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Abstract

The interaction of dimethyltin dichloride (M&nC}) with calf thymus DNA was studied at 2T, pH 7.6 using various techniques including
isothermal titration calorimetry (ITC) and UV-Vis, fluorescence and IR spectrophotometries. The binding isotherm and enthalpy curve for
Me,SnCb—DNA interaction was a biphasic transition process. This was determined by the analysis of the binding data with the Hill equation.
The first phase of the enthalpy curve (exothermic process) was consistent with the first set of binding site, the second phase (endothermic
process, less exothermicity) was consistent with second set of binding site from the cited interactions. Our results showed that the first set
of binding sites is occupied by one mole of ligand bound per near 1 base pair of DNA. The DNA—ethidium bromide (EB) complex, in the
presence of MgnC), caused the quenching of the fluorescence emission. The Scatchard plots illustrated a non-intercalating manner for
such quenching. The DNA-EB complex results indicated that the binding g6M&, is with the phosphate groups of DNA at low ligand
concentrations (<9 mM). This was confirmed with the IR spectrophotometric spectra. However, the binding at higher ligand concentrations
(>9 mM) was with the base groups of DNA. Therefore, these results suggest thati8aGhebinding to DNA at low concentrations occurs
through an outside interaction by an exothermic process. However, the partial unfolding of the DNA caused at higher concentrations of
Me,SnCl is through an endothermic process involving interactions with the base groups.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction well as monovalent cationic surfactafitd—22]. The signif-
icance of metal binding to nucleic acids involved in DNA
The use of modern techniques for structural studies hasreplication, transcription, messenger RNA translation is well
increased our understanding of the cell function at molecular established23-25]. The action of metal ions in the stabi-
levels. One of the most important aims of modern biology lization of the tertiary structure of tRNA shifts the thermally
is to understand the cell function in terms of the structure induced helix-coil transition of DNA to higher temperatures
and interactions of its constituents, namely the DNA, RNA, T, [26,27]. Metal ions, however can also have a destabiliz-
proteins and lipids. ing effect on DNA double—helical structure if they interact
All forms of DNA have negative charge on their surface, with bases rather than with the phosphate groups. In the se-
so that they interact readily with positive charged molecules ries Mg, Co, Ni, Mn, Zn, Cd, Cu, the affinity for base com-
such as proteins (histonef)], peptides[2], polyamines plexation relative to phosphate binding increases from left
[3,4], metals[5], cationic lipids and liposomefs—10], as to right.
In principle, three different groups of metal containing
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ligands (the most famous example of inorganic cytostatics is dichloride (MeSnCh) with DNA to obtain DNA structural
cis-diaminedichloroplatinum(ll) (cisplatin)). Organometal- information.
lic complexes containing one or more metal atoms as well
as organic, the ligands being linked to the metal by direct
carbon—-metal bonds (many of the non-platinum group as 2. Materials and methods
the metal antitumor agents known are typical organometal-
lic compounds). Complexes also including metal atoms and 2.1. Materials
organic ligands without carbon—-metal bonds are not defined
as organometalli§28]. In general, the organotin(IV) com- Dimethyltin dichloride (MeSnCb) (>97%) and high
pounds of the type $5nX; tested so far against the p388 molecular weight calf thymus DNA (cat no. 24013) were
lymphocytic leukemia in mice, showed only marginal ac- obtained from Merck. All other materials used were of ana-
tivity [29]. organotin(lV) compounds are known to exhibit lytical grade. All the experiments were carried outin 0.01 M
important cytotoxic effects and are actively investigated as phosphate buffer, pH 7.6 at 2C€. The DNA concentra-
possible antitumor compound30-32]. It was previously  tions were determined using an extinction coefficient of
suggested that organotin(IV) compounds exert their effects 13200 M~1 cm~1 at 260 nm and expressed in terms of base
through binding to thiol groups of prote[83]. In contrast pair molarity (mM bp)[44]. All solutions were prepared
to this view, but in analogy with the behavior of several an- with deionized water (Barstead Nanopure ERL.8.3 MQ2).
titumor metal complexes, others have proposed that DNA
is the probable target for the cytotoxic activity of organotin  2.2. Methods
compoundg34]. Organotin compounds are widespread in
the environmenii35], interact with living organisnfi36], and 2.2.1. Isothermal titration calorimetry (ITC), heat
widely used[37]. measurement

The interaction of Sn(IV)Mg moieties with native DNA Enthalpy measurement was made at°@7using mi-
has recently been investigated, to provide a molecular basiscrocalorimeter (2277 thermal activity monitor, Thermomet-
for the understanding of the biological effects of organ- ric, Sweden). The microcalorimeter was interfaced with
otin(lV) derivatives[38]. It is reported the bonding and an IBM PS/2 Model 40486 computer, using thermomet-
structures of organotin(lV)—deoxyribonucleic acid (DNA) ric Digitam 3 software program. Each channel is a twin
condensates b¥'°Sn Méssbauer spectroscof89]. DNA heat-conduction calorimeter where the heat-flow sensor is
condensation is mainly due to electrostatic interactions a semiconducting thermopile (multi junction thermocouple
between Sn(IV)R moieties(n = 1-3) and phosphodi- plates) positioned between the vessel holders and the sur-
ester groups of DNA[39]. SnR(DNA phosphodiestes) rounding heat sink. The insertion vessel was made from
(R = Me, Et) and SnE{DNA phosphodiester) stoichiome-  stainless steel. M&nCh solutions were injected by using
tries have been determined in lyophilized condensates byof a Hamilton syringe into the calorimetric stirred titra-

variable-temperature 119 Mdssbauer spectroscpity. tion vessel, which thin (0.15mm inner diameter) stainless
The existence of octahedral Sp(R»0)[0,P(OR);], and steel hypodermic needles, permanently fixed to the syringe,
trigonal bipyramidal SngH»0)[O,P(OR);] tin environ- reached directly in to the calorimeter vessel. The injection
ments, have been established by point-charge modeling ofof Me,SnCh in to the perfusion vessel was repeated 20
the 119 Mossbauer nuclear quadrupole splittifi$®,40]. times. The speed of stirring was 20 cycle/min and titra-

These findings indicate the existence of solid-state complextion pump was motor-driven. The calorimetric signal was
of Sn(IV)R; and Sn(IV)R moieties with mononucleotides measured with a digital voltmeter, part of a computerized
and phenylphosphateft1]. Moreover, 119 Mdossbauer recording system. The enthalpy change of interaction be-
studies in aqueous solutions at natural pH (frozen to tween MeSnChb and DNA was measured atl1.2 and
77.3K) indicate that SnMgOH), and SnMg(OH) are >1.2mM of ligand by transferring of 40! (in each injec-
coordinated by phosphate amdribose-5-phosphat&?2]. tion) of 3.7 and 55 mM of MgSnCh to the 1.8 ml of DNA
Potentiometric studies in agueous solutions (pH6.5) solution (0.0242 mM base molarity, mM bp), respectively.
gave evidence for the formation of 1:1 complexes between The enthalpy change of dilution of MBnCb was corrected
SnMe;(H20),; and adenosine or inosinémMonophosphates by measuring the enthalpy change of each injection into
through phosphate oxyge4é3]. Also an extensive study buffer solution. The heat released by DNA dilution was
to elucidate the Sn(IV)Mg Sn(lV)Me; and Sn(lV)Me negligible. The microcalorimeter was calibrated electrically
moieties interacting with DNA in aqueous solution using during the course of the study.

small-angle X-ray scattering (SAXS), circular dichroism

and variable—temperature UV spectroscopy, in order to 2.2.2. Fluorescence measurement

investigate the influence of methyltin(IV) chlorides on the  The fluorescence measurement was carried out by a Hi-
secondary structure of DNA in its native form is reported tachi model RF-5000 spectrofluorimeter. The instrument
[40]. In the present study, we have investigated the binding was operated in the energy mode. Both slit widths employed
and thermodynamic aspects of interactions of dimethyltin were 10nm for the excitation and emission beam. The
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spectra were recorded at 10 nm/min scanning speed withoutFinally, v is obtained fromEg. (5):
filter. The emission spectrum of ethidium bromide (EB)
were studied alexcita[ion =480nm and\.em|ss|0n: 600 nm. V= [Me2sncb] bound (5)

The fluorimetric study of the interaction of EB with DNA [DNA]
in the absence and presence ofJ88Ch was investigated

to the method reported by Strothkamp and Strothk4sp Also binding data could be analyzed based on the Scatchard

plot according tdEq. (6):

2.2.3. Binding measurement v
Titration difference spectrophotometry was carried out m =

using a Camspec Model M-350, double-beam spectropho-

tometer. The interaction of DNA with various concentrations wherev, K andn are the number of mole of ligand per mo-

of Me,SnCh (0.05-16 mM) was studied using spectropho- lar base pair of DNA, equilibrium binding constant and the

tometric method. The wavelengths of 435 and 260 nm were number of binding sites, respectively. Binding parameters

used at low concentrations (<9 mM) and high concentra- (v andK) for cited interactions at higher concentrations of

K(n—v) (6)

tions (>9mM) of MeSnChb upon interaction with DNA,
respectively.
The binding constant of M&nCh to DNA at low con-

Meo>SnCh (>9 mM) were obtained in a similar manner at
wavelength of 260 nm usinggs. (3)—(6). The molar extinc-
tion coefficient (260) of Me2SNChb—DNA complexes was

centrations was obtained from spectrophotometric titration equal to 13220 M! cm~! and can be obtained frofx. (2)

using the Benesi—Hildebrand expressjdf]:

and A is obtained from saturation state in the denatured

1 Kq 1 1 position of the sigmoidal curve (sdég. 1c). The binding
Vi <m> X 5] + (E) (1) parameters (@ndny) were obtained by fitting of the ex-
AAq = eb[DNA]

perimental data into the Hill equation using the Sigma-Plot
2) software. These values are tabulated in ffable 1.9
is the maximum number of binding site amg; is Hill
whereKy is the dissociation constant of the DNA-ligand coefficient.
complex,AA is the difference observed absorbance change
at wavelength of 435 nm in the presence and the absence 0p.2.4. IR spectrophotometry
MeoSnCh, AA, is the maximum absorbance change and  The IR spectra were recorded on a Bomem MB-100
[l represents the ligand concentratignis the molar ab- Fourier transform IR instrument. IR spectra (resolutien
sorptivity (extinction coefficient) of the complex abds the 4cm 1, 20 scans per spectrum) were prepared for solutions
light path-length of the cell (1 cmEg. (1) indicates linear of DNA-Me,SnCh complexes using a cell with CaRvin-
changes of 1/AAversus 1/[§ withY-intercept of 1/AA, dows, at low concentrations of M8BNCb (2.2mM). The
and slope oKy/AA.. Thus,Kq could be determined from  concentration of DNA was 24.2mM bp. The IR spectra
the slope of the plot via linear regression. of Me,SnCb—DNA at high concentration of M&NCh
Binding data can be obtained by estimating the concen- cannot be recorded because of the solid gel formation. It
tration of bound ligand usingq. (3): is also reported that, the addition the organotin(lV) chlo-
AA ride from 0.1 M concentrated ethanol solution, to aqueous
[Me2SnCh]bound= —— native DNA at neutral pH, induces DNA condensation
£435 with the formation gel phases, interpreted as the neutral-
ization of the negative charge of phosphodiester groups
by cationic organoting[39,40]. Hence, it can be con-
cluded that in the solutions at low concentrations of DNA
monomer and organotin chloride used here, organotin moi-
eties could interact with both phosphodiester groups and
H,0.

©)

whereeass is equal to 2174 x 103 cm~ 1M~ and could be
obtained fromFig. 1bandEq. (2).

Substitution of [MeSnCh]pounginto Eq. (4)leads to de-
termination of free ligand concentration:

[Me2SNnCbiotal = [Me2SNCh]free + [Me2SNChlbound  (4)

Table 1
Binding sites parameters for DNA—-M8nCh complexes at 27C

Sets g1 [sP) g3 94 nH1 nH2 nH3 NH4 K1 Ko Ks Ka

Set 1
Site 1 0.5 -
Site 2 - 1 -

Set 2
Site 1
Site 2

6378 -
3235

3226 -
3.99 - 29.3
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Fig. 1. (a) Titration of DNA (0.0242 mM bp) with M&SNnCb, £435 = 2.174x 10 M~1cm~1 was used for the calculation of MBNCb—DNA complex at

low concentrations of ligand at pH 7.6. The absorbance (AA) ofSM€b—DNA complex from concentration of >1.5 up to 9mM of M8nCb is near
constant (data not plotted)®) Experimental data, dashed curve is obtained by fitting using Eurika program. (a: inset) The visible spectra of the interaction
of DNA with Me;SnCh at 435nm (<9mM): (1) 0.106 mM MSNnCh; (2) 0.155mM MeSnCh; (3) 0.202mM MeSnCh; (4) 0.272mM MeSnCb;

(5) 0.444mM MeSnCh; (6) 0.53mM MeSnCh; (7) 1.011 mM MeSnCh; (8) 1.235mM MeSnCh; (9) 1.4mM MeSnCh; (10) 1.62mM MeSnCh.

(b) Reciprocal plot based ofg. (1) and estimation oKy for MeSNnCh—DNA complex. Slop= Kq/AA~ = 5.3431, Y-intercept= 1/AAx = 18.994.

(c) The titration profile of DNA at 260 nm in the presence of high concentrations oBkieb (up to 16 mM) at pH 7.6. The molar extinction coefficient

(e260) Of Me2SNCb—DNA complexes is equal to 13220Mcm~L. (c: inset) The UV spectra of the DNA interactions with ®Ch at 260 nm: (1)

9.3mM MeSnCh; (2) 11.2mM MeSnCb; (3) 11.98 mM MeSnCh; (4) 12.9mM MeSnCh; (5) 13.6 mM MeSnCb; (6) 14.2mM MeSnCb; (7)

14.8 MM MeSnCb; (8) 15.5mM MeSnCb; (9) 16.2mM MeSnCh.

3. Results and discussion

3.1. Binding data

The difference absorption spectra of DNA-H&nCh

Me,SnCL] mM

20

absorbance curve at 435nm for DNA upon interaction
with Me>SnCh at low concentrations (<9 mM). Based on
Eg. (1)and from the double reciprocal plot, the dissociation
equilibrium constant () can be obtained. The extinc-

tion coefficient for such interaction can be obtained from

complex at 435nm is shown at the presence of low con- Eq. (2) (seeFig. 1b). The values oKq and e were equal

centrations of dimethyltin dichloride (M&nCb) (<9 mM)
in Fig. 1a(inset). Fig. 1adepicted the titration difference

t0 281 x 10°4M and 2174x 10°cm~ 1M1, respectively.
Fig. 1cis shown the titration difference absorbance profile
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Fig. 2. Binding isotherm (v vs. log{MexSnCl>]free) for DNA-Me&SnCl,
complexes where v = [MeSnCl2]poung/[DNA] and [MexSnCl2]bound
= [Me&xSnCla]tota — [Me2SNCl2]free. Inset: scatchard plot for the binding
of Me;SnCl,—DNA complexes, v is the binding ratio and [Me;SnCl ] free
is the free ligand concentration. The arrow shows the change in the in-
terval of the curve, under the effect of different kinds of interactions at
low and higher concentrations of ligand upon interaction with DNA.

of DNA at 260 nm (belonging to DNA base chromophores)
in the absence and the presence of Me,SnCl, at higher
concentrations (>9mM). The inset of Fig. 1c is shown the
difference absorption spectra for the interaction of DNA
with MexSnCl; at higher concentrations.

Fig. 2 is shown the binding isotherm curve as a plot of v
(the average number of Me,SnCl, moles bind to one mole
of DNA base pairs) against logarithm of free ligand concen-
tration. The inset of Fig. 2 is shown the Scatchard plot as a
cooperative biphasic changes including the existence of two
sets of binding sites on DNA-MeSnCl, complexes.

3.2. IR spectra

The IR spectra features related to DNA and DNA-—
MexSnCl, complexes are presented in Fig. 3a and b. The
spectra contain peaks 1715, 1650 and 1618 cm~1 (attributed
to DNA bases) and 1200, 1087, 1053 and 960cm~1 (at-
tributed to phosphate vibration modes) [47]. The peaks
relative to phosphate group of DNA nucleotide were altered
viainteraction of DNA with Me,SnCl, at low concentration
(2.2mM). It is not possible to obtain IR spectrum for the
interaction of DNA with Me;SnCl» at higher concentrations
of MexSnCl; because of solid gel formation.

3.3. The effect of Me;SnCl;, on the binding of ethidium
bromide to DNA

In order to understanding the mechanisms of the
Me>SnCl, and DNA interactions, the EB was used as a

probe to monitor such interactions. The binding of EB to
DNA, as an intercalating dye, is associated with enhance-
ment of its fluorescence intensity [48]. Thus, it is possible
to follow EB binding in the presence of Me;SnCl, as a
ligand to evaluate the effects of one ligand binding on an-
other. Fig. 4 shows the Scatchard plots belonging to the
inhibitory effect of EB binding with DNA in the presence
of MexSnCl, at low and high concentrations. Fig. 4a indi-
cates the noncompetitive inhibition for such interaction at
low concentrations of MeSnCly (<9mM). The slope and
X-intercept indicate the binding constant (K) and number
of binding sites (n), respectively [49]. Thus, the values of
K1 and n; are 51675 and 0.45 for the first set of binding
at low concentration of ligand. Fig. 4b shows the noncom-
petitive inhibition of EB binding with DNA in the presence
of MexSnCl; at higher concentrations (>9 mM). The values
of Kz, K3, np, and n3 are equal to 55876, 58569, 0.50, and
0.55 at the corresponding concentrations of Me;SnCl».

3.4. Enthalpy curves

The inset of Fig. 5 shows the biphasic enthalpy curve of
DNA upon interaction with MexSnCl,. The first stage is an
exothermic process, the minimum at about 9mM (highest
exothermicity) and the maximum at about 16 MM (lowest
exothermicity) of Me;SnClo—DNA complexes. For a better
explanation of the enthalpy changes during the progression
of interaction, the plot of AHv (AH/v) (i.e. enthal py changes
due to the binding of each mole of ligand per each mole
of DNA) against v was drawn. Fig. 5 shows an exothermic
process at low concentration of ligand up to 9mM up to
v = 1, which is followed by an endothermic process (less
exothermicity) at higher concentrations of ligand (>9mM,
v > 1). The exothermic process continued up to v = 1,
which indicatesbinding of about 1 mol of Me>SnCl» to 2 mol
nuclectides of DNA (1 base pair of DNA). Binding of more
ligands to DNA at v > 1 is accompanied with decreasing
of exothermicity (up to v = 1.5). Thereafter, the enthalpy
value becomes almost constant demonstrating the saturation
of DNA with Me,SnCl> and termination of the interaction.

3.5. Binding sites analysis

Fig. 3 shows the IR spectra of interaction of DNA with
MexSnCl; at low concentrations (2.2 mM), which indicates
the binding of ligand to the phosphate groups of DNA [47].
IR spectrum of DNA in the presence of MeSnCl, con-
firmed that such interactionsat low concentrations arise from
binding of DNA phosphate groups to the ligand because
of ateration of IR peaks in the phosphate region [47] (see
Fig. 3b). These findings are in agreement with the binding of
Me>SnCl, to DNA phosphate groups (PO2™) at low ligand
concentrations (<9 mM) and a so with semiempirical calcu-
lations on the interaction between MexSn(1V),* and dinu-
clide triphosphate duplex, mimicking a DNA model system,
were performed by PM3 method [50]. The results showed
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Fig. 3. (@) The IR spectrum of DNA at pH = 7.6; (b) the IR spectrum of DNA in the presence of 2.2mM of MexSnCl, at pH 7.6.

that the ligand moiety binds to the two adjacent phosphate.
An octahedral geometry is proposed for the possible struc-
ture of Sn sites in phosphate-bond R>Sn(1V)-DNA. Also
Mosshauer and X-ray data have reveded that two water
molecules bond to the Sn via oxygen atoms. Binding anal-
ysis according to the Hill approach could be also evaluated
for such interactions on phosphate groups.

Analysis of binding data according to the Hill model in-
dicated two sets of binding sites (one set for interaction on
phosphate groups and one set for nucleotide groups). Hill
equation for two sets of binding sites could be written as
[51-53]:

) - SuKa[La]™ g2(Ko[Lo])"
© 14 (Ka[La])r T 14 (K[La])"2

whereg, K, ny and [L] denote the maximum number of bind-
ing sites, binding constant, Hill coefficient, and Me>SnCl»

()

concentration at corresponding sets, respectively. The inset
of Fig. 2 shows the Scatchard plot as a biphasic curve indi-
cating the existence of two sets of binding sites on DNA for
Me>SnCly. The first set, which is considered by EB—DNA
experiment is a non-intercalative mechanism (i.e. one mole
of ligand binds to one mole of DNA base pairs). There-
fore, binding of Me»SnCl, on phosphate groups at low con-
centration (<9mM) (corresponding up to v = 1 including
two subsites) was associated with an exothermic enthalpy
change (see Fig. 5). The interaction was accompanied with
some distortion for DNA structure and partial conforma-
tional relaxation [54]. Regarding the interaction of DNA
with MexSnCl;, at higher concentration (>9 mM), the analy-
sisof binding data according to the Hill model indicated also
two sets of binding sites (two sets for nucleotide groups).
Hill equation for these two sets of binding sites for such in-
teraction at higher concentration range of ligand could be
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with DNA in the absence of Me;SnCl, (O); 9.1mM Me,SnCl, (H) and
9.7mM Me;SnCl, (L),

written as

_ g3(Kg[Lg])"e ga(Ka[Lg])"
© 14+ (K3[L3])™3 1+ (Ka[La])ma

Thevalues of g1—as4, K1—K4, hy1—nn4 for corresponding sets
were tabulated in Table 1.

In order to elucidate binding sites for DNA—-MeSnCl»
complexes we have utilized the Scatchard analysis of the
EB—DNA complex in the presence of various concentrations
of ligand. The emission of EB-DNA complex as quenched
by Me>SnCl, and the Scatchard plotsin the absence and the
presence of Me;SnCl, showed noncompetitive behavior for
such gquenching (see Fig. 4).

Previous results are available for Sn(IV)Mes [43] and
Sn(1V)Me; moieties [55]. The hydrolysis of Sn(IV)Me moi-
ety has been studied by H and °Sn NMR spectroscopy
and potentiometry [40]. Briefly, from the reported results
[43,40] the main, possibly hydrated, species existing in
aqueous in pH range 5.0-7.6, may be assumed to be al-
most the [Sn(1V)Me(OH)]* form and a negligible amount
of SnMey(OH),. Also at low concentrations of MexSnCl;

(8)

05
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=
o
1 b
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= Tl
S =)
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S 21
Pl 32f
3 L Lo
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-25
[Me2SnCly] mM
-3
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Y

Fig. 5. The calorimetric enthalpy (AHv) of interaction of Me;SnCl;
with DNA at 27°C. Inset: the enthalpy change versus concentrations of
Me>SnCl,. The data were obtained from 40l in each injection of 3.7
and 55mM of Me>SnCl, into 1.8 ml solutions for total concentration of
MeySnCl, at <1.22 and >1.22mM, respectively. The concentration of
DNA is 0.0242mM bp.

the dimeric and trimeric forms can be neglected and only
monomeric forms are considered in the solution. Therefore,
here [Sn(IV)Mey(OH)]™ as the main binding specie on
interaction with DNA was purposed. By consumption of
[Sn(1V)Mex(OH)]+ the small amounts of SnMex(OH), can
easily convert to the [Sn(IV)Mey(OH)]™ form at working
pH = 7.6. Hence, we assigned Me;SnCl, as a ligand in
the text. Binding of organotin(lV) cations to DNA have
been reported. For example, coordination of MexSn(1V)%+
to 5-GMP, 5-ATP, and 5'-[d(CGCGCG)2] and their sugar
constituents were investigated in agueous solution by means
of potentiometric titration and H-NMR and P-NMR spec-
troscopic methods [50]. The results showed that phosphate
groups can provide suitable sites for metal ion coordination
and at higher concentrations of ligand hydroxyl groups of
the sugars or the sugar moieties of the two nucleotides (at
alkaline pH) play arolein this process and base moieties of
GMP and AMP were not coordinated to Me;Sn(1V)?+ [56].

Here we can say, two kinds of inhibition for such inter-
actions (EB-DNA complex) in the presence of ligand have
defined in the literature as follows [49]:

(1) Covalent bonding without chain disruption, which con-
firms by the coincidence of the experimental points on
the unique line either in the absence or in the presence
of ligand upon interaction with DNA.

(2) Covalent bonding to the hydroxyl groups of the sugars,
the sugar moieties of the two nucleotides [50] which
may be illustrated by parallel lines in the absence and
presence of ligand (see Fig. 4).

The fact that the slopes of the lines in Fig. 4a and b re-
main unaltered may be interpreted in the framework of the
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Scatchard model to indicate noncompetitive class including
the covalent bond between phosphate group of DNA with
MexSnCl, at low concentration of ligand (see Figs. 3b and
44) and with DNA—-Me&,SnCl, complexes through bases in-
teraction at higher concentration of Me;SnCl (see Figs. 4b
and 5). This may also block intercalation sites for EB [49].
Such behavior was reported in literature previously by dif-
ferent ligands including some porphyrins [57,58], several
platinum and palladium complexes and methylviologen
[59]. To confirm such mechanisms, Fig. 5 shows the two
kinds of interactions for DNA-Me&SnCl, complexes at
low and high ligand concentrations. The first stage at a
low concentration of ligand showed the exothermic process
and the second stage at a higher concentration of ligand
indicated the endothermic contribution. The exothermic
process usualy shows the electrostatic interaction (DNA
outside binding—-MeSnCl, interaction) and endothermic
process indicates the transfer of non-polar groups from in-
terior of biomolecules into water [60—62] or unfolding of
the biomolecules via hydrophobic contributions [22,60-63].
The decrease in the exothermicity of DNA-MeSnCl, com-
plexes (>9mM or v > 1) belongs to partial unfolding of
DNA via interactions with Me;SnCl, at higher concentra-
tions of Me;SnCl, because of low enthal py values (—2.5289
to 0.2253kJmol ~1). Even above 9mM Me>SnCl,, the sign
of enthalpy is reversed and then it reaches the stationary
state above 16 mM. It must be mentioned that binding of
organotin(lV) species at low concentrations is attributed to
counter ion binding to DNA phosphodiester [64] with the
consequent stabilization of the double helix. While large
changes have been reported at high concentrations of the
ligand which is interpreted in terms of DNA denaturation
due to binding of ligand to DNA sugar moieties as well as
to DNA conformational transitions induced by Sn(1V)Me,
moiety. The results are in agreement with the trends de-
tected in DNA solutions in the presence of a large excess
of Ca2t [40] or other main group metal ions. ShMex(OH)>
species can be assumed to interact with both hydroxyl and
phosphodiester groups [50]. Therefore, our results indicated
there are two different behaviors for binding of Me>SnCl»
to DNA. An exothermic binding process on phosphate
groups took place at low ligand concentrations, while the
partia unfolding of DNA occurred via an endothermic (less
exothermic) process at higher ligand concentrations.

4. Conclusions

The binding of DNA with Me;SnCl; occurs through two
types of interactions in a ligand concentration dependent
manner. The outside binding of DNA relative to phosphate
group occurs at low ligand concentrations (up to v = 1),
while hydroxyl groups of the sugar, the sugar moieties of
the two nucleotides may introduce for interaction at higher
ligand concentrations (up to v = 1.5). Both kinds of inter-
actions have noncompetitive behavior based on Scatchard

plots of EB-DNA complexes. Outside binding is accompa-
nied with increasing in exothermic enthal py, which indicates
some compaction on DNA structure during the interaction
with Me;SnCl» at low concentrations. However, partial un-
folding of DNA takes place because of decreased exother-
micity (endothermic process which indicates accessibility of
hydrophobic forces to the solvent) at higher ligand concen-
trations.
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