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INFLUENCE OF CATIONIC PORPHYRINS
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The antitumor activity of cisplatin is achieved through covalent binding to
DNA. To eliminate systemic toxicity and side effects, studies of cisplatin-DNA
complexes are often conducted in combination with other drugs that selectively
accumulate in tumor tissues without forming covalent bonds with DNA and are
easily excreted from the body. In the present study, the interactions of the cationic
porphyrins H2TOEtPyP4 and ZnTOEtPyP4 with platinated DNA were investigated
in comparison with native DNA. Thermal melting curves show that the porphyrin
ZnTOEtPyP4 stabilizes the platinized DNA double helix much better than
H2TOEtPyP4. UV-CD spectra show that ZnTOEtPyP4 induces structural changes
in the DNA double helix similar to the B-Z transition. This twisting of the DNA
molecule occurs due to an increase in the binding ability of porphyrins to DNA.
The binding constants of the studied porphyrins with platinated DNA are
approximately twice as large as with native DNA. However, the small value of the
exclusion parameter (n<2) shows that the ZnTOEtPyP4 porphyrin molecules at
high concentrations are located in greater quantities on the surface of the platinated
DNA molecule and stabilize it.
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Introduction. Cisplatin (cis-diamminedichloroplatinum(ll), cisPt) is a
platinum-based chemotherapy drug, with manifest therapeutic effects and well-
defined mechanisms of action that are widely used in the clinic [1]. Cisplatin
typically binds to DNA through N7 nucleophilic sites, induces DNA cross-linking,
prevents DNA replication, blocks mRNA and protein production, and activates
multiple transduction pathways that ultimately lead to necrosis or apoptosis [2, 3].
However, cisplatin is causing systemic toxicity besides killing tumor cells. Platinum
anti-cancer drugs have serious side effects, including dose-limiting toxicity,
especially nephrotoxicity, neurotoxicity, ototoxicity, and myelosuppression [4], and
long-term use of cisplatin causes serious damage to normal tissues [5]. Although
cisplatin is widely used in chemotherapy, its side effects and resistance of
osteosarcoma cells to cisplatin are two of the most important issues that have led
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researchers to explore alternative therapeutic approaches [6]. One of the new
strategies in tumor therapy may be the combined use of cisplatin with other drugs.
By combining several drugs, it is possible to minimize the individual toxicity of each
of them, as well as reduce the resistance of cancer cells to these drugs [7]. Porphyrins
are compounds that exhibit antitumor activity, widely used in cancer therapy and
have practically no harmful side effects. The preferential localization of porphyrins
in tumors, their ability to generate reactive singlet oxygen, and low dark toxicity
have led to their use for therapeutic purposes, such as photodynamic therapy (PDT)
of cancer [8]. Porphyrins can be simply dissolved in water or surfactants, injected
intravenously and irradiated to the target area, as is done in traditional photodynamic
therapy. Therefore, many types of drugs can be used in combination with porphyrins
for a variety of therapeutic and imaging purposes.

Porphyrins may associate with DNA in three binding modes: intercalation,
groove binding, and outside binding with self-stacking along the DNA helix [9, 10].
The aim of this study is to compare the efficiency of the interaction of water-soluble
H>.TOEtPyP4 and ZnTOEtPyP4 cationic porphyrins with modified by cisplatin
(platinated) DNA compared with the interaction of the same porphyrins with native
DNA in order to determine the prospects for their use in anticancer therapy.

Materials and Methods.

Materials. Ultra-pure Calf Thymus DNA from “Sigma-Aldrich” was used in
this work. Porphyrins were synthesized in the Chair of Pharmacological Chemistry,
YSMU [11]. The stock solutions of porphyrins (103 M) were prepared in distilled
water. Cisplatin from “Sigma-Aldrich” was dissolved in distilled water (1 mg/mL).
Solutions of double-helical DNA at a concentration of 1.2 mg/mL were incubated
with cisplatin in 0.01 M NaClOs, in the dark at 37°C during 48 h [12-14].
The relative concentration of cisplatin to DNA base pairs is equal 0.025 throughout
all experimental procedures.

Absorption Spectra were measured on a Perkin-Elmer Lambda 800 UV/VIS
double-beam spectrophotometer with a 1 cm path-length quartz cell. Titration
spectra were carried out by the stepwise addition of the platinated or native DNA
stock solution to a porphyrins solution; absorption spectra were recorded in the
220-500 nm range at 20°C. The titration was terminated when the wavelength and
intensity of the absorption band for porphyrins did not change anymore upon three
successive additions of porphyrins. The calculation was performed according to the
McGee and von Hippel model using Eq. (1) of Correia et al. [15]:

1-nr

-n
Cr=r (m) [K,(1—nr+71)]7%, (1)
where Cs is the free porphyrins concentration in solution; r=Cy/Cpna; Cs is the
concentration of bound porphyrins; Cpna is the concentration of DNA in base pairs;
Ky is the binding constant; n is the exclusion parameter, i.e. the number of base pairs
that are occupied by the interaction of the porphyrin molecules.

UV-Melting. Thermal denaturation was carried out in a quartz cuvette of 1 cm
path length using a Perkin-Elmer Lambda 800 UV/VIS spectrophotometer equipped
with a Peltier effect heated cuvette holder. A temperature range of 40-95°C was used
to monitor the absorbance at 260 nm with a heating rate of 0.5°C/min. The unwinding
degree of DNA was measured in versus 1-6 by T,°C:
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, 2)

where A, Amin and Amax are the absorbencies of the experimental curves the lower
baseline (helix) and the upper baseline (coil), respectively at a given temperature
T°C [16]. The melting temperature (Tr) was determined as the temperature, at which
half of all base pairs “melted”, i.e. 1-6 = 0.5, and melting interval (AT) is equal to
the temperature difference, at which the tangent at the inflection point crosses the
levels 8 =0 and 6 = 1, respectively, and calculated with formula:

AN
AT = (a—T)Tsz. (3)

Melting was carried out in biphosphate buffer solution 0.15 BPSE,
[Na*] = 0.03, pH 7.0, DNA concentration in all samples was diluted to 0.04 mg/mL.

Circular Dichroism (CD) spectra were recorded on an Olis DSM spectrophoto-
meter in quartz cuvette (Perkin Elmer) with an optical path length of 1 cm at 20°C.
CD titration was measured by adding multiple aliquots of porphyrin solution to a
constant concentration of DNA solution. Each sample was collected from 220 nm to
500 nm at a scan speed of 200 nm/min with a response time of 0.5 sina 1 cm quartz
cell. The spectrum from a blank sample containing only buffer was used as the back-
ground (baseline) that was subtracted from the averaged data. All CD spectra were
corrected with baseline and normalized for concentration and presented as molar
ellipticity.

All experimental data are presented as the average of three measurements.
In all experiments the statistical error was p<0.03.

Results.

Absorption Spectra. Features of the interaction of H,TOEtPyP4 and
ZnTOEtPyP4 with native and platinated DNA duplexes were revealed by monitoring
changes in absorption spectra in the Soret Region. The most convenient and
informational method for determining the features of the interaction of DNA with
the studied porphyrins is spectrophotometric titration. Multiple aliquots of DNA
solution are sequentially added to a porphyrin solution of known concentration, and
the optical parameters of the complex are measured at each stage. The addition of
DNA leads to an increase in free-binding sites. Titration continues until the next
addition of DNA no longer results in changes in absorption spectra, indicating
saturation of binding sites. The presence of isosbestic points in the spectra indicates
the predominance of one binding mode in a given concentration range. H, TOEtPyP4
has a planar structure and behaves as a classical intercalator: large red shift
(A4 =12 nm) and hypochromic effect (A h=61.3%) are observed (Fig. 1, a and b;
Tab. 1). The relatively small red shift (A 2 = 8 nm) and hypochromic effect
(A h = 57.2%) observed in absorption spectra of H,TOEtPyP4 at addition of
platinated DNA. The monitoring of absorption spectra of ZnTOEtPyP4 at complex
formation with DNA and platinated DNA show the small red shift (2 nm and 1 nm)
and hypochromic effect (19.6% and 22.9%, respectively) (Fig. 2, a and b).
ZnTOEtPyP4 porphyrin have one axial ligand and intercalation is excluded. Hence,
at interaction with DNA, they can be located only on the external surface of the DNA
double helix or exhibit partial intercalation through pyridyl rings in side radicals.

1—60 = A—Amin

Amax—Amin



46 INFLUENCE OF CATIONIC PORPHYRINS ON CISPLATIN-MODIFIED DNA.

External binding occurs only at AT-rich sites and partial intercalation at GC-rich
sites, where cisplatin molecules bind to DNA and form crosslinks.

The calculation of binding constants involves finding the concentrations of
free and bound ligands at a known concentration of base pairs. Based on the optical
characteristics, concentrations of free (Cr) and bound (Cy) ligands can be determined
at each titration stage. Typically, the fraction of bound ligand at each titration step a;
is determined for this purpose:

_AitAr
@ = Ta (4)

where A; is the optical absorption of the solution at the i-th titration step; As is the
absorption of the porphyrin solution before titration begins, when all porphyrin
molecules are in the free state; Ay is the absorption of the solution at the end of
titration, when all porphyrin molecules are bound. The concentration of bound
ligands Cy' at the i-th titration step will be equal to C} = a;C,, where C; is the total
concentration of the ligand in the solution. The concentration of free ligand C{ at the
i-th titration step is determined as and the relative concentration of bound ligand
C} = C, — Ci, where Chy, is the concentration of added DNA at the i-th titration
step.

The binding constant Ky, and stoichiometry n were determined from binding
isotherms for both complexes of porphyrins with DNA and platinated DNA.
Porphyrin solutions were titrated with a stock solution of DNA at 20°C (Figs. 1, 2
and Tab. 1). As can be seen from Tab. 1, the binding constants of the studied
porphyrins to platinated DNA are approximately twice as large as with DNA.
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Fig. 1. Visible absorption spectra and binding isotherms (insertions) of H2TOEtPyP4 porphyrin in the
Soret band with DNA (a) and platinated DNA (b) at different relative concentrations, cisPt/nucleotide
molar ratio was 0.025, [Na*]=0.03, pH 7.0.

It is known that porphyrins are capable of forming H-type aggregates in aqueous
solutions, characterized by a weak red shift and slight hypochromism. Therefore, it
can be concluded that ZnTOEtPyP4 porphyrin molecules with axial ligands can be
wedged between DNA base pairs or in the minor groove by flat pyridyl rings of
side radicals, but the porphyrin core is located outside the helix, occupying
extended sections of the helix. Indeed, calculations show that the exclusion
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parameter has a value on n = 4.9. Platination of DNA increases the binding constant
almost twofold, but the exclusion parameter in this case is extremely small: n = 0.88.
This circumstance indicates that cisplatin has occupied possible sites intended
for partial intercalation and externally binding mechanism is mainly occurs.
The presence of H- and J-aggregates cannot be excluded also. In addition, since
covalent bonded mono- and difunctional adducts formed by cisplatin unwind the
DNA molecule by approximately ~13° [17], the ability of porphyrins to bind to DNA
helix increased.
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Fig. 2. Visible absorption spectra and binding isotherms (insertions) of ZnTOEtPyP4 porphyrin in the
Soret band with DNA (a) and platinated DNA (b) at different relative concentrations, cisPt/nucleotide
molar ratio was 0.025, [Na*]=0.03, pH 7.0.

Table 1

The spectral and binding parameters of H2TOEtPyP4 and ZnTOEtPyP4 porphyrins at complex
formation with DNA and platinated by cisPt DNA

Complex A, nm h, % Kp-107, M1 n
DNA+H TOEtPyP4 12 61.3 1.2140.2 2.26+0.02
cisPt DNA +H2TOEtPyP4 8 57.2 2.144+0.3 2.87+0.04
DNA+ZnTOEtPyP4 2 19.6 1.39+0.2 4.90+0.05
cisPt DNA +ZnTOEtPyP4 1 22.9 2.700.1 0.88+0.04

UV-Melting. Evaluation of DNA-ligand complexes by UV thermal melting
is a powerful method for determining the stability of the double helix [16].
Thermal melting experiments of DNA+H,TOEtPyP4, cisPt DNA+H,TOEtPyP4,
DNA+ZnTOEtPyP4 and cisPt DNA+ZnTOEtPyP4 complexes at different relative
concentrations of porphyrins were depicted in Figs. 3 and 4.

The cisPt/DNA relative concentration in all experiments is strongly 0.025.
The melting characteristics of investigated complexes at various relative
concentrations of porphyrins are summarized in Tab. 2.

Melting experiments showed, that the melting temperature (T, = 71.5°C) of
platinated DNA is lower than that of native DNA (T = 74.42°C). This fact is good
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evidence of destabilization of cisplatin-modified DNA. At relatively low concentra-
tions of HoTOEtPyP4 (r < 0.005), DNA is destabilized, whereas platinated DNA at
the same relative concentrations of porphyrins is stabilized. The degree of renatu-
ration R (%) is also considered an important parameter for determining the binding
mechanism of the studied porphyrins to DNA (Tab. 2). An increase in renaturation
is observed with an increase in relative porphyrin concentration (0.001 < r < 0.03)
for both the H, TOEtPyP4-DNA and ZnTOEtPyP4-DNA complexes, and the highest
renaturation value for both the complexes is observed at relative concentration of
r =0.03. The increase of DNA renaturation after the melting attests to the formation
of specific interstrand cross-links. At relatively low ligand concentrations, such a
change in parameters may be due to cross-linking of DNA strands. H, TOEtPyP4
increases the renaturation of platinated DNA from 93.88% to 98.05% (Tab. 2). The
addition of porphyrin H, TOEtPyP4 almost completely restores the double helical
structure of DNA, in contrast to ZnTOEtPyP4, which leads to a decrease in
renaturation to 50.15%, while for DNA renaturation increases for both porphyrins
H,TOEtPyP4 and ZnTOEtPyP4 ( by 3.75% and 7.05%, respectively).
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Fig. 3. The normalized melting curves of DNA (a) and platinated DNA (b) at different relative
concentrations (r) of H.TOEtPyP4, cisPt/DNA molar ratio was 0.025, [Na*] =0.03, pH 7.0
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Fig. 4. The normalized melting curves of DNA (a) and platinated DNA (b) at different relative
concentrations (r) of ZnTOEtPyP4, cisPt/DNA molar ratio was 0.025, [Na*] =0.03, pH 7.0
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Table 2

The melting parameters of DNA and platinated DNA in presence of H.TOEtPyP4 and ZnTOEtPyP4
porphyrins, cisPt/DNA molar ratio was 0.025, [Na*]=0.03, pH 7.0

DNA+H.TOEtPyP4 cisPt DNA+H,TOEtPyP4
r Tm, °C AT, °C *h, % **R,% | Tm, °C AT,°C | *h,% | **R, %
0 74.42 9.99 40.08 30.97 71.50 10.50 36.50 93.88

0.001 74.35 9.33 37.39 37.01 72.88 11.75 38.40 93.63
0.005 74.16 9.58 32.33 43.18 73.30 10.91 34.71 90.97
0.01 74.45 10.75 37.70 36.26 76.81 11.10 36.48 97.76
0.03 77.50 12.20 36.40 44.72 78.63 12.90 29.25 98.05
r DNA+ZnTOEtPyP4 cisPt DNA+ZnTOEtPyP4
0 74.42 9.99 40.08 30.97 71.50 10.50 36.50 93.88
0.001 73.39 8.98 37.72 31.64 74.52 10.59 29.34 41.98
0.005 73.73 9.48 37.45 31.73 74.35 10.50 32.11 37.07
0.01 73.87 9.93 34.32 34.06 74.34 9.30 26.56 41.05
0.03 76.10 11.80 33.56 38.49 79.64 11.90 24.79 50.15

Notes: *— h = [(Aes—A25)/A25]-100%; ** — R = [(Ass—Arzs)/(Ass—A25)]-100%; Arzs — absorption after
renaturation.

According to the data presented in Tab. 2, platinized DNA has a very high
degree of renaturation of 93.88% due to interstrand crosslinks. With increasing
concentration of H,TOEtPyP4, an increase in the degree of renaturation of platinized
DNA to 98.03% is observed. A significant decrease in the degree of renaturation is
observed in platinized DNA in the presence of ZnTOEtPyP4. At the same time, a
significant decrease in hypochromicity is observed, which indicates the presence of
damaged, melted sites in platinated DNA.

CD Spectra. The nature of the metal ion in the cavity of porphyrins is one of
the important factors determining its binding mode to DNA [18]. The porphyrins
H>TOEtPyP4 have a planar structure and intercalate at the GC-rich sites of native
DNA at low r ratios [19]. However, the presence of one or two axial ligands on the
central metal ion such as Co, Zn and Mn prevents intercalation due to the thickness
of the porphyrin molecules. An induced negative CD signal in the Soret band usually
indicates the presence of an intercalation binding mode, whereas a positive signal
corresponds to an external binding mode. A bisignate CD spectrum in the Soret band
is believed to indicate folding or stacking of the porphyrin along the DNA helix.
In Fig. 5 shows the circular dichroism spectra of DNA-H,TOEtPyP4 (a) and
cisPt DNA-H,TOEtPyP4 (b) complexes at different relative concentrations r
(r=[porph]/[DNA]) of porphyrin. H,TOEtPyP4 interacts with DNA by intercalative
mode at a small porphyrin/DNA ratio (r < 0.01 spectra not presented) (Fig. 5, a),
which gradually changes into outside stacking mode at higher r ratios. It is known,
that H,TOEtPyP4 have a planar structure and at lower concentrations prefer interact
with DNA via intercalation binding mode [20]. On the other hand, Mn(l11), Fe(ll1),
Zn(11) and Co(ll) derivatives of H, TMPyP can bind only to the outside of the DNA
duplex due to one or two axial ligands [21].
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Starting from porphyrin concentration r = 0.05 the induced spectra of
H>TOEtPyP4 became bisignate with Amax = 426 nm and Amin = 450 nm, suggesting
that outside stacking of porphyrin molecules is the dominant binding mode.
The spectra in Soret range split starting at concentrations r=0.1 with two maximums
and one minimum correspondly at A1 = 408 nm, 1, = 438 nm and negative band with
a minimum at A; = 422 nm. This suggests that the porphyrin molecules are stacked
differently and may appear arrangements such as side-by-side or face on face, which
corresponds to different peaks in the spectrum. Similar changes in CD spectra occur
during complex formation of H,TOEtPyP4 with cisPt DNA, only relatively less
pronounced. Significant changes occur in UV-range of spectra. An increase in
porphyrin concentration leads to inversion of shape DNA CD spectra (Fig. 5, a).
The presence of isobestic points in CD spectra indicates the predominance of one
binding mode in a certain concentration range. This effect is relatively weakly
expressed during the interaction of porphyrin H,TOEtPyP4 molecules with
platinated DNA (Fig. 5, b).

ZnTOEtPyP4 porphyrin molecules have one axial ligand, are about 5-7 A
thick, and exhibit standard external binder behavior. As can be seen from Fig. 6, a,
at r = 0.05, a positive band with a maximum at 4 = 425 nm is observed in the
visible part of the spectrum, which indicates an external ordered binding. The
positive band grows with increasing porphyrin concentration, and starting from the
value of r = 0.2, the spectrum splitting, two positive bands appear with maximum at
A1 =432 nm and 1, = 454 nm and one negative band with a minimum at /3 = 440 nm.
In the UV range of the spectrum, isosbestic points are clearly observed at
wavelengths 4 = 262 nm and A = 300 nm, which proves the presence of only two
absorbing substances in equilibrium with overlapping absorption bands and indicate
the predominance of one binding mode. The first, smallest amount of ZnTOEtPyP4
porphyrin already causes quite large structural changes in the DNA spectrum.
With further addition of porphyrin concentration, the spectrum is split and the
positive DNA band at 2 = 275 nm is compressed.

ST — cisPtDNA+H,TOE(PyP4 —
2 Y

T T T T T | T T T T T 1
250 300 350 400 450 500 250 300 350 400 450 500
A,nm A,nm

a b

Fig. 5. CD spectra of DNA (a) and platinated DNA (b) at different relative concentrations of
H2TOEtPyP4, cisPt/nucleotide molar ratio was 0.025, [Na*] = 0.03, pH 7.0.
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Fig. 6. CD spectra of DNA (a) and platinated DNA (b) at different relative concentrations of
ZnTOEtPyP4, cisPt/nucleotide molar ratio was 0.025, [Na*] = 0.03, pH 7.0.

The positive band decreases and negative band gradually increases. As a
result, an inversion of the spectrum occurs: the negative band of the DNA CD
spectrum becomes positive, and conversely. It is known that such a spectrum
corresponds to the left-handed Z-conformation of DNA. At the same time, CD
spectra are very helpful in interpreting the behavior of melting curves at very low
concentrations. The decrease in thermal stability at r = 0.001 means that DNA
destabilization is indeed a consequence of structural distortions. The interaction of
ZnTOEtPyP4 with DNA leads to a pronounced splitting of the spectra in the visible
region and a pronounced inversion of the spectrum in the UV region, which is
characteristic of Z-DNA.

Discussion. Cisplatin is an anticancer drug widely used in cancer therapy. The
main target of these drugs is the DNA molecule. Platinum (I1) drugs bind to the major
groove of B-form DNA while simultaneous widening of the minor groove. These
perturbations lead to a combination of A- and B-form around the platination site. As
a result the N7 sites of neighboring purines are closer, the major groove becomes
narrower, the minor groove wider. The nucleotide at the C5’ to the platination site
shows a C3’-end conformation which is found in A-form helices. Additionally, a
hydrogen bond between the O6 of a guanine and the amine group of cisplatin is
observed [22]. The formation of cisPt DNA crosslinks structurally distorts the DNA,
which is due by formation covalently bonded mono- and bifunctional adducts [23].
It has been shown that cisPt DNA complexation is accompanied by coordination of
cisPt with N7 of guanine, consequently cisplatin prefers the GC-rich sites of DNA.
Planar porphyrins also prefer GC-sites for binding to DNA at low concentrations,
because intercalation occurs only at GC-sites [20]. Since some of these sites are
occupied by cisPt molecules, the DNA helix is more stabilized. Cisplatin includes
two cis-amine non-leaving ligands and two labile chloride leaving groups. After slow
dissociation of the Cl-ions in buffer solution, binding of cisplatin moiety to DNA
occurs. About 90% of bound cisplatin forms intrastrand crosslinks between
neighboring purines of the same strand. Cisplatin also forms interstrand crosslinks
and monofunctional adducts [24-27]. It is known that intrastrand and interstrand
crosslinks distort the double helix. A decrease in the melting temperature for



52 INFLUENCE OF CATIONIC PORPHYRINS ON CISPLATIN-MODIFIED DNA.

platinated DNA molecules is in accordance with this fact [28]. The melting tempera-
ture of native DNA decreases slightly at porphyrin concentrations of r < 0.01,
and increases starting from r > 0.01. Meanwhile, in the case of platinated DNA
stabilization of the complexes observed at al investigated porphyrin concentrations.
Binding of cisplatin to DNA locally distorts the double helix. Intrastrand crosslinks,
which account for 90% of all damage caused by cisplatin, distort the double helix at
their locations [26-29].

However, besides local influence on the double helix stability, interstrand
crosslinks give rise additional long-range stabilizing effects as the formation of
additional loops in melted regions [30, 31]. Neither interstrand crosslinks nor
monofunctional adducts causes such effects. Besides local destabilizing distortions
of the double helix, all cisplatin adducts decrease the DNA charge density and in this
way increase DNA stability. Galyuk E.N. and others showed that the melting
temperature of DNA when interacting with positively charged protamines, histones
and polylysine is noticeably higher than that of free DNA, since Na* ions, which
shield DNA, are competitively displaced by the compounds under study [14]. The
increase in thermal stability observed at interaction of DNA with positively charged
porphyrins H,TOEtPyP4 and ZnTOEtPyP4 can be explained in the same way.

ZnTOEtPyP4 demonstrate the external binding mode at complex formation
with platinated DNA: positive bands were observed in the visible range of induced
CD spectrum (Fig. 6, b). Changes in the positive band of CD spectrum in UV-range
of native DNA are observed starting from r = 0.1. An increase in porphyrin
concentration leads to a more pronounced inversion of the spectrum than in the case
of platinated DNA. This fact can be explained by the fact that ZnTOEtPyP4
molecules cannot exert their helix-unwiding effect on DNA due to already existing
interstrand and intrastrand cross-links of cisPt. ZnTOEtPyP4 molecules, regardless
of the presence of platinum, are located on the external surface of DNA helix, that
is, the penetration of these molecules between base pairs is initially excluded due to
the axial ligand. However, starting from a certain concentration, the positively
charged ZnTOEtPyP4 porphyrin molecules are so densely arranged around the DNA
helix that each subsequent molecule tries to be closer to the negatively charged DNA
macromolecule. With such competition, porphyrins with a thickness of approxi-
mately 5-7 A can penetrate into grooves or between base pairs with peripheral planar
pyridyl rings, which ultimately leads to unwinding of the DNA double helix and the
formation of a left-handed helix. In such cases, it is customary to talk about so-called
partial intercalation. The partial intercalation, as an intercalation, can be realized in
GC-rich sites. The case of penetration of pyridyl rings in the minor groove of DNA
is also considered a case of partial intercalation. The splitting, observed in the visible
range of the spectrum in the high concentration range is precisely the result of the
penetration of pyridyl rings into the uncoiled parts or minor grooves of the DNA. In
other words, it can be argued that in the region of high concentrations, there are two
binding mechanisms: an externally ordered mode and partial intercalation.

Studying the feutures of the interaction of porphyrins H,TOEtPyP4 and
ZnTOEtPyP4 with platinated DNA may have a promising direction in tumor therapy,
also taking into account the fact that the studied porphyrins selectively accumulate
in tumor cells and induce tumor apoptosis [32].
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Conclusion. In this study were investigated the peculiarities of interaction of
H>.TOEtPyP4 and ZnTOEtPyP4 with DNA and modified by cisplatin DNA using
UV-visible and circular dichroism spectra and melting curves. From the melting
curves it follows that ZnTOEtPyP4 porphyrin stabilize the double helix of platinated
DNA better than metal-free porphyrin H TOEtPyP4. Consequently, the destabilizing
effect of cisplatin on the DNA molecule is reduced at presence ZnTOEtPyP4
porphyrins. The high degree of renaturation of platinated DNA (93.88%), which is
caused by covalent platinum bonds, is almost halved when interacting with
ZnTOEtPyP4 (50.15%) compared to H,TOEtPyP4. CD spectra of complexes of
platinized DNA with zinc porphyrin show that with increasing of porphyrin
concentration, structural changes in the double helix occur. This fact is confirmed by
the inversion of the CD spectra in the UV region of the spectrum, which is similar to
the B-Z transition. With such twisting of the DNA molecule, the binding ability of
porphyrins should increase. The binding constants of the studied porphyrins to
platinated DNA are approximately two times greater than to native DNA. But the
small value of the exclusion parameter n shows that the ZnTOEtPyP4 molecules are
stacked on the outer surface of the DNA molecule, which more stabilizes the
platinated molecule.
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thnpp windtipp (N<2) gnyg £ wmughu, np ZnTOEtPyP4 wnpbhphtth Wnitiinytipp
hwpwptpuut  §nbghtmpugih ko wipdtipitiph nliypmd wyytgh  dko
puwliwlnipjunip b mbtinujuyynid yuwmhbwgyuod U3 dunjtiynith dwijtiptiuht
b juyniimgbmid Gb wyb:

I'. B. AHAHSH, E. b. JAJISIH, JI. P. AJIOSH,
A. A. ABETUCSH, H.T. KAPAIIETAH

BJIMAHUE KATHMOHHBIX ITOPO®HNPUHOB
HA MOJUOUIINMPOBAHHYIO HUCIUVIATMHOM JJHK

IIpoTuBOoOmyX0J€Basi AaKTUBHOCTb LMCIUIATUHBI JIOCTUTAETCS 3a CYET ee
koBasieHTHOro cBs3piBanmsa ¢ JIHK. [l mcKiIroueHns CHCTEMHON TOKCHYHOCTH U
mo0oYHBIX 3 (PeKTOB uccieaoBanus komiuiekcoB nucmiatuHa—/IHK (mucPt-/ITHK)
94acToO MPOBOJATCS B COYETAHMU C JIPYTHMMH IpernapaTtaMu, KOTOpPbIE CEJIEKTHBHO
HAKaIUIMBAIOTCS B OIyXOJEBBIX TKAaHAX, HE 00pa3ys KoBaleHTHBIX cBszeid ¢ JJHK, u
JIETKO BBIBOAATCS W3 OpraHu3Ma. B craThe uCCIenoBajoch B3auMOJCHCTBHE
kaTHOHHBIX oppupuHoB H2TOEtPYP4 n ZnTOEtPYP4 ¢ MoandumpoBaHHoO¥ 1Hc-
wiatuHoi JJHK no cpaBuenuto ¢ HatuBHo# [JHK. KpuBbie maBieHus Noka3pIBaroT,
uyto mophupur ZnNTOEtPYP4 crabunmmsupyer crupans mucPt-JIHK 3nauntensHO
nyume, yem H2TOEtPyP4. V®-KJ/I-cektpbl mokaswiBatoT, uto ZnTOEtPyP4
BBI3BIBAET CTPYKTYpHBIE H3MEHEHUs B ABoiHON ciiupanu JIHK, ananoruunsie B-Z-
nepexony. Takoe ckpyunBanue mosexyinsl JJHK mpoucxomur 3a cuer yBenuueHHs
cBs3pIBatoneil crrocooHoctu nophupunoB ¢ JJHK. KoHcTaHTHI CBA3BIBaHUS UCCIe-
JIOBaHHBIX MOPGUPHUHOB ¢ MoauduuupoBanHoi nucmiarnHod JIHK npumepno
BIBOE O0JIbIIIE, YeM ¢ HaTUBHON. OHAKO Majioe 3HaYeHUE MapaMeTpa UCKIIOUECHHS
(n<2) cBumeTEIBCTBYET O TOM, YTO MOJIeKyJbl mophupuna ZnTOEtPYP4 mpu
BBICOKMX OTHOCHTENBHBIX KOHIIGHTpAlUAX B OCHOBHOM paclojararoTcsi Ha
MOBEPXHOCTH MaTHHUpoBaHHON MoJnekynbl JIHK 1 crabunuzupyior ee.



