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The influence of electromagnetic waves of millimeter interval (MM EMW) on melting parameters —
melting temperature and melting interval width of DNA as well as DNA-ligand complexes has been
investigated in this work. It has been shown that irradiation of water-saline solutions of DNA and its complexes
with ligands leads to water structure significant changes that is bound with DNA, which, in its turn, leads to
significant changes of thermodynamic characteristics of DNA and DNA-ligand complexes. Moreover in case of
non intercalator ligand — Hoechst 33258 (H33258) the irradiation results in disappearing of specificity to AT-
sequences at high ionic strengths of solution. On the other hand, in case of intercalators — ethidium bromide
(EtBr) the interaction mechanism changing is not observed, but the changes of thermodynamic characteristics
take place.

Electromagnetic waves of millimeter interval — irradiation — DNA — Hoechst 33258 —
ethidium bromide — melting parameters

Muunmdtwuhpyly E dpjhubnpuyghtt mhpnyph HEjunpuduqihuwlwb wihputph (UU EUU) wqptgmpmniip
YUE-h b YUE-1hquiny Ynuuyputtiph hwpdwt wwpwdbuptph' hwpdwt ghpdwunhgwh b hwpdwb dhowljuyph
wyunipyut ypu 8nyg k wpyky, np Yul-h b FuE-h htwn hquinubtph Ynduykpuiiph gpuunuyhtt mdnyputph
Swnwqujpuwhwpnulp hwighginid £ YUE-ht juudws oph jurnigdusph tuljut thnthnpumpiniiibphb, hst b hp
htpphtt hwighgunud £ YUE-h bt YUE- hqun Yndykputikph phpdnnhtudhly punipugphsubph buljwb thnthnpun-
pmiutkpht: Udkjht, ny hunbkpjupwwnnp jhquunh' Hoechst 33258-h (H33258) nhuwpnid dwnwquypuwhwpnidp
huigkginmid t AT-hwgnpnujumimpiniiibph tjunnuudp uujkghdhlnipjubs §npunhi (ndnyph pupdp hntljul
nudbpmud: Ujniu Ynnuhg, hunbpupunnpubph’ phnhnudh ppndhnh (BR) nhypnud thnpuwqpbgnipjut dkowthquh
thnthnjunipinil nknh sh niukunmd, uvwluy nknh k niubunud phipdnphtudhly punipugphsubph thnthnfunieyni:

UphjpdEwnpughl nppnyph B Einpudugihumlul uyhpilp — dwnwquypuhupnid — 200 —
Hoechst 33258 — Lphnhnup ppndhn — huydwl wupudbunplp

WccnemoBaHo BrusHME 5T€KTPOMAarHUTHBIX BOJMH MIUUTMMeTpoBoro guarasona (MM OMB) na ma-
paMeTpsl IUIaBJIEHUSA — TeMIlepaTypa IUIaBJIeHHs M WupuHa uHTepBata Iwiasinenus JJHK u ee xomiexcos ¢
surasgamu. IlokasaHo, uTo o6ryueHue BogHO-coneBbx pactBopo JHK u JTHK-1urass KoMILIEKCOB IPHBOSHUT
K 3HAYNTETBHEIM U3MEHEHHAM CTPYKTYPHI BOZIbI, cBasanHoi ¢ JIHK, uro B
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CBOIO OYepelb IMPUBOZUT K 3HAYMUTENBHBIM M3MeHeHWAM TepMojuHaMmudeckux xapakrepuctuk JHK u JHK-
JIMTaHZ, KOMIUIEKCOB. Bosee Toro, B ciyuae He wuHTepkamaropHoro snuranza — Hoechst 33258 (H33258)
00JIy4eHre IPUBOJUT K MCYE3HOBEHUIO CIeudpUIHOCTH K AT-ToCTef0BaTeIBHOCTAM IIPU BBICOKMX MOHHBIX
cwrax pacrBopa. C Zpyroil CTOpOHBI, B CIydae HHTEPKAIATOPOB — Opomucrsii sruzuit (B3), m3menenue
MeXaHH3Ma B3aMMOJEHCTBMA He HAOMIOZaeTcs, ONHAKO IPOUCXOIMUT H3MeHeHHe TepMOJVMHAMMIIECKHX
XapaKTepPUCTHK.

SIeKTpOMarHHTHbIE BOTHEI MH/LTHMETPOBOTO JHAMA30Ha — 001y yerne — /JHK — Hoechst 33258 — 6pomrcrsir
STHAHH — MapaMeTpsI IIABTEHH

The life has been forming on Earth under the action of electromagnetic irradiation of the Sun,
and any region of its spectra plays either this or another role in evolution of living organisms. On the
other hand it is known that these irradiating microwaves are absorbed in air especially by water
vapor. Consequently living organisms were not exposed to the effect of this irradiation and could not
create protective mechanisms. The direct evidences of these assumptions are the works of
academician N.D. Devyatkov’s group that show either inhibition or stimulation of vital functions of
organisms by microwave irradiation. It has been shown that this effect has informative but not
energetic character in other words it does not depend on effect power but is determined by its
parameters — frequency, penetration depth, polarization etc. Informative effects are transferred via
one of the transferring systems and information treatment in organism. With development of human
civilization electromagnetic fields of artificial origin were added to the electromagnetic fields of
natural origin. That is why these new physical factors of environment should exhibit a significant
effect on living organization of different levels and each of them should create a respective
mechanism for reacting to these “new” irradiations.

Taking into account all above mentioned at present the influence of non thermal MM EMW on
biological objects is being intensively investigated. One of the main conclusions of such
investigations is the identity of resonance spectrum of water and human organism tissue in this
frequency range. Such similarity of resonance between human organs and water in the case of
extremely high frequencies electromagnetic waves points to the unique physical nature of their
interaction with molecular water structures in these objects [7-9, 12]. At the same time it is shown
that at low threshold of incident MM EMW there are narrow bands of resonant interaction
frequencies which reflect the inner nature wave processes in these mediums [3, 4].

Since the structural and functional peculiarities of biological molecules and their interaction
with each other do depend on the state of water environment, MM EMW may influence on the
molecular biological processes. Particularly the degree of DNA hydration plays significant role in its
interaction with ligands, because one of the stabilizing factors of the DNA-ligand complex is the
hydrophobic transfer of ligand molecules from the free state to bound one [1, 2, 6, 10, 14]. Therefore
the changes in the structure of the hydration shell of DNA induced by MM EMW may significantly
influence on the complex-formation of classical intercalator and external binding compound with
DNA. The aim of this work is to investigate the influence of MM EMW on the thermo-dynamic pa-
rameters of DNA complexes with Ethidium Bromide (EtBr) and Hoechst 33258 (H33258) at
different concentrations of Na' of solutions (ionic strengths, p). Obtained data showed that
irradiation by MM EMW of the water-saline solutions of DNA-ligand complexes leads to the
increase of thermostability of the complexes and the stabilization effect depended on the ionic
strength.
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Materials and methods. Calf thymus DNA and H33258 purchased from "Sigma" (USA), ethidium
bromide obtained from "Serva" (Germany), HCl, NaOH, EDTA (ethylenediaminetetraacetate) were used in
experiments.

All preparations were used without further purification. Concentrations were determined spectro-
photometrically, using the following extinction coefficients: calf thymus DNA - g,5) = 6600 M™'em™, EtBr -
€450 =5850 Mlem™, Hoechst 33258 - £34,,=42000 M 'em™. All salt-dependent experiments were conducted in
citrate-phosphate buffer containing p =0,002; 0,01; 0,02; 0.05 and 0,1 M Na”. Doubly distilled water was used
throughout.

Absorbance versus temperature profiles (melting curves) of DNA and its complexes with ligands were
measured on a spectrophotometer PYE UNICAM-SP8-100 (England). DNA-ligand solutions in 1 cm-quartz curettes
with hermetically closed Teflon covers placed in a thermostatically controlled cell of the spectrophotometer. Heating
was performed using a temperature controller 876 SPX Series 2 (England) at a constant speed 0,25°C/min. The data of
the absorption patterns were displayed on a program calculator Hewlett Packard 97S 1/0 (USA). Measurements were
carried out with 5-fold repetitions, after which the data were averaged. The experimental error does not exceed 10-
15%. Melting curves were obtained as described in [14]. Irradiation was carried out in a special glass container. The
thickness of the irradiated layer solution was ~ Imm. As a source of millimeter wave radiation the generator of
coherent EHF-oscillations G4-142 was used, operating in range of frequencies of 53.57-78.33 GHz (made in Russia).
Exposure of solution was conducted at in the far-field zone of cone-shaped antenna at a distance of 250 mm from the
radiating plane of the antenna in the mode of continuous generation with incident power density (IPD) at the location
of the object about 50 tW/cm?. The bottom square of the glass container corresponded to the square of the exposed
zone created by the major lobe of the antenna. To eliminate the interference in the plane of exposed object, an effective
multi-layer absorbent was placed between the container and the floor; therefore, the conditions of exposure were close
to the free field conditions. The output power of the generator was measured by a M5-49 thermistor and a M3-10A
wattmeter (Istok, Fryazino, Russia). The frequency of output signal was controlled by a CH2-25 wavemeter (Istok,
Fryazino, Russia).

Experimentally we have shown the all physical changes of the cluster structure of water and DNA and DNA-
ligand water-saline solutions are completed after 90 min of exposure. Therefore all experimental samples were
irradiated by MM EMW of 64,5 GHz during 90 min.

Results and Discussion. It is known that water molecules bound with DNA and ligands are in
great importance for complex formation of different low-molecular compounds with DNA [6].
Therefore any changes in water structure may play a significant role in the interaction between DNA
and various compounds. Early obtained experimental data showed that irradiation of water and
water-saline solutions by their resonant frequencies in the range of MM EMW induces their
structural changes [8,9,11,16]. Therefore it can be expected that these waves may change the
stability of DNA-ligand complexes. To confirm these assumptions, the melting curves of DNA and
DNA complexes with EtBr and H33258 were obtained at different ionic strengths of solution (u) and
at the experimentally chosen optimal ratio of ligand/DNA=0,04.

The melting temperature T,, and the melting interval AT were determined from melting curves.
The change of melting temperature 8T, (8Tm=Tn-To, Where Ty is the melting temperature of non
irradiated samples (in curves 1 - non irradiated DNA, in curves 2 — non irradiated DNA-ligand
complexes), Ty, is the melting temperature of irradiated samples respectively) and the change of the
melting interval width SAT (SAT =AT-AOT, where AOT is the melting interval width of non irradiated
samples (in curves 1 —non irradiated DNA, in curves 2 — non irradiated DNA-ligand complexes), AT is
the melting interval width of irradiated samples respectively) were also obtained at different ionic
strengths.

Fig. 1 represents the dependences of 8T, (a) and AT (b) of DNA and DNA-H33258 complexes
on p, which shows that the shapes of the dependences of 6T, on p for both DNA (curve 1) and DNA-
H33258 complexes (curve 2) are like each other: they monotonously
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decrease up to px2x102 M Na' and the further increase in p does not influence on the values of 8T,,. The
irradiation stabilizes the helix structure of DNA and its complexes with H33258 (T, of irradiated samples
is greater than that of non irradiated samples (tab. 1)).
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Fig.1. Dependences of 8Tm (a) and SAT (b) of DNA and DNA-H33258 complexes on .
Curves 1 correspond to DNA, curves 2 — to DNA-H33258 complexes.

Table 1. The values of Ty, (°C) and AT (°C) of irradiated and non irradiated
DNA and its complexes with H33258 at different ionic strengths of solution (pina+)

UNa+ DNA DNA-Hoechst 33258
non irradiated irradiated non irradiated irradiated
Th AT Tm AT Tm AT Thw AT
0.002 | 51.5 13.2 58,5 | 157 | 57.5 23.3 62.5 26
0.01 63 13.5 66.8 | 14 | 68.5 12.5 70 15
0.02 69 14.5 709 | 148 | 70 14.8 71.6 16.2
0.05 | 76.8 14.9 78.2 | 13.7 | 78.1 12.6 78.6 12.8
0.1 82.5 13 829 | 13 84 10 85.5 10

These experimentally obtained results made it possible to suggest that the irradiation changed the
water cluster structure of hydrate shell of both DNA and DNA-H33258 complexes increasing H33258
stabilizing effect of double-stranded (ds-) structure of DNA. This assumption supported by the fact that
SAT becomes negative only at u=0.05 and 0.1M Na" ionic strengths in the case of irradiated samples,
while for non irradiated samples it occurs in the range of u>0,01M Na' [18].
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On the other hand, it is shown that at ;<0.002 M Na" the specificity of H33258 to AT sequences
does not occur and possible mode of binding is intercalation: the ligand is non-specifically redistributed
from melted to double strand sites in the melting interval and, therefore, AT increases [13].

Similar investigations were carried out for DNA-EtBr complexes. Fig. 2 shows the dependence of
8T (a) and SAT (b) of DNA (curve 1) and DNA-EtBr complexes (curve 2) on  and the corresponding
experimental values of T,,, and AT are presented in tab. 2.

Table 2. The values of Ty, (°C) and AT (°C) of irradiated and non irradiated DNA
and their complexes with EtBr at different ionic strengths of solution (uNa")

T DNA DNA-EtBr
non irradiated irradiated non irradiated irradiated
T AT T AT T AT T AT

0.002 | 52.1 13.2 58,5 13.1 55.3 25.1 61.2 24.6
0.01 63.9 13.5 66.8 13.3 65.2 24.8 67.6 243
0.02 | 69.8 14.5 70.9 14.3 72.2 18.5 73.0 18.0
0.05 77.1 14.9 78.2 14.6 79.1 12.9 79.3 12.3

0.1 81.9 13 82.9 12.6 82.6 12.2 83.7 11.6

The comparison of the data presented in tab. 1 and 2 shows that §T,, of DNA-ligand complexes
decreases compared with §T,,, of DNA. Molecules of ligand destroy partially the hydrate shell of DNA at
binding. Hence we assume that involved water molecules in hydrate shell of DNA are more ordered
compared with DNA-ligand complexes, by which the greater change of Tm of DNA is conditioned.
During irradiation the degree of DNA hydration increases and water molecules compete with ligand
molecules in the formation of hydrogen bonds with nucleotide pairs, due to of which H33258 preferably
binds by intercalation mode. In case of EtBr binding to DNA the increase of the macromolecule hydration
degree leads to decreasing of entropy of complexes during irradiation, hence the main mode of ligand
binding with DNA is intercalation. As a result, the melting temperature of complexes at irradiation
increases compared with non irradiated samples, because at increasing of degree of hydration the
contribution of hydrophobic effect at intercalation of EtBr molecules into DNA increases, that leads to the
best ligand molecules are shielded from water.

The value of SAT of DNA-EtBr complexes remains practically unchanged (curve 2, fig. 2, b),
while in case of DNA, this parameter decreases sharply in the range of 0.004 << 0.01 M Na' (curve 1,
fig. 2, b) and undergoes a slight change with further increase of ionic strength of solution (>0.01M Na").
It was shown earlier that SAT of non irradiated complexes of DNA-EtBr decreases with the increase of
ionic strength of solution [14, 15]. This fact takes place because at low ionic strength DNA helix is more
unwound and the distance between the planes of the base pairs is greater than at high ionic strength [5,
17], making the molecule ligand easier inserted between base pairs of double stranded DNA. Under
irradiation in a mentioned interval changes of ionic strength of solution the degree of hydration of DNA
molecule increases, leading to unwinding of the DNA-helix and increasing the distance between base
pairs along the chain, which in turn leads to alleviate the intercalation of EtBr and leveling of melting
interval of complexes at different ionic strengths of solution.

Theoretical and experimental data at present, concerned to physical-chemical properties of
water solutions of DNA, do not thoroughly clarify the existing discrepancy of role of water in the
formation of any conformational state of nucleic acids. From this point of view the represented data
reveal, that irradiation of water-saline solutions of DNA complexes with ligands leads to significant
changes in water structure that is bound
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with DNA, which, in its turn, leads to significant changes in the thermodynamic characteristics of
DNA-ligand complexes.
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Fig. 2. Dependences of 6Tm (a) and AT (b) of DNA and DNA-EtBr complexes on p. Curves 1
correspond to DNA, curves 2 — to DNA-EtBr complexes.

Furthermore, the effect of thermostability rising at irradiation of solutions of DNA complexes with
various ligands depends on ionic strength of solution and weakens with the increasing of
concentration of Na' ions. the irradiation of water-saline solutions of DNA-H33258 (non intercalator
ligand) complexes with MM EMW results in disappearing of specificity to at-sequences at higher
ionic strengths due to the changes of surrounding water structure of these sequences in DNA minor
groove, which is not observed in case of non irradiated samples. However, the specificity of similar
compounds to certain DNA bases may be changed not only by changing of ionic strength of solution,
but also through the irradiation by MM EMW. Compared to the non intercalators, in case of
intercalators (particularly EtBr) inversion of bin- ding mode is not revealed while the changes in
thermodynamic characteristics are observed, that is due to the influence of water on the structure of
complexes.
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