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Conformation of Poly(dG-dC)-Poly(dG-dC) and Poly(dA-dT) Poly(dA-dT)
Interacting with the Antitumor Drug cis-[Pt(NH;),]Cl,
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The interaction of cis-dichlorodiammine platinum-
(II) with poly(dG-dC)-poly(dG-dC) and poly(dA-
dT)-poly(dA-dT) was studied by circular dichroism.
Significant conformational changes were induced in
both alternating polymers: in the case of poly(dG-
dC)-poly(dG-dC) the spectra were not conclusive in
terms of a well defined conformation, even if the
presence of left-handed helices could be suggested.
For poly(dA-dT)-poly(dA-dT) the data were inter-
preted in terms of a dimer-helix — single hairpin helix
transition induced by the metal, The results obtained
are discussed with reference to the antitumor activity
of the drug.

Introduction

It is widely believed that the primary cellular
target of the antitumor drug cis-dichlorodiammine
platinum(II) (cis-platinum) is DNA. A variety of in
vitro studies [1-5] suggested that cis-platinum binds
covalently to bases in DNA, the order of binding af-
finity being guanine > adenine > cytosine >> thy-
mine, with a strong kinetic preference for the N-7
position of guanine. Several models of bifunctional
binding of cis-platinum to DNA have been proposed
such as intrabase chelation at the O-6 and N-7 posi-
tions of guanine [2, 6, 7], interstrand crosslinking
between the N-7 positions of guanines in opposite
strands [8, 9] and/or intrastrand crosslinks between
two guanines in the same strand [9-11]. Very recent-
ly, Brouwer et al [12] have reported convincing
evidence for binding to two non-adjacent guanines
in a GAG or GCG sequence on the same strand.

As far as the variations induced in DNA are con-
cerned, more or less localized conformational changes
(depending on the Pt/P ratios used) have been de-
monstrated by absorbance—-temperature profiles,
circular dichroism and Raman spectroscopy [3, 4, 9,
13—-16]. However, the precise nature of these struc-
tural changes remains to be verified together with
their relevance in connection to the antitumor activi-
ty of cis-platinum. Accordingly, we decided to inves-
tigate by circular dichroism the conformational
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changes induced by cis-platinum on simple alternating
copolymers, namely poly(dG-dC)-poly(dG-dC) and
poly(dA-dT)-poly(dA-dT). Some data on poly(dG-
dC)-poly(dG-dC), reported by different authors [17,
18], gave different spectral results.

Experimental

Poly(dG-dC)-poly(dG-dC) and poly(dA-dT)-poly-
(dAdT) were purchased from P. L. Biochemicals,
Inc., Milwaukee, U.S.A.; cis-platinum was a product
of Strem Chemicals, Inc., Newburyport, U.S.A. Cir-
cular dichroism(CD) spectra were recorded either on
a Cary model 61 or on Jasco S00A dichrographs.
Quartz cells were used with 0.5, 0.1 and 0.05 cm
optical paths. Samples of copolymers were examined
at a concentration of about 1072 M on a nucleotide
base. The data are expressed in terms of [6] the mean
residue molecular ellipticity in units of degree cm?
dmoI™. If not otherwise stated, the spectra were
measured at 20 °C. The concentration of the solution
of copolymers was determined spectrophotometri-
cally at the wavelength of the maximum of absorp-
tion, using the following values of e(mol phosphorous
P cm™! 1): poly(dG-dC):poly(dG-dC) 8,400 (Apax
254 nm); poly(dA-dT)-poly(dA-dT) 6,600 (A5 262
nm).

Results

In Fig. 1 the CD spectra of poly(dG-dC)-poly(dG-
dC) in 5 mM NaCl at different Pt/P input ratios are
reported. The major spectral variations are seen at Pt/
P = 0.3-0.5; under these conditions the longer wave-
length positive band inverts its sign and the whole
spectrum to about 250 nm appears to assume an
inverted semi-conservative character. This behavior is
somewhat similar to that reported by Malfoy er al
[17] but differs from that observed by Ushay et al.
[18]. The spectra at higher Pt/P ratios are qualitative-
ly similar in the region of longer wavelength to those
obtained by Pohl and Jovin [19] at high NaCl
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Fig. 1. CD spectra of poly(dG-dC)-poly(dG-dC) in the
presence of cis-platinum at different Pt/P input ratios (1):
( )1 =0; (—O0) 1 = 0.05; (+-eeer Yr=0.08;(——)r=0.1;
(— —)r=0.3;(----)r=0.5. Solvent S mM NaCl.

concentration; thereafter similar CD changes were
observed on increasing the concentration of CsSO,
[20, 21], in the presence of Co®* or Mn?* together
with ethylene glycol or ethanol [22], in trifluoro-
ethanol-water mixtures [23], after modification at
the C-8 position of guanine by N-acetoxy-N-acetyl-
2-aminofluorene [24], after methylation at the N-7
position of guanine through the use of dimethyl
sulfate [25], and after interaction with mitomycin C
[26]. It is generally agreed that the low-salt form is in
the B-DNA conformation, while the high-salt form is
in the so called Z-DNA conformation [27-30], ie. a
left-handed array. Figure 2 shows that the transition
is rather cooperative as judged by CD: this is what
would be expected for a B = Z conformational
transition [19, 20]. However, the spectrum does not
exactly equal that characteristic of the Z-form.

In order to get more insight into this problem we
studied the effects of cis-platinum on an authentic
B — Z transition of poly(dG-dC)-poly(dG-dC).
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Fig. 2. Variation of the ellipticity of the longer wavelength
bands as a function of Pt/P input ratio (r) for poly(dG-dC)-
poly(dG-dC) interacting with cis-platinum. Solvent as in
Fig. 1.

Figure 3 shows the transition between the B and
Z forms of the polynucleotide induced by trifluoro-
ethanol. Essentially, the results are similar to those of
Ivanov and Minyat [23]: it is evident from the iso-
dichroic point at ~272 nm that only two conforma-
tions are present in the absence of cis-platinum. How-
ever, this is no longer true for the spectrum of
platinated poly(dG-dC)-poly(dG-dC); actually, the
curve is rather broad with some wavelength shifts at
both the negative and positive extrema. It seems
therefore that the conformational change induced by
the binding of the metal is not simply a B = Z transi-
tion. This is further confirmed by the spectra shown
in Fig. 4. It is evident that cis-platinum is not able to
shift to the right the B = Z transition in trifluoro-
ethanol. Then what do these spectral changes mean?
In view of the fact that the Z form can be reversibly
transformed into the B and A forms [23], the possibi-
lity exists that the spectra in the presence of cis-
platinum are those resulting from the mixture of
three conformers, namely the A, Band Z forms. As a
matter of fact, the platinum complex is able to
stabilize the A form under appropriate conditions.
Figure 5 is unequivocal in this respect. Actually, the
figure shows the circular dichroism spectra of the
nucleic acid in 60% ethanol in the presence and
absence of cis-platinum. At this percentage of ethanol
poly(dG-dC)-poly(dG-dC) is undergoing an order-to-
order transition from the Z-form to the A-form [31].
The spectrum is indeed characterized by a small
negative band at 295 nm and by a large positive band
at ~273 nm suggesting a strong contribution from
the A-form. On adding ~1073 M CsI to the ethanolic
solution the positive band decreases considerably,
probably indicating an A to B transition. In fact,
Ivanov et al. [32] showed that Cs* ions stabilize the B
form of DNA with respect to the A form. On the
contrary, cis-platinum does stabilize the A-form, as
shown by the increase of the large positive band in
the spectrum of Fig. 5. Figure 6 reports the spectra
of poly(dA-dT)-poly(dA-dT) interacting with cis-
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Fig. 3. CD spectra of poly(dG-dC)-poly(dG-dC) in trifluoroethanol--water mixtures. (— - —), water; (- - - -), 51% trifluoroethanol;
(—0-), 60% trifluoroethanol; (—X—), 64% trifluoroethanol. For comparison the curve of the polynucleotide in water plus cis-
platinum (Pt/P = 0.5) is also reported ( ).
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Fig. 4. CD spectra of poly(dG-dC)-poly(dG-dC) in 51% trifluoroethanol in the absence ( ) and in the presence of cis-platinum
(Pt/P = 0.5) (----), and in 64% trifluoroethanol in the absence (—X —) and in the presence of cis-platinum (Pt/P = 0.5) (-0O-).



232

o

210 230 250 270 230 30 5 (nm)

Fig. 5. CD spectra of poly(dG-dC)-poly(dG-dC) in 60%
ethanol in 5§ mM NaCl ( ); plus 3 mM Csl (- - - -); plus cis-
platinum (Pt/P =0.5) (—-—).
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FFig. 6. CD spectra of poly(dA-dT)-poly(dA-dT) in the
presence of cis-platinum at different Pt/P input ratios. Condi-
tions and symbols as in [Fig. 1. Inset: variations of the A,
of the longer wavelength positive band as a function of Pt/P
input ratio (r).
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Fig. 7. CD spectra of poly(dA-dT)-poly(dA-dT) at the indi-
cated temperatures. Solvent as in Fig. 1. Inset: variation of
the Apax of the longer wavelength positive band as a func-
tion of the temperature.

platinum. Even in this case the interaction with the
platinum derivative induces significant spectral
changes: in particular, the positive band at longer
wavelengths is redshifted (about 13 nm) on in-
creasing the Pt/P ratio (isodichroic point at about 270
nm), without a straightforward change in the intensi-
ty, while the negative band is greatly reduced and
only slightly red-shifted. These CD changes mimic
well those obtained by heating the polymer at low
temperatures (Fig. 7). As a matter of fact the heat
denaturation of the polymer consists of two well
defined transitions. According to Baldwin [33], the
first one is related to a transition, in the submelting
temperature range, from a dimer helix to an intra-
molecular hairpin helix which cooperatively melts at
higher temperatures. Thus, it is tempting to suggest
that the binding of cis-platinum induces strand
separation in poly(dA-dT)-poly(dA-dT) with sub-
sequent rearrangement of the chains. Similar
behaviour has been observed recently for a self-
complementary deoxydodecanucleotide [34].

Discussion

The results of our study clearly indicate that cis-
platinum is able to induce conformational changes in
both alternating polymers. Of course, the fact that
cis-platinum binds significantly to poly(dA-dT)-
poly(dA-dT) does not imply the same effect on DNA.
As mentioned, there is a strong kinetic preference for
guanine as fixation site, hence the initial reaction
with DNA, especially at low Pt/P ratios, should occur
primarily at guanine. However, an additional attack on
adenine cannot be ruled out. The partial denaturation
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induced in poly(dA-dT)-poly(dA-dT) may also be of
interest in connection with the role played by cis-
platinum in vivo. Actually, it is not unreasonable that
in DNAs particularly rich in A-T a local denaturation
at these sequences may occur.

Although our data do not allow the precise identi-
fication of the conformation induced in poly(dG-
dC)-poly(dG-dC), it is possible to suggest the
presence of regions of left-handed helices, not neces-
sarily the canonical Z-form, belonging to the family
of the L-duplexes according to Goupta et al. [35].
One spectrum similar to those found by us was
reported in the literature, referring to the so called
V-DNA form [36]. The spectrum was not related to
a specific, unequivocal structure, although Stettler
et al. [36] proposed a mixture of both right-handed
and left-handed helices for the V-DNA form. In addi-
tion, some regions in the A conformation could also
be present within the right-handed helices together
with the more usual B form. Finally, it should be
noted that den Hartog et al. [37] have shown by
NMR that Pt chelation by the dinucleotide dG-p-dG
induces a C2'endo to C3'-endo puckering change
of one deoxyribose. While the possibility of the same
kind of binding in a sequence -dG-p-dC-p-dG- (as in
our case) remains to be demonstrated, we emphasize
that the inversion C2'endo -> C3'endo occurs,
among other conformational changes, at the guanine
nucleotide level in the Z-form,

Taken as a whole, our data, although not con-
clusive, are suggestive of a complex pattern as far as
the structural perturbation of DNA, induced by cis-
platinum, is concerned. Future work on nucleic acid
fragments of known sequences seems important to
gain greater insight into this problem.

Acknowledgement

This work was carried out with the financial sup-
port of ‘Progetto finalizzato per la chimica fine e
secondaria’, CNR.

References

1 A. B. Robins, Chem.-Biol. Interact., 6, 35 (1973).

2 J. P. Macquet and T. Theophanides, Bioinorg. Chem., 5,
59 (1975).

3 L. L. Miinchausen and R. O Rahn, Biochim. Biophys.
Acta, 414, 242 (1975).

4 S. Mansy, G. Y. H. Chu, R. E. Duncan and J. Tobias, J.
Am. Chem. Soc., 100, 607 (1978).

5 N. P. Johnson, J. D. Hoeschele and O. R. Rahn, Chem.-
Biol. Interact., 30, 151 (1980).

6 M. M. Millard, J. P. Macquet and T. Theophanides,
Biochim. Biophys. Acta, 402, 166 (1975).

10
11

12

13
14
15
16
17

18

19
20
21
22
23

24

26

27

28

29

30

31
32

33
34
35
36

37

233

J. P. Macquet and J. L. Butour, Biochimie, 60, 901
(1978).

L. A. Zwelling, T. Anderson and K. W. Kohn, Cancer
Res., 39, 365 (1979).

A. J. P. Alix, L. Bernard, M. Manfait, P. K. Ganguli and
T. Theophanides, Inorg. Chim. Acta, 55, 147 (1981).
P. S. Stone, A. D. Kelman, F. M, Sinex, M. M. Bhargava
and H. O. Halvorson, J. Mol. Biol., 104, 793 (1976).
A. D. Kelman and M. Buchbinder, Biochimie, 60, 893
(1978).

J. Brouwer, P. van de Putte, A. M. J. Fichtinger-
Schepman and K. J. Reedijk, Proc. Natl. Acad. Sci. USA,
78,7010 (1981).

A. M. Tamburro, L. Celotti, D. Furlan and V. Guantieri,
Chem.-Biol. Interact., 16, 1 (1977).

J. P. Macquet and J. L. Butour, Eur. J. Biochem., 83, 375
(1978).

L. Bernard, M. Manfait, M. Berjot, P. K. Ganguli and T.
Theophanides, Biochimie, 60, 1039 (1978).

P. K. Ganguli and T. Theophanides, Inorg. Chim. Acta,
55, L43 (1981).

B. Malfoy, B. Hartman and M. Leng, Nucleic Acids Res.,
9, 5659 (1981).

H. M. Ushay, R. M. Santella, J. P. Caradonna, D.
Grunberger and S. J. Lippard, Nucleic Acids Res., 10,
3573 (1982).

F. M. Pohl and T. M. Jovin, J. Mol. Biol.,, 67, 375
(1972).

M. Vorlickova, J. Kypr, V. Kleinwichter and E. Palecek,
Nucleic Acids Res., 8, 3965 (1980).

J. C. Sutherland, K. P. Griffin, P. C. Keck and P. Z.
Takacs, Proc. Natl, Acad. Sci. USA, 78, 4801 (1981).
W, Zacharias, J. E. Larson, J. Klysik, S. M. Stirdivant and
R.D. Wells, J. Biol. Chem., 257, 2775 (1982).

V. L. Ivanov and E. E. Minyat, Nucleic Acids Res., 9,
4783 (1981).

E. Sage and M. Leng, Proc. Natl. Acad. Sci. USA, 77,
4597 (1980).

A. Moller, A. Nordheim, S. R. Nichols and A. Rich, Proc.
Natl. Acad. Sci. USA, 78, 4777 (1981).

C. M. Mercado and M. Tomasz, Biochemistry, 16, 2040
(1977).

A. H. J. Wang, G. J. Quigley, F. J. Kolpak, J. L.
Crawford, J. H. van Boom, G. van der Marel and A. Rich,
Nature (London), 282, 680 (1979).

H. Drew, T. Takano, S. Tanaka, K. Itajura and R. E.
Dickerson, Nature (London), 286, 567 (1980).

J. L. Crawford, F. J. Kolpak, A. H. J. Wang, G. J.
Quigley, J. H. van Boom, G. van der Marel and A. Rich,
Proc. Natl. Acad. Sci. USA, 77, 4016 (1980).

A. H. J. Wang, G. J. Quigley, F. J. Kolpak, G. van der
Marel, J. H. van Boom and A. Rich, Science, 211, 171
(1981).

F. M. Pohl, Nature {London), 260, 365 (1976).

V. L. Ivanov, L. E. Minchenkova, E. E. Minyat, M. D.
Frank-Kamenetskii and A. K. Schyolkina, J. Mol. Biol.,
87,817 (1974).

R. L. Baldwin, Acc. Chem. Res., 4, 265 (1971).

L. A. Marky, K. S. Blumenfeld, S. Koztowski and K. J.
Breslauer, Biopolymers, 22, 1247 (1983).

G. Goupta, M. Bansal and V. Sasisekharan, Proc. Natl.
Acad. Sci. USA, 77, 6486 (1980).

U. H. Stettler, H. Weber, Th. Koller and Ch. Weissmann,
J. Mol. Biol., 131, 21 (1979).

J. H. J. den Hartog, C. Altona, J. C. Chottard, J. P.
Girault, J. Y. Lallemand, F. A. de Leeuw, A. T. Marcelis
and J. Reedijk, Nucleic Acid Res., 10, 4715 (1982).



