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EFFECT OF MILLIMETER RANGE ELECTROMAGNETIC WAVES ON
COMPLEX-FORMATION OF ETHIDIUM BROMIDE AND
HOECHST 33258 WITH DNA
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In this work, the effect of millimeter range electromagnetic waves on the
melting parameters of DNA complexes with ethidium bromide (EtBr) and Hoechst
33258 (H33258) has been studied. It has been shown that the millimeter wave
irradiation of water-saline solutions of DNA complexes with ligands leads to
significant changes in the water structure, which in turn results in relevant alteration
of the thermodynamic characteristics of DNA-ligand complexes. It has also been
shown that the irradiation of the water-saline solutions of DNA-H33258 complexes
with millimeter waves of 64.5 GHz frequency results in the manifestation of the
ligand specific interaction at the high ionic strengths, which is not observed in the
absence of irradiation. With the millimeter wave irradiation, as a consequence of
increasing of the degree of DNA hydration, the interaction mode of EtBr with DNA
is non-specific to sequences, but the intercalation mode does not change.
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Introduction. Nowadays, millimeter range electromagnetic waves (MM
EMW) are one of important environmental factors. These waves possess a number
of important peculiarities making them interesting objects of research. Among these
peculiarities, the fact should be mentioned that MM EMW affect biological objects
at any level of organization [1-3]. On the other hand, MM EMW make biological
effect, being of low-intensity and not having high permeability into biological
tissues. MM EMW influences biological systems by various mechanisms; however,
this question is still an arguable topic. In some cases, depending on frequency, they
affect immediately, and indirectly in other cases, when tuned to the resonant
frequencies of water [4—6]. From this point of view, the studies aimed at identifying
the features of the influence of MM EMW on the binding of different low-molecular
weight compounds (ligands) to DNA invoke great interest.

Studies of the interaction of various low-molecular weight compounds
(ligands) with nucleic acids under different environmental conditions (presence of
physical and chemical factors) are one of the key problems of contemporary
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biophysics [7-12]. The structural and functional peculiarities of biological
macromolecules are closely related to their surrounding aqueous environment.
Therefore, it is natural to presume that EMW can affect molecular processes in cells
involving biological macromolecules. Particularly, the degree of DNA hydration has
a significant value when interacting with ligands, since one of the factors stabilizing
the complexes is the hydrophobic transition of the ligand molecules from the free to
the bound state. Changes in the structure of the hydration layers of DNA and ligands
induced by MM EMW can particularly play a relevant role in the complexation
process of ethidium bromide (EtBr) and Hoechst 33258 (H33258) with DNA [13,
14]. Therefore, the present study was aimed to investigate the effect of MM EMW
on the melting parameters of DNA complexes with EtBr and H33258.

Materials and Methods. Calf thymus DNA (“Sigma”, USA), H33258
(“Sigma”, USA), EtBr (“Serva”, Germany), EDTA (ethylenediaminetetraacetate),
NaCl, Na-citrate (ch.p.) were used in experiments. All preparations were used
without additional purification. The concentrations of the used preparations were
determined by absorption method, using the following coefficients of extinction:
£260 = 6600 M~tcm™ for DNA, €480 = 5800 M~*cm™ for EtBr, €343 = 42000 M~'cm™
for H33258. Experiments were carried out at the ionic strengths of the solution of
0.002, 0.01, 0.02,0.05and 0.1 M Na".

Spectrophotometric measurements were carried out on a PYE Unicam-SP-8-100
spectrophotometer (England). Heating of the preparation solutions was performed in
a PYE Unicam (England) spectrophotometer equipped with an SP 876 Series 2
temperature programme controller. For spectrophotometric measurements, quartz
cuvettes with hermetically sealed Teflon caps, an optic path length of 10 mm and a
volume of 3 mL were used. The absorbance values of the samples at a wavelength of
260 nm were processed and visualized in LabVIEW 6.0 program software. The
melting curves were constructed as described in [15].

As a source of extremely high frequency signals, a generator G4-142 was
used, operating on the basis of a reversible wave lamp, on the exit point of which
there is a cone-shaped irradiating antenna. The frequency stability of the generator
signal was equal to +0.05%, and the frequency deviation of the output signal in the
continuous generation mode did not exceed 6 MHz. The irradiation of the samples
was carried out at room temperature with a frequency of 64.5 GHz and a power flux
density of ~50 uW/cm?.

Results and Discussion. As shown earlier, the effect of MM EMW set to the
resonant frequencies of water leads to changing in the structurization of water-salt
solutions of DNA [16]. This means that these waves can affect the thermostability
of DNA complexes with ligands, changing the state of water bound to the functional
groups of these molecules. To maintain the aforementioned, the thermal melting of
irradiated and non-irradiated complexes of EtBr and H33258 with DNA was carried
out at various ionic strengths of the solution and a fixed optimal ratio
r = [ligand]/[DNA], namely r =0.04 (Fig. 1). From the melting curves of non-
irradiated and irradiated DNA and its complexes with ligands at different ionic
strengths of the solution, the melting parameters were determined and the increments
of both the melting temperature (8Tm) and the width of the melting interval (3AT)
were obtained (Table). The increments were calculated as follows: 87, = To"%—
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Toomimd where To'™ and To"™™ are the melting temperatures of irradiated and
non-irradiated DNA-ligand complexes, respectively. On the other hand,
SAGT = AgTMad—AgTmoMImed \where AT and Ao7™™™d are the widths of the
melting intervals of irradiated and non-irradiated DNA-ligand complexes,
respectively.

Fig. 1. Melting curves of non-irradiated
and irradiated DNA at an ionic strength
of 0.002M (1 and 2), complexes of
DNA with EtBr at the ionic strength
0.02 M (3 and 4), complexes of DNA
with H33258 at the ionic strength
0.05 M (5 and 6), r = 0.04. Curves 1, 3,
5 correspond to non-irradiated and 2, 4,
6 to irradiated samples.

The dependencies of the increments in the melting temperature of DNA and
complexes of DNA with H33258 and EtBr on the negative logarithm of the solution
ionic strength at r = 0.04 are presented in Fig. 2.

Values of the increments in the melting temperature and the width of the melting
interval of irradiated and non-irradiated DNA and its complexes with EtBr and
H33258 at various ionic strengths of the solution

lonic DNA DNA-EtBr DNA-H33258
strength, M dTo SAoT 6Tm OAT 6Tm OAT
0.002 6.5 -0.1 5.9 -0.5 5.0 2.7
0.01 2.9 -0.2 2.4 -0.5 15 2.5
0.02 1.1 -0.2 0.8 -0.5 1.6 1.4
0.05 1.1 -0.3 0.7 -0.6 1.5 0.2
0.1 1.0 -0.4 0.4 -0.6 15 10.0

As seen from Fig. 2, all curves behave in the same way: they decrease
monotonically with an increase in the ionic strength up to 0.0004 M, but the further
increase in the salt concentration does not affect the value of 67, MM EMW
irradiation of water-salt solutions leads to an enhancement of To of DNA and its
complexes with H33258 as compared to those of non-irradiated samples (Table).
This is a consequence of the stabilization of the samples under the influence of MM
EMW. Most probably, this is due to the fact that MM EMW irradiation of water-salt
solutions of DNA and DNA-ligand complexes results in change in water structure.
In the case of H33258, among the factors, stabilizing DNA ds-structure, mention
may be made of hydrogen bonds that are formed between nucleotide bases and ligand
molecules. Upon irradiation, the degree of DNA hydration increases, and water
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molecules start to compete with ligand molecules to form hydrogen bonds with
nucleotide pairs, due to which H33258 binds preferentially by intercalation.
Consequently, one can consider the increase in Ty of the irradiated samples as
resulting from the enhancement of the water structurization in the local surrounding
of DNA and its complexes with H33258. This leads to an increase in the size of the
hydration shell of the macromolecule, which, in turn, results in the rising of the
stabilizing effect of H33258 on the DNA ds-structure.

5 Tcz'['ci.tﬂé. _ '[‘Crmﬂ-i.traé.

5&0 Tzﬂc'[‘i.rraé._dc '['rmﬂ-i.rraé.

Fig. 2. Dependence of the increment
in the melting temperature of
irradiated DNA (1) and complexes of
DNA with H33258 (2) and EtBr (3)
on the negative logarithm of the
solution ionic strength, r = 0.04.

Fig. 3. Dependence of the increment
in the width of the melting interval of
irradiated DNA (1) and complexes of
DNA with H33258 (2) and EtBr (3)
on the negative logarithm of the
solution ionic strength, r = 0.04.
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This is also indicated by the fact that the dependence of SAT does not show
any relevant changes at the ionic strengths of 0.05 and 0.1 M in the case of the
irradiated samples (Fig. 3, curve 2), while for the non-irradiated samples the values
of 3AT are negative at 0.01 M (Fig. 1, curves 3, 4). Analogous studies were carried
out for the DNA-EtBr complexes as well. The comparison of the data presented in
Table shows that, upon irradiation, the value of 67, for the DNA-EtBr complexes
increases, as in the case for H33258. Apparently, it is due to the fact that, upon
binding of EtBr to DNA and irradiation with MM EMW, an increase in the degree
of DNA hydration leads to a decrease in the entropy of the complexes, and that is
why the intercalation is the main mode of complex-formation, due to which 3AT
practically does not change (Fig. 3, curve 3). It was shown earlier that SAT of the
non-irradiated complexes of DNA with EtBr decreases with increasing ionic
strength. This is explained by the fact that at low ionic strength, in comparison with
cases with high ionic strength, the DNA helix is in a more untwisted state, and the
distances between the planes of base pairs are greater [17, 18]. As a result of this
fact, the ligand stabilizes the ds-structure, being inserted into base pairs of ds-DNA.
Under MM EMW irradiation at the given values of the ionic strength, the degree of
hydration of DNA molecule increases, which makes the melting interval of the
complexes independent of the ionic strength of the solution.

Conclusion. Thus, it can be concluded that the millimeter wave irradiation of
water-saline solutions of DNA complexes with ligands leads to relevant alterations
in water structure, which in turn lead to significant changes in the thermodynamic
characteristics of DNA-ligand complexes. The irradiation of the water-saline
solutions of DNA-H33258 complexes with millimeter waves of frequency 64.5 GHz
results in the manifestation of the ligand specific interaction at high ionic strengths,
which is not observed in the absence of the irradiation. This is connected with the
structural changes in the water environment of AT-regions in the minor groove. MM
EMW irradiation with a frequency of 64.5 GHz does not affect the width of the
melting interval of DNA-EtBr complexes. As a result of an increase in the degree of
DNA hydration and a decrease in the entropy of the complexes, the interaction mode
of EtBr with DNA is not sequences specific, but the intercalation mode does not
change.
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UbLRUGSMUSLL ShPOF36h ELEUS/UUUGLhUUUWUTL ULPLLE D
U29168NHE-3NFLL Yule-b <6S EPYIhAFUD ALAUDRYD B
HOECHST 33258-h UNUMLGRLRUUGN3USUUL JNrU

Whmnwipmyd munidbwuhpygty £ dhihdbwmpuyht mhpnyph Lhumpw-
dwqihuwud whpbtph wanbgnipyniop 4G 8-h htin Ephnhnidh ppndhnh (ER)
Lt Hoechst 33258-h (H33258) Ynduyiputiiph hwpiwd wyupudbtwmptph ypw: 8niyg
E mnyti, np U3~ htin thquitmbtiph §ndwytiputiiph opuw-wnuyht ;nuonypitph
twnwquypwhwpniip  dhjhdtmpughtt - whpbtipn hwbgligmd £ 9oph
Junnigywoéph bwlul thnthnhunipinihititiph, hvh hp htippht pipnd £ 2G06—
lhqutp  Undyptipubiph  ptpdnphtwdhujud phnipwgptph  qquh
thnthnpuniynLubtiiph: 8nyg L wpyty bwle, np AU—H33258 Yndyytipuliinh ppuw-
wnuyhtt  uonypltph  Gwnwquypwhwupnidip  64.5 @<g  hwowpnipudp
dhihdtmpuyhtt wphpbtipny pupéap pntub nudbiph yupuquynid hwagligbnid
L jhquinh uwbtghdhly thnfuwqntignipjub h huwyn qunit, htgp sh nhugnid
twnwquypwhwpiwd puguuynipyub nhiypnid: Uhihdtwmpuyhlt whpbtipng
twnwquypuwhupiwd  nhypnid, AU-h  hhppunmwgduwi  wunhbwbh
pwpdpwgdwb wpyniipnid “Fu(d-h htim ER-h thnpuwgntignipyub inubwlp ny
uytighdhy £ hwonpnujuimignibbtiph Gjundunip, hul] hmbpuywughwb sh
thnpuynid:

M. A. ITATHUHSAH, M. C. MUKAEJISIH, M. A. TOPOCSH, A.T. KAPAIIETSIH

BJIMAHUE SJIEKTPOMAI'HUTHBIX BOJIH MUJUIMMETPOBOI'O
JUAITIA30HA HA KOMIUIEKCOOBPA3OBAHUE BPOMUCTOI'O
OTUANA U HOECHST 33258 C AHK

B pabote uccienoBaHo BIMSHUE 3JIEKTPOMATHUTHBIX BOJH MHJUTUMETPOBOTO
Jrana3oHa Ha rmapaMeTpsl miaBieHns komiuiekcoB JJHK ¢ 6pomMucTeiM sTHAEIEM
(b9) u Hoechst 33258 (H33258). Ilokazano, 4rto 00Iy4YeHHE MUILITUMETPOBBIMU
3JEKTPOMArHUTHBIMU BOJTHAMHU BOJHO-COJIEBBIX pacTBopoB KomiuiekcoB JJHK c
JUTAHIaMHA TPUBOJNUT K CYIISCTBEHHBIM H3MEHEHUSM B CTPYKTYp€ BOIBI, UTO, B
CBOIO OYepelb, MPUBOAUT K 3HAYUTEIBHBIM HM3MEHEHUSM TEPMOJIMHAMHYICCKIIX
xapaktepuctuk komruiekcoB JIHK-murann. IlokazaHo Ttakke, 4ro oOiydeHue
BOJIHO-COJICBBIX pacTBOpoB kKoMmiutekcoB JJHK-H33258 MuimumeTpoBsIMU BOTHAMHA
¢ gactotoit 64.5 Ty NMPUBOAUT K TMOSBICHUIO CIICIIM(PUIESCKOTO B3aMMOJICHCTBUS
JUTaHJa TPU BBICOKMX HMOHHBIX CHIIAX, YTO HE HaOJIOJaeTcss B OTCYTCTBHUE
ob0nyuenwns. [lpu 00ny4eHNN MIJUTHMETPOBEIME BOJTHAMU, BCIIEICTBHAC YBEITUICHUS
crenenn ruaparanun JIHK, cmoco6 B3aumoneiicteus b3 ¢ JIHK sBnsercs
Hecnenn(pHUIecKuM K TIOCIeI0BATEILHOCTSIM, OJJHAKO MHTEPKAJISIHS HE MEHSIETCSL.



