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CONFERENCE PROGRAM

June 18 (TUESDAY)

Registration of participants of the conference, recreation center “Arnika”,
central building, 1. Petrasha Str. 30, Yaremche

Conference opening, press release for the media
Plenary session

Chair, Andriy Sibirny (Lviv)

Maryna Skok. "Mesenchymal stem cells as a therapeutic tool to cure
cognitive impairment caused by neuroinflammation or alpha7 nicotinic
acetylcholine receptor deficiency "

Grzegorz Wegrzyn. "Changes in transcriptomes of cells derived from
patients suffering from different types of mucopolysaccharidosis"

Patrick Fickers. "The quest for the best cell factory for the production of
recombinant proteins: Pichia pastoris vs Yarrowia lipolytica"

Get together party
June 19 (WEDNESDAY)

Session "Cell signaling, apoptosis, autophagy™

Chair, Oleh Stasyk (Lviv)

(recreation center “Arnika”, central building, I. Petrasha Str. 30,
Yaremche)

Lecture 1. Andriy Sibirny. "Autophagy is the primary mechanism involved
in degradation of the cytosolic enzymes of methanol metabolism in the
methylotrophic yeast Komagataella pastoris”

Lecture 2. Lyudmila Drobot.”The epithelial-mesenchymal plasticity is a
driving force of tumor progression”

Lecture 3. Olexandr Korchynskyy. "Overexpression of direct bone
morphogenetic protein/Smad target gene inhibitory kBa upon BMP7
treatment is insufficient to prevent and treat rheumatoid arthritis"

Lecture 4. Kostyantyn Dmytruk. "The role of peroxisomes in xylose
alcoholic fermentation in the engineered Saccharomyces cerevisiae™

Lecture 5. Yuriy Kit. "Identification of cortactin-like proteins in human
urine at norm and pathology: diagnostic and prognostic potentials™

Presentation of "Bionix Lab™ company

Coffee break

Session "Tumor cell biology"

Chair, Rostyslav Stoika (Lviv) (recreation center “Arnika”, central
building, 1. Petrasha Str. 30, Yaremche)
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11:30 - 11:50

11:50 - 12:10

12:10-12:30

12:30 - 12:50

12:50 - 13:10

13:10-13:30

13:30 - 14:30

14:30 - 16:50

14:30 — 14:50
14:50 - 15:10

15:10 - 15:30

15:30 — 15:50

15:50 - 16:10

16:10 - 16:30

16:30 — 16:50

16:50 - 17:10
17:10-18:30

Lecture 1. Rimantas Daugelavicius. "Conditions and factors leading to
multidrug resistance in bacteria and eukaryotic cells"

Lecture 2. Rostyslav Stoika. "Potentials of nanocarriers in circumventing
tumor cell resistance to anticancer drugs and diminishing negative side
effects of their action in the treated organism"

Lecture 3. Oleh Stasyk. "Metabolic anticancer enzymotherapy based on
arginine deprivation and new combinational approaches™

Lecture 4. Rostyslav Panchuk. "Circumvention of tumor drug resistance by
guinone-containing compounds: role of extramitochondrial ROS™

Lecture 5. Nataliya Hudz. "Leaning points around biocompatibility of PD
solutions measured as in vitro proliferation of HepG2 and Vero cells"

Lecture 6. Nelia Kyshynets. "Biological drugs obtained by means of high-
tech processes: quality assurance in accordance with the requirements of the
State Pharmacopoeia of Ukraine"

Lunch (in cafeteria at central building of recreation center “Arnika”, I.
Petrasha Str. 30, Yaremche)

Session "Cell response on stress"
Chair, Rostyslav Panchuk (Lviv)
(recreation center “Arnika”, central building, I. Petrasha Str. 30, Yaremche)

Lecture 1. Alexander Rapoport. “Anhydrobiosis: Survival without water”

Lecture 2. Sergiy Beschasnyi. "Effects of the carbon monoxide releasing
molecule-2 on human erythrocyte membranes”

Lecture 3. Kostyantyn Kuznetsov. “Cell membrane permeability changes
under exposure to neutron radiation”

Lecture 4. Oksana Stolyar. “Application of the novel integrative index of
oxidative stress basing on the experience of aquatic mollusks study”

Lecture 5. Raisa Piskun. “Compensatory-adaptive potential of cardiocytes
under conditions of experimental cholesterol loading the animal models”

Lecture 6. Anastasiia Rozhyna. “The influence of low power microwave
radiation of 2,4 GHz frequency on human cells”

Lecture 7. Oksana Novikova. “Viability and proliferative activity of
cryopreserved cultures of dermal papillas of rabbits

Coffee break
Poster session Nel (sections 1, 2, 4, 6)
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18:30 - 19:30

Dinner (in cafeteria at central building of recreation center “Arnika”, 1.
Petrasha Str. 30, Yaremche)

June 20 (THURSDAY)

9:00 — 11:50 Session "Cellular, genetic and metabolic engineering"

9:00 -9:20

9:20-9:40

9:40 - 10:00

10:00 - 10:20

10:20 — 10:40

10:40 — 11:00

11:00 — 11:20

11:20 — 11:40

11:40 - 11:50
11:50-12:10
12:10-13:00
13:00 — 14:00

14:00 — 18:00
18:00 - 19:00

19:00 — 22:00

Chairs, Yaroslav Blume (Kyiv)
(recreation center “Arnika”, central building, I. Petrasha Str. 30, Yaremche)

Lecture 1. Mykhailo Gonchar. "Recombinant enzymes, human arginase i
and microbial arginine deiminase, as the biorecognition elements for
arginine-selective amperometric biosensors and enzymatic kits"

Lecture 2. Justyna Ruchala. "Importance of peroxisomes and peroxisomal
enzymes of pentose phosphate pathway for xylose alcoholic fermentation
in the thermotolerant methylotrophic yeast Ogataea polymorpha™

Lecture 3. Daria Fedorovych. "New approaches to improve riboflavin
production in the yeast Candida famata"

Lecture 4. Olena Kurylenko. "Evaluation of transcriptional factors involved
in regulation of xylose metabolism and fermentation in the thermotolerant
yeast Ogataea polymorpha"

Lecture 5. Marta Semkiv. “Crude glycerol bioconversion to fuel ethanol
by methylotrophic yeasts”

Lecture 6. Nataliya Finiuk. "Application of poly-DMAEMA-containing
carriers for delivery of plasmid DNA to mammalian cells"

Lecture 7. Oleh Smutok. “The recombinant yeast Ogataea polymorpha,
overproducing flavocytochrome b2, as a tool for L-lactate and chromate
analysis, as well as for chromate bioremediation”

Lecture 8. Volodymyr Granovski. "Expression of heterologous proteins in
E.coli and H. polymorpha using recombinant DNA technologies for
vaccine development and diagnostics applications"

Presentation of Xema Company
Coffee break
Poster session Ne2 (sections 3, 5)

Lunch (in cafeteria at central building of recreation center “Arnika”, I.
Petrasha Str. 30, Yaremche)

Yaremche tour

Dinner (in cafeteria at central building of recreation center “Arnika”, I.
Petrasha Str. 30, Yaremche)

Or
Banquet
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CONFERENCE PROGRAM
June 21 (FRIDAY)

9:00 — 10:40 Session "Plant cell biology"
Chair, Alla Yemets (Kyiv)
(recreation center “Arnika”, central building, I. Petrasha Str. 30, Yaremche)

9:00 -9:20 Lecture 1. Alla Yemets. "Lactoferrin expression as a tool for the
enhancement of non-specific plant pathogen resistance"

9:20 — 9:40 Lecture 2. Yuriy Kolupayev. "Nitric oxide, synthesized by nitrate reductase,
as participant of transduction of hydrogen sulphide signal at induction of heat
resistance of wheat plantlets™

9:40 — 10:00 Lecture 3. Galyna Shevchenko. "Adaptative changes of proteome in
arabidopsis seedlings from chernobyl zone"

10:00 — 10:20 Lecture 4. Olena Kravets. “Role of cytomixis in a mechanism of
microsporocyte kariotype rearrangement”

10:20 — 10:40 Lecture 5. Volodymyr Shkarupa. ’Optimized system of analysis of
mutagenic modifiers based on the model plant of Allium cepa L.”

10:40 — 11:00 Coffee break

11:00 — 12:20 Plenary session
Chair, Andriy Sibirny (Lviv)

11:00 — 11:40 Yaroslav Blume. "New inhibitors of FtsZ proteins: the way from high-
throughput molecular screening up to verification in vitro"

11:40 — 12:20 Alicja Jozkowicz. “Nrf2 and Keapl: a quintessential duet moonlights in
endothelium”

12:20 — 12:40 Report of Audit Commission on the activities of the Ukrainian Society of
Cell Biology for the 2016-20109.

12:40 — 13:20 Short oral presentations of 5 best posters of young scientists (under 35
years). 5 min presentation+2 min questions.

13:20 — 13:40 Conference closing ceremony. Young Scientists Award for the best poster
presentation.

13:40 — 14:40 Lunch (in cafeteria at central building of recreation center “Arnika”, I.
Petrasha Str. 30, Yaremche)
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Plenary lectures

MESENCHYMAL STEM CELLS AS A THERAPEUTIC TOOL TO CURE COGNITIVE
IMPAIRMENT CAUSED BY NEUROINFLAMMATION OR ALPHAT7 NICOTINIC
ACETYLCHOLINE RECEPTOR DEFICIENCY
Skok Maryna Plenary Lecture

Skok M.V.

Palladin Institute of Biochemistry, National Academy of Science of Ukraine, 9, Leontovycha str, 01030
Kyiv, Ukraine

E-mail: skok@biochem.kiev.ua

Mesenchymal stem cells (MSCs) are self-renewing multipotent cells able to differentiate into
multiple cell types including neurons. In addition, MSCs produce numerous trophic and growth factors
affecting neurogenesis, synaptogenesis and cell survival. The efficiency of regenerative MSC therapy
has been proved in many experimental models. Neuroinflammation caused by injections of bacterial
lipopolysaccharide (LPS) results in memory impairment in mice accompanied by elevated amounts of
amyloid beta peptide AP(1-42) and decreased levels of a7 nicotinic acetylcholine receptors (nAChRs)
in the brain. Immunization of mice with a7 nAChR extracellular domain (1-208) also results in
inflammatory effect and memory impairment. Finally, mice lacking a7 nAChRs (a7-/-) possess a pro-
inflammatory phenotype and demonstrate impaired episodic memory. Taken together, these data
illustrate a key role of a7 nAChRs in neuroinflammation and memory. Our experiments were undertaken
to find out if MSCs can prevent and cure the pathogenic symptoms caused by either inflammation or a7
nAChR deficiency. We used MSCs isolated from either human umbilical cord (hMSCs) or mouse
placenta (MMSCs) and the conditioned medium obtained after 2 days of MSCs culturing in serum-free
medium. MSCs injected intravenously penetrated the brain of LPS-pre-treated mice and prevented
episodic memory impairment, mitochondria damage, AB(1-42) accumulation and nAChR decrease in
the brain caused by LPS. Moreover, MSCs could reverse the pathogenic symptoms developed 3 weeks
after LPS injection. MSCs also penetrated the brains of a7-/- mice and transiently improved their
episodic memory. Similar, although weaker and shorter, effects were observed after intraperitoneal
injections of MSCs conditioned medium suggesting that memory improvement was caused by soluble
factors produced by MSCs. Cultured MSCs produced IL-6 in response to LPS and stimulated an IL-6
increase in the brain, which coincided with the improvement of episodic memory. Injections of
recombinant IL-6 also improved episodic memory of a7-/- mice accompanied by the up-regulation of
a3, a4, B2 and p4 nAChR subunits in the brain. In whole, the data obtained indicate that MSCs, injected
intravenously, are able to cross the blood-brain of mice loosened by inflammation and persist there for
at least two weeks. They improve episodic memory of mice and make their mitochondria more resistant
to apoptogenic influence. One of the soluble factors responsible for the memory improvement is IL-6.
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CHANGES IN TRANSCRIPTOMES OF CELLS DERIVED FROM PATIENTS SUFFERING
FROM DIFFERENT TYPES OF MUCOPOLYSACCHARIDOSIS

Wegrzyn Grzegorz Plenary Lecture

Lidia Gaffke*, Karolina Pierzynowska*, Magdalena Podlacha, Joanna Brokowska,
Grzegorz Wegrzyn

Department of Molecular Biology, University of Gdansk, Wita Stwosza 59, 80-308 Gdansk, Poland

E-mail: grzegorz.weqgrzyn@biol.ug.edu.pl

* These authors contributed equally to this work.

Mucopolysaccharidoses (MPS) are a group of genetic disorders belonging to lysosomal storage
diseases (LSD). They are caused by genetic defects leading to either a lack or severe deficiency of
activity of one of lysosomal enzymes involved in degradation of glycosaminoglycans (GAGS). Partially
degraded GAGs accumulate in lysosomes which results in dysfunctions of cells, tissues and organs.
Depending on the kind of the deficient enzyme, 11 types and subtypes of MPS are distinguished. Until
recently, it was assumed that GAG accumulation in cells is the major, if not the only, mechanism of
pathogenesis in MPS, as GAGs may be a physical ballast for lysosomes causing inefficiency of cells due
to a large amount of a stored material. However, recent reports (including articles published by our team)
suggested that in MPS cells there are changes in many different processes which might be even more
important for pathogenesis than lysosomal accumulation of GAGs per se. Therefore, the aim of this
work was to analyze changes in transcriptomes in fibroblasts derived from patients suffering from all
known types and subtypes of MPS. The RNAseq method was used to determine genes which expression
is disturbed in particular MPS types. We found that each MPS type and subtype is characterized with
specific changes in expression of a various genes relative to cells derived from a healthy person.
Nevertheless, some changes in the gene expression patterns were common for various MPS types.
Generally, one can conclude that several cellular processes are affected in MPS cells due to disturbed
regulation of expression of specific genes, coding for proteins involved in particular cellular functions.
The putative changes include following processes: cytoskeleton dynamics, vacuolar transport, cell cycle,
DNA replication, functions of lysosomes, mitochondria and ribosomes, apoptosis and autophagy.
Further studies will lead to detailed determination of biochemical pathways which are disturbed in cells
of different MPS types. Nevertheless, information gained from the transcriptomic studies suggests
hypothetical molecular mechanisms responsible for the changes in particular cellular processes.
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Plenary lectures

THE QUEST FOR AN EFFICIENT CELL FACTORY FOR THE PRODUCTION OF
RECOMBINANT PROTEINS: PICHIA PASTORIS VS YARROWIA LIPOLYTICA.

Fickers Patrick Plenary Lecture

Marie Vandermies, Chrispian Theron, Patrick Fickers

Microbial Processes and Interactions, TERRA Teaching and Research Centre, University of Liege -
Gembloux AgroBio Tech, Av de la Faculté, 2B. B-5030 Gembloux, Belgium

E-mail: pfickers@uliege.be

The non-conventional yeasts Y. lipolytica and P. pastoris are both well-established cell factories
for the synthesis of recombinant proteins (rProt) in industry. Surprisingly, no direct comparison of their
performances for rProt synthesis has been reported so far. Here, we report such a comparison using the
CalB lipase from Candida antartica as a model protein. The corresponding codon optimized gene
sequence was cloned under the control of strong inducible promoters, namely pEYKA3B and pAOX1,
and expressed in recipient strains Y. lipolytica EYK1ko and P. pastoris MutS, respectively. With the
resulting strains, cell growth, gene expression, carbon uptake rates and extracellular lipase activity were
monitored over time during cultures in bioreactor in optimized conditions. Y. lipolytica performances
were by far superior in terms of cell growth rate and extracellular lipase activity, although P. pastoris
showed a significantly higher level of CalB gene expression. This lower protein productivity in P.
pastoris was found related to the intracellular protein degradation by the proteasome complex. From this
study, Y. lipolytica appears a more efficient cell factory that is in addition not related to the utilization
of flammable methanol as inducer.
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Plenary lectures

NEW INHIBITORS OF FTSZ PROTEINS: THE WAY FROM HIGH-THROUGHPUT
MOLECULAR SCREENING UP TO VERIFICATION IN VITRO

Blume Yaroslav Plenary Lecture

Yaroslav Blume, Alex Rayevsky, Svitlana Spivak, Serhii Ozheredov, Oleg Demchuk, Alla Yemets,
Pavlo Karpov

Institute of Food Biotechnology and Genomics, Natl. Acad. of Sci. of Ukraine
Osypovskoho str., 24, Kyiv, Ukraine 04123

E-mail: blume.yaroslav@nas.gov.ua

Due to the emergence of multidrug-resistance tuberculosis (MDR-TB) and TB's role as a major
opportunistic pathogen in patients with HIV/AIDS, the need for new chemotherapeutics that will be
effective against both sensitive and MDR-TB has become prominent. The current area of investigation
for the development of new novel drugs against TB is bacterial cell division.

The purpose of our project was selection of novel anti-TB compounds targeted the main cell
division protein of Mycobacteria, based on results of high-throughput screening, molecular dynamics
simulations, ab initio fragment molecular orbital calculations, as well as the in vitro analysis of ligand-
protein interactions based on the inhibition of GTP hydrolysis of FtsZ-protein, inhibition of its
polymerization in vitro.

Within the framework of virtual organization CSLabGrid, high-throughput molecular screening
has been performed for new anti-tuberculosis compounds. Using the FlexX program installed on the
Institute of Food Biotechnology and Genomics (IFBG) Cluster and models of four promising ligand
binding sites on the surface of FtsZ protein from Mycobacterium tuberculosis, virtual screening has been
done for the database containing 2886 compounds synthesized in the Institute of Organic Chemistry of
the NAS of Ukraine. Based on the LE and AG scores, the docking scores of CCDC Gold, and the results
of molecular dynamics, a group of Mycobacterial FtsZ inhibitors has been selected. In vitro validation
have revealed 6 compounds with the highest inhibition of GTPase activity of FtsZ. Also, based on in
vitro experiment, three of selected compounds demonstrate strong inhibition of FtsZ polymerization
together with inhibition of its GTPase activity.

Respectively we can propose a short list of most promising leading compounds of new
perspective agents for TB-treatment for testing on living bacteria culture.
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Plenary lectures

NRF2 AND KEAP1: A QUINTESSENTIAL DUET MOONLIGHTS IN ENDOTHELIUM
Jozkowicz Alicja Plenary Lecture

Anna Grochot-Przeczek!, Aleksandra Kopacz, Damian Kloska!, Dominik Cysewski?, Nicolas
Personnic!, Aleksandra Piechota-Polanczyk®, Jozef Dulak®, Alicja Jozkowicz*

1 — Department of Medical Biotechnology, Faculty of Biochemistry Biophysics and Biotechnology,
Jagiellonian University, 30-387 Krakow, Poland

2 — Mass Spectrometry Laboratory, Institute of Biochemistry and Biophysics, Polish Academy of
Science, 02-106 Warsaw, Poland

E-mail: alicja.jozkowicz@uj.edu.pl

Oxidative stress and premature senescence is conducive to aging and cardiovascular diseases.
Nrf2 transcription factor, the master orchestrator of adoptive response to cellular stress, has been
implicated in regulation of premature senescence in fibroblasts, neural and mesenchymal stromal cells
by transactivation of antioxidant gene expression. However, a molecular switch between normal,
senescent and apoptotic fate remains unknown.

Recently we have shown that GDF-15- and SDF-1-induced angiogenesis strongly depends on
the presence of Nrf2 protein in endothelial cells (EC) but does not rely on its transcriptional activity.
Instead, Nrf2 serves as a protein tethering Keap1l, its known transcriptional repressor, to allow podosome
assembly and angiogenesis. We have also demonstrated that human primary ECs devoid of Nrf2, and
murine Nrf2 transcriptional knockout (tKO) aortas are senescent. Surprisingly, they do not encounter
oxidative stress and damage, and senescence is not a primary cause of the decrease in their angiogenic
potential.

We were looking to elucidate the mechanism of Nrf2-related premature senescence of vascular
system, to understand why Nrf2 deregulation does not cause oxidative stress in ECs, and to indicate a
molecular switch determining EC fate. We evidenced that ECs deficient in Nrf2 protein, or with limited
Nrf2 activity in shear stress conditions, exhibit excessive S-nitrosylation of proteins. It is also a
characteristic feature of Nrf2 tKO murine aortas, as determined by biotin switch assay in situ. Mass
spectrometry analysis reveals that NOX4 is S-nitrosylated exclusively in ECs devoid of Nrf2. We
suppose that a functional role of S-nitrosylation is protection of ECs from death by inhibition of NOX4-
mediated oxidative damage. As a result, the Nrf2-deficient ECs preserve oxidative balance but are
redirected to premature senescence. The same phenotype is seen in Nrf2 tKO aortas. These effects are
mediated by Keapl repressor, a direct binding partner of Nrf2, remaining in cytoplasm unrestrained by
Nrf2. S-nitrosylation, followed by senescence, can also be triggered in smooth muscle cells by EC-
derived paracrine induction of iNOS.

To sum up, disturbed Nrf2 signaling in endothelial cells leads to the Keapl-dependent S-
nitrosylation of NOX4, what hampers oxidative detriment and may provide defense in the adjacent aortic
cells. Overabundance of unrestrained Keapl in the cytoplasm determines the fate of endothelial cells.
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Session 1: Apoptosis, autophagy, cell signalling/ Anonmos, asmogpazis, knimunna cuznanizauis

AUTOPHAGY IS THE PRIMARY MECHANISM INVOLVED IN DEGRADATION OF THE
CYTOSOLIC ENZYMES OF METHANOL METABOLISM IN THE METHYLOTROPHIC
YEAST KOMAGATAELLA PASTORIS

Andriy Sibirny Lecture 1

Andriy A. Sibirny2, Olena V. Dmytruk?, Marta V. Semkiv?

1 — Department of Molecular Genetics and Biotechnology, Institute of Cell Biology, NAS of Ukraine,
Drahomanov Street, 14/16, Lviv 79005 Ukraine

2 — Department of Biotechnology and Microbiology, University of Rzeszow,

Zelwerowicza 4, Rzeszow 35-601 Poland

E-mail: sibirny@yahoo.com

Methylotrophic yeasts metabolize methanol using peroxisomal (alcohol oxidase, catalase,
dihydroxyacetone phosphate synthase) and cytosolic (fructose-1,6-bisphosphatase, formaldehyde
dehydrogenase, S-formylglutathione hydrolase, formate dehydrogenase) enzymes. After shift of
methanol-grown cells to glucose medium, rapid drop in the activities of peroxisomal and cytosolic
enzymes of methanol metabolism occur and such drops show similar kinetics. It is known for many
years that the drop in activities of peroxisomal enzymes after shift of methanol-grown cells to glucose
medium occurs due to autophagic degradation of peroxisome (pexophagy). Mechanisms of rapid
decrease in activities of cytosolic enzymes of methanol metabolism after such shift remained unknown
for long time. We have found that inactivation of fructose-1,6-bisphosphatase in methanol-grown cell
transferred into glucose occurs due to protein degradation. We also observed that inactivation of
fructose-1,6-bisphosphatase, formaldehyde dehydrogenase and formate dehydrogenase under
mentioned condition in the yeast Komagataella pastoris is slowed down in the mutants with defected
vacuolar proteinases whereas inhibitor of the located in cytosol proteasomal protein degradation MG-
132 did not affect this process. These data unequivocally indicates that inactivation of cytosolic enzymes
of methanol metabolism occurs due to their degradation and this degradation occurs in vacuole in
autophagic process. Our main goal is to isolate the collection of the mutants defective in specific
autophagic degradation of the cytosolic proteins. However, there are not convenient procedures for
selection of the mutants defective in degradation of fructose-1,6-bisphosphatase, formaldehyde
dehydrogenase or formate dehydrogenase. Therefore we decided to construct K. pastoris strains which
express heterologous [-galactosidase coding by LAC4 gene of Kluyveromyces lactis under control of K.
pastoris FLD1 promoter of formaldehyde dehydrogenase. Resulted K. pastoris transformants indeed
synthesized B-galactosidase in during cultivation in methanol medium and such activity was dropped
after shift the cells into medium with glucose. Inactivation was impaired in the strain defective in
vacuolar proteinases. Strains of K. pastoris which express Lac4-GFP hybrid protein have been
constructed. Localization of the hybrid protein during inactivation caused by glucose is under study.
Possible mechanisms of autophagic degradation of cytosolic enzymes in K. pastoris will be discussed.
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THE EPITHELIAL-MESENCHYMAL PLASTICITY AS A DRIVING FORCE OF CANCER
PROGRESSION

Liudmyla Drobot Lecture 2
Liudmyla Drobot

Palladin Institute of Biochemistry, National Academy of Science of Ukraine, 9 Leontovycha str., Kyiv,
01030, Ukraine
E-mail: drobot@biochem.kiev.ua

The ability of tumor cells of epithelial origin to reciprocal reprogramming/trans-differentiation
in the course of epithelial-to-mesenchymal/amoeboid transitions (EMT/MAT) is associated with
acquisition of a more aggressive tumor phenotype tightly interrelated with conversion of noninvasive
tumor cells into stem-like states, increase of therapy resistance and metastatic potential, and is currently
referred as epithelial-mesenchymal plasticity (EMP). In many cases, to undergo EMP, cancer cells do
not require additional genetic changes. Signaling strategies that orchestrate EMP involve context-
dependent dynamic changes in extracellular milieu, consequent modulation of receptor-mediated
signaling networks providing a fine control of epigenetic events, gene and miRNA expression patterns,
translation and post-translational modifications, cell morphology and behavior. Adaptor/scaffold
proteins belong to the critical components of intracellular signaling networks that determine formation
and localization of signaling complexes in dynamic and selective fashion, and can support or inhibit
signal transduction depending on their stoichiometry in a particular compartment thus regulating signal
specificity, efficiency and the amplitude of signal propagation. In addition, the ability of some
adaptor/scaffold proteins to act as ultra-sensitive switches that determine alternative cell fates has been
currently recognized. Data that demonstrate the key role of adaptor protein Ruk/CIN85 in the control of
EMP will be presented.

Acknowledgments. This work was partially supported by SCOPES grant Ne 1273Z0 from
Swiss National Science Foundation (SNSF).
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OVEREXPRESSION OF DIRECT BONE MORPHOGENETIC PROTEIN/SMAD TARGET
GENE INHIBITORY kxBa UPON BMP7 TREATMENT IS INSUFFICIENT TO PREVENT
AND TREAT RHEUMATOID ARTHRITIS

Olexandr Korchynskyi Lecture 3

Olexandr Korchynskyil?3# Frank P. Luyten®, Rik Lories®, Peter ten Dijke*

1 — Department of Regulation of Cell Proliferation and Apoptosis, Institute of Cell Biology NAS of
Ukraine, Drahomanov Street, 14/16, Lviv 79005 Ukraine

2 — Medical Faculty, Rzeszow University, Poland

3 — Thurston Arthritis Research Centre, University of North Carolina at Chapel Hill, NC, U.S.A.
4 — Department Cell and Chemical Biology, Leiden University Medical Centre, Leiden, The
Netherlands

5 — Skeletal Biology & Engineering Research Centre, KU Leuven, Belgium

E-mail: olexkor@hotmail.com

Introduction: Loss of articular cartilage in the joints associated with bone erosions is a common
problem in patients with chronic inflammatory arthritis. Several reports suggest a role for BMP7 in
preventing joint damage and in promoting regeneration in part by mitigating the catabolic effects of
TNFa and IL-1B. The precise molecular mechanism mediating the preventive and regenerative effects
of BMP7 is unknown. Our transcriptional profiling studies revealed that the activation of BMP signaling
leads to increased expression of Inhibitory kBo. (IkBa), which is a key negative regulator of a major
proinflammatory NF-«kB pathway. We therefore explored whether anti-catabolic effects of BMPs based
on BMP-induced IxBa expression in cartilage and bone could be used to prevent joint damage in an
animal model of inflammatory arthritis.

Methods: cDNA microarrays-based gene expression profiling was used to discover novel BMP
target genes. Positive hits were confirmed using Northern and Western blotting and Real-Time PCR.
Luciferase reporter assays and ChlIP assay were used to characterize the BMP-responsive region in IkBa
promoter. Anti-catabolic effects of BMPs and their effect on osteoblast differentiation were validated by
genetic sShRNAS-mediated depleting studies using pre-osteoblastic cell lines and primary human
mesenchymal stem cells (hMSC). To interrogate the in vivo relevance of our findings we used a model
of experimentally-induced arthritis in DBA/1 mice upon inoculation of BMP7-expressing adenovirus
into a knee. All experiments were approved by the Ethics Committee for Animal Research (KU Leuven,
Belgium; P198/2012).

Results: Real-Time PCR showed that activation of IkBo mRNA by BMPs does not require de
novo protein synthesis, thus suggesting IkBa is a direct BMP target gene. Using ChIP assays we
demonstrated BMP intracellular effectors, i.e. Smadl/5 and Smad4, bound to the highly conserved
proximal region of IkBa promoter. A proximal fragment of IkBa promoter was found to be activated by
BMP2 and BMP7. EMSA assay showed that BMP7-induced IkBa expression blocks formation of
TNFa-induced NF-kB transcriptional complex. In addition, BMP treatment was found to inhibit TNFa
and LPS-induced NF-kB transcriptional response in mouse preosteoblasts and hMSC and rescued the
osteogenic differentiation of MSC from proinflammatory inhibition. sShRNA-mediated knockdown of
IxBa expression confirmed an essential role of IkBa in mediating of anti-catabolic effects of BMPs.
However, anti-catabolic effects of BMPs in vivo appeared to be insufficient for effective prevention and
treatment of experimental arthritis in DBA/1 mice.

Conclusion: IkBa is a direct BMP/Smad target gene and its expression could have a potential to
be a basis for preventive and BMP7 regenerative effects on degrading cartilage and bone. Unfortunately,
our in vivo studies showed effects of BMP7 as insufficient to affect cartilage and bone regeneration in
inflamed joints.
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Peroxisomes are membrane-enclosed organelles occurring in the cytoplasm of most eukaryotic
cells. Peroxisomes contain more than 50 different enzymes, which are involved in a variety of
biochemical pathways. In yeasts, peroxisomes are involved in fatty acid beta-oxidation, glyoxylic acid
cycle, catabolism of unusual carbon sources like purines, methanol etc. Peroxisomes reside many
oxidases producing hydrogen peroxide and catalase, which decomposes this toxic compound. Very few
are known on the role of peroxisomes on the metabolism of carbohydrates.

Recently we have found that peroxisomes are indispensable for xylose (but not glucose) alcoholic
fermentation in the methylotrophic yeast Ogataea polymorpha. Peroxisome-deficient pex34 mutant
completely lost ability to produce ethanol from xylose (Kurylenko et al., 2018). This phenomenon is
most probably associated with mislocalization of peroxisomal enzymes transketolase (another name,
dihydroxyacetone synthase) and transaldolase involved in xylose catabolism, since overexpression of
both enzymes resulted in significant increase of ethanol production from xylose.

Wild type strains of Saccharomyces cerevisiae are not able to grow on xylose or ferment this
pentose to ethanol. In this work, we have studied role of peroxisomes in xylose alcoholic fermentation
in the engineered xylose-utilizing strain of S. cerevisiae (Scalcinati et al., 2012). Peroxisome-deficient
pex34 mutant was constructed on the background xylose-utilizing strain of S. cerevisiae. The pex34
revealed slight decrease in ethanol production from xylose, while glucose alcoholic fermentation
remained unimpaired. The Pex34 belongs to the peroxisome integral membrane proteins, which are
responsible for constitutive peroxisome division (Zhou et al., 2016). The PEX34 gene was overexpressed
under control of strong constitutive TEF1 promotor aiming to increase peroxisome proliferation.
Constructed strain possessed slight increase of ethanol production from xylose relative to that of parental
strain. Obtained results let as to suppose that peroxisomes somehow involved in xylose alcoholic
fermentation in xylose-utilizing strain of S. cerevisiae.

Kurylenko O. et al. Biotechnol Biofuels. 2018, 11:197.

Scalcinati G.et al., FEMS Yeast Res. 2012, 12(5):582-97.
Zhou Y .J. et al., J Am Chem Soc. 2016, 138(47):15368-15377.
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The protein compositions of human urine reflect the changes of the biochemical state in a human
organism, thus, possessing an essential diagnostic value. We used precipitation/extraction approach (1)
toward samples of human urine and isolated a Mr ~100 kDa protein. MALDI TOF/TOF mass-
spectrometry demonstrated similarity of structure of this protein with cortactin (UniProtkKB/Swiss-Prot:
Q14247) that is known to be a substrate for human Src protein kinase. Screening of urine samples using
Western-blot analysis with specific anti-human cortactin antibodies suggests an existence of different
cortactin isoforms in healthy donors and patients with liver cirrhosis and oncological diseases, the
presence of which in urine could be an important diagnostic criterion for detection of the mentioned
diseases. To evaluate their diagnostic importance further investigations are needed.

1. Myronovskij S., et al, Biochem. Biophis. Rep. 2016, 5:175-179.
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Calcium transporters, which include, for example, the calcium pumps of plasma membrane (PM)
and sarcoplasmic reticulum (SR), play an essential role in controlling Ca ion concentration in the smooth
muscle (SM) cytoplasm. The SR Ca?*,Mg?*-ATPase reduces intracellular Ca** concentration owing to
cation accumulation in reticular pool. Recent literature data have indicated that SR is one of the largest
cellular calcium depots. Therefore, it is promising to search for a compound that would allow the activity
of these pumps to change. In previous studies, it was shown that the synthetic compound calix[4]arene
C-956 (5,11,17,23-tetra(trifluoro)methyl(phenylsulfonylimino)methylamino-25,27-dioctyloxy-26,28-
dipropoxycalix[4]arene) in concentration 100 uM effectively (by 75% relative to control) and
specifically inhibited the activity of PM Ca?*,Mg?*-ATPase of the uterine myocytes, without affecting
the activity of other PM ATPases.

Thus, the aim of this work was to study the patterns of the inhibitory effect of calix[4]arene C-
956 on the SR Ca?*,Mg?*-ATPase activity of the uterine SM cells. Calix[4]arene were synthesized and
characterized using NMR and infrared spectroscopy in the Phosphoranes Chemistry Department of the
Institute of Organic Chemistry, NASU (head of the department - Academician of NASU, prof. V.I.
Kalchenko). All enzymatic activities were assayed in cell suspension perforated with 0.1 % digitonin.
In 100 uM concentration, the highest inhibition of SR Ca?*,Mg?*-ATPase activity was in the presence
of calix[4]arene C-956, which inhibited enzyme activity to 36.5 = 0.2 % relative to control. The
calculated inhibition coefficient los was 42.73 = 1.03 uM. The Hill coefficient was 0.54 = 0.03 (n=5).

It was also shown that application of 20 uM calix[4]arene C-956 into uterine myocytes caused a
temporary increase of intracellular Ca®* concentration. Interestingly, during 2.5 minutes [Ca?"];
decreased that could be explained by involvement of compensatory mechanisms which regulate calcium
homeostasis. In addition, 50 uM calix[4]arene C-956 induced a decrease in myocyte’s hydrodynamic
diameter to 45 % that could be explaned by contraction of myocytes. Such change in the hydrodynamic
diameter could be interpreted as a combination of events that accompany the SMC contraction/relaxation
processes, namely changes in osmotic-water balance, rearrangement of the cytoskeleton elements. Since
it has been previously shown that athe decrease inof the SMC hydrodynamic diameter upon the actionin
the presence of contractile agents correlates with the state of SM contraction, these results suggest a
promising use of calix[4]arene C-90 as a regulator of the contractile activity of the uterus SM.

It is assumed that the obtained data onof the effect of calix[4]arene C-956 might be valuable for
further of ascertaining the ionic, molecular and membrane mechanisms of calcium metabolism in SM.
The discovered phenomenon of increase inof the SMC intracellular Ca?* concentration in the presence
of calix[4]arene may also be promising for development new medicinedrugs on the basis of indicated
supramolecular compound, namely a stimulator of uterine basal tone.

We are thankful to the academician of NASU V.I. Kalchenko for scientific cooperation.
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Nicotinic acetylcholine receptors (NnAChRs) expressed in the outer membrane of mitochondria
regulate the early events of mitochondria-dependent apoptosis like cytochrome ¢ (cyt c) release by
affecting the activity of intramitochondrial kinases. However, the mechanisms of functioning, as well as
potential partners of NAChR in mitochondria are far from being understood. The aim of the present study
was to reveal potential connection of mitochondrial nAChRs with the pro- and anti-apoptotic
mitochondrial proteins BAX and Bcl-XL. Bioinformatic analysis performed using the pyDockWEB
software demonstrated the high probability of both BAX and Bcl-XL binding with the transmembrane
portions of NAChR molecule. Experiments were performed in cultured human astrocytoma cell line
U373, mitochondria of which were shown to express a3, o4, a7, a9, B2 and B4 nAChR subunits. The
cells were cultured in the presence of 1 mM H>0O2 shown to cause cyt ¢ release from both isolated and
cell-included mitochondria. Sandwich ELISA using the pairs of NAChR subunit-specific and BAX- or
Bcl-XL-specific antibodies demonstrated the presence of complexes of both Bcl-XL and BAX with a7,
a3 and B2 nAChR subunits in both mitochondrial and cytosole cell fractions. Incubation with hydrogen
peroxide resulted in redistribution of such complexes: a7-BAX, a7-Bcl-XL and B2-Bcl-XL left
mitochondria for the cytosole, while a7-Bcl-XL and f2-BAX moved from the cytosole to mitochondria.
Incubation of U373 cells with H20: in the presence of a7 nAChR agonist PNU282987 prevented cyt ¢
release from mitochondria and decreased the connection of a7 nAChRs with both BAX and Bcl-XL.
The level of free BAX and Bcl-XL was quite low. This data indicate that mitochondrial nAChRs are
connected to Bcl-2-family proteins and can affect their involvement in mitochondria pore formation,
which is the starting point of mitochondrial pathway of apoptosis. Moreover, it looks like the nAChRs
are transported to mitochondria in complexes with BAX or Bcl-XL, which can serve like chaperones
providing mitochondria-specific targeting signals for the nAChR molecules.
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Premature ovarian failure (POF), which is an ovarian function disorder affecting women under
40 years of age, is actively studied. This disease is becoming widespread due to the delay in maternity
and is currently a medical and social problem. In accordance with contemporary concepts about the
development of POF, the leading role is given to the deletion of autoimmune pathology.

Until now, it is unclear whether the development of the autoimmune process is a primary cause
of this disease or it is the result of chronic pathology. Glomerulonephritis, in particular
glomerulonephritisof immune etiology, represents a serious problem for reproductive health of women.
The reproductive function may be affected by both, the glomerular disease itself and glucocorticoid and
cytostatic therapy. Among the known antioxidants, Resveratrol (RES) has received numerous approvals
when used in various disease patterns, including oocytes. According to recent studies, the effect of RES
on reproductive function in women under conditions of experimental glomerulonephritis has not been
studied yet, which makes this research relevant today.

The aim of the given study was to estimate under conditions of experimental glomerulonephritis
the effect of Resveratrol treatment on on oocyte passage of meiotic maturation stages - metaphase | and
metaphase 11, on the viability and integrity of DNA of cells of the follicular environment of oocytes as
well as pre- and post-implantational embryonic mortality in mice.

Experiments (two series) have been conducted on CBA/lac mice (coloring wool — agouti;
genotype - +, H-2k): 64 females (10 weeks, 20-22 g) and 12 males (25 weeks, 25-27 g).

Experimental glomerulonephritis in mice was achieved by immunization of white laboratory
mice of the first generation with a kidney antigen suspension derived from a parent. Animal
immunization was carried out at the rate of 10 mkL of suspension per 10 g of body weight according to
the following scheme: 3 times intra-abdominal 1 time per day; re-immunization was carried out after 3
weeks with a single intra-abdominal treatment of the same dose.

Animals were treated with intraperitoneal injections of Resveratrol (R5010, Sigma-Aldrich,
USA) 4 times: 1 time per day for 1 hour before immunization of animals with suspension of kidney
antigen; as well as in 3 weeks once with the same dose (50 mg/kg, 0.3 mL).

In this work we have found that under conditions of experimental glomerulonephritis the
treatment of Resveratrol results in an increase in the percentage of oocytes that successfully undergo
meiotic maturation, decrease in the percentage of apoptotic and necrotic cells of the follicular
environment of oocytes and a decrease of the post-implantation mortality rate of embryos in mice.
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Glycosaminoglycans (GAGSs) are complex polysaccharides which play various roles in cells and
tissues, particularly in cell-to-cell communication, facilitating binging of ligands to cell membrane
receptors and maintaining flexibility of the connective tissue. In normal cells, synthesis and degradation
of GAGs is in balance, due to activities in GAG synthetases and lysosomal GAG hydrolases. However,
mutations in genes coding for the latter enzymes result in impaired GAG degradation and progressive
storage of these compounds in cells. This is the cause of inherited metabolic diseases,
mucopolysaccharidoses (MPS). There are 11 types and subtypes of MPS, distinguished on the basis of
the kind of lacking or insufficient enzyme. MPS is a group of severe disorders, causing disability and
significantly shortened life span. It was proposed previously that GAG storage is the sole reason for
cellular dysfunctions in MPS. However, according to recent suggestions (including the proposal of our
team), secondary cellular defects might play significant role in the development of MPS phenotypes,
and they might be responsible for failures of full correction of the disease symptoms by using various
therapeutic options. Therefore, we aimed to determine molecular mechanisms which may disturb
particular cellular processes. In this work, we investigated vacuolar transport as an important cellular
process, without which the cell does not have a chance to work properly. We have performed confocal
microscopy analysis of clathrin vacuoles (COP), both COP I and COP Il. Moreover, levels of marker
proteins of the vacuolar transport, including their phosphorylated forms, were determined in all MPS
types and control cells. The tested proteins were as follows: caleolin, clathrin, APPL, APPL1, EEAL,
syntaxin, GOPC, and Rab5. We found various changes in the vacuolar transport in different MPS types
and subtypes. These results indicate newly identified pathomechanism of MPS which might influence
our understanding of this disease and further efforts to develop efficient therapy.
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Mucopolysaccharidoses (MPS) is a group of 11 enzymatic defects which are expressed as
deficiency in degradation of glycosaminoglycans (GAGS). They are caused by mutations in genes coding
for lysosomal enzymes involved in sequential reactions in the pathways of GAG catabolism. Deficiency
of one of these enzymes results in inhibition of subsequent steps, and accumulation of partially degraded
complex polysaccharides. Depending on the kind of mutated gene, various GAGs are accumulated, for
example dermatan sulfate, heparan sulfate, keratan sulfate, chondroitin sulfate or combinations of them.
It was assumed for a long time that GAG storage is not only the primary but also the only cause of
cellular defects which are then reflected at the tissue and organ levels and appear as specific clinical
symptoms. However, results of recent studies suggest that secondary effects of MPS-causing mutations
may be as important in pathomechanism of the disease as primary GAG accumulation. Thus, impairment
in various cellular processes may significantly contribute to the disease phenotype. In this light, the
efficiency of autophagy process was examined as of one of the most important cell processes for
homeostasis. The research was conducted on cell lines taken from patients with all types/subtypes of
MPS, as well as on the HDFa line (human dermal fibroblasts, adult) as a healthy control. The results
indicated differences in both the initial and final stages of the autophagy process. Levels of protein
complexes involved in initiation (Ulk, Atg13, FIP200 and/or their phosphorylated forms), elongation
(Atgl2, Atg5, Atgl6L and Atg3, Atg4A, Atg4B, Atg7, LC3-11) and nucleation (PI3K, Beclin-1, Atgl14,
UVRAG, Rubicon, Bif-1, Atg9A) were found to be altered in various types/subtypes of MPS. In
addition, the autophagy flux itself is inhibited for particular types of this disease, as evidenced by the
lack of increase in the level of LC3-1I protein after inhibition of lysosomal hydrolases. There were also
large changes in the proportions between individual vesicles involved in the autophagy process:
lysosomes, autophagosomes and autophagolysosomes. The autophagy process plays an extremely
important role in the cell to maintain its homeostasis, as well as to adapt the cell to new, changing
environmental conditions. Dysfunction of this process in MPS may point to the unexplored pathogenesis
mechanism of this disease.
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Metastatic dissemination and resistance to chemotherapy are main causes of breast cancer
mortality. Tumor cells chemoresistance is strongly associated with features of cancer stem cells (CSCs)
— subpopulation of cells with the potential for self-renewal, tumorigenicity, and dedifferentiation. There
are several mechanisms providing drug resistance: drug efflux by membrane ABC-transporters,
enzymatic drug inactivation, resisting apoptosis, increased DNA reparation, quiescence etc. Adaptor
proteins play important roles in maintenance, regulation and directing cellular signaling in normal and
malignant cells. The aim of present study was to investigate the effect of adaptor protein Ruk/CIN85 on
drug resistance of murine breast adenocarcinoma 4T1 cells.

As a model we used murine breast adenocarcinoma 4T1 sublines with stable overexpression
(RukUp-1 cells) and knockdown (RukDown cells) of Ruk/CIN85, and corresponding control sublines
Mock and Scr. Cell survival rate and doxorubicin (Dox) ICso were examined by MTT-assay.
Transforming potential in vitro was estimated by soft agar growth assay. Aldehyde dehydrogenase
(ALDH) activity was measured by NADH production.

It was demonstrated that survival of 4T1 cells in the presence of 0-10 uM Dox depends on
Ruk/CIN85 expression level. As well, Dox 1Cso for RukUp-1 cells was higher by 23% in comparison to
Mock control, while Ruk/CIN85 down-regulation in 4T1 cells led to ICso decrease by 20% compared to
Scr control. In order to analyse anchorage-independent growth potential, required for cancer cells
survival and spreading, we used soft agar colonies assay. It was shown that Ruk/CIN85 overexpression
resulted in significantly increased number of colonies under control condition (untreated cells) as well
as in the presence of 0,01-0,1 uM Dox. In contrast, RukDown cells revealed attenuated transforming
potential. ALDH is a CSCs’ marker enzyme, involved in chemo- and radioresistance, dedifferentiation
and free radicals protection. We found that ALDH activity was 1,5 times higher in RukUp-1 cells, and
decreased by 30% in RukDown cells in comparison to corresponding controls.

Our results indicate the essential role of adaptor protein Ruk/CIN85 in breast cancer
chemoresistance, potentially reflecting enhanced CSCs properties of Ruk/CIN85-overexpressing cancer
cells.
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Sirtuins (silent information regulator (SIRTsS) proteins), NAD. dependent enzymes with
deacetylase and/or mono-ADP-ribosyltransferase activity, are emerging as key antiaging molecules.
Moreover, strong experimental evidence supports the notion that SIRT1 plays a crucial role in sensing
and modulating the cellular redox status thus providing protective effects in cells and tissues exposed to
oxidative stressors in vitro and in vivo [Voznesenskaya, Stupchuk, et al. 2018].

The effect of sirtuins activator - resveratrol and an inhibitor of NF-kB (BAY11-7082) on the
functional status of ovarian cells (oocytes and cells of follicular environment of oocytes (FEO)) under
conditions of oxidative stress in vitro was assessed. An oxidative stress was reconstructed in vitro by
adding hydrogen peroxide (H20.) at a concentration of 100 uM in the cultural medium where oocytes
and FEO cells have been cultivated.

It is shown that in the conditions of oxidative stress, the inhibition of meiotic maturation of
oocytes is observed. The influence of resveratrol (20 uM concentration) under the conditions of
oxidative stress in vitro was found to decrease the inhibition of meiotic maturation of oocytes both at
the stage of dissolution of the germinal vesicle (metaphase 1), and at the stage of the first polar body
formation (metaphase Il) on respectively 9% and 17% in comparison with such values under conditions
of oxidative stress without resveratrol influence. Moreover, it has been established that under the
conditions of oxidative stress in vitro and the influence of resveratrol there is an improvement in the
indicators of viability of FEO cells - the percentage of living FEO cells increased, and the percentage of
apoptotic and necrotic cells decreased. NF-kB inhibitor was also found to decrease the harmful effect
of oxidative stress on the functional status of ovarian cells. Therefore, we postulate that in the conditions
of oxidative stress in vitro, the NF-kB transcription factor is involved in the mechanism of resveratrols’
(activator of sirtuin 1) action of both on the process of meiotic maturation of oocytes and on the viability
of FEO cells.

Voznesenskaya T. Y., Stupchuk M. S., et al. Bulletin Probl Biol Med. 2018, Is 1, 1 (142): 20-25.
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Calcium ions play a vital role in regulating of physiological processes in spermatozoa, in
particular in motility and viability of ejaculated spermatozoa. Intracellular calcium level ([Ca?']) is
important in the initiating process of sperm hyperactivation, capacitation, acrosome reaction and gamete
interaction. Decreased fertility potential of spermatozoa is closely associated with the disturbances of
Ca?*-homeostasis. Metabolic active form of ATP (strongly charged anion ATP*) is present in the female
reproductive tract and may play important role the fertilization process. It is critically important for
sperm cells since it is the main energy source and substrate for the second messenger CAMP in
spermatozoa. Extracellular ATP (ATPe) plays a key role as a signaling molecule.

Since [Ca?']; is main determinant of many physiological processes occurring in sperm, we set
out to describe the Ca?*-signals in response to ATPe in spermatozoa of fertile (normozoospermia) and
infertility men (oligo- and asthenozoospermia).

ATPe-induced changes in [Ca?"]i in spermatozoa were studied using 2 uM fluorescent probe
Fluo-4. ATP. caused a rapid transient elevation in [Ca?*]i. We found that kinetics and magnitude of the
[Ca?*]i changes induced by ATP. were different in normo and pathospermic cells. Specifically, the
average value of peak amplitudes of [Ca®']i rise induced by 5 mM ATPe in oligozoospermic samples
was not significantly different from normozoospermic samples. In asthenozoospermic samples the
ATPe-induced peak amplitude of [Ca?*]i changes was in 1.5 fold lower (P<0.05) compared to that in
normozoospermic samples. ATPe-induced increase in [Ca®']i in sperm cell has a concentration-
dependent manner in both normozoospermic and pathozoospermic samples. In oligozoospermic samples
the [Ca?']i transient response was 2.5 fold (P<0.05) slower than in normozoospermic samples.
Differences in ATPe-induced [Ca?"]; transients between astheno- and normozoospermic samples were
also significant (P<0.05) although less pronounced.

Thus, the data presented here reveal that ATPe-induced increase in [Ca?*]; in asthenozoospermic
samples was inhibited. In oligozoospermic samples ATPe-induced increase in [Ca?]i was not
significantly different from normozoospermic samples, but kinetics of [Ca?*]i transients was
significantly slower compared to normozoospermic samples.

Obtained results clearly demonstrates ATPe-induced increase in [Ca?']; transients are disturbed
in pathozoospermic samples which may be detrimental to sperm activation and may result in fertilization
failure or abnormality. Taken into account the importance reproductive techniques, specifically for in
vitro fertilisation and intrauterine insemination present study suggest that modulation of [Ca?*]; signals
and sperm function by ATPe may be beneficial for artificial reproductive techniques used in reproductive
biology and medicine.
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YYACTD CIPTYIHIB 1 TA 3 Y HEHPOIIPOTEKIIII ITPU XPOHIYHIN IEPEGPAJILHIN
T'IIONEP®Y3Ii Y MUIIIEA

I'apmarina O.10., [Toptauuenko A.T'.
Inemumym ¢hizionoeii im. O.0. bocomonvyss HAH Yxpainu, éyn. bocomonvys, 4, Kuis, 01024, Vkpaina

E-mail: harmatina@ukr.net

Kputnyni crteHo3u Ta oxiro3ii OpaxiouedanbHuUX apTepid NPU3BOMATH 10 PO3BUTKY
rimonep¢ysii TOJIOBHOTO MO3KY Ta € IMPUYMHOIO PO3BUTKY IHCYJBTIB Ta XpOHIUHO]I imemii. B ocHOBI
MEXaHI3MiB PO3BUTKY IIUX MATOJOTIYHUX IPOIIECIB JICKHUTH T1IOKCIA, sIKa BU3HAYAE PEAKIIIF0 MO3KOBOT
TKaHMHHU Ha CTPEC Ta CTYIiHb MOIKOKeHHs. [TokazaHo, 1o cipTyinu (Sirt) enireHeTHYHO PerysIroTh
BIAMOBIIb HAa KIITHHHHK CTpeC Ta MOXYTh OYTH YMHHUKOM IIPOIIECIB TPAHCKPHIIli TEHIB,
MOCTTpaHCIALIKHOT MoAUDiKaIlil OIKIB, peryasTOpaMu aronTo3y, KIITUHHOTO CTapiHHS TOIO. MeToro
HAIIIOTO JIOCIIKEHHS Oylio BUBYEHHs ekcrpecii Ta ¢ynkmii Sirtl Ta Sirt3 B TKaHWHI MO3KY NpHU
MO/ISIIIOBaHHI XpOHIYHO] rinmonepdy3ii ronoHoro Mo3ky (XI'TM) y mumieii. EkcriepumenTn npoBenieHi
Ha 40 mumax minii C57B1/6j (6 TwxniB, Bara 18-20 r). Xipypridyai MaHIMyJsMil TPOBOAMINCH HA
aHecTe30BaHWX KeTamiHoM (60 Mr/Kr, BHYTpilIHbOOYepeBUHHO) TBapuHax. XITM wmoaemtoBamu
nepeB'sI3KOI0 JIIBOi 3arainbHOi COHHOT apTepii. B sikocTi 6iokaropa Sirtl BBoaunu HikotTuHamig (NAM,
200 mr/kr, 10 1i6, BHYTPIlIHBOOYEPEBUHHO), y SKOCTI akTuBaTopa Sirtl — pecseparposn (RV, 10 mr/kr,
10 116, BHyTpimHBOOUYEPEBUHHO). Uepe3 8 THXKHIB MPOBOAMIM TOCHTIpKeHHs momkomkeHas JTHK
Heiiponie (merogom JIHK-komer) Ta ekcmpecito Sirtl Ta Sirt3 (meromamu real-time PCR Ta
iMmyHorictoximii) B 000x remicdepax rojgoBHoro mMo3ky. Bussieno, mo XI'TM 3a pesynbratamu
nocnimkenns JJHK-komer cympoBomkyBanacek 30inbiieHHsM nomkomkenHs JJHK HelipoHiB B 000x
MiBKYJISIX TOJIOBHOTO MO3KY, YHUIaTepanbHo — Maibke y 7 pasiB (P<0.001). [Ipu ipoMy excrpecist reHiB
Sirtl Ta Sirt3 3HMKYyBanacsa y 9 ta 20 pa3iB, BIAIOBIIHO, Y MOPIBHIHHI 3 KOHTPOJILHOIO rpymoro (P<0.05).
TpuBana moaudikauist GyHKuii cipTyiHiB 3a nonomororo NAM a6o RV mpusBoauia 1o 3poctaHHs
piBHIB ekcnpecii Sirt] Ta Sirt3 y mopiBHsIHHI 3 KOHTPOJIbHOIO Tpymoto (P<0.05) Ta 3MeHIIeHHS CTyNeHs
nomkokeHHa JIHK yHninarepansHo maibke y 2 pasu (P<0.001). Takum unnoMm, cipryinu Sirtl Ta 3
TUNIB NPUHMAIOTh y4acTb Yy HEHPONPOTEKTUBHUX MeXaHI3Max IPU XPOHIYHHX 3aXBOPIOBAHHSIX
TOJIOBHOTO MO3KY, ITOB’S3aHMX 3 HECTayer0 KUCHIO Ta MeTabosiyHMX cyOcTpatiB. IIpu HeratuBHii
peryuii ekcrpecist CipTyiHIB MIATPUMYETHCS 32 paXyHOK MOTYXHUX KOMIIEHCATOPHUX MEXaHI3MIB, 1110
BKa3ye Ha BaXXJIMBICTb L[bOTO €MIr€HETUYHOI0 MEXaHI3MY B IIUTONPOTEKIII].
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TEPAIIEBTUYHI EOEKTH T’EHETUYHO MOJAUPIKOBAHUX ME3EHXIMAJIbBHUX
CTOBBYPOBHUX KJITHH 3 IOCUJIEHOIO EKCIIPECIEIO T'EHA IHTEPJIEUKIHY-10.

Onena Tonoposa®?, Onexcanap Bomyn?, Onena epsa6ina®, Bonomumup ®imenko?, Suina

Ioxonenko®?, Jlaunn Mammanos?, Cranicnas SIpemin?, Onexcauap ®imenko?, Mapuna Illynsra®,

Anwbept Tounnoscbkuit, Bitamiit Kopmrom®2,

1 — Incmumym monexyaaproi dionoeii i eenemuxu HAH Yxpainu, eyn. 3abonomuozo 150, 03143 Kuis,
Ykpaina

2 — Binnuyvkuil Hayionanvhutl meouynuil yrisepcumem im. M. I [Tupozosa, éya. Ilupozosa 56, 21018
Binnuysa, Ykpaina
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Kuis, Ykpaina

5 — BiomeXcom, gyn. Ommo [Imioma 2/6, 01004 Kuis, Yxpaina

E-mail: topp@meta.ua

Yacrora 3aXBOPIOBaHb 1 TPaBMATUYHHUX YIIKO/KEHb KOJIHHOTO Cyriioda 3 TOJalbIIUM
PO3BUTKOM #Oro MUCOYHKIIT HACTUIBKM BENWKa, M0 € HE TUIbKA MEAMYHOIO, a W COIaJIbHO-
€KOHOMIUHOI0 MpobieMoro. CTBOpEHO 0arato TEXHOJIOTIH K KOHCEpBAaTMBHOI'O, TaK 1 ONEPaTUBHOIO
nikyBaHHA. OfHaK KiI04oBa npoOsieMa — IMOIIYK MeToLy €(eKTHBHOrO BIAHOBJIEHHS CYIJI000BOIO
XpAllla — OCTATOYHO HE BUpilIeHa. B ocTaHHI pOKM MPOBOIATHCSA YMCIICHHI KJIIHIYHI BUIIPOOYBaHHSA
Teparii ctoBOypoBUMH KiliTHHaMu. MesenximanbHi cToBOypoBi kiituau (MCK) € ocHOBHHM THTIOM
KIIITHH, $IKI BHKOPHCTOBYIOTHCS JiKapsiMu B opromenii. OCKUIBKH IMOKa3aHO, IO 3aCTOCYBaHHS
CTOBOYPOBHUX KIIITHH 3HAYHO MPHUCKOPIOE MPOIEC BiTHOBICHHS 1 IIOMITHO 3MEHIITY€ 3anaJIeHHs], METOIO
poOoTu OyJI0 MOCUIINTH MpOTH3analbHy TepaneBTUUHY Aito MCK mnroanHu 3a paxyHOK NEepeHocy reHa
NPOTHU3aNaIbHOrO iHTepIeikiny-10.

MCK BUIISIH 3 TYTIOBUH JIOAMHU METOAOM ekcIuanTiB. FACS-anamni3 ekciipecii moBEpXHEBUX
mapkepiB MCK 3 BukopucTanHsM MOHOKJIOHaNbHUX aHTUTLT ipotn CD105, CD90, CD73 BUKOHAHO Ha
coptepi BD FACSAria i3 3actocyBanHsiM mporpaMHoro 3abesneuenns BD FACSDiva. Knituau 2-ro
nacaxy tpaHcdikyBanu komriekcamu JIHK mna3migHoro Bektopa ta pearenra TurboFect. CtBopena
Ia3Mifia MICTUTh OIIUCTPOHHY €KCIPECIMHY KaceTy, 10 PETYII0€ThC KOHCTUTYTUBHUM ITPOMOTOPOM
i 3abe3mneuye ogHOUACHY ekcrpecito 1iboBoro (il-10) Ta mapkeproro (egfp) renis. [Tokazano, 110 yepe3
48 ron micns TpaHCQEKUii piBEeHb CHHTE3Y TPAHCTEHHOIO LMTOKIHY Ha J1Ba MOPSIKH NEPEBUILYE
BUX1IHUI piBEHb CUHTE3Y BJIACHOTO iHTepelkiny-10.

lypam 3 MeXaHIYHMM YpaK€HHSIM CYIJI000BOro Xpsila MPOBEAECHO BHYTPIIIHBOCYTIO00BI
ir'exii 1x10° maruBaux MCK Ta renetuvno moaudikoBannx MCK/IL-10. TicTonmoriunuii anami3
MOIIKO/DKEHUX TKaHWH TICIs TpaHCIUIAHTalli KJITHH MOKa3aB, 10 YTBOPEHHS 3pUIMX XOHAPOLHUTIB,
BUPQXEHUH EHJOCTaJbHUM 1 NEpPHOCTAIbHUNA XOHJPOTeHE3, YTBOPEHHS 3puIOl €HAOCTAIbHOI 1
MEepPUOCTAIIBHON XpSIIOBOi TKaHWHU Yy IIypiB, siki oTpuManun MCK 3 mocuieHuM CcHHTE30M
aHTH3aNaJbHOIO 1HTepielKkiHy-10 mronuHu, BinOyBaeTbcs B OUIBII KOPOTKHM TepMiH. B 0060x
eKCTIEpUMEHTAIBHUAX TPYIax Ha BiMiHY BiJl KOHTPOJBHUX TBapuH, IKUM He TpaHcrutanTyBaimu MCK,
HE BIAMIYAJIOCh HAAMIPHOI MPOAYKIIi OCH(]IKYIOUOro MaTpUKCy, HE CIOCTepirajach akTHBaIlis
OCTEOKJIACTIB 1€ JI0 MOYaTKy (OpMyBaHHS IOBHOLIHHOI KICTKOBOi TKaHMHU 1 OyiaM BiACYTHI
IUCTpOoivHI 3MIHM XOHIPOILUTIB 1 XOHPOOIACTIB.
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ANHYDROBIOSIS: SURVIVAL WITHOUT WATER

Alexander Rapoport Lecture 1
Alexander Rapoport

Laboratory of Cell Biology, Institute of Microbiology and Biotechnology, University of Latvia
Jelgavas Str., 1-537, Riga LV-1004, Latvia

E-mail: rapoport@mail.eunet.lv

Anhydrobiosis is unique state of live organisms when their metabolism is temporary reversibly
suspended as the result of strong cells’ desiccation. In spite the discovery of this state has been made by
great Dutch naturalist Anthony van Leeuwenhoek more than 300 years ago in 1701 its mechanisms still
are “an unsolved problem” (Crowe, 2015). The development of modern methodological approaches gave
the possibility to re-start the studies of this interesting and important phenomenon about 50 years ago
practically simultaneously in 3 laboratories — in Davis (USA), Wageningen (The Netherlands) and Riga
(Latvia). One of big groups of live organisms able to transfer themselves into the state of anhydrobiosis
are microorganisms which in the nature rather regularly are affected by high temperatures of the
environment and a severe drought. Therefore, with the goal to survive in such conditions they had to
work out during long evolution period special protective mechanisms and anhydrobiosis is one of them.
Studies of anhydrobiosis in yeasts which are perfect models of any eukaryotic cell showed that during
transition into anhydrobiosis all intracellular structures are subjected to definite changes. A lot of them
may be supposed as specific intracellular protective reactions. Such conclusions have been made, for
example, regarding strong folding of plasma membrane, condensation of chromatin in nucleus and DNA
in mitochondria. A lot of attention is devoted to the changes of plasma membrane and especially of its
lipid component. It is supposed that the state of plasma membrane lipids may be one of the main factors
which determine the maintenance of yeast cells viability during its dehydration, stay in the dehydrated
state and subsequent rehydration/reactivation. At the same time recently it was shown that protein
component of plasma membrane also is very essential for the survival of the cells. Mitochondria were
supposed to be the most resistant to dehydration between intracellular organelles and as the result not
too much attention was devoted to their studies linked with anhydrobiosis. Recently it appeared that also
their membranes chemical content is very important for the resistance of yeasts at their transfer into
anhydrobiosis. The studies of yeast cell walls led to the conclusion that mannoproteins of this structure
may be rather critical factor for the survival of yeast cells. Similar results have been obtained in the
studies of importance of endoplasmic reticulum. The main attention in the studies of intracellular
protective compounds was devoted to trehalose. Last years showed that there are a lot of other protective
compounds which are extremely important for the resistance of the cells at desiccation stress and which
may function together with trehalose or substitute it in the case of its absence. Between these protective
compounds there are various polyols, proline, glutathione, ergosterol, heat shock proteins and some other
compounds. Summarizing information obtained during last 50 years of studies of anhydrobiosis it is
clear now that there is necessary big complex of coordinated by the cell reactions and changes of various
intracellular structures with the synthesis of a number of protective compounds to maintain the survival
of organisms and their successful transfer into the state of anhydrobiosis.

Reference: Crowe J.H. Subcell. Biochem. 2015, 71:263-280.
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EFFECTS OF THE CARBON MONOXIDE RELEASING MOLECULE-2 ON HUMAN
ERYTHROCYTE MEMBRANES
Serhii Beschasnyi Lecture 2

Serhii Beschasnyi, Olena Hasiuk, Anastasia Shkuropat
Kherson State University, Universitetska Street 27, 73000, Kherson, Ukraine

E-mail: beschasnyis@gmail.com

Carbon monoxide (CO) is the third most common agent that causes poisoning. Nevertheless, it
known that CO produced endogenously and can have a beneficial effect, especially at lower
concentrations. The first reports have shown that CO is actively involved in the regulation of key
intracellular functions. At physiological concentrations, CO can affect processes of signal transmission
in various organs and in various cells, also including endothelial cells. For example, CO may regulate
aspects of the cardiovascular system, such as platelet activation, inflammation or blood pressure,
demonstrate neuroprotective and neurotherapeutic properties.

CORMs (Carbon monoxide releasing molecule-2) or molecules that release carbon monoxide
make up a recently classified group of chemicals. These are compounds capable of releasing a controlled
amount of CO into cells and tissues to induce biological activity. CORM molecules consist of carbonyl
groups linked to metals, such as ruthenium (CORM-2 and CORM-3), and can act as drugs. The potential
of a CORM lies in its ability to release a CO molecule bound to a metal when it reaches its destination.

We used washed and “packed” red blood cells of donors 28-30 years old. In 3.150 ml of medium
(with different osmotic strength), 0.35 ml of erythrocytes was added and light scattering was measured.
After this, the tricarbonyldichlororuthenium (I1)-dimer carbon monoxide donor (CORM-2 was dissolved
in DMSO (<1%)) was added and the light scattering was measured again. After the measurement, was
adding the blocker of calcium-dependent K + channels of the membrane clotrimazole.

In environments with different osmotic strengths after adding CORM-2, decrease in the intensity
of light transmission was observed. In the environment of 220 umol (hypoosmaotic), the light scattering
index changed from 2.898 £ 0.144 to 2.759 £+ 0.138, in the medium of 320 umol (isoosmotic) from 2.984
+0.142 to 2.887 + 0.144. After adding erythrocytes to the environment of 420 umol (hyperosmotic), the
index changed from 3,000 £ 0,15 to 2,887 + 0,144, and in medium 520 umol from 3,000 + 0,14 to 2,912
+ 0,146 (4.8, 3.2, 3.2 and 2.9%, respectively). In this case, the addition of clotrimazole did not
significantly affect the light transmittance.

Thus, CORM-2 at a dose of 200 pm caused an increase in the volume of erythrocytes in
hypertonic, isotonic and hyposmotic solutions. After melting the spectrin after the calcium-dependent
potassium channel blocker was added, clotrimazole and CORM-2 erythrocytes swelled. The exception
was the compression of erythrocytes in isoosmotic solution.

Thus, CORM-2 affects on the properties of the erythrocyte membrane, their ion channels. This
is due to the erythrocyte cytoskeleton protein — spectrin. Thus, this should influence the micro-
rheological properties of erythrocytes in vivo after consuming CORM-2 medication.
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CELL MEMBRANE PERMEABILITY CHANGES UNDER EXPOSURE TO NEUTRON
RADIATION

Kostyantyn Kuznetsov Lecture 3

Kuznetsov K.A.%, Kyzym P.S.2, Berezhnoy A.Yu.?, Shchus A.F.2,
Onyshchenko G.M.?, Shckorbatov Y.G.2

1 — Medical Biology Department, Kharkiv National Medical University, 4 Nauky Av., 61022, Kharkiv,
Ukraine
2 —Nuclear and Medical Physics Department, V.N. Karazin Kharkiv National University,
31 Kurchatov Av., 61108, Kharkiv, Ukraine
3 — Molecular Biology and Biotechnology Department, V.N. Karazin Kharkiv National University,
4 Svobody Sq., 61022, Kharkiv, Ukraine

E-mail: Konst.Kuznets@gmail.com

Exposure of living tissues to neutrons induces the hazardous biological effects at high doses as
well as for X-ray and y-radiation; however, the effects of low doses of neutron radiation may inflict
delayed damage to membrane proteins even after several days after irradiation (A. Saeed et al., 2015).

The aim of present work was the detection of possible short-time effects of exposure to fast
neutrons and description of dose-effect relations using sensitive index of cell membrane permeability
(CMP).

Buccal epithelium cells of 3 non-smoking male donors (A — 21 years old, B — 25 years old, and
C — 27 years old) were exposed to neutron radiation with equivalent dose range 2.3 — 146 mSv from Pu-
Be source, corresponding to the time of exposure 1 — 64 min. Cell membrane permeability (CMP) was
evaluated through staining with 5 mM indigocarmine. Student's test (p<0.05) has been used for statistical
processing. In each experiment, values of CMP control levels at the beginning and at the end of
experiment was almost the same so they were averaged.

The doses of 18.3 and 36.5 mSv led to the increase of cell membrane permeability in the cells
of all three donors. The donor’s A cells had the highest reactivity to irradiation. Dose 36.5 mSv induced
peak effect, CMP values decreased at higher and less doses of irradiation. The impact of radiation on
CMP was donor-specific, but it generally reflected the main direction of changes in cell response.

The maximum of radiation induced damage to the membranes correlate with the state of
chromatin in the nuclei as non-specific cell stress reaction which was investigated in previous work
(Kuznetsov K.A., et al, 2018). The peak of chromatin condensation rate and CMP was at the same dose
with further decrease for both of indexes. Thus, it seems likely that higher doses inflicted the cell
response and activation of reparative mechanisms, which involves both decondensation of chromatin
and restoration of the membrane.

1. Saeed, A., Raouf, G. A, Nafee, S. S. Effects of Very Low Dose Fast Neutrons on Cell Membrane
and Secondary Protein Structure in Rat Erythrocytes. PL0oS One, 2015, 10(10),
https://doi.org/10.1371/journal.pone.0139854.

2. Kuznetsov, K. A., Kyzym, P. S., Onishchenko, G. M., Berezhnoy, A. Y., Shckorbatov, Yu. G.
Human buccal epithelium cell response to low intensive neutron radiation, Biophysical Bulletin of V.N.
Karazin Kharkiv National University, 2018, 40:17-25.
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APPLICATION OF THE NOVEL INTEGRATIVE INDEX OF OXIDATIVE STRESS
BASING ON THE EXPERIENCE OF AQUATIC MOLLUSKS STUDY

Oksana Stoliar Lecture 4

Oksana Stoliar?, Lesya Gnatyshyna® 2, Vira Khoma!, Gunta Springe®
1 — Volodymyr Hnatyuk Ternopil National Pedagogical University, M. Kryvonosa Str., 2, 46027
Ternopil, Ukraine
2 — l.Ya. Horbachevsky Ternopil State Medical University, m. Voli, 1, 46001,
Ternopil, Ukraine
3 — University of Latvia, Miera Str. 3, Salaspils, LV, 2169, Riga, Latvia

E-mail: Oksana.Stolyar@tnpu.edu.ua

The oxidative stress response is the common manifestation of the adverse environmental impact
on the organism. However, depending on the severity and duration of impact, this response can be highly
different. Consequently, the successfulness of the oxidative stress response is frequently unclear due to
the variability of the applied set of the indices for its assessment and difficulties in the evaluation of the
state of the equilibrium between the antioxidant activities and oxidative injury manifestations. Bivalve
mollusks, due to their suspension-feeding and sedentary lifestyle, are on the first line of impact of the
pollution. The aim of this study was the application of the elaborated novel Integrative index ‘Preparation
to the oxidative stress’ (POS) (Moreira et al., 2016) to the available results of the antioxidant activities
in the sentinel aquatic organism, bivalve mollusk.

The results of the assessment of the field exposures of three populations of bivalve mollusks
during three seasons, and in their ability to withstand heating (25° C and 30° C during 14 days) and
ionizing radiation (14 days after the acute exposure to 2 mGy) were analyzed. The parameters for the
calculation of POS included the activities of superoxide dismutase, catalase and glutathione S-
transferase, and the concentrations of the glutathione and metallothionein (from its thiol groups) in the
digestive gland and gills. The values were calculated as the magnitude of change (as % change) in
comparison to the corresponding control (less disturbed field group or non-exposed group). Only
statistically significant differences, as stated by the authors, were considered. Based on the magnitude
of change compare to the corresponded control, we classified each group as POS-positive, POS-negative
or POS-neutral, considering the three different criteria. The first criterion was the occurrence of at least
one statistically significant up-regulation event of antioxidant defense. The second criterion based on
the definition of thresholds for up- and down-regulation events: the occurrence of at least one up-
regulation above a 50% threshold or the down-regulation by 25% or more. The third criterion was the
occurrence of more cases of up-regulation in comparison to down-regulation within a tissue. The
analysis had shown that the POS responses were in the limits of adaptive ability in all studied cases.
However, the depressive common direction in the POS response was estimated in the cases of the impact
of extreme temperatures, irradiation and, mainly for the mollusks from the highly polluted sites.
Summarizing, the key importance of POS as a survival strategy of the mussels exposed to adverse impact
depending on the life history is evident. As far as we know, there is no analysis available of the
prevalence of POS among mollusks depending on their history of population.

This work has been granted by the Ministries of Education and Science of Ukraine and Latvia
(Projects 132B and M/35 for O. Stoliar and LV-UA/2017/5 for G. Springe).

Moreira D. C. et al. Comp. Biochem. Phys. 2016. 200A: 64—78..
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COMPENSATORY-ADAPTIVE POTENTIAL OF CARDIOCYTES UNDER CONDITIONS
OF EXPERIMENTAL CHOLESTEROL LOADING THE ANIMAL MODELS

Raisa Piskun Lecture5
Piskun R.P., Shevchuk T.I., Shkarupa V.M., Hrynchak N.M.

Pyrohov Memorial Vinnytsia National Medical University, 56, vul. Pyrohova, Vinnytsya,
Ukraine, 21018
E-mail: piskyn2006@gmail.com

Human cardiocytes demonstrate very low self-healing ability; they almost do not divide,
therefore, restoration of a heart muscle and replacement of defected areas in patients with myocardial
infarction occurs mainly with the participation of stromal cells. However, according to recent studies, it
has been established that muscle cells of the myocardium are capable of proliferation, yet they cannot
completely restore the damaged areas. Since cardiocytes are highly specialized cells, organs adapt to
damage due to their regenerative hypertrophy by enlargement of certain organelles at ultrastructural
level, namely, in mitochondria and myofibrils. In this case, organelles become hypertrophic, and cells
increase in size. When rabbit models are loaded with cholesterol, pathological changes occur first in the
coronary vessels in the form of narrowing their lumen, thickening the wall, the formation of
atherosclerotic plagues, which lead to the phenomena of ischemia and hypoxia, and, as a consequence,
the myocardial damage is developed. In this case, we can observe changes related to all stages of the
adaptive syndrome: the beginning (tension), the development of adaptive reactions characterized by
remodeling of basic cardiac structures, and the completion of the process. Once compensatory and
adaptive potential of the myocardium exhausts, the compensation process ends with decompensation.
The objective of our work was to identify the compensatory and adaptive potential of cardiocytes under
conditions of experimental dislipoproteinemia, which was modeled by oral administration of cholesterol
in animal test models. For study purposes, hearts were sampled, histological, micromorphometric and
electron microscopic studies were performed.

The studies of the cardiac muscle presented with almost 3 times decrease in parenchyma-stromal
ratio, indicating growing of interstitial connective tissue, that is, an increase in the number and size of
collagen fibers. The crossection area and the diameter of heart muscle cells declined by 12.04%, while
their nuclei decreased by 14.06%. The nuclear-cytoplasmic ratio increased by almost 4%. The observed
cell damage was associated with the phenomena of destruction, necrobiosis, and dissection of muscle
fibers caused by accumulation of serous fluid, and the phenomenon of cariolysis. The proportion of
damaged cardiocytes increased by 7.76 times against the norm. Structural heterogeneity of cardiocytes
significantly strengthened against an increase in the number of atrophic and hypertrophic cells — by 2.82
and 5.17 times, accordingly, and against almost twice decrease in the proportion of normal cells
compared to animals from the intact group.

At the ultrastructural level, pathological changes were mainly associated with myofibrils and
mitochondria of cardiocytes. Thus, we observed an enlightenment of cytoplasmic matrix, an enlargement
of the perinuclear space, an accumulation of the lipid drops in the cytoplasm, and a decrease in the
content of ribosomes. Myofibrils were laminated, with the foci of lysis and rupture. The mitochondrial
matrix was clear, with a disturbance of crista density and their destruction observed. Therefore, one of
the manifestations of adaptive reaction of cardiocytes to ischemia and hypoxia in cholesterol loading
model is their structural remodeling presented as an increase in the proportion of hypertrophied cells
with activation of the protein synthesis system associated with an increase in the number and size of
mitochondria and myofibrils, while the presence of foci of necrobiosis, destruction, and lysis of
cardiocytes and their organelles indicates the phenomena of decompensation.
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The purpose of the work was to study impact of low energy microwave irradiation on in the
state of isolated human cells.

Methods. Studies were performed on exfoliated cells of human buccal epithelium of three donors
(one man and two women of age 19-22). Three parameters of cell state were analyzed: structure of
chromatin in cell nuclei after orcein staining, permeability of cell membranes to trypan blue, and free
calcium content in cells estimated by Fluo-3 calcium probe applying Confocal Laser Scanning
Microscope LSM 510 META (Carl Zeiss). The source microwave radiation was generator of
microwaves elaborated at Department of Theoretical Radiophysics of the V. N. Karazin Kharkiv
National University. The generator produced microwaves of 2,4 GHz frequency and flow of energy 2,3
nW/cm? at the level of cell sample subjected to microwaves. The exposure time was 1, 5, 10, 30, and 60
min. The microwaves of frequency 2,4 GHZ are used in wireless Wi-Fi communication systems, the
energy level of microwaves used in the present study is far less than level (10 pW/cm?) regarded as safe
in Ukraine.

Results and Discussion. It was shown that the number of heterochromatin granules was
significantly higher in comparison to control after 5 min exposure and gradually increased with exposure
time. This phenomenon occurred in cells of all three donors. These data are in good agreement with our
previous data and demonstrate cell stress reaction to microwave radiation (Shckorbatov Y., et al., 2011).
The results obtained using trypan blue staining of cells from three donors show a general picture of the
decrease in the percentage of stained cells after the exposure to microwave radiation. Our previous data
demonstrated increase of membrane permeability after microwave irradiation at 36,64 GHz frequency,
10 pW/cm? intensity, and 10 sec exposure of cells (Shckorbatov Y., et al., 2011). Differences in the
response of cells to microwave irradiation appear to be related to differences in experimental conditions.
The electromagnetic radiation at low intensities induced slight changes in the calcium content.

Conclusion. To sum up, cell exposure to microwave electromagnetic radiation increases the
content of heterochromatin granules in cells as compared with the control sample — the chromatin
condensation. Since the condensation of chromatin (heterochromatinization) is connected with the
decrease of chromatin functional activity, microwaves induce a decrease in the functional activity of the
cell nucleus as a whole.
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Kmituan  nepmanpHoi mamism  (K/II) BosmocsHoro ¢omikyma (B®) € mnomymsmiero
IUTFOPUTIOTEHTHUX KJIIITHH — IMOX1JHUX HEPBOBOTO rpedeHs. bya noka3zana MOXKIUBICTb KyJIbTUBYBaHHS
i cripsiMOBaHO1 1HAYKINT qaHoro Tuny kiituH in vitro (Driskell et al., 2011). V 3B’s3Ky 3 MIHPOKHUMH
nepcnextTuBamu 3actocyBans K11 y perenepaTuBHii MeIUIIMHI HA CHOTOJIHI € aKTYaIbHOIO pO3po0Ka
crocobiB ix moBrorpuBasioro 36epiranns. Ha naHuii MOMEHT iCHYIOTh OJMHHYHI POOOTH, B SKHX
KPIOKOHCEpPBYBAHHIO TiIaBali eKcIianTi BO ab0 MynbTUKITITHHHI Cepoinu, o yTBOPIOIOTHCS MPH
kynbruByBanHi KJII (Kajiura et al., 2015). IIpote goci He Oyno 3pobieHo cpod KpiOKOHCEPBYBAaHHS
MOHOIIapoBo1 KyibTypu K/I1.

Merta nociikeHHs — BUBYEHHS BIUIMBY CKJIaly KPIONPOTEKTOPHOI'O CEpeOBUIIA HA OCHOBI
JAMCO Ha xutTe3naTHICTH Ta nporideparuBHy akTuBHICTh K/IIT KposmKiB mpu KpiOKOHCEPBYBaHHI 3
MOBUIBHOIO HIBUJIKICTIO OXOJIOJ)KEHHS.

Kynbsrypy KJAIT oTprmyBaiiu 3 BiOprC HOBOHAPO/DKEHUX KPOJHKIB 3a MeTonoM (Sieber-Blum,
2004). KynpTuByBaHHS KIITUH 31ilicHIOBaNIoCch Ha cepenosuili JJMEM/F12 3 10% ¢etanbHoi Tensuoi
cupoBatku (OTC). Bynu orpuMaHi MOHOIIAPOBI KyJIBTYpH KIITHH | Macaxy, oJlHA MOJIOBUHA 3 SKHX
Oyia miJaaHa KpIOKOHCEPBYBaHHIO, a Jpyra CiIyryBajla B SKOCTI HAaTHBHOTO KOHTPOJIIO.
BukopucroByBanmch Taki KOMOiHaILi Kpi03aXUCHUX CEPEOBHUIIL, MPUTOTOBaHI HA OCHOBI CEpPEIOBHINA
IMEM/F12: 1) 5% ®TC+5% AMCO; 2) 7% DPTC+7% AMCO, 3) 7% AMCO; 4) 10% AMCO.
IIBukicTs oxomomkenHs cknagana 1°C/ xB, 1o — 80°C, moTiM 3pasku 3aHypIOBAIM B PiAKHil a30T.
UYepes TxkaeHb 30epiraHHs 3pa3ku Oy JeKoHcepBoBaHi 1 momimieHi B cepenosuiie JMEM/F12 3
nonaBaHHsM 2% B27, a HaTUBHa KyJbTypa B 1€ ke yac Oya nmepecisiHa B aHAIOTIYHE CEPEIOBHUIIIE.

KuTTeznaTHICTh OLIHIOBAIU METOAOM (hapOyBaHHS 3 TpUNaHOBUM cHHIM. Ha TpeTio 100y pocty
3IACHIOBABCS MipaXyHOK KoHUeHTpauii kiituH. Ilokaznuk mnpomideparuBHoi aktuBHOcTi K/IIT
BHPAXOBYBABCH SIK BIIHOILIEHHS OTPUMaHOI KOHLIEHTPAL1 KJIITHH JI0 BUX1/IHO].

BceranoBnena TteHneHuis 30uibiieHHs okutTe3gatHocTi KIII mpu kplokoHcepByBaHHI B
cepenoBuili 3 jonaBaHHsM DPTC, mo namo 3mory 3HuM3uTH KoHueHTpauito JIMCO. Iloka3Huk
KUTTE3TATHOCTI KIITUH 1151 cepenoBuima 1 ckimaB 96%, mis cepenosuia 2 — 92%, mist cepenosuiia 3
—79% 1 ans cepenosuia 4 — 84%. Innexc nposniepaTuBHOT aKTUBHOCTI HATUBHOI KYJIbTYpH CTAHOBUB
8,97. KpiokoHCepBOBaHi KyJIbTYpH MaJU JIesIKE 3HWKESHHS TAHOTO MTOKa3HHKa, SIKUI TiepeOyBaB y Mexkax
Bix 7,60 (cepenoBuie 1) g0 8,10 (cepenonuie 4).

TakuM 4MHOM, HE3HAYHE 3MEHUICHHS MpoJiihepaTUBHOI aKTUBHOCTI CBITYUTH PO BIJICYTHICTH
CepHO3HMX JIETAJIbHUX IMOLIKO/KEeHb, 3JaTHUX BIUIMHYTH Ha MmBUAKICT, auteHHs KIII micns
KpIOKOHCEpPBYBaHHS. Y TOH jke yac 30UIbLICHHS XUTTE3ATHOCTI KITHH TICJS 3aMOpPOKYBaHUS-
BIIrpiBy B cepefoBUIll | € TNEepCrneKTMBHUM YHMHHUKOM JUIS MOJAJBIIOI PO3POOKH PEXUMIB
KpIOKOHCEpBYBaHHS, fKI OCHOBaHI Ha BHUKOPHUCTaHHI KpPIO3aXUCHUX CEPEIOBHII 31 3MEHIICHOIO
koH1eHrpauiero JJMCO.

1. Driskell RR et al. J Cell Sci. 2011; 124(Pt 8):1179-1182.
2. Kajiura S, Mii S. Tissue Eng Part C Methods.2015; 21(8):825-831.
3. Sieber-Blum M, Grim M, Hu YF, Szeder V. Dev Dyn. 2004 Oct;231(2):258-69.
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The pharmaceutical and agrochemical substances continuously release into the surface waters,
mainly with the discharge of wastewater effluents. Bivalve mollusks are characterized by low activity
of the CYP1A-depending biotransformation and aromatase activity (Grosvik et al. 2006; Cubero-Leona
et al. 2010). Therefore, we hypothesize that the biotransformation of these substances in these organisms
can be slow, causing their enhanced toxicity. The aim of this study was to evaluate the ability of the
mollusks to generate the response of stress under the effect of most distributed in the environment
pharmaceutical and pesticide, acting in the environmentally realistic conditions of co-exposure and the
heating. Freshwater mussels Unio tumidus were treated with non-steroidal anti-inflammatory drag
diclofenac (600 ng L"), Ca-channel blocker nifedipine (700 ng L™!), or phosphonate glyphosate (33.8
ng L1) separately at the 18° C and jointly at the 18° C and 25° C during 14 days. The indices of oxidative
stress and toxicity were evaluated in the digestive gland.

The most common response was the down-regulation of glutathione S-transferase activity. It
decreased in all exposures (especially, by four times, in the co-exposure under heating). However, the
concentration of the glutathione (GSH) even increased in the co-exposures, and the concentration of
oxidized glutathione (GSSG) and GSH/GSSG ratio did not differ from the control value in any exposure.
The level of metal-keeping and stress-related protein metallothionein determined from the concentration
of its sulfhydryl groups, was enhanced in all exposures except of nifedipine. Particularly, the glyphosate
increased the level of metallothionein by the 47.7%. At that, the concentration of metalated
metallothioneins did not differ from the control value in all exposures except exposure to glyphosate
alone. In the last case, the level of the metalated metallothioneins dropped by two times. Consequently,
the level of the non-metalated metallothioneins (apo-form) increased dramatically. This manifestation
witnesses the highly oxidative impact of glyphosate. On the other hand, the level of the essential for the
metallothioneins metals (Zn, Cu, Cd) in the unbound to the metallothioneins form increased, and
maximally, in the exposures contained glyphosate. The lack in their buffering by metallothioneins and
appearance in the non-bound form could be the additional reason for the oxidative damage. The inducing
of the oxidative damage of lipids (detected as level of TBARS) and proteins (protein carbonyls) was
detected in these exposures. The typical toxicity of this phosphonate was confirmed by the depletion of
the cholinesterase activity. However, the heating diminished the response of cholinesterase. To
summarize, the depletion of the biotransformation activity and metallothioneins demetalation were the
most consecutive responses to the environmentally realistic effect of xenobiotics.

This work has been granted by the awards of Ministry of Education and Science of Ukraine to
O. Stoliar (Projects M/35-2018 and 132B).

Grosvik B. E. et al. Aquat. Toxicol. 2006, 79: 334-340
Cubero-Leona C. M. et al. Aquat. Toxicol. 2010, 98:178-187
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The aquatic inhabitants are chronically exposed to complex impact of the toxic effluents and
climate abnormalities. When the native populations are examined, it can be expected either the specific
responses of detoxification of the local impacts, or the tolerance to them, or the exhausting of the
responses depending on the time and the severity of impact (Pain-Devin et al., 2014). In the current
study, we focused on the stress and toxicity responses of two species of bivalve mollusks, Unio tumidus
and Dreissena polymorpha depending on their settlement. The mollusks were sampled at the artificial
river sites associated with the hydropower plants (HPPs). In Ukraine, the samples of Unio tumidus
(Unionidae) were collected in the Dniester River basin from the reservoir of Kasperivtsi small HPP and
before the dam of Krasnostavtcy micro HPP and from the sites after the dam of both HPPs. In Latvia,
the specimens of Dreissena polymorpha were sampled from the reservoir of Riga HPP at Daugava River
and from the pristine native lake. Several indices of antioxidant activities and oxidative damage were
assayed, and the successfulness of the detoxification of the certain pollutants was evaluated. Integrated
Biomarker Index (IBR) elaborated by Beliaeff and Burgeot (2002) was calculated including biochemical
and cellular markers (totally 11).

In both species, the mussels sampled in the reservoirs of HPP, have shown the typical responses
to the pollution by pesticides and personal care products. Particularly the mussels from the Kasperivtsi
demonstrated the depletion of the cholinesterase activity typical for the effect of thiocarbamate
pesticides. The concentration of metal-buffering protein metallothionein induced by toxic metals was
higher in this group. The level of vitellogenin, determined as alkali labile phosphates, was highest in
both groups from the reservoirs. This manifestation of the elevated vitellogenesis is usually caused by
the presence in the water of endocrine disruptors. The most known endocrine disruptors in the surface
waters are the pharmaceuticals and personal care products. However, in the mollusks from the Latvian
sites, their level was similar. Hence, the specimens from the reservoirs indicated the pollution by the
typical effluents, particularly in the Kasperivtsi. In the mollusks from both reservoirs, the depletion of
GSH/GSSG was found. Unexpectedly, the mollusks from the reservoirs demonstrated lower level of
lipid peroxidation products then the groups of comparison and greatest superoxide dismutase (Cu, Zn-
SOD and/or Mn-SOD) activities. The standardized data for each marker (IBR) confirm that the
manifestations of toxic impact were greatest in the mollusks from the large reservoirs, whereas the
oxidative stress responses were intrinsic the specimens from the micro HPP and pristine sites.

Overall, the current study represents the first evaluation of the biochemical indices of bivalve
mollusks depending on the water flow regime. They indicate the disagreement of the responses of stress
and toxicity in the polluted areas.

This work has been granted by the Ministries of Education and Science of Ukraine and Latvia
(Projects 132B and M/35 for O. Stoliar and LV-UA/2017/5 for G. Springe).

Beliaeff B., Burgeot T. Environ. Toxicol. Chem. 2002, 21:1316-1322.
Pain-Devin S. et al. Aquat. Toxicol. 2014, 155:52-61.
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Literary data on the effect of methionine on the functional activity and morphological changes
in hepatocytes are rare and ambiguous, despite the fact that its role in the body is well-studied. It may
be due to use in experiments the animals of different species and age, differences in the dosage of
methionine, the duration of experiments, etc. Most of the available studies are devoted to studying the
effect of methionine deficiency in food on the synthetic activity of the liver parenchyma. A question is
unexplored as activity of hepatocytes will change after additional introduction of methionine to the
standard diet. The purpose of our work is to investigate the effect of sulfuric amino acid methionine on
morpho-functional changes in hepatocytes in adult rats.

The study was conducted on 24 Wistar male rats, aged 15 months. The animals, both the control
and the experimental group, were in compatible terms with a standard diet. Rats of the experimental
group in addition to the standard diet received methionine every day perorally during a 21 day in a dose
of 250 mg/kg of body weight. Such dose of methionine may be considered prophylactic, because it does
not lead to a substantial increase of methionine content in organism and the emergence of
homocysteinemia. Histological preparations from the liver tissue were prepared according to the
standard method. Morphometry of the liver was carried out on digital images using the computer
program "Image J". The activity of succinate dehydrogenase in the suspension of hepatocyte
mitochondria was determined by the Krivchenkova method. The concentration of the protein in the
hepatocyte mitochondria was determined by the Lowry method.

The cross-sectional area of hepatocytes and their cytoplasm had a slight tendency to decline after
completion of the methionine introduction to the experimental animals. The area of the nucleus, on the
contrary, increased by 18 %. It led to an increase in the nucleus-cytoplasmic ratio by 27 % (P<0.05)
compared to the control values. The increase of this index indicates an increase of the cell functional
activity, and may indicate the preparation of the cell to mitosis. The nucleolus of hepatocytes in the
experimental animals are well visualized, mostly of medium size, with a rounded shape and clear
borders. It was noted an increase the number of nucleolus in hepatocyte nucleus at 28 % (P<0.05) and a
nucleolus-nucleus ratio of 9 % compared to control. The nucleolus hyperplasia may indicate the
activation of hepatocytes physiological regeneration at the intracellular level and the increase of their
protein synthetic activity. The number of binucleus hepatocytes in the liver of experimental animals
increased significantly by 16 % compared with control. Most authors believe that an increase the number
of binucleus hepatocytes indicates an increase the intensity of the liver parenchyma regeneration at the
intracellular level.

The activity of succinate dehydrogenase in the suspension of hepatocytes mitochondria tended
to increase after methionine introduction. The concentration of protein in the suspension of hepatocyte
mitochondria in the experimental rats was significantly higher by 73 % than in the control. It may
indicate on the increase of protein-synthetic function of mitochondria cells.

Thus, according to most of the obtained indicators, we can conclude that 21-day introduction of
methionine increases the functional and regenerative activity of hepatocytes.
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Yeast of Candida genus, especially Candida albicans, are the most common causes of fungal
infections, which can lead to significant morbidity and mortality among immunosuppressed patients.
The choice of drugs to treat fungal infections is limited due to the emerging yeast resistance to antifungal
compounds. The main reason for C. albicans drug resistance is the presence of ATP-binding cassette
(ABC) and Major facilitator superfamily (MFS) transporters in the plasma membrane, which decrease
azoles binding to the yeast cells. Reduced susceptibility of C. albicans cells to antifungals force to search
for new agents that could affect different cellular targets.

Aim. To evaluate antifungal efficiency of the synthetized styrylpyridinium derivatives on C.
albicans wild type (WT) and clinical isolate (ClI) cells, select the least toxic compounds to Chinese
hamster ovary cells (CHO-K1), and test the selected compounds as inhibitors on C. albicans efflux
transporters.

Material and methods. C. albicans WT strain ATCC 10231 and fluconazole resistant clinical
isolate C. albicans CI strain 11017 were used in this study. Effects of 13 newly synthetized
styrylpyridinium derivates (compounds I-XIII, concentrations varying from 0.5 to 128 ug/ml) on
the susceptibility of yeast cells were studied using standard broth microdilution method and minimal
inhibitory concentrations preventing 50% of cells growth (MICso) were determined. Cytotoxicity of the
compounds to CHO-K1 cells was determined using 2,3-bis [2-methoxy-4-nitro-5-sulfophenyl]-2H-
tetrazolium-5-carboxanilide (XTT) assay. This assay is based on the ability of metabolically active cells
to reduce XTT tetrazolium salt and produce formazan compounds of orange colour. Rhodamine 6G, a
fluorescent substrate of ABC transporters, was used to determine the transport activity of efflux pumps.
C. albicans cells were de-energized using 5 mM 2-deoxyglucose and sodium azide and preloaded with
R6G. Efflux of this indicator was monitored measuring the changes in fluorescence after addition of
glucose to cell suspension.

Results. Three tested compounds effectively inhibited C. albicans growth and at the same
time showed only slight to moderate toxicity to CHO-K1 cells: MICso of Comp 1V on WT cells was 2.8
ul/ml and 4 pl/ml were required for CI growth suppression. The MICso0f Comp V and V1 on C. albicans
WT varied from 1 to 4 pul/ml, at the same time the MICso of the mentioned compounds on C. albicans
Cl varied from 4 pl/ml and higher than 6 ul/ml, respectively. The cytotoxicity results indicated that after
24 h of CHO-K1 cells treatment with MIC’sso of Comp 1V, metabolic activity of CHO-K1 cells was
reduced only up to 77.5 £ 5.6 %. It was demonstrated, that MIC’ssg of Comp V and VI reduced CHO-
K1 cells metabolic activity up to 62.1 + 4.5 % and 79.1+ 3.8 %, respectively. Moreover, WT and CI
cells treated with Comp V showed suppressed R6G efflux, determined by decreased fluorescence
intensity compared to the control cells with no compounds added.

Conclusions. Data of our experiments showed that several newly synthetized styrylpyridinium
derivatives are active against C. albicans: effectively reduce growth of C. albicans cells and inhibit
efflux pump activity. Therefore, activities of novel compounds should be further investigated analyzing
structure-function properties of these potential antifungal agents.

The study was supported by the Research Council of Lithuania (project number 09.3.-LMT-K-
712-02-0200)

35


mailto:simona.vaitkiene@vdu.lt

Session 2: Cell response on stress / Bionogiob kiimunu na cmpec

COMPARATIVE ANALYSIS OF INHIBITORS PHE-ARG-B-NAPHTHYLAMIDE AND 1-(1
NAPHTHYLMETHYL) PIPERAZINE ON EFFLUX IN SALMONELLA ENTERICA CELLS

Sandra Sakalauskaité Poster 5

Sandra Sakalauskaité and Rimantas Daugelavicius
Department of Biochemistry, Vytautas Magnus University, Kaunas, Lithuania

E-mail: sandra.sakalauskaite@vdu.lt

Antimicrobial resistance is a steadily growing worldwide problem. Efflux pumps play a key role
in bacteria resistance to antibiotics. It is not easy to develop new antimicrobial compounds which would
not be substrates of the efflux pump. Beside this, analysis of sides effects of new antimicrobials slow
down their introduction into medical practice. Knowledge of ways how to increase efficiency of usual
antibiotics is of crucial importance. Therefore, it is very important to understand the regulation of efflux
in bacteria.

We used tetraphenylphosphonium and ethidium ions, these lipophilic cations selective electrodes
and fluorescence measurements to assay the efflux activity in Salmonella enterica cells. The aim of our
study was to explore effects of two efflux inhibitors — Phe-Arg-p-naphthylamide (PABN) and 1-(1
Naphthylmethyl) piperazine (NMP) — on accumulation of indicator ions in bacteria. Also, ability of these
inhibitors to increase efficiency of Chloramphenicol, Tetracycline and Ampicillin was studied. We used
wild-type cells and efflux pump mutants to determine, how the mutations in pump genes affect efficiency
of the inhibitors and sensitivity of the cells to antibiotics.

In experiments with wild-type and efflux mutant S. enterica cells we determined that PABN and
NMP enhanced accumulation of efflux pumps substrates and increased permeability of the outer
membrane. We observed dependence of efflux inhibiting activity of the inhibitors on Mg++
concentration in the medium: 0.2 mM and higher concentrations of MgCl. inhibited action of PABN
increasing ethidium fluorescence to the control level, and action of NMP was blocked at 0.8 mM and
higher concentrations of MgCl..
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Saccharomyces cerevisiae is a unicellular eukaryotic organism that often undergoes transition
into state of anhydrobiosis. During desiccation these cells lose intracellular water, but still protect their
structures from damages for successful recovery during the rehydration. This study was performed to
explore effects of cell preincubation in concentrated solutions of non-metabolizable carbon sources on
the resistance of S. cerevisiae to dehydration. Two S. cerevisiae strains were studied: #14 — semi-
resistant, and #77 — very resistant to dehydration. The cells were incubated in 1 M solutions of xylitol,
lactose or glycerol for 3 h and desiccated at 30 © C for 21 h. During rehydration the metabolic activity
of cells was assayed by oxygen consumption test, following intracellular accumulation of K* and
synthetic lipophilic anion phenyldicarbaundecaborane (PCB"), also by fluorescence microscopy.

This study revealed that incubation in various carbon source solutions differently affected cells.
Respiration of #14 strain cells preincubated with glycerol and lactose was more intensive (consuming
90% and 70% of medium dissolved oxygen, respectively) than of #77 strain cells whose oxygen
consumption was 2 fold slower. Meanwhile, xylitol pretreated cells of both strains were consuming the
same amount of oxygen (45%). The PCB" test showed that after preincubated in glycerol or lactose,
plasma membrane of #14 cells was more permeable than of #77 ones. Another observed difference was
that lactose-preincubated #14 cells recovered membrane barrier more slowly than the same cells
preincubated in glycerol. When the cells were preincubated with xylitol, plasma membrane permeability
of both strains was very similar. Results on the role of preincubation on accumulation of intracellular K*
showed that during rehydration #14 strain cells preincubated in hypertonic solutions of glycerol and
xylitol accumulated more K* ions compared to #77 strain cells.

Our results indicate that preincubation of yeast cells in hypertonic solutions of glycerol, lactose
or xylitol highly increase their resistance to desiccation. The most intriguing result of this study is that
after preincubation in concentrated solutions of lactose and glycerol the cells “switched” their
phenotypes: #14 strain showed higher metabolic activity than #77 one. On the other hand, metabolic
activity of both cells did not change after preincubation in 1 M xylitol. This effect should not be
metabolism-driven, because all three carbon sources are non-fermentable in S. cerevisiae cells.

Acknowledgments: This study was supported by Research Council of Lithuania, funding grant
No TAP-LLT-3/2016 and Ministry of Science and Technology, Taiwan. We thank prof. A. Rapoport
(University of Latvia) for S. cerevisiae cells.
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Buckwheat honey is the darkest Polish honey and has the strongest antibacterial and antioxidant
activity; however, the mechanism of this bioactivity remains unknown. To determine the factors
responsible for the bioactivity of buckwheat honey, the quality, antioxidant power, radical scavenging
activity, and total phenolic and flavonoid contents of 20 buckwheat honey samples from southeastern
Poland were measured. The antibacterial activity of the honey was tested against four bacterial strains.
The effect of catalase on the antibacterial action of the honey was determined. Five buckwheat honey
samples with different antioxidant and antibacterial activities were selected, and their phenolic profiles
were characterized in detail with the UPLC-PDA-MS/MS method. In vivo experiment demonstrated that
these samples protected cells of the yeast Saccharomyces cerevisiae exposed to hydrogen peroxide,
which was used as a hydroxyl radical generator. The antibacterial activity of the tested honey was
significantly correlated with antioxidant activity and phenolic compound content (p<0.05). The removal
of H20- by catalase partially eliminated (30-50%) the bacteriostatic activity of the tested honeys. The
results indicated that among the 13 phenolic compounds identified in the selected buckwheat honey
samples, only quercetin, rutin, chlorogenic acid and caffeic acid were correlated with the antioxidative
and antibacterial activity of the honey, which was shown by the Principal Component Analysis (PCA)
statistical analysis. For the first time the protective effect of buckwheat honey resulting from its
polyphenols content was confirmed (p<0.05) against in situ-generated hydroxyl radicals using the S.
cerevisiae yeast cells as a biological model.

Dzugan M, Grabek-Lejko D, Swacha S, Kapusta I, Tomczyk M, Bednarska S. Food Bioscience
(accepted)
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Honey is a natural product of animal origin, produced by honey bees. It has been used for
centuries because of its taste, nutritional and health benefits. The antimicrobial and antioxidant
properties of atypical, selected honey types — cornflower, bean, goldenrod, raspberry, dandelion and
sunflower — have been studied in this paper. It has been shown that all analyzed honeys, inhibited the
growth of Staphylococcus aureus, Escherichia coli, Staphylococcus saprophyticus and Salmonella
enterica. Cornflower and bean honey possessed the best antibacterial properties, which inhibit the
growth of all bacteria at a concentration of 25%. The weakest antimicrobial properties were observed
for sunflower honey. The highest antioxidant potential was observed for raspberry (978.26 pmol
Trolox/kg), cornflower and bean honey. Lower values of antioxidant properties were observed for
goldenrod, sunflower and dandelion honey (381.27 - 429.77 umol Trolox/kg honey). Similarly, the
polyphenol concentration decreased in the following order: raspberry > cornflower > bean > sunflower >
dandelion > goldenrod honeys. There was a strong correlation between antioxidant properties and
polyphenol content (r = 0.99), but antimicrobial properties of honey were not correlated with
polyphenols content.
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Antimicrobial effect of marine crustacean’s chitosan and its derivatives is well known [1] and
further investigations are developing on their biomedical application. Chitosan from insects, in particular
honeybee, is less investigated, though it might be also of practical interest. Recently, we have isolated
chitosan-melanin complex (CMC) from honeybees, and performed its cleavage by limited acid
hydrolysis. It was found that obtained fragments exhibit the antimicrobial effect, especially towards
Candida albicans.

The aim of this study was to investigate the influence of purified fragments of CMC on a
survival of cells of various taxonomic origin — bacteria, fungi (Candida sp.) and mammalian, and
compare their antifungal activity with that of nystatin and clotrimazol, a known antifungal medicines.

Material and methods. Fragments of CMC were obtained by limited hydrolysis with HCI: acetic
acid mixture, chromatographic fractionation on a column of Toyopearl HW-60, as described in [2].
Water solution of fragments (2 mg/ml, pH 5.6) was used as a stock for introduction into culture medium.
The test-objects included: Staphylococcus aureus, E. coli, Pseudomonas aeruginosa, Candida albicans
C88 (conventional), C. albicans N12 (MDR), C. tropicalis, as well as the mammalian cell lines — human
breast carcinoma cells (MCF-7), murine macrophages J 774.2, NIH3T3 murine fibroblasts, human
embryonic kidney cells (HEK 293), PHA-activated lymphocytes of human peripheral blood. The
microbial cells were cultured in Saburo medium at pH 5.6 for Candida sp., and at pH 7.2 - for bacteria.
Viability of bacterial and mammalian cells was determined by MTT-test and expressed as decrease in
color intensity of thiazolyl blue in percents relative to values in control at the end of incubation.
Cytotoxic effect towards Candida sp. was measured with the method of colony-forming units (CFU)
and expressed as changes in number of colonies in percents relative to start value of control. The
apoptotic changes in cells were determined by fluorescent microscopy after staining with Hoechst
33342, DAPI and Ethidium bromide dyes.

Results. Fragments of CMC were eluted from the column of Toyo-60 as long-drawn peak which
was conventionally divided into three parts: leading (15% of material), middle (75% of material) and
the last (10% of material). They differed by molecular mass and melanin content: over 250 kDa and 16.2
% resp. (1% part), 250-70 kDa and 5.7 % (2"%), 80-15 kDa and 1.3 % (3™). The leading part of fragments
showed the highest antimicrobial activity, providing at concentration 1 mg/ml 99% growth inhibition of
C. albicans, less inhibition of bacteria, i.e. E. coli (78%), P. aeruginosa (25%), St. aureus (13%).
Damaging effect of mentioned CMC fragment towards C. albicans was compared with: that of nystatin
and clotrimazole. 50% of growth inhibition was achived at 50 pg/ml of CMC fragment, 12 pg/ml of
clotrimazole, 9 pg/ml of nystatin, thus fragment being of a lower specific activity. However, CMC
fragment equally well inhibited clotrimazole-sensitive (12 pg/ml) and clotrimazole-resistant (70 pg/ml)
C. albicans strains. The high molecular mass CMC fragment in doses up to 200 pg/ml. did not exhibited
significant pro-apoptotic effect towards pseudonormal and tumor mammalian cells

Conclusion. High molecular fragments of honeybee chitosan-melanin complex possess a distinct
antifungal activity and are non-toxic towards mammalian cells. It can be used per se or as carrier of
antimicrobial drugs for enhancement and prolongation of their effect.

1. Muzzarelli R. et al. Antimicrob. Agents Chemother. 1990, 34(10):2019-2023.
2. Lootsik M. et al. In.: Advances in Microbiology and Biotechnology. Abstract Book. Lviv, 2018, Oct
29-31, P.24.
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YabsTpadioneroBe BunpomintoBaHHs (YD) € eKOJIOTTYHIM YHHHUKOM, 110 MTOCTIHHO BIUTMBAE HA
moauny. [Ipu TpuBamomy BBl Y O-BUNIPOMIHIOBAHHS BUKJIMKAE IETCHEPATUBHI 3MiHU KITITHH HIKIPH,
($i10po3HOT TKAHWHU 1 KPOBOHOCHUX CYJWH, IMPHUTHIYYE IMYHHY CHCTEMY, OCOOJIMBO HEOE3NEUYHHM €
KOpOTKOXBWIbOBe Y. OcHOBHUMHU MOjeKysipHuME MimeHsmMu Y@ e JIHK 1 6inku, momKopKeHHs
MOXe OyTH NpSIMHM, YH OIOCEPEIKOBAaHMM (HOTOCEHCHOUTIZAIEI0, M0 3PEIITOK IMPU3BOJIUTH 10
nanmoroux peakmiid (Pattison DI, Davies, 2006). Hamu 0yio qociiKeHO MPOTEKTOPHI BIaCTUBOCTI
cyoctanmii «['moOyTpiH» Ha NMEpPBUHHIA KynbTypi KiiTUH (iOpoOmnacTiB cBUHI, ompoMmiHeHil YO.
CyOcTaHnis npencTaiisie COO0I0 HU3bKOMOJIEKYISIPHY (DPAKIII0 TPOAYKTIB TITHOOKOTO T11poi3y OLIKiB
pu6. BuBueHHs papmakosnoriynoi aii nenTuaiB pud BUSBUIO iX 3/1aTHICTH MPOSBISATH AHTUOKCUIAHTHY,
IMYHOMO/IEJTIOI0OYY, TPOTHITYXJIMHHY Ta aHTUMIKpOOHY aKTHBHICTb, MPOTE iH(OpMAIIil 11010 BIUTUBY Ha
uikipy Hegoctatabo (Najafian, Babji, 2012).

Kynberypa nepsuaanx ¢gpiOpobiacTiB mKipu cBuHI Oyiia oTpruMaHa (pepMEHTaTUBHIM METOJIOM,
KYJIbTUBYBAaHHSA 3/1MCHIOBAJIIOCS Ha cTaHgaptHomy cepenoBuuli - JIMEM, 3 nomaBanusm 10% OTC
(Biowest, ®panitist). DOTOMOMKOMKEHHS 3AIMCHIOBAIOCS IIIJISIXOM PO3TAlllyBaHHS KYJIbTYPaIbHOTO
rianmeTa 3 Monomapom 30% koHpmyeHTHOCTI mif Y O-BUNPOMIHIOBAYEM 3 TOBKHHOIO XBUIIL 254 HM.
Yac excriosunii cranoBuB 20 i 30 xB. Ilicns BIUIMBY cepeloBHINA 3aMiHIOBAJIOCS Ha CBIXKE, 1[0 MICTHIIO
JOCTiKyBaHUH mpenapat abo 6e3 Hboro (KOHTpOINbHI BapiaHTH). Uepe3 48 roauH KylIbTHBYBaHHS
MIPOBOJIMBCS IMIJAPAaXyHOK KOHILEHTpAlil KITHH 1 oO4MciaeHHs KoedilieHTa mnpoiidepaTUuBHOI
aKTUBHOCTI, a TaKOX MPUTOTYBaHHS (iKCOBAHUX MpemnapaTiB IJs MiApaXyHKY MaTONOTIYHUX (opM
MTO/TLTIB.

Bcranosneno, mo BB Y® 254 um npotarom 20 1 30 XBUIMH MPU3BOJAUTH 10 3HAYHOTO
MIJBUIIEHHS TponigepaTuBHOT akTUBHOCTI — 3,60 1 3,74, 1110 3HaYHO BHILE HI)K B HEOIPOMIHEHOMY
koHTpodi — 2,50. [Ipu BHeceHHI nenapary 10 KyJIbTypajlbHOTO CepelOBHILA BiIpa3y Mg ONPOMIHEHHS
1 MOJANTBIIIOMY KYJIbTUBYBaHHI, BIIOYBAJIOCS BIAHOBJICHHS IIBUIKOCTI TIOJALTY 0 3HAYEHb, HAOIMKECHUM
710 TAaKUX Y HEONIPOMiHEHHUX KOHTpoJi —2,50 Ta 2, 66. Y Toii e yac, JoJaBaHHA Ipenapary 10 KyJIbTypu
HEOIPOMiIHEHHX KIIITHH HE IPU3BOJHTH /10 OyAb-IKHX ICTOTHUX 3MiH KoedimienTa mpodideparii — 2,60.

[TinpaxyHOK 4Hcla MaTOJOTIYHUX MITO31B MPOJEMOHCTPYBAB, IO YMCJIO MATOJOTIH MOAidy,
1HyKOBaHUX BITUBOM Y@, nocToBipHO 3HIKYBajocs Ha 10+1,2% (p = 0,05). BoueBuap, enepris Y
B JIaHOMY BHIMAJIKy BiJirpa€e poyib aKTUBAaTOpa, HECHEHHU(IYHO MiJBUIIYIOYU MIBUAKICTE OOMIHHHX
MIPOLIECIB, HACTIAKOM YOIO CTAa€ MPUCKOPEHHS MOMLTY KIITHH. 30UIbIIEHHS IIBUIKOCTI POCTY MOXKeE
MPU3BOAUTH JIO HAKOMIMYCHHSI TIOMUJIOK MOy, 1 SIK HACIIOK - 10 3J0SAKICHOI TpaHcopmarlii KIiTHH,
gyepe3 MOPYIIEHHS MPOXOKEHHS KOHTPOJIFHUX TOYOK KIITHHHOTO IUKITY. TakuM YWHOM, MOXHA
MPUITYCTUTH, IO Tpermapar 3JaTHUN aKTUBYBaTH peEMapaTWBHI CHUCTEMHU KIITHHU, BiTHOBIIOIOYHU
HOpMaJbHy HIBHJKICTh MPOXOJKEHHS BCIX €TalliB KIITUHHOTO ILMKIY, a TaKoX OyTH JTOHOPOM
HETOIIKO/DKEHUX CTPYKTKPHUX KOMIIOHEHTIB — aMiHOKHCIOT 1 HU3bKOMOJEKYJSPHUX TENTHIIB.
VIMOBipHO, 101iGHA KOMIIO3MIS MOXe CIyryBaTH MpoQilaKTHKOI MPOMEHEBUX ypaKeHb KIITHH
HIKipu N VIVO.

1. Pattison DI, Davies MJ. EXS. 2006;(96):131-57.
2. Najafian L, Babji AS. Peptides. 2012 Jan; 33(1):178-85.
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Long-term storage of red blood cells (RBC) is currently a valuable approach for the donors with
rare blood groups and combatants. Accumulation of the cryopreserved RBC can be useful in emergency
or clinical situations, where the demand exceeds the supply (Henkelman S. et al., 2010). At the stage of
thawing and removal of penetrating cryoprotectants, the cells are damaged as a result of the changes in
medium temperature and osmolarity. In this research a posthypertonic shock was used as a model to
investigate the effects of cryodamage factors on cells. Some amphiphilic compounds are known to
prevent a cell damage under stress factors conditions (Semionova E.A. et al., 2017).

The aim of this work was to study the efficiency of amphiphilic compounds belonging to different
classes on sensitivity of human red blood cells to the posthypertonic shock action.

Posthypertonic shock (PHS) of RBC carried out by transferring the cells from the dehydration
medium (1.65 mol/L NaCl) into rehydration one (0.15 mol/L NaCl) at 0 and 37°C. Amphiphilic
compounds were added to the rehydration medium before the transfer of RBC. The level of RBC
hemolysis was determined spectrophotometrically at a 543 nm wavelength. Amphiphilic compounds,
which belong to different classes of surfactants, were used in this work. Anionic surfactants are
represented by sodium decyl sulfate (C10), cationic with chlorpromazine (CPR), nonionic with decyl j,
D-glucopyranoside (DGP). The antihemolytic activity of amphiphilic compounds was expressed as a
percentage reduction of hemolysis in the presence of compounds in relation to hemolysis an amphiphile-
free sample.

The level of posthypertonic lysis of RBC was 70 + 5%. At 0°C all amphiphilic compounds were
found to significantly reduce the hemolytic damage of cells. So the use of C10 and DGP led to a 3-time
decrease in the level of human RBC hemolysis, and the supplement of CPR in 4 times. At 37°C, the
protective effect of amphiphilic compounds under PHS action was not revealed. Effective
concentrations, with which there was observed a minimal lysis of cells, for C10 and CPR, are close and
make 400 and 600 umol/L, respectively. Effective concentration for DGP is equal to 1,000 umol/L. The
antihemolytic activity of anionic C10 and nonionic DGP was 66 + 5 and 65 + 5%, respectively, and
cationic CPR was slightly higher, i.e. 77 + 3%.

Thus, amphiphilic compounds belonging to different classes demonstrated a high antihemolytic
activity under PHS. The mechanism of posthypertonic lysis of human RBC is based on the processes
associated with the formation of microdefects in plasma membrane at dehydration stage and their growth
at rehydration stage. Apparently, amphiphilic compounds, incorporating into plasma membrane, prevent
the evolution of microdefects up to the hemolytic pore size.

Henkelman S. et al. Transfusion. 2010, 50(11): 2393-2401.
Semionova E.A. et al. Probl Cryobiol Cryomed 2017; 27(1): 51-60
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Yeast population is characterized by the cellular heterogeneity with the formation of multicellular
structures such as colonies, biofilms, filaments and others. It is considered as well-organized community
of several cell groups with different molecular-biological properties. Growing on the solid surface yeast
cells undergo specialization and form colonies. Differentiation of cells in the yeast colony begins on 7t
day of development and leads to the formation of cell groups with a different specialization: some of
them produce nutrients, while others consume those (Vachova L. et al., 2009a). Besides the
heterogeneity of phenotypes, cells in the colony are differed by physiological, metabolic and
biochemical heterogeneity. Relationships between cell groups in the colony are aimed at maintaining of
multicellular structure, adapting to various environments and comprised of cooperation, interaction and
reciprocity between cells of different localization. It is suggested that Ato proteins have influence on
various aspects of colony biology and metabolic reprogramming (Vachova L. et al., 2009b) and Flo1
protein drives cooperation between yeast cells (Smukalla S. et al., 2008).

The aim of the present study was to analyze some cytological and genetic characteristics of cells
with different localization in Saccharomyces cerevisiae colony at the 2" acidic phase of development.
For this purpose, cytological and gene expression analysis were carried out.

Results of cytological analysis using fluorescent dyes showed well-defined differentiation
between central and outer cell layers of yeast colony. The central zone consisted of morphologically
heterogeneous cells and up to 40% were apoptotic ones while cells of outer zone were more
homogeneous and percent of apoptotic cells was lower, about 4-8%. Comparative analysis of atol gene
expression in cells of central and margin layers revealed decreasing of atol gene activity in central zone
by 2 times. There were no changes in flol expression between cells of different localization in S.
cerevisiae colony at the 2" acidic phase of development although small alterations were detected at the
2"d alkali phase. Thus, results obtained in the study suppose that flol expression might maintain the
multicellular structure of yeast colony whereas cell differentiation could be defined cytologically and by
atol gene activity.

Vachova L. et al. Environ. Microbiol. 2009a, 11:494-504.

Vachova L. et al. Environ. Microbiol. 2009b, 11:1866-1877
Smukalla S. et al. Cell, 2008, 135(4):726-737.
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Oxidative damage to the sperm membranes leads to reduced ejaculate quality and has been
considered as one of cause of male subfertility or infertility. Since spermatozoa contain a large amount
of polyunsaturated fatty acids in spermal membranes which might easily be oxidized by ROS, they are
particularly vulnerable to oxidative stress. The appropriate balance between ROS generation and their
neutralization is crucially important for protection of spermatozoa against oxidative damage and is
maintained by antioxidant systems. Among antioxidant enzymes crucial role belong to glutathione S-
transferases (GSTSs). It is known that GSTs catalyze the conjugation of GSH to a variety of electrophilic
compounds and have crucial role as cell housekeepers involved in the detoxification of both endogenous
and exogenous substances. Regarding the GSTs that have been studied in sperm cells, little is known
about their role in pathozoospermic patients.

In order to demonstrate the functional role of GSTs in sperm cells, we used a H2O-induced
stress on human ejaculated spermatozoa obtained from both normo- and pathospermic patients.

We report here the effect of GSTs inhibitor ethacrynic acid on sperm motility and viability.
Pharmacological inhibition of sperm GSTs activity (using its potent inhibitor ethacrynic acid) leads to
spermal membrane damage, rejected in the loss of motility and decrease of viability. The fact that GSTs
were primarily responsible for protection of spermatozoa from H20.-induced oxidative stress became
evident when in the presence of ethacrynic acid, sperm motility and viability was drastically decreased
in incubation medium containing H20- in both normo- and pathozoospermic samples. Presence of GSH
in incubation medium attenuated this inhibitory effect only in normozoospermic samples, but not in
asthenozoospermic samples.

For similar treatment conditions TBARS levels increased significantly leading to decrease in
sperm motility and viability. The strong positive correlation between sperm motility (r = 0.72; p <0.05)
/ sperm viability (r = 0.64; p <0.05) and TBARS accumulation confirms that lipid peroxide-induced
membrane damages are involved in disturbances of sperm function. It is suggested that these functional
impairments are related to the intensification of lipid peroxidation as expressed by TBARS levels in
spermal membranes after GSTs inhibitor treatment.

Finally, we checked the inhibition profiles of GSTs by ethacrynic acid in sperm cells obtained
from normo- and pathozoospermic samples. It was shown that ethacrynic acid in the concentration range
of 0.01 - 10 mM suppresses GSTs activity of spermatozoa in dose-dependent manner. The inhibition
curves in spermatozoa obtained from astheno-, oligo- and oligoasthenozoospermic samples were not
significantly different from normozoospermic patients. The inhibition constant and Hill's coefficient
were not significantly different in sperm cells obtained from normo- and pathozoospermic samples.

This study provides evidence that sperm GSTs are important in the defense mechanism against
oxidative stress. Evaluation of GSTs activity in sperm cells of infertile men can be helpful in fertility
assessment and for the evaluation of treatment by antioxidants.
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It is well known that endocrine system is a frontline hand in maintaining the homeostasis during the
development of long-term body adaptation including adaptation to heavy metals. The excess or lack of certain
metals results in the metabolic imbalance in the human body and brings in various changes in endocrine,
immune, reproductive and other systems, and may reduce the lifespan. The purpose of this research was to
reveal the profile of specific impact of metals as low-dose factors on endocrine system and endocrine cells. In
order to better understand and interpret the pathogenic essence of the above mentioned disturbances associated
with endocrine system, we carried out the series of toxicological experiments. These experiments showed that
the disruption of endocrine system depends on sex of animals, route of toxicant administration and chemical
and physical properties of test toxicants. It was determined that upon subacute intraperitoneal administration
and acute oral administration of metal doses of 0.05 and 0.5 mg/kg, Al, Ag, were accumulated in internal organs
of test animals as well as in their endocrine organs in particular.

The biochemical markers of Ag and Al effect on adaptation process in animals (imbalance in oxidant
and antioxidant processes, disruption of hormone metabolic process), which characterize the adaptation process
at molecular and cellular level, are as follows. At "training™ stage: in case of AgNOs exposure, increase in CP
levels up to 2.87 umol/l and C-peptide up to 0.15 ng/ml (p<0.05); in case of exposure to Ag.O NPs, increase in
albumin levels up to 83.77 g/l, in erythrocyte ATP up to 157.30 umol/l and in MT up to 0.40 pmol/l (p<0.05);
in case of AI(NOs)s exposure, increase in albumin up to 72.0 g/I, MT up to 0.40 umol/l and free T4 up to
2.56 ng/ml (p<0.05); in case of exposure to AloO3 NPs, increase in CP up to 2.32 umol/l (p<0.05). At "tension"
stage: in case AgNOs exposure, decrease in erythrocyte ATP down to 26.33 g/l, in serum glucose down to
0.68 g/l and in ThG iodine down to 35.10 pg/g and in serum TTH (thyrotropic hormone) to 0.18 ng/ml (p<0.05);
in case of exposure to Ag20O NPs, decrease in serum CP down to 1.42 umol/l and in ThG iodine down to
56.36 pg/g (p<0.05); in case of AI(NO3)s exposure, decrease in ThG iodine content down to 46.06 ug/g
(p<0.05); in case of exposure to Al2O3 NPs, decrease in serum albumin down to 37.18 g/l and in serum free T4
down to 1.14 ng/ml (p<0.05). At exhaustion stage: in case of AgNOz exposure, decrease in ThG iodine down
to 24.37 pg/g and in serum TTH down to 0.18 ng/ml (p<0.05); in case of AI(NOz)3 exposure, increase in
erythrocyte ATP up to 230.48 pumol/l and in whole blood MT up to 0.1 umol/l (p<0.05).

The experimental evaluation of histological changes observed in endocrine organs demonstrated that the
effects of salts of metals on ThG tissue are non-specific. When metal salts are administered intraperitoneally,
the morphological transformation of ThG follicular cells is characterized by dystrophic changes in thyroid
epithelium; follicles around incorporated parathyroid gland (PThG) tend to enlarge, and more deep aggregation
is observed in PThG occasionally. When silver and aluminium were individually orally administered, the
disruptions were limited to changes in the functional state of thyrocytes and apoptosis observed in their small
fraction. Morphological transformations of PG were characterized by functional changes; and it is namely in
case of aluminium exposure, when the reduced number of islets of Langerhans was registered.

In vitro studies elucidated the mechanisms of interaction between peptide hormones and metals in the
form of micro- and nano-size particles. It was found that molecular mass changes in human serum albumin and
insulin were caused by binding with individual atoms contained in metal NPs (in case of silver, nanoparticles
were found in the form of oxides). This interaction brought in the conformation changes in peptide hormones,
and the disruptive effect increased with the increase in metal concentration in the solution. The comparison of
metal micro- and nanoparticles effects demonstrated, that the metal nanoparticle (NP) accumulation produces
the functional effect predominantly, while metal microparticles cause the physical accumulation of the material.
Metal microparticles are absorbed faster and their concentration increases with time. At the same time, the
translocation rate of metal nanoparticles in endocrine organs of test animals is higher thus indicating their greater
toxicity.
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Topicality. Nowadays the differential diagnosis of acute community-acquired pneumonia and
acute respiratory diseases is inadequate. In this regard, the development of new criteria for the diagnosis
of community-acquired pneumonia both in the military and in the civilian population is timely and
relevant.

Purpose. The purpose of this work was to study the cytomorphological features of peripheral
blood leukocytes in patients with community-acquired pneumonia and acute respiratory diseases in order
to develop additional criteria for differential diagnosis.

Methods. Under the research there were 84 patients with acute respiratory diseases (ARD) and
65 patients of military personnel with community-acquired pneumonia (CAP) who were treated at clinics
of the National Military Medical Clinical Center “MMCH?”. Clinical, hematological, immunological and
radiological methods were used in the studies.

Results and discussion. It has been established that in the first days of the disease there are
cytomorphological differences of peripheral blood leukocytes in patients with CAP and ARD. On the
background of almost double increase in cellular neutrophils in patients with CAP the increase in the
number of segmental neutrophils was recorded, while in patients with ARD the content of segmental
cells remained up to the standard or even decreased on the background of the increase in the content of
rodenuclear neutrophils. In CAP compared with ARD a more pronounced toxicosis-inflammatory
process was registered which was reflected by a more significant increase in cellular decay, neutrophil
content with the fragmented nucleus, destruction of the nuclear membrane, cells with toxogenous
granularity of the cytoplasm, as well as increased adhesion of neutrophils and there was registered a
more pronounced mutagenic process that was reflected in the increase in the content of neutrophils with
chromatin vili, the bodies of Bar, hypersegmentation and hyposegmentation of the nucleus. From the
side of the cells of the lymphocyte lineage of hematopoiesis with CAP the number of disintegration of
Botkin-Gumprecht cells was registered much less and was three times less than in ARD. In some cases
extracted and aberrant lymphocytes indicating the tension of the immune system at the level of its
breakdown were recorded in CAP.

Conclusions. The obtained results of cytomorphological research give new opportunities as for
the development of additional criteria for differential diagnosis of community-acquired pneumonia and
acute respiratory diseases in the first days of the disease of CAP and ARD.
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EFFECT OF THE ADENO-HERPETIC MIXED INFECTION ON STRUCTURAL AND
FUNCTIONAL PROPERTIES OF CELLS
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Mixed viral infection is one of the topical and unexplored issues of human infectious diseases (Da
Palma et al., 2010) A special place in the development of these pathologies is occupied by adeno- and
herpes viruses that are able to persist for a long time in a latent condition in the body. To understand the
biological nature of mixed infections the model of adeno-herpetic infection in cells was developed. The
features of the development of viral infections in this system were studied (Biliavska et al, 2016).
However, the role of the associated viruses in the regulation functioning of the cell population is not not
fully understood. Therefore, the aim of this work was to investigate the viruses-cell interactions under
condition of mixed infection.

The study of mitochondrial, proliferative and lysosomal activity of co-infected cells was
conducted. It was found suppression of vitality and mitochondrial activity of MDBK cells co-infected
with herpes simplex virus type 1 and human adenovirus type 5 up to 32% compared to uninfected cells
and its increasing by 100% in comparison with herpetic mono infection.

The subversion of cell cycle pathways is a well-established mechanism by which viruses create
the most suitable environment for their replication (Trapp-Fragnet et al, 2016). Notably, the induction
of S-phase is either mandatory or at least advantageous for lytic replication of a number of viruses.
MDBK cell cycle analysis under condition of the mono and mixed infections was carried out. It was
determined the reduction of the cell population in G1 phases and its increasing in S phases under
condition of both mono and mixed infections that demonstrated the suppression of the transition of cells
through the mitotic phase. As infected cells enter S phase and G2/M phase is blocked, cells produce viral
DNA, late viral proteins and virions.

The ultrastructure of MDBK cells and the features of viral morphogenesis under the condition of
mono- and mixed infection have been investigated. The sharp changes in the morphology of MDBK
cells under reproduction of adeno- or herpesviruses were detected, namely, the increase in the nucleus,
the marginality of chromatin, the formation of crystalline intranuclear clusters of complete and
incomplete viral nucleocapsids, hypertrophy of the nuclear membrane in conjunction with the expansion
of perinuclear space and the disappearance of the nucleoli, the vacuolation of the cytoplasm and the
formation of paracrystalline structures. All these morphological changes resulted in complete destruction
of cells for 72-96 hours after infection. The co-infected cells were characterized by a lower level of
pathomorphological changes and the presence of small amount of viral capsids.

Thus, significantly less change of the structural and functional properties of cells under condition
of mixed infection were detected in comparison with adenoviral and herpetic mono infections.

1. Da Palma T.A et al. Virus Research. 2010, 149(1):1-9.
2. Biliavska L.O. et al. Pharmaceuticals. 2016, 9(14):21-23.
3. Trapp-Fragnet L. et al. PLOS ONE. 2016, 9:1-14.
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The ecological and phytosanitary situation in modern agrarian systems requires the widespread
introduction of biotechnological products, such as microbial preparations with polyvector action. This
is due to an increase in the pesticide load that acts on the soil microbiota as a stress factor and also leads
to soil and food agrochemical’s contamination and the emergence of pathogens and pest-resistant forms.
In agricultural practice for the productive potential of cultivated plants sustainable management
biological products are introduced based on the associations of useful soil microorganisms of local
breeding. However, their basic properties under extreme conditions of fungicidal stress are not
sufficiently investigated.

Ecovital is the complex bioformulation based on highly effective strains of Bradyrhizobium
japonicum UCM B-6035, UCM B-6018, UCM B-6023 and phosphate-mobilizing bacteria Bacillus
megaterium UCM B-5724. The influence of Vitavaks 200FF, Maxim Star 025 FS and Kinto duo
fungicides on physiological activity and symbiotic properties on bioagents of bioformulation Ecovital
has been studied. It was found that the bacteria that are included in the bioformulation Ecovital proved
to be resistant to Maxim Star 025 FS and Kinto duo in recommended by the manufacturers of the
fungicides working concentrations. Vitavaks 200FF inhibited the growth of B. japonicum UCM B-6035,
UCM B-6018 and B. megaterium UCM B-5724 in laboratory conditions. Under the Vitavaks 200FF
action the diameter of the growth inhibited zones of these strains was 14.5, 25.7 and 30.1 mm,
respectively. In the plots experiments it was shown the application of Maxim Star 025 FS or Kinto duo
with following inoculation resulted in an nodulation increase in 1,2 and 1,4 times, respectively, in
comparison with the inoculated variant. Vitavaks 200FF inhibited the nodulation process by 1.5 times.
The nitrogenase activity of symbiotic systems increased by a combined effect of the Kinto Duo and
Ecovital in 2.2 times compared to the variant with inoculation. Seeds treatments by Maxim Star 025 FS
or Vitavaks 200FF with subsequent Ecovital inoculation resulted in a decrease of nitrogenase activity
by 1.5 and 2.8 times, respectively, in comparison with bacterizated variant. In the field conditions, the
nodulation activity in variants with application of fungicides and bioformulation increased by 3-4 times,
but nitrogenase activity of symbiotic systems decreased by almost 32-44% in comparison with the
inoculated variant.

Thus, the investigated strains of B. japonicum and B. megaterium exhibited resistance to
fungicides Maxim Star 025 FS and Kinto duo and retained the nodulation activity under the conditions
of these fungicides, but the formed symbiotic apparatus nitrogenase activity was reduced in almost all
experimental variants.
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REGULATORY ROLE OF MOLECULAR FORMS OF SUPEROXIDE DISMUTASE OF
HEPATOCYTES AND MYOCARDIUM OF THE RAT UNDER ACUTE HYPOXIA-
HYPERCAPNIA

Svitlana Khyzhnyak, Mariya Ribak, Svitlana Midyk, VVolodimir Voitsitskiy
National University of Life and Environmental Sciences of Ukraine,
Heroiv Oborony Street, 15, 03041 Kyiv, Ukraine
E-mail: khs2014@ukr.net

The regulatory role in the adaptation of the organism of animals to hypoxia-hypercapnia is played
by ROS that participate in cascades of the intracellular redox signals and are controlled by protective
components, including the antioxidant defense system, which improves the organism resistance to
exogenous effects. The purpose of the work is to investigate the activity of multiple forms of superoxide
dismutase (SOD) in hepatocytes and myocardium of the rat under acute hypoxia-hypercapnia.

SOD is one of the key ROS scavengers whose functioning in eukaryotic cells is associated with
the existence of cytosolic Cu, Zn-SOD and mitochondrial Mn-SOD enzyme isoforms. Electrophoretic
analysis of multiple forms of SOD was carried out in a polyacrylamide gel after protein separation
according to the molecular weight in native conditions. The overall activity of SOD was determined in
hepatocytes and myocardial cells of rats. The model of acute hypoxia-hypercapnia with reduced body
temperature for rats was created as described earlier (Melnytchuk S.D. et al., 2013).

It is established that in hepatocytes the activity of multiple forms of cytosolic Cu, Zn-SOD is
dominant, and in myocardium — high activity of both mitochondrial and cytosolic isoforms of enzyme is
detected. In acute hypoxia-hypercapnia total activity of SOD in hepatocytes decreases by 24.2% (P <0.05),
in particular, of the dimeric and monomeric forms of Cu, Zn-SOD, however, the activity of Mn-SOD does
not change. In myocardial cells under these conditions the total activity of SOD increases by 62.7% (P
<0.05), with Mn-SOD activity increasing by 24.6% (P <0.05), while the dimeric form of Cu, Zn-SOD —
by 27.6% (P <0.05). At the same time, the activity of other subunits of Cu, Zn-SOD decreases. The
revealed features of SOD isoform reaction to hypoxia-hypercapnia may be attributed to differences in the
mitochondrial activity under these conditions. It is known that the main supplier of ROS in the organism
is the mitochondrial respiratory chain. The ROS, in turn, can affect the functioning of mitochondria, and,
on the other hand, modify the activity of the complexes of the respiratory chain, and thus the processes of
free radical oxidation. The inhibition of the activity of Complexes I, 11l and especially the terminal part
of the chain — Complex IV of mitochondria in hepatocytes under hypoxia-hypercapnia is observed
(Melnychuk S.D. et al., 2013). At the same time, in the mitochondria of the myocardium, a partial
uncoupling of the oxidative phosphorylation processes along with the increase of the activity of
Complexes Il and IV (Melnychuk S.D. et al., 2016) was revealed, indicating a decrease in the ROS
production by the electron transport chain, along with the increase of Mn-SOD activity. In addition, the
regulatory role of hypercapnia is discussed, which is manifested in the ability of carbon dioxide to act as
an ROS scavenger, as well as to modulate the activity of enzymes of the antioxidant defense system, in
particular SOD. The obtained results testify to the complex processes of free radical oxidation with the
involvement of multiple forms of superoxide dismutase, which leads to a change in the intensity and
course of the metabolic pathways, directed to adapting the organism to the action of external factors.

Melnychuk S.D., Khyzhnyak S.V. et al. Ukr. Biochem. J. 2013; 85(4):75-81.
Melnytchuk S.D., Khyzhnyak S.V. et al. Inter. Journal of Physiol. and Pathophysiol. 2016; 7(2):127-36.
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Purpose. Insulin like growth factor IGF-1 through activation of kinases PI3K/AKkt is known to
exert cardioprotective effects and regulate myocardial metabolism, as well as mediates heart
hypertrophy, promotes cell survival by reduction of apoptosis and oxidative stress. However, the
cardioprotective mechanisms in the hypertrophied myocardium during hypoxic preconditioning is not
fully elucidated. The aim was to characterize IGF-1/PI3K/Akt-mediated cardioprotection in normal and
hypertrophied heart after hypoxic preconditioning in response to severe whole body hypoxia or isolated
heart ischemia/reperfusion.

Methods. Experiments were performed in male adult Wistar rats with or without heart
hypertrophy and spontaneously hypertensive rats (SHR) with pressure induced heart hypertrophy. In
Wistar rats, short-term hypertrophy of left heart ventricle was induced by isoproterenol (5 mg/kg, 3
days). The animals were exposed to hypoxic preconditioning using mild hypobaric hypoxia séances in
barochamber (5600 m, 3 h). In 24 h, hearts were isolated with urethane narcosis and subjected to
ischemia/reperfusion in a Langendorff mode, infarct size was detected with TTC staining. The other
group of Wistar rats after preconditioning were subjected to severe hypoxia (5600 m, 3 h). Inhibitor of
PI3K wortmannin or blocker of IGF-1 receptors picropodophyllin (PPP) were used for testing of
cytoprotective signalling. Dynamic changes in mRNA and protein expression in heart ventricles were
examined using real-time PCR, and Western blotting.

Results. Isoproterenol-induced heart hypertrophy was accompanied in Wistar with IGF-1 and
Akt protein induction by 79% or 50%, respectively, but reduction of IGF-1 mRNA expression. In SHR,
the expression of IGF-1 mRNA and Akt protein was lower by 42% or 63%, respectively, compared to
Wistar control. Hypoxic preconditioning intensified IGF-1/PI3K/Akt-mediated cardioprotection by
induction of IGF-1 expression, Akt expression and phosphorylation, more pronounced in non-
hypertrophied hearts. Blockade of P13-kinase or IGF-1 receptors decreased Akt phosphorylation, and
abolished cytoprotective effects of preconditioning in view of mortality caused severe hypoxia, or of
infarct size and cardiac function recovery in postischemic reperfusion. In SHR, hypoxia-induced
cardioprotective effects and influences of the blockers were significantly reduced, in hypertrophied
Wistar hearts — partly decreased.

Conclusions. The left ventricular hypertrophy in Wistar rats is regulated by IGF-1-dependent
prohypertrophic signalling, but after hypoxic preconditioning 1GF-1-receptor/PI13K/Akt-mediated
cardioprotective response is only partly maintained. The prolonged left ventricular remodeling in SHR
is characterized with IGF-1 mRNA and protein suppression, and with limited cardioprotection. Hypoxic
preconditioning mediated by IGF-1/PI3K/Akt-signalling loses its effectiveness depending on the degree
and duration of cardiac hypertrophy.
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THE EFFECT OF MECHANICAL STRESS-STRAIN ON ACTIN ISOFORMS
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The changes in the intensity of the Actb, Actgl and Actal genes expression and the content and
localization of their products — marker cytoskeleton proteins — B-, y-, and a-actin in lung fibroblasts,
cultured on a deformable elastic substrate, were studied.

The fibroblasts were isolated from 3 months’ age Wistar rats skin. The cells of 2nd passage were
cultivated during 16 hours on transparent latex substrate with adhesive cover made of collagen type I,
type Il and hyaluronic acid. Then the substrate was single-time monoaxially deformed on 10% of
substrate length. The rate of substrate relaxation was 160 pm/h. The total time of cells deformation was
6 hours.

The localization of actin filaments was analyzed by fluorescence confocal microscopy after
eGFP-actin transfection (eGFP-Effectene Reagent, QIAGEN (USA). The determination of the ratio of
actin isoforms was performed using isoelectric focusing (10% PAAG, pH 10.0 — 3.0, Bio-Rad
ampholytes) after total actin purification by affinity chromatography on DNase-1-agarose (Pharmacia).

The gene expression analysis was performed on DNA-microchips (Arrayit) on Affymetrix 428
Scanner. The total RNA from the cells was isolated on spin columns with the RNeasy Mini Kit (Qiagen).
Synthesis of cDNA by reverse transcription was performed using QIAGEN OneStep RT-PCR Kit
(Qiagen). The final amount of the produced protein product was measured immunochemically on
antibody-conjugated ELISA-microchips using the Antibody Array Assay Kit (Full Moon BioSystems,
Inc.).

It has been shown that the mechanical deformation of fibroblasts leads to the intensification of
cytoplasmic actin synthesis. This process is accompanied by a two-step reorganization of actin filaments:
reducing the number of longer structures and increasing the pool of shorter ones with subsequent
formation of long stress fibers directed along the long axis of the cell. The mechanical stress enhances
the expression and the content of B-, y-, and a-actin within the deformed lung fibroblasts. tSMA isoform
is not specific for fibroblasts but is typical for myofibroblasts.

As it is known, the manner in which wound fibroblasts respond to strain influences the wound
repair. The compaction of granulation tissue pulls on the surrounding dermis, generating tension. The
fibroblasts transform into myofibroblasts, characterized by prominent cytoplasmic stress fibers with the
alpha smooth muscle actin (aSMA) isoform of actin. More intensive stress fibers formation influences
on the level of strain-dependent responses of cells and increases the production of structural extracellular
matrix proteins, which leads to faster wound healing.
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In our early studies, conducted on the effects of long-term cadmium low concentration intake
with drinking water on laboratory rats’ metabolism, it has been found that such an application leads to
decrease in the concentration of total collagen and glycosaminoglycans in bone tissue. It is known that
these components of bone tissue are produced by osteoblasts - cells derived from mesenchymal stromal
cells. We assumed that perhaps cadmium interferes with the formation of new metabolically active
osteoblasts from mesenchymal stem cells.

The experimental work is devoted to the evaluation of the influence of low cadmium
concentrations on the differentiation of mesenchymal stromal cells (MSC) of the rats’ bone marrow in
the osteogenic direction. The studies were conducted on 3 months old rats’ mesenchymal cells which
were cultivated during 17 days in the presence of low concentrations of cadmium (1,0 pM/L). The bone
marrow cells were isolated from diaphysis of os femoris. The cells viability (87%) was determined by
flow cytometry (Millipore Guava PCA). CD90 positive and CD45 negative MSC were isolated from
primary suspension by the immunomagnetic separation method (Anti-CD90 antibody, Abcam;
Dynabeads™ Antibody Coupling Kit, Life Technologies). MSC were cultivated in 24-well plate
(Nunclon Delta) in a-MEM medium (Gibco).

The cells of the second passage were used for the study.The osteogenic differentiation was
induced by substitution of media to osteogenic media with 0.1 uM dexamethasone, 0.05 uM ascorbic
acid, 10 uM glycerol-2-phosphate and 20% FBS (Gibco). After 14 days the cells had bipolar morphology
and were characterized by CD34 surface marker expression, alkaline phosphatase activity, collagen type
1, osteopontin, vimentin and calcium accumulation in culture. These surface and metabolic markers were
determined by Abcam and Merck-Millipore kits, analyzed by confocal microscopy or spectrophotometry
methods and used for analysis of effect of cadmium ions.

It was shown that the exposure to cadmium in media for 17 days at a concentration of 1,0 uM/L
leads to decrease of alkaline phosphatase, collagen type 1, osteopontin, vimentin and CD34 protein
expression in MSC and calcium accumulation in MSC culture. The results indicate that cadmium ions
inhibit osteogenic differentiation of mesenchymal stromal cells of the bone marrow in vitro.

If extrapolated the results obtained to in vivo processes, cadmium induced inhibition of
osteogenic differentiation of MSC can slow down the recovery of a pool of metabolically active
osteoblasts, renewal of the biopolymer and mineral composition of bones and, as a consequence, lead to
the development of osteoporosis.
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The work was carried out on 3D-culture of skin fibroblasts of 3 months old male Wistar rats. The
isolated and subcultured until passage 3 cells with viability of 89% were seeded on a three-dimensional
matrix (Alvetex Scaffold, 96 well) and cultured for 8 days until the culture density of 90%. 1 hour prior
to irradiation, a suspension of nanoparticles was added to the culture medium to a final concentration of
1.72 ng/L, 3.44 ng/L, 6.88 ng/L, and incubated for 1 hour. After replacing the medium with nanoparticles
by the free one, the cells were irradiated on the gamma complex Rokus AM (Co%, 0.75 Gy, 104kV,
9mA, 0.2 Gy/min, duration of irradiation — 225 sec). Two and six hours after irradiation, the
determination of the concentration of reactive oxygen species (ROS, DCFDA), lipid hydroperoxides
(LP, MitoPeDPP), the degree of DNA fragmentation by fluorometric assay and spectrophotometric
determination of the enzymatic activity of superoxide dismutase (SOD) and catalase were carried out in
the fibroblasts culture.

It was shown that in the absence of irradiation, nanoparticles at concentrations of 1.72 and 3.44

ug/L do not cause changes in the studied parameters at all investigation times. The concentration of the
nanoparticles 6.88 ug/L caused a decrease in cell viability by 4% after 6 hours of cultivation on a
background of absence of changes in other parameters. This concentration also proved to be ineffective
for maintaining the vitality of cells after irradiation - the number of living cells decreased both in the
presence and absence of nanoparticles after 6 hours of cultivation by 31%. Pre-incubation with
nanoparticles at a concentrations of 1.72 and 3.44 ug/L resulted in an increase in the number of living
cells in culture 6 hours after irradiation by 14% and 18%, respectively, compared with irradiated cells.
In 2 and 6 hours after irradiation, the concentration of ROS and LP increased by 5.3 and 7.7 times,
respectively, in the culture, and the degree of fragmentation of DNA - by 5.0 times. In this case, the
activity of SOD and catalase decreased by 6 hours of observation by 2.8 and 4.7 times, respectively. Pre-
incubation with CeO: at all used concentrations resulted in a significant decrease in prooxidant indices
in irradiated culture. Herewith, the most corrective effect was provided by the concentration of 3.44 ug/L
— for 6th hour of cultivation after irradiation, the concentration of ROS and LP were respectively 40%
and 27% less, and the activities of SOD and catalase were 64% and 123% higher than in irradiated
culture without nanoparticles. At the same time, regardless of the concentration of nanoparticles, the
degree of DNA fragmentation remained at the level of irradiated cells, which apparently is either a
consequence of long-term effects of ROS overproduction or the inability to fix defects by cell repair
systems over the past observation time. Thus, spherical nanoparticles CeO, (D=1-2 nm) at a
concentration of 3.44 ug/L can be used in cell therapy of skin lesions to normalize the prooxidant-
antioxidant balance.
Acknowledgements. The authors express their gratitude to the chief doctor Vasiliev L. Ya., to the doctor-
radiologist Vasilyev L. L., and to the doctor-roentgenologist Trofimov A. V. for the consultations and
for the provided technical possibility of irradiation on the basis of Grigoriev Institute for medical
Radiology NAMS of Ukraine.
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BILIVB BIOJIOT'TYHO AKTUBHUX IMPOAYKTIB KYJIbTYPU MAHTIMHUX
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Indpasesikanpaa obctpykiis (IBO) Bukimkae criiike nepeBaHTaKeHHS YPOAMHAMIKH, IO B
KIHIIEBOMY ITiICYMKY ITPU3BOJIUTH JI0 PO3BUTKY rinepTpodii cewoBoro mixypa (CM) i ioro quchyHKIii
[Aikawa K. et al., 2012]. Cproroati po3poOJISIOTECS HOBITHI METOIU pEreHepaTUBHOI MCIAUIIUHH IS
JIKYBaHHS HE3BOPOTHUX VIIKO/DKEHb HIDKHIX ceyoBuX TnwiaxiB [Imamura T. et al., 2013].
Heiliporpodiuni  dakropu, ski BHPOONSIOTH MOXIAHI TJii, MOXYTh CIPHITH MpolecaM
mrQepeHIiFoBaHHs HeMPOHiB, BIDKMBAHHS 1 IIOIIMPEHHS aKCOHIB HepBoBHX KiIiTH [Hansebout C. et al.,
2012]. Meroto npeacraieHoi podoTu Oyno BUB4YEeHHST Mopoorivanx nokasuukie CM mrypis 3 IBO
IICJIS BBEACHHS KOHIHUIIIOHOBAHOTO CEPEJIOBHUINA, OTPUMAHOTO BiJi HATHBHOI Ta KPIOKOHCEPBOBAHOI
KyJIbTyp MaHTiiHUX TaronuTiB (MI)) 1 6a30BOro cepeoBHIa KyJIbTHBYBAaHHS.

Kynerypy MI' oTpumyBaiu 3 CHiHaJIbHUX T'aHIJIIIB HEOHATAJIbHUX NopocAT. Kiitunu BuciBamu B
KoHIeHTpawii 5x10° ki1 / M1 Ha yamku ITerpi (Orange Scientific, Benbrist) i KynpTUBYBamu npotsrom 20
1i6 npu 37 © C, 5% CO2. Yactuny kynstypu MI' kpiokoHcepByBanu 3 poaaBaHHsaM 10% JIMCO 3i
mBUAKICTIO oxonokeHHs | © C 3a xBununy 10 — 40 ° C 3 noganbiuM 3aHypeHHIM B piakuii a3ot. [Ticas
BijirpiBy 1 BimmuBanHg Big JMCO, KIITHUHH KyJIbTHBYBaJM MO BHINEONHUCaHIM meroauii. bazose
cepenoBuie KynpTuUBYBaHHS Mmictwio o-MEM, 10% OTC (BioSera, ®panmis) i aHTUOIOTHKH.
Cepenosumie Big 15-20 ai0 KynpTUBYBaHHS 30Mpalid B CTEPHIIbHI MPOOipKH 1 amikBoTyBanu mo 0,2 M.
IBO MozemntoBanu Ha O11MX 0€3MOPOIHUX LIypax-caMuLsx (6 Mic.) JiraTypHuM metofoM. [licis 3uaTTs
miratypu 4yepe3 1,5 mic TBapuHaM BHYTPIIIHbOOYEPEBUHHO BBOAMIM 1O 0,2 M G10JIOTIYHO aKTUBHUX
peuoBHH Ha npoT:3i 10 qHiB. IToTimM TBapuH BUBOIMIN 3 eKkcriepuMeHTy. [Ipu MmopdomerpruuHOoMy aHami3zy
OLIIHIOBAJIM TOBIIMHY MEPEX1IHOI0 EMiTeNi0, TOBIIMHA M'S30BOT0 LIapy, 3arajbHy TOBUIMHY cTiHKU CM,
1H/IeKC CITIBB1THOLIICHHS M I30BHH 11ap/CTIHKA HA T1CTOJIOTIYHUX MpenapaTax. EkcrniepuMeHTallbHi rpymnu:
1-BBesieHHsT 0a30BOr0 CEPEOBUIA KYJIbTUBYBAHHS, 2-BBEJACHHS KOHJUI[IOHOBAHOTO CEPEJOBHIIA BiJl
HatuBHUX MI', 3- BBemeHHsS KOHIMWIIIOHOBAHOTO CEpPENOBHUINA BIJl KpiokoHcepBoBaHux MI', 4-6e3
JIKYBaHHS, 5-1HTaKTHUI KOHTPOJIb.

B 1-i4, 2-#, 3-# rpymax BUMiproBaHHS nepexigHoro emiteniro CM mokasanu Horo 301IbIIEHHS Ha
41,3%, 94% ta 48,6%, BINNOBIAHO, B TOPIBHSAHHI 3 IHTAaKTHUM KOHTposieMm 1 4-to rpynoro. Ilpu
MopdomeTpii ToBIIMHA M's30Boro mapy CM 30inpmmiaca y Bcix rpymax Ha 65,8%, 61,2%, 52,8% i
83,2%, BIAMNOBIIHO, B MOPIBHSIHHI 3 KOHTpOJbHOIO Tpynorw. IlikaBo, mo B 2-i 1 3-i rpymax
CIOCTepiraiaocss HauOUIbIIT HAOIMKEHI 3HAYEHHS 1IbOT0 MIOKA3HUKY Y BIIHOIIEHHI 1O KOHTPOJIIO.

Pe3ynbraTn ekcrepuMeHTy BUSBWIIM, 110 O10JIOTIYHO aKTUBHI MPOJAYKTU KyiabTypu MI' 3matHi
YUHUTHU BIUTMB Ha MOP(GOMETPHUYHI TTOKAa3HUKHU, OCOOJIMBO HA Mposrideparlito nmepexiJHoro emiTemio Ta
BHUpaxeHicTh rineprpodii CM na T IBO.

Aikawa K., et al. LUTS: Lower Urinary Tract Symptoms 2012, 4: 81-86.
Imamura T., et al. In book: Regenerative medicine and tissue engineering, 2013, 411-412.
Hansebout CR., et al. Neural Regen Res. 2012; 7(28):2165-217.
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OYHKINIOHYBAHHSA CUCTEMHU OKCHUAY A30TY
B JIIM®OIIUTAX KPOBI TP A300CIIEPMII YOJIOBIKIB

Bopob6enrs M.3., JIyiiuk M.M., bopuc 10.b.

JIvgiscokuil HayioHanbhull MeOuyHull yHieepcumem im. anuna I anuybkozo,
M. Jlvsie, Ykpaina

E-mail: vorobetsm@i.ua

[TaTonoriyHi mporecH, Mo BiI0YBAIOTHCS y CIM THUKAX 1 MPUAATKOBUX 3aJ103aX, TPU3BOAATH J10
MOPYUICHHS CIIEPMATOreHe3y, 3MiHU CTPYKTYPH Ta (POPMU CIIEPMAaTO30i/iB, 10 3HIKYE X PYXJIHUBICTD 1
3aIUTiIHIOBAIbHY 37aTHICTh, UM, HaBITh, BIIICYTHOCTI CIIEPMAaTOTeHe3y BHACHIIOK AUCTPYKTHBHHUX 3MiH
Yy CTPYKTYpl CIIEPMATOTEHHOTO EIMITENII0 CiM’SHUX KaHAJIbIIB. A3oocrepMis — (GopMa YoiI0BI4Oro
HeIuTi s, 00yMOBJIEHA BJICYTHICTIO CIIEpMaTO30i/iB B eskynATi. Ha ii wactky npunanae 10-20 % Bcix
dbopM Herutiaas yonoBikiB. HeoOcTpykTuBHa (hopma azoocrepwmii mojsirae B MOPYLIEHHI MpoOIECy
CIiepMaToreHe3y B CiM’STHUX KaHANbIAX siedoK. OCKIIBKY BUBYATH PETYJISITOPHI Ta CUTHAJIbHI CUCTEMU
B KJIITHHAX OlOMTaTiB sI€YOK BKpail CKIIaJHO 13-32 BIICYTHOCTI IOCTaTHBOI KIJIBKOCTI Marepiaiy, METOI0
naHoi pobotu OyIo 3’sicyBatu cTa aprina3zo-NO-cuHTa3HO1 cucTeMu B TiMPOIMTAX KPOBI YOJIOBIKIB 13
HEOOCTPYKTUBHOIO PopMOI0 azooctiepmii. Bimomo, o miMGOIuTH KPOBi € «MEeTa0OTIIHIM I3EPKATIOM»
Oprasi3My i MIBUIKO PEaryiTh Ha BCi MATOJIOTIYHI BILUIHBH.

Y HocniKEHHSX BUKOPUCTOBYBAIM JIM(OIMTH KpOBI 4OJOBiKiB BikoM 20-44 pokwu, sKi
MpoXoauiIn o0CTeXeHHs Ha Kadeapi yposorii JIbBIBCAKOTO HallIOHATBHOTO MEIUYHOTO YHIBEPCUTETY
imM. Jlanuna [anuipkoro, 1y sikux 0yB Bepu(iKOBaHUI 1IarHO3 «HEOOCTPYKTUBHA a300CTIEpMisi». AHATI3
TiCTOJIOTIYHUX 3MiH y OlonTarax s€4oK moka3zaB Habpsik abo Gpidpo3 cTpoMu sieuka, 1eCTPYKTUBHI 3MIHH
TECTOCTEPOH-TIPOAYKYIOUUX  KJIITHH, TOPYIICHHS  CTPYKTYpH  CHUHLUTIATbHUX  KOMIIJICKCIB
CIIEpPMATOTEHHOTO CIITEeNII0 Ta MOBHY BiJCYTHICTh MPOIECY CIEPMATOr€HE3yY B OKPEMHX 3BUBUCTHUX
CIM’SIHUX KaHAJIBIISIX, BATOHYEHHS CTIHKM 3BUBUCTUX CIM SHUX KaHAJbBI[IB, BIJICYTHICTh KOHTAKTIB MIXK
CYCTEHTOLUTaMH (MOPYIIECHHSI CTPYKTYpH T'€MaTO-TECTHKYISAPHOTO Oap’epy), VY MPOCBITaxX CyAWH
€pUTPOLIUTAPHI CHaaXl (MOPYIIEHHSI MIKPOLUUPKYIALIT KpoBl), 1HQUIBTpaLit0 JIMPOIUTAMU CTPOMU
s€4Ka Ta, HaBiTh, HAsBHICTh y JESIKUX MAaLI€HTIB CIOP JPIXIXKOBOr0 TpHOKa y CTpPOMI Ta MPOCBITaX
KaHaJIbL{IB.

BcraHoBiI€HO 3HMKEHHS AKTUBHOCTI apriHa3d y JiM(QOIMTaX HEIUIJHUX YOJOBIKIB 3
azoocnepmiero y 1,6 pasa, 0710 1 aKTUBHOCTI Y KJIIHIYHO 3/I0pOBHX YOJIOBIKIB 13 HOPMO30OCHEPMIEIO.
3’sicoBaHo, 110 Yy JIIM(OIUTAX KPOBI HEIUTITHUX YOJIOBIKIB 3 a300CIIEPMIEI0 aKTUBHICThH €HIOTETIAIBHOT
i3o0¢popmu NO-cuHTa3m HWXKYa, HDX Y YOJOBIKIB i3 HOpMo3oocmepmicro B 1,8 pasza. Bussieno
i ABUILEHHS aKTUBHOCTI 1HIy1noenbpHO1 i30popmu NO-cuHTa3m y miM(OIUTax HETUTI THIX YOJIOBIKIB Y
12,6 pa3u 11010 Y0JIOBIKIB 13 HOPMO30OCTIEPMIEIO.

TakuM 4YnMHOM, OTpUMaHI pe3yJbTaTH MeEpLI 3a BCE 3aCBAYYIOTH MOPYIIEHHS CTPYKTYpH
CIIEpPMATOTE€HHOIO EIITENiI0 CiM SHUX KaHAJBIB S€YOK Ta, OMOCEPEIKOBAHO CBITYATH MPO BAXIMUBY
POJIb CUCTEMHU OKCHIY a30Ty B MOPYILEHHI MPOLECy CliepMaTOreHe3y Npu HeOOCTPYKTHBHINM (opmi
azoocrepmii.
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BILIMB BIKOBOI'O CTATYCY EPUTPOIIMTIB LI[YPIB HA IX UYTJHUBICTH 10
I'MEPTOHIYHOI'O CTPECY

Jlinis Ko6al, Onena Hinot?, Onbra Illankina?, Karepuna Cemionosa?, Acst XKyiikonal

1 — Xapxiscokuti nayionanvruuil yuisepcumem im. B.H. Kapaszina, nnowa Ceoboou 4, m. Xapxis, 61022,
Ykpaina
2 — Incmumym npoonem kpiobionoeii i kpiomeouyunu HAH Ykpainu, eya. Ilepesicrascoka 23, m.Xapxis,
61016, Ykpaina

E-mail: nipotel71@gmail.com

Bimomo, 1o izionoriyHi 3MiHHM ITi]] 4aC CTApiHHS 3yMOBIIIOIOTH ITOCTYITOBE MOPYIICHHS (i3HKO-
XIMIYHUX BJIACTUBOCTEH 1 MeTabomi3My epuTponuTiB. lle 3MeHIIye 374aTHICTH €pUTPOLMTIB 10
nedopmariii, o BIUITMBAE HA MOCTA4YaHHS KUCHIO J0 BCiX TKAHWH Ta OpPraHiB. AJjie Il 3MIHU MOXYTh
HOCHUTH HESIBHHI XapakTep 1 HE BUSBISIIOTHCA 3BUYAHHUMH PYTUHHUMH METOJAMH. Y IIbOMY BHIIAJKy
Tisl eKCTpEMAIIbHOTO (DaKTOpa Ha EPUTPOLMTH iNn Vitro JO3BOJIMTH OIIHUTH iX aJalTUBHUI MOTEHIIAM 1
BUSIBUTH HMOBIPHI CTPYKTYpHO-(yHKIIOHAIBHI 3MiHU. CTIHKICTh €PUTPOLMTIB JIFOJUHH TA CCABIIB J0
He}i310JIOTTYHUX OCMOTHYHHUX Ta TEMIIEPATYPHUX YMOB CEPEIOBHIIA 3aJICKUTH BiJI CTAHY CTPYKTYPHO-
(YHKIIIOHATLHOTO KOMIUICKCY ITUTOCKENIeTy Ta Iuia3MatndHoi MeMOpaHu. CyTTEBY pOJb Y IIBOMY
BIJIIFPatOTh OUIKH, SIKI BUBHAYAIOTh B3a€EMO3B'SI3KM MK KOMIIOHEHTaMH Ii€1 cTpYKTypu. Moaudikaris
[IUTOCKEJIeT-MeMOPaHHOTO KOMILJIEKCY MOXKE BUSIBUTH KOMIIOHEHTH, SIK1 BIAMOBIJaJIbHI 32 BIKOB1 3MIHU
Ha KJIITHHHOMY DiBHI.

Y poGoti Oynu AocmiKeH1 BIKOBI OCOOIMBOCTI YYTIMBOCTI €pUTPOLUTIB 1- Ta 12-MicauHux
IIypiB 70 TIMEPTOHIYHUX YMOB CEPEJOBHIIA MIiCHA iX TemreparypHoi momudikamii npu +49 °C ta/un
BUTPUMIII y po3unMHax caxapo3u. OTpuMaHi JaHi MOKa3aiy, 0 TeMIepaTypHa Moaudikamis KITHH
MiABHIYE iX YyTIUBICTH A0 Iii TimepTOHIYHOTO cTpecy. [lpu mpomy OUIbII YyTIUBUMHE € €pUTPOIIUTH
1-micsunux mypis. [Tonepeans iHkyOariis B rinepToHiuHii caxapo3si Bia 0,4 1o 0,8 M 3HauHO 3011bI1IYE
YyTJIUBICTh /10 TIMEPTOHIYHOIO MIOKY SIK 1-MicSUHMX Tak 1 12-micsiuHUX HIypiB. 30UIbIICHHS Yacy
iHKyOarii B caxapo3l TakKoX MiJBUILYE YYTJIHMBICTh EPUTPOLMTIB 000X BIKOBUX TIpymn 10 Jii
riNepTOHIYHOTO PO3UUHY, Y IbOMY BUMAJKY OUTbII UyTAMBUMHU TaKOXK BUSABHIIUCS KIITHHH | -MiCSUHUX
TBapuH. [Ipumyckaerbcs, 1O JeHaTypalis aHKipuHy mpu Temmeparypi 49 °C npus3BOAMTH 10
YaCTKOBOI'O BIIKPIMJICHHS CLIEKTPUHA Bl MEMOPAHH 1 MiABUILYE YYTIUBICTH €PUTPOLUTIB |-MiCIUHUX
IIypiB 70 TinepToHiyHOro crpecy. [lokazaHo, mo uisi HATMBHUX KIITUH CTYMiIHb CEHCHOLTi3amii
€pUTPOLIUTIB IIYpIB PI3HOIO BIKY JO TNEPTOHIYHOIO BIUIMBY IMPAKTHUYHO HE 3aJICKUTH MONEPEIHbOT
1HKyOalii B pO3YyMHAX caxapo3W, B TOM dYac SIK MICIS MNONEpPEAHbOI TeMIlepaTypHOi Moau@ikarii
eputpouutiB npu 49 °C, epuTpouuTH 1-MICAYHUX LIYpIB CTAIOTh YyTIAUBIIUMHU. OTXe, HU3bKA 10HHA
CHJIa OJHAKOBO BIUIMBAa€ Ha KIITHHU IIypiB PI3HOTO BiKy, IO JEMOHCTPYE MOBHY C(HOPMOBAHICTh
KOMIUIEKCY CHEKTPUH-aKTHH y 1-MICSYHUX LIypiB. YCYHEHHs LUIAXOM TepMOJAEHATypauii 3B’s3Ky
CIIEKTPUH-aHKIPiH NPU3BOAUTE JI0 MiJBUIIEHHS YYTJIMBOCTI TUIbKM 1 MicsyHMX TBapuH. Lle Bkazye Ha
HasIBHICTH JJOJATKOBUX 3B’A3KIB B €PUTPOLIMTAX JTOPOCIUX TBAPHUH SKi 3’ SIBISIOTHCS SIK 3aMiHA YaCTUHU
3B’SI3KIB CIEKTPUH-aHKIPIH B MPOIECi MOJOPOCHIIIAHHS OpraHi3aMy. TakuM YHMHOM, OCMOTHYHA
CTIMKICTh KJIITHH €PUTPOLMTAPHOI MOMYJSIII LIypiB HAa paHHIX eTanax OHTOreHe3y BHU3HAYAETHCS
CTAaHOM CTPYKTYPHO-(YHKIIIOHATFHOTO KOMIUIEKCY CIIEKTPHUH-aHKIPiH, a 3pUTi KJIITHHU BIAPIZHAIOTHCS
OUTbLI PI3HOMAHITHUM KOMILJIEKCOM 3B’A3KIB IUIa3MaTHYHAa MeMOpaHa-IIUTOCKENET, 1110 3YMOBIIIOE X
CTIMKICTh 10 0OpaHUX MO (IKAIIii.
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PEAKIIISA APTTHA30-NO-CUHTA3HOI CUCTEMM JIM®OIUTIB KPOBI HA JIIIO
AHTHUBIOTUKIB ®TOPXIHOJIOHOBOTI' O PALY

Kosanenko 1.B, Onydposuu O.K., Kopunnceka O.C., Kopniituyk O.I1.
JIveiscokuil HayioHanbHull MeOuyHull yHieepcumem im. Januna I anuyvkoeo,
Jlvsis, Yrpaina
E-mail: iryna0012@gmail.com

JUis  JiKyBaHHS BaXKUX XBOPHUX 13 THIHHO-3ala]bHUMHU 3aXBOPIOBAHHSAMH, 30KpeMa
CIPUYMHEHHUX 30JIOTUCTUM CTa(IJIOKOKOM, IIMPOKO BHUKOPHCTOBYIOTh Taki (DTOPXIHOJIOHHM SK
nunpodokcarud (II moxominus), neBodokcaruu (111 mokomninas), Mmokcidaokcanus (IV mokosiHHS)
Ta iHI1. BoHn MarTh cienudiyHUN MeXaHi3M Jii Ha O6akTepianbHi KIiTHHE — 1HTI0yI0Th JJHK-Tipasy
MEPEeBaXHO TPaMHETaTUBHUX 1 Tomoizomepasy IV rpammo3uTuBHMX OakTepiaJbHUX KIITHH, IO
NPU3BOJUTH 10 3HIDKEHHS aKTUBHOCTI IMX €H3uMiB, mopymieHHs Oiocuntedy /IHK ta PHK, Ta
VHEMOXJIMBIICHHS Cyriepcmipanizamii xpomomoM. Lleli MexaHi3Mm [ii IPUHIUIIOBO BiJIPI3HSAETHCS BiJ
TAKOTO AHTHUOIOTHKIB IHIIMX KJACiB, IO 3YMOBIIOE BiJICYTHICTh HEPEXPECHOI PE3MCTEHTHOCTI MIiXK
(GTOpXIHOJIOHAMU Ta 1HIIMMHU MPOTUOAKTEpiaTbHUMH 3aco0amMu. OCKiIbKU (HTOPXIHOJOHU BOJNOAIIOTH
riapodinbHUMHU Ta JiNO(IILHUME BIACTUBOCTIMHU, IIPH OYyAb-SIKOMY iX 3aCTOCYBaHHI BOHM MOMAAAI0Th
y KPOB Jie CIIPUYUHATH Pi3HOMaHITHI 610XiMi4HI eeKkTH. Y 1[boMY IUI1aHi 0i00riuHa it PTOPXiHOIOHIB
Iy’Ke MaJIO JOCIIIKEeHa.

Mertoro ganoi pobotu Oys0 JOCHTIHKEHHS BIUIUBY pALy (PTOPXiHONOHIB Ha aKTUBHICTh CH3UMIB
cucremu aprinaza/NO-cuHTa3a B nimdonuTax nepudepudnoi kposi. [lokazano, mo y BCboMy AianazoHi
JOCHIUKYBAaHMX KOHLEHTpamiii L-apriHiHy axkTuBHICTH apriHasu JiM(GOUMTIB KpOBI Tpu Iii
(GTOpPXiHOJIOHIB OyJIa MiBUIICHA Y TTOPIBHIHHI 3 TAKOI BEITUYHOIO B KOHTPOJBHIN TpyIi. AKTUBHICTh
3pocTalia B psAli: KOHTPOJIb — IHUNPOodIoKcanuH — JeBodaokcanud — MoKkcuduiokcanuH. Haiiuima
aKTUBHICTB CIIOCTEPIraeThCs MpH Al MOKCU(IOKCALIUHY, SIKUH HaNeKUTh 10 |V mokoninas. Po3paxyHok
KIHeTUYHHX MapaMeTPiB aKTUBHOCTI apriHasd CBIIYUTH MPO TE, [0 MaKCUMaibHA MBHAKICTH (Vmax)
MeTabomizMy  L-apriHiny  camoHiH-epMeaOii3oBaHMMU  JIMpOUUTaMHU  KpoBI  mpu il
munpoduokcanuny y 1,4, neBoduiokcanuny B 1,6, a Mokcuduokcauuny B 1,9 pasza Bumi monao
KOHTPOJIbHUX 3HaueHb. OckuIbKU L-apriHiH € cyOcTparoM He TUIBKM JUId apriHasu, aje W Js BCIX
i30opm NO-cuHTa31, HACTYITHUM €TaroM poOOTH OyJI0 BUBYEHHS aKTUBHOCTI okpemux i30popm NO-
CHUHTAa3u Ta iX KIHETMYHUX OcoOJuMBOCTeM mpu nii (TOpXiHOJOHIB. B pesynbrari mpoBeaeHHX
JOCIIKEHb BCTaHOBJIEHO, MO akTHBHICTE CNOS miMQpOUUTIB KpOBI MPAaKTUYHO 3I0POBHX >KIHOK
cranoButh (71,446,9) umons NADPH(H)/xB ma 1 wmr mporeiny. Ilpu mii jmocmijpkyBaHHX
dropxinonouis y kornenTparii 10° M, mumnpodrokcanus 3yMoBmoe 3HIKeHHs akTuBHOCTi cNOS B
1,9, neBodnokcanua — y 3,0 Ta mMokcudaokcaiuH — y 5,4 pasa 1mojo Tpynud KOHTpoiro. MoxHa
MIPUITYCTUTH, IO TaKe CyTTEBE 3HIKEHHS akTUBHOCT1 cNOS B iMdorinTax KpoBi Moke 0yTu MapKepoM
Ha 110 GTOpXiHOJOHIB. [Ipy BUBUEHH] BIJIMBY TOPX1HOJIOHIB Ha aKTUTBHICTH 1INOS 51iM(OIUTIB KpPOBI
MPAKTUYHO 3/I0POBUX JKIHOK, ii aKTHUBAllli MU HE CIIOCTepIraji, a IHrioyouuil eekT HeMOXIUBO OYyJI0
BU3HAYUTU 4Yepe3 HHU3bKY aKTHUBHICTh. s iHaykyBaHHs akTuBHOCTI INOS B nim¢ouurtax Kposi
BUKOPHCTOBYBAJIM OKCHJIATUBHUI cTpec, npeinkyOyroun giMorutu 3 H202. IIpeinky6arist niMmponutis
13 0,2 MM H202 npuzBoauts a0 3poctanns aktuBHocTi iNOS B 31,3 paza. Ha ¢oni aktuanii iNOS
TIPOreH MEePOKCUIIOM, UMPO(IOKCHH NMPHU3BOIUTH A0 IHTIOyBaHHA aKTMBHOCTI eH3UMY B 1,2 pasa,
neBoduiokcanuH — y 1,4, a Mokcudokcauut —y 2,3 pa3a. OTxe, 32 yMOB BIUIUBY (PTOPXIHOJIOHIB Ha
JTiM(OIMTH KPOB1 HOPYIIYETHCS cIiBBIAHOIIEHHS NO-CUHTA3HOI0 Ta apriHa3HOTro IIJISX1B MeTabomi3mMy
L-apriHiHy, o CBIAYUTH PO AHCMeTa00Ii4HI 3MiHU B cuctemi cuHTe3y NO.
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INOPIBHAHHA METO/IB RFFIT TA MNT IIP KOHTPOJII TUTPIB AHTUPABIYHUX
AHTHUTILJI B TIPEITAPATI AHTUPABIYHOI'O IMYHOI'JIOBYJIIHY

Bapsuus B.B.1?, Hopikosa O.10.12

1—11AT « PAPMCTAHJAPT-FIOJIIKy, [lomipxu, m. Xapxis, Yxpaina, 61070
2 — Incmumym npobaem kpiobionoeii i kpiomeouyurnu HAH Yxpainu, eyn. [lepescnascoka, 23,
M. Xapkie, Yrpaina, 61016

E-mail: ksuhanew7@gmail.com

3a nanumu BOO3, cka3 Ha CbOTOJTHI 3aJTMIIAETHCS OJTHIE0 3 HAWHEOE3MEeUHIMNUX XBOpoO y CBITi,
CHUTBHHUX JUISl JIFOJAWHU 1 TBapWH, M0 HAHOCATh HAWOUIBIIMK COIiaIbHO-CKOHOMIYHUHN 30uTOK. L5
xBopoba mae 100% neTanpHICTh MiCAs MPOSABY KIIHIYHUX o3Hak. 3a nmanumu BOO3 3a 2018 pik,
OpivHO Bif ckazy rune 59 000 mozaeii. AKTHBHI OCepeiKH CKa3y, piBEHb 3aXBOPIOBAHOCTI B SIKUX 3piC
3a OCTaHHIN piK, ICHYIOTh B Pl oOnacTeid YKpaiHu, MOPIYHO 3 TPUBOAY YKYCIB TBApUH 3BEPTAETHCS
o6muspko 110 000 gonosik. Hampukinmi 2018 poky Oynu mpoBeneHi NmpodilakTU4HI 3aX0Iu MIOA0
nepopaibHii IMyHi3allil AUKUX TBAPHH.

OCHOBHUMH METOJaMH OOpPOTHOM 31 CKa30M € Mpo(iTaKTHYHA Ta JIKYBAIbHO-TIPO]ITaKTHIHA
iMyHI3aIlis JI0JIel Ta TIOMAIHIX TBapHH 3a JOMOMOTOI0 aHTHPAOIYHUX BAaKIIMH Ta IMyHOTTIOOYIiHIB, a
TaKOX TepopajibHa IMyHi3allisl JUKUX TBApHH. Y 3B’S3KY 3 UM HArajJbHOIO € mpodieMa po3poOKu Ta
KOHTPOJIIO fAKOCTI crneuudiunux 3acobiB aHTHUpaOIiYHOro 3axucTy (aHThpabiuHa BakKIMHA Ta
iMmyHornoOynin). Ha chorogHinmHiil AeHb UIS KOHTPOJIIO aKTUBHOCTI aHTHPAOIYHHUX MpEenapaTiB OKpiM
TecTiB IN VIVO 3 BUKOPUCTaHHsAM OiInMX nabopaTopHuX Mulueil €Bporneiicbkoro dapmakorneero
PEKOMEHIOBAHO 3aCTOCYBAHHS CEPOJIOTIYHOTO METOMY CIIJIBHO 3 BUKOPUCTAHHAM Yy SKOCTI MO
KyabTypu Kiitas (in vitro) — RFFIT (rabies fast focus inhibition test).

[TAT «®apmcrannapt-bionik» — BHPOOHHMK TeTepOIOTriyHOrO mpemnapary «IMyHOrnoOymiH
aHTHPaOIYHUN (KIHCHKUN)», IKUN € €TUHUM BITUU3HIHUM MIPENapaTOM aHTHUTLI, 110 BAKOPUCTOBYETHCS
IUISL TIOCTEKCITO3UIIIHHOTO aHTUPAOIYHOTO 3aXMCTy. 3 METOI0 Balijalii Ta MoJepHi3alii KOHTPOIIO
CHUPOBHMHHU Ta MPOAYKTY BIPOBA/DKYIOTHCSI HOBI METOJIM BU3HAUEHHS TUTPIB aHTHUPAOIYHUX aHTUTUI y
KPOB1 KOHEH-TIPOIYIICHTIB Ta B TOTOBOMY TpernapaTi aHTUpa0iqHOTo iMyHOTTI00Y IiHY. MeTor0 Hamoro
JOCTIKEHHs OYII0 MOPIBHSHHS TPAAMIIIIHHOTO TECTY IN VIVO — peakiii HeHTpai3alii aHTUTLI Ha MOJIEIi
o1tux nadboparopaux mumeit (MNT — mouse neutralization test), 1110 3aCTOCOBYBaBCsI paHillie, 3 TECTOM
RFFIT. 3a momoMoror IuxX TecTiB Oynu AOCHIKEHI TUTPU aHTHUPAOIYHMX aHTHUTIT 3-X cepiid
aHTHPaOIYHOrO IMyHOTI00YiHY. Pe3ynbTat Oynu nojaHi B MDKHApOJHUX OJUMHUIAX Ha M (MO/mi),
U TIepepaxyHKy Iopa3y IMOCIyroByBaiuch MopiBHAHHAM EDsp pocnimpkyBanux 3paskiB 3 EDsp
€sporneiicbkoro @apmakomneitnoro Ctannapty aHTupabigyHOT0 iMyHOTI00Y MiHY JfoanHu (EDQM). st
peakiii HeiTpamizamii BukopucroByBaBcs Bipyc mramy CVS (Challenge standard virus),
KyJIbTUBOBaHUN Ha mepeuieruitoBadiil KynbTypi kaiTuH BHK-21 (kniTHHM HUPKH HOBOHAPOJKEHOTO
CUPIHCBKOTO XOM’sIKa).

B xomi pochimxenHs 3-x cepiil IMyHOrJIoOyniHy aHTupaOiyHOro y 3-X moOBTOpax Oyna
niJipaxoBaHa BHYTPIIIHbOTPYIIOBA BapiaTUBHICTh JaHUX y KOXKHOMY 3 TecTiB, A1 MNT 1ieif moka3zHuk
cknaB 21,24%, mns RFFIT — 17,98%. bByno BCTaHOBJICHO HASBHICTH MPSMOTO TO3UTHBHOTO
KOPEJSILIMHOro 3B 3Ky MIX JAaHUMH B TUTPAaxX aHTHUTLI, OTPUMAHUMHU 3a ABOMa MeTofaMu. PakTUuHe
3Ha4eHHs KoedinieHTy Kopessii cranomwio 0,90, naHi € cratuctuyHo 3Hauymmu (p=0,01).

TakuM YMHOM, TECT Ha KyJIbTYpi KIITHH Ma€ psij TepeBar nepen TOCTiDKEHHsSM in VIVo.
MeTtoauyuHi nepeBaru noJsraioTh B TOMY, 110 Yac OTpUMaHHs pe3ynbTatiB 3a TecToM RFFIT cranoBuTh
48 ronuH, Toai K npu BukopuctanHi MNT — 2 TikHi. Pi3HUIS y BapiaTUBHOCTI JaHUX CBIAYUTH MPO
OLIBIITY BIATBOPIOBaHICTH TECTy IN Vitro. Ta nHaiiBaromiroro nepesaroto meroay RFFIT e BiamoBa Big
BUKOPUCTaHHS Ja0OpaTOPHUX TBApHUH, IO BiJINOBiJa€ yMOBaM €BpoIeHChKOI KOHBEHIIIT PO 3aXUCT
XpeOeTHUX TBApWH, L0 BUKOPUCTOBYIOTHCS JUIsl JOCHIAHMX Ta 1HIIMX HaykoBux uuiei (CrtpacOypr,
1986). Tomy peaxuiss RFFIT moxxe Oytn BuKopucTaHa B sikocTi anbTepHatuBd MNT i KOHTpoIIIO
crenuQiyHOi aKTUBHOCTI IpenapaTy «IMyHOro0yIiH aHTUpaOIuHUM (KIHCHKUMN )».
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BUBYEHHSA BILJIUBY IMPONUITIOYPALIMITY HA MOP®OJOI'TYHI
XAPAKTEPUCTHKHU ®OJIKYJISAPHOI'O ENITEJIIO IIIUTOBUJIHOI 3AJ1031
IIYPIB JITHII SHR

[ToOeneHchKUA K.O.l1 Jlerau €.I.1, [Mo6enenceruii O.M.2, TTo6enencrka JI.A 2, bonnapenko T.I1.1

1 — Iucmumym npobnem kpiobionoeii i kpiomeouyunu HAH Yxpainu, éyn. Ilepescnascoka, 23,
m. Xapxis, Yrpaina, 61016
2 — Xapkiscokuii Hayionanerull yHisepcumem imeni B. H. Kapaszina, niowa Ceoboou, 4,
m. Xapxis, Yrpaina, 61022
E-mail: pobelensky@gmail.com

3rilHO CTATUCTHKHU TOMIMPEHICTh BY3JIOBUX YTBOpPEeHb IMTOBUAHOI 3ano3u (LL3) pizHoi
€T10JI0T1i, K1 BUSABJISAIOTHCS METOJIOM YJIBTPa3BYKOBOi JlarHOCTUKH, nepeBuinye 50%. Ilopsn 3 num,
3pocTaEe rpymna TNaiieHTiB, ki MmaioTbh marosorii I1I[3 Ha ¢oHI cepreBo-CyaIWHHUX 3aXBOPIOBAHb.
BpaxoByroun 1ie, aKTyaJIbHUM € BUBYEHHS ATOMOP(OIOriuHUX MOKAa3HUKIB (OPMYBaHHS BY3J0BOTO
300y Ha MOJENSAX, SIKI BIATBOPIOIOTH HAWHOUIBII MOLIMPEHI cepueBO-CyAuHHI maTojorii. Taky
MOJKJIUBICTh HA/a€ BUKOPUCTAHHSI CIICHIaJBbHUX JIiHIN JIA0OpaTOPHUX TBapHH, 30KpeMa CIIOHTAHHO-
rinepreH3uBHUX IIypiB JiHii SHR. BBaxkaeTbes, 1m0 3a qJUHAMIKOIO TiABHUIIEHHS apTePIaIbHOTO THCKY,
HAsBHICTIO XapakTepHUX MOP(OIOTIYHIX 3MiH B CEepIli Ta KPOBOHOCHUX CYJMHAX Mepedir apTepianbHOT
rinepreHsii y IMX TBAPHH BiIIOBI1a€ O3HAKaM TinepToHidHO1 XBopoou y mroanuu (Conrad et al., 1995).
3 iH1I0Tr0 OOKY, 3araJlbHONPUNHATUM € MOJEIIOBAaHHS Tinepriiasii Ta By310BUX yrBopens L3 y mrypis
HUISIXOM BBefieHHs mpominTioypammty (Polychronakos et al., 1989), omHak moci He Oyj0 BHBUEHO
0co0IMBOCTEH PO3BUTKY Lboro mpouecy y mypis jgiHii SHR. Mera po60TH — BHBUYEHHS BILJIMBY
nponinrioypauuiy (IITY) na mopdomnoriuni xapakrepuctuku omikynspHoro emitenito HPK mrypis
ninii SHR Ha pi3HuX Tepminax.

ExcnepumenT nmpoBoamian Ha camkax IypiB JiHii SHR BikoM 6 micsmiB Ta Baroro 250-280 r.
TBapunam naBanu po3uuH 0,1% IITY y nutHil BOAl Ha IPOTA31 BCHOIO €KCIEPUMEHTY, MPHU I[bOMY
CIIOHTaHHa 3arubenb TBapuH ckiiana 45%. B SKOCTI KOHTPOJIO BUKOPHCTOBYBAJIN 1HTAKTHUX LIYypIiB.
TBapun 3abuBanu Ha 17, 25, 31, 39 ta 47 noOy. Tkanuny 13 mignaBanu ¢ikcauii y gopmaniHi,
riCTOJIOTIYHIM MPOBOALI Ta 3a0apBJICHHIO IeMaTOKCHIIIHOM/€03MHOM 3a CTaHJApTHOIO METOJMKOIO.
MikpodoTo3ioMKY 311 CHIOBAJIN 3a IOIIOMOTOI0 CBITI0ONTHYHOTO Mikpockony AmScope XYL—-403 3
kaMmeporo. BumiproBanus BucotH emitenito Qomikynis I3 Ha mikpodororpadisx cepiiiHMX 3pi3iB
MIPOBOJMIIN 3 BUKOPUCTAHHAM IporpamMu AxioVision Rel. 4.8.

Mikpodororpadii 3pi3iB TkanuHU 113 y KOHTpOI1 AEMOHCTpYBanu QOJIKYIH PI3HUX PO3MIPIB,
K1 OyJM BUCTENEH1 KyOIYHUM eMiTelNlieM Ta MICTUIM BaKyoJli30BaHUH anuaodinbHui konoin. Cepeans
BHCOTa emiTenito ¢oiikyiiB gopiBHIoBasa 5,5+2,1 mkm. @omnikynu 113 TBapuH ekcriepuMEHTAIbHOI
rpynu Oyiiy BUCTEIEH1 KyOIlYHUMH a00 LMITIHIPUYHUM EMITeNIeM, JesKl 3 HUX Mau OLIbII HI’K OJHUH
map KJITHH, 3aBJISKM YOMY LI JUISIHKM TKAHUHHM XapaKTepU3YBAINUCA YIILIBHEHUM (QOJUTIKYISPHUM
MaJTIOHKOM. BrcoTa emiTeniro B 1l TPy 3HAYYyIIE 3pOcTaia B MOPIBHIHHI 3 KoHTposieM. Ha 17 no0y
BOHa JiopiBHIOBana 12,36+2,4 mkwm, Ha 25 — 12,5+2.9 mxm, Ha 31 — 18,38+2,2, na 39 — 14,9+1,8, na 47
— 13,943,1 mxm. Takum uyunom, npu BBeneHHI 0,1% posuuny IITY y pamion mypis miHii SHR
MOpP(}OJIOTIUHI 03HAKU pO3BUTKY rinepruiasii I3 coctepiratoTbest Bke MOYMHAIOYH 3 TPETHOTO THIKHS.

1. Conrad C.H. et al., Circulation. 1995, 91 (1): 161-170.
2. Polychronakos C. et al., Endocrinology. 1989, 124 (1):505-510.
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KOHTPOJIb EOEKTUBHOCTI JIIKYBAHHA I'OCTPUX PECINIPATOPHUX
3AXBOPIOBAHb, YCKIIAJJHEHUX OBCTPYKTUBHUM CUHIAPOMOM 3
JOIMOIIOMI'OIO IUTOMOP®OJIOI'TYHHUX JOCJIIKEHD

Pakma-CnrocapeBa O.A., TapacoBa [.A., Citocapes O.A.
Jloneyvkuii HayionanvHull meOuunull yrisepcumem, gyi. Ilpusoxsanvna, 27, m. Jluman, Yxpaina
YV «Incmumym enidemionoeii ma inghexyitinux xeopo6 im. JI.B. I pomawescoxoco HAMH Ykpainuy

eyn. M. Amocosa 5, m. Kuis, Ykpaina

E-mail: rakshaslusareva@gmail.com

I'octpi pecriparopni 3axBoproBanHs (I'P3), mo yckmaaHIOIOTHCS OOCTPYKTUBHUM CHHIPOMOM
(OC), € Bce OUIBII YACTOIO MATOJIOTIEI0 AITEH pPaHHBOTO BiKy. JIIKyBaHHS IMX 3aXBOPIOBAaHb HE €
JIOCKOHAJIOK, TaK SK He morepemkae dacti nmoBTopHi emizogu OC. IlpoBenmeHi Hamu morepenHi
TOCIIJKCHHST JajT MOXKJIUBICTh YTOYHHUTH JI€SKI OCOOJIIMBOCTI MATOT€HE3y W PO3POOUTH HOBY CXEMY
nikyBanHs ['P3 OC. Mertoro pobGotu Oyna ominka edextuBHOCTI dikyBanHs ['P3 OC 3a pizHEMH
CXEMaMH 33 KPUTEPieM HUTOMOPQOIOTTUHUX 3MiH JICHKOIUTIB IEpUPEPUIHOT KPOBI.

Jocmimkenns npoBoauy y aiteit 3 giaraozom ['P3 OC. 23 ocobu amiTeil KOHTPOIBHOT TPyIH
(K[') orpumyBanu JikyBaHHS 3a TPaJMLIMHOIO CXeMOIO: HeOynaii3epHy Tepamiio, 1HAMBIAYyalbHO
migiopani MyKOJITHYHI, OPOHXONITHYHI, CIIa3MOJITHYHI, MPOTHATIEPTiYHI JIKAPChKI PEUOBUHH, a 27
niteit ocHoHoi rpynu (OI') momatkoBo 40 ©a30BOi CXeMH OTpUMYyBalla Kypce I1HIUBIAyanbHO
nigiOpanoro antubiotuka 1 komiuiekc BitamiHiB A, E, C. Jlo Ta micis Kypcy Tepamii y aitei
JTOCTIKYBAIA HATOMOPQOIIOTIYHI 0COOIMBOCTI MYJIiB JIEHKOIMTIB TeprupepuIHOi KPOBi.

o nmikyBanus y 100% KI' ta OI' peecTpyBaiuch Taki MOKa3HUKH TOKCHKO-3aIalFOBAIbHOTO
IpoIiecy i MiABUIIEHOT MePOKCUAaLlii, SK: 30UTbIeHHs KITHHHUX po3naniB (KP), migBuimeHHs BMicTy
HelTpodimiB 3 ¢parmenrauiero sapa (PS), HaOyxanHsm xpomatuHoMm sapa (HXSA), xmitun 3
TOKCOT€HHOI0 3epHHUcTicTIO nutoruiasmu (T3H), a Takoxx peecTpyBaiduch KIITHHU 3 BOPCHHYATICTIO
XpPOMAaTUHY, L0 BiJJI3€pKaTIOI0Th, 3 OJHOTO OOKY HasBHICTh MYTAareHHOTO IpPOLECY, a 3 IHIIOrO
CBiIYaTh MPO 3HMXKEHHS KOHTPOJIIO TEHETHYHOTO TOMEOCTa3y OpraHizMy 3 OOKY CUCTEMH IMYHITETY.

[Ticnst mpoBenenns Tepamii B OI' 3Hu3mnace kinekicts KP, Bmict @5, HAX ta T3, BiamoBigHO
3: 34,8+6,8%, 21,64+4,7%, 51,244,5% 1 70,2+6,3% 1o, BianosiaHo: 14,6+4,6%, 11,5+3,1%, 43,0+1,7 %
1 35,945,4%. Ha npotuBary npomy, B KI' migBumunuce kinbkicte KP, Bmict @, HAX ta T3LI,
BiamoBigHo: 3 30,1+£2,4%, 41,4+4,9%, 39,9+2,8% 1 27,2+4,4% no Bignosigno: 46,7+3,7%, 46,2+11,1%,
67,6+8,0% 1 67,6+8,0%.

TakuM 4yuMHOM, 3a MPOBEIEHUMHU JOCHIIPKEHHAMHU IUTOMOP()OIOriYHUX 3MIH HEHUTpOPLIB 1
JTiM@ouuTiB nepudepruuHoi KpoBi, HAHOLIBIIT e()EKTUBHOIO CXEMOIO JTIKYBaHHS FOCTPUX peCTipaTOPHUX
3aXBOPIOBaHb, YCKJIAJHEHUX OOCTPYKTUBHUM CHHAPOMOM € HOBA, SIKa BKIIOYA€, KpiM TpaaulliiHOT
Teparii, Kypc 1HAMBIIyadbHO MiAiOpaHUX aHTUOIOTHKIB 1 KOMIUIEKCHOTO Ipernapary BOJIOPO3UMHHHUX
BiTaMiHiB A, E, C — «V- kapoTun».
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POJIb IJIIEPUHY B PO3BUTKY NOCTTIIEPTOHIYHOIO JII3UCY EPUTPOLIUTIB
JIOINHNA

Onena Yabanenko, Harans €pmosa, Haranis Opnosa, Haraumist [1InakoBa

Inemumym npobnem kpiobionoeaii i kpiomeouyunu Hayionanvroi akademii nayk Yxpainu,
syn. Ilepescnascovka, 23, Xapkis, Yxpaina, 61016

E-mail: chabanenkoolena@gmail.com

MeTon HU3BKOTEMIIEPATYpPHOTO KOHCEPBYBAaHHS EPUTPOLUTIB TiJ 3aXUCTOM TJILEPUHY
N03BOJIsIE 30epiraTd KJIITHHM TPOTATOM TpuBaioro uacy. llpm po3mopoxxyBaHHI 010J0Ti4HOTO
Marepiany psia HakTopiB KpiOMOMIKOIKEHB i€ Ha KIITHHHA. Cepesl HUX 0COOJIMBA POJIb MPUALISIETHCS
3MiHI KOHIIEHTpamii cojii Ta rminepuHy. s mocimimkeHHsS BIUIMBY 3MIHM KOHIICHTpAIi COJIi Ha
€pPUTPOLIUTH BHUKOPUCTOBYIOTH MOJENb IOCTTIIEPTOHIYHOTO IIOKY, OpHU SKIM KIITHHH TicCIs
1HKyOYyBaHHS B CEpEIOBHILI JeTiIpaTallii IepeHoCATh B CEPEOBHILE PEriapaTaliii.

Meta — nDOCHIAWTH TOCTTINEPTOHIYHUMA J3UC EPUTPOLUTIB JIIOJUHH TPH BapilOBaHHI
koHnentpauiid coni (NaCl) i kpionpoTekTopa (TiinepuH) Mpu HE3MiHHIA OCMOJISUIBHOCTI CepelOBHUIIA
nerigparanii mpu 37°C.

BuxigHy CycneHsilo epUTpPOLUTIB OTPUMYBAIM IIISIXOM JOAAaBAaHHS OCAay EPUTPOLHUTIB JI0
¢i13ionoriynoro pozuuny (0,15 mons/n NaCl) B cmiBBigHomeHHi 1:1. IlocTrimepToHiYHMI MIOK
€pUTPOLIUTIB 3/IIHCHIOBAIM HACTYITHUM YMHOM. AJKBOTY CYCIEH31i KJIITHH JOJaBali B CEPEIOBUIIIE,
10 mictuth 1,2 mons/n NaCl 1 inkyOyBanu 20 xB (etan neriapatarii). [licis 4oro KIiTHHH IEPEHOCHIIN
10 ¢i310J0T1YHOrO po34yMHYy (eTam perigparailii) Ha 5 xB. PiBeHb reMoui3zy epuTpOIUTIB BU3HAYAIN
METOJOM CITIEeKTpOodOTOMETPIT IpH TOBXKiHI XBUJI 543 HM.

B pobGori BapitoBanu yMOBH TPOBEICHHS e€Tamy JAerigparaiii. Y Tepmiid ToCTaHOBII
BUKOPHUCTOBYBAJIM KOMOIHOBaHI CepeIOBHUIIA, B IKUX 3MIHIOBAIH 3MICT rminepuny (2-15%) i NaCl rak,
mo0 30epiranacs cymapHa OCMOJISUIBHICTH po3uuHy Onu3bko 2370 mocm/nm (1o BIANOBiIA€e
ocMossibHOCTI 1,2 mMonb/nt NaCl). V' apyriii moctaHoBIi (i310JI0TTYHUI PO3UMH MICTUB TJIILEPUH B
pi3HUX KOHIIeHTpalisx (2-15%). YV Buileonucanux po3unHax (eTam Jeriaparallii) iHKyOyBaiu KIiTHHH,
MiCJIA 4Oro iX MepeHOCHIN B (i310JI0TYHUIM pO34MH (eTan perigpaTarii).

PiBens mnoctrineproniydoro mizucy (III'JI) epurpoumTtiB, nepenecenux 3 1,2 Monb/n B
0,15 mone/n NaCl, cranoBuB 6mu3bko 10%. [IpucyTHicTh TriinepuHy B Jiama3oHi KOHIEHTpaIii
2 -10% (mpu BignosigHii 3mini BMicTy NaCl 1,06 - 0,50 Mob/T) MpakTHYHO HE BUKJIMKAE 3MIHU PiBHS
[I'JT eputpouuris. IliaBuiieHHs: KoHUeHTpauii riainepuny 1o 11-15% (mpu BianoBiAHOMY 3MEHIIEHHI
KOHIEHTpALli coJil) MpU3BOAMIIO 10 pi3koro 30uibieHHs piBHs [1I'JI epurpountis Bix 80 go 100%.

VYV pazi, KoM KJIITHHU TEePEeHOCWIH B (Di310JOTIYHUN PO3YMH 3 CEPEOBHUINA, IO MICTHUTh
0,15 monbs/n NaCl 1 pi3Hi KOHIIEHTpalii MIiLepUHy, CIOCTEPIraoch pike 301IbIIEHHS PIBHS IeMOi3y
KIITUH TpU KOHIEHTpalisX KpIONPOTEKTOpa, IO MepeBHILyIOTh 2%, 1 MPaKkTUYHO IOBHE iX
MOIIKO/KEHHS IIPU BUKOPUCTAHHI IJIiLIEpHHY B KOHIeHTpaii 7 %.

Otpumani JaHi cBiguaTh mpo Te, o piBeHb [1I'JI epUTpoLUTIB HE 3aleXHUTh BiJ] 3arajJbHOI
OCMOJISITLHOCTI CEepEIOBHINA JICTiApaTaIlii, a BU3HAYa€ThCsl KOHIIEHTPAIIEIO TIIIEpUHY. TakuM YIHOM,
BHUXOJSTYH 3 TOTO, 1m0 piBeHb [1I'JI epuTponnTiB 3Ha4HO HMKYE B KOMOTHOBAaHUX CEPEOBHUIIAX, MOYKHA
MPUITYCTUTH, IO MPUCYTHICTHh B CEPEIOBUII COJILOBOTO KOMIIOHEHTa (BUIIE (hi310J0TIYHOIO PIBHS)
BILJIMBAE HA IPOHUKHICTh EPUTPOLIUTAPHUX MEMOPaH JJIs TIIILEPUHY.
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HOUTOTOKCUYHA 11 HAHOYACTHUHOK B KVJIBTYPI KJIITUH CHEB
Heper’ssuko C.B., Pemotsko JI.M.
Incmumym cinobcorococnodapcokoi mikpoobionoeii ma acponpomuciosozo supooruymea HAAH
eyn. lllesuenxa, 97, Yepnicis, 14027, Ykpaina
E-mail: biopreparat@i.ua
Hanouactunku (HY) Ta HaHOoTexHOJOTiH BCe YacTillle BUKOPUCTOBYIOTh Yy PI3HUX Tally3siX

HapoaHoro rocmogapctBa. CydacHi HayKOBI JOCSTHEHHS Y Tally3i HAHOTEXHOJOTIH BiJIKPUBAIOThH
IIMPOKI MEPCIEKTUBU Ui BUPOOHMITBA Ta BUKOpUcTaHHS HY, mo MoxyTh icHyBaTH y (opmax
OKCH/IiB, T1IPOKCHIIB, KOJIOIJHUX CHOIYK, T'IpaTOBaHUX UM IIUTPATOBAHUX (PopMax (HaHOAKBaXeJaTiB).
30kpema, Ha iX OCHOBI PO3pOOJIAIOTh METUYHI Ta BETEpUHAPHI aHTUBIPYCHI MpenaparH.

Binomo, mo aesxi HY Bonoit0Th aHTUBIPYCHUMHU BJIACTUBOCTSIMH, 3[aTHI OJIOKYBaTH aKTHUBHI
LEHTPU KIIITUH 1 TUM CaMUM 3arno0iratu NpOHUKHEHHIO B HUX BipyciB. 3 iHmoi croponu, HY 3xartHi
3B'A3yBaTH AHTUIEH, L0 NPU3BOAMTH O HAIPABICHOIO MOINIMHaHHA Horo Mmakpodaramu. Oxpim
aHTUBIpyCHUX BiactuBocTe HY MOXyTh BIUIMBATH HAa aHTHMOKCHJAHTHHM CTaH, penapaiii I'eHiB
KIITHH TOCHOZApsi Ta MarmTh HUTOTOKCHYHHNA €(EeKT, M0 OOMEXye iX BHUKOPUCTAHHS B SIKOCTI
MPOTUBIPYCHUX MpenapatiB. ToMy, METO0 HAIIMX JTOCIIHKCHb 0yJI0 BUBYUTH IUTOTOKCHYHY airo HY B
NEepeHIeIUTIOBaHii KyabTypl KiMiTUH HUpkH emOpioHy cBuHi (CHEB) Ta BCTaHOBMTH MakCHMajIbHO
noryctumy KoHunentpauito (MIK) HY s nogansmmx BipyCONOTIYHUX TOCTIKEHb.

B nocnigax BukopucroByBaiu Kyibtypy kiaitud CHEB, uurparu nanoyactunok Ti, Ce, Zn, Al,
Co, V, Ni, CeO2, kommno3uuiit H4 Se ta I, S ta I, H4 Al203, SiO2 i 6entonity. [litpuManHs KyabTypu
kiiTiH CHEB npoBoaniu 3a BUKOPUCTAHHS 3arajJbHONPUHHATUX METOAIB. Y c(OpMOBaHUI MOHOLIAp
KJIITUH BHOCWJIU [TO’KUBHE CEPEIOBUILE, 1110 MICTUTh JOCIII)KYBaHY PEYOBUHY B PI3HUX KOHIIEHTPALIAX.
Mu BHKOpHCTOBYBanM JBOKpaTHI po3BeaeHHs HY y Takmx konmentpauisx: 400, 200, 100, 50, 25
MKr/cM® i Tak gami. Ha KOKHY KOHIIEHTpAIlil0 BUKOPHCTOBYBAIM O 4 MPoOipKu 3 Ky/IbTYpOIO KIITHH. Y
KOHTPOJISIX TaKOX MPOBOJAWIM 3aMiHY MOXXHBHOTO CEpEelIOBHINA ajie 0e3 JOCIHIIKYBaHUX PEUOBHHH.
OOmik pe3yabTaTiB MPOBOAMIIA IIOJOOM BHPOAOBXK 7 1i0. MoHOImAp KITHUH IOCTIKYBAIH B
ONTUYHOMY MIKPOCKOII Ha HAasBHICTh IUTOTOKCHYHOI il pEUOBHHH.

VY pe3ynbTati NpOBEACHUX JIO0CTiIB BcTaHOBIEHO M/IK HaHOYAaCTHMHOK I HepeleruIoBaHol
kynsTypu kinitua CHEB. Tax, MJIK mns GenToniTy craHoBuTh 500 Mxr/cm®, Al,Os, Ta CeO2 — 100
mir/em®, Ni — 50 mxr/em®, V — 25 mrr/em®, Al — 20 mxr/em®, Ti — 12,5 mxr/em®, 1+S, Zn ta Co — 5
Mkr/em, Se+l — 0,5 mxr/cm®. 3a 6isbin Bucokoi koumentpanii HU criocTepiranu nopymeHHs mizicHOCTi
MOHOIIIAPY, OKPYIJICHHS Ta 3MOpPIIYBaHHS KIITHH, MOSBY BOTHHII JETEHEPOBAHUX KIIITHH,
BaKyoOJi3allifo, 3€pPHHUCTICTh, IMiJABHUIICHHS, pO3IUIACTaHHICTh KiiTHH (puc. 1). s momambmioro
BHUBYCHHS aHTUBIPYCHOT akTUBHOCTI B KybTypi kit CHEB HY OynyTh BUKOpUCTaHI Y MAaKCUMaJIbHO

a 0 B
Puc. 1. lluTorokcuuna mist HaHO9acTUHOK B KynbTypi KiiTuH CHEB: a — kynbTypa kinitua CHEB
He iHoKypoBaHa HY; 6 Ta B — jereHepaTuBHi 3MiHM B KybTypi knitud CHEB 3a mii HU.
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RECOMBINANT ENZYMES, HUMAN ARGINASE | AND MICROBIAL ARGININE
DEIMINASE, AS THE BIORECOGNITION ELEMENTS FOR ARGININE-SELECTIVE
AMPEROMETRIC BIOSENSORS AND ENZYMATIC

Mykhailo Gonchar Lecture 1
Mykhailo Gonchar

Department of Analytical Biotechnology, Institute of Cell Biology, National Academy of Sciences of
Ukraine, Drahomanov Street 14/16, 79005 Lviv, Ukraine

E-mail: gonchar@cellbiol.lviv.ua; mykhailo1952@gmail.com

L-Arginine, a semi-essential amino acid, plays an important role in cellular metabolism. It is
dispensable in healthy individuals as it may be formed from other amino acids. However, for ill or
injured people or for individuals in specific physiological state (pregnancy, intensive work at extreme
conditions, sport activity), higher quantities of L-arginine are required. On the other hand, certain cancers
may be auxotrophic for a particular amino acid, and amino acid deprivation is one of the approaches
used to fight with these tumours. It has been suggested that arginine-degrading enzymes may be effective
in the control of arginine-dependent cancers. Therefore, it is a demand to develop fast and valid methods
for monitoring the level of arginine in biological liquids, drug formulations and nutrition.

We developed two amperometric biosensors for sensitive and selective detection of L-Arg using
as the biorecognition elements different arginine-hydrolyzing recombinant enzymes, human arginase |
(coupled with commercial urease) and arginine deiminase from Mycoplasma hominis. The NH4" ions,
generated during the enzymatic transformation of L-Arg, were monitored amperometrically using
ammonium-sensing Nafion/Polyaniline composite placed at a working electrode. The bioanalytical
parameters of the constructed biosensors were studied and the created devices were tested for assay of
L-Arg in biological samples and some commercial pharmaceuticals.

A novel enzymatic method of manganese (11) and cobalt (I1) ions assay, based on using apo-
enzyme of Mn?*-dependent recombinant human arginase | and 2,3-butanedione monoxime (DMO) as a
chemical reagent, has been proposed. The principle of the method is the evaluation of the activity of L-
arginine-hydrolizing arginase holoenzyme after the specific binding of Mn?* or Co?* with apo-arginase.

The work was supported by NAS of Ukraine in the frame of the Scientific-Technical Program
“Smart Sensor Devices of a New Generation Based on Modern Materials and Technologies”.
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A.P.F. Amperometric L-arginine biosensor based on a novel recombinant arginine deiminase //
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Spectrochim. Acta Part A: Molecular and Biomolecular Spectroscopy. — 2018. — V. 193. — P. 349-356.
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IMPORTANCE OF PEROXISOMES AND PEROXISOMAL ENZYMES OF PENTOSE
PHOSPHATE PATHWAY FOR XYLOSE ALCOHOLIC FERMENTATION IN THE
THERMOTOLERANT METHYLOTROPHIC YEAST OGATAEA POLYMORPHA

Justyna Ruchala Lecture 2
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Rzeszow, Poland
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79005 Lviv, Ukraine
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Peroxisomes are ubiquitous organelles responsible for many reactions of oxidative metabolism,
fatty acid -oxidation, glyoxylic acid cycle, catabolism of unusual carbon sources and some biosynthetic
reactions. The role of peroxisomes and peroxisomally-located enzymes in xylose metabolism and
alcoholic fermentation remains unknown. We have found that peroxisomal transketolase (also known as
dihydroxyacetone synthase, gene DAS1) and transaldolase (gene TAL2) are important for xylose
alcoholic fermentation but not growth on this substrate as deletion strains dasi4 and tal24 are well on
xylose but did not produce ethanol from this pentose. In contrast to that, the mutants with deletions of
genes coding for cytosolic transketolase TKL1 and transaldolase TAL1 did not grow on xylose though
effectively fermented this sugar to ethanol. The strains of O. polymorpha with overexpression of all
four mentioned enzymes overproduced ethanol from xylose. Deletion and overexpression of
peroxisomal transketolase and transaldolase did not have an influence on glucose utilization and
fermentation. Obtained results suggested on the role of peroxisomal enzymes in xylose fermentation.
Therefore we decided to study if peroxisomes as organelles are important for xylose fermentation. For
this, the mutants of O. polymorpha defective in peroxisome biogenesis pex34 and pex64 have been used
which are known to contain only peroxisomal remnants. It was found that these mutants, similarly to
daslA and tal24 mutants, normally grew on xylose though did not produce ethanol form this sugar at
all. We also constructed for the first time the O. polymorpha strains with overexpression of RKI1 gene
coding for ribulose-5-phosphate isomerase. The transformant with a 14-fold increase in RKI1 expression
was characterized by a two-folds increase in ethanol production from xylose while glucose fermentation
was unchanged. We also found that the mutants of O. polymorpha with overexpression of AOX1 gene
coding for alcohol oxidase, are characterized by significantly activated xylose alcoholic fermentation.
As AOX1 gene expression could control the cellular volume of peroxisomes, we suggest that
peroxisomes are important organelle for active xylose alcoholic fermentation. Further studies of the role
of peroxisome in xylose metabolism and fermentation are needed.

This work was supported by the grant of National Science Centre, Poland (NCN) Opus
2016/21/B/NZ1/00280
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NEW APPROACHES TO IMPROVE RIBOFLAVIN PRODUCTION IN THE YEAST
CANDIDA FAMATA

Daria Fedorovych Lecture 3
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Flavins are manufactured to use as vitamins in human and animal nutrition, as pharmaceuticals
and as a food colorant. Currently, riboflavin (RF) is produced on a large scale by microbial synthesis.
Yeast Candida famata represents the organism with high flavinogenic potential. The mutant strains of
this yeast were used in industry for RF production. However, used before microbial RF producers require
increasing productivity and genetic stability. The RF overproducing strain of C. famata was constructed
via simultaneous overexpression of the genes SEF1, which codes for a transcriptional activator of RF
synthesis, as well as of the RIB1 and RIB7 genes, which encode the first and the last structural enzymes
of RF synthesis, GTP-cyclohydrolase Il and RF synthase, respectively. This strain accumulated a 45%
increased RF titer in the flask when compared to the stable parental RF producer of C. famata AF-4
isolated by classical mutagenesis and selection for antimetabolite resistance. The activation of metabolic
flux toward purine nucleotide biosynthesis is promising approach to improve RF production since GTP
is the immediate precursor of RF synthesis. The phosphoribosyl pyrophosphate synthetase and
phosphoribosyl pyrophosphate amidotransferase are the rate limiting enzymes in purine biosynthesis.
Corresponding genes PRS3 and ADE4 from yeast Debaryomyces hansenii were modified to avoid
feedback inhibition and co-overexpressed on the background of a previously constructed a RF
overproducing strain of C. famata.. The strain expressing both genes PRS3m and ADE4m revealed 2-
fold increase in RF production when compared to the best RF producer described in our previous work.

Particular attention deserves the search for ways to increase the excretion of flavins by natural
and cosntructed RF overproducing yeasts. Flavinogenic yeasts C. famata, Meyerozyma guilliermondii,
Debaryomyces hansenii contain genes homologous to the mammal BCRP gene coding the protein
responsible for secretion of RF from mammal breast to the milk. BCRP gene homolog was isolated from
genome of D. hansenii and expressed under control of own promoter in the heterologous host, the best
available flavinogenic strain of the yeast C. famata. Resulted transformants revealed 1.3-1.5 fold
increase in RF production relative to that of parental strain.

In addition to construction of the productive strains, the design of a fermentation medium is of
critical importance because medium compositions can significantly affect production, yield and
volumetric productivity The cultivation conditions for constructed strains directed to increased
production of RF were optimized. We screened the different media components (in particular carbon
and nitrogen sources) for the best RF production. We are also focused on extension of the substrate range
to produce the vitamin B> from cheaper carbon sources from beer wort, hydrolysate of bagasse, cheese
whey or lignocellulosic substrates.

This study was supported by Polish National Science Center, grant Opus UMO-
2018/29/B/NZ1/01-497 and by National Academy of Sciences of Ukraine (Grant 36-19).
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EVALUATION OF TRANSCRIPTIONAL FACTORS INVOLVED IN REGULATION OF
XYLOSE METABOLISM AND FERMENTATION IN THE THERMOTOLERANT YEAST
OGATAEA POLYMORPHA

Olena Kurylenko Lecture 4
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Lignocellulosic biomass contains multiple fermentable sugars and represents a potentially
valuable feedstock for fuels and chemicals. The pentose sugar xylose, which is the second-most abundant
monosaccharide in nature following glucose, is present in significant amounts in lignocellulosic biomass
hydrolysates. Ogataea polymorpha belongs to the most thermotolerant xylose-fermenting yeast species.
As the efficiency of xylose fermentation in the O. polymorpha wild-type strains is very low, several
targeted metabolic engineering approaches have been successfully applied for improvement of ethanol
production. However, regulation of xylose metabolism in the natural xylose-assimilating yeasts is poorly
understood. Therefore, identification of specific regulatory genes involved in xylose-dependent
regulation of gene expression and in xylose alcoholic fermentation are of great importance.

In this work the effect of deletion or overexpression of transcriptional factors Hap4A, Hap4B,
Tupl on metabolism and fermentation of xylose and glucose was studied. The transcriptional regulator
Hap4 is known to be involved in the balance between fermentation and respiration in Saccharomyces
cerevisiae. Two putative orthologs of Hap4 protein were identified in the genome of O. polymorpha,
named Hap4A and Hap4B. The activation of xylose alcoholic fermentation was observed in hap44
mutant whereas overexpression of HAP4A gene led to decreased ethanol production from xylose. The
deletion or overexpression of HAP4B gene did not result in significant change in the amount of
accumulated ethanol from xylose as compared to the wild type strain. The Tup1-Cyc8 (Ssn6) corepressor
complex is required for repression of transcription in several regulatory pathways in yeast cells,
including glucose repression. The knock out of TUP1 gene in O. polymorpha resulted in immediate
increase of ethanol production during xylose alcoholic fermentation and total inability to ferment
glucose. The overexpression of TUP1 gene under control of strong constitutive promoter or native
promoter in the frame of the multicopy plasmid decreased ethanol production from xylose. The putative
targets of the Tupl in the genome of O. polymorpha are under investigation.

This work is supported by grant of Polish National Scientific Center (NCN) Opus UMO-
2016/21/B/NZ1/00280
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CRUDE GLYCEROL BIOCONVERSION TO FUEL ETHANOL
BY METHYLOTROPHIC YEASTS

Marta Semkiv Lecture 5
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Biodiesel production is a fast-growing industry. Biodiesel is obtained through transesterification
of different kinds of oils with methanol. This process results in a formation of substantial amounts (up
to 10% of a total product mass) of the by-product fraction that mainly contains glycerol, but also some
toxic contaminations (spent catalyst, salts after neutralization, residual methanol, methyl esters, and free
fatty acids), and that is therefore called crude glycerol. Efficient utilization of this fraction is imperative
to the sustainability of the biodiesel industry. Crude glycerol could be converted by yeasts to organic
acids, polyols, ethanol, microbial oil, carotenoids, y-decalactone, sophorolipids, heterologous proteins,
yeast biomass etc. Our aim was to produce fuel ethanol from crude glycerol with methylotrophic yeasts
Ogataea polymorpha or Komagataella phaffii (formerly Pichia pastoris). Methylotrophic yeast is a good
candidate for crude glycerol utilization due to its ability to tolerate high methanol concentrations.

The initial steps of glycerol catabolism in yeast cells are catalyzed by glycerol dehydrogenase
(Geyl) and dihydroxyacetone kinase (Dakl) or glycerol kinase (Gutl) and glycerol-3-phosphate
dehydrogenase (Gpd1l). Obtained dihydroxyacetone phosphate is converted to phosphoenolpyruvate,
which is then either used in TCA cycle or converted to ethanol through the action of pyruvate
decarboxylase (Pdcl) and alcohol dehydrogenase (Adhl). The mechanism of glycerol transport into
O. polymorpha cells is unclear, whereas in K. phaffii it is known to be imported through the channel
formed by Fps1 protein.

The O. polymorpha strain NCYC495 was subjected to the following genetic modifications:
overexpression of the genes ADH1, PDC1, pairs of genes GCY1-DAK1l or GPD1-GUT1 and
heterologous gene FPS1 K. phaffii. Obtained recombinant strains produced up to 10.2 g of ethanol/L
from pure glycerol or 3.1 g of ethanol/L from crude glycerol (Semkiv et al., 2019).

Homologous or heterologous (from Saccharomyces cerevisiae) genes ADH1 and PDC1 were
overexpressed in the K. phaffii strain GS200. Obtained recombinant strains produced up to 5 g of
ethanol/L from crude glycerol. These strains will be further modified similar to O. polymorpha
recombinant strains described above.

Semkiv M.V. et al. Yeast 2019, Mar 23. doi: 10.1002/yea.3387.
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APPLICATION OF POLY-DMAEMA-CONTAINING CARRIERS FOR DELIVERY OF
PLASMID DNA TO MAMMALIAN CELLS
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Gene delivery to targeted mammalian cells is an attractive technique for treatment of hereditary
diseases via changing the expression of the endogenous gene. The non-viral gene delivery systems are
promising alternative to viral vectors. Cationic materials possess low immunogenicity, are not limited
to a type or size of carried genetic cargo, and have a controlled chemical diversity for further
functionalization.

The aim of this study was to evaluate the gene delivery potential of poly(2-dimethylaminoethyl
methacrylate) {poly-DMAEMAY} carriers for various tumor and non-tumor adherent cell lines.

The block-copolymers, namely poly(2,2,3,3,4,4,5,5-octafluoropentyl methacrylate (FMA)-
block-poly(DMAEMA) {F8DM1; 2}, poly(butyl acrylate)-block-poly((DMAEMA) {BADMI; 2}, and
poly(lauryl acrylate)-block-poly(DMAEMA) {LADMI; 2} carriers with different length of poly-
DMAEMA block were used for delivery of plasmid DNA to human breast adenocarcinoma MCF-7 cells,
colon carcinoma HCT116 cells, glioblastoma U-251 MG cells, hepatocellular carcinoma HepG2 cells,
non-small cell lung cancer A549 cells, and embryonic kidney HEK293 cells.

Poly-DMAEMA cationic polymers electrostatically interact with negatively charged plasmid
DNA. Gel retardation of plasmid DNA bands was detected when the FSDM1 and F§DM2 polymers
were used at 0.01%, and BADM1, BADM 2, LADM1, LADM2 — at 0.03%. Studied polymers do not
intercalate the DNA. Transfection efficiency of the polymer/pEGFP c-1 complexes measured at 48 h
was 14-56% and depended on cell line. The gene transfer efficiency in HEK293 and MCF-7 cell lines
was the highest. The gene delivery efficiency of poly-DMAEMA/pDNA complexes was not affected by
the presence of 10% of blood serum at complex formation in the transfection medium. The detected
transfection efficiency was comparable with efficiency found at using a commercial reagent, linear
polyethyleneimine (PEI), however, a cytotoxic effect of the studied carriers was lower compared with
the PEI. The gene delivery efficiency was increased with an elongation of poly-DMAEMA block in the
carrier. DNA comet assay at alkaline conditions and diphenylamine measuring of DNA fragmentation
did not reveal DNA damaging by the polymeric carriers in HEK293 and MCF-7 cells.

Thus, poly-DMAEMA cationic polymers are of interest as potential gene delivery vectors. The
optimization of poly-DMAEMA carriers for improving gene transfection efficiency is in progress.
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THE RECOMBINANT YEAST OGATAEA POLYMORPHA, OVERPRODUCING
FLAVOCYTOCHROME B2, AS ATOOL FOR L-LACTATE AND CHROMATE ANALYSIS,
AS WELL AS FOR CHROMATE BIOREMEDIATION

Oleh Smutok Lecture 7
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Lactic acid (L-lactate) is among the most important analytes, since it is a universal metabolite of
nearly all living organisms. The indication of the L-lactate level is used in clinical diagnostics of hypoxia,
lactic acidosis, some acute heart diseases and in drug toxicity tests, as well as for monitoring the athletic
performance to evaluate the best training equipment and regimes during the training of the sportsmen.
Therefore, reliable determination of L-lactate is important for many fields of human activity. Hexavalent
chromium Cr(VI) is widely used in different branches of industry, so, soluble Cr(\V1)-pollutants are
distributed in wastewater and natural water streams. Cr(V1) is a strong oxidizing species with very toxic
and carcinogenic influences on living organisms, including human.

The yeast L-lactate:cytochrome ¢ oxidoreductase (flavocytochrome b, FC by) has absolute
specificity for L-lactate, although is non-selective with respect to the nature of elector acceptors. Such
properties allow consider this enzyme as a potential candidate for L-lactate and chromate analysis, as
well as for reduction of chromate.

For construction of new microbial amperometric biosensors for L-lactate analysis, an increasing
the target enzyme (FC b>) in the cells is required. Two approaches for this we have used: 1) enrichment
of the yeast cells by the target enzyme on genetic level — by over-expression of the corresponding
HpCYB2 gene, in the recombinant strain of Ogataea polymorpha «trl» (gcrl catX CYB2) which
possesses a 6-fold increased FC b, enzymatic activity; 2) using nanotechnological approach — by the
transfer of FC b.-bound nanocarriers into the recombinant yeast cells. The yeast cells with both types of
enzyme enrichment have been used for construction of highly sensitive and selective microbial
biosensors for L-lactate. The Cr(VI)-selective biosensor is based on ability to catch electrons from the
reduced FC by on the surface of platinum electrode. It was clearly shown that with increasing
concentration of Cr(VI) the peak of enzyme-mediated L-lactate oxidation is decreased, indicating
Cr(VI)-dependent competition between reaction of chromate with reduced FC b, and direct electron
transfer from the enzyme to the electrode surface.

For investigation of bioremediation ability of the recombinant O. polymorpha «trl» cells, they
were tested in respect of chromate reducing activity in vitro in the presence of L-lactate (as an electron
donor for chromate reduction) and a low-molecular redox-active dye — dichlorophenolindophenol (as a
final electron acceptor). The capacity of living cells for Cr(VI) bioremediation via the reductive pathway
of recombinant yeast, over-producing FC by, was established. The tested recombinant yeast cells seem
to be perspective for chromate detoxification, using as a source of cheap L-lactate dairy waters as a
reductant.

The work was supported by the Ministry of Education and Science of Ukraine (project
#0118U000297).
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METABOLIC ENGINEERING OF THE YEAST SACCHAROMYCES CEREVISIAE FOR
ENHANCEMENT OF GLYCEROL SYNTHESIS AND EXCRETION
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The use of recombinant DNA technologies for expression of foreign proteins in different
expression hosts is not new in pharma industries and laboratories. However, still in many cases, these
technologies represent a challenge, starting from basic plasmid engineering, passing through the correct
target protein isolation and identification, stopping at a cost evaluation and finalizing with licensing. All
these problems should be tackled in corrected ways, yet the highlight moments influencing all these
barriers go back to the DNA engineering and correct plasmid development. Influencing the protein
behavior, the plasmid construction must be done predicting several aspects of the host system. Some
strains of E.coli do not process well some codons or the protein does not fit the purpose of the
development. Some proteins are unfitted to be done in bacteria in the first place, making a place for yeast
to perform that duty. However, yeasts plasmids are different from bacterial and must be engineered
differently and yet are suited for bacteria, for amplification purposes. Here we present several different
approaches to express heterologous proteins using recombinant DNA technologies for vaccine and
diagnostics applications in bacteria and yeast.

69


mailto:granovski.v@gmail.com

Session 3: Cellular, genetic and metabolic engineering / Knimunna, zenemuuna ma memaéoniuna insicenepis

YEASTS AND FUNGI AS THE TOOLS FOR GREEN SYNTHESIS OF NANOMATHERIALS
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Many plants, algae, microorganisms, as well as redox-imbalanced mammalian cells and systems
are known to produce nanostructured mineral crystals and metallic nanoparticles (NPs) with properties
similar to chemically-synthesized materials. Green synthesis processes (GSP) are rapid, eco-friendly and
cost-effective. Metallic NPs obtained via green synthesis (gNPs) offer better manipulation, stabilization
and control over crystal growth due to slower kinetics. gNPs of noble metals possess low cytotoxicity,
enable easy modification of their surfaces, allow straightforward synthesis processes and have excellent
biocompatibility. Such advantages make gNPs of noble and transitional metals prospective for
applications in industry and medicine. gNPs are used as nanocarriers for drug delivery, biocatalizators in
biosensors and biofuel cells, as well as for bioimaging in clinical diagnostics and for bioremediation of
toxic ions in the environment. A special role of gNPs is related to antimicrobial and antibiofilm agents.

The exact mechanism of gNP synthesis using biological agents has not been elucidated to date.
However, it has been suggested that various biomolecules are involved in GSP. Biological agents
secreted by cells are able to reduce metal ions to gain gNPs. Extracellular GSP are mediated through
different enzymes, including hydrogenases, nitrate reductase, phenol-oxidizing enzymes (laccases,
tyrosinases, and Mn-peroxidases), etc. Capping and stabilizing agents (polysaccharides, polypeptides
and other bioorganic compounds) prevent the gNPs from further growth and agglomeration in resulted
colloidal solution.

In our experiments, different types of NPs of noble metals were synthesized by chemical methods
and via GSP. To obtain gNPs, cells of yeasts, fungi and their extracellular metabolites were applied. To
study a possible toxic effect of the synthesized NPs on a living organism, the cells of the yeast Ogataea
polymorpha were used. As a result of investigations, different variants of novel low-cost gNPs,
containing Au, Ag, Pt, Pd, Cr.0Os etc. were obtained and characterized by UV-VIS spectroscopy,
scanning electron microscopy, transmission electron microscopy, atomic force microscopy, fluorescence
microscopy. On the model of yeast cell, the possibility of enzymes delivery, using biocompatible gNPs
as carriers, were studied. The method of cell imaging with fluorescence gNPs was proposed. On the
other hand, investigations of GSP are useful to elucidate the mechanisms of the eukaryotic cells output
on stress, caused by toxic compounds, in particular, initial salts of metals and resulted NPs. It will bring
new knowledge about the detailed mechanism of NPs interaction with cell: what proteins/enzymes or
other biomolecules respond for the gNPs formation inside/outside the cells.

This work was financially supported by NAS of Ukraine (Project 10/3-/2019 of the Program

“Smart sensor devices of a new generation based on modern materials and technologies”).
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YEAST MELANIN AS A TEMPLATE FOR GOLD NANOPARTICLES GREEN SYNTHESIS
—PHYSICOCHEMICAL AND BIOLOGICAL CHARCTERIZATION OF AuNPs
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Synthesis of nanoparticles (NPs) and their incorporation in materials are amongst the most
studied topics in chemistry, physics and material science. Gold NPs have applications in medicine due
to their antibacterial and anticancer activities, in biomedical imaging and diagnostic test. Despite
chemical synthesis of NPs are well characterized and controlled, they rely on the utilization of harsh
chemical conditions and organic solvent and generate toxic residues. Therefore, greener and more
sustainable alternative methods for NPs synthesis have been developed recently. These methods use
microorganisms, mainly yeast or yeast cell extract. NPs synthesis with culture supernatants are most of
the time the preferred method since it facilitates the purification scheme for the recovery of the NPs.
Extraction of NPs, formed within the cells or cell-wall, is laborious, time-consuming and are not cast
effective. The bioactivities of NPs, namely antimicrobial and anticancer, are known to be related to NPs
shape, size and size distribution.

Here, we proposed the method for a green synthesis of gold nanoparticles by purified yeast
metabolite; melanin. We evaluate the potential to manipulate key parameters to control the
monodispersity, size and shape of NPs. Therefore, the effect of pH, temperature, substrate concentration,
time and addition of stabilizing agent on the synthesis of gold nanoparticles were investigated. The
physico-chemical characterizations of nanoparticles, with size distribution (DLS), UV-Vis spectroscopy,
Transmission and Scanning Electron Microscopy (TEM, SEM) and measurement of the NPs
stabilization, were employed. A profile of the bioactivity of these nanoparticles compared to purified
melanin, was assessed with cell lines and microbiological strains.
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Enzymatic processes are the basis of many productions, and application of microbial enzymes
has been widely distributed since the early 20™" century. Microbial oxido-reductases are used in many
different spheres of human activity, and this use is increasing rapidly due to reduced processing time,
low energy input, cost effectiveness, nontoxic and eco-friendly characteristics. Enzymes are necessary
in genetic engineering and biotechnology, in various industries, including food, agriculture, chemicals,
and pharmaceuticals, as well as in medicine. Oxido-reductases of microbial origin are capable of
degrading toxic chemicals from industrial and domestic wastes (phenolic compounds, nitriles, amines
etc.) either via degradation or conversion to non-toxic products. However, the greatest role of enzymes
is in analytical practice. Thus, obtaining of a wide range of enzymes in industrial scale from the different
sources, including recombinant microorganisms, is an urgent problem of biotechnology and
enzymology.

Global market for industrial enzymes, including recombinant, was valued at USD 4.61 billion
in 2016, and is projected to grow at a compound annual growth rate of 5.8 % from 2017, to reach USD
6.30 billion by 2022. This branch of science and business requires rationally chosen cell factories (hosts)
and cost-efficient protocols of proteins isolation. To obtain highly purified microbial enzyme the general
approaches may be marked out: screening or gene-engineering of the effective strains as producers of
the target enzyme(s); optimization of cultivation conditions for the most effective hosts to achieve both
the highest yield and specific activity of a target enzyme in producing cells or in extra-cellular medium;
development of effective method for enzyme isolation, purification; concentration and stabilization.

In this work, the screening of microorganisms (bacteria, yeasts and fungi) on a capability to
synthesize oxidases, sensitive to D-xylitol (X), glycerol (Gl), galactose (Gal), L-arginine (Arg),
cholesterol (Ch), phenolic compounds (PhC) was carried. These analytes are important biomarkers in
medicine, food industry, pharmaceutics and environmental control services. The best producers of
xylitol oxidase (XO), glycerol oxidase (GIO), galactose oxidase (GalO), arginine oxidase (ArgO),
cholesterol oxidase (ChQO) and laccase were selected and the optimal conditions for cells cultivation to
achieve the highest specific activities of these enzymes were estimated. The listed enzymes have a high
analytical value: XO, GIO, GalO and ArgO are essential tools for enzymatic analysis of X, G, Gal and
Arg in different branches of industry (pharmaceutical, cosmetics, food, dental et al.). The listed enzymes
and ChO are promising biocatalysts in enzymatic diagnostic Kits for clinical diagnostics. Laccase-based
monitoring of PhC is necessary for food and environmental safety.

This work was financially supported by NAS of Ukraine (Project 10/3-/2019 of the Program
“Smart sensor devices of a new generation based on modern materials and technologies”) and by the
Ministry of Education and Science of Ukraine (projects Nos. 0118U000297 and 0119U100671.
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Roseoflavin and its biosynthetic precursor aminoriboflavin (ARF) are produced by gram-positive
bacteria Streptomyces davawensis and Streptomyces cinnabarinus. ARF shows the strong inhibitory
effect against gram-positive bacteria such as Staphyloccus aureus, Bacillus subtilis, Bacillus cereus and
Micrococcus luteus and Listeria monocytogenes being non-toxic to mammalian cells. ARF is
synthesized from flavin mononucleotide (FMN), which in turn is formed from riboflavin.

The aim of this work was to obtain the preparations of new product of the heterologous
expression of the key gene of ARF biosynthesis rosB S. davawensis, encoding 8-dimethyl-8-
aminoryboflavin-5'-phosphate synthetase along with homologous FMN1 gene encoding riboflavin
kinase on the background in of Komagataella phaffii riboflavin overproducing strain with the introduced
native FMN1 gene. The transformed strain K. phaffii with prTEF1-FMN1-prGAP-rosB expression
cassette resulted in accumulation of new yellow fluorescent compound present in relatively large
amounts in the culture medium. Flavins from the culture media were analyzed by paper chromatography
in 0.5% Na>HPOs (pH = 8.0) according to retardation value (Rf: FMN- 0.50; RF (riboflavin) — 0.37;
ARF — 0.10). The cultivation conditions for constructed strain favored for increased production of the
new flavin (Rf =0.10) were optimized. Two absorbance peaks near 445 and 478 nm corresponding to
riboflavin and ARF were detected. The flavins of culture supernatants were adsorbed on Florisil (60-
100 mach) (column 15 x 30 mm) and eluted with gradient of 50% acetone:H>O (1:1). Fractions
containing flavin with Rf 0.10 were pooled and applied to cellulose column (100 x 25 mm) previously
washed with H2O. Non-adsorbed flavins were eluted with H>O. Obtained fractions were analyzed by
paper chromatography in 0.5% Na2HPO4. Fractions containing only the new flavin with Rf = 0.1 were
pooled and analyzed. Spectra analysis of obtained fractions flavins was performed. Spectra of flavins
were recorded employing Hach Lange DR 6000 UV-VIS spectrophotometer. Absorbance peak at 478
nm corresponding to ARF was detected for researched preparation.

To obtain the solid samples of new flavin, freeze dryer was used. The optimal lyophilization
conditions, namely, the composition of mixture of stabilizing additives as well as the parameters of
freeze-drying procedure have been found. As a result, the solid preparations of ARF were obtained and
characterized. This preparation showed relatively strong growth inhibition of Staphylococcus aureus
ATCC 25923 (minimum inhibitory concentration, 100 mkg/ml).

This study was supported by Polish National Science Center, grant Opus UMO-
2018/29/B/NZ1/01-497 and by National Academy of Sciences of Ukraine (Grant 36-19).
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Many enzymes of methanol metabolism of methylotrophic yeasts are located in peroxisomes
whereas some of them have the cytosolic localization. During shift of methanol grown cells of
methylotrophic yeasts to glucose medium, a decrease in the activity of cytosolic (formaldehyde
dehydrogenase (FIDH), formate dehydrogenase (FDH), fructose-1,6-bisphosphatase (FBP)) enzymes of
methanol metabolism is observed. Inactivation of peroxisomal enzymes occurs due to the autophagic
degradation (pexophagy) whereas mechanisms of inactivation of cytosolic enzymes remain unknown.
We aimed to study of the mechanisms of FBP degradation in methylotrophic yeasts Komagataella
phaffii.

The changes of the specific activity of FBP in the wild type strain GS200, the strain with the
deletion of the GSS1 hexose sensor gene and strain defected in autophagy pathway SMD1163 of K.
phaffii in short-term and long-term induction with methanol, and with or without the addition of the
MG132 (proteasome degradation inhibitor) was investigated. Degradation of fructose-1,6-
bisphosphatase by the Western blot analysis in GS200, SMD1163 and Agss! strains was studied. It was
shown that the duration of cell incubation on methanol has no particular effect on the inactivation of the
enzyme. The effect of the proteasome inhibitor MG132 was insignificant. Catabolic inactivation of FBP
is damaged in the 4gss/ mutant as glucose signaling is impaired. FBP degrades by a vacuolar pathway,
regardless of the duration of methanol induction, which correlates with the activity data of this enzyme.

To confirm FBP degradation pathway the recombinant strains with GFP-labeled Fbpl of K.
phaffii (or E. coli) and RFP-labeled peroxisomes were constructed on the background of GS200, pex34
and SMD1163. The fluorescent microscopy analysis of the constructed strains, using the vacuolar
membrane dye FM4-64, was performed. It was shown that Fbpl in K. phaffii degrades by autophagy
pathway.
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Lignocellulosic biomass represents an abundant renewable energy source and it is considered an
ideal substrate for fuel ethanol production. However, the feasible technology for the bioethanol
production from lignocellulosic materials has not been developed yet. The main reason is the absence of
a robust microorganism capable of efficient alcoholic fermentation of the main sugars of lignocellulose,
most importantly, glucose and xylose. Yeast Scheffersomyces stipitis is able to ferment both glucose and
xylose with a high ethanol yield.

We aimed to identify potential effectors of fermentation in S. stipitis by the insertional
mutagenesis combined with the positive selection of ethanol overproducers and to investigate the role
of identified gene. Inhibitor of key glycolytic enzymes 3-bromopyruvate was used as a selection agent
for obtaining of ethanol overproducers.

Among the selected 3-bromopyruvate resistant mutants, strain #4.6 revealed reproducible
increase of ethanol accumulation during xylose fermentation. In this strain, the insertion was found
within the ORF of a gene homologous to Saccharomyces cerevisiae gene YDL119C, encoding
mitochondrial glycine transporter. We designated identified gene TMI1. Wild-type phenotype was
restored via complementation of the insertional mutation by the wild type allele of TMI1 gene, and the
deletion of TMI1 gene on the background of Ku80 strain improved its ethanol production on xylose
containing media. The respiration efficiency, heme content and key glycolytic enzymes activities were
measured in all investigated strains. Obtained results revealed that the gene TMI1 is involved in the
regulation of alcoholic fermentation of xylose in S. stipitis.
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The methylotrophic yeast Komagataella phaffii (formerly Pichia pastoris) as well as
Escherichia coli and Saccharomyces cerevisiae has become an important host organism for recombinant
protein production. K. phaffii has very strong and tightly regulated promoters of the genes of the
methanol utilization pathway such as the alcohol oxidase, formaldehyde dehydrogenase gene etc., which
are very convenient for directed expression of heterologous proteins. Proteolytic degradation has been a
perpetual problem when yeasts are employed to express recombinant proteins. The maximum reduction
in the level of degradation of the target recombinant protein in the cytosol is one of the prerequisites for
successful overproduction of the proteins of industrial significance. To reduce the level of degradation
of the protein in cytosol, it is necessary to understand the mechanism by which it occurs.

There are no convenient methods for the selection of K. phaffii mutants with damaged pathways
of proteins degradation. The new model has been developed to detect mutants and analyze the way in
which they degrade the proteins. This model involves constructing a vector for expression of f-
galactosidase gene LAC4 from Kluyveromyces lactis fused with fluorescent tag green fluorescent protein
(GFP). This fusion protein was cloned under the control of the methanol-regulated promoter of the gene
FLD1 (encoding formaldehyde dehydrogenase). Obtained vector was used for the transformation of
K.phaffii wild type strain GS200, as well as the strain SMD1163 with damaged autophagy. Methanol-
induced gene expression will result in the formation of a chimeric protein that will retain 3-galactosidase
activity and, at the same time, will be noticeable in the cells under a fluorescence microscope due to the
GFP presence.

Two types of transformants have been obtained and tested for the presence of integrated vector
at the moment. Subsequent stages of the study involve cultivation on methanol to activate -
galactosidase and GFP gene expression. It is planned to observe the cellular localization of f3-
galactosidase-GFP fusion after it has been produced and during degradation. Obtained recombinant
strains will be further used for the identification of insertional mutants with impaired protein
degradation, which will possibly allow as to identify genes involved in protein degradation in K. phaffii.
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Research for alternative forms of energy is becoming more and more essential nowadays.
Bioethanol considered to serve not only as agent of environmental pollution reduction but also as a
means to secure an energy supply that is local, renewable and independent of a financially volatile and
potentially unreliable oil market. Different types of resource materials have a potential for bioethanol
production. Biomass and biomass derived materials have been pointed out to be one of the most
promising. It has been considered to be the best sustainable source of organic carbon on earth and the
perfect equivalent to petroleum for the production of fuels. In this context, lignocellulosic biomass,
which is the most abundant and bio-renewable biomass on earth, has a critical importance. In this work
colza straw was tested as the resource material for the production of bioethanol. The new waste-less
technology is used where pretreated colza straw is subjected to special enzymatic treatment with
commercial enzymes which leads to the formation of glucose. Production of bioethanol from glucose is
realized by the yeast Saccharomyces cerevisiae. In our work native and dehydrated yeast Saccharomyces
cerevisiae is used for the fermentation. The last step of new technology is linked with the use of lignin
for the cultivation of medical mushrooms.

Acknowledgements
This work has been financed by European Regional Development Fund project Nr. 1.1.1.1/16/A/113
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The methylotrophic yeast Ogataea polymorpha is apparently the most thermotolerant yeast with
maximal border growth temperature above 50°C. This yeast well grows on glucose and cellobiose and
efficiently ferments these sugars to ethanol under elevated temperatures whereas galactose and L-
arabinose do not support yeast growth at all. At the same time, xylose supports relatively active growth;
however, its conversion to ethanol is negligible. Active xylose fermentation is prerequisite for the
development of yeast strains capable of efficient production of bioethanol from lignocellulosic
hydrolyzates. Based on our findings, we decided to develop the simple system of positive selection of
the mutant strains which show improved xylose growth and fermentation. The rationale of selection is
as follows. Galactose and L-arabinose themselves do not support yeast growth but they could penetrate
the cell. If so, they could inhibit xylose transport and possibly some intracellular reactions of xylose
metabolism so on the mixtures of xylose with galactose or L-arabinose growth will be inhibited or totally
absent. Our assumption was right as indeed growth on the mixture of xylose and galactose was absent.
We plan to isolate spontaneous or UV-induced mutants which could metabolize xylose in spite of
galactose (or/and L-arabinose) presence. Characteristics of xylose growth and alcoholic fermentation of
the isolated strains of O. polymorpha will be analyzed. In the case some of the mutants will show
improved xylose alcoholic fermentation, insertion mutagenesis will be subsequently used to tag the
corresponding genes involved in regulation of xylose alcoholic fermentation.
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Development of microorganisms capable of efficient fermentation of lignocellulosic materials is
one of the most important goals of contemporary biotechnology. Xylose is the second most abundant
monosaccharide after glucose found in lignocelluloses. Significant efforts have been focused on the
metabolic engineering of Saccharomyces cerevisiae and Ogataea polymorpha for effective xylose
utilization. However, the role of transcription factors in xylose alcoholic fermentation is poorly
understood. In this work, we paid attention to function of genes that encode several transcriptional
factors and their possible role in xylose alcoholic fermentation.

Transcription repressors Migl, and its close functional homolog, Mig2, are involved in regulating
the filamentous growth pathway in response to glucose limitation. A copper-binding regulatory protein
Acel is transcriptional activator which we suggest could influence fermentation. We hypothesized that
O. polymorpha cells that overproduce Migl and Acel will change glucose and xylose metabolism and
fermentation. To examine this assumption we constructed strains of O. polymorpha that overexpressed
MIG1 and ACE1 genes and studied their properties. The fermentation assaying showed insignificant
effects of the derepression of the mentioned genes on glucose and xylose fermentation.

Transcription activator Cat8 is involved in expression of genes involved in gluconeogenesis,
respiration and alternative carbon source utilization. We hypothesized that S. cerevisiae cells that lack
of Cat8 transcription activator will have disturbed xylose alcoholic fermentation. To investigate this
hypothesis, we performed series of experiments on S. cerevisiae GS010 strain capable of xylose
utilization and cat84 mutants isolated from GS010 strain. We have found that the growth of the wild-
type strain as well as cat84 mutant cells of S. cerevisiae on xylose was a little bit retarded whereas xylose
fermentation was significantly reduced in the mutant. In contrast, both wild-type and cat84 strains
showed similar growth rate and ethanol production. The drop in xylose conversion to ethanol by cat84
cells suggests that Cat8 transcription activator is required for xylose metabolism and conversion to
ethanol in S. cerevisiae.

The research was carried out from the project funds 2016/21/B/NZ1/00280 financed from the
funds of the National Science Center, Poland.
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Aminoriboflavin (AF), the biosynthetic precursor of antibiotic roseoflavin, is produced by gram-
positive bacteria Streptomyces davawensis and Streptomyces cinnabarinus. AF shows a strong antibiotic
effect on Gram-positive bacteria such as Staphyloccus aureus, Bacillus subtilis, Bacillus cereus and
Micrococcus luteus being non-toxic to mammalian cells. Since AF is synthesized from flavin
mononucleotide (FMN), which is formed from riboflavin, it is promising to apply FMN or riboflavin
overproducers as basic strains for the construction of AF producers.

The aim of this study was to express the key gene of AF biosynthesis rosB S. davawensis,
encoding 8-dimethyl-8-aminoryboflavin-5'-phosphate synthetase in the riboflavin overproducing strains
of the yeasts Candida famata and Komagataella phaffii to achieve AF production. The FMN1 and rosB
genes were cloned into the genomes of the recipients under the control of number strong constitutive
and maltose/methanol-inducible promoters. The transformed strain K. phaffii with prTEF1-FMN1-
prGAP-rosB expression cassette resulted in accumulation of new yellow fluorescent compound present
in relatively large amounts in the cultural medium. K. phaffii transformants with prGAP1-FMN1-
prTEF1-rosB, prDAS2-FMN1-prAOX1-rosB and prGAP1-rosB expression cassettes produced lower
amounts of this new product. The absorbance spectra analysis of accumulated flavins in of prTEF1-
FMN21-prGAP-rosB transformant was performed. Two absorbance peaks near 445 and 478 nm
corresponding to RF and AF were detected. Also new flavin compounds in C. famata cultural medium
strains transformed by prTEF1-rosB and prMAL2-rosB were detected.
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Today biofuel industry primarily produces ethanol from a corn or sugarcane. However, this so-
called first generation ethanol produced from starch and sugar, is in competition with a food and animal
feed industry. In contrast, lignocellulosic biomass (crop wastes, agricultural and forestry residues, and
municipal waste) offers a high potential as feedstock for biofuels, because it is the most abundant
sustainable raw material worldwide and occurs as byproduct without competing uses. Studies on
conversion of lignocellulosics to ethanol focused on the searching for natural microbial strains and
construction of recombinants able to ferment efficiently all sugars of lignocellulosic hydrolysates.
Effective alcoholic fermentation of xylose, the second abundant after glucose sugar of lignocellulose
hydrolysates (consists approx. 30% of hydrolyzate sugars) is one of the main unresolved problems.

Although there are many bacterial and yeast strains capable of naturally utilizing xylose,
Saccharomyces cerevisiae has advantages over the innate xylose-utilizing microorganisms regarding
robustness against various stresses in industrial environments, such as low pH, high osmotic pressure,
high alcohol concentration, and phage contamination. S. cerevisiae cannot naturally utilize xylose.
Metabolic engineering approaches for introducing heterologous xylose utilization pathways and
optimizing internal metabolisms have been undertaken to develop efficient xylose-fermenting S.
cerevisiae strains. Despite of intensive engineering of S. cerevisiae strains, xylose fermentation rate still
remains lower than for glucose. Study the regulation of xylose catabolism in engineered S. cerevisiae
can facilitate xylose fermentation performance.

Effect of deletion and overexpression of corresponding genes encoding transcription factors
Adrl, Asgl, Cat8, Hap4, Sip4, Tupl and Znfl on xylose alcoholic fermentation of engineered S.
cerevisiae was studied. In this study, we report the isolation of adrl4, asgl4, cat84, hap44, sip44, tupla
and znfl4 mutants on the background of xylose-utilizing S. cerevisiae strain. In addition, recombinant
strains overexpressing ZNF1, SIP4, HAP4, ASG1 and CAT8 genes under control of strong constitutive
promoter were constructed. Ethanol production during xylose and glucose fermentation were
significantly reduced in hap44 and znfl4 as compared to that of parental strain.
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Roksolana Vasylyshyn Poster 13

Roksolana Vasylyshyn?, Olena Kurylenko!, Rimantas Daugelavi¢ius?, Kostyantyn Dmytruk?®, Andriy
Sibirny*3

1 — Institute of Cell Biology, National Academy of Science of Ukraine, Drahomanov Street 14/16, 79005
Lviv, Ukraine
2 — Department of Biochemistry, Vytautas Magnus University, Vileikos 8, LT-44404, Kaunas, Lithuania
3 — Department of Biotechnology and Microbiology, University of Rzeszow, Zelwerowicza 4, 35-601
Rzeszow, Poland

E-mail: vasylyshyn.r.v@gmail.com

Xylose transport is one of the bottlenecks in the conversion of lignocellulosic biomass to ethanol.
To improve the xylose uptake activity in yeasts it is necessary to identify specific transporters mediating
the uptake of xylose. Saccharomyces cerevisiae strain lacking the key transporters Hxt1-17 and Gal2
was found to be unable to grow on xylose and glucose. In this strain, growth on xylose could be restored
by the reintroduction of Hxt1, Hxt2, Hxt4, Hxt5, Hxt7, or Gal2. Ogataea polymorpha is known as one
of the thermotolerant xylose-fermenting yeast species.

To increase the specific xylose uptake rate the modified O. polymorpha Hxtl transporter was
engineered by substitution of asparagine to alanine residues at position 358. Furthermore, N-terminal
lysine residues of Hxt1 predicted to be the target for ubiquitination were replaced for arginine residues.
The S. cerevisiae Gal2 was modified with the substitution of asparagine residue to serine at position 376
and the Hxt7 with the substitution of the corresponding asparagine residue to phenylalanine at position
370. The modified versions of Gal2 and Hxt7 as well as Hxt1 transporters were introduced into genome
of O. polymorpha wild-type strain and advanced ethanol producer. The utilization of glucose and xylose
as well as ethanol production during high temperature co-fermentation of both sugars were studied in
obtained recombinant strains.
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AN ESTIMATION OF THE IMPACT OF VMA1 GENE-DELETION ON THE RIBOFLAVIN
PRODUCTION IN THE FLAVINOGENIC YEAST CANDIDA FAMATA

Yuliia Andreieva Poster 14

Yuliia Andreieval, Kostyantyn Dmytruk®, Andriy Sibirny!?

1 — Institute of Cell Biology National Academy of Sciences of Ukraine, Drahomanov St, 14/16, Lviv,
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Rzeszow, Poland

E-mail: yuliiaandreievapeng@gmail.com

Yeast Candida famata belongs to so-called flavinogenic yeast able to riboflavin (vitamin B2)
oversynthesis under iron starvation. It is known that iron ions repress the synthesis of enzymes involved
in conversion of GTP and ribulose-5-phosphate to riboflavin. Earlier studies defined that the deletion of
VMAL gene coding for vacuolar ATPase in the filamentous fungus Ashbya gossypii and the flavinogenic
yeast Pichia guilliermondii resulted in increase of riboflavin production. Riboflavin oversynthesis in A.
gossypii is regulated by vacuolar ATPase due to extrusion of excess of riboflavin, which normally
accumulates in vacuoles. In contrast, P. guilliermondii does not accumulate the synthesized riboflavin
in vacuoles. Therefore, regulatory impact of Vmal in flavinogenic yeasts remains elusive.

It was decided to isolate vmalA strain of C. famata and study its properties. For that reason
deletion cassette, containing selectable marker gene ble conferring resistance to phleomycin flanked
with noncoding regions of VMAL gene was constructed. Deletion was obtained by gene replacement.
Among 46 analyzed transformants selected on phleomycin containing medium, one was found with the
deletion of the VMA1 gene. Proper deletion of target gene was verified by PCR. It was shown that the
vmalA mutant possessed 16-fold increase in riboflavin accumulation, as compared to that of the parental
wild-type strain on the medium supplemented with iron. Growth of the mutant in iron-deficient medium,
as well as in the higher temperature conditions (34 °C) was retarded. Isolation of the mutants with
deletion of VMAL gene in riboflavin overproducing strains C. famata AF-4 and #91 is under way.

83


mailto:yuliiaandreievapeng@gmail.com

Session 3: Cellular, genetic and metabolic engineering / Knimunna, zenemuuna ma memaéoniuna insicenepis

EFFECTS OF GENE SFU1 DELETION ON RIBOFLAVIN SYNTHESIS IN THE YEAST
CANDIDA FAMATA

Yana Petrovska Poster 15
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Riboflavin (RF) or vitamin B2 is an important vitamin for all living organisms. Riboflavin
serves as a precursor of flavin coenzymes FMN (flavin mononucleotide) and FAD (flavin adenine
dinucleotide) involved in numerous biochemical processes. Riboflavin biosynthesis pathway is well
studied in the yeast Candida famata, however, its regulation is poorly understood. Several regulatory
genes involved in this process, particularly, the gene SEF1 coding for transcription activator, have been
identified. It has been shown that in the pathogenic yeast C. albicans, Sful (GATA-type transcription
factor) represses SEF1 (Chen C et al. 2011).

The aim of this work was to study the influence of SFUL1 gene on the suppression of the
riboflavin synthesis in C. famata. It was decided knock out this gene by the constructed deletion
cassette. Strains L20105 (wild type), AF4 and #91 (flavinogenic mutants) were transformed with
plasmid, which contains the SFUL gene deletion cassette and selective marker ble gene conferring
resistance to antibiotic phleomycin. The deletion of SFU1 was confirmed in C. famata L20105. The
four fold increase in the level of riboflavin production was found in sfiu/4 mutant.

The effect of deletion in the SFU1 gene on the riboflavin synthesis in overproducing strains of
flavinogenic yeast C. famata is currently under investigation.

Chen C, Pande K, French SD, Tuch BB, Noble SM. An iron homeostasis regulatory circuit with

reciprocal roles in Candida albicans commensalism and pathogenesis. Cell Host Microbe.
2011;10(2):118-135. doi:10.1016/j.chom.2011.07.005
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INVESTIGATION OF THE ROLE OF PEROXISOMAL ENZYMES IN XYLOSE
METABOLISM AND ALCOHOLIC FERMENTATION IN THE YEAST OGATAEA
POLYMORPHA

Dmytro Bratiichuk Poster 16
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Ogataea (Hansenula) polymorpha is one of the most thermotolerant methylotrophic yeast
species with ability to utilize xylose and ferment this sugar to ethanol. Methylotrophic yeasts possess
well-developed peroxisomes which could occupy up to 80% of cellular volume during growth on
methanol. The genes coding for peroxisomal enzymes are strongly induced by methanol as sole carbon
source, repressed during growth on glucose and partly derepressed in the presence of xylose.

The key peroxisomal enzyme is alcohol oxidase. Overexpression of AOX1 gene coding for
alcohol oxidase in O. polymorpha resulted in increased ethanol production from xylose relative to the
wild type strain. Moreover, overexpression of AOX1 gene led to increase in the expression of DAS1 and
TAL2 coding for peroxisomal transketolase (known also as dihydroxyacetone synthase) and
transaldolase, respectively. It was shown that peroxisomal transketolase and transaldolase in O.
polymorpha are required for xylose alcoholic fermentation but not for growth on this pentose. Mutants
with knock out of DAS1 and TAL2 normally grew on xylose but were defective in its conversion to
ethanol. Separate overexpression or co-overexpression of DAS1 and TAL2 in the wild type strain
increased ethanol production from xylose 2-4 times with no effect on glucose alcoholic fermentation.
For comparison, we also overexpressed the genes, TKL1 and TAL1, coding for cytosolic transketolase
and transaldolase, respectively. We found that overexpression of these genes also stimulated ethanol
production from xylose during fermentation.

In the current study, genes coding for peroxisomal enzymes (AOX1, DAS1, TAL2) were
overexpressed together with genes for cytosolic enzymes (TKL1 and TAL1) in the genome of the
previously isolated O. polymorpha advanced ethanol producer from xylose and obtained recombinant
strains were studied regarding their ethanol production during high-temperature xylose alcoholic
fermentation.
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HOBITHI BUMOI'H 10 KOHTPOJIIO AKOCTI (CD34/CD45+)-BMICHHUX JIIKAPCBKHUX
3ACOBIB

KOaist MepkysoBa Poster 17

Kummnens H.B., Mepkynosa FO.B., Tumuenko O.B.

epoicasue nionpuemcmeo « Yxpaincokuti HayKo8uil (hapmakoneunuil YyeHmp aKoCcmi 1iKapCoKux
3acobiey, 61085, m. Xapxis, syn. Acmponomiuna, 33

E-mail: nelkish@gmail.com

TpaHcIUIaHTaLlisT TEMOTIOSTUYHUX CTOBOYPOBUX KIIITHH — BHCOKA MEIMYHA TEXHOJIOTIS, SKa B
OCTaHHI POKHM Ha0yBa€ MIBUIKOTO PO3BUTKY 3aBIISIKH TTO3UTHBHUM PE3YJIbTaTaM JIIKyBaHHS 3J0SKICHUX
Ta I1HIIMX, BKpal TSHKKUX, TEMAaTOJOTIYHUX 3aXBOPIOBaHb Ta IMOTCHIIHHIA MOKJIUBOCTI
MEIMKaMEHTO3HOI Teparii comiaHux myxJuH. [{uromerpuyna omiHkKa KinbKOCTI KIITHH MONEPEIHUKIB
3a YMOBH TpaHCIUIaHTaIlii MOO11130BaHUX Mepu(epUIHUX CTOBOYPOBHX KIIITHH, MYIIOBUHHOT KPOBi 200
KICTKOBOT'O MO3KY € 00OB'SI3KOBOIO Ipouenyporo (apmakomneitnoro ananizy (CD34/CD45+)-BMicHuX
JKapchKUX 3ac00iB, 60 came Bif KibkocTi CD34-KIITHH 3aJeXUTh YCHIIIHE BIAHOBICHHS OCHOBHUX
MMOKA3HUKIB KPOBI IMiJl Yac ayTOJOTIYHOI Ta aJOTeHHOI TpaHCIUIAHTAIlll KPOBOTBOPHOI TKAHWHH.
Hafiyacrime s mbOro BHKOPUCTOBYETHCS IOEIHAHHS Mapkepa ctoBOypoBux kmitnH CD34 Ta
3arajnbHOJIEMKOIUTAapHOrO aHTUreny CD45.

Binnosinno no Bumor JlepxkaBHoi @apmaxorniei Yipainu (DY), kinbkicHe BU3HAUCHHS KIITHH
CD34/CD45+, sxi MicTATbCA B MPOAYKTaX IeMOIMOEe3y IMPOBOJIATH 3a JOMOMOIOI0 IMYHOJIOTTYHOTO
MIYEHHS 3 MOAANBIIMM BH3HAYEHHAM METOJOM MPOTOYHOI IMTOMETpii 3a OAHOMIATHOPMHOIO

TEXHOJIOTIEI 13 BUKOPHCTAHHAM KaliOpyBanbHHX (iayopocdep, 3a HEOOXIIHOCTI Michs Ji3UCy
eputpouutiB npodu (DY, crarrsa 2.7.23 «Iliopaxynox cemonoemuunux kaimun CD34/CD45+» Ta
crarts 2.7.24 «l[Ilpomouna yumomempis).

Merton, mo BkiatodeHo a0 APV, cneundiunuii moa0 BCiX TUIIB FEMOMOETUYHUX MTpenapaTiB Ta
LUTBHOT KpOBi. Pe3ynbpTaTi BUMpOOYBaHHS 3a JaHUM METOJIOM HaBOJSATHCS y BUTIISII BIICOTKA KITITHH
CD34/CD45+ Ta abCcoM0THOTO YKCIIa Ha MIKpOIITp a00 Ha KUTOTpaM MacH Tija perurnienTta. J{oBeaeHo,
1110 3aIPOIIOHOBAHUI METO/] XapaKTePU3YEThCS BUCOKOIO UYTIUBICTIO 1, 3aKOHOMIPHO, Ja€ MOKJIUBICTh
KOHTPOJIIOBAaTH JIIKapChKi 3aco0u 3 Ay)Xe MajluM BiICOTKOBUM BMicToM kiliTuH CD34/CD45+. V
BaIIAIITHUX JIOCIIJDKEHHAX MiATBEp/KEHAa TOYHICTh Ta BHYTPILIHBO JaOOpaTOpHa Mpernu3iiiHIiCTh
LUTOMETPUYHOr0 Meroay. llpaBuibHICTh, Ta NpPEHU3IAHICTD METONy, HOro 4YyTJIUBICTH Ta
crnenuQiuHicTh 3a0e3neuye KIIHIYHO 3HAdyIll Ta JOCTOBIPHI PE3yibTaTH, a MIBUAKICTh BUKOHAHHS
JI03BOJII€ TPOBOJUTH aHaJI3 Ta OTPUMYBATH peE3yJbTaTH y peasbHOMY daci. Taky BamigaumiiHy
XapaKTEepUCTHKY, SIK MIXKJIa00paTopHa BiITBOPIOBAHICTb, 1110 MAa€ TapaHTYBAaTH HAAIMHICTh Pe3yJabTaTiB
(dapmaxkorieiinoro BunpoOysanns (CD34/CD45+)-BMicHUX JIKapChKUX 3aC001B, BIAMOBIIHO 1O BUMOT
JADY, pekoMeHy€eThCS IEPEBIPATH Yy MeXaxX MporpaMu 3 npodeciitHoro TecTyBaHHs.
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HAHOKOMILIEKCH SIK TEPCIIEKTUBHUM HAIIPSIMOK PO3BUTKY VY
®APMAKOJIOTI'TI TA MEJTUITVHI
Jlepamosa B.M.
Hayionanvuuii hapmayesmuunuii ynigepcumem, kageopa dionozii
M. Xapkie, Ykpaina

E-mail: vika55510@meta.ua

Y po6oTi OKpecIeHO MOKIMBOCTI BUKOPUCTAHHS HAHOKOMILJIEKCIB Y BUTJISIIL JIIITITHUX BE3UKYIT
a0 yirnocom, 1o SABJISIOTH CO00I0 cepuuHi ABOIMIAPOBI MEMOpaHHU, SKi MOXYTh MICTHTH JIiKapChKi
3aco0M Ta TPAHCHOPTYBATHU iX M0 KIITHHU. IcTOpis JimocoM mouuHaEeThes 3 60-x pokiB XX CTONITTS,
Konu aHriiiiceknit yaenuit Anexk benrxem (Bangham A.D.) pa3zom 3 Koieramu, NpOBOISYU
nocmiKeHHs: GocoinmiaiB y BOAHUX CEPEAOBHUINAX, HA €IEKTPOHHUX MiKpodoTorpadisx nmodayns
IaporoAiOH1 YaCTKH, CX0XK1 Ha MEMOpPaHH1 CTPYKTYpH KIITHHU. [loganbIn qoCiiKeHHS TTOKa3allu, 10
HEOpraHiuHi 10HH, IPUCYTHI B PO3UUHi, TPAHCTIOPTYIOTHCS YCEPEAUHY LIUX YACTUHOK Ta YTPUMYIOThHCS
TaM TpuBaiuii yac. Tak Brepiie 6yn0 BCTaHOBIIEHO, 110 (hocdoimiau, IKi € OCHOBHUMHU KOMIIOHEHTaMU
KIITUHHUX MeMOpaH, 3/1aTHI YTBOPIOBAaTH Y BOJI 3aMKHYTI MeMOpaHHiI OOOJIOHKH, SIKI 3aXOILTIOIOThH
YaCTUHY HAaBKOJHWIIHHOTO BOJHOTO pO34HMHY, a ¢ocdomimigHa MeMOpaHa, MmO iX OTOYye, Mae
BJIACTHBOCTI HAIIBIIPOHUKHOTO Oap'epy.

dapmakoTepaneBTHYHI TepeBaru JIMOcoM OOYMOBIIEHI HH3KOK (aKTOPIiB: MPHUPOIHOIO
010CYMICHICTIO MaTepiany JIocoM, BUOIPKOBICTIO JETIOHYBAaHHS IIOJO KIITHH, SIKI MEpe0yBaloTh Y
CTaHi TIMOKCii, MOXJHMBICTIO PETYJIOBATH JIINIHUN CKIAJ JIIIOCOM 1 THM CaMHUM 3MIHIOBAaTH iX
dapmakokiHeTHKY 1 (papmakoanHaMiky. Halinomupeniuii cepes HUX - 1€ CIMEMCTBO iHTETPUHIB, TOOTO
TpaHCMEMOpPaHHMX TIIIKOMPOTEiHIB - PEIENTOPIB, 110 CKIaIal0Thes 3 anbda- 1 0eTa-cyOoJuHUIb, Pi3HI
MO€HAHHSA SIKUX BU3HAYAIOTh CHEIM(IUHICTD 3B'A3yBaHH [103aKIITHHHOIO PELeNTOpa 3 TUM UM 1HIIUM
mirangoMm. Jliranaamu A7l IHTETPUHIB HayacTilIe € pi3Hi OUIKH MO3aKIITHHHOTO MAaTPHUKCY: KOJIareH,
JaMiHiH, (IOpOHEKTHH, 3HAYHA YAaCTHHA SIKUX PO3TallOBaHA Ha €H/OTENIl, 0 BUCTUJIAE BHYTPIIIHIO
MOBEPXHIO CYAMH. 3aBIASKM IHTETpUHAM LUPKYIIOIOUl KIITUHU «A13HAIOTBCA», 7€ IM MHOTPIOHO
3YOUHUTHCS 1 IPUKPIIUTUCA, @ TAKOXK, SIKIIO € HEOOX1/IHICTh, TO ¥ YBIWTH 13 CyTUHU /10 TKAHUHH.

Uepez Te, mo memOpaHa JIIIOCOM CKJIQJa€ThCs 3 MNPUPOIHUX (ocomimigiB, JIIIOCOMU
HETOKCUYHI, MalOTh 3JaTHICTb 10 Olojerpanamii, a ix mMemOpaHa MoOe 3JIMBATUCS 3 KIITHMHHOIO
MeMOpaHo10, 10 MPU3BOIUTH J0 BHYTPIIIHBOKIITUHHOIO TPAHCIOPTY iX BMICTY Ta HOro MOTJIMHAHHS
KIiTHHOIO. KpiM TOro, pedoBuHa, 10 MICTUTBCS Y JIINOCOMI, 3aXMIIEHA BiJl TIPOJIITUYHOTO BIUIMBY
¢depMeHTiB, 10 301IbIIye €(pEeKTHUBHICTH IMpenapariB, CXWIbHUX 10 OloJecTpykuii B O10JIOTTYHHX
piauHax. JlimocoManbHi cucTeMu ab0 HAHOKOMILJIEKCH CJI1J PO3IJISIaTH HE TIIbKU K HOCIT JIIKApChKUX
3ac001B, ajie 1 K CaMOCTINHI YMHHUKH (PapMaKOKOPEKIIil MaTOJIOTTYHUX CTaHIB.

Ha ocnosi ninocom B.M. CredanoBuM, OyB CTBOPEHHUI aHTUTINMOKCUYHUI aHTHOKCHUIAHTHUN
npenapaT «JlimiH» — ynepiie B CBITI IPOMHUCIOBO OCBOEHMH JIMOCOMalIbHUM JIKapchkui 3aci6. Jlo
JinocoManbHUX TpenapaTiB po3pobiienux CredanoBum B.M., BimHocATbes Takox «JliomiB» Ta
«JlinopnaBon». Ionermena nudysis 3 aacopOOBaHUX JIMOCOM, MEXaHI3M Jii JIIMOCOM, 1IMOBIPHO,
nojsirae B Moaudikaiii (ocdominigHOro OTOYEHHS 10HHMX KaHajliB, MEeMOpPaHHUX pELEeNnTopiB i
(epMEeHTIB: SIKIIO OTOYECHHSI 3MIHIOETHCS, TO BIAMOBITHO 3MIHIOETHCSA 1 X AKTHUBHICTh. 3MIHIOIOUHU
JMiAHUR CKJIaJ JIIOCOM, MOXKHA IIUIECTIPSIMOBAHO 3MiHIOBATH iX (hapmakonoriunuii epexr. Takum
YUHOM, JIIKH Y popMi (HocominiJHIX HAaHOYACTOK MalOTh BUCOKY 010/10CTYITHICTb Ta €(EKTUBHICTb.
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CONDITIONS AND FACTORS LEADING TO MULTIDRUG RESISTANCE IN BACTERIA
AND EUKARYOTIC CELLS
Rimantas Daugelavicius Lecture 1

Rimantas Daugelavicius
Department of Biochemistry, Vytautas Magnus University, Vileikos str. 8, Kaunas 44404, Lithuania

E-mail: rimantas.daugelavicius@vdu.lt

Multidrug resistance (MDR) caused by multidrug transporters (MT) is a complex phenotype
when cells acquire resistance to wide variety of structurally unrelated drugs. MDR is one of the most
common reasons of bacterial resistance to antibiotics and information on the efflux transporters is of
vital importance for effective usage of available antibacterials and discovery of the new ones. At the
same time resistance to anticancer drugs is the main limitation of effective chemotherapy. It is of crucial
importance to understand conditions and factors determining the increased efficiency of efflux and the
overexpression of MT genes.

MTs need energy to transport compounds against their electrical and/or chemical gradients.
Members of clinically the most important resistance-nodulation-division family of MTs in gram-
negative bacteria obtain energy from the proton motive force generated as a result of energy metabolism.
Efflux inhibitors are considered as attractive means for the prevention of antibiotic efflux from clinically
relevant bacterial pathogens. Possibilities of the usage of efflux inhibitors will be discussed.

One of the best known MTs in human cells is P-glycoprotein, the product of ABCB1 gene, able
to extrude from cells a variety of lipophilic drugs and widely contributing to chemoresistance. Cells
resistant to high concentrations of chemotherapy drugs can be developed exposing the cell cultures to
stepwise increase of lipophilic compound, i.e., tetraphenylphosphonium (TPP*) concentrations. TPP*-
induced resistance is accompanied by a high efficiency of doxorubicin efflux and more than 1 million-
fold upregulation of ABCB1 expression. Compounds inducing the overexpression of MT genes in
bacteria and eukaryotic cells will be discussed.
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POTENTIALS OF NANOCARRIERS IN CIRCUMVENTING TUMOR CELL RESISTANCE
TO ANTICANCER DRUGS AND DIMINISHING NEGATIVE SIDE EFFECTS OF THEIR
ACTION IN THE TREATED ORGANISM

Rostyslav Stoika Lecture 2
Rostyslav Stoika
Institute of Cell Biology, National Academy of Sciences of Ukraine,
Drahomanov Street 14/16, 79005 Lviv, Ukraine

E-mail: stoika.rostyslav@gmail.com

There are two principal problems at using the anticancer chemotherapy: 1) only 0.01% of drugs
applied intravenously reach their biological targets in the organism, while 99.99% can cause negative
side effects; 2) during a year term, over 50% of cancer patients gain resistance to applied
chemotherapeutic drugs. Both these problems can be solved through using nanomaterials (<100 nm) for
drug delivery, since such delivery: a) enhances an effectiveness of drug action in vitro and in vivo; b)
accelerates drug delivery to target cells; c) permits circumventing natural biological barriers,
particularly, the multi-drug resistance in tumor cells; d) reduces the adverse side effects (cardio-, hepato-
, nephro-, neuro-, immuno-toxicities) caused by drugs in the treated organism; e) prolongs a stability of
anticancer drugs and their treatment effects; f) provides water solubility to water insoluble drug
substances that improves their application.

At a design of nanoparticles for biological and medical application, one should take into account
the following characteristics of the particles: 1) size (important for particles’ clearance); 2) core (defines
bio-degradability); 3) coating (affects biocompatibility); 4) labeling (important for detection at bio-
imaging); 5) activation (necessary for bio-functionalization); 6) bio-functionalization (provides a
possibility of particles’ recognition by specific cells).

Here we demonstrated that immobilization of anticancer drug by the nanocarriers of the organic
(polymer) or mineral (fullerene Ceo) nature decreased the acting concentration of the drug, thus,
enhancing its cytotoxic (pro-apoptotic) action. Such enhancement also included circumvention of the
multidrug resistance barriers, probably due to “hiding” the drug from special membrane transporters
protecting cells from the action of low molecular weight toxic agents, particularly drug substances.
Besides, such “masking” of highly toxic anticancer drugs prevented their direct interaction with cells of
normal tissues and organs at their non-addressed action in the treated organism. In such way, the negative
side effects of the anticancer drug, namely its cardio-, hepato-, and nephro-toxicities were significantly
decreased. Perspectives of using specific nanocarriers for delivery of anticancer drugs to tumor cells in
vitro and in tumor bearing animals (mice) are considered.

Acknowledgements for: R. Panchuk, N. Finiuk, Yu. Senkiv, N. Boiko, N. Skorokhyd, N.
Kashchak, Yu. Kozak, O. Klyuchivska (Institute of Cell Biology, NAS of Ukraine), N. Mitina, A.
Ryabtseva, O. Zaichenko (National University “Lviv Polytechnica”), L. Kobylinska, R. Lesyk (Danylo
Halytsky Lviv National Medical University), Yu. Prylutsky (Taras Shevchenko Kyiv National
University).
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METABOLIC ANTICANCER ENZYMOTHERAPY BASED ON ARGININE DEPRIVATION
AND NEW COMBINATIONAL APPROACHES

Oleh Stasyk Lecture 3

Oleh Stasyk
Institute of Cell Biology, National Academy of Sciences of Ukraine,
Drahomanov Street 14/16, 79005 Lviv, Ukraine

E-mail: stasyk@cellbiol.lviv.ua

Metabolic anticancer therapies based on a single amino acid (such as asparagine, methionine,
and arginine) deprivation was developed as potentially more selective and less toxic alternatives to the
existing classical therapies. Several recombinant arginine-degrading enzymes that can be applicable in
humans have been elaborated to support such enzymotherapy.

However, despite of the recent progress in laboratory, several problems still have to be addressed
before it is approved for the practical use. For instance, clinical trials demonstrated that this monotherapy
is quite efficient in controlling growth of many highly aggressive tumors which are auxotrophic for
arginine, but is less efficient than had been originally expected as a curative approach. Therefore, to
increase therapeutic efficacy of arginine deprivation, new more efficient rationally designed
combinatory procedures are sought.

We established on diverse cancer cell models that such auxilliary therapeutics as inhibitors of
autophagic protein degradation, arginine proteomimetic analogues such as canavanine, and nitric oxide
donors specifically enhance antitumor effects of arginine deprivation. We have recently described that
one of the critical cellular responses to single amino acid starvation is mediated by endoplasmic
reticulum stress and resulting unfolded protein response (Bobak et al., 2016). In collaboration with Prof.
Jolanta Redowicz (Nencki institute of experimental biology PAN, Warsaw, Poland) we observed for the
first time that arginine deprivation specifically leads to transient actin cytoskeleton remodeling and
profound impairment of cells metastatic properties (Pavlyk et al., 2015). In addition, in collaboration
with Prof. Leoni Kunz-Schughart (Oncoray, Technical University Dresden, Germany) it was
demonstrated that arginine deprivation, especially in combination with antimetabolite canavanine, leads
to profound radiosensitization of tumor cells (Kurlishchuk et al., 2016). Future research and animal
studies should reveal whether potential of the mentioned combinatory approaches is translated to in vivo.

Bobak Y. et al. The International Journal of Biochemistry & Cell Biology. 2016, 70:29-38.

Pavlyk Y. et al. Amino Acids. 2015, 47:199-212.
Kurlishchuk et al. Oncotarget. 2016, 7(45):73292-73308.
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CIRCUMVENTION OF TUMOR DRUG RESISTANCE BY QUINONE-CONTAINING
COMPOUNDS: ROLE OF EXTRAMITOCHONDRIAL ROS

Rostyslav Panchuk Lecture 4
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Cancer drug resistance is considered one of the main reason for the failure of conventional
chemotherapy, and is mainly caused by overexpression of ABC-transporter proteins (P-glycoprotein,
MRP-1, berp) in plasma membrane of tumor cells. However, these processes are tightly dependent on
ATP production, thus lowering cellular ATP pool by pro-oxidants should inhibit efficiency of drug
efflux pumps and circumvent cancer drug resistance. Recently we have shown that quinone-containing
angucycline antibiotic landomycin E leads to massive extramitochondrial hydrogen peroxide production
in tumor cells (Panchuk et al, Free Rad Biol Med, 2017), which allows him to easily circumvent multi-
drug resistance, caused by overexpression of P-gp, MRP-1, bcrp. However, the molecular mechanisms
of this phenomenon remained poorly understood. The main aim of this study was to dissect structure-
activity relationships underlying ROS-producing and MDR-circumventing potential of various quinone-
containing compounds.

It was revealed that presence of 1,4-benzoquinone motif in molecule of menadione (vitamin K3)
was sufficient for successful circumvention of cancer drug resistance (caused by P-gp and MRP-1
overexpression) in human leukemia cells by this compound. However, the overall cytotoxic action of
menadione was low (LCso=50 uM), but subsequent addition of extra benzene rings (landomycinone,
LCs0=10 uM) and 6 dideoxysugars (landomycin A, LA, LCss=1 uM) to menadione scaffold resulted in
50-fold increase of its anticancer activity with full preservation of its MDR-circumventing potential.
Increased complexity of quinone molecules also significantly changed their mode of action. In particular,
menadione led to early burst both of H2O, (2,5-fold) and Oz production (1,5-fold) already at 1h after
addition to cell culture, reaching its peak at 3h timepoint. No signs of depolarization of mitochondria
were detected at 1-6h indicating that both of these ROS were produced by cytosolic enzymes. However,
at late timepoins (24h) menadione led to massive (96%) depolarization of mitochondria, accompanied
by 12-fold increase in superoxides, indicating on time-dependent involvement of both cytosolic enzymes
and mitochondria in cell death, induced by this drug.

On contrast to it, LA led only to strong (5-fold) increase of H2O: levels at 1h without any visible
impact on superoxide production. Weak depolarization (30%) of mitochondria under LA action was
observed only at 24h, indicating that cytosolic enzymes play crucial role in H202 burst and hence MDR
circumvention by this antibiotic. In silico studies have revealed two potential targets of quinone-
containing compounds — NADPH dehydrogenases NQO1 and NQO2, which are involved in H,O> and
O2" production, correspondingly. It was revealed that menadione demonstrated high affinity both to
NQO1 and NQO2, which positively correlated with increased H202 and O2’levels under its action in
vitro. However, LA was able to form a tight complex only with NQO1 due to presence of extra binding
pocket in this enzyme for LA’s oligosaccharide chain, which was closed in NQO2. These data explain
specific H2O> production under the action of LA, which may be of key importance in circumvention of
MDR by this experimental drug.
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LEANING POINTS AROUND BIOCOMPATIBILITY OF PD SOLUTIONS MEASURED AS
IN VITRO PROLIFERATION OF HEPG2 AND VERO CELLS
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Introduction. Issues of biocompatibility studies of solutions for peritoneal dialysis (PD) is very
important from a point of view of saving peritoneum functions and finding factors influencing
biocompatibility.

Methods. The following research methods were used: analytical methods for determination of
pH, glucose degradation products (GDPs) contents and cell viability using neutral red (NR), MTT and
sulforhodamin B (SRB).

Results. Assessing all the laboratory-made PD solutions with the HepG2 and Vero cells, there
were non-significant (weak) predicted positive relationships (0.35 and 0.32) between viability and pH
in the MTT-test (the more was pH, the higher was viability) and negative unpredicted relationships in
the NR- (-0.88 and -0.50) and SRB-test (-0.72 and -0.38), respectively. There were non-significant
unpredicted relationships (-0.12 and -0.20) between viability and GDPs concentration in the MTT-test
and a strong and middle positive (the more was concentration, the higher was viability) unpredicted
relationships in the NR- (0.96 and 0.50) and a middle and weak unpredicted relationships (0.66 and 0.18)
in the SRB-test, respectively, with the HepG2 and Vero line. There were positive unpredicted
relationships between viability of the HepG2 and Vero line and glucose concentration: 0.12 and 0.20 in
the MTT-test, 0.37 and 0.14 in the NR-test and 0.37 in the two SRB-tests, respectively.

Discussion. The study results established influence of numerous factors on the biovailability of
PD solutions: type of cells, test of the viability determination, pH, etc. However, only MTT-test gives a
non-significant but predicted relationship between increasing both cell types viability and increasing
solutions pH.

Conclusion. Our study has several important learning points around biocompatibility. The first
is that cytotoxicity is related as much to pH and other unknown mechanisms as it is to GDPs and glucose.
The second point is that GDPs or glucose did not exert an exceptionally strong effect upon PD solutions
cytotoxicity.

Acknowledgement:

Co-author Nataliia Hudz is grateful to the International Visegrad Fund (contract No. 51700107)
for providing scholarship for studies related to solutions for dialysis therapy.
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BIOJIOTTYHI JIIKAPCBKI 3ACOBU: XAPAKTEPUCTHUKA, 3ACTOCYBAHHA,
OB’EM CBITOBOI'O PUHKY, ®PAPMAKONEWHI BUMOTI'H 10 IKOCTI
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3acrocyBanHs OionoriuHux Jikapcbkux 3aco0iB (BJI3), BHroToBIEeHMX 3a JAOMOMOIOIO
BHCOKOTEXHOJIOTIYHUX MPOIECIB, BIIKPHIM HOBI MOXIIMBOCTI B Tepamii 3aXBOpPIOBaHb, SIKi BajKKO
MIAI0THCS JIIKYBAaHHIO: ayTOIMYHHUX, 1H(MEKIIHHUX, OHKOJIOTIYHOI IMaToJorii, IyKpOBOro aiadeTy,
PO3CISIHOTO CKJIEPO3Y, apTPUTY Ta 1H.

bionoriununii nikapcekuii 3aci6 (bJI3) — nikapcbkuii 3aci0, 110 MICTUTD SIK AKTUBHUH 1HTPEIIEHT
Oionoriuny pedoBuHy. Jlo Bemukoi rpynu bBJI3 HanexaTh anepreHd, aHTUICHM, BaKUUHM, IMYHHI
CHpPOBATKH, UUTOKIHU, 1HTEpPEepoHH, anbOyMiHH, (PAKTOPH 3TOPTAaHHS KpOBI, IMYHOTJIOOYIiHH,
IMYHOMOJYJIATOPU OaKTEPiaIbHOTO TOXO/KEHHS, MOHOKJIOHAIbHI aHTHTINA, JKUBI OloTepaneBTHYHI
Jikapcbki 3aco0m (mMpoOioTMKM) Ta i1HII Yy BUMISAAI (apManeBTHYHHX IPENapariB, aKTUBHUX
(bapMarieBTHYHUX 1HTPEIIEHTIB, HEPO3(hacoBaHUX JIIKApChKUX 3aco0iB Ta mpemnaparis in bulk. ITix sac
iX BHIOTOBJICHHS, B OCHOBHOMY, BHMKOPHCTOBYIOTh TaKi BHCOKOOIOTEXHOJIOTIYHI IPOLECH, SK
3aCTOCYBaHHS METOJIIB TEHHOI 1HXKeHepii; mepeHoc TeHiB OioMonekynamMu Ta/abo O0i0JIOT1YHO
MOAU(]IKOBAaHUMH KIIITUHAMH, M0 € JII0OYMMH pEUYOBHHAMH a00 YacTHUHAMHU JIIOYHUX PEYOBHUH;
TexHoJorito pekomOiHanTHO1 JIHK; KOHTpONIbOBaHy eKCHpecito TeHiB, 1110 KOAYIOTh 010J10T14HO aKTHUBHI
OUTKM y MpOKapioTiB Ta eykKapioTiB (30KpemMa TpaHCGOPMOBAHI KIITHHH CCaBIB; TiOPUIOMHY
TEXHOJIOTII0O Ta MOHOKJIOHAJIBHI AHTWTLNA); PENPOAYKIII0 JKUBUX areHTiB y KYyJbTypax KIITHH,
eMOpiIOHaxX YU TBapUHAX; EKCTPAKIIIO PEYOBHH 3 O10JIOTIYHUX TKAHWH (BKJIIOYAIOYM TKAHUHHU JIFOIUHH,
TBApHUH 1 POCIINH); KyJbTUBYBaHHSI IITAMIB MIKpOOPTaHi3MiB 1 KJIITHH €yKapioTiB.

Ha nanuii yac Ha CBITOBOMY PHHKY (papMalieBTHYHUMU KOMIIaHISIMU MTPECTaBIeHO 6sin3bko 220
BJI3 1 6inbme 250 3HaxomsTbes B cTanii po3poOku. OOcAr CBITOBOrO pUHKY OI10TEXHOJOrM Ha
CHOTOJIHIIIHIN JeHb OIiHIoeThes B 270 mupa. goma., a 1o 2020 p. ckianyts 6auszbko 600 mupa. gom.
(Txepeno: IMS Consulting Group).

XapakTepHucTUKa Ta BU3HaYeHHs sikocTi bJI3, onepakaHux 3a 10IoMOror BUCOKOTEXHOIOTTYHUX
MPOLIECIB, € CKJIaJHUM 3aBJaHHSAM Ta noTpedye KomOiHalii (HI3UKO-XIMIYHMX 1 OI0JIOTIYHUX
BHUMPOOYBaHb, @ TAKOXK OI[IHKH TEXHOJIOTIYHOTO MPOIECY Ta HOr0 KOHTPOJIb.

Kontpons sxocti BJI3 BianoBigHo 10 hapmMakoneHUX CTaHAApTIB € HEB1I'€MHOIO YAaCTHHOIO
3a0€3meYeHHs] BITYM3HSIHUX CIIOXUBAYiB JIKAPCHKUMHU 3aco0amu, SKi BIAMOBIAAIOTH BHUMOTaM,
BCTAHOBJICHUM 3aKOHOJIAaBCTBOM YKpaiHu. SIKICTh €BPOMENUCHKOTO PiBHS, IO € Oe3MepeyHOI0 YMOBOIO
Oe3mekn Ta e(EeKTHBHOCTI 3aCTOCYBAaHHS JIIKApChKUX 3aco0iB, 3abe3nedye JOTPUMAHHS BUMOT
HepxaBHoi @apmakornei YKpaiHu, MPaBOBOrO aKkTy, SKHM MICTUThH 3arajbHi BUMOTH JO JIKApPChKUX
3ac00iB, BUMOTH /IO YITAaKOBKH, YMOB 1 TepMiHY 30€piraHHs Ta METO/IiB KOHTPOJIIO iX SIKOCT1, Ta OBHICTIO
rapMoHi3oBaHa 3 €Bpornelcbkoro PapMaKoIeero.
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L-CANAVANINE INFLUENCE ON HUMAN GLIOBLASTOMA CELLS UNDER ARGININE
DEPRIVATION

Olena Karatsai Poster 1
Olena Karatsai', Oleh Stasyk?, Maria Jolanta Redowicz?

1 — Laboratory of Molecular Basis of Cell Motility, Nencki Institute of Experimental Biology PAS, 3

Pasteur Street, 02-093 Warsaw, Poland

2 — Institute of Cell Biology, National Academy of Science of Ukraine, Drahomanov Street 14/16, 79005
Lviv, Ukraine

E-mail: o.karatsai@nencki.gov.pl

It is known that numerous cancers are defective in arginine biosynthesis and therefore become
hypersensitive to deprivation of this amino acid. Auxotrophy of several tumors for arginine, including
glioblastomas, is mainly related to impairment of activity of argininosuccinate synthetase, one of the
key enzymes of arginine biosynthesis. However, arginine deprivation affects only tumor cell growth and
does not induce cell death. One of the drugs that can be used in combination with arginine deprivation
is arginine analogue, L-canavanine.

We decided to analyse the effect of L-canavanine under arginine deprivation on human U251MG
and U87MG glioblastoma cells. We demonstrated that L-canavanine under the limitation of arginine
increases the amino acid response signal transduction pathways. In particular, we observed changes in
elF2a phosphorylation, activation of PI3K/Akt/mTOR pathway, and expression of ATF4, a master
regulator controlling the transcription of key genes essential for adaptative functions. Also, we examined
the effects of L-canavanine on MAPK/ERK signaling pathway in glioblastoma cells. We observed that
under the cotreatment phosphorylation of ERK1/2 was decreased only in U251MG cell line. We also
noted that the level of p38 phosphorylated protein was significantly increased in both cell lines thus
suggesting suppression of cell proliferation. Moreover, we demonstrated that L-canavanine under
arginine deprivation induced apoptotic cell death in human glioblastoma cells. These observations
indicate that this combinational treatment might be potentially used for the development of an effective
anticancer therapy against these treatment-resistant and highly malignant tumors.

This work was supported by European Union's Horizon 2020 research and innovation

programme under the Marie Sklodowska-Curie grant agreement N0.665735 granted to the Nencki
Institute.
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THE COMPLEX INFLUENCE OF NEWCASTLE DISEASE VIRUS LASOTA STRAIN AND
TESTOSTERONE ON HUMAN PROSTATE CANCER CELLS WITH DIFFERENT
SENSITIVITY TO HORMONE THERAPY IN VITRO
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Prostate cancer (PC) therapy is severely hampered by lack of response and development of
resistance to conventional chemotherapeutic drugs in patients, and some types of PC are insensitive to
the hormone therapy which is obstacle for anti-androgen treatment. Furthermore, according to the
experimental data (Song W., 2014), physiological normal levels of androgen inhibit proliferation of PC
cells in vitro, while lower concentrations than the optimal androgen level promoted the proliferation of
PC cells. Considering this data we have a necessity to search new ways for PC treatment. Newcastle
disease virus (NDV) has a low-level pathogenicity for the human organism and is used for the complex
treatment of cancer because the virus is cytotoxic for tumor cells and can stimulate producing of some
cytokines with anti-tumor activity (Schirrmacher V., 2017).

The aim of this work was to study the influence of NDV of avirulent vaccine strain LaSota in
complex with testosterone (T) on androgen-dependent LNCaP and androgen-independent PC-3 cell lines
of human prostate cancer. In this work were used virology and cell culture methods. To the cells, infected
by NDV, were added various concentration of testosterone and cultured during 48 hours.

The results of the experiment showed that a number of alive LNCaP cells for concentration at
NDV=208333.33 EIDso/ml in mono mode was 57.31+1.13%, while for T=0.16 ng/ml this number was
82.4149.41%. In conditions of complex using these agents at such concentrations the number of alive
cells was 40.724+3.73%, and it's may point to additive/synergetic effect of NDV (208333.33 EIDso/ml)
and testosterone (0.16 ng/ml) on androgen-dependent LNCaP cells in vitro. Also similar effects for other
few combination of NDV/Testosterone were observed. For example, for NDV=416666.67 EIDso/ml in
monomode was 30.09+5.28% alive cells, while for T=0.04 ng/ml this number was 101.79+2.24%, and
for complex of these concentrations was 14.87+2.82% alive cells. For androgen-independent PC-3 cells
a number of alive cells for concentrations of NDV=208333.33 EIDso/ml and T=0.16 ng/ml in monomode
were 67.42+2.3% and 92.77+5.13% respectively. The complex using of these concentrations gave
58.45+4.16% of PC-3 alive cells, and it’s also additive/synergetic effect. For such type of effect for
androgen-independent PC-3 cells were also observed other combinations of NDV/T. Also, should be
noted that LNCaP cells were more sensitive to the NDV in compare to PC-3 cells, because for LNCaP
IC50=232989.97 EIDso/ml, while for PC-3 1C50=559812.25 EIDso/ml.These results can become a base
for further investigations of features of complex therapy by NDV LaSota and testosterone on human
prostate cancer and for creating other alternative ways for cancer biotherapy.

Song W., Khera M., Physiological normal levels of androgen inhibit proliferation of prostate cancer in
vitro, Asian J. Androl. 2014, 16(6):864-868.

Schirrmacher V., Immunobiology of Newcastle Disease Virus and Its Use for Prophylactic Vaccination
in Poultry and as Adjuvant for Therapeutic Vaccination in Cancer Patients, Int. J. Mol. Sci. 2017, 18:1—
20.
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OCOBJIMBOCTI HOPYIIEHB BYIVIEBOAHEBOI'O OBMIHY B I'OPMOH-YYTJIMBUX 1
PE3UCTEHTHHUX KJIITHHAX PAKY MNEPEJIMIXYPOBOI 3AJI03M1 JIIOJJAHMA IN VITRO
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Pak mepenmixypoBoi 3ano3u (PII3) Ta mykpoBuit miaber — ogHi 3 HAaHOUIBII TOIMUPEHUX
3aXBOPIOBaHb, 1[0 BPa)XXalOTh YOJIOBIKIB CTapmioro Biky. Jlociimkenns nmokasanu, mo came PII3 cepen
MAIIE€HTIB 13 IIyKPOBUM 1a0€TOM 3ycTpidaeThes piamie. Pa3oM 3 ThM, B o€ JHAHHI 3 IIYKPOBUM /1ia0eTOM
PII3 mportikae OLIBII arpecHMBHO 1 4YacTillle CYMPOBOJKYEThCS METAacCTa3yBaHHSM B perioHapHi
mimbatuyni By3nu. OcoO0IMBOCTI TAKOTO Nepediry OHKOJIOTIYHOTO 3aXBOPIOBAHHS MOB'sI3aH1 3 PI3HUMU
MOPYIIEHHSMHU O10CHHTE3y TOPMOHIB 200 HAJIMIPHOIO EKCIIPECIEI0 PEelEnTOPiB 10 HUX B KiiTHHAX PII3,
110 CYIPOBOKYETHCA MPUTHIYCHHSIM arloNTo3y Ta MiABUIIEHHAM Mpoidepariii MyXIUHHUX KIITHH. 3
OTJISIY Ha 11, aKTyaJlbHUM € JOCIIIP)KEHHS BIUIMBY 1HCYITIHY Ha mpoidepalliro Ta MeTadoi3M IITI0K03U
TOPMOH-YYTJIMBUMH 1 pe3ucTeHTHUMHU KimituHamu PII3 in vitro. O6’extu mocimkenns: kiituau PII3
moauan miHii LNCaP — ropmon-uyrtnmBi Ta Du-145 — p3ucrentni. Metoam: KyinbTypu KIIITHH,
OioximiuHi, MOJIEKYJISIpHOI GioJiorii Ta cratucthuni. AHani3 kinbkocti FITC-incynin® KiiTiH Ta piBHS
eKCIpecii perenTopa iHCYJIHY B MOMYJIAIIT TOCHIHKYBaHUX KIIITHH MTOKAa3aB, 0 HA PiBHI TCHJICHIIIT B
ropmMoH-uyTuBuX Kiituaax LNCaP kinekicte FITC-incynin® xiiTun Ta piBeHb eKcrpecii penenrtopa
1HCYJIiHY Ha KIIITUHAX BHILUH, HIXK B TOpMOH-pedpakTepHux KiaituHax Du-145. TTokaszaHo, mo 3a yMmoB
KynbTuByBaHHA KiIiTUH LNCaP y moxxuBHOMY cepeloBUINl 3 BUCOKHM BMICTOM ITIOKO3U (4,5 1/1)
1HCYJIIH y BCIX AociimkeHix kKoHeHTpamisax (2000-30 Hr/mi) cTUMYIIOBAaB Ipoidepariito X KITHH
Ha 20-30%, B mnopiBHsAHHI 3 koHTposneM. KyneTuByBanHs LNCaP B mnpucyTHOCTI Takux ke
KOHIEHTpALIl 1HCYJIHY, ajle B MMOKUBHOMY CEPEIOBUIILI 3 HU3bKOIO KOHIEHTpalieto riaoko3u (1 /i)
CYTT€BO HE BIUTUBAJIO HA iX mpodideparito. AHaii3 nporidepaTuBHOT akTUBHOCTI KiIiTUH Du-145 micis
iXx oOpoOKHM IHCYJTIHOM IIOKa3aB, IO JIMIIE BUCOKI KOHIEHTparii ropmony (2000-1000 ur/mu)
CHPUYHUHSIIM NPUTHIYEHHS 1X npoidepariii Ha 28-20% B MOXXKUBHOMY CEpPEOBHILI 3 BUCOKMM BMICTOM
rII0Ko3M 1 Ha 18-12% B cepeoBHII 3 HIXKYOKO KOHIIEHTPAIII€I0 [IFOKO3HU, B TOPIBHSAHHI 3 KOHTPOJIEM.
JlocnipkeHHsT 0coOIMBOCTEN MOTTMHAHHA Tiroko3u KiiThHamMu LNCaP B mpuCyTHOCTI 1HCYJiHY
nokasaio, o LNCaP B npucytrocTi 2000-125 Hr/mi iHCYNTiHY MeTab0Mi3yI0Th II0K03y Ha 32,5-17,3%
iHTeHCcHUBHIIEe HDK iHTakTHI KimituHH (p<0,05). AaHami3 KiIbKOCTI MeTa0O0Ji30BaHOI TIIOKO3H B
KYyJIbTYypaJbHOMY CepeloBHUIlll 3 KIiTUH Du-145 mokasaB, 1o juine BHUCOKI KOHIIGHTpAIlii 1HCYIHY
(2000-1000 Hr/miT) CTATUCTHYHO AOCTOBIPHO MiJABUIINYIOTh KUTBKICTh MOTJIMHYTO! KJIITUHAMY TITFOKO3H
Ha 34-32%, B nopiBHsAHHI 3 KoHTposneM. KynsTuByBanus Du-145 B npucytHocti 30 Hr/mi iHCYIIHY
MPU3BOAMUIIO JI0 CTATUCTUYHO JIOCTOBIPHOTO 3MEHIIEHHS KUIBKOCTI MOIVIMHYTOI TJI0Ko3U Ha 23%, B
MOPIBHSHHI 3 KOHTPOJIEM.

BucHoBku: B ropmon-uyrnuBux kiituHax LNCaP Ha piBHI TeHaeHuii Oyina BiaMiueHa Oinbina
kinbkicts FITC-iHcymin® KIiTHH Ta BUIIMNA PiBEHb €KCIpecii penenTtopiB iHCYiHY, HiXX B TOPMOH-
pedpakrepuux kiituHax Du-145. IncymiH B yciX JOCHIDKEHMX KOHIEHTpAIlisIX ITiIBUIIYBaB
npoiideparnBHy akTuBHICTH KIIiTHH LNCaP, ane B xiritnaax Du-145 BUCOKI KOHIIGHTpaIlil TOPMOHY
MPU3BOMIIN JI0 TpUTHIYeHHs mpomidepamii krituH. Ha Bigminy Bix kimituH LNCaP, nume Bucoki
KOHIEHTpaLli IHCYJIHY CYTTE€BO MiABUIILYBAIM KUIbKICTh MOTJIMHYTOT TIIOKO3H KiliThHamu Du-145.
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OCOBJIUBOCTI EKCIIPECII PEIIEIITOPA IHCYJIIHY B KJIITHHAX PAKY
MOJIOYHOI 3AJI03M JIFOJJUHHU 3 PI3HUM CTYIIEHEM MEJINKAMEHTO3HOI
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[TpoGema MeAMKAMEHTO3HOI PE3UCTECHTHOCTI MyXJIMHHUX KIITHH 10 1ii nutocratukis (LIC) moci
3aJIMIIAETHCS HE BUPiIeHO0. Oco0IMBIiCTE META00II3MY IITIOKO3H MyXJIMHHUMHU KJIITHHAMH € OJHIEIO 3
OCHOBHHMX O3HAK, SIKI BIUIMBAIOTh HA YYTIMBICTh MyXJWHHUX KIiTHH a0 Aii [[C. OgHak, HaCKUTbKH
3MIHIOETBCSI METa00J113M MYXJIMHHOT KJIITUHHU 3 PI3HUM PIBHEM MEIMKAMEHTO3HOI pe3UCTEHTHOCTI 10 il
IIC € no xiHug He BUBUEHMM. HaliBaXIMBIIIMM TOPMOHOM, LIO BiANOBiAA€ 3@ 3aCBOEHHS TIIHOKO3U
KIITUHOIO € iHcyniH. [HcyminoBuil penentop (PI) Bimirpae kiaro4oBy poib B peryisiii romMeocTasy
TIIIOKO3U, (PYHKIIOHAJIBHOTO MPOLECY, SIKUH MPHU JIEreHEePaTUBHUX YMOBAX MOXKE NMPHU3BECTH J0 PSIILy
KIIIHIYHUX TPOSBIB, B TOMY YHCII Jia0eTy i paKy. 3 OISy Ha 1€, BAXKIUBO JTOCIITUTH OCOOIMBOCTI
excrpecii Pl B myXIMHHUX KITITHHAX 3 Pi3HUM CTYIIEHEM MeIWKaMeHTO3HO1 pe3ucteHTHOCTi 10 LIC Ta
BCTAaHOBUTH SIK JIi€ 1HCYJiH Ha ekcrpecito Pl ta mpomidepaTHBHY aKTHBHICTh TaKuX KIITHH. Y POOOTI
BHUKOPHCTOBYBAIHM KIIITHHU aJCHOKAPIUHOMH MOJIOYHOI 3aJ1031 JOIUHK BuXigHo1 jaiHii MCF-7/S ta
KJIITHHH 3 PI3HUM CTYIIEHEM MEIMKaMEHTO3HOI Pe3UCTEHTHOCTI 10 nokcopyoinuny: MCF-7/Dox(2) —
piBerb pesucrentHocti 2 ta MCF-7/Dox(4) — piBenp pesucteHtHocTi 4. Jlas  JOCHIIKEHD
3aCTOCOBYBAIM MOJIEKYJIIPHI METOAM Ta METOAM KYJIbTYypH KITHH. Bel qociikeHHS NMPOBOAWIM 3a
YMOB KYyJIbTUBYBaHHS KIITHH B TOXUBHOMY cepenoBuIl 3 Hu3bkuM BMicToM (0,5%) derampHol
cupoBaTku. [HCymiH mroauHN KoHBbIoroBaHui 3 FITC B KOMIUIEKC] 3 IPOTOYHOKO ITUTO(IyOpHUMETPIEI0
BUKOPUCTOBYBaIM JUIsl JociikeHHs ekcrnpecli Pl B myxmmuuHux kmituHax. He Oyno BusiBIeHO
CTaTUCTHYHO JIOCTOBIPHOI pi3HUIII MiK KibKicTio FITC-iHCYMiH" KITHH B NOMYJISIIT 9y TIIMBUX KIIITHH
minii MCF-7/S Ta xmitTuH 3 (EHOTUNIOM MEIWKAMEHTO3HOI PE3HCTEHTHOCTI O JOKCOPYOIIUHY.
KynetuByBanus gocnimkenux kit (MCF-7/S, MCF-7/Dox(2) ta MCF-7/Dox(4)) B npuCyTHOCTI
incyniny (2000 Hr/mit Ta 20 HI/MIT) TAKOXK CYTTEBO HE BILTMBAIO Ha KinbkicTh FITC-incynin® kiuiTuH B
nonynsanii. OgHak, omiHka piBHA excrpecii Pl B nocnimkeHMX KiIiTHHAX MOKaszaja, IO 3a YMOB iX
KYJIbTUBYBAaHHS B CEPEJIOBUII 3 HU3BKUM BMICTOM POCTOBUX (aKTOPIB JKEpPENIOM SIKUX € (heTabHa
cupoBatka, B kirituHax MCF-7/Dox(4) piBens ekcripecii PI ctaructiano ocToBipHO HIK4ni B 3,2-3,7
pas3u, Hix B kiiTrHaxX JiHiid MCF-7/S tTa MCF-7/Dox(2). Byno moka3aHo TakoxX, IO KyJIbTUBYBAaHHS
kiitiH MCF-7/S Ta MCF-7/Dox(2) B mpucytHocti 2000 HI/MII iHCYIHY TPU3BOANIO A0 CTATUCTHYHO
nocToBipHOTO MijBUIIEeHHS piBHS ekcrpecii PI na 50,3% Tta 27,6%, BianmoBigHO, B MOPIBHAHHI 3
KOHTPOJIbHUMHU 1HTAaKTHUMHM KiIiTHHaMH 1MX JiHii. B kmitunax MCF-7/Dox(4) iHCy/iH He BIUIMBaB Ha
piBenb excrpecii PI. Bizomo, 1110 4yTauBICTh KIITHH 0 1HCYJIIHY 3aJI€KUTh MEPI 32 BCE BiJl KIJIbKOCTI
PI Ta ix aktuBHOCTI. [IpeacraBieni BuIle 1aHi KOPETIOIOTH 3 pe3ylbTaTaMM aHali3y MmpotidepaTuBHOT
aKTUBHOCTI TOCTI/DKEHUX KIITHH. Byno mokasaHo, o iHCYy iH Y BUCOKUX KoHIeHTpalisx (2000 Hr/mi)
NpUTHIYYE mpoiidepaTuBHy aKTHBHICTh KIiTHH BuxigHol niHii MCF-7/S wa 55%, xmitun MCF-
7/Dox(2) Ha 35% 1 cyrTeBo He BmuBae Ha mpomidepauito kiituiH MCF-7/Dox(4). Otxe, came B
KJIITUHAX 3 BUIIUM cryrneHeM pe3ucteHTHOcTl 10 LIC (MCF-7/Dox(4)), 3a yMOB iX KyJbTUBYBaHHS B
CepEeIOBHILI 3 HU3bKUM BMICTOM POCTOBHUX (PaKTOpIB, CIIOCTEPIrajii 3HAUHO HMKUUN PIBEHb eKcrpecii
PI vix B xmitunax MCF-7/S, i BiAnoBinHO, MEHIITYy YyTIMBICTh PE3UCTEHTHUX KIIITHH J0 1HCYJiHY.
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IMPACT OF SELENOMETHIONINE AND D-PANTETHINE ON THE FUNCTIONAL
STATUS OF THE GLUTATHIONE SYSTEM IN HUMAN PSEUDONORMAL CELLS
TREATED WITH DOXORUBICIN IN VITRO

Yuliya Kozak Poster 5
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One of the main problem of modern chemotherapy is rapid development of multiple drug
resistance (MDR) of tumor cells leading to ineffective treatment. In our previous studies we have shown
that antioxidants selenomethionine (SeMet) and D-Pantethine (D-Pt) enhanced cytotoxic effect of
doxorubicin (Dx) by 20%-30% toward drug-resistant malignant cells (P < 0.05). This can be explained
by the ability of these antioxidant compounds to reduce the level of reduced (GSH) glutathione and
glutathione-S-transferase activity (GST) which are necessary for work of ATP-binding cassette
transporters (ABC-transporters). Also SeMet and D-Pt inhibited cytotoxic action of Dx towards
pseudonormal cells, sensitive to chemotherapy treatment, by 15%-30% (P < 0.05). However, the
molecular mechanisms underlying such features of SeMet and D-Pt remain poorly understood.

The aim of our work was to investigate the impact of selenomethionine and D-pantethine on
the functional status of the glutathione system in human keratinocytes of HaCat line under doxorubicin
treatment.

It was found that the basal GSH level in human pseudonormal cells was 9.4 nmol/mg protein. At
the same time the basal level of oxidized glutathione (GSSG) was lower by 3.1-fold. Thus, typical
GSH/GSSG ratio in human keratinocytes is 3.1:1. Treatment of cells with Dx led to statistically
significant 1.7-fold decrease of the GSH level (P <0.01) and 2.4-fold increase of GSSG level (P <0.001)
compared to these parameters in untreated pseudonormal cells. This leads to imbalance in GSH/GSSG
ratio and the development of oxidative stress in studied cells. We have shown that a combined effect of
SeMet or D-Pt on the background of the cytotoxic action of doxorubicin on HaCat cells is accompanied
by 1.4-fold (P < 0.05) and 1.6-fold increase of GSH level (P < 0.01), correspondingly with a
simultaneous 1.5-fold and 2.5-fold decrease of GSSG level (P<0.001); correspondingly, in human
keratinocytes compared to these parameters in Dx-treated cells.

We didn't observed significant changes in the activity of glutathione-S-transferase (GST) in this
study. But the activity of glutathione peroxidase (GP) was increased 1.3-fold (P <0.001) under Dx action
in human keratinocytes, and it was recovered under the action of this drug in a combination with SeMet
or D-Pt thus leading to decrease in GSSG level. Dx treatment was accompanied by a 1.8-fold decrease
(P <0.001) in the activity of glutathione reductase (GR) in cells of HaCat line. Both SeMet or D-Pt
effectively normalized GR activity to a basal level, thus leading to increase in GSH level.

Thus, the studied antioxidants reduce Dx-induced oxidative stress in pseudonormal cells of
HaCat line by normalizing the activity of GPx and GR and stabilizing the GSH/GSSG ratio.
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IMMUNOPHENOTYPIC CHARACTERISTICS OF HUMAN B LYMPHOCYTIC
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Alena Duzh Poster 6

Alena V. Duzh, Andrei Y. Hancharou
Institute of Biophysics and Cell Engineering of National Academy of Sciences of Belarus,
Belarus, Minsk, Academicheskaya st., 27

E-mail: lenaduzh@gmail.com

Background: Hematopoietic B-cell lines are widely used in virology, immunology, oncology
and immunopharmacology research. The application of immortalized b-cell lines is one of the more
promising approaches to conducting experimental preclinical studies of new immunomodulatory drugs.
This will allow to exclude the use of laboratory animals along with the opportunity to standardize the
method and significantly increase its reproducibility and productivity.

Methods: 5 immortalized B-lymphocyte cell lines were used: Daudi (human, Burkitt's
lymphoma), IM-9 (human, myeloma), Raji (human, Burkitt's lymphoma), RPMI-1788 (human,
peripheral blood leukocytes of a healthy donor) and CCRF-SB (human, acute lymphoblastic leukemia).
Cell lines obtained from cryobanks were cultured in the RPMI-1640 medium supplied with 10 % FCS,
L-glutamine, sodium pyruvate, hepes and gentamycin. The expression of the following molecules was
determined: CD1c, CD5, CD10, CD11b, CD11c, CD14, CD15, CD19, CD23, CD27, CD33, CD40,
CDA43, CD45, CD54, CD62L, CD69, CD79a, CD80, CD86, CD273, CD274, HLA-DR, HLA-ABC,
kappa-, lambda- chains.

Results: An extended analysis of expression of surface molecules in human hematopoietic B-
cell lines was conducted. B-lymphoid line, which was the most suitable for screening and testing
substances with immunodulating properties, was determined The results show that cell line Daudi
express the most comprehensive set of surface markers to assess the immunobiological properties of
drugs. This line was selected for future studies.

Conclusion: Daudi cell lines were selected as a B-cell model for further research in the field of
testing of immunomodulatory drugs.
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EKCITPECIS KO-THT'TBITOPHUX MOJIEKY.JI CIMEMCTBA B7 JEHIAPUTHUMHA
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OOrpyntyBannsi. Ekcrpeciss sk KO-iHTiOITOpHMX, TaKk 1 KOCTUMYJSTOPHHX MOJIEKYT €
KJIFOYOBOIO OCOOJIMBICTIO AHTHTCHIIPE3CHTYIOUMX KIITHH, SKi JIO3BOJIAIOTH 1HIIiOBaTH abo
npurHivyBartu aktuBaiito T-xiitud. Cepen 9 uneHiB poauan B7 € sik KOCTUMYIISATOPHI, TaK 1 iHTi0iTOpHI
Mouekynu. KaHoHIYHI KOCTUMYISTOpHI Mojekynu Bkimodaots B7.1 (CD80) 1 B7.2 (CD86), Toai sk
cepes MOJIEKYJI, sIKi 3a3BUYail BBAXKAIOThCA KO-1HTi0iTOpaMu, € 7 OUIIKIB, sIKi B eIy Yepry MoB's3aHi 3
npuaymieHHsaM iMyHHoi Biamosimi: B7-DC (CD273), B7-H1 (CD274), B7-H2 (CD275), B7-H3
(CD276), B7-H4, B7-H5, B7-H6 i B7-H7. B Toii e 4ac pe3ynbTyrounii edhext B3aemoii Mosekya B7
3aNeXuTh Bij 3B's3yrounx jgiranfaiB (Hampukiaa, CD80 3 CD28 npotu CD152). HagmipHa ekcrpecis
KO-1HT10ITOPHUX MOJIEKYJl MOKe€ OyTH TOB'S3aHa 3 MOCWJICHUMH TOJEPOTCHHUMH BJIACTUBOCTIMU
neuaputHux KaiTuH (IK). Metoto nocmimkeHHs Oyno OLIHUTH €KCIPECiI0 KO-1HT1OITOPHUX MOJIEKYII
JK poaunu B7 Big xBopux Ha pak miuutyHkoBoi 3ano3u (PII3).

Metoau. Jlociimkeno 3pa3ku kpoBi 14 xpopux Ha PII3 II-1II cTazii 1 9 3mopoBux 100POBOJIBIIIB
(K). KyneruByBanusm monouutiB 3 'M-KC® i IJI-4 orpumani /IK. Excnpeciro CD80 (kn1on MEM-
233), CD86 (xmon FUN-1), B7-DC (CD273) (xion MIH18), B7-H1 (CD274) (xnon MIH1), B7-H2
(CD275) (xnon 2D3 / B7-H2), B7-H3 (CD276) (xnon FM276), B7-H4 (knon MIH43), B7-H5 (xs0H
MIHG65), B7-H6 ananizyBanu 3a JOMOMOTOK METOLY MPOTOYHOI IIMTOMETpii. BU3HAUamu K BiICOTOK
no3UTUBHUX KITHH (%), Tak 1 BimHOCHY iHTeHCcHBHICThH Quryopectenmii (RFI). Jliniro kmitua Caco-2
(ATCC® HTB-37 ™) BUKOpPHCTOBYBAJIM B SIKOCTI NMO3UTHBHOIO KOHTpomo Juist ekcrpecii CD275,
CD276, B7-H4 i B7-HS5. [nsa anamizy pe3yibTaTiB 3aCTOCOBYBAJIM METOIU HEMapaMeTPHUIHOL
CTaTUCTHUKH.

PesyabTaTn. Excrnpecis koctumynstopuux wmojiekya — CD80 1 CD86 wna 3pumux JK,
reHepoBaHuX BiJ XxBopux Ha PI13, He Mana cyrTeBux Binminnocteit Bix K. ¥ namienris 3 PI13 23,6 (20,6-
38,3)% K excnpecyBanu mosaekyiny CD273, mo B 3 pasu Buiue, Hix Ha JIK Big K (p = 0,03). V Toi1 xe
yac 1HTEHCUBHICTH ekcrpecii B7-DC we mana cTaTUCTHYHO n0CTOBIpHHX BiamiHHocTed Bin C.
InrencuBHicTs excnpecii CD274 na 3pinux JIK Bix nauienTis 3 PI13 Gyna B 2 pa3u Ginbuioro, HiX y K,
a Kinpkicte CD274" kiitun B 3,5 pasu Buuie, Hix Ha JIK, reneposanux 3 kpoBi gonopis (p = 0,02).
Excnpecis monekynun CD276 cranosuna 100% na JIK 0o6ox rpyn. He Oyno BusiBIEHO AOCTOBIpHHX
BIIMIHHOCTEH B ekcrpecii perynsaropHoi moiekyau CD275 na JIK o6ox rpyn. Excnpecist B7-H4, B7-
H5 1 B7-H6 6yna BiacytHa B Outbmiocti kyneTyp HK. Jlume 2 3pasku [JIK Bin xBopux Ha PII3
excripecyBaiu B7-H4 (2,6 % i 3,1 %) 1 2 inmni 3pazka K manu nmomitHy ekcrpecito B7-H5 (3,0 % i
4,2 %). B7-H6 BusiBneHo Tinbku B ogHOMY 3pasky 1K (2,6 %).

Bucnoku. CD80, CD86 1 CD276 € koncturyruBHuMu 17 3putux K, toal sk excmpecis
CD273, CD274 1 CD275 6yna npucyTHs y BiIHOCHO HU3bKUX KuIbKOCTsX. Excripecis B7-H4, B7-HS i
B7-H6 takox Oyna npucytHs B Aeskux 3pazkax JIK Big xBopux Ha PII3. Excripecist uux monexyn JIK y
narieHTiB 3 PII3 Moke 3HM3UTH IMYHOT€HHUN TMOTEHIian KIiTUH. He3Bakaoum Ha Te, IO
KapAMHAJIBHUX BIJIMIHHOCTEH B eKcIpecii KOIHr10ITOpHUX Moiiekyn cimeiictBa B7 Ha JIK mamieHTiB 3
PII3 i noHOpiB He OyN0 BUSBIEHO, TATEPH €KCIIpecii KOIHT10ITOPHUX MOJIEKYII Nepeadadae MOCUIeHU I
toneporenHuil nmoteHmian JAK xBopux Ha PII3. ¥V nmoganpmmx m0CHiPKEHHSX IUIAHYETHCS BCTAHOBUTH
3ajexHicTh iMyHOopeHoTuny JIK 1 ix edextuBHOCTI B nikyBanHi PI13.
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Many aggressive cancer types in course of malignant transformation become auxotrophic for
arginine. Subsequently, deprivation of arginine with arginine-degrading enzymes has been adopted as a
promising anticancer therapy. Reduction of arginine availability alone is not sufficient to eradicate
malignant cells in an organism but increases their sensitivity to conventional anticancer drugs with
various cytotoxic mechanisms. Alternative approach is to target signalling pathways, which are involved
in cancer cell response to arginine limitation and determine cellular sensitivity to the lack of arginine.
The goal of the project was to investigate how direct impact on mTORCL signalling pathways will
change the behaviour of cancer cells under arginine starvation condition to gain new knowledge on how
mMTORC1 status in colorectal carcinoma cells affects cells response to arginine deprivation therapy and
whether mTOR or TCS2 (inhibitor of mMTORC1) may be utilized as predictive markers of sensitivity to
this metabolic therapy.

For this project we generated a colorectal carcinoma cell model with hyperactivated mTORCL.
It’s known that TSC2 protein is one of the most important inhibitors of mTOR. The technology of gene
knocking out (CRISP/Cas9) was used to remove the TSC2 gene. Cells were cultured in the arginine-
supplied (complete) or in the arginine-deplete medium. The sensitivity of these cell lines to the arginine
withdrawal was analyzed by Western blot and WST cell viability assay.

As was expected, TSC2 knock out cell lines cannot deactivatt mTORC1 under serum
withdrawal. Unfortunately, no significant changes in sensitivity to arginine deprivation therapy in the
generated cell line compared to the wild-type cell line were detected. Also, we found interesting specific
changes in Akt signalling under arginine deprivation (48-72h) in TSC2 knock out cell lines but not in
the wild-type cell line. Additional canavanine treatment led to an even stronger decrease in Akt
signalling.
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KNOCKDOWN OF ADAPTOR PROTEIN RUK/CINS5 IN LEWIS LUNG CARCINOMA
CELLS IS FOLLOWED BY MESENCHYMAL-EPITHELIAL TRANSITION ASSOCIATED
WITH ATTENUATION OF TUMOR GROWTH AND BLOCKAGE OF PULMONARY
METASTASIS IN VIVO
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Liudmyla Drobot
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Lung cancer is a common cause of cancer mortality associated with distant metastases. Progress
in metastatic research, however, is constrained by the lack of tumor-bearing animal models that would
allow to comprehensively understanding the complex network of signaling pathways that drives the
multistep process of metastatic cascade. Adaptor/scaffold proteins are key regulators able to effectively
process the information through signaling networks. It was shown previously that up/down regulation
of adaptor protein Ruk/CIN85 in murine breast adenocarcinoma cells is followed by epithelial-to-
mesenchymal/mesenchymal-to-epithelial transition (EMT/MET) respectively associated with reversible
control of their malignancy features. In addition, we found high amounts of this adaptor in aggressive
Lewis lung carcinoma cells (LLC cells). In the current study, we set a goal to determine interplay
between Ruk/CIN85 down-regulation in LLC cells and their MET state as well as metastatic potential
using experimental and spontaneous metastasis models in syngeneic C57BL/6 mice.

To down-regulate Ruk/CIN85, LLC cells were stably infected with lentivirus encoding
Ruk/CIN85-specific ShRNA as well as irrelevant virus to obtain control cells. The expression levels of
Ruk/CIN85 in LLC cells and primary tumors were assessed by Western-blotting and gRT-PCR. The
influence of Ruk/CIN85 down-regulation on the morphology of LLC cells was studied by confocal
microscopy. The expression levels of specific EMT markers were evaluated by gqRT-PCR. To estimate
efficiency of experimental and spontaneous metastasis, C57BL/6 mice were inoculated intravenously or
subcutaneously into right hind leg with control and Ruk/CIN85 knockdown LLC cells. Primary tumors
and lungs were processed for histological evaluation according to standard protocol. Statistical analysis
was carried out using ANOVA with Newman-Keuls correction.

It was demonstrated that Ruk/CIN85 knockdown LLC cells acquired a more epithelial phenotype
associated with gene expression patterns characteristic of MET. Especially, the results of gRT-PCR
analysis showed that Ruk/CIN85 down-regulation in LLC cells led to decrease in expression levels of
EMT markers such as transcription factors Zeb1, Zeb2 and Snaill, decrease of mesenchymal marker
vimentin and simultaneous increase of epithelial marker E-cadherin. In addition, the pulmonary
metastasis was almost completely eradicated for Ruk/CIN85 down-regulated LLC cells both in
experimental and spontaneous metastasis models in vivo.

According to changes in cell morphology and qRT-PCR data, we suggest that the suppression of
aggressiveness of Ruk/CIN85 knockdown LLC cells was associated with mesenchymal-to-epithelial
transition.
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Malignant tumors exert systemic influence on an organism and therefore could cause the
development of paraneoplastic syndrome, which could be represented by complex changes of structure
and functions of some organs, anemia and endogenous intoxication. The latter could be significantly
affected by oxidative stress via activation of free radicals and imbalanced rate of generation of
compounds with anti- or pro-oxidant properties. In the majority of cells defense enzymes of antioxidant
system (superoxide dismutase, catalase and glutathione peroxidase) reduce to minimum the damaging
action of these factors, but the pool of endogenous antioxidants of cardiomyocytes is very limited and
couldn’t provide adequate reaction to induced oxidative stress what finally leads to degeneration and
descent of cardiac muscle contractility. In this study, we have analyzed the myocardium damage caused
by enhanced production of reactive oxygen species (ROS) due to the W256 progression at the
background of gradual weakening of antioxidant defense of the body. The studies were performed on
female Wistar rats with an average weight of 185.0 £ 13.8 g and the age of 2.5 months. After W256
transplantation, rats were distributed in 6 groups (5 rats per group) corresponding to the day after W256
transplantation, when they have been examined (1% day, 2" day, 3™ day, 5" day, 7" day, 9" day). As
intact control, healthy animals were used, the age, gender and weight of which fully corresponded to the
experimental rats at the start of the study (n = 5). We detected the two-fold increase of ROS generation
in blood plasma of experimental animals starting from the second day after W256 transplantation. At
the same time, a gradual decrease of catalase activity, the index of body’s antioxidant defense, was also
noted - from 10.0 mmol/ml/min on the 1st day up to 7.3, 6.1 and 4.3 mmol/ml/min on the 3, 5™ and 9™
days, respectively. Dynamics of changes in morphological structure of myocardium in rats showed that
on the 1st day after W256 transplantation it was equal to the control group of intact animals. At the 3"
and 5" days after transplantation the syncytial structure of the myocardium is preserved, places of
dystrophic changes are detected, while the amount of fibrous connective tissue of stroma increases with
the development of full-blooded vessels. On the 5th day after transplantation, the flattening and reducing
of the nuclei of cardiomyocytes were noted, and the majority of nucleus had sharpened contours. Also,
there was observed violation of microcirculation in a form of a sludge phenomenon and permeation of
muscle fibers with erythrocytes. At the 7" and 9™ days, the syncytial structure was broken and the areas
of myocytolysis were detected. Polymorphism and anionic nucleosis of cardiomyocytes were intensified.
We noted the presence of small vacuoles, which were diffusely located in the sarcoplasma of
cardiomyocytes.

Conclusion: W256 progression induce the myocardial disorganization and degenerative changes
in cardiomyocytes since the 3rd day of tumor transplantation.
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As known, the hemoglobin performs the vital function of carrying oxygen from the lungs to the
tissues and facilitates the transport of carbon dioxide from the tissues to the lungs. The dielectrically
permittivity of red blood cells has been found to depend on the hemoglobin and water content,
temperature and the frequency relaxation of molecules of water in cells (Farsaci F., Ficarra S., Galtieri
A., et all., 2017). In general each cell contains an intracellular fluid surrounded by a membrane. The
packed blood cells have therefore been known to behave as a heterogeneous medium. In the radio
frequency range the dispersion exhibited by such a medium has often been explained by the Maxwell-
Wagner model and it has been suggested that it originates mainly from the polarization effects in which
the cellular membranes are charged through the electrolytes (Batyuk L., Kizilova N., 2018).

In this paper the dielectric properties of agueous hemoglobin solutions of donors and oncological
patients are investigated under a variety of parameters, and the results are discussed in terms of the most
probable orientation polarization. The study used the blood of 10 donors and 10 cancer patients with
breast cancer. The group received postoperative radiation therapy in the mode of classical fractionation,
a single focal dose per tumor was 6 Gy, and a total focal dose was 45 Gy. Blood sampling was performed
before and after irradiation. The human hemoglobin was prepared by method (Casimir W. V., Kaiser N.,
Keilman F., et all.,, 1968). All measurements were done using UHF-dielectrometry method the
temperature dependencies of the dielectric permittivity for water molecules and the relation of free and
bound water. The complex dielectric constant of agueous hemoglobin solution was measured at
frequency 9.2 GHz. The temperature was varied from 20 to 37 °C. For all samples linear dependence of
both real and imaginary part of dielectric constant of hemoglobin solution on concentration was found.
The shift in relaxation wavelength and hydration ratios was calculated. We found that the frequency of
relaxation time the molecule is determined mainly by the type of procedure of radiotherapy and by the
viscosity of the solution, which is also responsible for the temperature and concentration dependence.

1. Farsaci F., Ficarra S., Galtieri A., et all. Fluids. 2017, 2:59

2. Batyuk L., Kizilova N. Development trends in medical science and practice: the experience of
countries of Eastern Europe and prospects of Ukraine: monograph / edited by authors. 2018, 18-37.

3. Casimir W. V., Kaiser N., Keilman F., et all. Biopolimer. 1968, 6:1705-1715.
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MATHEMATICAL APPROACHES TO THE STUDY OF THE DISTRIBUTION OF
OXYGEN IN HETEROGENEOUS TUMOR TISSUES

Liliya Batyuk!, Natalya Kizilova?, Hanna Chovpan®

1 — Department of Medical and Biological Physics and Medical Information Science, Kharkiv National
Medical University, 4 Nauky Avenue, Kharkiv, Ukraine, 61022

2 — Warsaw University of Technology, Warsaw, Poland

3 — Department of Medical and Biological Physics and Medical Information Science, Kharkiv National
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Cancer is a complex process that involving many different cell types. Traditionally, mathematical
models of cancer growth fall into two broad camps: descriptive and mechanistic (Araujo R.P. et al.,
2004), (Kozusko F. et al., 2007). Descriptive models tend to focus on reproducing the gross
characteristics of tumours, such as size and cell number. The mechanistic models focus on specific
aspects of tumour progression (Batyuk L., Kizilova N., 2018), (Ponomarenko N., Batyuk L., et al. 2014).
The mathematical model of cancer growth includes three steps. The first is the modeling of vasculature
formation by sprouting angiogenesis. Second is fluid flow in interstitial space, and third is blood flow
through vasculature and solute transport in interstitium. As known, tissue is heterogeneous, consists of
cells and extracellular spaces. These heterogeneities affect the distribution of oxygen in the tissue. A
model of tumor tissue composed of plane layers with different diffusion characteristics was proposed
(Batyuk L.V., Kizilova N.N. et al., 2017). The Krogh tissue cylinder model of oxygen transport between
blood capillaries and tissue has served as the foundation and starting point for many theoretical studies
(Kreuzer F. et al. 1983). It has also been broadly used in physiological studies for estimating oxygen
distribution in tissue. Tumors especially dangerous after they induce blood vessel growth. The new
vessels of blood can not only carry oxygen and nutrition that further facilitate tumor growth but help
also spreading for tumor cells to spread to other it’s of the body. Thus tumor growth can be divided into
two phases: avascular and vascular growth. We investigate how growth of tumor is related to the oxygen
concentrations in the environment that tumor lives in. Oxygen concentration distribution is governed by
the diffusion-consumption equation.

The above analysis is the preliminary step of the role of the parameters of the model upon the
asymptotic behavior of the solutions. Using such a model, we tested two saturation hypotheses for
avascular tumor growth separately. In vivo, it should be a combination of the mechanisms that all together
contribute to the stop of growth, and we are on the way of putting them together.

Araujo R.P. et al. Bull. Math. Biol. 2004, 66:1039-1091.

Kozusko F. et al. Cell Prolif. 2007, 40:824-834.

Batyuk L., Kizilova N. AS Cancer Biology. 2018, 2(10):55-60.

Ponomarenko N., Batyuk L. et al. Visnyk of the Lviv University. Series Biology. 2014, 68:263-268.
Batyuk L.V., Kizilova N.N. et al. International research and practice conference «Innovative
technology in medicine: Experience of Poland and Ukraine». 2017:158-161.

6. Kreuzer F. et al. Adv. Exp. Med. Biol. 1983, 3:159.
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ARGININE ANALOGUES AS COMPONENTS OF ANTICANCER THERAPY BASED ON
ARGININE DEFICIENCY

Galyna Shuvayeva, Yaroslav Bobak, Olena Vovk, Yuliya Kurlishchuk, Oleh Stasyk

Institute of Cell Biology, National Academy of Sciences of Ukraine, Drahomanov Street 14/16, 79005
Lviv, Ukraine

E-mail: shuvayeva77@gmail.com.ua

Deprivation for the single amino acid arginine is a rapidly developing metabolic anticancer
therapy, which allows growth control in a number of highly malignant tumors. The combinative therapy
approach may increase effectiveness of the treatment. The aim of the work was to study cancer cells
response to impact of natural and synthetic arginine analogues combined with arginine deprivation.

In this study we first analyzed effects of non-toxic concentrations of canavanine or thioarginine,
known natural and synthetic arginine analogues, respectively, as well as indospicine-containing extract
of the plant Indigofera spicata for different tumor cell models. It was shown that arginine starved cells
of human colon HCT-116 and human ovarian SKOV3 adenocarcinomas treated with the mentioned
arginine analogues are characterized by rapid loss of proliferative potential and cell death. It is known
that viability and cell proliferation are largely determined by the regulation of MAPK and AKT/mTOR
signaling pathways. Impairment of these signaling cascades in cancer cells under arginine deficienty
combined with selectively toxic amino acid analogues may affect the cell vitality. We have found that
incubation of cells in this experimental condition for 72 hours is accompanied by MAPK signaling
disregulation, namely inactivation of proliferative ERK and activation of proapoptic p38 MAPK. There
was also a significant decrease in the level of AKT phosphorylation, whereas mTOR activity remained
unaffected. This mTOR activity provides the maintenance of general translation machinery and the
incorporation of arginine analogues into synthesized de novo proteins rendering them abnormal and
triggering induction of endoplasmic reticulum stress. As a result, caspase-dependent apoptosis is
induced.

Our data suggest that the abnormal regulation of the key pro-survival signaling pathways such
as MAPK, AKT/mTOR cascades and the induction of ER stress cause a selective decrease in cell
viability in malignant cells under combined treatment of arginine deprivation and low doses of agrinine
analogues. The revealed features form a basis for further development of this metabolic anticancer
therapy.

This work was supported in part by the grant NeF76/51-2018 of State Fund for Fundamental
Research of Ukraine.

106


mailto:shuvayeva77@gmail.com.ua

Session 4. Tumor cell biology / Bionozia nyxaunnoi knimunu

THE ROLE OF ER STRESS RESPONSE IN HNSCC CELLS UPON ARGININE
DEPRIVATION
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Arginine deprivation therapy (ADT) is a relatively new metabolic type of treatment for numerous
solid cancers with high therapeutic potential. Previously, it has been shown that low concentrations of
the natural proteomimetic arginine (Arg) analog — canavanine (Cav) strongly intensify the cytotoxic
effect of ADT in a broad spectrum of cancer cells. In the present study, we examined the mechanistic
role of endoplasmic reticulum (ER) stress response in head and neck squamous cell carcinoma (HNSCC)
cells upon ADT alone or combined with Cav. We showed for the first time that ADT alone triggers
massive and long-term ER stress response mainly via IRE1-sXBP1 and elF2a-ATF4 signaling pathways
much more pronounced in sensitive to ADT cancer cells. However, Cav induced catastrophic ER stress
in all tested HNSCC upon ADT, which was associated with cancer cell apoptosis. Our gene expression
analysis revealed that the levels of ER stress marker genes were dramatically up-regulated. It was shown
that ER stress is accompanied by strong up-regulation of IRE1, GADD34, ATF4 and CHOP genes, which
are critical for ER stress-induced apoptosis in human HNSCC cells. siRNAs-mediated knockdowns of
these genes blocked Cav-induced apoptosis upon ADT in human HNSCC cells. Moreover, the inhibitor
of ER stress-induced apoptosis — salubrinal strongly protected HNSCC cells against Cav-dependent cell
death upon ADT. We confirmed that IRE1-sXBP1 pathway was not involved in apoptosis induction
upon ADT with Cav. Apparently, activated IRE1-sXBP1 pathway rather mediates transcription of
chaperone-encoding genes, whose products have a role in ER protein folding machinery to eliminate
abnormal proteins from the ER lumen. Alltogether, our findings suggest that Cav induces ER stress-
mediated cancer cell death upon ADT via eiF2a-ATF4(GADD34)-CHOP signaling pathway. We
propose that combination of ADT with low doses of Cav and possibly other ER stress modulators is a
feasible treatment approach for solid cancer cells.

Keywords: ADT, ER stress, arginine, canavanine, HNSCC

Bobak et al. Int ] Biochem Cell Biol, 2016, 70: 29-38.
Chen et al. Curr Med Chem, 2018, 25(21):2465-2502.
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THE MATHEMATICAL MODELING OF THE QUANTITATIVE RELATIONSHIP
BETWEEN INCREASING THE SURVIVAL RATE OF ONCOLOGICAL PATIENTS AND
THE GROWTH OF CANCER MORBIDITY
Vladimir Knigavko, Liliya Batyuk, Olga Zaytseva, Marina Bondarenko
Department of Medical and Biological Physics and Medical Information Science,

Kharkiv National Medical University, 4 Nauky Avenue, Kharkiv, Ukraine, 61022
E-mail: vknig@mail.ru

The issue of assessing the dependence of oncological morbidity on the probability of cure of such
a disease is considered in this paper. It is considered that malignancy of cells requires damage to a certain
number of certain genes (Lopez-Lazaro M., 2010), (Knigavko V. et al., 2014). Since the damage to one
or another gene is accidental, cell malignancy for the same initial (from birth) gene numbers in the
genotype should occur at different times of time with varying probabilities. Obviously, due to the
randomness of the mutation process, the initial number of these genes in the genotypes of different people
is different. Thus, the less unharmed such genes are in the genotype of the individual, the greater is the
likelihood of his oncological disease occurring in him. To solve such a question, the method of
mathematical modeling was used. Let o is the probability of damage to some a-gene in one cycle of
division, n is the number of cycles of division from the moment of formation of this tissue, k is the initial
number of a-genes in the cell, t = n'T, where T is the duration of the cell cycle. Let also m is the initial
number of a-genes in gametes, ¢(m)is the probability that m a-genes are contained in the gamet in the

beginning of the reproductive cycle in gametes, y(m) is the probability that at the end of the reproductive
cycle in gametes contains m a-genes, s (t) is the function of distribution of the life expectancy of those
individuals who do not have cancer; v(t) is the density of the probability of reproduction time, ®(m,t)

and F(k,t) - the function of distribution of the time of the formation of a malignant tumor in the initial
presence in gametes m a-genes and time the formation of a malignant tumor with an initial presence in
the genotype of individuals and k a-gene, respectively, L - probability cure cancer. At first, the probability
that gamete, originally having 4 genes subject to malignancy, was preserved during the reproductive
cycle was funded. Let's denote this probabilityp, ,,. To preserve such a gamete, it is necessary that the

mutations do not damage any of these genes, so that the life expectancy of the individual containing this
gamete is greater than the duration of the reproductive period. Necessary also that the individual with
such a gamete has not acquired or acquired an oncological illness during the reproductive period. The
probability that the reproduction will occur at the time t (more precisely, in the interval of time from t to
t + dt) is equal to v(t)dt. The probability that an individual is still alive by this moment is equal to 1 —

s(t). The probability that by the time t, none of the a-genes in the gamete considered is not damaged is
4t

equal to g 7. The probability that an individual with a gamete to be considered will not acquire at the time
of the oncological illness is equal to 1 — ®(4,t). The probability that this individual will acquire an
oncological illness before that time, but then cured, is equal to ®(4,t)-L.

In the experiment, a formula is obtained that allows us to calculate the mean value of the time (t,

) of occurrence in an individual oncologic disease in the initial presence in the genotype of the individual
k-genes. The solution of this system of equations for the determination of probabilities ¢(m)allows, in

turn, to calculate the probability values (£(k)) of the presence of k a-genes in the individual in the

genotype. Thus, with known values of £(k), the average time (t) of appearance in an f—it’ £(K)
=3, -
k=1

individual oncologic disease in the general case is calculated by the following formula:

In terms of assessing the dependence of oncological morbidity on the probability of cure of such a
disease the probability of occurrence of cancer to a certain age of a person should be considered as major
indicator. Obviously, the probability of preserving gametes depends on the time of reproduction and on
the length of life of the individual. Factors that affect life expectancy can be divided into those that are
related to cancer patients and those that are not associated with such diseases. In turn, the life expectancy
of a cancer patient and the possibility of reproduction depend on the effectiveness of treatment.
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SERUM MIR-155, -320A, AND -205 LEVELS AS PROGNOSTIC MARKERS OF BREAST
CANCER COURSE

Borikun T.V., Yalovenko T.M., Lukianova N.Y., Chekhun V.F.
R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology, National Academy of
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Introduction: The exosomal miRNAs are considered to be perspective markers of cancer course.
For now, there is a lot of evidence about the role of circulating miRNAs, derived from a tumor, in breast
cancer (BC) diagnostic and prognosis. But before clinical use, there is a need to validate their prognostic
value in the local population and estimate their expression in different groups of patients.

Aim: To identify the features of circulating of miR-155, -320a, and -205 levels in patients with
BC and validate their usage as diagnostic and prognostic markers of this tumor localization.

Materials and methods: The levels of miR-155, -320a, and -205 in serum samples from 89 BC
patients and 14 healthy individuals were estimated using RT-PCR in real time. The clinical-pathological
characteristics were obtained using standard clinical methods.

Results: The analysis of circulating miR-155, -320a, and -205 showed no correlation of the
studied miRNAs levels in the serum of BC patients with the stage of the tumor process and tumor grade.
The expression of miR-155 and miR-320a differ in patients with metastases in regional lymph nodes.
Level of miR-320a was lower than 0.5 fold and expression of miR-155 was higher than 3.5 fold in
patients with more than 3 lymph nodes with metastases. The expression of miR-205 increased in
accordance with this parameter but we did not find significant differences with patients without
metastases.

It is remarkable, that the levels of serum miR-155, -320a, and -205 in patients with triple-negative
BC differed from the patients with other BC subtypes, especially luminal A. Patients with basal BC were
characterized with the lowest miR-320a levels and highest miR-155 and -205 levels.

Conclusions: These data demonstrate the potential role of serum miR-155, -320a, and -205 as
the additional non-invasive markers for BC course. But it should be considered that these miRNAs
separately have low specificity for basal BC diagnosis.

The study was supported by scientific grant of the NAS of Ukraine 2015-2019 “Molecular and
Cell Biotechnologies for the needs of medicine, industry and agriculture”: Estimation of cancer-
associated microRNAs as extratumoral markers of breast cancer course (2.2.5.395, 0115U001378).
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COPY NUMBER VARIATIONS AND EXPRESSION OF HER-2/NEU, C-MYC AND CYCLIN
E1 PROTEINS IN ENDOMETRIAL CANCER PATIENTS WITH FAMILY HISTORY OF
CANCER
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Endometrial cancer (EC) is a multifactorial disease, the pathogenesis of which may be associated
with hereditary predisposition related to the development of specific molecular profile of tumors. Such
changes can be accompanied by activation of oncogenes and affect the aggressiveness of the disease.

Aim: To investigate the copy number variations of oncogenes HER-2/neu, c-MYC and CCNE1
and protein expression in endometrial tumors, taking into account the clinical and morphological
features of EC and the family history of cancer of patients.

Materials and methods. 68 EC patients with I-1l stage by FIGO were included in the study
(mean age 60.3 & 2.7 years). The analysis of HER-2/neu, c-MYC and CCNE1 gene copy number changes
was performed by gPCR. Expression of the proteins was determined using immunohistochemical
method by counting the number of positively stained cells (labeling index, L1). The proliferative activity
was evaluated by the expression of the Ki-67 marker. To analyze family history of patients, a special
clinical-genealogical card was used, which included information about relatives' diseases, patients' living
conditions and concomitant diseases.

Results. Genetic and mathematical analysis showed that the contribution of the genetic
component in the predisposition to the EC was 45.4+9.2%. Significant heterogeneity in copy number
changes and expression of HER-2/neu, c-Myc and Cyclin E1 proteins was identified in the group of EC
patients with family history of cancer as well as in the group of patients with sporadic tumors. It was
shown that 16.7% of tumors of patients with family history of cancer were characterized by amplification
of HER-2/neu gene, and 14.3% of these samples showed high expression of its protein product. Among
patients with sporadic tumors, the similar indicators were 19.2 and 15.4% respectively. The tendency to
increase the percentage of cases with c-MYC amplification in the group of EC patients with family
history of cancer was determined in comparison with the group of sporadic tumors (42.9 and 19.0%
respectively). Among patients with a family history of cancer, a significantly higher number of persons
with high expression of c-Myc protein (43.8%) was found than among women with sporadic forms of
EC (17.3%) (p <0.05). It was found that in EC patients with family history of cancer and high expression
of c-Myc, tumors were characterized by low degree of differentiation and deep myometrial invasion. In
these tumors, a significantly higher Ki-67 expression (LI 42.1 & 3.3 and 32.5 + 2.3% respectively) was
observed compared to a well differentiated carcinoma without invasion in myometrium (12.9 + 2.3 and
18, 9 + 2.4%, respectively). The analysis of copy number variations of CCNE1 gene in endometrial
carcinomas has shown that the amplification of this marker was observed in 19.0% of the sporadic
endometrial carcinoma, whereas it was not found in tumors of patients with family history of cancer.
The high expression of this protein was more often found in a group of patients with sporadic tumors
than with family history of cancer (72.0% and 42.9% respectively).

Conclusion. The high expression of c-Myc protein in tumors of EC patients with family history
of cancer is associated with a low degree of tumor differentiation, high invasive and proliferative
potential, that can become the basis for the selection of women with an aggressive form of the disease
among such patients.
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MIR-155, -320A, AND -205 EXPRESSION DIFFERENCES IN TUMOR FROM
PATIENTS WITH BENING AND MALIGNANT BREAST DISEASE

Chekhun V.F., Borikun T.V., Lukianova N.Y.
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Introduction: It is well-known that microenvironment is essential for cancer progression. At last
decades there were a lot of successful attempts to create the molecular profile of tumor
microenvironment. But there is still a need to clarify the role of miRNAs in tumor-microenvironment
interaction, especially their role in the process of malignancy formation during breast disease.

Aim: To identify the features of miRNA expression derived from the tumor microenvironment,
in patients with breast cancer (BC) and benign breast disease (BBD).

Materials and methods: The levels of miR-155, -320a, and -205 in tissue samples from BC and
BBD patients were estimated using RT-PCR in real time. The ER, PR, Her2/neu expression was
analyzed using standard immunohistochemical analysis. The study was conducted on 156 subjects, 89
of which were those who suffer from BC, and 53 had BBD.

Results: In the total group of BC samples, we have found a significant increase in miR-155 (=2
times) expression and decrease in miR-205 (2,6 times) levels compared to adjacent normal tissue.
While levels of miR-320a in most samples were lower than in normal tissue (almost twice), there were
no significant differences between all studied groups. The analysis of BBD samples showed no
differences both from normal and cancerous tissue, the meanings were in intermedia range. Probably,
on the larger sample collection, the expression of miR-155, -320a, and -205 can be proven as a
distinguishing marker of BBD.

Conclusion: As far as the expression of miR-155 and -205 in BC samples differs from one in
normal adjacent tissue, it can be used in further investigation of their prognostic value for BC course.

The work was carried out with the support of the Research Program of the Scientific Research
Program of the National Academy of Sciences of Ukraine "Molecular Biological Factors of the
Heterogeneity of the Malignant Cells and the Variability of the Clinical Course of Hormone Dependent
Tumors "(2.2.5.411, 0117U0002034).
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Introduction. Prostate cancer (PCa) take over second place of the incidence among cancer and
is the third cause mortality rate among men in Ukraine. In view of these, the choice of optimal treatment
tactics and monitoring of disease course are important tasks. Today, NANOG, a transcription factor that
is involved in maintaining pluripotency and is considered one of the markers of tumor stem cells, is
esteemed promising marker in this direction.

Aim: to investigate the level of NANOG expression in the tumor tissue of patients with PCa and
to evaluate the possibility of its use as a prognostic marker for the disease.

Materials and methods. The research is based on the results of the examination and treatment
of 50 patients with II-1II PCa stage who were treated in the National Cancer Institute in 2015-2017. The
average age of the patients was 57.6 = 5.4 years. Expression of the NANOG mRNA in tumor tissue was
determined using RT-PCR in real time. STATISTICA 6.0 software was used to process the results.

Results. It was found that the level of NANOG mRNA in tumor tissue was 3.21 + 0.23 fold
change with individual oscillations from 0.91 = 0.04 to 8.33 + 1.2 fold change. We proved the correlation
between the level of NANOG expression in the tumor tissue of patients and the clinical and pathological
characteristics of PCa patients (r = 0.53, p<0.05), as well as with the presence of metastases in regional
lymph nodes (r = 0.65, p<0.05), and the Gleason score (r = 0.48, p<0.05) and the PSA level (r = 0,68,
p=<0,05).

Conclusions. The obtained results testify the association of levels of expression of NANOG in
tumor tissue with the main clinical and pathological characteristics of PCa and indicate the promising
use of it as a marker for prediction of the disease course.

The work was carried out with the support of the Research Program of the Scientific Research
Program of the National Academy of Sciences of Ukraine "Molecular Biological Factors of the
Heterogeneity of the Malignant Cells and the Variability of the Clinical Course of Hormone Dependent
Tumors "(2.2.5.411, 0117U002034)
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A TUMOR AND A RADIATION STRESS
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The ionizing radiation is used in an oncology clinic as a powerful stress agent, causing the mass
death of tumor cells through apoptosis and necrosis. However, the therapeutic irradiation of oncological
patients does not always guarantee the successful treatment due to the following reasons: the micro
metastases are often formed in the body before the therapy is initiated; during the therapy some of the
tumor cells migrate through the circulatory and lymphatic pathways; a pool of radio-resistant cells may
be stored in a radiation zone. Nevertheless, a radical and a palliative radiotherapy causes a powerful
stress and an immunosuppressive effect on the body of the patients, which promotes the survival and the
proliferation of viable tumor cells. The tumor cells that survived the course of radiation therapy are, at
the same time, the most suited to survival and the most resistant to the repeated exposure. The
endogenous stress caused by the oncological process has a profound depressive effect on the immune
system of the patient, which, in combination with a radiation stress, can contribute to the progression of
the disease. In this case, the lymphocytes reflect the individual radio sensitivity of the body of the
patients (G2-radiating sensitivity assay). They die even when being exposed to the small doses. The
radiation stress also leads to a profound inhibition of the functioning of neutrophils, which increases the
sensitivity of the body of cancer patients to the infections and the development of inflammatory
processes. These processes occur due to the development of the oxidative stress - the effect of the
ionizing radiation. The attack of free radicals on biological structures causes a damage to the healthy
cells that have fallen into the zone of irradiation.

Thus, the radiation stress has a dual effect: the devitalization of tumor cells and, at the same time,
the radiation side effects in the healthy cells in the tumor environment. This represents the main problem
of radiation oncology. The cellular DNA repair systems, which are aimed at preserving and stabilizing
the integrity of the genome, counteract the death of tumor cells. This reduces the effectiveness of the
radiation therapy. The suppression of the activity of DNA repair enzymes in tumor cells is considered
as one of the modern promising areas of oncology. The whole family of poly (ADP-Ribose) polymerase
(PARP-ase) is considered as an inhibitor of reparation. The (PARP-ase) family is involved in
maintaining the integrity of the genome, its repair, gene expression, telomere homeostasis,
differentiation and cell death. The repair of the DNA damage in tumor cells occurs more actively than
in normal tissue cells. This is due to the increased expression of repair enzymes in tumor cells. We see
the solution to this problem in the search for ways to inhibit repair systems in tumor cells and to preserve
their activity in the normal cells of the patients. We are currently conducting research aimed at finding
and examining such radio modifiers. One of the possible candidates of this diverse influence on the
repair enzymes may be the drug metformin.
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Objective: to investigate the redox state of metastases (M), liver tissue (LT), blood and urine of
metastatic colorectal cancer patients (MCRC) with liver metastases.

Object and methods: the research of M tissue was conducted; LT, which directly contacts with
M; LT taken at a distance of 5 cm from M; urine and blood of 25 patients with mCRC with liver damage.
The activity of the iron-sulfur N-2 protein (N-2 FeS proteins) of the electron transport chain (ETC)
mitochondria, levels of lactoferrin (LF), "free iron" ("FI") was determined by the method of electron
paramagnetic resonance (EPR) (77 K). The levels of superoxide radicals (SR) and nitric oxide (NO)
were determined using Spin Traps technology. The activity of matrix metalloproteinases (MMP-2 and
MMP-9) was recorded by zymography in a polyacrylamide gel.

Results: mCRC with M in the liver revealed a violation of the functioning of cytochrome P-450
in the system of detoxification of hepatocytes, defects in ETC mitochondria (NO complexes with FeS
proteins — NOFeS-proteins), damage to the metabolism of oxygen and iron, changes in the degree of
destruction of the intercellular matrix. The most pronounced these violations were in the LT adjacent to
M (the site of the formation of metastatic microenvironment), which was manifested by a decrease in
the levels of cytochrome P-450 (oxidized and low-spin forms of cytochrome P-450 and isoform CYP
1A2), the growth of levels of complexes of NO with FeS proteins, LF, "FI", MMP-2, -9 and speed of
generation of SR and NO in comparison with LT at a distance of 5 cm from M. In the blood of patients
with mCRC, high levels of superoxide and NO-producing activity of neutrophils, active forms of
gelatinases were detected (compared to those without metastases).

Conclusions: the investigated liver redox states, operated on mCRC, can be used to evaluate the
functional state of distal metastasis of organs and tissues, the risk of cancer recurrence and the
improvement of therapeutic approaches to anticancer therapy.

Key words: metastatic colorectal cancer, liver, redox state of distant metastasis sites.
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ARGINASE ACTIVITY AND EXPRESSION IN BLOOD CELLS IN DIFFERENT KINDS OF
LEUKEMIA

Sergiy Gogol, Sophia Zaletok, Yuriy Yanish, Lilia Sklyarenko

R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology,
National Academy of Science of Ukraine, Vasylkivska Street 45, 03022, Kyiv, Ukraine

E-mail: tantattoo72@gmail.com

Introduction. Arginase (L-arginine amidinohydrolase, E.C.3.5.3.1) catalyses L-arginine
hydrolysis into L-ornithine and urea. It was discovered in the mammalian liver as the end enzyme of
urea cycle. Arginase activity (AA) was found also in other tissues not having complete urea cycle. Some
researchers have found AA in malignant tissues to be higher than in normal ones. At the same time, there
are only a few of the works dealing with AA in the malignant blood cells of the leukemia patients.
Especially, AA in the leukemia cells of the chronic lymphoid leukemia patients was found to be twice
lower than in the healthy donor lymphocytes; also was found enhanced AA in the patients with drug-
resistant chronic myeloid leukemia.

Aim: To study AA and arginase protein expression (APE) in the peripheral blood lymphocytic
fraction of patients with different kinds of leukemia.

Object and methods: AA measurement was done in the peripheral blood lymphocytic fraction
of patients with chronic B-cell leukemia (B-CLL, 71 patient); acute myeloid leukemia (AML, 53
patients); acute B-cell lymphoblastic leukemia (B-ALL, 8 patients); non-Hodgkin's lymphomas (NHL,
30 patients) and of 10 donors. APE was investigated in the lymphocytes cellular extracts. AA was
measured by the method of Corraliza I. et al., APE — using Western blotting analysis by the Lemmly’s
method.

Results: Both AA and APE level was highest in the B-CLL patients. The lowest AA level was
found in the blastic cells of the B-ALL patients.

Conclusion: AA and APE measurement in the peripheral blood cells may be proposed as
supplementary diagnostic criteria for certain types of leukemia.
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MRPS18-2 AND TP53 PROTEINS, CONJUGATED ON GOLD NANOPARTICLES,
ENHANCE ACTION OF VINCRISTINE AND DOXORUBICINE ON PROSTATE CANCER
CELLS
Kovalevska L.M., Kashuba O.V.

R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology,
National Academy of Science of Ukraine, Vasylkivska Street 45, 03022, Kyiv, Ukraine

E-mail: Kashuba@nas.gov.ua

For the treatment of prostate tumors, the cytostatic drugs are often used, such as vincristine and
doxorubicin. Vincristine is a synthetic alkaloid, which can be isolated from the rose periwinkle
(Catharanthus roseus). Vincristine blocks separation of chromatids in the metaphase, thus causing
apoptosis. Doxorubicin is an anthracycline antibiotic, that can be isolated from a mutated strain of
bacteria Streptomyces peucetius. Doxorubicin blocks DNA replication, which results in the death of
rapidly proliferating cells.

In the present work, PC3 prostate carcinoma cell line and immodalized PNT2 prostate cells were
used, grown in 12-well plates.

Vincristine and doxorubicin were used at concentrations of 5-600 nM and 0.5-50 ug/ml,
respectively. ICso for both cell lines was determined, which was 50-100 nM for PC3 and 30-50 nM for
PNT2. For doxorubicin, these values were 10-30 ug/ml and 5-10 pg/ml, respectively.

The effect of cytostatic drugs was also studied in the presence of GST-fusion proteins MRPS18-
2 and TR53 in the form of conjugates on a surface of golden nanoparticles. These conjugated were
delivered to cells by pinocytosis. The number of apoptotic cells was counted and the percentage of such
cells was calculated as compared to the total number of cells at 24, 48 and 72 hours after drug treatment.

The presence of GST-fusion proteins reduced the ICsp, in the case of doxorubicin, to 0.5-1 pg/ml.
The effect was clearly expressed in both lines of prostate cells.

It should be noted that vincristine acted more slowly; only after 48 hours formation of
multinucleated cells was observed. However, in the presence of protein conjugates, multicellular cells
appeared much earlier (after 24 hours). In the culture of PNT2 cells, stress fibers were formed.

Thus, protein conjugates on the surface of gold nanoparticles reduce the 1Cso for vincristine and
doxorubicin, which opens the prospect of using conjugated proteins to increase the sensitivity of tumor
cells to chemotherapy.
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PROTEINS OF THE MRPS18 FAMILY, CONJUGATED ON GOLD NANOPARTICLES,
ENHANCE THE TP53-INDUCED APOPTOSIS IN PROSTATE CANCER CELL LINES

Kovalevska L.M., Kashuba O.V.

R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology,
National Academy of Science of Ukraine, Vasylkivska Street 45, 03022, Kyiv, Ukraine

E-mail: kreyl@yahoo.com

We have discovered the new mechanism of regulation of the cell life cycle, depending on the
overexpression of the MRPS18-2 protein. The purpose of this work is to propose new methods of
delivery of stabilized functional proteins to mammalian cells.

To deliver polypeptides, the conjugates of GST-fused proteins MRPS18-1-3 and TP53 were
synthesized on the surface of gold nanoparticles via an NHS-ester with a PEG spacer. Approximately
17x10™ nanoparticles and 9x102 nanourchins in a complex with GST-fusion proteins were delivered to
30-50 000 of prostate cancer cells PC3 and immortalized prostate gland cells PNT2, grown in six-well
plates. Nanoparticles were taken up by pinocytosis.

TR53 and mutated TR53 did not affected much the studied cell lines. However, a proportion of
cells (up to 1%) showed fragmented large nuclei. An insignificant increase in the number of apoptotic
cells was observed in the PC3 cell culture when GST-protein was administered. Basically, the same
observations concerned PNT2 cells. However, the percentage of apoptotic cells in PNT2 was higher than
in the tumor cell line PC3 (up to 8%).

PC3 cells do not express the endogenous TR53 protein, due to deletion of the chromosome region
17, where the TRE53 gene is located. This explains differences in the level of induced apoptosis - in
PNT?2 cells, expressing wild-type TP53, apoptosis is higher than in tumor PC3 cells.

Subsequently, the conjugates of the GST-fused proteins of the S18 family were added together
with the wild type and mutated TP53 proteins. The number of apoptotic cells (indicating abnormality of
nuclei or fragmentation of the nucleus) was calculated. The percentage of apoptotic cells was calculated,
in comparison with the total number of cells on a glass slide surface.

Unexpectedly, the administration of TR53 (wild type and mutated), together with any of the S18
family proteins led to the appearance of abnormal cells at much higher rate, compared with a sibgle
protein (up to 20% in PNT2 cells).

It should also be noted that the synergy level is more pronounced in PNT2 cells. Thus, the number
of apoptotic cells is 3-4 fold higher upon delivery of two proteins, while in PC3 cells — only 2-3 fold.

The synergy of apoptosis is more pronounced when the spherical nanoparticles were used, and
not nanourchins. This might be due to a more stable three-dimensional structure of proteins on
nanospheres.

The observed phenomenon indicates the possible usage of conjugates of GST-fused proteins (the
S18 family and TP53) to increase the effectiveness of chemotherapy, namely, increasing the sensitivity
of tumor cells to the action of cytostatic drugs.
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MORPHOLOGICAL AND FUNCTIONAL ALTERATIONS IN CARCINOSARCOMA
WALKER-256 CELLS OVER THE COURSE OF RESISTANT PHENOTYPE FORMATION

Lozovska Yu.V.!, Lukianova N.Yu.!, Andrusishina I.M.2, Naleskina L.A.!, Todor I.N.!, Kunska L.N.,
Chekhun V.F.!

1 — R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology, NAS of Ukraine,
Kyiv, 03022, 45, Vasylkivska st., Ukraine
2 — SI “Yul Kundiev Institute of Occupational Health”, NAMS of Ukraine, Kyiv, 01033, 75,
Saksaganskogo st., Ukraine

E-mail: Lozovskaya.2012@ukr.net

Currently, the approaches to the results of fundamental research that can be used for the
individualized treatment of cancer patients, especially resistant forms of breast cancer, are revised. The
studies of the mechanisms underlying the morphological and functional alterations in tumor cells (TC)
accompanying the formation of drug resistance are of high priority.

Aim: To determine the specific features of TC architectonics, cell cycle and content of the
essential elements in sensitive and doxorubicin resistant Walker-256 carcinosarcoma.

Materials and methods. Sensitive and doxorubicin resistant Walker-256 carcinosarcoma strains
were used in the study. Cytoarchitectonics of TC was studied in histological specimens with the aid of
Primo Star microscope (Carl Zeiss, Germany). Cell cycle distribution was analyzed by flow cytometry
(Beckman Coulter Epics XL). The content of essential elements (Fe, Cu, Zn, Mg and Ca) in tumor tissue
(TT) was determined by atomic emission spectrometry on the Ortima 2100 DV device (Perkin-Elmer,
USA).

Results. Doxorubicin-sensitive tumors were characterized by a rather compact arrangement of
rounded cells with slightly pronounced signs of polymorphism in the form of large cells and alveolar
structures separated by thin fibrous layers of connective tissue. The nuclei were characterized by a
homogeneous nucleoplasm with a small amount of chromatin granules with increased number of
aneuploid cells. The resistant TC were characterized by a more pronounced polymorphism, a denser
arrangement, a slightly larger area and an intense coloration of nuclei, with increased cell ploidy. The
morphological features were in line with the patterns of cell cycle distribution. In sensitive TC,
percentage of cells in the G2/M phase was higher than in resistant TC (25.51 £ 0.18% vs. 10.14 + 0.45%)
percentage of cells in the Go/G1 phase was respectively lower (42.64 + 1.24% vs. 72.21 + 0.19%). Such
changes in the patterns of DNA status were accompanied by the redistribution of the content of the
essential elements involved in cell cycle regulation. The corresponding values were in sensitive TC: Fe —
25.18£4.79 pg/g, Cu—1.56 £0.33 pg/g, Zn—10.98 £ 1.83 pg/g, Ca—131.16 + 19.34 ng/g, Mg — 349.62
+ 34.64 ng/g; Ca/Mg—0.37 £0.08, Cu/Zn — 0.14 £ 0.03, and in resistant TC: Fe —34.51 + 5.23 pg/g, Cu
—1.98 £0.21 pg/g, Zn —9.17 £ 1.75 png/g, Ca—60.09 + 16.21 pg/g, Mg — 181.41 £ 9.73 pg/g; Ca/Mg —
0.61 £ 0.04, Cu/Zn—0.18 £ 0.01.

Conclusions: The morphological and functional characteristics of tumor cells have been shown
to change over the course of resistant phenotype formation. We suggest that the new biological behavior
of the resistant cells seems to be connected with reprogramming of their essential homeostasis.

The work was carried out with the support of the Research Program of the Scientific Research
Program of the National Academy of Sciences of Ukraine "Molecular Biological Factors of the
Heterogeneity of the Malignant Cells and the Variability of the Clinical Course of Hormone Dependent
Tumors "(2.2.5.411, 0117U0002034).
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CONNECTION BETWEEN CELL SURFACE RECEPTOR STATUS OF CLL B CELLS AND
THEIR SENSITIVITY TO CHEMOTHERAPY AGENTS EX VIVO

Valeriia Shcherbina, Inna Gordiienko, Tetiana Ivanivskaya and Larysa Shlapatska

R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology NAS of Ukraine
Vasylkivska str. 45, 03022, Kyiv, Ukraine

E-mail: L knolodniuk@ukr.net

Chronic lymphocytic leukemia (CLL) is a disease with variable clinical outcome. Traditionally
patients with CLL are divided into two groups based on disease symptomatic and biological features of
malignant B cells. The first group consists of cases that do not require immediate treatment and for these
patients’ strategy “watch and wait” is used. Others are characterized by rapidly progression and typical
clinical manifestations. For such cases, immediate application of treatment using polychemotherapy
courses is applied. Basic scheme of first-line therapy for patients with aggressive CLL include
combination of fludarabine, cyclophosphamide and rituximab (FCR) or bendamustine with rituximab
(BR). The choice of treatment strategy is based mainly on age and genetic characteristics of the patient.
In recent years medicine became more personalized and new markers for differentiation, prognosis and
the exact selection of the course of therapy are required. In this aspect, attractive candidates are cell
surface receptors. The aim of our study was to explore whether sensitivity of CLL B cells to
chemotherapy agents depends on expression level of cell surface receptors. The study was performed on
peripheral blood mononuclear cells isolated from previously untreated patients with CLL. Flow
cytometry was used for immunophenotyping CLL B cells. Metabolic activity of the CLL B cells was
determined after 48h of incubation with chemotherapeutic agents ex vivo by Alamar Blue test. For our
research we chose several surface receptors which are expressed in CLL: CD5, CD20, CD22, CD37,
CD38, CD40, CD150 and CD180. Based on flow cytometry results all CLL samples were divided into
groups according to cell surface expression level of each receptor. It was shown that CD38 cases were
more sensitive for bendamustine than CD38" and B cells characterized by CD40"9" expression were
more sensitive for cyclophosphamide that cells with middle CD40 expression. Response of CLL B cells
to fludarabine alone or in combination with cyclophosphamide were enchanced in CD1507180* B cells
compare to CD1507180" ones. Besides, sensitivity of CD180" B cells to combine effect of fludarabine
with cyclophosphamide was also better than in CD180". For other receptors any differences in sensitivity
of CLL B cell to chemotherapy agents between groups was not observed. So, expression levels of CD38,
CD40, CD150 and CD180 on B cells could be used as predictive markers for the effectiveness of
chemotherapy in choosing a treatment strategy for patients with CLL.
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POLYAMINES IN THE PERIPHERAL BLOOD LYMPHOCYTES OF PATIENTS WITH
DIFFERENT KINDS OF LEUKEMIA

Sophia Zaletok, Oleg Klenov, Sergiy Gogol, Veronika Bentrad, Oleksiy Orlovskiy, Lilia Sklyarenko

R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology,
National Academy of Science of Ukraine, Vasylkivska Street 45, 03022, Kyiv, Ukraine

E-mail: sophiazaletok@ukr.net

Introduction. Polyamines (PA) — spermine (spn), spermidine (spd), putrescine (put) — play an
important role in normal and malignant cell proliferation, growth and differentiation. Existing
knowledge about role of PA and enzymes of their metabolism in the leukemia cells is very incomplete,
and that’s why the data on the possible use of the PA metabolism parameters for leukemia differential
diagnosis and prognosis are almost absent. There are only a few of publications in this direction.
Especially, it was demonstrated that enhanced activity of spn/spd acetyltransferase (SSAT) correlate
with clinical course in the myeloid kinds of leukemia but not in lymphoid ones. Patients with drug-
resistant forms of chronic myeloid leukemia had enhanced arginase (the first enzyme of the PA
synthesis) activity.

Aim: to investigate features of PA level and ODC (ornithine decarboxylase, the key enzyme of
the PA biosynthesis) protein expression in the peripheral blood lymphocytes (PBL) of the patients with
the different types of leukemia and elucidate their significance for the disease differential diagnosis and
prognosis.

Object and methods: Clinical material of 202 patients with different types and cytological
variants of leukemia (82 patients with chronic B-lymphocytic leukemia (B-CLL), 65 patients with acute
myeloid leukemia (AML M1-M5), 25 patients with acute B-lymphoblastic lymphoid leukemia (B-
ALL), 30 patients with non-Hodgkin's lymphomas (NHL)) and 10 donors was investigated. Each
diagnosis was verified in the Department of oncohematology of IEPOR (head of the Department — prof.
D.F. Glusman). PBL fraction was isolated by centrifugation in ficoll-urografin gradient. This fraction,
in the case of leukemia patients, contained 75%-86% of leukemia cells. HPLC, PAAG-electrophoresis,
Western blotting and statistical methods were used.

Results: PBL fraction of B-CLL patients was characterized by low ODC expression level, high
spn level and low value of spd/spn ratio incomparison with acute leukemia patients. PA level and spd/spn
value in the PBL fraction were essentially different in different groups of the NHL patients. PBL fraction
of the Mantle-zone lymphoma without leukemization was characterized by low ODC expression, put
content and spd/spn ratio and high spn content. If leukemization was present, ODC, put, spd and spd/spn
ratio were 3-9 times higher. The highest values ODC expression, put content and spd/spn ratio were
found in the patients with T-lymphoblastic leukemia/lymphoma and B-prolymphocytic leukemia.

Conclusion: ODC protein expression level, as well as spn and spd level and spd/spn ratio may
be used as supplementary markers for refining of diagnosis and prognosis of different kinds of leukemia.
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MATHEMATICAL MODELING OF DETERMINATION TIME CHARACTERISTICS OF
THE FORMATION OF SECOND OTHER TUMORS

Liliya Batyuk, Vladimir Knigavko, Natalya Ponomarenko, Alexey Rukin,
Oksana Morozova, Tetiana Utytskykh
Department of Medical and Biological Physics and Medical Information Science,
Kharkiv National Medical University, 4 Nauky Avenue, Kharkiv, Ukraine, 61022

E-mail: liliya-batyuk@ukr.net

Causes of carcinogenesis are diverse (Aaronson S.A. et al., 1991), but one of the key factors of
this phenomenon is damage of certain genes in the tumor cells. Presumably, these genes are responsible
for reparation of DNA damage. Thus, the damage to all these genes in the cell is considered a necessary
condition for the malignancy of this cell. Proceeding from such a concept, one can construct probabilistic
mathematical models that allow calculating the numerical characteristics of the time of formation of other
tumors (Adam J.A., 1986), (Batyuk L.V., et al. 2017). Let's proceed from the assumption that the
formation of the first and second tumor is an independent random event. Let t are be a random variable
that is the time of the formation of one tumor, and F1(t) is the distribution function of this time. The
formation of a second tumor for some time is a random event. The probability of formation at the time t
of two tumors is a function of the distribution (F2(t)) of the time of formation of these two tumors, and

this function is defined by the expression: F, (t) = F12 (t) . Expressions for the distribution functions of
tumors are dependent on the number of genes that are initially (at birth) contained in the genotype of the

m
individual. Therefore, these characteristics are amounts of this type: F(t) = Z(Fk (t)py ) and
k=1
m
f(t) = Z(fk ()P ), where m is the maximum value of k, and px is the probability of find encountering
k=1

an individual with an initial number of genes equal to k. The statistics of the time of the formation of the
first and second tumors could use to evaluate the values of px. If there is sufficient data on the age of the
individual at the time of the tumor formation, the above values can be estimated on the basis of such
considerations. t is a period of time equal to one year, i is the age (in years) in which the first tumor
formed, j — the age (in years), in which the second tumor formed and the probability that one of the

tumors will appear at age j, and the other at age i (p (jz and iz)). Let @) is a probability to find a human

with an initial number of genes equal to k. The value (p (jz and iz)) is denoted as p (i, j). Let p (i, j)/K is
the probability of the formation in the individual of two tumors in the ages i and j, provided that in the

m

genotype it originally was k number of genes. Then p (i,j) = Z((pk -p(, )/ k). If the values of p(i, j)/k
k=1

are calculated and the values of p(i j) are determined from the statistical data, then a redefined system of

equations is formed, from which it is possible to determine the value of the quantities @ .

1. Aaronson S.A. et al. Science Wash. 1991, 254:11460-1153.

2. Adam J.A. Math. Biosci.1986, 81:229-244.

3. Batyuk L.V. et.al. Medical Review. 2017: 4: 46-47.
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IHIYKIISA ATIONTO3Y MOHOHYKJIEAPIB IEPU®EPUYHOI KPOBI XBOPUX HA
PAK IIEPEJIMIXYPOBOI 3AJI03M 3A JIi IOHI3YBAJIbBHOI'O BUITPOMIHIOBAHHS
dinpuerkoB O.0., 3aBenesuu M.I1., Jlbomina E.A.

Incmumym excnepumenmanvHoi namonozii, onkonoeii i padiobionoeii im. P.€. Kageybkozo
HAH Vkpainu, éyn. Bacunvkiecorxa 45, Kuie 03127, Ykpaina
E-mail: a.philch@onconet.kiev.ua

[Toripy BHIpOBa/PKEHHS B OHKOJIOTIYHY IPAKTUKY HOBITHIX TEXHOJIOTIH TeparneBTUYHOIO
OIIPOMIHEHHSI, 3AJIMIIAE€THCS 3arP03a PO3BUTKY MOOIYHUX peakiiii 3 00Ky OTOUYIOUMX ITyXJIMHY TKaHUH.
Oco0nuBY aKTyaJdbHICTH y 3B'SI3KY 3 IIUM Ha0yBarOTh Pa/lio0i0IOTIUHI JAOCHTIKEHHS, SIKi O CIpusn
3HWKEHHIO YaCTOTH Ta TSHKKOCTI MPOMEHEBHX YCKIIaAHEHb. MeTa poO0TH — NOPIBHAUIBHUH aHali3 piBHSA
“CIIOHTaHHOT0” Ta pajialliifHO-1HIyKOBAaHOTO aloNTO3y KIITHH NepupeprudyHoi KpoBI XBOPUX Ha pak
nepeamixyposoi 3ano3u (PI13) no mouaTky, micns nepmoi ¢pakiii Ta o 3aKiH4eHHi1 Kypcy NpOMEHeBOi
teparnii. 3pa3ku nepudepuyHoi KpoBi orpumyBanu Bix 16 xBopux Ha PII3 (mepeBaxkno II-III cramii
3aXBOPIOBaHHs, cepenHid Bik 65,9 poky) Ta 4 yYMOBHO 310pOBHMX JIOHOpPiB. MOHOHYKII€apu
nepudepuunoi kposi (MIIK) Buminsim 3 remapuHizoBaHOi KpoBi B rpamienti Histopaque®-1077
(“Sigma”, CIIIA). Oany 3 ABOX mpoO KJIITHH Bifl KOKHOTO 3 XBOPHX IMiJaBaIu il PEHTTEHIBCHKOTO
ormpoMmineHHss B 1031 2,0 I'p ma amapati “PYT-250-15-2”. Ilicnsi mboro KJITHHH KYJIbTHBYBAJIU
BIIPOAOBXK 48 T0J] 32 CTAaHJAAPTHUMH METOIMKaMHU. BMICT TmoAMIIOifHUX KITITUH BU3HAYAIHA METOAOM
NPOTOYHOI IUTOMETPIT, BUKOpUCTOBYIOUM nutomerp BD™ FACSCalibur (“Becton Dickinson”, CILIA).
Pesynsrat 00po0Oiisiin 3a gonomororo nporpamu CellQuest (“BD Bioscience Pharmingen”, CIIA).
OxpemMO BHU3HAYalM J0303JICKHICTh ANONTOTHYHOI 3arubeni mpu TecT-ompomiHeHHi 3pa3kiB MIIK
xBopux Ha PII3 a6o 3p0poBux qoHOpiB B Ao3ax 1,0, 2,0, 4,0 ta 6,0 ['p 3 moganbmmm KyJIbTHBYBaHHSIM
B YMOBaX, 3a3HAaYE€HUX BUIIIE.

BceranoBiieHO MiHIMHY 3alieXKHICTH MDK pIBHEM amnoNTOTUYHOI 3aru0eni Ta 030K TECT-
onpominenHs B nianasoni Bix 1,0 go 6,0 I'p ansa MIIK nonopis Ta xBopux Ha PII3 no mouatky xypcy
npoMeHeBoi Teparii. ¥ xBopux Ha PII3 niniliHuN XapakTep 3aneXHOCTI “A03a-anonTo3” 30epiraeTbes,
ajie KyT HaXUJTy alipOKCUMOBAHOT MPSMOi 3MEHIITY€EThCs Micis nepiioi ¢pakuii onpomineHHs (2,5 I'p) 1
3HAYHO 3MEHULIYETHCS IO 3aKIHYEHH1 Kypcy npomeneBoi Tepamii (76,0 I'p). Lle moxe cBiguutu mpo
HaOyTTs paniopesrctenTHocTi MIIK XxBopux BHpomoBxk mpoMeHeBoi Tepamii. PiBeHb “criOHTaHHOro”
anonto3y B MIIK 310poBHX TOHOPIB OYB HIXKYMM, HIJK Y XBOPHX.

B pamkax BUKOHaHHS MIJIOTHOTO MPOEKTY CIIOCTEPIraeThes TEHAEHIIS 10 3HUKEHHS palialliiiHo-
iHaykoBanoro anontody MIIK xBopux micis mpoxomkeHHs Kypcy mnpomeHeBoi Teparii. HIupoxwuit
Jiana3oH 3HaYeHb amoNnTOTUYHOro iHAekcy ompomiHeHux MIIK xBopux nHa PII3 cBiguuths mpo
BapiabenpHICTh 1HAUBIAYaNbHOI paaiodyTiuBocTi. [Ipu mpoBedeHHI KopensiiiiHoro asamizy 3a
CrniipMeHOM BUSIBJICHO MO3UTHUBHY KOPEJIALIIIO MIXK ITOKa3HUKaMH “CIIOHTAHHOTO’’ alloNTO3Yy U arnonTo3y,
1HAYKOBaHOTro TecT-onpoMineHHAM, B MIIK xBopux sk 10 nouatky onpomineHHs (r = 0,88), Tak 1 micins
nepmioi ¢pakiii onpominenHs (r = 0,77). B 1o # ke Wac Takoi KOpessiii MK MOKa3HUKaMHU
“CIIOHTaHHOr0” amonTo3y M amonTo3y, 1HIYKOBAHOTO TECT-OMPOMIHEHHSM, MiCIs TMOBHOTO KypCy
NpOMEHEeBOI Tepamnii BusiBiIeHo He Oyio (I = 0,48).

Busnauenns mnokasHukiB amontody B MIIK xBopux nHa PII3 B moegHaHHi 3 iHIIUMH
010XIMIYHUMH, KJITHIYHUMH Ta IUTOT€HETUYHUMU MTOKa3HUKAMH MOXke OyTH MPOrHOCTUYHUM MapKepoM
peaxIlii 310pOBUX TKaHUH, [0 TOTPAIUIIFOTH Y 30HY TePareBTUYHOTO OoNpoMiHeHHs. Po6oTa BUKOHaHa
B paMmKax IUIbOBOI mporpamu HaykoBux nociipkeHb BBOMBb HAH Vkpainun “MonekynspHo-
610J10T14HI (PAKTOPH reTEPOreHHOCT] KITIHIYHOTO Mepediry ropMOHO-3aJIeKHUX MyXJIUH .
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CHUPOBATKOBHU MIO3HUH C1 Y IEPEBIT'Y XPOHIYHOI JIIM®OIUTAPHOI JIEUKEMII

Ianait O.!, Kit }0.2, Bapinka B.!, Muponoscekuii C.2, Croiixa P.2, 3otosa 0.1, Jlorincekuii B.!
1 - AV «lncmumym namonoeii kposi ma mpancghysitinoi meouyunu HAMH Ykpainu, 79044, m. Jlveis,
eyn. I'. Yynpunxu, 45
2 — Incmumym 6ionoeii knimunu HAH Ykpainu, 79005, m. Jlveis, syn. /[pacomanosa 14/16

E-mail: Oliashalai@ukr.net

Xponiuna mimporurapna neiikemist (XJUJI) — xponiune niMmponporidepaTHBHE 3aXBOPIOBAHHS,
KIIIHIYHI TposiBH, Tepedir, BIAMOBIAh HA JIKYBaHHA 1 MPOTHO3 SIKOTO y OKPEMHX XBOPUX 3HAYHO
BIJPI3HAIOTHCA. Y 3B’SI3KY 3 IIMM OCTAHHIM YacOM IIMPOKO OOTOBOPIOETHCS, Ta MPOJOBKYETHCS MOIIYK
HOBHX JIIarHOCTUYHHUX MApKEPiB Ta MPOTHOCTHYHHUX (PaKTOPIB i€l XBOPOOH.

Panime Hamu Oys0 BCTAHOBJIEHO, IO B CHPOBATIi KpoBi XBopux Ha XJIJI Ha BiaMiHYy Bix
310pOBHX A0HOPIB mpucyTHii mio3zur C1 (Myronovskij et al., 2018). Metoro po6oTH Oyi10 TOCTiAUTH
BMICT I[b0r0 OiKa B cupoBatii KpoBi 15 xBopux XJIJI B aunamini nepebiry xsopoOu. [iarnoz XJIJI
BCTAQHOBJIIOBAJIM HA TMIACTaBl KIHIKO-Ta0OpaTOPHUX JIOCHIPKEHb BIAMOBIAHO JO Cy4YacHHX
MibkHapogHux KpurepiiB HamionamsHoro incturyry paky (NCI), BKIIOYHO 3 IUTONOTIYHHM Ta
IMYHO()EHOTHIIOBUM JOCITIDKCHHAM KIITHH nepuepudHoi Kposi i/abo kicTtkoBoro mo3ky. Cepen
narienTiB 10 9ooBikiB Ta 5 *iHOK BikoM 48-69 pokiB (MeaiaHa BiKy CTAaHOBUIIAS8 pOKiB), CEpeaHiil Bik
— 57,6£1,7 pokiB, npu pomy no 60 pokiB O0ymo 75,0% oci0, a crapmmx 3a 60 pokiB — 25,0%.
[TanpmatopHo Ta coHOrpa)iuHO KOHCTATOBAaHO ypaxeHHs NiMdaTtuyHux By3miB (y 60% mnailieHTiB),
cene3inku (33,3%), 36inbmenHs nedinku (20,0%). BiamoBinHo 10 3araabHONPUAHATHX Kiacudikarii
craniii XJIJI 3a Rai y 9 nanientiB Bcranosieno panti (0-11) craaii ta y 6 xBopux mizui (III-1V) cranii
xBopo6u. KinbkicTs neiikonuri nepudepuanoi xposi cknagama 10,2x10%1 — 160,0x10%m. Cepenniit
TIOKA3HUK y XBOPUX cTaHOBUB (69,7+12,8)x10%1. Anemis (Hb<110 r/n) BusBnena y 4 (26,7%) oci6,
tpoMOonmroneHis (<100 I'/m) y 5 (33,3%) xBopux. JliMmporuros nepudepruaroi KpoBi CKIIaIaB MMOHAT
50% vy Bcix Bumagkax. AOCOJIOTHA KIUIbKICTh JIMGOUMTIB nepudepuyHoi KpoBi ctaHoBuia (5,2-
148,8)I'/n. ¥ myHKTaTi KICTKOBOTO MO3KY CIOCTEpIraBcs BUCOKUN BIJICOTOK JIIM(POILUTIB, SIKUH Yy BCIX
xBopux nepesuiryBaB 40% (65%-90%). Pien» [(2-MI', HeraTuBHOro MpPOTrHOCTUYHOIO MapKepy
aKTUBHOCTI XBOpOOHU, KonuBaBcs y Mexkax 1,84 mr/m, — 12,67 mr/n. Cepenniii BMicT ctaHoBuUB (4,4+0,9)
mr/in. CepenHs KiTbKICTh TIMGOIMTIB 3 O3HAKAMU aKTHBAIlil, sIKi HECITU Ha CBOIN MOBEPXHI aHTUTEHU
CD38 cranoBuna (59,65+5,76)%. Busnauenns Bwmicty miozuny Cl mpoBoamiIM mepes MOYaTKoM
JKyBaHHA, 4epe3 3 Ta 6 MicsLIB Micis JIKyBaHHA. XBOPUX PO3/UIEHO Ha 1Bl rpynu. 1 rpyma —8
MAIIEHTIB Y AKUX B mepediry xBopodbu He BusBieHO Mio3uH Cl Ta 2 rpyna -7 Mall€eHTIB y SIKUX B
nepediry xBopoOu BussneHuil mio3uH Cl. [Ipu ctatuctnyHOMY aHami31 BIpOriJHOI pi3HHULI Y KUIBKOCTI
JEHKOIMTIB, TPOMOOIIMTIB, PIBHS T€MOTJI00IHY Ta CTalld XBOPOOU y IIUX Ipyrnax HaMH HE BUSBIIECHO.
3Beprae yBary Biporiaza (p<0,05) pizauis piBHs ekcrpecii CD38. YV rpymi XxBopux y nepediry xsopoou
saxux BusiBneHui mio3ud Cl, piBenb CD38 3Hauno Buiuii i cranoBuB (70,5+6,1)%, TOPIBHSAHO 3 1HIIOKO
rpymnoto (48,8+7,8)%. IcHye pi3HHILI MK rpyiaMu B TOKa3HUKax piBHA B2-MI, (3,2+0,8)mr/n y xBopux
3 miosuHoM C1 Ta (5,28+1,41)mr/n Ge3 BusiBieHoro Miozuny Cl, ogHak BOHa M€ HEAOCTATHHO
noBeZieHa. MU XOTUIM Ji3HATHCS UM ICHYE 3B'A30K y Tpymi Ne2 MixK piBHSIMM MPOTHOCTUYHHUX MapKepiB
CD38, B2-MI" Ta BMicTom Mio3uny C1. BcTaHOBIIEHO 3BOPOTH1H KOPENSITUBHUMN 3B'30K CEPEIHBOI CHIIN
(r= - 0,410) mix BmicTtoM miozuHy C1 i piBHem ekcrpecii CD38, ta mpsmuii cuibhuit (r=0,681)
KOPEJSATUBHUHN 3B’s130K 3 piBHeM B2-MI'. Pe3ynbTaTl mpoBeeHUX MOCTIIKEHb BKa3yIOTh Ha T€, LIO0
HasBHICTh Mio3uHy C1 y kpoBi xBopux Ha XJIJI Moxke OyTu moB’si3aHa 3 Mporpeciero XBopoOu Ta B
MalOyTHBOMY CIIYT'YBaTH JOAATKOBUM IMPOTHOCTUYHUM KPUTEPIEM Mepediry 1bOro 3aXBOPIOBAHHS.
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BIIJIMB IHCYJIIHY HA ITPOJIIPEPATUBHY AKTUBHICTbD
TA UYTJIMBICTH 0 JOKCOPYBIIUHY KJITHH JIIHII MCF-7
PAKY T'PYJHOI 3AJ1031 JIIOUHHA IN VITRO

3aBeneBuy M.IL., ®inpuenko O.0., Jluxosa O.0., JIyk’sHoa H.1O., Uexyn B.D.

Incmumym excnepumenmanvroi namonoeii, onkonoeii i padiobdionoeii im. P.€. Kaseybkoeo
HAH Vkpainu, éyn. Bacunvkiecorka 45, Kuie 03127, Ykpaina

E-mail: mzavelevych@yahoo.com

OcraHHIM YacoM 3’SBJISIETBCS BCE OUIBINE JAaHUX IMPO 3B’SI30K METAOOJIYHOTO CHHAPOMY 3
PHU3UKOM PO3BHUTKY PsAIY 3J0SKICHUX HOBOYTBOPEHb, BKIIIOYAIOUU pak rpyaHoi 3ano3u (PI'3), Ta mpo
3HIKCHHS e(PEeKTUBHOCTI XimioTeparii IpH HasABHOCTI METabOJIIYHOrO CHHApOoMY. Bucoki piBHI
TIFOKO3H 1 1HCYJIIHY MOXKYTh CIIpUsTH Ipostideparrii Ta inBazii kiaitun PI'3. Ognak gaHi npo MexaHi3Mu
JKApPChKOI CTIMKOCTI, acouiioBaHi 3 MeTaboiYHUMHU 3MiHAMHU y XBopux Ha PI'3, oOmexeHni. Mera
JOCITI/DKCHHS TIoJIsrajia y MOPIBHSAHHI BIUIMBY IHCYIiHY IN VItro Ha mposidepaliito Ta 4yTIuBICTh 10
nokcopyoinuny kiitua MCF-7 PI'3 ta cy6uninii MCF-7/D0X, pe3ucTeHTHOT 10 JOKCOPYOIIHHY.

Knituan MCF-7 otpuMaHi 3 Ki1iTHHHOTO OaHKY JIiHiH 3 TKaHUH Moauau Ta TBapul IETIOP HAH
VYkpainu; knitunu cyoninii MCF-7/Dox oTpumai 3 BUX1JHOI JIiHIT Y BIUI1I1 MOHITOPUHTY ITYXJIMHHOTO
npouecy Ta nuzaiiny tepamii IEIIOP HAH Vkpainu. BukopucroByBanmu mnpemapaT iHCYTiHY 3
miAnuTyHKOBOT 3ao3u 6uka (“Sigma”, CIIIA) Ta nokcopy6inuu (“Ebewe Pharma”, Ascrpist). Kimituau
KyJIbTUBYBaJIH 48 T0/1 3 IHCYJIIHOM B IIOBHOMY ITOKMBHOMY cepefioBullli. /[y BU3HAUEHHS 4yTIMBOCTI
710 TOKCOpYOIMHY oro BHOCHIX Ha 48 roj micis nonepeaasoi 24 roa iHKyOarlii 3 iHcymiHOM abo 6e3
Hboro. [lipaxyHOK KIIITHH 31ilicHIOBaNy micist ix ¢papOyBanns 0,1% po34rMHOM TPHUIIAHOBOTO CHHBOTO.
Posmoain cyonomysmii KiTiTuH, modapOoBaHUX MPOIMIIi0 HoaumaoM, 3a GazaMu MITOTUIHOTO ITUKITY
Bu3Hadanw Ha nuromeTpi BD™ FACSCalibur (“Becton Dickinson”, CIIIA). Pe3ynsraTtin 00po0iisiin B
nporpami ModFit LT2.0 (“Verity Software House”, CILIA). IIponidepatuBHuii iHISKC OIIHIOBAIH 32
CYMapHHUM BiJICOTKOM KIITUH Yy ¢azax S Ta G2/M. MeTooM NpoTOYHOT IIUTOMETPIi BU3HAYAIN TAKOXK
piBeHb peLenTopa iHCYNIHY Ha MOBEpPXHI KJIITHUH, BUKOpucTOBYtouM FITC-koH’roroBaHuil iHCYiH.
Kutre3maTHICThP — KJIITHH —~ BH3HAYalM 3  BHKOPHUCTaHHSAM  3-(4,5-mumerwnriazon-2-im)-2,5-
mudeninTerpazoniym opominy (MTT, “Sigma”).

BcranoBneHo, 1110 1HCYJIH Y KOHIIEHTPAIIAX 5—25 HMOJIB/JI HE3aJIeKHO BiJl BUX1THOI IIIJTBHOCTI
KyJIbTypHU He 3MiHIO€ TiponideparuBHuit inaekc kitud MCF-7/Dox ta MCF-7. OnHak Ha BIAMIHY Bif
kiaituH MCF-7, B kmitunax MCF-7/Dox npu iHKyOamii 3 1HCYJiHOM BiAOYBa€eThCsl BIpOT1IHUN
nepepo3noain (B mexax oins 10%) mix ¢pazamu S 1 G2/M nukiny Ha kopucth G2/M dasu. Kpim toro,
norepeHs 1HKyOallis 3 IHCYJIIHOM y KOHLIEHTpalii 25 HMOJIb/11 3HIXKYe dyTuBicTh KiiTHH MCF-7 no
IIUTOTOKCUYHOI Aii JokcopyOiuuny. PiBenp BmxkuBanocTi kiiTuH MCF-7/Dox 3a xomOiHOBaHOT ii
IHCYJIiHY Ta JOKCOPYOILMHY 3aleXUTh BiJ BUXIAHOI HIimbHOCTI KynbTypu. B wimituHax MCF-7/Dox
BUSIBJICHO BipOTiJHE MiIBUIIEHHS PIBHS PELIENTOPIB iHCYNiHY B mopiBHAHHI 3 KirituHamu MCF-7 (27,4
+ 2,4 y.o. ta 18,1 + 1,4 y.o., BinnoBigHo). Pazom 3 TuM, pi3HULA B epeKTax 1HCYNIHY B KJIITHHAaX 3
(eHOTUIIOM JTIKapChKO1 Pe3UCTEHTHOCTI HMOBIPHO MOKe OYTH MOB’s3aHA TaKOX 1 3 BIAMIHHOCTSIMH Y
MIBUIKOCTI 1IHTEpHATI3AIII] JTITaHI-PEIIENTOPHUX KOMIUICKCIB, Y (DYHKIIIOHYBaHHI aJIeHITaTIIMKIa3HOI Ta
iHO3UTON(OChATHOT CUTHAIILHUX CHUCTEM, TOmlo. PoboTa BHKOHaHAa B paMKax ILJILOBOI MPOrpamu
HaykoBux nociikeHb BBOMbB HAH Vkpainu “MonexynsipHo-0ionoriuni (pakTopu reTreporeHHoCTI
KIIIHIYHOTO Mepediry ropMOHO3JIEKHUX MyXJIUH .
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LACTOFERRIN EXPRESSION AS A TOOL FOR THE ENHANCEMENT OF NON-
SPECIFIC PLANT PATHOGEN RESISTANCE

Yemets Alla Lecture 1

Alla Yemets, Anastasiya Buziashvili

Institute of Food Biotechnology and Genomics, Natl. Acad. of Sci. of Ukraine
Osypovskoho str., 24, Kyiv, Ukraine 04123

E-mail: yemets.alla@nas.gov.ua

Lactoferrin (Lf), one of the most important human milk proteins, occupies the expanding
biotechnological market niche due to its important versatile properties. Lf exhibits antiviral, antimicrobial,
antiprotozoal and antioxidant activities, modulates cell growth rate, binds glycosaminoglycans and
lipopolysaccharides, and also inputs into the innate/specific immune responses. Development of highly
efficient human recombinant Lf expression systems employing yeasts, filamentous fungi and higher plants
as bioreactors for the large-scale Lf production is a biotechnological challenge.

Hereby, due to multiple protective Lf properties, its genes (bLf, hLf, hLfN) are desirable candidates
for the introduction into the genomes of economically important higher plant species for the enhancement
of their immune response. It has been demonstrated that the transformation of some higher plant species
(tobacco, rice, pear, etc) by different Lf genes confers broad-spectrum resistance against viral, bacterial
and fungal plant diseases and is the promising tool for the enhancement of plant biotic stress resistance
crucial for food production safety.

In our study hLf gene was used for Agrobacterium-mediated transformation of different tomato
and potato cultivars. Transgenic lines were selected in vitro on media supplemented with kanamycin as
selective agent. Integration of hLf gene into their genomes was confirmed by PCR using specific primers
to the gene of interest. Expression of hLf gene was confirmed by Western blotting hybridization with
specific monoclonal antibodies against lactoferrin. Also, the resistance against bacterial pathogens
Clavibacter michiganensis subsp. michiganensis and Ralstonia solanacearum, and fungal pathogene
Phytophthora infestans of obtained lines was tested in vitro.

Obtained results show that genetic transformation of plants with human lactoferrin gene is one of
the promising technology for increase their resistance to different phytopathogens.
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NITRIC OXIDE, SYNTHESIZED BY NITRATE REDUCTASE, AS PARTICIPANT OF
TRANSDUCTION OF HYDROGEN SULPHIDE SIGNAL AT INDUCTION OF HEAT
RESISTANCE OF WHEAT PLANTLETS
Yuriy Kolupaev Lecture 2

Kolupaev Yu.E., Karpets Yu.V., Shklyarevskiy M.A., Shvydenko M.V.
Dokuchaev Kharkiv National Agrarian University,
p/o Dokuchaevske-2, Kharkiv, 62483, Ukraine
E-mail: plant_biology@ukr.net

Signal functions of gasotransmitters are substantially defined by their interplay. NO and H.S are
most closely functionally bounded among themselves. Their crosstalk is the component of formation of
adaptive responses to influence of stressors. It is known that hydrogen sulphide can induce synthesis of
NO in plants. In experiments with lucerne plants the effect of removal of positive influence of hydrogen
sulfide donor NaHS on the salt resistance of plants and the gene expression of antioxidant enzymes by
treatment with nitric oxide scavenger PTIO (2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide) is
established (Wang et al., 2012). The treatment of pea plantlets with sodium hydrosulfide raised their
resistance to the toxic action of arsenic, at the same time the increase of content of nitric oxide was noted
(Singh et al., 2015). However, the mechanisms of change of content of nitric oxide in plant cells, induced
by hydrogen sulphide, remain not clear. Also the causal relationship between the change of homeostasis
of reactive oxygen species (ROS) and reactive nitrogen species, and the development of plant resistance
to stressors under the influence of hydrogen sulphide remain low-investigated. The purpose of studying
was in clarification of mechanisms of functional interplay between exogenous hydrogen sulphide, ROS
and nitric oxide at the induction of heat resistance of wheat (Triticum aestivum L.) plantlets.

The treatment of roots of wheat plantlets (var. Doskonala) with the solution of hydrogen sulfide
donor NaHS in concentration of 100-300 uM caused the increase in their survival after the potentially
lethal heat stress (heating at 45°C during 10 min). At the same time in 1-4 h after the influence of
exogenous hydrogen sulphide on cells of roots the transitional intensifying of generation of hydrogen
peroxide and nitric oxide happened, further their content in roots did not differ from quantities of control
variant. Hydrogen peroxide scavenger dimethylthiourea (DMTU) and the inhibitor of NADPH oxidase
imidazole completely leveled the effect of increase in NO content in roots, caused by the influence of
donor of hydrogen sulphide. At the same time scavenger of nitric oxide PTIO, and also inhibitors of NO-
synthase L-NAME (N®-nitro-L-arginine methyl ester) and nitrate reductase sodium tungstate did not
influence almost on the increase of content of hydrogen peroxide, induced by exogenous hydrogen
sulphide in roots. Increase in NO content in roots, which is provoked by treatment with NaHS, was
considerably suppressed with the nitrate reductase inhibitor tungstate and almost did not change at their
treatment with NO-synthase inhibitor L-NAME. During the influence of hydrogen sulphide on roots the
transitional increase of activity of nitrate reductase was registered with the maximum in 2 h after the
beginning of treatment. This effect was eliminated by the treatment with DMTU or imidazole.

In general, the increase of heat resistance of plantlets, caused by exogenous hydrogen sulphide,
was leveled by both antagonists of ROS (DMTU and imidazole), and antagonists of NO (PTIO, L-NAME
and tungstate). Thus, the induction of heat resistance of plant cells by exogenous hydrogen sulphide is
mediated by the intensifying of ROS generation, the subsequent activation of nitrate reductase and
increasing of synthesis of nitric oxide, which depends on this enzyme.
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ADAPTATIVE CHANGES OF PROTEOME IN ARABIDOPSIS SEEDLINGS FROM
CHERNOBYL ZONE

Galyna Shevchenko Lecture 3
Shevchenko G.V., Brykov V.O., Klymenko O.

Institute of Botany, NAS Ukraine, Tereshchenkivska 2., 01004, Kyiv

E-mail: galli.shevchenko@gmail.com

As sessile plants possess high capacity for adaptation to contaminated environment, mechanisms
of such processes are of significant interest to agriculture and biotechnology. To understand details of
plant adaptation we consider it significant to investigate reaction to genotoxins in plants from Chernobyl
which develops certain tolerance to chronic radiation. A. thaliana seeds were collected in highly
contaminated areas of Chernobyl zone and subsequently screened for tolerance to heavy metals and
radiomimetic which resulted in obtaining Arabidopsis line (Che_07) resistant to genotoxins. Che_07, Col
and control plants were grown on 100uM CdCI2 and checked for proteome changes by means of 2D
electrophoresis, mass spectrometry and bioinformatics. Experiments revealed proteins involved in
photosynthesis/chlorophyll biosynthesis, carbohydrate and energy metabolism, amino acid metabolism,
protein transport/proteolysis, protein synthesis/folding, stress/detoxification and ascorbate-glutathione
cycle. Our results showed high overlapping in altered functional categories among Arabidopsis accessions.
At the same time, proteome of Arabidopsis descendant (accession Che 0,7) from radioactively
contaminated place exhibits specific proteins which with highly probability are involved in promoting
plant stress resistance. Thus, accumulation of enzymes involved in the biosynthesis of sulfur-containing
amino acids, might be connected with phytochelatin biosynthesis and plant protection against heavy
metals; and abundant energy related proteins could facilitate detoxification mechanisms. Distinctive
feature of tolerant Arabidopsis accession versus not tolerant is increase in annexin D1 level which is
known to protect photosynthetic pigments from degradation. We suggest that identified proteins in tolerant
Arabidopsis could be implemented in biotechnology for crops stress resistance and used as markers for
molecular breeding.
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ROLE OF CYTOMIXIS IN A MECHANISM OF MICROSPOROCYTE KARIOTYPE
REARRANGEMENT
Olena Kravets Lecture 4

Olena Kravets, Svitlana Plokhovska, Inna Horiunova, Alla Yemets, Yaroslav Blume
Institute of Food Biotechnology and Genomics, National Academy of Sciences of Ukraine,
Osypovskogo Street 2a, 04123 Kyiv, Ukraine

E-mail: kravetshelen@gmail.com

Cytomixis is a type of nuclear and cytoplasmic cell-to-cell migration typical for plant and animal
tissues. This process involves the interaction of dynamic cytoskeletal components with the nucleus
through signalling systems and linker complexes (Kravets et al., 2017a, b; Mursalimov et al., 2019). The
most numerous studies regarding cytomixis are researches on microsporogenesis in angiosperms. The
wide occurrence of cytomixis in terrestrial plants testifies its being involved in the important genomic
reorganization processes, which allow its carriers to be maintained due to natural selection process.
However, despite significant progress in study of cytomixis its role as mechanism to increase genetic
diversity and speciation in plants are still not clear. We have studied the assignment and actions of
cytomictic chromatin in meiosis as well the mechanisms of rearrangement of microsporocyte and
microspore genotype. Several monocotyledonous species with spontaneous cytomixis were investigated:
Saffron lily (Lilium croceum Chaix.), Welsh onion (Allium fistulosum L.), Onion (Allium cepa L.). Light
and fluorescent microscopy were used. Based on the cytogenetic analysis we have concluded that in
microsporocytes of investigated species of liley are formed extra chromosomes presumably of a
cytomictic nature. Aneuploidic microsporocytes are remained as functionally viable cells. Extra
chromosomes are detected not only in hyperchromosomal but in euchromosomal microsporocytes. The
markers of additional chromosome are the aberrations, weakened synapsis between homologues and
synapsis with other chromosomes, including bivalents of the basic karyotype via formation of secondary
chromosome associations. This allows extra chromosomes to be partially fixed in the meiotic division
apparatus and participate in the restructuring of the karyotype. The bulk of the cytomictic chromatin after
recombination is the cell "genetic ballast" which is gradually eliminated using chromosome
rearrangements, chromatin diminution, differential chromosomal distribution, asymmetric division,
cytomixis and PCD. Nevertheless, a part of extra chromosomes can adapt to the microsporocyte genome
and participate in its reorganization. In this favor indicates the presence of extra chromosomes in eu- and
hipochromosomal microsporocytes as well as polymorphism of pollen grains. It should be noted that the
above events can be caused both by cytomixis and by the potential hybrid nature of these species.

Kravets E.A. et al. Cytol. Genetics 2017a, 51(3):192—-201.

Kravets E.A. et al. Cell Biol Int 2017b. doi: 10.1002/cbin.10842.
Mursalimov S.R. et al. Biologia 2019. https://doi.org/10.2478/s11756-019-00203-4
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OIITUMI3OBAHA CUCTEMA AHAJII3Y MOJU®PIKATOPIB MYTAI'EHE3Y HA OCHOBI
MOJEJBHOI'O POCJIMHHOI'O OB’€EKTA ALLIUM CEPA L.

Bosionumup Hlkapyna Lecture 5

Ikapyna B.M.%, Kiumenxko C.B.2, [Tickyn P.IT.!
1 — Binnuywvxuii Hayionanvruti ynieepcumem im. M.1. ITupocosa, Binnuys, eyn. [lupocosa 56

2 — Hayionanvnui nayxoeutl yenmp paoiayitinoi meouyurnu HAMHY, Kuis, éyn. Menvruxosa 53

E-mail: Piskyn2006 @gmail.com

Opni€ero 3 cy4acHUX MpoOJeM aHTUMYTareHe3y € PO3PHB MiXK BEIMKOK KUIBKICTIO BIIOMHX
pPEUOBMH 3 AHTUMYTAareHHUMH BJIACTHBOCTSMH Ta iX OOMEXKEHOIO KUIBKICTIO, IO YCIIIIHO
3aCTOCOBYIOTBCS B SKOCTI 3aco0iB mpodilakTHKW/Teparii HacliIKiB 1HIyKOBaHOTO MmytareHesy. lle
00yMOBITIO€ HEOOXITHICTh BUXO]Ty 32 pAMKH CIIPOIIIEHOTO BU3HAUCHHS TaK/HI HASBHOCTI aHTHMYTar CHHUX
BJIACTUBOCTEH, CTBOPEHHSI KOMILJIEKCHUX MiAXO/1B BUSBIEHHS 1 TMOPIBHSJIBHOI OLIHKH aHTHUMYTareHis;
3’sICyBaHHS YMOB, III0 BU3HAYAIOTh XapaKTep aHTUMyTareHe3y B 3aJI€KHOCTI BiJl LIIJIOTO PsAy MapaMeTpiB:
NUIAXIB Ta Yacy Mii, J03M MyTareHiB Ta MoAu(ikaTopiB; po3poOKH MATEeMAaTUYHUX MiJIXOJiB OI[IHKU
e(eKTUBHOCTI aHTUMYTAareHiB Ta iH. Y 3B 53Ky 3 I[UM Ha NEpIIMK TUTAaH BUCTYIA€ 3aBJAaHHS PO3POOKH
METOJIOJIOTIYHUX OCHOB Ta METOJMYHMX IIIXOIIB JUIsl SIKICHOI 1 KUIBKICHOI OIIIHKM MOIU(IKaTOpIB
MyTareHe3dy. BupimeHHs IuX 3aBJaHb B TOBHOMY 00’€Mi 3 BHKOpDHUCTAaHHSM OaTapei TecTiB €
JIOBFOTPUBAJIOO, TPYAOMICTKOIO, BapTICHOIO Ta Ba)KKO BUKOHYBaHOIO po00TOI0. B 11bOMY BiHOIIEHHI
POCJHMHHI TECT-CUCTEMH 3 BUKOPHCTAHHIM IIUTOT€HETHYHHX ITapaMeTpiB MArOTh iICTOTHI epeBaru. Pazom
3 THM, KJJACHYHA TECT-CUCTEMa Ha OCHOBI KopeHeBo1 Mepuctemu 1oy (Allium-mecm), na Hairy 1ymMKy
€ HEJOOI[IHEHOIO B TUIaHI PO3IIMPEHHS CIIEKTPY KPUTEPiiB OLIHKM MyTareHesy i Horo moaudikamii ta
MOYJIMBOCTEH Ui BHUpIIIEHHS 3a3HAUYE€HUX 3aBJaHb. MeToro poOoTH Oyjao CTBOpEHHs Ta ampobaris
KOMIUIEKCHOI CHCTEMHU SIKICHUX Ta KUIBKICHUX KPHUTEPIiB OIIHKH MOJAU(IKATOPIB MyTareHe3sy 3
BUKOPUCTAHHAM B SIKOCTi MoJieNibHOT TecT-cuctemu Allium cepa L.

Po3pobnena cucrema 0a3yeTbCsi Ha BUKOPUCTaHHI KOMIUIEKCY LIMTOI€HETUYHHX KPUTEpIiB Ta
napameTpiB OLIHKM Moau(ikamii MyTareHe3y, TakuxX sIK 4acToTa abepaHTHUX KIITHH (Ta abepauii),
MOIIKO/PKEHICTh a0epaHTHOI KJIITUHHU, YaCTOTa MYJIbTUA0EPAHTHUX KIIITHH, CIIEKTpP abepartiiii XpoMocoM,
CHIBBIHOIIEHHS «MOCTIB» Ta (parMeHTiB (SIK IMOKa3HUK €(EeKTHBHOCTI pemnapaTUBHHUX IPOLECIB),
MITOTUYHUI 1HJAEKC, CHiBBIAHOMIEHHA (a3 wmito3y. [lapameTpu cuctemMu: BUKOPUCTAaHHS B SIKOCTI
MOJICIBHUX — MYTareHHUX YMHHHUKIB 3 pI3HUMHM MeXaHi3MaMu il Ta e(QeKTUBHICTIO (anKuTyroui
MmitominiuH C Ta Tiodocdamil, TPOOKCUIAHTHUIN N1OKCHINH, 10HI3yI04Ye BUIIPOMIHEHHS), PO3/UIbHA Ta
CyMICHa JIisl MyTareHa Ta MoJugikaTopa, iX BIJIMB Ha PI3HUX CTAAISIX MITOTHYHOTO IIUKITY (Ta BIPOJIOBK
BCHOT'O MITOTMYHOT'O IIUKIY), €KB1I03UMETPUYHUMN MIAX1J (aHaMI3 e(eKTUBHOCTI aHTUMYTAreHiB MpH Ail
MyTareHiB B J03aX, L0 CIPUYUHSIOTh OAHAKOBUI piBEHb IIUTOTCHETUYHUX IOIIKOIKEHb), 3aIEKHICTD
AHUMYTareHHoi e()eKTUBHOCTI BiJl KOHLEHTpAllll aHTUMYyTareHy, BiJl piBHS MyTareHe3y Ta e(peKTUBHOCTI
MyTareHiB, Jiama3oH aHUMYTAareHHOI e(peKTUBHOCTI. JloJaTKOBI MaTeMaTHuYHI MapaMeTpu OILIHKH:
CTATUCTUYHUHN aHAI3 TMOKIITUHHOTO pPO3MoAlTy abepamiii (BiAmoBiaHICTH posnoainam Ilyacona,
reOMETPUYHOMY Ta KOMITAyHJy LIUX PO3MOJUTIB), BU3HAYEHHS IHTEIPAIILHOTO MMOKAa3HUKa — KoedillieHTa
AHTUMYTareHHoi e()eKTUBHOCTI HAa OCHOBI TEOPETHUYHUX MOJIENEN 3alledHOCTeN J03a MyTareny-eQexT,
1110 TO3BOJISIE OLIHUTH AHTUMYTareHHy €(peKTUBHICTh HE3aJIEKHO BiJl piBHS MyTareHe3y Ta pOrHO3YBaTH
e(eKT aHTUMYTareHy npu Jii MyTareHiB B pi3HUX J103aX.

BucHoBku. Po3poOinena onTumizoBaHa (B acmekTaX €KOHOMIYHOCTI, INBHIKOCTI Ta
1HQOPMATUBHOCTI aHai3y) cHUcTeMa SKICHUX Ta KUIbKICHUX KpUTEpIiB OLIHKK MOAU(IKaToOpiB
MyTareHe3y Ha MPUKIAAl TOCTIIKEHHS aHTUMYTareHHUX BJIACTHUBOCTEH T'yMiHOBHX PEYOBHH J03BOJISIE
3HAYHO 30UIBIIUTH 1HPOPMATHUBHICTh KOMIUIEKCHOTO aHaJIi3y MOJIM(pIKaTOPiB MyTareHesy.
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Soil sickness is a disadvantage occurring all over the world and more and more often in European
arable soils, on which cereal cultivation begins to dominate. It is estimated that Europe in the structure of
cereal sowing accounts for about 70%. This is unfavorable in many ways because it contributes to the
degradation of arable soils, which in turn leads to a reduction in crop yields. Among the many factors that
cause soil sicknes and affect the reduction of crops attention should be paid to the biological factor, and
especially the occurrence of an increased number of fungi including pathogenic fungi and toxinogenic
fungi. It should be noted that plants grown in Europe are an excellent substrate for the development of
various species of fungi, and climatic conditions including heavy rainfall during the harvest season favor
the production of mycotoxins. The most well-known mycotoxins and particularly dangerous for all soil
organisms and higher plants, animals and humans are species belonging to the genera Aspergillus,
Penicillium, Fusarium and Alternaria. And it is mycotoxins that seem to be one of the main negative
biological factors that significantly affect the microbiological activity of arable soils, contributing to a
breakdown in the microbiocenotic systems of soils, which results in a decrease in crop yields. The harmful
effect of mycotoxins on the soil microbiota manifests itself mainly in inhibiting the intensity of organic
matter decomposition processes, weakening of biological nitrogen fixing processes, adverse effects on
nutrient biogens in agroecosystems and weakening of symbiosis between microorganisms and crops, as
well as elimination of bacteria recognized as PGPR (plant growth promoting rhizobacteria). It should be
noted that soil sickness is an example of unfavorable changes in the natural environment caused by
disturbances in the functioning of individual elements of soil biocenosis, and examples of soil sickness
are familiar to farmers: clover, execution; tobacco, grinding; flax, eradication; beets, breakage etc.
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OJEPKXAHHSA XITO3AHY IIPU KOMIIVIEKCHOMY BUKOPUCTAHHI XPAIIA-
MOJIOYHUKA TEPTAMEHTHOTI'O (LACTARIUS PERGAMENUS (FR.)FR): TA
NOCJIPKEHHSI MOI'O BJACTUBOCTEN
BoJsiogumup AHTOHIOK Poster 2

Antoniok B.0.%2, TTanuak JI.B.!
1 — Jlveiscoruii hayionanbhuti meOuyHull yHigepcumem imeni Januna I anuybkoco
2 — Incmumym 6ionoeii knimunu HAH Ykpainu, m. Jlveie, syn. /[pacomanosa 14/16
E-mail: antonyukvo@gmail.com

Metorw naHoi pobGotu Oyma po3poOka METOMy OJEep)KaHHS XITHHY 1 XiTO3aHY 3 BHCYIICHHX
BUYABOK XPSI1a-MOJIOYHUKA EPraMEHTHOIO B paMKaX iX KOMIUIEKCHOTO BUKOPUCTAHHSI Ta 1OCI1AKEHHS
fioro (i3UKO-XIMIYHHUX BIACTUBOCTEH.

Martepiann Ta meroau. [11010B1 Tina Xpsia-MoJIOUHUKA HEPraMEHTHOIO 30Mpally y MIIIAaHOMY
JIici B IMIHI i 9ac iX MacoBoi nmosiBu y CkoJliBcbKoMy paiioHi JIbBIBCbKOT 00J1acTi, Ta HA MPOTs3i 6 TOAUH
JOCTaBIISUTH J10 J1abopaTopii, Ae iX moapiOHIOBaIM Ha M sICOpPYOLli 1 CiK BUTUCKAIH HA MOTYXHOMY TIPECi.
Cik OyB BUKOpPUCTAHUH Ui OJepKaHHS JIEKTUHY, 2 BUYaBKH BUCYIIYBAIH 1 €KCTPAryBajl METAHOJIOM.
MeTtaHoIbHUM €KCTPAKT (PpaKLiOHYBaJIM OPraHIYHUMU PO3UMHHUKAMH 1 IPOBOAMIIM XpoMaTorpadito Ha
KOJIOHIII CHJIIKAreJf0 i TaKUM UYMHOM OJiepXaiu (pakiii, 0 MICTWIN CEeCKBITepHeHH, (TalaTH,
CTeapuMHOBY KucaOTy [1-2]. BuuaBkM Iicis €KCTpaklii METaHOJIOM IOBTOPHO BHUCYHIYBAIM 1
BUKOPHCTOBYBAJIU JIJISl O/ICP’KAaHHS XITHHY 1 XiTO3aHYy.

Bucynieni BuuaBky MOPOIIKYBANIK B €IEKTPOMIKcepl 1 MpociBaiu yepe3 cuto 3 po3mipom mop 0,5
mMm. st onepxanns xitozany JIHM 3amuBanu 50% po3unnom NaOH y cnisBigHomieni 1:10 i momimanu
Ha KUIUIAYY BOAsHY OaHio Ha 60 xB. Ilicis 1pOro mopouok XiTHHY NPOMHUBAIN AUCTUIIbOBAHOIO BOJOIO
J0 TUX Mip, TIOKA MPOMHBHI BOIM HE 00e30apBioBaimcs. XiTO3aH i3 BUYABOK, OOPOOJICHHX TaKHM
croco0oM, ekcTparyBaiu 2 % pO3YMHOM OLTOBOI KMCJIOTH IPH IHTEHCHUBHOMY IE€pPEMILyBaHHI CyMillli
npotsirom 30 XB, i MOTIM Tpolec MOBTOpIOBaIM Ime pa3. HamocamoBy pinmHy 000X €KCTpakIlii
o0’eqnyBanu 1 xitozaH ocamkysanu 0,1 H. posunHom NaOH npu nosexenni pH nmo 9,5-10,0. Ocan
XiTO3aHy MPOMHUBAIHN BOJAOKO, Jaii 96° eTaHosioM, alleTOHOM, JIUETUIOBUM e(dipoM 1 BUCYIIYBaIHU MpU
KIMHaTHIM TeMmnepaTypi. MouekynsipHa Bara BU3Hayajach BICKO3UMETpUYHMM MeTonoM. CTymiHb
JICalleTIIIIOBAHHS 3pa3KiB XiTO3aHy BHM3Ha4danu mnuiixoMm TtuTpyBaHHsS 0,1 H. po3umnom NaOH
BUKOPUCTOBYIOUHM SIK 1HIUKATOp (enondranein. EnexTpodopernynuil aHami3 XiTo3aHy MPOBOJIWIN B
IUTACTHHI MOJIaKPUIIaM1HOTO TEJIIO0 3 TOCTYIOBUM I'paJleHTOM KOHIIEHTpallii akpuiaminy 5, 10, 15120%
3a Jomnomoror kucioi OydepHoi cucremu (B-anmaniH-ouroBa kuciora, pH 4,5). ®apOyBanHs
smiticatoBasn 0,1 % p-Hom kymacci G-250.

PesyabTaTnn i oOroBopenHsi. IIpy KOMIIJIEKCHOMY BHKOPHUCTaHHI IUIOAOBUX TiJ Xpsiia-
MosiouHuKa 13 100,0 r cBIXKHUX CHPHX IUIOAOBUX TUT MOKHA OJiepKaTu 7,54 T' CyXUX BUYABOK, 3BUIbHEHUX
BiJl BOJIO- 1 METAHOJIOPO3YMHHUX peuyoBHH. Hamu Oysi0 BCTaHOBIIEHO, 110 PO3UMHEHHS XITHHY 3 CYXHMX
BUYABOK MOXKHA 3JIIMCHUTH 36 % COJITHOIO KHCJIOTOIO, aJie JIsi MAaKCUMAJIbHOTO 3MEHIICHHS T1IpOJIi3y
PO3YMHEHHSI HEOOX1HO 3/A1MCHIOBATH JOTPUMYIOUYHCH TEMIIEpaTypH JboAsHOI OaHi. Buxin XiTuHy 3
BMYABOK TUIOJOBUX TUT MICIISI €KCTPAKIIii BOJO- 1 METAaHOJIOPO3UNHHHUX PEYOBHH CTaHOBUB 13,6%=3,5 %.
Buxin xito3any 3 cyxux Bu4aBok — 6,27%. CepeqHs MoJeKyIsipHa Maca XiTo3aHy II0J0BUX Tix Lactarius
pergamenus, BU3Ha4YeHa BicKo3uMeTpudHO, ctaHoBmia 112+3 k/la. Ctymine neanetwmoBanss — 87,1 %.
Pesynbratn nuck-enektpodope3y BKa3ylOTh Ha CHIBHY Ie€TEPOT€HHICTh OJIEpKAHMUX 3pa3KiB XiTO3aHY.
Kucnuii rigposni3 onepkaHux 3pa3KiB XiTO3aHY 10 MOHOCAaXapu/IiB IIOKa3aB HASIBHICTh Y HbOMY HasIBHICTb
D-raroko3u Ta BiacyTHicTh D-hpykrosu, kpim N-anerun-D-ritokozaminy Ta D-rimoko3zaminy. O4eBuHO,
10 Ha BIAMIHY BiJ XITO3aHY KPEBETOK, XITO3aH XpAIla MOJIOYHHMKA MEepraMeHTHOro ¢popMye XiTO3aH-
IIFOKAHOBUM KOMIUIEKC, 3QJIMIIKH [JIFOKO3H Y IKOMY MIITHO 3B’513aH1 KOBaJCHTHUMH 3B’ SI3KaMH.

1. Ilanuax JI. B. ma in. Biotexuomoris, 2011. 4 (5): 90 - 96.

2. Tsivinska M. V.et al. // J. Adv. Biol., 2015. 6(3): 1023- 1035

3. Mati-Baouche N et al.// European Polymer J. 2014. 60: 198-213
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NITRIC OXIDE AS A SIGNALLING MOLECULE IN HEAT-INDUCED RESPONSE
INVOLVING MICROTUBULES IN ARABIDOPSIS THALIANA

Svitlana Plokhovska Poster 3

Svitlana Plokhovska, Alla Yemets, Yaroslav Blume
Institute of Food Biotechnology and Genomics, National Academy of Science of Ukraine,
Osipovskogo Street 2a, 04123, Kyiv, Ukraine

E-mail: svetaplohovska@gmail.com

With the global temperature raised, heat stress is an important environmental factor limiting plant
growth, development and productivity. Heat stress has also been shown to disturb coordination of plant
organelles, damage to the cytoskeleton, thereby altering cell differentiation and elongation. Many previous
studies have shown that the plant cytoskeleton participates in the response to heat stress (Malerba et al.,
2010, Parrotta et al., 2015). NO is signaling molecule in mediating various plant responses such as
photosynthesis, oxidative defense, osmolyte accumulation, gene expression, and protein modifications
under heat stress. The literature describes an increase in NO accumulation in various plant species in
response to high temperature treatments (Yu et al., 2014). Nevertheless, deep insights into the functional
intermediaries or signal transduction components associated with NO-mediated heat stress signaling are
important establish the role of NO in plant heat tolerance.

The aim this study was to investigate the influence of high temperatures (+38°C, +41°C, +45°C)
and these temperature in combination with NO donor or scavenger on microtubule organization in living
plant cells using A. thaliana (GFP-MAPA4) line. It has been found that 100 uM SNP (NO donor) stimulates
formation of root hairs and their active growth, whereas 100 uM cPTIO (NO scavenger) treatment leads
to cell swelling in transition and elongation zones of primary roots and induction of primordial formation
of root hairs. Exposure of Arabidopsis roots at +38°C did not cause Visible changes in microtubule
organization of s, they only changed their orientation. Reorganization of microtubules occured after
exposure to temperatures +41°C and +45°C: from singly disorganized microtubules to partially and
completly depolymerization microtubules in some cells. We found that the most sensitive to heat stress
were cortical microtubules in the epidermal cells of meristematic and elongation root as well as in the
root hairs. SNP causes to microtubules network reorganization, while both high temperatures and NO
scavenger (CPTIO) increase its randomization and fragmentation. The obtained results testify the existence
of a functional relationship between changes in the intracellular NO content and the organization of
microtubules after high temperature treatment of plant cells. The obtained results allows us to conclude
that microtubules are important intermediates in the realization of high temperature effects in plant cells,
and NO is involved in cell response to heat stress by signaling through these cytoskeletal structures.

Malerba M. et al. Protoplasma. 2010, 239:23-30.

Parrotta L. et al. Planta. 2015, 243(1):43-63.
Yu M. et al. New Phytol. 2014, 202:1142-1156.
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Phytochemicals are bioactive compounds which is found in vegetables, fruits, or in different plants,
They are not considered as an essential nutrients, however they are provide a lot of health benefits.
Moreover, they are not plant-specific, they were found in microalgae and cyanobacteria. Some of the
microalgae species were identified as a valuable source of the biocompounds; they are rich in
polysaccharides, proteins or lipids. Epidemiological and animal studies have previously demonstrated
therapeutic effects of phytochemicals extracted from microalgae, and particularly their antioxidant, anti-
inflammatory, and anti-hypertensive properties, as well as their ability to protect damage of DNA and
cardiovascular disease. The commercial cultivation of microalgae has begun five decades ago and its
application of algae products was first introduced in Japan. Microalgae are generally obtained from a
saltwater environment and commercial producers are located primarily in the Asia-Pacific region (China,
Taiwan, and India) with wide access to the seas. Closed systems (photobioreactors, PBR) and open ponds
(raceways) are used for microalgae cultivation and both have advantages and disadvantages. Thus growth
characteristics and cell composition of microalgae are significantly dependent on the environmental source
of microalgae and their cultivation conditions.

For this purpose new freshwater algae was obtained from an environment of Podkarpacie region
in Poland, and characterized. Lipid content, fatty acid profile, glycan content, including B-glycani,
carotenoids, phenols, vit. C and antioxidant capacity was determined.
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THALIANA ROOT CELLS
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Plant cytoskeleton orchestrates such fundamental processes in a cell as division, growth and
development, cell inner and outer motility, vesicle transport, polymer cross-linking, membrane anchorage,
etc. The dynamic instability of some of the cytoskeletal components allows it to be adaptively rearranged
in response to different environmental stimuli including metal content-pollutants. Lead (Pb®*) is one of
the most toxic non-essential heavy metals and a major environmental pollutant. Microtubules and actin
filament are important targets of lead and other heavy metals action. The inhibitory effects of toxic metals
on tubulin assembly, protein synthesis, and kinesin-related microtubule mortality have been extensively
studied (Scortegagna et al., 1998).

Influence of lead on plant microtubules was investigated in our e study. 4-day-old seedlings
primary roots A. thaliana (GFP-MAP4) ecotype Landsberg erecta (Ler) expressing GFP-MAP4 (a green
fluorescent protein (GFP)—microtubule-associated proteind (MAP4) fusion protein) (Mathur and Chua,
2000) was used in this research. The primary roots of seedlings were treated with an aqueous solution of
1, 10 uM (Lead (II) nitrate) for 1 (to study the effects on the microtubule), and for 24, 48, 72 h (to study
the effects on root growth and morphology). It was established that high concentrations of lead induce
inhibition of growth and changes in the morphology of A. thaliana seedlings primary roots after 24, 48,
72 h of lead (Il) nitrate treatment. Root hair development, meristematic, epidermal cells of the
differentiation zone, root apex and elongation zone, were extremely sensitive to all tested concentrations
of lead (I1) nitrate. The major reason of these changes is a disruption of the organization of microtubules
which were visualized in vivo with a confocal laser scanning microscope LSM 510 META (Carl Zeiss,
Germany). Minor reorientation in microtubule organization were observed after treatment with 1 uM lead
(1) nitrate. Whereas 10 uM lead (II) nitrate provoked a dose-dependent microtubules reorganization
ranging from randomization to strong depolymerization in epidermal as well as in cortex cells of all A.
thaliana primary root zones immediately after treatment. Similar changes were observed in the
meristematic cells, that is one of the reason of growth inhibition and morphology disruption of A. thaliana
seedlings primary roots. Thus, it has been clearly demonstrated that plant microtubules is one of the target
of lead (I1) nitrate action.

Mathur J, Chua N-H. Plant Cell 2000, 12: 465-77.

Yemets A.l. et al Cell Biol Int. 2008, 32(6): 630-637.
Scortegagna, M. et al., Neurochem. Int. 1998, 32: 353-359.
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Among the flowering plants, there are approximately 3,900 known parasitic plant species in more
than 20 plant families (Westwood et al., 2010). Well-known and agriculturally important genera include
Striga and Orobanche from the Orobanchaceae family and Cuscuta spp. from the Convolvulaceae family.
Parasitic plants are widespread pathogens that infect numerous plant species and cause devastating
agricultural losses. They efficiently withdraw water, nutrients and sugars from their hosts by fusing tissues
and connecting their vasculature to the host vasculature. Despite multiple independent characteristics, a
common feature to parasitism is the formation of an invasive organ termed the haustorium. Parasitic plants
form haustoria in their stems or roots and use this structure to penetrate host tissues and form vascular
connections, often with distantly related species (Spallek et al., 2013; Yoshida et al., 2016). Despite the
extensive study of the dodder and broomrape parasitic lifestyle peculiarities and the differences in their
morphology from non-parasitic species of higher plants, the issue of the distribution of these plants of
parasites in Ukraine is learn insufficiently. The current paper addresses the distribution of parasitic plants
from Cuscuta L. (Convolvulacae) and Orobanche L. (Orobanchaceae) genera in Ukraine based on the
analysis of the herbarium specimens from the National Herbarium of M.G. Kholodny Institute of Botany,
NAS of Ukraine (KW) and literature reports. In order to study the places of growth of the dodder and
broomrape the traditional method based on the literary sources and herbarium funds data. About 1600
samples from KW were analyzed and it was found that the distribution range of these parasitic plants is
attributed mostly to the Steppe natural zone of Ukraine including the Crimean Peninsula. Creation of
specialized databases and maps that would cover the diversity and distribution of these families in
Ukrainian flora is useful for monitoring the changes in their range in order to control them. The results
will be used in further research to develop an efficient strategy of parasitic species phytoquarantine
control.

Westwood J.H. et al. Trends Plant Sci. 2010, 15:227-235.

Spallek T. et al. Mol Plant Pathol. 2013, 14:861-8609.
Yoshida S. et al. Annu Rev.Plant Biol. 2016, 67:643-667.
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Introns as non-coding parts of genes which can be used powerful instrument of molecular genetic
investigation. Introns as hypervariable sequences became the basis for the creation of widely distributed
ILP (Intron Length Polymorphism) markers, which allows to evaluate genotypes and to explore plant
diversity on different taxonomic levels. In addition, actin gene introns can be involved in the gene
expression regulation and play the key role in cell division and differentiation. Actin genes are represented
by a numerical conservative gene family in plants.

Wheat (Triticum aestivum L.) and barley (Hordeum vulgare L.), whose genomes are sequenced
completely, were selected as the model plants for the actin gene search. However, for today, full reliable
information about the quantity and exon-intron composition of actin genes of wheat and barley is absent.
It served as a reason to make a search of actin genes sequences in wheat and barley genomes This
procedure was realised using the Phytozome v12 database (www.phytozome.net) and the on-line tool
BLASTN version 2.2.26+.

As a result of bioinformatic search 15 actin genes were detected in wheat genome and 8 actin genes
in barley. In general, most genes of wheat actin have 3-4 exons and 2-3 introns. Exception is the actin
gene Traes_4DS _E47C518AD, which contains 5 exons and 4 introns. The exons of wheat actin genes
have a length from 57 bp to 764 bp, and introns - 50 - 842 bp. Actin genes in barley have 3-4 exons and 2
3 introns. However, barley actin genes HORVU1Hr1G002840 and HORVU4Hr1G008310 don’t contain
Ilird  intron and IVth exon, while the IInd intron absents in HORVU3Hr1G083370 and
HORVU3Hr1G083380 barley actin genes, and the 1Ind and Illrd exons are combined in one exon (1008
bp). The barley actin exons have a length from 55 bp to 1008 bp and introns - 79-518 bp. In general, the
analyzed data show systematic quantitative exon composition of actin genes in wheat and barley. In the
vast majority actin exons contain same number of nucleic acid pairs: 60 (Ist exon), 394 (lind exon), 614
(Ilrd exon) and 66 (IVth exon). There is no systematic and orderly in the intron structure.

The received data is subsequently used to study the intron functioning and their effects on actin
gene expression, as well as for development og gene specific ILP-markers. Thus the consensus sequences
inside of exones can be used for estimation of rate of gene expression, but for genotyping — the consensus
sequences of neighboring exons.
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Curcuminoids are natural polyphenol compounds of diarylheptanoid group. They show
antibacterial, antifungal, antiviral, antioxidant, anti-inflammatory and antiproliferative effects (Mishra et
al., 2008). Also, curcuminoids demonstrate positive effects in neurological diseases that directly
associated with microtubule (MT) disorders (Sahu et al., 2009). Currently, the number of sintactic
derivatives of curcumin show ability to interact with tubulin. Such direct binding was found to inhibit
assembly of MT, what characterizes curcumioids as bifunctional ligands (Srivastava et al., 2011). In turn,
a- and B-tubulin molecules are involved in many biological processes, which are strongly associated with
their vital functions in cell. As the key elements of MTs tubulins are main molecular targets for MT-
binding agents. At the same time, many syntactic drugs with antimicrotubular activity are unsafe and cause
structural and functional disorders in MT organization. The purpose of this study was to find out how
tubulins can interact with curcumin.

To detect appropriate site on the tubulin surface and to estimate affinity against different candidate
sites, we used blind screening and further performed precise docking of different curcuminoids on a whole
surfaces of the tubulin molecules. Also, we used docking as molecular modeling to predict positions,
orientations and energies of curcumin binding with a- and B-tubulin. The spatial structures of a- and (-
tubulins from human and Arabidopsis were reconstructed using homology modeling method. The
structures of native curcuminoids were obtained from the ChEMBL database and were used in site
screening (based on molecular docking). Structural features of potential curcumin binding sites in different
tubulin molecules were compared with spatial fitting method. To verify the stability of obtained complexes
we used molecular dynamics computations in GROMACS (50 ns and temperature 310K).

Studying of a- and B-tubulin surfaces in monomer and dimer states reviled several potent binding
sites for curcumin. The part of total pool of ligand poses occupied in colchicine binding site of a-tubulin.
The other part was located in vinblastine binding site region. Also, much smaller number of conformations
with different level of predicted affinity was observed in GTP- and taxol binding sites. In this way, our
results on curcumin binding correspond to experimental data and confirms that their direct interaction with
tubulin is possible.

The work was supported by grant NAS of Ukraine project N 0118U102391 «Investigation of the
interaction of curcumin with cellular targets and the selection and creation of its functionally effective
forms for the treatment of neurodegenerative diseases».

Mishra S. et al. Ann. Indian Acad. Neuro. 2008, 11(1):13-19.
Sahu R.P. et al. Br. J. Cancer. 2009, 100(9):1425-1433.
Srivastava S. et al. Biosci. Rep. 2016, 36(2):e00323.
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THE INFLUENCE OF DROUGHT ON CHANGES IN CONTENT OF HYDROGEN
PEROXIDE AND ACTIVITY OF CATALASE IN SOYBEAN, INOCULATED WITH STRAIN
AND Tn-5 MUTANTS BRADYRHIZOBIUM JAPONICUM
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The aim of the work was to investigate the effect of prolonged drought on changes in the content
of hydrogen peroxide and the activity of catalase in the soybean roots and root nodules by inoculation
Bradyrhizobium japonicum strains and Tn5 mutants with contrasting symbiotic properties. The objects of
the study are chosen symbiotic systems, formed with the participation of soybean plants (Glycine max (L.)
Merr.) and B. japonicum strains 646 (active, virulent) and 604k (inactive, highly-virulent) and Tn5 mutants
B1-20 (active, virulent) and 107 (low-activity, virulent) from the museum collection of nitrogen-fixing
microorganisms at the Institute of Plant Physiology and Genetics of the National Academy of Sciences of
Ukraine. The studies were conducted in strictly controlled conditions of the model experiment. Methods
used were microbiological, physiological, biochemical, gas chromatography, spectrophotometry.

It was shown that the studied symbiotic systems realized their protective mechanisms in different
ways and adapted to the conditions of drought. In particular, in the symbiotic system formed with the
participation of soybeans and the active strain of rhizobium 646, an increase in hydrogen peroxide content
was observed and a slight decrease in the activity of catalase in the root nodules during drought. It was
recorded that in the symbiotic system formed with the participation of the active Tn5 mutant B1-20 there
is the inclusion in the work of protective systems for the long-term effects of stress. This indicates an
increase in catalase activity and an insignificant increase in hydrogen peroxide content. At the same time
there was a rapid restoration of their level to optimal after the restoration of watering the plants. This
underlines the ability of effective symbiosis to quickly mobilize their own defense systems and adapt to
growing conditions. Investigated that the symbiotic system, formed with the participation of soybean
plants and the low-activity Tn5 mutant 107, was characterized by high content of hydrogen peroxide and
intensification of catalase activity in the root nodules during the period of drought. At the same time, in
the symbiosis of plants with an inactive strain of rhizobium 604k, an increase in hydrogen peroxide content
and a decrease in the activity of catalase in the root nodules for prolonged dehydration was observed. Both
symbiotic systems had a low capability to restore the level of prooxidant and enzyme to control in the
post-stress period. We noted that in all the studied symbiotic systems there was tendency to gradually
increase the content of hydrogen peroxide in the roots with increasing drought and its partial restoration
to the level of control in the post-stress period. It should be noted that under optimal conditions of plant
growth, the total level of peroxide in soybean roots, inoculated with rhizobia, was lower compared to
plants that were not inoculated. This indicates possible changes in the prooxidant system in the roots of
plants by inoculation of rhizobia. It was proved that, regardless of the effectiveness of the symbiotic
system, catalase activity in soybean roots, inoculated rhizobia increased with moderate drought. With the
increase in stress, the level of catalase declined, especially in the roots of soybean, inoculated with an
inactive strain of rhizobia 604Kk. In the post-stress period, the restoration of the catalase activity in the roots
to the optimal level is noted only in effective symbiotic systems.

Thus, the efficiency of the functioning of the symbiotic systems Glycine max - B. japonicum under
drought conditions is marked by adaptive changes in catalase activity in root nodules and roots, which
helps regulate the content of hydrogen peroxide and maintain prooxidant-antioxidant balance during long-
term exposure to drought.
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In vitro culture is often accompanied by the appearance of genetic or phenotypic changes. It is
believed that main causes of the occurrence of somaclonal variation are the heterogeneity of the cells of
the initial explant as well as genetic and epigenetic changes induced by culture. The earlier studies of
somaclonal variation in Antarctic hairgrass Deschampsia antarctica E. Desv. demonstrated the absence
of genetic and phenotypic differences between the regenerants and donor plants collected from natural
populations (Cuba et al., 2005; Osorio et al., 2014). However, no cytogenetic study has been carried out
up to now on D. antarctica cultured in vitro. Therefore, our aim was to investigate the variation in
chromosome number of D. antarctica regenerated plants.

Root apical meristems of nine plants were analyzed. The plants were regenerated through indirect
organogenesis from tissue cultures at 2-3 passages initiated from two diploid (2n=26) and one hypotriploid
(2n=36-39) plants. Only one of two regenerants, which were originated from diploid donors, was diploid,
while in the other 30.9 % of cells were aneuploid. Seven regenerated plants originated from hypotriploid
donor were mixoploids, in which the cells with different chromosome numbers (2n=26, 28, 33, 36) were
observed, with a modal class of diploid cells (33.3% - 85.7%).

The results of the study allow us to conclude that D. antarctica tissue cultures of both diploid and
hypotriploid origins possess the ability to regenerate. The diploid cells prevailed in all of the regenerated
plants regardless of the ploidy of the explant donor plant. Obtained results might indicate that the diploid
cells in a heterogeneous cell population show enhanced ability to form regenerated plants.

Cuba et al. Antarctic Science 2005, 17(1):69. DOI: 10.1017/S0954102005002440
Osorio et al. Polar Biol 2014, 37(2). DOI: 10.1007/s00300-013-1425-2
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COLD-INDUCED ULTRASTRUCTURAL CHANGES IN CHLOROPLASTS OF GALANTHUS
NIVALIS L. LEAVES AND THE EFFECT OF EXOGENOUS SUCROSE
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The leaves of Galanthus nivalis L. develop during the early spring in zones with the temperate
climate, where the low temperatures of the atmospheric air and of the soil surface layer predominate. The
method for enriching the leaves with exogenous sucrose (Deryabin et al., 2011) was used to study the role
of sucrose (Suc) in enhancing the resistance of G. nivalis chloroplasts to the influence of a low
temperature.

The results of the study in conditions of experimental cultivation of G. nivalis at an average air
temperature of +5 °C and the appearance of leaves over the soil surface showed that significant damages
in the ultrastructure of granal thylakoids in leaf chloroplasts did not observe.

Following gradual cooling the leaves of control plants to a temperature of —5 °C, a sharp swelling
of the granae was revealed, whereas this effect was much weaker in leaves treated with Suc solution. The
treatment with the Suc led to an increase in the number of thylakoids per grana at 0.02 M Suc and 0.1 M
Suc (by 17 and 119%), while the length of the thylakoids decreased by 33 and 22%, and the thickness of
thylakoids - by 3 and 22%. When a temperature was lowered to —15 °C, the destruction of the chloroplasts
in the control leaves did not observe, however, there were fragmentations and swelling the granae. In
chloroplasts treated with a solution of 0.1 M Suc, significant positive changes occurred in compare to the
corresponding control without Suc.

Compared to the data obtained at +5 © C, after processing 0.02 M Suc at —15 ° C, the amount of
thylakoids per grana was less by 10%, however, it increased by 88% with 0.1 M Suc, the thickness of the
thylakoids was greater at 0.02 M and 0.1 M Suc, respectively, by 18% and 10%. The cross area of the grana
at 0.02 M Suc was 31% higher as a result of an increase in the number of thylakoids (by 16%), as well as
their thickness (by 18%); treatment with 0.1 M Suc induced the area reduction by 26%, mainly due to the
decrease in the length and width of the thylakoids. The presence of high granae formed with tightly packed,
relatively short thylakoids, and the absence of deformations in thylakoids indicates the cryoprotector
properties of 0.1 M Suc.

Thus, sucrose is involved in the stabilization of the granal system in the chloroplasts of G. nivalis
leaves at low temperatures. Pre-treatment with 0.1 M Suc helps to preserve the intactness of the granae,
increase the number of thylakoids and the area of the granae at low temperatures (from -5 to —15 °C) that
prevents damage in the structure of the photosynthetic apparatus and ensures its effective functioning at
low temperatures.

Deryabin A.N., Sabelnikova E.P., Burakhanova E.A. The dependence of the cold resistance formation in
plants in vitro on the sucrose concentration in environment of raising. Bulletin of Mordovia University.
2011, 4:200.
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REDUCED SOIL MOISTURE
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Tereschenkivska str., 2, 01601, Kiev, Ukraine
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The study of plant adaptation of plants to changes in soil moisture is the most important and
decisive factor of the environment in modeling the impact of global changes on plants, is of fundamental
and applied importance. We have compared the structural-functional signs in leaves common reed
Phragmites australis (Cav.) Trin. ex Steud grown under different soil moisture, using light-, electron
microscopic, laser confocal techniques and X-ray analysis. The soil moisture and leaf moisture was
detected by the classic biochemical methods. Ph. australis leaves of water and terrestrial plants were
harvested at the vegetative stage. Water plants grew in water along the left bank of the Dnipro River (in
Kiev zone); terrestrial plants grew near 12-15 meter far bank in a sandy soil. Upon nature soil drought,
the thickness of leaf blade and cell size of epidermis and mesophyll were significantly reduced compared
to those signs of air-aquatic plants. The density of the stomata and trichome on adaxial and abaxial leaf
surface terrestrial plants were almost twice less than that in leaves of air-aquatic plants. A decrease in the
density of the stomata on the leaf surface of drought plants may indicate a decrease in transpiration in
plants growing on soil with reduced humidity, and that this structural feature possible helps the plant to
optimize water balance in conditions of natural drought. Changes in the ultrastructure of leaf epidermis
cells of Ph. australis were accompanied by the deposition of silicon inclusions (in the form of different
crystals) in epidermis cell walls of terrestrial plants. Whereas in leaves of aquatic plants silicon was mainly
in amorphous form and its content was lower in all types of epidermal cells. It is assumed that like
localization silicon and increased content of this chemical element in leaf epidemis can to decrease of
cuticular transpiration, to optimize the water balance of terrestrial plants, and also to increase their
resistance to soil drought. It is proposed to strengthen attention to study of silicon role in the adaptation
of plants to adverse changes in abiotic environmental factors.
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IHAYKIIA KAJTIOCOYTBOPEHHSA TA OJEPKAHHA KYJIbTYPU TKAHUH
DESCHAMPSIA ANTARCTICA E. DESV.

Ipuna KonBamok, Jlrogmuna Moxwunesceka, Bikrop Kynax
Incmumym monexynaproi 6ionoeii i eenemuku HAH Yxpainu,
8yn. Akao. 3aboromnoeo, 150, 03143, Kuis, Yxpaina

E-mail: konvalyuk.i.i.@gmail.com

lyunuk antapkruuynuii (Deschampsia antarctica E. Desv.) — 3makoBa pociuHa-abOpUreH
AmntapkTuku. lle yHikanmbHa MOJACIH /ISl BUBUCHHSI MEXaHI3MIiB MIPUCTOCYBAHHS POCIMHHOTO OpraHi3My
J0 eKCTpeMalbHHUX KIiMaTHYHuUX yMOB. JlocmimkenHns MimmmBocti D. antarctica marors ocoOiauBe
NpUKIIaJHEe 3HAYCHHS, a OIOTEXHOJIOTIUHI MaHimyismii in VItro e mpoctuM i e)EeKTUBHHM METOIOM
HIBUAKOTO OTPUMAaHHS JOCTAaTHHOI KUTBKOCTI MaTepialy, IKaBOTO K 3 TeHETUYHOI, TaK 1 (i310J10T19HOT
TOYKHA 30py, Oe3 HaHECEeHHS IIKOAW TPUPOJHUM EKOCHCTeMaM Ta TOpPYIIEHHS JOMOBIIEHOCTEH,
nponucanux B [IpoTokoni npo 0XOpoHY HaBKOJIMIIHBOIO cepepoBulna A0 JloroBopy npo AHTApKTHKY
(http://www.ats.aqg/r/ep_faflo.htm).

MeTtowo pobotu Oyno migiOpaTé yMOBU IHAYKIIT KadlOCOYTBOPEHHS Ta OJAEPIKAHHS KYIbTypHU
tkanuH D. antarctica 3 pisHux JjokanmiteriB Mopcbkoi AHTapKTUKU. Buximaum matepiajgom Oyiu
pociuau D. antarctica, panime BuBYeHI Hamu Ha nutoreHernunomy piBui (Navrotska et al., 2014):
numtoinu (2n=26) 3 mucy Pacmycen (R35), ocrpoa INaminges (G/D12-2a), o. Ckya (S22), auruioin 3
nonatkoBuMu 1-3 B-xpomocomamu 3 0. JJap6o (DAR12) Ta rinorpumoin (2n=36-39) 3 o. SAnyp (Y66).
Jist iHayK1ii KarocoyTBOPEHHSI BUKOPHUCTOBYBAJIU JIMCTKOBI, KOPEHEB1 €KCIUIAHTH Ta TOYKH POCTY, SIKi
BHCAKYBaJIM Ha 5 TUMIB )KUBUIbHUX cepenoBull: Mypacire-Ckyra (MC), I'ambopra-Egeneii (B5) ta 5C
(Kynax u ap., 1996) 3 pisHuMu koHueHTparisMu ¢itoropmoHiB Oensmiaminonypuny (BAII), kinetuny
(Kin), a-madrunoonrosoi (HOK) Ta 2,4-muxnop-denokcuonronoi (2,4)1) kucnot: Nel — B5 +2 mr/n 2,4]]
+ 0,1 mr/m BAIT; Ne2 — B5 +10 mr/n 2,41 + 0,2 mr/m BAIT; Ne3 — MC + 5 mr/n 2,4J] + 0,1 mr/nm Kin; Ne4
—5C+2wmr/n 2,41+ 0,1 mr/m BAIT; Ne5 — 5C + 2 mr/n 2,4]1 + 2 mr/mn HOK + 1 mr/n Kin.

BcraHoBi€HO, MO IHTEHCHBHICTh KaFOCOYTBOPEHHS 3ajieKayia BiJl MIHEPaJbHOTO CKIaTy
KUBHJIBHOTO CEpEOBUINA, CIIBBITHOUIEHHS 1 KOHLEHTpalii peryiasTopiB pocTy, TUIy E€KCIUJIaHTa,
BUXIJIHOTO T€HOTHUITY POCIMHHU-TOHOpA. ONTHUMaIbHUMH CEPEJOBHUILAMHU JUISl IHAYKIII KaJlOCOTeHEe3y
BusiBuiMcs Bapiantu Ne 1, 2, 3. IHaykuig Kamiocy Ha >KMBMIBHOMY cepenoBuili 5C BinOynach Ha
KOPEHEBHX €KCIUIAHTAaX Jinmie y 1BoX Bumaakax: DAR 12 —7,1%, S22 — 6,7%.

OTpuMaHO NMacMBOBaHY KYJIbTYPY TKaHUH 3 JINCTKOBHUX, KOPEHEBHX EKCILJIAHTIB Ta TOUOK POCTY.
Kamroc xapaktepusyBaBcsi MyXKOK KOHCHUCTEHIIIEIO Ta CBITJIO-)KOBTUM 3abapBiieHHsM. Haiibinbina
KaJIOCOr€HHAa aKTHBHICTh Oyna y To4ok pocty (Hampukian, 100% y rinorpuminoina Y66). HaiiBumuii
BIZICOTOK KaJFOCOYTBOPEHHS 3 KOPEHEBUX €KCIUIaHTiB OyB y reHoTrna DAR12 3 B-xpomocomamu (23,1%
ta 20% Ha cepenoButi Ne 3 Ta Ne 1 BinoBigHO), a Takox y auruioiga G/D12-2a (20% na cepenoBuii Ne
2). HaiiBuiy 31aTHICTB 10 KaTHOCOTEHE3Y 3 JMCTKOBHX €KCIUIAHTIB CIIOCTEPIraiy y rinorpuruioina Y66
(25%) ta y numnoina R35 (18,8%) Ha cepemoBumii Ne 1. 3aranom, KamocoreHHa aKTUBHICTD 13 TOYOK
pOCTYy TIepeBHINlyBaja TaKy 3 KOPEHEBHMX Ta CTeOnoBuXx ekcmianTiB y 3,4-4,1 pasu. Oxpim
KaJIOCOYTBOPEHHSI, 3pi/IKa CIIOCTEpiraiy CIOHTAaHHUI OpraHoreHe3 — y pociauH renotumnis DAR12 3 B-
xpomocoMamiu Ta auruioiga G/D12-2a.

OTxe, miaiOpaHO ONTUMAIbHI YMOBHU JJIS 1HAYKIIT KQIIOCOYTBOPEHHS 3 JIMCTKOBUX, KOPEHEBUX
eKCIUIaHTIB Ta To4ok pocty D. antarctica 3 pisHux jokamiteTiB Mopcbkoi AHTapkTuku. OTpuMai
KaJIIOCH 3/1aTHI A0 mpoidepariii Ta MOXKYTh OyTH BUKOPHUCTaHI JJIsl OJIEPXKAHHS JTOCTATHbOI KIJIBKOCTI
010JIOTTYHOTO MaTepiaTy IS MOJATBIITUX TOCITIIKEHb.
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PHYSIOLOGICAL EFFECTS IN PLANT CELLS

Kolupaev Yu.E., Yastreb T.O., Havva E.N., Lugova G.A.
Dokuchaev Kharkiv National Agrarian University,

p/o Dokuchaevske-2, Kharkiv, 62483, Ukraine

E-mail: plant biology@ukr.net

Currently, hydrogen sulfide (H2S) is considered to be one of the signal mediators in plant cells. It
Is established that H.S participates in the control of photosynthesis intensity, seed germination, regulation
of the flower lifespan, and resistance to the effect of many stressors (YYamasaki, Cohen, 2016). However,
the role of other signal mediators in its physiological effects realization remains poorly understood. It is
not much known about calcium as universal secondary messenger in transduction of hydrogen sulfide
signal.

The goal of the work was the investigation of calcium ions participation in the induction by
hydrogen sulfide donor of antioxidant system components, heat resistance, and stomatal reactions of
plants. The study was performed using winter wheat (Triticum aestivum — var. Doskonala) coleoptiles’
segments, and leaves of four-week-old green Arabidopsis (Arabidopsis thaliana — Col-0) plants.

The treatment of wheat coleoptiles with 100 uM hydrogen sulfide donor NaHS enhanced their
survival after potentially lethal heat stress (heating at 43°C in a water ultra-thermostat for 10 min). Under
the action of H2S donor in wheat coleoptiles it was noted a transient increase in the superoxide anion
radicals generation and hydrogen peroxide synthesis with a maximum of 2-4 hours after the start of
treatment. Further (4-24 h) the rise in activity of antioxidant enzymes, namely superoxide dismutase,
catalase, and guaiacol peroxidase, was observed. The specified effects were almost completely eliminated
by pre-treatment of coleoptiles’ segments with chelator of extracellular calcium EGTA or phospholipase
C inhibitor neomycin. These calcium antagonists also leveled off the effect of enhancing heat resistance
of coleoptiles’ cells, caused by hydrogen sulfide donor.

Arabidopsis leaves treatment with NaHS in concentrations of 5-250 uM caused a decrease in the
stomatal aperture. The maximum effect of stomatal closing was observed at 90 min after H>S donor
treatment starting, and after 180 min of exposition the stomatal aperture in NaHS variants, vice versa,
became wider than in control. Caused by hydrogen sulfide donor the reduction in stomatal aperture and
relative number of open stomata was almost leveled off by leaves pre-treatment with a nonspecific calcium
channel blocker — lanthanum chloride, chelator of extracellular calcium — EGTA, phospholipase C
inhibitor — neomycin, and antagonist of the formation of cyclic adenosine-5'-diphosphate ribose —
nicotinamide.

Thus, it was shown on two model objects (wheat coleoptiles and Arabidopsis leaves) the
importance of calcium ions entering the cytosol from extracellular space and intracellular compartments
for the development of physiological reactions induced by hydrogen sulfide — enhancing heat resistance,
activation of antioxidant system and stomatal closure.
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It is known that the synthesis of some classes of phytohormones (auxins, cytokinins, abscisic acid
(ABA) and ethylene) as a key factor in pathogenicity is quite common for phytopathogenic bacteria. The
action of the above-mentioned phytohormones produced by tumor-inducing species has been the most
studied among the agent of plant's bacterial diseases. On the other hand, the role of phytohormones
synthesized by bacteria in the processes of development such diseases as wilting, chlorosis, rotting and
spottiness has been not studied enough attracting the researcher’s attention although. Thus the bacteria that
belong to the genus Pectobacterium and Dickeya are necrotrophs and inducting rotting of the many plants,
they are synthesize large numbers of specific pathogenic factors namely: pectinases, cellulases,
hemicellulases, proteinases, protein-inducers of plant cell necrosis and ete. But despite its necrotrophic
way of lives in the initial stages of interaction with the plant cell, bacteria that belong to these genera can
subsist as biotrophs. It is very little known about the mechanisms that are using by these pectolytic bacteria
allowing them to avoid the action of the host's protective responses during the asymptomatic stage of
infection. One from such strategies is an ability of pathogenic bacteria to imbalance hormonal signaling
in plants, through the production of plant's hormones or their analogues, or to influence cross-links
between ways of their synthesis. Among the bacteria that cause rotting of some plants, only certain species
of Dickeya genus revealed the ability to synthesize auxins. Particularly, it has been shown that the
synthesis of auxins by these agents has a regulatory role in the expression of virulence genes, but they are
not known about the effect on hormonal signaling in host plants. For representatives of the genus
Pectobacterium data about phytohormones synthesis as well as information on the association of these
compounds with specific factors of pathogenicity or hormonal signaling in plants is almost absent. That
is why the aim of our research was to determine the ability to synthesize extracellular auxins, ABA and
ethylene by representatives of some species of genera Pectobacterium and Dickeya. In our researches we
used the isolated Pectobacterium sp. 10G and 100G by us, collection P. carotovorum 8418 and typical
P. carotovorum susp. carotovorum UCM B-1075", P. atrosepticum UCM B-1084", D. chrysanthemi
UCM B-10877 strains of pectolytic bacteria. The quantitative and qualitative composition of extracellular
auxins and the content of ABA and ethylene were determined by gas and liquid chromatography. It is
shown that all studied strains of phytopathogenic bacteria are capable of synthesizing extracellular auxins
but not — abscisic acid. Among the wide range of indole compounds, we have determined the ability of
these strains to synthesize such compounds as: indolyl-3-acetic acid and indole-3-carboxylic acid. The
amount of these auxin nature compounds correlates with their pathogenic properties. Thus, the highest
content of determined auxins was found in highly aggressive strains of Pectobacterium sp. and typical
strains of genera Pectobacterium and Dickeya. It should also be noted that all researched strains are
capable of producing ethylene. Like the case of indole compounds, the level of this phytohormones
production correlates with their pathogenic properties.
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The “bystander effect” is the occurrence of radiation damages in the cells that have not been
directly exposed to ionizing radiation behave as though they have been exposed. "Bystander effect” has
been demonstrated on number of biological objects that formed the opinion that genetic changes, including
induction of mutations, gene expression and apoptosis can occur in the cells that did not receive direct
irradiation. The mechanism of the phenomenon is poorly understood and refers to the "non-target effects”
of radiation.

The ability of cells to divide is extremely essential for normal organism functioning and the mitotic
activity of the cells is often used as an indicator in the assessment of environmental pollution. One can
judge the degree of mutagenic effects on the environment by the change in mitotic activity.

The aim of the study is to investigate the possibility of forming the “bystander effect” during the
germination of irradiated and intact seeds of some soybean varieties in the general aquatic environment.

The soybean seeds of the Raiduga and Sprytna varieties (obtained by selection) and the genetically
modified Apollo variety had been exposed to y-radiation at a dose of 40 Gy. The mitotic activity of the
seedlings root meristem cells of irradiated (IR) and intact (IN) seeds, as well as intact seeds, which were
germinated in the same aqueous medium together with irradiated (IN'R), was analyzed.

The similar levels of mitotic activity were observed in seedlings of breeding varieties (3.4-3.7%)
in “IN” variant, while cells in genetically modified variety divided more intensively (5.1%).

Radiation exposure in a dose of 40 Gy increased the level of mitotic activity in all varieties (6,4-
7,2%). The values of the mitotic indices increased 2 times in the varieties of Raiduga and Sprytna. The
increase in Apollo variety was less significant, but this may be due to a high level of mitotic activity in
the normal range. Irradiation also contributed to the appearance of chromosomal aberrations: fragments
and bridges. The increase in mitotic activity in the meristem of the studied varieties to the mentioned
levels may indicate the presence of a pool of meristem cells that can accelerate the passage of phases of
the mitotic cycle under extreme conditions.

Mitotic activity increased in the “IN'®” variant in all investigated varieties. The largest excess over
the “IN” was in Sprytna (37% of control), a little less - 23% - in the variety Raiduga. The proliferative
activity in the Apollo variety meristem remained almost unchanged; the excess over the control in the
“IN"™® variant was only 9%.

Transmission of the “bystander effect” is possible both in the direct contact of irradiated and non-
irradiated cells (through intercellular contacts), and through the mediators released in the culture medium
(active forms of oxygen, hormones). Obviously, the concentration and spectrum of substances released in
the aquatic environment during germination of irradiated in a dose of 40 Gy seeds, were insufficient to
induce an intensive “bystander effect” in intact seeds.

Thus, the work shows the possibility of a “bystander effect” forming under condition of joint
germination of irradiated and intact seeds in the same aquatic environment. The intensity of “bystander
effect” formation depends on the genotype, starting mitotic potential and exposure dose.
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THE PHYTOCHEMICAL PROFIL OF VACCINIUM CORYMBOSUM (cv. ELLIOTT)
UPGROUND PART

Yavorska N., Vorobets N.
Department of Pharmacognosy and Botany, Danylo Halytsky Lviv National Medical University,
Pekarska Street 69, 79010, Lviv, Ukraine,
E-mail: yavorska.natali@gmail.com

Vaccinium corymbosum L. (Ericaceae family), which is native of Northern America has become
widespread in Ukraine for the last decade, and is interesting because its fruits, which in comparison with
other fruit crops, are with high content of phenolic compounds, flavonoids, tannins, phenolic acids,
proanthocyanidins etc. (McGhie, Walton, 2007). Phenolic compounds, ubiquitous in the plants of
Ericaceae are an essential part of the human diet, and are of considerable interest due to their antioxidant
properties. The research of the vegetative parts of V. corymbosum, namely of shoots, the content of
biologically active substances such as phenolic has been paid little attention. It is known that the range of
phenolic compounds is very varied, even within the same species. The purpose of this work was to
investigate the total content of phenolic compounds, flavonoids and tannins in the shoots of V.
corymbosum of the variety Elliott, depending on the extractive solvents and the period of vegetation of
plant, and to evaluate the prospects of their usage as medicinal plant material.

Shoots of the plants were harvested manually, at the stages of flowering, fruiting, after ripening of
fruits, during the winter rest in 2017-2018. Phytochemical screening for was done using standard chemical
tests as described by Chew et al., 2011. The total phenolic contents of the aqueous and ethanolic (20%,
30%, 40%, 50%, 60%, 70%, 80%, 96%) extracts of shoots of the V. corymbosum of the variety Elliott
were estimated using Folin-Ciocalteau reagent, total flavonoid content with aluminium chloride and
calculated using standard calibration curves prepared from gallic acid (y = 0.0025x +1,5755, R? =
0.99825); and quercetin (y = 0,0004x - 0,0243, R? = 0,9871), respectively. The total phenolic and total
flavonoid content were expressed as g of gallic acid equivalent and quercetin equivalent per g of dry
weight (DW), respectively.

Phytochemical screening of the shoot extracts of V. corymbosum revealed the presence of
phenolics. Among them are flavonoids which are powerful antioxidants capable of scavenging free
radicals by donating a hydrogen atom or electron to stabilize the radical species. Experimental results
showed that the maximum amount of phenolic compounds 402.54 mg/g DW in gallic equivalent is
observed in 70% water-alcohol extract, the minimum - 207.3 mg/g DW in gallic equivalent was noted in
40% water-alcohol extract, while their quantitative value in the remaining hydroalcoholic extracts was in
the range of 285-340 mg/g DW, in the aqueous extract, the total amount of phenols was 319.95 mg/g DW
in gallic equivalent. The total content of flavonoids and tannins in V. corymbosum shoots was 18.2% and
1, 6%, respectively, of the total amount of phenols.

The optimum extractant for the reception of phenolic compounds from V. corymbosum shoots of
var. Elliott is a 70% aqueous-ethanol solution. So as phenolic-rich natural extracts have high antioxidant
activities comparable to those of synthetic antioxidants, the practical aspects of their extraction and
production of sufficient amounts from plant sources remain actual.

McGhie TK., Walton MC. Mol Nutr Food Res. 2007, 51(6):702-13
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NEW VARIETIES OF LAVENDER OF UKRAINIAN BREEDING: CHEMICAL
COMPOSITION AND PROSPECTS OF APPLICATION

Vorobets N.}, Svydenko L.2, YavorskaH.®
1 — Department of Pharmacognosy and Botany, Danylo Halytsky Lviv National Medical University,
Pekarska Street 69, 79010 Lviv, Ukraine
2 — Institute of Rice of National Academy of Agrarian Sciences of Ukraine, with. Antonivka, Skadovsky
area, Kherson region, 75705, Ukraine
3 — Department of Microbiology, Ivan Franko Lviv National University, Hrushevsky Street 4, 79004 Lviv,
Ukraine

E-mail: vorobetsnatalia@gmail.com

Lavandins are group of natural and produced by the selection of interspecies hybrids of the genus
Lavandula. Since ancient times they have been used in various fields, to a large extent due to the presence
of essential oils in their composition. We have created lavandins Rabat and Inii, which need a
comprehensive study for further use in medicine, pharmacy and cosmetology, and it was the aim of this
investigation.

Flowering shoots of the plants Rabat and Inii lavandins were harvested manually, at the maximum
flowering stage in 2017-2018. The mass fractions of essential oil have been determined by the method of
hydrodistilation on the Klevenger apparatus from freshly harvested raw materials. The determination of
the essential oil composition was carried out by high-performance gas-liquid chromatography on
chromatograph Agilent Technology 6890N. Tannins, organic acids, hydrocynnamic and ascorbic acids
content have been determined spectrophotometrically. Microorganisms as Escherichia coli,
Staphylococcus albus, Candida pseudotropicalis, Candida kefir, Candida parapsilosis, Candida tenuis,
Candida curvata and methods of glass cylinders and cup plate were used in determination of antimicrobial
activity.

The mass fraction of essential oil of the above-ground mass of livandin Inii is 1.8%, and 205 kg of
oil was obtained from hectare. The mass fraction of essential oil of the above-ground mass of livandin
Rabat is 1.7%, and 114 kg of oil was obtained from hectare. The major component of essential oils of both
lavandins is linalool, a slightly smaller proportion of linalil acetate: 57.7/11.1% and 49.5/8.7% in Inii and
Rabat, respectively. The essential oils of both lavandins showed high antimicrobial activity to 15-30mm
Zones of inhibitions diameter. Water-soluble groups of substances in lavandins are characterized by
favorable concentrations of ascorbic acid, organic acids and tannins: 1.68%/DW, and 4.3-4.7 mg/g DW,
respectively.

Due to large amounts of harvesting raw materials and high content of essential oils, organic acids
and tannins, so as high antimicrobial activity, lavandins Inii and Rabat are medically, pharmaceutically
and economically very promising.
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KARYOTYPE INSTABILITY OF WHEAT REGENERATED PLANTS DERIVED BY IN
VITRO SELECTION FOR TOLERANCE TO WATER DEFICIT

Serhii Pykalo, Tetiana Yurchenko, Nataliia Prokopik, Mykhailo Kharchenko
The V.M. Remeslo Myronivka Institute of Wheat, NAAS of Ukraine
Tsentralne, Myronivka district, Kyiv region, Ukraine
E-mail: pykserg@ukr.net

Wheat is the dominant crop in temperate countries being used for human food and livestock feed.
In modern wheat breeding programs special attention is paid to combining high potential productivity of
varieties and their ability to withstand biotic and abiotic factors. Water deficit is one of the major abiotic
stresses that reduce plant growth and crop productivity worldwide. It is known that under action of salt
agents a number of morphological and cytogenetic changes in cells cultured in vitro occurs. Specific in
vitro tissue cultivation conditions increase the frequency of cells with karyological alterations, leading to
the growth of regenerated plants with various genetic aberrations, including significant variations in the
number of chromosomes in cells (Dubrovna, Bavol, 2011). The aim of the work is to analyze the ploidy
level of regenerated plants of winter bread wheat derived by in vitro selection for tolerance to water deficit.

The material for study were regenerated plants of winter bread wheat line Erytrospermum 60068,
derived by direct and gradual in vitro selection for tolerance to water deficit. Cytogenetic analysis of
regenerated plants was carried out in the root meristem cells according to the standard method of crushed
preparations. The material in a mixture of ethanol:glacial acetic acid (3:1) for 24 hours in a refrigerator at
4 °C was fixed and to 70 % ethanol was transferred. From the fixative the samples several times in distilled
water were washed, transferred for maceration into 5N HCI solution at room temperature for 30 minutes.
Then the samples in distilled water were washed and dyed with 2 % lactopropionim orcein for 24 hours
at room temperature. Preparing temporary crushed preparations in 45 % acetic acid solution. 10-15
metaphases in each plant were analysed.

We have identified plants with different ploidy levels under the cytological analysis of regenerated
plants derived by in vitro selection for tolerance to water deficit. The studied 38 plants derived from
osmotolerant calluses included 35 hexaploids and 3 aneuploids. Aneuploid plants had 39-41
chromosomes. In the next cultivation of plants with a normal set of chromosomes, phenotypic differences
from the initial morphotype were not found. The plants with aneuploid chromosome set were characterized
by reduced viability and abnormal generative organs resulting they are not formed normal ears and not
received seeds. Karp and Maddock conducted cytological studies of wheat regenerated plants derived
from the culture of immature embryos and observed a high frequency of aneuploids (around 30 %). In
most cases, aneuploidy was a consequence of a loss or the addition of one chromosome (sometimes, two
chromosomes). It is known that the ploidy level of regenerated plants reflects the degree of heterogeneity
of cell populations of callus cultures. In our investigations among the derived regenerated plants euploids
were in most cases indicating a selective advantage of hexaploid cells in ability to morphogenesis.

Thus, the somaclonal variability of tolerant to water deficit regenerated plants of winter bread
wheat was observed by ploidy level. The cytological instability of resistant’s regenerated plants was
revealed that was due in appearance of aneuploidy plants.

Dubrovna O.V., Bavol A.V. Cytol. Genet. 2011, 45(5):333-340.
Karp A., Maddock S. Theor. Appl. Genet. 1984, 67(2/3):249-255.
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OBTAINING OF THE RESISTANT PLANTS LINES AGAINST PHYTOPATHOGENS AND
NEMATODE INVASION BY THE ACTION OF NEW MICROBIAL BIOFORMULATION
FHYTOVIT
Biliavska L.O.}, Loboda M.1.}, Tsygankova V.A.2, Shysha E.N.2, lutynska G.A.!
1 - D.K. Zabolotny Institute of Microbiology and Virology, NAS of Ukraine
2 — Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine
3 — Institute of Food Biotechnology and Genomics, NAS of Ukraine

E-mail: marichka20loboda@gmail.com

The current task of the present is to develop the scientific base for the creation of the latest
biotechnologies for organic farming and to improve the phytosanitary state of agrocenoses. One of the
priority directions of its solution is the creation in vitro the new plants lines with genetically improved
productivity and resistance to biotic and abiotic stresses by the using of microbial bioformulations [1-3].

The aim of the research was to study the effect of the action of metabolic microbial bioformulation
on the production and stability of new tomato lines Lycopersicon esculentum Mill. variety Gentle to
parasitic nematodes and pathogens. Fhytovit is the biological product received from the supernatant of the
cell culture liquid and from the ethanolic extract of the producer’s biomass Streptomyces netropsis IMV
Ac-5025. Plant-regenerants were received in the process of callusogenesis in vitro on MSTI nutrient
medium with the addition of the bioformulation Fhytovit in a concentration of 75 pl/L. Microbiological,
biochemical, physiological, nematological and statistical methods were used in the research.

Morphological and physiological indices and the stability of tomato plant-regenerants
Lycopersicon esculentum Mill to parasitic nematodes, including Meloidogyne incognita were analyzed in
the conditions of the greenhouse. It was revealed an increase up to 33% the stem length in plant-
regenerants, obtained with the addition of the bioformulation, in comparison with control plants without
the addition of the bioformulation. It was shown the increase in 1.6-3.3 times the productivity by the index
of fruit weight of tomato plant-regenerants, obtained with the addition of Phytovit, in comparison with
similar indices of tomato plant-regenerants obtained without adding of the bioformulation, and the
increase up to 15 - 100%, comparatively with similar indices of tomato plants grown from seeds.

By the aplication of Fhytovit, the resisrance of tomato plant-regenerants against phytohalmites was
increased up to 96%. The degree of invasion of fruit by mixed bacterial-myco-nematodoses infections also
was decreased. In the root zone of tomato plant-regenerants received on the nutrient medium with the
addition of Fhytovit, the number of pedotropic and organotrophic microorganisms was in 2.2 - 8.6 times
higher than in the rhizosphere of control plants. In the rhizosphere of plant-regenerants derived from the
nutrient media containing the bioformulation the process of activating of phosphate-metabolizing
microorganisms was occured, the number of which was higher in 3.3 - 19.6 times in comparison with the
control plant-regenerants.

Key-worlds: Streptomyces netropsis, tomato Lycopersicon esculentum Mill, bioformulation
Phytovit, callusogenesis, in vitro, resistance, nematodes, phytopathogens/
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JlocImiKeHHS TUKOPOCIUX BUIIB poay Iris L. Ta BBeeHHS 1X B KyJIbTYPY HE TiIbKHA Ma€ 3HAYCHHS
JUIs 30arayeHHs] aCOPTUMEHTY KBITKOBO-/IEKOPAaTUBHUX 0OaraTOpiYHMKIB, aie i MOXKe CHPHUSATH OXOPOHI
reHo(OHy 3HMKAIOUUX POCIHH, 30KpeMa, TaKuX, 110 3aHeceHl 10 «UepBOHOI KHUTM YKpaiHW» Ta 10
OXOpPOHHUX perioHaJbHUX CcHHUCKiB. I1[0/10 OCTaHHIX aKTyalbHUM Ta MEPCHEKTUBHUM € TOHOBJICHHS
NPUPOIHUX TOMYJAMIN IUISIXOM PEIHTPOIYKIii B MPHUPOJHE CEPENOBHIINE IOCAJAKOBOTO Marepiany,
oTpuUMaHoro in Vitro. Meroto poboTu Oyia po3poOka METOAUKK BBEACHHS B KyIbTypy in Vvitro I. pumila
JUIs OTPUMAaHHS IPOPOCTKIB 3 HACTYITHOO PEIHTPOIYKIII€I0 B IPUPOIHE CEPEIOBUIIIE, & TAKOXK OJICPyKAHHS
KYJIBTYpPH TKaHUH 1IbOTO BU]Y.

BuxigauM martepiaiom ciayryBaio Hacines |. pumila 3 mpupoaHux MOmyssiii 3pocTaHHS Ha
teputopii Ykpainu. Ha nuHamiky mpopocTaHHsl HaCiHHS 3HAYHHUH BIUIMB MM CIOci0 0OpoOKH HACIHHS
Ta TpUBANICTh Horo crpatudikamii. HaifepekTuBHImMM ctocoOOM MOAONIAHHS CIIOKOIO HAciHHs Oyna
xonozoBa (-20°C) crpatudikaris nporsarom 1-2 micsauis. [lonepenupo ckapudikoBaHe Ta CTEpHIII30BaHE
HACiHHA BHCAJPKyBaJIM Ha arapu3oBaHe xuBuibHe cepenouie MC (Murashige, Skoog) 3 monoBuHHIM
BMICTOM Makpo- i Mikpocodeii (MC/2) 6e3 piToropmMoHiB. 3a TAKUX YMOB MEPIIIi CXOH 3’ ABIsiyiucs Ha 11-
14 nenn. EdexTuBHICTH MPOpOCTaHHS HACIHHS, 310paHOro 3 PI3HUX NPUPOAHUX MOMYJIAIiH, Oyrna
BHCOKOIO 1 BapiroBaia B Mexax 77-95,6 %.

KysnbpTuByBaHHs MPOPOCTKiB iN Vitro mokasaino, 1mo GopMyBaHHs MOBHOI[IHHOI POCIIMHH, SIKA Ma€
PO3BUHEHY KOPEHEBY CUCTEMY 1 HAJI3EMHUH MariH 13 2-3 JUCTKIB, BIIOYBAETHCS MPOTATOM OJTHOTO MICSIIS.

Hamu BigMiueHO BHCOKI TEMIIM POCTY aceNTHUYHHX MpopocTKiB |. pumila Ha arapuzoBaHOMY
KUBUJIBHOMY CEpeloBUIl JBOX THUMIB — 0e3 ¢itoropmoHiB Ta 3 goxaBaHHsM 0,1 mr/n HOK. Tlpu
HACTYITHOMY TI€pEHECEHHI IMX POCIMH y TPYHT, MIBUAINIE TNPYKABAINCA POCIWHH, BHUPOIICHI Ha
cepenoBuii, aonosHeHoMy HOK. ExcrnepuMeHTH 3 ajganraiii pociMH 10 YMOB 3aKpUTOrO IPYHTY
BUSIBWIM BUCOKHH piBeHb (90-95%) mpukuBaHHS pociuH. TpUBaiicTh ajanTalii pociauH 10 3HUKEHOT
BOJIOTOCTI TOBITPsI Ta HECTEPUIIBHOCTI CyOCTpaTy ckiiajaina B cepeJHboMy 12-16 nHiB.

Jns  iHAYKLii KaJlloCOYTBOPEHHS BHUKOPHUCTAIM €KCIUIAHTH KOPEHEBOTO IOXOJDKEHHS, SKi
BUCaKyBaIH Ha cepenosuiie MC/2, nonoBHeHe pizHuMHU KoHueHTpauismu BAIT ta 2,4-J1. Bigcotok
KaJirocoreHesy 0yB BUCOKUM 1 ckiajiaB 84%. OTpuMaHuil )KUTTE3AATHUHN Ta MpoJihepaTUBHO aKTUBHUI
KaJIOC MaB JKOBTE 3a0apBJICHHS, MyXKy KOHCHCTEHINIO Ta OyB 3IaTHHH O TPUBAIOTO POCTY Ha
xuBuibHOMY cepenoBuili MC/2, nonoBaenomy 0,1 mr/n BAII ta 0,5 mr/n 2,4-]1.

Takum yrHOM, Hamu BBeaeHO |. pumila B xynabTypy In vitro. BusiBieHo BHCOKY e(heKTHBHICTb
IIPOPOCTaHHS HACIHHS 32 YMOB HOTO MOTNEpeIHbOI X0JI0/I0BOI cTpaTUdiKallii, a TAKOK HACTYITHOI BUCAIKU
ckapu(ikoBaHOTO HACIHHS Ha XUBWIbHE cepenoBuine MC/2. AcenTuyHi NPOPOCTKH aKTUBHO POCIIH Ha
cepenoBuili MC/2. IIpoBesieHi eKCIEpUMEHTH 3 alanTallii pOCIHH 10 YMOB 3aKPUTOTO I'PYHTY BUSBUIIH
BUCOKMI piBEHb MPHWKHUBaHHSA pociauH. Po3pobiieHa MeTonnka Moke OyTH BHKOpHCTaHa B Iporpamax
30epeIKSHHS Ta BIHOBIICHHS TIPUPOTHUX momyJisiiiid . pumila.
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MMPOJYKTUBHICTH TEHETHYHO 3MIHEHMX POCJIMH NIIEHULI O3UMOI
(TRITICUM AESTIVUM L.) 3A IIli OCMOTHYHOT'O CTPECY

Komicapenko A.I'., Muxanschka C.1., Kypuiii B.M.
Inemumym ¢hizionoeii pocaun i eenemuxu HAH Yxpainu,
Yrpaina, 03022, m. Kuis, syn. Bacunvkiecoxa, 31/17

E-mail: mykhalskasvitlana@gmail.com

Ha cporogni 3amyueHHs HOBITHIX OlOTEXHOJIOTIYHMX PO3POOOK A€ MOXKIHMBICTH MPHUCKOPHUTH
CENIeKLIHHUI Tpolec, HaNpaBlICHUH HAa OTPUMAHHA CTPEC-CTIMKUX (HOpPM CIIBCHKOTOCHOAAPCHKUX
pociuH. OcobauBy yBary B 1aHOMY HalPSMKY JIOCIIPKEHb IPUBEPTAE MIIEHUIIS 03UMa, SIKa BBAXKAETHCS
OCHOBHOIO 3€PHOBOIO KYJIBTYPOIO 1 Bij 11 BpOKaifHOCTI 3aJIe)KUTh BUPIIICHHS MPOJOBOIBYOI pobiIeMu
HacelleHHs1 0araThbox KpaiH. Benmuki Hafil y miBUIEHHI BPOXKAMHOCTI Ta SKOCTI MPOJOBOJIBYOTO 3€pHA
NOKJIQJAI0ThCA HAa TEHETHYHY I1H)KEHEpilo, SIKa MOXE CTBOPIOBATH TPAHCI€HHI COPTH 3 KpalluMH
a/IalITUBHUMH BJIACTUBOCTSIMU JI0 HECIIPUSATIUBUX YMOB JTIOBKLJLJIS.

AKTyaJqbHUM HAaIPSIMKOM [JOCHIJKEHb € CTBOPEHHS HOBHMX ()OpPM POCIMH MUIEHUIl O3UMOIi
HUISIXOM T€HETUYHOI TpaHchopMarlii 3 BUKOPHCTAHHIM T'€HIB, IO KOHTPOJIIOIOTH META00Ii3M BUIBHOTO
NpOJiHYy, MONi(pYHKIIOHAIBHOT aMIHOKHCIIOTH, SKa MOXXE OpaTh yd4acTh B CKIQIHHX Ipoliecax
ajanTamii/cTidkocti pocnuH. [lokazaHa MOXIIMBICTh MiJBUIICHHS CTIHKOCTI POCIMH O OCMOTHYHUX
CTpeciB Ipu 30UTBIICHHI BMICTY BUIBHOTO IMPOJIHY 332 PaXyHOK YacTKOBOI CyNpecii eHIOTeHHHUX TEHIiB
MPOJIHAETIAPOTreHas!, NUITXOM MOCTTPaHCKpUILiiHoro caitnencunry PHK.

B pesynbrati Agrobacterium-omocepenkoBanoi Tpancopmaiiii in planta 3 BukopuctaHHIM
mramiB A. tumefaciens LBA4404 i AGLO, mo wmictars miasmiay pBi2E 3 nBomanmtorosum PHK-
CyNpecopoM TeHa TMpOJiHAETIApOreHasu, (100’ a3HO HaJaHy JOKTOpOM OIONOTiYHUX HayK, Y.
kopecrionieHToM PAH Kouetosum O.B., InctutyT nurosorii 1 renetuku Cubipebkoro Binauienns PAH,
M. HoBocubipchk) oTpuMaHi 010TEXHOJIOTIYHI POCIWHU MINEHUIll 03uMoi copTiB @aBoputka 1 JlocTaToxk.

[To3uTUBHUM HACHIIKOM T€HETHMYHOI TpaHcopmallii MOXHa BBa)KaTW OTPUMAaHHS POCIUH 13
TPaHCTEHHUM CTaTYCOM B AKHUX MOEAHYETHCS (QYHKIIOHAIBHICTh IEPEHECEHOr0 TeHa 3 MPOYKTUBHICTIO
pociuH 3a Jii crpecoBux QaktopiB. Ilpu mpomy aHami3 CTpYKTypH BpO’KarO JI03BOJISIE BCTAHOBUTH
3aKOHOMIPHICTb 1 3aJIEKHICTh HOT0 (hOpMYBaHHS BiJl pi3HUX (DAaKTOPIB 30BHILIHBOIO TOBKLLIA. OCKUIBKHY,
YpOKalHICTh 3€pHOBUX KYJBTYp mepeOyBae y MpsMiil 3ajie)KHOCTI BiJ 4Mcia KOJOCKIB y KOJOCI, TO
OJIHIEIO 3 HAWOUIBII KPUTHYHUX € (a3za POCTY POCIUH B Ky QOpMyeTbes iX KUIbKICTh. ToMy came B
nepios, 10 MPUIAAAae Ha KiHEIb KYIIIHHSA Ta MOYaTOK BUXOAY B TPYOKYy, pPOCIMHH MiJlaBalnd Adii
OCMOTHYHOI'O CTpEeCy, SKUH CTBOPIOBAJIM NPUIIMHEHHSM NoJuBYy mpotsrom 10 ni6. 3a momomMoroo
JOCTIPKEHHSI €JIEMEHTIB CTPYKTYpH NPOAYKTHMBHOCTI BHU3HA4yalu BIUIMB JAe(iUTy BOJOTH Ha
YPOXaiHICTh POCIMH MIIEHUIT 03UMOI.

3a nmii OCMOTHYHOTO CTpEeCy CIOCTepirajach JOCTOBIpHA PI3HHISM 3a TOKa3HUKAMH
IPOJAYKTUBHOCTI HAa KOPUCTh O10TEXHOJIOTTYHUX pociuH. Cria BIA3HAUUTH, 10 y TPAHCTEHHUX (OpM
nieHuIi copty [loctaTok B yMoBaxX HEJOCTaTHHOTO 3a0€3MEUeHHsI BOJIOTOI0 Maca 3€pHa 3 POCIMHU
NepeBuIllyBalla TOKa3HUKHU KOHTPOJIIO 32 TUX XKe YMOB Maibxke y 2,5 pasu.

Takum 4MHOM, CTBOPEHHS 010TE€XHOJIOTIYHUX POCIMH IMIIEHUII 03UMOi 3 YACTKOBOIO CYIPECIEI0
reHa MpoJIHIETIIPOreHa3 € MEePCHeKTHBHUM HAIpPSIMKOM MiJBUIIEHHS X MPOAYKTHBHOCTI 3a YMOB
BOJHOTO JE(IIUTY.
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IOHHU BAKKUX METAJIIB Y BIOTEXHOJIOI'II INIIEHAUIII 0O3UMOI

bponnikoga JI.1., Cepreesa JI.€.
Incmumym ¢hizionoeii pocnun i cenemuxku HAHY, 03022, Ykpaina, Kuis, éyn. Bacunvkiecoka, 31/17

E-mail: Zlenko lora@ukr.net

CyrreBi (KapauHalbHI) TOTIPIICHHS MOBKULIS CHPUYMHSIOTH MiJBHUINEHY MOTpedy y dopmax
pociuH, sKi Oyau © 34aTHI HPOTHCTOSTH «BHUKIMKaM» Hpupoau. OcoOIMBO 1€ CTOCY€EThCS
CUIbCBKOTOCIIOAAPCHKUX KYIBTYp, @ caMe MIIEeHUIl 03uMoi. OTpUMaHHs HOBUX COPTIB 13 MOJINIIEHUMHU
MOKa3HUKAMH MOKe OyTH NMPUCKOPEHE Y pa3i 3aCTOCYBAHHs HOBITHIX 010TE€XHOJIOT1M.

P03BUTOK POCIIHH 3a CTPECOBUX YMOB 3a0€3MEUYETHCS 32 PAXYHOK peaiizallii pi3HUX MeXaHi3MiB
criiikocti. Kimo4oBi mo3uiii cepen HUX MOCINAIOTh peakiii KIITHHHOTO piBHA. OXapakTepu3yBaTu ix
HaAOLIBII aeKBaTHO MOXKIIMBO, 3aCTOCOBYIOUM KIITHHHI KYJIBTYpH IIiJl Yac BUPOIIYBAaHHS 3a Pi3HHX
yMoB. [ligaroun KITiTHHHI TOMYJSIiT il pI3HUX CTPECOBUX YNHHUKIB CTAE€ MOXKIIUBUM BUPI3HUTH PEAKIIii
cTpecy Bia peakuii aganrarii. [Toaii, cipsiMoBaHi Ha MiATPUMAHHS JKUTTEASUTEHOCTI KIIITHH 32 CTPECOBHX
YMOB CTalOTh METOI0 HAYKOBUX HapOOOK.

KrnituHHa cenekiis € BAaTUM METOJIOM BiZOOpY Ta BUBYEHHS (DOPM POCIWH 13 MiABHILIEHUM
PIBHEM CTIMKOCTI 10 a0lOTMYHMX CTpeciB. Hamu 3amporoHoBaHO 171€10 BUKOPUCTAHHS KaTiOHIB BaXKKUX
METalliB y KIITHHHIA CeNeKIi Juid MiIBUIIEHHS OCMOCTiMKOCTI pociuH. Cepen 3HA4YHOT KUTBKOCTI
TOKCHYHHUX Y 3QJIMIIKOBHX KiJIbKOCTAX KATiOHIB BaKKMX MeTajliB MU obpanu Kationn kaamiro (Cd?*) ta
6apito (Ba®") 3 ornsamy Ha ixHi XiMiuni BractuBocTi. Lli ioHM BIIIMBAIOTH HA Pi3Hi ACIEKTH OCMOTHYHOTO
CTaTyCy KJIITHH.

Ionn Cd?* 3patmi cyTTeBO 3MiHIOBaTH BomHHil GamaHc pocnud. loan Ba®* e ¢izionoriunmmu
KOHKYpeHTamu KarioHiB K. OOGuBI KPUTHUHI 1O/l MalOTh MiCIle 32 YMOB ii 3aCOJIEHHS Ta BOJHOTO
nedinury. 3 orisay Ha i 0OCTaBUHU OyNM CTBOPEHI CENIEKTUBHI CHCTEMH Ul OTPUMAaHHS KIITMHHUX
JTiHIA TIICHUI 03UMOI 13 MiJBMIICHAM piBHEM CTIHKOCTI O OCMOTHYHHX cTpeciB in vitro. Jlo
KYJBTYpaJIbHBIX CEPEIOBHIL J10/1aBaIM JEeTalbHl Ul KIITHHHUX KYJIbTYyp AMKOTO THILY JI03M BKa3aHUX
10HIB. [3 HE3pLIMX 3apOJKIB PI3HUX T'€HOTHUIIB MIICHUI O3UMOI 1HIYKYBalIM NMEPBUHHUN Kalyc, SKUH
HApOIIyBaJM HA ONTHUMI30BaHUX XUBWJIBHUX CEPENOBHUIIAX. Y MOJAIBIIOMY OTPHUMYBAIH CYCHEH3IHHY
KYJIbTYpY KIITHH, SIKY ITaCa)KyBaJl Ha CEJICKTUBHI CEPEIOBHUIIA 13 I0HAMU BaXKUX METAIIB. [3 OUHUYHIX
reHeTHYHO 3MiHEHHMX KITHH i3 wuacTotoro 10° QopmyBamucs criliki HepBHHHI KONOHIi, IO
OpraHi3oBYBaJlM CTiliKI O TOKCHMYHUX 10HIB KIITHHHI JiHii. BimiOpani cTiiiki KJIITUHHI BapiaHTu
JOCITIJIKYBAJIMCh 32 YMOB IIPSIMOI /111 3acosieHHs (COJll MOPChKO1 BOAM) a00 BOAHOTO cTpecy (MaHir).

OTpumaHi KJIITHHHI JiHIi BiJ3Ha4aIMCh KOMIUIEKCHOIO CTIMKICTIO 10 BCIX CTPECOBUX UMHHHMKIB.
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OCOBJIMBOCTI EKCITIPECIi AKBATIOPHUHY PIP2;1 B KOPEHSIX I'lEPU/IIB
ZEA MAYS 3A YMOB BOJHOI'O JE®IIUTY

Ipuna OBpyubka, [lleBuenko I'.B., OBuapenko HO.B.

Incmumym 6omanixu im. M.I". Xonoonoeo HAH Ykpainu, eyn. Tepewenxiscoka 2,
m. Kuis, 01601, Ykpaina

E-mail: ovrutska@meta.ua

Ilocyxa € oIHUM 3 OCHOBHUX aOlOTMUHHMX CTpeciB, II0 BIUIMBAIOTh Ha BUPOOHUITBO
CLITbCBKOTOCTIONAPCHKOI MPOIYKIli B YyChOMY CBITI, 1 BaXKJIMBUM 3aBIAHHSAM € JTOCIIDKEHHS PO3BUTKY
POCIIH, SIKI CTIMKI O MOCYXH, a TaKOXX MEXaHI3MIB iX MOCYXOCTIMKOCTi. PocinuHu, siki 3pocTaroTh B
NOCYIUTMBUX pailoHaX BIDKMBAIOTh B CYBOPHUX YMOBaX HaBKOJIMIIHBOTO CEPEIOBHUINA BUKOPUCTOBYIOUU
QIalITUBHI MEXaHI3MH omopy. Bimomo, mo ofHi€o i3 NEepBUHHUX MilIEHEH 30BHIIIHBOTO CTpECy €
[IUTOIUIa3MaTHYHA MeMOpaHa KJIITHH, sIKa pearye Ha HecTady BOJIOTH (yHKIIOHAIBHUME 1epe0y1oBaMu
CTPYKTYpHUX KoMIoHEHTIiB. Crane ¢yHkuionyBanas [IM B ymoBax HecTadi BOJOTH 3a0€3MEUyETHCS
CKJIaJIOM JIIITHOTO OilIapy Ta akKTUBHICTIO aKBAallOPUHIB. AKBAIIOPUHH 3a0€3MeUyIOTh TPAHCTIOPT BOIH
Kpi3b IUTOIUIa3MaTHYHY MEMOpaHy 1 BiIrpalOTh CYTTEBY POJb Y BOAHOMY OallaHCi KIIITHUH, PiBEHb
JIOCHiAM 1O BHUPOUIYBAaHHIO pociuH Zea mays dYotupbox TiOpuniB: J[locrarok Ta Onarman
(mocyxocTiiikicTh BUcOKa) Ta [lepescnaBcbkuii 1 SIxTa (MOCYXOCTIMKICTh MOMipHA) BITYM3HSAHOI CEIEKIIii.
Pocnunm 3pocTany y BeretaniitHix nmocyinHax y mmaHoMy cyoctpati mpoTsirom 21 11i6, y KOHTpOIEHOMY
BapiaHTi, 32 YMOB ONTUMAJIbHOI BOJIOTOCTI cyocTpaTty 70%, Ta y HOCHIAHOMY BapiaHTi, 32 YMOB BOJHOTO
nedinuty pu BoJsiorocti cyocrpaty 30% mpotarom 10 mi0, M0 € KPUTHIHUM TEPIOJIOM 32 BOJIOTICTIO.
Hocniau Oynu mpoBeneHi y 3 010J0TIYHHUX NOBTOpaX. BukopucToByBaiu O010XiMi4HI, MOJEKYJISPHO-
6iosoriuHi, MopdomeTpuuHi, cTaTUCTUYHI MeTou. JlocmikeHo ekcrpecito reHy akBanopuny PIP2;1,
JIMiAHUN KA I1a3ManeMy 1 MopgoJIoTiuHI MOKa3HUKU KOPEHIB TOpUIIB KYKYpYI3U. Y MOCYXOCTIMKHX
riopunis [locratrok ta ®drarmaH, 3a yMOB BOAHOTO JAe(piLUTY, BiOYBA€ThCS MOCHIIEHHS eKcrpecii
aKBaNopuHiB Ta HecrnenudiuHe 301TbIIEHHS KUIBKOCTI cTepuHiB (locTaTok), ki pa3oM 3a0e3nedyroTh
BOJIOYTPUMYIOUY 3JaTHICTh Ma3Manemu. Y riopuay IlepescnaBcbkuii, K MpoTHIiS 3HEBOJHEHHIO,
nigsumyeTbest cniBBigHomeHHsT ®X/DE Ta kinbkicTh cTepuHiB 1 ¢docdominigi. Bonuuit ctpec He
BIUTMBA€ Ha JTOBKMHY KOPEHIB Ta KUJIBbKICTh HEHACWYCHUX KHPHHUX KHUCIIOT, a ekcrpecis reny PIP2;1
HaBITh Jell0 NMpurHiuyerbes. LlikaBum BusiBUBCS Ti0pua SIXxTa — y sIKOro 30UIblIyBajiacs 1 JOBXKHHA
KopeHiB, 1 crhiBBigHoeHHs OX/DE, kinbkicTh GochoiniaiB i HEHACHYEHUX JKUPHUX KHUCIIOT, MPOTE,
eKCIpecisl akBalopuHiB He 3a3HaBajia 3MiH. [liIcyMOBYIOUYM JjaHi II0A0 JIMIAHOTO CKJIaxy Iula3MajieMu
KOpeHiB, MOP(OIOTIYHUX MOKa3HUKIB Ta ekcrpecii reny PIP2;1 moxHa 3poOuTH BUCHOBOK PO T€, 1110 Y
PI3HUX T1OPUIIB MOCYXOCTIMKICTD OMOCEPEIKOBYETHCS K (PI3MUHMMHM BIACTUBOCTSAMHU IIJIa3MalIeMH, TaK i
eKCIIpeci€l0 I'eHIB aKBallOPWHIB, BIJAMOBIAIbHUX 3a BOJOYTPUMYIOUY 3JaTHICTh KJIITUH B yMOBax
BogHOTO nedinuty. [Tocunena excrpecis PIP2;1 € xapakTepHOIO 03HAKOKO MOCYXOCTIHKOCTI TiIOpHIiB
KyKypya3u Jlocrarok Ta dinarmaH, a TaKoX J03BOJISIE PO3TIISIATH EKCIPECito reHiB akBarnopuny PIP2;1
SIK MOJICKYJISIPHOTO MapKepa B CEJIEKIllT KyKypy/I3u Ha TTOCYXOCTIMKICTb.
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YUYACTbD JITHIHY B AJIAIITAIIIl POCJIUH OYEPETY 0O I'PYHTOBOI
IMOCYXH

Onena Henyxa
Incmumym 6omanixu im. M.I". Xonoonoeo HAHY, eyn. Tepewenkiecvka 2,

m. Kuis, 01601, Ykpaina

E-mail: o0.nedukha@hotmail.com

MetogoM  na3epHO  KOH(OKAIBHOT MIKpPOCKOmii Ta OIOXIMIYHUMH  METOJaMU
JIOCITIJIKYBaJIM y4acTh JITHIHY B agantaiiii pociun Phragmites australis (Cav.) Trin. ex Steud,
IO 3pOCTalii y BOAI Ta Ha cyxozoni (B 3oHi KueBa), 1o mpupomHOi IPyHTOBOI MOCYXH.
BcranoBneHo, 110 BMICT JITHIHY y JIMCTKaX OYepeTy 3ajekaB BiJl TUIY TKAaHWH Ta KJIITHH, a
TaKOX BiJl yMOB 3pOCTaHHs pociuH. HaiOiabIl 4yTIIMBUMH O TOCYXU BUSBHIUCS KJIITHHHI
CTIHKU IIPOBITHUX MYYKiB Ta CKIEPEHXIMH JUCTKOBHX IUIACTUHOK, AHaJI3 JIOKaJi3allii JIrHIHY B
JUCTAaX TMOBITPSHO-BOJAHUX POCIHH ouepery y ¢asi OyTOHi3aIlii-IBITIHHS B MPUCYTHOCTI
cnenudigyHoro  (GIyopecleHTHOro IHAWKATOpa aypeMiHy TIOKa3aB  SICKpPaBO  JKOBTY
¢uryopecleHIliio B KIIITUHHUX CTIHKAaX BEPXHBOI Ta HWKHBOI CIMiepMH, KIITHHAX MPOBITHUX
MYyYKiB Ta CKJIEPEHXIMHU. Y KIITHHAX Me30(ily Ta MOTOPHUX KIITHHAX (DIyOopeCUeHIis JirHiHy
Oyma cnabo BupaxkeHa y 000X eKOTHHIB ouepery. HaliBuina iHTEHCHBHICTH QuryopecreHii
aypeMiHHIITHIH KOMIUIEKCY y JIUCTKAX MOBITPSHO-BOHOTO €KOTHITY OyJIa y KIIITHHAX BEPXHHOTO
enifiepMicy; y JUCTKaX CYXOJUIbHOIO €KOTHUITY - Y KIITHUHHUX OOOJIOHKAaX MPOBIAHUX IMYyYKiB.
[TopiBHSHHS BIAHOCHOTO BMICTY JIrHIHY (1O 1HTEHCHBHOCTI Horo ¢iayopecueHuii) y
NEPUKIIIHAIBHUX Ta AHTUKJIIHAJIBHUX OOOJIOHKaX OCHOBHUX KJITHH €MiJepMiCy BHUSBHIIO, IO
KJIITHHU aJaKCiaJlbHOTO eMiJepMICy HE3aJeKHO BiJ €KOTHUIY MICTHJIM Oiibllle JITHIHY, HIXK
KJIITUHA a0akClaJIbHOTO emiiepMicy. Y JIMCTKaX CYXOJIIBHOTO EKOTHIY O4YepeTy TaKOX
BUSIBJIEHO JOCTOBIPHE 30UIbILIEHHS JIITHIHY Y NApEHXIMHUX KIITHHAX 00KJIaJIMHKH, CKIEPEHXIMH
Ta CyIWH TMPOBITHUX MYyUYKiB. BpaxoByrouu, 1o JrHiH 3a0e3nedye HEeNmpoXiJHICTh BOAM IO
anorIacTy, 0COOIMBO MO MPOBIAHMUX MyYKaX, a TAaKOK (POpMye 3aXUCHUM Oap’ep 71 MaTOTeHiB,
MOYKHA TIPUITYCTHTH, IO TOCHJICHUI CUHTE3 JITHIHY Y CYXOIUTBHUX POCIIMH OUepeTy 3abe3rnedye
a/IanTaliio bOro BUIY 0 MPUPOAHBOI MOCYXH.
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NOCJILIKEHHSI MOP®OJIOTTYHUX O3HAK AYTO®ATII B KOPEHSIX TIPOPOCTKIB
ARABIDOPSIS THALIANA B YMOBAX 3MIHEHOI T'PABITAIIII

[Hanpina P.1O., bmom S.B., €mens AL
Incmumym xapuoeoi 6iomexnonozii ma eenomiku HAH Yxpainu,
Ykpaina, 04123, m. Kuis, éyn. Ocunoscvkozco, 24
E-mail: ruslanashadrina@gmail.com
Aytodaris — oauH 3 KaTaOOJIYHHUX TPOLECIB B €YKApIOTUYHUX KIITHHAX, I Yac SKOTO
B1IOYBAETHCS AeTpajallis BHYTPIIIHHOTO BMICTY KJIITHHH, BiIpalibOBaHUX OLIKiB Ta opranen [ 1, 2]. Psn

paHilie OTpUMaHUX pe3yJbTaTiB CBiAYaTh MPO Te, IO ayTrodaris 3adigHa IMiJ 9ac pOCTy Ta PO3BUTKY
POCIIMHH Ta pealli3yeThCs B KJIITHHI y BIAMOBiAb Ha cTpec [3, 4]. 30kpema BiZioMO, 110 POCIMHYU B YMOBaX
MIKpOrpaBiTalii 3a3HalOTh 3HAYHUX MOPQOJOriyHUX Ta (@i3ionoriyHux 3MiH. Came TOMYy METOIO
JOCIIJKeHHs1 OyB aHaji3 BIUIMBY YMOB 3MIHEHOI I'paBiTallii Ha po3BUTOK ayTodarii y KIIiTHHAX KOPEHIB
npopocTkiB A. thaliana Ha pisaux yacoBux npomixkax (10-15 ai0) BupoIyBaHHS.
SIk 00’ekT mociipkeHHsT BUKOpucToByBasiu mpopoctku A. thaliana exoruny Columbia Col-0.
ITicns crepuizaliii HaciHHs OyJI0 BUCAKEHE Ha cTaHaapTHe cepenonuiine Mypacire i Ckyra (MC) [5] y
yamku [letpi. Yactuna pocnun Oyna noMimieHa 0 KJIIHOCTATy 3 PEKUMOM 00epTaHHA 2 00/XB MPOTIToM
10-15 ni6 npu 22°C Tta KoBXHHI CBITIOBOrO mnepioxy 14 rox Ha nmoOy. HaciHHS KOHTPOJIBHUX POCIUH
MOMIIIANIK Y KYJIbTypaJIbHy KIMHATY JUISl TIOAAJIBIIOTO TMPOPOCTaHHS Ta KyJbTHUBYBaHHS. Biszyarizarito
ayrodarocoM TPOBOAWIM 3a JOIMOMOTOKO JIFOMIHICIIGHTHOI MIKPOCKOMIi 3 BUKOPHCTaHHSIM
dnyopecuieHToro OapBHUKa MoHomaHcwikanaBepuny (MDC) — 3aralbHOBKHBAHOTO MapKepy
ayrodarocom. PiBeHp amnumaudaxarii KIiTHH OI[IHIOBAU 3a JOMOMOTO0 (IyOpecHeHTHOro OapBHHKA
aKpuJIuH-opaHxeBoro (AO).
Panime Hamu Oynu oTpUMaHi J1aHi, sIKi CB1I4aTh PO Te, 110 32 YMOB KJIIHOCTATyBaHHS MPOTITOM
6—-10 ni6 Bxke Ha 6 100y KyJIbTUBYBAHHS BIIMIYAa€ThCSI PO3BUTOK ayTodarii y KOpeHSX HpOpPOCTKiB A.
thaliana. Pasom 3 TuM, HalOUIbII IHTEHCHBHHUI PO3BHTOK ayrodarii B 30HI KOPEHEBOTO YOXJIHKA
B1JIMOB1/1aB 9 1001 MOCTIIKEHb. Y 3B S3KY 3 UM OYyJIO MPOBEIEHO OIIHKY MOP(OJOTIYHUX MOKA3HHUKIB
po3BuTKy ayrodarii mpotsrom 10-15 ni0 kynmsTuBYBaHHs mpopoctkiB A. thaliana 3a ymoB 3mineHOl
rpasitanii. OTpuMaHi pe3ynbTaTu MIATBEP/KYIOTh TOM (hakT, 1m0 Bke Ha 11 AeHb KIIHOCTaTyBaHHS
BIJI0YBA€THCS aJlanTallisi KOPEHIB MPOPOCTKIB A0 Aii cTpecoBoro (axkrtopy. PiBeHs auuaudikaiii KIiTHH
OyB BUCOKUM Ha yacoBoMy npoMixkky 10-11 no0a, ane cnanas, mounHarouu Big 12 100U KyJIbTUBYBaHHS.
JlaHi pe3ynbTaTH JEMOHCTPYIOTh, IO KIIHOCTaTyBaHHS € CTPECOBUM (PAKTOpPOM, SIKUH aKTHUBYE
aytogarito B mpopoctkiB A. thaliana, mpore Ha yacoBomy npomixky 10-15 ni0 BinOyBaeThcst 3HUKESHHS
piBHS ayTodarii, 1110 MOXKe CBIIYUTH PO aJJalTaLlil0 POCIUHHUX KIITHH JI0 YMOB MiKpOrpaBiTarlii.
1. Reggiori F., Klionsky D.J. Autophagic processes in yeast: mechanism, machinery and regulation. J.
Genetics. 2013. Vol. 194. P. 341-361.
2. Yoshimoto K., Ohsumi Y. Unveiling the molecular mechanisms of plant autophagy—from
autophagosomes to vacuoles in plants. J. Plant Cell Physiol. 2018. VVol. 59(7). P. 1337-1344.
3. Demidchik V., Tyutereva E.V., Voitsekhovskaja O.V. The role of ion disequilibrium in induction of
root cell death and autophagy by environmental stresses. Funct. Plant Biol., 2017, 45(1):28-46.
4. Stefan W. R., Augustine M. K. Autophagy: an integral component of the mammalian stress response.
J. Biochem. Pharmacol. Res., 2013, 1(3), P. 176-188.
5. Murashige T., Skoog F. A revised medium for rapid growth and bio assays with tobacco tissue cultures.
J. Physiol. Plant. 1962. Vol. 15. P. 473-497.
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INTRAVENOUSLY INJECTED MESENCHYMAL STEM CELLS PENETRATE THE BRAIN
AND TREAT INFLAMMATION-INDUCED BRAIN DAMAGE AND MEMORY
IMPAIRMENT IN MICE

Olena Lykhmus Poster 1

Lykhmus 0.Y.}, Koval L.M.%, Voytenko L.P.%, Uspenska K.R.}, Deryabina O.G.?, Shuvalova N.1.2,
Kordium V.A.23 Ustymenko A.2, Kyryk V.2, and Skok M.V.!

1 — Palladin Institute of Biochemistry NAS of Ukraine, Kyiv
2 — State Institute of Genetic and Regenerative Medicine NAMS of Ukraine, Kyiv
3 — Institute of Molecular Biology and Genetics NAS of Ukraine, Kyiv

E-mail: olenalykhmus@gmail.com

The use of mesenchymal stem cells (MSC), which can differentiate into multiple cell types,
including neurons, is an attractive idea of regenerative medicine, in particular, for neurodegenerative
disorders like Alzheimer disease (AD). Neuroinflammation is regarded as one of the pathogenic factors
of AD. Previously we showed that mice regularly injected with bacterial lipopolysaccharide (LPS)
possessed the AD-like symptoms like episodic memory decline, elevated amounts of amyloid beta
peptide AB(1-42) and decreased levels of nicotinic acetylcholine receptors (NAChRS) in the brain. In the
present study, we aimed to investigate whether pathogenic effect of LPS on the brain and behavior of
mice can be prevented or treated by injection of MSCs or MSC-produced soluble factors. Fluorescently-
labelled MSCs, injected intravenously, penetrated the brain of LPS-treated mice. MSCs co-injected with
LPS prevented episodic memory impairment, AP(1-42) accumulation and nAChR decrease in the brain
and brain mitochondria caused by LPS. Their mitochondria did not release increased amounts of
cytochrome ¢ under the effect of Ca?* as did mitochondria of LPS-only-treated mice. Moreover, MSCs
could reverse the pathogenic symptoms developed 3 weeks after LPS injection. Cultured MSCs
produced IL-6 in response to LPS and MSCs effect in vivo was accompanied by additional stimulation
of both micro- and macroglia. Xenogeneic (human) MSCs were almost as efficient as allogeneic (mouse)
ones and regular injections of human MSC-conditioned medium appeared to be almost as efficient as
injection of MSCs themselves. These data allow suggesting MSCs as a potential therapeutic tool to cure
neuroinflammation-related cognitive pathology.
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BANKING OF POOLED HUMAN OLFACTORY EPITHELIUM-DERIVED
MESENCHYMAL STEM CELLS FOR APPLYING IN CELL THERAPY

Natalia Antonevich Poster 2

Natalia G. Antonevich®, Andrei Y. Hancharou!, Alena G. Rynda?, Darya V. Babrukevich?
1 — The Institute of Biophysics and Cell Engineering of National Academy of Sciences of Belarus,
Belarus, Minsk, Academicheskaya st., 27
2 —The Republican Research and Practical Center for Epidemiology and Microbiology, Minsk, Belarus,
Minsk, Filimonova st., 23

E-mail: antonevich.n@gmail.com

Introduction. Olfactory epithelium (OE) contains tissue-specific mesenchymal stem cells
(MSCs), which possess broad differentiation potential and immunomodulatory activities comparable to
well-studied bone marrow and adipose tissue derived MSCs. The advantage of OE as a source of MSCs
for cell therapy is that biopsy can be taken from people of any age and gender under local anesthesia
without any adverse consequences. Nevertheless, cell cultures vary in their therapeutic potential
depending on the donor's individual health status. It has been shown that bone marrow MSCs obtained
from donors with severe systemic diseases, for example, with lupus erythematosus, have aberrant profile
of gene expression and reduced ability to suppress immune cells and therefore cannot be use in
autologous transplantations. Obviously, in such cases transplantation of allogenic cells from healthy
person is more preferable. The recent tendency in cell therapy is to produce biomedical cellular product
based on pooled cultures in order to standardize cell material and avoid considerable variations in its
properties. The aim of the current study was to choose the OE-MSCs with the highest
immunosuppressive activity, produce pooled culture and bank them for long-term storage.

Methods. Olfactory mucosa samples were taken from 15 patients with non-inflammatory
diseases of nasal cavity. OE-MSCs were expanded using DMEM/F12 media supplemented with 10%
FBS and cryopreserved at passage 2 (P2). Cells recovered from cryopreservation were used to obtain
pooled cultures OE-MSCs, OE-MSCs from three individual donors were pooled in equal proportion
(1:1:1) after individual culturing at P3 and expanded as pooled cultures to P4-P5. OE-MSCs were
assayed for phenotype (CD71, CD90, CD105, CD45, CD31), population doubling time (PDT). All
cultures were routinely tested for microbiological contaminants (aerobic and anaerobic bacteria, fungi,
herpesviruses HSV-1, HSV-2, EBV, HHV-6). At P4-P5 proliferative potential and immunosuppressive
activity of pooled OE-MSCs were analyzed in comparing with monocultures. Immunosuppressive
activity of MSCs were mesured as follow: peripheral blood mononuclear cells (PBMC) isolated from
donor’s blood were primed with CFSE, co-cultured with OE-MSCs (1:20) for 3 days with PHA
additions, and then CD3" cells were assayed. Nonparametric statistical analysis was used.

Results. As was shown, all obtained OE-MSCs were CD73"CD90*CD105"CD31 CD45-, PDL
was 32,7(28,2-36,2) h at P3. The ability of mono OE-MSCs to inhibit mitogen-induced proliferation of
CD3* T cells was shown, suppression was 1.55 (1.33-1.75) times comparing to control. The MSCs
cultures which inhibited T-cell proliferation more than 1.5 times (n=6) were chosen to prepare pooled
cultures (n=4, different combination). There was not revealed significant difference in both PDL and
suppression activity in relation to PHA-induced proliferation of CD3" T cells between mono (n=6) and
pooled cultures (n=4). Tested pooled culture were banked for long-term storage (5x107 cells/each
culture, P4).

Conclusion. OE-MSCs with high proliferative and immunosuppressive potential were chosen
for producing of polled OE-MSCs, pooled cell biomass was cryopreserved for prospective applying.
Polled OE-MSCs possesses immunosuppressive properties and may possibly be used in cellular
immunotherapy of immune system disorders, which include autoimmune diseases, and prevention of
organ and tissue rejection.
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IDENTIFICATION OF HEMATOPOIETIC STEM CELLS IN CRYOPRESERVED AND
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Lutsenko O.D., Ostankov M.V., Yampolskaya Ye.Ye., Grisha I.G., Ostankova L.V.,
Sokil L.V., Goltsev A.M.
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At present, the problem of using human cord blood as an alternative to bone marrow and
peripheral blood as a source of hematopoietic stem cells (HSC) attracts the interest of scientists.
However, the use of cord blood in a combined treatment of diseases of different etiologies involves the
use of cryopreserved or freeze-dried cells. However, the effect of cryopreservation and lyophilization
on the state of HSC subpopulations of varing levels of differentiation has still remained uncertain.

The purpose of this work was to compare the CD34" HSC content and the subpopulations of
these cells with varying degrees of differentiation (CD34*CD38", CD34"CD38") in cryopreserved and
lyophilized human cord blood leukoconcentrates (HCBL).

HCBL was obtained by sedimentation of erythrocytes as a result of the dextran-60 supplement
to cord blood. HCBL was cryopreserved by a two-stage program using the method of Tsutsayeva AA et
al. (1998) with a programmed freezer UOP-6 (Special Designing and Technical Bureau with
Experimental Unit of IPCC of the NAS of Ukraine). The HCBL was frozen-dried according to the
method of Goltsev AM (2016) using UZV-2 device (Special Designing and Technical Bureau with
Experimental Unit of IPCC of the NAS of Ukraine). The samples were rehydrated by adding
physiological saline to cells. After rehydration, the resulting suspension was evaluated by the count of
the nucleated and viable cells (trypan blue, propydium iodide). The number of CD34°CD38,
CD34"CD38" cells, mean fluorescence intensity of CD34 before and after cryopreservation or
lyophilization was evaluated with FACSCalibur (BD Biosciences, USA) flow cytometer, using
monoclonal antibodies — FITC Mouse Anti-Human CD34, PE Mouse Anti -Human CD38 (BD
Biosciences, USA).

After HCBL cryopreservation or lyophilization, the ratio of hematopoietic precursors of varying
degrees of differentiation was changed relative to the fresh one. In the cryopreserved HCBL, a relatively
high number of CD34*CD38" cells was kept and the number of CD34*CD38" cells was elevated. In the
lyophilized HCBL, more differentiated elements, CD34*CD38*, were predominant, and their number
was higher than in fresh and cryopreserved material. The obtained results call for the evaluation of the
clonogenic properties of either cryopreserved or freeze-dried HCBL in order to predict its therapeutic
potential.
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The development of adaptation reactions in a cell under the action of low temperatures and
during the rehabilitation period after cooling is determined by the activation of the cell genetic apparatus.
Knowledge of the mechanisms of cooling action on the genome functioning will allow to actively
intervene in certain stages of cryopreservation, preparing the cells for the action of an extreme factor,
i.e. deep cooling.

Studies were performed in cells of a transplanted calf kidney culture. The cell monolayer was
cooled down to + 4 °C. Then the culture medium was replaced with fresh (cooled down to +4 ° C) one,
wherein the labeled precursors of DNA, RNA, proteins (H3-thymidine, C'*-orotic acid, C'*-chlorella
protein hydrolyzate) were introduced. Cells were kept at + 40 ° C for 1-24 hours (continuous labeling).
After a certain time interval, the vials with cell monolayer were selected. Cells were subjected to
chemical fractionation using a modified Schmidt-Tanhhauser method, specific radioactivity was
determined in DNA, RNA and protein fractions. The concentration of these components was calculated
spectrophotometrically.

Deep hypothermia has been shown to leads to complete inhibition of DNA synthesis, which
remains at a level of 0.6-0.1% throughout the entire cooling period. At the same time, protein synthesis
was 12-15% of the control; during the cold exposure (during the day), the increase in protein synthesis
in cells was not observed. RNA synthesis, which was 3-5% of the control in the first 1-3 hours of cooling,
then increased up to 15% by 5 hours of incubating the cells at +4° C and remains at this level for about
24 hours. The RNA content in the cells decreased in the first hours of cooling (5 hours) down to 83%,
and then, from the moment of the increase in RNA synthesis, gradually accumulated in the cells and by
7 hours of cooling, its content was 133% of the control.

With a decrease in temperature from +37°C down to +4 ° C, the synthesis of not only cellular,
but also of nuclear proteins was inhibited. The specific radioactivity of proteins of isolated nuclei was
98% of the specific radioactivity of total proteins of cells, i.e., the proteins, accumulating in the nuclei,
were mainly synthesized. When the temperature dropped down to +4° C (within 2 hours), the synthesis
of nuclear proteins was 35% of the control. The introduction of labeled amino acids into the medium
with cooled cells led to a decrease in the synthesis of cellular proteins down to 12% of the control and
an increase in the synthesis of nuclear proteins up to 58%, i.e., more than one and a half times the level
of synthesis in the process of cell cooling.

During the rehabilitation period of cooled cells (culturing at + 37°C for 24-48 hours), the normal
mitotic index was not restored, the number of abnormal mitoses was increased (from 16% in control up
to 38% after cooling).
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Donor’s blood after hypothermic storage is widely used in transfusiology. To increase the
efficiency of existing technologies of hypothermic blood storage and to expand their capabilities, the
search for new and safe substances capable to exert a protective effect under adverse temperature
conditions remains topical. Hydrated fullerene Cso (C60FWS) being nanoscale compound has a unique
biological feature. Due to its special physicochemical properties, it is able to participate in biological
processes as a regulator of reactive oxygen species and an acceptor of free radicals [Shcherbakov AV,
2011; Ivanov VK, 2009], preventing a cell damage against oxidative stress. This circumstance was a
prerequisite for the study, the purpose of which was to evaluate the effect of C60FWS on human blood
during hypothermic storage. Blood was collected from healthy donors’ cubital vein. Sodium citrate was
used as an anticoagulant. The collected blood was stabilized for 4 hrs at 20 °C, and then divided into
three experimental groups: 1 — blood, with the addition of a physiological solution of sodium chloride
(control); 2 and 3 - blood, with the addition of C60FWS solutions at a final concentration of 1x10° M
and 1x1077 M, respectively. The investigated solutions were added to the blood in a 1: 1 ratio. C60FWS
solutions were prepared with physiological sodium chloride solution. After adding fullerene solutions,
the blood samples were stored at 4 °C for 7 and 14 days. Blood safety was estimated by the degree of
erythrocytes hemolysis of the studied blood samples placed in hypotonic solutions of sodium chloride.
Below the experimental data on the hemolysis value of erythrocytes (%) for a hypotonic solution of
sodium chloride with 0.5% concentration are presented. It was shown that the level of erythrocytes
hemolysis increasing depended on the period of hypothermic storage of blood and the concentration of
fullerene solution. Storage of the control blood samples at 4 °C for 7 days led to a rise in the hemolysis
rate of erythrocytes from 10.0 + 0.1% up to 40.2 + 13.4%, and the longer storage (14 days) revealed an
increase in the erythrocytes hemolysis rate up to 67.6 + 9.3%. The fullerene C60FWS addition as a
protective component to the blood led to a slowdown in the hemolysis rate of erythrocytes during its
hypothermic storage. It was shown that after hypothermic blood storage for 7 days in the presence of a
C60FWS solution (group 2) at a final concentration of 1X10°M, the erythrocytes hemolysis rate was
12.5 £ 0.3% (in the control 43.8 + 3.7%). The study of blood samples after an increase in their storage
time up to 14 days revealed that the hemolysis rate of erythrocytes made 24.3 + 4.4%, which was almost
3 times lower than in the control samples (67.6 + 9.3%). Hypothermic storage of blood at a decreased
final concentration of fullerene C60FWS to 1x10'M showed that on day 7 of storage the hemolysis rate
of erythrocytes was 15.3 + 0.5%, and on day 14 it made 48.5 + 4.7%. Thus, the use of a solution of
hydrated fullerene C60FWS in hypothermic storage of human blood contributed to its preservation, as
evidenced by a decrease in the erythrocytes hemolysis rate.
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INFLUENCE OF NANOCRYSTALLINE CERIUM DIOXIDE ON VIABILITY OF
ESCHERICHIA COLI BACTERIA AFTER HYPOTHERMIC STORAGE
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To date, the most effective way of storage of different cells is cryopreservation and-hypothermic
storage in multicomponent media. During the effect of low temperatures, the cells are exposed to various
physical and chemical factors that can cause their irreversible injury. One of these factors is oxidative
stress. Reducing the negative effect of oxidative stress on cells can be achieved by adding the
antioxidants to the protective medium. The use of nanocrystalline cerium dioxide (NCD), which is
known to significantly exceed the degree of antioxidant activity if compared with existing antioxidants
(ascorbic acid, tocopherol, amino acids, etc.) is prospective. We have shown the effectiveness of NCD
application in the studies on cryopreservation of mouse fibroblasts and microalgae Spirulina platensis.
It is known that the mandatory condition for biomedical application of various chemicals is the absence
of their toxicity to different biological objects. Microorganisms are the convenient test objects for the
study of toxicity. The purpose of this work was to determine the effect of NCD in a concentration of 0.2
g/ L on cells of Escherichia coli (E. coli B) bacteria during their hypothermic storage. Bacteria of E.
coli B were grown for 24 hours under standard conditions. Afterwards the suspensions of
microorganisms were prepared with sterile physiological saline of sodium chloride (NaCl). The cell
concentration was 108 CFU / ml. To evaluate the effect of NCD on E. coli B bacteria, NaCl (control) or
NCD (experimental) solution were added to the suspension. The final concentration of NCD in the
suspension made 0.2 g / L. Control and experimental specimens were placed in a refrigerating chamber
and stored at 4 °C for 5 days. The viability of bacteria in the samples was evaluated by the indices of
colony formation on agar plates. It was established that during hypothermic storage for 5 days the
viability of E. coli B, both in the control and experimental samples, did not significantly change and
remained at the initial level. Thus, nanocrystalline cerium dioxide at a concentration of 0.2 g / L did not
affect the viability of E. coli B bacteria during their hypothermic storage at 4 °C for 5 days. This indicates
the possibility of using nanocrystalline cerium dioxide at the mentioned concentration for
cryopreservation of cells, including microorganisms. In further studies, we are planning the experiments
on cryopreservation of E. coli cells under the protection of nanocrystalline cerium dioxide.
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WHETHER NANOCRYSTALLINE CERIUM DIOXIDE AND HYDRATED FULLERENE
AQEOUS SOLUTIONS AFFECT SPIRULINA PLATENSIS CELL CULTURE TOXICALLY?

Goloiad M.O.
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Over the past 20 years, the rapid development of nanotechnology has allowed the creation of
innovative nanomaterials with fundamentally new properties and huge potential to be used in biology,
medicine and pharmaceutics. However, the problem of the toxicity of these compounds remains a serious
problem. Undoubtedly, the controversy and misunderstanding in this regard are due to the fact that the
study of biological properties of aqueous solutions of nanoparticles does not always fully take into
account the conditions of synthesis, methods for stabilizing them in colloidal systems, particle size,
transport path ways to biological targets, etc. We used water-soluble form of hydrated unmodified
fullerene Ceo FWS in our studies, namely, the concentrate "Fullerene Ceo hydrated" (CeoFWS) with initial
concentration of 144 mg/L (10*M) and a solution of nanoparticles of nanocrystalline cerium dioxide
(NCD) in final concentration of 0.02 g/L with a particle size of 2 nm obtained by wet synthesis [Kavok
N. et al., 2017]. We believe that one of the promising biological objects for studying the toxic effects of
nanocrystalline materials may be Spirulina microalgae. An essential point in favor of it application as a
test object is the ability of blue-green algae to act as a sensitive bioindicator of the first link of trophic
chain in toxicological studies of environmental pollution [Bryantseva Yu.V. et al., 2005]. To determine
the effect of the studied nanoparticles on Spirulina platensis cells, we used a functional loading method,
namely, the transfer of cells to a distilled water from the nutritional Zarrouk’s medium (with up to 11.5
pH). After wash-out from the nutrient medium, the microalgae were divided into the following
experimental groups: 1- storage in distilled water; 2- storage in distilled water with the addition of Ceo
FWS; 3 — storage in distilled water with the addition of NCD; 4 — storage in Zarrouk's culture medium.
The morphofunctional state of Sp.platensis cell culture was assessed using the methods of vitals staining,
counting and recording of the spectra of own fluorescence of cells, as well as the growth of microalgae
biomass. The obtained results indicate that aqueous solutions of cerium dioxide with a particle size of 2
nm and a concentration of 0.02 g/L as well as hydrated fullerene Cso FWS with a concentration of no
higher than 2x10°M do not exert a toxic effect on cells of Sp. platnesis. It is known that solutions of
fullerene and nanocrystalline cerium dioxide, due to their special physical and chemical properties, can
participate in biological processes as a regulator of oxygen reactive species and the acceptors of free
radicals [Shcherbakov AB et al., 2011], this outlines the ways of possible application of these nanoscale
compounds in a variety of biotechnological processes.
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Cryoprotective agents (CPAs) are able to maintain the structure of protein macromolecules,
membranes and cells in a state close to the native one under the stressful conditions. However the
physicochemical properties of the cryoprotectant solutions significantly differ from the physiological
characteristics, that induces structural and functional changes in various subcellular systems. One of the
possible manifestations of the cryoprotectant influence may be changes in the structure of hemoglobin
and the consequent activation of oxidative processes. More significant changes in ROS production may
occur after the cell cryopreservation because during the freeze-thawing, despite the presence of
cryoprotectants, some cells are still subjected to lethal or sublethal damage.

The study was aimed to examine the CPAs and low temperature effects on the ROS production
in human erythrocytes. The estimation of ROS in erythrocytes was performed by flow cytometry with
FACS Calibur (Becton Dickenson, USA) on the fluorescence data of DCF originated from DCFH-DA
(2',7'-Dichlorofluorescin diacetate) after its oxidation in a cells with hydrogen peroxide. The
cryopreserved erythrocytes were under the protection of a mixture of 3.25 M glycerol and 0.2 M
mannitol, as well as 0.2 M polyethylene glycol with m.w. 1500 (PEG). Freezing was performed in liquid
nitrogen (—196 °C), while heating was carried out at 42 — 44 °C. The results were analyzed using the
software “WinMDI 2.8”. Changes in the intensity of DCF fluorescence in erythrocytes were
characterized by the value of the median of the distribution histograms. Statistical processing of the
results was performed using the software “Statgraphics plus 2.1 for Win”

Incubation of human erythrocytes in 2 M glycerol caused a slight increase in DCF fluorescence,
while in a glycerol-mannitol medium the intensity of ROS production was lower than in the control
samples. Such changes may be stipulated by a slowdown in the intensity of metabolic processes and
protein stabilization in the glycerol presence, that affects the possibility of ROS production in cells. In
addition, both components of the cryoprotectant mixture have the free radical scavenger properties,
which can explain the decrease in ROS level in erythrocytes during incubation, since these substances
compete with DCF for interaction with H>O». Freezing of human erythrocytes in the glycerol presence,
as well as its removal after thawing, do not affect the intensity of ROS production processes.

Incubating human erythrocytes in PEG presence led to a significant intensification of ROS
production, which can reduce cell stability during freeze-thawing. After freezing the intensity of ROS
production even more enhanced that attested sublethal cell lesions. However, PEG removal and the
concomitant lysis of injured cells led to the normalization of ROS production processes.

Thus, changes in the rate of ROS production in erythrocytes under the CPA effect and freeze-
thawing can have a significant regulatory effect on the membrane-cytoskeleton complex state and cell
stability under stressful conditions of cryopreservation.
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The use of cord blood (CB) hematopoietic progenitor cells (HPCs) is firmly established in
practical medicine as an effective method for treating diseases of various genesis. This has led to the
development of protocols of low-temperature storage and the cryobanks network. DMSO at 7.5-10%
concentrations is the most common cryoprotectant for cryopreservation of CB nucleated cells (NCs)
including HPCs. However besides cytoprotective effects, DMSO may also cause the accumulation of
reactive oxygen species (ROS) during cell cryopreservation with following initiation of apoptosis and
cell death. Accordingly, the promising approaches to the cryopreservation may be supplementation of
medium with antioxidants which are able to "trap"” free radicals and reduce the intensity of free radical
oxidation production at all stages of freezing and thawing. Among these antioxidants glutathione (GSH),
N-acetyl-L-cysteine (NAC) and ascorbic acid (AA) can be used.

The purpose of the study was assessment of cell viability and quantification of CB NCs with
ROS excess compared to control after their cryopreservation in medium containing DMSO and different
antioxidants.

In the work for CB NCs’ cryopreservation we used 7.5% DMSO and different antioxidants
(Sigma-Aldrich (USA)) at their final concentrations as follows: AA - 0.1 mM; NAC - 10 mM; GSH - 1
mM. The viability and the amount of cells with ROS excess were determined with flow cytometry
(FACS Calibur (BD, USA)) using 7TAAD and DCF fluorescent dyes, respectively.

Analysis of the NCs/HPCs viability showed that after cryopreservation under DMSO protection
without antioxidants this index decreased by 30/35%, respectively. This may be due partly to ROS
production, as the level of cells with ROS excess increased by 6-8% during freezing.

Assessment of viable CB NCs/HPCs after cryopreservation with DMSO and antioxidants
showed that the supplementing 7.5% DMSO solution with 0.1 mmol AA ensured getting of viable
NCs/HPCs up to 73/77%, respectively. When NAC was used at 10 mM concentration this index was up
to 69/78%, while in the sample without the addition of antioxidants were obtained 57/65% of viable
NCs/HPCs, respectively. Determining the amount of viable NCs/HPCs which were cryopreserved in
samples with 7.5% DMSO and 1 mM GSH after thawing showed an increase of this index by 20/21%.

Quantification of cells with ROS excess indicated that in the group with AA application this
index did not differ from the similar group when the antioxidant was not added. In samples
cryopreserved with a 7.5% DMSO supplemented with the antioxidants NAC (10 mM) or GSH (1 mM),
this index decreased by 12-13% compared to data when any antioxidant was not added.

Thus, the results indicated that antioxidants such as NAC and GSH contributed to an increase in
their viability and decrease in the level of cells with ROS excess, while AA did not show antioxidant
effect during the NCs cryopreservation. Cryoprotective solutions containing GSH at a concentration of
1 mM and 7.5% DMSO were the most effective.
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EKCIPECISI HEUPAJIbHUX MAPKEPIB Y KYJbTYPI KJIITUH, OTPUMAHOI 31
CIITHAJIBHUX T'AHTJITIB HEOHATAJIbHUX CBUHEN

Am C.I'., boxok ' A.
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Ha renmepimHiii 4Yac y MeAuKO-O10JOTIYHMX JOCHIDKEHHSIX CGOpMYyBaBCsS 3alUT Ha
BUKOPUCTaHHA B EKCIIEPUMEHTaX TaK 3BaHUX TPAHCIALIAHUX MOJEICH Ha BEIMKHX TBAapHHAX
(translational large animal model) 3amms MakcuMaabHOTO HAOMMWKEHHS 10 (Pi310JOTIYHUX
XapaKTepUCTHK JIOAMHU. B 1boMy BIJHOIIEHH! CBHHS PO3MVIAJAETHCS SIK OJMH 3 MPHUIATHUX BHIIB
MozenbHUX TBapuH. KynbTypu kimiTuH 31 cniHanbHuX radriiiB (CI) € mepcnekTUBHUM JDHKEpEerioM
HelpanbHUX KIITHH-TIOX1THUX HepBoBoro rpedewnto (Li et al., 2007; Tongtako et al., 2017). Oxnak noci
He Oyino 3poOjeHOo crnpoOM OTpPUMaHHS Ta BHBUEHHS OCHOBHHMX (EHOTHUIIOBHX XapaKTEPUCTHK
KIITHHHUX KyJIbTYp, oTpuManux 31 CI' cBuHel. MeTa TOCIiI)KeHHS] — BUBUYUTH €KCIIPECit0 HeHpaTbHUX
MapKepiB y KyJIbTypi KIITHH, OTPUMAHOI 31 CIIIHAIBHUX TaHTJII{B HEOHATAILHUX CBUHEH.

B excniepumenTax BukopuctoByBanu CI” mopocsr Biky PO-P1. Cycnensiro KIiTHH OTpUMYyBaJInd
(dhepMeHTaTUBHUM MeTOJI0M. KIITHHM BHUCiBald B KOHIEHTpaIlii 0,5x10* x/mi i KYJIbTUBYBaJH B
qamkax [lerpi 3 moBepxHero, 00pobneHoi nomi-D-misuaoMm, npu 37°C B atmocdepi 3 5% CO2 y
KUBWIbHOMY cepenosuini a-MEM 3 nonaBanusm 2% HeiipoMaxkc ta antuGiotukiB. Ha 8-my 100y
KyJIbTUBYBAaHHSl CIOCTEPIrajloch YTBOPEHHS MYJIbTHKIITHHHUX cQepoiniB, sAKi TepeciBaiu Ta
IPOAOBXKYBAIN KyIbTHBYBaTH y cepenoBuili o-MEM 3 10% deranbHoi Tenstuoi cupoBatku. Ilicis
OTpUMaHHS KOH(IYEHTHOTO MOHOIMIAPY 3pa3Ku KyJIbTyp (PikCyBanm Ta 3a0apBIIOBAIH 32 IPOTOKOJIOM
HEMpPsIMOT0 IMMYHO(IYOPECIIEHTHOT'O MiU€HHS 3 MEPIIUMU aHTUTLIaMu 110 TiyTtamin-cunrerasu (I'C),
S-100 ta B-lll-ty6yniny (Ty6B3) Ta BigNOBIZHUMH APYIMMH AHTUTLUIAMH, KOHBIOTOBAaHMMHU 3
(byopeclieHTHOI0 MITKO0. MIiKpopoTO3HOMKY 3A1MCHIOBaIM 3a J0MNOMOTrOI0  (PIyOpecHeHTHOro
Mmikpockorry Carl Zeiss Axio Observer Z1. Anani3 300pakeHb MPOBOIIIIN 3 BAKOPUCTAHHSIM MTPOTpamMu
Axio Vision Rel. 4.8.

BcranosieHo, 1110 B KyJIbTypl KIITHH, oTpuMaHnoi 31 CI” HeoHaTaJIbHUX CBUHEH, CIIOCTEPITAETHCS
BHCOKA €KCIPECisi OTHOTO 3 OCHOBHMX CHelU(pIYHUX MapKepiB caTemiTHUX rimianbHux kiituH (CI'K) —
riyramiH-cuHTeTasu. [losutuBHe MideHHs aHtutinamu a0 I'C Oyno BiamiueHo y Ouibmi, HiX 95%
KITHH, ki Manu Mopdosoriuni o3Haku CI'K: manuii po3mip, BepereHonoaiOHy (GopMy KIITHHH,
HE3HAYHUI 11ap MUTOIUIa3MH, UIUIbHE THTEHCUBHO 0a30(1JIbHE SJIPO Ta 1Ba KOPOTKUX BiApocTKU. Hamu
He 0yJ10 BUSBIIEHO crieln(ivyHOro 3a0apBiIeHHs KOJHUX KIIITUH 3 aHTUTLIaMu 10 S-100. OnHak 1ikaso,
0 y MNEeBHOI YacTUHM KIITHH crocrepiranacs excrnpecis Ty6B3, mpu 1poMy NO3UTHBHO
3a0apBIIOBAINCS KIITHHU IHIIOTO MOP(OJIOTIYHOTO TUITY: BEJIMKI pO3IUIACTaH1 MYJIbTHIIONAPHI KJIITUHU
3 KPYITHUM SIJIPOM OBAIBHOT (POPMH.

[TopiBHIOIOUM BIIACHI pe3y/bTaTH 3 JaHUMH, sIKi OyJIM OTpUMaHi y KyJabTypi KIiTHH 31 CI” Muteit
(Tongtako et al., 2017), moskHa BigzHauuTH, 1110 KiaiTiHA CI” HEOHaTATbHUX CBUHEH, TAKOXK SIK 1 MHIIICH,
excripecytoTs ['C. OnHak, Ha BigMminy Bix KynbTypu 31 CI' mumelt, B kynbtypi kit 31 CI' cBuHEH
criocrepiraethbes excrpecis TyoB3. [Tpu npoMy MophoIOriuHO TUM KIITHH, SIKUI MO3UTUBHO pearye 3
a"tuTiamMu 10 TyoB3, He HanexxuTh 10 HelpoHiB. Lle Moke OyTH 03HAKOIO MPHUCYTHOCTI y KYJIbTYpi
kiiTuH 31 CI' cBUHEHW NpOreHITOpHUX KIITUH-TIOX1IHUX HEPBOBOTO IpeOeHIO0, sIKi 3a MEBHUX YMOB
mudepentiroBanHs 31i0Hi excripecyBatu TyoB3 (Li et al., 2007).

1. Li H.-Y.etal., Stem cells. 2007, 25:2053-2065.

2. Tongtako W. et al., Sci Rep. 2017, 7(1):13915.
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JIO®LIIBOBAHUM JIEHKOKOHIIEHTPAT KOPJIOBOI KPOBI B TEPATIII
EKCIIEPUMEHTAJIBHOI'O TOCTPOI'O THIMHOT'O MEPUTOHITY

Tonsues K.A.13, Iapxomenko K.10.3, Kpusopyuxo 1.A.2, Jlynenxo O.J1.,
[leBuenko O.M.?, Axrudecos K.A.3

1 — Incmumym npobaem kpiobionoaii i kpiomeouyunu HAH Ykpainu, eyn. Ilepescnascoka, 23,

m. Xapxis, Yrpaina, 61016

2 — Xapkiscokuil HayioHanbHull MeOuyrull ynisepcumem, np. Hayku, 4, m. Xapkie, Yxpaina, 61022
3 — KHII XOP " Obnacua xniniuna aikapus',npocn. Hezaneocnocmi, 13, m. Xapkie, Yrpaina, 61058

E-mail: cryopato@gmail.com

["ocTpuii rHiliHuN neputoHit (I'TTI) 3anumaeTbest OHIEO 3 HAWBAXKIUBINIUX MTPOOJIEM CYyJacHOT
HeBiAKIagHO1 Xipyprii. He3Bakaroum Ha CyTTEBI JOCATHEHHS B MOro AIarHOCTHI Ta JIKyBaHHI,
pe3yJIbTaTh Teparii He 3a10BUIbHI, a JICTANBHICTD MPH 1l maTosorii Bucoka (20-90 %). V 38'13ky 3 TuM,
o ['TTI € ogniero 3 hopM mposiBy iMyHO3anaabHOI peakilii Opra”i3My XipypriuHux XBOPUX MOKa3aHO
3aCTOCYBaHHS IMyHOMOIYJIIOI0UO1 Teparii. Y 1aHoMy JOCTiIKEeHH1 171 TaKild Teparnii BUKOPHUCTOBYBAIH
miodinizoBaHMii JTEHKOKOHIIEHTPAT KOPaoBoi KpoBi roauuu (JIKKII).

Meta pocaimkenns — omianty BrumB JJIKKJI Ha iMyHHMIA cTaTyc 1 HOKa3HUKH KPOBi LIYpiB B
KomrutekcHii teparmii ['TTI.

Marepianu i MeToau. ExcriepuMeHTH POBOAMIIN Ha Iypax-caMIsx JiHii Bicrap, 6 mic. BiKy,
macoro 180-200 r. MonenroBanu I'TTI micns anennekToMii yKiIagarouu MepeB's;3aHuid 4epBOIoIiOHAN
BigpocToK y uepeBHii mopoxxHuHi (UII). Yepes 24 roamHu yciM TOCTIAHMM TBapuHAM IMPOBOIWIA
penanaporomuto i canamito YII oxomomkenum mo0 4-6 °C 0,02% BoaHHM pO34MHOM (Gyparuiiny.
Jliodimizysanu JIKKJI (aJIKKY) 3a metomom ['ombueBa A.M. i cmiBaBT. (2016 p). TBapunu Oynu
posnoaineni Ha rpynu: 1. 3n0poBi (koHTpoas); 2. I'TTI; 3. I'TTI + amminuinin (40 Mr/kr Macu Tina) min
gac penanapotomii; 4. I'TTI + BBegenns nJIKKIJI (mo 0,3 mu, 5-6*10° writun); 5.ITI + nJIKKJT +
aMIIIWIIH. AHaJI3 IMYHOJIOTIYHUX MMOKa3HUKIB TpoBo v Ha 1, 3, 5 ta 7-y no0y.

PesyabTaT. Binrouenns B kommiekcHy tepaito JJIKKIJI 3 anTu0ioTrKoM CynpoBoKyBaIocs
ICTOTHUM TOJINIICHHSM IMYHOJIOTIYHUX TMOKa3HUKIB y 11ypiB 3 ['TTI. Haitbinpury iMmyHOKOpHUTYIOUY
uyTuBicTs J10 JJIKKJI cepen perymsitopanx cyomomyssiii T- mimdonutis (CD4" i CD8") nposiBiisiiin
CDA4" kytiTvHH, IXHS KUTBKICTH MIBUINAIIACS, Y 3B'3KY 3 UMM Ha 3-10 100y HOPMaIi3yBaIUCs TIOKa3HUKH
IMYHOPETYJIATOPHOTO 1HJEKCY, Kl BIPOTiIHO HE BIJIPI3HSUIMCA BiJ KOHTpoOJdr0. Majio Micie iCTOTHE
3HMKeHHs piBHA 1A, 19G, IgM 1 LIIK Ha 7-y n0o0y. Tepamnis B TakoMy CIIOJy4eHHI TO3UTUBHO BILTUBAJIA
Ha UUTOKIHY, miABUILY0YH okazHuku 1JI-10 ta mpurHivytoun aktuBanio IOH-y. V mypis, skum mia
yac penanaporomii BBoaAuIM aHTUO10TUK a0o Tutbku JJIKKJI, Takoro edexty He cnocTepiraiu.

BucnoBok. ExcriepumenTansHo J10BeeHO, 1m0 koMiiekcHa Tepanis JJIKKJII 3 antubiotnkom
naBaJia OUTbII BUPAXKEHUI MO3UTUBHUI PE3yNabTaT Y MOPIBHAHHI 13 3aCTOCYBAaHHSAM TUIBKM aHTHO10THKA
a6o Tinbku TJIKKIIL.
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KJIIITUHHA TEPAIIIA KOPJOBOIO KPOB’IO EKCIIEPUMEHTAJIBHOI'O
I'EHITAJIBHOI'O 'EPIIECY

Creuummsn B.I'., Octankosa JI.B., JIyuenko O./[l., I'puma L.T'., 'aeBcrka 10.0.
Tnemumym npoonem kpiobionoeii it kpiomeouyunu HAH Yxpainu,
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Bceranosneno, mo cydacHa Tepanis resitanbHoro repmecy (I'T) mpumyckae mpurHiueHHsS
OKpEeMUX JIAaHOK PenpoayKIlii Bipycy mpocrtoro repreca-1 (BIIT'-1). BoqnodacHo po3sutok I'T BrmBae
Ha imyHHY cuctemy (IC) xBoporo. Tomy aktyanpHOIO mpoOsiemoro sikyBaHHs [T, € HEOOXiAHICTh
3aCTOCYBaHHS IpenapaTiB 13 CUCTEMHOIO IMYHOMOYJIIOI0YOI0 aKTUBHICTIO.

Mera — ouiHuTH e(EeKTHUBHICTb IMYHOMOJYJIOIOUOI Teparmii ekcrepuMeHntanbHoro [T
kpiokoncepBoBanot (KKKJI) Ta miodinizoBanoro (KKJT) kopoBOKO KPOB’IO JIFOIMHU.

Marepianu i meronu. ExcnepuMeHTH BUKOHAaHI Ha 6- TH MICSYHUX IIypax - caMKax JIiHil
Bicrap, macoro 180 — 200 r. MogemtoBanu ['T BHyTpimHb0OYepeBHHENM BBeneHHsIM | mut BIIT-1 (Tutp
1:20 000) mpotsrom 5-u 1116. Kpiokoncepsysanu KKJI 3a metogom LlymaeBoi A.A. i ciiBaBT. (1998 p.).
JliodpimizyBanu KKJI 3a merogom [ombueBa A.M. i cmiBaBT. (2016 p). PerimparyBamu nKKJI
¢izionoriuaum pozunHoMm (1:1). Ha 5-y moOy micns imaykuii I'T mypam BHYTPIiTHBOOYEPEBHUHHO
o KKKJT a6o nKKJT o 0,5 mut B 1031 5x10° komitun. IH exiiro anukiosipa (ALLB) B 1031 50 mr/kr
npoBoawin 1pas/nody npotsirom 3-x 1i6. I'pymu TBapun: 1.3moposi (koutposs); 2. I'T; 3. I'T + ALIB;
4. IT + xKKJIL; 5. I'T + aKKJL, 6. I'T + kKKJI + ALIB; 7. I'T + nKKJI + ALIB. Bu3nauanu kinbkicts T-
nimdouuTis (CD3, CD4, CD8, CD16, CD25) meronom imyHodyopectieHiii; piserb mutokinis (1JI-10,
®HO-0, I®H-y), koHneHTpanito imyHornooyminis IgM, IgA metonom IDA; Ta KiniHIYHUIT aHATI3 KPOBI.
EdexruBnicts nikyBanss [T ominroBamu Ha 7, 14 ta 21-y 100y Bijg mo4yaTKy Teparrii.

PesyabraTn. OTpuMani JaHi CBiAYaTh Ipo BUpakeHUI iMmyHoMmoayaoounid BiuB sk 1KKJI,
tak 1 KKKJI na IC urypiB 3 I'T. IIpoBeneHe KoMIUIEKCHE JIKYBaHHS I1ypiB Ipynu 6 1 7 OUIbIIOI0 MipOIo,
HIK Tpynu 4 1 5, CIpHUsUIO YCYHEHHIO TUCHPOMNOpLii B MOKa3HUKaX T- KIITUHHOI JIAaHKW IMYHITETY.
[Tounnarouu 3 7-1 100U y TBapuH rpynu 6 1 7 cnocTepirajiy BiJTHOBJICHHS IMyHOPETYIATOpHOT (PYHKIIT
T-xmiTuH 1 mpoaykmii MpoTH3analbHUX I[MTOKIHIB; 3HIKEeHHIO TimepaktuBauii L{IK, nmpomyxkii
cnenudpiuHux iMyHornoOymiHiB IgM, IgA Ta HelTpo(UIBHBIX IpaHyJIOHUTIB. Y miypiB rpynu 4 1 5
MOKa3HUKH KJIITHHHOI Ta TYMOPAJIbHOI JaHKU IMYHITETY BIAMOBIJIadM 3HAYEHHSAM KOHTPOJIO Ha 14-y
100y.

BucnoBok. Po3po6iieHo i maToreHeTHYHO 0OTPYHTOBAHO 3aCTOCYBAHHS KOMIUJIEKCHOT'O METO/1a
nikyBaHHs exciepumenTanbHoro I'T BBenennsam kKKKJI a6o nKKJT i3 ALLB.
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KPIOKOHCEPBOBAHI KJITUHU ®ETAJIBHOI IEYIHKHU B JIIKYBAHHI
EKCIIEPUMEHTAJIBHOI'O ATOIIIYHOI'O JAEPMATUTY

Jleonosa JI.A., OcrankoB M.B., bonnaposuu M.O., SAMnonbceka €.€., Octankona JI.B.
Inemumym npobnem kpiobionoeii i kpiomeouyunu HAH Yxpainu,
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Cepen KOKHHX 3aXBOPIOBaHb aTOMYHUM AepMaTuT (AJl) uepes maneko He ICHHUM eTionaToreHes,
XPOHIYHOI'O IUIMHY # MOB'A3aHUX 13 UM TEpalleBTUYHUMHU IIPOOIeMaMu, 3aiiMae 0COOIUBE MICLIE Cepel
aJIepriYHuX 3aXBOproBaHb. CTYMiHb BaXXKOCTI Mepediry Ta MOpyHUIeHHS MOKa3HUKIB IMyHHOTO CTaTyCy
(IC) y narieHTiB € OCHOBOIO JJisi po3po0Ku MeToAiB Tepamii AJl. Perynsiis iMyHHUX MEXaHI3MIB, 110
JeKaTh B OCHOBI PO3BUTKY A/l BiIKpHBae HOBI MOXKIIMBOCTI B PO3pOOI MATOrC€HETUIHHX METOIIB
Tepartii IIbOro 3aXBOPIOBAHHS.

MeTa po060TH — OILIIHUTH BIUIUB KPIOKOHCEPBOBAHUX KIITHH ¢eTanpHOi nevinku (KKDIT) nHa
MOKA3HUKH KJIITUHHOI Ta TYMOPalbHOI JJAaHOK IMYHITETY y 1I1ypiB 3 A/l.

Martepiaau Ta metoau. bynu o6crexeni urypu minii Bicrap y Bini 6 micsui, macoro 180-200
r. IminiroBanu AJ] HaHeceHHAM Ha mKkipy crmmuM (3x3 cM?) 5% CIMPTOBO-aLETOHOBOTO PO3UHMHY
niriTpoxsopoensony npotsirom 21 nobu. KpiokoncepsyBamm K®II 3a meromom [ombreBa A.M. i
cmiBaBT. (1992 p.). Ulypu Oynu posnoxineni Ha rpymu: 1. 3moposi (kontpois); 2. Al; 3. AL +
npennizonon; 4. AJl + kK®II mo 0,5 mu, 5 *108 wriTuH. ImyHOMIOTIYHE OOCTEKEHHS BKIIIOYAIIO OIIHKY
MOKa3HMKIB KOHLEHTpawii cyonomymsniid mimporuris (CD3, CD4 , CD§, CD16, CD19) B mkipsHux
OionTarax MeETOJ0M MPOTOYHOI nuTodIroopumerpii. B cupoBaTii KpoOBi OLIHIOBAIM MOKA3HHUKH:
imyHornooyminiB (IgA, IgE, 1gG); urokiHoBoro cratycy — inrepsieiikinis (IJI-2, 1J1-4, 1J1-6, 1J1-10),
I®H-y MmeTotoM iMyHOpEpMeHTHOTO aHami3y, Ta L{IK - cnekTpodoToMeTpuyHuM MeToI0M.

Pe3yabTaTn gocaigkeHHs. AnepriiiHa BianoBiab npu AJl BUHHMKae B opraHi-MilleHi, MIKipi i
Mmae T- KIITUHHUN iMyHHMH MexaHi3M. Tak B mikipi mypiB 3 AJl cnocrepiranacs iHdimbTpamis T-
miMpoIUTaMH, 10 CEKPeTyITh mpo3anaibHi nuTokinu (LJI-4, 1JI-6, IJI-10 1 I®H-y), BinOysamocs
VIIKO/DKEHHS €IITeNiI0, [0 € HACTIJKOM aJieprifHOro 3amayieHHs TKaHWHU. 3actocyBaHHs KKOII
3HIKYBAJIO TKAHUHHY TiNEPPEaKTUBHICTh, B1I0OYBaAIOCS MPUTHIYEHHS O3HAK aJIepriiHOIO 3arajeHHs,
nepeOyI0BU  XapakTepy KIITUHHOT MW 1WTOKIHOBOI BimmoBinai. JlikyBanHs BBeneHHsIM KKOII
CYINPOBOJIKYBAJIOCSI 3POCTAHHSAM 3arajibHOi KUIBKOCTI T-1iM(OIMTIB, 3MEHIIEHHSAM KulbkocTi T-
XeJmepiB 1 MiABUILEHHSAM T-cynpecopis, 1110 IPUBENIO 10 HOpMaJi3alil IMHOPETYIATOPHOTO 1HJEKCY, a
TaKOXX 3HIWKEHHsA KuibkocTi B-mimdouutiB Ta NK Ha 7-y no0y. B cupoBarii kpoBi crocrepiranu
3poctanns JI-2, ta 3umwxkenns UUI-4, JI-6, IJI-10 1 I®OH- y; ninumenns piBas IgA, ta 3unxenns IgE,
IgG ra LIIK. ITpeanizoioHOBa Teparrist 10 TAKOTo e(heKTy He MPU3BOIHIIA.

BucHoBok. ExcriepuMeHTanbHO A0BeneHO, 10 BUKOopucTaHHs KK®II mo3uTuBHO BIIMBaE Ha
MOKa3HUKH KJIITUHHOI Ta TyMOpajibHOI JJaHOK IMYHITETY IpH JikyBaHH1 AJl.
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BILIMB TPAHCILTAHTAIII KJIITAH KOPJOBOI KPOBI HA PO3BUTOK
MNOCTIHCYJbTHHUX ITPOLECIB ¥ 'OJIOBHOMY MO3KY IIIYPIB

Jle6eaunens B.B.23, Ocrankos M.B.}, JIeGenunens Z[.B.2'3, HyOpaBa T.I.!
1 — Incmumym npobaem kpiobionocii i kpiomeouyunu HAH Yxpainu, eya. Ilepescnascoka, 23, m.
Xapxis, Ykpaina, 61016
2 — Xaprxiscokuti HayionanvHutl yrisepcumem im B.H. Kapazina

3 — leumpanvha Kiiniyna nikapus Yrpsaniznuyi, m. Xapxie

E-mail: cryopato@gmail.com

Knitunna Teparist 3acTocyBaHHAM KopoBoi KpoBi (KK) BBaxaeThCs mepCcrieKTUBHUM ITiX0/I0M
IUTsL KOPEKIIi1 HACTIAKIB psiy MaToJIOTid, y ToMy uncii # imemiunomy incybTi (II). JlikyBanns 11 KK
MPUHIIMIIOBO BIIPI3HAETHCS BIJ TPAIUIIAHOT MEIMKAMEHTO3HOI Teparii, s sKOi XapaKTepHi
CUMITOMAaTUYHUH MiXiJ 1 KOPOTKOYACHICTh BILIMBY. B Toif wac sik 3actocyBanus KK B tepamii II, y
BUIAJKy YCHIIIHOI iHTErpaiii B TKaHUHY PELHUII€HTA, MOXe POOUTH MO3UTUBHUN €(EeKT MPOTATrOM
tpuBanoro yacy. Tomy Bukopucranns KK sk Tepanesruunoro arenty np Il gae Haniro Ha BiTHOBICHHS
CTPYKTYpPH 1 QYHKIIi1 TOJIOBHOTO MO3KY, BTPAYCHUX B PE3YJbTATI PO3BUTKY MATOJIOTIYHOTO TPOLIECY.

MeTa aocaizkeHHs — OLIHUTHA MOP(}OJIOTIYHI 3MIHH B TOJIOBHOMY MO3KY, MOTOPHI i KOTHITHBHI
HaBuuku y mypiB npu Il Ha Tai mikyBanHs KpiokoHcepBupoBaHowo (KKKJI) abo miodimizoBaHOIO
KOpA0BOI0 KpoB’to Jroaunu (1KKJI).

Marepiasu i Mmeronu. ExcriepuMeHTH pOBOIIIIM HA Iypax-CaMIpsX JiiHil Brcrap 6 Mic. BiKy, Macoro
210-250 r. Monemosam 11 oxmo3iero corroi Mo3rosoi aprepii (CMAo). Uepes 6 romus micist CMAo nrypam
OTHOPA30BO BHYTpHIIHEOUepeBHHHO BRommH KKKJT a6o nKKJI 1o 0,5 v B 103i 5x10° knitun. Iepebponizun
PO3UMHSUTA Y (Pi310OriYHOMY PO3UMHI 1 BBOMWIM BHYTpUIHBbpYepeBuHHO 10 0,1 Mi/100 r macu TBapuHH.
I'icTonorivxi mpenapati MO3KY TOTYBIM 33 CTAaHIApTHOK METOAMKOO, CepiiiHi 3pi3u 5- 7 MkM (apOyBanu
I'eMaTOKCHUJIIH - €03MHOM 1 JIFOKCOIOM. Mop(hoMETpit0 BUKOHYBAIH MICIIsT MIKPOCKOITIT i CTBOPEHHSI IIU(POBOTO
300pakeHHsI 3a JIONOMOT'0r0 MiKpockora Zeiss Primo Star, x 100, 400, 900. HeBponorivHuii cTaTyc OI[iHIOBAIH T10
TOBOJPKEHHIO TBapHH y Tectax "Bigkpure momne" 1 "Xpecromnomionuii 1adipuHt'.

PesyawTaT. Ha mozeni Il y nrypis Gyro nokasano, 1o BBezeHHst IKKJI, Takox six 1 kKKKIJI, mprckoproe
IUTMH PeaKLii aCeNTUYHOIO 3arajeHHs], CIpUsi€ BIKMBAHHIO HEHPOHIB y 30H1 IIEMIYHOI MiBTIHI, MOMIMIIEHHIO
BaCKyJIApH3allii 1[1eMi30BaHOl 30HM 1 30€peXEeHHIO IUTICHOCTI CyAMHHOro cruieTiHHs. Tepamist 1l BBeneHHAM
1KKIJT a6o kKKJI no3Bossie 30epertu BiporitHO OUTbIITY KUIBKICTb KMTTE3IaTHUX HEHPOHIB Y HEPBOBIH TKaHMHI,
NPUIIETTIO Oe3rocepe/iHbO A0 30HM TPaBMAaTWYHOI IMIBTIHI, @ TAKOX CIIpHsE OUTbII HIBUIKOMY M MOBHOMY
BITHOBJIEHHIO MOTOPHHX 1 KOTHITMBHUX HAaBUYOK Y 11ypiB 3 Il B MOPIBHSHHI 13 3aCTOCYBAaHHSM LIepeOpOITi3uHA.

BucnoBok. Pesynbratu excriepumMeHTaabHOTO AociimpkeHHs: 3actocyBanHsa JKKJIL, Takox sk 1
KKKJL, MoxxyTh OyTH BUKOpHUCTaH1 JUIsl pO3pOOKHM HOBUX TEPANEBTUYHMUX MIAXO/IB, 3aCHOBAHHMX Ha
MPUHIIMIIAX KIITUHHOI Tepanii, AJs JIiKyBaHHS naieHTiB 3 11
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OCOBJIMBOCTI CTPYKTYPHO-®YHKIIOHAJIBHOI OPTAHIBAIIIl CTOBBYPOBHX
PAKOBHX KJITHH 3AJEXHO BIJ] JOKAJI3AIIL I PO3MIPIB ITYXJIMHA

bounaposuu M.O., Uenomouteko O.B., Octankosa JI.B, 'onbsiieB A.M.
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Po3BuTOK 1 MeTacTa3yBaHHS paKy MoJI0OuHOI 3251034 (PM?3) 3HA4HOIO MipOIO 3aJICKUTh BiJ| PiBHSI
CTPYKTypHO-(DYHKITIOHATBHOI OopraHizaiii croBOypoBux pakoBux kiituH (CPK). Bimomo, mo HaliGinbm
KAaHIIEPOTEHHUMH B po3BUTKy PM3 e CPK CD44". VYV rpyny mnporenitoprux, ange Oinblie
nudepenuiiioanux Bxoaate CD44724" i CD133*-knituru. Busnauenns smicty CPK B MonouHiii 3a103i
(M3) 1 nyxauH1 Ma€ BaXKIMBE TEOPETUYHE 1 MPAKTUYHE 3HAYCHHS.

Meta po60TH - BU3HAUYUTH 0COOIUBOCTI CTPYKTYpHO-(yHKIIIOHANBHOT opraHizanii CPK B M3 i
MTyXJIMHI.

Marepianu i meroau. Excnepumentu mpoBeaeHi Ha mumax-camkax JiHii C3H i CBA 13
MiCSTYHOTO BiKy, Macoto 18-20 r. TBapunu Oynu posnoxineni B rpymu: 1. CBA (kontposs); 2. C3H 6e3
nyxmuay; 3. C3H 3 myxmunoro (1-1,5 em?); 4. C3H 3 myxmunoro (3-4 cm?). Kinbkicts CD44™, CD44*24
i CDI33"-kiitiH Bu3Hauany B M3 Ta B IyXJHHI METOJAOM MPOTOYHOI IHUTO(PIYOPUMETPIi
(FACSCalibur, CIIIA) 3 BUKOpUCTaHHIM MOHOKJIOHAIbHUX aHTUTLT («BD Pharmingeny, CIIIA ).

PesyabTaTn. B M3 mumeii rpynu 2 6e3 kiiHiuHMX 03Hak PM3 3611b11yBanacs KUIbKICTh KIITUH
CD44%24 (8 2 pasmn) i CD133" (8 3 pasm), a Takox crocTepiranacs excrnancis CD44" knitun. Tossa
MyXJIMHH Y MHEIIEH IPYIH 3 CYNPOBOKYBAIACS MiJABUIIECHHSIM KitbkocTi CD44 724" kitiTuH i 3HAUYIHM
sakenHaM BMicty CD133" kinitun B M3. [py 11b0My KOHIIEHTpALTist CD44" knitun 8 M3 3anumanacs
Ha piBHi rpynu 2. 36inbmenns kinskocti CD133" kit B M3 mumieit rpynu 2 Ta 3HMKeHHs B M3 i
MyXJIUHI y TBapUH TpynH 3 cBiAYaThb IPO HEOJHO3HAYHMM BIUIMB 1€l cyOmomyssiii Ha pO3BUTOK
nyxiauad. [Ipu nocnigxensi smicty CPK y TBapun rpynu 4 0ys0 mokasaHo, 110 BIAHOCHA KIIbKICTh
wiitud CD44724" 8 M3 3umkyBaiacsi B OPIiBHSHHI 3 TPYIIO0 3, @ 3 IPYIO0 2 3HAYYIUX PO3XOKEHD
He BUSBJIEHO. Y ToM ke yac Kinbkicts CD133" -KJIiTHH 3aiuInanacs Ha piBHi 3HaU€Hb TPYIHU 3, 2 BMICT
CD44" xniTun GyB BiporizHo HuKYe HiX B Tpymax 2 i 3. B myxmuni Mumeit rpyn 3 i 4 BigsHaueHo
BipoTiiHO HYDKUMI BMicT KitiTuH 3 penorunom CD44724°, CD133", nixk 8 M3. [Ipu 1ipomy BiporiaHoi
Kopessiii MK po3MipoM MyXJIMHHM 1 BMICTOM KIITHH 3 UM ()EHOTUIIOM HEe BHABICHO. BigHocHa
KiTbKicTh Hal6inem kanmeporenanx CD44M —xritun y myxmuHi 36inbsnryBanacs mo Mipi ii pocry i 6yma
B 3 pa3u BUIIOK Y MUIIIEH Tpynu 4 OPIBHAHHO 3 Tpymnoro 3. Lle Moxke OyTu 1oB’s13aHO 31 301IBIIICHHSIM
BMICTY iHAYKOBaHOTIO rinokciero gakropa (HIF-1) B TkaHuHAaX.

BucnoBku. BcranoBneno ¢akt kuibkicHOT 1 sikicHO1 ekcmancli CPK 3amexHo Bim wmicus
JIOKaJi3amii 1 po3Mipy MyXJIMHH.
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AJJOIITUBHE 3ACTOCYBAHHSA TOJIEPOTEHHUX JEHAPUTHUX KJIITUH -
AJBTEPHATUBHUMI TEPAIIEBTUYHUM MIJIXIJ O JIKYBAHHA PEBMATOITHOT' O
APTPUTY

lNonmeuieB A.M., lyopasa T.I'., SAmmonsceka K.€., babenko H.M., I'aecbka H0.0., bBonnaposuu M.O.
Incmumym npobnem kpiobionoeaii ti kpiomeouyunu HAH Ykpainu,

syn. llepescnascovka, 23, m. Xapxis, Yrpaina, 61016

E-mail: yampi@ukr.net

[IpobGnema JiKyBaHHS ayTOIMYHHUX 3axBoproBaHb (Al3), 30kpema, peBMAaTOiTHOTO apTPUTY
(PA) € omni€ero 3 akTyalIbHIIKMX y 010MEIUIIMHI HA MPOT31 0araThoX PoKiB. BakInMBOI0O CKIIaI0BOIO
natoreHnesa PA e nucperynaunis QyHKIIT iIMyHHOI CUCTEMH, 3 HOPYLIEHHSAM TOJIEPAHTHOCTI IO BJIACHUX
aHTHUTEHIB 1 PO3BUTKOM ayTOIMYHHUX peakuiid. Bimomo, 110 3HaurMa poiib y NPUTHIYE€HH]1 ayTOIMYHHOT
BINOBII HaNeXHUTh peryinstopauM T-kimituHam (Treg), BMicT 1 (yHKHis skux 3HWKeHa npu PA.
[lepcneKTHBHIM METOIOM KOPEKIIii TAKUX TOPYIIECHb € IHAYKIis aHTUT€H-CIIenn()IYHOT TOIEPAaHTHOCTI,
y popMyBaHHI SIKOT BAXKJIMBE MICIIC 3aiiMarOTh TOJIEPOTreHH1 AeHIpHUTHI KiIiTHHU (To/IK).

Mertoro pocnimpkenHs Oyno BuBunTH BIuuB Toin/IK Ha cran T-perynsTopHOI IaHKH IMYHITETY Y
MHUILIEH 3 aJI FOBAHTHUM apTpUTOM Ha PI3HMUX eTanax Horo po3BUTKY

Excnepumentu BukonyBanu Ha wmwumax JiHii CBA/H wmacoro 20-24 r. Toneporenni JIK
oTpuMyBalu 3 MOHOHYKJIeapHuX KimiTuH (MHK) KicTKOBOTrO MO3KYy MpH KyJIbTUBYBaHHI y CepeIOBHUIIIL
RPMI-1640 3 10% emOpioHanbHOIO Tensuoro cupoBaTkoro, ['M-KC®, 1JI-4 ta nexcameTo30HOM.
An’roBanTHUI apTpuT (AA) IHAYKYBaIM y MHILIEH CyOIUIaHTAPHUM BBEACHHSIM MOBHOTO a1 IOBaHTa
Opeiinga. OLiHKY THTCHCHBHOCTI 3aIlajbHOTO MPOIECY 3IHCHIOBAIM IO JUHAMII HAOpsKy cyrio0a,
0 XapaKTEepPH3YEThCA 1HAEKCOM apTpUTy. BwmicT cepoMykoinma B cHpOBaTIi KpOBI BH3HAYaIU
TypOoIMMeTpUYHUM MeToI0M. KibKICTh ClaioBUX KMCIOT BU3HAYa M Mo MeTony ['ecce i oliHIOBaIM
B yMOBHHX ofuHUIAX. AyTonoruyni TonJIK, y 103i 5x10° k1/Munry BBOAMIN BHYTPIIIHBOBEHHO Ha 7,
14 1 21 noOy po3BuUTKY AA. Y sikocTi KOHTpoOJiB TBapuHaM 3 AA BBoauiu aekcameTa3oH (KRKA,
Crosenis) 0,022 mr/mumry it MHK 5x10° kn/mummy. Yepes 7 ni6 micns BeenenHs Toi1JIK Bu3Hauamm
KJIHIYHI TOKa3HMKM Ta BMicT Treg, siki 1IeHTU(IKYBIM Yy Celle31HKaX TBApUH 3a JOMOMOTOIO
MOHOKJIOHAJIbHUX aHTUMHUIadnx antutisi: CD4, CD25, FOXP3 («BDy, CIIIA).

Bcranosneno, mo piBeHb TepaneBTUYHOI edexTtuBHOCTI TONJIK BU3HAYaBCS CTPOKOM iX
BBEJICHHS. Y rocTpHil nepios po3BUTKY apTpuTy (7-a nob6a) tepamia JIK BusBuiacs He e(eKTUBHOIO.
Haii6inpmuit imyHokopurytouuit epext nposisisiin Toia/lK BBeaeni Ha 14-y 100y po3BUTKY MaTOJIOT],
IO COPUSAIO MiABUINEHHIO KinbkocTi Treg-kmitua (CD4*CD25"FOXP3™) i mopmanizanii kiiHiuHOTO
cTaTycy TBapHH (TMIOKa3HUKIB CIaJlOBUX KHCJIOT, CEPOMYKOINIB Ta iHJeKca apTpuTa). Januil dakr €
HiITBEPDKESHHSAM MOXKIMBOCTI BUKopucTaHHs TonJ[K, oTpuMaHux ex Vivo s sikyBaHHS AA.
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JOCJIKEHHS METABOJITYHOI AKTUBHOCTI ®IBPOBJIACTIB ITICJIS 2D TA 3D
KYJbTUBYBAHHSA
MoiceeB A.lL., boxxok I'.A.
Incmumym npobnem kpiobionoeaii i kpiomeouyunu HAH Ykpainu,

syn. llepescnascoka, 23, m. Xapkie, Ykpaina, 61016

E-mail: bozhokgaru@gmail.com

Bimomo, mo anbTepHATHBOIO MOHOIIAPOBIM KYJIBTYpi B SKOCTI iH()OPMATHBHHX MOAEITHHUX
CUCTEM MOXKYTb OyTH MyJIbTHKIITHHHI cepoinu (MC), B skux ymMoBH QyHKIIOHYBaHHS (PiOpoOIacTiB
MaKCUMaJIbHO HaOmKeHi 70 yMoB IN Vivo. ToMy gocmikeHHs 0e3Mmocepeiib0 BILIMBY 00’ €MHOIO
KyJIbTUBYBaHHsI KJIITHH Ha iXHI MeTa0OI4HI TOKa3HUKH Y TIOPIBHSAHHI 3 MOHOIIIAPOBOIO KYJIBTYPOIO, €
aKTyaJIbHUM 3aBIAHHSIM.

JocnikenHs BUKOHaH1 Ha JTiHIT kmitaH L929, oTpumanoi micis 4 macakiB 3 KplIOKOHCEPBOBAHOL
KyIbTypH, 1o 30epiramacs mpu Ttemmeparypi -196°C. KiiTuHM KynbTUBYBadH B >KUBHUIBHOMY
cepenoBuiti DMEM/F12 3 nomaBanusM anTu6ioTukiB (200 On/mn 6ensunneninuiiny, 200 MKr/mi
crpentominmay T1a 10% dertanpHoi Tensdoi cupomatku) npu 37°C B atmocdepi 3 5% COa.
Mynstuknituazi cdepoimn (MC) orpuMyBany Ha yamrkax Ilerpi 3 miomero moBepxHi pocty 22,1 cM?,
K1 TTorepeTHRO 00po0IsTH 2% PO3UYMHOM arapy JJisl yTBOPEHHS HU3bKOaAre3nBHoOi noBepxHi. [lociBHa
KOHIIEHTpawis (ibpobaacTiB IS MOHOIIAPOBOI Ta 00’€MHOI KyJIbTypd cTaHoBMia 2x10° Ki/miL.
KynbTuByBaHHS IpoBOIMIN MTPOTATOM 7 110, Ha 3-10 100y 3nificHIOBaIM 3aMiHy cepenoBuia. CexTp
HU3bKOMOJIEKYJISIDHUX PEYOBHUH OLIKOBO-NENTHUIHOI HPUPOAH, IO MICTATHCS B 3pa3Kax CepellOBUIL
micisg 7 mi0 KylnbTHBYBaHHS, OLIHIOBAIM 32 JIOTIOMOTOI0 PIAMHHOI Trenb-xpomatorpadii. ¥ skocti
KOHTPOJIIO BUKOPHCTOBYBAJIM — >KMBHIIbHE cepenoBuine Ha ocHoBi DMEM/F12 ta 10% deranpHoi
TEJIA401 CHPOBATKHU

Bceranosieno, mo xpomarorpadivuai npodini yeix cepemnoBui (KOHTpoIbHOTO 1 micis 2D 1 3D
KynbTUBYBaHHA) Manu 1o 10-11 ocHOBHUX MiKiB B Jianma3oHi MojekyaspHuX mac (498 — 12000 a).
[lenTuaHmii ckax KOHTPOJIBHOTO CEpEeIOBUINA 3HAYHO BiAPI3HABCS BiJl KyJIbTHBYBAaHHS KIiTHH B 2D i
3D ymoBax 3a KUIBKICHUM 1 SIKICHUM CKJIaJIOM IMENTUIB 3 MOJIEKYIsIpHUMU Macamu (5657-5691 la);
(3184 a); (1045 — 1067) ta (490-498 [la).

JlocmipkeHHsT 1I0J0 KUIBKICHOTO 1 SIKICHOTO CKJIQAy CEpelOBHUIL Yy 3aJIe)KHOCTI BiJ YMOB
KYJIbTUBYBAHHS BCTAHOBUJIM BIIMIHHOCTI MENTUHOTO CKJIAly CEPEAOBHUIL Y JA1aa30H1 MOJEKYISIPHUX
mac (4345-3791 Jla), (1600 [la); (705-718 Ma); (490-498 Jla). JloBemeno, 1mo B ymoBax 3D
KyJIbTUBYBAaHHS KIUJIbKICTh MENTHUIIB 3 MOJeKyJsipHOI Macoro (1067-1045 Jla) ta (705-718 MHa)
30utbmyBaiack B 4 1 7,2 pa3u BIINOBIIHO BIJHOCHO JAaHUX MOKAa3HHUKIB MICIS MOHOILIApOBOIO
KynbTUBYBaHHA. HeoOX1AHO TakoX B1A3HAUMUTH TOW (haKT, IO MICs KyJbTUBYBaHHS (i0poOsacTiB B
ymoBax 3D BcTaHOBIIEHa MOsIBA HOBUX ITIKIB Y Jlialia30Hi MoJsieKysipHoto Macoro 1600 [la, siki He Oynu
BHU3HaueH1 B KOHTpoui 1 micast 2D kynbTuByBaHHA. J[s1 pelITu MikiB MICs MOPIBHSUIBHOTO aHaNI3y
BCTaHOBJIEHO XapaKTepHE 3MEHILEHHS BMICTY PEUOBHUH Micis 7-1000BOT0 KyJIbTUBYBaHHS (10po0iacTiB
gk B 2D, Tax 1 B 3D ¢opmarti BiTHOCHO MOKa3HUKIB KOHTPOJIBHOI'O CEPEIOBUIIIA.

MetonomM piMHHOI renb-xpoMartorpadii B MPOBEAEHUX JOCHIHKEHHSX Oylu BCTaHOBJIEHI
BIJIMIHHOCT1 KUTBKICHOTO 1 SIKICHOTO CKJIaJy PEYOBHH OLTKOBO-TIENITUIHOI MPUPOAU B CEPEIOBHIIAX
MOHOILIAPOBOTO 1 TPUBUMIPHOTO KyJabTHBYBaHHS (iOpobnactiB. OcobmuBy yBary NpUBEpTAIOTh
pe3yJIbTaTH 1010 PO30LKHOCTI 3a KUIBKICTIO MENTUIIB Yy 3aJIEKHOCTI BiJl YMOB KYyJIbTHBYBaHHI B
niana3zoni MonekymsapHux wmac (705-1067 [a), mo moxke OyTH HACHIAKOM AaKTUBHOTO CHHTE3Y
010JI0T1YHO aKTUBHUX PEUOBHUH, 30KpeMa poCTOBUX (akTopiB. Takum 4YuMHOM, pe3yibTaTh poOOTH
CBiYaThb MpPO CYTTEBI BIAMIHHOCTI CHHTETHYHUX TNPOIECIB KIITHMH Yy 3aJeXKHOCTI BiJl YMOB
KYJIbTUBYBAaHHS 1 YaCTKOBO MOSCHIOBATH NEpeBary 1oA0 (yHKIIOHATbHOIO MOTEHIialy KJIITUH Micis
00’€MHOr0 BIHOCHO 3 MOHOMIAPOBOi KynbTypH (iOpoOnacTiB, B NPOBEIEHUX HAMU paHile
nocipkeHHax. OHaK, 1715 MOTIOISHHS PO3YMIHHS 100 MeTa00IIYHIX 0co0IrMBOCTeN (hiOpOOIacTIB
micyisg 00’€MHOrO KyJIbTHBYBaHHS HEOOXIAHI MOJabIli JOCHIPKEHHS IbOTO IHTAHHS, 30Kpema
3’sICYyBaHHs PEUYOBHH Y MOJIEKYJISIpHOMY fiana3oHi mac (705 — 1607 [a).
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AHTHAINIONTOTUYHA JIsI HEHPOIIENITHU/IIB B YMOBAX XOJIOJOBOI'O
CTPECY IN VIVO TA IN VITRO

Onmnexcannp 'yneBcekuii, Haranis MoiceeBa, Omnbra ['opina, [Ban lllensBcbkuii

Biooin xonooosoi adanmauyii, Incmumym npoonem xpiobionocii i kpiomeouyunu HAH Yxpainu,
ey Ilepescnascora 23, m. Xapxis, Yrpaina, 61016

E-mail: profgulevskyy@agmail.com

Ha cproroanimHiil 1eHp 3 NiTepaTypHHUX JHKEPEN BiIOMO psAl 010JI0TIYHO aKTUBHHX CIIONYK, a
came — MEeNTHUIB, SIKi IPOSABISAIOTh AaHTHAIIONTOTUYHY JIit0, B TOMY YHUCJII 1 B YMOBaX X0JI0JIOBOTO CTPECY
in vivo Ta in vitro.

B namomy pocnimkeHHl OyJd BUKOPUCTaHI OMIOIAHI MENTUIM: Jeii-eHkedain, kioTopdiH Ta
HEOKIOTOp(QiH, SKi CHHTE3YIOTbCS B TOJOBHOMY MO3KY 3UMOCIUITYMX TBapuH 1 3a0e3MeuyroTh ix
CTIMKICTh 10 X0J00BOro cTpecy. OCKUIbKM OJHUM 3 MEXaHI3MiB 3aru0elni KITHH FOMOHOTEPMHHX
TKaHUH [IPH XOJIOJI0OBOMY CTpeEci, K iN VIVO, Tak i in Vitro, Moske OyTH armonTos, B HAIIUX JOCITIIKSHHAX
OyJI0 BMBUYEHO BIUIMB BHIIEBKA3aHUX PEUYOBHH OIMIOIAHOI NPUPOIM HAa PO3BUTOK alONTOTHUYHHUX
MPOIECiB B TKAaHMHAX EKCIEPUMEHTAJIbHUX TBAapHH (TIE€YiHKA, HUPKHU, CEJIE3iHKa, CIIM30Ba OOOJIOHKA
KHUILICYHHKA) Ta B JIeHiKoIMTax. PO3BUTOK anonTo3y B TKAHWHAX IICIsI XOJIOA0BOTO cTpecy in VIV, sikuii
BiJITBOPIOBABCSl NUIIXOM OXOJIOJDKCHHS Tia naboparopHux twrypiB g0 20 °C Ta HACTYIMHOTO
caMopo3irpiBy 110 (i3i0JI0TIYHOrO PiBHSA, OLiHIOBANHU 3a cTyneHeM ¢parmenTanii JJHK, a B neiikorurax
— MeToioM (IIyOpecUEeHTHOT MIKPOCKOMii 3 BHUKOPUCTAHHSAM 3a0apBiIeHHS (IIyopOXpOMaMu
aKpUIMHOBUM [TIOMAPaHYEBUM Ta €TUIyM OpOMiZOoM. AHTHAIIONTOTUYHY Ji10 HEHPONENTUIIB B YMOBax
XOJIONOBOTO CTpecy IN VIitro BHBYanM Ha JICWKOIMTaX JIOHOPCHKOI KpOBI 3a MOpP(OJIOTiYHUMHU
MOKa3HUKAaMM KJIITHH Ta 3 IOTIOMOTI'0¥0 X 3a0apBieHHs QuiyopecueHTHUME OapBHUKamu: Hoechst 33342
i mponigiym #omuna (Pl). XomomoBuil cTpec BUKIMKAIM IOCIIZOBHOIO iHKyOariero mpod B pi3HHX
TemneparypHux ymoBax: 15 xB npu 37 °C, notim 15 XB Ha J1b0J10BIH OaHi, HOTiM 3HOBY 15 xB nipu 37
°C.

Byno BcTaHOBJIEHO, 1110 BBEJICHHS €KCIIEPUMEHTAIBLHUM TBapuHAM MEpPes XOJI0JA0BUM CTPECOM
CUHTETUYHOI0 aHaJOry Jieh-eHkedaniny (npenaparty «/lamaprin») B 1031 100 MKI/Kr Baru TBapuHU
BiporiziHo nonepemxkysaio ¢parmenranito JIHK B kimiThHaX cene3iHKM Ta CIM30BOI KUIIEYHMKA.
BBenenHs aHrtarosicta omiaTHUX peuentopiB npenapaty «Hamokcon» (500 MKI/Kr Baru TBapuHM)
3ano0irajgo aHTHANONTOTUYHIN Nii npenapary «/lamapriny. IlogiOHuil edexT npu Xon010BOMy CTpeci
in ViVO y BiIHOIICHHI JISHKOIMTIB MPOJIEMOHCTPYBAIKM HefpornenTuu KioTopdiH Ta HEOKIOTOPQiH B
TOMY K JI03yBaHHI.

B excriepumenTax in vitro 6yio BCTaHOBIICHO, IO IOJIAaBAHHS B CEPEIOBHUILE Jel-eHKeatiHy y
koHmenTpanii 10° Monb/n cnpusno BipoTiZHOMY 3MEHIIEHHIO BiICOTKA KIITHH 3 MOPGhOIOTidHUME
O3HaKaMu amnomnro3a (MiKHO3 sApa, ¢pparMeHTalis siapa, 071e0iHr) y MOpiBHSAHHI 3 KoHTpojem. [Ipu
BUKOPUCTaHHI 1HIIOrO HeWponenTuay — KioTOp(iHy KUIbKICTh KJIITHH 3 MOP(OJIOTTYHUMH O3HAKaMHU
arorTo3y 1 HEKpO3y BIpPOT1IHO 3MEHIIyBaJIach MPU HOro KOHIIEHTPAL[ISX B IHKYOAl[IHHOMY CepeOBHILI:
10"Monb/m—10*Monbs/n—10°Monb/1, 3 HaGLTBIIMM BIUIMBOM HA BiACOTOK AMONTOTHYHHUX KIITHH B
konnentpanii 10°Momns/n.  InenTHuHa TeHmeHmis Oyma BCTAHOBIEHA 1 3  3aCTOCYBAHHAM
¢nyopecuentaux JJHK-6apBuukiB Hoechst 33342 Ta PI.

TakuM 4YWHOM, B pe3yabTaTi MPOBEIACHUX JJOCIIIPKEHbh MOXKHA TPUHTH 10 BUCHOBKY, IO
MIOTIepETHE BBE/ICHHS B OPraHi3M €KCIIEPUMEHTAIBHUX TBAPHH a00 B CepeIOBUIIE 1HKYOAIliT TeHKOLUTIB
neil-enkedaniny abo HelpornenTtuay KioTopdiHy 3MEHIIYeE MPOsB aronTo3y KITHH. [laHuil edekr €
pe3yabTaToM B3a€MOJIl BKa3aHHWX HEHpONENTHIIB 3 OMIaTHUMHU pEleNnTOopamMH, MpOo IO CBITYUTH
1HT10yBaHHS AHTHAMONTOTHUYHOI dii Jei-eHkedaminy «Jlamapriny» Ta KioTOpdiHy aHTaroHiCTOM
OIIaTHHUX perenTopiB npenapatoM «Hamokcon».
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BILIUB I'MTOTEPMIYHOI IHKYBAIIIL B KOHCEPBYIOUMX PO3UMHAX HA
EKCHPECIIO EIIITOITY GAL-a-1,3-GAL Y TKAHUHI AOPTH HEOHATAJIBHUX
HHOPOCAT

Borycnascekuii K.1., Anabenanpkapim H.M.

Inecmumym npobaem kpiobionoeii i kpiomeouyunu HAH Yxpainu,
syn. llepescnascoka, 23, m. Xapxis, Yrpaina, 61016
E-mail: alkarimru@gmail.com

Eniton Gal-a-1,3-Gal (a-Gal) € ranakTo3HUM 3aIUIIKOM, SIKHI BXOJHUTH J0 CKJIaay MIIKOKAIIKCY
KJIIITHHHUX MeMOpaH. biocuHTe3 11i€1 CTPYKTYpH MOMMPEHUN Y TBAPUHHOMY CBITi, OJJHAK € BIJICYTHIM B
oprani3mi JoauHd. Bucoka ekcrpecis o-Gal- enitomy mpuBOIUTH IO TiEProcTPOro BiATOPTHEHHSI
TKaHUH CBUHI IPU KCEHOTPAHCIUIaHTaMii. Y 3B 3Ky 3 IIMM BUTOTOBJICHHS 010IPOTE31B HA OCHOBI TKAHUH
TBApUHHOTO IOXO/DKEHHsS moTpedye BupaieHHs o-Gal-emiromy. Ha choromHimmHii 9ac iCHYHOTBH
TEXHOJIOTIYHI MPUHOMH eJimMiHamii emiTomy 3 Oi0JIOTIYHOI TKaHWHHU, OJHAK BCl BOHM MAalOTh CBOI
HEJIOJIIKHU, TOMY aKTyaJIbHHUM € po3po0Ka HOBUX CIIoco0iB 3HIKEeHHs ekcrpecii a-Gal-emiromy.

Mera pobotu — BuBYeHHs ekcmpecii o-Gal-emitomy micast iHKyOamii TKaHHHH aoOpTH
HEOHATaJIbHUX MOPOCAT Y PO3UMHAX, SIKi BAKOPUCTOBYIOTHCS Y KITIHIUHINM MPaKTUIIL AJIS TIIOTEPMIYHOTO
36epiranns (I'3) opraniB mpu TpancmanTarii, a came — po3unnis HTK (Custodiol) Ta Kosrinza B
Moaupikanii (€Bpo-Komminz).

O®parmenTn aoptu (PA) momimanu Ha 2, 7 Ta 24 rogunu nipu 4°C B po3unan HTK a6o €Bpo-
Komnins. [Ticnsa nporo @A dikcyBanu Ta mianaBaii CTaHAApTHIN METOAMIII TPUTOTYBAHHS KPIOCTaTHUX
3pi3iB Ta 3a0apBiCHHS 3a MPOTOKOJIOM HpAMOro iMMmyHO(uyopecnentHoro wmidenHs 3 FITC-
KOH'IoroBaHuM i3osiektiHOM BSI-B4, sikuii crierudiuno 38’ s13yernest 3 a-Gal-emitonom. Sapa kiituH y
TkaHuHi KoHTpacTyBanu Hoechst 33342, B sKkocTi KOHTpOJIO BHKOpUCTOBYBaiM HaTuBHI DA.
dnyopecuenuito aHamizyBanu Ha Mikpockori Carl Zeiss Axio Observer Z1. Ananiz ¢otorpadiii
3/IifICHIOBAIIN 32 JOTIOMOTOK0 Iporpam st 00pooku 300paxenb Zeiss LSM ta Photoshop. s ananizy
BifOupanu Mikpodororpadii, mo OyaM OTpuMaHi 3a OJHAKOBOIO 30UIBLIEHHS, 1HTEHCHUBHOCTI
30yKYIOUOTO Jlazepy, po3Mipy MmiHXody. BigHOCHY 1HTEHCHBHICTH (iryopecieHii 3pa3kiB
pO3paxoByBaJiK MICHs MEpeTBOpPeHHs MikpodoTorpadiii, o Oyau OTpUMaHI IMiJ Yac 3amucy B KaHal
3eeHol (urroopectieHtlii, Ha 6iToBy kaprty (bitmap-anani3). BumiproBanu cepeHb03BaKEHUI PiBEHb
SICKpaBOCT1 300pa’keHHs 1 HOpMaJIi3yBalu HOTO 11010 ACKPaBOCT1 (POHY, IKUH Opanu 3a HYJIbOBY TOUKY.
[MToka3HHK iHTErpajbHOI MIITBHOCTI, BU3HAUYEHHH 3a qonomororo Hoechst 33342, BukopucroByBanu sik
MOKa3HHUK KUIBKOCTI siJIep KIITHH y TKAaHUHI a0PTH.

Haruni @A xapakTepusyBancs CTIHKUM Mi4eHH:M 3 i130sekTiHoM BSI-B4. Mopdomerpuunnit
aHaJli3 J03BOJHMB BCTAHOBUTH, 1110 BiIHOCHA IHTEHCUBHICTH ()ITyOpECISHIIIT 3HAYYIIe HE 3MIHIOEThCA IPU
rinotepmiuHiii iHKyOanii @A B pozunni HTK Ha Bcix BunpoOyBanux tepminax. Ha BiaMiHy BiJ 11bOTO,
B po3unHi €Bpo-Kommins Bxke micns 2 1 ['3 ciocrepiraersest 3meHmeHHs inTeHcuBHOCTI DA Ha 50% B
MOPIBHSIHHI 3 HATUBHUMH 3pa3zkami. [1pu nmoganpiiil iHKyOarii JaHui MOKa3HUK 3HIKYETbes Ha 70 %.

TakuM YHMHOM, HaMH BCTAaHOBJICHO 3MEHIIECHHs ekcrpecii a-Gal-emiTony B TKaHWHI aopTH
HEOHATATBHUX mopocat michs ['3 B po3umHi €Bpo-KommiH3, Mo B MOJATBIIOMY /1a€ MOXKIUBICTh
PO3pOOKHK TIPOTOKOIIB mepdy3ii i KOPOTKOCTPOKOBOTO 30€piraHHs OpraHiB TBAPUHHOTO TMOXOKCHHS
U1l BUKOPUCTAHHS 1X 3 METOI0 BUTOTOBJIEHHS 010MpOTE3iB
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