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Hydrogels with incorporated acid-activated Laponite® (LapA) platelets represent a new generation of
biomaterials with promising biomedical application (e.g., diagnostics and therapy). The LapA nanomaterial have
high specific surface area and demonstrate rather attractive hydrophilic properties. The physical cross-linking of
hydrogels using the LapA allowed a significant improvement the systems homogeneity, transparency, and drug
transport in these systems. In general incorporation of LapA may also affect the equilibrium degree of swelling at
phase-transition from the swollen to the shrunken phase. In this work the effectiveness of using of polyacrylamide
hydrogels (PAAG) with incorporated LapA for diagnosis of oncological diseases was studied. The synthesis
procedure was performed using ultrasonication of aqueous dispersion of mixtures of monomer, crosslinking agent
and initiators. The PAAG+LapA samples were characterized using SEM and PAAG swelling techniques. SEM
images evidenced the presence of integration of LapA platelets into the hydrogel structure and formation of the
shells of aggregated LapA particles. It can be explained by the formation of more active forms of LapA with stronger
internal bonds. Effects of Lap, LapA concentration on the swelling kinetics and the maximal swelling degree were
also evaluated. The the maximal equilibrium degree of swelling Qua was reached within the first 5 hours. The
concentration of platelets affected the value of Qmax, initially it decreased up to the minimum Qua ~7.6 g/2 at
Crap = 0.04 % and then increased at higher concentrations. For these samples the protein separation spectrum of
peripheral blood plasma was studied using the sodium dodecyl-sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) technique. Peripheral blood plasma samples obtained from the donors, and colorectal cancer patients
without distant metastases and with distant metastases were studied. The better separation of human plasma proteins
was observed in hydrogels with incorporated LapA platelets. In future studies it is desirable to test these new
SDS-PAGE materials for diagnostics of different forms of cancer diseases.
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INTRODUCTION cards” assembly, unique structural ordering, and
phenomenon of dynamical arrest [8,9].
Moreover, modified Lap-based materials have
found interesting practical applications as the
components for household items, agricultural,
and horticultural products, personal care and
cosmetic products (toothpastes, skincare and
sunscreen emulsions, cosmetics, shampoos,
creams), biomaterials and additives to the
multifunctional composites, adsorbents,
catalysts, glass, ceramics, enamels, barriers and

Nowadays, different applications of aqueous
hydrogels cross-linked by Laponite® (Lap)-
based mnanomaterials have attracted great
attention [1,2]. The high purity gel-forming
synthetic Lap platelets have diameter of
~ 25 nm, thickness of ~0.92nm, and can be
easily dispersed in distilled water (Fig. 1 a)
[3, 4]. It has a plate-like structure, belongs to the
family of silicates, and shows the excellent

colloidal properties [5, 6]. Compared to natural polymer films, surface coatings, efc. [10-20].
clays, ~Lap demonstrates high optical Modification of Lap structure allows fine
transparency, high dispersibility in water, and an regulation of different properties of Lap

excellent colloidal stability in suspensions [7]. platelets, their dispersibility, surface charge,
Colloidal suspensions of the highly anisometric colloidal ~ stability and  affinity toward
Lap platelets demonstrates many surprising biomolecules. Lap includes different types of
properties, interesting phase states, “house of
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active sites such as the interlayer, surface, edge
and inter-particle sites [21].

Note that physical cross-linking of hydrogels
by Lap nanoparticles allowed a significant
improvement in the homogeneity and
transparency of hydrogels, as well as the
transport properties in incorporated drug
molecules [14]. The  medical-biological
applications of functional hydrogels based on
polyacrylamide hydrogels (PAAG) (Fig.1b)
have also attracted some attention [22-24].
These hydrogels are extensively cross-linked
polymeric systems and they include 2.5-15 %
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Fig. 1.

In recent time the materials on the base of
polyacrylamide gels began actively used in the
early diagnosis of oncological diseases [28].
Different variants of polyacrylamide
gel electrophoresis (PAGE) have been developed
for identification and quantification of proteins
with applications in proteomic analysis [29-32].
The PAGE technique is widely wused for
fractionalization of proteins in different types of
cells (e.g., tumor, blood, or tissue) [29]. The
separation of proteins can be improved with
gelatin incorporated within the polyacrylamide
gel [33] or preparation of PAGE gradient gels
[34, 35]. For better quantification in SDS-PAGE
technique the strong denaturing sodium dodecyl
sulfate detergent (SDS) is used [36, 37].

Incorporation of Lap platelets inside
electrophoresis hydrogel systems can affect their
efficiency for protein separation. However, to the
best of the authors’ knowledge, there are no
studies on the effects of incorporated of Lap
platelets on the quality of proteins separation.
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polyacrylamide saturated with water. PAAG also
called Interfall (produced in Ukraine) was widely
used as injectable dermal filler. However, the
PAAG-related complications persisting in
patients restrict wide application of PAAG
injections [25]. PAAG are conventionally
prepared by copolymerization of acrylamide,
bis-acrylamide, ammonium persulfate (APS) and
N,N,N’,N’-tetramethylethylenediamine
(TEMED) [26, 27]. Polymerization is initiated
by APS, TEMED accelerates the rate of
formation of free radicals from APS and these in
turn catalyze polymerization.

CONH; CONH; CONH; CONH:

H

/
H,C

0 NH
CONH; (]:ONH; (l:ONH: CONH;

Polyacrylamide hydrogel
PAAG

b

Schematic presentation of the structures of Laponite® platelets (a) and polyacrylamide hydrogel (PAAG) (b)

This determines the relevance of this study. The
present work reports upon experimental studies
of effects of incorporated acid-activated
Laponite® (LapA) on properties of PAAG
hydrogels. = The  application = SDS-PAGE
technique for diagnosis of oncological diseases is
also discussed.

MATERIALS AND METHODS
Reagents. Acrylamide (AA, C3;HsNO),
“Merck”, Darmstadt, Germany), N,N'-
methylenebisacrylamide (MBA, C;HioN20»),
ammonium persulfate (APS, (NH4),S,0s),
(sodium dodecyl sulphate (SDS,

CH3(CH»)110S03Na),  N,N,N’,N’-tetramethyl-
ethylenediamine (TEMED), tris(hydroxymethyl)
aminomethane (TRIS), tetrasodium salt of
ethylenediaminetetraacetic acid (Trilon B), high-
quality glycerol, diaminodiphenyl sulfone
(DDS), bromophenol blue (BPB), sulfuric
(H2S04), polyphosphoric (H3PO4), hydrochloric
(HCI) acids, and Coomassie Brilliant blue G 250
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(CI 42655) (all products from Sigma-Aldrich)
were used as received without further
purification. Double-distilled water was used as
a solvent in all experiments.

Pristine Lap and acid-activated Lap
(LapA). The gel-forming Laponite ® (Lap)
(Fig. 1 b) of a personal care grade XLG with
empirical formula SigMgs 4519 4H402Nag 7
(Rockwood Additives Ltd., Widnes, U.K.) was
used in this study. A personal care grade XLG is
a purer grade with certified low heavy metal and
low microbiological content [1]. In a dry state,
the bulk density of Lap powder is 1 g/cm®, while
the particle density is 2.53 g/cm’® [38].

For preparation of LapA the pristine Lap was
dispersed in water using an ultrasonic bath
SONOPULS HD 4050 (Bandelin Electronic
GmbH). Then an aqueous solution of H>SO4 was
slowly added, the mixture was stirred for 5 h at
room temperature, 7 =25 °C. The concentration
of Lap in the final solution was fixed at 4 wt. %.
The preparation of acid activated sample LapA
was done in sulphate acid H,SOs; dispersions
with fixed acid concentration C, = 9.1 % wt. At
this C, the specific surface area of LapA samples
was near the maximum, S ~ 488 m?*/g [39]. The
reaction mixtures were intensively stirred for 2 h
at 70 °C, then the LapA samples were washed
from unreacted H,SO4 acid with distilled water
(with repeated replacement) for three days to
pH 7.0 and dried at 50 °C.

Preparation of  PAAG+Lap and
PAAG+LapA hydrogels. Synthesis of the PAAG
hydrogels physically cross-linked with Lap or
LapA platelets was performed via in situ free
radical polymerization. The mixtures of Lap or
LapA dispersions, AA, MBA was added to the
TRIS-buffer solutions (TRIS (10 g), Trilon B
(0.25 g) in 175 ml of distilled water and pH 8.9
adjusted using 50 % H3POs acid). Cross-linking
with the spatial network formation occurred due
to copolymerization with a bifunctional
monomer MBA. The samples were dispersed
using a magnetic stirrer (MM-5, 1200 rpm) for
30 min. Then the mixture was additionally
dispersed in ultrasonic bath for 30 min, bubbled
by argon for 2 min and the redox initiating
mixtures (0.75 mL of 0.2 g APS in 4.5 g H,O
and 0.5 g TEMED in 4.5 g H,O) were added.
The resulting mixture was poured between two
glass plates separated by 1 mm spacers and kept
for 15 min at 25 °C. Preliminary investigations
have shown that hydrogels with optimal
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transparency and physico-mechanical properties
can be obtained at 15 % concentration of AA and
0.3 % concentration of cross-linking agent. For
more details see [31].

Peripheral blood plasma samples. Donors
and patients with colorectal cancer participated
in these examinations. These persons underwent
a course of treatment in the liver, pancreas and
oncovascular surgery department of the National
Cancer Institute of the Ministry of Health of
Ukraine in 2020-2022. All patients gave written
consent to the use of their material for scientific
purposes. The study was approved by the
Bioethical Committee of the National Academy
of Sciences of Ukraine. Peripheral blood plasma
of different patients were investigated. The
samples were dissolved in 0.4 M TRIS-HCI
(pH 6.8) buffer containing glycerol (5 %), DDS
(0.1 %) and BPB (0.001 %) mixture.

Determination of the specific surface area
of Lap and LapA samples. The specific surface
area in the dry state, S, was determined using
low temperature nitrogen adsorption isotherms
recorded at —195.8°C wusing a Sorptomatic
1990 apparatus  (Thermo  Finnigan, USA).
Particularly, for Lap samples the specific surface
area was S ~ 307 m%/g and the total value of S of
the completely exfoliated Lap particles was
estimated as S=930-970 m*g [3]. The acid
activation at C,=2N allowed significant
increasing in its specific surface area up to
S ~ 480 m%/g (by = 1.56 times) with preservation
of hydrophilic properties of LapA samples [39].
Note that this value of S was near the maximum.
The strong acid activation resulted in significant
decreasing of S. These changes in S reflected the
destruction of structure of primary particles and
leaching of metal ions from the crystal lattice.

Scanning electron microscopy (SEM).
Morphology and porous structure of hydrogel
sponges were studied using a Tescan Miga Z
LMU scanning electron microscope (SEM)
equipped with an Oxford X-Max 80 energy
dispersive spectrometer with a PECS Gatan 682
sample preparation system. Sample fragments
were attached to an adhesive conductive
substrate (carbon tape SPI 05081-AB on the SPI
01506-MB research table). The sample fixed in
this way was covered with an ultra-thin (30 nm)
layer of conductive material (Au/Pd mixture)
using a PECS Gatan 682 device in order to avoid
local charge accumulation during SEM analysis.
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Swelling of hydrogels. The equilibrium
degree of swelling of hydrogels in distilled
water, O, was calculated using the relation

Q=(ms-ma)/ma,

where m; is the mass of the swollen hydrogel in
the equilibrium state after 24 h of swelling, and
myq is the mass of the completely dried sample
after water evaporation.

The hydrogel samples were incubated in a
TS-1/80 SPN thermostat and weighed with an
accuracy of 10*g using an AXIS analytical
balance (Poland).

Electrophoresis. All samples were evaluated
by 1-D gel electrophoresis based on the
SDS-PAGE technique was wused. PAAG
hydrogels (15 %) without Lap and with
incorporated Lap, or LapA platelets were placed
in the electrophoretic cells between two vertical
glass plates (45x75 mm, with spacers 1 mm
thick and a comb with eight teeth). The applied
voltage was 100 V, and the typical separation
time was approximately 3.5h. For better
visualization the samples were stained by
Coomassie Brilliant blue G 250 (CI 42655).

Statistical treatment. Data for equilibrium
degree of the hydrogels swelling are presented as
means and standard errors of the mean values.
Statistical comparisons were performed with

Fig. 2.

one-way analysis of variance (ANOVA) for an
average of 3—5 replicates. Statistical significance
for all tests was set at a P value < 0.05.

RESULTS AND DISCUSSION

Scanning electron microcopy images.
General analysis of SEM images revealed the
porous structure of the PAAG and PAAG
hydrogels with incorporated Lap and LapA
platelets. The distributions of interconnected
pores with a predominant sizes in the range from
1 to 100 um were observed. Smaller diameter
pores have an elongated, irregular shape and are
concentrated in a honeycomb-like (cellular)
structure. Larger pores (> 50 um) have a regular
rounded shape with thick walls of about 1-3 pm.
Moreover, SEM images at high magnifications
revealed large differences for PAAG + Lap
(Fig. 2 @) and PAAG + LapA (Fig. 2 b) samples.

Particularly, for PAAG+Lap samples the
platelets were deeply integrated in the hydrogel
structure. For PPG+LapA samples the

formation of fairly shells of aggregated LapA
nanoparticles was observed (Fig. 2 a). It can be
explained by the effects of acid activation on the
destruction of crystal lattice of Lap and
formation of more active form of LapA with
stronger internal bonds [40, 41].

10 pm

SEM images of PAAG gels with incorporated (0.04 % mass) LAP (a) and LapA (b). For PAAG + LapA

samples (b) the formation of fairly shells of aggregated LapA nanoparticles was observed

PAAG + Lap and PAAG + LapA swelling.
The swelling degree PAAG based hydrogels was
studied in details for optimal concentrations of
AA (15 %) and cross-linking agent (0.3 %). In
absence of Lap or LapA the maximum swelling
degree was about Omax ~ 8.2 g/g. Incorporation

ISSN 2079-1704. CPTS 2024. V. 15. N 4
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of Lap or LapA affected the value of QOmax.
Fig. 3 a presents examples of the swelling curves
of PAAG samples Q(t) with incorporated LapA
platelets at different concentrations of LapA
(Crapa =0-0.16 %). Fig.3b compares the
swelling curves of PAAG samples Q(#) with
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incorporated Lap and LapA platelets at the same
concentration Crap = Crapa = 0.04 %. Note, that
in all cases the maximal equilibrium degree of
swelling Omax Wwas reached within the first

Shours (Fig.3a,b). The concentration of
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platelets affected the value of QOmax, initially it
decreased up to the minimum QOmax = 7.6 g/g at
CLap~0.04 % and then increased at higher
concentrations (inset to Fig. 3 a).
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Fig. 3. Equilibrium degree of the hydrogels swelling in distilled water O versus the swelling time ¢ for
PAAG + LapA at different concentration of LapA Crapa (a). Here inset shows Omax versus Crapa dependence
(a), and comparison of Q(t) dependences for PAAG + Lap and PAAG + LapA samples at the same
concentrations Crap = Crapa = 0.04 % (b). Here Omax is the maximal swelling degree after 24 h

Note that origin of such minimum is still not
clear completely. It may reflect the effects
activation on structure of LapA and complex
changes in interactions between PAAG and
Lap/LapA platelets. Impact of sulfuric acid
activation on aggregation of LapA platelets in
aqueous suspension have been analyzed in detail
in our previous work [39]. Particularly for
pristine Lap samples, the monomodal
distribution of particle size with a maximum at
distance d = 4.4 nm was observed. For relatively
small degree of acid activation
(Ca=0.525-1.25 % wt.), the average particle
size of LapA aggregates increased by about an
order of magnitude. Moreover, the bimodal
distribution of particle sizes with the intensive
maximum at d=57nm and less intensive
maximum at d~ 205 nm was observed. With a
further increase of acid activation
(Ca=5-15 % wt.) the distributions of particles
sizes were wide and monomodal with the
maxima at d~149-235nm. It reflects the
complex impact of acid activation on structure of
LapA platelets. During acid activation, the
protons penetrate into the Lap layers and attack
the structural OH-groups [42]. Moreover, the
acid activation may result in many structure
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transformation of LapA platelets [1,43].
Typically, the mild acid treatment results in
production of protonated products [44,45],
whereas the strong acid treatment, with severe
attacks of the oxygen sites results in connection
of the octahedral and tetrahedral sheets on the
edge of the faces and partial damage of the
structure [42, 46]. In general, the acid activation
can affect the overall negative charge of LapA
faces, specific surface area, and average pore
volume [42, 43, 47,48]. X-ray diffraction data
evidenced that under the mild acid activation the
LapA platelet crystallinity is mainly retained
[49]. Moreover, the increased gallery gap and
LapA ordering was observed [50-52]. In
contrast, under the more strong acid activation
the Lap crystallinity was lost and the
transformation into the amorphous products was
observed. The same conclusions based on
analysis of the FTIR spectra have been made
[53]. The hydrogels cross-linked with LapA
demonstrated better swelling properties, and
higher mechanical strength.

Electrophoretic analysis. Fig. 4 present data
of SDS-PAGE 1-D gel electrophoresis analysis
of human blood plasma protein fractions
obtained from the healthy donors, and colorectal

ISSN 2079-1704. CPTS 2024. V. 15. N 4
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cancer patients without distant metastases CRC (b) and PAAG+LapA (c) hydrogel samples, and

My and with distant metastases CRC M;. The concentration of  platelets was the

data are presented for PAAG (a), PAAG + Lap same Crap = Crapa = 0.04 % (b, ¢). Preliminary
ﬁ? CRC M, CRC M,

| Molecular weight > E
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o
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Fig. 4. Electropherograms of human blood plasma protein fractions obtained from the donors, and colorectal cancer
patients without distant metastases CRC M, and with distant metastases CRC M; for PAAG (a),
PAAG + Lap (b), and PAAG + LapA (c) hydrogel samples
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investigations have elucidated that gels with
these concentrations of platelets have the best
resolution in relation to blood plasma proteins.
Typically the protein spectrum includes different
protein bands with a molecular weight
distributed with the range = 50-250kDa
[31, 32, 54]. The bottom spots B correspond to
the location of the small globular protein
(albumin) with the low molecular weights of
order 50-70 kDa. The human albumin has a
molecular weight of 66.5 kDa. It is the most
abundant circulating protein found in plasma.
The top spots T correspond the location of low
mobility detergent-resistant aggregates. The
intermediate spots M;-M3 corresponds to the
locations of more mobile proteins (e.g.,
transferrin, fibrinogen, macroglobulin,
haptoglobin, ceruloplasmin, lipoprotein efc.)

For the PAAG samples 4 protein bands B,
M,, M, and T were detected. Some differences
between the donor and CRC patient patterns
were observed (Fig. 4 a). Particularly, the most
wide bottom spot B was observed for CRC M,
patients. For the PAAG+ Lap samples all
patterns were rather diffused, and only one
bottom spot B was observed for CRC M; patients
(Fig. 4 b). The better separation of the fraction of
high molecular weight proteins (= 100-250 kD)
in the PAGE + LapA samples was observed
(Fig. 4 ¢). Here, up to 3 bands B, My, and T were
recorded for donor and up to 5 bands B, M, Ma,
M; and T in patients with CRC. Some
differences in the intensity of bands were
observed for My and M, patients.

Observed positive effects of incorporation of
LapA particles into PAAG matrix on protein
separation efficiency correlates with the effects
of LapA on the swelling degree PAAG based
hydrogels (Fig. 4). It may be explained by the
effects activation on structure of LapA and
complex changes in interactions between PAAG
and Lap/LapA platelets.
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CONCLUSIONS

Hydrogels with embedded Laponite®
platelets and acid activated platelets represent a
new generation of materials with promising
biomedical application (e.g., diagnostics and
therapy). In the current research, the functional
hydrogels on base of polyacrylamide hydrogels
with incorporated platelets were synthesized and
characterized using scanning electron
microscopy and swelling techniques. Obtained
data evidenced the presence of deep integration
of LapA platelets into the hydrogel structure and
formation of the shells of aggregated LapA
particles. It can be explained by the formation of
more active forms of LapA with stronger internal
bonds. Effects of LapA concentration on the
swelling kinetics and the maximal swelling
degree were also evaluated. The
electrophoresis technique based on using of
polyacrylamide gel with additive of the strong
denaturing sodium dodecyl sulfate detergent was
applied for analysis of human blood plasma
protein fractions for the donors, and colorectal
cancer patients without and with distant
metastases. The better separation of human
plasma proteins was observed in these hydrogels
with incorporated acid activated platelets. The
testing of developed new materials for
diagnostics of different forms of cancer diseases
is desirable in future.
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CuHre3 Ta 3acTOCYBAaHHS MOJiaKPUJIAMIIHUX TiIporesiiB 3 iIHKOPIIOPOBAHNUM KHCJIOTHO-
akTuBOBaHMM Laponite® 111 JiarHOCTUKM OHKOJIOTIYHUX 3aXBOPIOBAHb
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Tiopoeeni 3 inkopnoposanHumu Kuciomuo-axkmueoganumu niacmunxamu Laponite® (LapA) npedcmasnsioms
HOB8¢ NOKONIHHS DioMamepianie i3 nepcneKmusHUM 0iOMeOUUHUM 3ACMOCYSAHHAM (Hanpukiao, 0isl OiaeHOCMUKU ma
mepanii). Hanomamepianu na ocnosi LapA maioms 6uUCOKy Rumomy NOSepXHIO ma OeMOHCMPYIOmMb O0CUMb
npueabausi 2iopoineni enacmueocmi. Dizuune 3wusanus 2iopocenié 3a o0onomozow LapA 003601u10 3HAYHO
NOKpawumu 0OHOPIOHICMb CUCIEM, NPO30PICMb I MPAHCROpM NIKI8 y yux cucmemax. 3azanom eéxnouenus LapA
MAKoC Modice SNAUBAMU HA PIBHOBAJICHUL CMYNIHb HAOYXAHHA npu hazoeomy nepexoli 6i0 HaOPAKIoi 00
smopwenoi 2iopozenesoi gazu. YV oamitt pobomi 00CHIONCEHO eDeKMUBHICMb BUKOPUCIAHHS NOTIAKPUTAMIOHUX
eiopoeenie (PAAG) 3 inkopnopoganum LapA 0na OiacHocmuku oHKOAOIMHUX 3axgopiosans. [Ipoyedypy cunmesy
npoBoOUNU 3d OONOMO20I0 YIbMPA38YKOBOI 00POOKU 80OHOI Oucnepcii cymiuteli MOHOMEPA, 3UUBAIOYU020 A2eHMd ma
iniyiamopis. 3pasku PAAG+LapA xapaxmepu3ysanu 3a 00Nomo2oio 6USUeHHs CmyneHs HabYyXaHHs ma CKaHyiouoi
enekmponnoi mixkpockonii (SEM). Ananiz SEM 306padicens ceiouums npo HAsGHICMb iHme2payii HaHoNIaCmuHoOK
LapA 6 cmpyxkmypy eiopozento ma (popmyeants 0b60I0HOK azpecosanux dacmunok LapA. Lle mooicna nosicnumu
ymeopenHsam oinout akmuenux gopm LapA 3 Oinbw miyHumu enympiwHimu 36 szkamu. Takoodic oyiHiosanu eniue
xouyenmpayii Lap, LapA na xinemuxy HaOyxauHs ma MAKCUMATbHUL cmyninb HaOyxanus.Maxcumanonutl
pisHosadcHuil cmyninb HaOYXanus Qmax 00CA2A8CH NPOMALOM nepuux 5 200un. Kowyenmpayis HaHONIACMUHOK
enausana Ha GeauduHy Qmar, I CHOUAMKY BOHA 3HUIICYBANACH 00 MIHIMANLHO20 3HAYEHHA Qumax ~ 7.0 2/2 npu
Crap = Crapa #0.04 %, a nomim 3pocmana npu Guwux KOHyeHmpayisx. [ns yux 3paskie cnexmp nooiny OiIKie
naazmMu nepugepuynol Kpogi eusuaiu 3a OONOMO20I) Memody eieKmpogopesy y RoMaKkpuiamionomy eeni 3
dodeyuncynvpamom wampiro (SDS-PAGE). [ocnidocysanucs 3pasku naasmu nepu@epuytoi Kposi, ompumani 6io
OOHOpI8, | nayieHmie 3 KOJOPEKMATbHUM PAKom 6e3 GI00ANIeHUX MemAacmasié i 3 GI0OANEHUMU Memacmasamu.
Kpawe posoinenns 6inxie naasmu modunu cnocmepieanocs 8 ciopoeensix 3 e0yoosanumu niacmunkamu LapA. V
ManuOYmHIX O00CNIONCEHHAX DANCAHO Nepesipumu UKOPUCMAHHA YUX HOBUX Mamepianié O eleKmpo@opemuyHoi
SDS-PAGE Oiacnocmuiu pizHux (popm OHKOIO2IUHUX 3AX80PIOBAHD.

Kntouosi cnosa: Ilnacmunxu Laponite®, kuciomua axmueayia, HaOyxauua, SDS-PAGE, Oiaenocmuxa
OHKONOSTUHUX 3AX8OPIO6AHD
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