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In this work the effect of millimeter range electromagnetic waves (MM EMW)
with the frequency 64.5 GHz on the complexes of Hoechst 33258 (H33258) with
DNA and human serum albumin (HSA) has been studied by the methods of
absorption and fluorescence spectroscopies. It was shown that the irradiation results
in weakening of H33258 interaction with both macromolecules, which is connected
with the fact that the frequency 64.5 GHz, being resonant for water, leads to the
structurizing of water component around DNA and HSA, due to which the binding
becomes weaker. This conclusion is based on the values of both binding constants
and Stern—Volmer constants.
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Introduction. Nowadays the studies of the effect of millimeter range
electromagnetic waves (MM EMW) (1-10 mm, 30-300 GHz) on biological systems
are of great interest, which is connected with the fact that the natural background of
these waves is small and, apparently, living organisms have not adapted to this
physical factor during the evolution [1]. Connected to the anthropogenic factor the
intensity of MM EMW in the medium increase continuously and the peculiarity of
the given physical factor is their action on biological systems, being on any level of
organization [2-7]. From this point of view, along with the studies of MM EMW
effect on organisms in general or on a cell separately, the experiments of this factor
effect on biomacromolecules, particularly on the interaction with various high- and
low-molecular weight compounds are of great interest [2—4, 8]. Among bio-
macromolecules DNA is important, which in a cell is in surrounding of various low-
molecular weight compounds — ligands that interact and even change the structure
and function of DNA. On the other hand, DNA also is exposed to the effect of MM
EMW. From this point of view, it is interesting to study the effect of MM EMW on
the structure and functions of DNA complexes with different ligands. The most
important biomacromolecules are proteins that also are exposed to the effect of MM
EMW. The effect of MM EMW on proteins is also an interesting topic to be studied,
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especially when they interact with ligands. In this work human serum albumin (HSA)
serves as a protein example that mainly is a transport protein in blood plasma and
interacts with various ligands, including drug preparations and contributes to the
transport of these compounds throughout blood circulation. There exist many works,
dedicated to MM EMW effect study on the structure and conformational changes of
DNA and HSA [2, 3, 9]. It follows from these studies that the effect of MM EMW
can lead to conformational changes of these macromolecules. On the other hand, as
it was aforementioned, both DNA in a cell and HSA in blood always are in the
surrounding of numerous small molecules that in any case interact with polymers
and even form complexes with them [10-12]. From this point of view, the studies of
MM EMW effect on the complexes of ligands with macromolecules are actual.

In the present work the effect of MM EMW on complex-formation of Hoechst
33258 (H33258) with DNA and HSA were studied. The choice of H33258 results
from the fact that it is a ligand, specifically interacting with DNA (H33258 is known
as AT-specific ligand, preferably binding in DNA minor groove) and it is worthwhile
to examine how it interacts with HSA.

Materials and Methods. Calf thymus DNA (average GC-content — 42%), HSA,
Hoechst 33258 (“Sigma”, USA), physiological solution were used in the experiments.
All preparations were used without additional purification. Concentrations of DNA
and H33258 were determined spectrophotometrically, using the following values of
the extinction coefficients: £6=6600 M-cm™ for DNA and &343=42000 M-cm™! for
H33258. In experiments it was used HSA with 1% concentration.

DNA and HSA complexes with H33258 were studied by absorption and
fluorescence spectroscopy methods. Absorption spectra of the complexes of DNA
and HSA with H33258 were obtained using spectrophotometer Perkin Elmer
Lambda 265 (USA) in the interval 300<A<700 nm. After the obtaining of absorption
spectra of pure ligand, titration of the ligand solution was carried out by the solution
of DNA and HSA at concentration ratios of ligand/DNA and ligand/HSA from 1/2
to 1/10.

Fluorescence spectra of the complexes of DNA and HSA with H33258 were
obtained by the spectrofluorometer Cary Eclipse (Australia). Excitation of the
samples was carried out at the wavelength 343 nm and the spectra were registered in
the interval 400<1<600 nm. After obtaining of fluorescence spectrum of pure ligand,
titration of H33258 solution by the solutions of DNA and HSA was carried out at
concentration ratio ligand/macromolecule from 1/2 to 1/10.

Irradiation was carried out in special glassy dishes. Width of irradiating layer
of the solution was equal to ~1 mm. For the irradiation the source of extremely high
frequency signals G4-142 was used with working interval 53.57-78.33 GHz.
Stability of signal frequency of the generator was equal to +0.05% and frequency
deviation of the output signal in the regime of continuous generation does not exceed
6 MHz. Irradiation of the samples was carried out at room temperature, power flux
density in the sample place at the frequency 64.5 GHz was equal to ~50 z\W/cm?. For
revelation of MM EMW effect on complex-formation of DNA and HSA with ligands
the solutions of DNA and HSA were irradiated during 60 min by MM EMW
64.5 GHz frequency. Measurement error does not exceed 4%.
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Results and Discussion. To determine the binding parameters of DNA and
HSA with H33258 at the influence of MM EMW a spectrophotometric titration of
H33258 solution by irradiated and non-irradiated solutions of macromolecules was
carried out. Then from the obtained spectra (spectra are not presented) the adsorption
isotherms were constructed by the Scatchard’s method. The binding curves of
H33258 with DNA and HSA are presented in Fig. 1. It is obvious from Fig. 1, a, that
the binding curves of H33258 with DNA are non-linear, which indicates that the
ligand interacts with DNA by more, than one mode.
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Fig. 1. Charactersitic binding curves of Hoechst 33258 with DNA (a) and HSA (b). Curves 1
correspond to non-irradiated samples; curves 2 correspond to irradiated samples by MM EMW
with 64.5 GHz frequency.

The binding curves of H33258 with HSA are linear, which, in turn, means that
the ligand interacts with HSA by one mode. From the binding curves the binding
constants of the ligand to macromolecule were calculated that are presented in
Tab. 1. Data, presented in Tab. 1, show that the effect of MM EMW results in
decreasing of the binding constant of H33258 with both macromolecules, though, in
the case of DNA both strong and weak binding modes weaken. In the case of DNA,
a decrease of the binding parameters due to the irradiation was shown earlier in the
work [13]. The binding constant of H33258 with DNA by the strong mode decreases
by almost twice at the irradiation MM EMW by the frequency 64.5 GHz. It indicates
that the effect of MM EMW leads to the binding weakening. Most apparently, the
irradiation of MM EMW with the frequency 64.5 GHz leads to the structurizing of
water molecules around macromolecule, due to which the binding between DNA and
H33258 in the minor groove of DNA becomes weaker. At the weak binding the data,
obtained from the binding curves, indicate that a weakening occurs in this case,
which can be explained by the water structurization in the vicinity of DNA, screening
the negatively charged phosphate groups from H33258 molecules.

In the case of non-irradiated solution of HAS, the binding constant has a small
value as compared to the strong binding to DNA. From the obtained data one can
conclude that H33258 binding to HSA occurs by electrostatic mode. At MM EMW
irradiation with the frequency 64.5 GHz a decrease of the binding constant takes
place. This fact also can be explained by the structurization of water molecules
around protein molecule induced by the irradiation with water resonant frequency —
64.5 GHz and water molecules screen the protein from H33258. It leads to a
decreasing of H33258 binding constant with HSA.
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Table 1

Values of the binding constants K of H33258 to non-irradiated and irradiated DNA and HSA by MM
EMW with the frequency 64.5 GHz

Non-irradiated sample Irriated sample by MM EMW
K105 ' with the frequency 64.5 GHz,
K-10-°
strong mode 93+05 52+0.2
DNA-H33258
weak mode 1.2+0.05 0.31 £0.05
HAS-H33258 0.26 £0.02 0.19+0.02

The study of H33258 interaction with DNA and HSA by the fluorescence
spectroscopy method has been carried out as well. The fluorescence spectra of
H33258 and its complexes with HSA, being non-irradiated and irradiated by MM
EMW with the frequency 64.5 GHz were presented in Fig. 2. Fluorescence spectra
of H33258 and its complexes with DNA are not presented, since they are shape-
similar. As it is seen from Fig. 2, a, the intensity of H33258 fluorescence spectra
with HSA decreases. It indicates that at the binding to HSA, apparently, the
surrounding of H33258 becomes more hydrophilic, due to which the fluorescence
intensity decreases.
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Fig. 2. Fluorescence spectra of H33258 and its complexes with HSA irradiated by MM EMW with the
frequency 64.5 GHz (a) and non-irradiated (b).

Fluorescence intensity decreasing at the irradiation of the complex HAS-
H33258 was shown earlier [14]. In the Tab. 2 the conditional values of maximal
fluorescence intensities of H33258 at the addition of HSA were presented. It is
obvious from table data, that the values of the intensities decrease. The values of
fluorescence intensities of H33258 and its complexes with HSA at the irradiation
MM EMW with the frequency 64.5 GHz were also presented in Tab. 2. The table
data indicate, that along with increasing of HSA concentration a decrease of H33258
fluorescence intensity takes place. Though, as compared to the case of non-irradiated
protein the values of fluorescence intensities decrease sufficiently less. It maintains
the assumption that at the irradiation MM EMW with the frequency 64.5 GHz, water
molecules are structurized around the protein and screen the latter from H33258
molecules that is why the binding of H33258 to HSA takes place more weakly, than
for non-irradiated protein. Due to this fact the local surrounding of H33258 at the
binding to HSA does not become more hydrophilic, than for non-irradiated protein,
since the decrease of the fluorescence intensity is weaker.
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Table 2

Characteristic values of maximal fluorescence intensities of H33258 and its complexes
with HSA at the irradiation and without it

Fluorescence intensity (a.u.) of
Volume of HSA, added to Fluorescence intensity (a.u.) of H33258 spectra at the
H33258 solution, sl H33258 spectra irradiation of the protein by
MM EMW, 64.5 GHz
0 305.454 305.454
20 295.158 298.964
40 275.065 286.948
60 244777 266.292
80 193.401 216.455
100 183.648 211.455

Analogous scenery is observed for H33258 binding to DNA. In this case, the
fluorescence spectra of H33258 complexes with DNA decrease, as compared to the
fluorescence spectrum of pure ligand, which indicates the fluorescence quenching of

H33258 by DNA.

Values of maximal intensities of the fluorescence spectra of H33258
complexes with DNA are presented in Tab. 3. As it is shown from Tab. 3, at non-
irradiated samples a decrease of fluorescence intensities is pronounced, while at the
irradiation with 64.5 GHz a decrease of the fluorescence intensities is observed, but
in less degree. This indicates that despite the fact of H33258 fluorescence quenching
due to DNA at the presence of the irradiation the quenching is expressed less, than
at the absence of irradiation.

Table 3

Characteristic values of fluorescence maximal intensities of H33258 and its complexes with DNA at
the irradiation and without irradiation

DNA volume, gdded to Fluorescence intensity (a.u.) of ﬂg%?;gi%%i:gi?s&ﬁaéﬁv?;
H33258 solution, L H33258 spectra irradiation of DNA, 64.5 GHz
0 305.454 305.454
20 205.321 280.453
40 193.569 249.236
60 185.432 234.562
80 173.468 219.263

100 162.465 201.528

It is connected to the fact that MM EMW irradiation leads to weakening of
H33258 binding with DNA, due to which the fluorescence spectrum decreases less,
than for non-irradiated samples. From the fluorescence spectra of H33258 and its
complexes with DNA the Stern-Volmer curves were constructed (Fig. 3) and the
guenching constants for non-irradiated and irradiated complexes (curve 1 and 2,
respectively) were calculated.
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Fig. 3. Characteristic curves of Stern—\VVolmer for fluorescence quenching of H33258 at its interaction
with HSA (above) and DNA (beneath). Curves 1 correspond to non-irradiated samples, curves
2 correspond to irradiated samples.

In the Tab. 4 the values of quenching coefficients of H33258 fluorescence are
presented. It is obvious from table data, that the values of Ksy decrease at MM EMW
irradiation for the complexes H33258—-HSA by almost 50%, but for the complexes
H33258-DNA — by 30%. This fact also indicates that MM EMW irradiation with
the frequency 64.5 GHz results in weakening of H33258 binding to HSA and DNA
that is why the quenching coefficient decreases. One can assume that a hydro-
philization of H33258 surrounding takes place, while binding to macromolecule.

Table 4
Values of Stern-Volmer constants for H33258 at the binding to HSA and DNA

Values of quenching constants, Ksy-10=, L/mol
H33258-HSA H33258-DNA
Non-irradiated sample 7.04 £0.08 5.2+0.06
Irradiated sample by MM EMW
with the frequency 64.5 GHz 342004 16£005

Conclusion. Thus, from the data, obtained in the work, one can conclude that
MM EMW irradiation with the frequency 64.5 GHz results in weakening of the
interaction between H33258 and macromolecules. It occurs being resulted from the
structurizing of water molecules around macromolecule, which in turn is induced by
MM EMW irradiation with the frequency 64.5 GHz — water resonant frequency.
Consequently, the ligand binding to HSA and DNA weakens. It is indicated by the
data, obtained by absorption spectroscopy method. On the other hand, this fact is
revealed by fluorescence analysis as well. If in non-irradiated samples the
fluorescence intensity of H33258 decreases, indicating that a binding to HSA and
DNA occurs and the macromolecule quenches the intensity, in MM EMW irradiated
samples with the frequency 64.5 GHz the fluorescence intensity decreases, but
remains higher as compared to non-irradiated samples. It indicates that the
macromolecule is not able to quench the fluorescence intensity well, because the
structurized water molecules screen the molecule HSA and DNA from H33258, as a
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result of which the binding takes place weakly. This fact is also maintained by the
values of Stern—\VVolmer constants.
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II. O. BAPIEBAHSH, M. A. IHIATWHAH, A. B. BAPJAHSH, C. B. TPUT'OPSH

WCCJIEJJOBAHUE B3AVUMOJIEMCTBUSI HOECHST 33258
C JIHK U CBIBOPOTOYHbBIM AJIbEYMUHOM YEJIOBEKA I10/]
BO3JIEICTBUEM MWUIMMETPOBBIX DJIEKTPOMATHUTHBIX BOJIH

B pabote uccnemoBaHo BIUSHIE MIJUTMMETPOBBIX 3JICKTPOMArHUTHBIX BOJTH
(MM BMB) ¢ gacroroii 64,5 I'Ty Ha komrutekcsr Hoechst 33258 (H33258) ¢ THK
U CBHIBOPOTOYHBIM anmr0ymMuHOM uenoBeka (CAY) meromamu abCOpOIMOHHONW U
(hmyopectieHTHON cniekTpockonuu. [lokazaHo, 4Yro OOMydYeHHWE WPUBOAUT K
ociabnenuto B3anmoaeicTeus H33258 ¢ o6enMu MakpOMOJIEKyJIaMH, 9TO CBS3aHO
¢ TeM, 4to 4yactora 64,5 [Ty, Oymydn pe30HAHCHOH MJIS BOIBI, CTPYKTYypUPYET
BoAHY10 coctaBisonlyto Bokpyr JHK u CAY, uz-3a uero cBsi3bIBaHUE CTAHOBUTCS
cmabee. JlaHHOE 3aKiIOYEHHWE OCHOBBIBACTCA HA 3HAUEHUSIX KaK KOHCTaHT
CBsI3bIBaHMS, Tak U KOHCTAHT LlITepHa—Donbmepa.

M. < JUrEdUL3UYL, UL U 6UKhL3UY, U, Jd. JULFTL3UY, U. 4. arhaNraudy

HOECHST 33258-h ®oNlull2168NFE3UL <6SU2NSNFEFSNFLL
Qule-b B4 UUMYNE chaNkuidshy ULANFUDUD <GS
UbLhUGSMUShL Sh1F3(¢+h ELEUS/MUUUGLhUTUUTL ULhLLE R
UOT68NRE8UL LEMLN

Whmumnwbpnid himwgnnyby £ 64,5 9<’g hwbwhuni pyudp dhihitnpuwyh
whpnypeh Ltjupudiugihuwub whpttiph (UU EUW) wgntignipynibp 4Au(e-
h W dwpnni ph6nijuyhtt wypnidhth (UGW) htim Hoechst 33258-h (H33258)
Uniyytipubiiph Yypw jrubtdwb b $ninptiugtiimuyhtt uyEjumpunhundiwi dhenn-
tipny: 8nyg £ wpyt], np Gwnwquypwhwpnuip hwbqbghnid £ H33258-h
thnhiugntignipjub pniugdwip tphnt twipninynydph htinm, hbyp juwuo
E wyl pwlih htin, np 64,5 Q@<¢g hwbwpunipniip, hikny nhgnbwbuwyhlt 9oph
hwdwp, Junnigquodpwynpnid A le-h i UGU-h pnipep opuyhl punuimnhsp,
hsh htmbwbipny Juuwnuip nunbtnid £ wytih pnyp SPuy iqpuijugnieyniin
hhdtynid £ juuydwd hwumwnnibbtph L Gwbipt—Inpitph  hwunmwnnith
wndtiplitiph Ypwi:
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