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Abstract Organotin(IV) complexes show a wide variety
of biological activity: bactericidal, fungicidal, caricidal,
and pesticidal. Many of them are more effective than tra-
ditional heavy metal anticancer drugs. The aim of the
present study was to investigate the interaction of a new
dibutyltin complex with citric acid (DBTC) with lipid
membrane and plasmid DNA. The effect of this compound
on the multilamellar liposomes formed with dipalmitoyl-
phosphatidylcholine, dimyristoylphosphatidylcholine, and
dimyristoylphosphatidylethanolamine was studied mainly
by the means of differential scanning calorimetry and
additionally by the steady-state fluorimetry. Calorimetrical
results together with fluorescence spectroscopy suggest that
investigated complex interacts with lipids and probably
locates itself in the hydrophilic part of the membrane. The
effect of DBCT on plasmid DNA was investigated using
single-molecule florescence technique and time-correlated
single photon counting fluorescence correlation spectros-
copy. We could conclude then that DBTC-DNA interac-
tion occurs due to the interaction with the DNA phosphate
group and charge neutralization which then leads to DNA
compaction.
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Introduction

Organotin(IV) complexes play an important role in medi-
cine, agriculture, and industry. The compounds show a
wide variety of biological activity: bactericidal, fungicidal,
caricidal, and pesticidal [1-6]. In recent years, many
triorgano- and diorganotin compounds have been synthe-
sized and tested for their antitumor activity in vitro against
a large variety of tumor lines. Many of them are more
effective than traditional heavy metal anticancer drugs
[3, 6]. A series of triorgano- and diorganotin carboxylates,
aminocarboxylates, oxamates etc., display interesting
antitumor activity. Biological activity of organotin depends
not only on the number and nature of Sn—C bonds but also
on the mode of coordination of ligands and their electronic
properties. The most active antitumor agents are diorga-
notin and triorganotin compounds [1-9]. Antitumor activ-
ity depends on the properties of group coordinated to tin
atom and most frequently diminishes in the order:
n-Bu > Ph > n-Pr > Et > Me [2-8, 10-12]. The mecha-
nism of biological action of organotin derivatives is still
not clear but due to their lipophilicity organotins are
membrane-active—for example, disruption of membrane
integrity may occur because of organotin binding or
insertion into the membrane. Organotins can also act intra-
cellulary disrupting intact organelles [3]. The organotin
compounds may interact with DNA, membrane proteins,
glycoproteins, and cellular proteins. Some authors pro-
posed that DNA is the probable target for the cytotoxic
activity of organotin complex [4, 9]. The binding ability of
these complexes with DNA depends on the coordination
number and nature of the groups bonded to the central tin
atom, e.g., the authors [11] suggest that the ligand of
organotin(IV) carboxylate complexes binds with DNA
double helix by hydrogen bonding between the ligand and
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Fig. 1 Chemical structure of dibutyltin citrate complex in solution

the base pairs in DNA typically to N3 of adenine and O, of
thymine as well as partial intercalation of aromatic ring
into the base pairs of DNA. The interaction of organotin
compounds with DNA is of interest for therapeutic treat-
ment as these molecules recognize specific DNA sequen-
ces, alter the local DNA structure, inhibit access to the
activator or repressor protein, and ultimately affect the
gene-expression process [13].

The subject of the research is the new dibutyltin complex
with citric acid—[Sn(C4Hy),(C¢HgO7)]—DBTC (Fig. 1).
The organotin compounds with citrato acid have been
investigated to a lesser extent than other organotin carbox-
ylates. However, they play important role in organotin bio-
chemistry because of their relatively large concentrations in
the environment and high biological activity [14]. In the
previous paper, we examined properties of dibutyltin com-
plex with citric acid and its interaction with nucleotides. The
NMR spectroscopy showed that DBTC effectively interact
with  disodium 2’-deoxyadenosine 5’-monophosphate
(DAMP), adenosine 5’-monophosphate monohydrate
(AMP), and adenosine 5’'-triphosphate disodium salt (ATP).
The Sn atoms of DBTC are coordinated to chelating car-
boxylate ligands and nucleotide molecules via phosphate
groups; however, coordination of nucleotide to Sn atoms as a
chelating ligand via phosphate group and N atom of adenine
residue is also possible [15]. Our preliminary investigation
shows that the dibutyltin citrate complex is effective cyto-
toxic agent against Caco-2 and A549 tumor cells (Pruchnik
et al., paper in preparation).

The aim of this paper is to present the study of inter-
actions of the new butyltin citrate complex with lipid
membranes and plasmid DNA. In particular, its ability to
compact (binding) DNA and its influence on the membrane
structure and thermotropic phase behavior was studied. The
effect of the DBTC on the lipid bilayer phase transition was
examined mainly by differential scanning calorimetry
(DSC) and additionally by fluorescence spectroscopy. The
above mentioned methods have been employed to sys-
tematically monitor the influence of the CGA on different
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membrane regions. The degree of packing order of the
hydrophilic phase of the lipid bilayer was determined by
the Laurdan and Prodan fluorescence probes, while the
fluorescence anisotropy of the hydrophobic phase—with
the DPH probe. DSC is a useful method in studies on the
nature of biological systems such as lipids or proteins
[16—-18]. Thermal parameters that were monitored include
the temperature at the pretransition (7,) and the main
transition peak (7,,), the half width (AT;,,) and change of
the enthalpy (AH) of the main transition. To understand the
interaction of butyltin citrate complex with plasmid DNA,
we used a single-molecule florescence technique and time-
correlated single photon counting fluorescence correlation
spectroscopy (TCSPC-FCS).

Materials and methods
Chemicals

The compound dibutyltin complex with citric acid—
[Sn(C4Hy),(CsHgO7)] was prepared by procedures reported
earlier [15]. Numerical calculations reported in the same
paper suggested that the most probable structure of this
compound is as shown on Fig. 1.

The 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine
(DPPC), 1,2-dimirystoyl-sn-glycero-3-phosphatidylcholine
(DMPC), and 1,2-dimirystoyl-sn-glycero-3-phosphatidyle-
tanolamine (DMPE) lipids were purchased from Sigma
Aldrich, Steinheim, Germany. The fluorescent probes:
6-dodecanoyl-2-dimethylaminonaphthalene (Laurdan),
6-propionyl-2-dimethylaminonaphthalene (Prodan), and
1,6-diphenyl-1,3,5-hexatriene (DPH) were purchased from
Molecular Probes, Eugene, OR, USA.

The 10,000 bp (Bap) plasmid and two fluorescent dyes
PicoGreen® (PG) and Hoechst 33258® (H33258) (Molec-
ular Probes) were prepared and used as described else-
where (M3). We used the labeling ratio 2 dye molecules/
100 base pairs. After staining, DNA plasmid was titrated
with various amounts of DBTC. Experiments were per-
formed in deionized water at 25 °C.

Differential scanning calorimetry

Samples for DSC were prepared from multilamellar lipo-
somes (MLV) of phosphatidylcholine (DPPC, DMPC) and
phosphatidyloetanolamine (DMPE). The lipids and com-
pound were dissolved in chloroform and in ethanol,
respectively. Chloroform and ethanol were very carefully
evaporated to dryness under nitrogen and thin film was
formed on the flask wall, after which distilled water was
added. The lipid film was dispersed by agitating the flask
on a vortex mixer to give a milky suspension of liposomes
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at a temperature above the main phase transition of phos-
phatidylcholine. Final lipids’ concentration in the samples
was 25 mg cm . The prepared MLV of lecithin and lec-
ithin with the compounds added were encapsulated in 40 pl
volumes and incubated for 4 days at 4 °C. The measure-
ments were made with the Mettler Toledo Thermal Ana-
lysis System D.S.C. 821° operated at a heating rate of
2 °C min~! from 20 to 55 °C of DPPC, from 10 to 35 °C
of DMPC, and from 20 to 60 °C of DMPE. Thermal cycles
were repeated three times, the experimental error in tem-
perature and thermal response were £0.2 °C and £5 %,
respectively. Data analysis was done using original soft-
ware provided by Mettler Toledo in order to determine the
temperature of the pre- (7},) and main transition (7},), the
main half-width transition (AT,,), and the calorimetric
enthalpy (AH).

Fluorescence spectroscopy

Samples for steady-state fluorimetry consisted of MLVs
with DPPC and DMPC all modified with dibutyltin com-
plex (DPPC-DBTC, DMPC-DBTC). The MLV were pre-
pared identically as for DSC measurements. The lipids,
compound, and fluorescence probes (Laurdan, Prodan and
DPH) were dissolved in chloroform and in ethanol,
respectively. Chloroform and ethanol were very carefully
evaporated to dryness under nitrogen and thin film was
formed on the flask wall, after which distilled water was
added. The lipid film was dispersed by agitating the flask
on a vortex mixer to give a milky suspension of liposomes
at a temperature above the main phase transition of phos-
phatidylcholine. Samples were incubated 30 min in dark-
ness at room temperature. Final lipids’ concentration in the
samples was 450 pM, molar ratio of citric complex and
lipids was 0.07, and concentration of fluorescence probes
was 10 uM. The measurements were made at different
temperatures—above and below the main phase transition
of DPPC or DMPC. Thermal cycles (20-60 or 10-50 °C)
were repeated three times.

The measurements were conducted with a CARY
Eclipse of VARIAN fluorimeter equipped with a Peltier
temperature controller DBS (temp. accuracy + 0.1 °C).
The excitation and emission wavelengths for DPH probe
were Ao, = 360 nm, A, = 425 nm. The excitation wave-
length for Laurdan and Prodan was 360 nm, and the
emitted fluorescence was recorded at two wavelengths: 440
and 490 nm.

Fluorescence anisotropy (A) for DPH probes was cal-
culated using the formula A = (Iyy — GI,)/(Iy + GI,),
where I;; and I, —fluorescence intensities observed in
directions parallel and perpendicular to the polarization
direction of the exciting wave. G is an apparatus constant
dependent on the emission wavelength [20]. Changes in the

polar group packing arrangement of the hydrophilic part of
the membrane were investigated using Laurdan and Prodan
probes, on the basis of generalized polarization (GP), and
were calculated with the formula GP = (I, — I)/(I; + 1)),
where I, and I, are the fluorescence intensities at the gel
and the fluid phase, respectively [19, 20].

Time-correlated single photon counting fluorescence
correlation spectroscopy (TCSPC-FCS)

To explore the dibutyltin citrate complex—DNA interactions,
a single-molecule detection technique that combines
simultaneous time-correlated single photon counting time
tag mode with fluorescence correlation spectroscopy
(TCSPC-FCS) was employed, as reported earlier [21-23]
Mainly, there are two readout parameters the residence time
(11es) and apparent particle number (PN) contain information
about the diffusion coefficient and the concentration of the
fluorescently labeled molecules, respectively [24]. PN is
described by the equation PN = C x V x N4, where C is
molarity of detected molecules (DNA), Vis confocal volume
(1 fL), and N, is the Avogadro constant. The DNA con-
centration used in experiments was constant at 1 nM, the
theoretical PN to be achieved is around 0.6. However, in the
case reported herein the multi-labeled plasmid DNA might
exceed the diameter of the laser focus about one and half
times [25, 26]. For the freely diffusing plasmid DNA, the
segmental and the Brownian motions of the whole molecule
are superimposed [27], which causes an increase of the
apparent number of particles in the focus and also affects the
apparent residence times. The combination of these FCS
measurements with the TCSPC method allows simultaneous
detection of the fluorescence lifetime. The fluorescence
lifetime gives information on the local environment both
PicoGreen and Hoechst label. As shown earlier [23, 28], it
can be interpreted as a mark of DNA tight compaction.

The set-up was as follows: TCSPC-FCS measurements
were performed on a MicroTime 200 inverted confocal
microscope (PicoQuant, Germany) with the pulsed diode
laser (LDH-P-C-470, 470 nm PicoQuant) providing 80 ps
pulses at a 40 MHz repetition rate, dichroic mirror 490
DRLP and band-pass filter 515/50 (Omega Optical), and a
water immersion objective (1.2 NA, 60x) (Olympus). Low
power of 4 uW (at the back aperture of the objective) was
chosen to minimize photobleaching and saturation. In the
detection plane, a pinhole (50 pm in diameter) was used
and the signal was collected by a single photon avalanche
diode (SPAD, Microphoton Devices, Bolzano, Italy).
Photon arrival times were stored using fast electronics
(Picoharp 300, PicoQuant) in time-tagged time-resolved
recording mode. Two independent times were assigned to
each detected photon: (i) a time after the beginning of the
measurement and (ii) a time after the previous laser pulse.
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The FCS data analysis was done using home-built routines
(DevC++, Bloodshed Software and OriginPro70, Origin-
Lab Corporation). The TCSPC data analysis was per-
formed using SymPhoTime software (PicoQuant). Further
details of the data evaluation are given elsewhere [27].

Results and discussion
Interaction with lipid membrane

Interaction of dibutyltin citrate complex with lipid mem-
branes was investigated by the means of DSC and fluo-
rescence spectroscopy. The molecular models used in our
studies of interaction of DBTC with membranes consist of
bilayers of DPPC, DMPC, and DMPE which are repre-
sentative of phospholipid classes located in the outer and
inner monolayers of many cells including those of the
human erythrocyte membrane. Using calorimetry, we also
examined the heat signal associated: (1) with the lamellar
gel phase to ripple phase and (2) with the ripple phase to
fluid lamellar phase transition of MLV of phosphatidyl-
choline. The effect of DBTC on the phase transition of
DPPC determined in the DSC experiment is shown in
Fig. 2. In the absence of the compound, two characteristic
endothermic peaks are visible referring to pretransition (1)
and main transition (2), respectively. The presence of
DBTC reduces cooperativity of the main phase transition
and for increasing concentration abolished the pretransi-
tion. Below a molar ratio of 0.03, dibutyltin complex
practically does not affect the main phase transition tem-
perature (7,,) and the T}, but shows effect on the transition
enthalpy (Fig. 4). For a molar ratio of 0.07 and above
DBTC abolished the pretransition and scarcely affects the
T, and enthalpy. The main phase transition is broadened
and asymmetrical, with visible shoulders. Since the pre-
transition is a result of changes in acyl chain packing, its
perturbation and/or vanishing indicates that DBTC proba-
bly influences the structure of the lipid bilayer. On the
other hand, compounds that incorporate into the polar—
nonpolar region of the lipid bilayer abolish the DPPC
pretransition even at low concentrations [29]. At the higher
concentration (0.1 and 0.2 molar ratio), the main phase
transition peak splits into two components: the first corre-
sponding to the T;, of pure DPPC and second slightly
shifted toward lower temperatures. These results may
indicate the coexistence of various phases with different
compositions. Changes to the heat flow might, therefore, be
associated with formation of different domains consisting
of different TBTC-DPPC compositions and consequently
with different T,, values. MLVs formed from DMPC and
from DMPE were used as model membranes. In case of
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Fig. 2 DSC transition curves of MLV with DPPC modified with the
DBTC

MLYV formed from DMPC and DMPE, we observed similar
effect as for DPPC lipids (Fig. 3).

In the case of MLV formed from DMPC, the presence of
DBTC abolished pretransition, practically do not change
the T},, decreased cooperativity and enthalpy of the main
phase transition (Fig. 4), but do not separate the peak. In
the case of MLV formed from DMPE, we observed that the
main phase transition peak splits into two components for
molar ratio 0.03 DMPE/DBTC. It is interesting that the
second component moves toward higher temperatures with
the increasing concentration of the compound. This sug-
gests that DBTC disrupts the bilayer structure in DBTC-
doped DPPC dispersion and probably a lamellar—nonla-
mellar phase transition appears.

Summarizing, these results suggest that DBTC interacts
with the surface of the bilayers, probably partially locates
at the surface of the lipid bilayer, and partially penetrates it.

The phase behavior and membrane fluidity changes
induced by dibutyltin complex citrate were analyzed using
probes: Laurdan, Prodan, and DPH. These fluorescent
probes were used because each of them incorporates in a
different region of a lipid bilayer. The DPH probes locate
in the hydrophobic, while Laurdan and Prodan—in
hydrophilic regions of the bilayer. Such differentiated
incorporation of the probes gives insight into the structural
changes caused by incorporation of investigated complex
[29, 30].
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Fig. 3 DSC transition curves of MLV with DMPC (a) and with
DMPE (b) modified with the DBTC

The effect of the DBTC on the fluidity and main phase
transition of the MLV formed from DMPC was studied on
the basis of anisotropy measured with the DPH probe. The
fluorescence steady-state anisotropy is primarily related to
the restriction of the rotational motion of the dye to the
hydrocarbon chain packing order. Therefore, decrease of
the anisotropy parameter can be explained by the structural
perturbation of the bilayer hydrophobic region due to
incorporation of studied compounds. The dependence of
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Fig. 5 Fluorescence anisotropy of DPH in MLV prepared from
DMPC as a function of temperature

the DPH probe on temperature is presented in Fig. 5. The
presence of DBTC practically does not change fluores-
cence anisotropy—we observed only slight decrease of the
anisotropy of the gel-crystal phase without changing the
T, These results suggest that investigated compound had
practically no influence on fluidity in the hydrophobic
region of the lipid bilayers.

Using the Laurdan and Prodan probes, we monitored
phospholipid phase transition, since spectral properties of
both probes depend on the amount of water penetrating the
appropriate regions of a bilayer. Laurdan is a membrane
fluorescent probe that has the unique advantage of being
sensitive to the phospholipid phase state. It is located in the
hydrophilic-hydrophobic interface of the bilayer with the
lauric acid tail anchored in the phospholipid acyl chain
region [31]. The calculated values of general polarization
(GP) of the Laurdan probe for MLV formed from DPPC
are presented in Fig. 6a. DBTC slightly lowers the GP
coefficient values both in the gel and liquid-crystalline
phases, which indicates increasing disorder of the polar
heads of lipid bilayer, but does not change temperature of
the phase transition.

Comparing to Laurdan, Prodan has a different location
in the lipid membrane, namely, closer to the aqueous
phase. Such a location allows Prodan to be also sensitive to
the pretransition occurring in the lipid polar head groups
region [31]. Figure 6b compares values of GP coefficients
calculated on the basis of fluorescence intensity measured
at different temperatures for the Prodan probe. For lipo-
somes formed from DPPC, large changes in GP values are
observed in the gel phase. The molar ratio of 0.07 DBTC/
lipid does not remove the pretransition totally but changes
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Fig. 6 Values of general polarization of Laurdan (a) and of Prodan
(b) at different temperatures for DPPC liposomes with the tested
DBTC (molar ratio DBTC/DPPC = 0.07)

its temperature (Fig. 6b). These results suggest that DBTC
strongly influences the gel state of the DPPC bilayer.

Summarizing these results confirm suggestions that
DBTC interacts with lipid bilayer practically not influ-
encing the fluidity of membranes and probably locates
itself in the lipid head group region.

Interaction with plasmid DNA

The interaction of DBTC complexes with plasmid DNA
was studied by using single-molecule fluorescence tech-
nique TCSPC-FCS. The main aim of the presented studies
was to investigate ability and mode of binding for DBTC
complexes with DNA molecule. In order to achieve a goal
DNA molecules were labeled with two fluorescent dyes
Hoechst 33258% and PicoGreen®. Both dyes are commonly
known as nucleic acid quantitation reagents. We use
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H33258, which displays sequence specificity, preferentially
binds to the AATT stretch of DNA double helix [32-34]
and exhibits a Stokes shift that heavily depends upon sol-
vent polarity of the host environment [35]. It is reported
that the interaction of H33258 may lead to DNA conden-
sation at higher concentrations of the probe ([probe]:[DNA
base]) 2.50:1 [36]. However, in our studies, the possibility
of the DNA condensation by the probe molecules can be
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Fig. 9 Dependence of the lifetime upon Cpptc/Cpna base pair ratio
in the solution. Dye/DNA base pair = 0.02 both with Hoechst
33258® and PicoGreen® fluorophore

ruled out as the samples contain ([probe]:[DNA base])
1:50.

PicoGreen is a fluorescent probe that binds dsDNA and
forms a highly luminescent complex when compared to the
free dye in solution. In comparison to H33258, PicoGreen/
DNA complex is additionally stabilized by the interaction
with the DNA phosphate group leading to an extremely
strong binding constant [37].

The results of TCSPC-FCS measurements on the DNA
with DBTC complexes are shown in Figs. 7, 8, and 9, as
the dependences of diffusion time, particle number, and
lifetime on DBTC/DNAy,, ratio, respectively.

In the absence of added DBTC complexes, the free
uncoiled DNA has a diffusion time of 65 and 45 ms for PG
and H33258 labeled, respectively (Fig. 7). This difference
results from difference of the geometry of excitation and
detection light in the confocal volume for PicoGreen and
Hoechst dye. Within the supramolecular assembly with
dibutyltin citrate, hydrodynamic radius of the DNA
becomes smaller [38] and thereby as the concentration is
increased the diffusion time of plasmid decreases contin-
uously. The higher concentration of the DBTC in conse-
quence gives a supramolecular assembly diffusing faster.
At first we observed sevenfold decrease of the diffusion
time for PG and fivefold decrease for Hoechst-labeled
DNA-DBTC assemblies for the DBTC-to-base pair ratio
below 2. Additionally, Figs. 7, 8, and 9 show that for the
DBTC-to-base pair ratio below 2, diffusion time continu-
ously decreases as well as PN (1.5 £ 0.2 for PG/DNA and
3.5 + 0.2 for Hoechst/DNA) and the lifetime remains
stable within experimental error (4.3 £ 0.2 ns for both PG/
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DNA and Hoechst/DNA). Decrease of the diffusion time
evidences that DBTC interacts with plasmid DNA mole-
cule. DBTC-to-base pair ratio equal 2 seems to be
threshold. In the DBTC-to-base pair ratio range from 2 to
5, we observed further diffusion time decrease with
simultaneous increase of the PN and lifetime for PG-
labeled DBTC-DNA and simultaneous decrease of the PN
and lifetime for Hoechst-labeled DBTC-DNA assemblies.
For the DBTC-to-base pair ratio above 5 values of the PN
about 0.8 + 0.2 and diffusion time = 3.5 £ 0.5, Hoechst-
labeled DNA reached minimum, whereas lifetime reached
maximum equal to 4.8 + 0.2 ns. In earlier studies reveal-
ing the compaction mechanism of 10 kbp DNA, it was
shown that the lifetime of PG is 4.3 &£ 0.2 ns for free DNA
and 3.3 £ 0.2 ns for fully compacted DNA. For the DBTC
complex interacting with PG-labeled DNA, we observed
the same changes in the lifetime but for DBTC-to-base pair
ratio fourfold higher than for Hoechst-labeled plasmid.

Fluorescence lifetime of dye molecules is a sensitive
reporter on the local microenvironment. A change of the
immediate microenvironment of the dye molecules forces a
change of its lifetime and, inversely, the lifetime remains
constant under unchanged conditions [35, 39]. This means
that both dyes, PG and Hoechst do not “see” same envi-
ronment. Hoechst 33258 binds in the minor groove,
therefore, it should be more exposed to the media, whereas
the PG molecule rigidly anchored between base pairs
additionally stabilized by the interaction with the phos-
phate group of DNA is more competitive due to DBTC
complex.

In summary, the experimental results for these three
parameters (diffusion time, particle number, and lifetime)
show that DBTC complex is able to interact and fully
condense DNA.

For Hoechst-labeled DNA in the DBTC/DNA assembly
the process is most efficient, taking place at the ratio
DBTC/DNA,,, =5, i.e., the concentration of 5 dibutyltin
citrate molecules per nucleotide.

The PG-labeled DNA binding results suggest the inter-
calative mode of binding for DBTC with DNA along with
possible simultaneous electrostatic or chemical interactions
between the Sn(IV) center and the phosphate backbone of
the DNA helix.

Conclusions

In our study we investigated the interaction of the dibu-
tyltin complex with citric acid with model membranes
prepared from DPPC, DMPC, DMPE, and plasmid DNA.

We used calorimetric and fluorimetric methods to
monitor changes in the gel phase to fluid lamellar phase
transition of lipids. At low molar ratios, DBTC does not
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significantly change phase transitions of lipids. Transitions
remain rather narrow and approximately symmetrical. With
increasing concentration, the pretransition disappears and
the main phase transition gets significantly broader and
asymmetrical, with visible shoulders. A splitting of the
main transition is observed at higher DBTC concentration.
These results may indicate the coexistence of various
phases of lipid bilayer with different compositions. The
steady-state fluorimetry results show that DTAB practically
does not change the fluidity of the lipid bilayer and slightly
lowers the GP coefficient values both in the gel and liquid-
crystalline phases. This leads to the conclusion that DBTC
preferentially intercalated onto head group region to some
extent into polar—apolar of the lipid bilayer.

The effect of DBCT on plasmid DNA was investigated
using a single-molecule florescence technique and time-
correlated single photon counting fluorescence correlation
spectroscopy (TCSPC-FCS). From the results we con-
cluded that DBTC-DNA interaction occurs due to the
interaction with the DNA phosphate group and charge
neutralization which then leads to DNA compaction.
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