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In this work the study of the effect of millimeter range electromagnetic waves (MM
EMW) on the complexes of human serum albumin (HSA) with methyl violet (MV) has been
carried out at the different frequencies, using the methods of fluorescence and thermo-
denaturation. It was shown that MV binds to HSA, forming a complex, and increasing of the
intensity of the protein own fluorescence takes place, meanwhile the stabilization of HSA
increases. MM EMW irradiation of HSA by various frequencies invokes additional changes in the
protein structure. Thus, at the protein irradiation with the frequency 41.8 GHz the protein
stabilization increases as well as hydrophobicity around the tryptophan rises, while at the
irradiation with 51.8 GHz the stabilization is expressed less and the hydrophobicity enhancement
around the tryptophan can be neglected.

Human serum albumin — methyl violet — irradiation — denaturation parameters —
fluorescence spectra
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B paboTe ncciemoBaHO BIMSHHE 3IEKTPOMAHUTHBIX BOJH MIJIIMMETPOBOTO JHAla3OHa
(MM 5MB) Ha KOMIUTEKCHI CBIBOPOTOYHOTO anbOymuHa denoBeka (CAY) ¢ MeTHiIbHBIM GHONETO-
BbIM (M®) npu pa3IM4HBIX YacTOTaX BO3/CHCTBHS, C HCIIOIL30BAaHUEM METOJIOB (ITyOpECHCHIINN
u tepmoneHarypauun. [Tokazano, uro M® ceazeiBaerca ¢ CAY, o0pa3yst ¢ HUM KOMILIEKC, MPH
9TOM TPOUCXOIUT YBEJIMYCHHE MHTCHCHBHOCTH COOCTBEHHOW (uiyopecieHunu Oenka, a crabu-
nmu3anus Oenka mpu cBs3biBaHMM pacteT. O6mydenne CAY MM DOMB pasHbIMEH 4YacTOTaMH
BBI3BIBACT JOTIOJHUTENBHBIE H3MEHEHHS B CTPYKType Oenka. Tak, mpu o6mydeHnn Oenka gacToToit
41.8 I'T'y crabunm3zanus Oenka pacTeT, a TAKKe YBETHYUBACTCS THIPOPOOHOCTH BOKPYT TPHUII-
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TohaHa, B TO BpeMs Kak npu oOiydeHnd dactoToit 51.8 I'T1 crabuim3anus BeIpakeHa MEHBIIIE, a
yBeIHYEHHEM T'HAPOGOOHOCTH BOKPYT TPHIITO(haHa MOXKHO IIpeHeOpeds.

Cvi60pomouHblil anbOYMUH 4el08eKd — MEMUIbHbIL (UoIemosvlil — 001yueHue —
napamempol deHamypayuu — CReKmpbvl PIryopecyenyuu

Human serum albumin (HSA) is known as one of the most spread and well-studied
proteins in the circulatory system. HSA in the blood has various important functions,
including transport of endogenous and exogenous compounds [1-5]. Its role in
establishment of osmotic pressure is not big, but it also exists. Albumin is known as a chief
transport protein for drug preparations that binding to HSA attain to their destination point.
Crystallographic studies revealed that this protein contains 585 amino-acids and consists of
three homologous domains, possessing a-helical structure. Though, HSA contains only
one tryptophan residue (Trp-214) [6-9]. HSA, having the aforementioned structure,
reversibly binds to many low-molecular and bioactive compounds and contributes to their
transport by circulatory system. It should be mentioned that HSA binds to hydrophilic as
well as hydrophobic compounds by different binding centers that is why a necessity of
study of formed complexes emerges.
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Fig. 1. Chemical structures of methyl violet (a) and methylene blue (b).

From this point of view the interaction of different drugs with HSA is important,
because they change a structure and function of HSA differently, provoking alterations
of its physical properties [5]. In the present work methyl violet (MV) was chosen as a
sample of low-molecular compound, since MV is also known as a crystal violet and it is
an external drug preparation for skin diseases (fig. 1a) [10-12]. However, MV possesses
a good sterilization, low toxicity and hormesis.

Nowadays, the effect of various ecological external factors on biological systems,
being on different levels of organization should be mentioned. One of these factors is an
electromagnetic background, accompanying all living material on The Earth. Millimeter
range electromagnetic waves (MM EMW) are separated on the scale and their intensity
directly increases, which is connected to scientific-technical progress. MM EMW takes
the interval of 30-300 GHz and has wavelength 1-10 mm. MM EMW affects biological
objects, being on various levels of organization [13-15].

In the presented work the effect of MM EMW on HSA complexes with MV was
studied at different frequencies of the influence, applying the methods of fluorescence
that is a powerful tool to study the complexes, formed between biomacromolecule and
low-molecular compound. The results were compared to those for methylene blue (MB)
complexes with HSA, obtained in our laboratory earlier [15].
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Materials and methods. Human serum albumin solution (1 %) and methyl violet (“Sigma”,
USA) were used in experiments. MV concentration was determined spectrophotometrically, using
the following value of extinction coefficient for MV £55,=87000 M*cm’™.

1 %-solution of HSA was irradiated by MM EMW frequencies 41.8 GHz and 51.8 GHz.
Generator G4-141 (“Istok”, Russia) served as a source of MM EMW with working intervals of
frequencies 37.5-53.5 GHz and power flux density 64 p\Vt/cm? The sample is on the distance 180
mm from waveguide and the electromagnetic field was homogeneous. Irradiation of the samples
was carried out in Petri dishes, covered by thin transparent cellophane layer to avoid water
evaporation during the irradiation. Width of the irradiating solution was ~1 mm. Samples were
irradiated during 60 min. Temperature of the irradiated samples does not change due to the low
specific absorption power.

Thermo-denaturation of the complexes was carried out using PYE Unicam SP-8-100
spectrophotometer (England) with automatic heating of thermostating cells with rate 0.5°C/min.
Heating was realized by program device Temperature Programme Controller SP 876 Series 2.
Values of temperature and absorption at each increment were taken on PC monitor in program
medium LabVIEW 6.0. After obtaining of data the denaturation curves were constructed by the
method, described in [15, 16]. From the denaturation curves the denaturation temperature and
width of the denaturation interval were determined. The concentration ratio MV/albumin was
equal to 1/10.

Fluorescence spectra of HSA and its complexes with MV were obtained by
spectrofluorometer Cary Eclipse (Australia). Excitation of the samples was carried out at the
wavelength 280 nm and the spectrum was registered in the interval 300<A<500 nm. After
obtaining the fluorescence spectrum of the pure albumin, the titration of HSA solution by the
solution of MV was carried out from the concentration ratio 1/2 up to 1/10. Measurement error
was equal to 5-10 %.

Results and Discussion. Interaction of MV with HSA was studied using the
method of thermal denaturation. Denaturation parameters, i.e. denaturation temperature
and denaturation interval width were presented in tab. 1. As it is obvious from the tab. 1,
binding of MV with HSA results in protein stabilization, which is indicated by the shift of
denaturation curve toward higher temperatures. Meanwhile, at the irradiation of albumin
solutions by MM EMW with 41.8 GHz a destabilization of the complexes of HSA-MV
occurs, as compared with the non-irradiated complex. At the irradiation by MM EMW
with the frequency 51.8 GHz a destabilization strengthens, moreover, as compared to the
denaturation curve of pure protein, the stabilization effect is preserved.

Thus, it is revealed from the tab. 1 that the irradiation leads to the fact that a
destabilization of the HSA-MV complex takes place, as compared to the non-irradiated
complex. For the comparison the denaturation temperature and denaturation interval width
of the complexes of HSA with methylene blue (MB) at the irradiation by 41.8 GHz and
51.8 GHz are presented in tab. 2 [15]. As it is obvious from tab. 1 and 2 in the case of MB
the irradiation of HSA leads to the counter-effect, the stabilization strengthens in spite of
HSA-MV complexes, that is the binding of MV and MB to HSA differs. Irradiation of
HSA at the binding of MV leads to decreasing of the complex stabilization, as compared to
the non-irradiated protein; at the binding of MB to the irradiated HSA an increase of
stabilization occurs in comparison to the non-irradiated protein complex with MB.

From the presented data in tab. 1 it is shown that the complex-formation of HSA
with MV results in complex stabilization, since an enhancement of both the denaturation
temperature by 6.0°C and the denaturation interval width by 2.1°C is observed.

The study of the complexes HSA-MV at the irradiation by MM EMW with
different frequencies becomes interesting. At the irradiation of HSA with 41.8 GHz
frequency the stabilization effect of MV on HSA weakens, as compared to the non-
irradiated complex, but it is preserved comparing to pure HSA. This is indicated by the
thermo-denaturation data.
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Table 1. Values of temperature and interval width of denaturation of HSA and its
complexes with MV in both presence and absence of MM EMW irradiation

Denaturation Interval width of
temperature, °C denaturation, °C
HSA 80.1+0.3 9.5+0.5
HSA-MV 86.1+0.2 11.6+0.5
HSA-MV (at the irradiation
MM EMW with 41.8 GHz) 83.9+03 11.7+0.4
HSA-MV (at the irradiation
MM EMW with 51.8 GHz) 81502 11.240.5

Denaturation temperature at MM EMW effect with the frequency 41.8 GHz is
equal to 83.9°C, while the denaturation interval width does not relevantly differ from
that of the non-irradiated complex. At MM EMW irradiation of HSA by the frequency
51.8 GHz the weakening effect of MM EMW strengthens, as the denaturation
temperature decreases more, than at the irradiation by 41.8 GHz. In this case the
denaturation temperature is equal to 81.5°C and the denaturation interval width — 11.2°C.
Proceeding from the data, presented in tab. 1, MV can play a role of stabilizer, leading to
increasing of resistance to thermo-denaturation. MM EMW irradiation, vice versa, leads
to decreasing of HSA stability, which is connected to MV. It means that MM EMW
irradiation weakens the stabilization effect of MV, while binding to HSA.

Table 2. Values of denaturation temperature and denaturation interval width of MB
complexes with non-irradiated and irradiated albumin [15]

T °C AT, °C

MB-albumin 76.7+0.2 4.0+0.4
MB-albumin (41.8 GHz) 78.4+0.2 5.24+0.4
MB-albumin (51.8 GHz) 79.7+0.4 5.540.5

To reveal the complex-formation peculiarities of HSA-MV, the studies were
carried out by the fluorescence spectroscopy method as well. Fluorescence spectra of the
albumin and its complexes with MV were obtained and they are not presented here. It is
obvious from tab. 3 that the increase of fluorescence intensity occurs at the HSA solution
titration by MV solution. This increase may indicate a conformational change of HSA,
though the shift of the wavelength, corresponding to fluorescence maximum is not
observed (354 nm). But in any case the rise of fluorescence maximum means that the
hydrophobicity increase around the fluorescing tryptophan takes place, as a result of
which its fluorescence intensity increases. Moreover, at the irradiation of the protein the
fluorescence intensity increasing takes some variations.

For both non-irradiated and irradiated HSA the fluorescence intensity was equal
to 480 a.u. From the tab. 3 it can be considered that the difference between intensity
maxima of HSA-MV complex in the end of the experiment and pure protein is equal to
65 a.u., at the HSA irradiation by 41.8 GHz this difference is equal to 94 a.u. The fact is
interesting that at the MM EMW irradiation with 51.8 GHz the aforementioned
difference is equal to 21 a.u.

This experimentally obtained result indicates that the protein irradiation by MM
EMW with the frequency 41.8 GHz leads to more pronounced increasing of HSA
fluorescence intensity that is bound to MV. Based on this fact one can note that the
irradiation of HSA by 41.8 GHz leads to such changes of the protein structure that HSA
becomes more available to MV molecules that increase the hydrophobicity around the
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tryptophan and the fluorescence intensity raises by 94 a.u. In contrast, the protein
irradiation with 51.8 GHz leads to less change of the fluorescence intensity — by 21 a.u.
This result indicates that HSA irradiation with 51.8 GHz leads to the fluorescence intensity
irrelevant change, which means that the protein screening by water molecules occurs in
such way that after MV binding to HSA the intensity does not change sharply.

Table 3. Maximal values of the fluorescence intensities in the fluorescence spectra
of HSA-MV complexes in the presence and absence of the irradiation
(maxima are observed at 354 nm)

Fluorescence maxima (a.u.)
HSA 480
HSA-MV 545
HSA-MV at the MM EMW irradiation by 41.8 GHz 574
HSA-MV at the MM EMW irradiation by 51.8 GHz 501

Thus, generalizing the obtained results of thermo-denaturation and fluorescence
spectra, one can conclude that the binding of MV to HSA results in changing of HSA
structure, meanwhile a stabilization of the protein is observed, which is indicated by the
denaturation temperature values. On the other hand, it is obvious from the fluorescence
spectra that the intensity of the formed complex enhances, as compared to the pure protein,
which means that MV binding to HSA leads to the change of the protein in such way that
the fluorescing tryptophan enters deeply into hydrophobic environment. At MM EMW
irradiation of the protein with 41.8 GHz the following scene is observed: the denaturation
curve of the complex irradiated protein-MV is shifted to lower temperature region
comparing to that of non-irradiated protein-MV, meanwhile compared to the pure protein
the stabilization takes place. According to the fluorescence spectroscopy data the
fluorescence intensity of the irradiated protein enhances along with titration of ligand, by
about ~94 a.u. From these data one can conclude that the irradiation of HSA with 41.8
GHz invokes the protein structure compacting and at the further binding to MV, the
changes result in hydrophobicity increasing around the tryptophan due to which the protein
fluorescence rises. At the protein irradiation with 51.8 GHz the complex stabilization
decreases, remaining higher, than at the non-irradiated pure protein. Moreover, the
fluorescence intensity does not increase relevantly, based on which one can insist that MV
binding to the irradiated HSA with 51.8 GHz invokes such structural changes, which
means that the protein screening by water molecules surely protects itself from alterations
caused by MV. It can have a biologically important value for binding and transferring of
drug preparations, since the irradiation results in some destabilization of HSA-MV
complexes.

Resulting from the obtained data one can conclude that MV binds to HSA, forming
a complex and increasing the own fluorescence intensity of the protein, on the other hand,
the protein stabilization rises. MM EMW irradiation of HSA with different frequencies
induces additional changes in the protein structure. Thus, at the protein irradiation with
41.8 GHez its stabilization enhances as well as a relevant hydrophobicity increase around
the tryptophan occurs, while at the irradiation with 51.8 GHz the stabilization is expressed
less and the hydrophobicity enhancement around the tryptophan can be neglected.
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