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Grenoble INP-Pagora is the Graduate School
of Engineering in Paper, Print Media and Biomaterials,
France

E-mail: alain.dufresne@pagora.grenoble-inp.fr

Alain Dufresne is currently Professor at The International School of Paper, Print Me-
dia and Biomaterials (Pagora) at Grenoble Institute of Technology, Grenoble, France.
He obtained a PhD in Electronics from the National Institute of Applied Sciences at Toulouse,
France and he has already Masters in Chemical Engineering from Ecole Polytechnique de
Montreal and in Solid State Physics from Paul Sabatier University, Toulouse. He is an expert
on polysaccharide nanofibrils and nanocrystals (cellulose, chitin, starch), on processing
and characterization of nanocomposites based on renewable resources and on valorization
of the biomass.

BIOBASED NANOMATERIALS AND POLYMER NANOCOMPOSITES

Alain Dufresne

Univ. Grenoble Alpes, CNRS, Grenoble INP, LGP2, F-38000 Grenoble, France
E-mail: alain.dufresne@pagora.grenoble-inp.fr

Unexpected and attractive properties can be observed when decreasing the
size of a material down to the nanoscale. Cellulose and other polysaccharides
(starch, chitin) are no exception to the rule. These materials are abundant,
renewable, non-toxic, low density and biodegradable. In the nanoscale, some
properties such as mechanical properties and surface reactivity are exacerbated.
Cellulose nanomaterials are therefore promising candidates for the preparation
of bionanocomposites and other nanodevices.

Although cellulose is the most available natural polymer on Earth, it is
only recently that it has gained importance as a nanostructured material thanks
to its hierarchical structure. Cellulosic nanomaterials are generally in the form
of cellulose nanofibrils (CNF) or cellulose nanocrystals (CNC). Intense
mechanical shear applied to the cellulosic fibers, thus liberating more or less
individually the nanofibrils, is generally used to obtain CNFs in the form
of flexible filaments. The mechanical process used and the source of cellulose
both condition the diameter of CNF, generally between 2 and 100 nm.

© Dufresne A., 2021
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The length is more difficult to determine but is generally in the range
of the micrometer. A controlled hydrolysis treatment with a strong acid can be
applied to cellulosic fibers allowing dissolution of the amorphous domains
of cellulose and obtaining CNC. This material consists of nanoparticles
in the form of rigid needles that can be considered as a cellulose crystal without
apparent defects. The precise physical dimensions of the nanocrystal depend
on several factors, including the source of the cellulose used and the conditions
of hydrolysis. The length is generally of the order of a few hundred nanometers
and the width of the order of a few nanometers. These two nanomaterials are
obtained in the form of dilute stable aqueous dispersions.

The mechanical modulus of crystalline cellulose is the basis of many
potential applications. Moreover, the low thermal expansion coefficient caused
by the high crystallinity of cellulose nanomaterials and high transparency
without the presence of any existing polymer is highly advantageous for flexible
display panels and electronic devices. For papermaking, in addition
of improving the tensile strength, burst strength, tear, density, smoothness
and also increasing the air permeability, the capacity of retaining the filler
and the adsorption of a dye are also improved by the nanoparticles. Besides,
the inherent high reactivity of cellulose and the pervasive surface hydroxyl
groups associated with the nanoscale dimensions of cellulose nanomaterials
open up opportunities to develop new functional nanomaterials.

With a Young's modulus of the order of 100-130 GPa and a specific
surface of several hundred m?*g™, these cellulosic nanomaterials have
a significant capacity of reinforcement at low filler content. However, as for any
nanoparticle, the main challenge is related to their homogeneous dispersion in
a polymer matrix. A major challenge is to prepare polymeric nanocomposites
using industrial techniques such as melt processing, thus avoiding liquid
methods.
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Prof. Gomes is graduated in Chemistry in the Federal University of Espirito Santo
(1999), Master in Engineering and Materials Science by the State University of Norte
Fluminense Darcy Ribeiro (2002), D.Sc. in Polymer Science and Technology by the Federal
University of Rio de Janeiro (UFRJ 2006) and Post-Doctorate by the Chemical Engineering
Program /COPPE/UFRJ. He is currently Associate Professor IlIl of the Institute
of Macromolecules at UFRJ and Full Professor of the Nanotechnology Engineering Program
at COPPE/UFRJ since 2019. Prof. Gomes received the Chair Professorship on Nanoscience
and Nanotechnology award from Mahatma Gandhi University - India (2018). Prof. Gomes
isa member of the editorial board of Current Applied Polymer Science (ISSN 2452-2716)
since 2016 and Editor-in-Chief since 2020, Associate Editor of MedCrave Online Journal
(MOJ) Polymer Science (ISSN: 2574-9773) since 2017, Honorable Editor of the Academic
Journal of Polymer Science, since 2018 and Editorial board member of the Composite Inter-
faces (ISSN: 1568-5543) since 2021. Prof. Gomes works mainly with polymeric
nanocomposites obtained from renewable resources in three lines: (I) Environmental recov-
ery; (1) Human health; and (111) Sensors.

This talk will focus on the activities developed by the Biopolymers and Sensors Lab
from the Federal University of Rio de Janeiro/Brazil over the last decade. The main subjects
are the synthesis of biopolymers, the characterization of these materials, as well as the most
diverse applications, from the field of sensors to human health.

BIOPOLYMERS AND SENSORS LAB EFFORTS TO SPREAD UP
THE USE OF BIOPOLYMERS

Prof. Fernando Gomes de Souza Junior

Biopolymers are widely available resources that have been part of human
beings' daily lives since the dawn of humanity. These materials are present
in various forms, from plant fibers, such as curaua, to a series of proteins, in-
cluding the spider web. Besides that, biopolymers are sources of energy such as,
for example, the case of starch. Biopolymers are also of crucial importance
in structural applications. For instance, several constructions are still made
of wood. Despite the diversity, natural variations in the production sources lead

© Gomes de Souza Junior F., 2021
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to obtaining materials with different properties. Thus, seasonality is a significant
challenge. With the advent of the Industrial and Petrochemical Revolution, new
synthetic materials were prepared, enabling a real paradigm shift for human ex-
istence. Many new features were invented, allowing the construction of tools
and even complex systems. These polymeric materials from petrochemical
sources have the most diverse chemical compositions, which allow their use
in many applications. Thus, these materials became part of our daily lives.
These materials surround us, and we could not live without them. However,
the irresponsible use of these resources has produced an unprecedented envi-
ronmental catastrophe. Given the non-biodegradable nature of these conven-
tional polymeric materials, their inappropriate disposal has terrible conse-
quences for planet Earth. Nowadays, it is indisputable that the accumulation
of these materials harms the species, regardless of their habitat. It is easy
to see that our seas are contaminated, that our soil is contaminated, that our air is
contaminated, and unfortunately, even space has already been contaminated by
anthropogenic activities that result in the inappropriate disposal of polymeric
materials. Therefore, our generation is committed to tirelessly looking for ways
to recover our planet, allowing us to deliver it recovered to future
generations. We do not want to give up our lifestyle. On the other hand, we
must compromise.

Among the possibilities available, replacing these resources from petro-
chemical sources should be a priority. For this, the use of Bioengineering and
Genetic Engineering has allowed us to achieve Results previously unimagina-
ble. Among them, obtaining versatile monomers capable of being transformed
into other monomers and which have a little production cost are the watch-
words for this moment. These new biotechnological routes make it possible
to produce new materials that are fully capable of replacing analogs from petro-
chemical sources. Another alternative is the use of natural Biopolymeric struc-
tures as a substrate for the most diverse applications. This alternative allows us
to reduce the number of petrochemical polymers in several applications drasti-
cally. Another way to spread the use of these materials based on biopolymers is
to add value to them. One of the best ways to add value to these materials is via
nanomodification. The insertion of nanoparticles in the middle of this poly-
meric mass allows different physical properties to be obtained, which allow
these materials to be used in different applications from the farm to human
health. In this context, the primary function of the Biopolymers and Sensors
Laboratory is to disseminate the use of materials from renewable sources [1—
64].

The primary objective of Biopolymers and Sensors Lab is developing
the synthesis, and characterization of different biopolymers systems, always
pursuing impart new properties to these materials. These materials are based
on cellulose, lignin, succinic acid, and glycerin. They were nanomodified, al-
lowing their use in a myriad of applications. For instance, our group devel-
oped mango (Mangifera indica L.) fibers modified with polyaniline (PAni) [60].

9
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The obtained materials were characterized through Wide-angle X-ray scattering
(WAXS), Scanning electron microscopy (SEM), Fourier Transform Infrared
Spectroscopy (FTIR), and Ultraviolet-visible spectroscopy (UV-Vis).
The electrical resistivity and magnetic behavior of the obtained samples were
evaluated with the help of standard volume resistivity measurements and
magnetic force tests. The materials presented excellent electrical and magnetic
properties. For instance, in the best case, fibers modified with PAni are
approximately 120,000 times more conductive than raw mango fibers. Besides,
mango fibers modified with PAni were increasingly attracted by the magnetic
field, presenting magnetic force and magnetic susceptibility equal to (6.69 +

0.05) mN/g (at 872 + 4 Gauss) and (2.48 + 0.04) x 104 m® Kg™, respectively.
As a consequence, modification of mango fibers with PAni constitutes a very
promising procedure for the manufacture of green magnetic devices.

In another work, our group presented a smart composite prepared using
a resin-based on cardanol and furfural, filled with Al203. This material is inert
at room temperature. However, it can release an acid active after a specific tem-
perature is reached [65]. The obtained materials were characterized by FTIR,
XRD, SEM, Thermal gravimetric analysis (TGA), and Differential scanning
calorimetry (DSC). Besides, cure degree and acid release tests were performed.
Results proved the acid is trapped inside the composites, remaining inactive in
the structure while the melting temperature of the hydrophobic shell is not
reached. After this, acid is released, and pH decreases. Therefore, the presented
composite could be useful to speed up the drilling in sedimentary rocks by com-
bining chemical (acid release) and physical (mechanical wear) mechanisms.

Regarding Human treatment systems, poly (butylene succinate) (PBS) bi-
odegradable polyester — was modified using rutin as a natural chain extender
[6]. Even though castor oil is a more efficient chain extender, the use of small
rutin (1 wt%) produced an increase in the viscosity of around 100% of PBS.
The molecular weight increased by 36%, and the crystallinity presented
a reduction of 7%. Besides, the polymer-modified with rutin was tested as
a silybin release system. The material extended using rutin was able to reduce
the release of silybin compared to the one from PBS at 25.7%. In this same
field, our group also presented the preparation of a hyperthermic agent by
the direct modification of magnetic nanoparticles via grafting of an aliphatic
polyester model, the low molecular weight poly(lactic acid), PLA [43]. This
grafting was carried out in dispersion, where particles modified with lactic acid
were grafted to the PLA using an aromatic diisocyanate. The prepared materi-
als were studied by several techniques, such as Fourier transform infrared spec-
troscopy (FTIR), small- angle X-ray scattering (SAXS), thermogravimetric
analysis (TGA), and magnetic force. The Results showed that the synthesis and
modification of nanoparticles were performed successfully and that the obtained
products presented magnetic force values able to make them useful
in biomedical applications, such as magnetic hyperthermia. In this sense,
the prepared materials heated using 200 A and 300 A presented Specific Ab-
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sorption Rate equal to 1254 and 3762 W/kg, respectively. In other words, 20

mg/mL dispersions of these nanomaterials, heated using 200 A and 300 A, can

increase the temperature between 39 and 69 °C, respectively. Thus, tested media

achieved temperatures which can induce tumor cell death, constituting an at-

tractive alternative in the fight against cancer. Therefore, besides the low cost

and ease of production, the materials produced here present encouraging Re-
sults, which may allow their future use in cancer therapy.

Finally, aiming to solve the lost circulation fluid control, our group de-
scribed the one- step production of glycerin-based polyurethane/magnetite
nanocomposites. The polymerization was performed in a nonaqueous dispersion
containing the magnetic nanoparticles and the polar monomers under
the alternating magnetic field [48]. Fourier transform infrared spectroscopy and
crosslink degree tests were useful to conclude that the use of magnetic induction
(~3 min at 9300 W) produced Results similar to those obtained by
the conventional polymerization (~3 h at 80 °C) in a fraction of the required
time. A lost circulation fluid control test also was performed under magnetic in-
duction heating, and the system containing 5 wt% of the nanoparticles showed
the highest reduction of the fluid flow rate. Scanning electron microscopy
and Probability density function tests of the best material allowed inferring that
composite prepared by magnetic induction presents a non-Gaussian distribution
of the diameter directly related to the observed sealing effect. These Results
showed that the proposed polymer/polymerization system could be advanta-
geous to the sealing applications.

In summary, over the last decade, we have developed a series of new ma-
terials based on renewable sources, which have proven to be useful tools for
solving the most varied problems. Among them, the environmental recovery
focused on bioremediation [28] and oil spill clean up tools [23, 25-27, 30, 38,
39, 47, 49, 50, 64]. In turn, the use of biopolymers as drug delivery systems also
was intensely pursued [3, 7, 8, 34, 35, 41, 66, 67]. Also, the use of green materi-
als as sensing devices deserves to be highlighted [37, 45, 56, 63]. This approach
allows us to focus concomitantly on the intrinsic needs of our planet and our
species, integrating quality of life and environmental preservation, which are
fundamental for the well- being of all future generations that will populate our
world.
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OcnosHule Hayunvle unmepecwi npogheccopa M. U. [lImunvmana — norumepvie 6uo-
U eemocosmecmumvle, HAHOPA3ZMEPHble, OUOdecpacupyemvle mamepuaisbl Osi MeOUYUHDL,
OuomexHonocuL, 2eHHOU UHICeHepuUu. Dmu Noaumepsbl NOKA3anu cebst Kak 3¢hgexmusnble
Mamepuanvl Ol 3aMeweHusi KOCMHbIX (DPAeMEeHmOo8 U MsACKUX MKAHel, NOKPbIMULl paH
U 0010208, NOONIOJHCEK U HOCUMenell Ol MKAHeBOU U 2eHHOU UHHCEHEPULL.

Muxaunom Hcaaxosuuem enepsvie npeonodicena HO8asi epynna HAHOPA3MEPHbIX HO-
cumenel — azpeeamvl AMPUDUTLHBIX NPOUZBOOHBIX B00OPACMBOPUMbBIX CUHMEMUYECKUX NO-
JUMEPO8,  KOMopble MO2Ym  UCHOAb308AMbC  CAMOCMOSMENbHO U 8  KOMHO3UYUSX
¢ buoodecpadupyemvimu nOIUIPUPaAMU U UOpoceramu. Mo NO360AUN0 CHOPMUPOBATb
U pazeums NPUHYUNUATILHO HOB0E HANpAGNeHUue 6 CO30AHUU UMMOOUTUZ0BAHHBIX HAHOPA3-
MepHBIX (hopM OUOIOUHEeCKU AKIMUBHBIX U IEKAPCMBEHHBIX 8eUeCMS.

Cee00Hs noo pyxosoocmeom npogh. M. U. [[Imunomana pazpabomano 6onvuioe Koau-
4ecmeo UMMOOUNUZOBAHHBIX 8 NOJUMEPHBIX CUCEMAaX OUOIO0SUHEeCKU AKMUBHBIX JleKapCm-
BEHHLIX BEWECME: AHMUOUOMUKOS, AHMUBOCIANUMENbHBLX, AHMUPAKOBLIX 6euecms, OelKos,
HYKIEeUHO8bIX Kuciom. Mmmobunuzayus 6 HaHoazpezamax ampupuibHuix nOIUMepos8 no36o-
JIUAA NPUOAMb UMMOOUTUZYEMBIM 8EUYECMBAM COBMECMUMOCHb ¢ 80001, NPOJIOHSUPOBAHHOE
oeticmeue, NOHUNCEHHYIO MOKCUYHOCb, 803MONCHOCMb Yelle6oll 00CMABKU K NOPANCEHHOMY
opeany.

BUOMATEPUAIbI - TEHAEHUWU U NMEPCINEKTUBbI PA3BUTUA

M. . WtvunbmaH

Poccuiickuil xumuxo-mexnonozuueckuti ynueepcumem umenu J{. . Menoeneesa,
125047, Poccus, Mockea, Muycckas na., 0. 9; e-mail: shtilmanm@yandex.ru

OO0macth co3maHus, MCCIENOBAaHUS W TPUMEHEHUs OHOMaTEpHUalioB,
T. €. MATEPHUAJIOB, U3JICIIHS U MPENapaThl, HA OCHOBE KOTOPHIX (DYHKIIMOHUPYIOT
B YCJIOBHUSX B3aMMOJICHCTBUS C OMOJIOTHICCKUMHU OOBEKTaMH, B TTOCICIHHEC JIC-
CATUJICTHS C(OPMHpPOBAIACh B Ba)KHOE HAIIPaBJICHHUE, WIPAIOIICe BO MHOI'HMX
Cllydasx KIIOYCBYIO POJIb B PEIICHUHU 3a7a4 HAyK W TEXHOJOTHH, ONTHMH3H-
PYIOIINX JKU3HEIEATSIBHOCTD UejoBeKa, 00beauHsIeMbIX MmoHsTHeM life science
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and technology — meauiuubl, OMOTEXHOJOIHMH, KOCMETHYECKON M IUIICBOM
MPOMBIIIEHHOCTH, CEITbCKOTO X03s4icTBa U Ap. [1].

Baxneiiee Mecto cpeau OMomaTepuaoB 3aHHUMAIOT MOJHUMEPHI, KOTO-
pble Hapsay ¢ HEOPTraHWYECKUMH YIJIEPOJHBIMU MaTepHUallaMH WM MeTajllaMH,
IIUPOKO UCIIOIB3YIOTCS ISl CO3/IaHUS PA3IMUHBIX OOBEKTOB MEIMKO-OMOJIOTH-
YECKOro Ha3HAYeHUsI — UMILJIAHTATOB, OMOJIOTMYECKU aKTUBHBIX CUCTEM, UCKYC-
CTBEHHBIX OMOKATaIu3aTOPOB, OMOAHATMTHYECKUX CUCTEM, OMOIETpaIupyeMbIX
MaTepuasioB O0IIero Ha3HaueHus U T. 1. [2]. IIpu 3ToM 0cOOEHHO MHTEHCUBHO
pPa3BUBAIOTCS HANpPABJICHHS, CBS3aHHBIC C MCIOJIB30BAHHEM OHOMATEpHAJIOB
B TaKMX 00JIACTAX KaK CO3JaHHME MATEPHUAJIOB C 3aJaHHBIMU CPOKaMH pa3pyliie-
HUS B OMOJIOTHYECKUX CUCTEMaX (B MEPBYIO OUepeb HA OCHOBE CJIOKHBIX ITOJIH-
2(UPOB CHHTETUYECKOTO M OMOCHHTETUYCCKOTO MPOUCXOXKIACHUS), KOMITOHEH-
TOB JIEKAPCTBEHHBIX CHCTEM, 00JIaIafOIINX BEKTOPHBIMUA CBOMCTBAMH, MaTepHa-
JIOB 711 OMOMHIKEHEPHBIX TPOIIECCOB, B YaCTHOCTH, TKAHEBOW WH)KCHEPUHU
JUTSI peTEHEPATHBHOW MEIUITMHBI, a TaKXKe, TCHHOW WH)XCHEPUHU TPHU HCIIONIH30-
BaHUH NepEMEIIeHUs TeHETHYECKOTI0 MaTepralia METOJIOM TpaHC(HEKIIUH.

MoXHO 0XHUJATh JalbHEHIEH MHTCHCU(UKAMK padoT B 3TOM HallpaB-
JICHUU, Pa3pabOTKU HOBBIX OOBEKTOB, OTIIMYAIOLINXCS BaKHBIMH TOJIC3HBIMHU
XapaKTePUCTUKAMHU, U YBEJIMUSeHH HHOOPMAIIMOHHOTO TIOTOKA B ATOM 00JIaCTH.

Cnmcok Jimreparypbl
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The wuse of petroleum plastics is one of the causes of increasing CO,
in the atmosphere. In order to prevent further global warming caused by petroleum-originat-
ing CO,, it is necessary to use renewable plastics instead of petroleum plastics.
Polyhydroxyalkanoates (PHAS) are bio-polyesters with thermoplasticity and biodegradability,
which can be synthesized by bacterial fermentation from renewable biomass. Our research
group focuses on the creation of new PHAs with high material performance as environment-
friendly plastics. So far, we have developed some new PHAs such as branched-side-chain
PHA, aromatic PHA, transparent/elastic PHA, and ultrahigh molecular weight PHA.

MICROBIAL PRODUCTION OF POLYHYDROXYALKANOATES
BY RECOMBINANT BACTERIA

Dr. Takeharu Tsuge

The use of petroleum plastics is one of the causes of increasing CO,
in the atmosphere. In order to prevent further global warming caused by petro-
leum-originating CO,, it is necessary to use renewable plastics instead
of petroleum plastics. Polyhydroxyalkanoates (PHAS) are bio-polyesters
with thermoplasticity and biodegradability, which can be synthesized by bacte-
rial fermentation from renewable biomass. Our research group focuses
on the creation of new PHAs with high material performance as environment-
friendly plastics.

An obligate anaerobic bacterium Peptoclostridum difficile (formerly
known as Clostridium difficile) has a unique metabolic pathway to convert
leucine to 4-methylvalerate, in which 4-methyl-2-pentenoyl-CoA (4M2PE-CoA)
IS an intermediate of this pathway. 4M2PE-CoA is also able to be converted
to 3-hydroxy-4-methylvalerate (3H4MV), a branched side chain monomer unit,
for synthesis of PHA copolymer. To synthesize 3H4MV-containing PHA copol-
ymer from leucine, the leucine metabolism-related enzymes (LdhA and
HadAIBC) derived from P. difficile and PHA biosynthesis enzymes (PhaPCJac
and PhaABg,) derived from Aeromonas caviae and Ralstonia eutropha were co-
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expressed in the codon wusage-improved Escherichia coli [1]. Under
microaerobic culture conditions, this E. coli was able to synthesize P(3HB-co-
12.2 mol%-3H4MV) from glucose with the supplementation of 1 g/L leucine.
Thus, we demonstrated the potential of the new metabolic pathway for 3H4MV
synthesis using leucine metabolism-related enzymes from P. difficile.

The discovery of the lactate-polymerizing enzyme (LPE) enabled the bio-
synthesis of a PHA containing 2-hydroxyalkanoate (2HA). Amino acids are po-
tential precursors of 2HA with various side chain structures if appropriate en-
zymes are used to convert amino acids to 2HA-coenzyme A (CoA) as the sub-
strate for LPE. We focused on the utility of (R)-2-hydroxy-4-methylvalerate
(2H4MYV) dehydrogenase (LdhA) and 2H4MV-CoA transferase (HadA) from
P. difficile as 2HA-CoA supplying enzymes. By expressing LPE, LdhA, and
HadA in Escherichia coli DH5a, we successfully produced poly(3-
hydroxybutyrate-co-2HA) [P(3HB-co-2HA)] from a related or unrelated carbon
source. The 2HA units incorporated into PHA from unrelated carbon sources
were primarily 2H4MV and 2-hydroxy-3-phenylpropionate (2H3PhP), which
were assumed to be derived from endogenous leucine and phenylalanine, re-
spectively. Furthermore, P(3HB-co-22mol%-2HA) synthesis was demonstrated
by means of saccharified sugars, which are an abundant and renewable feed-
stock for polymer production from hemicellulose biomass (Japanese cedar) as
the carbon source. Our study shows that several types of 2HA units such as
2H4MYV and 2H3PhP are endogenous monomers for PHA biosynthesis in E. coli
expressing LdhA and HadA.

Next, without addition of leucine, PHA with a relatively high 2HA frac-
tion of 17 mol% was synthesized. Additionally, a systematically boost in the
2HAMV fraction was achieved by adding leucine, and a 2HA fraction ranging
from 17 to 53 mol% was achieved. P(2H4MV) homopolymer was also synthe-
sized by only expressing 2HA-supplying enzymes in the designed biosynthetic
pathway. P(3HB-co-2HA) exhibited a significant change in physical property at
around 20 mol% of 2HA fraction, namely the crystalline characteristics with low
2HA fraction and the amorphous features with higher 2HA fraction.

Other than blanched side-chain polymers, we have developed some new
PHAs such as high molecular weight PHA [2], aromatic PHA [3], transpar-
ent/elastic PHA [4], and heat resistant PHA [5].
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PROCESS ANALYTICAL TECHNOLOGIES FOR ENHANCED
POLYHYDROXYALKANOATE BIOPLASTIC PRODUCTION
FROM LIPID BASED BIOGENIC WASTE STREAMS

Bjorn Gutschmann, Lara Santolin, Peter Neubauer,
Stefan Junne, Sebastian L. Riedel

The worldwide plastic pollution and the continuing climate change are
among the biggest challenges of today's society. Substitution of conventional
plastics with polyhydroxyalkanoate (PHA) bioplastics addresses both issues,
since PHAs are fully biodegradable in nature and PHAs can be produced with
a lower CO,—footprint than fossil-based plastics. However, the worldwide PHA
production is still negligible, due to high production costs, partly caused by
the substrate supply. To address this issue, biogenic feedstocks, which show lit-
tle competition to other industries, are utilized in this study to enable a low-cost
PHA production. Additionally, the process is tended to work substrate flexible
to avoid dependencies on a single feedstock [1-3].

Process development from mL- to 100 L-scale with various biogenic
waste streams for the production of polyhydroxybutyrate and the copolymer
poly(hydroxybutyrate-co-hydroxyhexanoate) with Ralstonia eutropha is shown.
Difficulties through inhomogeneous distribution of the chosen feedstock
(e.g. waste animal fat) in the aqueous media, especially caused through high

© Gutschmann B., Santolin L., Neubauer P., Junne S., Riedel S. L., 2021
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melting temperatures (up to 60 °C), had to be overcome to reach reproducible
Results:

A cultivation method for 24-microwell plates was developed to perform
parallel cultivations at small scale. A feeding strategy, which leads
to a productivity of >1 g L™ h™ and 71 g L™ PHA in bioreactors and a novel
method for in-line PHA monitoring by Photon Density Wave spectroscopy [4]
was developed. To decrease set-up times, a repeated fed-batch strategy was per-
formed, where the batch phase could be shortened to 1/3, with no sterilization
between these cultivations. The presented Results will allow to lower the PHA
production costs further in the future.
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CBOWUCTBA PA3PYLUAEMbIX MrA, CUHTE3SUPOBAHHbIX
LUTAMMOM CUPRIAVIDUS NECATOR IBP-21 HA PA3JINYHbIX
C-CYBCTPATAX

H. O. Xuna'?, A. 1. BacunbeB'?, E. I. Kucenes'*

1HHcmumym ouogpusuxu @PUIL] KHI] CO PAH, Poccus, Kpacnosapck, Akademeopoook, 50/50
2Cu6upcxud Geoepanvuwiii ynusepcumem, Poccus, Kpacnospck, np. Ceéobo0nuvitl, 79
3HHcmumym Gusuxu um. JI. B. Kupenckoeo ®UIL] KHI] CO PAH,

Poccus, Kpacnosapck, Axademeopoooxk, 50/38

CaoiicTBa monuruapokcuankanoaroB (I1I'A) ompenenstoTcss ux CTPyKTy-
POl M MpeXxAe BCEro 3aBUCAT OT CTPOECHHUS OOKOBBIX Ipynn B nojaumepHou C-
IETIH, a TAaKXKE OT PACCTOSHUS MEXAy d(OUPHBIME TpynamMu B Mosiekyie [1-3].
CrnocoOHOCTh K CHHTE3Y IMOJUMEPOB PA3IMYHOIO COCTaBa omnpeaensercs (u-
3MOJIOT0-OMOXMMUYECKUMHU XapaKTEPUCTUKAMU IITAMMOB — MPOAYLEHTOB, Op-
raHu3alKel BHYTPUKIETOYHOU (pepMeHTHOM cucteMbl cuHTe3a III'A u cy0-
ctpatHoil cnenuduyHocTH [1I'A-cuHTa3bl, — pepMeHTa, KaTaTu3UpYyIOIIETro pe-
aKUMM nojauMmepusauuu MoHomepoB. Cpenu (PaxkTOpoB Cpelbl, BIMSIONIUX
Ha XMMUYECKUH cocTaB cUHTe3upyeMbIX II['A, — 3TO MCTOYHHMK YTrJIepOaHOIrO
nuTaHus, To ectb C-cyOcTpar.

Heap padoTbl — Hccae0BaHUE COCTaBa MOHOMEPOB U (PU3HKO-XUMHUYE-
ckux cBoiicTB I1I'A, cuHTe3upoBaHHbIX mTaMMoM Cupriavidus necator 1BP-21
IIPY BRIPAIIMBAHUU Ha pa3audHbix C-cyOcTpaTax.

Martepuajbl 1 METOAbI

Bnyrpuxnerounoe conepxkanue [1I'A n coctas onpenensyin XxpoMarorpa-
¢buell MeTUNOBBIX 3(UPOB KHUPHBIX KUCIOT HA XPOMATO-MACC-CIIEKTPOMETpE
I'X-MC (7890/5975C, Agilent Technologies, CIIIA). ®u3nyecKkuMHU METOIaMHU
WCCJIEIOBAHMS OTPEIEISUIM MOJIEKYJISIPHO-MACCOBBIE XapaKTEPUCTUKU MOJIUME-
poB (cpenneBecoByo (M,), cpenHeuunciioByio (M,) MOJIEKyJISpHYIO Maccy,
nonuaucnepcHocts (P)). Tepmudeckuii aHanu3 [1I'A BbIIONIHEH ¢ UCTIOJIb30Ba-
HueM nuddepenimanbHo-ckanupytomiero kanopumerpa DSC-1 (Mettler Toledo,
[IBeitapust), HaXOAUIN TeMnepatypsl TiaBienus (71,,) 1 TEPMUYECKON aerpa-
nauuu (7 erp). PEHTreHOBCKME MCCIIENOBAHUS CHATHI HAa MOPOUIKOBOM IU(paK-
tomerpe DSBADVANCE (Bruker AXS, I'epmanusi) C JTHHEHHBIM JCTEKTOPOM
VANTEC, crenens kpuctammuaaoctu (C,) ONpeaensii Kak BEIWYUHY OTHO-
HICHHUS IUIOIAAM TOJ PEHTTEHOTPAaMMON C BBIUTEHHBIM (POHOM K TILIOLIAIH
0e3 BerauTanust aMmophHOTo (hoHa.

PesyabTarsl

[Ipu kynpTuBUpoBanuu C. necator IBP-21 na paznmuunbix C-cyOcTpaTax
pazIMyanuch NPOAYKIMOHHBIE MOKa3aTelnu KylbTyphl M 3((HEKTUBHOCTH HC-
MOJIb30BaHUsI CyOCTpaToOB, @ TaKK€ COCTaB M CBOMCTBA CHHTE3MPOBAHHBIX MO-
aumepoB. [loaTBepkIeHO BIUSHUE THUIA YIIEPOJHOTO cyOcTpaTa Ha COCTaB

© XKwuna H. O., Bacunbes A. [I., Kucenes E. I'., 2021
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[IT"A. TIpu pocTe Ha OJIEMHOBOW KHCIJIOTE U BCEX PACTUTEIBHBIX Maciax CUHTE-

3MPOBAHBI COMOJIMMEPHI: Ha OJIEMHOBOW KHCIIOTE IBYXKOMIIOHCHTHBIC COIIOJIH-

mepsl, [1(3I'b-c0-3I'B), conepxarniue B C-11enu TOMUHUPYIOMIMX MOHOMEPOB 3-

ruapokcuoytupara (3I'b) Bkimrouenus moHomepoB 3-ruapokcuBaiepara (31'B).

Ha Tpex pacTUTEeNbHBIX MacjiaX CHHTE3UPOBAHBI TPEXKOMIIOHEHTHBIE

conosiumepsl  [I(3I'b-co-3I'B-c0-3I'T"), oOpazoBannsie MoHoMepamu 3I'b

(cBpimie 99 wmon.%) W copepkalMe MUHOpPHBIE BKJIIOYEHUS MOHOMEPOB
3-ruppokcuBanepara (3I'B) u 3-rugpokcurekcanoara (3I'T) (cm. Tadm. 1).

Tabmmmna 1
Cocras u cBoiictBa [1I'A, cunresupoBanusix C. necator IBP-21
Ha pa3nnuHbix C-cyOcTpaTax

CocTtaB MOHOMEPOB

N | C-cy6erpar: B [1I'A, M011.% Eﬁlé Iﬁﬁé b C;j‘ -l;‘g’ ng‘p;
36 | 3rB | 3IT
1 co, w000 | - | - |2RF ) 26?; 67 | 171,2 | 280.1
2| @pykrosa | 1000 | - | - 1-;’,601 j%% 3(3?; 65 | 1724 | 2847
3|  Tmoxosa | 1000 | - | - 13,7; > 46%; 64 | 171,6 | 2799
4| Tmmmepun | 1000 | - | - 12?01 3291 36?;[ 69 | 1728 | 274.9
| o | | [ 58 e 1
) Holl\a/IaP;IIpI?I:;II/I(;Ta 1000 - - léﬁ)i iGAiBZ 4(’)5,3ﬂE 65 1%% 2758
ITanmsmu-
7 mosas 000 | - | - |'3F o 36?; 72 igig 2834
o] O | 0a | - || 9 | 127
g | MMwmmosoe | 9959 | 007 | 013 | '00F) % 4(’;; 66 isﬁ 277,6
10| Horcomenioe | 9977 | 021 | 002 | '%* o 36?1i 70 iggg 267,6
1| PKOsoe | 9971 | 025 | 004 |14 o 36"‘; 65 iggg 285,3

JlanHble, npeacTaBieHHbIe B Ta0J. 1, CBUIETEIBCTBYIOT O pa3inyusix (u-
3UKO-XMMUYECKUX CBOMCTB MOJMMEPOB, U MPEXKJIE BCETr0, MOJEKYJISIPHO-MACCO-
BBIX XapaKTEPUCTHK, KOTOPBIE SBIISIIOTCS OJHOM M3 OCHOBHBIX XapaKTEPUCTHUK
BBICOKOMOJIEKYJISIPHBIX COCAMHEHUI W BIMAIOT Ha MPOIECChl NEpepadOTKH Mo-
JUMEPOB B M3JENUS U UX MEXaHWYECKHE XapaKTepucTUkH. Tak, Haubojee BbI-
COKHME 3HayeHUus1 MoJIeKyJsipHO Macchl (M, u M;) U cHUXKEHHas oJIUaucIIepC-
HOCTh (P) 3apeructpupoBanbl y I[1(3I'b), cunTe3npoBaHHOTO B aBTOTPO(PHBIX
ycinoBusix Ha CO,. B To Bpems kak Bce octanbhbie o0Opasiiel [1(31'h), cunresu-
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pPOBaHHBIC HA OPTAHMYECKUX CyOCTpaTax, MMeNH MOHIKEHHbBIE 3HAYCHUS MOJIe-
KYJISIpPHOM MacChl U TOBBIIIEHHYIO MOJUIUCIIEPCHOCTb.

3apeructpupoBannoe cHmwkenne M, y II(3I'b), cunTe3upoBaHHOTO
C. necator IBP-21 na XK u pactutenpHbix Maciax, Ha 200 u naxe 350 x/la
y OTJEIBHBIX 00pa3IoB MO CpaBHEHUIO ¢ pe3ysbTaTtoM Ha CO, U MOBBIIICHUIO
BeqIMUMHBI D 110 3,2-4,5 cornacyercsi ¢ U3BECTHBIMM JIaHHBIMU [4] O TOM, YTO
pocT 6akTepuil Ha MaJbMOBOM Maclie ClIOCOOCTBYET BKIItOUeHHIO B cocTas [1I'A
MOHOMEPOB, OTJIMYHBIX OT 3-TUIPOKCUOYyTHUpaTa, HO MIPU STOM MOKET COMPOBO-
XKIATbCS  3HAYUTENBHBIM  CHW)KEHHMEM  MOJeKyisipHod  maccel  [II'A
U Bo3pacTaHueM nosmaucnepcHocTd. [lo MHeHuto aBTopa paboThl [5], CHIKe-
Hue MosekyisipHod Maccsl [II'A mpu pocte Ha Macnax SIBISETCS pe3yIbTaTOM
MeTaboIn3Ma TPUAIIITIUIEPUHOB B KYJIbType, COJAEpIKaIIe Maciao, U BBICBO-
OOKJICHUEM TJIUIEPUHA, KOTOPHIA NEUCTBYET B KAayeCTBE arcHTa, OJOKUPYIO-
HIEro peakiuu MOoJIUMEpU3allid MOHOMEPOB, YTO MPUBOJUT K YKOPOUCHHUIO TTO-
auMepHbIX C-1ieneid U MOJIyYeHHUI0 MmojiuMepa ¢ 0oJiee HU3KON MOJIEKYJISIPHOM
Mmaccoil. [TogTBepkieHreM dTOMY SIBJISIETCS pe3yJIbTaT HauboJee BHIPAKEHHOTO
CHIKEHUSI MOJIEKYJIsipHO# Macchl oOpa3ioB [1(31'b), cunresnpoBanHbIx uccie-
nyembiMm C. necator IBP-21 na riounepune.

Crenenp  KpuctauimyHocT  oOpasuoB  [I[I'A,  CHHTE3UPOBAHHBIX
Ha uccinenyembix C-cyOcTpaTax, HE BBISIBUJIA 3HAUYUTENBHBIX OTIUYHUI BeEJu-
yuHbl C,, 3HAYEHHUS] KOTOPOM JeKalld B JOCTATOYHO Y3KOM jAuamna3zoHe (65—
72 %), nezaBucuMo ot Tumna C-cyOcTpaTta M CTPOSHUSI CHHTE3UPOBAHHBIX TOJTHU-
MEpOB (CM. TaOIMILy); CTATUCTUYECKU 3HAUUMBIX OTINYMM 3HaueHusi C, HE BbI-
aBiieHo. Temneparypusie xapaktepucTuku [1I'A, 1 cnocoOHOCTh KpHUCTAIIIN30-
BaThCsl B HATUBHOM COCTOSIHUM SIBJISIIOTCSI BAXKHBIMU TTapamMeTpaMu, Tak Kak Or-
pPENENSAIOT TEPMOMEXaHUYECKHE CBOWCTBA U, CJIENOBATENBHO, BO3SMOKHOCTH IIE-
pepabOTKU B U3JEIMUS U3 paciyiaBoB. Hanuuue BbIpakKeHHOTO Juana3oHa MEXIy
TEMIEpaTypoll Hayajia IUIaBJICHUS U TEeMIEpaTypol Hayajga TEPMUYECKOrO pas-
JIO)KEHUS SIBIISIETCSI BAXKHBIM TEXHOJIOTUYECKHM CBOMCTBOM IMOJUMEpA, TaK Kak
JienaeT BO3MOKHBIM MOJYyYE€HUE HAa €r0 OCHOBE M3JEIHUM OOIIECTPUHITHIMA Me-
TOJaMH TIEpepadOTKU TOJMMEPHBIX paciiiaBoB ((hopMOBaHHEM U3 PacTBOPA,
AKCTPY3HUEH, JIUTheM MOJ AaBieHueM). llokazarenu TtemmnepaTypbl IUIaBICHUS
(Ty) 1 Tepmugeckoit nerpagani (7,e,) Y BCEX HCCIeIOBaHHBIX 00pasoB [II'A
uMenu OJM3KHE 3HAYCHMs, HE BBIXOSIIME 32 PAMKH JOCTOBEPHBIX OTIIMYUH.
Tak, 3HaueHus T, nexanu B quanasone 160-172 °C; T, — 267-285 °C.

3akioueHue

CuntesupoBano cemerictBo [1I'A HoBbIM mTamMmmoMm Cupriavidus necator
IBP-21 u ncciieqoBanbl XUMHYECKHH cocTaB U cBorcTBa. IlokazaHo, 4TO cocTaB
MOHOMEpOB B nojumepax u cBoiictBa [1I"A 3aBUCAT OT IITaAMMOBBIX OCOOEHHO-
CTel MUKPOOPTaHU3MOB MIPOIYLIEHTOB U TUIa pocToBOro C-cyocTpara.
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CUHTE3 PA3PYWAEMBbBIX INrA HOBbIM LLTAMMOM CUPRIAVIDUS
NECATOR IBP-21 HA PA3JIM4YHbIX C-CYBCTPATAX

H. XXuna, K. CanoxHukoBa
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Pazpymaembie nonuruapokcuankanoatsl (III'A) B Hacrosiee Bpems
OLICHMBAIOTCS B KayeCTBE PEAbHOTO KaHIuAaTa JUIisl MOCTEHEHHOM 3aMeHbI
HE pa3pylIaeMbIX CHHTETHYECKHX IOJUMEPOB, IOBCEMECTHOE NPHUMEHEHHE
KOTOPBIX CO3AAET MO00aIbHYIO0 3KOJOTHYecKyto npoosnemy. III'A — 3to cemeii-
CTBO TMOJMMEPOB Pa3INYHOIO XUMHYECKOTO COCTaBa, KOTOphIE 00JalaloT IMOo-
JIE3HBIMU CBOMCTBaMH, BKJIIOYasi OMOCOBMECTUMOCTh M OMOPA3IaraeéMocTh. ITO
BBIJIBUTAET 3TH OMOIMOJIMMEpPHI B pa3psj NEpPCHeKTUBHbIX MarepuanoB XXI B.
JUIsl IPUMEHEHUS B PA3IMYHbIX cpepax, — OT KOMMYHAJIbHOIO U CEJIbCKOr0 XO-
3sticTBA 110 (hapMaKOJIOTUU U OMOMETUIIUHBI.

Hecmotps Ha ocTpyro mOTpeOHOCTh MPAKTUKHU B pa3pylIaeMbIX MOJIUMEP-
HBIX MaTepuajax U BBICOKYIO mpuBiekarenbHocTh [II'A, yBennuenue o0beMOB
UX MPOU3BOJICTBA U pacUIMpEeHUe 00acTell MPUMEHEHUs CIEPKUBAIOTCS BBICO-
KO CTOMMOCTBIO M CIIOXXHOCTSIMH TEXHUKO-TEXHOJOTHYECKOro xapakrepa [1].
KiroueBas npo6nema 6uorexnonoruu I1I'A — 3to ontumMuzanus OMOTEXHOJIOTHU-
YECKUX IPOLIECCOB CHHTE3a B LIEJIOM, MPEXKJIE BCEro, 3a CYET MPUMEHEHUS HO-
BBIX NMPOAYKTHUBHBIX IITAMMOB, CIIOCOOHBIX K POCTY Ha PA3JMYHBIX JOCTYIHBIX
cyoctparax u cunte3y [II'A pa3nnyHOro XMMHUYECKOTO0 cOoCTaBa ¢ 0ojee BHICO-
KHMH 3KCIUTyaTallMOHHBIMH CBOMCTBaMHU.

Heas padorbl — unccinenoBanve cuHte3a I[II'A B KynpType mrTamma
Cupriavidus necator IBP-21 na paznuunbix C-cyOcTparax.

MarepuaJjbl 1 METObI

CrepuibHOE KyJIbTUBUPOBAHHE OAKTEPHI B aBTOTPO(PHBIN YCIOBUSIX MPO-
BOJIMJIM IO METOY M Ha coJieBoit cpeje Llnerens [2] Ha cmecu razoB CO,:0,:H,
B cooTHolmieHne kak 1:2:7 % 00. B rerepoTpodHbIX yCIOBUAX B KauyeCTBE HUC-
TOYHUKA YIJepoJa M OHHEPrud UCHOJIb30BaIM pasznuuHbie C-cyOcTparbl
B KOHIIeHTpauuu B cpene 5—10 r: Ha®op (PpyKTO3y U IUIIOKO3Y; OUMIICHHBIN
[IMLEPUH; JKAPHBIE KHUCIOTHI (ITaJIbMUTHHOBAs, MUPHCTHHOBAs, CTE€apUHOBAs,
OJIEMHOBAsl) M pacTUTENIbHbIE Macja — TIOJCOJHEYHOe padUHUPOBAHHOE
U peDKUKOBOE («30J0Tas ceMmeukay, Poccus), manpMoBoe otOeneHHOe paduHu-
poBanHoe ae3onopupoanHoe («Oil de Luxe», Mumonesus). OneHka mpoayKIiu-
OHHBIX TIOKa3aTesied KyJIbTyphl BKIIOUaNia: Ypokaid Ouomacchl OakTepHii
(X, r/n); kounentpamnus moysmMmepa B kietkax (% k ACB); 3KOHOMHYECKHIA
koapdunment no C-cyoerpary (Y, 1/r).

© XKwuna H., Canoxuukosa K., 2021
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Pe3yabTartsl

[loka3aHa cnocoOHOCTh JAHHOTO IITaMMa K CHHTE3y pe3epBHbIX [II'A
B aBTOTPO(PHON CYCIIEH3MOHHOU KYJbType C ucnonb3oBanueM C(O, B KadyecTBe
€IMHCTBEHHOTO MCTOYHHKA YIJIepoJa M peakIMu OKHUCIeHHs H, B KauecTBe
PHEPreTUYecKkoro cyodcrpara. Yposkail OGmomacchl OakTepuil M KOHIICHTpalus
MOJIUMEpa COCTABWIM B 3-X CyTOYHOM KynbType 2,6 1/1 u 35,1 % cooTBerct-
BEHHO. JTO COMOCTABUMO ¢ Moka3aTensamu y mramma Alcaligenes eutrophus Z-1
[3] 1 ycTymaeT XapakTepuCTUKaM IITaMMOB U3 Kojulekiuu Muctutyra ouodu-
suku CO PAH Ralstonia eutropha B5786 u Cupriavidus eutrophus B10646, xo-
TOpbIE B aHAJIOTUYHBIX YCIOBHIX 00ECIEUNBAIOT MOTYYCHHs] OMOMacchl 10 3,5—
4,0 v/n npu Beixonax mo nonumepy 10 60—70 % u Boie [4]. OgHako crieayer
OTMETHUTb, YTO UCCIAEAYEMBIN IITAMM BBIJIEJIEH HEJIABHO, B OCHOBHOM MOJJEP-
YKABAETCS B My3€MHOMN KyJbTYyp€ Ha arapu3OoBaHHOM CpeAe, K HACTOSALIEMY Bpe-
MEHHU HE 3KCIUTYyaTUPOBAJICS JIJIUTENBHO B CYCIIEH3MOHHOM KYJbType, HE CeJIeK-
THPOBAaH MO CKOpocTH. [IoaTOMYy B XO0z€ HAIBHEHMIIMX HCCIECAOBAHUM MOYXKHO
OKMJIaTh NOBBIIICHHUE ITPOTYKIIMOHHBIX [TOKA3aTENEH.

ramm C. necator IBP-21 oka3ainicsa ciocoben k pocty u cuntesy [1I'A
Ha pa3nuuHblx C-cyOctparax, — CO,, caxapax, TJIULEpUHE, KUPHBIX KHCIOTaX
U paCTUTENIbHBIX Maciax (cM. puc. 1). Oto cBuneTenbCTBYET O (PYHKIIMOHUPOBA-
HUU B 9TOM MUKPOOPTraHU3Me pa3In4uHbIX ImyTeid cunTesa [IT'A.
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Puc. 1. [Ipogykimonnsie xapaktepuctuku mramma C. necator IBP-21 mpu pocre
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Caxapa saBis0TCS HanOoJsiee pacmpoOCTpaHEHHBIM CyOCTpaToM JUisi MHO-
TUX MHKPOOPTaHW3MOB, BKIO4as mpoayneHtoB II['A, kotopsie crmocoOHBI
MeTtabonusupoBath rekco3bl (CegHi20g) mnsa pocta. OTHOCUTENBHO TaKCOHA
BOJOPOJIOKHUCIIAIONINX OaKTEepHil, M3BECTHO, YTO U3 CIIEKTpa caxapoB OHHU
YTHUIU3UPYIOT TOJBKO (PYKTO3y, MPU ITOM JIETKO MOJABEPraloTCs MYTalUsSIM
C MPUOOPETEHUEM CIIOCOOHOCTH K METAa00IU3MY TITIOKO3bl. OOIIENPUHSATHIM yT-
JIEBOJIOM, TO3BOJISIONIMM JOCTUTaTh BhICOKUX BbIX0J0B II['A, sBiseTcs kero-
rekcosa (¢pykrosa). [Ipu 3ameHe PpykTo3bl U pocTe OaKTEpUi Ha TIIFOKO3€ OHA
MeTaboMM3upyeTcs Takke 1o myTu DHTHepa-/ynoposa [5]. llltamm C. necator
IBP-21 oxkazasncs cmocoOHBIM K METa0O0JIM3MY TIIIOKO3BI M JUIS €TO BBIpAIBa-
HUS HA 3TOM cyOcTpaTe He MOTpPeOOBAIOCh MIUTEIBHOTO 0TOOpA HA CEJIEKTHUB-
HOM cpelle C TJIIOKO30M B KayecTBE €IUHCTBEHHOTro (C-MCTOYHMKA, KaK 3TO
UMEJI0 MECTO MpH TOJydeHUHW TIIIOKO30yCBaWBaromero mMyranra R.eutropha
B 8562 w3 ucxoanoro mramma R. eutropha B 5786. B kyasType C. necator
IBP21 mokazarenu pocta u cunte3a I[II'A Ha ¢pykTo3e u rioko3e ObUIH
OJIM3KUMU; ypokail Oromacchkl coctaBui mopsiaka 7,0 m 7,7 /1, coneprkaHue
nonumepa 81,1 u 84,3 %.

Cpenu cyOctpatoB jsi mpousBojictBa [II'A B HacTosiiee Bpemsi pac-
CMaTPUBAIOT TJUIEPUH — OTXOJ KPYITHOTOHHAKHOTO MIPOU3BOJICTBA OMOIU3EA,
MacmTabbl MPOU3BOACTBA KOTOPOro Bo3pactaioT. CHocoOHOCTH IITamMma
C.necator |IBP-21 cunresupoBarh IIIA Ha mIuMIEepuHE, HCClIEIOBaHA
C IPUMEHEHHEM OUYMIIEHHOTO IuiiepuHa (coaepxkanue npumeceit 0,3 %). Cps-
3aHO 3TO C Te€M, 4TO BeIXOHbI [II'A Ha mMIIEpUHE B 3HAYUTEIBHON MEPE 3aBUCAT
OT CTEMEHM €r0 OYMCTKU U KOJWYECTBA MPUMECEH, CPear KOTOPHIX MPUCYTCT-
BYIOT METAHOJ, COJIU, 3(PUPHI KUPHBIX KUCJIOT U JP. U KOTOPbIE MOTYT 3HA4M-
TEJIbHO MHTUOMPOBATh POCT MUKPOOPTaHU3MOB. M3 MaHHBIX PUCYHKa CIIEIYET,
YTO Ha OYMIIIEHHOM TNIHMIICpUHE ypokail Onomaccel 6aktepmii C. necator IBP-21
coctaBun 5,0 /1 pu copeprxkanuu nonumepa 65,1 %. SxoHomuueckuit kodpdu-
[IMEHT MPU POCTE IITaMMa Ha MIUIEPUHE TI0 ypoXkaro OMOMAacChl U MOJUMEpa
cocTaBui, cooTBeTCTBEHHO, Yy = 0,38 £ 0,02 r/r 11 Yyra = 0,290 £ 0,015 /1.

CrnenyoomuMu UCCIeTyeMbIMU cyOcTpaTamMu i oneHku cuHte3a [1['A
mrammom C. necator IBP21 6sumn sxupubie kuciotel (KK). XKupocoaepxariue
cyOcTpaThl B HACTOSIIIEE BPEMSI aKTUBHO MCCIIEAYIOTCS B KAUECTBE MOTEHITUAb-
HOTO M NEepCreKTUBHOro ucrouyHuka C-coipbs ansg cunte3a [IT'A; cpenn Hux —
HE TOJBKO OTJIEJbHBIE KUPHBIE KUCJIOTHI, HO TaK)XKe OTpaOOTaHHbIEC KyJIUHAPHbBIC
JKUPBI U MIPOJYKTHI UX MEPEepadOTKH, PACTUTEIBLHBIX Maciia pa3JIMYHOr0 COCTaBa
U TIpoucxoxacHus. [lepcreKTUBHOCTh ATUX CyOCTpaTOB OOYCIIOBJIEHA BHICOKUM
CoAEpKaHUEM B HUX YIJIEpOJa M BBICOKOW CTeNneHbio mpeBpaiieHus B IIT'A.
Poct u cuntes III'A uccnenoBan B kyneType C. necator IBP-21 na nackImien-
HBIX (JaypuHOBOM, MUPUCTUHOBOM, NMaJIbMUTHHOBOW) U HEHACHIIIEHHOW OJeu-
HOBOM kucioTax. Hambosee BBICOKHME TMOKa3aTeNHM IO ypOXKaro OHOMACCHI
Y BHYTPUKJIETOUHON KOHUEeHTpauuu [I['’A mnosydeHsl Npu KyJIbTUBUPOBAHUU
ImTaMMa Ha OJICMHOBOM KHcCIIOTe, KoTopble coctaBmim 8,0 /1 m 78,4 %.
[Tpu pocte C. necator IBP-21 wna Bcex nacwimenubix KK mokazarenu
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10 ypokaro Ouomacchl ObLIM ONM3KK pe3yJlbTaTy Ha OJIMHOBOW KHCIIOTE,

HO 10 CUHTE3Y MOJuMepa yCTyHaiu, COCTaBUB Ha JJAyPUHOBOW U MUPUCTUHOBOM

KHCJI0TaX, COOTBETCTBeHHO, 65,9 m 64,2%; u ecme Hmwke (49 %) -
Ha MaJIbMUTHHOBOM KUCIIOTE.

B kauectBe poctoBoro C-cyOcTpara MccieqoBaHbl Tpu 00pasiia pacTu-
TEJIBHBIX Macell: MalbMOBOE, PBDKMKOBOE M mojcosiHeyHoe. [loaconHeunoe
Macjo OTHOCUTCS K TPYIIE >KHIKUX Macel, B KOTOPOM HUACHTU(GUIIMPOBAHBI
B KQUeCTBE JIOMMHHUpPYIOIMX JuHoJeBas (18:2w6) u onemHOBas KHUCIIOTHI
(18:1®9); octranpubie kKuCHOTH (20:0, 22:0 u 24:0) mpucyTcTBOBaIN B HEOOJIb-
mux KoaudectBax, Ha ypoBHe 0,4-1,1 %; korhHUIMEHT HACHIIIEHHOCTH Macja
coctaBui 0,14. B cocrase XKK prepkukoBoro macna uaeatudummponano 15 KK
c mpeoliajaHeM aHAJIOTMYHO TOJICOMHEeYHOMY, HeHachlmeHHbie JKK (mopsaka
90%); ero ko3(pPUIUEHT HACBIIMIEHHOCTH OJU30K papUHUPOBAHHOMY IOCOJI-
HeuHomy (0,11). [TaneMOBO€ Maci0 OTHOCUTCS K MOJYTBEPBIM U TBEPABIM pac-
TUTEJIBHBIM MaciaMm; KO3((UIMEHT HACBILIEHHOCTH HCCIIEIOBAHHOTO 00pasia
najabMoBoro macina cocraBuwi 0,97. DTo CBUIETENBCTBYET O JOMHUHUPOBAHUU
B coctaBe HachieHHbIX JKK. Takum oOpa3om, ucciaenyeMble Macia UMENU 3Ha-
YUTEJIbHBIC OTINYMS 110 Habopy U cooTHomeHuto KK.

Ha puc. 1 nokazano, 4To cpeau UccieayeMbIX PACTUTEIbHBIX Maces Hau-
Ooyiee BBICOKHME NPOAYKIMOHHBIC XapaKTePUCTUKH KyabTypbl Cupriavidus
necator IBP-21 nonmyuensl Ha majibMOBOM Macie. Ypoxkail Ouomacchl 6akTepuid
U BHYTPUKJIIETOUYHOE COJIEpKaHUE TMOJUMEpa COCTABUIM, COOTBETCTBEHHO,
10 8,2 v/ m 80 %. [Ipu pocTe Ha MOJCOIHEYHOM Maciie NPOAYKIIMOHHbIE TOKa-
3aTeNIM y MCCIEIyeMOro ITaMMa yCTyNalud pe3ysbTaTaM Ha MallbMOBOM; YpO-
Kail 6uomaccel coctaBui 4,3 /71, conepxkanue noaumepa 38,7 %. Ilpu pocte
Ha PbDKMKOBOM Macjle B KadecTBe cyOcTpara ypoxad OuomMacchl OakTepHii
cocraBuia 5,8 r/m, conepkanue nonumepa — 59 %. JxkoHomuueckuii Kodhhuiu-
€HT IO YpO’Karo OMomacchl OAKTEPHI U MOTUMEPY OIMpeeseH ISl TaTbMOBOTO,
PBDKUKOBOTO Macel U KUPHBIX KUCJIOT Ha ypoBHE 0,76 T GroMacchl/T cyOcTpaTa
u 0,48 T momumepa/r cyocrpara, uto B 1,5-2,0 pa3a BhIle, 4eM Ha MOJICOTHEY-
HOM MacJie, a Tak)Ke caxapax M TIUIEpUHE.

3akioueHue

[IItamM OakTepuii, BBIJACICHHBIM W3 TOYBBI, HACHTU(MHUIIMPOBAH Kak
Cupriavidus necator IBP-21 u uccnemoan B kadectBe mpoayuenta ITI'A. V-
TAHOBJICHBI CITOCOOHOCTH IITaMMa K pocTy u cuHTe3dy I1'A B aBTOTpOdHBIX yC-
noBusx Ha CO, B cMmecu ¢ H, ¢ O, v IUPpOKHUil OpraHoTpOodHBINA MOTEHIIHAI TIO
OTHOIIICHHIO K pasznuyHbiM C-cyOcTpaTaM: caxapaM, TJIUIEpPUHY, KUPHBIM KH-
CJIOTaM U PACTUTEIBHBIM MacjaM (pPbIKHUKOBOMY, MOJCOJHEYHOMY, MajbMO-
BoMy). Hanbonee Bricokue yposkait 6rmomaccel 6akrepuii (7—8 r/m) u III'A mo-
JydeHbl Ha oJienHoBou kuciote (78 %); dpykTose, IIHOKO3€ U MAIBMOBOM
macie (cseiae 80 %). Hosrii mrramm Cupriavidus necator IBP-21 orenen kak
nepcrekTuBHbIN nmpoayueHt [1TA.
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ON DIFFERENT PLANT OILS
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Institute of Biophysics SB RAS, Federal Research Center “Krasnoyarsk Science Center
SB RAS” 50/50 Akademgorodok, Krasnoyarsk, 660036, Russia

PHA cost, however, still limits the increase in PHA production
and restricts the scope of PHA application. As raw carbon sources are responsi-
ble for about 40-50 % of the PHA production cost, one of the conditions
for successful commercialization of these polymers is expanding the range
of feedstocks. Potential raw materials for PHA synthesis are various substrates
with different degrees of reduction, energy content, and cost, including individ-
ual carbon compounds and various industrial wastes.

One of the ways to reduce PHA cost is to use inexpensive carbon sources
such as plant oils. Other advantages of plant oils are their high carbon content
and high efficiency of conversion into PHAs [1-3].

The purpose of the present study: a comparative investigation of the
growth of the wild-type strain Cupriavidus necator B-10646 and PHA synthesis
by the cells of this strain on plant oils differing in the FA composition.

Materials and methods

Plant oils were sunflower seed oil (Russia), Siberian oilseed oil (Russia),
and palm oil (Malaysia) (purchased from a local supermarket). Tween 80, coco
glucoside, and sodium cocoyl glutamate were used as emulsifiers. To check the
presence/absence of the inhibitory effect of emulsifiers, the autoclaved emulsifi-
ers were added to the mineral media to the desired concentrations. In addition
to an emulsifier, fructose was added to the mineral medium as carbon source at
a concentration of 15 g/L. The medium was replenished with a corresponding
concentration of fructose when it was consumed.

Results

In the present study, PHA synthesis by the Cupriavidus necator B-10646
bacterium was investigated in experiments with bacterial cells cultivated
on palm oil, Siberian oilseed oil, and two types of sunflower seed oil (refined
and unrefined oils) as the main carbon substrate. The fatty acid compositions
of the oils are listed in Table 1, which shows that the oils differ in both
the combinations and percentages of FAs. Sunflower seed oil is liquid oil with
the highest contents of linoleic acid — an ®-6 fatty acid. The sample of refined
sunflower seed oil contained 7 fatty acids, and linoleic acid (18:2®6) constituted
63,1 % of total FA , while in the unrefined sunflower seed oil, its content
reached 60,8 %. The saturation indices of the refined and unrefined oils were

© Zhila N., Sapozhnikova K., 2021
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0,14 and 0,20, respectively. The FA composition of Siberian oilseed oil was
the most representative, with the number of fatty acids reaching 15 (C16-C24).
Like insunflower seed oil, unsaturated fatty acids dominated the FA
composition, constituting about 90 %. Only this oil contained a-linolenic acid
(18:3w3), and its percentage was the highest (29,1).The saturation index
of Siberian oilseed oil was comparable to that of sunflower seed oil (0,11). Palm
oil is semisolid or solid plant oil. The composition of this oil varies considerably
depending on the production and purification processes employed. Saturation
index of the palm oil sample was 0,97. The content of palmitic acid was the
highest (44,2%), followed by monoenoic oleic acid (39,6%) and by the dienoic
linoleic acid (11,1%). Thus, the oils used in this study differed significantly
in their FA compositions and FA percentages.

Table 1
Fatty acid composition of plant oils (% of total fatty acids)
o Refined Unrefined
Fatty acid Comfmon hame of Pa!m _Slberlan_ sunflower seed | sunflower seed
atty acid oil oilseed oil oil oil
14:0 Myristic 0,9 - - -
16:0 Palmitic 44,2 4,3 74 8,4
18:0 Stearic 4,2 1,4 3,1 2,9
18:109 Oleic 39,6 18,2 24,5 22,8
18:2w6 Linoleic 11,1 22,4 63,1 60,8
18:3w3 a-Linolenic - 29,1 - -
20:0 Arachidic - 3,6 0,4 0,4
20:1m9 Eicosenoic - 11,3 — —
20:206 Eicosodienoic - 1,1 - -
20:3w3 Eicosotrienoic - 1,4 — -
22:0 Docosanoic - 0,6 1,1 1,0
22:109 Docosenoic - 4,7 - -
22:206 Docosadienoic - 0,2 - -
22:3m03 Docosatrienoic - 0,4 - -
24:0 Tetracosanoic - 0,3 0,4 0,8
24:109 Tetracosenoic - 1,0 - -
26:0 Hexacosanoic - - - 0,7
28:0 Octacosanoic - - - 1,1
30:0 Triacontanoic - - - 1,1
> SFA 49,3 10,2 12,4 16,4
Y>'SFA/Y USFA 0,97 0,11 0,14 0,20
>MUFA 39,6 35,2 24,5 22,8
> PUFA 11,1 54,6 63,1 60,8
YLCFA - 24,6 1,9 51
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The wild-type strain C. necator B-10646 was grown in batch culture

in short-duration experiments (48 h) on plant oils as sole carbon source (Fig. 1).

Bacterial cells grown on plant oils that differed in the FA composition

and percentages had diverse production parameters, including cell concentra-
tions and intracellular polymer contents.
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Fig. 1. Cell concentrations and PHA production by C. necator B-10646 grown on plant oils:
A — palm oil, B — Siberian oilseed oil, C — refined sunflower seed oil, D — unrefined
sunflower seed oil

Yield coefficients of C. eutrophus B-10646 cultures based on cell
concentrations and polymer contents differed significantly. In the experiment
with palm oil, biomass yield coefficient (Y,) was 0,75 + 0,03 g biomass/g oil
and polymer yield coefficient (Y,) was 0,48 + 0,02 g polymer/g oil. The param-
eters obtained on Siberian oilseed oil were comparable with those obtained on
palm oil: Y, = 0,76 + 0,03 g biomass/g oil and Y, = 0,42 + 0,02 g polymer/g oil.
In the experiment with refined and unrefined sunflower seed oil, polymer yield
coefficient was considerably lower — 0,28 + 0,02 and 0,22 + 0,01 g polymer/g
oil, respectively, while biomass yield coefficients were similar to those obtained
for palm and Siberian oilseed oils: Y, = 0,74 + 0,02 and 0,75 + 0,03 g biomass/g
oil.

As the use of palm oil as growth substrate for bacterial cells is known
to favor incorporation of monomers other than 3-hydroxybutyrate into PHA,
but may result in a considerable decrease in molecular weight of the polymer
(from 500 000 to 300 000 kDa) and an increase in polydispersity [4], a study
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was conducted to analyze the composition and molecular-weight properties
of PHA specimens synthesized from plant oils (Table 2).
Table 2
Characteristics of polymer synthesized by C. necator B-10646 at different
substrates at the end of cultivation

Polymer composition mol.%
Substrate M,, kDa | My, kDa | D
3HB 3HV 3HHXx
Fructose 100 - - 220 750 3.4
Palm oil 97,2 1,9 0,9 130 670 5,2
Refined sunflower seed oil 97,5 1,5 1,0 190 780 41
Unrefined sunflower seed oil 97,5 1,5 1,0 170 740 4.4

The strain C. necator B-10646 on plant oils, the cells synthesized
a terpolymer, which contained not only the dominant 3HB (97—99 mol.%) but
also monomers of 3-hydroxyvalerate (0,9-1,9 mol.%) and medium-chain-length
3-hydroxyhexanoate (0,4-1,3 mol.%). No significant changes in the molecular
weight of the polymers were detected. The Mw of the polymer synthesized by
bacterial cells from all oils was 670-780 kDa; the minimum value was obtained
at palm oil. However, the polydispersity of the polymer increased significantly
and reached 4-5.

Conclusion

The study showed that the best carbon substrates were palm and Siberian
oilseed oils. All PHA specimens were terpolymers that contained 3-
hydroxybutyrate as the major component and minor amounts of 3-
hydroxyvalerate (0,9-1,9 mol.%) and 3-hydroxyhexanoate (0,5-1,1 mol.%).
Molecular weight of PHA specimens depended on plant oil and emulsifier.
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XUPOCOOEPXALLUME OTXOAbI PblEOKO!—ICEPBHOVI
NMPOMBILWWIEHHOCTU — MOTEHUUAJIbHbIN CYBCTPAT
AnA CUHTESA NONUr’MaPOKCUANIKAHOATOB

B. B. Bonkos', H. O. XXuna?®, A. C. Myctacdmn?, E. I. Kucenes?

'\orsoy BO «Kanununepaockuii cocyoapcmeennviii mexHuU4ecKull yHugepCcumemy»
2 Unemumym 6uogusuxu UL KHI] CO PAH, 660036, Poccus, Kpachospck,
Axaodemeopooox. 50/50,

3 - .
Cubupckuil ghedepanvHulii yHueepcumemn,
660041, Poccus, Kpacnospck, npocn. Ceob00nuwiil, 79

VYBenuuenne 00BEMOB MPOMBIIIJIEHHOTO MPOU3BOJCTBA U IMOBBILIEHUE
3G ()EKTUBHOCTH HEBO3MOXKHO 0€3 HMHTEHCHU(UKAIMH. ITO MpEeJIoiaraet co-
BEPIICHCTBOBAHUE TEXHOJOTUN U OpraHU3alliu MPOU3BOJACTBAa U Oojee 3¢ dek-
TUBHOTO HCIOJIb30BaHUSI CHIPHEBBIX pecypcoB. OaHUM U3 Hanbojee Ba’KHBIX
MyTe PaIMOHAIBLHOTO WCIIOJIB30BAHUS CHIPHEBBIX PECYPCOB SIBISIETCS MX KOM-
IUIEKCHasI TepepadoTKa, MPU 3TOM CO3JAETCsl BO3MOXKHOCTh cOOpa 00pazyemMbIx
OTXOJIOB C MOCJEAYIOUIEH MepepadOTKON UX IO 11eJIEBOMY Ha3HAYEHUIO B 3aBU-
CUMOCTH OT IMPOUCXOXKJICHUS U XMMHUYECKOTIO COCTaBa. B muiieBol mpoMsblii-
JIEHHOCTH CYIIECTBEHHOW MpoOJeMOil SBISIETCS OTCYTCTBHE PpPalMOHAIBHOM
TEXHOJIOTUH NEePepadOTKN HAKAIJIMBAIOIIUXCS )KUPOCOIEPKAIIUX OTXO0B. DTa
npoOieM  akTyalbHa | JJs pblOonepepadaThiBalONIel  MPOMBIILIEHHOCTH
B CBSI3U C TE€M, UTO B IIpoliecce nepepaboTKu peIOHOTO ChIpbs Oomnee 50 % uaer
B OTXOJIbl, 3HAUUTEJIbHASI YaCTh KOTOPBIX YHOCHUTCS C MPOMBIBHOM BOJOM, YTO
OKa3bIBa€T CYILECTBEHHOE BJIUSHHUE HAa XapaKTEPUCTUKY CTOYHBIX BOJ, MPUBO-
JTUT K 00pa30BaHUIO CHEHU(PUUECKUX OCAJAKOB U CO3/a€T 3KOJOTHYECKHE IMpPO-
OJIeMBI.

[TepepaboTka pHIOHBIX OTXOJOB MPEANOJaraeT MPUMEHEHUE MEPEIOBBIX
TEXHOJIOTUM, HEOOXOMUMBIX Il d(P(GEKTUBHOTO pelieHuss nmpoOjeM, BO3HU-
KaIOMINX MPU yTUIM3AIUN PIOHOTO ChIphsi. PecypcHas coctaBisroias pelOHBIX
OTXOZOB B HACTOSIIEE BPEMS HCIIOJB3YETCS HEAOCTATOYHO. AKTyalbHbIM Ha-
MpaBJICHUEM HCCIEOBAaHUMN SBISIETCS MOMCK HOBBIX TEXHOJIOTHM mepepadoTKu
OTXOJI0OB HE TOJIBKO JJII PYyTUHHOIO TMOJY4YEHHsS] PHIOHOW MYKH U >KHPOCOAEP-
KaIIUX MPOJYKTOB TEXHUYECKOIO HAa3HAYEHMs, HO TaKkxke M 0ojee BOCTpeOo-
BaHHBIX MPOAYKTOB C BHICOKOM JOOABIEHHON CTOMMOCTBIO.

Heap paGoThl — OIEHKA XKUPOCOJEPKAIINX OTXOJO0B PHIOOKOHCEPBHOM
IPOMBIIIUIEHHOCTH B KauecTBe C-cyOcTpara JjIsi CHHTE3a pa3pyllaeMbIX MOJIHU-
ruapokcuankanoatoB (I1T°A).

Marepuajbl 1 METOAbI

HccenenoBaHo IMIIPOTHOE MAcio, MOJTYYEHHOE B IPOLECCE SKCTPAKLUHU
KUpa U3 WIPOTHBIX royioB npu Temieparype oT 60° mo 90 °C u BwlIepxKKe
B TeueHne 10—15 MUHYT, KOTOpBIE B HACTOSIIIEE BPEMS SBJISIIOTCS. OTXOJOM IPO-

© Bonxos B. B., Kuna H. O., Mycradun A. C., Kucenes E. I'., 2021
37



IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns
«BUOTEXHOJIOIMMA HOBbIX MATEPUVAIIOB — OKPY>KAIOLWAA CPEJA — KAHECTBO XWU3HW»
W3BOJICTBA IIMIIPOT B Macje u3 Oantuiickoi kwibku (Sprattus sprattus). Komue-
HUE OaNTUHUCKOW KWJIBKH OCYIICCTBISUIA B KONTHJIHBHOW TE€YM HA OJBXOBBIX
omuikax mnpu Temneparype Huwke 115 °C, B teuenue 15-20 munyt. [loTom
KWIbKY OXJIaXJaJld, CHUMaIM C TNPYTKOB U oOpe3anu rojioBel. CoOpaHHOE
Macjo UCIOoJIb30BalIM B KauecTBe C-cyOcTpaTa, 700aBlIIEeMOro B COCTaB IUTa-
TEIBHOM cpeibl I BhIpamuBanus Oaxtepuii Cupriavidus necator B-10646.
HcxonHblii coctaB Maciia, €ro >KHMPHOKHUCIOTHBIA cocTaB M nuHamuka KK
B IIpOIIeCCe YTUIIM3ALMU Maciia OaKTepUsiMU aHAJIM3UPOBAIN CTAaHAAPTHBIMHU Me-
TOJAAMH JIMTIUIOJIOTHHA ¢ TPUMEHEHUEM Xpomatorpaduu. PeructpupoBanu mo-
Jy4eHHBIH yposkaih 6momaccel OakTepuil B KynbType (X, /1), conepkanue, co-
CTaB U OTAeNbHbIE cBoMcTBa [1T'A.

Pe3yabTaThl

B cocraBe mmpoTHOro macia omnpeaeiacHsl unuasl (95 %), oenku (4 %)
u yrieBosl (1 %). B cocTaBe >XMPHBIX KUCIOT JIMITUAOB UCXOAHOTO HIITPOTHOTO
macna (cM. Tabn. 1) upeHrudunupoBano 16 xupHbIX KuciaoT. Cpeau JOMUHH-
pytomux XK — manemutunoBas (28 %), onennosas (25,3 %), noko3arekcacHo-
Bas (16,7 %), a Taxoke TUMHOI0OHOBas (8,7 %); coaepikaHne OCTAIbHBIX YKHUPHBIX
KHCJIOT ObLIIO HU3KUM, OT MeHee 1 % no 3—4 %.

Tabmuma 1
X(HpHOKHCJIOTHBIﬁ COCTaB UCXOOHOI'O IIIPOTHOTO MacCJia
Nunexc KK Ha3Banue Conepxanue, %

14:0 MupucTuHOBas 3,5

15:0 IlenTagekanoBas 0,5

16:0 [TansMuTHHOBAS 28

16:1 (omera-9) [TaneMHATHHOIENHOBAS 0,3
17:0 MaprapuroBas 0,1

18:0 CreapuHoBast 45
18:1 (omera-9) OnenHoBas 25,3
18:2 (omera-6) JIunonesas 2,5
18:3 (omera-3) JluHoNEeHOBas 4.3
20:0 ApaxuHOBasi KUCIIOTA 0,3

20:1 Diiko3eHOBas 1
20:2 OHK03aJueHOBAs 0,4

20:5 (omera-3) TumHODOHOBAA 8,7
22:0 berenoBas kucnora 0,5
22:6 (omera-3) Jloxo3arexcaeHoBas 16,7
24:1 HepBononas 15
Hpyrue 1,2

B mponecce KynbTHUBUPOBAHUSA KUPHBIE KHUCIOTHl YTHUIM3UPOBAINCH

KyJIbTYpOil OakTepuii HEPaBHOMEPHO U C MPEUMYIIECTBEHHBIM MOTPEOJICHHEM
muHosIeHoBO#H (18:3); TuMHOIO0HOBOM (20:5); MOKO3arekcacHOBO# (22:6) KHUCIIOT,
KOHIIEHTpAIMsl KOTOPBIX K KOHILy mpouecca (72 4) ymnajia MHOTOKpatHo, B 10
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u Oonee pa3. B ocrarouHom nUNUAHOM cyOcTpaTe pe3Ko COKpPaTHIIOCh COAEp-
YKaHHUE TOJIMHEHACHIIIEHBIX ¥ MOHOEHOBBIX JUIMHHOIEMIOYEUHBIX >KUPHBIX KU-
CJIOT, OCTAaTOYHBIE HACBIIIEHHBIE KHCIOTHl JalbHEHUIIUNA POCT  KIETOK
He oOecrieunBano. [Ipogomxenue mpoiiecca pocta GakTepuil ObLIO BO3MOMKHO
TOJIBKO TIPU pealM3alliK PeKUMa KyJIbTUBUPOBAHMS C MOAMUTKON CyOcTpaToM
IIPU JOMOJHUTEIFHOM BHECEHHUH B KYJIbTYPY HOBBIX NOPIIHMI MacJa.
HccnenoBaHo BIUSHHE KOHILIEHTPAIMM Macjia HAa MPOAYKIIMOHHBIE MOKa-
3aTenu KyJlbTypbl OakTepuil. BappupoBaHue KOHIIEHTpAIlMU Maclio B Cpejie OT
10 mo 40 r/n, moka3ana, 4TO CaMblii BBICOKMN ypokail Omomacchl OGakTepwuii
3a 48-50 u (4,3-4,5 /1) monydyeH B amama3zoHe 15-25 r/m. Beixon momumepa
B 3TOM JMana3oHe KOHIIEHTpAaIlMM Macja B KYyJbType COCTaBWJ Mopsjka 62—
65 %. CuHTe3UpOBaHHBIN MOJUMEDP MPEACTABIACT COOON TPEXKOMITOHEHTHBIH
COTOJIUMEP MOHOMEPOB 3-THAPOKCUOYTHpaTa, 3-TUAPOKCUBalepaTa U 3-TUIpo-
KCUTEKCaHOAaTa. Y NIMHEHUE MpOoLecca KyJIbTUBUPOBAHUS N0 72 4 HE BIUSIO
Ha ypokail Oumomaccel OakTepuil B KyJbType, HO mnoBbimano 1o 71,1 %
BHYTPHUKJIETOUYHYIO KOHIEHTPALUH [TOJIUMEPA.
ComnonuMep, CHHTE3UPOBAHHBIA MpPH HEIMMUTHUPOBAHHOW MOJaue
B KYJIbTYpYy Hccieayemoro gunuaHoro C-cyOcTpara, uMen 3Ha4eHUs CpeIHeBe-
COBOM MOJIEKYyJIsIpHOM Macchl oT 670 mo 760 k/la nmpu MOBBIIEHHBIX 3HAYCHUAX
noyaucnepcHoct (5,7); cTeneHb KPUCTALUTMYHOCTHU OIpEJEieHa Ha YPOBHE
66—72 %.
3akioueHue
Ilo pe3ynpTaTaM MEpBUYHON OLEHKH, MACIIO, MOJYYEHHOE U3 TOJIOB Oa-
Tuickoi kwibku (Sprattus sprattus), oTxoI0B MPOHM3BOJACTBA INIIPOT, MOXKHO
OTHECTH K MEPCHEKTUBHOMY CyOCTpaTy JJisi OMOTEXHOJOTHYECKOTO MOJyYCHUS
OMOpa3pyIlaeMbIX «3€JIEHBIX» MIACTUKOB — MOJUTUIPOKCHAIIKAHOATOB.
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PROPERTIES OF FILMS FROM DEGRADABLE PHAS
OF DIFFERENT MONOMER COMPOSITIONS”

T. Volova®?, E. Kiselev'?, A. Dudaev*?, I. Nemtsev**,
A. Lukyanenko'*, A. Sukovatyi™?, G. Ryltseva', E. Shishatskaya'?

'Siberian Federal University, 79 Svobodnyi av., Krasnoyarsk, 660041, Russia
2Institute of Biophysics SB RAS, Federal Research Center “Krasnoyarsk Science Center SB
RAS”, 50/50 Akademgorodok, Krasnoyarsk, 660036, Russia
3Federal Research Center “Krasnoyarsk Science Center SB RAS”, 50 Akademgorodok,
Krasnoyarsk, 660036, Russia
*L. V. Kirensky Institute of Physics, 50/12 Akademgorodok, Krasnoyarsk, 660036, Russia

Modern biotechnology offers tools for fabricating a wide range of target
products, including novel environmentally safe highly marketable biomaterials.
The most promising area of application for biomaterials is medicine, which ur-
gently needs biocompatible materials for producing medical instruments, drug
delivery systems, implants, and bio-constructors of organs and tissues in cell and
tissue engineering. The discovery of polyhydroxyalkanoates (PHAS) — biode-
gradable microbial polymers — was a notable event for biotechnology of novel
materials. Potential areas of application of these polymers are very wide: recon-
structive medicine, pharmacology, agriculture, municipal engineering, commu-
nications electronics, etc. A promising line of PHA research is associated
with application of these polymers in cell and tissue engineering. PHAs have
great potential as materials for regenerating damaged skin, repairing the defects
of soft tissues, bones, blood vessels, heart valves, etc.

The purpose of this study was to investigate the structure and properties
of the polymer films fabricated from the unique set of PHA bipolymers,
terpolymers, and quaterpolymers composed of various monomer fractions.

Material and Methods

Polymers (PHAs) composed of 2, 3, and 4 monomers were synthesized
using the Cupriavidus necator B-10646 strain, and polymer films prepared from
them by casting chloroform solutions (1-2 %) heated to 35 °C on degreased
glass and subsequent drying for 48 h in a dust-free box. The present study was
the first to investigate surface microstructure and physical/mechanical properties
of the films made from PHA copolymers with widely diverse chemical compo-
sitions as dependent on their monomer composition.

Results

A family of two-, three-, and four-component PHAs with various amounts
and ratios of monomers has been synthesized (Table). All copolymers had de-

© Volova T., Kiselev E., Dudaev A., Nemtsev |., Lukyanenko A., Sukovatyi A., Ryltseva G.,
Shishatskaya E., 2021

* The part of the reported study on polymer synthesis and examination was funded by RFBR and KKRF
Grant No. 19-43-240012 “Biological and physical principles of production of new generation biomaterials”.
The work on production and investigation of polymer films was carried out as part of the State Assignment
of the Ministry of Education and Science of the Russian Federation No. FSRZ-2020-0006.
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creased weight average molecular weights, M,, (to 390-600 kDa), and increased

values of polydispersity (3,2-4,6) compared to the P(3HB) homopolymer. PHA

copolymers retained thermostability, and the difference between Tper and Tgegr

was at least 100—120 °C. Incorporation of 4HB, 3HV, and 3HHx monomer units

into the 3-hydroxybutyrate chain caused changes in the amorphous to crystalline

ratio and decreased the degree of crystallinity (C,) to 20-40 %. According

to the degree to which the monomers reduced crystallinity, they were ranked
as follows: 4HB-3HHx-3HV.

Table 1
Composition and physicochemical properties of different PHAS:
3-hydroxybutyrate homopolymer; bi-, ter-, and quaterpolymers

Sample PHA (;ﬁg]lgzsmon’ Ilz/l[;vé D Cy % | T, °C | To,°C T;ncejlt, Tg%r,
3-hydroxybutyrate homopolymer P(3HB)
1 100,0 920 2,5 78 - 85 170 | 280
Copolymers
P(3HB/3HV)
2 89,8 102 |86 | 18 | 76 | —09 g?g 163,9 | 277,8
3 85,0 15,0 690 2,8 65 -1,0 64,2 | 1334 | 272,1
4 72,8 27,2 576 3,2 54 -19 78,1 | 162,5 | 275,9
5 35,0 65,0 398 3,44 58 4,4 57,0 | 148,6 | 278,6
P(3HB/4HB)
64,5 35,5 660 3,6 22 -9,5 58,5 | 165,5 | 278,4
7 24,8 75,2 840 3,8 16 -3,6 57,7 | 164,3 | 265,3
8 86,0 14,0 715 2,9 44 -11,7 | 68,2 | 1614 | 272,3
P(3HB/3HHX)
9 62,0 38,0 486 3,7 52 -16 | 71,2 | 169,2 | 260,1
10 83,6 16,4 390 4,3 49 -0,6 | 57,2 | 168,7 | 281,5
11 91,0 9,0 520 3,9 60 -0,2 | 63,2 | 170,2 | 262,7
Terpolymers
P(3HB/3HV/3HHX)

12 55,0 29,3 15,7 459 3,4 32 -0,1 | 60,2 | 166,4 | 264,6

13 57,6 21,9 20,5 548 4,2 21 0,5 59,5 | 165,3 | 267,1

14 49,4 27,2 23,4 360 3,8 28 —7,0 | 55,7 | 165,0 | 286,4

P(3HB/3HV/4HB)

15 55,0 28,6 16,4 570 3,0 35 -1,7 | 53,2 | 167,0 | 284,0

16 56,2 13,4 30,4 620 4,1 28 -5,7 | 59,8 | 170,4 | 280,0

Quaterpolymers

P(3HB/3HV/4HB/3HHX)

17 61,4 | 19,4 | 14,0 | 52 | 542 3,7 37 1,2 59,9 | 167,2 | 282,6

18 735|176 | 64 | 25| 479 4,6 40 -4,6 | 70,2 | 170,6 | 284,4
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A unique set of films was produced; their surface properties
and physical/mechanical properties were studied as dependent on PHA compo-
sition; monomers other than 3-hydroxybutyrate were found to enhance
hydrophilicity, surface development, and elasticity of polymer films. The films
were similar in thickness (298,94 + 12,79 um) but considerably different
in morphology (Figure). All copolymer films were more porous than the dense
and virtually pore-free film prepared from the P(3HB) homopolymer (on which
there were a few pores 1,0 um in diameter or smaller). The number and sizes
of pores on copolymer films varied considerably, regardless of the PHA compo-
sition. Hydrophilic/nhydrophobic balance of the surface is a major parameter that
indirectly characterizes hydrophilicity of the film and affects cell adhesion
and viability. The hydrophilic/hydrophobic balance is estimated by measuring
contact angle for liquids. Water contact angle of the film prepared from
the high-crystallinity P(3HB) reached 92°, and the calculated values of surface
energy and its dispersion and polar components were 30,8, 28,6, and 2,3 mN/m,
respectively. At the same time, water contact angles of copolymer films were
lower although the decrease ranged between 10 and 100%. As the values
of water contact angle differed greatly, it was impossible to establish any
definitive relationship between the concentrations of different monomers
in copolymers and the value of water contact angle. Films of bi- and terpolymers
containing 3HHx had the smallest contact angles (up to 48°-56°), and water
contact angles of the films made from copolymers containing 3HV and 4HB
reached 60°-79°.

The important parameter of polymer products is physicochemical reactiv-
ity of the surface. Nanometer roughness determines protein adhesion, cell at-
tachment, growth, and synthesis of specific proteins. Examination of polymer
films using atomic force microscopy showed the effect of the chemical compo-
sition of PHAs on surface roughness. The polymer specimen prepared from
the P(3HB) homopolymer had the lowest arithmetic mean surface roughness
(Rs) and root mean square roughness (Rq) — 154 and 180 nm, respectively. Most
of the films prepared from PHA copolymers had higher R, and R, values.
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P(3HB-co-10 mol.% 3HV)
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P(3HB-co-7 mol.%3HV- P(3HB-c0-28 mol.%3HV-co- P(3HB-co-7 mol.% 3HV-
c0-33 mol.% 3HHXx) HHXx)

P(3HB-c0-19 mol.%3HV-co-  P(3HB-co-1 mol.% 3HV-co-
12imol.%-4HB-co- 6 mol.%4HB-co-
4 mol.% 3HHXx) 2 mol.% 3HHx)

P(3HB-co-13 mol.% 3HV-co-
30 mol.%4HB)

TR

Fig. 1. SEM images of films prepared from PHAs with different compositions. Bar = 10 um

The study of physical/mechanical properties of the films showed that co-
polymer films were inferior to P(3HB) films in their mechanical strength.
The parameters of strength (tensile strength and Young’s modulus) of P(3HB)
films were 18,9 and 2034 MPa, respectively, while elongation at break
(the parameter of elasticity) was very low — 3,1 %. All copolymer films exhib-
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ited considerably decreased values of tensile strength (between 11-12
and 7-6 MPa) and Young’s modulus (between 1 420 and 1 180 MPa). However,
films are generally characterized by rather low mechanical strength. An essential
effect of PHA composition was enhanced elongation at break, which was higher
by one and a half to two orders of magnitude in copolymers. That is, copolymer
films had enhanced elasticity — an important property for films.

Conclusions

The present study was the first to investigate surface microstructure and
physical/mechanical properties of the films made from PHA copolymers
with widely diverse chemical compositions as dependent on their monomer
composition. Copolymer films exhibited enhanced elasticity and an increase
in elongation at break by two to three orders of magnitude (to 100-300 % com-
pared with 2-3 % in P(3HB)), but their mechanical strength, measured as tensile
strength and Young’s modulus, decreased. Monomer units other than
3-hydroxybutyrate were found to enhance film surface hydrophilicity
and development. Results obtained in the present study contribute to the solution
of a critical issue of producing degradable functional polymer materials.
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MUKPOCTPYKTYPA U CBOUCTBA MNEHOK, MONYYEHHbIX
U3 NrA, CUHTEANMPOBAHHbIX HOBbIM LULTAMMOM C. NECATOR
IBH-21 HA PA3JIMYHbIX C-CYBCTPATAX

H. XXuna'?, K. CanoxHukoBa'?, . Hemuer®*

1Cu6upc;<uﬁ ¢edepanvuniii ynueepcumem, Poccus, Kpacnospck, np. C60600mwiii, 79
2HHcmumym ouoguzuxu OUIL] KHL] CO PAH, Poccus, Kpacnosipck, Akademeopooox, 50/50
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4HHcmumym Gusuxu um. JI. B. Kupencxoeo, ®UIL] KHI] CO PAH,

Poccus, Kpacnospck, Akademeopooox, 50/12

Ananu3 nautepaTypsl no (pusnKo-xumMudeckuMm coiictBaM [1I'A mokasbl-
BaeT, UTO OMYyOJMKOBAHHBIC JAaHHBICE UMEIOT CYIIECTBEHHBIC OTIUYHS MOJIEKY-
JISIPHO-MACCOBBIX M TEMIIEPATYPHBIX XapaKTEPUCTUK JaKe MPU aHalu3e o0pas-
OB OJM3KOro XMMHUYECKOro cocTaBa. Pa30poc mokaszareneil MOXHO CBS3aTb
C TeM, YTO pPa3HbIMU aBTOPaAMU OBbLIN MUCCIIEIOBAHBI PA3JIMYHBIC IIITAMMBI U TUIIBI
C-cybcTpaToB, 0Opasiibl TOJUMEPOB OBLIIM OTOOpPAHbI U3 Pa3IUYHBIX (a3 Kyib-
TYpBbI, & TAKXKE€ UCIOIb30BAHBI PA3JIUYHBIE CITOCOOBI SKCTPAKIIMN U OYUCTKH IO~
JUMEPOB | JIp., CJIEOBATEIbHO, 3TU (DAKTOPHI CIENYET YUYUTHIBATH MPU U3yde-
Huu cBoMcTB I1I'A u m3genuii u3 Hux. Taxke HEOJHO3HAYHBI JAHHBIC O TOM, KaK
0a3oBble cBoiicTBa [1I'A M3MEHSIOTCS B 3aBUCUMOCTH OT COCTaBa CpeJibl U yCIio-
BUI BBIpAIIMBAaHUS MUKPOOPTaHU3MOB, U KaK 3TU U3MEHEHHUS BJIMSIOT HA CBOM-
CTBa MOJIy4a€MbIX OJMMEPHBIX U3/ICTUH.

BmecTe ¢ TeM uUMeEIOTCS OTAENbHBIE PE3yJbTaThbl, CBUAETEIbCTBYIOLINE
0 BIMsHUN XapakTepucTuk [I['’A Ha cBOWMCTBAa MOJMMEPHBIX M3JEIUN U3 HHUX.
Hampumep, nokazano, 4ro Habop u cooTHoieHne MoHomepoB B [1['A Biusitor
Ha MUKPOCTPYKTYPY U CBOMCTBA TOBEPXHOCTH MOJUMEPHBIX IIJIEHOK [ 1], 6roso-
TMYECKYI0 COBMECTUMOCTD MO OTHOILIEHHIO K KJIETKaM KpoBH [2]. YcTaHOBIEHO,
YTO 3aMEHa B COCTABE CPEbI IIIFOKO3bl PACTUTEIbHBIMH MAcJIaMU, B COCTaBE KO-
TOPBIX IPHUCYTCTBYET INIMLIEPHUH, COITPOBOKIAETCS HE TOJIBKO M3MEHEHUEM MO-
nexymsipaor maccel U kpuctasmuyHoctu [I(31'B) [3], Ha Takke 3HAYUTENTHHO
BIIUSICT HA CTPYKTYPY M CBOWMCTBA HETKAHBIX MEMOpaH, MOJTYYEHHBIX DJIEKTPO-
crarnyeckuM (popmoBanuem [4-5].

Hesap padoThl — KCClIEN0BaHUE MUKPOCTPYKTYPBI U CBOMCTB ITOBEPXHO-
CTH TUICHOK, nosiy4eHHbIX U3 III'A, cuHTe3upoBaHHBIX Ha pasznuuHbix C-cyo-
cTpaTax.

Marepuajbl 1 METOAbI

[Inenkn nosywanu noiauBoMm 2%-pacTBOpa MOJMMEpPA B AUXJIOPMETAHE
B 00e3KuUpeHHbIe (OPMBI ¢ TE(HIOHOBBIM TIOKPHITUEM ¥  BBICYIIMBAIH
JI0 TIOJTHOTO WCTIAPEHUs PAcTBOpUTENs B MmKady € JaMUHAPHBIM TMOTOKOM
(Labconco, CIIIA) Ha 72 4. MukpocTpykTypy noBepxHoctu mieHok [1I'A ana-
JU3UPOBAIM C MOMOLIBIO CKAaHUPYIOUIEH 3JEKTPOHHOW MHUKPOCKONUU (pacTpo-

© Xuna H., Canoxuukosa K., Hemues 1., 2021
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BBIW DJIEKTPOHHBIA MUKPOCKON BbicOKOTo pasperienus FE-SEM S 5500 Hitachi,
Snounus). [lopuctocTh MIEHOK OmMpeneneHa MO H300paKeHUSM, TMOTYYSHHBIM
c nomoiplo POM c wucnonb3oBaHHMEM IMMaKeTa MPOTrPaMMHOTO OOECTICUeHUs
Uit aHanuza 1udpoBbix uzoOpaxkenuid (Image J v 1.52). KpaeBbie yriibl
MOBEPXHOCTH TUICHOK HccienoBanmu Ha npubope Drop Shape Analyzer — DSA-
25E (Kriiss, 'epmanust) ¢ ucnoab3oBanuem nporpammel DSA-4 st Windows.
Pesyabrarhl
Ha puc. 1-2 npezacraBiieHbl pe3yibTaThl UCCIEIOBAHUS IUIEHOK, IONY-
yeHHbIX u3 [I'A B xkyneType C. necator IBP-21 na pasznuunbix C-cyOcTpaTax.
3aperucTpupoBaHHbIC OTIMYUS MHUKPOCTPYKTYPHI TOBEPXHOCTH TJICHOK HILIIO-
ctpupytor POM-caumMkn (puc. 1), Ha KOTOPBIX BUAHBI OTIMYMS MOP(OIOTHH
MOBEPXHOCTH.

n(3re) - n(3rs)- n(3re)-
) J'IKOEH

54500 3 0 0 A2

N(3r6-co-3rB-co-3IT) -

Puc. 1. POM-cHUMKY TUICHOK, TToNy4eHHBIX u3 [1TA,
cuaTe3npoBanubix C. necator IBP-21 na paznuunbix C-cyOcTparax
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[Ipu aHanmu3e NOPUCTOCTU OOHAPYKEHO, YTO MOBEPXHOCThH IJIEHOK, MOJY-
yeHHbIX U3 [1['A, cuHTe3upoBaHHBIX Ha pa3nuyHbIX C-cyOcTparax, UMeeT 3Ha-
YUTEJIbHBIE OTJIMYUS B KOJUYECTBE IMOp U ele Oojiee pa3iudaronirecs
10 pazMepam Nopbl. ITO, O BCEH BUAUMOCTH, CBSI3aHO C PA3INUUSIMU KUHETUKH
KpUCTaJUIM3alluU B Ipoiiecce (HOPMUPOBAHMS TIJICHOK MO MEPE MX BBICBIXaHUS
U ucrapeHusi pactBopuresid. CpaBHEHHE MOPUCTOCTH IUIEHOK, MOJYYEHHBIX
u3 ogHoro tumna [1I'A — nonu-3-ruapokcuOyTHpara, moKazauo, YTo KOJIUYECTBO
nop ObLJIO B MPUHIIUIIE Y BCEX 7-MU 00pa3oB OJU3KUM U JIeKAJIO B IUAMA30HE
32,8-46,5 mxm/1 000 MKM, B OTJIMYHE OT pa3MepoB MOP, Y ITUX 00pasloB, KO-
TOpbIE OTIMYAIUCH 3HAYUTENbHO. TaK, cpeaHss TIoaab nop Oblia MUHUMAIIb-
HoH, 1,9 u 2,4 MmxMm y mieHok, nonydyeHHsix u3 [1(31'b), cunresupoBanHoro, co-
OTBETCTBEHHO, Ha rimoko3e u jaypuHoBor JKK. Bce comosmmmMmepHbie UIeHKH,
324 UCKIIFOYEHUEM TMOJYYEHHBIX U3 3X-KoMnoHeHTHOro I1I'A, cnHTEe3npOBaHHOTO
Ha MOJICOJTHEYHOM Macie, OTANYAINCh 0oJiee KpYIHbIMU mopaMu. CpeiHss mIo-
maap nop cocrasuna 14,0; 21,7 u 24,7 MKM, COOTBETCTBEHHO, Y TICHOK U3 CO-
nosmmMepa [1(3T'6/31I'B) cuHTe3npoBaHHOTO Ha OJIEMHOBOW KHUCIIOTE; M TUICHOK
u3 [I(3I'6/3I'B/3I'T) Ha maabMOBOM M PHDKMKOBOM Maciax. JTH OTJIWYHS Ha-
U OTpaKeHHE B MHTETPAIBHOM IOKa3arese — oOmiel miomaau mnop. Camele
HU3KWE 3Ha4YeHus oluieil miomanu nop, 59 u 110 MKM, 3aperucTpupOBaHBI
y iieHok u3 I1(3I'b), cuHTe3MpOBaHHOTO Ha TIIIOKO3€ M JaypUHOBOM KHUCIIOTE,
a Takxe Ha oOpasiie u3 nojconHeunoro macia (80 mxm). [lnomans mop y cormo-
JUMEPHBIX IJICHOK OblIa B HECKOJIBKO pa3 BBIIIE; CaMble€ BBICOKHE 3HAYEHHUSA
(690 u 874 mxm) Oputn y tieHok u3 II(3I'B/3I'B/3IT), cuHTe3upOBaHHBIX
Ha PbDKUKOBBIM U MaJIbMOBOM DPACTUTENIbHBIX Maciax. Takum oOpazom, I1T'A,
CUHTE3UpPOBaHHbIE Ha pa3nuuHbiXx C-cyOcTparax, pas3dyaroluecs COCTaBOM
MOHOMEpOB, OO0ECHEYMBAIOT BO3MOXXHOCTb TIOJyYE€HHSI HAJIMBHBIX IUICHOK
C Pa3JIMYHON MOPUCTOCTHIO.
Ucnons3yemsbiit  ans  cunteza [II'A  C-cybcTpaT, Kak 0Kas3ajiaoch,
HE OKa3bIBaJl BIMSHUE HAa BEJIMUMHY KPAaeBOrO yrila CMAayMBaHMS, KOTOPBIN SIB-
JISIETCS. KOCBEHHBIM TOKa3zaTelieM TUIPOPUIHLHOCTA TOBEPXHOCTH. BenmuuunHa
yria y BceX 00pasIloB IJICHOK Obuta Onm3koit (puc. 2). Ilnenku, mogyyeHHbIC
u3 oopasnoB I1(3I'b), cuHTE3MpOBaHHBIX HA TJIIOKO3€, TIIMIIEPUHE, a TaKkKe
Ha KK, umenu npakTuiecku OJMHAKOBYIO BEJIMYMHY yIJIa.
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Puc. 2. [TokazaTenu KpaeBoro yria MoBepXHOCTH IUIEHOK, oy4eHHbIX u3 [IT'A,
cuaTe3npoBanHbx C. necator IBP-21 na paznuunsix C-cyOctpatax: 1 — COy; 2 — rmnepuH,
3 — ¢pykTo3a; 4 — rMI0K03a; S — JaypUHOBas KUCIO0TA; 6 — MUPUCTHHOBAS KMCIIOTA,

7 — MaTbMUTHHOBAS KUCIIOTA; 8 — OJIEMHOBAs KUCIIOTA, 9 — MaJIbMOBOE MaclIo;

10 — peoxukoBoe Macno; 11 — noaconHedHOE Macio
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OTMeUEeHHOE HECKOJIbKO CHUKEHHbIC 3HAYEHUsI KpPAeBOTO yrjia CMauduBa-
HUS i TUieHOK, monydeHHBIX u3 [I(3I'B), cuHTE3MpoBaHHBIX Ha QPYKTO3E
u conosmmmepa [I(3I'b-co-3I'B-co-3I'T"), cuHTE3MpOBaHHOTO Ha MaJbMOBOM
Macje, cooTBeTcTBeHHO, 80,8 + 17,33° m 83,3 + 895° oka3amoch
HE T0CTOBepHBIM (Tipu ypoBHE 3HaunMocTd o = 0,05). AHaNOrMYHO BEIMYHMHE
yriia MOBEPXHOCTHU IUICHOK, MOJydeHHbIX U3 romomnonumepa [I(3I'b), ormeueH-
HO€  HE3HAYUTEIbHO  TOBBIIIEHHBIE  3HAYEHUS  yrida s IJICHOK
u3 conomuMepHbix [II'A, CcHHTE3MpOBaHHBIX HA MOJCOJIHEYHOM  Macle
U oJlenHOBOM Kuciore (95,5-95,7°), Takke CTaTHCTHYECKH HE JOCTOBEPHO. Ta-
KUM 00pa3oM, BCe THUIIBI IUICHOK, MOMy4YeHHbIe u3 oOpa3ios [1I'A, cunTe3upo-
BanHbiX C. necator IBP-21 na paszmumunbix C-cyOcTpaTax, UMEIOIIHE OJIM3KHE
3HAQYEHUS! CTENEHU KPUCTANTIMYHOCTU U TeMIIEpaTypHbIC NTOKa3aTEIu, HE UMEIIH
JIOCTOBEPHBIX OTINYMI MO BEIUYMHE KPAeBOTO yrila CMAauMBaHUS BOJIOM.

3akioueHue

HccenenoBaHo ceMENCTBO MOJMMEPHBIX IUIEHOK, MOJydeHHbIX n3 [IT'A,
CUHTE3UPOBAaHHBIX Ha pa3nuuHbix C-cyOctpartax. s Bcex tumoB IIT'A, Hesa-
BUCUMO OT HCMOJb30BaHHOTO C-cyOcTpaTa, ompeseneHbl OMU3KUE 3HAUYCHUS
kpaeBoro yria. Tun C-cybcTpara BiIMsI HA MUKPOCTPYKTYPY U IOPUCTOCTH T10-
BEPXHOCTH MOJIMMEPHBIX IUICHOK, BKIIFOYAs! KOJIUYECTBO MOP U UX Pa3MEPBL.

bnazooapnocmu

Asmopul gvipadicarom 6a1a2o0aprHocms KpacHosapckomy Kpaesomy HayyHO-
uccneoosamenvckomy yenmpy DHI] «Kpacnoapckuii  Hayuuwlii  yeHmp
CO PAH» 3a npedocmasnennoe 060pyoosarue 0jisi J1eKMPOHHbIX MUKPOCKONU-
YecKUXx Uccieo08aHull.
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CTPYKTYPHbIE XAPAKTEPUCTUKU BAKTEPUAIIbHON
HAHOLUENNONO3bl, CHHTE3UPOBAHHOMN NPOAYLEHTOM
KOMAGATAEIBACTER XYLINUS B-12431 HA ®EPMEHTATUBHbIX
r’MOPONU3ATAX MUCKAHTYCA U LLENYXU OBCA™

Nn. A. Anewwuna’, E. K. Mapgblwesa’,
B. B. BynaeBa?, E. A. Ckn6a’, I'. B. CakoBuy®

Ydedepanvroe cocydapecmeentoe Grodxcemmoe 0bpazosamensroe yupescoenue Bbicuiezo
obpaszosanus «llempozasodckuii cocyoapcmeerntuiil ynusepcumemy, Poccus, 185910 ,
Pecnybnuxa Kapenus, [lemposzasoock, npocn. Jlenuna, 0. 33; e-mail: rectorat@petrsu.ru
Z@edepaﬂbﬂoe 2ocyoapcmeennoe 0roacemuoe yupescoerue Hayku Mucmumym npobiem
Xumuko-sHepeemuyeckux mexronoauti Cubupckozo omoenenusi Poccutickoii akademuu
nayk, 1, Poccus, 659322, 2. Buiick, ya1. Coyuanucmuueckas, I; e-mail: ipcet@mail.ru

bakrepuanbnas nanouestonosa (bHIL) numeer oTnnunTenbHbIe CBONCTBA,
KOTOpBIE MIPEBOCXOAT CBOMCTBA PACTUTENBHOM LEUTION03bI. K TaKUM CBOWCT-
BaM MOKHO OTHECTH €€ CTPYKTYpPHBIE€ XapaKTEpPUCTHUKH, & UMEHHO BBICOKYIO
CTEIEeHb KPUCTAJUIMYHOCTH U BBICOKOE cojiepxkaHue aiomopda /o B oOpasnax.
MIMeHHO NpeuMyIlecTBEHHOE cojepkaHue ajiomopda /o Mo3BOJsSET WUICHTH-
bULIMpPOBaTH MUKPOOUATEHOE MTPOUCXOXKIACHUE 1EJUTI0103bI [1]. OgHako cTpyk-
TypHble XapakTepuctuku oOpasinoB BHII Moryt u3MeHsThCS Moj JIeHcTBUEM
paznuuHbIX pakTopoB B npoiecce buocunte3 bHII. K oqnomy u3 takux dakro-
POB MO>XHO OTHECTH COCTaB MUTATEJIBbHOM Cpebl [2].

Hean padorsl — uccnenosanne obpasnoB bHII, cuatesupoBaHHbIX pa3-
HBIMH TPOJAYIEHTAaMH Ha (EPMEHTATUBHBIX THUAPOIM3aTAX MHCKaHTyca
U menyxu oBca, merogoM PCA, Tak Kak B HacTOsIEE BpeMsi 3TOT METOJ MpH-
3HAaH apOUTPaKHBIM [3].

MarepuaJjbl 1 METObI

Jlns xyneTHBHpOBaHMsS mpoxayleHta koiviekiuun BKIIM  Komagataei
bacterxylinus B-12431ucnons30Bajii MUTATENBHBIC CPEABI CISAYIOIIAX COCTa-
BOB: 1) cuHTeTnueckas cpena Xectpuna-lllpamma: rmoko3a — 2 %, mentoH —
0,5 %, mpoxxkeBoit skcTpakT — 0,5 %, Na,HP0, — 0,27 %, nuMoHHass KACIIOTa —
0,115 %; 2) dbepMeHTATUBHBIN THAPOIM3AT TEXHUYCCKON IEIUTFOI03bI MUCKAH-
Tyca, MOJYYCHHON a30THOKHUCIBIM criocoooM [4]; 3) depMeHTATHUBHBIN THIPO-
JAU3aT TEXHUYECKOW WEJUII0NO03bl IIeIyXH OBCa, MOJTYYEHHOW a30THOKHUCIBIM
cnocooom[4]. buocunte3 BHI] Ha maHHBIX MUTATENBHBIX Cpedax MPOBOIUIIH
B cieayromux ycioBusx: temmeparypa — 30 °C; mpomomxuTenbHOCTh — 14
CYTOK, CTATUYECKUI CITOCOO KYJIbTUBUPOBAHUS.

PesyabTarsl

[Tonyyena u uccienoBaHa cepusi 0Opa3loB OaKTEpUATbHON LEIUTIOIO3bI.
Hudpakrorpammbl 06pa3noB BHI[ Obuin 3aperucTpupoBaHbl B JBYX I€OMET-

© Anemmna JI. A., I'mapeimesa E. K., bynaesa B. B., Cxu6a E. A., Cakosuu I'. B., 2021

* HccenenoBaHue BBITIOHEHO 3a cyeT rpanTa Poccuiickoro HayuHoro gonma (mpoekt Ne 17-19-01054).
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pUsX: Ha OTpakeHHE M MpoxoxkaeHue (mpocser) Ha audpaxtomerpe IPOH-6.
[TonpoOHO METOMUKHU pacdeTa PEHTTCHOCTPYKTYPHBIX XapaKTEPUCTUK U METO-
JIMKA MOJTHONPO(PUIHLHOTO aHAIM3a OMKCaHkI B [5].

Pe3ynbTaThl pacuera MOJy4YE€HHBIX B T€OMETPUU Ha OTpakeHHe audpak-
TOTPaMM METOJIOM TMOJHOMPO(PUIBHOTO aHAIKM3a MOKa3alM, YTO CTPYKTYpa BCEX
UCCJIEIOBAHHBIX 00pa3IOB MPEUMYIIECTBEHHO COOTBETCTBYET ayuioMopdy la,
coAepKaHUE KOTOPOT0 M3MEHSIOCHh HE3HAUUTENbHO, OT 93,0 % mo 94,0 %. Pac-
YeT CTENEHH KPUCTAJIUIMYHOCTU B F€OMETPUU HA OTPa)KEHUE TMOKa3all, YToO JaH-
HBIM Tokazarens u3mensercs oT 90,0 % no 94,0 %, a B reomeTpun Ha MPOCBET —
ot 89 % 1o 100 %.

3akiiroueHue

[IpoBeneHHbIE  HCCIENOBAaHUSI  TO3BOJISIIOT — CAENATh  BBIBOJ, 4YTO
npu OuocunTeze BHI[ coctaB muTaTenbHOM cpeapl HE OKa3bIBAE€T BIIMSHHS
Ha PEHTIEHOCTPYKTYPHbBIC XapaKTepUCTUKU 00pa3oB. CTeneHb KPUCTAITUYHO-
CTU U cojaepxkaHue amiomopda lo B oOpasliax HU3MEHSIIOTCS HE3HAUYUTEIIBHO
B [Ipe/IeTaX NOTPEUTHOCTH.
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Properties of polymeric materials, including P(3HB), can be improved by
using biological, chemical, and physical methods such as fabrication of P(3HB)
composites with other materials, biosynthesis of PHA copolymers, chemical
modification and physical treatment of the surface of polymer products. These
methods help, more effectively or less effectively, change the properties
of polymer products, increase their biodegradation rate, enhance their flexibility
and mechanical strength, increase surface hydrophilicity and porosity
to facilitate cell attachment, improve gas dynamic properties of the products,
and enhance their permeability to substrates and metabolic products of cells
and tissues. Laser treatment is a relatively new approach to modification
of polymer products. Its main advantage over other treatments is that it modifies
the surface selectively, without destroying the material or producing toxic sub-
stances.

Laser ablation is widely used today to treat various materials (metals, ce-
ramics, glass, and polymers). Polymers attract considerable interest because
of their unique properties such as light weight, corrosion resistance, lower fric-
tion properties and less wear compared to metals, and high application potential
especially for biomedicine. Laser ablation is the top-down process of removing
material by focusing the laser beam onto the material. Ablation occurs only
when the material absorbs enough energy to be melted or vaporized.

The aim of the study is to modify the surface of polymeric films made
of PHA of various compositions by laser treatment.

© Volova T. G., Golubev A. I., Nemtsev I. V., Lukyanenko A. V., Dudaev A. E., Shishatskaya E. I.,
2021

* The part of the reported study on polymer synthesis and examination was funded by RFBR and KKRF
Grant No. 19-43-240012 “Biological and physical principles of production of new generation biomaterials”.
The work on production and investigation of polymer films was carried out as part of the State Assignment
of the Ministry of Education and Science of the Russian Federation No. FSRZ-2020-0006.
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Materials and methods

Films were prepared from: poly-3-hydroxybutyrate and three copolymers
of 3-hydroxybutyrate: with 4-hydroxybutyrate, 3-hydroxyvalerate, and 3-
hydroxyhexanoate (each second monomer constituting about 30 mol.%). Laser
treatment of the surface of flexible transparent polymer films was performed by
moderate uniform irradiation of the surface, using CO, laser LaserPro Explorer
Il (Coherent, U.S.). The varied parameters were power and speed of processing
and processing modes: in the focused mode, continuous wave treatment was per-
formed linearly (line by line) and in the quasi-pulsed mode, raster engraving
(point by point) was used. Power was 3 and 13.5 W; speed was 1 and 2 m/s.

Results

For the first time, the properties of the solvent casting films obtained from
PHA of various compositions, processed by a laser in various modes have been
investigated. New knowledge has been obtained about the effects of laser
treatment of a promising class of biodegradable polymers. Modification
of polymer film surfaces in the continuous wave mode causes formation
of the melt that cannot be removed by differential vapor pressure, resulting,
when the film cools off, in partial sealing of the hollows formed during
treatment. Thus, sintered (smoothed) grooves are formed. High-resolution SEM
images (bar = 30 um) show sintered and smoothed regions on the films prepared
from PHAs except for the films of P(3HB-co-4HB). On the initially most porous
P(3HB-co-4HB) films, numerous pores were formed after laser treatment,
and most of them were large (3.0-3.5 um) (Fig. 1).

Continuous wave mode Quasi-pulsed mode

P(3HB) 100 mol%
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P(3HB-co-4HB) = 64.5: 35.5 mol%

Fig. 1. Continue

Polymer films were treated in the vaporization mode. In this mode,
the temperature of the material in the exposed region is higher than its melting
point, and material is removed in the form of mist. This mode requires
the highest specific power consumption, and it is usually performed
in the pulsed or quasi-pulsed laser mode. The treatment in the quasi-pulsed
mode caused more significant sintering of the copolymer films, on which larger-
diameter pits were formed, and their area and the total modified area were
greater and inter-pit spacing was smaller than on the more thermostable P(3HB)
films (Fig. 1). Like in the experiment with continuous wave treatment,
on the initially most porous films of P(3HB-co-4HB), numerous large (2 to 3.0-
3.5 um) pores were formed.

Differences in the modification of the film surface depending on the type
of PHA were revealed for each radiation mode. Laser-treated P(3HB) films ex-
hibited a decrease in water contact angle, which was more significant after
the treatment in quasi-pulsed mode; roughness parameters were changed by
the treatment in both modes. Continuous wave line-by-line irradiation caused
formation of sintered grooves on the film surface, which had some change water
contact angle (76° —80°) and reduced roughness parameters (to 40-45 mN/m) for
most films. Treatment in the quasi-pulsed raster mode resulted in formation
of the pits with no pronounced sintered regions on the film surface, decreased
water contact angle more significantly (67°-76°), and increased roughness
of most specimens.

Biocompatibility of cell scaffolds is to a great extent determined by physi-
cochemical reactivity of their surface. The main factors that regulate cell growth
and function are scaffold surface topography, roughness, structure, and chemical
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and phase compositions. The initial behavior of the cell on the surface largely
determines subsequent processes of cell differentiation and proliferation. None
of the films, regardless of the PHA composition and treatment mode, had any
negative effect on the functional properties of cells relative to the control (poly-
styrene). None of the films, including laser-treated ones, exhibited cytotoxicity
to the NIH 3T3 mouse fibroblast cells. However, the number of viable cells de-
termined in the MTT assay differed depending on both PHA composition and
laser treatment mode (Fig. 2).

Cells * 105/cm?

A

Fig. 2. Numbers of viable cells in MTT assay in the 6-day-old culture of NIH 3T3 fibroblasts
on pristine and laser-treated films of PHAs with different composition: 1 — P(3HB);
2 — P(3HB-c0-3HV); P(3HB-c0-4HB); P(3HB-co-3HHX); A — pristine (non-treated) films;
B — continuous wave mode, C — quasi-pulsed mode

Colorimetric test to assess metabolic activity of cells (MTT) assay in NIH
3T3 mouse fibroblast culture showed the number of fibroblasts on the films
treated in the continuous wave mode was somewhat lower; treatment in quasi-
pulsed radiation mode caused an increase in the number of viable cells by
a factor of 1.26 to 1.76, depending on PHA composition. This is an important
result, offering an opportunity of targeted surface modification of polymer prod-
ucts aimed at preventing or facilitating cell attachment: e. g., to reduce for-
mation of biofilm on plastic food packaging and vice versa, to stimulate devel-
opment of cell cultures on films used as cell scaffolds in cellular engineering
technologies.
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NMOJIMMEPHBIE 3D-MUKPOCTPYKTYPbIl B BUOJIOIUNA:
OT MUKPOOMNTUKM OO KNETOYHbIX KAPKACOB®

A. B. NMucapeHko, [1. A. KonbimaruH,
A. C. bypkatoBckun, 1. A.4youny

Mocrkoesckuii pusuxo-mexnuueckuti uncmumym (Hayuonanvuwiil ucciedosamenbCkutl
yHusepcumem), 141701, Mockoeckas obaacmo, 2. Jloneonpyounsiii, HMncmumymckuii nep., 9;
e-mail: mipt.3D@gmail.com

Texnonorust npsimoro JsazepHoro nuckMa (DLW) monyuuna mumpokoe
NpUMEHEHUE B OMOWH)KEHEPUU W OMOMEAMIIMHE ISl TaKuX IeNield, KaK Meau-
[MHCKAasl XUPYprus, JO0CTaBKa M aHaiIM3 JieKapcTB [1], a Takxke cCo3JaHUU Tpex-
MEpHBIX KapkacoB wiu matpukcos (scaffold) mis kinerounbsix TexHomoruid. Oc-
HOBHBIM ITPEUMYIIECTBOM CTPYKTYP, U3TOTOBIICHHBIX B KaU€CTBE MaTpPUKCa Me-
togoM DLW, sBisieTcst BO3MOXKHOCTh CO3/1aBaTh JIFOOYIO CIIOKHOIO TPEXMEPHYIO
aApXUTEKTYPY C CYOMUKPOHHBIM Pa3pelieHUeM, a TaKKe HUCIOIb30BaTh NSl W3-
TOTOBJICHUSI CTPYKTYp OMoOcoBMecTUMble (OTOpe3ucThl. B3aumopeiicTBue me-
Ky KapKacamMu, U3rOTOBJIEHHBIMH MeToAoM DLW, u mmpokum CiekTpom Kiie-
TOYHBIX JIMHWM, BKJIIOYas HEHPOHOIMOJO00HBIC KIJIETKH, aKTUBHO MCCIEIYETCS
B HacTosIee Bpems [2, 3].

Metox npsimoro sazeproro muckma (DLW — Direct Laser Writing) ocHo-
BaH Ha mpoiecce ABYX(OTOHHOTO MOMIONIEHUS] (EMTOCEKYHAOTO J1a3epHOI0
U3JIydeHus MoJiekynamu ¢oTtoununuaropa. Ilepexon monexkyn ¢doTomHULIMA-
TOpa Ha BO30YXKJIEHHBIN YPOBEHb 3aITyCKAET PEAKIUIO0 MOJMMEPU3AINH MOHO-
Mepa, U NpHU JBHKEHUU JIA3€PHOTO JIy4ya OTHOCUTEIBHO IMOJJIOKKH MO3BOJISET
IIOJIy4aTh MOJIMMEPHBIE CTPYKTYPBI PA3JIMYHOMN CIIOKHOW TOMOJIOTMU. THUIIHYHOE
paszpenieHue JaHHoro Metoja cocrtapisier 200 HM B jaTepajbHOM IIOCKOCTH
n 600 uM B akcuanmpHOW. CTOUT OTMETUTH, YTO paspemieHue meroga DLW
MOXeT ObITh ynydmieHo 10 100 HM U MeHee pa3IuYHBIMH METOJaMH, TaKUMH
kak STED [4].

Heas padorsl — merogoMm DLW wu3roroBieHue TpeXMEpHBIX MHUKPO-
CTPYKTYp (TmOJMMEpHbIE MUKPOJMH3BI HA TOPIIE ONTUYECKOTO BOJIOKHA), UMEIO-
e OoJbIIMe MEePCIEeKTUBBI JJIsl UCIOJIb30BaHUSI B KAUYECTBE MUKPOOOBEKTHUBA
HHJIOCKOTIIA.

PesyabTarsl

Ha puc. 1 npencraBieHa Mojelb IMOJUMEPHOM  MHUKPOJWH3BI
JUIS IPUMEHEHUH B 3HI0CKONUU (A) M U3TrOTOBJICHHBIN NOJUMEPHBbINA Kapkac (B)
pa3MepoMm sYeKu 26 MKM C BBICESTHHBIMU KiieTkamu jimann HEK293.

© Ilucapenko A. B., Konsivarun . A., Bypkatosckwuii [I. C., Uyouu [I. A., 2021

* Paborta BbINOJIHEHA NTPU TIoAepkke rpaHTa PODU Nel§-29-20129.
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Puc. 1. Monenb nonuMepHOi MUKPOJIMH3HI 1JIs1 IPUMEHEHUH B 3H0cKonuu (A)
Y U3TOTOBJICHHBIN MOJIMMEpHBIN Kapkac (b) (3emeHbrit) pazmepoM siueiiku 26 MKM
¢ BbICestHHbIMH KieTkamu JiuHud HEK293 (okpamenst MeMOpaHHBIM KpacuTelleM, KpacHbIN);
n300pakeHre KOH(POKAILHOIO0 MUKPOCKOIIA

JI1s1 U3roTOBJICHHBIX MUKPOJIMH3 3HAYEHUE CPEIHEKBAJPATUYHON IIepo-
XOBATOCTH MOBEPXHOCTH, OMPEAECIEHHOE METOJIOM aTOMHO-CHJIOBOM MHUKPOCKO-
nuu, coctaBuiio MmeHee 50 HM. Mopdosiorusi MUKpPOJIMH3 TaKKe HMCCIeA0BalIach
METOJOM 3JIEKTPOHHOW M aTOMHO-CHJIOBOM MHUKpockonuu. Ha crienunanbHOM yc-
TaHOBKE, MO3BOJISIONIECH TOJy4aTh U aHAIU3UPOBATH U300paKEHUE ONMTHYECKOM
MUpPBI B MUKPOJIMH3aX, MMOJYYEHbl 3HaUeHUs1 pa3zMepa (POKYCHOTo IMATHA U pa3-
peleHust MUKpoauH3. [IpeanoxkeHHble MUKPOJIMH3bI U MACCUB MUKPOJIMH3, U3-
TOTOBJICHHBIE HEMOCPEJACTBEHHO Ha MHOTOXHUJIBHOM JHIOCKOMUYECKOM BO-
JIOKHE, BO3MO’KHO HCIMOJIb30BaTh B Ka4€CTBE OOBEKTHBA MUHUATIOPHOTO CYO-
MUJITUMETPOBOTO SHJIOCKOMA JIJI1 MAJIOMHBA3UBHOTO MCCIIECOBAHUS KUBBIX Op-
TaHU3MOB.

Jpyroit mpuMep OMONOTUYECKUX MOJUMEPHBIX CTPYKTYP, U3TOTOBICHHBIX
METOIOM MPSIMOTO JIA3€PHOIO MUChMa — 3TO MOJIYYEHHbIE KJIETOUHbIE KapKACHI.
TpexmepHas ¢popma KapKacoB ¢ CyOMHUKPOHHBIM Pa3pellieHUEM O3BOJISIET aHa-
JU3UPOBATh MOBEAECHUE BBICESHHBIX KJIETOK B MPOU3BOJIBHBIX TPEXMEPHBIX Cpe-
JaX CIOXXHOM TE€OMETPHHM, UTO NPEAOCTABISIET MHOIO IPEUMYLIECTB
10 CPAaBHEHHIO €O cTaHAapTHhIMU 2D-cyOctpaTtamu. M3roToBieHBl KapKachl
B BUJIC MacCuBa sueek KBaapaTHoW ¢opmbl co cropoHoil oT 10 mo 30 MM
1 BbIcOTOM OT 1 10 30 MxM. Ha maHHbIe CTPYKTYpHI BHICESIHBI U B TEYEHUE CYTOK
uHKyOupoBanbl kietku quHun HEK293, mocne dero metogoM xoH(OKaIbHOM
MUKPOCKOIIUU AETAIbHO HUCCJIEIOBAHO MOBEACHUE KJIETOK, B YACTHOCTH BO3-
MOHOCTh KJIETOK MPOHHUKATh BHYTPb CTPYKTYp. lIpomemMoHCcTpupoBaHO, YTO
IIpU MaJIbIX pa3Mepax sSYEHKH BCE KIJIETKH pacrojaralorcsi MoBEepX CTPYKTYD,
aIpu KPYMHBIX pa3Mepax SYeMKU MPOHUKAIOT BHYTPh CTPYKTYP, YaCTHUYHO
MPUKPEIUISSICH K MOJJI0KKE (cM. puc. 1). OnpenesneH rpaHuYHBIN pa3Mmep sueek,
Ipd  KOTOPOM  HA4YMHAETCS  IPOHUKHOBEHHUE KIETOK B  CTPYKTYPHI.
J{nst pa3nuYHBIX KJIETOYHBIX JIMHUM JaHHOE 3HA4YeHUE OYyIeT OTJINYaThCs
M3-3a pa3JIMYHOr0 MHBA3UBHOIO MOTEHIIMaIa [S].
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3akioueHue

CKOHCTpYHpPOBaHHBIE TEXHOJOTHEN MpsiMOro JazepHoro nucbma (DLW)
KapKachl TPUTOAHBI Ui BBIACICHUS W HCCIEIOBAHUA EAUHUYHBIX KIIETOK
Y COPTUPOBKH KJIETOK B 3aBUCMMOCTH OT UX MHBA3UBHOTO MOTEHIIMANIA.
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BUOMOJIMMEP M(3rb-CO-3IB) ANA 3D-bUOMNEYATU TBEPAbIX
TKAHEW METOOOM NOCJIOUHOIO HAMJTABJIEHUA MATEPUANA

K. A. Kuctepckunin'?, A. B. DemuaeHko’, E. I'. Kucenes'?,
C. B. BapaHoBckuin®, A. . Bacunbes**, A. I'. CykoBaTbIii*?,
E. U. Wnwaukan®?

1Cu6upc;<uﬁ geoepanvuviii ynusepcumem, Poccus, 660041, Kpacnospck, np. Ce0600mwiil, 79
2HHcmumym ouoguzuxku CO PAH, @edepanvhblii ucciedo8amenbCKull yeHmp
“Kpacnospcxuii nayunoiii yenmp ”, Poccus, 660036, Kpachospck, yi. Akademeopooox 50/50
3@e()epaﬂbublﬁ uccneoosamenvckui yeump “‘Kpacnosapckuii nayunuli yenmp”
Poccus, 660036, Kpacrospck, ya. Akademeopodox 50,
4HHcmumym Guszuxu um. JI. B. Kupenckoeo,

Poccus, 660036, Kpacrospck, Axademeopoook 50/12

AJITUTUBHOE TIPOU3BOJICTBO SIBJISIETCSA HauOOJIee AaKTUBHO pPa3BUBAIO-
nieiicst chepoit B nocnennee necaruwierue. McnonszoBanue 3D-puHTEPOB 10-
3BOJISIET CO3/]aBaTh W3JIENUs CJIOKHOM T€OMETpUYEeCcKOr (GopMbl, obamaromiue
CBSI3aHHOU TOMOJOTHEN. KIilFoueBbIM TPEHIOM MPEAbIAYIINE S5 JIET SIBISAIACH MO-
nuduKaIms TEXHOJOTUN U mporeccoB 3D-nevatu, 4To MO3BOJISIIO PACIIUPUTH
BO3MOXHOCTH npuMeHenust 3D-nipuntepoB [1]. Haubonbiee pacnpoctpaneHue
MOJIY4YMJia TEXHOJIOTUSl IOCIOMHOTO HAIUIABJICHUS TEPMOIUIACTUYHOTO Mare-
puana. IlocnenHue rojpl MNPUOPUTET HCCIENOBAHUNA BCE Yallle NEPEXOAUT
Ha CTOPOHY HCIIOJIb30BaHUSI HOBBIX MAaTE€pUAJIOB, MO3BOJSIONIMX KOHCTPYUPO-
BaTh HOBBIE TUIIBI U3/eUM BO BCE OombIux cdepax [2].

CuHTeTHYEeCKHUE MOJMMEPHBIE MaTepUalbl CTald HEOTHEMJIEMON 4YacThIO
Hamed ku3Hu. OJHUM U3 MHOTOOOEHIAIOIINX MaTepHalioB, CIIOCOOHBIN 3ame-
HUTh MHOTHE IIACTMACChl HAa YIJIEBOJIOPOJHON OCHOBE, SIBISIETCS KJIACC IMOJH-
MEpOB MOJIMTHApOKcHaikanoatoB (namee — [II'A). DToT kiacc obnagaet psaoM
KJTFOUEBBIX CBOMCTB — IMOJHAsi OMOCOBMECTUMOCTh W KOHTpoJMpyemas Ouoje-
rpajaiys, BapruabeIbHOCTh MOJIEKYJISIPHOTO COCTaBa, TEPMOIUIACTUYHOCTH [3].
buotexHOMOrnuecKuii NpoLecc CUMHTE3a ATUX MOJIMMEPOB MO3BOJISIET MOIYYaTh
crabunbhbie naptun [1I'A ¢ 3ajaHHBIME XapaKTePUCTUKAMH.

Hean padoThl

HccnenoBanue CBOWCTB MOBEPXHOCTU, (PU3UKO-MEXAaHMYECKUX XapaKTe-
pUcCTUK 00pa3iia u3 noyu(3-rTuApPOKCUOyTHpaTa-co-3-TUApOKCUBaIepaTa), moj-
TOTOBJICHHOTO ISl WCIIOJB30BaHUS B Ka4yeCTBE KapTPUIKHOTO MaTepualia
IS CepUHBIX ~ 3D-pUHTEPOB  TEXHOJIOTUM  IMOCJIOMHOIO  HAIUIABJICHHS
matepuana (FDM).

Marepuajibl 1 METOAbI

FDM-nipuHTEphI UCTIONB3YIOT B KaU€CTBE KapTPHUIKHOTO MaTepuasa mnpy-
TOK TEPMOIUJIACTHYHOTO mojuMmepa. B pabote ucnonszoBan FDM 3D-nmpuntep
Imprinta Hercules (Poccust). Jlns paGoTsl 3TOro mpuHTEepa HEOOXOIUMO TOJIY-

© Kucrepckuit K. A., Jemunenko A. B., Kucenes E. I'., bapanosckuit C. B., Bacunse A. /.,
CyxkoBarteiit A. T'., lnmankas E. U., 2021
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YUTh TOMOTE€HHBIN MOJUMEPHBIA MPYTOK AUaMeTpoM 1,75 MM ¢ OTKIOHEHHEM

He Ooniee 10 %. [lnsa oskcrpy3um TepmoruiactuyHoro III'A  ucnonb3oBaH

skcTpynep Brabender Kompaktextruder KE19. Mertoauka uW3roToBiIeHUS

NpyTKa  M[pEearojaraeT  Jerasaluio,  TOMOIEHU3alUUI0 U KCTPY3HUIO.

{1 paBHOMEPHOTO TUIABJIEHHUS U PACIIPEETICHUS TOJIMMEPHON MACChl B MPYTKE
WCIIOJTHEHO 4 LMKJIA TJIaBJICHUS-KPUCTAJUIM3ALNH TOJIUMEPA B IKCTPYAEPE.

JIns onpeneneHust CTPYKTYPHBIX M3MEHEHUHN Ha BCEX CTAUAX IUIABICHUS
MOJIMMEPHOTO MpOBeJeH (Pa30BbIi aHANU3 C UCIOJIb30BAHUEM PEHTIE€HOBCKOTO
mudppaxtomerpa D8 ADVANCE (Bruker, 'epmanus, 2000). CpaBHeHHE dKCIie-
PUMEHTAIBHBIX 3HAUEHHN MEXIUIOCKOCTHBIX PACCTOSSHUNA U OTHOCUTENIbHBIX WH-
TEHCUBHOCTEN C 3TAJOHHOW PEHTTEHOTPAaMMOM MO3BOJIAET CYyIUTh 00 M3MEHE-
HUSIX B CTPYKTYype monumMepa. B kauecTBe sTanoHa NpUHAT 00pasell, He MOoABep-
raBUIMICS TEPMHUUECKON 00paboTKe.

Pe3yabTaThl

[TomydyeHHble B Mpouecce AKCTPY3UU MOJMMEpPHBbIE NMPYTKUA ObLIA TOMO-
TeHHbl M HMEJU OTKJIOHEHHE OT HeoOxoaumoro nuamerpa He Oonee 4 %,
a cpenHui auameTp coctaBui 1,76 MM, 4YTO TIONAZAaeT B JIOIYCKHU
JUIsL KOppeKTHOM pabotsl 3D-mpunHTepa. B mpouecce 3KCTpy3uu U MOTy4YEHUs
IIPyTKa CTENEHb KPUCTAUIMYHOCTH ITOJIMMEPA YBEIUYWIACH HE3HAYUTEIBHO
c 55 no 61 %, 4To B LEJIIOM U CBOMCTBEHHO I MOJYKPUCTAIMYECKUX ITOJIH-
MepHbIX MaTepuaioB. M3BectHo, uro s [1(3['B) creneHp KpHCTAIUTMYHOCTH
U3MEHSICTCS B Auanazone 66—78 % [4].

CBoiicTBa MOBEPXHOCTH HANIPSIMYIO BIUSIOT HAa MOBEJACHHUE KIETOK, UX pe-
aKuuio ¢ 3ToM moBepxHocThio. HMcmonw3ys yctpoictBo Kruss (I'epmanust)
JUTSl OLIEHKU KpPAeBOI'o yrjla CMauyMBaHUs MOJISIPHOM U HEMOJSPHOU JKUIKOCTBHIO
YCTaHOBJICHO, YTO MPH OJM3KUX 3HAYEHUSX KPACBOTO yria CMauMBaHUs SHEPTUs
MOBEPXHOCTHOT'O HATSXKEHUSI M BEJIMYMHA CUJI CUEIUJICHUS BBILIE, a CBOOOJHAs
3Heprusi Mex($azoBoil MOBEPXHOCTU HUXKE, YEM y aHAJIOTMYHOTO COIOJIMMEpA,
MOJIYYEHHOTO C MPUMEHEHHEM PacCTBOPHBIX TexHojorui (tadmn. 1). Takas pas-
HUIIA MOXET ObITh OOBSICHEHA OTJIMYMEM CTPYKTYpPhl MOBEPXHOCTHU IJIEHOK I10-
JIY4EHHBIX METOJIOM OTJIMBa pacTtBopa u FDM-usaenui.

Tabmuma 1
CpaBHEHHE KpaeBOro yrila CMaulBaHus pa3HbIx coctaBoB [1I'A
. CBobonHas
KoHTaKTHBIIH Benuuuna
. IToBepxHOCTHOE JHEpIus
KpaeBoi yrou . CHIT
[Tonmumep HaTsDKEHUE, Mex(pazoBoit
CMaYUBaHUSI 2 CLICTICHUSI,
S apr/cm HOBerHOgTI/I, Spr Jont
’ apr/cm
[1(3I'B) 70,0+ 04 32,8 7,9 97,7
[1(3I'b-co-
37mo0m.%3B) 62,5+ 2,0 38,9 53 106,4
[1(3I'b-co-
15M0.%3TB) 66,2+ 2,5 45,8 1,9 116,7
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Okonuyanue Taoi. 1

o CBobOogHast
KonTakTHbI Bennuuna
o IToBepxHOCTHOE SHEPIus
KpaeBoil yrou . cuI
[Tonumep HaTSKEHUE, Mex(a3zoBoit
CMa4yMBaHUsA CLCIUJICHUS,
Bol0iL. 1Da spr/cm2 MOBEPXHOCTH, N
7IOH, Thalt apr/cm2 p
[1(3T'b-co-
Tmom.%3IT) 60,9+1,6 42,4 4,1 1111
[1(3T'b-co-
10Mor.%4TB) 57,4+0,6 43,1 3,9 112,0
JList HUCCIIEA0OBaHUA (UBUKO-MEXaHNIECKUX XapaKTEePUCTUKU

Y TIPOBEJICHUS MCIBITAHUN Ha pa3pbiB, TPEXTOUYCHYHBIM M3TMO W CXKATHUE TOJIY-
YeHa U UCCJIeI0BaHA CEPHs MOJUMEPHBIX 00pa3I0B C UCIIOIb30BAHUEM CO3/IaH-
HOM Mozenu o6paznoB CAD B pemaktope Autodesk Inventor 2022, cormacHo
tpeboBanusim ['OCT 11262-2017 «Ilnactmaccel. MeToa UCHBITaHHS HA PacTs-
xenue», 'OCT 4648-71 «Ilnmactmaccel. MeTod HCIIBITAHUS Ha CTaTUYCCKHI M3-
ruo», 'OCT 4651-2014 «IlnactMaccel. MeTOI UCIIBITAHUS HA COKATUEY.

Nsrotosnenne o6pa3ioB MerogaoM 3D-newatu BeimoiaHeHo 1mo ['OCT
P 57558-2017 «AnmuTHBHBIC TEXHOJOTHYECKHE IIPOIECCHl. ba3oBbie mnpHH-
munel. Yacte 1», TOCT 57589-2017 «AnIUTHBHBIC TEXHOJOTHYECKHE IIPO-
neccel. bazoseie nmpuHmumnel. Yacts 2» u 'OCT 12019-66 «Ilnactmaccel. M3ro-
TOBJICHUE 00Pa3LOB JIsl UCTIBITAHUS U3 TEPMOILIACTOBY.

DU3NKO-MEXaHUUECKUE XapaKTEPUCTUKU HCCIIECIOBAIM HA UCIBITATENb-
HOM MammHe Instron 5565 ¢ ucHojib30BaHMEM MPOrPpaMMHOr0O oOecreyeHus
Bluehill 3 (CILA) (taba. 2).

Tabmauma 2
DU3UKO-MEXaHUYSCKHUE TTOKA3aTEJIM HATUBHOM KOCTHOM TKaHU
Monyns IIpounocTs IIpounocts
ynpyrocty, ['Tla Ha pa3psiB, Mlla Ha cxkarue, Mlla

benpo 17,2 121 167
BonbiebeprioBast 18.1 140 159
KOCTh
ManoGepruoBas 186 146 129
KOCTh
IIneyeBas KocTh 17,2 30 132
JlyaeBast KOCTh 18,6 149 114
JloxkTeBast KOCTh 18,0 148 117
I11eifHBIE TTO3BOHKA 0,23 3,1 10
ITosscamunbIe 0.16 3.7 5
MTO3BOHKH
['y6uarast KOCTh 0,09 1,2 19

Onupasch Ha JUTEpaTypHbIE JAaHHbIE O OMOMEXaHHUKE KOCTEH, MOYKHO
caenatb BbIBOA, uTo FDM III'A u3nenus ycTynaroT no NpOYHOCTHBIM XapakTe-
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PUCTUKAM IMPEAEIbHON Harpy3Kku B 4—6 pa3, a mo MOAYII0 ynpyroctu ot 5 1o 20
pa3 [5]. Ilocnenuuil mokaszaTesib OYE€Hb BaXKEH, OH TOBOPUT HaM O TOM, UYTO Ha-
NpsDKEHUE B MECTE KOHTaKTa WMILIAHTaT-KOCTh OyleT B 30HE HMILIAHTAaTa,
a He KOCTHOTO OpraHa. 9To MPOTUBOIOJIOKHO M3ICIHUSIM U3 METalljla U pellaeT
npo0iemMy Ux «OMOMEXaHUYECKOTO PACIIATHIBAHUSY.
[Tomaraem, 4yTo MOCTOSTHHAS TUHAMUYECKAsl HATpy3Ka HAa UMILJIAHTUPOBAH-
HYI0 TIOJIMMEPHYI0 KOHCTPYKIHIO OYyJeT CrocoOCTBOBaTh HOPMAaJIbHOMY
PEMOICIIUPOBAHUIO KOCTH IO TOJTUMEPHOMY 1a0JIOHY.
buoMexannyeckue CBOWCTBA KOCTHOIO OpraHa TakK K€ OINPEIeISIIOTCS
KOMOHWHaIen TpaOeKyIsIpHOU U KOPTUKAIBHOW TKaHU, CJIEIOBATEIbHO, (PaKTu-
YeCKHe MOoKa3aHusl JUisl KOCTHOTO OpraHa UMEIOT OTKJIOHEHUSI B CTOPOHY CHHXKE-
HUS QU3UKO-MEXaHMIECKOW MTPOYHOCTH U yrpyrocTu. ComocraBieHne GU3nKo-
MEXaHMYECKUX  MOKa3zaTeledl  MOJIydEHHBIX  COIMOJUMEPHBIX  00pasiioB
C TIOKa3aTeIsIMUA HAaTUBHOW KOCTHOM TKaHW JaHBI B Ta0. 3.

Tabaunma 3
prGI[HCHHI)Ie (1)I/I3I/IKO'M€X3HI/I‘-ICCKI/IG IOKa3aTeJ I HATUBHOU KOCTHOM TKaHU
u I1I'A o6pasioB

Tun MakcumanbHas Harpyska, Mopnyns FOnra,
Harpysku Mlla MIlIa
pasphIB 22,43 1,86
JIuteie o6pasiel [1I'A JE— 65.38 1.86
pasphiB 41,78 1,17
3D-o6pa3zier [1I'A coKarue 31,35 1,08
n3rud 53,96 2,17
coxatue 133,00 16,10
HartuHas kocTHas pa3pbiB 193,00 22,27
TKAaHb U3ruod 223,80 10,95
CIBUT 65,30 3,30

Hcnonb3yst TOUHYIO KOIMHUIO KOCTHOTO OpraHa Jijisi CO3/IaHMsl MMILIaHTaTa
BO3MOXXHO BHECEHUE BHYTPb KOHCTPYKIIMU peOEp >KECTKOCTH, YTO IMO3BOJIUT
YBEIMYUTh OOIIME MOKAa3aTeld MPEIeIbHOW HArpy3Ku JJIsi UMILUIAHTUPYEMOTO
U3J1eIIHUSL.

3akioueHue

BrInoTHEHHBIMU UCCIIEIOBAHUSIMH JIOKA3aHO, YTO (DU3UKO-MEXaHUYECKUE
XapaKkTepUCTUKUA HCCIEAYEMOr0 COOIUIMMEPHOTO MPEACTABUTEINS CEMENCTBA
[II'A — comomuMmepa monu(3-THIAPOKCUOYTHUpATA-CO-3-TUIPOKCUBAJIEpaTa), IMo-
3BOJISIIOT ~ CO3/1aBaTh  JIOCTATOYHO TMPOYHbIC  H3JENUS, MEPCIEKTUBHBIC
JUIS PEKOHCTPYKLIMK KOCTHOM TkaHU. B mponecce uzrotosnenust 3D uzpenus
METOJIOM MHOTOKPATHOTO TEPMOIKCTPYIUPOBAHUS MaTepual HE HW3MEHSET
CBOUX CTPYKTYPHBIX CBOMCTB, a CTENIEHb KPUCTALTMYHOCTH U3MEHSETCS HE3HA-
quTeabHO (B auamna3oHe 55—61 %) Ha Bcex craausix nmpou3BojAcTBa. [lomumepsl
cemeiicTBa [II'A MOTYT PUTOJIHBI 1T AAAUTUBHBIX TEXHOJIOTH MeTogoM FDM
3D-neyaTu B MPOU3BOJICTBE JOCTATOUYHO CIOKHBIX OOBEMHBIX CTPYKTYP.
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BINMUAHUE PEXXUMA NA3EPHOIO U3NYYEHUSA HA CTPYKTYPHBIE
SJNIEMEHTbI NOBEPXHOCTU MNONMMUMEPHbIX NMNIEHOK U3 MNrA
PA3JIMMHOIO COCTABA"

A. E. ynaes'?, B. . Typuun!

1Cu6upc;<uﬁ ¢edepanvuniii ynueepcumem, Poccus, Kpacnosapck, np. Ceob600uwiii, 79
2HHcmumym ouoguzuxu OUIL] KHL] CO PAH, Poccus, Kpacnospck, Akademeopooox, 50/50

JIjist ynmydineHus CBOMCTB MOJIMMEPHBIX MaTepHUaioB BO3MOKHO MTPUMEHE-
HUE OMOJIOTHYECKUX, XUMUYECKUX B (DHU3UIECKUX METOJOB, CPEAU KOTOPBIX —
MOJIy4YeHUE KOMIIO3UTOB C Pa3jIM4YHbIMU MaTepHallaMH, OMOCHHTE3 MOJIUMEPOB
pa3IMYHOTO XMMHUYECKOTO COCTaBa, XMMHUYECKas MOAU(UKALNS MOBEPXHOCTU
NOJIMMEPHBIX H3JeNuii U 00paboTka (usmyeckumu metogamu. lIpuMeHneHue
ATUX METOJIOB C OOJIBIIMM WJIM MEHBIINM YCIIEXOM MO3BOJISIIOT BIUSATH HA CBOM-
CTBa TOJIMMEPHBIX W3JIETUN, YCKOPSITh OWOJErpajaluio, MOBBIIIATh THMOKOCTh
1 MEXaHUYECKYI0 MPOYHOCTH; MOBBIMIATh THAPOPUIHLHOCTE U MOPUCTOCTH TO-
BEPXHOCTU JJIS TOBBIIMICHUS aJr€3UOHHBIX CBOMCTB IO OTHOILIEHUIO K KYJIbTH-
BUPYEMbIM KJIETKAaM, YJIydlllaTh ra30JMHAMUYECKHUE CBOMCTBA WU3ACIUNA U TIO-
BBIIATh WX MPOHUIIAEMOCTh JJisi CyOCTpaTOB U IMPOJIYKTOB OOMEHA KIETOK
Y TKaHEW.

CpaBHUTENBHO HEJABHO ISl ATHX IIeJIeH CTallu MPUMEHSATD JIa3epHYIO 00-
paboTKy, KOTOpasi UMEET MPEUMYIIECTBA 110 CPABHEHUIO C JAPYTUMH METOJaMH,
TaK KaK MO3BOJIIET M30MpaTeIbHO MOAUPUIMPOBATH MOBEPXHOCTh 0€3 paspy-
IIEHUS MaTepuaia U 00pa30BaHUsl TOKCUYHBIX TIPOTYKTOB.

Iesap padoThl — HCCIENOBaHUE CTPYKTYPHBIX JJEMEHTOB MOBEPXHOCTH
MJICHOK, TTOJTYYEHHBIX U3 Pa3pyllaeMbIX MUKPOOHBIX MOJUTHAPOKCHATKAHOATOB
(IIT’'A) paznuuHoro cocrara, o0paboTaHHbIX CO,-1a3€pOM B PA3IMUHBIX PEKHU-
Max.

MarepuaJjbl 1 METObI

Hamupnabie mienku u3 I1I'A pasnmuunoro coctaBa Ob11u 00padoransl CO,-
nazepom Laser Pro Explorer II (Coherent, CIIIA) B mnocTossHHOM
Y KBa3WMMITYJIbCHOM PEXHMMaX H3JIy4YeHUs pa3IMdHON MOIHOCThIO. [lokasarte-
JeM MOoAU(UKAIIMKM TOBEPXHOCTH CIYKWJIM PE3yJbTaThl aTOMHO-CUJIOBOM MUK-
pockonnu (ACM); ompenensyii TEOMETPUIO, pa3Mepbl U TIIOMAaL 00padoTaH-
HBIX 30H. /{7151 ompeneneHus rryOMHBI 1 TeOMeTpUH C(HOPMUPOBAHHBIX MOIUDH-
[IUPOBAHHBIX O0OyIacTeil npuBiieueHO 3D-npodunupoBaHue C WCIOIL30BaHUEM
3D-mukpockorna KH-7700 (Hirox, Snoxus).

© HynaeB A. E., Typuun B. 1., 2021

* Pabora BbINOJIHEHA TIpH (PMHAHCOBOH mojzaepsxke rpanTa PODU Ne 19-43-240012p a (uccnenoBanne
CTPYKTYPHBIX 3JIEMEHTOB ITOBEPXHOCTH) W Toc.3ajaHusi MUHHCTEpCTBa Hayku u obOpasoBanusi PO Ne FSRZ-
2020-0006 (3D-Mukpockomnus).
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UccnenoBana MUKpPOCTPYKTYpa MOJUMEPHBIX IUIEHOK W3 YETHIPEX TUIIOB
[MI'A: monu-3-TuipokcuOyTHpaTa U TPEX COMOIUMEPOB: 3-TUAPOKCHOyTHUpaTa
¢ 4-ruApOKCUOYTHPATOM UITU 3-TUJIPOKCUBATIEPATOM, WK 3-THIPOKCUTEKCAaHOA-
TOM.

JIJist KaXKJIOro peKMMa BBISIBIICHBI OTJIMYMS MOAU(DUKALMKA TTOBEPXHOCTU
IJICHOK B 3aBUCUMOCTH OT UX cocTaBa. [Ipu mocTOsSHHOM OOJIy4eHUU BEKTOP-
HBIMH JIMHUAMHA MOIIHOCTU 3 BT Ha MOBEPXHOCTH TUIEHOK (DOPMUPOBAIIUCH OM-
JaBJICHHBIE 00JIACTH B BUJIC YETKO BBIPAKEHHBIX 00p0310K. KBa3UUMITY IhCHBIHA
PEXHUM PACTPOBBIM METOAOM Ipu MomHocTy 13,5 BT compoBoxkaancs oOpazo-
BaHMEM JIYHOK 0€3 BBIpaKEHHBIX OIIABIICHHBIX 30H. [IpoBeneHbI criennanbHbIe
WCCJICIOBAHMS XapakTepa W3MEHEHUN MHKpopeiabeda MOBEPXHOCTH, (HOpMU-
pyrolierocsi B pesyjabTare JlazepHoro usnydeHus. [Iporecc miaBieHus: uccie-
nyembix osmmepoB (ITI'A) moa aeficTBHEM J1a3epHOTO JTyya UMEN OTJIMYUS, KO-
TOPBIC TPOSIBISIUCH B MOSIBJICHUE HA MOBEPXHOCTHU IUICHOK Je()EKTOB pa3iny-
HBIX TUIIOB, UX Pa3MEPOB, PACCTOSIHUS MEXIYy HUMH, COBOKYITHOW MOIUDUIIH-
pOBaHHOW IUIOIMIAAK (CM. TabJ. 1) M reoMeTpuu OOPa3yIOIIMXCS 3JICMEHTOB
(cM. puc. 1).

Tabmuma 1
XapakTepucTrKa CTPYKTYPHBIX JIEMEHTOB ITOBEPXHOCTH IIJICHOK,
noyyeHHbIX u3 [1I'A paznudHoro cocraBa, mocjie o0paboTKu
HenpepbIBHBIA pe:KUM H3JIy4eHHs

Cocras I1T'A, Paccrosnue mexny [TponieHT 06pabOTKH
M011.% IHupuna monocet, mim [MOJI0CAMHU, MKM MTOBEPXHOCTH, %0
I1(3I'b)
100,0 | 115,75+561 | 890,18 + 5,30 \ 11,56 + 1,03
I1(3I'b/3T'B)
72,8 | 27,2 140,19 £ 2,94 891,34 + 5,85 12,15+ 1,14
I1(3I'b/41'B)
64,5 | 35,5 163,27 £6,52 864,17 + 7,82 15,68 £ 0,67
IT(3T'B/31T)
62,0 | 38,0 125,10 £ 3,80 889,56 + 1,87 12,99 + 0,95
KBa3zuuMny/ibCHBII pekuM H3JIyYeHHs
Cocras III'A,| Ilmomans Huamerp Paccrosaue mexay | Ilporent o6paboTku
MOJL. % JTYHKH, MKM? JIYHKH, MKM? JTYHKaMU, MKM MMOBEPXHOCTH, %
MGrE) 100,0) 2012658 1 16417 342,42 £ 18,56 6.24 + 0.49
’ 1327,99 ’ ’ ’ ’
I1(3I'6/31'B)
728 | 27,2 22%%%@* 187,57 322,17 +21.32 10,07 = 1,06
I1(3I'b/41'B)
64,5 | 355 232125‘;’;%* 172,00 335,87 + 17,72 9,07+ 0,61
IT(3T'B/31T)
62,0 | 38,0 2;%%%%%* 163,76 338,89 = 24,05 7,64+ 1,01
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HenpeprIBHEBII KpazHHMIYJIbCHBII HenpeprIBHBII KpazHHMIYJIbCHBIH
PesRHM PesKHM PesKHM PesKRHM

II(3T'B) 100 mom1.% II3I'B/3I'B) = 72,8 : 27,2 mos1.%
. ) - “"

Puc. 1. 3D-mukpodororpadguu moBepXHOCTHBIX CTPYKTYPHBIX 3JI€eMEHTOB ITUIEHOK U3 [1I'A
Pa3IMYHOr0 XUMHYECKOTO COCTaBa IMOciie 00padOTKHU J1a3epoM

VY nnenok u3 romoredHoro [1(3I'b), umerorero cambie BBICOKHE 3HAUCHUS
TEMIEPATyphl IUIABICHUS W TEPMHYECKOM Jerpajalyy, 30HA IUIaBJICHUA
U IIMpUHA OOPO3JIKH NpPU TOCTOSHHOM U3JIYyYEHUM OBUIM CaMbIMHU Y3KUMU
115,75 MKM, COOTBETCTBEHHO, COBOKYMHAas MOAU(MUUMPOBAHHAS IUIOIMIAIb —
HauMeHblen (nopsiaka 11 % ot Beeit muomaau). Bee TUmbl MI€HOK, W3rOTOB-
JeHHBIX U3 conoyimMepHbIX [I'A ¢ HECKOJIBKO CHUKEHHBIMU TeMIEpaTypHBIMU
MOKa3aTesIIMi, UMeNU B OOJACTH IUIAaBJIEHUs Oo0Jiee IIMPOKHUE 30HBI, TOITOMY
0o0pa30BaHHbIE Ha MOBEPXHOCTH IJICHOK OOpO31KH ObLIM OoJjiee OOUIMPHBIMU
(ot 123,98 Mkm 10 163,27 MKM), 1 COBOKYITHAasi MOJM(DHUIIMPOBAaHHAS MJIOIIA/b
OblJ1a, COOTBETCTBEHHO, BhIIIE, cOocTaBuB OT 12,27 % mo 15,68 % y pa3HbIx TH-
noB mieHoK. [locne kBazuuMmiynbcHOro m3nydenus mieHok u3 [1(3I'b) morrHo-
cthio 13,5 BT quamerp oOpa3oBaHHBIX Ha TOBEPXHOCTH JIYHOK cocTaBmi 159,28
MKM. JTO HUXE, YEM Y COIOJMMEPHBIX 00pa3lioB, Y KOTOPBIX 3TOT MOKa3aTelb
Obu1 BhImie, 70 170—180 MKM B 3aBUCHMOCTH OT THIIA BTOPOTO MOHOMeEpA.
BaxxHO OTMETUTH, YTO COBOKYITHAsI MOAU(PUITUPOBAHHAS TIJIOMIAL B 3TOM BapH-
aHTe 00pa0OTKH ObLIa B II€JIOM 3HAYUTEIBHO MEHBIIE, YeM IMPHU MOCTOSHHOM
u3nydenuu; y mieHok u3 I1(31'b) cocraBuia 6 %; y conoJiMMepHBIX 00pa3iioB —
ot 8 10 10 %, 3a UCKIIFOUEHHUE COMOJIUMEPOB C MAKCHUMAJIBHBIM COJIEPKAHUEM
4T'B (coBokymHas MoauUIIMPOBaHHAS IOMIAb cocTaBmia 12 %).

[Tonyyenusie pe3ynabTaThl 3D-MHUKpOCKONMKM B MPUHLHUIE COBMAIU
¢ nauabiMu ACM, nonyderHsiMu paHee. Y romononumepa [1(3I'b) ¢ nauboinee
BBICOKOM TeMIepaTypoil miaBlieHus riayOuHa OOpO3JI0K MPU HEMPEPHIBHOM H3-
Jy4yeHuu cocTaBuia 26,49 MKM, y COMOJIMMEPHBIX 00Pa3I[OB C HECKOJIHKO CHH-
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KEHHOU TeMIepaTypoil miaBieHHs, OOpO3AKH, CPOPMUPOBAHHBIE B 00JIACTH
JNEUCTBUS JIa3epHOro Jiyda, Obutm Tiyoke, oT 30,00 no 34,83 mMkwm.
[Ipu KBa3UUMITYJIbCHOM PEXKHUME H3JIY4YeHHUsS TIyOHMHa JIYHOK YBEJIMYHMBAIACh
ot 30,74 wmxMm y TtepMmocrabunsHoro II(3I'b) mo 40,61 mMxkm y wMeHee
TepMmoruiacTuyHoro comnosuMmepa 3I'b ¢ MoHOMepamMu CcpeAaHeIenoYeyHOro
2-ruapokcurekcanoara [II(3I'B/3IT)]. V romorennoro II(3I'b) B o006oux
BapuaHTax Jla3epHONl 00pabOTKM OTMEYEeHa HEOAHOPOJHOCTh JIa3e€PHOTO
BO3JICUCTBHSI, BBIpaXKaromascs B O00pa3oBaHUM  OJIMHOYHBIX  KaHAaBOK,
HE COOOIIAIONINXCA JPYr C JAPYrOM, a y COMOJUMEPHBIX IIEHOK, OCOOEHHO
C BKJIIOYEHHEM MOHOMEPOB 3-THJIPOKCHIe€KCaHOaTa, HaOII0Aadl OJHOPOIHOCTD
00pa30BaHHBIX OOPO3J0K U JIYHOK, MMEIOIIMX YETKO BBIPAXKEHHBIC T'PAHULIBI
1 00BEMHYIO TeOMETpHIO (CM. puc. 1).

3akioueHue

B cBa3u ¢ pazmmumsiMu UCXOOHBIX CBOMCTB [II'A, HMCHonb30BaHHBIX
JUIS TIOJTYY€HUS TUICHOK, BKIIOYAs CTEMEHb KPHUCTAUIMYHOCTH, MOJEKYJISPHO-
MacCOBBIE M TEMIIEPATypHbIC XapaKTEPUCTUKH, TOMUMO 3apeTUCTPUPOBAHHBIX
paHee U3MEHEHUM ToKa3zaTelield THAPOPUIBHOCTUA U IIEPOXOBATOCTH MOBEPXHO-
CTH, MPOBEACHBI CIEIUATbHBIE UCCICIOBAHUS XapaKTepa W3MEHEHUN MHKpPO-
penbeda NOBEpXHOCTH, (POPMUPYIOILIETOCS B PE3YJIbTATE JTa3€PHOI0 U3IIyUYEHHUS.
[Ipouiecc mnaBnenus ucciaeayembix noaumepo (III'A) mon neiictBueM mnazep-
HOTO JIyda UMeEJI OTJIMYUS, KOTOPBIE MPOSBISIUCH B MOSIBJICHUU Ne(hEKTOB, 00-
pa3yeMbIX Ha MOBEPXHOCTH MOJIU(PUIIMPOBAHHBIX 0OJacTeil B BHAE OOPO3I0K
WIH JTYHOK, Pa3IHYaloluXcs M0 TEOMETPHUECKUM pa3MepaM, pacCTOSTHUEM Me-
KTy HUMH M COBOKYITHOW MOAM(HUIIMPOBAHHOW TIIOMIAABIO, a TaKXKE XapakTe-
pPOM a0JISIIMH, BEIPAKAIOUTUMCS B 00BEMHOM Tr€OMETPUHU U OJTHOPOJTHOCTH TTOTY-
YEHHBIX CTPYKTYPHBIX DJIEMEHTOB.

Cnucok Jureparypsl

1. T. Volova, A. Golubev, I. Nemtsev, A. Lukyanenko, A. Dudaev, E. Shishatskaya.
Laser processing of polymer films from PHAs different contents. // Polymers. — 2021 —
Vol. 13(10) — P.1553-1578.

2. T. Volova, E. Kiselev, I. Nemtsev, A. Lukyanenko, A. Sukovatyi, A. Kuzmin,
G. Ryltseva, E. Shishatskaya. Properties of degradable PHAs with different monomer
compositions. // Int. Biol. Macromol. — 2021 — Vol. 182 — P. 98-114.

3. Volova, T.G., Tarasevich, A.A., Golubev, A.l, Boyandin, A.N.,
Shumilova, A. A., Nikolaeva, E.D., Shishatskaya, E. |. Laser processing of polymer
constructs from poly(3-hydroxybutyrate). // J. Biomater. Sci. Polym. Ed. — 2015 — Vol. 26 —
P. 1210-1228.
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PA3PAEOTKA HOBbIX MATEPVAIOB ANA KYNMUPOBAHUA
BUOKOPPO3UOHHbBIX MOBPEXAEHUW B YCNOBUAX
FTEPMO3AMKHYTOIO OB bEMA MKC (MEXOYHAPOOHOM
KOCMUYECKON CTAHLIMN)®

T. A. AnexoBa’, H. A. 3aryctuna?, T. l0. HoBoxunoBa’,
A. B. AnekcaHgpoBa®, A. A. Bawapos?®, A. [I. MnoTHukoB®

MY umenu M. B. Jlomonocosa, 6uonozuseckuii gaxyromem, Poccus, 119991, Mockea
2HHcmumym ouoxumuu um. A. H. baxa @edepanvhbiii ucciedos8amenbckuil YyeHmp
«Dynoamenmanvhvle ochoswl buomexvonocuu» PAH, Poccus, 119071, Mockea
3Pakemno-xocmuyeckas kopnopayus «uepeuay um. C. I1. Koponésa,

Poccus, 141070, Mockosckas o6a., Koponés; e-mail: altanj@gmail.com

[Ipy AIUTENBbHBIX KOCMHYECKHMX IIOJIeTaX 4YejJoBeKa Ha OpOMTaIbHBIX
craniusax (OC) Ha 60OpTy KOCMHYECKOTO arapara oOHapy>KUBaeTCs MTUPOKUN
CIEKTp CaMbIX Pa3JUYHBIX MHKPOOPTaHM3MOB, CIIOCOOHBIX aJlallTHPOBATHCS
K YCJIOBUSM  CTaHIIMH, OOJaJaronuXx OHOMOBPEXKIAIOMUMH  CBOMCTBAMH
110 OTHOIIICHMIO K Pa3IMYHBIM KOHCTPYKIIMOHHBIM MaTepHaliaM.

MeponpusiTus Mo 3anuTe KOHCTPYKITMOHHBIX IMTOBEPXHOCTEH B YCIOBHSIX
3aMKHYTBIX OOMTAaeMBIX MPOCTPAHCTB 3aTPYAHECHBI M3-3a TOKCUYHOCTH JIC3WH-
(GEKIIMOHHBIX CPENICTB, HEBO3MOXXHOCTH ITOCJEAYIONMEH MPOMBIBKA TTOBEPXHO-
CTEH KHJIKOCTBIO ¥ TIPOBETPUBAHUS.

HawnbGoiee mepcrieKTUBHBIME SIBIISIIOTCS Pa3paOO0TKH TOJUMEPHBIX MaTe-
pHUaJoB, COAEpPXKAIMX CTAaOWIbHBIE HAHOPA3MEpPHBIE YACTHIIBI cepedpa — 0co-
0oro kjacca OUOIUIHBIX areHTOB, 00JAJAIONIUX BHICOKOM aHTHOAKTEpUATIbHON
1 (QYHTUIIUTHON aKTUBHOCTBIO.

Iear padoThl — HCCIENOBAaHHWE BO3MOXKHOCTH TIPEIOTBPAIICHHS
1 KYIIUPOBaHUSI OMOKOPPO3MOHHOTO MOBPEXKICHNUS KOHCTPYKIIMOHHBIX TOBEPX-
HOCTEH, a TakKe IPeJIOTBPAIICHUS BO3HUKHOBEHHS OYaroB Pa3MHOXKECHHS CO-
00IIeCTB MUKPOOPTAaHU3MOB Ha MOBEPXHOCTH PA3IMYHOTO 00OpYAOBaHHUS, BO3-
HUKHOBEHHSI OTACHOCTH PACHPOCTPAHEHMs CIIOP M KJICTOK MHKPOOPTaHU3MOB
B aTMocdepe CTaHIIMU B PE3yiIbTaTe MCIIOIH30BAHUS TJICHOYHBIX Je3UH(EKTaH-
TOB Ha OCHOBE ITOJIMMEPHBIX MaTCPHUAJIOB.

MarepuaJjbl 1 METObI

CdopmupoBaHbl M HCCIIEIOBaHbl OUOIMOJIMMEPHBIE TUICHKH U3 Oe3orac-
HBIX MaTepuajoB, — KapOOKCUMETHIIICIUIIONO3b W CYKIIMHATXUTO3aHa.
B cTpykTypy MIeHOK BKJIFOYAJIM HAHOYACTHIIBI cepedpa. B kauecTBe MOIOKKH
JUISL  TUICHKH HMCTOJB30BAIM  MaTepwal w3  (roporuiacra, JOMYIIEHHBIHN
K ucnoab3oBannio Ha MKC.

© AnexoBa T. A., 3aryctuna H. A., HoBoxunosa T. 10., Anekcangposa A. B., bamapos A. A.,
IInotnukos A. /1., 2021

* Pe3ysbTaThl NOJTy4eHBI aBTOpamMH npu BeinosiaHeHnu Llenesoit Padots! (IIP) «buononnmep», kotopas
B HacToswlee BpeMs npooautcs Ha MKC.
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[Tpu BeimonHenuu LIP Obun poOBEEHBI CIIETYIOMINE UCCIIETOBAHUS:

® yAcHTUGUKAIIMS ~ MUKPOOPTaHU3MOB-IECTPYKTOPOB,  BBIJCICHHBIX
C KOHCTPYKIIMOHHBIX moBepxHocTe OC ¢ wmempl0 HX  JalbHEHIIEro
UCIIOJIb30BAHUSI B  CO3/IaHHBIX OJKCHEPUMEHTAIBHBIX MOJIEISX — HOBBIX
OHOIOIMMEPHBIX CUCTEMAX;

® 0OTOOp MITAMMOB MHKPOOPTaHU3MOB, TOJBEPTIIUXCA ATUTEILHOMY
BO3JCHCTBHIO  (AaKTOPOB  KOCMHYECKOrO  IOJIeTa, M HM3yYeHUs uX
OMOJECTPYKTUBHON AaKTUBHOCTH [0 OTHOIIEHHWIO K HOBBIM IOJIUMEPHBIM
MaTepHuaiam;

® CHHTE3 SKCIEPUMEHTAIIbHBIX 00pa3I[0B OUOMOJIUMEPHBIX MaTEPUAIOB;

® XapaKTEepUCTUKAa  (PU3UKO-XUMUYECKUX  CBOMCTB  CO3/I1aBAEMBIX
OHOIOIMMEPOB MO/ BO3ACHCTBUEM MUKPOOPTraHU3MOB-IECTPYKTOPOB;

® OllcHKa (DU3UKO-XMMHYECKUX CBOWCTB OHONOJIMMEPOB, C ILEJIBIO
MPOTHO3UPOBAHUS HAJIC)KHOCTH UX dKCIuTyatanuu Ha 6opty OC.

® OLICHKa H3MEHEHMs CBONCTB HOBBIX MaTepHajioB (OHOIMOIMMEPOB)
IpU JUIUTENbHON uX 3Kciuryaranuu Ha PC MKC.

[ToxazaHo, 4TO MIEHKH, cCPOPMHUPOBAHHBIE HA OCHOBE CYKIIMHATaXWUTO-
3aHa C HAHOYACTHIIAMM cepedpa, UMEIOT (PYHTUIMIHOE AEICTBHE B OTHOILIEHUU
UCIIBITAaHHBIX TPUOOB M OAKTEPHOCTATUYECKOE ACHCTBUE B OTHOLIEHUU HCIIbI-
TaHHBIX OAKTEPUA.

HccnenoBanue 3aliuThl MOBEPXHOCTEW Pa3IMYHBIX KOHCTPYKIHMOHHBIX
MaTepuasioB OyJeT crocoOCTBOBATH MOBBIIICHUIO HAJIEKHOCTU IKCILTyaTalluU
o0opyaoBaHus, YpOBHSI O€30MACHOCTH YCJIOBUH TpyJa W JKU3HU IEepcoOHaa
B repMo3aMKHYThIX 00bemax OC.

Peanuzauus nporpammel I[P mo3BonuT co3nath BbICOKOA(D(PEKTUBHBIE
CpEICTBa KYNUPOBAaHUS OWOKOPPO3MOHHBIX TMOPAKEHUI Ha MOBEPXHOCTSIX
KOHCTPYKLIIMOHHBIX MAaTe€puajoB, NPUMEHSEMbBIX B aBHAKOCMHYECKON TEXHHKE,
C BO3MOXKHOCTBIO 0€30I1aCHOTO X MPUMEHEHUS B TE€PMO3AMKHYTHIX OOMTaeMbIX
KOCMHUYECKHX JIETAaTEJIbHBIX allaparax.
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A BRIEF REVIEW ON ELECTROSPUN LIGNIN NANOFIBERS

Prof. Kuruvilla Joseph

Keywords: Electrospinning, lignin nanofibers, carbon nanofibers, kraft lignin,
organosolv lignin, alkali lignin.

The utilization of bio-based materials in various applications is currently
gaining momentum and lignin occupies a valuable place among such materials.
Lignins are the aromatic polymers that occur mainly in secondarily thickened
plant cell walls. It occupies the second place after cellulose in its occurrence
on earth. It accounts for approximately 30% of the organic carbon existing
in the biosphere and is the main bio renewable source of aromatic structures. It
constitutes the major constituent of plant that is responsible for the inhibition
of the diffusion process of enzymes into wood and the process in turn creates
strong cell walls in plants. The highly branched nature of lignin makes its struc-
ture more complex and amorphous. It consists of three phenylpropane mono-
mers, coniferyl, sinapyl, and p-coumaryl alcohols and are termed as lignols.
Each monolignol generate guaiacyl, syringyl and p-hydroxyphenyl residues re-
spectively in the lignin polymer. The composition and ratio of lignols
in the structure of lignin is profoundly influenced by the nature of the plant
as well as the environment in which the plant dwells. Lignin is mainly classified

© Joseph K., 2021
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as kraft lignin, Lignin sulfonates, Organosolv lignin and Steam-exploded lignin
based on their preparation methods. In accordance with the go- green motto, the
researchers are keenly interested in replacing synthetic materials bio-based
materials like cellulose, lignin, tannin etc. Nanofibers have great applications
in many fields as filter medium, protective clothes, drug delivering agents,
scaffolds, supercapacitors, catalysis, solar cell etc. because of its high porosity
and surface area, of which electrospun lignin nanofibers have a specific
attentiveness due to its bio-compatibility, bio-degradability and magnificent
selectivity. The influential attributes of spinning solution which control
the nature of electrospun fibers are its viscosity, electrical conductivity
and surface tension. Instead of fibre formation, bead formation will occur when
the viscosity values are higher or lower than the required value. By
electrospinning suitable spinning solution with required properties, promising
electrospun nanofibers can be produced and the fabricated lignin nanofibers are
then stabilized thermally and carbonized.

Integrating lignin with synthetic plastics can be considered as
an innovative approach in the development of sustainable polymers. However,
blending lignin with other polymers is not an easy process because of its brittle-
ness and inability to form good dispersion in many composites. Grafting lignin
with poly(methyl methacrylate) via atom transfer radical polymerization would
help in increasing the miscibility of lignin. The outstanding features of the elec-
trode are credited to the exceptionally high surface area and small resistance
in charge transfer of the CNF mats made out of lignin. All these works elucidate
the applications of electrospun lignin nanofibers in various fields. Often dis-
carded as an unwanted component, this promising material has vast potential
of being used in wvarious prospective applications. With the advent
of electrospinning, lignin-based nanofibers find use in various biomedical as
well as electronic applications. The antimicrobial properties of these nanofibers
could be exploited effectively in the current pandemic situation. Present review
focus on the properties and applications of lignin-based nanofibers. It also
describes the various lignin derived carbon nanofibers using electrospinning.

A lot of reviews are currently published on lignin and lignin-based mate-
rials. Most of them focus on the applications of lignin and hence the idea of the
present review is to concentrate entirely on lignin based nanofibers prepared by
the electrospinning process and consolidate the applications of these electrospun
lignin nanofibers.
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There are various topical and systemic agents used for the cure of wound
and antimicrobial agents which are effective in preventing infections in surgical
and traumatic wounds. However, these topical agents delays re-epithelialization
and might pose a risk of oversensitivity and resistance. For this reason, some
alternative wound treatment methods have been investigated. Among these,
the applications of plant based nanotechnology plays a significant role
in the process of wound healing. The plant based materials have proved at all
times to be a powerful remedy for health care. Proanthocyanidins (PCs),
a component of grape seed extract (GSE), have recently being used
for the treatment of wounds. However, poor absorption, poor stability and rapid
elimination from the systemic circulation limit its acceptance.

Objective of the study: construction of microparticles exposed by grape
seed extract and study of the wound healing effect.

Materials and methods

Grape seed extract (GSE) used in this study was purchased from JF natu-
rals, China. Polyethylene glycol-polyvinyl acetate-polyvinyl caprolactam
(Soluplus (SOLU)) were received from BASF Corporation, Mumbai.
The obtained microparticles have been comprehensively investigated, including
their structure, biological and early healing activity

Results

The PCs/SOLU nanodispersion formulations were characterized by XRD
analysis, UV-Vis analysis, FT-IR analysis, particle size, loading efficiency
and TEM analysis (Fig. 1).

© Rajakumari R., Oluwafemi O. S., Rajeshkumar S., Thomas S., Kalarikkal N., 2021
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Fig. 1. UV-visible spectra (a), FTIR spectra (b) and XRD pattern of SOLU (c), PCs and FllI
formulation and TEM image of (d) Soluplus (SOLU) (0,5 um), (e) Grape seed extract (PCs)
(0,5 wm) and (f) PCs/SOLU (100 nm) used for the study

PCs exhibited a peak around 270 to 280 nm (Fig. 1 (a)) which represents
the m-t* transition caused by the presence of double bond (unsaturation). This is
due to the =-m interactions coming from keto part of SOLU and double bond
from the PCs. In the FT-IR spectra, the position of the carbonyl peak in the FllI
formulation shifted to 1738 cm™* and this shifting leads to polar-polar interac-
tions. The FIIl formulation also shows a peak broadening from 3619 cm™
to 3265 cm * which indicates the formation of intermolecular hydrogen bonding
between PCs and SOLU (Fig. 1 (b)). The diffraction pattern of the SOLU
and PCs showed broad peaks at 20 and 22 indicating their amorphous nature.
The addition of SOLU to the PCs completely eliminates the broad peak indicat-
ing hydrogen bonding and z-n interactions. The FIIl formulation PCs/SOLU
dispersion showed no characteristic peak which indicates completely amorphous
nature (Fig. 1 (c)). The TEM images showed that SOLU (Fig. 1 (d)) has a flat
thin sheet-like morphology while PCs (Fig. 1 (e)) appears as spherical shaped
structure. It is clearly evident from the FIII formulation micrograph Fig. 1(f) that
the spherically shaped particles of PCs are embedded on the surface of the pol-
ymer SOLU.

Fig. 2 displays the images of the wound site of rats with control (ointment
base) (Fig. 2 (a, e, i, m & q)), GSE (PCs) (Fig. 2 (b, f, j, n &)), Povi-lod (Fig. 2
(c, g, k, 0 & s)) and PCs/SOLU ointment (Fig. 2 (d, h, I, p & t)) from the first
day to 12th day of application. The PCs/SOLU treated rats show superior wound
healing compared to the povidone-iodine ointment and GSE ointment treated
rats. Animals were observed for 15 days without further wound coverage.
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Fig. 2. Wound healing activity of the control (ointment base) (a, e, i, m and g), GSE ointment
(b, f, j, nand r), povidone-iodine ointment (c, g, k, 0 and s) and PCs/SOLU nanodispersion
ointment (d, h, I, p and t). Yellow circle indicates pus formation in the wound
(for interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article)

On the 12th day, the PCs/SOLU ointment treated wounds were healed
completely without scar formation. In the GSE (PCs) treated wounds, absence
of granulation and re-epithelialization was observed on the 12th day. The ani-
mals treated with povidone-iodine ointment show scar formation which is very
thick. In the case of ointment base treated animals, wound did not completely
healed even after 15 days of treatment. The percentage wound contraction is
higher in PCs/SOLU covered wounds and it mainly involved the centripetal
movement. One important reason for the enhanced healing of the PCs/SOLU
treated groups was that the polymer exhibits a high adhesion in contact with the
tissues. This in turn increases the residence time and availability of PCs in the
wound site for improved healing. Fig. 2 (q) and (r) shows that there was pus
formation in the ointment base and GSE (PCs) ointment treated groups. This
was because of the bacterial infection in the wound site which in turn delayed
the wound healing in those groups. We also believed that the antibacterial activ-
ity of PCs/SOLU also contributed to the faster healing process and improved
rate of epithelialization.
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Thus, better wound healing ability of PCs/SOLU ointment treated group

may be due to the antibacterial property (Fig. 3 (c) and (d)) and ability

to increase the dissolved oxygen concentration which facilitated skin regenera-

tion and neovascularization. The presence of PCs in the ointment might have

enhanced oxygen delivery to the cells (Fig. 3 (e)). These Results further sup-

ported our assertion that PCs present in ointment aids in reducing bacterial in-
fection at the injured area and promote faster wound healing (Fig. 3 (f)).

Fig. 3. Schematic diagram (a) and (b) PCs/SOLU nanodispersion (c) and (d) antibacterial ac-
tivity (degradation of plasmid and genomic DNA) (e) enhanced oxygen delivery and (f) skin
regeneration in wounds treated with PCs/SOLU nanodispersion

Conclusion

In this study, PCs/SOLU nanodispersion were successfully prepared
and characterized. The outcomes of the current study indicate that 1 %
of PCs/SOLU nanodispersion ointment of grape seed extract can accelerate ex-
cision wound healing and helps to eliminate the complications associated
with the wounds such as inflammation and infections. In addition,
the PCs/SOLU nanodispersion ointment can act as an antioxidant, antibacterial
and anti-inflammatory agent in-vivo and thus improved regeneration process
in wounds.
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Cellulosic fibers offer many advantages, like easy availability, abundance,
renewability, low cost, tailorable mechanical properties, reduced energy con-
sumption with low cost, and good environmental sustainability [1]. The poor
compatibility ~ between  nanocellulose and  thermoplastics  makes
the compounding  process  difficult, resulting ininferior  properties
in the composite. In order to improve fiber—matrix interactions, various physical
and chemical surface modification strategies, such as steam explosion, plasma
modification, and graft polymerization, have been studied. Polyethylene (PE) is
widely used in various applications and is indispensable in modern life. PE is
a preferred matrix material for composites, owing to its low cost, easy availabil-
ity, and good processability [2].

In the present work, plasma-modified PE containing different cellulose
nanofibril concentrations were prepared by melt mixing and compression mold-
ing to obtain a polymer nanocomposite material, and studied the properties
of the resulting composit.

Materials and methods

Received a composite of polyethylene (PE) reinforced with Isora
Nanofbril (INF). The properties of the composite were studied using DSC, SEM,
AFM, and Optical Microscopy (OM), and et al.

Results

SEM analysis performed on the neat and composite systems showed good
dispersion of the cellulose fibers in the polymer matrix (Fig.1).

© Jose C., Han Chan C., Winie T., Joseph B., Tharayil A., Maria H. J., La Mantia F. P. , Rouxel D.,
Morreale M., Laroze D., Mathew L., Thomas S., 2021
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Fig. 1. Surface morphology of the composites by scanning electron microscopy (SEM)
analysis for (A) neat PE, in addition to (B) 0.5 wt%, (C) 1 wt%, and (D) 3 wt%
INF-reinforced PE composites

As compared with the neat PE, the composite material had a lower
Eavalue. The influence of INF fibrils on the morphological, mechanical, viscoe-
lastic, and wetting properties of PE were also studied. The morphology analysis
confirmed that the dispersion of the fibers within the PE was adequate. Better
interaction between the filler and the matrix was evidenced, as it led to the en-
hancement in properties. The entanglement between PE and isorananofibrils,
known as the anchor effect, was identified as the main contributor for the PE—
INF fibril force.

The AFM images of the 1 and 3 wt% PE nanocomposites are shown
in Fig. 2. The nanofibrils were homogeneously dispersed, and no obvious signs
of aggregation were seen.

Fig. 2. Atomic force microscopy images of (A) 1 and (B) 3 wt% INF-reinforced composites
(phase image and image in 3D-form)

77



IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns
«BNOTEXHONOIMNA HOBbIX MATEPUAJIOB — OKPY>XKAKOLWLAA CPEOA — KAHECTBO >KU3HW»

From the stress-strain graph (Fig. 3), it can be seen that with an increase
in INF loading, the Young’s modulus increased, reaching a maximum at 1 wt%,
and then dropped. The maximum tensile strength value was obtained for
the 3 wt% INF. Similar behavior was observed for the polypropylene and PE
composites containing cellulose [3]. Another reason for the improvement
in mechanical properties could likely be the addition of nanofillers having high
aspect ratios.

The storage modulus vs. temperature graph is given in Fig. 4. The storage
modulus of the PE nanocomposites was higher than that of the neat PE.

18 4 | ——3 W% PE
—1 wi% NC
—0.5 wt% NC

15 4

12 4

Tensile stress (MPa)
(o)} (o]
| |
‘ensile stress (MPa)

T T T T T T
o 2 4 6 8 10

T T T T T
0.00 0.03 0.06 0.09 0.12 0.15 0.18

Tensile strain (%)
Fig. 3. Stress-strain curve of INF-PE nanocomposites at different filler loadings
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Fig. 4. Storage modulus of INF-filled PE composites

The stiffness of the PE matrix increased with the addition
of the nanofiller, as a result of which the stress was better dissipated
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at the interface. As the temperature was increased, the storage moduli of all
the samples showed a decreasing trend due to the progressive melting of the PE.

Conclusions

In the present study, the behavior of PE composites containing
nanocellulose was explained. The increase in mechanical properties was due
to the uniform dispersion of fillers in the PE. The investigation on viscoelastic
properties confirmed good filler-matrix interactions, facilitating the stress trans-
fer.
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Unique physicochemical properties of nanoparticles make them a novel
candidate in agriculture and related areas. Metal nanoparticles have their appli-
cation in various fields including medicine because of their unique physico-
chemical properties. In agriculture, the nanoparticles are commonly used as fer-
tilizers. Application of nanoparticles in tissue culture is very limited. Scoparia
dulcis L is an important plant which is used as herbal medicine to treat various
diseases like cancer, bronchitis, hypertension etc. Most of these biological prop-
erties are attributed by the phytochemicals present in them. Because of the high
potential of Scoparia dulcis in traditional medicine, its large scale production
through tissue culture is very much important.

In our study, we try to investigate the influence of synthesized metal
and metal oxide nanoparticles (Ag, Au and CuONPs) on the callus formation
in the tissue culture of Scoparia dulcis.

Materials and methods

Scoparia dulcis L, M S tissue culture medium, indole-3-butyric acid
(IBA), butyric acid (BA), mercuric chloride, 70% ethanol, NaOH, Agar, distilled
water, casein stabilized nanoparticles [silver (AgNPs), gold (AuNPs) and copper
oxide CuONPs)] were used for the study. All the three nanoparticles were syn-
thesized by casein reduction method. Casein was used as the reducing agent. 10
ml 1M NaOH was prepared and stirred well. 0.1 g of casein and 0.01 ¢
of precursors (AgNQOj;, AuCl;, and CuSO,) were added and continued
the stirring for 5 minutes. This was then centrifuged and collected
the supernatant. It was then lyophilized and suspended in distilled water. Effect
of Ag, Au and CuONPs in tissue culture of Scoparia dulcis was determined by
adding different concentrations of nanoparticles (1, 2, 4, 6, and 8 mg/l) into
the tissue culture medium containing the optimum concentrations of IBA
and BA for callus induction.

Results

In the present work, we have studied the effect of casein stabilized metal
and metal oxide nanoparicles viz. AgNPs, AuNPs and CUONPs on in vitro prop-
agation of Scoparia dulcis L. We have examined the effect of these nanoparti-

© Rakhimol K. R., Thomas S., Kalarikkal N., Jayachandran K., 2021
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cles on the callus induction, shoot regeneration and root regeneration capacity
of all the three nanoparticles.

Even though the same casein based reduction method was used for
the synthesis of AgNPs, AuNPs and CuONPs, all the three nanoparticles formed
were having different size and shape. AgNPs and AuNPs had a spherical shape
with 13.5 and 3.5 nm diameters respectively. CUONPs were spindle shaped
with 25 nm thickness (Fig.1, left). Different concentrations of auxins
and cytokinins were used for the callus formation of explants.Indole-3-butyric
acid (IBA) and 6-benzylaminopurin (BA) at a concentration of 4 mg/l showed
a good response on callus formation which was used for all the further studies.
The addition of the AgNPs in the tissue culture medium resulted
in the formation of small, creamy, yellow callus formed around the explants.
The callus formed was not very friable or compact. AuNPs lead the formation
of brown friable callus. However, the treatment with Cu ONPs resulted
in the formation of embryogenic callus which was compact and whitish green
in color (Table 1 and Fig.1- right).

Fig. 1. UV-vis spectroscopy and TEM images of AgNPs (a), AuNPs (b) and CuONPs (c)
(left); and effect of Ag, Au and CuONP oncallus regeneration of Scoparia dulcis L. (a) callus
formed in the medium with 4 mg/l IBA and 4 mg/lI BA (control). (b) callus formed
in the medium treated with AgNPs, (c) callus in the medium treated with AuNPs (d) callus
in the medium treated with CUONPs (right)

Table 1
Difference in color, texture and nature of the callus
after the treatment with nanoparticles
Treatment Texture of callus Color of callus | Nature of callus
Control (without nanoparticle) Friable Brownish green Soft
AgNPs Moderately friable | Creamy yellow soft
AUNPs Friable Brown Soft
CuONPs Compact Whitish green Hard
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We found that after 45 days of incubation, the callus treated with 4 mg/I
CUONPs started to form micro shoots from the embryogenic callus. It was
of more advantage as it did not necessitate the transfer of callus to a shooting
medium for regeneration 4 mg/l concentration of Ag, Au and CuONP showed
the optimum influence on callus initiation. Callus showed a delayed and very
less response to 2 mg/l concentration of nanoparticles. At this concentration
of nanoparticle, the chance of contamination was higher compared to other
concentrations. The contamination got reduced upon increasing
the concentration of nanoparticle. However, higher concentration of nanoparticle
reduced the capacity of callus regeneration.Incubation of callus in the medium
containing 4mg/l of Ag, Au and CuONPs showed that the CuONPs fasten
the shoot regeneration process and multiple shoots were regenerated on
the callus after 45 days of incubation. Initiation of root regeneration could be
observed after 50 days of incubation on the same medium. 4 mg/l AgNPs also
showed regeneration of shoots after 45 days of incubation. But, only 2 or 3
shoots were regenerated and the shoots were not healthy. Root regeneration was
also absent in these calluses. However, the callus treated with 4 mg/l Au NPs did
not show any change even after 60 days of incubation (Fig. 2).

Fig. 2. Shoot and root regeneration of callus treated with nanoparticles. Multiple shoot
regeneration of the callus treated with 4 mg/l CuONPs after 45 days of incubation (a),
root initiation of the shoots grown in the medium containing 4 mg/l CUONPs after 50 days
of incubation (b), shoot regeneration on the callus grown in medium containing 4 mg/I
of AgNPs after 45 days of incubation (c)

It is observed that young leaflets formed from the calluses treated
with both AgNPs and CuONPs showed a reduction in green color as compared
to the untreated plantlets (Fig. 3). It might be due to the reduction in chlorophyll
content of the nanoparticle treated calluses. But as the plantlet grows it became
green in color. From these observations, it was understandable that
the nanoparticle treatment could reduce the chlorophyll content of younger
leaves only (Fig. 4).
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Fig. 3. Difference in the color of the shoots developed from (a) callus grown on medium
without nanoparticle; callus grown on medium with CUONPs (b)

Fig. 4. Reduction in the green color of plantlets grown on medium containing CUONPs
(after 40 days) (a); Regaining of green color of the leaflet as it gets older
(after 45 and 50 days respectively) (b, c)

We have examined the effect of higher concentrations (8 and 10 mg/L)
of synthesized nanoparticles on callus formation of explants of Scoparia dulcis.
We found that the callus formation was low compared to 4 and 6 mg/L concen-
trations of nanoparticles. After 25 days of incubations, regeneration of callus
was stopped and blackening of callus was occurring. It might be because of the
effect of nanoparticles on cellular metabolism of the callus.

All the three nanoparticles showed a dose and time dependent effect.
A concentration of 4 mg/l was observed as the optimum concentration
of the nanoparticles for their maximum action. Above a particular concentration,
the entire nanoparticle showed a dose and time dependent toxicity on the callus.
The higher concentration of nanoparticles allowed the explants to regenerate
the callus for a limited period of time and after that they inhibited the growth
of callus and resulted in the blackening of the callus. Explants on the tissue cul-
ture medium without nanoparticles were prone to fungal and also to bacterial
contamination to a greater extent. The treatment with all the three nanoparticles
(AgNPs, AuNPs and CuONPs) tremendously reduced the bacterial contamina-
tion.
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Conclusion

The effect of nanoparticles on in-vitro micro propagation of plants is
a novel area of research. The study, it was confirmed that the metal nanoparti-
cles could affect the size, texture and nature of callus. All the metal nanoparti-
cles lead to the formation of calluses with different color, nature and texture
of callus. Treatment of the tissue culture medium with CuONPs resulted
in the formation of shoot and root regeneration in the callus inducing medium
itself. The action of nanoparticles depends on the size and shape
of the nanoparticle used as well as the nature of the plant.
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THERMAL AND MECHANICAL STUDIES OF BIOFILLER BASED
POLY-3-HYDROXYBUTYRATE BIOCOMPOSITES

Sabu Thomas'?, S. V. Baranovsky’, E. G. Kiselev*?,
A. P. Kuzmin?, R. Pai Avinash?

ISiberian Federal University, 79 Svobodnyi Av., Krasnoyarsk 660041, Russia
“International and Interuniversity Centre for Nano Science and Nano technology,
Kottayam, Kerala, India
3Institute of Biophysics SB RAS, Federal Research Center “Krasnoyarsk Science Center
SB RAS”, 50/50 Akademgorodok, Krasnoyarsk 660036, Russia

Industrial ecology and green chemistry are tools for creating new eco-
friendly materials including those manufactured from renewable sources [1].
Recently, considerable research effort has focused on blending polymer materi-
als with the available natural materials such as clay, peat, and wood flour as well
as clay minerals derived from them. Montmorillonite, a layered aluminum sili-
cate with exchangeable cations and reactive OH groups on the surface, was
blended with alginate gels and films based on chitosan and graphene. This ap-
proach can not only reduce production cost, but also improve the properties
(such as swelling ability, gel strength, mechanical and thermal stability)
of superabsorbents [2-3]. His actualizes production and investigation of PHA-
based composites filled with different natural materials.

The present study deals with producing P(3HB) biocomposites using
clay, peat, and wood flour as biofillers and investigates their thermal, mechani-
cal properties.

Experimental.  Biodegradable  poly-3-hydroxybutyrate  [P(3HB)]
and natural materials (fillers) — clay, peat, and birch wood powder — were used
to prepare powdered blends and, then, pellets and granules. Pellets were pro-
duced by cold pressing of polymer and filler powders; granules were produced
from the powders wetted with ethanol. Properties of initial P(3HB) and fillers
and blends thereof were studied using IR spectroscopy, differential scanning
calorimetry (DSC), X-ray diffraction patterns (X-Ray).

Results

In the present study, P(3HB) was blended with three natural materials,
the blends were used to prepare pellets and granules, and their properties were
studied (Fig. 1).

© Thomas S., Baranovsky S. V., Kiselev E. G., Kuzmin A. P., Avinash R. P., 2021
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Wood fluor
P(3HB)/wood fluor composites

Fig. 1. The scheme for producing blends based on poly-3-hydroxybutyrate and natural fillers

IR-spectroscopy was used to reveal possible structural differences be-
tween the blends. The IR spectra of the initial P(3HB), each of the three natural
materials, and their blends were taken in the 400—4 000 cm™ range [Fig. 2-3].
The spectra of all blends retained characteristic absorption bands of the initial
components: for P(3HB) those were CH, CH,, CHs, C-OH, and COOH groups;
for peat — the additional and characteristic S-S-, C=C, C=N, N-H groups; for
clay — Si-O-Si(Al) and Fe-O in a-Fe,0s; for birch wood flour — -C-O-; -C-O-C-.
No new absorption bands were visible in the spectra of the blends, suggesting
that no new chemical bonds were formed and the blends prepared by the meth-
ods employed in this study, without using chemical reagents and heating, were
physical mixtures.

P(3HB) is a highly crystalline material, with crystalline phase, and its de-
gree of crystallinity (C,) is usually above 60-65 %; the C, of the P(3HB) sample
used in this study is 75 % (Fig. 4). Diffraction peaks in 20 = 13.4, 16.8, 20, 22.2
and 25.5° have a similar pattern when compared with previous crystallographic
data for this material.
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Fig. 2. FT-IR spectra of P(3HB) and natural fillers: peat, clay, and wood flour
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Fig. 4. X-ray diffraction patterns of the starting materials: 1 — P(3HB); 2 — wood flour;
3 — peat; 4 — clay and blends: 1 — P(3HB)/wood flour; 2 — P(3HB)/peat; 3 — P(3HB)/clay

X-ray diffraction patterns of wood flour showed distinct diffraction peaks
at 20 = 14.2, 19.6, and 25.5° while X-ray examination of clay revealed numer-
ous narrow diffraction peaks with the most distinct one was at 23.5°. Clay had
the highest C, (53 %) while in peat, amorphous phase prevailed, and their de-
grees of crystallinity were low (9 %). Composites [PHB:Filler = 70:30] became
amorphous as the percentage of the fillers was increased (10, 30, and 50 %).
The degree of crystallinity of P(3HB) was decreased more noticeably
in the composites with peat and wood flour (materials with low C,). The C,
of the P(3HB)/peat and P(3HB)/wood flour composites with 30 % filler
decreased to 47 and 48 %, respectively; the C, of the composites with 50 %
of the same fillers decreased to 42 and 44 %, respectively.

P(3HB) is a thermoplastic material, with a considerable difference be-
tween melting point (176 °C) and thermal decomposition temperature (287 °C).
Its peak of thermal decomposition is in at 297 °C and the onset of the process is
at 280 °C. Crystallization temperature of P(3HB) 1s around 108 °C and melting
enthalpy is 89.3 J/g. Initial heating of fillers and the composites gives a small
peak at a temperature between 70 and 130 °C, which is associated with evapora-
tion of moisture and volatile organic compounds. For clay, at a temperature be-
tween 60 and 200 °C, moisture evaporates and starts the decomposition
and evaporation of volatile organic compounds. Results showed that the fillers
did not significantly affect the temperatures of melting and thermal

87



IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns
«BUOTEXHONOIMMA HOBbIX MATEPUANOB — OKPYXAIOLWAA CPEJA — KAYECTBO XN3HU»

decomposition of P(3HB) but considerably decreased enthalpy of melting
(Fig. 5).
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Fig. 5. Results of differential scanning calorimetry of the starting materials: P(3HB); wood
flour; peat; clay and blends: P(3HB)/wood flour; P(3HB)/peat; P(3HB/clay)

Compared to enthalpy of melting of P(3HB) (89.3 J/g), the enthalpy
of melting of the composites containing 30 % clay, peat, and wood flour de-
creased to 38.5, 59.7, and 51.3 J/g and to 29.8, 48.7, and 45.4 °C
for the composites with 50% of the fillers. Melting temperature was not affected
by fillers, as it is largely the property of the polymer matrix. As the components
of the composites (polymer and filler) are mixed mechanically, the chemical
structure of the polymer remains unchanged, and, thus, the filler does not pro-
duce any effect on the melting temperature. The peak of degradation for
the P(3HB)/clay and P(3HB)/peat composites with 30% of the filler was at 283
and 292 °C, i. e., the temperatures insignificantly different from the degradation
temperature of pure polymer (287 °C); for the composites containing 50 %
of the fillers, the peaks of degradation were at 276 and 290 °C, respectively.
The lower degradation temperature of the composites containing 50% clay can
be explained using dispersion concept. The increase in the amount of clay
in the blend impaired the dispersion of the filler in the polymer matrix and clay
particles could agglomerate. This secondary structure in the polymer matrix
could accumulate heat from external sources and, eventually, trigger a more
rapid onset of decomposition.
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Conclusion

Biodegradable poly-3-hydroxybutyrate [P(3HB)] and natural fillers —
clay, peat, and birch wood flour — were used to prepare powdered composites
to form pellets and granules. Pellets were produced by cold pressing of polymer
and filler powder whereas granules were produced from the powders wetted
with ethanol. Characterization techniques like IR spectroscopy, differential
scanning calorimetry, X-ray analysis, mechanical analysis and electron micros-
copy were employed to study the properties of the initial P(3HB) and fillers and
the composites. Analysis of the IR spectra of the composites showed the absence
of chemical bonds between the components, i.e. the composites were physical
mixtures.
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Superhydrophobic surfaces are particularly interesting due to the great va-
riety of potential application such as self-cleaning, the packaging industry,
coating industry, medical device, and microfluidic device. The construction
of surfaces with special wettability is inspired by wide variety biological crea-
tures and plants, such as lotus leaf, water strider, geckos, butterfly wings, shark
skin, and fish scale [1]. Inspired from nature, which reveals excellent
superhydrophobicity, researchers have recently developed and implemented bi-
omimetic superhydrophobic surfaces in a variety of smart and simple ways.

Superhydrophobic surfaces create a contact angle of water that is larger
than 150° and water droplet can roll off the surface easily when the surface is
tilted up slightly. One of the excellent examples of superhydrophobic surface
in nature is the lotus leaf. In fact, this lotus leaf consists of micro- and nano-
scale papillae that are coated on a hydrophobic wax. Such a micro-nanostruc-
tured surface can influence the movement of the water droplet [2]. This result
from the natural superhydrophobic surfaces found out a way for constructing
the artificial hydrophobic and superhydrophobic surfaces similar to the surface
of the lotus leaves. Superhydrophobic surfaces are particularly interesting due
to the great variety of potential application such as self-cleaning, the packaging
industry, coating industry, medical device, and microfluidic device. A number
of chemical surfaces treatments have been investigated such as the silylationor
fluorination of both synthetic polymers and inorganic compounds, respectively

[3].

Generally, both the surface chemistry and the surface roughness affect
hydrophobicity and the interplay between these properties have been the subject
of active research during the last decades. Techniques to endow the surface
with nanoscale roughness, such as etching and lithography, sol-gel processing
and electrospinning have been implemented while the surface chemistry has
been modified by using strategies involving physical and chemical adsorption.
A distinctive feature is the fact that substrates based on non-renewable materials,
including minerals and synthetic polymers, are being substituted as platforms
to develop superhydrophobic surfaces. However, efforts to induce hydrophobi-
city in bio-based materials, including cellulose, are growing.

© Aghamirzeyeva C. S., Mashayeva S. S., Mamedova N. A., 2021
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Cellulose is an abundant, inexpensive, biodegradable and renewable bi-
opolymer in nature which contains very good mechanical properties. There are
different techniques for modifying cellulose into hydrophobic derivatives like
etherification, fluorination, silyation, or grafting by using polymers. Obviously,
hydrophobic properties of products depend on the initial material chemical
properties. Usually from these methods the modified cellulose derivatives are
not so hydrophobic and they still absorb water. Etherification of cellulose
with long chain fatty acid esters helps to introduce more hydrophobic properties
of modified cellulose.

Cellulose is obtained mainly from four resources; forestry, agricultural
crops, industrial and animal residues. The extracted biomass that is obtained
from all those sources contains three major components: cellulose, lignin
and hemicellulose with percentages ranging from 40 % to 50 %, 18 % to 35 %,
and 25% to 35%, respectively. The percentages of the components strongly de-
pend on the employed source. Thus, the extracted biomass has to be processed
in order to separate the different components and isolate the cellulose. There are
three majors industrially employed processing or pulping technologies called
sulfite, organosolv and Kraft processes [4]. Although the Kraft process is
the most widely used pulping method, there are fatal drawbacks related
to the use of this process such as the degradation of lignin and hemicellulose,
the utilization of high temperature and pH, the release of organic sulfur com-
pounds or the water contamination. On account of these, the major challenge is
the separation and purification of the biomass without destroying the lignin and
hemicellulose using more benign strategies that do not include the use of toxic
and non-recyclable chemicals. Due to the drawbacks associated with the current
methodologies used to dissolve and process cellulose, environmentally friendly
and more efficient solvents are required. In the last decade, ionic liquids have
emerged as effective and green solvents, mainly due to their high thermal and
chemical stability, nonflammable nature and miscibility with many other solvent
systems. In the early 2000s Swatloski et al. [5] discovered the ability of some
ionic liquids to dissolve cellulose, which afterwards provoked a high interest
in this area. Since the first report showing the power of ionic liquids to dissolve
cellulose, many ionic liquids have been investigated either to dissolve or to cre-
ate an appropriate media for the functionalization of cellulose.

Use of ionic liquids in new cellulose processing and materials technolo-
gies is a topic of burgeoning interest. The use of ionic liquids for cellulose dis-
solution stems from the unique properties of ionic liquids to interact
with the strong hydrogen bonds of polysaccharides. The scientific discovery
of the dissolution of cellulose in ionic liquids is being translated into new
processing technologies, cellulose functionalization methods and new cellulose
materials including blends, composites, fibers and ion gels. These materials can
replace current analogs to overcome the environmental issues associated with
petroleum-based products. Although there are many ionic liquids available that

91



IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns
«BUOTEXHONOIMMA HOBbIX MATEPUANOB — OKPYXAIOLWAA CPEJA — KAYECTBO XN3HU»

can dissolve cellulose, the processing difficulties such as fractionation need
to be overcome to support large-scale use.

However, due to the chemical versatility of both cellulose and ionic lig-
uids new developments leading to the next generation of cellulosic materials are
expected in the near future.
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NONY4YEHUE MUKPOHU3UPOBAHHbLIX ®OPM
XNNOPCOAEPXALLEINO O30HUOA
HA OCHOBE MNONU-3-TMOPOKCUBYTUPATA"

C. NMunaitkun?, E. Wnwaukan'?

1Cu6upc;<uﬁ Gedepanvuviii ynusepcumem, Poccus, 660041, Kpacnospck, Ceoboonwiii np., 79
2HHcmumym buogusuxu CO PAH, @edepanbHolil uccie008amenbCKutl Yyenmp
“Kpacnoapckuu nayunoiti yenmp CO PAH”,

Poccus, 660036, Kpacnospck, Akaoemeopooox, 50/50

B nocnennee necstuieTHe HMUKIMYECKUE OPraHUYECKUE MEPOKCHUIIbI SIB-
JSI0TCST 00BbEKTaMU WHTEHCHUBHBIX HCCJICIOBAHUM XHUMHUKOB M (hapMaKoJIOTOB.
OTKpBITHE TIPUPOTHOTO MEPOKCHIA apTEeMU3NHKHA, 00Jaar0IIero MpoTHBOMa-
JSPUHHBIMA CBOWCTBAMHM, MOCITY>KHJIO MOITHBIM HMITYJIBCOM K CO3JaHHUIO OHO-
JIOTUYECKUX AaKTUBHBIX BEIIECTB HA OCHOBE MOJOOHBIX COCTUHEHUH. Y CTaHOB-
JICHO, YTO IUKIMYECKUEe MEPOKCHUIIBI, B YACTHOCTH O30HHUBI, 00Ja/1al0T MPOTH-
BOMAJIIPUMHOW, AHTUNAPA3UTAPHOM, NPOTHUBOOIYXOJEBOM, NPOTHUBOBUPYCHOMU
GYHTUIMTHON aKTHUBHOCTSIMH.

JIJist TOBBIIIEHUSI CENIEKTUBHOCTU JIEUCTBUSI M YMEHBIIICHHS HEXeJlaTelb-
HBIX MOOOYHBIX d(PPEKTOB OMOJIOTMYECKH aKTUBHBIX COCIMHEHHM pa3padaThi-
BAIOT TMOJXOJBI JJIi MX JENOHHPOBAHUS U TapreTHOM JOCTaBKu. B kauectBe
MaTpHIIbl B TOJIOOHBIX CUCTEMAaX MOTYT MPUMEHSTHCS MOJUTHIPOKCUATKAHOATHI
(II'A) — OakrepuanbHble MOTUIPUPHI C KOHTPOJIUPYEMBIM OHOPA3I0KEHUEM
BO Bcex Tumax Oumonorndeckux cpei. [II'A — 3To monykpucTauinuecKkue moju-
a¢UpBI, HEPACTBOPUMEBIE B BOJIC, MPHUTOJHBIC I NMPUMEHEHUS B MEIUIIMHE,
CEJIBCKOM XO3SICTBE M TIPOMBIIIICHHOCTH.

Iean padoThl — MoOMydYeHNEe MUKPOYACTHI] HA OCHOBE MOJIU-3-THAPOKCH-
Oytupara, coneprxarmx 030U (C17H,ClOs).

MarepuaJjbl 1 METObI

Mukpouactuipl noiu-3-ruapokcudyrupara (I1(31'B)), conepxamue 030-
HUJ, TIOJIyYEHbl SMYJIbCHOHHBIM METOJOM (M3 HMYJbCUH BOJA/Macio)
¥ METOJIOM PacCIbUIMTEIBHOTO BhICyIMBaHus Ha Biichi spray dryer (BUCHI La-
boratory Equipment, Switzerland).

Pe3yabTaTsl

VY cTaHOBJIEHO, UTO CPETHHUM JUAMETP MUKPOYACTHUII, TIOTYUYEHHBIX IMYJIIh-
CHOHHBIM MeTo10M, paBeH 0,44 + 0,03 mxm (PDI = 0,182) (puc. 1, a), Bennunna
(-motentmana — —13,8 £ 0,3 MB. Cpennuii tuamMeTp MUKPOYACTHIIL, TTOTYIECHHBIX
METOZIOM PaCHbUIMTEILHOTO BbIcymmBanus, — 2,6 + 0,1 mxm (PDI = 0,149)
(puc. 1, b), a Bennunna {-nmotennuana — —39,6 £ 0,4 MB.

© Jlumaiikun C., Hlumankas E., 2021

" PaboTa BHIMONHEHA 33 CUET CPEACTB MErarpaHTa «ATpONperapaThi HOBOTO MOKOIEHHS: CTPATErHs
KOHCTpynpoBanus u peanuzanust» (Cornamenue Ne 074-02-2018-328) no ITocranosnennto [IpaBurenscrsa PO
Ne 220 or 9 anmpensa 20210 r. “O mepax no HIpUBIEUEHHUIO BEIYHIMX Y4YeHBIX B By3bl Poccum» VI ouepens
(Cornamenue COY u MuHHCcTEpCTBa HAyKH U BbIciiero oopasosanust Ne 075-15-2021-626).
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SU3500 3,00kV,6:8mm x7.99K SE

Puc. 1. SEM-cuumMku u pazmeproe pacnpenenenue [1(31'5)-mukpouactull, comaepraimx
030HM/I: (2) MUKPOUYACTHIIBI, TOJTYyYEHHBIE IMYIBCUOHHBIM MeTOA0M; (b) MUKpOYACTHIIBI,
MOJTy4YEHHBIE METOI0OM PACTIBUINTEIIEHOTO BBICYIIMBAHUS

BbIXon aKTHBHOrO BeIIECTBA M3 MHUKPOYACTUI] B MOJECIBHYIO CpELy
(AMCO) ompenensun ciekrpodoTomerpudecku Ha Thermo Scientific Genesys
10SUV-Vis npu mymmHe BOiHEI 268 HM (puc. 2). OnpeneneHo, 4To MOJHBINA BbI-
xox npenapara u3 [1(3I'b)-marpukca nocturaercs 3a 144 u 216 yacoB jyis dac-
THII, TIOJYYCHHBIX 3MYJIILCHOHHBIM METOJOM H METOJOM PACHbUIMTEIHHOTO BbI-
CYIIMBAaHUS COOTBETCTBCHHO. Ha OCHOBaHHMH MOTYYEHHBIX B KHHETHYECKOM HC-
CJIEJIOBaHUM JIAaHHBIX paccuynTaHa 3()()EeKTUBHOCTh MHKAIICYJIMPOBAHUS 030HHIA
u BenmunHa ero BkirodeHus: B I1(3['B)-marpuke, xoropeie cocraBumm 89,4 %
u 9,7 % (amynbcuonHsiit Meron) u 37,7 % u 7,1 % (Meroa pacmbUIUTEIHLHOTO
BBICYIIINBAHUS) COOTBETCTBEHHO.
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Puc. 2. Cnexrp normnomienus o3ouuaa Ci17H,1ClO0s

ITo pesynbraram nuddepeHInaIbHON CKaHUPYIOIIEH KaJOpUMETPUH yC-
TAHOBJICHO, YTO BKJIIOYCHHME MEPOKCHAAa B MHKpodacTHilbl Ha ocHoBe I1(3T°B)
IPUBOJIUT K YMEHBIIICHUIO TEMIIEPATyp IUIABJICHUS M KPUCTAJUIM3AIMHA COCTABOB
0 CpPaBHEHHIO C HEHArpyKeHHbIMH udactunamu: 161,3 °C u 1174 °C
IUIS. MUKPOYACTHII, COAEPIKALIMX TEPOKCHU L, 1o cpaBHenuro ¢ 176 °C u 123,6 °C
JUTSL HEHArPy>KEHHBIX TTOJIMMEPHBIX YaCTHIL.
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3akJiroueHue

B pabore momydeHbl MHUKPOYACTHUIIBI MMOJIH-3-THAPOKCUOYTHpATa, HATPY-
YKEHHBIE OPTAaHUYECKUM XJIOPCOAEPKATUM 030HUA0OM. YacTUIIbI CHHTE3UPOBAIH
JByMSI METOJIAMH: SMYJIbCUOHHBIM METOJOM U METOJIOM PACIBUIMTEIILHOTO BbI-
CYILIMBaHMS. Y CTAaHOBJICHO, YTO HA pa3Mep YaCcTHIl U HAa BEJIMYMHY (-TIOTeHIIMAIa
3HAUUTEIHHOE BIIUSHUE OKA3bIBAET KaK METOJ UX MOJYyYEHHUs, TaK U HAIUYUE B
yacTUIlaX aKTMBHOrO mpemnaparta. Hamuuue B cocTaBax 030HUAA BIMSET Ha UX
TEPMUYECKHE XapaKTEePUCTUKH.

bnazooapnocmu

Pabomuer nposedensvi ¢ ucnonvzosanuem anarumuyecko2o 060py008aHus,
aenaowezocsi coocmeennocmvio Kpacnospckozo peeuonanvnoco yenmpa Koi-
Jnekmusro2o noavzosaruss PUL] KHI] CO PAH.

Obpa3yvl opeanuueckux nepoxKcuoos JaOe3HO0 NpeodoCcmasienbl KaHo.
xum. Hayk U. A. HApemenxo, compyonuxom Jlabopamopuu ucciedo8anusi 20mo-
aumudeckux peaxyuu Huncmumyma opeanuveckou xumuu H.J]. 3enunckoeco
PAH.
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POLY(3-HYDROXYBUTYRATE-CO-3-HYDROXYVALERATE) BASED
NANOPARTICLES AS A DELIVERY PLATFORM
FOR CURCUMINOIDS EXTRACTED FROM CURCUMA LONGA

A. Dorokhin

Siberian Federal University, 79 Svobodnyi av., Krasnoyarsk 660041, Russian Federation

Curcumin, or diferuloylmethane, is a yellow polyphenol, extracted from
the rhizome of turmeric (Curcuma longa). This herb contains 3-5 % of the four
types of curcuminoids (CUR) [1] including curcumin (77 %),
demethoxycurcumin, bisdemethoxycurcumin, and cyclocurcumin [2]. These
natural compounds have been known and widely applied in traditional medicine
for treating various diseases like acne, injuries, eye infections, skin diseases,
stress, and depression. Researches in the recent three decades have shown
the remedial effects of this molecule on different kinds of diseases including
cancer, pulmonary and chronic kidney disorders, some diseases of the nervous
system, cardiovascular and other diseases [3]. Also, being administered
in combination with methotrexate [4] or gemcitabine [5], nanoformulations
of curcumin improves the anti-tumor efficacy of these cytostatic drugs. How-
ever, poor aqueous solubility, limited bioavailability, early metabolism and rapid
degradation limit the CUR performance. Drug delivery systems of CUR based
on biodegradable polymeric nanoparticles can contribute to overcome these
shortcomings [6].

The aim of this study was to obtain CUR delivery system based
on poly(3-hydroxybutyrate-co-3-hydroxyvalerate)  (P3HBV)  nanoparticles
(CUR-P3HBV-NPs).

Material and Methods

Curcumin and related curcuminoids were extracted from Curcuma longa
powder using ethanol as a solvent. The CUR solution was separated via centrif-
ugation and filtered in order to remove the residual turmeric particles.

The single emulsion solvent evaporation technique was employed
to produce CUR-loaded P3HBV-NPs. Briefly, P3HBV (hydroxyvalerate content
is 10%, synthesized using the Cupriavidus necator B-10646 strain) was dis-
solved in CHCI; (1 mg/mL), followed by the addition of the CUR extract ali-
quot. The obtained organic phase was added dropwise to aqueous solution
of PVA (0,5 mg/mL) and vigorously stirred for 5 min on SilentCrusher M
(Heidolph, Germany). The resulted emulsion was magnetically stirred for 24 h
until the complete CHCI; evaporation. CUR-P3HBV-NPs were collected via
centrifugation, washed with deionized water and freeze-dried.

The loading of curcuminoids into the matrix used was confirmed
spectrophotometrically on Genesys 10S UV-Vis (Thermo Scientific, USA). Sur-
face morphology of the obtained CUR-P3HBV-NPs was evaluated using scan-

© Dorokhin A., 2021
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ning electron microscope (SEM) TM4000PIus (Hitachi, Japan). The mean diam-
eter and (-potential were determined using Zetasizer Nano ZS (Malvern
Panalytical, United Kingdom).

Results

The obtained yellow-coloured nanoparticles have the mean diameter
of 521 + 18 nm and uniform size distribution with polydispersity index of 0,187
(Fig. 1). The determined (-potential of CUR-P3HBV-NPs was —32,4 mV that
prevent the obtained nanoparticles from aggregation.

Curcuminoids are quite unstable compounds and may undergo oxidative
degradation in aqueous solutions accompanied by bathochromic
and hypsochromic shifts in the absorption spectra, as well as the appearance
of new absorption peaks. Therefore, the spectrophotometric method was chosen
to examine the structural integrity of curcuminoids after encapsulation and
to confirm the successful loading of CUR into the matrix used.

The obtained nanoparticles were dissolved in CHCI; and the absorption
spectrum of this solution was compared with the spectrum of curcuminoids ex-
tracted from Curcuma longa with the addition of P3HBV owning
to the possibility of intermolecular interactions between CUR and the polymer
used. The absence of peak shifts in the spectra suggests that the extracted sub-
stances didn’t undergo significant degradation during the loading process

(Fig. 2).

1% 78
[ .\\ R 0 Size (nm)
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Fig. 2 .CUR absorption spectrum (a); Absorption spectrum of CUR-P3HBV-NPs solution
in CHCl; (b)
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Conclusions

In this research curcuminoids nanoparticulate delivery system based
on poly(3-hydroxybutyrate-co-3-hydroxyvalerate) synthesized by Cupriavidus
necator B-10646 strain was obtained. CUR-containing nanoparticles have small
size, narrow size distribution and high negative value of {-potential. The Results
obtained in this work can be used in order to produce targeted P3HBV-based
CUR delivery systems and platforms for cytostatic drugs delivery with the addi-
tion of natural curcuminoids.
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BNUAHUE OENOHUWPOBAHHbLIX ®OPM ®YHI'MLNAOB
HA NOYBEHHbIA MUKPOEMOM B NNABOPATOPHbIX YCNIOBUAX ™

H. B. CtpenbuoBa, . A. leMbAHYYK

Cubupckuii ¢hedepanvroiil ynusepcumem, Poccus, 660041, Kpacnospck, np. Ce0600mwitl, 79
E-mail: streltsova-96@mail.ru

Kaptodenr sBIseTcs BaXHOM CEIBCKOXO3IUCTBEHHOM KYJIBTYPOH,
o o0beMaM MPOU3BOJICTBA OH 3aHMMAET YETBEpPTOe MecTo B mupe. OpHakxo,
JaHHasl KyJbTypa IOJIBEPKEHA Pa3IMYHbIM I'PUOKOBBIM 3a00JIEBAHUAM (Cpeau
BO30yauTenel Oone3Hed KapTodens BBIAETSIOT MpPEICTaBUTENCH POJOB
Alternaria, Fusarium, Rhizoctonia) u 570 cka3piBaeTcs Ha 00bEMax M KadyeCTBE
ypoxkast [1]. s 3ammThl pacTeHUil MPUMEHSIOTCS pPa3UYHbIC (DYHTHUIUIBI,
HO oHM He oOecrneunBatoT 100% 3amuThl pacTeHH, K TOMY K€, OHU OTpHUIla-
TEJILHO BIHSIFOT Ha OKpYKaromryto cpexy [2]. s nmoBeimieHus 3PPEKTHBHOCTH
(GYHTULMIOB, a TaKXe JUIsl CH)KEHHUSI 00bEMOB MX HMCIOJIb30BAHMS MOTYT OBITH
UCIIOJIb30BaHbl CUCTEMBI C KOHTPOJUPYEMBIM BBICBOOOKIECHHUEM MECTHUIIHUJIOB,
JICTIOHUPOBAHHBIX B OCHOBY M3 MPUPOJHBIX OHOpa3pyliaeMbix Marepuanios [3].
[Tpu »TOM nenoHupoBaHHbIE GOPMBI GYHTHUIUAOB JTOJKHBI 0OecrednBaTh 3¢-
(EeKTUBHYIO 3alIUTy OT (PUTONATOrEHHBIX TPUOOB, CHEPXKHUBAsT HMX pPA3BUTHE
B IIOYBE, U HE OKAa3bIBaTh CYLIECTBEHHOI'O BIMSHUS HA CalpOTpo(HbIe OaKTepun
U TPUOBIL.

ear paGorbl — OIEHKA BIUSHUS JCTOHUPOBAHHBIX (DYHTUIIMIOB,
OPUMEHSEMBIX JUIsl  3alluThl  Kaptodens oT (UTONATOTEHHBIX TI'PUOOB,
Ha NTOYBEHHBI MUKPOOMOM B JIAOOPATOPHBIX YCIOBUSX.

Marepuajbl 1 MeTOAbI

JlenoHupoBaHHbIE (OPMBI MpENnapaToB MNPEACTABISUIM COOOW TpaHyIbl

CJIEIYIOLLIETO cocCTaBa: ounopaszpyiiaemas OocHOBa/puiep/pyHrunua
B cooTHotmeHuu 60:30:10 % mo Becy. B xauecTBe OCHOBBI HUCTOJIB30BAIN OHO-
paspymiaeMblii monumep noiu(3-ruapokculyrupar), ¢uimep — Oepe3oBbie

omwiku. B pabore mcnonb3oBanmu cieayrompe (yHTUIUIbI: a30KCHCTPOOUH,
MIPOTUOKOHA30J1, METAIOKCHII, TU(HEHOKOHA30] M KOMOMHUPOBAHHBIN Mpenapar
a30KCHCTPOOMHA U METAJIOKCHIIA (COOTHOIICHHE KOMIOHEHTOB 60:30:5:5 %).
DOKCHEepUMEHT MPOBOAMIIM B TAOOPATOPHBIX KOHTPOJIUPYEMBIX YCIOBUSX.
B mactukoBbie KoHTEIHEPHI 3achimany 150 r mouBsl, yBaaxHeHHOH 10 50 %.
['panynbr 2-x BuaoB (Oonbime — 20-23 mr, mansie — 16—17 mr) nomMmemanu
B MCIIIOYKU W3 OpraH3bl U MHKYOWpOBAJIM B IOYBE B TCUCHHE 16-TH HEIETb.
OneHnky BIUSHUSA TIpenapaToB Ha IMOYBCHHBIA MHKPOOHOM  IPOBOIVIIN
B IMHaAMHUKe: yepes 2, 4, 8, 12 u 16 Henenb. OLIEHUBAIMCH TAKUE TTOKA3aTENH,

© Crpensuosa H. B., lempsanuyk /1. A., 2021
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KaKk 0011ass MUKpOoOHAasi YMCIEHHOCTh (BBICEB MOYBEHHOU cycrmen3uun Ha MIIA)
Y YUCJIEHHOCTh MUKPOMHUIIETOB (BBICEB MOUYBEHHOM CYCIIEH3UU Ha CyCJIO-arap).
B orpuiatensHoM KoHTpoje GyHTHIMIBI B TIoUBY He BHOcwid. [locie 16-Tu
HEJICIbHON PKCMO3UIIMHU JIETIOHUPOBAHHBIX MpENnapaToB B MOYBE ObLT pOaHaJH-
3UpPOBaH BUJIOBOM COCTaB MOYBEHHBIX OaKTEPUH.

Pe3yabTarsl

[lepen HauanoM sKcriepuMEHTa ObUTH OXapaKTepu30BaHbl MUKPOOHAs CO-
CTaBJIAIOMAs] UCXOMHOM MOYBBl. COOTHOIICHHE 3KOJIOTO-TPOPUUECKUX TPYIII
MHKPOOPraHU3MOB ObUT0 crexyromee: xomuorpodsr (1,4 + 0,5)x10° mporo-
Tpodsr (4,4 £ 0,9)x10°, omurotpodsr (4,3 + 0,6)x10° asorduxcaropsr (1,7 +
0,2)x10° KOE B 1 T moussl. YHCICHHOCTh MUKPOMHIIETOB cocTaBmma (14,7 +
1,8)x10° KOE B 1 r mouBsl. KoddduIMEHTH  MHHEpaTH3aIHH
1 onurotTpodHocTu coctaBuiu 3,14 u 3,05, cooTBeTcTBEHHO. B OakTepuanibHOM
coobmecTBe momuuupoBay Buabl Bacillus muralis u Bacillus licheniformis;
B coolmiecTBe MUKpoMuIleToB — poabl Penicillium u Trichoderma. Cpenu ¢u-
TOMATOTCHHBIX  MPEICTaBUTEICH BBIACTUIMC, Tpubbl  poma  Alternaria
u Fusarium.

OrneHka BIUSIHUS JICTIOHUPOBAHHBIX ()YHTUIIMJIOB HA TOYBEHHbIE OAaKTe-
pHUU TOKa3ajia, 4ToO B MEPBbIE 2 HEACNU SKCIEPUMEHTa YUCICHHOCTh OaKTepuit
IIPU UCIOJIb30BAaHUM TPaHysl OOJIBIIOTO pa3Mepa JOCTOBEPHO HE OTIMYAIACh
OT KOHTPOJIA, IPY UCTIOIB30BAHUU TPAHyJl MEHBIIIETO pa3Mepa HabIto1amu pocT
YUCIEHHOCTH Oaktepuil B 2—13,5 pa3 1o CpaBHEHUIO C YUCIECHHOCTHIO B KOH-
TPOJILHOM TMOYBE. DTO MOXKET OBITh CBSI3aHO CO CTUMYJUPYIOIIUM JCHCTBHEM
HU3KUX KOHIEHTpaLMid (YHTHIMI0B Ha poCcT OakTepuil B mouse. B nanpHeiimem
CBSI3b MEXJy pa3MepoM TpaHyJ U YUCICHHOCThIO OaKkTepuil B MOuYBEe HE OOHa-
pykuBajgachb. MakCUMaJIbHYIO YUCJIEHHOCTh B KOHTPOJIE U OTMBITHBIX BapUaHTaX
HaOmoau yepe3 4 HeOenu SKCIO3UIMU. DTO MOXKET ObITh CBSI3aHO C IMOCTE-
MEHHBIM Pa3pyIICeHUEeM TpaHys, aKTUBHBIM BBIXOJIOM (DYHTHIIUIA U TOCTYILIE-
HUEM B TOYBY JOIOJHHUTENIBHOTO cyOcTpaTa. MI3MeHeHus: yucieHHocTu OakTe-
puil B TOCIIEAYIOIINE MEPUOAbl 00YCIOBICHBI CBOMCTBAMU CaMOTO aKTHUBHOTO
BelecTBa (epPHo/I MoJypaciajia u paCTBOPUMOCTE B BOJIE).

AHanmu3 TaKCOHOMHYECKOTO pa3zHoo0pasusi OaKTepuaabHOTO COOOIIECTBA
MOYBBI TIOKA3aJl 3HAYUTENIbHbIE U3MEHEHHUS B COCTaBE MOYBEHHOTO MUKPOOHMOMA
[0 CPAaBHEHUIO C MCXOJHOM MOYBOM. ITO CBA3aHO C CEJICKTHUBHBIM JICHCTBUEM
GYHTUIUIHBIX NpenapatoB Ha Mukpodopy. [Ipu BHECeHUH HEKOTOPHIX BUJIOB
npenapaToB OTMEYEHO CHIDKEHHUE BHUIOBOTO pa3HO0Opa3us OakTepuil. JJoMunu-
poBaJii BO BCEX IIOYBEHHBIX oOpa3nax mnpeacraButenu poxaa Bacillus
u akTuHOOaKTepuu. Kpome TOro, mpu 3KCMO3UIMN pa3HbIX (YHTHUIUIO0B OTME-
Yaju TOSBJICHUE BUJIOB OaKTepUil, HE BCTPEUAIOUIUXCS B JIPYTUX BapHaHTax,
HarpuMep, TMPU BHECEHUU TPaHysl C a30KCUCTPOOMHOM ObLUIM OOHAPY>KEHBI
Kocuria rosea, Streptomyces griseus, Pseudomonas umsongensis; C mpoTHoOKo-
HazoloM u gudenokonazoaom — Aeromonas schubertii, Clostridium
cochlearium; ¢ medenokcamom — Dermacoccus nishinomiyaensis.
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Onenka BIUSHUS JEMOHUPOBAHHBIX (DYHTMIIMIOB HA TMOYBEHHBIE MUKPO-
MUIETHI TI0Ka3aia, 4YTO CHJIBHOTO MHTHOMPYIOIIETO ACHCTBUS JaHHBbIE (OPMBI
[penapaToB Ha MUKPOMHUIIEThI HE OKa3blBaldu. B mepBble IBE HENENIH WX YHC-
JICHHOCTh OblJIa JTUOO Ha OJHOM YPOBHE C KOHTPOJIEM, JIUOO HE3HAUYUTEITHHO
MpeBbIlIaza KOHTPOJbHbIE 3HaueHWs. Yepe3 4 Hemenu HKCIO3ULUA
U Ha MOCIEAYIOIMX CPOKaxX HaOMIOAAIN CHUKEHUE YHMCIEHHOCTH MHUKPOMMUIIE-
TOB II0 CpaBHEHHIO ¢ KOHTpojeM B 1,8—7 pa3. HauGonbmmii HHruOUpYyIOmnii
b deKT mposBISUIA Mallble TpaHysbl ¢ TU()EHOKOHA30JI0M, MPOTHOKOHA30JI0M
¥ KOMOWHHPOBAHHBIM TpENapaToM U OOJbIIKE TPaHyJbl ¢ KOMOMHUPOBAHHBIM
penapaToM a30KCUCTPOOMHA U METAJOKCUIA. JTO YKa3bIBAET HA AKTUBHU3ALUIO
OHOpa3pylIeHHUs] OCHOBBI TPAaHYJI M BBIXOJ JCHCTBYIOIIETO BEIIECTBA B IOYBY.
Yepes3 16 Henmenp 3KCEpHUMEHTA YMCIEHHOCTh MUKPOMHUIIETOB HE MpEBbIIIANA
3HAYEHUS B OTPULIATEILHOM KOHTPOJIE, 32 UCKIIFOUEHHEM I'PaHyJ C Me(PEHOKCa-
MoM. B o0pasuax c nenoHupoBaHHBIMH (YHTULHMIAMHU HE ObUIO OOHApyKEHO
¢utonaroreHHsix mpeacrasutencii Alternaria m Fusarium, B otiamuue oT uc-
XOJHOM TIOYBBI M BAPUAHTa OTPULATEIIBHOIO KOHTPOJIA. /JOMUHUpPYIOIIKUM pO-
JIOM MHKPOMHUIIETOB BO BCEX BapHaHTax OMNbITAa MO-NIPEKHEMY OBLT POJI
Trichoderma.

3akiouenue

JlenoHupoBaHHble (YHTULIUAHBIE IpenapaTbl HE OKa3bIBaIM WHIUOU-
pYIOILEro AeMCTBUS Ha MOYBEHHbIE OAKTEPUH, OJTHAKO MPOSIBISUIA CEIEKTUBHOE
JeCTBUE HA BUJOBOM COCTAaB OaKTEpHUAIBHOTO COOOIIECTBa MOuBHl. JleiicTBHE
JENNOHUPOBAHHBIX MPENApaToB Ha MOYBEHHbIE MUKPOMHULIETHI ObUIO 00Jiee BbI-
paXeHO M NPHUBOJMIIO K CHIKEHHIO YHCIEHHOCTM MHMKPOMHUIIETOB B IIOYBE,
a TaKKe K CHIXKEHHMIO Pa3HOOOpa3usi MOYBEHHBIX MUKPOMMIIETOB, B TOM YHCIIE
M 332 CUET MHTUOMPYIOLIEro JeHCTBHUS Ha (UTOMATOTE€HHBIX MPEACTABUTENEH
Alternaria u Fusarium.
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rial Office as Guest Editor in the Special Issue on ‘“Marine Polymeric Materials and
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MARINE BIO-INSPIRED MATERIALS THAT MAKE A POSITIVE
CONTRIBUTION TO THE MITIGATION OF CLIMATE CHANGE
AND THE SUSTAINABLE USE OF NATURAL RESOURCES

Prof. Susana Fernandes

Bioinspiration: a solution to the challenges of ecological transition?

The present communication focuses on the discovery and potential uses
of marine compounds, materials and biomimetics as a response to challenges for
the marine environment and human health.

Marine organisms are an extraordinary and under-exploited source
of natural compounds (from molecular to macromolecular scale) with unique
physicochemical, biological and structural properties. Moreover, the hierarchical
structures and functionalities observed in marine organisms are a source
of inspiration for the materials science community.

Despite their promise, a considerable amount of marine compounds are
still scarcely exploited. Among the enormous variety of natural molecules
and materials that can be extracted from marine biological resources (namely
algae and animals), polysaccharides and small bioactive molecules have raised
considerable interest due to their properties like biodegradability, biocompati-
bility, bioactivity, easy availability and low cost.

In our research group, we use blue- and red-biotechnology approaches
to develop biomaterials based on: marine-origin compounds and marine
biomimetics. We are establishing methodologies for the extraction of small mol-
ecules and biopolymers from marine by-products, specifically, the processing
of this material to create multifunctional porous structures, films,
and nanocomposite materials for potential applications in cosmetics, biomedical
and nanocomposites (1, 2).

In this regard, examples of marine-based materials based on nanochitin
or chitosan will be discussed, exploiting different structures or functionalities:

e chitin nanoforms to provide mechanical and topological cues to support
growth of stem cells in chitosan matrices;

e chitosan 3D-scaffolds as platform for cartilage tissue engineering using
stem cell spheroids cultured in hypoxia;
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e mimicking the functionality of reef fish mucus to develop UV-absorbing
materials.

These materials can further the cause of sustainable exploitation of natural
marine resources and also reduce pollutants and emerging pollutants.
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PhD in Sciences from Liege University (Belgium), he migrated to McGill University
(Canada) as research associate and adjunct professor from 1986 to 1992. Back in France, he
worked for Flamel Technologies, then director of the biochemistry at ENSAIA, In 1999, he
moved to Oniris as professor and member of the French National Research Council. In 218,
he becomes Professor.

He had developed different microencapsulation methods and especially worked the in-
dustrial transfer of encapsulation processes. He has published more than 140 articles
and contributed a large number of conferences. In 1992, he cofounded the international
association Bioencapsulation Research Group. He presides the association for the last
30 years and organized more than 80 conferences, industrial conventions and training
schools. He created in 2006, the company Capsulae and in 2018 the consulting company
EncapProcess.

MICROENCAPSULATION: A HUMAN STORY
Prof. Denis Poncelet

Introduction

Life “apparition” is generally linked to the development
of the biochemistry. However, to get a living organism, the biochemistry needs
to be structured as biological cells, i.e. encapsulated. Microencapsulation pro-
vides material immobilization and isolation, its protection, control of the transfer
in and out of the cell, liquid-to-solid structuration and especially power to create
sophisticated functions. As an example, production of ATP would not be possi-
ble without membrane and no energy would be available to the system to coun-
teract the entropy.
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Fig. 1. Prettiest microcapsule realization (http://magicmaman.com)

The challenge for the scientists and engineers working in encapsulation is
then to mimic the biological cells. Chemical components are separated to avoid
unwanted reaction, vitamins are protected from oxygen, profile of drug release
Is tuned-up, essential oil is converted to powder before incorporation in feed,
monomers are encapsulated to develop self-healing material.

History

It exists a large panel of microencapsulation methods, combining equip-
ment or dispersion method (Spray, dripping, extrusion, fluid bed, emulsion, ...)
and a process of encapsulation (physical, chemical, ...). Each author defines the
starting point of microencapsulation depending on the domain and the methods.
Table 1 provides some key dates of microencapsulation development.

Applications

Microcapsules are generally not the end product but assists in developing
innovative products or processes. It is then not surprising that man in the street
ignores the microencapsulation.

However, microcapsules are incorporated in many of our daily products.
Most of the big companies (P&G, Unilever, Nestl¢, 3M, Dupont, ...) have de-
veloped products based on microcapsules. We have identified several thousand
companies working on or with microcapsules. The world market count several
billions of euros and is supposed to increase by 9% per year.

Far to be exhaustive, we could cite the following applications
of microcapsules: drug delivery, aroma addition to food powders, artificial or-
gans, long action of cosmetic products, agrochemical formulation, self-blocking
screws, cosmeto-textiles, enzyme-loaded laundry powders, cell immobilization,
liquid crystal, carbon-less paper, incorporation of additives in paint or feed.
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Table 1
Some key events in microencapsulation

1932

Spray dried Arabic gum powders with sealed-in volatile was sale England

1939

Coacervation of gelatin and sodium sulfate was proposed for oil encapsulation

1953

Wourster develop the fluid bed coating process

1954

National Cash register introduced the carbonless paper using encapsulated dye.

1957

Thomas Chang at McGill University developed the concept of artificial cells

1959

The Morgans’s group published series of papers describing the interfacial
polymerization

1964

Liposomes were introduced in 1960 by Bangham

1970

Double-emulsion solvent evaporation was patented.

1977

Alginate beads production was the starting point of cell encapsulation

1981

Lim and Sum reported the development artificial organs.
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she first acted as research associate at the National School for Food Engineering at Nancy,
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ENCAPSULATION USING DRIPPING: FROM FUNDAMENTAL
TO INDUSTRIAL PRODUCTION

Brigitte De Smet, Denis Poncelet

Introduction

Encapsulation using dripping technologies consists in extruding a liquid
drop-by-drop from a nozzle and collecting the droplets in a solidification bath.
Versatile, simple, powerful, biocompatible are some of reasons why these tech-
nologies encounter a great success. The contribution will focus on how
to proceed to get homogeneous droplet size from laboratory to industrial scale.

Dripping Regime

For low flow rates, the liquid detaches from the nozzle drop by drop fol-
lowing the equation:

mg =myd, (1)
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Where m is the mass of the droplet, y the surface tension and d.
the external diameter of the nozzle. If the flow is increased, the liquid forms a jet
which breaks in droplet at a specific frequency defined by:

A=4,5d; (2)

Where A the wavelength and d; the internal nozzle diameter. This Results
in droplet of 1.9 d;. If the flow rate is too high, the liquid form a spray (Fig. 1).

1000
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Fig. 1. Dripping regime.

Droplet Size and Productivity

Simple drop-by-drop provides droplets of 2 to 3 mm. To reduce the size,
the easier solution is to applied an electrostatic potential to the needle (Fig. 2).
The size may then be reduced to a few hundreds’ micrometres. This is the option
often applied for biomedical applications.

U=0KkV U=5KV  U=7kV U=10 kV

Drop formation

Fig. 2. Electrodripping

Drop release
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However, for larger production, the jet regime is preferred either applying

an optimum frequency vibration (Fig. 3a) or cutting the jet with a rotating wheel
(Fig. 3b).

Fig. 3. Jet breaking system

For real large throughput, the system has to be developed as continuous
process, allowing to make up to hundred tons per year. The solidification liquid
has to be recycled; including re-equilibrating the solution based either on mass
balance or sensor measurements.

Conclusions

The dripping technologies are really versatile as examples will be pro-
vided. They look simple but to really provide a high quality and controlled
products, one has to respect rules which are not always known or understand
correctly. The contribution will try to make a clear state-of-art of these techno-
logies.
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BIOMATERIALS AS TISSUE ENGINEERING SCAFFOLDS,
TISSUE MODELS AND DIAGNOSTIC DEVICES

Prof. Vasif Hasirci

Biomaterials are medical devices that have to be bio- and hemo-compati-
ble by nature and can be obtained from polymeric, ceramic and metallic sources.
Their most common uses are as implants and as drug delivery devices. In the
last 25 years tissue engineering branched off from classical biomaterials as a cell
carrying version. In tissue engineering, biodegradable polymeric devices are
loaded with cells and sometimes with bioactive agents to serve as a substitute
for the tissues that are lost or damaged. Recent applications of biomaterials
and of the concept of tissue engineering are tissue models and their use
diagnostic devices. In tissue models the goal is not to produce cell carrying
materials as tissue substitutes but rather to mimic natural tissues to substitute
foranimals in in vivo testing. In diagnostic devices biomaterials and cells
are brought together to study their interaction under conditions more controlled
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than in vivo applications. Among the tissue models, cancer models are studied
most intensely. Such studies involve optimization of the mimicking level
for drug dose testing and patient-specific drug selection. In such studies
the model might involve hydrogel-based materials to restrain the cancerous
and healthy cells in defined locations. The more recent 3D cell culture systems
use high density cell groupings like spheroids or organoids. Another
development is the use of micro and nano-modified surfaces in the amplification
of cell responses. Thus, the biomaterials field is in a very exciting expansion and
diversification era.
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The main research interests of Professor Tsatsakis include biomonitoring and risk as-
sessments of xenobiotics as well as links of chronic exposure to them at low doses with health
problems and diseases. He developed numerous biomarkers of exposure and of effects
for various chemicals, in particular pesticides, pharmaceuticals, etc., uncovering
the mechanistic understanding of the mode of action and adverse outcome pathways leading
to clinical effects.

Dr Tsatsakis integrated experimental in vivo and vitro studies with epidemiological
evidence especially in the field of pesticide toxicology, epidemiology and hygiene, and work
out the data sets for better understanding of the associations that predetermine plausibility
and credibility in order to be used efficient for regulatory directives and norms for the pro-
tection of the society and the environment in general. He penetrated with his works aspects
of concerning a large variety of xenobiotics of resent interest lately concentrated in effects
of endocrine disruption, carcinogenicity, reproduction and neurodegenerative disease. His
articles are easily assessed in international highly impact journals.

Lately his present ambitious project is about setting a new experimental methodology
which intends to provide at one strike multi-answers to multi-questions related to current
concerns about mixtures of chemicals from many different sources at doses around or well
below the regulatory limits, to which general population is exposed every day.
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A NEW PROTOCOL FOR RISK ASSESSMENT OF LONG TERM LOW
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Monica Neagu®, Eliza Gofita', Aristidis Tsatsakis”
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Independentei, 050096 Bucharest, Romania
>Center of Toxicology Science & Research, Medical School, University of Crete, Heraklion,
Crete, Greece; e-mail: tsatsaka@uoc.gr

Everyday consumers of all ages are exposed via food and water to a wide
range of pesticide residues. Even these substances are in very low doses for long
time exposure the health effects could be surprising. Till now, risk assessment
of compounds as pesticides focused on individual compounds. But in real life
the consumer is exposed, however, to complex mixtures of compounds via foods
and drinks and these approaches cannot assess risks in a highly relevant manner.

Aim of study

Even if the ADI is defined as the amount of a substance used as pesticide
that can be ingested daily over a lifetime without appreciable risk to health,
sometimes in mixture with joint, cumulative toxicity could appear. This study
want to evaluate if mixtures of different classes of pesticides in doses around
ADI: 0.25x ADI, 0.5xADI, ADI, 5xADI and 10xADI as could be seen in real
life exposure, create any health problems after long term exposure and apply
on an animal model.

Material and Method

CD-SD rats from 7 study groups (5 males and 5 females in each group)
will receive mixtures of pesticides in 0, 0.25xADI, 0.5xADI, ADI, 5xADI
and 10xADI doses and feed and water unrestricted for 52 weeks. All the animals
will be examined every day for signs of morbidity and mortality. At every 3
months an ophthalmological examination and a series of tests for neurotoxity
will be done. At 6 and 12 months will determine from blood chemistry
parameters, hormone, hematological parameters, oxidative stress markers
and genotoxicity. Urinalysis will be done from urine collected after 6 and 12
months of exposure. After 12 months of exposure all the animals will be killed
and a detailed necropsy will be done.
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115


mailto:daoana00@gmail.com
mailto:tsatsaka@uoc.gr

IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns
«BNOTEXHONOIMNA HOBbIX MATEPUAJIOB — OKPY>XKAKOLWLAA CPEOA — KAHECTBO >KU3HW»

Results and conclusions

A major challenge for this study is to elucidate the mechanistic link be-
tween lifelong environmental exposure to combinations of pesticides
and disease onset and translate this into cost-effective targeted policy interven-
tions toward public health protection. If this hypothesis were shown to be true,
this should induce ecologists and public authorities to reconsider the widespread
sometimes (if not often) irresponsible use of pesticides and to recalculate the
ADI taking into account the combined effect of different substances. Conceiva-
bly, a ban or severe limitation of different kind of pesticides might in time re-
duce the impact of different chronic diseases and also the costs with their treat-
ment.
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MODERN MATERIALS FOR MODELING BRAIN TISSUE
AND BLOOD-BRAIN BARRIER IN VITRO™
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Keywords: brain, neurogenesis, angiogenesis, in vitro blood-brain barrier model,
mitochondria, brain microvessel endothelial cells, astrocytes, microglia.

Neurovascular unit (NVU) is an ensemble of brain cells (cerebral endo-
thelial cells, astrocytes, pericytes, neurons, microglia) which regulates processes
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of transport through the blood-brain barrier (BBB), controls local microcircula-
tion, intercellular metabolic coupling. Dysfunction on NVU contributes to nu-
merous types of central nervous system pathology, i. e. neurodegeneration, neu-
rodevelopmental disorders, brain ischemia, and neuroinflammation.

NVU pathophysiology has been extensively studied in various animal
models of brain disorders, and there is growing evidence that modern ap-
proaches utilizing in vitro models are very prospective in the assessment
of intercellular communications within the NVU. Development of neurovascular
unit on a chip or BBB-on-chip as well as 3D NVU and brain tissue models sug-
gests novel clues to understanding cell-to-cell interactions critical for brain
functional activity, being therefore very important for translational studies, drug
discovery, and establishment of novel analytical platforms.

One of the mechanisms that are controlled by NVU activity is neurogene-
sis occurring in highly specialized areas of brain (neurogenic niches, NN) that
are well-equipped for the maintenance of stem/progenitor cells pool, prolifera-
tion, differentiation and migration of newly formed neuronal and glial cells.
Specific properties of brain microvascular endothelial cells, particularly, high
content of mitochondria, are important for establishment of vascular support
in NVU and NN. Mitochondrial activity of cells within NN and NVU
contributes a lot to maintaining intercellular communications critical for BBB
integrity, cells development, and neuronal excitability.

We will discuss modern approaches to development of optimal microenvi-
ronment for neural stem and progenitor cells, endothelial cells grown in pro-neu-
rogenic and pro-angiogenic conditions within BBB, NVU and NN resembling
physiological brain plasticity and aberrant intercellular communications in neu-
rodegeneration.
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FOR DETECTION OF BLOOD BIOMARKERS "
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Bioluminescent proteins — luciferases and reporters on their base are
widely applied as highly sensitive and specific analytical instruments
in biotechnology, biomedicine and environment. Of special interest are
coelenterazine-dependent luciferases, using coelenterazine and its derivatives as

2+
substrate [1]. Ca -activated photoproteins are the stable complexes
of apoprotein and preoxidized substrate — 2-hydroperoxycoelenterazine, which

emits blue light under Ca2+ binding. High quantum yield and flash-type kinet-
ics of the reaction, stability to chemical and genetic modification and under
storage and practically unlimited linear dose-responds diapason, make these
proteins a brilliant reporter for science and applications.

DNA (RNA) aptamers are relatively small single-chain oligonucleotides
with unique spatial structures allowing them to recognize and bind
the appropriate target molecules. Currently, aptamers represent the most prom-
ising alternative to monoclonal antibodies, which are traditionally used as
biospecific elements in analytics. The aim of this work was to develop analyti-
cal systems based on the combination of photoprotein obelin bioluminescence
and aptamers providing highly sensitive and specific detection of the blood bi-
omarkers. Cardiomarker troponin | (cTnl), human hemoglobin (Hb), and its
glycated form (Hb1Ac) were used as targets.

a)

Fig. 1. Model bioluminescent aptamer-based microassay of cTnl (a); b — Model biolumines-
cent aptamer-based microassay of Hb and HbA1c; ¢ — Bioluminescent detection of Hb with
bi-specific aptamers Apt79t1-H9t11 (-o-), H9t11-L-Apt79tl (-A-) or Apt79t1-L-H9t11l
(—o-) at simultaneous addition of obelin (100 Nm)

© Krasitskaya V. V., Vorobyeva M. A., Davydova A. S., Bashmakova E. E., Venyaminova A. G.,
Frank L. A., 2021
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DNA aptamers highly specific to cTnl were obtained using the SELEX
technology. The assessment of DNA library enrichment, individual aptamers
binding affinity, size optimization and identification of pairing aptamers were
carried out using special approaches based on obelin bioluminescent signal [2].
A couple of aptamers, affine to the different troponin aptatopes — TnApl0
and TnAp2t3, were applied for cTnl detection in model samples by the solid-
phase 120ioluminescent microassay (Fig. 1a)). The assay sensitivity was 0.06
Nm (72 pg) cTnl, variation coefficient of 6.8 %.

High specificity of cTnl detection was shown: there is no binding
to cardiac troponins T and C, as well as their complexes, phosphorylated form
of cTnl, troponin | of skeletal form.

Glycated hemoglobin is one of the main biomarkers of diabetes as its per-
centage reflects the mean glucose level over the past 2 months of the disease.
To analyze total Hb and HblAc, the 2’-F- RNA aptamers H9t1l and Ghit,
with different specificity to these hemoglobins were applied [3]. For model
solid-phase analysis (Fig. 1B, top), we used solutions with a total Hb concentra-
tion of 2 Mm, containing different proportions of HbAlc (3.75, 7.5, or 15 %).
The wells were activated with the aptamers, then incubated with model solu-
tions, washed, and the resulting complexes were exhibited with the obelin-anti-
Hb antibodies conjugate (Fig. 1b). The wells activated with H9t1, which binds
both hemoglobins, showed practically the same bioluminescent signals, with no
more than 3% differences. Whereas activations by the aptamer Ghlt, which se-
lectively binds HbALlc, resulted in bioluminescence depending on the content
of this particular hemoglobin form in the sample.

We also developed a bi-specific aptamer capable of sequentially bind
the target and reporter molecules to reduce the number of assay steps.
The construct of the kind includes anti-Hb and anti- obelin 2°-F-RNA aptamers,
developed by us earlier [4, 5]. Within it, the Hb-binding aptamer mostly retains
its structure, while the obelin-binding one is ‘hidden’ and unable to recognize
the reporter. Bi-specific aptamer, immobilized on the surface, binds Hb inducing
the structural rearrangement of the whole construct leading to restoration
of the binding capacity of obelin. The resulting three- molecular complex was

displayed by the obelin bioluminescence at the injection of Ca2+ (Fig. 1c)).
No signals were observed in the absence of any proteins — the target or reporter,
in the analyzing mixture. In addition to reducing the number of analysis steps,
this approach allows using intact obelin with initial activity, a partial loss
of which is inevitable upon chemical pre-conjugation with a biospecific mole-
cule.

The Results of these experiments clearly demonstrate the potential
of the developed aptamer-based analytical approach. In turn, photoprotein
obelin as an analytical instrument represents a highly sensitive, fast, and simple
reporter. The combination of these molecules has good prospects for both basic
and applied studies.
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O NEPCNEKTUBAX NMPUMEHEHUA KOMIMJIEKCOB HA OCHOBE
OKCUAOA3 BbICLUMX TPUBOB N HAHOAJIMA3OB B KAYECTBE
CUCTEM UHOAUKALUWK ONA BUOMEOULMHCKOU AHATTUTUKU

H. O. PoHxuH, O. A. MorunbHas, E. [1. lMocoxuHa, B. C. BoHaapb

HUncmumym 6uoguzuxu ©UIL] KHI] CO PAH, Akademeopoook, 660036 Kpacnospck,
Poccus; e-mail: roniol@mail.ru

Coznanue mpocThiX U 3PGEKTUBHBIX CPEJICTB aHATUTUKU JJI MEIULIUH-
CKOM JIMAarHOCTHUKA M HKOJOTMYECKOTO MOHUTOPUHIA SIBISETCS OJHUM
U3 aKTyaJbHbIX Hay4YHBIX HAIpPABJICHH, KOTOPOE Pa3BUBAETCS B MOCIEIHEE Je-
cATUIETHE BO MHOTHUX cTpaHax [1-5]. [Ipu KOHCTpyHpOBaHWU TaKUX aHAIUTH-
YECKUX CHCTEM B KA4E€CTBE CEJICKTUBHBIX M 3(P()EKTUBHBIX OMOKATAIU3ATOPOB
UCIIOJIB3YIOT OKCUAOpenykTasbl [6]. C moMouip0 UMMOOMIM3alund 3TUX ¢ep-
MEHTOB Ha Pa3HbIX MaTpHUIIaxX pa3padaTbIBAIOT CUCTEMbl MHAUKAIIMU U JUATHO-
CTUKH OMOMEIHMIIMHCKOTO HazHaueHus [7-9].

JIJist cienuanyicToB B JaHHOW 00JIACTH MHTEPEC MPEJCTABISIOT (PEPMEHTHI
BBICIINX IPUOOB, B YaCTHOCTHU dKcTpakiieTounbie DAJl-, reM- U MeabcoaepxKa-
me okcupopenykraspl [10-12]. HMccnegoBatenn MHOTHMX CTpaH MPOBOMAST
CKPUHUHT JJI BBISIBJICHUS Cpelud Oa3uIHalIbHbIX TPUOOB MEPCIIEKTUBHBIX HUC-
TOYHMKOB M3BECTHBIX OKCHJIOPEAYKTa3 U HOBBIX (PEPMEHTOB ATOTO Kiacca. Ok-
CUAOPEAYKTa3bl 0a3UIMOMHUIIETOB MPUMEHSIOT B KadyeCTBE OMOKATaIU3aTOPOB
B CO3/IaHUU BBICOKOYYBCTBUTEIIBHBIX U CEJIEKTUBHBIX TECT-CUCTEM JJIsl aHATUTH-
yeckux npunoxkennit. DAJ[-comepxkaiine OKCHIOPEAYKTa3bl HCHOJb3YIOT
MpU KOHCTPYUPOBAHUU CHUCTEM JIMATHOCTUKU W B Pa3pabOTKE TEXHOJOTHI
(epMEHTAaTUBHOIO MPOU3BOJICTBA PA3IUYHBIX YIJIEBOJHBIX NPOIYKTOB [6, 13].
['mroK0300KCHAa3y M MUPAHO300KCHA3y YCHEIIHO MPUMEHSIOT B CO3JaHHUU
AHATTMTHYECKUX TECT-CHCTEM JIJISl pa3IMyHbIX OTpaciieil Ononnayctpuu [14, 15].

[IIupokoMy aHATUTUYECKOMY NMPUMEHEHHUIO CEKPETUPYEMBIX OKCHJIa3 Oa-
3UJIMOMUIIETOB TMPENATCTBYET HEAOCTATOUYHBIA YPOBEHb WX CTaOWUIIBLHOCTH.
JI1st yBenTUYeHUsl PE3UCTEHTHOCTH TPUOHBIX OKCHAa3 K BO3JCHCTBUIO OTpHUIIA-
TEJIbHBIX (DAaKTOPOB PEAKIIMOHHOW Cpelbl M COXPAaHEHUS WX aKTUBHOCTHU
IIPY MHOTOKPATHOM NMPUMEHEHUH OCYIIECTBIISIIOT UMMOOMIN3AIUI0 (PEPMEHTOB
Ha pa3HbIX HOCUTENSAX, B TOM uuciie HaHodacTuiax [8—10]. s ummoOunmza-
MM DKCTPAKJIETOYHBIX OKCHJIa3 TpPUOOB TMEPCHEKTUBHBIM  HOCHUTEJIEM
(MaTpuleil) MOTYT SBIATbCS MOAUQPUIIMpOBaHHbIE HaHoaiMa3bl (MHA)
B3PBIBHOTO CHHTE3a, paHEE YCIENTHO MPUMEHSBIINECS MPU KOHCTPYHPOBAHUU
WHJIUKATOPHBIX  CHUCTEM Il  OMOMEAMIIMHCKOM  JUarHoCTUKu  [16].
HUcnons3oBanme MHA B 3TUX Hensx ONpeNensiercss HX  BBICOKOU
CEIMMEHTAIIMOHHON  CTaOWJIBHOCTBIO B  BOJHBIX CYCIICH3HSIX, BBICOKOM
azcopoupylolmel CoCOOHOCThIO K  MOJIEKYJIaM — HENTUIHOM — MPUPOIbI
1 IPUMECHUMOCTBIO JIJIs1 OMOMETUITMHCKUX UccaeaoBanui [17].

© Ponxun H. O., Morunsnas O. A., ITocoxuna E. 1., bounaps B. C., 2021
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Heanb padoTsl — Hccaeq0BaHUE KOMIUIEKCOB HA OCHOBE OKCH/IA3 BBICIIHUX
rpubOB W HAHOAIMA30B B KAYECTBE CHUCTEM WHAMKAIMH IJii OMOMEIUIIUHCKON
aHATUTUKU

Marepuajbl 1 METOAbI

[IpunnunuanbHass cxemMa BBIICIEHUS  OKCTPAKIETOYHBIX  OKCHAA3
U3 MUIIENIMS BBICIIMX TPUOOB € MOCIEAYIONIeH MMMOOMIM3aMeN MOTy4YeHHbIX
dbepmentoB Ha MHA 1151 co3aHvs MHAMKATOPHBIX M JTUATHOCTUYECKHUX TECT-
CUCTEM OMOMEIUIIMHCKOTO Ha3HAYEHUS IIPE/ICTABIICHA HAa PUCYHKE.

OOBEKTOM HUCCIIeNOBaHUS B PabOTE SBIISIICS CBETAIIMICS Oa3UIUOMUIIET
Neonothopanus nambi IBSO 3293 u3 Komneknun mukpooprannsmo CCIBSO
836 (Mb® CO PAH, KpacHosipck). buomaccy rpuOHOro Munenus B BUJI€ Mapo-
00pa3HBIX MEJUIET MOJyYaal C MOMOIIBI0 TEXHOJIOTHH KYJIbTUBUPOBaHUS 0Oa3u-
JTMOMUIIETA B MOTPYKEHHBIX yCIOBUSAX. [1ys1 3KCTpakiIeTOYHBIX O€NKOB (BKIIO-
yasi (epMEHTHI C OKCUIA3HOW (YHKLMEW) BBIACIISIIA U3 MULIETUS OPUTHHAIb-
HBIM CIIOCOOOM €ro 00pabOTKHU [-IIFOKO3MIa30M, TTO3BOJISIOIINUM OCYIIIECTBISATh
IPOLECC B OTHOCUTEIBHO MATKUX YCIOBHUSIX 0€3 paspyiueHusi Ouomaccsl [18].
B mosiydeHHBIX TakMM CHOCOOOM BOJHBIX OKCTpakTax IIOKa3aHO HaJIW4yHe
HKCTPAKJIETOUHBIX TPUOHBIX OKCHUJA3 — TIFOKO30KCHUIAa3bl U Mepokcuias. B ske-
TpakTax oOHapyxeH Takke DPAJl-comepkamuii GhepMeHT, KOTOPBIN SIBISETCS
OKCHJIa30M CO CMEUIEHHON (YHKIMEW M B OTIMYME OT U3BECTHBIX NMEPOKCHAA3
KaTaJU3UupyeT LBETHYIO PEAKIHUI0 COOKUCIEHHsS (eHona ¢ 4-aMUHOAHTUIUPU-
HOM (4-AAIl) Oe3 moGaieHus: nepokcuaa Boaopoaa. OOHapyKeHHasl dKCTpa-
KJIETOYHAsl OKCUa3a BbIJEJIEHA U3 SKCTPAKTA B BBICOKOOUUILEHHOM BHJIE U OXa-
pakTepu3oBaHa: (EPMEHT SIBISETCS MOHOMEPHBIM OEJIKOM C MOJIEKYJISIPHOM
Maccoit okoso 60 k/la, mposiBiasieT MakcuMyM akTuBHOCcTH Tipu PH 5,0 u Temne-
patypax 55-70 °C, umeer kunernyeckue xapakTepuctuku (Kn u Viax) 1018 de-
roma 0,21 MM u 0,40 MKM-MHH " COOTBETCTBEHHO.

3KCTPaKNETouHbIe
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MNennetsl Muuenus O6paboTka nennet Muuenma NmmoBunuaaums AHANUTUYECKUI KOMNIEKC
N. nambi IBSO 3293 B-rniokoauaason (hepPMEHTOB Ha HaHOANMa3bl HaHoANMasbl-PepMeHTbI

Puc. 1. Cxema nonyyeHHs aHATUTHYECKUX KOMIJIEKCOB HAa OCHOBE TPUOHBIX
AKCTPAKJIETOUYHBIX (DEPMEHTOB U HAHOATIMA30B

JUIs1 KOHCTPYMPOBaHUS aHAJUTUYECKUX CHCTEM B Kau€CTBE HOCUTEIS HC-
nosibzoBami MHA co cpegHum pa3smMepoM KJIacTEPOB B BOIHBIX CYCIIEH3HUSX
50 HM, MoMy4YEeHHbIE U3 KOMMEPYECKUX J€TOHAIMOHHBIX HAHOAIMAa30B pa3pado-
TaHHBIM paHee criocobom [19].

PesyabTarsl

Nmmobummmzanuet Ha MHA sKCTpakiieTOYHBIX OKCHa3 (TJIFOKO300KCH-
Ja3a M MepOKCcHIasbl) U3 3kcTpakToB mutienus N. nambi mosyuen OudyHKImo-
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HaJIbHBIN UHAUKATOPHBIN Komiuiekc MHA-depmenTsl. YcTaHoBieHo, 4to ¢ep-
MEHTHI TIPOYHO aJCOPOMPYIOTCS HAHOYACTUIIAMH W MPOSBIISIOT MPU dTOM KaTa-
JUTUYECKYI0 aKTUBHOCTh. B 3KCIEpMMEHTax MOKa3aHO, YTO MOJYYEHHBIA KOM-
wiekc MHA-depMeHThl MOXET NPUMEHSThCA MJii TECTHUPOBAHUSA TIIFOKO3BI
1 (heHoJ1a B BOJIHBIX ITPo0ax.

Ancopbrueit Ha MHA BbICOKOOUMIIIEHHOM 3KCcTpakiierouHor DAJI-co-
nepxanieit okcuaassl 0asuauomuiietTa N. Nambi ckoHCTpyHpoBaHa WHIUKATOP-
Has cucTema JUisl ompejiesieHus: peHoJia B BOJHOM cpejie. YCTaHOBJIEHO, YTO
dbepmeHT npodHO cBs3biBaeTcs ¢ MHA u mposiBisieT GyHKIIMOHATBHYIO aKTHB-
HOCTh B peakiuu cookucieHus ¢genona ¢ 4-AAIl 6e3 1o0aBKku Mmepokcuaa BO-
nopoaa. O6HapyxeH 3h(}EKT 3HAUUTETHLHO OOJBIIETO BBHIXOJIa MPOAYKTA PeaK-
IMA B IpUCyTCTBUH KomIuiekca MHA-okcupasa, 1o CpaBHEHHIO C BBIXOJOM
B IIPUCYTCTBUM cBOOOAHOTO (hepMeHTa. boinee addekTrBHOE 00pa3oBaHUE MPO-
JyKTa peakiuyd B MPUCYTCTBUU KOMIUIEKCA OOECIEUUBACTCS ABYMS MYyTAMH —
dbepMeHTaTUBHO (32 CYET UMMOOMIIM30BAaHHON OKCHIa3bl) U HE(DEPMEHTATUBHO
(c yyacTueM MOHOB 3KeJjie3a M Meau Ha moBepxHocth MHA). D10 mo3Bosisier
paccmatpuBath MHA Kak yCUIMTENb PEAKIIMU COOKUCIIEHUSI U TPOTHO3UPOBATH
MOBBIIICHUE YYBCTBUTEILHOCTH CO3/IaHHON CUCTEMBI HHIMKAITMH (EeHOJIa.

[IpogeMoHCTpUpPOBaHA MHOTOKPATHOCTh MPUMEHEHUS CKOHCTPYHPOBAH-
HBIX WHAUKATOPHBIX CHUCTEM JJI TECTUPOBAHHS AHAIUTOB (TIIIOKO3a, (HEHON)
B BOJIHBIX 00pa3iax. YCTaHOBIIEHO, YTO UMMOOWJIM30BaHHbIE HA HAHOYACTHUIIBI
(dhepMEeHTBI MPOSBISIIOT PYHKIMOHAIBHYIO aKTUBHOCTh MPU JJIUTEIBHOM (2 Me-
csillla) XpaHEHUHU BOJIHBIX cycnieH3ui komriekcoB MHA -okcunaza(sr) pu 4 °C.

3akjoueHue

[TonyueHnHble pe3yabTaThl MPOBEICHHBIX UCCIEAOBAHUN OTKPBHIBAIOT MEp-
CIEKTUBBI co3faHus Ha ocHoBe MHA wu okcujas BeICIIUX TPUOOB HOBOIO
KJ1acca YPPEKTUBHBIX TECT-CUCTEM MHIAUKAIIMU U JUATHOCTUKU MHOTOKPATHOTO
nercTBus (B TOM  YHClIe  MOJU(YHKIIMOHAIBHBIX) JJIS  MEIUIIUHCKOM
Y DKOJIOTUYECKOW aHAJIUTUKHU.
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OUEHKA OEUCTBUA HAHOMATEPUAIOB
HA BAKTEPUAJIbHbIE KITETKWU

E. B. CopokuHa, E. A. O6pa3uyoBa

Kagpeopa muxpoobuonocuu 6uonocuuecxoeo ¢p-ma MI'Y umenu M. B. Jlomornocosa, e. Mocksa

[IpoGnema uccienqoBaHUN TOKCHYECKOTO BO3JEHCTBHS HAaHOMATEPHAIOB
Ha OMOJIOTWUYECKHE OOBEKTHI B TOCJIECIHHAE BPEMs YPE3BBIUAWHO aKTyalbHA
B CBSI3M C IIMPOKMMM TEPCIEKTUBAMU UX TMpUMEHEHud. H3BeCTHO, 4TO
JUTSI OLIGHKH OMOJIOTMYECKOW aKTUBHOCTU U TOKCHYECKOTO JEHCTBUS Pa3IMUHbIX
BEIIECTB 3aKOHOATENIbHO 3aKPEIJICHbl METO/IbI OMOTECTUPOBAHUS, JAIOIINE OT-
BET B KAaKMX KOHUEHTPALMSIX TOKCUYHO WJIM HETOKCUYHO HCCIEAYEMOE BEIle-
cTBO. CTpeMHUTENIbHOE pPa3BUTHE HAHOTEXHOJOTUHA B OHOJIOTHH, MEIUIIUHE
Y TIPOMBIIIVICHHOCTH BBI3BIBAET HEOOXOJUMOCTH Pa3pabOTKU METOJO0B OICHKU
PUCKOB HAHOYACTHUIl M HaHOMaTepuasnioB. OTHUM U3 YJOOHBIX U JIOCTYIHBIX Me-
TOJOB MEPBUYHON HMHTErPAIbHOW OIEHKH JEeUCTBUA (Du3nyeckux (PakTopos,
Pa3JIMYHBIX XUMHUUYECKUX BEIIECTB U UX CMecCel, OOBEKTOB OKPYKAIOIIECH CpeIbl
(BOABI, TOYB, BO3/TyXa) a TAKXKE U B HAYYHBIX HCCIICAOBAHUSAX SBIISICTCS IIUPOKO
UCIIOJIb3yeMasi TECT-CUCTeMa Ha OCHOBE OaKTepUaaIbHON JTIOMUHECIICHIINH.

Panee mbl mokaszanu, 4To pU AEUCTBUM MHOTOCIOMHBIX U OJJHOCTEHHBIX
YIJIEPOAHBIX TPYOOK M KOJUIOMAHBIX HAHOYACTHUIl cepedpa U3MEHSETCS JIIOMU-
HECIICHITUS OaKTepHil ¢ CO3aHHBIM cBeTAmmMMcs Gpenotumnom [1, 2].

Martepuajbl 1 METOAbI

buorectupoBanne Ha OCHOBE OaKTEpHUAIHLHON JIFOMHUHECIEHIIUU TMPOBO-
JUIA C MOMOIIBI0 T'e€HHO-HH)KeHepHoro mramma Escherichia coli K12 TGl
C KJIOHUPOBAHHBIM B HETO lux-OMmepoHOM U3 CBETSIIMUXCS TTOYBCHHBIX OaKTepuid
Photorhabdus luminescencens ZMI. lltamm mosydeH U XpaHHUTCS Ha Kadeape
MUKpoOHosoruu ouonorudeckoro gakynbrera MI'Y numenn M. B. JlomoHocoBa,
M3BECTEH Kak OMOCEHCOp TecT-cucTeMbl «IJkomoM-08» [3]. B skcnepumenTax
MCIIOJIB30BAIM HATUBHBIE KJIETKH HOYHOM KYJIBTYphl OMOTECTa, UX KOHIICHTPH-
poBanu neHtpudyruposanuem npu 6 000 g B Teuenue 15 mun. Ocagok Oaxre-
PHAIBHBIX KIETOK CYCIICHAMPOBAIN B AMCTHUIMPOBAHHON Bome g0 2,5%10%
KJICTOK/MJI, UCTIOJNIb3YsI B KioBeTe st aHanuza 0,1 mi O6akTepuaabHOM CyCrieH-
suw (2,5%10° xin/mon).

B ananmzax ucnonp3oBanu B ktoBete 0,9 mu manowactury (165 Mxr/min),
OTIUYAIONTUXCS XUMHUYECKUM COCTaBOM, HO HMEIONTUX OJJMHAKOBYIO TPYOUaTyIO
CTPYKTYpY. B KauecTBe KOHTPOJIBHOTO 00pasiia UCIOJIb30BAIM 00pa3el] HaHOYa-
CTHI] ajaMa3a, KOTOphIe, KaK M3BECTHO, HETOKCHYHBI. VccnenoBanue Mopdoiio-
MM KJIETOK OaKTepHUaabHOTO OMOTECTa C CO3JAaHHBIM CBETAIUMCS (HEHOTHUIIOM
0o0pa3loB TPOBEICHO METOJIOM CKaHUPYIOMIEH JJIEKTPOHHON MHKPOCKOITHH
C TOMOIIIbI0 MUKpOcKona Zeiss Merlin.

© Copoxkuna E. B., O6pasnosa E. A., 2021
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Pe3yabTartsl

B nacTosimieit pabote u3yyeHbl BO3/ICUCTBUS HAHOYACTHUII, UMEIOIIUX XH-
MUYECKH pa3IMyYHbIi COCTaB, HO OJAMHAKOBBIE TPyOUaThie CTPYKTYphl. B pabote
noka3ajiau 0oJsiee BBICOKYIO TOKCUYHOCTD YIJIEPOAHBIX HAHOTPYOOK, B CPABHEHUU
C TOKCUYHOCTBIO HAHOTPYOOK HUTpUTA OOpa U JAONOJHUTEIBHO UX MOp(doIoru-
YeCKUE M3MEHEHMs KJIETOK OakTepuil (METOJOM 3JIEKTPOHHOW MUKPOCKOIHH).
TokcuuHOe NeHCTBUE UCCIIEyEMbIX HaHOYACTUL Ha OMOIIOMUHECLIEHLINIO OaK-
TEpUH OBLIO JAOMOJHUTEIBHO MOATBEPKACHO U3yUEHUEM HEKOTOPBIX HE3aBHCH-
MBIX [apaMeTpPOB, B YACTHOCTH BIIMSHUEM YIJIECPOAHBIX HAHOTPYOOK Ha JIbIXa-
HUE, BBDKUBAEMOCTh U MOP(HOJIOTHIO (METOIOM aTOMHO-CHUIIOBOM MUKPOCKOITHN)
KJIETOK OakTepuil. bpuio mokazaHo, 4yTO W3MEHEHHs] MOPGOJIOTUU KIETOK Ha-
OJroany JIMIIb B OO0JIACTSIX, MOKPBITBIX 3HAYUTENbHBIM CJIOEM HAHOYACTHII
IpU IJUTEIBbHOM WX KOHTakTe. V3MEHeHWs JIIOMHHECIEHIMU KIETOK
OMoceHcopa M CKOPOCTU TMOTPEOJICHUST HWMH KHUCIOpOJa IPOUCXOJAT
3HAYUTEIBHO PAaHbLIE BBIPAKEHHBIX MOP(POIIOTHUYECKUX U3MEHEHUH.
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Hcrnonbs30BaHnEe HE3aBUCUMBIX NIapaAMETPOB MCCIIEAOBAHMS U COBIIAJICHUE
HOJIyYEHHBIX PE3yIbTATOB TOKCHUECKOIO JAEUCTBUS HAHOTPYOOK C U3MEHEHHEM
MOp(}OJIOruM KJIETOK OAaKTepuil MO3BOJISIET PEKOMEHAO0BATh METOJI OMOTECTHPO-
BaHUsl Ha OCHOBE OaKTepUaIbHON JIFOMUHECUEHIUH ISl IPAKTUYECKOM MPOrHO-
CTUYECKON OLEHKH TOKCHYHOCTH HaHOMAaTE€pPHAJIOB U TEM CaMbIM OLIEHUBATH UX
PHUCKHU.

CoBnasieHre MOIy4YeHHBIX PE3yJbTaTOB MO3BOJISET alpoOMpOBaTh HOBBII
NEPCHEKTUBHBIA METOJ OMOTECTHPOBAaHUS Ha OCHOBE OaKTEpUaIbHOM JIIOMU-
HECUEHUHUHU JUIsl MPOTHOCTUYECKON OLIEHKHM TOKCMYHOCTH U TEM CaMbIM OLIEHKU
PHUCKOB MCIOJIb30BaHUS HAHOYACTHI] 1 HAHOMATEPHUAJIOB IS )KUBBIX KIIETOK.
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SEMI-SYNTHETIC OBELINS AND AEQUORINS
WITH VARIOUS COELENTERAZINE ANALOGUES”

E. V. Eremeeva, N. P. Malikova, E. S. Vysotski

Photobiology Laboratory, Institute of Biophysics SB RAS, Federal Research Center
“Krasnoyarsk Science Center SB RAS”, Krasnoyarsk, Russia

Coelenterazine is one of the most widespread and well-studied luciferins,
found in various marine bioluminescent organisms including jellyfishes, hy-
droids, ctenophores, copepods, ostracods, shrimps, squids, soft corals, deep sea
fishes and others [1]. Coelenterazine-dependent bioluminescence is a well-
known phenomenon among the marine organisms, such as cnidarians
and ctenophores, which is conditioned by either Ca®*-regulated photoproteins
or coelenterazine-dependent luciferases. Ca®*-regulated photoproteins belong
to the EF-hand Ca?*-binding protein superfamily and consist of a single poly-
peptide chain (~22 kDa) to which the preactivated coelenterazine,
2-hydroperoxycoelenterazine, is tightly bound. Photoprotein bioluminescence
reaction is greatly accelerated by calcium ions which binding to the Ca**-bind-
ing sites of a protein Results in the conformational changes within the active site
leading to the intensified decarboxylation of 2-hydroperoxycoelenterazine
with the elimination of CO, and generation of the protein-bound product,
coelenteramide, in an excited state.

Since the discovery of coelenterazine, a great number of its analogues
have been synthesized in attempts to produce modified luciferins with higher
bioluminescence intensity, altered decay rates, different emission color
and other useful properties [1, 2]. However, despite the significant advances
in the field, detailed information on the effect of modifications of various groups
of the coelenterazine on the bioluminescent properties of photoproteins is rather
fragmentary and often controversial and it is still difficult to predict
the effectiveness of modified coelenterazines.

Purpose of the work — Study of semisynthetic obelin and accorin
with various analogs of ceenterazine.

Materials and methods

Here, we have thoroughly investigated the effect of various modifications
of imidazopyrazinone core and the 6-(p-hydroxy)-phenyl, 2-(p-hydroxy)-benzyl
and 8-benzyl groups of coelenterazine on the properties of two famous Ca*'-
regulated photoproteins - obelin and aequorin as well as on the properties
of some obelin mutants. Among the characteristics studied there were specific
bioluminescence activity, fast kinetics of the bioluminescent reaction, stability,

© Eremeeva E. V., Malikova N. P., Vysotski E. S., 2021
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dissociation constant of the photoprotein complex formation, calcium sensitiv-
ity, bioluminescence and fluorescence spectra.
Results
Based on the experimental data, we have ascertained several
coelenterazine groups which seem important for the photoprotein biolumines-
cence. It is interesting to note that a lot of semi-synthetic obelins and aequorins
displayed different properties on being activated by the same coelenterazine an-
alogue despite the fact that the substrate-binding cavity of these photoproteins is
formed by strictly conserved amino acid residues. Thus, amino acid microenvi-
ronment of the coelenterazine molecule bound within the active site of a biolu-
minescent protein could be a key factor in the observed performance of certain
coelenterazine analogues.

References

1. Shimomura O. Bioluminescence: Chemical Principles and Methods; World
Scientific Publishing Co.: Singapore, 2006.

2. Jiang, T.; Du, L.; Li, M. Lighting up bioluminescence with coelentera zine:
strategies and applications. Photochem. Photobiol. Sci. 2016, 15, 466-480.

129



IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns
«BUOTEXHONOIMMA HOBbIX MATEPUANOB — OKPYXAIOLWAA CPEJA — KAYECTBO XN3HU»

®OTOCTABUJIbHLIE BAPUAHTbI POTOMNPOTEUNHA BEPOBUHA
C CUHTETUYECKMUMUN AHANOIAMU LLENEHTEPA3UHA"

J1. IN. bypakoBa
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bepoBUH — CBETOUYBCTBUTEIBHBIN LEJICHTEPA3UH-3aBUCHMBIN Ca2+-pery-
JUpYyeMBbIN (POTOMPOTENH, OTBEYAIOLIMI 3a SIPKOE CBeueHHEe rpeOHeBuKa Beroe
abyssicola [1]. Hecmorpss Ha 3HA4YMTEIBHOE CXOJCTBO €ro  (yHKIHH
U TIPOCTPAHCTBEHHOM CTPYKTYPhI C TAKUMH U3BECTHBIMU MpEACTaBUTENIMU HO-
TONPOTENHOB THAPOMENY3, KaK aKBOPUH U OOEINH, CTETIEHb UJICHTUYHOCTH UX
aMUHOKHUCJIOTHBIX TocienoBaTesnbHocTell MeHee 29 %. bepoBuH, B OTIM4Me OT
(GOTONPOTEMHOB TUAPOMENY3, TEPSET CIOCOOHOCTh K OHOIIOMUHECICHIINU
npu 00JyYeHUU CBETOM BUIAMMOIO JMana3oHa JIMH BOJH. MeXaHu3M CBETO-
YYBCTBUTEJIBHOCTU OCTAaeTCsl HeM3ydeHHbIM. [lomydenne porocTaOUIIbHBIX Ba-
pUAHTOB OEpOBMHA MOXKET MOMOYb B MOHMMAHUHU IPOLIECCOB, MPOUCXOIALINX
npu GoronHakTUBauMu Oenka. OMHUM U3 MOJXO0JIOB SIBJIIETCS MyTareHes, JApy-
TUM — MCIOJIb30BaHUE aHAJIOIOB IEJICHTEPa3HHa C 3aMEILEHUEM TEX WM UHBIX
(GyHKUHOHAIBHBIX Tpynil. [IockoIbKY MPOCTpaHCTBEHHAS! CTPYKTYpa KOMILIEKCa
anoOepoBUHA C 2-TUAPONEPOKCHUIETICHTEPA3UHOM IIOKAa HE MOJY4Y€Ha, TO HET
MIOJIHOM SICHOCTH, KaKUM 00pa3oM KOOPJIMHUPYETCS CyOCTpaT B aKTUBHOM LICH-
Tpe. PaHee ¢ MOMOIIBIO CailT-HANPABICHHOIO MyTareHe3a yJaaioch UACHTH(U-
UPOBaTh AMUHOKHUCIOTHBIE OCTaTKH, MPEANONIOKUTEIbHO (OPMUPYIOLIUE
BHYTPEHHIOIO MOJOCTh OepoBuHa [2]. HekoTopbie U3 HUX JOJKHBI OBITH HEMO-
CPEICTBEHHO 3aJIeiICTBOBAaHbI B KOOpJIMHAIMK cyOcTpaTa myTeM OOpa3oBaHMs
CBSI3€H C €ro rpynmnamu. 3aMeHa JaHHbBIX TPy B LEJEHTEPa3uHE MOKET U3Me-
HUTh XapaKTep B3aUMOJICHCTBUS MEXAY HUM M anoOeJKoOM, 4TO, B CBOIO Ode-
pelib, MOKET MOBJIUATH HA CBETOUYBCTBUTEIBHOCTD OEIIKA.

CHHTEeTHUYECKHE aHAJOrM LEJEHTEPA3uHa MCIOJIB3YIOT KaK I U3MEHe-
HUSI TapaMeTpOB OHOJIOMUHECHEHIUH (DOTONMPOTEMHOB WU Jronudepas, Tak
U JJI1 U3YyYEHUsT MEXaHU3MOB O0Opa30BaHUS HMUTTEPA, YYBCTBUTEIBLHOCTH
K MIOHAM  Kajiblusg MW Jpyrux (QyHIaMeHTalnbHbIX 3anad. [lpu sTom
JUTSL UCCIIEIOBAHUSI CBETOUYBCTBUTEILHOCTH OEIKOB TAKOW MOJAXO0J MPUMEHEH
BIIEPBBHIE.

Heab paboThl — ucciaeqoBaHNE OMOJIOMUHECIICHTHON aKTUBHOCTH (HOTO-
npoTerHa OEpPOBHHA C CHHTETUYECKUMH aHAJIOTaMH IIeJIeHTEepa3nHa.

Martepuajbl 1 METOAbI

B nanHoii pabote ObLJIO MCHOJIB30BAaHO 6 CHUHTETUYECKHX aHAJIOTOB Iie-
JICHTEpa3uHa C 3aMEeHaMHu B 00JIacT O-p-TUAPOKCU(PEHUIHHOTO U 8-0€H3HIIb-

moro koxem: Al (2-benzyl-8-benzyl-6-(phenylethynyl)imidazo[1,2-a]pyrazin-
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3(7H)-one), A6 (2-Benzyl-8-benzyl-6-(3-hydroxyphenylethynyl)imidazo[1,2-
a]pyrazin-3(7H)-one), B8 (2-Benzyl-8-benzyl-6-(benzofuranyl-2)imidazo[1,2-
a]pyrazin-3(7H)-one), B14 (2-Benzyl-8-benzyl-6-(4-hydroxyphenyl)imidazo
[1,2-a]pyrazin-3(7H)-one), B15 (2-Benzyl-6-(5-methylfuryl)-8-(5-methylfuryl)
imidazo[1,2-a]pyrazin-3(7H)-one), B16  (2-Benzyl-6-(4-oxyphenyl)-8-(5-
methylfuryl)imidazo[1,2-a]pyrazin-3(7H)-one) [3].

PesyabTarsl

MakcumanbHasi OMOJIIOMUHECIICHTHAs] aKTUBHOCTh OepoBHMHA HaOJI0Ja-
nace ¢ B14 — 5,3% OT aKTUBHOCTM C HAaTUBHBIM LEJIEHTEPAZUHOM, MPU 3TOM
CBETOYYBCTBUTEIILHOCTh JAHHOT'O KOMIUIEKCa ObliIa TAKOM ke, KaK U y OEpOBHHA
c HaTHBHBIM cyOcTpatoM. HaumbGombiielr (poTocTaOMIbHOCTRIO 00Maganu KOM-
IJICKCHI OepoBHHA ¢ aHaloramu IieneHTtepasuHa B15 u B16, coxpanusmme 68
u 82 % mepBOHaYaIbHONW aKTUBHOCTH 4epe3 | 4 oOmydeHus JamMmnoi HaKajauBa-
HUS, TOT/Ia KaK ¢ HAaTHUBHBIM LEJIEHTEPa3sMHOM 3Ta BennuuHa coctaBuia 0,9 %
(cm. puc. 1). B B15 u B16 8-0eH3mIbHOE KOJIBIIO 3aMEHEHO Ha S5-MeTHIdypriI-
2, YTO MOXET YKa3blBaTh Ha POJIb B Mpoliecce (POTOMHAKTUBALUNA aMUHOKHUCIIOT-
HBIX OCTaTKOB OJIKaWIIero aMUHOKUCIOTHOTO OKPYXEHHS JaHHOW TpYIIIbI.
CornacHo OlHOM M3 Mojeneld MPOCTPAHCTBEHHOM CTPYKTypbl OepoBuHa [2],
ONMU3NIeKAIUMU aMUHOKHUCIOTHBIMU OcTaTKaMu K C2-3aMECTUTEINIO SIBIISIOTCS

Val58, Trp61 u Tyrl33.

?

o
anile
1

Bioluminescence, RLU

. -
@ &

0.01 3

LN B N B B B B

0 10 20 30 40 50 60 70 80 90 100110120
Time, min

| AR I PR ERN RN RN RN N VRN |

Puc. 1. 3aBucuMOCTh OHMOJIFOMHHECLIEHTHOM aKTUBHOCTH O€POBHHA OT BPEMEHU O0Iy4eHHUS
C HaTUBHBIM IIeJICHTEPa3MHOM (KpPacHBII) U ¢ ero CUHTEeTHYeCKMMHU aHanoramu Al (cepblii),
A6 (TemHo-cepbiit), B8 (cunwmii), B14 (po3ossiii), B15 (3enenstit), B16 (romy6oif)

3amena V58H B 6epoBuHE MPUBOIUT KaK K 3HAYUTEILHOMY YBEITUUYCHUIO
dboTocTabuiabHOCTH O€Ka, TaK M K CHIDKCHHIO €ro OHOJIOMHUHECIICHTHOU
aktuBHOCTH 10 0.03 % OT akTHBHOCTHM OEpOBHMHA IUKOTO THIA C HATHBHBIM
I[EJIEHTEPA3HHOM. ITO MOXKET OBITH O0YCIIOBICHO BOSHUKHOBeHHEM CBsi3u His58
C 8-0€H3UIBHBIM KOJIBIIOM, HAITPUMED, TIO TUITY KATHOH-TT B3aUMOJICHCTBUS WIIH
BOJOPOJHOM, YTO MOXKET MPEMHATCTBOBaTh Kak 3(()EKTUBHOMY OKHCICHUIO
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HeJNeHTepa3uHa, Tak u ero (otonerpaaauuu. [losBnenue xe S-MeTmidypusib-
HOT'O Ha MecTe 8-O€H3UIIBHOTO KOJIbLIA MOKET CIOCOOCTBOBATH (POPMHPOBAHUIO
rupooOHBIX B3auMojeHcTBHI Mexay Val58 um MeTunbpHOH TIpyImmoH, 4To,
B CBOIO O4Yepellb, BEPOSITHO, MOXKET IMOBBIINIATh BBIXOJ AKTHUBHOTO Oelka
Y CHUYKATh CBETOUYBCTBUTEIIBHOCTh KOMILJIEKCA.

3akioueHue

B pesynbrare mnpoBEAEHHBIX HCCIAEAOBAHUI OBLJIO IMOKa3aHO, YTO
CUHTETUYECKHUE AaHAJOTM  IIeJIECHTepa3duHa MOTYT OBbITh  HMCIOJIb30BaHbI
JUTS TIOTTydeHusT (pOTOCTAOMIBHBIX BapUAaHTOB OCpOBHHA W IS JATbHEHUIIETO
M3y4YECHUS MEXaHU3MOB CBETOUYBCTBUTEIBHOCTH.
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FUNCTIONALIZED MAGNETIC NANO- AND MICROPARTICLES
FOR BIOTECHNOLOGICAL APPLICATIONS
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Magnetic nano- and microparticles are widely used in biotechnology
and biomedical research due to such important properties as a magnetic re-
sponse, simple preparation, small size, low toxicity, high specific surface area,
and, as a consequence, high sorption capacity [1]. Due to this, they can be used
as solid support in the development of highly specific and highly sensitive bio-
sensors and as affinity sorbents for the detection or isolation/pre-concentration
of various target molecules from biological fluids. The use of magnetic particles
has allowed the biotechnological processes to be quick, simple, robust, and high-
throughput systems.

To be used as magnetic carriers and an affinity sorbent, the surface
of particles needs to be functionalized with target molecules. In the case of iron
oxide nanoparticles, which are usually coated by different types of polymer
or non-polymer for improving nanoparticles stability, the attachment
of biomolecules to a magnetic carrier can be done through chemical modifica-
tions of functional groups of the coating agents. Among the different coating
agents, various polysaccharides are often used due to their chemical
and structural diversity, which is provided an excellent opportunity for
the development of novel magnetic nanocomposites possessing high sorption
capacity.

Materials and Methods

In the study, iron oxide nanoparticles coated by different polysaccharides
such as arabinogalactan and chitosan were synthesized and the possibilities
of covalent immobilization of biospecific molecules on their surface were
shown. Streptavidin and protein A were used as biospecific molecules. Strep-
tavidin is a homotetrameric protein produced by Streptomyces avidinii, each
subunit of which binds biotin (vitamin H), forming one of the most stable
noncovalent complexes (Kq = 10-15 M). Due to that streptavidin-biotin interac-
tion is extensively used in molecular biology and biotechnology [2]. Protein A is
a protein originally found in the cell wall of the bacteria Staphylococcus aureus.

© Krasitskaya V. V., Yaroslavtsev R. N., Kudryavtsev A. N., Vereshchagina T. A., Stolyar S. V.,
Frank L. A., 2021
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It has found application in biochemical research due to its ability to bind Fc-
fragment of immunoglobulins. The potential of the obtained streptavidin and
protein A functionalized magnetic composites as magnetic carriers and an affin-
ity sorbent was also evaluated.

Results

Iron oxide nanoparticles coated with starch were synthesized and their ca-
pacity as an affinity sorbent for isolation of recombinant proteins fused
with maltose-binding protein was demonstrated on an example of troponin I,
survivin and melanoma inhibitory activity protein purification. The maltose-
binding protein binds maltose and amylopectin and is commonly used as
an expression tag [3]. The magnetic properties of the obtained starch-activated
nanoparticles allow the isolation of target proteins from the cytoplasmic fraction
of the corresponding recombinant bacteria without the use of centrifugation and
chromatographic equipment.

In the study, we also evaluated several ways of the protein covalent im-
mobilization on aminated magnetic microparticles for their further use as
a target immobilized supporting agent in specific aptamer selection process us-
ing systematic evolution of ligands by exponential enrichment (SELEX).
The obtained microparticles functionalized with fatty acid binding protein
(FABP) showed promising Results in the FABP-specific aptamer development.

Conclusions

The use of correspondingly functionalized magnetic particles as specific
carriers makes it easy to separate reaction mixtures simply by applying
an external magnetic field, which allows the solution to be freely separated from
particles with substances immobilized on them.
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PE3YJ/IbTATbl MIPUMEHEHUA PAHEBbIX MOKPbITUA HA OCHOBE
BAKTEPUANBHOW LENNONO3bI Y BOJNbHbIX C ANMUTENBHO
HE3AXUBAKOLWWMU TPODPUYECKUMU A3BAMU HA ®OHE
XPOHUYECKOWU BEHO3HOW HEOOCTATOYHOCTMU

H. M. TroxTeBa, 0. C. BUHHUK,
H. C. ConoBbeBa, A. I. 3yes, J1. A. lNonexaes
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AKTyanbHOUM MpoOJIEeMOl MEIUIIMHBI SIBJIIETCA TMOUCK d(PPEKTUBHBIX Me-
TOJIOB JICYEHUSI OCJIOKHEHUN Y OOJIbHBIX C XPOHUYECKON BEHO3HON HEI0CTaTOU-
HOCTBIO. Tpodudeckue s3Bbl HIDKHUX KOHEYHOCTEH, 00YCIIOBJICHHBIC Hapyllle-
HUEM B paboTe€ BEHO3HOW CHCTEMbI, OOpPEKaIOT TaKUX MAIIMEHTOB Ha JJTUTENb-
HBIM TIEpUOJ] JICUCHHUS, a, CIIEJOBATEIbHO, CTPAIA€T KA4eCTBO KU3HU. BrImeyka-
3aHHAs MATOJIOTUS JIOCTATOYHO PACTIPOCTPAHEHA CPENIM HACENEHUS Pa3IMYHOTO
Bo3pacTa. JleueHre BEHO3HBIX TPO(DHUECKHX 3B JIUTEIBHBIA U TPYIOECMKHIA
MIPOIIECC, TIOCKOJBKY SIBJICHUS, BBI3BAaHHBIC TPO(DHUCSCKUMHU HaPYIICHUSIMH,
KpaiiHe TsDKEN0 TOJaroTcs JiedeHuto. dapMmarieBTHUeCKHe KOMIIAHWUW TIpe-
CTaBJISIOT MHOYKECTBO PAHEBBIX TMOKPBITHH, TaKWE KakK TEJIM, TYOKH, TUICHKH,
MJICHKOOOpa3yIonue KOMITO3HUITUH, THIPOKOJIJION/IBI, TTIOPOIIIKH, TTACThI, KOMOH-
HaIlW Pa3IMYHBIX MaTEPHAIIOB, 00JIAIAIONMINX PSAIOM MMPEUMYIIECTB, B OTIUIHEC
OT TPAJAMIIMOHHON MapJid, CETKU, HETKAHOTO MOJIOTHA.

OnTuManbHBIMH CPEJCTBAMU B JICYCHUHM JJIUTEIHLHO HE3KUBAOIINX
TpouUecKux 53B Ha POHE XPOHUUECKOU BEHO3HOM HEIOCTATOYHOCTH SIBJISIOTCS
paHEeBbIE TOKPBITUSI, MPEICTABISAIONINE COOOM CBOCOOpa3HYIO JIEKApPCTBEHHYIO
dbopmy. [IpumeHeHne Takux MOKPBHITUNA MO3BOJISET 3HAYUTEIHLHO MOBBICUTD A(-
beKkTUBHOCTH JiedeHUsl. Pa3paboTanbl U pa3palaThIBAlOTCS HOBBIE MaTEpHAIbI,
AKTUBHO MPUMEHSIOTCS MOJTUMEPHI OMOJIOTUYECKOTO U IEIJITI01032 MUKPOOHOTO
MIPOUCXOXKIICHUS, YTO TO3BOJISAET YIYUIIUTh PE3yJbTaThl W MPOTHO3BI JICUCHUS
3a CUeT BO3JEHUCTBUSI OJTHOBPEMEHHO HECKOJIbKUX cBoMcTB. KomOuHanus pane-
BBIX TIOKPBITHH C Pa3UYHBIMU TIperapaTamMu SBISCTCS IMEPCIEKTHBHBIM Ha-
MIpaBJICHUEM HAYYHOU JCATEIHHOCTH, TIOCKOJBKY TOJIOKHUTEIIBHBIX PE3YIBTaTOB
JedYeHUS OONBHBIX C JITUTEIBHO HE3KHUBAIOIIUMU TPOMOUUESCKHUMH  SI3BAMH
Ha (JOHE XPOHUYECKOW BEHO3HON HEIOCTATOYHOCTH, YJIACTCS TOCTHYD B Pa3bl
ObICTpEe, B CPABHEHHUH C KIIACCHUYECKUMU METOIaMH JICUCHHUSI.

Hean padotrbl — uccnenoBanue 3GhHEKTUBHOCTH MPUMEHEHHUS PAHEBBIX
MOKPBITUI Ha OCHOBe OaktepuanbHOU 1esumono3bl  (BIl) B coderanum
C YacTUIIaMH HaHOcepeopa.
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MarepuaJjbl 1 METOABI

Pabota BeIMoONHEHAa Ha KIMHUYECKON Oaze kadenpsl oOmIell Xupypruu
uMenu npod. M. U. I'ynbmana B xupyprudeckom otaeiaeHuun Ne2 UVY3 Kb
«PXI» Meaunna» r. Kpacnosipck». B nccnegoBanue OblIM BKIIIOUEHBI MAIlH-
€HTHI C UTUTEIBHO HE3aKUBAIOIIMMH TPODUUECKUMHU S3BaMU HUKHUX KOHEYHO-
cTedt Ha oHE XPOHUYECKOM BEHO3HOM HepocTtatouHoctu (N=45). I'pynmy cpag-
HEHHUs COCTaBWIM 00JbHBIE (N=15), Yy KOTOPBHIX B KAYECTBE PAHEBOT'O MOKPHITHS
OBUIM UCIOJIB30BaHbI MOBA3KKM «[ MIApOKOLID», HccaemyeMas rpymma 1 (n=15) —
C MPUMEHEHUEM IEIUTION03bl  MHKPOOHOTO TMPOUCXOXKICHUS, HCCIeIyeMast
rpymnma 2 — ¢ IpuMeHEHuEM KOMOHMHAIMK cepedpa U LEJUII0JI03bl MUKPOOHOTO
npoucxoxnaenus). O6pasusl Bl momydenst B Cubupckom (enepanbHOM YHU-
BepcuteTe (mareHT P® Ha wu3o0perenune Ne 2568605 «llltamm OakTe-
puit Komagataeibacter xylinus — mpoayieHT OaKTepUalTbHON IICILIIOIO03BD»).
['pyninbl 00IBHBIX OBUIM COMOCTABUMBI IO BO3PAcTy, Moy, gaze paHeBOro mnpo-
Hecca M IUIom@AM paH. MeTolbl MCCIEAOBAHMS BKIIOYAIH: KIMHUYECKYIO
OLIEHKY PaHEBOr0 MpOILEcCca, MIAHUMETPHUIO PaH, pH-METPHUI0, CTATUCTHYECKYIO
00paboTky. Cpoku HaOJIIOEHUS 3a TTAlIUEHTaMH KoJie0aauch oT 14 10 42 cyToK.

Pe3yabTaTsl

[IpumeHeHrne KOMOMHAIMU IIEJUTIONO3bI MHUKPOOHOTO MPOUCXOXKICHUS
u cepedpa Mmo3BOJsIeT ONTUMU3UPOBATH PAHEBOM MPOIIECC, COKPATUTH BPEMS TO-
ABJICHUSI U 3aIIOJIHEHUSI PaH 3pEJION IpaHyJIALMOHHON TKaHbio HA 3 u 3—14 cy-
TOK COOTBETCTBEHHO, TIOBBICHTh YAaCTOTy J»nuTenu3zaumu Ha 28,7 %
10 CPAaBHEHMIO C TPAJIULIMOHHOMN Tepanuei. Y Bcex OOJIbHBIX MPH MOCTYIUIEHUN
B CTAallMOHAp OTMEYAJICS BBICOKMU YpPOBEHb JHJIOT€HHOM HHTOKcHKauuu. Co-
IJIACHO aHaju3y pe3yibTaTOB KIMHUKO-TA00PATOPHBIX MOKa3aTeiaeil OOJIbHBIX
MCCIIEYEeMOM TPYyNIIbl 2, HA 2 CYTKH OT HadaJia JIEYEHHUSI OTMEYAIOCh CHUKECHHUE
TEeMIIepaTyphl Tela, a K 6—7 cyTKaM Nokaszareyin npubdiamxanich K HopMme. Jloc-
TOBEPHOE CHM)KCHME NOKa3aTesiel 9HIOTOKCUK03a OTMEUEHO YK€ Ha TPETHU CY-
TKU HaOmroaeHns. KoanyecTBo JIGWKOIMTOB B KPOBU Y OOJBHBIX HCCICTYEMOM
rpymmsl 2 10 fedenus cocrasmo (18,5 + 1,2)*10° 1t (p<0,05), a k 10-M cyTkam
JICYCHHMS HTOT MOKA3aTENb HE MPEBBIAT HOPMAIbHOro ypoBHs — (8,7 + 1,2)*10°
't (p<0,05). B mepBble CyTKH JICUCHHUS JICHKOINUTAPHBIA MHICKC HHTOKCHKAIIUH
coctasysit 5,22 + 2,10 en., Ha ¢poHE MPOBOJAUMOrO JICYCHUSI JOCTOBEPHOE CHHU-
JKEHHE 3TOT0 IMOKa3aTels MPOUCXOAMIIOo K 5 cytkam 2,97 + 0,41 en. (p<0,05).

brnaronapss KOMOMHHPOBAHHOMY METOJY JICUCHHs C MPUMEHEHHUEM paHe-
BOTO MOKPHITUS Ha ocHOBE bl B coueranuu ¢ HaHOCEPEOPOM, K 6-M CyTKaM Io-
ka3arenb pH craHoBWICS HEUTpalibHBIM, a K 14-M cyTKaMm cpelia CTaHOBUJIACH
C1a0OKUCIION, IPUOJIMIKAsE TEUCHHE PAHEBOTO Tpoliecca K Hanbosiee ONmTUMalIb-
HBIM 3HAYCHUSIM.

[Tnanumerpust Tpoduueckux s3B, pacder wunHaekca JI. H. Tlomosoii,
pH-MeTpusi, TO3BOJSJIM  OLEHUTh  KIMHUYECKOE TEUEeHHWE  mpolecca.
[Tpu KIMHUYECKOH OIIEHKE TEUEHHsI PAHEBOTO MPOIIECCa YUYUTHIBATUCH B Oailiax
TaKue KpUTEPUM, KaK CPOKH MCUE3HOBEHUS OTEKa, MOSBJICHUE €AMHUYHBIX I'pa-
HYJIALNM, 3aM0JHEeHUuEe TPOQUUYECKUX SI3B 3peNof rpaHyIsIMOHHON TKAHbIO, HA-
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YaJio SMUTEIN3AUN U HACTYIJICHUE MOJIHON 3MUTENN3auu. Pe3ynpTaTsl jeue-
HUS TIOKa3ajiW, YTO B TPYIIE CpaBHEHHs TEpPEXOJ] PaHEBOTO mpolecca
BO BTOpYIO (ha3y Obu1 anutenbHbiM, ¥ 6 (40,1 %) GonbHBIX K 45 cyTKaM snuTe-
au3anus He 3aBepiiniack. OlleHKa CKOPOCTH 3a’KUBIICHUSI paH B UCCIEAYEMOM
rpynme 2 CBUAETEIbCTBOBANIA O JOCTUKEHUU XOPOUIUX U YIOBIECTBOPUTEIbHBIX
pe3ynbTaToB — K 42 cytkam y 13 (86,7 %) manueHToB HACTyNUJIA TOJHAS SIU-
TeIU3alus JJIUTEIbHO HE3KUBAIOIIUX TPOPUUECKUX S3B.
3akioueHue
[IpumeneHre KOMOMHUPOBAHHOTO METOJIA JICUCHHUS, BKJIIOYAIOIIEE paHe-
BOE MOKPBITHE HAa OCHOBE LIEJUIIOI03bI MUKPOOHOTO MPOUCXOXKIECHUS U cepedpa
MO3BOJIIECT JAOCTHYb OOJBIIMX YCIIEXOB B JI€UEHUHU OOJNBHBIX C JUINTEIHHO HE3a-
KUBAIOLIUMHU TPOPUUECKUMH S3BaMH Ha (POHE XPOHUYECKOW BEHO3HOM HEI0C-
TaTOYHOCTH B CPABHEHHHM C APYTHMH BHIIIC MPEICTaBICHHBIME MeToaMu. [Ipo-
UCXOIUT OoJiee OBICTPOE U MHTEHCUBHOE OUMIIEHUE U SMUTENU3aus Tpoduye-
CKHUX $I3B, TOKPBITHE SBISETCSA MOA00MEM MaTpHIBl 1T 00pa30BaHHS HOBBIX
TkaHeil. CMeHa TOBSI3KM MeHee OO0JIe3HEHHA I MaleHTa, Ha MOBEPXHOCTH
[EJUTIOJIO3bl YIAISIOTCA HEKPO3bl U (parMeHThl pa3pylIeHHBIX KieTok. Llemmro-
J103a MUKPOOHOTO MPOUCXO0XKIEHUSI B KOMOMHAIIMK C cepeOpoM o0IaiaeT psioM
BOKHBIX (PYHKIIUHU: CIY>KUT OaphepoM MPOTUB BO3ZHUKHOBEHUS BTOPUYHBIX MH-
(dexuuii, orpaHUYMBAET MOTEPIO KUIKOCTH U OJJHOBPEMEHHO C 3TUM, 0OecIeyn -
BaeT HEOOXOJUMYIO a’paliio paHbl, a, CIEJOBATEIbHO, U YCKOPEHUE MTPOLIECCOB
32)KUBJICHHSI TAKUX PaH.
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MEOWLIMHCKAA TEXHONOIMUA NOBbIWWEHUA
HYYBCTBUTENIbHOCTW K ALLETUIICAITULINITIOBOU KUCIOTE
BOJIbHbIX C MLLEMWYECKOW BOJIE3HbIO CEPALA

E. O. WaBpuHa, A. A. CaB4eHKO

DedepanvHoe 2ocyoapcmeenHoe D100dicemHoe HayyHoe yupexcoenue « Dedepanvhblil
uccredosamensckuti yenmp «Kpacnospcruii nayuniti yenmp Cubupcxkoeo omoeneHus
Poccuiickoti akaoemuu nayk»» «Hayuno-ucciedosamensCckuti UHCMuUmym meOUyuHCKUX
npoonem Cesepay, Poccus, Kpacnoapckuii kpail, . Kpacnosipcex, ya. Ilapmuszana JKenesusika,
0. 32; e-mail: katerina.shavrina.96@mail.ru

Nmemuyeckas 6omne3nb cepana (UbBC) spnsercst omHo# u3 Hanbosiee pac-
MPOCTPAHEHHBIX 3a00JIEBAaHUMN CEpPJIEYHO-COCYAUCTON CUCTEMBI BO BCEM MHPE,
Broa or MBC mnpoucxomaut okono 7 MIIH. CMEPTENbHBIX clydaeB. Tepamnus
C MPUMEHEHHEM TIPENnapaToB, CIIOCOOHBIX YTHETaTh arperanuio TPOMOOIIMTOB,
a IMEHHO C HCHOJb30BaHMEM aneTuiacamuiuioBoil kuciotel (ACK) cHmxkaer
CMEPTHOCTb M OCHOBHBIC HEOJAroNpHUsITHBIE CEPJICYHO-COCYAUCTBIC COOBITHS
y nauuentoB ¢ UBC. UysctBuTtenbHOCTh K ACK Ba)kHa mpH JICUEHUU MALUEH-
ToB ¢ UBC mnocne aoproxoponaproro mryHTupoBanus (AKII). Omgnako Bce
yalie cTaja BCTPEYaThCAd B KJIMHUYECKOW MPAKTHUKE MOHWKEHHASI YYBCTBUTEIh-
HOCTh WIH PE3UCTEHTHOCTh K ACK, 4TO CyIIeCTBEHHO 3aTpyIHSET JICUEHUE Ma-
[[UECHTOB.

AunerwicamummioBas kuciota (ACK) — nHambosiee MIMPOKO HCIOJIb3Yye-
MBIM Tpenapar s TPOPUIAKTUKU CEePACYHO-COCYAUCTBIX COOBITHH, BKIIOUAS
HeOnaronpusitabie ucxoasl UBC. Kpome toro, ACK ucnons3yercst ais cHuxe-
Hus pucka okkiro3un myHta nocie AKII. ACK 3amennser pa3BUTHE aTepoT-
pOMOOAIMOOTUYECKUX COOBITUH, OMTOCPEIOBAHHBIX TPOMOOIIUTAMHU, ITyTEM HEOO-
patumMoro uHruOupoBanus mukiookcureHasoi-1 (LIOI-1)rpombonuroB. Uuru-
OupoBaHue 3TOTO (epMEeHTa MPENOTBpAIlAeT CHHTE3 MOIIHOTO THIEPTOHUYE-
ckoro areHtatpomOokcana A2. Tem ne menee, ACK He mojaBisieT mOJIHOCTHIO
aKTUBAIIMIO TPOMOOIIMTOB Yy 3HAYUTENIBHOTO uucia mnarueHToB. COOTBETCT-
BEHHO, PE3yJIbTaTOM 3TOTO SBIJISIETCS pa3BUTHE TpoMO03a cocy 0B [1].

CocrosiHue metabonu3Ma TPOMOOLIMTOB SIBJISIETCA KIIIOUEBBIM (DaKTOPOM
B QYHKIIMOHAJILHOW aKTUBHOCTU ATUX KJIETOK. COOTBETCTBEHHO U PE3UCTEHT-
HOoCcTh K ACK Takxe MOXeT 3aBUCETb OT pabOThl peakiuii B 0OMEHEe BEIIeCTB
B TpoMmOo1uTax. JlokazaHo, 4TO yCUJIEHHE CUHTE3a aKTUBHBIX (DOpPM KUCIOpOa
dbepMeHTamMu, PacioyIO)KEHHBIMHU KaK BHYTPH, TaK U Ha MOBEPXHOCTH MEMOPAHbI
KJIETOK, BJIMSACT Ha (PYHKIIMOHAJIBHYIO aKTHUBAIMIO TPOMOOIIMTOB. Takxe JToKa-
3aHO, YTO DHEPTrus, HEOOXoMUMas JIsi 00SCIICYSHHS TPOIECCOB KU3HEACATEh-
HOCTHU KJIETKU (B TOM YHUCJIE€ U CHHTE3 MOBEPXHOCTHBIX PELENTOPOB) OCHOBAaHA
Ha TJIMKOJIU3€ C COXPAaHEHUEM MUTOXOHIPUATIBHBIX (PYHKITHI.

© IllaBpuna E. O., CaBuenxko A. A., 2021
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Heap ucciaegoBanus — onpeneieHne 0COOEHHOCTH MeTaboIr3Ma TPOM-
oouutoB 0osibHBIX MBC U1 fasibHENIIEro yCTpaHEeHUsI pE3UCTEHTHOCTU KIIETOK
k ACK.
Marepuajbl 1 METOAbI
B wuccnenoBaHuu MCHoONb30BAIM BEHO3HYIO KpoBb manueHtoB ¢ HMBC
no AKII, mocne AKII (1 aeHp) U mociie MpoOBEACHHOM Tepanmuy MaldeHTam
c npumenenreM ACK (10 mHeil) 1 KpOBb OTHOCHTENIBHO 3I0POBBIX JOHOPOB.
[TokazaTensimu MeTabosiu3mMa TPOMOOLMTOB CIYXWIM: akTUBHOCTH HAJI-
u HAJI®-3aBUCHMBIX JETUIPOreHa3, YCUICHHE aKTHBAIIMOHHBIX CIIOCOOHOCTEM
o CHMHTE3y akTUBHBIX (popm kuciopona (ADK) ¢ momonisio no0aBiIeHUs WH-
nyKTopa peaknuu aneHo3uHaudochara (ALD).
Pe3yabTaThl
JIoCTOBEpHO BBISBIEHO, YTO aKTUBHOCTH TIIIIOK030-6 (ocdaraeruapore-
Ha3bl B TpoMbonuTax 60iasHbIX UBC, uyBcTBUTENBHBIX U pe3ucTeHTHBIX K ACK,
CHM)KEHA OTHOCUTEJIBHO MOKa3aTeael KOHTPOJIbHOM Ipynibl. ITOT (EPMEHT SB-
JSIeTCsl KIIIOYEBBIM M MHUIMATU3UPYETCS B MEHTO30oCc(HaTHOM ILUKIE, U €ro
poJib B MeTabO0IMU3Me KIETOK BBI3bIBACT IMOBBIIIEHHBIM WHTEPEC, B TOM YHCIIE
JUISL TAIIUEHTOB C CEPJIEYHO-COCYAUCTHIMU 3a00JI€BaHUSMU. Y POBEHb JIaKTaT/Ie-
runporenassl (JIJII') Takxke Obul CHUKEH B TPOMOOIMTAX MAllMEHTOB B HE3aBU-
CUMOCTHU OT 4yBCTBUTEIBHOCTH, OJIHAKO y PE3UCTEHTHBIX OOJIbHBIX aKTUBHOCTb
sToro (epmenra B auHamuke (1o, nocie AKII u mocne tepanuu) mpuxoguT
B HOpMY (paBHa MOKa3aTeIsIM KOHTPOJIbHOU IPYIIIbI), & Y YYBCTBUTEIbHBIX Ta-
UEeHTOB akTUBHOCTH JIJII' B nuHamMuke ymMeHblaercs. Jta pepMeHTaTUBHAs pe-
aKLMs OMpeaeNsieT MpeBpalleHue JakTata B MUPyBaT, KOTOPbIA MOKHO MCIIOJb-
30BaTh A a’poOHbIX mpoueccoB. AktuBHOCTh HAJIH-3aBucMMO# nakratie-
ruaporenassl (HAIH-JI/II') B TpoMOo1MTaX NalMeHTOB YyBCTBUTEIBHBIX U Pe-
3ucTeHTHbIX K ACK Obuta yBelnnyeHa 1Mo CpaBHEHHMIO C KOHTPOJIbHBIMHU 3Haye-
Husmu 10 AKII, Ho B nuHamuke cHuxkaercs. AktuBHocTh HAJIH-JIJII' xapak-
TE€pHU3yeT UHTEHCUBHOCTh aHa3pPOOHOIO TIIMKOJIN3a, ONPEACISIONIEI0 CHUKEHUE
3HAYCHUS aHa’POOHOM 3Hepruu TpoMOoiuToB. Hamnbosee 3HAUMMBIMU MOKa3a-
TEJSIMU METa0OoJM3Ma TPOMOOILMTOB SBIISIETCS CTAaOWJIbHAs aKTUBHOCTH TIyTa-
TUTOH-PEIYKTa3bl, HA OCHOBAHUHU YETO MOXKHO CJ€JaTh BBIBOJ O CTaOWUIBLHOCTU
NIEPEKUCHBIX MPOLECCOB. BBIABIEHO CHM)KEHUE MHTEHCUBHOCTH IIEPEHOCA IPO-
JYKTOB JIMIIUHOTO KaTaboiM3Ma Ha OKHUCIMTEIbHO-BOCCTAHOBUTEIbHBIE PEaK-
MU TJIMKOJIA3a Y YYBCTBUTENIBHBIX TPOMOOIIMTOB 32 CUET CHUKEHUS aKTUBHO-
ctu raunepoii-3-gocdarneruaporenassl (II3D/IN). V pe3srcTeHTHBIX KIETOK ak-
tuBHOCTH ['3D/II" yBenuuuBaeTcs, a 3TO 3HAYUT, YTO paboTa KIHOYEBOTO (ep-
MEHTa JUMUIHOTO 0OMEHa MPUXOIUT B HOPMY.
UccnenoBansl ypoBHHM cuHTe3a ADK TpomOouuTamMu y NalUMEHTOB
c UbC, wuyyBcTBHUTENBbHBIX K pe3ucTeHTHhIX K ACK nmo wm mocne AKII,
C IOMOUIBI0 XEMUJIFOMUHECHEHTHOIO aHalIN3a. JIIOLUIeHHH-yCUJIEHHAs: XEMH-
JIOMUHECICHIIMSI XapaKTepu3yeT aKTUBHOCTh NoX2 (IIOBEpPXHOCTHOTO Qep-
MEHTa) ¥, COOTBETCTBEHHO, YPOBEHb CHHTE3a CYNEPOKCHIHBIX PaJuKaIoB. MpI
OOHApyXWJM, UYTO AaKTUBHOCTb NoOX2 B  TpoMOOIUTaxX MAlUEHTOB
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c uyBcTBUTENbHBIX K ACK 1m0 u mocne AKII 6pma mocToBepHO BBINIE, YEM
y JIML KOHTPOJIbHOU rpynmbl. OOIIMil ypOBEHb CUHTE3a U KUHETHKA CHHTE3a CY-
HNEPOKCUHOTO paJuKaia y O0JIbHBIX 3TOM IPYyNIbl IPAKTUYECKU HE U3MEHSIIUCH
B JuHamMuKe HaoOmogaeHus. TpomOomuTsl OO0JbHBIX 4yBCTBUTENBbHBIX K ACK
¢ UbC akTHBHEE CHHTE3UpPOBAIM CYNEPOKCUAHBIA paguKall, HO BpeMs aKTHUBa-
i Nox2 6bu10 yBenuueHo. AxktuBanus Nox2 Oblia oOHapyKeHa, KOraa TpoM-
OOLUTHI HAXOJAWINCH B COCTOSIHUM OTHOCUTENIBHOTO MOKOSI M BO BpeMs UX (yHK-
UOHAJIbHOW axkTuBauu. Kpome TOro, Bpems axkTuBanMu (GepMeHTa ObLIO
OomplIe, KOrga TPOMOOUUTHI HAXOAWIMCHh B COCTOSTHUM TOKOSI U BO BpEMS UX
(GYHKIIMOHATBPHON aKTUBAlMU. AKTUBHOCTH NOX2 B TpOMOOIIMTaX y MAIMEHTOB
pesucteHTHbIX K ACK 10 u nocne AKIII Oputa HIDKE, YEM y MALMEHTOB YYBCT-
ButesbHbIX K ACK. OgHako KMHETHKA CHHTE3a CYNEPOKCHUIIHOTO pajuKalia
TpOMOOLIMTaMHU Yy MALIUEHTOB 3TOM IPYIIIBI JOCTOBEPHO OTINYAIACH OT TAKOBOU
y marueHToB ayBcTBUTENbHBIX K ACK. Bo-miepBbIX, CKOpOCTh akTuBaiuu NoX2
TPOMOOIIMTOB B COCTOSIHUM OTHOCUTEJIBHOIO MOKOS (CIIOHTAaHHAs JHOLUUTEHUH-
YCWICHHAs] XEMWJIFOMUHECLEHIINSA) Y malueHToB pe3ucTeHTHhIX K ACK 10 u no-
cie AKII 6pu1a HUXKE, yeM y manueHToB yyBcTBUTEIbHBIX K ACK, u cooTBet-
CTBOBajJa KOHTPOJIBHBIM 3Ha4€HHsIM. BO-BTOpPBIX, CKOPOCTb YBEJIWYEHUS CHUH-
T€3a CYNEpOKCUAHOTo paaukana npu AJlD-3aBUCHUMON aKTUBALMM TPOMOOLIHU-
TOB y 00JIbHBIX pe3ucTeHTHbIX K ACK coOTBeTCTBOBaJIa ypPOBHSM, BBISIBICHHBIM
B KOHTPOJIBHOH I'pyInIe U y OOJIbHBIX U B MEPBBIE CYTKH IOCIE ONepanuu, Oblia
emte Oounbiie. Takum 00pa3zom, akTUBHOCTh NOX2 B TpOMOOIIMTaX PE3UCTEHTHBIX
k ACK y nmauueHToB (popMHUpyeTCcsl 1ByMsS MEXaHM3MaMH: YPOBHEM MeMOpaH-
HOU 3Kkcnpeccuu (0ojiee HU3KUM, YeM y malueHToB 4yBCcTBUTENBHBIX K ACK)
U PETyJISATOPHBIMU MPOLIECCAMH, KOTOPbIE HUBEIUPYIOTCS MPU aKTUBALUU KIle-
TOK. Panee ObLJI0 MOKa3aHO, YTO HU3Kasi aKTUBHOCTh NOX2 BBI3BIBAET CHHXKEHHE
(GyHKUIHMOHATBHOM aKTUBHOCTH TPOMOOIIMTOB.

YpoBenb cunTe3a BropuuHbix ADK uccnenoBaim ¢ moMOIIbIO JIOMUHOJI-
YCUJIEHHOW XeMUJIIOMUHECUEHIINH. Mbl He 0OHapYXWIH CTATUCTUYECKU 3HAUU-
MBIX Pa3JIU4Mil B ypOBHSIX cHUHTEe3a BTOpUUHBIX ADK (yCHIIEHHOW JTFOMUHOIOM
XEeMIJIIOMUHECLIEHIIMU) B TpoMmOonuTax y nanueHToB ¢ UBC 4yyBcTBUTEIBHBIX
u pe3ucteHTHhIX K ACK no u nocine AKII. Yposens cunte3a BropruuHbix ADK
B TpoMOouuTax y OosibHbIX 4yBCTBUTEIbHBIX K ACK OblT MOBBIIIEH OTHOCHU-
TEJIbHO KOHTPOJIbHBIX 3HaueHuil 10 u nocie AKII. Cunrte3 Bropuunbix ADK
B TpoMOo1uTax 00JbHBIX pe3ucTeHTHbIX K ACK ObUIT MOBBIIIEH OTHOCUTEIBHO
KOHTpoJibHbIX 3HaueHud nocie AKII. Ilpu noGaBieHun MHAYKTOpa peakivu
AJI® nokazareny He OTINYAINCH OT TEX MOKA3aTeJIe CIOHTAHHOW PEAKIIUH.

3akiiloueHue

[TonydeHHbIe pe3ynbTaThl TO3BOJSIOT CAETATh BBIBOJ O TOM, YTO U3MEHE-
HUA Merabomu3ma TpombOouutoB y ©OonbHbix WBC B 3aBucumocTH
or yyBcTBUTEIbHOCTH K ACK B Oonbluell  CTENEHHM  CBSI3aHBI
C epMEHTATUBHBIMU PEAKIUSIMU, ONpPEICISIIOIIMMA aKTUBHOCTh YHEpreThye-
CKUX TpoIeccOB (Kak aHa’poOHBIX, TaK U a’3poOHbIX). B menom aktuBanms
TPOMOOLIUTOB CYIIECTBEHHO 3aBUCUT OT MHTEHCUBHOCTH MOTOKa cyOcTpaTa ue-
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pe3 rmkoan3. Mexanusm pas3Butusi pesucteHTHOCTH K ACK, mpennokeHHbIi
paHee, 3aKO4aicsi B OTTOKE METa0OJMTOB I CHUHTE3a MPOCTArjaHANHOB
U, COOTBETCTBEHHO, B CHW)XXCHUU AKTUBHOCTH OKMCIIMTEIIBHBIX IIPOLIECCOB
B TpoMOouuTax. OJHAKO MEXaHU3Mbl BJIMSHUS aAKTUBHOCTH (PEPMEHTOB
Ha (PYHKIIMOHAJIbHYIO AKTUBHOCTb KJIETOK MOTYT OBITH ONPEEIIEHbI HE TOJBKO
UX POJIBIO B CHHTETHYECKHUX U DHEPreTHUUECKUX mpoueccax. B ¢Bsa3u ¢ teM, 4To
MeTtabonnueckue narepmenuatsel (ADPK u qpyrue npoaykTel pepMEHTATUBHBIX
peakuuil) HE TOJBKO OKa3blBalOT META0OJMYECKOE NEHUCTBUE, HO U BIUSIOT
Ha PEryJSATOPHBIE U JIUTCHETHYECKUE ITPOLIECCHI, MOXKHO CHEJIaTh BBIBOJ, YTO
yyBcTBUTENBHOCTh K ACK MokeT onpenensitecs MeTadoIM3MOM TPOMOOLIUTOB.

Cnucok Jureparypbl

1. Grinshtein, YI. Resistance to Acetylsalicylic Acid in Patients with Coronary Heart
Disease Is the Result of Metabolic Activity of Platelets / Y1. Grinshtein [et al] // Pharmaceuti-
cals (Basel). — 2020. — Aug. — Ne 13(8). — P. 178.
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BNMMAHUE HAHOYACTUL 30JIOTA HA ®EHOTUNMNYHECKYIO
nonAaAPU3ALUIO U NIUNNOHBIN METABOJIN3M MAKPO®AIOB

H. . MeH3siHOBa, C. A. NMaTuHa, E. U. LUuwaukas

Cubupckuii ¢hedepanvuviii ynueepcumem, Poccus, Kpacnosapck, np. Ceob6o0uwiii, 79

Makpodaru (M®D) — reTeporeHHas KJIETOYHAs TOMYJISAIHS, WTPAIOIas
KJIFOYEBYIO POJIb B PEAKLUAX KIETOYHOTO MMMYHHUTETA U BOCIIAJIUTEIBHBIX IPO-
neccax. Genorunuyeckas BapuadenbHocTh M@ cBsi3aHa ¢ mpolieccaMu MOJSPU-
3allMi: MUKPOIHBAHPOHMEHTANIbHbIE (DAKTOPhl MOTYT WHIYLHPOBaTh Iudde-
peHIMpOBKY  HaumBHBIX M® B  mpoBocmamuTeabHbld  MI1-deHoTumn
WM B IPOTUBOBOCHATHUTENbHBIA M2-(peHotur.

ITonsapusanusa HauBHbIX M@ peanm3yercs B M3MEHEHUAX CIIEKTpa IIO0-
BEpXHOCTHBIX CD-aHTUI€HOB, CEKPETUPYEMBIX [IUTOKMHOB, U3MEHEHUAX AKTHB-
HOCTU (arouuTo3a, NepecTporKax JUIUAHOIO MeTadoJIu3Ma U OKUCIUTEIbHO-
BOCCTaHOBUTEIBHOTO TOMeocTasa. s peanuzaunu (pU3HOIOTHYECKU aJIEKBaT-
HBIX MPOLIECCOB HE0OXoauma orpeaesieHHas auHamuka M1/M2-deHoTunos.
JIoMMHHpOBAaHWE OAHOTO W3 BAPUAHTOB MOJSIPU3ALMU NPUBOAUT K Pa3BUTHUIO
natosiornii. B Hacrosimiee Bpemsi peryisiiyds akTUBHOCTH IporeccoB M1/M2
nonspuzammu M@ paccMaTpuBaeTCs Kak IIEPCIEKTMBHAS TEpaneBTHUYECKas
CTpaTerus. OTO ONPENEIAET aKTyaJbHOCTh U3YYEHHUs IIPOLIECCOB MOJSPU3ALUN
M® in Vivo 1 B MOJICTTBHBIX CUCTEMaX invitro.

CraHgapTHbIC MPOTOKOIBI Moisipusau M® in Vitro npemxycMaTpuBaroT
UCTIOJIb30BaHUE B KadecTBe MHAyKTOpoB monspusaiuu LPS, IFN-gamma (M1-
dbenotun) u IL-4, IL-13 (M2-denorumn). OgHako MHOTOYUCICHHBIC KCIEPH-
MEHTAJIbHBIE UCCIIEA0BAHUS CBUIETEIBCTBYIOT, UTO B KAYECTBE UHAYKTOPOB I10-
JsipU3alMM MOTYT BBICTYIATh HaHOuacTHIbl. Pemporpammupytromue 3¢ ¢eKTs
HAHOYACTHIl PEAIU3YIOTCS B MEpecTporKax cekperoma u junuaomMa M®D. Dd-
(GeKTbl HAaHOYACTHI] ONPEEIAIOTCS UX (PU3NKO-XUMUYECKHUMHU CBOMCTBAMH, 3a-
BUCST OT pa3MepoB, (OPMbI, KOHIIEHTPALUHU U TPOJOJKUTEILHOCTH BO3AEHCT-
BUSI.

B ycnoBusAx cCOBpEMEHHOW HMBUIM3ALMU HAHOYACTHIIBI AKTUBHO UCITIOJIb-
3y10Tcsl B cepax, CBI3aHHBIX CO 3JI0POBBEM YEJIOBEKA. JTO ONpPEAEIIIeT HE0O-
XOIMMOCTh M3yYEHHS] HAHOYACTHUIl KaK MHIYKTOPOB U PETYJIATOPOB MPOLIECCOB
nosisipu3au M® 1 nporHo3upoBaHuUs UX POJIM B NMATOTEHE3€ Pa3IMUHbIX 3a00-
JIEBaHU YEJIOBEKA.

Hear uccaenoBanusa — uszyueHue BiausiHus HaHodactul (HY) 3omorta
Ha aKTUBHOCTHh (hOPMHUPOBAHUS TUNUA-HArpy>KeHHbIX M® B mporecce M1/M2
HOJIIPHM3AIKH N Vitro.

Pesynbratel Ha 9-e cyTku KynbTUBUpOBaHUS M® ObLIM MpeEICTaBIICHBI
MOP(OJOTUYECKH TeTEePOreHHONW KJIETOYHOM momyssiiued. B nuronnazme kie-
TOK pa3iaudHoOM Mop(dojaoruu HabII0IaTUCh BBHICOKOKOHTPACTHBIE BE3UKYJISIP-

© MenszsaoBa H. T'., [lstuna C. A., lumankas E. 1., 2021
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HBIE CTPYKTYphI, KOTOpbIe ObLIM ompeaeneHbl kak nunuaabie kammm (JIK).
Knerku ¢ JIK Obumn ompenenieHbl Kak Jaunua-Harpyxenaoie M®. HY 3o0m10ta
YBEIMYMBAIA YHCICHHOCTh JHUNOUA-HArpyXkeHHbIXx M®D, 10 CpaBHEHUIO
C KOHTPOJIBHBIM BapuaHToM. DddekruBHocTh Menakux HY 3om1ota pazmepom 6
HM Kak MHAyKTopoB Ouorene3a JIK Obuta Beiie, yvem HY pasmepom 25 HM.
Ha cpenax ¢ HY 3050Ta ynciaeHHOCTh JIMNUA-HarpyxeHHbpix M® Obina B 2 pasa
MeHble, yem Ha cpene ¢ MK, knmaccuueckumu uHaykropamu ouorenesza JIK.
B ycnoBusix komOuHMpoBaHHOTO Bo3nercTBus HY 30510Ta 1 MMMYHHBIX KOM-
mwiekcoB (MK) kommuecTtBo nunua-HarpyxeHHbIX M® ObuUIO 3HAYHUTENTBHO
BBIIIIE, Y€M B BapHAHTaX OJHO(AKTOPHOTO BO3JICHCTBUS (B CPEAHEM B 2 pasa).

Ha cnenyromem stamne pa®oTsl Ui oieHKH npoieccoB M1/M2 nonsipusa-
OUU  ONpEAEIUIA AKTUBHOCTh 3KCKPEUMU LUTOKMHOB, MPOCTArJIaHIHHOB
rpynnel E2 (II'E2), nelikotpuenoB rpymnmnsl B4 (JITB4). HY 30mn0ta cHrkamu
YpOBEHb HHTEpJICHKHUHA-6 (B 18 pa3) U MOBBIIAIM AKTUBHOCTH MPOIYKIIUH
JITB4 (B 5,5 u 7,4 pa3, COOTBETCTBEHHO, /11l MENKUX U KpynHbIx HY), o cpas-
HEHUIO C KOHTPOJIEM.

B ycnoBusix xomO6unupoBanHoro BozxaeiictBus (HY 3omora+UK) Oblm
BBISIBJICHB COBEPIICHHO MHBIE 3aKOHOMEPHOCTH: HaOII0JaIoCh CHHKEHUE
ypoBust NJI-6 (B 43 u 67 pa3, COOTBETCTBEHHO, JJisi MEJIKUX M KpynHbix HY),
[II'E2 (8 9,5 pa3) u JITB4 (B 1,5 pa3za) no cpaBHEHHUIO C KOHTPOJIEM.

3akiouenue

[Tomy4yeHHbIe pe3yabTaThl MO3BOJIAIOT 3aKIIOUYHUTh, YTO T0]T BO3IEUCTBUEM
HaHo4YacThll 305i0Ta (opmupyrorcs M2a- u M2c-peHorunsl Makpoaros,
JUIL KOTOPBIX XxapaktepeH OuoreHe3 JIK w3 muNumoB, CHHTE3MPOBaHHBIX (e
novo. C UK cBsizano popmupoBanue M2b-penoruna M@, y kotopsix B JIK ge-
MOHUPYIOTCS JIMMUJIBI, KOTOPBIE KJIETKA BKJIIOYAeT B META0O0JIU3M B pe3yibTaTe
HEeKOHTpoaupyemoro ¢aronurosa MK.

bnazoopanocmu

Asmopwl npunocam oaazodaprocme lllabanosy A. B. u Hemyosy U. B.
(Ancmumym ¢usuxu um. JI. B. Kupenckoeco CO PAH) 3a nomows 6 nposedenuu
91E€KMPOHHO-MUKPOCKONUYECKO20 AHANU3A.
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AHTUMMKPOBHbLIE CBOMCTBA U MPUMEHEHUE KATUOHUTA
KY-2-8, MOONOULUMNPOBAHHOIO HAHOYACTULAMU CEPEBPA

P. P. Xanpapos', O. Y.lanypoBa’,
W. T. Fapunos’, W. . Fanuynun', C. 0. EBrpacdoBa?®

1Hhtcmumym sa0eprou ¢uzuxku AH PY3, Yzoexucman, Tawkenm
2Unemumym neca um. B. H. Cykauesa CO PAH, Poccus, Kpachospexk
3Cu6upcz<uﬁ geoepanvuwiii ynusepcumem, Poccusi, Kpacnospck

[loka3zaHo, 4YTO BBEIECHHE HAHOPA3MEPHBIX BKIIOYEHUUA cepedpa
B CWJIBHOKHUCTIOTHBIM KaTuOHUT KVY-2-8 mpu momormu OGOpruapuiHOro BoccTa-
HOBIJICHU S (CM. PpHucC. l) IMO3BOJIACT IIOJIYIaTh HAHOKOMIIO3UTHI C PA3JIMYHBIM pac-
npcaciacHucM BOCCTAHOBJICHHOI'O cepe6pa B (1)2136 noHoooMeHHuka. CoriacHo
CHUMKaM MO,ZIH(i)I/ILII/IpOBaHHOFO KaTUOHHUTA, IIOJYUYCHHBIM Ha CKAHHPYIOIICM
QJICKTPOHHOM MHKPOCKOIIC, KOJIJIOHMIHBIC YaCTHIIbI cepe6pa Ha ITIOBCPXHOCTH
KV-2-8 umeror chepuueckyio GopMy, a UX pa3Mep BapbUpyeT B JHAMA30HE
OT JCCATKOB OO0 COTCH HAHOMCTPOB. I/ICCJIGIIOBaHI/IH MHKpO6HOHOFH‘{eCKOﬁ
AKTUBHOCTHU CO31AdHHOT'O HAHOKOMIIO3UTHOI'O KATHOHUTA METOAOM I[I/ICI)(I)}GI/II/I
Barape [l, 2] mNpOAEMOHCTPUPOBAIM BBIPAKEHHOE AHTUOAKTEPUATBHOE
JEHCTBUE ero rpaHysl Ha TecT-KyibTypbl Staphylococcus aureus, Pseudomonas
aeruginosa, Aureobasidium, Penicillium.

AN
s0,-Na
N
)

nonumepHasa
MaTpuua

nonumMmepHas
marpuua

Puc. 1. O6pa3zoBanue KOIIOUTHBIX YaCTHUI] cepedpa
B CTPYKTYype HoHOOOMeHHoU MaTpuilsl KY-2-8 [3]

Hcnonp3oBanne HaHOUYACTUI] cepedpa B CTPYKTYpE KAaTHOHHUTA TTO3BOJISET
MPEIOTBPATUTh POCT OMOTUICHOK Ha €ro MOBEPXHOCTH B IMPOIIECCE dKCILTyaTa-
1M (0COOCHHO B KApKUX KIMMAaTUYECKUX YCJIOBHSX), U TEM CaMbIM 3HAYH-
TEJIbHO YBEIUYHUTH CPOK ero ciyxObl. [Tokazano, yto KY-2-8 ¢ nanoBkitoue-
HUSMH cepedpa TakKe MOXKET BBIMOIHATh (DYHKIMIO yAaJeHUs PACTBOPEHHOTO
kuciopona u3 Bogsl [4]. B 2020 r. B MHCcTHTYTE simepHO Pu3uku AkaaemMuu
Hayk PecniyGiuku Y30ekrucTaH 0CBOSHO MTPOU3BOJICTBO CUCTEM XMUMBOOIO/IIO-
TOBKH C HCIIOJIb30BAaHHEM Pa3pad0TAaHHOTO HAHOKOMIIO3UTHOTO KAaTHOHMTA,
NpeaHa3HAYCHHBIX [IJI1 TOBBIIIEHUS] YKOHOMUYHOCTH, JIMKBUAAIIMU HAKHUIIN
U OTJIOKEHUM Ha TEIUIONEPENAIoNIUX IMOBEPXHOCTAX B KOTEJIHHOM 000-
PYAOBaHUH.

© Xaiinapos P. P., Tanyposa O. V., 'apunos W. T., F'amuynun U. I'., Esrpadosa C. 10., 2021
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AHTUMUKPOBHbLIE CBOUCTBA HAHOYACTUL CEPEBPA,
NONYYEHHOIO BOPIr’MaPMaHbIM METOOM

O. O. KonHuHa, [. U. XXeBak, A. A. LUnadep
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AHTUMUKpPOOHBIE cBoMcTBa HaHouactull cepedpa (HC) ucnonb3yrorcs
B HACTOsIIIee BpeMsl B Pa3IMYHBIX 00dacTsIX npukiagHoi Hayku. K mpumepy,
HC ucnons3yercss B Ka4ecTBE CTEPUIN3YIOIIETO areHTa B MEAUIUHE, KOCMETH -
YECKOH, JIJAKOKPACOYHOM U TEKCTHJIBHOW TPOMBIIUIEHHOCTH [1].

JUtst Toro 4yToObl MOJEWCTBOBATH HA MHKPOOPTraHW3M, aHTHUCENTHUK O0JI-
KEH MPOHUKHYTh B KJIETKY U NOJEWCTBOBATh HAa ()EPMEHTATUBHYIO CUCTEMY
MuKpoopranusma. Hamboiniee 3(p(hEeKTUBHBIMU SIBISIOTCS OpraHUYECKUE aHTH-
CENTHKH, KOTOPBIE B OOJBIICH CTENEHH MOAABISAIOT pa3IudHble (DepPMEHTHI [2].

OO6mmii MexaHu3M aHTUMHKpOOHOTO Bo3aeicTBusa HC HampaBiieH Ha ero
B3aMMOJICUCTBUE C KJIETOYHOM MeMOpaHOU, COCTOsIIel K3 0COObIX OenKoB
(MenTUAOTINKAaHOB), COEIMHEHHBIX aMUHOKHUCIIOTAMHU, JUJIsI OOECIIeUeHUsl Mexa-
HUYECKOW NPOYHOCTH M CTaOMIBHOCTH KieTkH. CepeOpo B3auMOJEHCTBYET
C BHEIIHUMUIIENTUIOTIMKaHAMH, OJIOKUPYST UX CIOCOOHOCTh IepeaaBaTh
KHUCJIOPOJl BHYTPb KIETKM OakTepuu, 4YTO MNPUBOJUT K HAPYLICHUIO
KHCJIOPOJHOTO 0OMeHa MUKpOOpraHu3ma u ero ruodemnu [3].

BriOop Hanouactuil cepebpa, Kak areHTa 3alluThl OT OMOMOBPEKICHUM,
OOyCJIOBJIEGH €ro HEJeTy4ecTbio, KaK B OOBIYHBIX YCIOBUAX, TakK
U IIpU CTOpaHUH, U 3P(HEKTUBHOCTHIO PACTBOPOB HU3KUX KOHIIEHTpauui. bak-
TEpULUAHBIE CBOMCTBA METAINIMYECKOTO HaHOcepeOpa CBA3aHBbI C €r0 MEIJICH-
HBIM OKHCJICHHEM U BBICBOOOXKJIEHHEM MOHOB AQ+ B OKPYKAIOIIYIO Cpeay, IMo-
TOMY MPEICTABISAETCS MEPCIEKTUBHBIM HCIIOJIb30BAaHUE IPENnapaToB HaHOCE-
pebpa Kak oco0oro kiacca OMOIUIHBIX areHToB. HanodacTuiel 00Jaqalo0T BhI-
COKOM aHTHOaKTepuanbHON 3(PGHEKTUBHOCTHIO Oyiaromaps CBOeH pa3BUTOM TO-
BEPXHOCTHU, 00ECTICUNBAIOIIECH MAaKCUMAJIbHBIN KOHTAKT C OKpPYKaloIIeh cpe1oi.
Kpome Toro, oHM 10CTaTOYHO Majbl U CIIOCOOHBI MPOHUKATh CKBO3b KJIETOYHbBIE
MeMOpaHbl, BIUSATH HA BHYTPUKJIECTOYHBIE Mporiecchl [ 1].

Oddextr yHuuTOXKEHUSI OaKTEpHil TpemapataMu cepedpa Ype3BbIYANHO
Benuk. OH B 1 750 pa3 cuibHee AEUCTBUS TOM e KOHIEHTPAIMH KapOOJIOBOMA
KHUCJIOTBI U B 3,5 pa3a CHJIbHEE INEHUCTBHUS CYJEMBI. YK€ NMPU KOHUEHTpALUU
0,1 mr/n cepebpo o0nanaeT BhIpaXXEHHBIM (PYHTULIUIHBIM JAeicTBUEM. PacTBOPHI
cepeOpa SBISAIOTCS caMbIM 3(P(EKTUBHBIM CPEJICTBOM MPU HEMOCPEICTBEHHOM
CONPUKOCHOBEHHUH C MOBEPXHOCTSAMHM, THOSIIIIUMUCS U BOCHAJIEHHBIMU BCIEICT-
BHE OaKTEpPUATILHOTO 3apakeHus [4].

B mHacrosimee Bpems wuAET TOMCK S(PPEKTUBHBIX U OE3BPEAHBIX
JUISl 4EJIOBEKA AHTHCENTUKOB U METOJOB 3aIUTHl OT MUKPOOPIaHU3MOB, B TOM

© Konuuna /1. O., XKesaxk JI. ., lnadep A. A., 2021
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YHUCJIe W MaTOreHHBIX. JlaHHOE HampaBlieHHe padOTHI SBIAECTCS OYEHBb aKTyallhb-

HBIM, TaK Kak, HECMOTPS Ha TO, YTO CBOICTBa HAHOYACTHII cepedpa SIBISIIOTCS

PEIMETOM MPUCTAIBHOTO HU3Y4YEHHUs, TAKXKE PACCMATPHUBAIOTCS €ro KOMOHWHa-

MU C JPYTUMH AaHTUMHKPOOHBIMHU areHTaMmH, KOTOPbI€ MOTYT YCHUJIUBATh €ro

aKTUBHOCTb WJIM CMEIIATh CHEKTP JercTBUs. BenéTcst mouck HOBBIX ONTHUMAIIb-

HBIX COYETaHWH I TOCTUKEHUS HauOOJIBIIEr0 aHTUMUKPOOHOTO WM (PYHTH-
nuaHoro 3ddekra.

Hean padoThl — ucciaeaoBaHue JEHCTBUS PACTBOPOB KOJUIOUMAHBIX HAHO-
gacTull cepedpa, MOTyYEeHHBIX OOPTHIPHIHBIM METOIOM, Ha MHUKPO(DIOpY OK-
pyxatomieit  cpeapl,  SNUGUTHYIO  MUKPOQUIOpY  CeMSH  MIICHHIIBI
¥ MUKPOCKOITUYECKHE TPUOBI.

MartepuaJibl M1 METOIbI

B xome paboTel ObUTM WCHOIB30BAaHBI PACTBOPHI KOJUIOWTHOTOHAHOCE-
pebpa, KoTopble OB CHHTE3UPOBAHBI U MIPEIOCTaBICHBI IHCTUTYTOM sSIepHOM
¢u3uky, . TamkeHT, Y30€KuCcTaH:

1. PactBop 1 6ecuBetHbIit. Conepxut: cepedpo — 40 mr/i, Gopruapus Ha-
Tpusi — 5 mr/i, ctabunuzatop > 10 mr/

2. PactBop 2 xentoro uera. Conepxxut: cepedbpo — 40 mr/n, Gopruapu
Hatpus — 10 mr/n, crabunuzarop — 1,5 mr/n

3. PactBOp 3 cBetnno-xkentoro npera. Comepxut: cepedpo — 40 mr/i, 6op-
ruapu Hatpus — 10 mr/n, ctabunmuzatop < 10 mr/im.

HccnenoBanne CcBOMCTB KoOJIOMAHBIX pacTtBopoB HC mnpoBoamnock
B OTHOIIICHHH TECTOBBIX KyJbTyp Oaktepwmii: Bacillus cereus, Bacillus pumilus,
Bacillus subtilis, Bacillus spp., Micrococcus luteus, Bacillus patagoniensis;
U MHKpockonmueckux rpudos: Penicillium citrinum, Fusarium sp., Alternaria
tenuis, Aspergilus niger.

B xozae sxcneprMeHTOB MCIOIB30BaJICs METOT TOCEBA HA TUIOTHHIE MUTA-
TenpHbIe cpenbl (cpena Caldypo, mUTaTeNbHBINA arap) ¢ JAOMOJHUTEILHBIMU BbI-
CEYKaMHU JJIsi BHECEHUS UCCIIEIYEMBIX PACTBOPOB.

Pe3yabTaTsl

Haunlonee BbIpak€HHYI0 YyBCTBUTEIHLHOCTH B OTHOIIECHUU BCEX HCCIIE-
nayembix pactBopoB HC mokazan mukpockonuueckuii rpud Alternaria tenuis:
30Ha OTCYTCTBHSI pocTa ObUTa HauOOJIBbIIEH BO BCEX MCCIEAYyEMBIX BapHaHTaX
nocesa (Tabs. 1). HauGonpiel ycTOWYUBOCTBIO K UccienyeMbiM pactBopam HC
noka3zaju rpubsl poja Fusarium sp.

Tabmuna 1
Crenenb 3 PeKTUBHOCTH JEHCTBUS PACTBOPOB KOJUIOUIHOTO cepedpa
Ha MUKPOCKOITUYCCKHE TPUOBI
(* — naumeHnbIlIee Bo3aAciCcTBUE, *** — HanOoOJIbIIIEe BO3/ICHCTBHE)

Hazpanwme rpuba PactBop 1 PactBop 2 PactBop 3
Penicillium citrinum *k * Frw—
Fusarium sp. * *k *
Alternaria tenuis *kk Hkok *x
Aspergilus niger ok *k s
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HauOoubIiyt0 4yBCTBHTEIBHOCTh K PACTBOpPaM KOJUIOMIHOTO cepedpa
MOKa3ajM BBIJCICHHBIE M3 TMOuYBBI OakTepuu pona Bacillus (Bacillus cereus
u Bacillus subtilis). B to »xe Bpems, 6axrepun Bacillus pumilus, BeiiencHHbIe
U3 BOJIbI, TIOKA3aJId MEHBIIIYIO YYBCTBUTEIBLHOCTh B oTHOIIeHHU HC (Tabu. 2).

Ta0muma 2
30Ha OTCYTCTBHS pocTa OakTepuii (MM) OKOJIO BhICEUEK
C pacTBOpaMH KOJJIOMJHOTO cepedpa
PactBop 1 PactBop 2 PactBop 3
Bakr CpHrH, BBIACICHHBIC U3 BOJbI
Bacillus cereus 2 3 0
Bacillus patagoniensis 1 0 0
Bacillus subtilis 2 0 1
Bacillus cereus 2 3 0
Bacillus pumilus 0 0 0
Bacillus pumilus 0 0 0
BaKTepI/II/I, BBIACJICHHBIC U3 I10YBbI
Bacillus subtilis 3 4 0
Bacillus spp 2 2 2

B otHOmIeHnu >nupuTHON MUKPODIOPHI CEMSH MIIIEHUIIbI, UCCIIEyEeMbIe
pactBopsl HC akTHBHEe BCEro MPOSIBISUIUCH C PA3IMYHBIMU IITAMMaMHU
Micrococcus luteus (tabn. 3), Oakrepum poma Bacillus (Bacillus subtilis
u Bacillus patagoniensis) Obli1i MeHee 4yBCTBUTENBbHBI WK ycTOunBbI K HC.

B nenom, pactBopsl (1) u (2) (koHLIeHTpauuu cM. MaTepuaibl U METOIbI)
OpoSIBIIIM  O0Jiee  SPKO  BBIPAKCHHYIO aHTHOAKTEpUATbHYI0 aKTHBHOCTD,
1o cpaBHEHUIO ¢ pacTBopoM (3). 1o Bceit BeposITHOCTH, JaHHBIE CBOMCTBA ObLIH
CBSI3aHBI C PA3JIMYHBIMU KOHIICHTPAIUSIMH CTaOMIN3aTOpa B UCCIIEAYEMbIX pac-
TBOpax.

Tabnuna 3
30Ha OTCYTCTBHS pocTa (MM) OaKTepuid, BbIICJIEHHBIX U3 CEMSH MIICHUIIBL,
OKOJIO BBICEUEK C pacTBOpaMM KOJUIOMAHOTO cepedpa Ha 1 u 3 cyTku

Bun Gakrepuit Pactsop 1 PactBop 2 PactBop 3
Micrococcus luteus 7 7 5 5 5 5
(turamm 9)
Micrococcus luteus 5 5 3 0 4 4
(uramm 12)
Bacillus subtilis 1 2 2 2 1 1
Bacillus patagoniensis 1 1 1 1 0 0
3akiouyeHnue

BozneiictBue xommonanbix pactBopoB HC Ha MUKpOCKOTIMUECKHE TPUOBI
HE TIPOSIBJISIO 3aBUCHMOCTH OT KOHIIEHTpAIIUU MPHUCYTCTBYIOIMIUX B pacTBOpax
cTabmian3atopoB, akTuBHOCT, HC B OonbIliel cTeneHu 3aBHCeNNa OT BUIa rpuoa.
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HaunGonpiryro akTUBHOCTh B OTHOIIEHWU OAaKTEPHAIBHOTO COOOIIECTBA
MOKa3aJId PacTBOPbI KOJUIOMAHOTO cepedpa 1 u 2.

bakrepunmansiit 3¢dhext HC B oTHOmEeHUn OGakTepuii OJHOTO BHJIA, BBI-
JCJICHHBIX U3 pa3InYHbIX MecTooOuTanuii (Hanpumep, Bacillus subtilis), mposis-
asuics B paznuuHoi creneHu. Haubonee ycroitunel k HC Obuin 6akTepuu, BbI-
JIeJICHHBIE U3 BOJIbI, HAUMEHEE — U3 MOYBBI U PU30C(hEphl CEMSIH MILICHULIBI.
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OLUEHKA AHTUMUKPOBHbIX CBOUCTB HAHOYACTUL CEPEBPA,
NONMYYEHHBIX ANEKTPOXUMWYECKUM U BOPIr’MaPUOHBIM
METOAOM

M. A. AboneHueBa

Cubupckuii hedepanvroiil ynusepcumem, Poccus, Kpacnosapck, np. Ceéoboonwii, 79,
e-mail: polinal8.ti@gmail.com

IToTpebHOCTH B pa3pabOTKEe HOBBIX, HEIOPOTUX M I(DPEKTUBHBIX MPOTH-
BOMHUKPOOHBIX CPEJCTB, HE 3aBUCSIINX OT OaKTEpUaIbHOW yCTOWYMBOCTH, BO3-
poJnia MHTEPEC K MU3YHYEHHI0 aHTUMUKPOOHBIX CBOMCTB HAaHOYACTHI] cepedpa
uero coeauHeHnid. C pa3BUTHEM HAHOTEXHOJOTHM TOSBIAETCA OOJbIIOE
KOJIMYECTBO MAaTEpPUAJIOB C YHUKAJIbHBIMU CBOMCTBAMH, OTKPBIBAsl CIEKTP
MPUJIOKEHUIN U UCCIIEIOBATENIbCKUX BO3MOKHOCTel [1]. HaHowacTuibl cepedpa
(AgNP) B Hacrosiiee BpeMsl IIMPOKO MCIOJB3YIOTCS B pa3HbIX cdepax
MPOMBIIJICHHOCTH: TMPOU3BOJICTBO AHTUMHUKPOOHBIX MOKPBITHI MU TEKCTHIIS,
YIaKOBKHU JUIsI TIPOJYKTOB MUTAHUS, KOCMETUYECKUX CPEACTB, (QUIBTPYIOIIUX
MaTepuaioB, HaHO-OMoceHcOopoB ® Jp. [2]. Hawnouactuubl cepebpa
MPUMEHSIOTCST B KAuyeCTBE AaHTHOAKTEPUAIBHOTO TOKPBITUS B  HM3JEIHIX
MEJIUIIMHCKOTO HAa3HAYEHUs, TAKUX KaK CEPACYHO-COCYAUCTHIE HMIUIAHTATHI,
NEPEBS30YHBIE MATEPUAIIbI, KATETEPhl, OPTONEINICCKUE UMILIAHTAThI, 3yOHBIC
koMrio3utbl [3]. MecTHOe HaHeceHHWE HaHOYaCTHI[ cepebpa Ha paHbl
CIIOCOOCTBYET YCKOPEHHUIO M YCKOPEHHUIO Mpoliecca 3aXKUBJICHUS; KPOME TOrO,
OHHM UTPAIOT POJIb B MOJIYJISIMUA IUTOKUHOB, YYACTBYIOIIMX B BOCCTAHOBJICHUU
TKaHell [4]. DTU yHUKaJbHbIE CBOMCTBA MO3BOJSIOT MKPOKO nMpuMeHsTh AGNP
s OpoUIAKTUKH M JIEYEHUS TNATOT€HHbIX 3a00JeBaHUl, a TaKke
JUTSl IPOU3BOJICTBA MPOTUBOMUKPOOHBIX M CaMOOYMILAOIIMXCS MOBEPXHOCTEH
[5].

Heab padoTbl — OIEHUTh AHTUMUKPOOHYIO AKTHMBHOCTH PACTBOPOB
¥ MaTEpHAJIOB, COJIEPKAIIMX HAHOYACTHIIBI cepedpa, MOMyUYEeHHbIE AIEKTPOXH-
MUYECKUM METOJIOM U METOJIOM BOCCTAHOBJICHUS OOPTHUIPHUIOM HATpHs, B OT-
HOIIICHUM THUNUYHBIX IITaMMOB OaKTepHii, BBIJCIECHHBIX W3 OKPYXKAIOIICH
CpeIlbl, U CAHUTAPHO-TIOKA3aTeIbHBIX MUKpOoOpraHu3MoB (CIIM).

Martepuajbl 1 METOAbI

[Tomy4yenue HaHouyacTHIl cepedpa MPOBOIUIOCH IIEKTPOXUMUYECKUM Me-
TOAOM [6], a Takke METOJOM BOCCTAaHOBJICHHS OOpruApuaoM HaTpus. Mate-
puanbl s MPOU3BOACTBA MEIUIMHCKUX MAacOK (MeIbTONayH W BHYTPECHHSS
4acTh MEIUIIMHCKON MacKu) 00pa3ibl MEMOPaHHO-OCMOTHYECKONU CUCTEMBI, 00-
paboTanHbie pacTBopamu, cojaepxanumu AGNP, Obutn nosydyensl B MHCcTUTYTE
sanepHoit pusuku AH Y36ekuctana (1. TamkeHT). O0paO0oTKy TKaHU TPOBOAMIIH
OTPHICKUBAHUEM WJIM TIOTPYKEHUEM B CIIMPTOBO-BOJIHBIN KOJUIOUIHBINA pacTBOP
AgNP. HccnenoBanrne aHTUMHKPOOHBIX CBOMCTB MaTE€pUaIOB MPOBOAMINA B OT-
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HOmIeHNH 12 mTaMMOB OaKTepwii, BBIIECIECHHBIX H3 BO3/IyXa, MOJEBON IMMOYBBI
Y CEMSH TIIEHUIBI, a Takke B oTHomeHnn CIIM — pedepentHbix mrtamMmmoB E.
coli 25922 w Staphylococcus aureus 25923. Ouenky aHTHOaKTepHaIbHON aK-
tuBHOCTH AgNP npoBoaunu metoaom nudy3un Ha arapu30BaHHON MUTATEIh-
Holt cpene MIIA u metonom «time-kill» [7].
PesyabTarsl
N3 00beKTOB BHENIHEH cpeiibl OBbLIO BBIJAECICHO U HICHTU(DHUIIpOBaHO 12
TUMAYHBIX U30JISITOB MUKPOOPTAaHU3MOB: U3 BO3AyXa Y4eOHbIX ayauTopuit -
bubT, u3 moneBoit MoYBkI, ¢ CEMSH MIIIESHUIIBI; OaKTEPUH OBLIA UICHTUDHUITHPO-
Banbl kak Bacillus spp., Bacillus cereus, Bacillus pumilus, Bacillus subtilis,
Bacillus patagoniensis u Micrococcus luteus. MakxcuManbsHON aHTUMUKPOOHOU
aKTUBHOCTBIO B OTHOIICHHH TECT-KyJbTyp Oaktepuii pomoB Bacillus
u Micrococcus, a Takke caHUTapHO-IIOKa3aTeabHBIX BUa0B E. coli u S. aureus,
00J1afjany pacTBOPHbI, MOJIYUEHHBIE JIEKTPOXUMUUYECKUM MEeTo0M: 7 U3 14 u3o-
JSTOB OaKTepuil, MPOSBISUIM YyBCTBUTEIBHOCTD. B mpucyrcTBum 3 % u 6 % me-
pOKCHJa BOAOPOJIa B pacTBOpPE HAHOYACTHUI cepedpa 30HBI OTCYTCTBUS pPOCTa
y UyBCTBUTEIIbHBIX OaKTepuil BO3pacTaii M COCTaBIsLIM OT 35 mo 61 MM
(cM. puc. 1). BBICOKYIO YCTOWYMBOCTH K pacTBOpaM HAaHOYACTHI[ cepedpa
C IEPOKCUJIOM  BOJOpOAAa TMPOSBWIA HU30JATHl  OaKTepwii, BBIICICHHBIC
u3 Bo3ayxa. PactBopel HaHocepeOpa, MONTy4YEHHBIE OOPTHUAPUIHBIM METOIOM
obnmaganu Oosnee cnaboi AHTUMUKPOOHOW AaKTUBHOCTBIO: 30HBI OTCYTCTBHUS
pocTa TeCT-KylbTyp OakTepuil coctaBimsuii oT 1 go 7 mm. Haummensbriei
aKTUBHOCTBbIO 0OO0Jafal pacTBOpP C HU3KUM COJAEpPKAHUEM CTaOMIM3aTopa
(1,5 mr/im) Uzonsarer Bacillus spp. 8, Micrococcus luteus 9, Micrococcus luteus
12 u Bacillus subtilis 13 mposiBuiM 9yBCTBUTEIBHOCTh KO BCEM PacTBOPAM,
MOJTYYE€HHBIM OOPTUIPUIHBIM METOIOM.

Puc. 1. 3oub1 OTCYyTCTBUS pocTa OakTepuid S. aureus (a, 6) u M. luteus (8, 2) mon nefcTBUEM
pacTBOpoOB ¢ HaHOUACTUIIaMU cepebpa: a — pactBop AGNP ¢ mepokcumom Bogopona 3 %;
6 — pactBop AgNP ¢ nepokcuiom Bogopona 6 %; ¢ — pactBop AGNP ¢ nuruapokBepueTHHOM;
2 — pactBop AgNP 6e3 no6aBok

Amnanus, npoBeneHHbIN AU Y3MOHHBIM METOAOM, HE BBISIBUJ aHTUMUK-
poOHBIE CBOWMCTBA MaTepHaIOB, 0OPaOOTAHHBIX PACTBOPAMH C HAHOYACTHUIIAMU
cepebpa, MOJYyYECHHBIMH BOCCTAHOBJIICHHEM OOPTHAPUIOM HATpPHs; BCE TECT-
KyJbTYPBI OaKTEpHi MPOSBUIIN YCTOWYUBOCTH K MaTepuajiaM BHYTPEHHEN 4acTh
MEUITMHCKOW MacKu M o0pasiiaM oOpatHoocMoTuuecknx memOpaH. Juddysu-
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OHHBIM MeToJ ToKa3ald, 4To 5 u3 12 M30JITOB HCCIEAyEeMbIX OakTepuil ObLIH
YyBCTBUTEJIBHBI K MaTepHally MeIbTONayH, 00paboTaHHOMY PacTBOPOM C HaHO-
yacTUIlaMU cepedpa, MOTYyYECHHBIMH JIEKTPOXUMHUYECKUM METOJIOM. J{naMeTpsl
30H OTCYTCTBHUS pocTa cocTaBisiu oT 19 g0 27 mm. Metoa «time-Kill» BoisBr
aHTUMUKpPOOHBIE CBOICTBAa MaTepHalia MeNbTOJayH B OTHOIIEHUU pedepeHT-
Horo mramma E. coli, mocie 6 4acoB 3KCIO3MIMU JKU3HECTIOCOOHBIX MHKPOOP-
raHU3MOB OOHAPYKEHO HE OBLIO.

3akioueHue

Hanouactuiipl cepeOpa, MOJYyYEHHBIE SJIECKTPOXUMUUYECKUM METOAO0M,
MPOSIBIISLIN 00Jiee BBICOKYIO aKTUBHOCTh B OTHOILIEHUH TECT-KYJIbTYp OaKTepHid,
BKJIIOYasl CaHMTapHO-TIOKa3aTelbHble. MaTepuan MenbTONayH, 00paOOTaHHBIHI
pactBopoM AgNP, mposBisuT aHTHOAKTEpHAIbHOE EWCTBHE TPH KOHTAKTE
¢ kietkami E. coli.
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Hanouactunpl cepedpa (AgNPS) npencrapistor HHTEpEC I UCCIeA0Ba-
HUS U3-32 UX aHTUMUKPOOHON AKTUBHOCTH. DTO LIEHHOE CBOMCTBO CTajO OCO-
OCHHO aKTyaJbHBIM, B CBSI3M C PACHPOCTPAHEHHUEM AHTHOMOTUKOPE3UCTEHTHO-
CTH CpeIiv IITaMMOB OO0JIE3HETBOPHBIX OakTepwil [1]. bakTepuuanbie cBOICTBA
cepeOpa OCHOBaHbI Ha €ro MEJJIEHHOM OKHCJIEHUH, B pE3YyJbTaTE YEro BHICBO-
boxnaroTcs MoHbI AgT B OKPY’KaIOIIyIO Cpely, KpOME TOro, HAHOYACTHIIEI Ce-
pebpa IOCTaTOYHO Majlbl U CIIOCOOHBI NMPOHUKATHh CKBO3b KIIETOYHBIE MEM-
OpaHbl, BIMSIS HAa BHYTPUKJIETOUHBIC Tpoiiecchl [2]. s moBbimienus: 3ddek-
TUBHOCTH HaHOYACTULl cepedpa WX MPUMEHSIOT COBMECTHO C JPYrUMHU OHOJIO-
FMYECKH AaKTUBHBIMM KOMIIOHEHTAMH: XUTO3aH, KOJUJIAr€H, AJIblTMHAT HATPUS
u n1p. PactBOop mnepokcuga Bopopoda 00JaJaeT MOIIHBIM OaKTEPHULIMIHBIM
JNEUCTBUEM U IIMPOKO TNPHUMEHSIETCS B MEAMIMHCKOM IpakTthke |[3].
JuruapokBepueTiH — OMOQIIaBOHOMJ C€ UIMPOKUM CIHEKTPOM JEHCTBUS
Y BBICOKON aHTHOKCUAAHTHON AaKTHUBHOCTBHIO, OOJalaloIUii aHTUMHUKPOOHBIM
neiictrieM. OH TaKXe UCIOJb3YETCS B MEAUIMHE W MUIIEBOW MPOMBIIIEHHO-
ctu [4]. KomOunanuun AgNPS ¢ npyrumu aHTUMUKpPOOHBIMU areHTamMH MOXKET
YCWJIMBATh MX AKTUBHOCTb WJIM U3MEHSTHb CIEKTpP JACUCTBUS, MOATOMY MOUCK
HOBBIX COUYETAaHUH U UCCIICIOBAaHUE UX aHTUMUKPOOHOU A(hPEKTUBHOCTH — OJHO
U3 aKTyaJIbHbIX HANpPaBJIE€HUN UCCIEI0BAHMUS.

Hean padoTbl — vccnegoBaHUE AaHTUOAKTEPUATIBHBIX CBOMCTB pacTBOPOB
HaHOYacTHUIl cepedpa B  KOMOMHAIMM C  NEPOKCHIOM  BOAOPOAA
U IUTHAPOKBEPIIETUHOM B OTHOILIEHUHU TECTOBBIX KYJIBTYp OaKTEpH.

Martepuajbl 1 METOAbI

B paboTe ObumM HcclieIoBaHBl aHTUMHKPOOHBIC CBOWMCTBA KOJUIOWIHBIX
pacTBOPOB ~ HAHOYACTHI[  cepedpa, MOJIYYEHHBIX  AJIEKTPOXUMUYECKUM
U OOpruApuaHBIM METOJIaMH, B OTHOIIEHHWU TECTOBBIX KYJIbTYp OakTepuil: rpa-
moTtpunarenbubix — Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853 u rpamnonoxurenbabix — Bacillus mycoides, Micrococcus luteus.
PacTBOpBI, MoONy4eHHBIE 3JIEKTPOXMMUYECKUM METOJOM, coiepkainu 20 Mmr/ia
AgNPs, a Taxxe coueranue AGNPS u nuruapoksepuiervHa. PacTBOpbl mepok-
cuna Bojopoaa 3 % u 6 % conepxanu 1 mr/n AgQNPS. PacTBopsl, moaydeHHbIE
OOpruIpUAHBIM METOAOM, coaepkanu 40 Mr/n HaHocepeOpa, OOpruapua HaTpUs
(5 wnu 10 Mr/n) u nonuamMuHHbIe cTabuinu3aTopsl. OnpeneneHne MUHUMaIbHON
uHruoupyromeit kounentparun (MUK) ucnbITyeMbIX pacTBOPOB MPOBOAMIN

© Bacunenko E. B., 2021
153


mailto:liza_vasilenko_vasilenko@mail.ru

IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns

«BUOTEXHOJIOIMMA HOBbIX MATEPUVAIIOB — OKPY>KAIOLWAA CPEJA — KAHECTBO XWU3HW»

Ha CYCTICH3UAX CYTOYHBIX KYJBTYpP TECTOBBIX MHKpoopranu3moB (0,5 en.
Mak®apnanna) [5].

PesyabTarnl

[TomaBineHue pocTra TpaMIIOJIOKUTENIBHBIX — Oaktepuii M.  luteus
u B. mycoides mnpoucxoaur mnpu  kouueHtpamum AgNPs 200  wur/nm
VY rpamotpunatensHbix Oaktepuit MUK pactBopa cocraBuna 200 wmi/n
s E. coli u 400 ma/nm nist P. aeruginosa. B otnomenuu E. coli geiictBue pac-
tBopa AQNPS Obi1o OakTepurugHoe. B mpuCyTCTBUM JTUTHAPOKBEpIICTHHA
P T€X KE€ KOHIEHTpAIMSIX HAHO4YacCTHI[ cepebpa aeiicTBue pactBopa AGNPS
NPOSIBIISUIOCH TOJIBKO Kak OakTepuoctatnueckoe. B coueranuu ¢ 6 % H,0,
misE. coli m B. mycoides MMK pacrtBopa cocraBmia 15 wmr/m,
a s P. aeruginosa u M. luteus — 10 mui/n. PactBop nepokcuna Bogopozaa 3 %,
coJiep Kallliii HaHOYacTUlbl cepedpa (15 MKr/m), mokazan Oosee BhIPAKCHHBIN
AHTUMUKPOOHBIA 3(PPEeKT, ueM KOHTPOJIbHBIA PAacTBOpP MEPOKCHAA BOAOPOAA
0€e3 HaHOYAaCTHIL.

DNEeKTPOHHO-MUKPOCKOITUYECKHE HCCIIEIOBAHUS TMOKa3all, YTO pa3Mep
HAHOYACTUIl cepebpa, TMOJYYEHHBIX pa3HbBIMH  METOJIaMH,  OTJIWYAJICS.
[Tpu ucnonb30BaHUM AIEKTPOXUMHUECKOTO METOJa CPEIHUN pa3Mep HaHOoYa-
CTHUIl cocTaBisul MmeHee 10 HM [6], a mpu noJydeHUH OOPTHAPUIHBIM METOJIOM —
ot 10 no 100 M. B pacTBOpe, KOTOpHIH MOKa3al O4YeHb CIa0yI0 aKTUBHOCTb,
pa3mep gacTuil Obl1 HanOoIbIITUM — 0K0JI0 100 HM.

Ta6muma 1
3nauenust MK pacTBopoB ¢ HaHOYAaCTULIAaMU cepedpa
B OTHOIIEHUY TE€CTOBBIX IMITAMMOB OakTepuit (MJ1/11)
THI DaCTEODA Escherichia | Pseudomonas Bacillus Micrococcus
PactBop coli aeruginosa mycoides luteus
DnexTpoxumudeckuii Meto momydeHuss AgQNPs
AgNPs 200 400 200 200
AGNPs + 400 200 200 200
JUTHAPOKBEPICTHH
AgNPs + nepokcua 15 15 15 15
Boziopoja 3 %
AgNPs + nepokcun 15 10 15 10
BoJoposa 6 %
0
[Tepoxcun Bomopoaa 3 % 15 20 20 15
(KOHTPOIIB)
bopruapuaaeiii Mmeton nomy4derus AgNPS
AgNPs + 6opruapua 5 mMr/n 400 400 200 400
+ ctabunmzarop 10 mr/n
AgNPs + 6opruapun
10 mr/n + crabunuzaTop 400 200 400 100
1,5 mr/n
AgNPs + 6opruapun
10 mr/n + crabunmuzaTop 100 400 200 100
10 mr/n

154




IV International Scientific Conference
«BIOTECHNOLOGY OF NEW MATERIALS — ENVIRONMENT — QUALITY OF LIFE»

AHTHOaKTEpUaIbHbIe CBOWCTBA HAHOYACTHUI cepedpa, MOyuYeHHBIX O0p-
THUAPUAHBIM METOJIOM, MPOSBIISIIUCH CUIIBHEE C YMEHBIIICHUEM pa3Mepa HaHOUa-
ctuil. PacTBop, copepxkammuii HAHOYACTHUIIBI pazMepoM okosto 100 HM, TTOaBIIsT
poct Toabko B. mycoides, MUK cocraiisiiia 8 Mr/i. PacTBOphI CO CpeTHUM pa3-
MEpOM HaHOoYacTHIl cepedpa okosio 20 HM, oka3bIBasu Hanboee 3PPEeKTUBHOE
aHTHOAKTepUAIIbHOE JICHCTBHE, OCOOCHHO B OTHOIIeHWH BuIoB M. luteus
u E. coli, nns xoropeix MUK cocraBuina 4 mr/n. s AgNPS, mosydeHHBIX
OOpPTUAPUIHBIM METOAOM, JCHCTBHE HCIBITYEMBIX PacTBOPOB Ha OaKTepHallb-
HBIE KJIETKU TPOSBISIIOCH Kak 0aKTepHOCTaTHUECKOE.

3akiiroueHue

AHTUMUKpPOOHAs aKTUBHOCTh HAHOYACTHUI[ cepedpa, MOIYUYEHHBIX 3JICK-
TPOXUMHUYECKUM METOJIOM, OblIa BBIIIE, YEM Y HAHOYACTUI], MOJTYYCHHBIX BOC-
CTaHOBJICHHEM OOPTUAPUIOM HATPHs, 9TO OOBSCHSIETCS OOJiee MEIKUM pa3me-
pom AgNPs. Komounamus AgNPS ¢ nepokcuiom Boaopo/ia nosbimana 3¢dex-
TUBHOCTbH HCTIBITYEMBIX PACTBOPOB, TOT/Ia KaK JUTHAPOKBEPIICTUH OCIA0JISIT aH-
TUMUKPOOHOE JIEHCTBUE HAHOYACTHULL cepedpa.
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BIODEGRADABLE MICROCARRIERS FOR HERBICIDE DELIVERY
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Gandhi University, Kottayam, Kerala, 686560, India
3Institute of Biophysics SB RAS, Federal Research Center “Krasnoyarsk Science Center
SB RAS”, 50/50 Akademgorodok, Krasnoyarsk 660036, Russia
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A new line of research is development and agricultural use of new-gener-
ation pesticides with controlled release of active ingredients embedded
in biodegradable materials, which are degraded by soil microflora to harmless
products. The use of such formulations reduces amounts of pesticides applied
to soil and enables their slow release and controlled delivery. The crucial aspect
of constructing such preparations is the availability of appropriate materials
with the special properties. Biodegradable materials show the greatest promise
for encapsulation of pesticides.

In the present study, three herbicides (metribuzin, tribenuron-methyl,
and fenoxaprop-P-ethyl) were encapsulated into microparticles of two PHA
types. The purpose of the study was to investigate the effects of the chemistry
of the polymers and herbicides on the properties of microparticles.

Material and Methods

Microparticles were prepared from homogeneous polymer of 3-
hydroxybutyric acid, P(3HB) (degree of crystallinity 75 %, melting point
176 °C, thermal decomposition temperature 287 °C, molecular weight (M,)
590 kDa, and polydispersity index 2,2), and a copolymer of 3-hydroxybutyrate
and 3-hydroxyvalerate, P(3HB/3HV), with 12,8 mol.% 3HV (degree
of crystallinity 58 %, melting point 169 °C, thermal decomposition temperature
273 °C, molecular weight (M,,) 300 kDa, and polydispersity index 2,8).

Three herbicides were investigated: metribuzin, tribenuron-methyl,
and fenoxaprop-P-ethyl. The herbicides differed in their structure, physico-
chemical properties, mode of action, and toxicity.

Results

Six types of microparticles were prepared using two polymer types
and three herbicides. SEM images, size distribution, and characterization
of the particles are given in Figures 1 and Table. The yield of P(3HB)-based
microparticles was generally higher, and it varied depending on which herbicide
was encapsulated. The highest yield of P(3HB)-based microparticles was pro-
duced with MET (79 %) and the lowest with FPE (63 %). The vyield

© Thomas S., Raji V, Maria H. J., Kiselev E. G., Nemtsev I. V., Sukhanoval A. A., 2021
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of the P(3HB/3HV)/herbicide microparticles was lower: 70 % of the MET-
loaded microparticles and 58 % of the FPE-loaded ones (Table). Six types
of microparticles were prepared using two polymer types and three herbicides.
SEM images, size distribution, and characterization of the particles are given
in Fig. 1 and Table 1. The yield of P(3HB)-based microparticles was generally
higher, and it varied depending on which herbicide was encapsulated.
The highest yield of P(3HB)-based microparticles was produced with MET
(79 %) and the lowest with FPE (63 %). The yield of the P(3HB/3HV)/herbicide
microparticles was lower: 70 % of the MET-loaded microparticles and 58 %
of the FPE-loaded ones. Most of the P(3HB) microparticles loaded
with metribuzin and tribenuron-methyl were large-diameter spheres; particles
loaded with fenoxaprop-P-ethyl formed tightly packed aggregates. Copolymer
microparticles were spherical or oval in shape and smaller in size, regardless
of the herbicide loaded into them. Regardless of the herbicide encapsulated
in them, P(3HB)-based microparticles were larger than the copolymer
ones.The average sizes of P(3HB) microparticles with MET, TBM, and FPE
loaded into them were 0,75 + 0,11, 0,60 = 0,06, and 0,64 + 0,05 um, respec-
tively. The average sizes of the copolymer microparticles were smaller, from
0,43 +£ 0,12 to 0,55 £ 0,05 um.

u TM3000_1459 2019-1226 1044 N D41 x50k
Obuined by CCU FRC KSC $B RAS Obuined by CCU FRC KSC SB RAS
o o

Ky
It % oy ) /] ey s
TM3000_1457 2019-12-26 1042 N D41 x50k  20um  TM3000_1451 2019-12:26 1
Obained by CCU FRC KSC SB RAS Obuained by CCU FRC KSC SB RAS

Fig. 1. SEM images of P(3HB) and P(3HB/3HV) microparticles loaded with herbicides:
1 — metribuzin, 2 — tribenuron-methyl, and 3 — fenoxaprop-P-ethyl
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Table 1
Characterization of P(3HB) and P(3HB/3HV) microparticles loaded
with different herbicides

. . Yield Average Zeta .
Microparticle . . . . Encapsulation
composition of microparticles diameter, potential, efficiency (EE), %

P (Y), % microns mV y '
P(3HB)/MET 79 +£1,2 0,75+ 0,11 -12 44,3 +25
P(3HB/3HV)/MET 7024 0,55+ 0,05 -16 48,2+ 1,7
P(3HB)/TBM 71+2)5 0,60 £ 0,06 -11 36,5+2,2
P(3HB/3HV)/TBM 69+ 1,9 0,53 £0,07 -/ 39,3+2,5
P(3HB)/FPE 63+ 2,6 0,64 + 0,05 -10 247+33
P(3HB/3HV)/FPE 58+ 1,5 0,43 +£0,12 -6 29,2+2.8

Microparticles varied in size considerably. However, the P(3HB)-based
microparticles loaded with MET and TBM were mostly represented by large
particles (0,6-0,9 nm) while most of the copolymer particles were smaller. Zeta
potential of the microparticles varied between —6 and — 16 mV, regardless
of the microparticle composition. The lowest values were determined
for the particles of both PHA types loaded with MET (12-16 mV) and the high-
est — for the copolymer particles loaded with TBM and FPE. A major parameter
of carriers of drugs, bioactive compounds, or pesticides is encapsulation effi-
ciency, which determines their efficacy. Values of herbicide encapsulation effi-
ciency (EE, %) in polymer matrices are listed in Table. The parameter varied
rather widely, from 24,7 to 48,2 %. The highest values were determined
for the P(3HB) and P(3HB/3HV) microparticles loaded with metribuzin (44,3 %
and 48,2 %, respectively), and the lowest values (24,3 % and 28,2 %) — for the
particles loaded with fenoxaprop-P-ethyl. A possible reason for the low
fenoxaprop-P-ethyl encapsulation efficiency is that solubility of this herbicide is
the lowest of the three herbicides used in this study (0,7 mg/L).

The herbicides used in the present study had different water solubility.
The curves of release from P(3HB) and P(3HB/3HV) microparticles show that
all herbicides were released gradually, and a plateau had been reached by Day
14 of the experiment in all treatments (Fig 2). By that time, metribuzin release
reached 0,0008 g/L from P(3HB/3HV) microparticles and 0,0006 g/L from
P(3HB) particles: 78 % and 64 % of the encapsulated herbicide (0,0010 g/L and
0,0009 g/L). That could be attributed to good water solubility of this herbicide
(2040 mg/L). Previous studies on metribuzin release from P(3HB)
microparticles, films, microgranules, and pellets showed that passive release
of metribuzin to water mainly occurred at Days 12-14; kinetic constant K was
the highest for microparticles (0,081 h™) and the lowest for films and 3D forms
(0,01 h™). Water solubility of tribenuron-methyl (0,05 to 2,04 mg/L at different
pH) is considerably lower than that of metribuzin. Tribenuron-methyl release
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to water over 30 days was 0,0004 g/L from P(3HB/3HV) microparticles
and 0,0003 g/L from P(3HB) particles: 56 and 44% of the encapsulated herbi-
cide. Tribenuron-methyl is a pH-dependent herbicide, which shows better solu-
bility in weakly alkaline media.

--¢--P3HB/MET —=—P3HB/3HV/MET  —A—P3HB/TRIB
——P3HB/3HV/TRIB  ----P3HB/FEN —e - P3HB/3HV/FEN

=]
o

()]
o
1

e
o

Cumulativ Release (%)

[So3
o

Time (days)

Fig. 2. Herbicide release from P(3HB) and P(3HB/3HV) polymer microparticles

FPE release from microparticles over 14 days reached 15 and 17 %
of the amounts encapsulated in P(3HB/3HV) and P(3HB) particles, respectively.
At Day 30, the amounts of the herbicide released to water increased to 25,8 %
and 24,0 % of the encapsulated amounts, i.e. the released amounts were compa-
rable. The low water solubility of FPE (0,07 mg/L) is the reason for the low en-
capsulation of the herbicide (24 and 29 %) and the small amounts released from
microparticles.

Conclusion

In the present study, the metribuzin, tribenuron-methyl, and fenoxaprop-
P-ethyl herbicides, which differed in their chemical structure, solubility,
and mode of action, were encapsulated in polymer microparticles of degradable
natural polymers — polyhydroxyalkanoates (PHAS), which had different chemi-
cal compositions and degrees of crystallinity. Good-quality microparticles were
produced, and the effects of the chemical compositions of PHAs and herbicides
on the properties of microparticles were investigated. The microparticle yield
and the sizes of microparticles were chiefly determined by the polymer type
(the high-crystallinity P(3HB) or the P(3HB/3HV) copolymer with lower
crystallinity). However, herbicide encapsulation efficiency and release to water
were determined by the herbicide type, and the highest parameters were ob-
tained for the readily soluble metribuzin.
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BIIMAHUE oYHI'MUMOOB HA NMPOAYKUUIO MOIrPAHUYHbBIX
KNETOK U AKTUBHOCTb CBOBOAHOPAAOUKAIIbHbIX
MOOANDUKALIMA NUNUAOOB N BENIKOB B KOPHEBOM AMNEKCE
NMPOPOCTKOB TRITICUM AESTIVUM®

C. A. NaTuHa, H. I'. MeH3siHOBA, E. WU. LLnwauykan

Cubupckuii ¢hedepanvroiil ynusepcumem, Poccus, 660041, Kpacnospck, np. Céoboonwiii, 79

duTonaroreHHble TpuObl HAHOCSAT OTPOMHBIA yIIEpO MHUPOBOMY CEJlb-
CKOMY XO3SIMCTBY: OHHU CHIKAIOT HE TOJBKO YpO’Kah 3EPHOBBIX KYIBTYP,
HO M KQ4eCTBO 3€pHA BCJIEJICTBHE KOHTAMHHAIIMM MUKOTOKCMHaMu. Dy3apuos,
BO30YAMTEISIMA KOTOPOTO SBJSIOTCS TpHOBI poja Fusarium, — ogHO M3 cambIxX
pacnpocTpaHeHHbBIX 3a00JIeBaHUI 3epHOBBIX arpokyabTyp [1]. Mcmonb3oBanue
GYHTUIMIOB TIO3BOJIIET CHU3UTH PUCK Pa3BUTHUS (Py3apHO30B U YMEHBIIHUTH CO-
JepKaHue MUKOTOKCHHOB B TOBAPHOM 3€pHE.

Camxenue 3(pPEKTUBHOCTH HUCIOIb30BaHUSA (PYHTUIIMIOB OOYCIOBJICHO
uX (PUTOTOKCHYHOCTBIO [2]. DUTOTOKCHYHOCTH (DYHTHIIMIOB B 3aBHCHMOCTH
OT 0COOEHHOCTEN HMX XUMUYECKOW CTPYKTYphI peaiu3yeTcs B MHTHOMPOBAHUU
OKHCIUTENBHOrO (pocoGopuiinpoBanusi, HAPYIUIEHUSIX CTEPOJI-3aBUCUMOIO CHUT-
HaJIMHTa, UHAYKIIUU OKUCIUTEIBLHOTO CTpecca, YTO MPUBOJIUT K U3MEHEHUIO aK-
TUBHOCTH TpolieccoB npoiudepaunn u auddepeHupoBKU, U B pe3yJbTare,
K HAPYLIECHUSIM Pa3BUTHUSL U POCTAa KOPHEBOW CHCTEMBI, CHUKEHUIO €€ aJalThB-
HOro moTeHImana [3].

AJTaITUBHBIN MOTEHLMAI KOPHEBOW CUCTEMBI B 3HAUUTEIIBHOW CTENEHU
3aBUCUT OT morpann4Hbix Kietok (I1K), Bmepseie omucanubix B [4]. Crerudu-
yeckas nonyssanus 11K, nokanu3oBaHHas Ha MOBEPXHOCTH KOPHEBOrO arekca,
OTIpeIeNIsIET YCTOMYMBOCTh PACTCHUS K PA3IMYHBIM HEOJAroNnpUsTHBIM OUOTH-
YEeCKUM U abuoTuyeckuM (akTopam (maToreHam, BOAHOMY NePUIUTY, UHIYCT-
pUaIbHBIM TOJUTIOTaHTaM, (¢utoTokcukantam. [IK xapakTepusyroTcsi BHICOKUM
YPOBHEM 3KCKPETOPHON aKTUBHOCTU U (hOPMUPYIOT MOJOOHYIO CETU CTPYKTYPY,
Ha3bIBAEMYIO «KOpHEBasi JKcTpakieroyHass JjoBymka» ("Root Extracellular
Trap") (RET), koropas CHW)XaeT aKTUBHOCTh IPOHHKHOBEHHUS B KOPHEBOM
aneKkc (PMTOTOKCUKAHTOB U (DUTOMATOTCHOB [6]. DTO MO3BOJSACT MpeAnosarath,
YTO OLEHKa ynciieHHocTH nonyisinuu 11K m skckpeTopras aktuBHOCTh [IK MO-
KeT OBITh TIOJIE3HA ISl POTHO3UPOBAHUS J030-3aBUCUMON YCTOWYMBOCTH pac-
TEHHS K HEOJAaronpusITHEIM OMOTHYECKUM B aOMOTHYCCKUM (paKkTopaMm.

Hean padoTrhl — W3y4YEHUE J030-3aBUCUMOTO BIHMSHUS (DYHTUIIUIOB
C pa3IUYHBIM MEXAHU3MOM JACHCTBHS B KOPHEBOM arleKce HETapreTHOro BUJA
Triticum aestivum B rupOTIOHHON KYJIbTYpE.

© Ilatuna C. A., Menssinosa H. I'., [llumankas E. U., 2021

" PaGota BHINONHEHA B PAMKAX Mera-rpaHTa «ATpONpENapaThl HOBOTO IOKOJEHHS: CTPATErHs
KOHCTpynpoBanust W peanuzaiusa» (Cormamenue Ne 074-02-2018-328) mo Iloct. IlpaBurensctBa PO
ot 09 anpens 2010 r. Ne 220; VI ouepens.
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MarepuaJjbl 1 METOABI

N3yuensl mectunmabl: TeOykoHazon (TEB) u smokcukonazon (3I10)
(TprazonbHbie UHTHOUTOPBI Ci4-TUMeTHIIA3bI); a3okcucTpooud (A30), (kimace
CTPOOWITYPUHOB, HUHTUOUTOP MUTOXOHJPHAIBHOTO JAblxaHus). s oueHku 3¢-
dexktuBHocTH cucteMbl «I[IK-RET» wu3ydanu akTUBHOCTH OKHCIUTEIBHOIO
ctpecca (coaepxkanne MJIA, kapOOHMIMPOBAHHBIX OENKOB, MPOJIMHA) B KOPHSIX
IPOPOCTKOB MIPH KYJIHTUBUPOBAHUH HA CPeJlaX C PA3IMUHBIMU KOHLIEHTPAUSIMU
(GYHTHUITUIOB.

Pe3yabTaThl

B ruaponmoHHOW KyJabType IHPOPOCTKOB IIIEHWIBI HAa  Cpenax
¢ ¢yarummnamu (0,01; 0,10 u 1,00 MKr/mi1) ObBUTO BBEISIBIIEHO 1030-3aBHCHUMOC
WHTMOMpPOBAaHHWE pOCTa KOpPHS W  yBEIUWYEHUE YHUCIECHHOCTU KOpHEU
C mpU3HaKaMu JiecTpyKuuu kopHeBoro anekca. A30 u OI10 (1,00 Mxr/mi) un-
JTyIUPOBATIN OKUCIUTEIBHBINA CTPECC: B KOPHEBBIX arlleKcaxX YBEIWYHUBAIOCH CO-
nepxkanne MJIA u kapOonunupoBaHHbIX OenkoB. TEB He oOmaman mpookcu-
JAHTHOW aKTUBHOCTBIO.

UccnenoBannbie (GYHTHIMABI OKa3bIBaJIM J1030-3aBUCHUMOE BIIUSHUE
Ha CTPYKTYPHO-(DYHKITMOHAJIBHBIN CTATyC TMOIMYJISIUUM TOTPAHUYHBIX KIJIETOK
(ITK) xopneBoro amekca: uucieHHOCcTh [IK, xapaktep wuX oTHEIEHUA
OT MMOBEPXHOCTH amnekca (OAMHOYHBIE KJIETKHM WU KJIETOYHbIE IUIACTHI
U IIEMIOYKH), aKTUBHOCTh JKCKpelUuu (coaepkaHue Oeyka B TEICBOM UEXJie
anekca). Jlo3o-3aBucumble 3P(EKTbl 3HAYUTEIHLHO BapbUPOBAIU ISl KaXA0TO
dbyurunuaa. beuta BbISIBIEHA MpsiMas KOPPENSIUS MEXAY aKTUBHOCTBIO CBO-
00JIHO paJMKaJIbHBIX TpoleccoB (coaepxkanue MJIA U kapOOHMIMPOBAHHBIX
OEJIKOB B KOPHEBOM aIleKCce) U YMCIEHHOCThI0 BC 1 MX 3KCKPETOPHON aKTHUBHO-
CThIO (coaepkaHue Oejaka B TEJIEBOM uexje amnekca) (g KOHIEHTPALHUH
1,00 mMxr/mi).

3akiouenue

[Tomy4yeHHbIE pe3yabTaThl CBUAETENBCTBYIOT, UTO cuctema [IK kopHeBoro
anekca siisieTcss dpdexropHoit MuiieHbr0 QYHTUIUAOB. DYHTUIUAB YMEHb-
maroT 3amuTHYI0 3¢ dekTuBHOCTh cucteMbl «I[IK-RET», uyTo MOoXeT cHMXarth
YCTOMYMBOCTh KOPHEBOI'O aliekca K MHBA3WU MAaTOrEHOB, & TAKXKE K Pa3ITUYHBIM
HEOJIaronpusITHHIM aOMOTHYECKUM (hakTOpaM. ITO OMpeesieT He0OXOAMMOCTh
TIIATEIPHOTO MOHUTOPUHTA (DYHTHIIMIOB B OKPY>KAIOIICH cpee.
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BbIABINEHUE NONUMMOP®U3MA RS9904341(G/C) TIPOMOTOPA
CYPBUBUHA Y NALUMEHTOB C PMIN BUONKOMUHECLEHTHbIM
MUKPOAHAITU3OM

H. C. Nanamapes’, E. E. BawmakoBa®,
A. H. KyapsaBues?, I1. A. ®paHnk'?
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CypBUBHMH — HaUMEHbIIIUNA O€JIOK B Tpynie OeTKOB-UHTMOUTOPOB aror-
TO3a, KOTOPBIM TaKKe MPUHUMAET YYaCTHE B PETYJIMPOBAHUM JIEJICHUS KIETOK
U ciocoOCTBYeT aHrumoreHesy. HapyieHue skcrpeccuu CypBHBHHA CIOCOOCT-
BYEeT OHKOI€HE3Y, €r0 CBEpXdIKCIIpeccHsi HAOIIOAAETCA MPaKTUYECKH BO BCEX
3JIOKQYECTBEHHBIX OIyXOJISIX YesoBeka [1].

B nmpomoropHom yuactke rena BIRCS, xoaupytomiero cypBuBuH, ObLIO
BBISIBJICHO HECKOJIBKO OJIHOHYKJICOTHUIHBIX MOIUMOP(GU3IMOB, KOTOPHIE MOTYT
BJIUSITh HAa YPOBEHb 3Kcnpeccuu Oenka. Hanbosee U3ydyeHHBIM SBISETCA MOJH-
MopdusM 1s9904341(G/C), myTaruss B KOTOPOM KOPPETUPYET C MOBBILIEHHBIM
ypoBHEM dknpeccuu cypBuBuHa. [Janapiii SNP MokeT MCOap30BaThCS Kak Te-
HETUYECKUI MAapKEP MPEIPACIIONOKEHHOCTH PA3BUTHS PaKa U PEUUINBOB [2].

Heanb paboThl — FTeHOTUNTHMPOBAHKE OJJHOHYKJIEOTUIHOTO MOIUMOp(Pr3Ma
1$9904341(G/C) B npoMOTOpe T€HAa CYpBUBUHA OMOTIOMUHECIIEHTHBIM METO0M
y JII0JIeH, OOJIbHBIX PAKOM MOYEBOTO ITY3BIPSI.

Martepuajbl 1 METOAbI

BrisBienne nonumopdusma ocymiecTBIsuM npu nomoiu metona «PED-
buomtom», paspadoranHoro B nadoparopuu doroduonoruu Mb®d CO PAH [3].
JlaHHBIE MeTOJ BKIIOYaeT cieayromue maru (puc. 1): 1) amrumdukaimio
dbparmMeHTa reHa, coepiKaliero UCccieayeMblid moaumMopdusm; 2) peaxkiuio yi-
JUHEHus1 ajienb-crenuduunbix npaimMepo (PEXT-peakius), koTopsie HeCyT
Ha 5'-KoHIle sAKOpHYIO Trpymmny: FAM — kapOokcudiayopecuun — s npaiimepa
KOMILuIeMeHTapHOMY ayienu G, u A27 — onuroageHuaT — i npaiMepa Kom-
wieMeHTapaoMy ayienu C; 3) OMomroMUHECIIEHTHBIN aHanu3 mpoaykToB PEXT-
peaxIuy Ha OCHOBE IBETHHIX BapuaHToB Ca2+-perymupyemoro (ortomporenHa
o0enuHa B KaudecTBe penopTtepoB. OrnpejaesieHHe TE€HOTHUIA OCYIIECTBIISLIN
IPY MOMOIIM JUCKPUMHUHALIMOHHOTO (akTopa /[, paBHOrO COOTHOIICHHIO OUO-
JIOMUHECLUIEHTHBIX CHTHAJIIOB PENOPTEPOB, CBS3AHHBIX C COOTBETCTBYIOIIMMU
aJuIeNIIMU TeHa.

© INanamapes H. C., bammakosa E. E., Kynpssues A. H., ®pank JI. A., 2021

* Hccnenosanus moepkanbl KpacHOSAPCKMM KpaeBbIM (POHAOM IMOMICPKKH HAyYHOW M HAydHO-
TEXHUUYECKOH JIeaTenbHOCTH, NpoeKT Ne 241 ot 28.04.2021 .r.
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Puc. 1. Cxema OMOJIFOMHUHECLIEHTHOIO crioco0a BeisiBiieHUsT SNP

[Tomyuennoe 3Hauenue Jl-hakTopa [iIsi pa3HBIX BapHAHTOB TE€HOTHUIIA
OTJIMYAJIOCH TPAKTUYECKH HA MOPSAO0K, YTO TOBOPUT O JOCTOBEPHOCTH MOJyYEH-
HBIX pe3yJapTaToB. Takke OBUIO MPOBEAEHO KOHTPOJIBHOE CEKBEHUPOBAHHE
IS TIOATBEPXKICHHS PE3yNIbTaToB (pHUC. 2).
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Puc. 2. CekBeHOrpaMMbI ¢ KOHTPOJILHBIM CEKBEHHpOBaHUEM (1) 1 KMHETHKON
OMOJIIOMUHECIIEHTHOTO CUTHaJa [PH NMPOBEIECHNHN aHaln3a (2):
a —romo3urota GG, 6 — rereposurora GC, ¢ — romozurora CC

Pe3yabTaThl

[Tomumopdusm rena BIRCS5 omnpenensmu B 160 obpasmax JIHK
OT MAI[MEHTOB C MOATBEPKACHHBIM IMATHO30M paKa MOUYEBOTO My3bIpsi, 3apPETH-
CTPUPOBAHHBIX B KaHIEep-peructpe KpacHOSpCKOro KpaeBoro KIMHHUYECKOIO
onkoJyiornueckoro nucrnancepa uMm. A. U. Kpenkanosckoro. KonTtposiasHbie 00-
pasiibl (Bcero 153) Obutn mosrydensl 0T KpacHOsSpCKOTO KpaeBoro IeHTpa KPOBH
Ne 1. Tlpu ananmuse pacmpeneneHuss TEHOTUIIOB HMCCIEIyeMOW MyTaluu Oblia
BBIsIBJICHA 3ameTHas 3aBucuMocTh — reHotunsl CC u CG pexe BcTpedaroTcs
cpeau OHKOOOJBHBIX (CcM. Tab. 1).
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Tabmuma 1
YacToTa TeHOTUIOB B SKCIEPUMEHTAIBHON M KOHTPOJIBHOM IpyIIIax
KonTposbnas
OKcrnepuMeHTallbHas IpyIa, rpymma
= ? Y
N = 160 Nz 183 OLI (95 % JIN)

['enoTun N (%) ['enoTun N (%)

GG 76 (48) GG 52 (34) CC/GC Vs 0.57

GC 66 (41) GC 72 (47) GG (0.360,90)

cC 18 (11) cC 29 (19) e
3akioueHnue

[Ipu cpaBHeHHMH TPyMI ObUTAa BBISIBJICHA CTATUCTUYECCKH 3HAYMMas 3aBU-
CUMOCTh — KoimuecTBO Hocutened amienss C ObUIO JOCTOBEPHO MEHbIIIE
B DKCIIEpUMEHTaNIbHOM rpyme: 52 % Vs 66 %, p=0,02 (tect xu-kBampar). Puck
Pa3BUTHS paka MOUYEBOTO My3bIPsl Y HUX TIOUTH B 2 pa3a MEHBIIE 110 CPAaBHEHUIO
¢ GG renorunom: CC/GC vs GG - Ol 0,57, 95% JU = 0,36-0,90.
Jlst m3ydeHnsi 0OHapy)KEHHOW B3aWMOCBSI3M HEOOXOIMMO TPOBEICHUE JOTOJ-
HUTEIBHBIX UCCIICIOBAHUN C YBEITMYCHHBIM COCTABOM TPYIIIL.

Cnucok Jaureparypsl

1. Jaiswal P. K., Goel A., Mittal R. D. Survivin: A molecular biomarker in cancer //
Indian J. Med. Res. 2015. V. 141(4), P. 389-397.

2. Wang X, Huang L, Xu Y, Shi Z, Wang Y, Zhang J, Wang X, Cao L, Luo H, Chen J,
Liu N, Yin Y, You Y. Association between survivin -31G > C promoter polymorphism
and cancer risk: a meta-analysis // Eur J Hum Genet — 2012. V. 20(7), P.790-795.

3. Bashmakova E. E., KrasitskayaV. V., Bondar A. A., Eremina E. N., Slepov E. V.,
Zukov R.A., Frank L.A. Bioluminescent SNP genotyping technique: Development
and application for detection of melanocortin 1 receptor gene polymorphisms // Talanta. 2018.
V. 189, P.111-115.
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CUCTEMA YACTULA-KNETKA HA OCHOBE
NONMU(3-TMAPOKCUBYTUPATA) 5
ANA PEKOHCTPYKTUBHbBIX TEXHOJIOINH

. A. PoinbueBa’, A. B. BJ1a,::|,V|MV|pOBa2

1HHcmumym ouogpusuxu CO PAH, Poccus, 660036, Kpacnospck, Axademeopoooxk, 50/50
2Cu6up07<uﬁ Geoepanvuwiii ynusepcumem, Poccus, 660041, Kpacnospck,
np. Ceoboonwiii, 79; e-mail: Aleksa-vladimirova@yandex.ru

B TkaneBoll MHXKEHEpUM MOJUMEPHbIE OUOpa3pyIIaeMbleé MUKPOUYACTUIIBI
(MY) sBnsitOTCS YHMKAJIbHOM OCHOBOHM ISl CO3/IaHMsI TPEXMEPHOro Kapkaca
I KIeToK In Situ. TIpeuMyIecTBOM TaKMX CHUCTEM SIBIISICTCS OOJIbIIAs CyM-
MapHas IUIOINaAb KOHTAKTHOW TKaHSIM IOBEpXHOCTH, Dio-interface, u ckBo3nas
OTKpbITasi MOPUCTOCTb, (POPMUPYIOMIASCS MPHU KIACTEPU3AIMHU YaCTUIl B 30HE
TkaHeBoro nedexra. [Ipu 3ToM BO3MOKHO BKJIIOYEHHUE B cocTaB Takux MY pasz-
JUYHBIX KOMIIOHEHTOB, CTUMYJIHMPYIOIIUX W/WIW HAMNpPAaBISIONINX KJIECTOYHBIC
peaKuuu, B TOM YUCJIE CTUMYJISITOPOB POCTAa U PA3MHOKEHUS, a TAKKE MPOTUBO-
BOCIMAJIUTENIbHBIX, aHTUOAKTEpUABHBIX U JPYrux npenapatoB. VMcrnonb3oBaHue
CUCTEM YaCTHUIBI-KJIETKM OCOOEHHO 3((EKTHUBHO JI BBIIOJIHEHHUS AEPEKTOB
MSTKAX TKAaHEW, BKIIOYAsg KOXKHBIE IIOKPOBBI U MoJIekamme TKanu [1].
JIns CBOEBpEMEHHONM W TIOJIHOLICHHOW pETeHepauuy KOXH TaKXKe BaKHBIM
dakropom  sBigerca A((PEKTUBHOE MNPEIOTBpAIlEHHE HWH(OULIHUPOBAHUSA
NOBPEXJICHU, YTO CIOCOOCTBYET AaKTUBHOMY HOBOOOPA30BAHMIO TKAHH.
XopoI1o 3apeKOMEHIOBABIIMMHU Ce0sI TIpenapaTamMu sk KOKHBIX TTOBPEKACHUIMA
SBJISIFOTCSI aHTUCENTUKH [2].

Jlnst matepuanoB B MU-cuctemMax COXpaHsIOTCS 5 OCHOBHBIX TPeOOBaHUIA,
MPEeNbIABISIEMBIX K OMOMarepuaiaM B OMOMH)KEHEpUU TKaHEW: OMOCOBMECTH-
MOCTb, MOJIEp>KaHre KIETOYHOTO pocTa, obecrnieuenue nudy3un muTaTeIbHbIX
BEII[ECTB M MPOJIYKTOB MeTa0oIM3Ma KJIETOK, U 6uopaspymaeMocts [1]. Tlpak-
TUYECKU YHUKAJIbHBIM MaTEepUajiOM, YJOBJIECTBOPSAIOINIMM BCEM 3TUM TpebOoBa-
HUSIM, SIBJIIIOTCS OaKTepHalibHbIE TOMUruApoKkcHankaHoatsl (I1ITA).

Heas wuccaenoBaHusi — CO3JlaHHE CUCTEMBbl B BHUAE MHKPOUYACTHUIL
u3 kopotkonenoueyHoro II'A — nonu(3-ruapoxcudyrupara) (I131'b) ¢ Briroue-
HUEM aHTHUCENTHUKAa OpWIUIMAHTOBOrO 3ejeHoro, b3, s ucnoib3oBaHUs
MIpU TIOBPEXKACHUAX KOXH, W HU3YyYEHHUE €€ OHOJOTHYECKUX XapaKTEPHUCTHK
10 OTHOIIEHUIO K MOJEIBbHOMN aIr€3MOHHON KYJIbTYPE dYKApHOT.

Marepuajbl 1 METOAbI

B pa6ore wucnomns3oBan II3I'b ¢ M,=1200 x/la, cuHTE3MpOBAHHBII
B JlabopaTopuu 6motexHONIOrMM HOBBIX OnomarepuaioB COY. B kadectBe aH-
THUCENITUYECKOTO areHTa MCroiab30Banu odunansHeii npenapatr b3 (ITOK «O6-
HOBJICHHE»). MHUKpOUYACTUIIBI TOJIyYaIu 3MYJILCHUOHHBIM METOAO0M, U3 2%-pac-
tBopa I[1(3I'b), ¢ Brmouennem b3 B coctaB I131'b-marpurnibl u3 BogHOM (hasbl.

© PoutbnieBa I'. A., Bnagumuposa A. B., 2021
166


mailto:katia.kolyada@yandex.ru

IV International Scientific Conference
«BIOTECHNOLOGY OF NEW MATERIALS — ENVIRONMENT — QUALITY OF LIFE»
[IpoBeneH aHanu3 XapakKTEPUCTUK MOJTYYEHHBIX MUKPOYACTHIL: AIEKTPOKHUHETH-
yeckuid moteHnman ({-morennman), Ha Zetasizer Nano ZS, BkmodyeHue b3
B [I(3'b)-Matpukc, cnekTpoOTOMETPUUYECKH, II0  Ppa3HUIE  HCXOJTHOM
M OCTaTOYHOW KOHUEHTpauuu b3 B 5MylbcMM TpU JIMHE BOJHBI 625 HM
Ha Genesys 10S UV-Vis (Thermo Scientific, CIIIA), a Takxe XapakTep BbIXO/a
b3 u3 MU in vitro, B cpene cobamancupoBanHoro ¢ochaTHo-coneBoro oydepa,
npu 1=37,7 °C u pH=T7,4 B Teuenne nBaaunatu nsatu aHer. [IpoBeneHa oreHka
xapakTepa aare3uu kierok HelLa x moepxHoctu MY u wactun ¢ b3, MUb3,
W YpOBHSA amonro3a. OJKcnepuMeHTaneHass MY-Hela-cucrema mnosydueHa
C MCIOJIb30BaHUEM MOJEIBHON KYJIbTYpPhI KJIETOK HelLa, mpu MmI0THOCTH 3aceBa
2 x 10* kieTok Ha JYHKY, IPU HEMOCPEACTBEHHOM KoHTakTe ¢ MU n MUB3,
20+ 4 wmr mHa nyHKy. Jlnsg yBenWMYEHHS IMOBEPXHOCTH KOHTAKTHPOBAHUS
MU/kneTku KyJbTUBUPOBAHUE TOBOAWIM B YCJIOBHUSX IE€pPEMEIIMBAHUS,
MIPU TTOCTOSTHHOM OCEBOM BpalllCHUH  KYJIbTYpPaIbHBIX  ITUIAHIIETOB
c ucrnosb3zoBanueM opoutansHoro eiikepa Celltron (Infors-HT, IlIBelimapusi),
B CO,-nrKy6atope mpu 37 °C u 5 % CO,. Hcnonbzosana cpena DMEM (Gibco)
¢ nmoGasienueM 10 % deranpHOit Obrubeit cbiBopoTku (HyClone) u 1%
AHTUOMOTHKA/aHTUMUKOTHKA (Sigma). MY mnpeaBapuTeIbHO CTEPHIN30BAIIN
KPAaTKOCPOYHBIM  TOTpyx’eHuemM B 96 % pacTBOp STHIOBOrO CHUPTA,
¢ mocienyromum Y O-o0ydeHHEM B TEUCHHE 2 YacOB.

AJre3uto MoAeNIbHOU KyJIbTypbl K noBepxHoctd MY nu MUB3 onienuBaiu
npu craHgaptHoM okpammuBanuu DAPI, 4,6-nnamMunuHo-2-(peHUITuHI0IOM.
KrneTkn BU3yanmm3upoBad B cyclieH3uH vactull B Karute PBS, na Leica CRT-
6 000. MeTabomu4ecKyt0 aKTUBHOCTh KJIETOK OIICHHBAJIM C MOMOIIBIO KaJlOpH-
metpuueckoro MTT-tecra (Sigma). KynpTuBHpOBaHUE IPOBOIWIN B CTaHAAPT-
HbIX YCJIOBHMSIX B TeuyeHHe 72 4acoB B 96-myHounom manmere (TPP,
[Beitapusi), nocine yero MU ¢ NOpUKPEIUIEHHBIMU KJIETKAMH TEPEHOCHIIH
B IPYroil KyJNbTYpaJbHBIA TUIaHIIET JJIsi npoBeaeHuss MTT-tecta, 4ToOBI uC-
KJIFOUUTh BKJIAJ KJIETOK CO JHA U CTEHOK JYHOK, HE MPUKpEIUieHHbIX Kk MUY.
Ha ocHoBaHuM 3HaYeHUN IKCTUHKIIMN PACCUUTHIBAIH MPOIECHT KU3HECITOCOOHO-
ctu kietok Ha MY 6e3 b3, mo cpaBHEHHIO C KIETKaMH, KyJIbTHBHUPYEMbBIMU
Ha rmoJiucTrpoie (KouTposib, 100 %). Takxke, B cpeny ¢ KiaeTkamu q00aBisiin b3
B CBOOOJHOM BHUJE (B BOJHOM pPAacTBOpE), B Pa3BEIEHWH, COOTBETCTBYIOIIEM
pacueTHol koHUeHTpauuu b3 B cpene npu BHecennn MUB3. Jlns onpenenenus
MPOIICHTHOTO COOTHOIIEHHUS KJIETOK Ha Pa3IUYHBIX CTaJUSAX aroIlTo3a WCIOJIb-
30Bajii MpoTouHyto nuroMerputo CytoFlex 5, maHHble aHATIM3UPOBAIU C HC-
nojb30BaHueM TmporpammHoro obecneuenuss CytExpert Bepcum 2.4.0.28
(Beckman Coulter, Inc., CIIIA). IIpoueHT anonToTH4eCKuX KIETOK, MPUKPETI-
JEeHHBIX K MY, OlleHMBAJIM € HUCIOJIb30BAaHUEM JBOMHOrO okpamuBanug FITC-
AHHEKCUHOM V U WOJUAOM MPOTUIHS.

PesyabTarsl

Bce MY umenu mpaBuiibHy0 cheprudeckyo GopMy U CpeIHHA TUaMETP
50 £+ 1,5 mxm. Bxirouenue B3 cocraBuino 95 % OT MCIOJIB30BAaHHOTO, BKIIIOYE-
Hue b3 otHocuTensHO 1 Mr wactun cocraBuiio 0,095 mr, 1. €. 1 %, (-notennuan
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MY - -19,20 £ 0,95 mV, {-motenruan MUB3 coctaBun — 27,3 mV, BEICBOOOXK-
nenue b3 u3 wactui cocraBmiio 35% 3a 25 nHEw.

Mopdonornueckuit ananmm3 cuctembl MU-Hela ¢ wucnonb3oBannem
(bIyopeclieHTHOTO OKpAaIlIMBaHMS TMOJITBEPIAMI aJIM€3UI0 MOJETHHON KYJIbTYpPHI
k noBepxHoctd MY u MUB3 (puc. 1). Knetku, anresupoBaHHbie K TOBEPXHOCTH
MUY, Obun xopomio pacruiactansl. Ha MY, Harpyxkennbix b3, nabmiomanoch
3HAYUTEIBHOE MEHBIIIEE KOJIMYECTBO NPUKPEIIIEHHBIX KIETOK.

-
Puc. 1. Mopdonorndeckuii aHaau3 SKCIIEPUMEHTAIBHBIX CUCTEM YacTHIIa-KJIETKa.
Cucremsl: A, 6 —MUY; B, I' — MUBE3

MTT-TecT nokasajq OTHOCUTEIBHO HU3KYI0 META0OTUYECKYI0 aKTUBHOCTh
KJeTok B Bapuante ¢ b3. B myHkax ¢ BHeceHueM cBoOonHoro b3, ormeuena
NoJIHas rubenb KJIETOK Yepe3 CYTKH, B TO BpeMs Kak B JyHkax ¢ MUB3 orme-
YEHO MEHBIIEE, HO TAKXKE BBIPAXKEHHOE LIUTOTOKCUYECKOE JEHUCTBUE JIETIOHUPO-
BaHHOro b3 (puc. 2).

[=)]
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HWE3 WY Y+B3

[¥)]
[en]
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Hu3HecnocobHOCTL KNETOK, %
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Puc. 2. ’)KuznecnnocoOHOCTh KJIETOK, KyJIbTUBUPOBAHHBIX C PA3IMUYHBIMU CUCTEMAMU:
b3 — 6punnuanrtossii 3enensiii; Y — MY; U+b3 — MY, narpyxennsie b3
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IIpoTOUHBI IUTOMETPUYECKUNA AHAIU3 C UCIOJb30BAHUEM AHHEKCHHA V
nokaszas, 4To MUbB3 B ycliOBUAX TUHAMUYECKOIO KYJIbTUBUPOBAHUSA WHIYIIM-
pyIoT mo3aHuM anonto3 B kierkax. [Ipu nenonnposanuu b3 B I131'b-Marpuny
IPOLICHT KJIETOK, HaXOJSAILIUXCS B PAHHEM alloNTo3€, 3HAYUTEIBbHO BO3PaCTacT

(puc. 3).

- 3 Dead(B.48%) Late Apoptosis(0,00%)| = HDead(15,14%)  Late Apoptosis(44,12%) = 4Dead(2,26%) [  Late Apoplosis(48,74%)
EE E=F %,
<5 ] < <
a3 a =3 & =7
g 7 o 2
w A - B . B
Qo = ‘C'_ ‘CI_
s PR G S .
ELi-m(Qé,sz%) Early Apotosis(0,00%) FLive(40,10%) Early Apolosis(0,64%) 3 Live(s,76%) Early Apotosis(42,24%)
L o 2 B 0 a0 L B R LALL B R R L L T T T T T T T[T T T T T TTT
10% 104 108 108 10° 104 10° 10 10° 104 10 108
FITC-A FITC-A FITC-A

Puc. 3. Baussane MY Ha MHAYKIHIO allONTO3a KIETOK:
A — kynbTypasibHblil mactuk; b — MY; B — MY, narpyxennsie b3

3akioueHue

[TonyueHnsl mepBbIE pe3yJAbTAaThl IO AATr€3Ud MOJEIBHONW KYJIbTYpPBI
Ha noBepxHoCcTh MuKpouactul u3 III'A — [13I'b. YcraHoBneHO, 4TO MPUCYTCT-
BHUE€ B YacTHUIAX OPMIMAHTOBOM 3€JICHU CHIDKACT KJIECTOUYHYIO are3ui0, a TaKXKe
KU3HECIIOCOOHOCTh KIIETOK, 3a CuYeT IMpOsIBICHU amonro3a. B menowm,
B DKCIIEPUMEHTE MOJy4Y€HBI YJIOBIECTBOPUTEIbHbBIC MTOKAa3aTeIn M0 MOP(HOI0oTUn
gacTull, 3HEKTUBHOCTH JCTIOHUPOBAHKUS U BBHICBOOOXKACHUS B3 B MomenbHOM
cpene, a Takke JocTarodnas crabmisaocts MU u MYUB3 in vitro.

Cnucok Jiureparypsl

1. Williams S., Martin D., Horowitz D., Peoples O. (1999) PHA applications: address-
ing the price performance issue: I. Tissue engineering. Biological Macromolecules. V. 25,
p. 111-121.

2. Saghazadeh S., Rinoldi C., Schot M. et al. (2018) Drug delivery systems
and materials for wound healing applications. Advanced Drug Delivery Reviews. V. 127,
p. 138-166.
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LMTONOMNMYECKOE OENCTBUE NTEPEMUUAOHBIX
N oYHI'MUUOHbLIX NECTUUMNOOB HA COMATUYECKUE KITETKWU
U3 TRITICUM AESTIVUM®

H. . MeH3siHOBa, C. A. NaTuHa

Cubupckuii ¢hedepanvuviii ynueepcumem, Poccus, Kpacnosapck, np. Ceoboouwiii, 79

Hcnonb30BaHne NECTHIMIOB Al 0OpabOTKU CENbCKOXO3SHCTBEHHBIX
KyJbTYp MPUBOAUT K BKJIIOYEHHUIO MECTULIUIOB B MUILEBBIC LIETIH, YTO OIpEe-
JSI€T BBICOKYIO OMACHOCTh A3TUX TOJUTIOTAHTOB [IJIi SKOCHUCTEMBI B IICJIOM,
a TaKxe IS 3JJ0pOBbs yesioBeka. [lectunuipl 06s1a1at0T penpoayKTUBHOM TOK-
CUYHOCTBIO, TEPATOTC€HHOW aKTUBHOCTBIO, SIBIISIIOTCS SHAOKPUHHBIMU JIE€CKPHUII-
TOpaMH, CHWXAIOT aKTUBHOCTb I'yMOPaJIbHOIO MMMYHHUTETa, 00JaJai0T SMIUre-
HETUYECKON aKTHBHOCTHIO. IIIMpOKOE MCIOJIB30BAaHUE MECTULUIOB NOTEHIM-
QJIBHO CO3JAECT YIpo3y M JJIsl DKOHOMHYECKH BaXKHBIX CEJIBCKOXO3SMCTBEHHBIX
KyJbTYp H3-32 LUTOJIOTMYECKOTO IMOBPEXKACHHUS PACTEHUH M psAga MOOOYHBIX
s dextoB. CucrteMHble TepOUIUABI HE TOJIBKO BBI3BIBAIOT TMOENh PaCTCHUM,
HO TaKXXE€ TMPOSIBJISIIOT XPOHUYECKOE TOKCHYECKOE JICMCTBUE, OKa3bIBas
Pa3HOCTOPOHHEE BIMSIHUE HA Ba)KHBIE MPOLIECCHI )KU3HEAEATEIbHOCTH: JIEICHHE
KJIETOK, pa3BUTHE TKaHEH, oOpa3zoBaHue XJIOpOpuiia, POTOCUHTE3 U JIbIXAHHE.
[Ipu 3TOM H3-32 OrPOMHOTO Pa3HOOOpA3Us HUCIOIB3YEMBIX B CEIIBCKOM XO3SH-
CTBE IIECTULIMJIOB, MMEIOIIMECS B JINTEPAType CBEACHUS O F€HOTOKCHUYHOCTH
XUMHUYECKUX CPEACTB 3aLIUThl PACTCHUM JAJIEKU OT HCUYEPNBIBAIOIIECH KapTHHBI.
OT0 00ycnaBiIMBaeT AaKTyalbHOCTh HCCJIEIOBAaHUS MOBPEKAAIOIIUX CBOMCTB
NECTULIN/IOB.

Heab padorbl — HMccaeaOBaHUE LUTO- U TEHOTOKCHYHOCTH IECTHULIMIOB
repOMIUIHOTO U (PYHTUIUIHOTO JIEHCTBUS C PA3NIMYHBIM MEXaHHU3MOM JIEHUCT-
BUSI 110 OTHOUIEHUIO K HETAPIE€THOMY BBICIIEMY PACTEHUIO — MIIICHUIIE.

MaTtepuaJjbl 1 MeTOABI

HccnegoBasin CUCTEMHBIE MECTULMIBI T€POULIMIHOTO U (PYHTHLUIHOTO
NENCTBHUS, Pa3IMYyalOUIMecs MEXaHW3MOM MOBpEXKAAIOWEro aerucTBus (PpyHru-
IUJbI SMIOKCUKOHA30J, TeOYKOHA30J1, a30KCUCTPOOUH U TepOUIuIsl MeTpuoy-
3UH, TpUOYHYpOH-MeTHI, PeHokcanpoH). MccnenoBanus BIOJIHEHBI HA KOPHSIX
2X-ITHEBHBIX TIPOPOCTKOB Triticum aestivum, TOJy4YeHHBIX B THIPONOHHOM
KylbType. MapkepaMu LUTOTOKCHYHOCTH CIIYXKWJI MHMTOTUYECKHA WHJIEKC
u aHada3Ho-Te’no(a3Hble  AHOMAJUHU; T€HOTOKCUYHOCTH —  XPOMOCOMHbIE
abepparuu U MUKpOSApA.

PesyabTarsl

OO01eit 0COOEHHOCTBIO MCCIIEOBAHHBIX MECTUIUIOB SIBISETCS HAJIWYHE
B MOJIEKYJIE IUIAHAPHBIX HUKIWYECKUX CTPYKTYP C CUCTEMOM JIBOMHBIX CBS3EH,

© MenssHoBa H. T'., [lstuna C. A., 2021

*
PaboTa BbIONIHEHa B paMKax Mera-rpanta «Arporpenaparsl HOBOTO IIOKOJIEHHS: CTpaTerus
KOHCTpyupoBaHus U peanusanus» 1o Iloct. IlpasutensctBa P® ot 09 ampens 2010 r. Ne 220; VI ouepens.
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YTO ONpEIENsIieT ClIOCOOHOCTh MECTULIUOB YYaCTBOBATh B M-T-CTIKUHT-B3aUMO-
neiictBusix. CiocOOHOCTh MECTUINIOB y4acTBOBATh B (HOPMUPOBAHUM CTIKHHT -
B3aMMOJICUCTBUI MpeArnojaraeT ux CrocOOHOCTh 0Opa30BBIBATH OCIKOBBIE a-
nyktel U JIHK-agnykTel, U Kak CIEICTBUE, MPOSBIATH LMUTO- U FEHOTOKCHY-
HOCTb.
Bhecenne B KyJIbTypalbHYIO Cpely HCCIEIOBAHHBIX IECTULIUIOB
B koH1eHTparusax 0,01; 0,10 u 1,00 MKr/mi, He BIUSAJIO HA aKTUBHOCTB IIpopac-
TaHUs 3€PHOBOK, HO MHTHOMPOBaJIO pa3BuTue KopHen. MHrubupyromuii r3¢dext
ObLT 10303aBUCUMBIM. Cpe GyHTrUIA0B 3PPEKT HHTHOUPOBaHUS ObLIT BIpa-
KEH B Oomblel ctenenu At azoctpoouna (A30), mpu JelCTBUU KOTOPOTo ad-
COJIFOTHO Omomacca KOpHe# Oblia B 2,5 pasza HIKeE, 4eM Mo AeHCTBUEM Tely-
koHa3ona (TEDB) u snokcunazona (O11OK). [TapamMeTpom OLeHKH YpOBHSI LIUTO-
TOKCUYHOCTH PA3JMYHBIX XUMHUYECKUX areéHTOB, BKJIKOYAs MECTULUbI, CIIYKHUT
MutoTHueckuii uaaexc (M), xapakrepu3yromunics 00IHUM YUCIOM JESAIUXCS
KJIETOK B KJIETOYHOM IMKJe. M3ydyeHHble nmecTUlHIbl (KOHLIEHTpauus B Cpele
1,0 MKr/mi1) mpakTHUeCKH HE BIMSAIM Ha MUTOTHYeckui nnHaexc (MU) mepu-
CTEMBI KOPHEBOI'O areKca 2-IHEBHBIX IPOPOCTKOB
HccnenoBaHHble MECTULUABI IO-PA3HOMY BIMSUIM HA MPOJOJIKHUTEIb-
HOCTh MeTadasbl, aHO(pa3bl U AKTUBHOCTh LIUTOKHWHE3a (YUCIEHHOCTh KIIETOK
BTOM WM WHOW (paze MUTO3a) B MEpUCTEME KOPHEBOrO arekca [riticum
aestivum (puc. 1). Tak, ¢GyHrummMm a3oCcTpOOMH NPHUBOIWI K YBEIUUYCHHUIO
POJOJKATEIBHOCTH MeTadasbl: KOJIMYECTBO KIETOK B Meradaze ObUIO
B 1,8 paza Oombiie, yeM B KOHTPOJBHOM BapuaHTe. 3aJepKKa IPOIECCOB
JeleHusl Ha craguu Meradasbl NPUBOJUIO K PE3KOMY COKpAUIEHUIO OT-
HOCHUTEJIbHOM YMCIEHHOCTH KJIETOK Ha cTaauu Tenodasbl (puc. 1). OyHrumma
TeOyKOHA30JI YMEHbIIA] YACIEHHOCTh KJIETOK Ha cTaauu metadassl B 1,6 pasza
[0 CPaBHEHUIO C KOHTpoJieM. BeposiTHO, 3TO CBSI3aHO C YBEJIIMYEHUEM IPOJI0J-
KUTEJIBHOCTU Mpodasbl, s KOTOPOH OTMEUEHA TEHICHIIMS YBEIMUEHUS KOJIU-
4eCTBa KJIIETOK.

75 4 75

J‘Iéﬂ%ﬁgmj ONEWEF‘I‘EFHJ;&
MO AD T® K 1o MO AD TO K

(1)33])1 KII€TOYHOTIO JIENEHILT (1]33]:1 KJIETOYHOI'O ACNEHNA

wn
<
I

% KIIETOK

%0 KIIETOK
[
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OK ®A30 oO3II0 BETEB OK mMET 0OTPH 8OEH

Puc. 1. OTHOCHTENbHAS YUCIIEHHOCTD KJIETOK (B %) B Pa3JIMYHBIX CTAIUSAX MUTO3a
B MEpHCTEMEe KOPHEBOTO areKca 2-THeBHBIX MPOPOCTKOB Triticum aestivum
MpH KyJIbTUBUPOBAHHUU Ha cpefax ¢ nectTunuaamu; K — KOHTpob (IMCTHIUTMPOBaHHAS BO/IA).
[1® — npodaza, M® — meraaza, AD — anadaza, TO — renodasza, K — uutokunes.
* — o3Hauaet gocroBepHoe oTiuune (p < 0,05)
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N3yuenHbpie repOMIMABI HE BIMSUIA Ha TMPOJOJDKATEIHLHOCTH MPOodasbl,
KOJIMYECTBO KJIETOK B JTOM (pa3e MHTO3a JOCTOBEPHO HE OTIMYAIOCh
OT KOHTPOJIbHOTO BapuaHTa. Ho mpu 3TOM HaOmI0aIM M3MEHEHUS MPOJI0IKH-
TeabHOCTH pyrux (a3 muto3a. Tak, MET ymeHbIa KOJIMYECTBO KIETOK B Me-
tadaze B 1,6 pa3a, Mo cpaBHEHHUIO C KOHTpoJieM (puc. 1). YMeHbllleHne npoaos-
KUTEIBHOCTH MeTada3bl COMPOBOXKIAIOCH YBEIMUEHHUEM YUCICHHOCTU KJIETOK
Ha ctaguu aHadassl (B 1,8 paza) u muToknHe3a (B 2 pasa), 1o CpaBHEHHUIO C KOH-
TpoJieM. XapaKTepHOH 0COOEHHOCTHIO TepOUIIMIOB (B OTIMYKE OT ()YHTHITUIOB)
OBIJIO YBENWYEHHWE YHCICHHOCTH KJIETOK Ha CTaaud IHUTOKWHE3a (CTamus
C HE MOJIHOCThI0  OQOPMIICHHON  NPOMEXKYTOYHOM  IUIACTHHKOW,  HOBOM
KJIETOYHOM CTEHKOM MEeXAy ABYyMs JouepHUMH KieTkamu) (puc. 1). Jus MET,
TPU m ®EH xonmyecTBO KJIETOK Ha CTaguM HUTOKMHe3a Owpuio B 2,0; 3,4
U 3 pa3a, COOTBETCTBEHHO, OOJNbIIE, YeM B KOHTpOJE. YBEIMYCHUE
MIPOJIOJDKATEILHOCTH ITUTOKHHE3a MOXKET OBITh CBS3aHO C MHAYIIMPOBAHHBIMH
repOuIUIaMd  HApYIICHUSIMH OHOTEHe3a KIETOYHOW CTCHKW. BimsHuMe
MECTUIIMJIOB Ha MPOJODKUTEIIBHOCTh PA3IMUHBIX (Pa3 MUTO3a MOXET OBIThH
00YCJIOBJIEHO MUTE€HETUYECKON aKTUBHOCTHIO MECTUITUIOB.

JIJist BceX MCCIEeIOBAHHBIX MECTUIMAOB MO OTHOIICHUIO K HETAPTETHOMY
pactenuto Triticum aestivum oOHapy>keHO MPOSBJICHUE IIUTO- ¥ TEHOTOKCHYHO-
CTH, BKJIIOYAIONIEH KaK KJIACTOT€HHbIE, TaK M aHEeyreHHble d()QEKTHI.
[Tox neficTBMeM TECTUIIMOB B MEPUCTEMATUUYECKUX KIJIETKAX BBISBIICHBI
CTPYKTYpPHBIC aHOMaJIWH, OOYCIIOBJICHHBIC pa3pbIBAMH XPOMOCOM (MOCTHI,
dbparMeHTBl, MHUKPOSZIpa) W TMOBPESKICHUEM BepeTeHa JelieHUs (OTCTaroIne
XpPOMOCOMBI M HMX (parMeHThl, HEPAaBHOMEPHOE PACXOXKIECHHUE XPOMOCOM)
(puc. 2). Tlom pelicTBMEM BCeX TMECTULUJOB 3HAYUTEIBHO BO3pacTajo
KOJIMYECTBO AaHOMAJIbHBIX KJIETOK, B HauOojbiieit crenenu (B 10-12 pas
10 CPAaBHCHHIO C KOHTPOJEM — JUCTHIUTMPOBaHHAs BOAA) TMOA JEHCTBHEM
repoutuno TPMb u ®EH u dyarummnoB A30 u OIIOK; B MeHbmield —
nox nevicteueM MET u TEB (B 67 pa3).

Jlns TED oOmiee kommuecTBO KIETOK C aHOMAJIUSIMH OBLIIO TTOYTH B 2 pasa
Menble, yeM 11 A30 u OIIO. B skcnepuMeHTanbHBIX BapuaHtax ¢ A30
u OIIO yucneHHoOCTh KIETOK ¢ aHadaszHo-TenodazHpiMu anoManusMu (6,98 %
u 5,75 % cooTBeTCTBEHHO) ObLTAa 3HaUMTENbHO BhIme, yeM s TEB (1,92 %).
OTO MO3BOJIIET TOBOPUTH, O 0o0Jiee BBIpAXKEHHBIX 3(PdekTax a3ocTpoOuHa
Y DTIOKCUTIPOHA. [I[UTOTOKCHYHOCTH ATHX JBYX (DYHTHITUIOB B OCHOBHOM peaju-
30BaJlach B MHAYKIIMH CIIMITAHUSA XpoMOcoM. KIIeTKu ¢ MUKpOSIpaMH BhISBIICHBI
B MEpPHUCTEME KOPHEBOTO areKkca TOJbKO IPH KYJbTHUBUPOBAHWHM Ha CpEC
C aMoKcHHa30510M. HanbompIiee KOIMYecTBO KIETOK ¢ XPOMOCOMHBIMHU abeppa-
USMHU 3a(pUKCUPOBAHO IO ACWCTBUEM TEOYKOHA30/1a. DTO MO3BOJISET 3aKITIO-
YUTh, YTO TEHOTOKCHYHAS aKTHBHOCTh TEOYKOHA30J1a U AMOKCUHA30J1a JIJIs KJie-
TOK MEPUCTEMBI MIIICHUIIBI BBIIIE, Ye€M a30CTPOOHHA.
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Puc. 2. AnagaszHo-TenodasHpie aHOMaJIHU, XPOMOCOMHBIE abeppalui 1 MEKPOspa
B KJIETKaX MEPHCTEMBbI 2X-THEBHBIX MPOPOCTKOB Triticum aestivum: a, 6 — oTcraromue
XPOMOCOMBI B Te0(ase; 6 — CIUIAaHIE XPOMOCOM; & — XPOMOCOMHBIE MOCTHI B aHa(ase;

0 U K — XpOMOCOMHBIE abeppariu: 0 — OJUHOYHbIE XPOMOCOMHBIE ()parMeHTHl,
COXPaHSIOUINE CBS3b C XPOMAaTHIAMHU; € — CBOOOTHBIN OIMHOYHBI XPOMOCOMHBIH ()parMeHT
B MeTadase; o — OAMHOYHBIC XPOMOCOMHBIE (pparMeHThl B aHadase; 3 — OJMHOYHBIC
XPOMOCOMHBIE (pparMeHTHI B Tenodase; u — AUIEHTPHYECKask XpOMOCOMa; K — KOJIbIIeBast
XPOMOCOMA; /1 — MUKPOSIZIPO

3akiao4enue

HccnepoBanHble MECTULMAHBIE Mpenaparbl NPOSBISIN J10303aBUCUMBIN
uHruoupyrommii 3gdekr Ha passuTHe KopHeW Triticum aestivum, oka3biBaiu
BJIMSIHUE HA MPOAOLKUTENBHOCTh MeTadasbl, aHo(a3zbl, Mpoda3bl 1 aKTUBHOCTb
UTOKMHE3a B MEPUCTEME KOPHEBOIr'O amekca MuIeHUIbl. Bee mectuuuasl yBe-
JUYUBAIM KOJIMYECTBO aHOMAJIbHBIX KJIETOK M HE3aBUCUMO OT MEXaHU3Ma Io-
BPEXKIAIOIIETO ACUCTBUS, BBI3bIBAIM KIACTOT€HHBIE U aHEYT€HHbIE (D (PEKTHI.
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BbIAEJIEHUE N UOEHTUPUKALINA ABTOXTOHHBIX
BO3BYAUTEJIEN BOJNIESHEN KAPTO®ENA,
PACIMPOCTPAHEHHbIX B PETMUOHAX CUBUPU’

C. B. Npyaxukosa®, A. A. Yypakos?,
C. B. OBcsiHkMHA?, C. B. XvkHsaK?

1Cu6upc;<uﬁ ¢edepanvusiii ynueepcumem, Poccus, 660041, Kpacnospck, np. Ceoboonuwiii, 79
Kpacnospckuii cocyoapcmeennuiii acpaphuiii ynusepcumem, Poccus, 660049, Kpacnospck,
np. Mupa, 90

Kaprodens — oaHa M3 BaXHEHIIMX CEIbCKOXO3SIMCTBEHHBIX KYJIBTYP.
B P® nox mocaakamu kapTodesst 3aHSIThl OTPOMHBIE TUIONIA/IM; OCHOBHBIE paii-
OHbI BeIpamuBanusa: HeuepHozemusie u LlenTpansHo-UepHozemHubie 30HbI PO,
[ToBomxwe, Cubupp, Ypain, Jansauii Boctok. B mocneanue roasl oTMeuyaeTcs
TPEBOXKHASI TEHJICHIIUSI HECTAOUILHOCTH U CHUKEHUSI YPOXKAMHOCTH KapToQes
B pE3yJIbTaTe€ pacinpocCTpaHEHUE BpeauTesied W Bo30Oymutened OoJe3Hel, mpu-
YUHSIOMUX YIIepO 9TOM KyJIbType B MPOIECCEe BEreTallOHHOIO TMepuoja,
a TakKe JUIMTeNbHOro XpaneHus. [lotepu yposxkas kapTodesst MOryT COCTaBISATh
ot 13 10 30% [1]. Kpome Toro, HekoTopbie BUabI TpuooB (Alternaria, Fusarium)
MPOAYLUUPYIOT MUKOTOKCUHBI. DTO aKTyaJu3UpPyeT UCCIEIOBAHUSI, HAMPABJICH-
HbIE Ha BBIICJICHHE U UJCHTU(PUKAIMIO BO30OyauTenel OoJsiesHel Kaproders,
XapaKTePHBIX i1 KOHKPETHBIX CEJIbCKOXO3IMCTBEHHBIX PETUOHOB, sl BRIOOpA
MpenapaToB U ONTUMU3ALUUA TEXHOJIOTUM 3aIUTHI.

Heanb padoThbl — BhIJICTICHUE U UACHTU(PHUKALUSI aBTOXTOHHBIX BO30Y/IH-
Teseit 6one3nen kaproderns, pacpocTpaHEeHHBIX B perrnonax Cubupu.

Martepuajbl 1 METOAbI

[IpoBeneH ¢puTOCAaHUTAPHBIN aHAIN3 arponpeoOpa30BaHHOMN MOYBBI, OTO-
OpaHHOU c moJyiel y4eOHO-HayuHoro komruiekca «bopckwuity KpacHospckoro
['AY B xonne mas 2021 r. B okpectHOCTsIX T. KpacHosipcka (cpeaHue MHIpOThI
Cubupmn) u OBYX COPTOB CEeMEHHOro marepuaina kaptodens «KpacHospckuit
pannuii» u «Jlegu Kimap». AHanu3 noyBeHHBIX MPOO MPOBOIUIN METOJOM BbI-
ceBa Ha muTaTeabHbIe cpeabl (arap Yaneka-Jlokca, cycno-arap). s BeiaeneHust
(duUTONAaTOreHOB U3 MOPAKEHHBIX YacTel KIIyOHeH BbIpe3aiu pparMeHThl pa3Me-
poMm okoiio 1 cM U packiaabpiBayii B 4amiku [leTpu Ha muTaTenbHyI0 cpeny
(cycrno-arap). KynsTuBupoBanu B TeueHue 5—7 cyTok npu temneparype 28 °C,
3aTeM MPOBOAWIIA 3-X KpaTHBIN Macca)k U30JIATOB Ha Cyclio-arape Jijisi Bblaese-
HUS YUCTBIX KynbTyp. WaeHTH(UKANuO BBIACICHHBIX BO30YIUTENEH MPOBO-
JIWJIA Ha OCHOBAHUM CUMIITOMOB MOPaXKEHHBIX KIIyOHEH [2], a Takke MopdoIio-
TMYECKHUX, KYJIbTYPaJbHBIX W MOJIEKYJSPHO-TEHETUYECKUX IPU3HAKOB BhIJE-

© Ilpynuukosa C. B., UypakoB A. A., Oscsakuna C. B., Xwxknsik C. B., 2021

" PaGota BHINONHEHA B PAMKAX Mera-rpaHTa «ATpONpENapaThl HOBOTO IOKOJEHHS: CTPATErHs
KOHCTpyupoBaHus U peanusauus» 1o Iloct. IlpaButensctBa P® ot 09 ampens 2010 r. Ne 220; VI ouepens
(Cornamenue COY u MuHHCcTEpCTBa HAyKH U BbIciiero oopasosanust Ne 075-15-2021-626).
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JIEHHBIX U30J1ATOB rpuboB [3]. HykiaeoTuHble mocie0BaTeIbHOCTH parMeHTa
reda 28S pPHK BeimeneHHbIx rpuO0OB cpaBHUBAIM C MOCIEAOBATEIHHOCTIMU
B GenBank ¢ momomipto mporpammel BLAST aiig moucka BBICOKOTOMOJIOTHY-
HBIX IOCJIEI0BaTENbHOCTEN BeO-pecypca HannoHanbHOro 1neHTpa OMOTEXHOI0-
ruueckoi mHopMarmu (http://www.ncbi.nlm.nih.gov/BLAST). ®unoreneru-
YECKUM M MOJIEKYJISIPHBIN 3BOJIIOIIMOHHBIN aHATU3 UICHTU(PUIIUPOBAHHBIX aBTO-
XTOHHBIX BO30yauTenei Oosie3Hed kapTodens MpOBENEH C HCIOJb30BaHUEM
nporpammHoro naketa MEGA Bepcuu X [4].
PesyabTarsl
B xonme aHanmm3a mMOYBEHHBIX NPOO M MOpPaKCHHBIX KIyOHEW KapTodens
ObUIO BBIJICJICHO B YWCThIE KYJIbTYpbl 18 TpHOHBIX H30JIATOB, OTHECEHHBIX
K CJIeYIOmMM TakcoHam: Fusarium — 12 wmsomsaros; Alternaria — 3 wu3omsra,
Boeremia — 2 uzonsata u Rhizoctonia — 1 uzomsr. [lony4eHHbIE HYKICOTHIHBIC
nocnenoBarenbHOCTH (hparmenta reHa 28S pPHK noxazanm manuuue cpenu uc-
CJICIOBAHHBIX MPOO WISHTUYHBIX BUIOB IPUOOB, CPeIU KOTOPHIX HIACHTH(HUITU-
poBanbl ciieayromue Buabl: Alternaria alternata, Alternaria longipes, Boeremia
exigua, Rhizoctonia solani, Fusarium oxysporum, Fusarium redolens, Fusarium
solani, Fusarium equiseti, Fusarium vanettenii (puc. 1). Hykieotuaasie mocie-
noBatenbHOCTU (pparmenta reHa 28S pPHK nemonupoBanbl B 0aze maHHBIX
GenBank nmog Homepamu NoeNe MZ424190-MZ424198.

Puc. 1. Mukpodotorpadguu MUIETUS 1 KOHUIUH BBIICICHHBIX IITAMMOB IPHOOB —
BO30yuTeINel 3a00eBaHnid KapTodens
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Fusarium solani PN-G-2018.6.11-*6 MiN625185.1
Fusarium solani CBS 204.31 MH866639.1
A Fusarium solani F-solF7
64 | Fusarium solani SFO104 MT533257.1
A Fusarium vanettenii F-solX3 M2424197
Fusarium vanettenii CBS 189.35 MH867149.1
Fusarium vanettenii CBS 188.35 MH867148.1
Fusarium equiseti isolate SU-1 MK733313.1
Fusarium equiseti CBS 126202 MH875469.1
Fusarium equiseti C1/30 KM246058.1
A Fusarium equiseti F-solK5 MZ2424196
79" F fum i tum CBS 132821 MH877502.1
A Fusarium oxysporum F-solF2 MZ424193
85| Fusarium oxysporum FO44 MT271922.1
Fusarium oxysporum FPo MT020430.1
F ium oxysp f. sp. batatas CBS 258.50 MH868117.1
Fusarium oxysporum FP MT020428.1
A Fusarium redolens F-sofX7 M2424194

N

7| Fusarium redolens NRRL 22901 MT435063.1

Boeremia foveata CBS 530.66 MH870527.1
Boeremia exigua 32 13 KY234150.1
Boeremia exigua var. exigua CBS 596.67 MH870779.1
Boeremia sp. DNW-2018a MK348023.1
A Boeremia exigua F-solC2 M2424192
Boeremia strasseri ML423 ViF113450.1
A Alternaria afternata F-solA1 MZ424190.1
A Alternaria longipes F-solC1 MZ424191.1
Alternaria longipes XZ 2019 011 MT7524305.1
Alternaria alternata £20 MT7516298.1
48 | Alternaria longipes KY2019012 MT7513237.1
Alternaria alternata E1 MT416019.1
Alternaria alternata P289 MN795760.1
Afternaria alternata HF0519 MN304717.1
| A Rhizoctonia solani F-soIX5 MZ424198
55 | | Rhizoctonia solani AG-4 HGIf 238-15 MN970164.1
55 || Rhizoctonia solani AG-2-1 MN970095.1
62 - Rhizoctonia solani CBS 101771 MH874361.1

05

Puc. 2. beckopHeBoe (pUIOTeHETHUECKOE IPEBO, TOCTPOCHHOE Ha OCHOBE aHAJIN3a
nocienoBarenbHocTel rena 28 S pPHK ¢ ucnonb3oBanuem moaenu Ixxykca u Kanropa,
METO/I MPUCOETUHEHUs coceiel. MapkepoM OTMEUEHBI BBIICIICHHBIE IIITAMMBI
(buTOMATOreHHBIX TPUOOB, paclpocTpaHeHHbIE Ha KapTodene B KpacHospckom kpae

OUIOTEHETHYECKUH aHaIN3 C WCIIOIB30BAHUEM JIaHHBIX HYKICOTHIHBIX
nocienoBarenbHocTet rena 28S pPHK (600 mn.H.) uneHTHdUIMpPOBaHHBIX
IITAMMOB U Hanbosee 0Ju3Kux romojioros 3 GenBank mokasan, 4To mraMMBbl
(bopMHUPYIOT Ha JiepeBe ¢ MAKCUMAaIbHBIM YpoBHEM «D0OtStrap»-rmoaaepxKu Tpu
OTIIETBHBIX KiacTepa. B COOTBETCTBMU C COBPEMEHHBIMU MPEICTABICHUSIMHU
0 CUCTeMaTHKe TprOOB, MEPBBIN KIacTep COACPIKUT BHIBI poja Fusarium, otHo-
csmuecs K mopsaky Hypocreales otmena Ascomycota; BTopoi KJIacTep BKIIO-
yaeT BBl posioB Alternaria u Boeremia, otHocsimuecs k nmopsiaky Pleosporales
ITOTO JK€ KJacca; TPETHUH KiIacTep — MOHO(HICTUYECKHH, COICPKUT BHUI
Rhizoctonia solani, ornocsmuiics k mopsaky Cantharellales otnena
Basidiomycota.

B kommiiekce aOOpUreHHbIX [MTaMMOB (UTONATOTEHHBIX T'pUOOB
B KpacHosipckoM peruoHe mpeoOiiagany BHIsl ponxa Fusarium, B ToMm uwmcie
F. oxysporum — KOCMOTIOJUT, MIUPOKO PACIPOCTPAHEHHBIN Cpeau MaTOTEHOB
kaprodens, kak B Poccun, Tak u B Apyrux crpaHax mupa. ['pud F. oxysporum,
MOPaXKAET COCYAUCTYIO CHCTEMY PACTeHHI U BBI3BIBAET CyXYIO THWIb KIIyOHEH,
MPUBO/S K 3HAYUTEIILHBIM MOTEPSIM TIPU XpaHEHUU KapTo(dens, TOCTUTAIOIINM
nout 2 000 w/ra [5]. Kpome Ttoro, dopmer Buma F. oxysporum (formae
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speciales) MpOSBISIOT MIMPOKYIO CHENU(PUIYHOCT W MHPHUIHUPYIOT PACTCHHS,
NpUHAIeKaNMe K pasHbIM cemerictBam. Bumer F. equiseti, F. redolens
u F. solani taxxke omumcanbl cpenu maroreHoB kaprodens B HMpane, Amkupe,
CaynmoBckoii  Apasum, Ilompme [6]. Bug F. vanettenii npunamiexut
K KomIuiekcy BuaoB F. solani u momumo kaprodesnst MOXKeT BbI3bIBAaTh 3a00J1¢-
BaHUsI TOMAaTOB, MOPKOBH, JIIOLIEPHBI, psila 0000BbIX KyJIbTyp. Bo30ynurens pu-
30KTOHMO3a R. SOlani OTHOCHTCS K TUNMYHBIM BHUJaM, PacCHpPOCTPAHCHHBIM
BO BCeX paiioHax kapTodeneBoactBa. Bua Boeremia exigua, panee Phoma
exigua, BbI3bIBaCT MOpaXeHHWE KIyOHEH kaprodesst mpu XpaHeHHH (TaHTpEeHa
wi Gomo3Has THWIH). Bo3Oyaurenn ampTepHapuosa kaprodens A. alternata
u A. longipes Takxke MOBCEMECTHO PACIPOCTPAHEHBI U MPOSBIISIOT BBICOKYIO
CKOPOCTb PacupOCTpaHEHUsI U BPEIOHOCHOCTS [7].

3akioueHue

Breinenensl B0o30ynuTenu OoJie3Hel KapTodenss CEMEHHOro marepuania
IByX copToB kaptodens «KpacHosipckuii panHuit» u «Jlenn Kmsp», Beipanm-
BaeMbIX B KpacHosipckoM pernone (cpeansist Cubupb); Ha OCHOBaHUU MOp(doIIo-
TMYECKUX, KyJIbTYpPaIbHBIX MPU3HAKOB U MOJIEKYJISIPHO-TEHETUYECKOTO aHAIU3a
¢parmenta rena 28S pPHK wunentudunmposans: Alternaria alternata,
Alternaria longipes, Boeremia exigua, Rhizoctonia solani, Fusarium oxysporum,
Fusarium redolens, Fusarium solani, Fusarium equiseti, Fusarium vanettenii.
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BO3BYOAUTENUN NIPUBHbIX BOJIESHEU KAPTO®ENA,
PACIMPOCTPAHEHHbIE B KPACHOAPCKOM KPAE "

E. M. KaHuepeBa

Cubupckuii ¢pedepanvroiil ynusepcumem, Poccus, Kpacnosapck, np. Ceoboonwii, 79,
e-mail: kantserev70@mail.ru

Poccus 3aHuMaeT BTOpoe MECTO B MUPE IO TUIOMIAAN MTOCEBOB KapTodes
U TpeTbe — Mo BayioBbIM cOopam. Kaprodens oTHOCUTCS K unciy Haubosiee mo-
paxkaeMbIX Ooze3HsMU KynbTyp. HacuuTeiBatoTcss 54 Buaa (UTONATOTEHHBIX
rpubOB, KOTOpBIE MOpaXaroT kKapTodenb. 3a00eBaHre B MEPBYIO OYEPElb CBS-
3aHHO C KJIMMATHUYECKUMU U3MEHEHUSIMH ONaronpUsATHBIMU JJIsl pa3BUTHUS TPHO-
HbIX wHpeknuii [1]. BeencTBue BereTaTMBHOTO Pa3sMHOXKECHUS OOJBIIUHCTBO
Nopaxarolux ero 0oJie3Hel MepenaeTcsl yepe3 CEMEHHbIE KIIyOHU, KOTOpbIe
U SIBJISIFOTCSl IEPBUYHBIM MCTOYHUKOM HH(EKLIHMH ISl MOCIEIYIONIEro 3apaxe-
HUS Tocalok [2]. 3HauuTeNnbHbIE NMOTEPU YpOKas B HEOJArONPHUSATHBIE TOJBI,
a TaK)Ke€ Pa3BUTHE TOKCUTCHHBIX I'PUOOB yIrpoKaeT MPOJIOBOJILCTBEHHON 0€30-
nacHoctH [3]. TIockonbKy CHEeKTp (PUTOMATOTEHOB U B Pa3HBIX PETHOHAX MOXKET
OTIINYAThCS, KaK U UX YYBCTBUTEJIBHOCTD K MpenapaTam JUisl 3allUThl pacTeHUH,
HEOOXOJMMO MPOBOJIUTH MCCIEA0BAHUE PACHPOCTPAHEHUS! Pa3HbIX BUAOB T'PHU-
00B-BO30yIUTENCH OO0JIe3HEN KapTodes.

Heap padoTbl — BbIACICHNUE U WACHTU(PUKAIUSA BO30YyIUTENIEH IPUOHBIX
oosie3Helt kaprodens B KpacHospckom Kpae.

MarepuaJjbl 1 METObI

OOBEKTOM HCCIIEJOBAaHUN CIY)KWJIM TaTOr€HHbIE T'pUOBI, BbHIJACICHHbBIE
U3 3apAKEHHBIX KiIyOHed. M3 mopak€HHOro ydacTtka BbIpe3asid (PparMeHTHI
v packnaiapiBaii B 4amiku lletpu Ha arapuszoBanHyro cpeny Yaneka-/[okca
unu cycno-arap. I[Ipopocmmii muniennii OTceBajii Ha CKOLIEHHBIN arap. Wnen-
TU(DUKALMIO BBIIETEHHBIX KYJIbTYpP MPOBOAMINA 1O MOP(POJIOTHUECKUM MPHU3HA-
KaM.

Pe3yabTaThl

N3 knyOHelnt kaptodens ObLIO BbIACIEHO 14 HM30JATOB MUIETHAIBHBIX
rpubOB, KOTOpblE HA OCHOBAaHUM MOPQOJOTUU  KOJOHHHM, MHULIEIHS
U CIIOPOHOIIICHHUs ObUTH OTHECEHBI K pogam Fusarium u Rhizoctonia.

I'pu6 R. solani: mumesnuii rpuda XOpoIno pa3BUT, OEIbIi, OEI0BATO-XKEI-
THIN WUJIA CBETJIO-KPEMOBBIN, COJIOMEHHO-KENThIN (puc. 1, a). Bua cnocobeH mo-
paxaTh KapTo(esib Ha BCEX 3Talax OHTOreHe3a. B HacTosdiee BpemMsi HAaCUUThI-
BaIOT HECKOJBKO (hOPM MPOSBICHUS PU30KTOHHMO3a. 3a00JIEBaHKUE MPOSBISAETCA
B BUJIC YEPHOU MapIiu, yriiyOJIEHHON (IMUYaTOM) MATHUCTOCTH U CETYATOIO HEK-
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po3a KIIyOHe, 3arHIBaHUS TJ1a3KOB  POCTKOB, OTMUPAHUS CTOJIOHOB U KOPHEH,

a TAK’Ke B BHUJIC CYXOW THUJIM MOJA3EMHOM YacTH CTEOJII B BUJIE KOPUIHEBBIX SI3B
Pa3IMYHON BEJIMUMHBI «TPYXJISIBAsL JPEBECUHA» U «OeI0N HOXKKW» cTebmneit [2].

F. oxysporum u F. solani — maubosee pacnpocTpaHeHHbIC BO30YIUTEIIH
Oonesneit kaprodens [4]. F. 0Xysporum: Bo3ayliHbIi MUlleIui Oemblid, XJI0mbe-
BUJIHBIN, 0OpaTHasi CTOPOHA UMEET PO30BBIM OTTEHOK; KOHUIUEHOCIIbI KOPOT-
KM€, MAKPOKOHMJIUU CJIErKa W30THYThbIe, MUKPOKOHHUJUU OOWIIbHBIE, 00pa3y-
I0TCS B JIOXKHBIX TOJIOBKaxX Ha KOPOTKUX (huanujax; Ha MUILEIUA GOPMUPYIOTCS
XJIaMAIOCTIOpHI (puc. 1, 6). Dy3apro3HOEe YBsIaHUE TopakaeT KapTodelb, To-
MUJOPHI U JPyTHE MacieHOBbIC. JINCThA M cTeOIM 3apa’kKCHHBIX PACTECHUH Te-
PAIOT YIPYTOCTh, CTAHOBSITCSI CBETIIO-3€JICHBIMHU, 3€JICHOBATO-KEITHIMU, KOPUY-
HEBBIMHU W, HAKOHEII, pa3pymarotcs. [Ipu nadunupoBanun xkiayOHen kapToders
pa3BUBaeTCA cyxasi THUIb. bole3Hb MOXKET MPOSIBISTHCS Cpa3y, a MOKET IPOTE-
KaThb B CKpBITOM (opme, 4TO MPUBOAUT K 3apa’KCHUI0 CEMEHHOIO MaTepuaia
U JaJIbHEHIIIEMY pacpOCTpaHEHHIO 00Je3HH [5].

F. solani: Bo3aymIHBIA MUIEIMA MYIMIMCTHIA WIM IUICHYATHIN, OEIbIi,
0e10-pO30BbIH, KPEMOBO-KENTOBATHIN (puc. 1, 8). XIaMug0CIOpbl KOPUYHEBEIE,
chepuyeckre. MUKpOKOHUIUU IWIHMHAPUYECKUE, 1-2-kiaeTounbie. MakpoKOHU-
JIUU BEPETCHOBUIHO-CEPIIOBUJIHBIE, SJUIMIITUYECKH HM30THYTHIC, OJIMHAKOBOTO
TuaMeTpa Ha OOJIbIIEM MPOTSKEHUU JIUHBI KOHUJIUW, CO CJIETKAa CYKCHHOM
U TYTIOW BEpXHEH KIIEeTKOH, 00bIYHO ¢ 3 meperopoakamMu. CUMITOMBI 3apa>KeHUS
JTAaHHBIM  (PUTOTIATOTEHOM HE OTIMYAIOTCS OT CHMITOMOB, BBI3BIBAEMBIX
F. oxysporum.

Fusarium vanettenii otaocutcs k rpynmne BuaoB F. solani u oGmagaer
Onmu3KUMH cBoMcTBaMu. Bo3mymiHbiii murienuii 6enbiii winmn 6erxo-po30BbIi, 00-
paTHasi CTOpOHA OKpallleHa B pPO30BaTO-CHUPEHEBBIN IIBET; MUKPOKOHUIUU
B OCHOBHOM OJIHOKJICTOYHBIE, AJUIMIITUYECKUE WK siilieBUHbIe (puc. 1, 2). Bug
F. vanettenii mopaxaet KOpHEIUIOIbI, TOMAThI, TOPOX M JPYTUE BUIbI PACTCHUI.

Puc. 1. Mopdonorust KOJIOHHM, MUTIETTHAS U CIIOPOHOIIICHHS TPUOOB, BBIJICTICHHBIX U3 KITyOHEH
kaprodenst: a — Rhizoctonia solani, 6 — Fusarium oxysporum, ¢ — Fusarium solani,
2 — Fusarium vanettenii
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3akioueHue

Takum 00pa3oM, HCCIACIOBAHHE IOKA3ayi0, YTO HM3O0JSATHI, BBIACICHHBIC
U3 MOpaXCHHBIX KIIyOHel kaprodens, oTHocsaTcs K BuaaMm Rhizoctonia solani,
Fusarium oxysporum, Fusarium solani, Fusarium vanettenii.
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OLEHKA OENCTBUA OENOHUPOBAHHBLIX ®OPM ®YHIMUMOHbIX
NPENAPATOB B OTHOLUEHUU ®UTOMNMATOINEHOB KAPTO®ENSA
IN VITRO ™

O. A. DembsiHyyk, E. M. KaHuepeBa

Cubupckuii hedepanvroiil ynusepcumem, Poccus, Kpacnosapck, np. Ceéoboonwii, 79,
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Kaprodens — oaHa W3 BaKHEHIIMX CEIbCKOXO3SHCTBEHHBIX KYJIBTYP,
o o6beMaM MPOM3BOJCTBA B MHUPE OH HAaXOJUTCS HAa 4-M MecTe Mocie Iiie-
HUIIBI, pUca U KyKypy3bl. [’ puOHbIe 6051e3HU KapTodens BeayT K 3HAUUTEIbHBIM
NOTEepSIM TIPH  BBIPAIIMBAHUM, XPAHEHWU, TPAHCIOPTUPOBKE U pPEaIM3allUU.
[IpumeHenue (yHTULMAOB SBISIETCS OCHOBHBIM METOAOM OOpHOBI C MOpYei
KapTodenst u3-3a OTCYTCTBUSL YCTOMYUBBIX cOpTOB [1, 2]. CriocoObl mpuMeHEeHUs
(GYHTUIIUAHBIX TPENapaToB — 3TO OMPHICKWBAHWE MOYBHI WM MPEANOCAT0OTHAS
o0paboTka kiyOHel. C MOMOIIBIO 3TUX METOI0B MOKHO 3(h(PEKTUBHO OOPOTHCS
c Oone3HsIMU, NepeaBaeMbIMU Yepe3 MOYBY, OJHAKO 3HAUUTEIBHOE KOJIMUECTBO
HNECTULIMJIOB MOMNA/IET B IOUBY, YTO HEU30EKHO OKAXKET CEPhE3HOE BO3JCHCTBHUE
Ha TIOYBY M TPYHTOBBIE BOJbI. AJIbTEPHATUBHBIM METOJIOM SIBJIIETCSI UCIIOIb30-
BaHME OMOpa3ziaraeéMoi OCHOBBI, COepkKallel (pyHTUIUIbI, 17151 O0PHOBI ¢ u-
TONATOTeHHBIMU IpubaMu. bruopasnaraemeie MaTepuaibl MOTYT TIPEIOTBpAIIATh
U KOHTPOJIUPOBATh 3a00JI€BaHUsl, IIepeaaBacMble Yepe3 MOYBY, MMOCKOJIbKY OHH
MOCTETIEHHO Pa3pyIIAIOTCs B MOYBE C BHICBOOOXKICHUEM aKTUBHBIX MHTPEINCH-
TOB[3].

eab padoThl — o1ieHKa GYHTUIIMIHOTO JEUCTBUS MPENapaToB, JEMOHU-
POBaHHBIX B OCHOBY M3 OHOpa3pylIaeMoro nojiumMepa — noyu(3-rugpoKcuoyTu-
paTa), 1 ONWJIOK, B OTHOUIEHUU T'puOOB — BO30yauTeneil 0one3nen kaprodens,
pacnpocTpaHeHHbIX B KpacHosipckom Kkpae.

MarepuaJjbl 1 METObI

B pabote ucnonb3oBanu npenapaThl PyHTUIIMTHOTO IEUCTBUS a30KCUCT-
poouH (A30), nudenokonazon (JAMD) u koMOMHAMIO TIpenapaToB a30KCHUCT-
pobuna u MmedeHokcama (A3O0+MED). /lenmonupoBaHHbIE MpenapaThl ObLTU W3-
TOTOBJIEHBI B (hOpMeE IrpaHyl, coAeprKalux OrnopaspyuiaemMblil mojuMep noau(3-

ruapokcudytupar)  [[I(3B)], ommaku B KadecTBE  HAMOJIHUTEIS
u GyHrUIUAHBIN ipenapat B cootHomenuu 50/40/10 (Bec.%). B kauecTBe Tect-
OObEKTOB  OBUIM  MCIIOJB30BaHbI  IITaMMbl  TpUOOB,  BBIJICJICHHbBIC

U3 MHQUIMPOBaHHBIX KiIyOHeH kaprodens Alternaria alternata, Alternaria
longipes, Boeremia exigua, Rhizoctonia solani, Fusarium oxysporum, Fusarium
redolens, Fusarium solani, Fusarium equiseti, Fusarium vanettenii. ['pu0 BbI-
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pammBaIy ra30HOM B 4amikax [leTpu Ha cyciio-arape, 3aTeM (pparMeHT MUTIETUS
pa3MepoM OKOJIO 5 MM 3aceBalid B YalliKy [leTpu co CTEpHIIBHBIM CyCIIO-arapom,
a Ha TIPOTUBOTIOJIOKHOW CTOPOHE MOMEIAIH OJHY U3 UCCIeTyeMbIX ¢hopM (pyH-
THIH]IOB, J1ajiee 00pa3Ibl MHKyOHpoBaiu B TeueHue 7—10 cyToK, mocie 4ero us3-
MEpPSUTA CPETHUHN paanyc KOJIOHWH rpuba. B kadecTBe MOIOKUTEIHHOTO KOH-
TpoJs B yamky lleTpu BHOCHIM KOMMEpYECKUE TpernapaThl (yHTHUIIUAOB B KO-
JMYeCTBe, aHAJIOTMYHOM COJCpKaHHIO TpernapaTa B TpaHynax: KBagpuc (a3ok-
cuctpobuH), FOuudopm (azokcuctpodun+medenokcam) u Cxop (audeHokoHa-
3011). B oTpuiiatenbHOM KOHTpoJie TpuObl BhIpamuBain 0e3 Bo3aencTBus (pyH-
ruiuaoB. CTeneHbh WHTUOMPOBAHHS POCTAa KaXIbIM HCCIEAOBAHHBIM THIIOM
npenapara onpeessuId Mo OTHOIIEHUIO K KOHTPOJILHOMY BapHaHTY.

Pe3yabTaThl

BrisBiieHO, 9TO pasHbie BUABI (PUTOMATOTCHHBIX TPUOOB OTIMYATIHCH
10 YyBCTBUTEILHOCTH K (YHTHUIIUIHBIM TNpenapaTam. Hanbonee akTuBHO OTMe-
yeHo mnonaBieHue BuaoB A. longipes, B.exigua, F.solani u R.solani
1oJ1 IeHCTBUEM JICIOHUPOBAHHBIX GbyHTUIMIOB a30KCUCTPOOMHA
u nudeHokoHa3ona. Tak, paguyc konoHuid A.alternata moj aelicTBueM JCTOHK-
poBaHHBIX (GopM ymeHbmancs B 1,2—1,4 pasa, a y Buaa A.longipes — B 1,3-1,6
pasa Mo CpaBHEHHUIO C HETaTHUBHBIM KOHTPOJEM. BBICOKYIO 4yBCTBUTEIHLHOCTh
IpOosBIIsLT Bo30yauTenb omo3a — BuJ B. exigua, paauyc KOJOHUH MO JeHCT-
BHUEM JICTIOHUPOBAHHBIX U KOMMEPUYECKUX (POPM a30KCUCTPOOMHA U AUPEHOKO-
Ha3oya ymeHbInaics B 1,5-1,8 u 2,3-2,8 pasa, coorBeTcTBeHHO. R. solani taxxke
MIPOSIBIISUIA BHICOKYIO YyBCTBUTEIBLHOCTH K TPAHyJIaM C a30KCHCTPOOWHOM H -
(heHOKOHA30JI0M, pauyC yMEHbIIANCs B 1,9 pa3a 1Mo cpaBHEHHIO ¢ HETATUBHBIM
KOHTPOJIEM.

PocT xosonuit BugoB poma Fusarium moja jaericTBHEM a30KCHCTPOOWHA
uHruouposaiucs B 1,2—1,3 paza. Bunsr F.solani u F. equiseti B 1,2—1,4 pa3a 3a-
MEJUISUTA POCT B MIPUCYTCTBUH TPaHYJ JCMOHUPOBAHHBIX MPEMApaToB, NEHCTBUE
KOMMEPYECKUX (OPM JOCTOBEPHO HE OTIMYAIOCH OT IKCIMEPUMEHTAIBHBIX Ipa-
HyJ1. BonbmMHCTBO BUIOB Fusarium mposBisUId BBICOKYIO YYBCTBHUTEIBLHOCTH
K KoMMepueckoMy mpenapaty Ckop, ocTtainbHble (OpMBI TIpernapaToB obOaganu
Onm3Koi 3(PPEKTUBHOCTHIO, BBI3BIBAS 3aJCP>KKYy pocTa Muilenaus rpuda B 1,2—
1,5 pa3za.
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Alternaria Alternaria  Boeremia Fusarium  Fusarium  Fusarium  Fusarium  Fusarium Rhizoctonia
alternata  longipes exigua  oxysporum redolens solani equiseti  vanettenii  solani

M KoHTpone MEA30+MED [OA30 OAMD [HKeagpuc HOHudopm B Ckop

Puc. 1. MarubupoBanue pocta KOJIOHHH rpuOOB-PUTONATOTEHOB KapTOQest
T10JT BO3JICHCTBUEM (DYHTHIIMIHBIX TIPEIIapaToB

3akioueHue

Bce dGopmbl nenoHMpOBaHHBIX (DYHTHUIIUAOB MOKA3adM BHIPAKECHHOE WH-
rubupyroiee aeiictBue B oTHomreHuu A. alternata, A. longipes, B. exigua,
F. oxysporum, F.redolens, F.solani, F.equiseti, F.vanettenii u R. solani,
HE ycTynaromiee CBOOOJHBIM (opMaM MaHHBIX (DYHTHIIUAOB B aHAJIOTUYHOM
KOHIICHTPAIIMH, YTO MPOSBIBUIOCH B YMEHbIIEHHH OT 1,5 mo 2,3 pa3a pa3zmepa
KOJIOHUM TpUOOB B MPUCYTCTBUU JIETIOHUPOBAHHBIX (PYHTUIIMAOB MO CPABHEHUIO
C pa3MepOM KOJIOHHUM B MOJIOKUTEIEHOM KOHTPOJIE.

Cnucok JaurTeparypsbl
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by biodegradable  polyhydroxybutyrate mulch  films embedded with  fungicide
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UCCNEONOBAHUE ®YHKLUUOHAINIbHON AKTUBHOCTMU
®OTOCUHTETUYECKOIO ANMAPATA BbICLUMX PACTEHUN
noa BO3OEUCTBUEM CBOBHOW U AEMOHUPOBAHHON ®OPM
METPUBY3UHA"

O. O. NeTpoBcKasn

Cubupckuii ¢pedepanvroiii ynusepcumem, Poccus, Kpacnosapck, np. Ceéoboouwiii, 79

Bosnpiioe 3HaueHre B OTHOIIEHUU MECTULUIHOIO 3arpsi3HEHUS UMEET Ta
rpynmna repOMIUAOB, OCHOBHBIM MEXaHHU3MOM JIEUCTBUSI KOTOPBIX SIBIISIETCA
0510k oTtocuHTeTHYeCKUX (QyHKIMI. OJHUM U3 CaMbIX MEPCIEKTUBHBIX MpaK-
TUYECKUX NMPUMEHEHUM MeTo/a (hIyOpECUCHIIMH SBIISIETCS MCIOJIb30BAHUE €TO
JUTSL OLIEHKH BIIMSIHUS TEpOUIIMIOB HA cocTosiHUE pacTeHui. [logaBnenue ¢poto-
CUHTETUYECKON aKTUBHOCTU B PE3yJIbTaTe BO3JCHCTBUSA repOULIUIOB MTPUBOIUT
K YBEJIMYCHUIO MHTEHCUBHOCTH ()IIyOPECIICHIINH, U3 Ty4aeMoil uctoM. ['maBHoe
MPEUMYIIECTBO JAaHHOTO JKCIPECC-METO/MA 3aKII0YaeTCsl B BO3MOXKHOCTH
OLICHKH pabOThl (POTOCMHTETUYECKOro ammnapara U 3(PQPEeKTUBHOCTU Mpolecca
dboTocuHTE3a, a TaKXKEe JETEKIMU HAMYUs MOBPEKICHUM 3a10JIT0 0 MPOsBIIE-
HUS BHEIIHHUX TPU3HAKOB rudenu pactenus [1-3].

Heanb — uccnenoBanue BIMSHUS CBOOOAHOW M JENOHUPOBAHHOM (QopMm
npenapara MeTpuOy3uHa Ha U3MEHEHUs TMoka3areieid (OTOCMHTETUYECKOM aK-
TuBHOCTU cOpHiIKOB (Lllupuna 3anpokunyras (Amaranthus retrofléxus), Omy-
BaH4YHMK 1osieBoit (Tardxacum officinale), 3Be3muarka cpenuss (Stellaria media),
Maps 6enas (Chenopodium album), Ocot moneoii (Sonchus arvensis)) B mosie-
BBIX KYJBTypax OBOIIHBIX (CBEKJIa, TOMAaThl) M 3€PHOBBIX KYyIbTyp (IIICHUIIA,
SUMEHBD ).

Martepuajbl 1 METOAbI

JI71s1 BBISIBJICHUSI MEXaHHU3Ma MOBPEKIAONIETO JASHCTBUS TepOUIIMIOB HC-
noJjib30BaHa (uryopecieHnus xjaopoduiiia, KOTopas MO3BOJISIET OLEHUBAThH T10-
TEHIMATBHYIO MPOIYKTUBHOCTh U CTPYKTYPHYIO OpTaHU3aINI0 (POTOCUHTETHYE-
CKOI0 amrmapaTa pacTeHUM, MPOBOJUTh PAHHIOI AUATHOCTUKY MOBPEXKICHUS JIU-
CTBBL. B X0/l SKCIIepUMEHTa PErucTPUPOBAIM CIEIYIONIUE MapaMeTpbl (iyo-
pecueHIMu: Y (I)max — MakcumanbHbiii KBaHTOBBIM BbIX0A DCIL; Y(NPQ)max —
MaKCHUMAJIbHBIM KBAHTOBBIA BbIX0J HedoToxumuyeckoro TymeHus; ETRma —
MaKCHUMAaJIbHasi CKOPOCTh HEMKINYECKOTO TPAHCTIOPTA 3JIEKTPOHOB.

PesynbraThl um3MepeHuss mapameTpoB (iyopeciieHnuu - Xsopoduinia
IpY BHECEHUU METpPUOY3WHA TMPEJCTaBIeHb HAa pUCYyHKe. B rpymme otpwuia-
TEJIHLHOTO KOHTPOJISI (MHTAKTHBIE PACTEHHS, BBIpAlUBaeMble 0€3 MPUMEHEHUS
repOUIMI0OB) AMHAMUKA M BapuaOEIbHOCTh MOKa3aTeseil (hayopecieHIIuu CBs-
3aHBl C BUJIOBBIMU OCOOCHHOCTAMH M (ha3aMHu pocTa COpHSKOB. B oTpuiaremns-

© Ietposckas O. [., 2021
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HOM KOHTPOJIE€ Y BCEX COPHBIX PACTCHUM 3HAYECHUS MAKCHUMAaJIbHOTO KBAHTOBOIO
BbIxojia PSII Ha BceM mpoTsHKeHUM SKCniepuMenTa coctaBsui ropsiaka 0,7-0,8,
YTO SIBJISIETCS. HOPMOMW [IJI1 HOPMAJIBHOTO (PYHKIIMOHHPOBAaHUS (OTOCHUHTE3A.
B Toxe Bpemsi apyrue mnokazaTenr (POTOCHMHTETUYECKON aKTUBHOCTH B XOJ€
Pa3BUTHS U €CTECTBEHHOTO CTapeHUs MCCIEAOBAHHBIX COPHSIKOB H3MEHSIUCH
CYILIECTBEHHO M pa3in4Ho. MHrubupyroimiee aeiicTBue MeTpuOy3uHA TPOSBU-
JIOCh B CHIDKEHUU 3HAYEHUN CKOPOCTU (DOTOCMHTETHUECKOTO TPAHCIIOPTA AJICK-
TPOHOB M MAaKCMMAaJbHOIO0 KBaHTOBOro Bbixoja PSII y Bcex uccieayemsix cop-
HSKOB, 3a HCKItoueHneM OcoTa MOJIEBOr0, Y KOTOPOrO OTBETHAs pPEaKIHs
Ha JIeWCTBUE METpUOy3HHA B OOJBIIEH CTENEHHW MPOSBIIACH B CHIKCHUU
ETRnx 10pu npuMenenuu aenonupoBanHod ¢opmsr MET. B ombite
co 3Be3nuatkor cpeaHel npuMmenenune npenapatoB MET Takke B OCHOBHOM
otpazuioch Ha cHUxkeHUU ETRp., HO OoJiee CyliecTBEHHOM, MPUMEHEHUE Jie-
NOHUPOBAHHON (HOPMBI TMOBIEKIO CHWXKEeHHE 3HaueHud ETRy.,x Oonee dem
Ha 60 % Ha 23 cyTKH M MPOAOHKAIO 3aMETHO BIIMATH 0 KOHIIA SKCIIEPUMEHTA,
a WCIOJb30BaHHWE CBOOOIHOM (HhOpMBI CHU3WIIO JaHHBIA Moka3zarenb Ha 35 %
TOJBKO B HadaJle SKCHEpPUMEHTA. [0 OTHOLIEHHUIO K OCTaJbHBIM COPHSIKAM BbI-
paxeHHoe MHTHOUpYyIoiee Bo3jeiicTBue odenx popm MET ormeueHo Ha moka-
3atend ETRpax 1 Y (Il)max, 32 uckmtoueHueM OyBaHYMK OOBIKHOBEHHBIH, Y KO-
Toporo npumeHeHue nenonupoBanHoro MET Bei3Bano u cHmwkeHue Y (NPQ)max
Ha 20-30 % B GoJbIICH YaCTH IKCIIEPUMEHTA.

Y{Ihmax ETRmax Y(NPQ)max

14 23 36 43 61 ™ 88 14 36 EH 6l i 8% 1 23 36 a8 61 i 88
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Puc. 1. 3meHeHue noka3zateneit (yopecieHIIuu XJI0po(uiiia COPHBIX PACTEHUIX
IIPY BHECEHUU CBOOOHBIX M AKCIIEPUMEHTATBHBIX (POPM METPHUOY3HMHA B TTIOCEBBI OBOITHBIX
KynbTyp: OnyBaHunK 0ObIKHOBEHHBIH (1), Mapsb 6enas (2), [llupuna 3anpokunyras (3),
Ocot nonesoit (4)
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BrisiBneno, uro ceoboanas popma MET nmpaktudecku He okazajo cyluie-
CTBEHHOTO BJIMSIHUSI Ha HCClenyemMble Tokazarenu y OmyBaHunKa OOBIKHOBCH-
HOTO B OTJINYME OT MPOJIOHTMPOBAHHOIO BO3JAeCTBUs AenoHupoBaHHoro MET.
HaunGosiee BOCIpUUMYUBBIMU K JIEUCTBUIO MpeEnapaToB okazanuch Mapp Oenas
u [I{upuna 3anpokuHyTas, B ONbITaX ¢ KOTOPHIMH 3a(UKCUPOBAHBI CHUXKEHUS
ETRmax 1 Y(I)max 00siee 60 % npu npumenenuu odeunx hopm MET.

3akioueHue

HccnegoBanusiMu mokazaHo 0ojiee BBIPAXKEHHOE BIMSIHUE JCTTOHMPOBAH-
HOU (hopmer MET Ha mokazarenu (OTOCHHTETHYECKON aKTHBHOCTH OOJBITHH-
CTBa COPHBIX PACTCHUI MO CPABHCHUIO C TPUMEHEHUEM ATOTO TepOUIHa B CBO-
601HOM Popme.

Cnucok Jureparypsbl

1. Follak S.Effect of airborne bromoxynil-octanoate and metribuzin on non-target
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3. Frankart C. Comparative effects of four herbicides on non-photochemical
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MCCNEOOBAHUE 3OPEKTUBHOCTU ONOJNITOBPEMEHHbLIX ®OPM
FEEPBUUMVAOHBIX NMPEMNAPATOB B IABOPATOPHbIX MOCEBAX
3EPHOBbBLIX KYJIbTYP, 3APAXEHHbLIX COPHAKAMMU

O. O. NeTpoBcKasn

Cubupckuii ¢hedepanvuviii ynueepcumem, Poccus, Kpacnosapck, np. Ceoboouwiii, 79

['epOuLMIBI COCTABISIIOT OJHY M3 CaMbIX OOJBIIMX TPYII MECTHIINIOB,
UCIIOJIb3YEMBIX JJIS 3aIlUTHI KYJIbTYPHBIX PACTEHUI OT COPHIKOB. BONBIIMHCTBO
NPUMEHSEMbIX TepOULIUIOB HE JIOCTUTAeT HAMEUYEHHOW IENH, YTO MPUBOIAUT
B KOHEYHOM HUTOTE K 3arps3HEHUIO MOYBLI U TPYHTOBBIX BoA [1]. B mocnennue
roJibl MHKAINCYJSIUs TepOUIIMIOB B IMOJUMEPHYIO MaTpUIly MpUOOpETaeT Bce
OoJblliee 3HAYEHHUE B CBS3U C TEM, UTO KOHTPOJIUPYEMOE BBHICBOOOXKIEHUE TEP-
OMLIMJIOB TPUBOAUT K MOBBILICHUIO AKTUBHOCTU IIperapaTa IO CpPaBHEHUIO
C TPAIAULIMOHHBIM METOJOM HMX HCIIOJIb30BaHHUS, a TAK)KE HAHOCUT MHHUMAaJb-
HBIN Bpes okpyxkaromen cpene [2]. [lonmuruapokcuankanoatsl (I1I'A) — Ouopas-
JaraeMble MOJMMEPbl MUKPOOHOJIOTUYECKOTO MPOUCXOXKICHUS SBISIIOTCS TEp-
CIIEKTUBHBIMH MaTepuanaMu JUis co3naHus Takux cucreM. Cpoictsa I1I'A, Ta-
KHE KaKk OMOpa3araeMocTb 1 OMOCOBMECTUMOCTh OTKPBIBAIOT UM MEPCIEKTUBY
MOCTPOEHUS JOJATOCPOUHBIX (POPM IpenapaToB HA UX OCHOBE [3].

Heabro padoTsl siBIsieTca uccaeaoBaHUE 3(PPEKTUBHOCTA HKCIIEPUMEH-
TaJlbHBIX (POPM MpenapaTtoB repOULUIHOTO JEHCTBUS.

Martepuajbl 1 METOAbI

O6pazuet  momumepa  [I(3I'b-co-3I'B)  Obuii  CHHTE3MPOBAHBI
¢ ucrnojib30BaHueM mrtamma Cupriavidus eutrophus B10646 o aBTopckoit Tex-
Honoruu [4]. B kadecTBe HANOJHHUTENS IMOJUMEpa HCIIOIb30BAIM OEpe30BBIC
omwiku. Tpubenypon-metun (naisee TPUB) ucnons3oBanu B kauecTBe repou-
nuaa. KoHcrpyrpoBaHue 3KcriepuMEHTaNbHBIX (JOpM IpernapaTtoB B BUJE I'pa-
HYyJI TIPOBOJIMJIM METOJIOM OKAaThIBaHUS C MpPUMEHEHUEM rpanyisitopa Formag
(I'epmanust). Cootnomenune [1(31'b-co-31'B)/IpeBecubie onunku/TPUb cocras-
asno 50/30/20 %. I'epOuMIMAHYIO aKTUBHOCTH HCCIEAYyEMBIX (OpM H3yYalH
B MIOYBEHHBIX MHUKPOIKOCHCTEMax ImieHuIbl copta «HoBocuOupckas 15»
(Triticum aestivum), 3acopennbix I'opuurieit monesoit (Sinapis arvensis). OxHo-
BPEMEHHO C MOCEBOM B IMOYBY BHOCHUJIM T'PAHYJIbI C JEMOHUPOBAHHBIM IepOUIIM -
noM. B kadecTBe MONOXKUTENBHOTO KOHTPOJISI B MTOYBY BHOCWIJIM PAacTBOpP CBO-
OOIHBIX TepOMIMIOB B KOHLUEHTPALUH, PEKOMEHAOBAHHOM IS MOJIEBOTO MpH-
MeHeHus. PacTeHus BeIpanuBain B KiuMaTudeckon kamepe (Putorpor-JInA-2
(Poccus)). B xome sKcnepuMeHTa PErUCTPUPOBAIM KOJWYECTBO U BBICOTY
cTeOJIs1 COPHIKOB U 3€PHOBBIX KYJIBTYP.

PesyabTarsl

HccnenoBana repouuaHas akTUBHOCTh CBOOOIHOTO M AEMOHUPOBAHHOTO
repounmaa tpubenypon-metuna [(I1(3I'b-co-31'B)/6epe3oBrie onuminku/TPUB]

© Ietposckas O. [., 2021
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B J1a0OpaTOpHBIX MoceBax miueHuIbl copTa «HoBocubupckas 15», 3apakeHHBIX
COpHBIM pacTteHueM l'opunia mnosieBas. BHeceHue repOMLMIHBIX MpEnapaToB
B 000MX BapHaHTax SKCIIEPUMEHTAa CHIKAJIO KOJMYECTBO COPHIKOB (CM. puc. 1).
['epOunmansiii a3¢dext odenx popm TPUD Ot 3adukcupoBan yxe Ha 7 CYTKH.
MaccoBasi rubenb COpHSIKOB OTMEUeHa Ha 14 cyTkd, mpHu 3TOM OoJjee 3Hayu-
TEJIBHO - MOJ AciicTBUeM JenoHupoBaHHOU popmbel TPUB. DT paznuuus rep-
OUIIMIHON aKTUBHOCTU (POPM Aaiiee MposIBIsUIMCH Oosee HarsiaHo. Ha 28 cyTku
IpU BHECEHUM HKcrnepuMeHTanbHbIX (opm TPUB komnuecTBO COpHSIKOB
B 1a0OpaTtopHbIX noceBax cHu3mwiochk 10 20 %. Ilox nelictBueM CBOOOAHOTO
TPUB >¢dext Obu1 MEHEe 3HAUYUTENBHBIM, OCTATOYHOE KOJUYECTBO COPHSIKOB
os110 Ha ypoBHE 40 %.

Puc. 1 mimoctpupyer 3aMeJIeHUe pocTa COPHSAKOB MO ACHCTBUEM JIBYX
¢bopm TPHbB. BeicoTa HWHTaKTHBIX pacTEHUW BoO3pacTajga B XOJE OIbITA
U K KOHIy HaOro/ieHus coctaBmwia 9 cM. HrubupoBaHue pocta COpHBIX pacrte-
Huil o0enumu popmamu TPUDB HeratuBHO BiMsUIO Ha MX BbICOTY. BbicoTa oc-
TaBUIMXCSA COPHBIX PACTEHMH MOJ JEWCTBUEM CBOOOIHOIO U JEIOHHPOBAHHOIO
repOHIMIa COCTaBUIIa, COOTBETCTBEHHO, 4 1 3 cM.

%
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Puc. 1. /lunamMuka ru0eiii ¥ BBICOTa COPHBIX pacTenuit ['opuniia mosesas (Sinapis arvensis)
IIpU AEWCTBUM CBOOOIHOM (KOHTPOJIb 1) U JJETIOHUPOBAHHOM (hOpMBI TPHOEHYPOH-METHIIA
B BUJIC TPaHYI

B tabn. 1 npexacraBieHbl pe3ynbTaThl OLIEHKH COCTOSIHHSI TIOCEBOB IIIIE-
HULbl noJ aeiictBueM AByx (opm TPUDB no cpaBHEHUIO ¢ MHTAKTHBIMU pacTe-
HUSIMHU.

Ta6muma 1
Binusinue paznuuHbix GopM NECTUIIUIOB HAa BBICOTY CTEOJIS U TIIOTHOCTh
MIOCEBOB SIPOBOM MineHUITbI copTa «HoBocubupckas 15»

Sposas nmenuna copt «HoBocubupckas 15»
Cyr KonTpois (-) TPUB (+) TPUB (rpanysibn)
K Komnaectno, Bricora, | KommuectBo, | BricoTa, Kommuectso, Bricora,
/M2 cM rr/m? cM . /m? cM
7 1234 17,3 1111 16,3 1234 15,7
14 1234 29,0 1111 27,9 1234 26,1
21 1234 34,7 1111 37,3 1234 31,6
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HaGmronenust 3a COCTOSIHMEM IIOCEBOB MIIEHUIBI B TeueHue 21 cyTok
(To meprozia MacCOBOM THOENHM COPHSKOB) CYIIECTBEHHBIX PA3IMUWN HE BHI-
sBri0. O011Iee KOJTUYECTBO pacTEHUH (MX MJIOTHOCTh) M BBICOTA, B OOIIEM, ObUIH
CONOCTaBUMBIMH. BBISIBIICHHBIE OTIMYMSA B TOKa3aTemsax Ha ypoBHe 10 % cBuze-
TEJIBCTBYIOT 00 OTCYTCTBUU JOCTOBEPHOTO M HETAaTUBHOTO BIMSIHUS TIECTUIUIOB
Ha Pa3BUTHUE IIICHULIBIL.

3akioueHue

Uccnenoana 3hpPeKTHBHOCTh MPUMEHEHHUS] SKCIEPUMEHTAIBHBIX (HOopM
pernapaToB TEPOUIMAHOTO ACHCTBUS B JTAOOPATOPHBIX TOCEBAX IMIICHUIIBI
copta «HoBocubupckas 15», 3acopennas ['opuuiieit moneBoi. Pe3ynbrarsl 3Kc-
MEepUMEHTa TIOKA3aJid, YTO MPUMEHEHUE IKCIIEPUMEHTAIBHBIX (opM TpubOeHy-
POH-METHUJIA YBEIMYMIIO €ro repOULUIHYI0 aKTUBHOCTBH 33 CUET IMPOJIOHTHPO-
BaHHOTO JelcTBusl. BHecenne skcnepumenTanbHbix Gopm TPUB B maGopartop-
HBIC TIOCEBBI MO3BOJIMJIO CHHU3UTh KOJWYECTBO COPHSAKOB A0 20 %, a Takxke
3aMeIJITh MX POCT. BHeceHHe 3KCIepUMEHTaJbHBIX NpEenapaToB HE OKa3alo
BIIMSIHUE HA 3€PHOBBIE KYJIbTYPBI.

Cnmcok Jimreparypbl
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NMONEBbLIE UCMNBbITAHUA 3®DPEKTUBHOCTU MPUMEHEHUA
AENOHUPOBAHHOIO N’EPBMLUUAOA TPUBEHYPOH-METUIIA
B MOCEBAX APOBOM MNWEHULbI "

E. . Kucenes'?, C. B. BapaHoBckuit’, A. B. lemuaeHko'?,
H. 1. Kypauenko®, B. I1. Bonn®

1Cu6upc;<uﬁ ¢edepanvuniii ynueepcumem, Poccus, Kpacnosapck, np. Ceéob600ubiii, 79
2HHcmumym ououzuxu @UL] KHL] CO PAH, Poccus, Kpacnospck, Akademeopoook, 50/50
Kpacnospcruii cocyoapcmeennuiii acpapHulil yHU8epcumen,

Poccus, Kpacnospck, npocn. Mupa, 90

HHTEeHCHUBHBIC TEXHOJIOTHUU BEJCHUS CEIBCKOTO XO3SMCTBA TPEOYIOT MpPH-
MEHEHHUSI OTPOMHOI0 KOJIMYECTBA PA3HOOOPA3HBIX XWMHYECKUX BEIIECTB IS
OOpBOBI C BPEAMUTENISIMU, COPHSIKAMH U BO30OYIUTENAMH OOJIE3HEH KyJIbTHUBHU-
pyembix BuaoB. CoBpeMEHHasi MpakTUKa B OCHOBHOM 0Oa3upyeTcsi Ha MpUMEHe-
HAU XUMHUYECKHUX METOJIOB U CPEICTB, BKJIOYAIONIUX MPEINOCEBHOE
MPOTPABIMBAHKUE MOCATOYHOTO MaTepuasia U 00pabOTKy pacTeHUN ONMpPBICKUBA-
HUEM pacTBOpaMU MECTUIMIOB B MEpUOJ] Beretanuu. Macmrabbl Iporu3BOACTBA
Y PUMEHEHHUS NIECTULIMIO0B BO3pacTaroT Bo BceM mupe. [1o nanubM [1], Temmsl
pocTta o0beMa MPOU3BOACTBA MECTUIIUAOB COCTABISIOT 6,9 % B rox. Ilpu stom
He 6ome 10 % mpuMeHsieMbIX U BHOCUMBIX B OKPYKAIOIIYIO CPeay MECTUIIUIOB
JIOCTHUTAET 11eJTM; OCHOBHAS Macca dTUX BEIIECTB aKKyMYJIUpPYeTCs B OMOJoTHYe-
CKHUX OOBEKTAaxX, 3arps3HsET MOYBBI, BOJOEMBI, BHI3BIBACT THOEIb MOJE3HBIX OP-
raHM3MOB M HapyllaeT PaBHOBECHE B MPUPOAHBIX 3KocucTemax [2]. Muorue
U3 MPUMEHSEMbBIX TIECTUILIMIOB B HEOCTATOUYHON Mepe OTBEYaroT TPEOOBAHUSM,
KaK MUIIEBOM 0e30MacHOCTH, TaKk W O0€30MacHOCTU MPUPOAHBIX IKOCUCTEM
1 6uocdepsl B 11eJIOM. YKa3aHHbIE 00CTOSATEIbCTBA U BBICOKAsi SKOHOMHYECKAS
3aTPATHOCTh XMMUYECKOM 3allIUTHI BHI3BIBAIOT HEOOXOIUMOCTh Pa3padOTKU KO-
JIOTUYECKU O0€30MacHbIX CPEACTB M COCOOOB WX MPUMEHEHUS MJI CHUXKEHUS
NECTULUMIHOTO Tpecca Ha MPUPOAHBIE SKOCHUCTEMBI M OKPYXAIOLIYI Cpedy
B LIEJIOM.

HogselimuM  HampaBieHHEM  HCCIEOBaHWM  SIBIsETCA  pa3paboTka
U IPUMEHEHUE B CEIbCKOM XO3SMCTBE MpenapaToB HOBOTO MOKOJEHUS
C KOHTPOJIMPYEMBIM BBIXOJIOM AaKTHBHOTO Haudajla 3a CYET UCIOJIb30BaHUs
JUTSL IETIOHUPOBAHUST OMOpa3pyIlIaeMblX MaTEPHAIOB, KOTOPBIE DPa3pyIIAlOTCS
B MTOYBE T10]T BO3JICMCTBHEM MOYBECHHOW MHUKPOMIOPHI 10 OE3BPEIHBIX MPOIYK-
TOB M O0OECMEYMBAIOT MOCTENEHHBIM U JUIUTEIBHBIN BBIXOJ JEHCTBYIONIUX Be-
niecTs B nouBy [3]. KiroueBbIM MOMEHTOM I CO3JaHUs IMPOJIOHTMPOBAHHBIX
npenapaToB SBJISICTCS MaTepuaj, KOTOPHIA HCIOIB3YIOT B Ka4€CTBE OCHOBBI
JUISL ICOHUpPOBaHus  TnecTuriaoB. Haunbosee mNEpCrEeKTUBHBIMU — SIBISIOTCS

© Kucenes E. T'., bapanosckuii C. B., lemuznenko A. B., Kypauenko H. JI., bonn B. JI., 2021

*
PaboTa BbINONIHEHa B paMKax Mera-rpanta «Arporpenaparsl HOBOTO IIOKOJIEHHS: CTpaTerus
KOHCTpyupoBaHHus U peanusanus» 1o Iloct. IlpasutensctBa P® ot 09 anpensa 2010 r. Ne 220; VI ouepens.
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OnopaspyiaeMble MOJIMMEPHBIE MaTepuajbl, KOTOPHIE PAa3pyLIAIOTCS B MOYBE
€CTEeCTBEHHON MHKpO(IOpOM, oOecrieunBasi JIUTEIbHBIA M TOCTENEHHBIN
BBIXO/] TIECTUIIUIOB.

Hean padoTsl — nosieBble UCTIBITaHUS Y((HEKTUBHOCTH MPUMEHEHHUS Tep-
ounaa TpuOEeHypOH-MEeTHIa, JTEMOHUPOBAHHOIO B MAaTPUKC HA OCHOBE pa3py-
I1a€MOT'0 MUKPOOHOT0 OMOIIIACTHKA — MOJIH-3-THAPOKCUOYTHpATa.

Marepuajbl 1 METOAbI

Cuctemubii repOunma Tpudbenypon-metun (TPUB), nenonupoBanmm
B cMecoBylo ocHOBy B Bume rpanyn «II(3I'b)/6epe3oBrie  OmMIKNY
¢ cooTHoleHneM KoMoHeHTOB Kak 50:40:10 Bec.%. I'paHyinbl ObLIM BHECEHBI
B IIOYBY OJHOBPEMEHHO C CeMEeHaMHM sipoBoi mmieHuIsl «HoBocubupckas 15»
npu mnoceee. Jlnsg cpaBHeHHMs (B TpyNne IOJOXKUTEIBHOTO KOHTPOJIS)
JUTSl ONIPBICKMBAHMSI TIOCEBOB HMCIOJIB30BAIM KOMMEPYECKUN CcepTU(ULIUPOBAH-
HBIM repOuumaHblil npenapat «Moptupa» (pupm «ABryct», Poccus). Ilonesbie
UCIIBITAaHUSI MPOBEJEHBI COTJIACHO HOPMAaTUBHOMY TOKyMEHTY MuMHHCTEpCTBa
cenbckoro xo3saictea Poccun [4] B mpuropone KpacHosipcka Ha 6a3e yueGHOTO
xo3sicTBa «Munaepiuackoe» @PI'BOY BO «KpacHospckuii rocy1apCTBEHHbIM
arpapHbiii yHuBepcuteT». {deHosorndyeckue HaOIIOJACHUS MOCEBOB MIICHUIIBI
BKJIFOYAJIA PETUCTPAIMIO CPOKOB Hayajga MU MacCOBOTO HACTyIUleHUs (a3 pa3Bu-
TUSl PACTEHMI; B T€UCHHE BET€TAllMOHHOIO CE30HBI MPOBOAMIN (OTOJOKYMEH-
TUpOBaHUE U 00CIIeIOBaHNE KYJIbTYPHI MO KIt0OUEBbIM J1aTaM (18 utons — B (paze
KYIIEHUSI B TPYIIIE MOJIOKUTEILHOTO KOHTPOJIS MPOU3BeeHa 00paboTKa pacre-
HUM ONPBICKUBAHMEM TepOMILIMIHBIM MpernapatoM MopTtupa); 2 uroid u 3 aBry-
CTa OLEHUBAJIM COCTOSIHUSA MOCEBOB, COOTBETCTBEHHO, YEPE3 JIBE U IIECTh HE-
Jieb Tocjae 00paOOTKU pacTeHUM TepOUIMAHBIM MPENnapaToM B IMOJOXKHUTEIb-
HOM KOHTpOJI€; 25 aBrycra npousBeeHa yoopka yposxas.

Pe3yabTaThl

B Teuenuwe Beretanuu IMOCEBHI MIIEHUIBI TPOXOIUIN OOBIYHBIE (hasbl
pocTa U pa3BUTHS: BCXOJbI, KyIIEHHUE, BBIXOJ B TPYOKY, KOJIOIIEHHE, 1IBETEHUE,
HanuB U co3peBanue. Ha puc. 1 npencraBneHbl GOTO MOCEBOB MILIEHUIBI B TPEX
rcclieioBaHHbIX rpynmnax B cpoku 18.06; 02.07 u 03.08, 4T0 COOTBETCTBOBAJIO
da3ze KyllleHUs Tepe] OINpPBICKUBAHMEM IIOCEBOB HpernapaTtoM MopTHpsI
B ITOJIOXKUTEIBHOM KOHTPOJIE, Yepe3 2 U 6 HeJleb N0CIIe ONPBICKUBAHUS.
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18 UroHa 2 Nroma 3 Aprycra

pEl I M 2 . aF 3t v {

KoHTpoms «+» (omphICKHBaHHE II0CEBOB IIperapaToM MopTupa)

s 2

OkcnepuMmeHTanbHad popMma (I1(3I'6)/ommnku/ TPUIE)

Puc. 1. ®oro moneBsIx MoceBoB sipoBoii nieHuIs «HoBocubupcekast 15»
IIPU PA3JIMYHBIX CIIOCO0AaX MPUMEHEHUs TepOULMIHOTO IpenapaTa

®a3a o0pa3zoBaHMs 3-TO JKMCTA y MIIEHULBI BO BCEX Ipymnmax pacTeHUM
3aukcupoBaHa Ha 10 AeHH MOC/E€ TOSBICHHUS BCXOJIOB, HAuallo KYIICHUS —
12 urons. braronpusTHeIE YCIOBUS OO0YCIOBHIM aKTHUBHOE 0Opa3zoBaHHE To0e-
rOB U3 MOA3EMHBIX CTEOJICBBIX y3JI0B B T€UeHUE 6-TH JHEU. B 3TOT mepuona Bce
pactenus nepeuuid B ¢azy mnonaHoro kymieHus. C 20 uIOHS OTMEYEH BBIXOJ
B TPYOKY, XapaKTEpU3YyIOIINIICS HayajioM pocTa cTeOisi U popMUPOBAHUEM Te-
HEpaTUBHBIX OPraHOB pacTeHuil. Uepes 8 mHel oT Hadana BbIXoJla B TPYOKY (28
UIOHs) 3apUKCUpOBaHO TOsiBJIeHUE (piiaroBoro jucrta y pactenuit. daza komo-
HICHUS TUICHULIbI, XapaKTEePU3YIOIIAsICsl MOSIBJIEHUEM COLBETHS W3 BIIarajuil-
HOTO BEPXHETO JIMCTa, MOJHOCThIO HAcTynwiIa 7 utoid. B aToi dasze oTmeuancs
YCWICHHBIA POCT JIMCTHEB, CTeOJie W (opMupoBaHUE Koyioca. Braknas
U TeIUTasi Torojia ompenenmia (popMUpPOBaHHE XOPOIIO Pa3BUTHIX I[BETKOB
B KoJioce. Uepes 3 nHs mociie MOJHOTO KOJIOMIEHHUS] OTMEUEHO HAvyallo [BETCHMUS.
Co3peBaHue SPpOBOM TIIEHUIIBI B (pa3e BOCKOBOM CIEJIOCTH OTMEYEHO
23 aBrycra. Yepe3 3 mHSA pacTeHHS ceMeHa MPHOOPENH TIOTHYIO CIEIOCTh
Y TOTOBHOCTh K YOOpke. B Xo/e BeretalluoHHOro ce30Ha MoKa3aHo, YTO HACTY-
ieHue geHosornyeckux (a3 spoBOM MINIEHUIIBI HE 3aBUCENIO OT CIocoba mpu-
MEHEHUS TPUOEHYpOHa.

Pesynbprupyromum mnokaszateneM Bcex (aKTOPOB, OKA3bIBAIOLINX BO3JIEH-
CTBHE HA POCT M Pa3BUTUE PACTEHUN B TEUEHUE BErETAllMU, CIYKHUT ypoxKau
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u ero cTpykrypa. [Ipu pa3paboTke TEeXHOJIOTHH BO3/EIbIBAHUS, HAIIPABICHHOM

Ha ONTHUMAJIBHOE PA3BUTHE KAXKIOTO AJIEMEHTa, HEOOXOIUMO YUYUTHIBATH, UTO

ypoxait (opMHUpYETCsl 3a CUET Pa3IMYHBIX JIEMEHTOB, CTENIEHb BBIPAXKEHHOCTH

KOTOPBIX MOXET ObITh pa3HoM. MccienoBaHUsIMU YCTaHOBIIEHO, YTO CTPYKTypa

ypoxasi SpoBOI MIIECHUIIBI KMea 00Jiee BHICOKUE MOKa3aTeN NpU NIPUMEHEHUH

repOuIKIa MO0 CPABHEHUIO C UHTAKHBIMU pacTeHUsIMU. BbIsiBIIeHa Takxke 3aBU-

CUMOCTh OOJIBIIMHCTBA MOKa3aTesiel CTPYKTYPHI yposkas oT (Gopmbl U criocoda
IpUMEHEHHUs TpHOeHypoH-MeThiIa (cM. Tab. 1).

Tabauna 1

CrtpykTypa ypoxkas sipoBoi meHuIsl «HoBocubupcekas 15»
IPY MPUMEHEHUH CBOJIHOM ¥ IETIOHUPOBAHHOU (POopM TpuOEHYpOH-METHIIA

KoHntpoisb «+» OKCHEPUMEHT
Koutponpb «—»
TTokazarenno (I/IHTaKTHI)IG OHpI)ICKI/IBaHI/Ie I[OBCXOI[OBOC
pacTeHus) MTOCEBOB IIPerapaToM BHCCCHHUE
Moptupa nenonupoano TPUB
Hucno pacrenuit, 3450+ 17 343,0 + 20 348,0 + 17,0
IT./M
BricoTa pacrenuit,
cM
18 urons 33,8+ 1,5 36,0+ 0,9 39,2+1,1
02 urons 75,4 +£5,1 77,2+4,7 79,8 £ 6,2
03 aBrycra 92,3+7,6 95,1 £5,9 101,9+ 8,4
25 aBrycra 99,3+7,9 106,9 £ 8,0 114, 1+ 10,0
Yucao
MPOYKTHBHBIX
cTebneit, m. /M2 997,0 +£49,0 1042 + 50
e 00mmX 986,0 + 50,0
® [IPOIYKTHUBHBIX 972,0 £ 59,0 979,0 £ 52,0 1008 + 49
JlmuHa Kooca, cM 6,.8+04 7,1+0,4 73+0,4
Hucno korockos 13,0 £0,8 13,2+0,8 13,5+0,8
B KOJIOCE
?/Iacca OJHOTO 3€pHa, 0,027 0,033 0,040
Macca 3epHa ¢ 0,72 0,95 1,24
KOJIoca, T
Macca coJIOMBl, /M 1145,0 £ 57,3 1499,0 + 45,8 1695,0 + 84,7
YpoxkaitHOCTB, 11/Ta 31,5+1,2 32,5+0,5 33,6t1,5

TexHonoTHs XUMHYECKOW O0OpaOOTKH BIIMsJIA HA YPOXKAWHOCTH SPOBOM
NIIEHUIBI: 03 TMPUMEHEHUs TepOouIMaa YpOoKalHOCTh cocraBmwia 31,5 =+
0,4 1/ra; mpu OmMpHICKMBAHUE TOCEBOB TMpemaparoM MopTupa yposkail Obul
Boime (32,5 £ 0,5 m/ra) u emie pe3ylbTaTUBHEE — MPU UCIOJIb30BaHUE JICTIOHU-
poBaHHOTO TpubeHypoH-Metuina (33,6 = 0,4 m/ra). Kak ObIJI0 OTMEUYEHO BBIIIIE,
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yIOOpeHHs B MOYBY HE BHOCWIIH, M MOJTy4YeHHAs MpuOaBKa yposkasi CBsi3aHa HC-
KJIFOUUTENBHO C MOJIaBJICHUEM B ITOCEBAX COPHSKOB.

buonorunyeckast 3 peKTUBHOCTD JEMOHUPOBAHHOTO TPUOCHYPOH-METHIIA,
OlICHMBaeMas MO0 JWHAMHUKE TUOeNHn COpHSKOB, cocTtaBmwia 92,3 %, 4To MHOrO-
KPaTHO MPEBOCXOMT PE3YJIbTaThl B MOJOXKHUTEIBHOM KOHTpote (15,4 %).

3akioueHue

IToneBble WCTBITAaHUS TOKA3aldM, YTO AenoHUpOBaHHBIA repOounua TPUB
MPEBOCXOAUT MO OMOJOTUYECKON 3(PHEKTUBHOCTH TPAAUIIMOHHOE ONPLICKKBA-
HUE COPHBIX pacTeHUd CBOOOIHOHN (GopMol TepOuIMga B COCTaBe KOMMeEpYe-
CKOTO Tpenapara. ckoHcTpyupoBanHas ¢opma TPUB, nenonupoBanHoro B pas-
pymaemyto ocHoBy II(3I'b)/6epe3oBrie omuiku, oOecreuynsia IUTEIHHOE
GYHKIIMOHUPOBAHUE B TIOUBE BECbMa HEYCTOWYMBOTO IpernapaTa u 3P heKTuBHO
MOJaBJIsJIa Pa3BUTHE COPHSAKOB. DTO MOJOKUTEIBHO CKA3aJlOCh HAa YpOKailHO-
CTH TIICHUIIBI.

Cnmcok Jimreparypbl
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BUOAENPAOALUNA COPBEHTOB «YHUCOPB» U «KYHUCOPB-BUO»
NOYBEHHOWU MUKPO®JIOPOM

K. 1. BoHoapeHKo

Cubupckuii ¢hedepanvuviii ynueepcumem, Poccus, 660041, Kpacnospck, np. Ceoboonuwiii, 79;
e-mail: kseniya.bondaencko@yandex.ru

Cpenu u3BeCTHBIX METOJ0B OYMCTKH HEPTE3arpsi3HEHHBIX TIOUB 3aCITyKH-
BaeT 0cO0OTro BHMMaHHUs OuopeMenuanus (OYMCTKa MOYBBI C MUCIOJIb30BAHUEM
MeTabOIMYECKOTO TOTEHIMala MUKpPOOPTaHW3MOB). [l OUMCTKH HEPTIHBIX
3arpsiI3HEHHUI MPUMEHSIOT IPenapaThl HA OCHOBE MUKPOOPTraHU3MOB, CIIOCOOHBIX
OKHUCJISITh YTJIEBOJAOPOJBI M UCIHOJIb30BaTh UX B KAUE€CTBE MCTOYHUKA SHEPIHH
JUIsl CBOEH sku3HenesTenbHoCTH [ 1]. MukpoOuonornyeckas 1eCTpyKIUsl MOJUTIO-
TAHTOB 00JIaJIa€T BaXXHBIM MPEUMYIIECTBOM IE€pea APYTUMH METOJAMU: OHA ra-
paHTUpyeT Oojiee MOJHYI0 CTENEeHb OYHMCTKH, SKOJOTHYECKYI0 O€30MacHOCTD,
OTHOCUTENIbHYIO nemieBu3Hy [2]. C momoiibio COpOEHTOB Ipoiecc Ouopeme-
JUalKM MOXHO clienath Oosee 3 pekTuBHbIM. Paznoxxenre HeTH IpOUCXOAUT
3a cYeT (PU3UKO-XUMHUYECKHX (DaKTOPOB M ECTECTBEHHBIX IMPOLIECCOB MPUPOI-
HOT'O CaMOOYMILIEHUS, KOTOpOE aKTUBUpYETCs: buocopOenToM. MMoOunm3anus
MHUKPOOPTraHU3MOB Ha MOJIMMEPHBIA COpOEHT, MOMUMO 3aKpEIUIEHUs B 3arpss-
HEHHOW 3KOCUCTEME, CLIOCOOCTBYET NOBBILICHUIO (DEPMEHTATUBHON aKTUBHOCTHU
U YCTOMYMBOCTH MHUKPOOPTIaHHW3MOB K HEOJIaroNnpUsATHOMY BO3JEUCTBUIO (Dak-
TOPOB OKPYXAaIOIEH Cpellbl U YCKOpSET MPOLECChl OMojierpaauud HeQTIHbBIX
yriieBo1opoioB [3]. OnHako COpOEHT HEe ynalseTcs U3 MOYBBI JI0JIT0€ BpeMs,
YTO 3aTPYAHSIET MOJHYIO OUUCTKY TEPPUTOPHUI.

Heanb padoThl — MOMCK MUKPOOPTaHU3MOB, CIIOCOOHBIX pa3pyliaTh COp-
O0eHThl «YHHCOPO» U «YHHCOpO-bro» mpu BoccTaHOBIIEHUM HeTe3arpsi3HEH-
HBIX TTOYB.

B 3agauu uccienoBaHMsl BXOIWIIO: BBIACICHHE W3 He(Te3arpsi3HEHHON
MOYBBI MUKPOOPTaHU3MOB, CIIOCOOHBIX pa3pyliaTh COPOEHT U UCIOIb30BaTh €T0
B KauecTBe CyOcCTpara; W3y4eHHE CBOMCTB BBIIEJICHHBIX MHKPOOPTaHHU3MOB
U uACHTUUKAINS; CPABHUTEIBHBIN aHaJIN3 BUIOBOTO COCTaBa MHUKPOOPTaHU3-
MOB, BBIJICJICHHBIX W3 HAKOMHUTEJIbHBIX KYJIBTYP C COPOEHTOM «YHHCOPO»
1 «YHUCOPO-010Y.

Martepuajbl 1 METOAbI

OOBEKTOM HCCNEAOBAHUS SIBISUIUCH MTOYBEHHBIE OAKTEPHUH, BbIJACICHHbBIE
U3 HaKOIMUTEIbHBIX KYJIBTYp C J00aBieHHMEM HedTezarpsi3HeHHOM mouBbl. Co-
nep:kanre HeTh B mouBe cocTaBisuio 16%. HakonuTenbHble KyIbTyphl MOJTY-
YaJii Ha JKUJIKOM MUTATENIbHOU cpejie — MoauduiiupoBanHoi cpene Yaneka, riue
B KaUeCTBE MCTOYHMKA a30Ta B CPey BHOCWIA OJUH U3 BUAOB COpOEHTA: «YHHU-
copO» (YHHMBEpCaJIbHBII COPOEHT Ha OCHOBE BCIIEHEHHOTO KapOaMmua)
i «YHucopo-broy» (xapObamuTHBIN COpOEHT C UMMOOMIIM30BAaHHOM

© Bbonnapenko K. 1., 2021
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HedTeokucisomen mukpodiopoit). Koidbl ¢ HAKOMUTENHHOW KYJIBTYPOM
UHKyOHpoBayu Ha meiikepe npu 120 06./MuH., Temnepatype 25 °C B TeueHuu 2
HeJennb. UNCThie KyIbTypbl OaKTepUl MOJIydaliv, BbICEBas Ha MUTATENIbHBIN arap
METOJIOM HCTONIAIoIIero mocesa. MccinenoBanu  HUTOMOPQOIOTUYECKHE
U GU3HOJOTO-OMOXMMUYECKME  CBOWMCTBA  BBIICNEHHBIX  KYJIbTYp:  TECT
Ha JUMNAa3Hyl0, JICHUTHHA3HYI0, AaMUJIa3HyH, [POTEa3HYK  aKTUBHOCT,
CIIOCOOHOCTh  ()epMEHTUPOBATh  YIJIeBOJbl.  BupoBas  uaeHTHpUKALIUS
BBIJICJICHHBIX ~ KyJIbTyp Oblia mpousBenena wmerogom MALDI  TOF
BpemsnpoietHoi mace-criektpomerpur (MALDI Biotyper, Bruker Daltonik).

PesyabTarsl

W3 HakonmuUTENbHOM KyJIbTYPBI C COPOEHTOM «YHHCOPO» OBLIO BBIZEIECHO
u wuaeHtudumpoano 6 BuaoB Oaktepuii: Cellulosimicrobium cellulans,
Streptomyces sp., Bacillus pumilus, Brevibacillus centrosporus, Streptomyces
violaceoruber, Paenibacillus rhizosphaerae (puc. 1). 113 HakonmHuTeIbHON KYJIb-
TYypbI ¢ COPOCHTOM «YHHUCOPO-OHMO» BBIACICHO W WACHTU(UIIMPOBAHO 5 BUIOB
oaktepmii:  Achromobacter  xyloxidans,  Stenotrophomonas rhizophila,
Achromobacter denitrificans, Achromobacter spanius, Pseudomonas synxantha

(puc. 2).

Puc. 1. Mukpodortorpadun 6akTepwHii, y4acTBYIOIINX B OHOAETpaganuy copoeHTa
«Yuucop6»: a — Bacillus pumilus; 6 — Streptomyces sp.; ¢ — Cellulosimicrobium cellulans;
2 — Paenibacillus rhizosphaerae

Puc. 2. Mukpogortorpaduu 6akTepHii, ydacTBYIOIIMUX B OHOerpagauu copoeHTa
«Yuucop6-buox»: a — Achromobacter xyloxidans; 6 — Achromobacter spanius;
6 — Stenotrophomonas rhizophila; 2 — Pseudomonas synxantha

BunoBoii coctaB JByX HAaKOMHUTENIbHBIX KYJIbTYp MOJY4YHIICA pazHOOOpa3-
HbIM M 0e3 coBmagarouux MmraMMmoB. OJHAKO Y MHOTMX MHUKPOOPTaHHW3MOB
UMEeTCA PAJ CXOXKMX MOPQOJIOTMUECKMX U OMOXMMHMYECKMX CBOWCTB. Bua
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A. denitrificans, a Taxxe 6akTepuun poga Pseudomonas u Streptomyces spp. cro-
COOHBI BOCCTaHABJIMBATh HUTPATHI JO HUTPUTOB. BONBIIMHCTBO IITAMMOB aK-
TUBHO MCIOJIB3YIOT Pa3iuyHbIEC YIJIEBObI, @ KPOME TOr0, MUKPOQIIOPY JaHHBIX
KyJbTYp OOBEIUHSET HAJIMYME BHUJOB, CIIOCOOHBIX K JETPaJallMy MOJUMEPOB,
nanpumep, A. xylosoxidans, A. denitrificans, C. cellulans, Streptomyces spp.
HexkoTopbie BUABI NMEPCHEKTUBHBI JJI UCIOJIB30BAHKS B CEIIBCKOM XO35HMCTBE
B KaueCTBE CTUMYJIATOPOB pocTta pactenmit: P. rhizosphaerae, P. synxantha,
A. spanius, S. rhizophila. Muorue BuIbI U3 KyJIbTYPBI ¢ COPOSHTOM «YHHCOPO-
bro» ycToHYMBBI K IIMPOKOMY CIEKTPY aHTUOMOTHKOB. [loutn Bce BUIBI
MMEIOT IIMPOKUM TEMIEPAaTypHbIA W KUCIOTHBIA JUAINa30H IPUTOAHBIN
115t pocta. Crneayer OTMETUTh, YTO B HAKONMUTEIBLHOM KYJIbType C COPOCHTOM
«YHHCOpPO» BCE INTaMMBI T'PaMIOJOXKHTEIbHBIE, TOTJa KakK IITaMMbI
Y3 HaKOMUTEIIbHOMN KYJIbTYPbI c copOEHTOM «Yuucop0-buo» —
rpaMOTpHULIATEIbHBIE.

3akioueHue

Boienennple BUbI OakTepHii 001a1at0T BBHICOKON (pepMEHTATHBHOM ak-
TUBHOCTBIO, YCTOMYMBOCTHIO K HEOJIAronmpuATHBIM (haKTOpaM BHEITHEH CpeIibl
U MOTYT TEpPEeCTPOUTHCS TMOJ] M3MEHSIONIMECS YCIOBUSA. OJTO CIOCOOCTBYET
Ouojerpaganuyu COpOCHTOB B MOYBE JaK€ B YCIOBUSX BHICOKOUW KOHIIEHTpAIIUU
HEe(TAHBIX 3arPSI3HEHUN.

Cnucok aureparypsl

1. ®omuna H. B. ®epmeHTaTuBHAs aKTUBHOCTh HE(TE3arps3HEHHOTO MMOYBOIPYHTA
1ocje MpUMeHEeHHst OMoaKTUBHOTO copOeHTa // Dnoxa Hayku. — 2016. — C. 42.

2. UBanoBa M. A., Uukuna H. C., 3enmrtoBa JI. A. JlukBuganus HEPTIHBIX
3arpsizHenuit // byrneposckue coobmenus. — 2012. — T. 29. — Ne, 3. — C. 1-12.

3. PazanoBa T.B.,, ®egopoBa O.C., JlockyroB C.P. [lectpykuus HedTH
UMMOOMITH30BaHHON Mukpodiopo // Kypuan Cubupckoro denepanbHOT0O yHHUBEPCHUTETA.
Xumus, 2018. — T. 11(2). — C. 184-196.
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PbIHOK CPEACTB 3ALUUTbI PACTEHUN B PO

O. H. lnwauknn

Hncmumym 6uoguzuxu ©UIL] KHI] CO PAH, Poccus, Kpachospck, Axkademeopoook, 50/50;
e-mail: shishatskiy@mail.ru

B COVY peanusyercsi Mera-rpanT «Arporpenaparbl HOBOTO MOKOJEHUS:
CTpaTerusi KOHCTPYMPOBAHUSI M peau3alusi», 1Lelb KOTOPOro 3akKiIioyaeTcs
B pa3pab0TKEe HAyYHBIX OCHOB KOHCTPYUPOBAHMS HKOJIOTHYECKH O€30IMacHbIX
1 3¢ (HEeKTUBHBIX (POpPM MpemapaToB IS 3aMUTHI CEIIbCKOXO3IMCTBEHHBIX KYIh-
Typ OT COPHSAKOB M BO30ynutenel Ooyie3HEH C aApeCHBIM M KOHTPOIUPYEMBIM
BBIXOJIOM aKTHBHOI'O Hayaja 3a CUET HMCIOJIb30BAHMS B KAUECTBE OCHOBBI OHO-
pa3pylaeMbIX MOJUMEPOB.

Pa3pabarbiBaeMass B paMKax IPOEKTa TEXHOJOTHS — CO3/IaHHE
U IPUMEHEHHUE B CEIIbCKOM XO3SIMICTBE arponpenapaTroB ¢ KOHTPOJIUPYEMBIM BbI-
CBOOOXKJICHUEM JICUCTBYIOLIMX BEIIECTB ([I.B.) B KAUECTBE CPEJICTB 3aIUThI pac-
tenuii (C3P). ArponpenapaTsl ¢ KOHTPOJUPYEMBIM BBICBOOOXKIECHUEM — 3TO
KOMOMHAIMA  JEHUCTBYIOIIMX  BEHIECTB  CPEJICTB  3aIllUThl  PACTCHHI
U pa3pylIiaeMoil MOJMMEPHOW OCHOBBI. ArpomnpenapaTrbl ¢ KOHTPOJIUPYEMbBIM
BBICBOOOKJIEHUEM OOECIEeUYMBAIOT JOCTaBKY JA.B. K MHUILIEHU C KOHTPOJIUpYeE-
MBIMHA CKOPOCTSIMM B TEUEHHE 3aJaHHOrO0 NepuoJa BpeMeHH. B kauecTBe
OCHOBBI B pa3pabaTbiBaeMbIX IIpenaparax HCHOJIL3YIOT OuopasiaracMble
MOJIMMEPBl MUKPOOHOTO MPOUCXOXKICHUSI — moJuruapokcuankanoatsl (I1T°A),
IPU Pa3IOKEHUU KOTOPBIX B OKpYXKAlOLIEH cpele He o0pa3yeTcsi TOKCUUYHBIX
BelecTB. JJist TOro 4To0bl TOUHO HACTPOUTH XaPAKTEPUCTUKU arponpenaparos,
pa3pabaTbhiBa€MbIX B paMKaX IPOEKTa, B COOTBETCTBUU C NOTPEOHOCTSIMHU
NOTEHIMAIBHBIX TOTPEOUTENEH U OLIEHUTh 00bEMBI MTPEANIOIAraeMOT0 BBIITYCKa,
HEOOXOAMMO TIPOBECTH aHAU3 COBPEMEHHBIX PBIHKOB CPEACTB 3allUTHI
pactenuil. [lonoxxenue nen Ha rinodanbHOM peiHKe C3P paccMOTpeHO B cTaThe
[1]. B nHactosimieli paboTe aHaTU3UPyeTCs] CUTyallusi Ha POCCHUHCKOM DPBIHKE
C3P.

eap padoThbl — aHAIN3 AUHAMUKU U TEKYIIETO COCTOSIHUSL POCCHICKOTO
peiaka C3P, onpenenenre TEHACHIMN Pa3BUTHS PbIHKA U KPYITHBIX OT€YECTBEH-
HbIX npousBoauteneit C3P; ¢popmynupoBanue OU3HEC-MOIENIM MPUMEHEHHS pe-
3yJNbTAaTOB UHTEIUIeKTyaabHOU coOcTBeHHoCcTH (HC).

Marepuajibl 1 METOAbI

O030p HalUMOHAIBHOM W MEXAYHAPOJHOW CTATUCTHKU, WHGOpMAIUU
U3 JIEJIOBBIX M OTPAclIeBbIX M3AaHUM, myOnukanuii mo reMe «CpeacTBa 3ailuThl
CEJIbCKOXO3MCTBEHHBIX PACTCHUIN.

PesyabTarsl

B CCCP B ponepectpoeuHblid IEPUOJ CIPOC HA MECTULIMABI yAOBIETBO-
pAJICA MOJTHOCTHIO, TpU 3ToM Ha 80 % 3a cueT OTEYEeCTBEHHOrO MPOU3BOJICTBA.

© Mumankwnii O. H., 2021
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B mepuon pedopmupoBaHUS AKOHOMUYECKHX OTHOIICHWA MPEANPUSTHS
HE CMOTJIM KOHKYPHUPOBaTh C KPYIMHBIMH 3apyOe)KHBIMH KOHIIEPHAMU U ObLIA
BBITECHEHBI C PhIHKA CPEJICTB 3allUThl pacTeHuil. B nepuoa pegopm B 90-e rojibl
CYILLIECTBEHHO CHU3WIACh TOCYJapCTBEHHAs IUIAHOBAs MOJIEPKKA; PHIHOK Iec-
TULUJOB COKPATUJICS M Ha HEM CTalli JIOMUHUPOBATh KPYIHBIE 3apyOeiKHBbIC
npou3BoauTeNd. OTEUECTBEHHBIE TPOU3BOIUTENN MPEKPATUIIA BBIITYCK JIEUCT-
BYIOIIMX BEIIECTB [JII XUMHUYECKUX CPEACTB 3alIUTHI pAcTeHUU. EMKOCTH
pbiaka B 1996-2000 rr. cocraBuia auiib 29,6 ThIC. T MECTUIIUI0B, & 00BEMBI UX
npuMeHnenus — 28,4 miH. ra [2, 3].

B nactosimee Bpems B Poccun chopMupoBaics peIHOK MECTHIHIOB, CO-
CTOSIIUN M3 JIByX KOMIIOHEHT: ME€pBasi — 3TO MOCTABKU KPYIHBIX 3apyOEKHBIX
bupm, KOTOpbIe 00ECTIEUYMBAIOT POCCUMCKHUX MPOU3BOIUTENCH NEHCTBYIOIINMHU
BEILIECTBAMU MECTUIMIOB; BTOPAsi — 3TO MOCTAaBKU POCCUUCKUM CEJIbXO3MPOU3-
BOJUTENSIM TOTOBBIX IIpENapaToB, KOTOpPHIE MPOU3BOJIATCS HHOCTPAHHBIMU
Y OTEYECTBEHHBIMH KOMITAHUSIMU.

Takum  oOpaszoMm, mpeanpustus P®  BpIMycKarOT  MECTUIIMJIBI
C MCTIOJIb30BaHNEM 3apyOEKHBIX JICUCTBYIOIIMX BEIIECTB, MO CYTH — 3aBepIiasi
B Poccuu mpou3BoACTBEHHBIEC IUKIIBI 3apyOEKHBIX TPOU3BOICTB.

B nocnennue roasl oTMeHaeTcs CyHIECTBEHHBIM pocT nmpuMeneHus: C3P
B pactenneBoacTBe P®. Tak, 2010 mo 2019 rr. yBennuenne npuMeHEHUs Tec-
TAIUI0B coctaBwio 74,5 % [4]. OcHoBHas mpuuyuHa TOro, 4yro B Poccuu Ha-
0JII0aeTCs CYIIECTBEHHOE YBEIUYEHNE MPUMEHEHHUS TIECTULIU/IOB, 3aKJIF0YaETCs
B TOM, 4TO paHee C3P B cTpaHe NPUMEHSINCH B KOJIUYECTBE, HUKE YPOBHS, HE-
00XOAMMOTO JIJIsi TIOCTHUXKEHUSI BHICOKMX yposkaeB. Celyac cuTyalusi MEHSIETCS
B CTOPOHY ONTHMU3AIIUU TEXHOJOTUNA U 00beMoB npuMeHenus: C3P, u MmHorue
aHAJUTUKU OTMedaroT, 4yTo Poccusi oOnamaer 3HAYMTEIBHBIM MOTEHIIMAIOM
JAIbHENIIIETO POCTa ITOTO MOKA3aTes.

B Tabn. 1 mpuBeaeHbl JaHHBIE O MIPEIIOKEHUHN TIECTUITUIOB 3a T0J1, KOTO-
poe ompenensiercss Kak CKJIaJCKUE 3amachl NECTUIMI0B HAa HA4yajao roja ILUIC
00BeM TMECTHUIMIOB, 3aBE3€HHBIX H3-3a pyOeka WIM MPOU3BEJCHHBIX BHYTPU
CTpaHbl B TEYEHHUE TOJIA.

Tabmuma 1
O6bem 2016—-2020 rr. 1 mporuno3 2021-2025 rr.
npeuioxkeHus nectuiuioB, PO, (Teic. T; %) [5]

Mapaverp | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Hpeiﬁi”‘:‘*”e’ 178.4 | 206.7 | 203,4 | 206.2 | 239.8 | 248,1 | 2559 | 268,7 | 284 | 297.7
Junamuka, %
K MPpeabLIyIIe- — 159 | -1,6 1,4 16,3 3,4 3,2 5,0 5,7 48
My TOIY

B 2020 rony cymmapnas Bbipyuka 50 KpyInHEUIINX TPOU3BOJAUTENEH TEC-
tunuao0B B PO cocraBuna 71,3 mapa. pyOneit. B tabnuie 2 npencrasnersr 10
npeanpusiTuid (MMeronme OCHOBHOW Buja nestenbHocTH o OKBOJI: 20.20
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«IIpou3BOACTBO MECTULMAOB M MPOYUX ArPOXUMHUYECKUX MPOIYKTOBY)
C HauOOJIBIINM pa3MepoM BeIpyukH 3a 2020 roa. Benymmmu npou3BoAUTENSIMU
NECTUIMJIOB HAa OTEYECTBEHHOM pBIHKE SBIAIOTCS C OOJBIIMM OTPHIBOM
ot n1pyrux — AO «ABryct» u AO «lllenkoBo Arpoxum».

Ta0muma 2
Opranuzanuu PO ¢ HanGoabIuM 00beMOM BBIPYUKH

B 2020 roay o xkoxy OKB3/1 20.20
«ITpon3BOJACTBO MECTUIIMAOB M MPOUYUX arPOXUMUYECKUX MPOTYKTOBY

Mecto Oprasmsams [Toka3zarenu, MitH. pyo.
BEIpyYKa AKTUBBI
1 AO ®upma «ABrycr» 31021 44722
2 Axmroneproe ObmectBo «lllenkoBo Arpoxum» 19 805 32 926
3 000 «ABI'YCT-AJIABYT A» 4 489 10 450
4 000 SEMJIIKOD® KPOIT ITPOTEKIIEH» 2 320 1324
5 000 «AT'PYCXUM-AJIABYT A» 1820 2 746
6 000 «Kuposo-Yeneukwuii 3aBo1 "ArpoxumMuKar » 1571 1570
7 AO «2®OMCH BOJIT'A» 1193 2372
8 00O «Bonra Uanmactpuy» 998 888
9 000 «COUDPTU U] KOPIIOPOHILIH» 866 630
10 000 «/IOKTOP ®APMEP» 659 210

Ecnu Benymue arpoxuMuyeckre KOMIIAHUU MPEIoJiaraloT y4yacTBOBATh
B HaOJI0JaI0NIeMCsl B MTOCJIEIHUE TO/bl YBEJIMUEHUN MPOU3BOACTBA MPOTYKIUH
OTEYECTBEHHOI'O  pPACTEHHEBOJCTBA, OCTaBasICh  KOHKYPEHTOCIOCOOHBIMU
C HOBBIMH BBIXOJSAILIMMH Ha PHIHOK NPEANPUITUIMU, UM CIEAYET YCKOPUTH pa3-
pabOTKy HOBOM MPOIYKIUH IS 3aLIUTHl PACTEHUNH. DTUM KOMIAHUSIM, TOMUMO
ceoux BHyTpeHHUX HMOKP no pazpadotke HOBbiXx C3P u crnoco0oB ux moc-
TaBKH, HEOOXOIUMO PACCMOTPETh BApUAHTHl MHBECTUPOBAHUS B TIEPCIICKTHUBHBIE
MOJIO/IbIE KOMIIAHUH C TIOMOIIBIO CTIENU(DUYHBIX AJI1 OTKPBITHIX WHHOBAIIMA MO-
neneil puHaHCUPOBaHUS.

[ToTeHnMambHBIMU MOTPEOUTENSIMU arpoMpernapaToB HOBOTO TOKOJICHUS
MOTYT CTaTh HE TOJBKO POCCHICKHE, HO U 3apyOeKHBIE PACTEHHUEBOTIECKUE XO-
3iicTBa. ArporpemnapaTbl HOBOTO IMOKOJICHHS MOTYT IMOCTETIEHHO MOJHOCTHIO
3aMeCTUTh MPUMEHSEMbIE B HacToslee BpeMs Tpaauimonnbie C3P, mockoiabKy
MO3BOJIAIOT MOBBICUTH PEHTA0EIbHOCTh MPOU3BOACTBA CEIbCKOXO3SICTBEHHOMN
OPOAYKIMHM 1O CPaBHEHUIO C TPAJAUIMOHHBIM TNPUMEHEHHEM KOMMEPYECKUX
XUMHUYECKHUX CPEJICTB 3aIIMTHl PACTEHUN, CHU3UTHh PUCK HEKOHTPOIUPYEMOTO
pacnpocTpaHEHUs U aKKYMYJISIIIUU TIECTUITUI0B B Ouochepe [6].

Ha nam B3risi, mepcreKTUBHBIM BapUaHTOM NMPAKTUYECKOTO BHEAPEHUS
HC, co3naBaemoit B paMKax MpoeKTa «Arpornpenaparbl HOBOTO MOKOJICHUS. ..,
MOJKET CTaTh MOKYIKAa OJHOM M3 BEIYIIUX arpOXMMHUYECKUX KOMITAHUN MaJioro
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npennpustus (cTaprama), Ha KOTOPbIH OyAeT 3aperucTpupoBaHa pa3padarhl-
BaeMas B pamkax mara-rpanta MC. B pamkax Takoi OuzHec-mMojenu KoMMep-
UAJIU3alAA arpOXUMHUYECKas KOMIIaHHsS ITOJIY4YaeT BO3MOXHOCTh BKJIaJbIBATH
pecypchl U KOMIIETEHIIMM B pa3paboTky u co3fganue C3P HOBOro moxoseHus
Y BBIBEJICHUS ATOW IPOIYKLHUH HA PBIHOK, @ UCCIIEOBATEIN C MCIOJIb30BAHUEM
JIOTIOJIHUTENBHBIX PECYPCOB CMOTYT aKTMBHEE IPOBOAMTH MACIUTaOHbIE UCCIIE-
JIOBaHUsI, B TOM YHUCJIE B YaCTH Pa3pabOTKN MHHOBALIMOHHBIX arpoIpenapaTos.

Cnmcok JuTeparypbl

1. umankuii O. H. (2021) I'moGanpHas MHIYCTpUs 3alIuThl pacTeHui. JKypHan
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2. 3axapenko B. A. PeiHOK mectunmnoB P® u mepcneKkTUBBI €ro pa3BUTHA. 3allluTa
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C. 3019.
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TEXHUKO-QKOHOMUYECKASA OLIEHKA 3®PEKTUBHOCTHU
NMPUMEHEHUA NECTUUMOHBLIX MPENAPATOB HOBOIO
NMOKOJIEHUA "

A. lapanartoBa®, O. lLnwaukuii®®, B. Bonn'

1Kpacn0;zpc1<uﬁ 20CY0apCmeeHHbll A2papHblll YHUsepcumen,
Poccus, Kpacnospck, npocn. Mupa, 90
2HHcmumym ouogpusuxu @PUIL] KHI] CO PAH, Poccus, Kpacnosapck, Akademeopoook,50/50
3Cu6upcz<m7 gedepanvuwiii ynusepcumem, Poccus, Kpacnospck, np. Ceoboonuwii, 79

HeobxoaumocTh HapamuBaHusi 0ObEMOB pPACTEHHEBOJICTBA, B TEPBYIO
ouepeb — MPOU3BOJACTBA 3€PHOBBIX KYJIbTYpP, AUKTYETCS POCTOM HACEJICHHS,
JUISE KOTOPOTO 3€PHO SIBJSIETCSI OJHUM M3 TJIaBHBIX HCTOYHUKOB MPOTYKTOB IH-
TaHWSA, a TaKKe paCUIMPEHHEM THOTPEOUTENbCKOM 0a3bl KMBOTHOBOJCTBA
Y NTULEBOJACTBA, I/I€ 3€pPHO — OJWH M3 OCHOBHBIX KOMIIOHEHTOB KOPMOB.
Ho 3emMenbHBI pecypc He Oe3rpanuueH. [lou, oTBedarommx TpedyeMbIM ycIo-
BUSIM M TIPUTOJIHBIX JJIS1 CETbCKOXO3SIICTBEHHOTO MPOU3BOJICTBA, HE TaK MHOTO.
[ToTomy TpeOyeT pelieHus BOIpoc, KakK ¢ YK€ UMEIOIIMNXCA IUIOIAIeH MoJIy4aTh
0oJsiee BBICOKHE ypoXkau. BbIXoa BUIUTCS B OpraHU3alluy pallMOHAIBLHOTO MPH-
MEHEHUsSI CpEACTB 3aIlIMThl pacTeHU i1 OOpbObI C COPHBIMU PACTEHUSIMU
U uTONaTOreHaMu, SIBJISIOIIUMUCS HAPSAY C BPEAUTEIAMH, OJTHON U3 TJIABHBIX
PUYUH CHIDKEHUS YPOXKaMHOCTH CEIhCKOXO3SHUCTBEHHBIX KynbTyp. [lepcrek-
TUBHOCTb HOBBIX IMpENapaToB JJIs 3allIUTHl PACTEHUM U BO3MOXXHOCTb HUX IPaK-
TUYECKOTO HCIIOJIb30BaHUS OIPEACIIAIOTCS HE TOJBKO OMOJIOTHYecKor 3 dek-
TUBHOCTHIO B CpPaBHEHWHU C TPAIUIIMOHHBIMHU CPEICTBAMH U TEXHOJOTHUSMHU
NPUMEHEHHUs, HO B 3HAUYUTEIBHON Mepe 3aBHCHT OT TEXHHKO-dKOHOMHYECKUX
NoKasareliel UX NPOU3BOJICTBA U TPUMEHEHUS.

Heanb padorbl — TexHUKO-3KOHOMHUYEcKas oueHka (TDO) pe3ynapTaToB
MTUOHEPHBIX MOJIEBBIX UCIIBITAHUNA TOJITOBPEMEHHBIX MECTUIIMIHBIX MPEnaparTos,
JEMTOHUPOBAHHBIX B Pa3pylIaeMyl0 OJIUMEPHYIO OCHOBY, KOTOPbIE OJTHOKPATHO
BHOCSIT B TMOYBY C CEMEHHBIM MaTE€pUAIOM, B CPaBHEHHH C TPATUIIMOHHBIMH
TEXHOJIOTUSIMH 3aITUTHI CETLCKOXO03SHCTBEHHBIX KYIBTYP.

Martepuajbl 1 METOIbI

TOO BbITIONHEHA MO pe3yJibTaTaM IMOJIEBBIX HCIBITAHUN BEreTallMOHHO-
roro ce3oHa 2020 r., mpoBeIEHHBIX, COIIACHO HOPMATUBHOM TOKyMeHTaIuu [ 1—
3]. TloneBble UCHBITAHUS BKJIHOYAIU CBOOOJIHBIE KOMMEPUYECKHE MECTHIIMIHbIC
npenapartsbl (KOHTPOJIb) U AKCIIEPUMEHTAIbHBIE OPMBI B BUJI€ TPAHYJI, U3TOTOB-
JeHHbIX coryiacHo [4]. UcnbiTansl pazpaboTtaHHbie (JOPMBI CHCTEMHOTO repou-
uuna Ttpubenypon-metuwsi (TPUB) u cucremHoro ¢ynrunuaa TeOykoHa30I1

© IllapanaTosa A., llnmankwuii O., bonn B., 2021

* PaboTa BBINIOJIHEHA 33 CYET CPEJCTB MerarpaHra «Arpolpenaparsl HOBOTO MOKOJICHHS: CTpaTerus
KOHCTpynpoBanust u peanuzanust» (Cornamenue Ne 074-02-2018-328) no ITocranosnennto [IpaBurenscrsa PO
Ne 220 or 9 anmpensa 20210 r. “O mepax no HIpHUBIEUEHHUIO BEIYLIUX y4eHbIX B By3bl Poccum» VI ouepens
(Cornamenue COY u MuHHCcTEpCTBa HAyKH U BbIciiero oopasosanust Ne 075-15-2021-626).
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(T2B), koTopblil HcHbITHIBaNU B KoMIulekce ¢ repounuaom B (TPUB+TOB);
necTuuIbl pousBeacHbl B Kurtae (pupma XianTai Cheng Chem Co., Ltd).
B koHTposie HCHONB30BAIM KOMMepUeckue aHanoru (repounmn «Moptupay
u pyarunua «bynkep») («Asryct», P®). IloneBble UCHBITaHUS MPOBEICHBI
B nipuropojie KpacHosipcka Ha 0a3e yueOHOTo Xo3siiicTBa «MMHIEPIHMHCKOE)
OI'bOY BO «KpacHOspckuid TroCyIapCTBEHHBIN arpapHbli YHUBEPCHUTET)
Ha sipoBoii  miueHunie copta HoBocuOupckas 15. CemeHa MIIEHUIBI
B OKCIICPUMEHTAJIBHBIX ~ TpyNNax  BHOCWIM B IOYBY  OJHOKPATHO
Y OTHOBPEMEHHO C JENOHUPOBAHHBIMH IECTHUIMAAMU. B KOHTpOJE MPOCEBHOU
MaTepHal 3a CTYKH JI0 IT0CeBa ObLI MPOTPABIIEH pacTBOPOM Ipenaparta byHkep;
MOCEBBI MIICHUIIBI B a3y KylleHus: OblIu 00paboTaHbl pacTBOPOM TepOHIIHI-
HOTO Inpemnapara Moprupa.

Pe3yabTaThl

TexXHUKO-IKOHOMMYECKANA AaHAIW3 BKJIIOYANI: TEXHOJOTHYECKUE KapThl
CTPYKTYpBI 3aTpaT MNpH MNPOU3BOJICTBE MIICHUIBI B 3aBUCUMOCTH OT (POPMBI
U crioco0a MPUMEHEHHS] MECTUIMIHBIX IPenapaToB; XapaKTEPUCTHKY 3aTpat
Ha MPOU3BOJICTBCHHBIE ONEPALMU IPU MPOU3BOJACTBE IMIIEHULBI C UCIIOJIb30Ba-
HUEM KOMMEPUYECKHUX U JIETIOHUPOBAHHBIX MPEMAPATOB; MOKA3ATEIN SKOHOMUYE-
CKOM 3((dEeKTUBHOCTH MPUMEHEHHUS JEMOHUPOBAHHBIX MECTUIIMIHBIX IMpernapa-
TOB.

Omnpenenenre 3KOHOMUYECKONW 3PPEKTUBHOCTH MPUMEHEHHUS JIETIOHUPO-
BAHHBIX TMECTULMAHBIX MPENapaToB BKJIKOYAET CPABHEHUE MPOU3BOJICTBEHHBIX
3aTpar MO BCEM TEXHOJIOTMYECKHM OIEPALMAM, HCIIOIb3YEMBIM MPH MPOU3BOI-
CTBE€ 3€pHOBBIX KYJIbTYp B arpocektope PD. Pacuér sxoHoMuueckout a3 pexTun-
HOCTH Oa3upyercs Ha ONpe/esieHHe MaTepualbHbIX W MPOU3BOACTBEHHBIX 3a-
TpaT Ha €IVHHUIY IUIONIAAM W E€AUHULY CEJIbCKOXO3SMCTBEHHOW NPOIYKIIHH,
CpPaBHEHHUE YpPOKAMHOCTU U c€0ECTOMMOCTH TMOJYYEHHON NPOAYKIWHU, PEHTa-
o6enbHOCTU. [IpOM3BOCTBEHHBIE 3aTpaThl ONMPEIEICHBI MO COCTABICHHBIM TEX-
HOJIOTUYECKUM KapTaM MNP BO3JEIbIBAHUHM HCHBITYEMBIX CEIbCKOXO3SICTBEH-
HBIX KYJbTYp, KOTOpBIE BKJIIOYAIOT NPSIMBIE 3aTpaThl, COCTOSIIME W3 3aTpar
Ha OCHOBHYIO 00pabOTKYy IOYBBI, MPEANOCEBHYI0 00pabOTKy (KYyJIbTHUBAIIMS,
o0paboTKka CeMsiH, TIOCEB), NMPUMEHEHHE XHWMUKATOB B TEUYCHHE BEreTalluH,
yOOpKy yposkas.

JIns pacu€ra TEXHOJOTHMYECKUX KapT IO MPOU3BOACTBY 3€pHA IMILICHUIIBI
B KQUECTBE TIOKAas3aTelsl B34ATa IIOCEBHAas Iulomaab B | ra u  [JaHHBIE
110 YPOKANHOCTH, TTOJTYYCHHBIE B MOJIEBBIX UCTBITAHUAX. OCHOBHBIMU CTaThsIMU
3aTpar IpH MPOU3BOJICTBE MPOAYKIMU PACTEHUEBOACTBA SABIIAOTCA OILIATA TyJ1a
C OTYUCJIEHUSIMH HA COLIMAJIbHBIE HYK/Ibl, MAaTEPUAIBHBIE 3aTPATHI, B TOM YHCIIE
3aTparbl HA CEMEHA, I'OpPIOYE-CMAa304YHbIE MATEPHUAIbl, XUMUYECKUE CPEICTBA
3aIIMUTBI PACTEHUH, SJIEKTPOIHEPTHUIO U JIp., aMOPTU3aLMs, 3aTPaThl HA TEKYIIHA
PEMOHT CENbXO3TEeXHUKU M MPOYHe 3aTpaThl, BKIKOYAIOIINE OOIIETPOU3BOICT-
BEHHBIC W 00IEX03UCTBEHHBIC pacXonl. Mcxoas u3 cocTtaBieHHbIX TexHOIo-
TMYECKUX KapT MO BO3JCIBIBAHUIO 3€PHOBBIX KYJIbTYp, B TaOi. | mpuBeIeHBI
IIPOM3BOJICTBEHHBIE 3aTPATHI U CE0ECTOMMOCTD MTPOU3BEACHHOMN MPOIYKIIUH.
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Tabmanma 1

CocTaB OCHOBHBIX CTaTei 3aTpaT Ha BhIpAlIMBAHKE MIIIEHUIBI 1 CEOECTOMMOCTh
1 11 3epHa, pyO. npu paznuyHbIX GopMax U croco0ax MPUMEHEHHsI IECTUIINIOB

Bapuanr
KonTpoiib
(mpotpasJu- DKCTepHMEHT DKCIePUMEHT
KouTposs BaHUE CEMSIH (HECEHIE (BHECEHHME
CraTby 3aTpar (ompeIcKkHBa- | (YHTHIHIOM roarv T | TPAHYI Tpu-
HUE oceBOB | byHkep u on- 6IG)H y0H-f\)4e- OCHYpOH-Me-
repOMIIMIOM | PBICKHBAHHE THHZI:TPH Ho- TWI+
Moptupa) | TOCEBOB rep- cee) +TebykoHazou
onImaIOM IIPH TIOCEBE)
MopTtupa)
1. Omnara tyna
C OTYHUCJIEHUSIMU 2 104,26 2 151,75 1 880,59 1 898,48
Ha COIMAJIbHBIC HYKIbI
E'B&ﬁfp“am"“"e 3aTPATEL | 4 910 83 4 888,03 4797,23 492283
B T. 4. CEMEHA 1 350,0 1 350,0 1 350,0 1 350,0
TOPIOHE-CMASORHBIE MATe™ | 5 511,27 2 211,27 2 120,49 2 120,49
pHaIbI
XUMHAYECKHE CPEACTBA
3aIUTHl PACTCHHH (Ce- 280,0 362,8 — —
MEHHOI'0 MaTepuaa)
AJIICKTPOIHEPT U 5,2 6,24 5,38 6,77
aBTOTPAHCIIOPT 161,13 154,46 166,36 207,77
BOJIa Ha MTPOU3BOJICTBEH- 393 396 _ _
HBIE HYXIbI ! !
MEJIKHI HHBEHTaph 800,0 800,0 800,0 800,0
JICTIOHUPOBAHHBIC TIECTHU- B B 355 437.8
IIUTHBIC TIPETapaThl
3. AMopTuzanus 1 549,38 1 558,44 1524,87 1 533,00
4. Texymmii peMOHT 1 681,48 1688,1 1662,24 1 666,24
5. [Ipoune 3aTpatsl 772,73 783,11 761,83 776,02
6. OOmIenPOU3BOICTBCHHEIC
1 00IEX03AIICTBEHHBIE 1913,73 1 943,89 1 855,35 1 889,31
pacxojisl (20 %)
Beero satpat #a 1 ra no- 12 832,4 13 013,32 12 482,11 12 685,89
ceBa IMIIEHULIBI
CebecTonMoCTh 1 11 3epHa 394,8 418,4 371,5 2999

HaulGonpmve 3arpaTel mpu TPOU3ZBOJACTBE MINCHUIBI WMEIH MECTO
B TTOJIOKUTEIHHOM KOHTPOJIE B BapHWaHTE MPOTPABIMBAHUE CEMSH IMpernapaToM
bynkep u ompeickuBaHHe MoceBOB mpenapatroM Moptupa, — 13 013,32 py0.
Ha 1 ra. Cample HHU3KHE 3aTpaThl MOJYYEHBI B DKCIEPUMEHTAIHPHOM BapHaHTE
IIPU MCTIONB30BaHUK TpaHyn ¢ TpubenypoH-metuinom — 12 482,11 py6. Camas
HU3Kas ceOECTOMMOCTh 3€pHA IMIISHUIIBI MOyYeHa B AKCIIEPUMEHTAIBHOM Ba-

pHUaHTe,

204

B KOTOPOM IIOJIydY€Ha cCaMasAd BbICOKasa ypO)K&fIHOCTI:: MNIIICHUIIBI




IV International Scientific Conference

«BIOTECHNOLOGY OF NEW MATERIALS — ENVIRONMENT — QUALITY OF LIFE»

P MCTIOJIB30BAHHUH KOMIUIEKCHBIX rpaHy’. DKOHOMUS 3arpar

B DKCIIEPUMEHTAJIBHBIX TPYIINIaX OTHOCUTENBHO KOHTpoJel coctaBuia ot 180,92
1o 327,43 py0. Ha 1 ra.

CornocTaBieHue 3aTpaT IpH ABYX UCCIEIOBAHHBIX CIIOCO0AX XUMUYECKON
3aIUTHI MIOCEBOB MIICHUIIBI C IpUMEHEHUEM KOMMEPYECKUX
U DKCIIEPUMEHTAIBHBIX (POPM MECTULIUIOB JaHO B TaOJ. 2. DKCIUTyaTalluOHHBIE
3aTpaThl MPHU BBIPAIIMBAHUYU MILIEHUIIBI C YYETOM TEXHOJIOTHYECKUX OTEpaIHii
«IOCEB» W «IPOTPaBIMBAHWE CEMEHHOIO MaTepuana» B CyMME COCTABHIIM
1 049,29 py0. [IpuMeHeHun omepaiuii Mo yXoay 3a moceBamH (IIOJBO3 BO/IbI,
MPUTOTOBJICHUE PACTBOpPA JJIsl ONMPHICKUBAHUS U ONIPHICKUBAHUE MTOCEBOB repOu-

nuaaMu) oOmiasi cymMMa SKCIUTyaTallUOHHBIX 3aTpaT Ha 1 ra cocraBuia
1 621,42 py6.

Tab6amma 2
CtpyKkTypa 3aTpaT IpH BO3ACIIBIBAHUHN IIIECHUIIHI TI0 OCHOBHBIM
TEXHOJIOTHUYECKUM OTepaIysam, pyo. Ha 1 ra mpu pa3andHbix popmax
U CIoco0ax MpUMEHEHUS MECTUITUI0B

IToces ¢ onHOBpE-
Ipo- Onpsi- MEHHBIM BHECCHUEM
rpaHyI
TpaBiH- | CKHBa-
Uroro I'pa-
BaHUC HHE T10-
C 1o ore- HYJIbI
TaThU 3aTpar IToceB | cemsiH CEBOB
(bynHru- renGu- | A I'panyner | Tpube-
yH p (2+3+4) | TpubGeny- | HypoOH-
[HI0OM HIOM
Bynkep | Mopripa pOH-METHII | METHI+
yH Tebyxko-
Ha30J1
1 2 3 4 5 6 7
1. OcHoBHas
Y JIOTIOJTHUTEITbHAS 3a-
paboTHas riaTa 272,85 39,33 165,15 477,33 272,85 272,85
C OTYHCIICHUSMH
Ha COIMATLHBIC HYKJIbI
2. AMopTu3anus 146,21 10,38 11,65 168,24 146,21 146,21
3. Texymuii pemont 150,19 | 7,26 10,0 167,45 | 150,19 | 150,19
arperara
4. Toproie-cMasoumbie. | ogq - 7486 | 36388 | 289,02 | 289,02
MaTepHabl
5. DnekTposHeprus - 1,26 - 1,26 — —
6. XuMuKaTel - 82,83 283,23 366,06 355 437,8
7. Hpoune npsmre 4291 | 7,05 27,24 77,2 42,91 42,91
pacxoIpt
Bcero 3arpar 901,18 148,11 572,13 1621,42 | 1256,18 | 1338,98

Takum 00pa3om, P KCTOIB30BAHUH TEXHOJIOTUU XUMUYECKON 3aIlUTHI

MIOCEBOB TIICHUIIBI ¢ MPUMEHEHUEM JICTIOHUPOBAHHBIX MECTUIIMIHBIX Tpernapa-
TOB B CPAaBHCHHH C TPATUIIMOHHBIMH TEXHOJIOTHSIMU 3aTPaThl COKPAIIAIOTCS
c1621,42 py6./ra no 1256,18 py6./ra miu 1 338,98 py6./ra B 3aBUCUMOCTH
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OT COCTaBa TpPaHyJ, COOTBETCTBEHHO, C OJHHUM TE€pOULHIHBIM MpErnapaToM
WM B KOMIUIEKce reponnua+dyarumua. Takum o6pa3om, OCEB ¢ OTHOBPEMEH-
HbIM BHECEHUEM B IOYBY JCMTOHUPOBAHHBIX MECTHUIMIOB BMECTE C CEMEHHBIM
MaTepuaJioM »SKOHOMHUYECKHM BBITOJIEH, TaK KaK MpHd 3TOM MPOUCXOJIUT
COKpallE€HUE JKCIUTyaTalHOHHbIX 3atpaT ¢ 11,8 mo 9,4 % 1o cpaBHEHUIO
C 3aTpaTamMH MpPH OCYIIECTBICHUU KOMILIEKca padOT Mo MOCEBY, MPOTpPaBIIMBa-
HUIO CEMSIH U ONPBICKMBAHUIO MIOCEBOB repOULIUIAMHU.

TexHUKO-9KOHOMUYECKHE HCCIEAOBaHUs TMOKa3alu, YTO JIOBCXOJIOBOE
TPYHTOBOE NMPUMEHEHUE JICTIOHUPOBAHHBIX MECTULIMIHBIX MPENapaToB 3a CUET
COKpallIeHUs 3aTpaT Ha OMNepaluu MO MPOTPABIMBAHUIO CEMSH U ONPBICKUBA-
HUIO pAacTEHUW B TMEPUOJ BEreTalud, COMPOBOXKIACTCS  YBEIUYECHHUEM
YPOKaHOCTH TIIEHUIIBI UM O00ECIEeYMBACT 3KOHOMHUIO 3aTpar IMpHU €€ IMpo-
u3BoJicTBEe Ha 327,34 pyO. Ha | ra, MO3UTUBHO BIUSAET HA cE0ECTOMMOCTh MPO-
TyKITWW, TIOBBIMIAS PEHTA0ETBbHOCTh TMPOM3BOJICTBA Ha 66,1 % 1o cpaBHEHHIO
C TPAAUIIMOHHBIM TMPUMEHEHUEM KOMMEPUYECKUX TMECTUIIUIHBIX MpEernapaToB

(tabu. 3).

Tabnuma 3
[Toka3zaTenn 3kOHOMUYECKOH 3P(HEKTUBHOCTH MPOU3BOICTBA 3€pHA MIIECHULIBI
IIpU pa3anyuHbIX (opMax u crocobdax MPUMEHEHHUs ECTUINIOB

BapuanTsl
Kontposs DKCIEePUMEHT
KoHTpoJtb (mpoTpaBiMBaHUE Breconme
Moxasarern (OTIphICKHBAHHE CCM’HE (yHrummn Buecenue f—
IIOCEBOB YHIEP patyll Tpubenypon-
. — W OTIPBICKUBAHUE | TpyGenypoH- G
Moprupa) SO METHIA P | poGvkonason
repOouIuaIoM TOCERE yK
Moprupa) U MOCEBE
IToceBnas
[LIOIA(h 1,0 1,0 1,0 1,0
MIICHUIIBI, Ta
YpoxalHOCTh
MIIEHUEL, 11 ¢ 1 32,5 31,1 33,6 42.3
ra
3arpaThl CpeacTB
Ha | Ta moceBa 12 832,4 13 013,32 12 482,11 12 685,89
HIIEHUIIBI, PYO.
CebecTonMOCTh
MpoU3BOJCTBA | 394,8 4184 3715 2999
11 3epHa, pyo.
Cpenusis uena
peanmmzanuu 1 11 700,0 700,0 700,0 700,0
3epHa, pyo.
i&’;‘{?ﬁ;’;a‘ T 305,2 281,6 328,5 400,1
Jloxom Ha 1 ra
moceBa 22 750,0 21770,0 23520,0 29 610,0
HIIEHUIIBI, PYO.
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Okonuyanue Tadi. 3

BapuanTsl
Konrposs DKCIEPUMEHT
KoHTpost (mpoTpaBiuBaHue Brccomme
(onpbICKMBaHUE CeMAH QyHTHIH Buecenue
Ilokazarenu Bynkep rpa”yn
IIOCEBOB pany Tpubenypon-
" S— M OTPBICKHBAHAC | TpyGerypoH- D
Moprupa) cheBOB MeTiia fipi +Tebykonazoun
repounuiIoMm nocese
Moprupa) IIPH ITOCEBE
[Tonyueno
npuObUH Ha 1 Ta 9919,00 8 757,76 11 037,60 16 924,23
3epHa, pyo.
YpoBeHb
penTabenbHoCTI 77,3 67,3 88,4 133,4
MIPOU3BOJICTBA
MIISHUIBI, %o
3akioueHue

BrinmonHeHHbIE TEXHHUKO-3KOHOMHYECKHE HCCICOAOBAaHUA IIOKa3ajiu, 4YTO
AJOBCXOO0OBOC I'PYHTOBOC IIPUMCHCHHC ACIIOHHPOBAHHBIX IICCTUIHUIHBIX ITPCIIA-
PaToB, COIIPOBOKIAAIOIICCCA YBCIINUCHUCM ypOX(aﬁHOCTH HpOBOfI IMIMTICHUIIbI Ho-
BOCH6I/IpCKaH 15, o0ecreynBaeT YKOHOMUIO 3aTpar IIpHu IIPOU3BOACTBC IIHIC-
HUIBI, CHHNXKACT ce0eCTOMMOCTD IMpOAYKIIMH, IIOBBIIIAA C€C peHTa6eJIBHOCTB
10 CPABHCHUIO C IIPHUMCHCHHECM KOMMCPUYCCKHUX IICCTHIUIHBIX IIPCIIapaToOB
I10 TPAAUITUOHHBIM TCXHOJIOTHAM.
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BUONOIMMYECKU AKTUBHbIE CBOUCTBA JIEKAPCTBEHHbIX
PACTEHUW, MPOU3PACTAIOLLUX HA TEPPUTOPUM
KATIMHUHIPALCKOW OBJTACTU, MPUTOOHbIX
OnA NPOU3BOACTBA ®UTOMEHUKOB ™

O. O. babuy, B. B. JlapuHa, J1. H. CKpbInHuK, A. B. lyHrnH

DI'A0Y BO «banmuiickuti pedepanvruiii ynusepcumem um. U. Kanma,
236000, 2. Kanununepao, ya. A. Hesckoeo, 14, Poccusi; e-mail: stas-asp@mail.ru

Hcnonb30BaHne KOMIIOHEHTOB PACTUTEIBHOTO CBHIPBS JIJISl BKIIOUEHUS UX
B pElHenTypbl KOPMOBBIX J00aBOK SBISETCS aKTyaJbHBIM HampaBlICHHUEM
JUISL HAYYHBIX MCCIEAOBAHUNA M pa3BepTbIBaHUS MPOM3BOACTBA. (DUTOreHHBIC
KOpMOBBIE 100aBKHU ((pUTOreHnKku, phytogenics) NpUMeHSI0TCA B cpepe MICHOIO
IIPOU3BOJICTBA, NPEUMYIIECTBEHHO B NTHUIIEBOACTBE U CBUHOBOACTBE [l]. Pac-
TYIIUH HHTEPEC K (PUTOTCHHKAM OMpPEENsIeTCS BBEICHHUEM OTPaHUYUTEIBHBIX
OapbepoB Ha UCHOJIb30BaHUE B EBpOCOI03€ ONMpPEAEIEeHHOrO0 NEPEYHs CUHTETH-
YECKUX CTUMYJATOPOB pOCTa, OTHOCALIMXCA K TIpynne aHTUOMOTHKOB
(Antibiotic Growth Promoters). Takue orpanuydeHusi ObLTM BBEACHBI B CBSI3U
C OMACEHUSIMU Pa3BUTHUS PE3UCTEHTHOCTH K MMaTOr€HaM Yy KUBOTHBIX, a BIOCTE/-
CTBHUH U y uenoBeka. Kpome Toro, BBeieHnEe (UTOTEHUKOB B KOPMOBBIE T00aBKH
CHOCOOCTBYET MOBBIILICHUIO KAUYECTBA MSCHON MPOAYKIIHH.

buopasnoobpasue KannnuHrpanackoil o61acTu mo3BoJsieT pacCMaTpUBAaTh
JIEKapCTBEHHbBIE PACTEHHUS, MPOU3PACTAIONINE HA €€ TEPPUTOPHH, B KAYECTBE
MEPCIIEKTUBHOTO CBHIPBS ISl TIOMy4YEHHsST OMOJIOTUYECKN aKTUBHBIX BEIIECTB aH-
TUMHUKPOOHOTO JACUCTBUS, a B JalbHEHIIEM CIOCOOHBIX MCHOJIb30BATHCS
B [IPOLIECCE CO3/IaHUs PEUENTYP KOPMOBBIX JOOABOK.

eab ucciaenoBanuii — BeIICJICHUE U UCHTUPUKAIUS OUOJIOTUUECKHU aK-
TUBHBIX COCIMHEHUI U3 JIEKAPCTBEHHBIX pacTeHuid KanmnHuHrpaackoit obnactu.

Pe3yabTaThl

HccnenoBanbl CIEAyIONIME pacTeHUs: CKymmus KoxkeeHHas (Cotinus
coggygria), nyaauk oxkuparoruid (Lunaria rediviva), sxapHoBell MeTeIbuaThIi
(Sarothamnus scoparius), cuneronoBHuK mpuMopckuii (Eryngium maritimum),
rymaiiepa moisydas  (Goodyera  repens), JaabsHTpEX — Haape3aHHBIN
(Corallorhiza trifida), raiinuk cepanesunnbiii (Listera cordata), maabiaeKOpHHK
nataucteid (Dactylorhiza inaculata), mo6ka 3emenonBerkoBas (Platanthera
chlorantha), mo6ka aBynucrtaas (P. bifolia).

[Tpy W3yuyeHUM XMMHUYECKOTO COCTaBa JICKAPCTBEHHBIX pacTeHmid Kamm-
HUHTPAJCKONW 00JIaCTH OBLIM BBISBJICHBI UX CJIEIYIOIIUE CHEIU(UUIECKUe 0CO-
Oennoctu. B ckymnum koxxeBeHHo# (Cotinus coggygria) TOMUHUPYIOT PYTHH,

© babuu O. O., Jlapuna B. B., Ckpeimnnuk JI. H., [Tyarun A. B., 2021

* PaboTa BbIMONHEHA NpU (UHAHCOBOW MojJep)kke MUHHCTEPCTBA HAYKH M BBICHIEr0 00pa3oBaHHs
Poccuiickoit denepanuu B pamkax wucnosHenust ['panra Ilpesmpenta (Cormamenme Ne 075-15-2021-310
ot 19.04.2021 (BuyTpenuuii Homep M/1-135.2021.1.4)).
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runepo3us, ¢epynoBas KUCIOTa, KBEPLETUH, Kemrmdepois, Iucynb(ypeTuH,
cynbypeTuH, cyabQyperH, TajjioBas KHCIOTa, METHJ TajulaT, MEeHTarauIonT
rmoko3a, 3,3',4',5,6,7-rekcaruapokcudaaBonon, 3,3'.4',5,5',7-rexcaruapok-
cudpnaBoHoH, 3-O-a-L-pamnodypanosun, 3,3'.4'.5,5',7-rekcaruapokcudiaBy-
mayMm  (1+), 7-O-B-Drmrokonupanosun u 3,3',4',7-TeTparupoKcudIaBOHOH.
Jlynnuk oxwuBaronuii (Lunaria rediviva) comep:KuT JyHapHaMUH M JIyHApUH;
’KapHOBel[ MeTenbuathiii (Sarothamnus scoparius) 6orat takumu BAB, kak
anb(a-u3ocnapenH, 4-Mepkanto-4-metui-2-neHtadod, 11,12-geruapocnaprenH
U TUMETUIO0BbIHN 3¢up 1,4-0eH3011MKapOOKCHIIOBOM KHCIOTHI.

CuneronoBHHK npumopckuid (Eryngium maritimum) oGorarieH jie1oiom,
CHATYJICHOJIOM, 9-xaguHEeH-15-0/10M, 12-oneanen-3,22,28-tpronom,
a JISKapCTBEHHOE pacTeHHe Tyhaiiepa monsydas (Goodyera repens) Gorara Be-
HIECTBAMH — PYTHH, TyeepHH, KeMidepon-3-O-pyTuHO3u I, n30paMHEeTHH-3-0-
PYTUHO3H]I.

YcraHoBiieHO, 4TO JanbsaH TpexHaapesaHubiii (Corallorhiza trifida) co-
JIEPKUT B cBoeM cocTase cienytoniue bAB: anurenun, antouunan-2,4-O-quriu-
KO3WJ1, KBEPIICTHH, a JICKAPCTBCHHOE pacTeHUE TalHWK cepaueBuanHbii (Listera
cordata) Oorar moreonnH 3,4'-IUTTIOKO3MIOM, KBepueTtuHoM, 3,3'.4',7—teTpa-
TUAPOKCH(IIaBOHOHOM; B JIEKAPCTBEHHOM PACTEHHUH MaJIbIIEKOPHUK TSI THUCTHIN
(Dactylorhiza inaculata) momMuHHPYIOT TakKe OMOJOTMYECKH AKTHBHBIC BEIllC-
CTBa, Kak pyTuH, KkBepuerwdH, 3,3'.4',5,5',7-rexcaruapokcudiaBoHOH,
3,3',4'5,5', 7-rekcaruapokcudiaBoHOH-3-O-TIIMKO3KI, TaJloBas KHUCIOTa, (de-
pyJioBasi KHCIOTAa, a B JICKAPCTBEHHBIX PACTCHHUSAX JIOOKAa 3€JICHOIIBETKOBAS
(Platanthera chlorantha) u nro6ka nBynucthas (P. bifolia) o6HapyxeHbI Takue
WHIUBUTyalIbHBIE BEMICCTBA, KaK CAHTOJIMHATPUEH, |,2—TeKcaHanoi-2-0eH30ar,
3,7-mumetmi-1,3,6-okrarpuen, 3,7-aumeTnn-2,6-oktagueH-1-om, OeH3w arie-
TaT, CHPEHEBBIN CIUPT, cUpeHeBbIl ampaerun. CoenuHeHHe 3-KapeH oOHapy-
JKEHO TOJIbKO Yy JIGKQPCTBEHHOTO  pPAcTeHHs JioOKa  3€JICHOIBETKOBAs
(Platanthera chlorantha).

HccnenoBanHbie JEKapCTBEHHBIE PACTEHHS COJEPkKAT B CBOEM COCTaBe
MUKPOAJIEMEHTHI: (ochop, Kanuii, Kaabllui, HaTpUil, MarHui, cepy. Hanbomnn-
1iee KOJUYECTBO MarHusl, KajbIlHs, KaJIUs COJCPKUTCS B JICKAPCTBEHHOM pac-
TEHUM CKyMIThs KoxxeBeHHas (Cotinus coggygria). MakcumanbHOe CofepiKaHue
HATPUS OTMEYEHO Yy JICKAPCTBEHHOTO PACTEHUS CHHETOJOBHUK MPUMOPCKUMN
(Eryngium maritimum). JlekapCTBEHHbIC pacTEHUsS JIIOOKA 3EJICHOIBETKOBAS
(Platanthera chlorantha) u mo0ka aynuctaas (P. bifolia) xapakrepusyrorcs
BBICOKHM COJICP’)KaHUEM CEPhl U HU3KHM cojiepkaHueM Gocdopa. AHATOTHIHOE
HU3KOE cojepkanue pochopa OTMEUEHO Yy JEKAPCTBEHHOI'O PACTEHUsI TaHUK
cepaueBuanbiii  (Listera  cordata). Bweicokoe comepxanme  dochopa
(2410,8 mr/kr cyxoro BeIISCTBA) OMNPEICICHO Y JICKAPCTBEHHOTO PACTCHHS
nanblaekopuuk nsaTaucteiid (Dactylorhiza inaculata).

3akioueHue

HccnenoBannbie JIeKapCTBEHHBIX pacTeHuit KammHuHTrpamckoi obiaacTu
coziepkaT O0JIBIIOE KOJIWYECTBO OPraHUYECKUX KHUCIOT amu(aTHIecKoro psjaa,
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TaKMX KaK dHTapHad KHUCJI0Ta, 6CH30ﬁHaﬂ KHCJIOTA, (bYMaPOBaH KHCJIOTa, JIH-
MOHHAas KHCJIOTA, HIaBCJICBAsA KHWCJI0TA4, BUHHAA KHCJIO0TA, a TAKXKC BOAOPACTBO-
PHUMBIC BUTAMHUHBI, TAKHC KaK aCKOp6I/IHOBaSI KHCJI0Ta, pH60(1)J'IaBI/IH, THaMHH.

Cnucok JuTeparypbl

1. Use of phytogenic products as feed additives for swine and poultry / W. Windisch,
K. Schedle, Ch. Plitzner, A Kroismayr // Journal of Animal Science. — 2008. — Vol. 86. —
P. 140-147.

210



IV International Scientific Conference
«BIOTECHNOLOGY OF NEW MATERIALS — ENVIRONMENT — QUALITY OF LIFE»

®YHKUUNOHAJIbHbIE HAMUTKN U3 AUKOPOCOB

M. B. EcbaHoB, A. A. CuHnubIH, B. B. KOHbLUKH

000 «MHUII «FOepa-buomexnonocuuy,
628011, Xanmoi-Mancuiick, yn. Cmyoenueckas, 0. 27, Poccus; e-mail: efanov_1973@mail.ru

B nHacTosiee BpeMs akTyalibHO MOJdy4YeHre (PyHKIIMOHAIBHBIX OMOHAINT-
KOB C IPUMEHEHHEM HOBBIX CIIOCOO0OB mepepadoTku. Pazpaboran crocod kaBu-
TallMOHHOW MOJAM(PUKALINM PACTUTEIBLHOTO CBIPhS NJIsl €ro nepepadoTku B Pu-
3MOJIOTUYECKU aKTUBHBIC HAUTKH [1]. UTaTEpeCHBIM (QyHKIIMOHATHLHBIM OHOHA-
IIUTKOM BBICTYIIA€T KEIPOBOE MOJIOUKO, COAEPIKAILEE JTUIUIHBIA OETKOBO-yTJIe-
BOJIHBIN KOMILJIEKC KEAPOBBIX OPEXOB M 00Jafaroliee HEeKOTOPHIMU OHoIoTHYe-
CKM IIEHHBIMH cBoMcTBaMu [2, 3]. Pa3paborana ynbTpa3ByKOBas TEXHOJIOTHS
MOJyYeHUs] KepoBoro mojioka [4]. Hamu pa3paboTaH HOBBIA METOJ]l MaJlOOT-
XOJIHOM HU3KOTEMIIEpaTypHOH MepepadO0TKH IUIO0B U SIT0J B KOHCEPBBI IyTEM
UX KaBUTAlIMOHHOU 00paboTku B Boje [S5]. Hamu pa3paboTaHbl HOBbIE KaBUTA-
LIMOHHBIE METOJIbI IOJIYYEHHS STOJHO-OPEXOBBIX W MEIOBO-AI0IHO-OPEXOBBIX
HAIUTKOB HA OCHOBE STOJ] U KEIPOBBIX OPEXOB C J00OaBIICHHEM caxapa WU
MéEna, a TakXKe TPaBbl CTEBUU, TTO3BOJISIFOIINE MMOTYYUTh OMOHANIUTKH, COUYETA0-
mue B cebe MOoJIe3HbIe CBOMCTBA SATOJ U AJep KEAPOBOTO opexa, o0iagaroiue
BBICOKOM (PU3MOJIOTUYECKON AKTUBHOCTBHIO 3a CYET CBOMCTB MéEna, a Takke
MpEIaraeTcsi HOBBIM MEIOBO-TPABSIHOM HAMUTOK HA OCHOBE TPaBbl KHIIPES
oObikHOBeHHOTO (MBaH-4aii) [5].

Hear padoTbl — HM3yYEHHE XUMHUYECKOTO COCTaBa M OUOXUMUYECKUX
CBOMCTB (DYHKIIMOHAJBLHBIX HAMUTKOB U3 Pa3JIMYHBIX JUKOPOCOB, MOJYUYEHHBIX
B YCJIOBUSIX KaBUTALMOHHOW 00pabOTKHU.

MarepuaJjibl 1 METObI

[Tonyuenue (YHKITMOHATBHBIX HAIIUTKOB u3 JTUKOPOCOB
[0 KABUTALIMOHHOM  TEXHOJIOTMM  MNPOBOAWIM  CJIEAYIOIIUM  00pa3oM:
B KaBUTAIMOHHBINA amnmapatr I00aBJIsIOT BOJLY M BHOCAT SITOJBI KITFOKBBI M Sipa
KEJIPOBBIX OPEXOB B PA3JINYHBIX MACCOBBIX COOTHOLICHUSX. 3aTEM CMECh MHIPE-
JMEHTOB B BOJHOW Cpe€li€ MOJBEPTratOT MHTEHCUBHOMY KaBUTAI[MOHHOMY BO3-
JEWCTBUI0O B KaBUTAIlMOHHOM arrapare npu temmeparypax ot 50 mo 70 °Cc
B TeueHue oT 30 mo 60 MHHYT ¢ mojgydyeHueM (yHKIIMOHAIBHOTO HAmuTKa [5].
bakTepronornyeckoe Hcciieq0BaHUE MPOAYKTa IPOBOAWIN B AEHb IPUTOTOBJIE-
HUs, HA BTOPOW, MATHIM AEHb U uepe3 3 HeAenu. XpaHEHUe SIrOJHO-0PEXOBOTrO
HAllUTKa OCYIECTBISJIOCH B OBITOBOM XOJIOAWJIBHUKE IIPU TEMIIEpAType
+2-4 °C. Jlns ompenmenerns 5O(EKTHBHOCTH MNPUMEHEHHS OTYYECHHOTO
(GYHKUHMOHATBHOTO — SITOJTHO-OPEXOBOI0  HAMMTKA MPOBEACHO KIMHHYECKOE
onoxumuyeckoe wuccieaoBanrue Ha 30 3I0pOBBIX J0OPOBOJIBIAX, KOTOPHIC
BTeueHne 30 1HeW exegHeBHO ymoTpeOysuim B numy 200 i
CBEXEIPUTOTOBJIEHHOTO SATOJAHO-OPEXOBOI'0 HAIIUTKA.

© Edanos M. B., Cunuipie A. A., Konsmus B. B., 2021
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Pe3yabTartsl

N3ydensl OMOXUMUYECKHUE MTOKA3ATENIN JUIUHOTO CIIEKTpa KPOBU: XOJIe-
crepuH, Tpurauuepuasi, JINIBIL, JIITHIIL, koaddumuent areporenHoctu. Cie-
JyeT OTMETHUTh, YTO BCE UCCIIEyEMbIE MTOKa3aTen ObLIU B Mpeeiax HopMaib-
HBIX 3HAYEHUH, TeM HE MeHee, ObUIM 3aperuCTPUPOBAHBI MOJIOKUTEIbHBIE W3-
MEHEHHUS MX JUIUIHOTO cTaTyca. [{ns ynyulieHust BKyca, apomara U OMOJIO-
rMYECKOM IIEHHOCTH B COCTaB 3asiBISIEMOTO HANUTKa BMECTO caxapa (moj-
CIACTUTENb) HAMH TPEJIOKEHO 100aBuATh MEA. [Ipu 3TOM monydaercst UH-
HOBAITUOHHBIN BBICOKOA(PMEKTUBHBIA (YHKIIMOHATBHBIA MEIOBO-SITOIHO-
OPEXOBBIM HAMUTOK, C IOBBIMICHHONW OMOJOTrMYeCKON aKTMBHOCTHIO, KOTO-
pBIii coueTaeT B ceOe MoJe3HbIe CBOWCTBA MEA, ATOM U KEIPOBOTO Opexa
[5]. IIpu sTOoM moydeHHE MEIOBOTO STOJHO-OPEXOBOTO HAIMUTKA OCYIIECTB-
JSTU CIIeYIomUM 00pa3oM. [[7si 3TOro B Ka4eCTBE ChIPbSI IPUMEHSUIH CBEXKHE
WJIU 3aMOPOKEHHBIE SITOJIbI KITFOKBBI UJIM OPYCHHUKHU U OUHUILCHHBIE sJIpa KeIpo-
BOT'0O Op€Xa, a TAaKXKe HaTypaldbHbId MEX [S]. B xaBUTAMOHHBIN anmapar HaJIU-
BAJIM BOAY U BHOCWIM MEJ, SAATOAbI KIFOKBBI U sJIpa KEAPOBBIX OPEXOB MPH Clie-
JYIOIIMX MAacCOBBIX COOTHOIIEHUsX (13 pacueTa Ha 100 MaccoBbIX yacTel mo-
Jy4aeMOTr0O HaIUTKA):

Sroaw 10-15

Anpa keapoBoro opexa 10-15
Mén 5-10

Bona 75-60

3aTeM MOJYYEHHYI0 KOMIIO3HUIMIO B BOJHOU Cpele MOJBEpraloT KaBUTa-
MOHHOMY BO3JECHCTBHUIO B KABUTALIMOHHOM amIapare mnpu temieparype ot S0
10 70 0C B Teuenue 30—60 MUHYT C MOCIAEAYIONIEN YIIAKOBKOW MPOIYKTA B Irep-
MeTuuHyto Tapy. Kpome Toro, Hamu ObL1 pazpaboTaH HOBBIM CIIOCOO MOTyYEHUS
MEJOBOro 0€3aJKOTr0JIbHOTO ra3MPOBAHHOIO HAIMTKA HA OCHOBE TPaBbI KUMPES
C 100aBKOW B KayeCTBE KOHCEPBAHTA CPABHUTEIHLHO MAJOTOKCHMYHOTO copbara
kanus [5]. [lomyueHHBIN HOBBIN 0€3aJIKOTOJIbHBINA Ta3UpPOBAHHBIN HAIMMTOK CO-
JIEpKUT HATypaJbHbIA MEJA, BOIAHBIA SKCTPAKT KHUIIPES, JUMOHHYI) KHCIOTY
U copbaT Kamus, TPU  COOTBETCTBYIONIMX  MAaCCOBBIX  COOTHOIICHHSIX
WHTPEIUECHTOB [5]:

Men 67,5-73,0 kr
JIMMoOHHAs KHCJIOTa 1,25-1,50 xr
NBan-yaii (kumpei) 7,0-10,0 xr

CopOat xanus 0,1-0,15 xr

Bona 24,15-15,35

JIyist ycuiieHus BKyca, MOsIBJIEHUSI HOBOTO apoMaTa U TOBBINIEHUs (HU3HO-
JIOTUYECKON IIEHHOCTH B COCTaB pa3pad0TaHHOTO (PYHKIIMOHAILHOTO OHOHa-
MMUTKA BMECTO Caxapo3bl JOOABISIOT HATypalbHBIM IBETOYHBIM Men. B xoxe
aHajgu3a COJACpP)KaHUS JIMIHUJIOB B CHIBOPOTKE KPOBH OBLUIO BBISABJICHO, YTO
Ha (pOHE MPUMEHEHHUS SITOJTHO-OPEXOBOI0 HAIMKMTKA JIOCTOBEPHO CHIXKAETCS YPO-
BeHb o0miero xosecrepuna u JINIHII yxe yepe3 4 Henenu ynoTpebyieHUs MPo-
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nykta. Takum oOpa3oM, aTeporeHHbll 3Q¢GeKT Nnpu ynoTpeOIeHUH B MUILY
ATOJTHO-OPEXOBOT0 HANMUTKA, BEPOSTHO, OOYCIIOBJIEH BBICOKUM COIEPKaHHEM
MOJIMHEHACHIIIICHHBIX KUPHBIX KUCJIOT B KEPOBBIX Opexax. B aTol cBs3u ynoT-
pelbiieHre SAroJHO-OPEXOBOTO0 HAMUTKAa BO3MOXKHO PEKOMEHJIOBATh JHIAM
C TUIMEPXOJECTEPUHEMHUEH M MMEIOIIMM BBICOKUNA PUCK CEpJIeYHO-COCYIUCTHIX
3a0o0yieBaHU B KauecTBe MpoduiaakTuku. Jlanee u3ydanoch BO3JIEUCTBHE MPU-
MEHEHHUS  SrOJHO-OPEXOBOTO  HAaNWTKa Ha  TOKa3aTelid  BUTAMHHHOIO
U aHTHOKCUJAHTHOTO ctaryca. Tak, BuramuH E, ButamMmuH A u ackopOMHOBas
kuciora (ButramuH C) SBISAIOTCA HamOoJiee M3BECTHBIMU AHTHOKCHJIAHTAMHU.
[To pe3ynpTaTaM NpPOBEIECHHOIO HCCIIEIOBAHUS Y PECIIOHAEHTOB IPU €XKEIHEB-
HOM TMPUMEHEHUH STOJHO-OPEXOBOTO HAMUTKa HAONIONaIoch yxke uepe3 2
HEJIEJIM JIOCTOBEPHOE IMOBBIIEHUE YPOBHSA BUTAaMUHOB A H E B 1ia3me KpoBw,
ButamuHa C — K KOHIly mnepuojna HaOmogeHus. [lpu »TOoM mokazarenu
OKCUJATUBHOTO CTpEcca — TUAPONEPOKCUIBI JIMIHIOB JOCTOBEPHO CHIKAIMCH
[0 CPABHEHMIO C UX UCXOJIHBIMU 3HAYEHUSIMHU.

3akiouenue

[Toy4yeH U UCCieOBaH SITOJHO-OPEXOBBI OMOHAITUTOK B YCJIOBHSIX Ka-
BUTAllMOHHOHN 00paboTku. IlokazaHo, 4TO MpUMEHEHHUE MOJIyYEHHOTO OMOHAHO-
HAIlMTKa B COCTaBE PAIlMOHA 3JI0POBBIX HCHBITATENEH MO3BOJISIET YCHIUTH 00-
IIYI0 aHTUOKCHJIAHTHYIO aKTUBHOCTh OPTaHM3Ma, YTO MPUBOJUT K OCIA0JICHUIO
JEUCTBUS MPUPOTHO-KIMMATHIECKUX (PAaKTOPOB CPEIbI.
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K BOMPOCY UCMNOJIb3OBAHUA NMOJNTYYEHHOIO
®EPMEHTOJIU3OM NY3rhn rPEYNXU MEINTAHUHA
B KOHOUTEPCKUX NMOJNTYPABPUKATAX

E. A. Kagpuukas, M. H. LLUKkonbHUKOBa

@I'FOY BO «Ypanvckuil 20cy0apcmeeHHblll SKOHOMULECKUL YHUBEPCUMEM »,
620144, P®, 2. Examepunbdype, yr. 8 Mapma/Hapoonoti Bonu, 62/45, Poccus,
e-mail: shkolnikova.m.n@mail.ru

Kongurepckue nznenvss npucyTCTBYIOT B €KEIHEBHOM PALIMOHE MPAKTHU-
YEeCKU KaKJ0To desoBeka. [lorToMy moBbilieHHe WX OMOJIOTHYECKON IEHHOCTH
ABJISIETCA AKTyalbHOM 3amadeid orpacnu. [lpm sToM oauH W3 myTeil ee pemie-
HUS — J00aBJIEHWE B COCTAaB W3JEIUN W/WIM KOHIUTEPCKUX MOny(hadpukaTton
GyHKIHMOHATBHBIX UHTPEAUEHTOB, YTO CIOCOOCTBYET, 3a4acTyl0, U CHUKEHUIO
ce0ECTOMMOCTH M3JIETTUH 3a CUET COKPAIEHUS B COCTABE JOPOTOCTOSIIETO0 M-
MOPTHOTO CHIPbS, B YaCTHOCTH, MPOJYKTOB NEPepadOTKH Kakao-0000B — Kakao-
Maciia 1 Kakao-nopomika. Hago cka3aTe, 4TO 3aMEHUTENN KaKkao-Macia (3KBHBa-
JICHTHI U aJbTEPHATUBBI) KaKk 00Jiee TOCTYMHBIE ChIPbEBBIE KOMIIOHEHTHI JJIH-
TEJIbHOE BPEMSI UCTIOJIB3YIOTCS MPHU MPOU3BOJICTBE MHOTUX KOHAUTEPCKUX M3/~
auit u nonydadpukatoB. UTo KacaeTcss Kakao-TOPOIIKa, TO HAa CErOJIHSIIHUI
JICHb YaCTUYHas WJIM MOJIHAS €ro 3aMEHa B pelenTypax KOHAUTEPCKUX U3EINN
HCCIIEIOBAHA B SKCIIEPUMEHTE, MPOU3BOJCTBEHHAs NPUMEHUMOCTh KOTOPBIX
Heus3BecTHA. Tak, NCIOJIb30BaHKUE K3p00Oa B pelienTypax MyYHbIX KOHIUTEPCKUX
W3JEeIui ONUCaHo B UccieaoBanmsx [1, 2].

[IponykThl mepepaOOTKM 3€pHA Tpeunxu TMOceBHOW  Fagopyrum
esculéntum, B 4YaCTHOCTH, HMMEIOIIAs TPOW3BOJCTBEHHBIA MOTEHIMAN JTy3ra,
TaKXe MCIIOJIb3YIOTCS B pelenTypax Konautepckux uszenuit [3]. B natenre PO
2545349 npensiokeH croco0 MOJIy4YeHUs TUIPOJM3aTa U3 MISTyXH TPEUUXH
B KQUECTBE 3aMEHBI KaKA0-TIOPOIIKA ISl IPSHUYHBIX U KOHIUTEPCKUX U3JIEINN;
u3 nareHta P® 2747688 wu3BecTeH croco0 MCMOIL30BaHUS THUIIEBOTO IWT-
MEHTa-KpAaCUTEN U3 Jy3Td IPEUMXH, BKIIOYAIOIINN MEJIAHWH, B PELENTypeE Ae-
cepTra — KpeMa U3 Arof JKMMOJIOCTH; aBTOphI nmareHta PO 2546175 npennarator
crnoco0 MoJlydeHue THUApOu3aTa U3 JIy3rd TPeYUXU M €ro HCMOJb30BaHUE
B TEXHOJIOTHMH IOKOJAAHOM TJIa3ypH.

Iear ucciaenoBanuss — OOOCHOBAHHME UCIIOIB30BAHUSI BBIJICICHHOTO
W3 JIy3TM TPEUYMXU MOCEBHOM BOAOPACTBOPUMOTO MEJIAHWHA B PELENTYypPEe KOH-
nuTepckoro nonydadbprkara — raazypu. [lo xumMuueckol CTpyKType MeTaHUHbI
SBJISFOTCS JIJTMHHOIIETIOYEYHBIMU TTOJIMMEPAMH C OOJIBIITUM MOJIEKYJISIPHBIM Be-
COM W CJIOKHOM KPUCTALTUYECKON CTPYKTYPOM, OJM3KOM K KapaMeIbHBIM Kpa-
cutessiM (kosiepam) ¢ uajekcom E-150.

© Kappuuxas E. A., Hlkonsaukosa M. H., 2021
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MarepuaJjbl 1 METOABI

OO0pa3zen MenaHWHA BBIJICIICH U3 JTy3TH TPEYMXH TIOCEBHOM copTa JleBsaTka
penponykuus PC-2 — 9C (KpacHoydumckuii paiton CBepasioBCKOW 00J1acTH)
110 U3BeCTHOM cxeme [4]. Beixon menannna coctabui 14 %.

PesyabTarnl

[To BHemHeMy BuIly oOpa3zel] MelaHuHA — MEIKOAMCIIEPCHBIN MOPOIIOK
TEMHO-KOPUYHEBOr0 I[BeTa, 0e3 BKyca M 3amaxa. Brmaxnocth obOpasma 5,2 %
(+0,80), 30ombHOCTE 7,4 % (£1,0), pH 5,5 en. pH. Cornacuo 'OCT 108-2014,
MOJIYYCHHBIC 3HAYCHUS (PU3UKO-XUMUYECKUX TIOKa3aTeNiel COOTBETCTBYIOT Tpe-
OOBaHMSIM K KaueCTBY MPOU3BOJCTBEHHOTO KaKaO-TOPOIIKA, YTO CBUICTEIHCT-
BYET O TEXHOJIOTHUUECKON aICKBATHOCTH MCCIIETYEMOTO ChIPHEBOTO KOMIIOHEHTA
JJIsl IPOU3BOJICTBA KOHAUTEPCKOTo noJiyadpukaTa. ¥ cTaHOBJIEHA CIIOCOOHOCTh
oOpasiia MeJIaHWHA CBS3BIBATh MOHBI MEIM U HATMYUE aHTHOKCHUAHTHOW aKTHB-
HOCTH. DTO JIeJIaeT IeIeCO00pa3HbIM MPOJOJDKUATh U3YICHUE TEXHOJIOTHICCKUX
CBOMCTB IMOJYYEHHOTO MEJIaHWHA, BKJIIOYAs ONpEeeTeHUE TJIOTHOCTH, CTEIECHU
W3MEJIbYEHHS, BJIAr0- U )KUPOYIEPKUBAIOIIEH CITOCOOHOCTH U JIp.

3akioueHue

[Toy4yeHHsI 00pa3zer] MeNaHWHA 1O W3YYEHHBIM IOKa3aTeIsiM MOXKHO
PEKOMEHIOBaTh B Ka4eCTBE KOMILIEKCHOW MUIIEBOM TOOABKU — MUILEBOTO Kpa-
CUTEJIsI, aHTUOKCHUJIaHTa U OMOCOPOEHTA, B COCTaBE KOHJIUTEPCKOU IIa3ypH.

Cnucok Jiureparypsbl

1. CpiueBa, O.B. MyuHOe KOHAUTEPCKOE H3JCIHE C 3aMCHHUTENEM Kakao [
O. B. CeruéBa, E. A. Ckopbuna, D. [I. Anrynass // IlumeBas uagyctpus. — 2019. — Ne 4, —
C. 38-40.

2. JIykuna, C. U. [lpuMeHeHne HETPAJUITMOHHOTO CHIPBSI B IPOM3BOJICTBE OMCKBUTHO-
cousHoro neuenss / C. U. Jlykuna, E. U. [lonomapesa, U. I1. Ilemkuna, X. FO. boramesa //
Xpanenue u nepepadboTka ceabxo3chipbs. — 2018. — Ne 1. — C. 56-59.

3. 3abonotHas, A. M. HekoTopble acrekTbl KOMIJIEKCHON TEXHOJOTHH MepepaboTKu
ay3ru rpeunxu / A. M. 3abonotnas, JI. A. Jlum, B. A. PeyroB, A. B. Anydpues [u ap.] //
Bectauk FOropckoro rocymapctenHoro yauBepeurera. — 2015, — Ne S2(37). — C. 99-101.

4. lllkonbaukoBa, M. H.  OOocHOBaHHWE  HCHOJB30BaHMUSA  JIY3THU  T'PEUUXHU
JUIS IoNTydeHust  (PYHKIMOHAIBHBIX —muimieBblx kpacutene / M. H. IllkonpHUKOBA,
E. A. Kagpuukas // Hayunsiii xypuan HUY HUTMO. Cepus «llIpoueccsl u amnmapaTsl
NUIIEBHIX pon3BoACTBY. — 2020. — Ne 4. —C. 22-28.

215



IV-a MexayHapoaHas Hay4yHasi KoHdepeHuns
«BUOTEXHONOIMMA HOBbIX MATEPUANOB — OKPYXAIOLWAA CPEJA — KAYECTBO XN3HU»

AHTUMUKPOBHbLIE CBOMCTBA 9KCTPAKTOB HEKOTOPbIX
BnagoB MxoB U IMLLAMHUKOB

A. 0. Nano

Cubupckuii ¢hedepanvuvlii yHugepcumem,
Poccus, Kpacnosipck, np. Ceoboonwiii, 79; e-mail: nastyal.lapo@yandex.ru

[TosiBeHne yCTOMYMBBIX K aHTUOMOTHKAM IAaTOTEHOB SIBIISIETCS CEPhE3-
HOM M100aNbHON Yyrpo30i i 310poBbs. Clie10BaTeNbHO, MOUCKY HOBBIX aHTH-
OMOTHKOB U3 PA3JIMYHBIX MPUPOJHBIX UCTOUYHUKOB CIEAYET YAENIATh MEpBOOYE-
penHoe BHUMaHuWeE. JIMIIaHUKYN U MXU MPOU3BOJAT Pa3IMYHbIE HU3KOMOJIEKY-
JSIpHBIE METa0OJUTHI, KOTOPbIE HCIOJB3YIOTCS B TPATUIIMOHHON METUIIMHE
Ha IPOTSKEHWU BEKOB. B numiaiiHuMKax oOHapyKeHbl HEKOTOPbIE BUTAMUHBI
U TIOJIE3HbIE JJI1 OpraHu3Ma 4YeJOBEeKa KHUCJIOThl. YCHHUHOBas KHCIIOTa
s PexkTBHA MPOTUB IITAMMOB TPAMIIOJIOKUTEIBHBIX OaKTEepuid, BKJIIOYAs
MYyJIBTUPE3UCTCHTHBIE  MTaMMBbl  StreptoCOCCUS — aureus, JHTEPOKOKKOB
u mukoOaktepuii [1]. [lapakoHOBBIE KHCIOTBHI MPOSIBISAIOT AHTUOMOTUYECKYIO
aKTHBHOCTH M ITPOTUBOOITYXOJIEBBIE CBOMCTBA [2]. DKCTPAKThl MXOB MPOSIBISIOT
aHTHOAKTEpUAIIbHYI0O U TNPOTHUBOIPUOKOBYIO aKTHBHOCTh [3], a Takxke
AHTUOKCUJAHTHYI0 M  IPOTUBOONYXOJIEBYHO [4]. PesynapTaThl MHOTIHX
UCCIIEIOBAHUM YKa3bIBAIOT, YTO MXM W JIMIIAWHWKUA SIBISIIOTCS XOPOIIMMH
KaHJIUJIaTaMU JJIsl TIOMCKa HOBBIX aKTUBHBIX (PapMalleBTUYECKUX COCTUHEHUN.

Heab padoThl — U3yueHUE aHTUOUOTUYECKUX CBOMCTB 3KCTPAKTOB MXOB
Y JIMIIAHHUKOB B OTHOIIEHUH TECT-KYJbTYp OaKTepUH.

MarepuaJjbl 1 METObI

COop 00pa3LoB MXOB M JIMIIAWHUKOB MPOBOJUIN B pailOHE HAIIMOHAJb-
Horo napka «Kpacnosipckue CtonOb». JlJi1 IpUTroTOBIEHHUS! BOJIHBIX U CIUPTO-
BBIX DKCTPAKTOB MCIIOJIB30BAJIA CyxHue HaBecku no 1 r Ha 10 mut akcrpakra. On-
peselieHne aHTHUOAKTepUadbHON AKTUBHOCTU IMOJYYEHHBIX SKCTPAKTOB MPOBO-
JTWIA TUCKO-AU(P(PY3UOHHBIM METOJOM [5] B OTHOILEHUU TECTOBBIX KYJIBTYP
Oaktepuii BumoB Micrococcus luteus, Bacillus mycoides, Echerichia coli,
Pseudomonas aeruginosa (puc. 1). B kauecTBe KOHTPOJIS HCITOJIB30BAIN TUCKH,
IPONUTAHHBIC PACTBOPOM ITAHOJIA U MOJCYIICHHBIC Ha Bo3ayxe (70 %).

© Jlamo A. 10., 2021
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Puc. 1. 3onbl oTCcyTCTBUS pocTa Oaktepuit P. aeruginosa (a), B. mycoides (6),
E. coli (8) BOKpYT AMCKOB, IPONUTAHHBIX CIIUPTOBBIM dKcTpakToM Lobaria isidiophora

Pesyabrarsl

B paitone namumonanbHoro mapka «KpacHosipckue ctonObl» ObUM COO-
paHbl ¥ UACHTUPUIIMPOBAHKI 4 BUa MXOB U 3 BUJA JIMIIAWHUKOB, OTHOCSIITUXCS
K CICAYIOIIMM BUJaM: MXHU — anomenrepus omyiienHas (Metzgeria pubescens),
IUTAarHOMHUYM TycTo3yOuateiii (Plagiomnium confertidens), abuetunemia mux-
toBuaHas (Abietinella abietina), tyunuym ®umubdepa (Thuidium assimile); mm-
nraiiHuku — Jiobapust msnuauenocHas (Lobaria isidiophora), ycues (Usnea sp.)
u mapmenus (Parmelia sp.).

DKCTpaKThl YCHEH IIOKa3aJll BBICOKYIO AHTHMHKPOOHYIO aKTHBHOCTH
B oTHOIICHHK BHJoB B. mycoides m M. luteus, 30HBI OTCYTCTBHS poOCTa
JUJISL CIIMPTOBOTO AKCTPAKTA COCTaBUIIM OT 28 110 37 MM, [t U BOAHOTO — OT 14
710 22 MM (puc. 2). DKCTPaKThI JOOAPUHN U3UIUESHOCHOM MPOSBUIN CPEAHIOIO aK-
TUBHOCTH B OTHOIIeHHHU P. aeruginosa, B. mycoides u M. luteus, 30HbI oTCYyTCT-
BUSI POCTa COCTaBISIM OT 9 70 18 MM. DKCTpakT mapMenuu MposiBUII C1adyio
aKTUBHOCTH B oTHOIIeHuH E. coli. Cpenn MX0B citabast akTHBHOCTh OOHapy)KeHa
JUIS DKCTpaKTa amoMeIrepHH OIYIICHHOW B OTHoImeHuH B. mycoides. Dkc-
TPaKThl OCTAJBHBIX HCCIEAYEMbIX BHJOB MXOB — IUIATMOMHUYMa T'ycTo3yOua-
TOTO, a0METUHEIUTBI MMUXTOBUAHONW M Tymauyma dunmnbepa — He TPOSBHIN aK-
TUBHOCTH B OTHOIIICHUU TECTUPYEMBIX KYJIbTYp OaKTepHUH.

40 40 - BYCHEA
: a 6
23 319 5 B 1obapuA
=
E_ 30 A 215 30 OAnoMelrepmua
=
2 25+ 25 A OllapMenua
g 17.6
20 A a0
g " 187 120
E 15 4 114 15 4
] 9.2 9.4 10. a3
E 10 A 75 10
§ 51 H 5
=
0+ T T T ! 0 T T )
P. aeruginosa B. mycoides M. iuteus E. coli B. mycoides M. luteus E. coli

Puc. 2. AKTUBHOCTH CIIUPTOBBIX (@) U BOJHBIX (0) SKCTPAKTOB YCHEH, JIOOAPUH, alIOMEITePUT
Y TTapMeJINH B OTHOIIIEHUH TECTOBBIX OaKTepuit
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CpeIlI/I BCCX HCIIOJIB30BAHHBIX CIIMPTOBBIX JIKCTPAKTOB HaI/I6OJ'H>HIYIO aK-
TUBHOCTB IIPOABJIAT 3KCTPAKT YCHCH. 30HEI OTCYTCTBUSA POCTa 6aKTepI/Iﬁ OBLIH
B2 pasa 6OJII>IHG, 4dCM Yy OKCTpPAKTa JIO6apI/II/I u B 2-3 pa3a 6OJ'II>IIIC, yeM
Y OKCTpaKTa aliIOMCUI'CPUHU. AKTHBHOCTD BOJHBIX OKCTPAKTOB OblJ1a 3HAYUTEIIHLHO
cna6ee, 4CeM CIIMPTOBBIX, HU OOWH BOI[HBIﬁ OKCTPAKT HC ITPOABUII aHTI/IMI/IKp06-
HOM aKTMBHOCTH B OTHOIIIEHUH P. aeruginosa.

3akioueHue

CHI/IpTOBI)IG OKCTPAKThI YCHCH, H06apI/II/I " alioMCUIrcpuu 1nmposABUIIN aHTHU-
6aKTepHaanon AKTUBHOCTH B OTHOHIICHHH TCCTOBBIX KYJbTYP 6aKTepI/II71
U MOI'yT OBITh UCIIOJIL30BAHbI B KAUECTBE HCTOYHHUKA aHTI/IMI/IKpO6HBIX mnpcermapa-
TOB.
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BUOTEXHONOINA UHOYKLUMN COMATUYECKOIO
OMBPUOIEHE3A Y PINUS PUMILA

. C. LLleBeneBa

Cubupckuii ¢hedepanvroviii ynusepcumem, Poccus, Kpacnosapck, np. Ceéoboouwiii, 79

Pinus Pumila saBisercs HSKOHOMHYECKM LIEHHBIM BHIAOM XBOWHBIX
pacteHuit. /711 TOro 4TOOBI BOCCTAHOBUTH W PACIHIMPUTH PECYpPCHl KEIPOBOTO
CTJIaHMKa W B TIOJHOM Mepe peann3oBaTh JKOJOTHYEecKHe (QYHKIUU
Y DKOHOMHYECKYIO IIEHHOCTh JAHHOTO BHJA, MCKYCCTBEHHOE JI€COpa3BEICHHE
Ype3BbIUAiHO BaXXHO. TpaMIMOHHBIN MeTo pa3MHOXeHus Pinus Pumila — sto
B OCHOBHOM CEMEHHOE pa3MHokeHue. OJHaKO H3-32 HEOOJBIIOTO MCTOYHHKA
KEJIPOBOTO  CTJIaHWKA, JUIMTENBHOrO I[HKJIA POCTa, (PU3MOIOTHUECKUX
XapaKTepUCTHK TMOKoss cemsH Pinus Pumila u pesynprata mosoBoi
pPEKOMOMHAIIMK CEeMSH KaxJaas ocoOb HMMEET YHUKAJIbHBI TE€HOM, IO3TOMY
TpPaJMIIMOHHBIE METOIBI Pa3MHOKEHHSI HE MOTYT COOTBETCTBOBATH TPEOOBAHMAM
UCKyCCTBEHHOro obnecenust [1]. Jlist Toro 4toObl B KpaT4yalliue CpOKU
OCYIIECTBUTh KPYIMHOMACIITA0OHYIO CEJIEKIIMI0O KEAPOBOTO CTJIaHWKA, OYCHB
Ba)KHA pa3paboTka W MPUMEHEHUE TEXHOJOTHH COMATHYECKOTO0 dMOpHOTreHe3a
[2]. Pa3paboTka OHMOTEXHOJOTMH COMATHYECKOro 3MOpHOreHesa In Vitro
Yy XBOWHBIX TTO3BOJISIET HE TOJBKO MacCOBO THPAXUPOBATH AJIUTHBIC TCHOTHUIIBI
XBOMHBIX, HO WU CIY>KUT MOJEIBHOW CHUCTEMOW JUIsi U3y4eHHs] (U3HOJIOTO-
OMOXUMHUYECKUX, MOJICKYJSIPHO-TEHETUYECKUX U IMOPHUOHAIBHBIX IPOIIECCOB
3aKOHOMEPHOCTeH aMOpuorenesa [3] .

Heas paGoTbl — ModyyeHUE M IIMUTOAMOPHOJOTUYECKOE HCCIICIOBAHUE
COMAaTHYECKHUX 3apOIbIIIeH KEIPOBOTO CTIAHUKA.

Martepuajbl 1 METOAbI

MarepuanoM s WHAYKIIMH COMATHYECKOTO AIMOpPHOTEHE3a CIYKUIU
U30JIMPOBAHHBIC  HE3pelible  3UroTuueckwe 3apoapimm  Pinus  Pumila
Ha TIPEICeMsIIONBHON CTaauu Pa3BUTHS, COOpPAHHBIC C CIUHUYHBIX JICPEBHEB,
npouspacTalomux Ha TeppuTopusax Mpkyrckoit ob6nactu bonaiilGuHckoro
paiiora u YykKoTckoro aBTOHOMHOTO okpyra. CoOpaHHBIE CeMEHa OUYHWIIAIHCH
OT NOKpoBHBIX yemyil. Ilepenq mocagkoi TPOBOAWIACH  CTEPUIM3ALUA
pPacTUTENILHOTO MaTepuaja B JJaMUHap-O0Kce mocie o0padOTKU THUIIOXJIOPUIOM
Hatpus. Ilocie  crepunmzanuu  maTepuan  THIATENBHO  MPOMBIBAJICS
CTEpUIN30BaHHOUN BomoM (3 paza) [4]. DKCIIaHThl BBOJUINCH HA MUTATEIbHbBIC
cpenbi DCR-NAA u DCR. DOkCruadThl BBIACPKUBAIUCH B TEMHOTE,
npu Temreparype 25 °C, mpoaoIKUTEIbHOCTh KyJbTUBUPOBaHUS 4—6 Henelb
B kadecTBe perymsiTopoB pocTa MCHOJIB30BAMCH HAPTATHMHYKCYCHAsl KHUCIOTA
[NAA] (2 wr/n), 2,4-nmuxnopdeHOKCHyKCyCcHass Kuciota(2 wMr/m) u  6-
oensunanenud [6-BA] (1 mr/m).
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PesyabTarsl

[Ipy WHOKYISAIMUA 3UTOTHYECKUX 3apOABINIEH Ha MHUTATEIbHBIC CPEIb
dbopmupoBancs IUIOTHBIM WM PBIXJIBIA Kautyc Oenoro msera. [IpoBenenue
[IUTOJIOTMYECKOTO aHaJIM3a MOKa3allo, YTO KAJLTyC MPEJICTABIEH JBYMSI THUIIAMU
KJIETOK — KPYIHBIMH BBITSHYTBIMH SMOpHOHAIbHBIMU TpyOkamu (puc. 1, A)
U OKPYIJIBIMU  KJIeTKamH, (opmupyromumu riao0ynsl (puc. 1, b). Taxxke
B PBIXJIOM Kajulyce ObUTM OOHapykeHbl »MOpuouasl (puc. 2). [laHHbie
AMOPHUOUIBI XapaKTEPHbI KaK JJIsi 3UTOTUYECKUX, TaK M JUISI COMATHYECKUX
3apojplilield XBOMHBIX BHIOB PACTCHHUU Ha CTaAMsIX paHHEro 3MOpHOreHesa.
UYepes 9 mecseB KyJIbTUBUPOBaHUS Ha mpoiudepannoHabix cpegax DCR- NAA
n DCR xu3HecrmocoOHOCTh KaJTyCOB coxpaHsiiach y 35 %, Ttakxke
Ha0IFOAAIOCH (HOPMHUPOBAHUE TIIO0YT COMATHIECKUX 3aPOIBIIICH.

Puc. 1. lluronornyeckuit aHamM3 KaJUTyCHBIX KyJIbTyp Pinus Pumila (A — yuinHeHHBIC
KJIETKU KaJUTyCHBIX KYIBTYp; b — OKpyTIIbIe KIIeTKH, (POPMUPYIOIIUE TTI00YITbI)

Puc. 2. 3apopimenofo0Hast CTPYKTypa, COCTOSIIAS U3 KIETOK YMOPHOHATBHOU Macchl (OM),
KJIETOK THIa SMOpHOHAIBHBIX TpYOOoK (kOT) u kinerok cycnenzopuoro tumna (kC).
Macmtad 50 MkmM
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3akJiroueHue

B pe3ynbrare JaHHOTO PKCIEPUMEHTA YAAI0Ch OJYYUTh IMOPHUOTCHHBIN
KaJUTyC, COMaTHYECKHE 3apOJBIIIA U SMOPHUOUIBI M3 HE3PENbIX 3UTOTUYECKUX
3apoJIBIIEHt  KEApPOBOTO  CTiIaHWKa.  [Ipu  BO3AEHCTBMM  TOPMOHOB
HapTaTMHYKCYCHON KHCJIOTHI, 2,4-TuXJIOpHEHOKCUYKCYCHOW KHCJIOTHI U 6-
OeH3WJIa/IcHMHA, TIOJIY4YCHHbIC coMaThieckue 3apoibimu Pinus Pumila nmenn
CTIOCOOHOCTH K MU PepeHITMPOBaHUIO U TIEPEX0y B SMOPUOTEHHOE COCTOSTHHE.
B uTore manHOTO MCCleOBaHMs ObLIa MOTy4YeHA YMOPHOHAILHO-CYCTICH30pHAS
Macca, COCTosIasi U3 KJIETOK CIOCOOHBIX MpoiueprpoBaTh U 00Pa30BHIBATH
COMATHUYECKHUE 3aPOIBIIIH.
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®UTOIMJTAHKTOH - NOKA3ATEJIb KAHECTBA BObI
ABAKAHCKOW NMPOTOKWU PEKN EHUCEN

A. B. Kocobyko

Cubupckuii ¢hedepanvroviii ynusepcumem, Poccus, Kpacnosapck, np. Ceéoboouwiii, 79

AxrtyanpHas npobiema XXI| Beka — nmpo0Oriema 3KOJOTHYECKOro COCTOSI-
HUSI BOJIHBIX OOBEKTOB. MOIIHEHIIINNA aHTPONOTCHHBIM MPEecc Ha BOJIOEMbI Ha-
PYIIAET UCTOPUYECKH CIIOKHMBIIEECS PABHOBECHE U BEACT K YXYAILICHUIO Kaue-
cTtBa Boabl [1, 2]. M3MeHeHue cpenpl MPUBOJIUT K U3MEHEHUIO CTPYKTYPHBIX
U (YHKIMOHAJIBHBIX MOKa3arejell cooOIecTBa OpraHu3MOB BOJAHOTO OOBEKTa
[3, 4]. ITox neiicTBUEM aHTPONOICHHBIX ()AaKTOPOB MEHSETCS pa3HOOOpasue,
CTPYKTypa COOOIIECTBA, TPOPUUYECKHUE B3aUMOJCHCTBUS M MPOTYKTUBHOCTH
BOJHBIX 3KocucteM [4]. MHUKpOBOZOPOCIM MEPBBIMU BCTYMAOT B KOHTAKT
C 3arpSI3HEHUSMH, TI03TOMY HUX CUYUTAIOT XOPOIIMMH OHOJOTUYECKUMU
VMHJIMKATOpAMU Ka4yecTBa BOJHI [2].

B nocnennee BpeMs oiHOM U3 3KOIOTHYECKUX MpoOieM B r. KpacHosipcke
SIBIIICTCS MACCOBOE PAa3BUTHE 3€JICHBIX BOAOPOC/CH pojaa SPirogyra v BBICIIMX
BOAHBIX pacTeHuMil B AOakaHckod mnportoke p. Enuceil. 3Oto npuseno
K HETATUBHBIM SIBJICHUSIM, TPOSIBISIONIMXCS B YXYAIICHUU 3amaxa, MUKpOOHO-
JIOTUYECKHUX MapaMeTPOB BOJIbI, 3aWJIMBAHUM JHA, IPUBEIINX K TOMY, 4TO Aba-
KaHCKasi IPOTOKA CTaJla TEPATh PEKPEALlMOHHBIE KaUeCTBA U CBOKCTBA.

Heanb pabdoTbl — u3yueHUE CTPYKTYphl (UTOIUIAHKTOHA AOakaHCKOU
poTOKU peku EHucel npu Bo3aeiicTBUM aHTpONOreHHoro (aktopa. OO0BEeKTOM
WCCJIEIOBAHUSI CITY>KUJT PUTOIUIAHKTOH AbOakaHckoi mpoToku. C mast o aBrycr
2020 roga 6b110 O0TOOpaHo 20 mpo6 ¢uromaHkTOHA Ha 4 cTaHIUAX (pUC. 1)
C pa3HOM CTETECHbIO BIMSHUS aHTPOIIOTCHHBIX (PAKTOPOB.

o2 o

03

Puc. 1. Pacnonoxenne AbGakaHCKOM MPOTOKHU M CTAHIIMKI 0TOOpa mpod

© Kocobyko 1. B., 2021
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O0BEeKTBI M MEeTOABI

Abaxanckas npotoka pexku Enuceit (55°59' c. m., 92°51' B.1.) pacmosno-
xeHa B 1ieHTpe r. KpacHospcka mexay octpoBoM OTabpIXa U MpaBbiM OEperom.
B BepxHeli yacTu pyclio MPOTOKH MEPEKPHIBAET J1aMOa, M0 KOTOPOH MPOXOJUT
aBToMoOuIbHas nopora. Bosne npaBoro Gepera uepe3 n1aMO0y MpPOJIOKEHBI JBE
TpyOBbI, 00eCreunBaIOIINE YACTUUHBIN MPOMYCK BOJBI MEXIY BEpXHEH U OCHOB-
HOM 4acTAMH MPOTOKU. HHke 1o TEYEHUI0 B HECKOJIBKUX MECTaX PaCIOIOKEHBI
HCKYCCTBEHHbBIC HACBINM, MPEICTABISAIONINE COOOWM 3alIUTHBIA CIOM TpyHTa
IIPOXOAIIMX I10 THY IPOTOKH AXOKEPOB. Bo3ie oxHON U3 TakuX HACBIIEN Opra-
HU30BAHO PHIOOPA3BOHOE XO3SUCTBO M YCTAHOBIICHBI CaIKOBbIC JINHUU JJIS BbI-
palvBaHus U BbLACPKUBaHUS pbIOb. B nieHTpanbHON yacTu AOGakaHCKOW IMpo-
TOKHM y TPaBOTO Oepera depe3 pacceMBaIOIINN BBITYCK OCYIIECTBIISIETCS cOPOC
T€mio TexHosorndeckor Boabl TOLI-2. Kpome TOro, B HECKOJBKHX MECTax
B IIPOTOKY MOCTYIAIOT TOPOACKHUE TUBHEBBIE CTOKHU.

Pe3yabTaThl

3a BereTalMoOHHBIA NEPUOJ B BUAOBOU CTPYKTYpe (PUTOIJIAHKTOHA BBISIB-
JIEHO 78 TaKCOHOB HAa YPOBHE BUJIA U HMXKE, OTHOCSIIUXCS K 7 pa3HbIM OT/AENaM,
u3 kotopeix Ha oraen Bacillariophyta npuxomumoce 59 % (44 Buga),
Chlorophyta — 20,5 % (18), Cyanobacteria — 7,7 % (6), Euglenophyta — 3,8 %
(4), Chrysophyta — 5,1 % (3), Dinophyta — 2,6 % (2), Cryptophyta — 1,3 % (1).
Takoe cOOTHOIIEHUE OTAENIOB XapaKTEPHO Ui alnbro(iopbl BOJOEMOB CyOapK-
TUKH.

BenuuuHbl MHAEKCA BHJIOBOTO pa3HOOOpa3usi ObUIM 3HAYUTEIbHBIMHU
Y U3MEHSJIUCH 10 CTAaHLUSIM M MecsiliaM B mipenenax 1,74-3,86 OuTt, riae Makcu-
MaJbHOE CpelHEee 3HaueHWe MNpHUHAIIeKano craHuuu 1 (doHOBas) —
3,24+0,14 6ut, a MuanManbHOEe — ctanimu 2 (1,9+0,07 6ur). B nienmom 6oratoe
BUJIOBOE Pa3HOOOpazue MO CTAHIUSAM CBUAECTEIBCTBOBAIO O OJIArOMPHUATHBIX
YCIIOBUSIX I pa3Butus (purorsiaHkroHa. B ocHOBHOM, (DUTOIIIAHKTOH HOCHII
JTMATOMOBBIA XapakTep it OOJBIIMHCTBA CTAHIIMM, TaK Kak OoJiblllasg 4acTh
JTOMUHUPYIOIIMX BHUJIOB, KaK MO YHMCIEHHOCTH, TaK U MO OMomacce, MpeacTaB-
TSI AMATOMOBBIE BoAopocin. OJIHAKO HEPEIKO B PAHT JOMUHAHTOB BBIXOIUIH
Ipyrue BoJopocin: 3eneHas Bogopocis Ulotrix zonata (F.Weber & Mohr) Kiitz.
JOMHHHpPOBaJia Ha CTaHIMH 1, a Spirogyra Sp. — Ha cTaHIuU 4 B Mae; 30JI0TH-
cThie Bogopociu pojaa Dinobryon nmpeodnananu Ha cranimm 2 ¢ Masi 110 HEOJIb.

[Tokazatenn wunAekca YekaHOBCKOro-ChepeHCeHa, XapaKTepU3yIoLue
CXOACTBO BHUJOBOIO COCTaBa, MO CTAHLMIM 3HAYUTENBHO BapbupoBaiu oOT 0
10 0,5, B cpennem coctaBisin 0,4, Takum oOpa3om, 3HAYHUTEILHOIO CXOJICTBA
BUJIOBOI'O COCTaBa HE OOHApPYKEHO, TO €CTh Ha KaXKAOW CTaHUMU (POopMHpOBa-
Jach COOCTBEHHas BHUOBasi CTPYKTypa (PUTOIUIAHKTOHA, KOTOpas 3aBHCENA,
CKOp€e BCEro, OT BIMSIOMIMX IKOJIOTUYECKUX (PAKTOPOB MO CTAHLIUSM.

KonnuecTBeHHbIE TOKa3aTEIM, MPEACTABICHHBIE B BHUJE YHUCICHHOCTH
1 OroMacchl (PUTOTUTAHKTOHA, TAKKE OBUTH HEOTHOPOHBI KaK MO0 CTAHIUSAM, TaK
¥ B TEUCHHE BETETAI[MOHHOTO Tieproa (puc. 2).
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Puc. 2. YucneHHocTs (a, THIC. KIJI./T) 1 Onomacca (0, MKr/i1) GUTOIIIaHKTOHA
Abaxanckoit npotoku p. Enuceii, maii-aryct 2020

HaunOonbmiasg cpegHsiss BeIMYMHA YHUCIEHHOCTHM cocTaBuia 959,626 +
143,5 TBIC. K1/ HA cTaHOWU 2, a HauMeHbImas - 192,58 + 29,87 Teic. KiI/I
Ha cTaHiuu 3. B 11eJI0M YHCIEHHOCTh CUJIBHO MEHSJIACh U 3aBUCEIa OT BPEMEHHU
BETETALMOHHOTO MEPUOJa U MECTA MOJIOKEHUS CTaHIHUH. ONpenesoulyo poJib
B (JOPMUPOBAHUYU YUCIICHHOCTU UTPAJIA TUATOMOBBIE U 30JI0TUCTHIE BOJOPOCIIH.
HauGonbmas cpeansisi 6uomacca ormeuena Ha cranuuu 4 (1036,03 + 310,18
MKT/J1), Ky/ia 10 TE€YCHUIO0 MOTJIA CHOCUTHCS METa0O0JIUTHI M KOpMa OT CaJIKOBOTO
XO35IUCTBA, PACIOIOKEHHOTO BhImie. CpeAaHssi HauMeHblas 6uoMacca 3aperu-
cTpupoBaHa Ha ctanuuu 3 (419,52 + 111,48 MKI/i), BO3MOXKHO 3TO CBSI3aHO
C TIOBBIIIIEHHBIMH TEMIIEpAaTypaMH BOJIbI, mocTynatomue ¢ TOLI-2.

3akioueHue

OcHoBHOI BKJIa B (popMHUpoBaHHE OMOMAcChl BHOCUJIM THATOMOBBIE, 30-
JIOTUCTBIE U 3€JICHbIE BOAOPOCIU. B ce30HHON nuHamuKe oOIel YUCICHHOCTH
1 OMOMAcCChI MO CTAHIIUSM BBISIBIIIM CIIETYIOIIME 3aKOHOMEPHOCTH: CaMble HU3-
KHE BEJIMYUHBI TJIOTHOCTU (PUTOTUIAHKTOHA B TEUYEHUE BCETO BETETAllMOHHOTO
nepuojaa oOHapyKEHbI HAa CTAHIIMM 3; CE30HHAs TMHAMHUKA YHCIEHHOCTU MMeJia
TEHJICHIINIO CHUKEHUS C Masi 10 CEPEANHBI UIOHS, 3aT€M IIJIaBHOE YBEJIUYEHHUS K
KOHITy aBrycra. Takum oOpa3om, B CE30HHOW JTUHAMUKE Pa3BUTHHU (PUTOTIAHK-
TOHA YCTAHOBJICHO J[Ba MHKa Pa3BUTHUS BOJAOPOCIEH, C nenpeccuend (UTOTUTaHK-
TOHA B CEPEJIMHE UIOHS.

B 2020 roxy xadectBO Boja AOakaHCKOW MPOTOKW MO TOKa3aTessM ca-
npoOHOCTH (PUTOINIAHKTOHA W3MEHsUIoch B mpenenax 1,57-2,00 Oanios
u cooTBeTcTBOBaia |l kjaccy cremeHu 3arps3HEHHOCTH BOJ «cjabo3arpsi3HEH-
Has». JIule B OTeabHbIE JaThl (Mal, cepeiuHa UIOHS) Ha CTaHIUU | ¥ CTaHIUU
3 KayecTBO BOJ OBLIO BBILIE U COOTBETCTBOBAJIO | Kilaccy, cTeneHu 3arps3HeHHO-
CTH BOJI «yCJIOBHO YHCTas.
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