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Antitumor bifunctional dinuclear Pt"' complex BBR3535 forms
interduplex DNA cross-links under molecular crowding conditions
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Abstract When antitumor platinum drugs react with
DNA they form various types of intrastrand and interstrand
cross-links (CLs). One class of new antitumor platinum
compounds comprises bifunctional Pt" compounds based
on the dinuclear or trinuclear geometry of leaving ligands.
It has been shown that the DNA-binding modes of dinu-
clear or trinuclear bifunctional Pt"" agents are distinct from
those of mononuclear cisplatin, forming markedly more
intramolecular interstrand CLs. However, at least two types
of DNA interstrand cross-linking by bifunctional Pt"
complexes can be envisaged, depending on whether the
platinum complex coordinates to the bases in one DNA
molecule (intramolecular interstrand CLs) or in two dif-
ferent DNA duplexes (interduplex CLs). We hypothesized
that at least some antitumor bifunctional poly(di/tri)nuclear
complexes could fulfill the requirements placed on inter-
duplex DNA cross-linkers. To test this hypothesis we
studied the interduplex cross-linking capability of a
representative of antitumor polynuclear agents, namely,
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dinuclear Pt" complex [{rrans-PtCI(NH3),},-p-{trans-
(HoN(CH,)eNH(CH,),NH,(CH,)eNH,) 1**  (BBR3535).
The investigations were conducted under molecular
crowding conditions mimicking environmental conditions
in the cellular nucleus, namely, in medium containing
ethanol, which is a commonly used crowding agent. We
found with the aid of native agarose gel electrophoresis that
the DNA interduplex cross-linking efficiency of BBR3535
under molecular crowding conditions was remarkable: the
frequency of these CLs was 54%. In contrast, the inter-
duplex cross-linking efficiency of mononuclear cisplatin or
transplatin was markedly lower (approximately 40-fold or
18-fold, respectively). We suggest that the production of
interduplex CLs in addition to other DNA intramolecular
adducts may provide polynuclear Pt" compounds with a
wider spectrum of cytotoxicity.

Keywords Dinuclear platinum - Antitumor - DNA -
Interduplex cross-link - Molecular crowding

Abbreviations

BBR3535 [{trans-PtCI(NHj3), },-u-{trans-
(HoN(CH,)eNH5(CHa),NH,(CH2)gNH) } T

CL Cross-link

CT Calf thymus

FAAS Flameless atomic absorption spectroscopy

Introduction

Binding to DNA and the consequences for DNA confor-
mation, recognition, and downstream cellular effects is the
mechanistic paradigm by which cytotoxic platinum com-
plexes are believed to exert their antitumor activity [1, 2].
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Consequently, altered DNA reactivity has been used as a
strategy to search for new platinum antitumor compounds
with improved chemotherapeutic properties in comparison
with existing platinum drugs [3, 4]. One class of new
antitumor active platinum compounds which emerged from
this strategy comprises bifunctional Pt" compounds based
on the dinuclear or trinuclear geometry of leaving (reac-
tive) ligands [5]. In these compounds, the two leaving
groups are contained in the coordination spheres of the
terminal platinum atoms separated by various linkers of
different length. The extended distance between platinating
sites is one of the factors which may account for the altered
antitumor activity of dinuclear or trinuclear bifunctional
Pt"" complexes. As a consequence of this property, the
DNA-binding modes of dinuclear or trinuclear bifunctional
Pt"" agents are distinct from those of mononuclear cisplatin
(Fig. 1) and its clinically used analogues. Whereas cis-
platin and its bifunctional analogues produce predomi-
nantly cross-links (CLs) between bases in the neighboring
base pairs [6], dinuclear and trinuclear Pt" drugs produce
long-range CLs in which the sites of platination are sepa-
rated by several intervening base pairs [7-9]. The proper-
ties of DNA globally modified by polynuclear complexes
are also highlighted by markedly enhanced intraduplex
interstrand cross-linking. For instance, dinuclear P!
complexes [{trans-PtCI(NHj3), },-u-{trans-(H,N(CH;)¢NH,
(CH,),NH,(CH,)¢NH,) }]** (BBR3535; Fig. 1) and [{cis-
PtCI(NH;)5 }»(H,N(CH,)¢NH,]*" form 57% [10] and even
90% [11], respectively, of these lesions, whereas cisplatin
forms only 6% of intraduplex interstrand CLs [12].

In general, DNA interstrand cross-linking requires close
proximity of binding sites in the two cross-linked DNA
strands. This requirement may be easily fulfilled in the case
of formation of the intraduplex DNA interstrand CLs by
bifunctional Pt" complexes because binding via one leaving
group inevitably leaves the other close to other binding sites
in the same duplex. However, if the reactive sites of the
bifunctional cross-linking agents are connected by a longer
linker so that the leaving groups in these agents are suffi-
ciently distant and the linker forces those sites to point in
appropriate directions, or in other words if the stereochem-
istry of the reactive sites of the cross-linking agent proves
appropriate, such agents could also bind to adjacent duplexes
[13-15]. Thus, such bifunctional Pt compounds might also
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BBR3535

be effective interduplex cross-linkers in cases when two
fragments of double-helical DNA molecules are forced to lie
together, for instance, during recombination, at replication
forks or sites of topoisomerase action [14, 16], or more
generally in cellular environmental conditions [17, 18].

Hence, at least two types of DNA interstrand cross-
linking by bifunctional Pt" complexes can be envisaged,
depending on whether the platinum complex coordinates to
the bases in one DNA molecule (intraduplex interstrand
CLs) or in different DNA duplexes (interduplex interstrand
CLs) (Fig. 2). We hypothesize that at least some antitumor
bifunctional poly(di/tri)nuclear complexes fulfill the
requirements placed on interduplex DNA cross-linkers
considerably better than mononuclear cisplatin or its frans
isomer (transplatin; Fig. 1) [19]. For instance, platinating
sites in dinuclear BBR3535 are markedly more distant
(2.7 nm [10]) than those in mononuclear cisplatin (0.28 nm
[20]). Moreover, the trans geometry of leaving ligands in
BBR3535 may allow the spermine-like linker to direct the
reactive sites in opposite directions, which may facilitate
binding to adjacent duplexes, a feature not apparently
accessible by cisplatin.

Therefore, to answer the question whether antitumor
polynuclear Pt"" complexes are also efficient interduplex
cross-linkers, we studied the interduplex cross-linking
capability of a representative of antitumor polynuclear
agents, namely, dinuclear P! complex BBR3535 (Fig. 1).

intramolecular.
interstrand CLs

Pt-Pt
- % \

intermolecular
(interduplex) CLs

N

Fig. 2 Two possible types of DNA interstrand cross-linking by
bifunctional Pt™ complexes. In intramolecular interstrand cross-links
(CLs), the platinum complex coordinates the bases in one DNA
molecule. In interduplex interstrand CLs, the platinum complex
coordinates the bases in two different DNA duplexes. The intrastrand
CL is shown as well
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Since the entropic factor involved in bringing two DNA
molecules together is so large, the investigations reported in
this work were performed under molecular crowding con-
ditions [17, 21-24] mimicking environmental conditions in
the cellular nucleus. Determining this unique cross-linking
capability of polynuclear Pt" complexes represents a new
important aspect of their DNA-binding mode and may
contribute to the working mechanism of this distinct class of
antitumor metallodrugs.

Materials and methods
Chemicals

Cisplatin and transplatin were obtained from Sigma (Pra-
gue, Czech Republic) (the purity was 99.9% or better based
on elemental and inductively coupled plasma trace analy-
sis). BBR3535 was synthesized and characterized by pre-
viously published procedures [25]. Stock solutions of the
platinum compounds were prepared using Milli-Q steril-
ized water. These solutions were kept from light and
allowed to hydrolyze/equilibrate for 24 h at room temper-
ature with agitation. Calf thymus (CT) DNA [42% (G+C),
mean molecular mass approximately 20 MDa] was pre-
pared and characterized as described previously [26, 27].
The pUC19 [2,686 bp) and pSP73 (2,464 bp) plasmid
DNA were purchased from Promega or MBI Fermentas, or
were amplified in host Escherichia coli strain DH5a. Kle-
now fragment of DNA polymerase I and restriction endo-
nucleases EcoRI and Pvul were purchased from New
England Biolabs (Beverly, MA, USA). Agarose was from
FMC BioProducts (Rockland, ME, USA). Ethidium bro-
mide and NaCN were purchased from Boehringer (Mann-
heim, Germany). O’GeneRuler 1 kb DNA Ladder Plus was
from Fermentas International (Burlington, Canada).

Platination reactions

If not stated otherwise, plasmid pUC19 DNA linearized by
EcoRI or CT DNA was incubated with the platinum com-
plex in 0.2 M sodium acetate, pH 5.5 and 75% ethanol at
37 °C in the dark. After 48 h, the samples were precipitated
and resolved in the medium required for subsequent anal-
ysis by gel electrophoresis. An aliquot of these samples was
used to determine the value of r, (the number of molecules
of the platinum complex bound per nucleotide residue) by
flameless atomic absorption spectrometry (FAAS).

Transcription mapping of DNA adducts

Transcription of the (Ndel/Hpal) restriction fragment of
pSP73 DNA with T7 RNA polymerase and electrophoretic

analysis of the transcripts were performed as previously
described in detail [12]. The DNA concentration used in
this assay was 3.9 x 107> M (related to the monomeric
nucleotide content).

Interduplex DNA cross-linking

DNA interduplex cross-linking was examined using pUC19
DNA linearized by EcoRI (which cuts only once within this
plasmid) by electrophoresis through native 1% agarose gels
with 40 mM tris(hydroxymethyl)aminomethane/acetate,
1 mM EDTA, pH 7.4 running buffer. The gels were run at
20 °C in the dark, with voltages ranging between 30 and
60 V. The running time depended upon the voltage. The
resultant gels were stained with ethidium bromide in water
at a concentration of 0.3 ug mL~". Bands were visualized
by UV transillumination, photographed, and the electro-
phoretic band intensities were quantified with the aid of the
AIDA image analyzer program (Raytest, Germany). The
frequency of interduplex CLs (i.e., the number of interdu-
plex CLs per adduct multiplied by 100) was calculated as
follows: frequency of interduplex CLs = XL/5,372r,
(pUC19 plasmid contained 5,372 nucleotide residues). XL
is the number of interduplex CLs per molecule of the lin-
earized DNA duplex and was calculated assuming a Poisson
distribution of the interduplex CLs as XL = —In A, where
A is the fraction of molecules running as a band corre-
sponding to the non-cross-linked double-stranded DNA.

Other physical methods

Absorption spectra were measured with a Beckman 7400
DU spectrophotometer and quartz cells with a thermo-
electrically controlled cell holder and a path length of
1 cm. FAAS measurements were conducted with a Varian
AA240Z Zeeman atomic absorption spectrometer equipped
with a GTA 120 graphite tube atomizer. For FAAS anal-
ysis, DNA was precipitated with ethanol and dissolved in
0.1 M HCI. For FAAS analyses, DNA was precipitated and
dissolved in 0.1 M HCI. Differential pulse polarography
was performed with an EG&G Princeton Applied Research
Corporation model 384B polarographic analyzer.

Results

DNA platination in aqueous ethanol solutions

To assess whether BBR3535 or cisplatin is able to form
interduplex interstrand CLs in cellular especially nuclear
environmental conditions, DNA was platinated under

molecular crowding conditions in medium containing eth-
anol, which is a commonly used crowding agent [23, 24]
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similarly as, for instance, poly(ethylene glycol), different
types of Ficoll, and dextrans [21, 22]. Therefore, first we
examined DNA platination by BBR3535 or cisplatin in
aqueous ethanol solutions. Solutions of double-helical CT
DNA at a concentration of 0.032 mg mL ™" were incubated
with cisplatin, transplatin, or BBR3535 at different
r; (0.01-0.05) in 0.2 M sodium acetate plus 75% ethanol at
37 °C (r; is defined as the molar ratio of free platinum
complex to nucleotide phosphates at the onset of incuba-
tion with DNA). At various time intervals an aliquot of the
reaction mixture was withdrawn and assayed by differen-
tial pulse polarography for platinum complex not bound to
DNA. The amount of platinum complex bound to DNA (r,)
was calculated by subtracting the amount of free (unbound)
platinum complex from the total amount of platinum
complex present in the reaction. The amount of the free
cisplatin, transplatin, or BBR3535 (not bound to DNA)
decreased with time. In these binding reactions the time at
which the binding of cisplatin, transplatin, or BBR3535
reached 50% was 1.3 £0.2, 1.3 £0.1, or 1.2 £ 0.2 h,
respectively; 88% of cisplatin, 92% of transplatin, or 98%
BBR3535 was bound after 48 h. This result indicates that
all platinum compounds tested in this work are able to bind
natural double-helical DNA even in ethanol solution,
although the rate of binding under these conditions is sig-
nificantly slower than that in commonly used 0.01 M Na-
ClO4 (43 + 2 min in the case of cisplatin or transplatin
[28] and 2.8 £ 2 min in the case of BBR3535 [10]).
Hence, the binding experiments indicate that the modifi-
cation reactions in 75% ethanol resulted in the irreversible
coordination of cisplatin, transplatin, or BBR3535 to
polymeric double-helical DNA, which facilitates sample
analysis. It was also verified using transcription mapping
assay [12] that preferential DNA binding sites of all three
platinum complexes tested in this work were identical if
DNA was modified by these complexes in the absence or
presence of 75% ethanol (not shown).

Identification of interduplex covalently
cross-linked DNA

Considerable evidence suggests that the antitumor effi-
ciency of bifunctional platinum compounds, such as cis-
platin, results from the formation of both intrastrand and
interstrand CLs, but the existence and specific properties of
interduplex CLs have not so far been taken into account.
Therefore, cisplatin, transplatin, and BBR3535 were
investigated for their ability to form DNA interduplex CLs
under molecular crowding conditions mimicking environ-
mental conditions in the cellular nucleus. BBR3535, cis-
platin, or transplatin at various concentrations were
incubated in 75% ethanol for 48 h with 500 ng of the lin-
earized pUC19 DNA (2,686 bp) as described in detail
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“in Materials and methods.” The platinated samples were
precipitated, the pellets were dissolved in 40 mM
tris(hydroxymethyl)aminomethane/acetate, 1 mM EDTA,
pH 7.4 buffer, and samples were immediately analyzed for
platinum content by FAAS and for DNA interduplex CLs
by electrophoresis under nondenaturing conditions on aga-
rose gel. Upon electrophoresis, linearized pUC19 plasmid
containing no interduplex CLs migrates as a single, 2,686-
bp-long duplex, whereas the interduplex cross-linked spe-
cies containing two, three, and even more duplexes migrate
more slowly as a higher molecular mass species (Fig. 3a).
The bands corresponding to more slowly migrating frag-
ments containing CLs formed by mononuclear cisplatin or
transplatin between DNA strands belonging to different
duplexes were seen for ry, values of 1 x 107> and higher
(Fig. 3a, left and middle panels, respectively). In contrast,
the bands corresponding to more slowly migrating frag-
ments containing CLs were formed by dinuclear BBR3535
at a low ry, value of 1 x 10™* (Fig. 3a, right panel, lane 2).
Interestingly, the modification under identical experimental
conditions by BBR3535 at an r, value of 1 x 107 led to
such an extensive cross-linking that a major part of the
cross-linked molecules did not even enter the gel (Fig. 3a,
right panel, lane 4). Importantly, the supershifted bands
were eliminated after treatment of the cisplatin-, transpla-
tin-, or BBR3535-modified DNA at 45 °C overnight with
0.4 M NaCN, at pH 10-11, to remove the platinum [29, 30].
These results suggest that the species are interduplex CLs
that are tethered by Pt or (Pt—Pt)-DNA coordination bonds.
The intensity of the more slowly migrating bands
increased with the growing level of the modification
(Fig. 3b). The intensities of the individual bands in each
lane were measured to obtain estimates of the fraction of
noninterduplex cross-linked or interduplex cross-linked
species under each condition. To compare quantitatively
the efficiency of cisplatin, transplatin, and BBR3535 to
form interduplex CLs, the frequency of interduplex CLs
was calculated using the Poisson distribution from the
fraction of noninterduplex cross-linked double-helical
DNA in combination with the r, values and the fragment
size. The frequencies of DNA interduplex cross-linking of
cisplatin, transplatin, and BBR3535 calculated from four
independent experiments were almost independent of r
and were 1.3 £ 0.3, 3.0 & 0.3, and 54.1 £ 7.2%, respec-
tively. Hence, BBR3535 is markedly more effective
(approximately 40-fold or 18-fold) in forming interduplex
CLs in comparison with cisplatin or transplatin.
Interduplex CLs were observed in this work if cisplatin,
transplatin, or BBR3535 reacted with the pUC19 plasmid
linearized with restriction endonuclease EcoRI. Thus, these
DNA fragments contained short, single-stranded over-
hangs, which might make these fragments more favorable
for ligation because cisplatin or BBR3535 could more
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Fig. 3 The formation of interduplex CLs in the 2,686-bp linearized
pUC19 DNA. a Electrophoretograms of a 1% agarose gel demon-
strate DNA interduplex cross-linking by cisplatin (left), transplatin
(middle), or BBR3535 (right) after incubation of DNA with the
platinum complex for 48 h in medium containing 0.2 M sodium
acetate plus 75% ethanol. Lanes in the left panel and the middle
panel: 1 control, nonplatinated DNA (r, = 0), 2 r, = 1 X 1073, 3
fh=5x10"24r,=1x 10724 and 5, = 5 x 1072 Lanes in the
right panel: 1 control, nonplatinated DNA (r, = 0), 2, = 1 x 1074,
3 n=5x10"% 4 rpb=1x10"> and 5 r=5x 107,

easily cross-link these overhangs. However, interduplex
CLs that are tethered by platinum—DNA coordination
bonds were also observed with the same frequency if cis-
platin, transplatin, or BBR3535 reacted with these frag-
ments that have blunt ends (not shown). These fragments
with blunt ends were prepared using a fill-in reaction at the
3’-ends with the Klenow fragment of DNA polymerase I
and an equimolar mixture of dATP, dCTP, dGTP, and
dTTT. Hence, ligation of linear molecules of DNA that are
stabilized by cisplatin, transplatin, or BBR3535 CLs is not
likely to be responsible for interduplex cross-linking by the
platinum complexes in the presence of ethanol.

The experiments performed in aqueous ethanol
described above were also repeated in sodium perchlorate
supplemented with 0.2 M sodium acetate, pH 5.5, i.e., in
the absence of ethanol as well. In the absence of ethanol,

b Dependences of the fraction of interduplex cross-linked DNA
molecules on the level of cisplatin (left), transplatin (middle), or
BBR3535 (right) modification. ¢ Electrophoretogram of the 1%
agarose gel demonstrate that cisplatin, transplatin, and BBR3535
form no interduplex CLs after incubation of DNA with the platinum
complex for 48 h in medium containing 0.01 M NaClO, (in the
absence of ethanol). Lanes in c¢: I control, nonplatinated DNA
(r, = 0), 2 DNA modified by cisplatin, r, =5 X 1072, 3 DNA
modified by BBR3535, r, =5 x 1073, and 4 DNA modified by
transplatin, r, = 5 x 1072

the high salt concentration itself led to no interduplex
DNA CLs (Fig. 3c). These results confirmed that the
presence of ethanol was necessary to generate the con-
ditions in which interduplex CLs could be formed upon
platination.

The effect of ethanol concentration

Figure 4 shows agarose gel electrophoresis experiments
when the linearized pUC19 plasmid DNA was incubated
with cisplatin at r, = 0.03 or with BBR3535 at r, = 0.003,
respectively, in 0.2 M sodium acetate at 37 °C at various
ethanol concentrations. Whereas the platinations of DNA
by both complexes in the media containing 0-30% ethanol
resulted in no interduplex cross-linking, the interduplex
CLs became evident in medium containing 50% ethanol
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Fig. 4 Dependence of the interduplex CL formation by cisplatin or
BBR3535 on the concentration of ethanol. Plasmid pUC19 linearized
by EcoRI was incubated at 37 °C for 48 h with cisplatin at r, = 0.03
or with BBR3535 at r, = 0.003 in medium containing 0.2 M sodium
acetate plus ethanol at the concentrations indicated at the top of the
gels. Electrophoretograms of 1% agarose gels demonstrating cross-
linking by cisplatin or BBR3535, respectively

and their fraction grew concomitantly with increasing
concentration of this molecular crowding agent (Fig. 4).

Interduplex cross-linking of nonhomologous DNA

Previous experiments demonstrated that cisplatin and
BBR3535 were able to form CLs between two or even more
homologous DNA duplexes. Therefore, experiments were
also performed to determine whether the homologous
nucleotide sequences in the duplexes are a prerequisite for
interduplex cross-linking. Formation of cisplatin- or
BRR3535-induced interduplex CLs between nonhomolo-
gous DNA restriction fragments was examined using 1%
agarose gel electrophoresis (Fig. 5). The 1:1 mixtures of
nonhomologous 908- and 1,556-bp double-helical fragments
produced by cleavage of pSP73 plasmid DNA by two
restriction endonucleases (EcoRI plus Pvul) were incubated
for 48 h with cisplatin or BBR3535 in the presence of 0.2 M
sodium acetate and 75% ethanol at 37 °C in the dark. The
binding of cisplatin or BBR3535 generated several kinds of
cross-linked duplexes, those having the lowest molecular
mass corresponded to cross-linked duplexes 908 + 908,
908 + 1,556, and 1,556 + 1,556 bp. Hence, the cross-
linked duplexes were nonhomologous in the 908 + 1,556 bp
species, which confirms that interduplex CLs can also be
readily formed by cisplatin or BBR3535 under molecular
crowding condition between nonhomologous duplexes.

Discussion
As illustrated in Fig. 2, two types of DNA interstrand cross-
linking by bifunctional platinum complexes can exist,

depending on whether the platinum complex coordinates to
base residues in only one DNA molecule (intramolecular
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Fig. 5 The formation of interduplex CLs between nonhomologous
DNA restriction fragments. Electrophoretogram of a 1% agarose gel
demonstrate DNA interduplex cross-linking after incubation of the 1:1
mixtures of nonhomologous 908- and 1,556-bp pSP73 restriction
fragments with cisplatin at r, = 0.005 and 0.01 (lanes I and 2,
respectively), BBR3535 at r, = 0.0001 and 0.0005 (lanes 3 and 4,
respectively), and in absence of platinum complexes (lane C) in
medium containing 0.2 M sodium acetate and 75% ethanol at 37 °C in
the dark. Lane M 1 kilobase DNA length marker; numbers indicate the
length of DNA fragments in base pairs. For other details, see the text

interstrand CLs) or to base residues in two separate DNA
molecules (intermolecular or interduplex CLs). In the case
of bifunctional polynuclear antitumor platinum drugs, for-
mation of the intramolecular interstrand CLs under molec-
ular crowding conditions has been assumed. To our
knowledge, no direct evidence indicating the capability of
antitumor platinum complexes to form interduplex CLs as
major DNA adducts has been reported. However, it should
be pointed out that the occurrence of such a type of DNA
CLs formed by conventional mononuclear cisplatin as
minor DNA adducts under conditions of mild hyperthermia
has been described [31]. It has been suggested that DNA
modified by cisplatin under these conditions aggregates to
an extent that allows interduplex contacts sufficient for the
interduplex cross-linking and that this aggregation is pro-
moted by local premelting conformational alterations [32].

In this work interduplex contacts sufficient for the
interduplex cross-linking were ensured by performing
investigations under molecular crowding conditions mim-
icking environmental conditions in the cellular nucleus.
A characteristic of the interiors of all cells is the high total
concentration of macromolecules they contain. Thus, DNA
in the experiments described in this work was platinated
under molecular crowding conditions in medium containing
ethanol, which is a commonly used crowding agent [23, 24].
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The DNA interduplex cross-linking efficiency of BBR3535
under molecular crowding conditions was remarkable: the
frequency of interduplex cross-linking by this dinuclear Pt"
complex was 54%. In contrast, the interduplex cross-linking
efficiency of mononuclear cisplatin or transplatin was
markedly lower (approximately 40-fold or 18-fold). It
seems, therefore, reasonable to conclude that at least some
antitumor bifunctional poly(di/tri)nuclear complexes fulfill
the requirements placed on interduplex DNA cross-linkers
considerably better than mononuclear platinum complexes.
For instance platinating sites in dinuclear BBR3535 are
markedly more distant (2.7 nm [10]) than those in mono-
nuclear cisplatin (0.28 nm [20]). Thus, binding of the two
reactive sites to more distant base residues in adjacent
duplexes may be markedly easier in the case of dinuclear
BBR3535 than in the case of mononuclear cisplatin. In
other words, the geometry of the reactive sites of cisplatin
or transplatin is apparently markedly less appropriate for
interduplex cross-linking than the geometry of the leaving
ligands in BBR3535.

It is interesting that interduplex cross-linking by
BBR3535 was observed in medium containing 75% etha-
nol, i.e., under conditions when DNA undergoes a transition
from the B conformation to the A conformation [33].
However, it has been shown [34, 35] that the binding of the
platinum complexes (including dinuclear/trinuclear
bifunctional compounds) to random-sequence B-DNA
lowers the conformational freedom of DNA so that it cannot
acquire the A conformation. Thus, interduplex cross-link-
ing by platinum compounds seems to be connected rather
with changes in the extent of hydration than with alterations
in DNA conformation.

The biological consequences of the production of inter-
duplex CLs by BBR3535 and other antitumor polynuclear
Pt"" compounds remain to be studied. For instance, it has
been shown [15] that DNA interduplex cross-linkers are
very potent in inducing sister chromatid exchanges and
chromosomal abnormalities in mammalian cells. It is pos-
sible that the production of interduplex CLs in addition to
other DNA intramolecular CLs may provide polynuclear Pt"
compounds with a wider spectrum of cytotoxicity. It remains
to be seen how much the interduplex CLs contribute to the
remarkably high potency of polynuclear Pt" compounds
against a variety of experimental tumor systems. In addition,
the polynuclear bifunctional Pt" complexes may also be of
interest because they can be used to probe the organization
of DNA in three-dimensional space, especially near sites of
replication, recombination, or topoisomerase action, where
two duplexes must be in close proximity.
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