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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 CuCl2 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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ТЕКСТУРИ ПЛІВОК СИРОВАТКОВОГО АЛЬБУМІНУ БИКА 

Г. М. Глибицький 
Інститут радіофізики і електроніки ім. О.Я. Усікова Національной Академії Наук України, вул. Акад. Проскури 12, 

61085, Харків, Україна 
У роботі розглядаються особливості текстур плівок, отриманих з розчинів бичачого сироваткового 
альбуміну (БСА) у присутності іонів натрію і міді. Представлені пристрій для отримання плівок і 
спектри поглинання розчинів бичачого сироваткового альбуміну БСА в ультрафіолетовому 
діапазоні довжин хвиль. Плівки були отримані з розчинів бичачого сироваткового альбуміну 
(БСА) з концентрацією 0.41 мг/мл у присутності солі NaCl з концентрацією 20 мМ, а також у 
присутності солі CuCl2 з концентраціями 0,1 мМ і 0,4 мМ. Порівнюються текстури плівок БСА, 
сироваткового альбуміну людини і ДНК тимуса теляти. Отримані масштабно інваріантні 
фрактальні текстури аналогічні текстурам, які формуються на поверхні плівок з розчинів ДНК. 
Присутність в розчинах іонів важких металів, що утворюють сполуки з молекулами БСА 
перешкоджає формуванню масштабно інваріантних фрактальних текстур на плівках.  
КЛЮЧОВІ СЛОВА:  розчин, плівка, альбумін, фрактал, текстура. 
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Проскуры 12, 61085, Харьков, Украина 
В работе рассматриваются особенности текстур пленок, полученных из растворов бычьего 
сывороточного альбумина (БСА) в присутствии ионов натрия и меди. Представлены устройство 
для получения пленок и спектры поглощения растворов бычьего сывороточного альбумина БСА в 
ультрафиолетовом диапазоне длин волн. Пленки были получены из растворов бычьего 
сывороточного альбумина (БСА) с концентрацией 0.41 мг/мл в присутствии соли NaCl с 
концентрацией 20 мМ, а также в присутствии соли CuCl2. с концентрациями 0,1 мМ и 0,4 мМ. 
Сравниваются текстуры пленок БСА, сывороточного альбумина человека и ДНК тимуса теленка. 
Полученные масштабно инвариантные фрактальные текстуры аналогичны текстурам, которые 
формируются на поверхности пленок из растворов ДНК. Присутствие в растворах ионов тяжелых 
металлов, образующих соединения с молекулами БСА препятствует формированию масштабно 
инвариантных фрактальных текстур на пленках.  
КЛЮЧЕВЫЕ СЛОВА: раствор, пленка, альбумин, фрактал, текстура. 
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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 mm2, 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 CuCl2 with concentrations of 0.1 mM and 0.4 mM. 
 

  
Fig. 1. The apparatus for producing films.  
1 - Stand with cuvette for solution, 2 – humidity 
sensor, 3 - LCR meter E7-11, 4 - container with 
silica gel, 5 - airtight container, 6 - water 
thermostat, 7 - vacuum valve, 8 - vacuum pump. 
 

Fig. 2. The absorption spectra of BSA solutions 
in the UV wavelength range, comprising:  
ABSA - solid line, BSA + 20 mM NaCl;  
A0.1Cu - dotted line, BSA + 20 mM NaCl  

+ 0.1 mM CuCl2;  
A0.4Cu - 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 δA = ± 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 0.5ºC, 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  and linear  parameters (Fig. 7), 
which form a different scale patterns on the film surface. The dimensions of these structures 
may be in the range of 90º < <180° and 2 < <35 m. 

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). 
 

  
Fig. 3. Photo of the film obtained from solution 
containing BSA + 20 mM NaCl. T=40C, 
RH=0%. 

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

Fig. 6. Photo of the film obtained from solution 
containing HSA + 20 mM NaCl. T=40C, 
RH=0%. 
 

 
 

 

 
Fig. 7. Characteristic geometric parameters of 
SIFT. 
 

Fig. 8. Photo of the film obtained from solution 
containing BSA + 20 mM NaCl +0.1 mM 
CuCl2. T=40C, RH=0%. 

 
Changing the values of the spectra absorption (ΔА = A0.1Cu -ABSA and ΔА = A0.1Cu -ABSA, 

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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