5,6,8]) the stacked isomer is stabi-
lized by the organic solvent molecules.
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Formation degree of the intramolecular aromatic-ring stack

(eq. (2)) in Cu(Phen)(ATP)2 and several other ternary com-

plexes containing Cut+ (full lines) or Zn2+ (dotted lines) in

dependence on the percentage of dioxane added to the aqueous

reagent mixture. The data are taken from refs. [5] and [6]

(1= 0.1; 25°C). Abbreviations: L, ligand; M, metal ion;

Pac, 2-phenylacetate; Phen, 1,10-phenanthroline; Ppr,

3-phenylpropionate
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REACTION OF [cis-Pt(NH 3) 2C1

 RIBOSE DINUCLEOSIDE
MONOPHOSPHATES.
HPLC INVESTIGATION ON THE TIME
DEPENDENT FORMATION
OF THE REACTION PRODUCTS

The coordination of the aquated antitumor drug
[cis-Pt(NH 3 ) 2 C1 2 ] to the chromosomal DNA in
the cell is generally accepted to be its primary way
of action. Early investigations have shown that
the preferred binding site is the N7 atom or occa-
sionally the Ni atom of the purine bases and the
N3 atom of the pyrimidine bases.
Even the reaction of [cis-Pt(NH 3 ) 2 C1 2 ] (cis-DDP)
with short DNA fragments like ApA, ApG, GpA
and GpG results in a variety of products. The ti-
me dependent formation of these products has
been investigated by reversed phase liquid chro-
matography. 1:1 mmolar ratios of the dinucleoti-
des and cis-DDP have been reacted for several
hours at 37°C in dark vials. Every hour a certain
injection onto the column was chromatographed.
The HPLC measurements of the reaction system
ApA/cis-DDP show that two major products are
formed during a reaction time of 48 hours. In the
reaction system of GpA and cis-DDP we observe
the formation of an intermediate with highest
intensity after 13 hours. It was eluted after 30 mi-
nutes, whereas the major product peak is eluted
after 16 minutes. The formation of an intermedia-
te is also observed in the ApG/cis-DDP system. It
has its maximum absorbance after 8 hours and is
eluted after the main product peak. GpG forms
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