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The study of methylene blue (MB) binding to DNA has been carried out by
fluorescence spectroscopy method. It was shown that on the fluorescence spectra of MB and
its complexes with DNA two peaks exist at A=583 nm and A=682 nm wavelengths. Peak at
A=583 nm enhances with increasing of DNA concentration, but at A=682 nm it decreases. The
comparison of obtained data with the results received for DNA-EtBrcomplexes shows that MB
binds to DNA by semi-intercalative and electrostatic modes, despite the fact that this ligand is
an intercalator.

DNA — methylene blue — fluorescence spectrum — binding mode — intercalation —
semi-intercalation — electrostatic binding

Gunwpyl) £ Yul-h hbn dbphiiutjuynynh (UY) juydwb ntunidbwuhpnipinin $pjnin-
phugbiinughtt uybjnpuulnwhugh dbpnnny: 8nyg £ wpgk, np U4-h b YuE-h hbwn bpw
Unuuyputibph $ymnphugbinughtt uykljnpitph Jpu weljw b kphnt ququp’ A=583 Wl bt A=682
wihph Epupnipinibtkph nhypnid: A=583 td wihph tpjupnipjub ghypnid ququipt wdnd k YuO-h
ni-gktnpughugh dkswgdwlp qmigpiipug, hulj A=682 ol nhypmd’ wy Wjugmud : Unwuglus
uujutph hudbdwwnnudp YuE-ER Yndytpuitiph hwdwp unwgjws wpyniuputph htwn gnyg b
wughu, np UG-t Y0E-h htwn Juugnid E fhuwhinkplujughnt b fEjnpuunwnhl qubwlibpng
stuyud wyt hwiiqudwphl, np wju (hquitinp hunbkpjuuwnnp k:

U — dbppy Ehlunynyun — $yninplugkinnuyhll v Elnp — Juupdwh Epuinuly -
panbphuyughw — fhuwhbnbpyugpughw — Ejupuununpl jugnid

IIpoBemeno wuccrenoBaHue CcBa3blBaHUA MeruineHosoro cuHero (MC) ¢ JHK
MeTozoM (iayopecueHTHOM creKkTpockonuu. [lokasaHo, YTO Ha CIEKTpax GIyopecIeHIuN
MC u ero xommrekcos ¢ JJHK mpospiaiorcs apa muka: mpu A=583 HM u A=682 um. ITux
npu A=583 HM Bo3pacraeT mo Mepe yBenuueHus xoumesrpanuu JHK, a mpu A=682 M —
yMeHspuraercsa. CpaBHeHHe IIONy4eHHBIX IAHHBIX C pe3yJIbTaTaMM, IOJYy4YeHHBIMHU JJIA
JHK-BD xommrexcos, ykassiaer, 4o MC crassiBaerca ¢ JHK monryuHTepKananOHHBIM
¥ 3JIEKTPOCTATUYECKHMM CIOCOOAaMH, HECMOTPA Ha TO 4UTO OTOT JIMTAHJ ABJIAETCI
MHTEPKaTIATOPOM.

JHK — MeTHIeHOBBIH CHHHE — CIIEKTPOQIYOPECHEeHI[HH — CIIOCO0 CBA3BIBAHHA —
HHTEPKaJIAIHA — IOJIYHHTEPKAIALHA — 3JIEKTPOCTATHIECKOE CBA3BIBAHHE

DNA in the cell is surrounded by different non organic and organic molecules that may
form complexes with it at functioning. From this point of view the studies of DNA
complexes with different compounds (ligands) have a large interest since they permit
revealing different aspects of the molecular mechanism of the effect of
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biologically active compounds, including drug compounds, on DNA structure and
function [8, 12].

According to the interaction type ligands are divided into intercalators (ethidium
bromide (EtBr), methylene blue (MB) etc.) and groove binding ligands (Hoechst 33258,
netropsin etc.). Intercalators are inserted into the plane of nucleotide pairs and invoke
structural reconstructions in DNA which may be reflected on spectral characteristics at
complex-formation process with DNA [1, 3-5, 7-13].

At the investigations of complex-formation of different ligands with DNA
fluorescence spectroscopy is one of more informative methods which allow to carry out
measurements at significantly low concentrations of reagents. Moreover in the case of
several ligands, binding to DNA, this method permits carrying out both qualitative and
quantitative analyses and determining different characteristics of interaction [1,5,9].
Besides it was revealed that in the case of some ligands fluorescence is registered at the
binding by only one mode (intercalation or groove binding) which is important for
finding out the binding mechanisms of low-molecular compounds with DNA
[1,2,5,6,9,14-17]. Among ligands binding to DNA and having an applicative value MB is
important. Literature data indicate that MB is an intercalator and has an analogous to
EtBr structure. It may interact with DNA by different mechanisms depending on its
nucleotide sequence, solution ionic strength, MB/DNA concentration ratio [4,7,10,11].
From this point of view to reveal the binding mechanisms of this ligand with DNA, a
comparison of several characteristics of DNA-MB complexes with analogous
characteristics of well-known models, particularly of DNA-EtBr complexes, may
become one of applied approaches.

The aim of presented work is the study of MB binding with DNA by fluorescence
spectroscopy method and the comparison of obtained results with the data obtained for
DNA-EtBr complexes.

Materials and methods. Calf thymus DNA (ultrapure) “Sigma” (USA), MB “Aldrich”
(USA), EtBr “Serva” (Germany), NaCl, Na-citrate (ultrapure) were used in this work. All
preparations were used without further purification. Concentrations of used preparations were
determined by absorption spectroscopy method, using the following extinction coefficients:
£260=6600 M-1cm! for DNA, g66¢=76000 M-1cm! for MB, £40=5800 M'cm™' for EtBr. The
investigations were carried out at 0.02 M Na* ionic strength of the solution and 25°C.

Concentrations of used preparations were measured on spectrophotometer UV VIS
Unicam SP8-100 (England), fluorescence spectra were registered on spectrofluorometer Varian
Cary Eclips Fluorescence Spectrophotometer (Australia) using quartz cuvettes with 3 ml
volume with 1 cm optic pathway length. Titration of the solutions of the studying samples was
carried out by micropipette with 10ul volume from “Hamilton” (USA).

To obtain fluorescence spectra the concentration of MB was remained constant in the
solution, DNA concentrationincreases by the titration process. Fluorescence spectra of MB and
its complexes with DNA were measured in 500<A<800 nm wavelength interval at A=290 nm
excitation wavelength. MB fluorescence maximums correspond to A=583 and A=682 nm.
Fluorescence spectra of EtBr and its complexes with DNA were measured in 400<A<700 nm
wavelength interval at A=480 nm excitation wavelength. EtBr fluorescence maximum
corresponds to A=590 nm. During titration MB fluorescence maximums increase at A=583 nm
and decrease at A=682 nm with DNA concentration enhancement. In the case of
EtBrfluorescence maximums increase at A=590 nm up to boundary values of r, then the
fluorescence intensity of DNA-EtBr complexes remains constant despite decreasing of the
values of r.

Results and Discussion. For revealing of MB binding mechanisms with DNA the fluo-
rescence spectra of MB and its complexes with DNA in 500<A<800 nm wavelength
change interval have been obtained at excitation wavelength A=290 nm
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and presented on Figure 1. It is obvious from fig.1 that two peaks are shown on
fluorescence spectra. In average at analogous investigations the excitation is carried out
at wavelength near to the emission longest wavelength [4].
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Figure 1.Fluorescence intensity of pure MB (1) and DNA-MB complexes (2-13). The curve 1 corresponds
to fluorescence intensity spectrum of pure MB. The curves 2-13 correspond to fluorescence
intensity spectra of DNA-MB complexes with the following
concentrations — 3.2; 6.8; 9.6; 11.2; 12.8; 16.0; 20.8; 24.0; 32.0; 35.2; 40.0 and 48.0 pM/1 respectively.
MB initial concentration was 1.6 uM/l; pH=7.0, t=25°C, p=2.0-102 M, Lex=290 nm.

Particularly at MB excitation by the wavelength corresponding to the
absorption maximum (A=664 nm), the fluorescence peak is registered at A=682 nm.
Moreover at excitation by A=290 nm, with the peak at A=682nm one more shorter
wavelength peak is performed at A=583 nm, despite the fluorescence spectra of organic
compounds are single-band if there is no excimerization process [5,9]. Peaks displaying
at the excimerization are shifted to the longer wavelengths compared with the main
peak. At the same time, the excimerization usually takes place at either relative high
concentrations of ligand (C>10-4mol/l) or in the presence of matrix (for example DNA)
at lower concentrations of ligand (C>10-5mol/l). At the chosen MB concentrations (1.6
puM/1) dimerization or excimeri-zation are not obtained in the presence or absence of
DNA (long wavelength peaks are absent); consequently the presence of two emission
peaks indicates the peculiarities of MB fluorescence spectrum. During the experiment
with DNA concentration increasing the fluorescence intensity of complexes decreases
compared with MB fluorescence intensity A=682 nm [14]. This fact means that with
DNA concentration increasing in the solution a quenching of MB fluorescence is
observed at A=682 nm [4]. In the present work it was shown that MB fluorescence
quenching at complex-formation with DNA is conditioned by ligand molecule
intercalation into macromolecule double-stranded structure, as a consequence of
which, most probably, a quenching of MB fluorescence by DNA molecules takes place.
To reveal MB binding mode to DNA MB fluorescence quenching was determined by
the formula of Stern-Volmer [4].

% =1+ Kg, [DNA] @

where FO and F are MB fluorescence intensities in the absence and in the presence of
DNA quencher respectively, KSV — Stern-Volmer quenching constant. The
dependence curve of Fo/F on DNA increasing concentration is presented on Figure 2. It
is obvious from Figure 2, that Fo/F curve shows a linear dependence on DNA increasing
concentration and the quenching constant — Ksv=4.2-10* I/mol. This is a consequence of
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the fact that the decreasing of intensities of complexes compared with MB analogous
value takes place at A=682 nm. Despite the fact that this result is in good coincidence
with literature data, MB fluorescence quenching by DNA at A=682 nm may be the
result of significant contribution of electrostatic mode at high ratios of MB/DNA which
results in fluorescence quenching. At the same time the increasing of MB fluorescence
intensity takes place at A=583 nm at DNA concentration enhancement in the solution
which is the result of the binding intercalative mechanism performance. Moreover the
quenching observed at A=682 nm may occur in the case when ligand molecules are not
fully screened from water molecules (quenchers). Consequently, we assume that semi-
intercalation is the most probable binding mechanism.

The maintenance of this may be the experimental fact that in the case of EtBr the
fluorescence intensity enhances about 20-30 times at the intercalation into DNA when
A=590 nm [14]. It is necessary to mention that in the case of EtBr only one peak is
formed on fluorescence spectra the amplitude of which increases with DNA
concentration enhancement in the solution and starting from certain ratios of
EtBr/DNA (r>2, where r=[EtBr]/[DNA]) reaches the saturation [14]. The other
important peculiarity is that the fluorescence spectra of EtBr and its complexes with
DNA are registered at A=590 nm when the excitation wavelength is — A=480 nm, while
MB absorbs and fluoresces in the 600<A<700 nm interval (A=664 nm and A=682 nm
respectively). Fluorescence intensity increasing is conditioned by the intercalation of
EtBr molecules into the plane of DNA bases [5,9]. This is also indicated by the fact that
in intercalated state ligand molecules are screened from water molecules that are
fluorescence active quenchers [9]. Beginning from r>0.2 values the fluorescence
intensity practically does not change, which means that all ligand molecules are in
intercalated state [14].
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Fig. 2. The dependence curve of MB fluorescence quenching by DNA molecules.
MB concentration is 1.6 pM/1, pH=7.0, t=25°C, pu=2.0-102 M.

It was shown in [14,17] that EtBr binds to double-stranded DNA by three modes
— intercalative, semi-intercalative and electrostatic. It should be noted that the semi-
intercalative mode is revealed by the comparison of binding curves in Scatchard’s
coordinates obtained from fluorometric and absorption data analysis. It was revealed
that EtBr binding curves with DNA, constructed according to fluorometric and
absorption data, differ at low ratios of EtBr/DNA [14]. In this work it was shown that
besides intercalative (fluorescence) one, EtBr forms semi-intercalative (non-
fluorescence) complex which is hidden under the intercalative complexes when
investigations of EtBr interaction with DNA are carried out by only one (absorption or
fluorescence) method. In the case of MB the comparative investigation of these
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methods was carried out in [16]. From the obtained in this work data it was shown that
at low ratios of MB/DNA the binding curves received from fluorometric and absorption
studies coincide with each other [16].

Therefore the obtained data indicate that the binding peculiarities of ligands-
intercalators with DNA are reflected on spectral characteristics of its complexes with
DNA. On the other hand by the comparison of absorption and fluorescence spectra of
EtBr and MB complexes with DNA the mechanisms of their binding may be revealed.
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