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Fractal texture features of the albumin and Na-DNA films with fluoride, chloride and bromide of sodium
analyzed. The films were obtained from bovine serum albumin and human serum albumin ("Sigma-Aldrich™)
solutions at a concentration of 0.5 mg/ml in the presence of sodium salts at a concentration of 20 mM, and from
the solution of Na-DNA ("Serva") with a concentration of 0.25 mg/ml in the presence of a metal chloride at a
concentration of 10 mM. The geometrical parameters of textures differ depending on location on the surface of
the cuvette and the composition of the ions in solution. Periodic structures with characteristic repetition period of
L,~ 4+6 microns are present in the individual structural elements. Factal textures on the surface of films with
chlorides of sodium, potassium and rubidium have been analyzed.
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®PAKTAJIBHI TEKCTYPU IIJIIBOK CUPOBATKOBOI'O AJIbBYMHWHY I Na-/IHK 3 PO3YUHIB 3
T'AJIOTEHUJAMU METAUJIIB
I'. M. I'nuonnbkmii
Hayionanvna axademis nayxk Yxpainu Incmumym padiogizuxu ma enexmponixu im. O. A. Ycukosa,
eyn. Ax. Ilpockypu 12, m. Xapxis, 61085, Yrpaina

AHani3yloTbcs (QpakTanabHi 0COONMMBOCTI TeKCTyp ItiBoK anbOymiHiB i Na-JJHK 3 ¢ropumom, xmopumom i
OpoMinoM HaTpiro. IIiBKY OyJau OTpUMaHi 3 PO3UYHMHIB OMYAYOr0 CHPOBATKOBOIO adbOYMiHY Ta CHPOBAaTKOBOTO
anpOyminy moauau ("Sigma-Aldrich») mpu xoHmeHtpamii 0,5 Mr/mMa B THpPUCYTHOCTI coiedl HaTpilo B
koHueHTpauii 20 MM, i 3 po3unniB Na- JIHK ("Serva") 3 xonuenrpamieto 0,25 MI/mi1 B IpUCYTHOCTI XJIOPHZIIB
MeraniB npu KoHueHTpanii 10 MM. I'eoMeTpuuHi mapaMeTpy TEKCTYPH PO3PI3HAIOTHCS 3aJIEKHO BiJ| MicLs
po3TallyBaHHsI Ha TIOBEPXHI KIOBETH 1 CKJIAy 10HIB B PO3UMHI. B OKpEeMHX CTPYKTYpHHX €JIEMEHTax IMPUCYTHI
NepioANYHI CTPYKTYPH 3 XapaKTepHUM TepiosioM nmoBTopeHHs L,~ 4 + 6 mxm. IIpoBeneHo anaii3 ¢paxranbHIX
TEKCTYp Ha MOBEPXHI IUTIBOK 3 XJIOPHIAMHU HATPIIO, KaJiIo i pyoifito.

KJIFOUYOBI CJIOBA: po3uuH, MmiBKa, aTb0yMiH, (ppakTaj, TEKCTypa, raJoreHiIu MeTaiB.

MACHITABHO UTHBAPUAHTHBIE ®PAKTAJIBHBIE TEKCTYPBI IIVIEHOK CBIBOPOTOYHOI'O
AJIBBYMHHA " Na-IHK U3 PACTBOPOB C TAJIOTEHUJIAMU METAJIVIOB
I''M. I'nudonuxunii
Hayuonanenas axademus nayxk Yepaunot Hnemumym paouogusuku u anekmponuru um. A. A. Ycuxoea
ya. Ak. Ipockypu 12, 2. Xapvkos, 61085, Vkpauna

AHanm3upyroTcs (ppakTaabHble 0COOEHHOCTH TEKCTYp IUIeHOK anbO0ymuHoB U Na-J{HK ¢ ¢ropumom, xmopunom
u OpomugoM Hatpus. IleHKM OBUIM TONXYYEHBI W3 PAaCTBOPOB OBIYBEr0 CHIBOPOTOYHOIO allbOyMHHA H
CBIBOPOTOYHOrO anbOymuHa yenoBeka ("'Sigma-Aldrich») npu xoHuentpanuu 0,5 Mr/mMi B IpUCYTCTBUU COJIEH
Hatpusi B KoHueHTpauuu 20 MM, m u3 pacrBopoB Na- JIHK ("Serva") ¢ konunentparmeii 0,25 mMr/ma B
MIPUCYTCTBUM XJIOPUIOB MeETAJUIOB INpu KoHueHTparmu 10 MM. T'eomerpuyeckue mnapamMeTpsl TEKCTYPHI
pa3IuuaroTcd B 3aBUCHMOCTU OT MECTOIOJIOKEHMS Ha IOBEPXHOCTH KIOBETHI M COCTaBa MOHOB B pacTtBope. B
OTJENBHBIX CTPYKTYpPHBIX 3JIEMEHTaX NPUCYTCTBYIOT NEPUOJUUYECKUE CTPYKTYPBI C XapaKTEpPHbIM HEPHOAOM
noBTopeHus Ly~ 4 + 6 mxm. [IpoBenen aHanu3 (pakTalbHBIX TEKCTYp Ha MOBEPXHOCTH IUIEHOK C XJIOpUAAMH
HATpHsl, KaJusl U pyouaus.

KJIFOUEBBIE CJIOBA: pacTBop, IJIeHKa, ATbOYMUH, (hpakTall, TEKCTypa, TaIOreHU/Ibl METAIIIOB

The method of structural analysing the drying film of biological fluids (BF) is used
for diagnosis in medicine and biology [1, 2] due to the fact that the structure of the
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solid-phase drying fluid characterizes the relationship between the substances located
in the BF. The ongoing researches in this area are devoted to the analysis of processes
in drying drops, to the development of theoretical models of the processes occurring
during drying solutions BF [3, 4], to the study of the influence of humidity on the
formation of the film structure [5, 6]. Besides such biological fluids as blood and
cerebrospinal fluid, the objects of study are films from solutions of proteins [7] and
nucleic acids [8]. The dendritic structures are formed on the surface of these films
from solutions of biopolymers. The analysis of these structures allows to determine the
degree of influence of biologically active substances [9 -11]. Previously, it was shown
that on the surface of bovine serum albumin (BSA) films from solutions with sodium
chloride metal salts are the scale-invariant fractal textures (SIFT) formed [12]. The
analysis of the effect of metal salts on the formation of scale invariant fractal textures
is carried out in the article.

MATERIALS AND METHODS

The films were obtained from BSA and human serum albumin (HSA) ("Sigma-
Aldrich") solutions, at a concentration of 0.5 mg/ml in the presence of sodium salts at
a concentration of 20 mM, and from the solution of Na-DNA ("Serva") with a
concentration of 0.25 mg/ml in the presence of a metal chloride at a concentration of
10 mM. The chemically pure reagents were used. The solutions of biopolymers of 0.5
ml are poured into a cuvette with an area of 20x20 mm® which is positioned in a
container with inlets for air evacuation. The cuvette, the container with silica gel and a
relative humidity (RH) sensor are placed in the water bath. The apparatus for
producing films is shown in [10, 12] in more detail.

RESULTS AND DISCUSSION

Figures 1 and 2 show the photographs of the films obtained from the solutions of
BSA at a concentration of 20 mM NaF and 20 mM NaBr. It can be seen that the fractal
texture on the film surface are not formed. The structures in Figure 1 are similar to the
structures on the surface of films from solutions of Na-DNA with lithium chloride and
calcium chloride [13]. Crystal structures in Figure 2 may form due to self-organization
processes. On the other hand, scale invariant fractal textures formed on the surface of
films from BSA solutions with 20 mM NaCl [12] and occupy no more than 40% of all
textures on film.

The geometrical parameters of textures differ depending on location on the surface
of the cuvette. Thus, the total length SIFT per unit area in the central part of the
cuvette exceeds the corresponding value in the peripheral portion of the cuvette more
than 1.3 times.

The photos of SIFT (the film from BSA solution with 20 mM NaCl) from the
central and peripheral parts of the cuvette are shown in Figures 3 and 4. Such
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structures are also formed on the surface of films from solutions of other proteins.
SIFT on the film surface from the HSA solutions with 20 mM KCI are presented in
Figures 5 and 6. Linear L and angular a parameters of the repeating structural elements
can be identified (Fig. 7). Textures on the peripheral (Figs 4, 6) and in the central
(Figs. 3, 5, 8) portions of the film have lowest and highest values of L respectively.
So, linear and angular parameters of the elements (Fig. 8) are varied in the range of L
=80 um + 350 pm and a = 110° + 140°.

As it is shown in [14], the salts move into the central part of the drying droplet of
biological fluid, while the protein molecules move in the opposite direction due to the
difference in osmotic pressure generated by the dissolved salts and protein.
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Fig. 1. Photo of the film obtained from Fig. 2. Photo of the film obtained from
solution containing BSA +20 mM NaF. T = solution containing BSA +20 mM NaBr; T =
40°C, RH=0%. 40°C, RH=0%

Fig. 3. Photo of te film obtained from Fig. 4. Photo of the film obtained from
solution containing BSA +20 mM NacCl; solution containing BSA +20 mM NaCl; T =
T = 40°C, RH=0%, central part of the 40°C, RH=0%, peripheral part of the cuvette.
cuvette.
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Fig. 5. Photo of the film obtained from

solution containing HSA +20 mM KCI;
T =
cuvette.

Fig. 7. Linear and angular parameters of the

repeating structural elements

T h

of the film
solution containing Na-DNA + 10 mM NacCl;
T =40°C, RH=26%.

40°C, RH=0%, central part of the

btained from

e

Fig. 6. Photo of the film obtained from
solution containing HSA +20 mM KCI;

T = 40°C, RH=0%, peripheral part of the
cuvette.

e "‘:‘: S
Fig.8. Photo of the film obtained from
solution containing BSA +20 mM NaCl; T =
40°C, RH=0%, detail of the central part of
the cell L = 80 um +350 um, o = 110° +

140°

100 pm

Fig. 10. Photo of the film obtained from
solution containing Na-DNA + 10 mM
RbCl; T = 40°C, RH=20%, central part of
the cuvette
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Fig. 11. Photo of the peripheral part of the Fig. 12. Periodic structures with repetition
film obtained from a solution containing Na- period of L,, enlarged scale photo of the
DNA + 10 mM RbCI; Fig. 11.

T =40°C, RH=20%.

Thus, the increased density of SIFT in the central part of the cuvette may be
explained by the redistribution of salts and biopolymers on the surface of the cuvette
during the solution drying.

The SIFT were formed on the surface of films from DNA solutions with chlorides
of sodium, potassium, rubidium. Figures 9 and 10 present similar textures, obtained
from DNA solutions with salts of sodium and rubidium. The values of the parameters
of L and a depend on the composition of the ions in solution. Thus, the SIFT with
values of a = 180° are fixed on the films of Na-DNA solutions with rubidium chloride
(Fig. 10). As can be seen from Fig. 12, the periodic structures with characteristic
repetition period of L,= 4+6 microns are present in the individual structural elements.

In [15, 16] it is assumed that fractal textures on the surface of the substrate are
crystal hydrates. Formation of the solvent structure and the number of binding sites
with protein are important properties of salts presented in the solution [17]; the
organization of ordered structures is based on a combination of various non-covalent
interactions [18].

The obtained data show that the key factor in the formation of SIFT on the
biopolymer film surface is the presence of such metal chlorides in the solution as
sodium, potassium and rubidium.
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