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COMPARATIVE ANALYSIS OF THE EFFECTS OF PLATINUM
COMPOUNDS ON THERMOSTABILITY OF DNA
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The thermal denaturation profiles of Calf Thymus DNA in the presence of
binuclear compounds of bivalent platinum (cis-[{Pt(NH;),Cl},Pyr]Cl,) were
studied by absorption spectrophotometry and differential adiabatic scanning
microcalorimetry. A comparison with an active antitumor drug cis-diammine-
dichloroplatinum (cis-DDP) was made. Experimental data witness that small
concentrations (#<0.3) of binuclear platinum compound stabilized the structure of
Calf Thymus DNA stronger than cis-DDP. Both the complexes tend to refold the
denaturated DNA. It is rather interesting that in case of 10 M concentration of
binuclear platinum compound (»=0.03) the denaturated DNA is refolded by
77.62%, whereas under the same condition cis-DDP leads to 49.01% refolding of
denaturated DNA. Such a high percent of renaturation was probably the result of
interstrand cross-links formation.
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Introduction. One of the most important tasks of molecular biology is the
study of the effect of biologically active ligands on the structure and properties of
the DNA molecule. The secondary structure and bending rigidity of DNA may be
changed as a result of interaction with biologically active compounds. The first
inorganic antitumor agent, cis-diamminedichloroplatinum (cis-DDP), the activity
of which is due to the formation of coordination bonds with DNA, has been widely
used in the medical practice for thirty years [1, 2]. The study of molecular
mechanism of its action is under way [3, 4].

It has been shown [5-8], that cis-DDP forms mainly intrastrand cross-links
on DNA between neighboring purine residues (~90%), the other minor adducts
being intrastrand cross-links between two purine nucleotides separated by one or
more nucleotides and few of adducts remaining monofunctional. It is important
that cis-DDP also forms interstrand cross-links. DNA interstrand cross-links of
platinum complexes may play an very essential role in the biological activity of
these compounds, because the cross-links preventing the separation of two strands
of the DNA can block the DNA replication markedly more efficiently than the
intrastrand adducts.
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Even though cis-DDP is among the most successful antitumor compounds, it
displays a limited activity against some of the common forms of such diseases, as
the colon and breast cancers. These limitations have inspired efforts to develop
new platinum based drugs that display improved therapeutic properties.

In the present work the structural changes of DNA molecule in conse-
quence of its interaction with a new binuclear compound of bivalent platinum
cis-[Pt(NH;),CI-R-CI(NH;),Pt]Cl, (bi-Pt) have been studied. A comparison with an
active antitumor agent cis-DDP was made (Fig. 1).
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Fig. 1. Structural schemes of Pt(I)-containing compounds.

The binuclear platinum complex has been synthesized in the Chemical and
Pharmaceutical Academy in St. Petersburg city [9].

It is well known that the interaction of cis-DDP with DNA is accompanied
by coordination of cis-DDP with N7 atom of guanine [5—8]. Like cis-DDP, bi-Pt
also prefers to bind N7 atom of guanine [10]. In this work we tried to clarify the
type of adducts formed by bi-Pt with N7 atom of guanine as a result of interaction
with DNA.

Materials and Methods. The study was performed using an ultrapure pre-
paration of Calf Thymus DNA isolated at the laboratory headed by D.Yu. Lando
at the Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus
(Protein < 0.2%, RNA < 0.1%, MW ~3-10"7 Da, Xgc= 42%) [11]. All experiments
have been carried out in 10~ M NaCl+107> M NaClO, solution with ionic
strength ©=0.011 M, pH 6.4 [12].

Then DNA has been treated with bi-Pt and cis-DDP at different mol/b.p.
ratios, and each sample was incubated at 4°C for 48 /. The range of Pt(II)-containing
compounds concentrations were 10'°~107°M, or per base pair 0.000003 < r < 0.3,
where r is the ratio of the added Pt(II)-containing compound concentration to the
concentration of DNA base pairs.

In contrast to cis-DDP the binuclear platinum complex bi-Pt under study is
an electrolyte. The inner coordination sphere of the binuclear compound contains
two complex-forming platinum atoms. The complex acquires positive charge upon
dissociation:

[ {Pt(NH;),Cl1},Pyr]Cl, <> [{Pt(NH;),Cl},Pyr]*" +2CI..

UV-absorption spectra and melting curves have been obtained with Perkin-
Elmer Lambda 800 UV/VIS spectrophotometer.

The microcalorimetric measurements have been carried out with Differential
Adiabatic Scanning Microcalorimeter DASM-4. The observation temperature was
changed from 10 to 100°C at the rate of 1°C/min. The enthalpies (AH) have been
calculated from experimental curves of the temperature dependence of the heat
capacity change (AC,) using the Scal Dos software.
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Results and Discussion. The studies have shown that the measurement of
melting temperature (7;,) of DNA/ligand complexes is a powerful method to
characterize the stability of its double helix [13].

In Fig. 2 the melting curves of bi-Pt/DNA and cis-DDP/DNA complexes at
various relative concentrations (0.0003 < » < 0.3) of ligands (bi-Pt and cis-DDP) are
shown.
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Fig. 2. Melting curves of bi-Pt/DNA (a) and cis-DDP/DNA (b) complexes in 10 M NaCl +
+1072 M NaClO, solution: » =0 (1); 0.0003 (2); 0.03 (3); 0.3 (4).

The characteristics of DNA melting at various relative bi-Pt concentrations
are given in Table 1. For comparison we have calculated the parameters of melting
cis-DDP/DNA complexes at various concentrations of cis-DDP under the same
condition. The results are shown in Table 2.

Table 1
The values of melting parameters of bi-Pt/DNA complexes at different relative
ligand concentrations

r=[bi-Pt]/[DNA] T,,°C AT,°C Renaturation, %
0 64.51 11.71 20.26
0.000003 66.80 12.35 22.44
0.00003 66.45 12.66 20.65
0.0003 66.69 10.96 23.18
0.003 66.35 13.22 32.52
0.006 66.36 13.23 43.98
0.012 67.00 14.06 54.88
0.018 67.04 14.20 61.78
0.025 67.85 14.85 64.94
0.03 69.09 12.69 77.62
0.06 70.95 17.35 71.52
0.13 74.82 17.67 64.08
0.3 7591 21.05 30.36

It is apparent from Tables 1, 2 that at low concentrations 0.000003 < r < 0.03
T,, and AT for both the complexes increase in comparison with pure DNA. As is
seen from the Table 1, concurrent with the increase of bi-Pt concentration 7, also
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increases, but in the case of cis-DDP the melting temperature reaches the
maximum at 7= 0.003 (Table 2).

Table 2

The values of melting parameters of cis-DDP/DNA complexes at different relative
ligand concentrations

r=[cis-DDP]/[DNA] T,,°C AT,°C Renaturation, %
0 64.51 11.71 20.26
0.000003 66.29 10.98 28.17
0.00003 66.88 12.94 24.32
0.0003 67.15 14.18 29.33
0.003 69.17 13.83 34.89
0.03 67.86 13.94 49.01
0.3 64.32 13.71 24.67

In case of relatively low concentrations of ligands such a wvariation of
parameters may be due to the cross-linking of DNA strands. To reveal the binding
mechanism of DNA with Pt(II)-containing compounds the renaturation of melted
complexes was also calculated. This aim in view a double melting of denaturated
complexes (bi-Pt/DNA and cis-DDP/DNA) has been done. The renaturation per-
centage of denaturated DNA was calculated by curves of melting and double
melting. The data on renaturation are given in the last columns of Tables 1 and 2.
As is seen from the tables, concurrently with an increase in relative concentration
(0.000003 < r < 0.03) both bi-Pt/DNA and cis-DDP/DNA complexes render the
increase of renaturation, the highest value of renaturation for both the complexes
being observed at relative concentration of » = 0.03. The denaturation and renatu-
ration profiles of bi-Pt/DNA and cis-DDP/DNA complexes are shown in Fig. 3,
and in case of bi-Pt/DNA complexes the renaturation is seen to be 77.62%, that is
1.5 times more than that of cis-DDP/DNA complexes.
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Fig. 3. Thermal denaturation (1) and renaturation (2) profiles for bi-Pt/DNA (a) and cis-DDP/ DNA (b)
complexes (r=0.03).

The increase of DNA renaturation after the melting attests to the formation
of specific interstrand cross-links. The renaturation data obtained in case of
relative concentration =0.03 for bi-Pt/DNA as well as for cis-DDP/DNA
complexes permits one to assume that an addition of Pt(II)-containing compounds
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leads to the formation of interstrand cross-links, as a result of which DNA is
partially refolded. Whereupon the renaturation decreases with increasing of relative
concentration (0.03 < » < 0.3). In contrast to cis-DDP, that in case of » > 0.03 con-
centration causes single and double stranded breaks of DNA, bi-Pt forms inter-
strand aggregates by linking remote guanines along the chain, that is accompanied
by an increase the melting temperature and the melting interval. The settling-out of
bi-Pt/DNA complexes at » = 0.3 concentration is an evidence of that. Based on data
presented in Tables 1 and 2 respectively for bi-Pt/DNA and cis-DDP/DNA
complexes at » = 0.03 concentration, different values of enthalpy have been
indirectly calculated (see Table 3).The values of enthalpy of helix-coil transition of
DNA (AH) were determined from melting curves using an absolutely generalized
formula (1) that operated with direct observational data [14] in combination with
the the “area” method [15]:

AH =5 é‘(AT)2 _

[6(T,)]

where 0(AT)=AT -AT,, 6(T,)=T,-T,, T; and AT, being the above quantities
for pure DNA.

The value of enthalpy for bi-Pt/DNA complexes as calculated by means of
Eq. (1) at » = 0.03 concentration proved to be 4 times as small as that for
cis-DDP/DNA (Table 3).

The values of enthalpy calculated from spectrophotometric curve of
cis-DDP/DNA complexes at » = 0.03 concentration indicated that at the binding of
cis-DDP to DNA there formed various types of adducts [5, 6]. The higher value of
enthalpy is due to the cumulative effect of adducts caused by cis-DDP. In contrast
to cis-DDP, at the binding of bi-Pt with DNA mainly the forming of interstrand
cross-links are preferential. The renaturation values of these complexes (77.62 and
49.01% for bi-Pt/DNA and cis-DDP/DNA complexes respectively) additionally
support of this conclusion.

In order to compare the indirect evaluation of enthalpy with its directly
calculated value we have investigated the microcalorimetric melting curves of
bi-Pt/DNA and cis-DDP/DNA complexes. The values of melting enthalpies were
calculated from Fig. 4 and given in Table 3.
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Fig. 4. Microcalorimetric melting (1) and double melting (2) curves of bi-Pt/DNA (a) and
cis-DDP/DNA (b) complexes (r = 0.03) and the melting curve of pure DNA (3).



Proc. of the Yerevan State Univ. Phys. and Mathem. Sci., 2011, Ne 3, p. 52-57.

57

Calorimetrically derived enthalpies for bi-Pt/DNA and cis-DDP/DNA complexes at r=0.03

relative concentration

Table 3

Substance State AH, kkal/mol
Condition directly calculated | indirectly calculated
DNA Denaturated 11.566
. Denaturated 10.533
bi-PUDNA Renaturated 4.204 3833
. Denaturated 10.138
cis-DDP/DNA Renaturated 4115 24.808

Fig. 4 shows microcalorimetric melting curves of bi-Pt/DNA and cis-
DDP/DNA complexes at r = 0.03 relative concentration, where the renaturation
effect is maximal. In contrast to indirectly calculated enthalpy values of bi-Pt/DNA
and cis-DDP/DNA complexes, which strongly differ one from other (5.83 and
24.81 respectively), the difference between the directly calculated values of
enthalpy is insignificant (10.53 and 10.14 respectively).

It is supposed that both the Pt(II)-containing compounds show different
activity towards spectral and energy properties.

Conclusion. It was shown that both the complexes stabilized the structure of
Calf Thymus DNA. The macromolecule binds with bi-Pt stronger than with
cis-DDP. It was supposed that the high percent of renaturation for bi-Pt/DNA
complexes was the result of interstrand cross-links formation, which play very
important role and bring to refolding of some DNA.

Received 09.02.2011

REFERENCES

—

Rosenberg B.L., Van Camp, Trosko J.E. and Mansour V.H. Nature, 1969, v. 222, p. 385-386.

Prestayko A.W., Crooke S.T. and Carter S.K. Cisplatin: Current Status and New Develop-

ments. New York, NY: Academic Press, 1980, p. 423—430.

Tulub A.A. and Stefanov V.E. Int. J. Biol. Macromol., 2001, v. 28, p.191-198.

Kartalou M., Essigmann J.M. Review. PubMed PMID, 2001, v. 478, p. 1-21.

Eastmen A. Pharmacol. Ther., 1987, v. 34, p. 155-166.

Fichtinger-Schepman A.M.J., Van der Veer, Den J.L., Hartog J.H.J., Lohman P.H.M. and

Reedijk J. Biochemistry, 1985, v. 24, p. 707-713.

Rosenberg B.L. Plat. Met. Rev., 1971, v. 15, p. 42-51.

Lippard S.J. Pure Appl. Chem., 1987, v. 59, p. 731-742.

9. Yakovlev K.I., Rozhkova N.D. and Stetsenko A.Il. Zh. Neorg. Khim., 1991, v. 36, p. 120-127
(in Russian).

10. Kas’yanenko N.A., Aia E.E.F., Bogdanov A.A., Kosmotynskaya Yu.V. and Yakovlev K.I.
Mol. Biol., 2002, v. 36, p. 745-752.

11. Lando D.Y., Egorova V.P., Krot V.I. and Akhrem A.A. Molecular Biology, 1996, v. 30,
p. 418-421.

12. Messori L., Casini A., Vullo D., Haroutiunian S.G., Dalian E.B., Orioli P. Inorganica Chimica
Acta, 1999, v. 303, p.283-286.

13. Zaludova R., Zakovska A., Kasparkova J., Zdenka Balcarova, Kleinwachter V., Vrana O.,
Farrell N., Brabec V. Eur. J. Biochem., 1997, v. 246, p. 508-517.

14. Frank-Kamenetskii M.D., Karapetian A.T. Mol. Biol. USSR, 1972, v. 6, p. 621-627 (in Russian).

15. Karapetian A.T., Vardevanyan P.O., Babayan Yu.S., Vardapetyan R.R., Panosyan G.A.,

Aslanyan V.M. Biofizika, 1983, v. 28, Ne 1, p. 130-131 (in Russian).

N

AN

® N



b k. Qppgonmméb, G A Dupwmb, U @ Zupmpioilyul. YoE-h ohpdwljuyniiimipiub Jpw
wuwnhbiwght dhwgnipjniuukph wqnlgnipjui hwdbdwinwlu
niuntlbwuhpoipnibiip Ly. 52-57

Qutdwt  uwgbjunpuynuuwsuthwlut b phdbpkughw; wnhwpun
wnbuwspnn  dhypnjunpuswthuljui dbpngutpng nunmdbwuppydl) b hnpph
Upugtndhg whguunwd TuE-h ghpluyhtl phwthnju wpnphiubpp Eplupdtp wiw-
whth tphdheonty dhwgnipjut weoiwmpjudp: Zwdbdwwnnipmnit £ junwupyt
wlwnhy hwlwnipnigpughtt yuwwpwuwnntl]® cis-DDP-h hkwn: @npdwpupulub
njuubpp gnyg u nydly, np Epljdhenil wjmnhttughtt dhwgnipjut thnpp Ynb-
ghiimpughwutpp ¢ < 0,3) hwbghgimd Etu vl dnikynyh wybh nudbn
Juyniiugdwily, pwiti cis-DDP-t: Unuyjjkputibphg jnipupwiisympp hwljjws b Jtpw-
Juqubnt ptwhnpuus Yol-u: Zupl kL upky, np 10-6 M (r = 0,03) §nugkunnpughuyny
Enyuhonily wjmunhttughtt dhugmpniup ptwhnqus TuE-u Jipujubqunud k
77,62%-ny, uhtynkn cis-DDP-" 49,01%-ny: dhpwlwiqudwt dks wnlnup,
hwjutwpwn, Jyuynid £ vhowyupniypught jgujupnidubph wnwowgdwt dwupl:

U. E. I'pucopan, E. b. [lanan, C. I. Apymiwonan. CpaBHUTEJIbHbIN aHAJH3 BIUSIHUA
IUIATHHOBBIX COeUHEHUIT Ha TepMocTaduiabHocTh JTHK ctp. 52-57

Metogamu aOcopOIHMOHHON CrHeKTpohoTOMETpUU U AuQQepeHIHaTEHO’
annabaTHuecKol CKaHUPYIOIEH MUKPOKAJIOPUMETPUN OBbLIM MCCIEI0BAaHbI TEILIO-
BbIe JieHaTtypupoBanHbie npodmmm JJHK TuMmyca Tenenka B mpUCYTCTBUH OUsaep-
HOT'O COeIMHEHHUs AByXBaleHTHOH riatunbl (muc-[ {Pt(NH;),Cl},Pyr]Cl,). [Ipose-
JCHO CpPaBHEHHE C AKTHBHBIM IPOTHBOOIYXOJEBBIM MpENapaToM LHC-IAaMHUH-
nuxiiopruiataao# (me-J1J1IT). DkcepuMeHTaIbHbBIE TaHHBIC TOKA3aJIH, YTO MajIbie
KOHLEHTpAIMK OMsAEepHOro coearHeHus mwiatuHel (+ < 0,3) cTaOMIM3UPYIOT CTPYK-
typy JHK Ttumyca Tenenka cunmpHee, yem 1uic-J1JII1. O6a komruiekca, Kak mpaBH-
710, CKJIOHHBI K BOccTaHOBJICHHIO neHaTypupoBanHoi JIHK. Crnemyer oTMETHTB,
uto 10™° M KOHIeHTparus GUsIepPHOro CoeHEeHHs mIaTHHbI (< 0,03) IpUBOAUT
K 77,62%-My BoccTaHoBieHut0 aeHarypupoanHoi /IHK, B To Bpems kak nuc-
JIIT mpu paBHBIX ycmoBusix mpuBoguT K 49,01%-My BoccTaHoBieHH0. Bo3zMoxk-
HO, BBICOKHH TPOIIEHT PEHATYpaIK — PE3YJIbTAaT MEXKIETIOYEYHBIX CIITUBOK.



