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The texture features of the films obtained from solutions of bovine serum albumin (BSA) in the presence
of sodium and copper ions are considered. The apparatus for producing films and the absorption spectra
of BSA in the UV wavelength range are presented. The films have been received from BSA solutions
with concentration of 0.41 mg/ml in the presence of salt NaCl at a concentration of 20 mM and in the
presence of salt CuCl, with concentrations of 0.1 mM and 0.4 mM. Texture films of BSA, human serum
albumin and calf thymus DNA are compared. The obtained scale invariant fractal textures are similar to
textures which are formed on the films surface from the DNA solutions. Presence in solution of heavy
metal ions forming compounds with albumin molecules prevents the formation of scale invariant fractal
textures on films from these solutions.
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TEKCTYPHU IVIIBOK CUPOBATKOBOI'O AJIbBYMIHY BUKA
I'. M. I'nuonnbkmii
Incmumym paoioghizuxu i enexmponiku im. O.A. Ycikosa Hayionanvnoii Axademii Hayk Yxpainu, eyn. Axao. Ipockypu 12,
61085, Xapkis, Yrpaina
VY po0oTi pO3TIISIIAIOTECS OCOOIMBOCTI TEKCTYP IUTIBOK, OTPUMAHUX 3 PO3UMHIB OMYauOro CUPOBATKOBOTO
anpOyminy (BCA) y mpucyTHOCTI 10HIB HaTpito i mimi. [IpencraBieHi IpUCTpiil A7 OTPUMAHHS ILTIBOK 1
CHEKTpU MOTJMHAHHSA pPO3YMHIB Onyadyoro cupoBatkoBoro aiapOymiHy BCA B ynbTpadioneroBomy
Jiama3oHi JOBKUH XBWib. [ImiBku Oynu OTprMaHi 3 pO3UMHIB OMYAa4Oro CHPOBATKOBOTO ajlbOyMiHY
(BCA) 3 xonnentpariero 0.41 mr/ma y npucytHocti comi NaCl 3 konrentpartiero 20 MM, a Takox y
npucytHocTi coi CuCl, 3 konmenTparismu 0,1 MM i 0,4 MM. TlopiBHIOIOTECSA TeKCTypH IUTiBOK BCA,
cupoBaTkoBoro ansOyminy mogauau i1 JIHK tumyca tenstu. Otpumani MacmraOHO iHBapiaHTHI
(pakTaJbHI TEKCTYpH aHAJIOTIYHI TEKCTypam, siKi (JOpMYIOThCsSI Ha MOBEpXHI IIiBoK 3 po3umHiB JIHK.
[IpucyTHiCTh B pO3YMHAX 10HIB BAaXKKMX METaJiB, L0 YTBOPIOIOTH CHONYKH 3 Mojekynamu BCA
nepenikoKae (POpMyBaHHIO MacIITA0OHO IHBapiaHTHUX (PPAKTANBHUX TEKCTYp Ha IUTIBKaX.
KJIFOUYOBI CJIOBA: po3uuH, MmiiBKa, aTb0yMiH, (ppakTaji, TEKCTypa.

TEKCTYPBI IINIEHOK CBIBOPOTOYHOI'O AJIbBYMHUHA BBIKA
I''M. I'nudonuxunii
Hnemumym paouoguzuxu u snexkmponuxu um. O.A. Ycuxosa Hayuonanvnoii Axademuu Hayx Yrpaunwi, yn. Axao.
Ilpockyper 12, 61085, Xapvkos, Vkpauna

B pabore paccMaTpuBaroTcsi OCOOEHHOCTM TEKCTYp IUICHOK, IOJNYYEHHBIX W3 PacTBOPOB OBIYBETO
ceiBopoTouHOro ankoymuHa (BCA) B mpuCyTCTBUM MOHOB HaTpusi U Meau. [IpencraBiieHbl YCTPOHCTBO
JUTSL IOJTYYEHHUS! TUICHOK M CIIEKTPHI ITOTIIOIIEHUSI PACTBOPOB OBIYBETr0 CHIBOPOTOYHOrO ainbOymuHa bCA B
yabTpauoNeToBOM JMana3oHe IMH BONH. [lnmeHkM ObUIM TIONY4YeHBI W3 PacTBOPOB OBIUBETO
ceiBopoTouHoro ansoymmHa (BCA) c xonumeHtpaumern 0.41 mr/mn B npucyrcrBum comu NaCl c
koHUeHTpanued 20 MM, a Take B npucyrctBun conu CuCly. ¢ konunenrpamusimu 0,1 MM u 0,4 MM.
CpaBHuBatoTcst TeKcTypbl ieHok BCA, ceiBoporoyHoro ans0ymuHa denoseka U JIHK tumyca Tenenka.
[onyuennsie MacmiTabHO WHBapUAaHTHBIE (QpaKTajJbHBIE TEKCTYphl aHAJIOTHYHBI TEKCTypam, KOTOpbIE
(opMupyroTCsl Ha MOBEpXHOCTH IUeHOK u3 pactBopoB JJHK. IlpucyrcTBre B pacTBOpax HOHOB TSKEIBIX
MeTaJuIoB, oOpasyromux coeanHeHus ¢ monekyiaamu BCA mpensTcTByeT (pOpMHUpPOBaHHIO MacUITaOHO
WHBAapPHAHTHBIX (PPAKTANBHBIX TEKCTYp Ha MUICHKAX.

KJIFOUEBBIE CJIOBA: pactBop, IIIeHKa, adb0yMuH, (ppakTai, TEKCTypa.
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Theoretical and experimental studies of the solid phase of various biological liquids (BL)
including films from solutions of biopolymers have been developed in recent years. So, the
method of diagnostic testing for detecting metastatic carcinoma by means of studying the
topology of the drying plasma protein is proposed in the work [1], methods for studying
pathological changes on the structures observed as a result of dehydration self-organization of
BL are considered in [2]. A method of diagnosing of cerebrospinal fluid based on the study of
texture of dried samples is described in the [3].

However, in the work [4] it is noted that most of the methods is considered at the stage of
phenomenological description complicating the statistical analysis of the data. On the other
hand, in the paper [5] it is shown that the processes of dehydration self-organization of the BL
can be described in terms of the standard approaches, inherent in physical and chemical
methods of the research. For example, the stages of the process of structuring at BL drying are
considered in the work [6], the relevant theoretical models of behavior of spatial redistribution
of the components of drying droplet of BL are created in the work [7]. Formation of the
textures on the film obtained from DNA containing solutions with taking into account
interaction of charges in DNA ion-phosphate lattice and the metal ions is grounded in [8, 9].
Studies of the effect of biologically active substances (metal ions) on formation of the textures
of the films from DNA’s solutions were carried out before [10]. It has been shown that the
character of the formation of dendrites on the surface of the film is determined by the
structural state of the biopolymer [11].

The texture features of the films obtained from solutions of bovine serum albumin (BSA)
in the presence of sodium and copper ions are considered in the paper.

MATERIALS AND METHODS

Schematic representation of the apparatus for producing films textures from biopolymer
solutions is presented in Fig. 1. The solutions of biopolymers with volume 0.5 ml were poured
into cuvette measuring 20 * 21 mm? which is located on the stand 1. The cuvette is in
container 5 with silica gel 2 and humidity sensor 3 “HCH-1000" (“Honeywell”), display
control of the humidity sensor was carried out by using LCR - meter “E7-11.” The container 5
is positioned in the water thermostat TX-50. The films have been received from BSA (98%)
and human serum albumin (HAS, 85%) solutions from "Sigma-Aldrich" with concentration of
0.41 mg/ml in the presence of salt NaCl at a concentration of 20 mM and in the presence of
salt CuCl, with concentrations of 0.1 mM and 0.4 mM.
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Fig. 1. The apparatus for producing films. Fig. 2. The absorption spectra of BSA solutions

1 - Stand with cuvette for solution, 2 — humidity in the UV wavelength range, comprising:
sensor, 3 - LCR meter E7-11, 4 - container with Agsy - solid line, BSA + 20 mM NaCl;
silica gel, 5 - airtight container, 6 - water Agcy - dotted line, BSA + 20 mM NaCl
thermostat, 7 - vacuum valve, 8 - vacuum pump. + 0.1 mM CuCl2;

Ay 4cu - dash-dotted line
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The films have been received also from solutions of calf thymus Na-DNA from “Serva”
with concentration of 0.25 mg/ml in the presence of salt NaCl with concentration of 10 mM
using the apparatus described in the [12]. Measurements of the solution absorption in the UV
wavelengths were performed with UV-2100 Spectrometer of "UNICO," the measurement
absorption error was of A = = 1%. The calculation of protein concentration according to
BSA absorption in the UV range at wavelengths of 260 and 280 nm (curve 1 in Fig. 2) by the
method [13] shows the concentration value of 0.37 mg/ml. The films obtained at 0% humidity
were photographed in polarized light. The accuracy of temperature stabilization is 0.5°C, the
accuracy of humidity determination is 2-3%.

RESULTS AND DISCUSSION

The photos of the film obtained from BSA solution are represented in Fig. 3 and 4. The
obtained scale invariant fractal textures (SIFT) are similar to textures which are formed on the
films surface of the DNA solutions with salts of sodium chloride. Fragments of the texture are
shown in Fig. 5 and 6. Similar textures can be obtained from DNA solutions with values of
relative humidity from 11 to 40% [12] as well as from solutions of human serum albumin, as
it is noted in the report [14]. Formation of SIFT can be represented as the series connection of
elementary cell structures with characteristic angular o and linear B parameters (Fig. 7),
which form a different scale patterns on the film surface. The dimensions of these structures
may be in the range of 90° <a <180° and 2 <f3 <35 um.

It can be assumed that some of the ordered associative structures from molecules of BSA,
water and metal ions are formed in the colloidal solution in the evaporation process. The
metal salts do not form a fractal pattern on the surface of the cell [9]. Thus, the formed
patterns remain after evaporation of the water. A similar assumption on the sequence of
structure formation on the film is made in [6]. In [14] it is assumed that the polyelectrolyte
supramolecular structure can be induced by hydrogen bonding.

Copper ions form stable complexes with BSA molecules due to the fact that the BSA has
a specific binding site for these ions [16-18], that films have not SIFT (Fig. 8).

g i 2 mm
Fig. 3. Photo of the film obtained from solution Fig. 4. Photo of the film obtained from solution
containing BSA + 20 mM NaCl. T=40C, containing BSA + 20 mM NaCl. T=40C,
RH=0%. RH=0%.
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Fig. 5. Photo of the film obtained from solution Fig. 6. Photo of the film obtained from solution
containing Na-DNA + 10 mM NaCl. T=30C, containing HSA + 20 mM NaCl. T=40C,
RH=46%. RH=0%.

Fig. 7. Characteristic geometric parameters of Fig. 8. Photo of the film obtained from solution
SIFT. containing BSA + 20 mM NaCl +0.1 mM
CuCl,. T=40C, RH=0%.

Changing the values of the spectra absorption (AA = Ag.1cu -Apsa and AA = Ag.icu -Assa,
Fig. 2) in the UV range can be regarded as a measure of effect of copper ions on BSA
molecule [19]. Similarly, the method based on the change in film texture area can be used to
determine the effect [20].

The absence of the SIFT on the BSA films can be explained by the formation of
complexes of copper ions with BSA and destruction of the respective hydrogen bonds, which
are necessary for the formation of that textures. It can be concluded that the presence in
solution of heavy metal ions forming compounds with BSA molecules prevents the formation
of scale-invariant fractal textures on films from these solutions.
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