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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: 

ε260 = 6600 M–1cm–1 for DNA, ε480 = 5800 M–1cm–1 for EtBr, ε343 = 42000 M–1cm–1 

for H33258. Experiments were carried out at the ionic strengths of the solution of 

0.002, 0.01, 0.02, 0.05 and 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 μW/cm2. 

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 (δTm) and the width of the melting interval (δΔT) 

were obtained (Table). The increments were calculated as follows: δТ0 = Т0
irrad.–
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Т0
non-irrad., where Т0

irrad. and Т0
non-irrad. are the melting temperatures of irradiated and 

non-irradiated DNA–ligand complexes, respectively. On the other hand, 

δΔ0Т = Δ0Tirrad.–Δ0Тnon-irrad., where Δ0Tirrad. and Δ0Тnon-irrad. are the widths of the 

melting intervals of irradiated and non-irradiated DNA–ligand complexes, 

respectively. 

 

  
 

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 

 

Ionic 

strength, M 

DNA DNA–EtBr DNA–H33258 

δT0 δΔ0T δTm δΔT δTm δΔT 

0.002 6.5 –0.1 5.9 –0.5 5.0 2.7 

0.01 2.9 –0.2 2.4 –0.5 1.5 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 1.5 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 δТ0. MM EMW 

irradiation of water-salt solutions leads to an enhancement of T0 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 

Fig. 1. Melting curves of non-irradiated 

and irradiated DNA at an ionic strength 

of 0.002 M (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. 
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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 T0 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. 

 

  
 

  
 

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 δΔT 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 δΔT 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 δТ0 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 δΔT 

practically does not change (Fig. 3, curve 3). It was shown earlier that δΔT 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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ՄԻԼԻՄԵՏՐԱՅԻՆ  ՏԻՐՈՒՅԹԻ  ԷԼԵԿՏՐԱՄԱԳՆԻՍԱԿԱՆ  ԱԼԻՔՆԵՐԻ  

ԱԶԴԵՑՈՒԹՅՈՒՆԸ  ԴՆԹ-Ի  ՀԵՏ  ԷԹԻԴԻՈՒՄԻ  ԲՐՈՄԻԴԻ  ԵՎ  

HOECHST 33258-Ի  ԿՈՄՊԼԵՔՍԱԳՈՅԱՑՄԱՆ  ՎՐԱ 

Աշխատանքում ուսումնասիրվել է միլիմետրային տիրույթի էլեկտրա-

մագնիսական ալիքների ազդեցությունը ԴՆԹ-ի հետ էթիդիումի բրոմիդի (ԷԲ) 

և Hoechst 33258-ի (H33258) կոմպլեքսների հալման պարամետրերի վրա: Ցույց 

է տրվել, որ ԴՆԹ-ի հետ լիգանդների կոմպլեքսների ջրա-աղային լուծույթների 

ճառագայթահարումը միլիմետրային ալիքներով հանգեցնում է ջրի 

կառուցվածքի էական փոփոխությունների, ինչն իր հերթին բերում է ԴՆԹ–

լիգանդ կոմպլեքսների թերմոդինամիկական բնութագրերի զգալի 

փոփոխությունների: Ցույց է տրվել նաև, որ ԴՆԹ–H33258 կոմպլեքսների ջրա-

աղային լուծույթների ճառագայթահարումը 64.5 ԳՀց հաճախությամբ 

միլիմետրային ալիքներով բարձր իոնական ուժերի պարագայում հանգեցնում 

է լիգանդի սպեցիֆիկ փոխազդեցության ի հայտ գալուն, ինչը չի դիտվում 

ճառագայթահարման բացակայության դեպքում: Միլիմետրային ալիքներով 

ճառագայթահարման դեպքում, ԴՆԹ-ի հիդրատացման աստիճանի 

բարձրացման արդյունքում ԴՆԹ-ի հետ ԷԲ-ի փոխազդեցության եղանակը ոչ 

սպեցիֆիկ է հաջորդականությունների նկատմամբ, իսկ ինտերկալյացիան չի 
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В работе исследовано влияние электромагнитных волн миллиметрового 

диапазона на параметры плавления комплексов ДНК с бромистым этидием 

(БЭ) и Hoechst 33258 (Н33258). Показано, что облучение миллиметровыми 

электромагнитными волнами водно-солевых растворов комплексов ДНК с 

лигандами приводит к существенным изменениям в структуре воды, что, в 

свою очередь, приводит к значительным изменениям термодинамических 

характеристик комплексов ДНК–лиганд. Показано также, что облучение 

водно-солевых растворов комплексов ДНК–Н33258 миллиметровыми волнами 

с частотой 64.5 ГГц приводит к появлению специфического взаимодействия 

лиганда при высоких ионных силах, что не наблюдается в отсутствие 

облучения. При облучении миллиметровыми волнами, вследствие увеличения 

степени гидратации ДНК, способ взаимодействия БЭ с ДНК является 

неспецифическим к последовательностям, однако интеркаляция не меняется. 


