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Smalchuk D.!. 2, Tvanytsia T.!, Lacoma A.2, Dominguez J.2

EFFECTIVENESS OF MYCOBACTERIOPHAGE D29 IN TARGETING
INTRACELLULAR MYCOBACTERIUM SMEGMATIS

!0desa 1. I. Mechnikov National University,
Dvoryanska str., 2, Odesa 65082, Ukraine
2Germans Trias i Pujol Research Institute,
Cami de les Escoles, Badalona, Barcelona, 08916, Spain
e-mail: smalchukdaria@gmail.com

Abstract. Global public health is increasingly threatened by the
emergence of multidrug-resistant tuberculosis (MDR-TB), a form of tuberculosis
(TB) that does not respond to standard first-line anti-TB drugs. This resistance
complicates treatment regimens, prolongs disease, increases mortality, and
poses a serious public health problem. Traditional antibiotic treatments are
often insufficient to kill intracellular pathogens such as Mycobacterium
tuberculosis. The intracellular environment, particularly the phagolysosome, is
acidic and presents a barrier to many antibiotics, limiting their effectiveness.
Alternative therapeutic strategies are urgently needed to address these
problems. This study investigates the potential of mycobacteriophage D29 to
target and reduce intracellular mycobacterial load in macrophage cells. As a
result, it was observed that bacteriophages were able to penetrate inside
macrophages and retain their activity for 48 hours. The use of
mycobacteriophage D29 with Mycobacterium smegmatis-infected macrophages
showed that after 24 hours of incubation the amount of bacterial load decreased
markedly. The trend continued after 48 hours. It should also be noted that after
48 hours, the number of bacteria in the supernatant increased along with the
concentration of bacteriophage. This may be due to cell death and bacterial
escape. The results show the promising potential of mycobacteriophage D29 to
reduce intracellular bacterial load.

Keywords: tuberculosis, bacteriophages, macrophages,
mycobacteriophage D29

Introduction. The urgent problem of the emergence of multi-drug
resistant tuberculosis, requires new antibiotics and therapeutic approaches [1].
Habitually, antibiotics often fail to eradicate intracellular pathogens due to
limited penetration and the acidic media inside the phagolisosome. This study
investigate the potential of the mycobacteriophage D29 to target intracellular
mycobacteria in macrophage cells.
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Material and methods. The human monocytic cell line THP-1 was used,
cells were seeded at 3.5 x 105 per well and differentiated into macrophages
using Phorbol 12-myristate 13-acetate (PMA). Mycobacteriophage D29 (MOI
10) was added to macrophages and incubated for 4, 24 and 48 hours. The
presence of bacteriophages in the supernatant and intracellularly was
determined by the phage plaque method.

THP-1 cell line was used, cells were seeded at 3.5 x 105 per well and
differentiated into macrophages with PMA. Macrophages were infected with M.
smegmatis (MOI 10) for 3 hours and then treated with Amikacin to remove
extracellular bacteria. Mycobacteriophage D29 (MOI 10) was added to the
infected macrophages. Bacterial counts were determined in the supernatant and
intracellularly at 4 hours, 24 and 48 hours after infection. In the case of
mycobacteriophages, macrophages were lysed with cold MQ water. The
supernatant and lysate were centrifuged for 10 min at 4000g and passed through
a 0.22 um filter. The presence of bacteriophages was examined by the phage
plaque method at the same time points.

Results and discussion. Throughout the experiment, no significant
decrease in the number of macrophages was observed. At the 4-hour mark,
phage concentration remained unchanged in the supernatant. However, by 24
hours, a decrease in phage concentration was noted, with phages still present at
48 hours. Intracellular phages were detected in low numbers after 4 hours,
decreasing further but remaining active throughout the experiment. In the
infection experiment, similar results were obtained without a significant
decrease in the number of macrophages. After 4 hours, no change in
bacteriophage numbers in the supernatant suggested insufficient time for
infection of M. smegmatis. Significant increases in phage numbers were seen at
24 and 48 hours, likely due to macrophage death and bacterial release into the
supernatant. Phage titers decreased significantly inside macrophages after 4
hours but showed increased activity and reduced bacterial concentrations after
24 and 48 hours. This may indicate that it takes more time for the bacteriophage
to pass inside the macrophages and carry out a complete cycle than under
normal conditions.

The results of this study provide valuable insights into the potential
therapeutic application of mycobacteriophage D29 in targeting intracellular M.
smegmatis within macrophage cells.

Conclusions. The ability of D29 to effectively target and diminish
intracellular M. smegmatis suggests its promise as a valuable adjunct to
traditional antibiotic therapies for treating tuberculosis. However, for phage
therapy to reach its full potential, there is a crucial need to enhance the
permeability and protection of bacteriophages within host cells. Ongoing efforts
in developing protective particles aim to address this need, potentially



facilitating a faster and more effective accumulation of intracellular
bacteriophages.

Cwmanpuyk JI.1- 2, IBaaung T.1, Jlakoma A.2, Jlomiarec X.2

E®PEKTUBHICTDb MIKOBAKTEPIO®ATA D29 Y HAHIJIFOBAHHI HA
BHYTPIINIHBOKJJIITUHHI MYCOBACTERIUM SMEGMATIS

I Odecvruil Hayionanvrull yHieepcumem imeri 1.1 Meunikosa, 8y
Jeopsancoxa, 2, Ooeca, 65082, Yrpaina
2 Hayxogo-0ocnionuti incmumym Tpiac i Ilyscons, Kami-oe-nec-Eckonec,
baoanona, bapcenona, 08916, Icnania
e-mail: smalchukdaria@gmail.com

Aunoraunisa. [nobanvua cucmema O0XOpOHU 300p08 ' 6ce Oilbuie
3aHEeNOKOEHA NOABOIO MA 3A2PO3AMU, U0 HECYMb [3 COOOI0 MYIbIMUPE3UCEHMH]
Gdopmu mybepxyrvosy (MPTDH), wo npeocmasnaioms cobow pi3HOBUOU
mybepkynvo3y (Th), sKi He peazylomb HA CMAHOAPMHI NPOMUMYOEPKYIbO3HI
npenapamu nepwoi ninii. Ila pezucmenmuicmos YCKIAOHIOE cXeMu NiKY8AHHS,
3amszye xeopooby, 30i1bulye CMEPMHICMb I CMAHOB8UMb CEPUO3HY NpooOIemMy 04
2pomMaocvko2o 300pos’s. Tpaduyiiine NiKY8aHHA AHMUOIOMUKAMU YACMO €
HEOOCMAamHIM Ol 3HUWEHHS SHYMPIUHbOKIIMUHHUX NAMO2EHI8, MAKUX 5K
Mycobacterium tuberculosis. BrympiwHvoxiimunne cepedosuuje, 30Kpema
Gazonizocomu, € Kucium, wjo € bap’epom 01 pobomu 6acamvox aHMUOIOMUKIG
I obmedcye ixHio eghexmusHicmo. [ eupiuieHus maxkux npooniem mepmino8o
nompioHi arbmepHamueni mepanesmuyni cmpameeii. ¥ oanomy 0ocnioxcenmi
sugueno nomenyian mixobaxkmepiogpaca D29 wooo wuayinweanns ma
3MEHUEHHS BHYMPIUHbOKIIMUHHO20 MIKOOAKMEPIaibHO20 HABAHMANCEHHS 8
KnimuHax makpogacie. B pezynomami 6Oyno eusenero, wjo baxmepiogazu
30amHi NpoHUKamu 8cepeouny maxkpogacieé i 30epicamu c8010 AKMUBHICHb
npomsazom 48 eooun. Obpobrka mixobaxkmepioghacom D29 maxpoghacis,
ingikosanux Mycobacterium smegmatis nokasano, wo uepes 24 200uHu
iHKYOayii KinbKicmb OAKMepiaibHO20 HABAHMANCEHHS NOMIMHO 3MEHUUTIACA.
L[n mendenyis 36epicanaca i uepez 48 2ooun. Cnio 3aznauumu, wo uepesz 48
200UH pazom i3 KOHYyeHmpayicto bakmepiogazy 3pocmana KilbKicms 6axkmepii
Y CynepHamanmi, wjo modxce Oymu nog s3amo i3 3a2ubennio Kaimurn ma euxoo0om
baxmepit. Ompumani pe3yrbmamu c8i0uams NPoO 3HAYHUL NOMEHYIA
mikobaxmepiogpacy D29 wo00 3MeHUleHHSA BHYMPIUHbOKIIMUHHO20
OaxkmepianbHO20 HABAHMANCEHMHS.

Kaw4doBi caoBa: mybepkyrvo3, 6axmepiogacu, makpogazu,
mikobaxmepiogaz D29.
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DETECTION OF GREY WOLF AND GOLDEN JACKAL
HYBRIDIZATION WITH DOMESTIC DOGS IN UKRAINE USING SNP
MARKERS

Faculty of Biology, University of Gdansk, Gdansk, Poland
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Abstract. The results show that the introgression of dog-derived genetic
variants into gene pools of wolves was more extensive as compared with golden
jackals. It may be explained by the fact that wolf and dog are more closely
related and therefore we may expect less negative fitness consequences in wolf-
dog hybrids compared with jackal-dog hybrids.

Keywords: hybridization, local ancestry, Ukraine, genus Canis

Introduction. From the perspective of conservation and management,
hybridization between domesticated species and their wild relatives can
significantly affect the evolutionary process. Hybridization in the genus Canis
has been well-documented before.

Materials and methods. Here, we analyzed 360K genome-wide SNP
loci from dogs, wolves, and golden jackals from Ukraine to detect signatures of
admixture in these canids. We used Bayesian clustering approach to estimate the
proportion of dog ancestry in wild canid populations. To identify ancestry
blocks originating from introgression in each individual, we carried out local
ancestry analysis (LAMP-LD and ELAI).

Results and discussion. Using global ancestry estimation, 26 wolves and
two jackals showed evidence of admixture, with proportions of dog ancestry
between 10 and 50%. The local ancestry analysis carried out for each of the 38
autosomal chromosomes, demonstrated the presence of small blocks of dog
ancestry in the genomes of wild canids.

Conclusions. Our results show that the introgression of dog-derived
genetic variants into gene pools of wolves was more extensive as compared
with golden jackals. It may be explained by the fact that wolf and dog are more
closely related and therefore we may expect less negative fitness consequences
in wolf-dog hybrids compared with jackal-dog hybrids.


mailto:r.adavoudijolfaei.920@studms.ug.edu.pl
mailto:malgorzata.pilot@ug.edu.pl

11

Apasoyni P., ITinor M.

BUABJEHHSA I'BPUAN3AIIL CIPOI'O BOBKA TA 30JOTUCTOIO
IMAKAJIA I3 JOMAIITHIMUA COGAKAMMU B YKPAIHI I3
BUKOPUCTAHHAM SNP-MAPKEPIB

bBionociunuii paxynemem, I'0ancoxuii Yuisepcumem, I oancok, Ionvwa
e-mail: r.adavoudijolfaei. 920@studms.ug.edu.pl
malgorzata.pilot@ug.edu.pl

AHoTauiss. Pe3yabmamu O00CAIONEHHA NOKA3YIOMb, W0 IHMpopecia
2eHEeMUYHUX BAPIAHMIB, OMPUMAHUX 8I0 COOAK, y 2eHOGOHOU B08KI8 OYyaa
OINLUWON, HINC Y 3040MUX wakaaie. Lle moxcna noacHumu mum axkmom, wo
606K 1 cobaka Oiabul MICHO NOB'A3AHI, | MOMY MONHA OYIKY8AMU MeHl
HE2AMUBHUX HACAIOKIB O0AA NPUCMOCYBAHHA Yy 2i0pudié 606Ka i cobaxu
NOPIBHAHO 3 2IOpUOAMU WAKAAA | COOAKU.

KuarouoBi cioBa: ciopuousayis, noxanvhe noxoodxcenws, Yxpaina, pio
Canis.
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Martinez Sosa F. 1; Pilot M.2

THE EFFECT OF ENVIRONMENTAL FACTORS ON ADAPTIVE
VARIATION IN GREY WOLVES (CANIS LUPUS) AND FREE-
RANGING DOGS (CANIS LUPUS FAMILIARIS)

! Museum and Institute of Zoology of the Polish Academy of Sciences, Poland
2 University of Gdansk, Poland
e-mail: Francelly.martinez@bioplanet.edu.pl

Abstract. Five distinct spatially structured populations of FRDs, and
eight populations of wolves were found. Populations from arid biomes were
identified as the most genetically isolated. Precipitation and human footprint
are suggested to cause the selective pressures operating upon FDRs. In FRDs
local adaptive evolution is occurring within genes involved in DNA repair and
synthesis of biological products. In wolves, adaptive evolution is occurring
within genes involved in response to stimulus (e.g., olfactory and immune
systems), metabolic and cellular processes. Despite occupying the same habitats
FRDs are undergoing greater selective pressures. FRDs local adaption is akin
of colonization of novel environments. In both species, most mutations in coding
regions occurred in regulatory genes (e.g., transcription factors, receptors).

Keywords: canid adaptive evolution, free-ranging dogs, wolf local
adaptation, landscape genomics.

Introduction. Wolves are apex predators whose population underwent a
domestication process ~15,000-30,000 years ago. Free ranging dogs (FRDs)
live in both urban and rural habitats and have a wide distribution overlapping
with wolves. Wide distribution of both canids makes them ideal models for
investigating the impact of environmental factors on genetic diversity.

Materials and methods. We used genome-wide single-nucleotide-
polymorphisms (SNPs) genotypes of 370 FRDs and 232 wolves from ten
biomes across Eurasia to investigate population structure, spatial
autocorrelation, signatures of selection, and environmental variables causing
specific selection pressures.

Results and discussion. Five distinct spatially structured populations of
FRDs, and eight populations of wolves were found. Populations from arid
biomes were identified as the most genetically isolated. Precipitation and human
footprint are suggested to cause the selective pressures operating upon FDRs. In
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FRDs local adaptive evolution is occurring within genes involved in DNA
repair and synthesis of biological products.

Conclusions. In wolves, adaptive evolution is occurring within genes
involved in response to stimulus (e.g., olfactory and immune systems),
metabolic and cellular processes. Despite occupying the same habitats FRDs are
undergoing greater selective pressures. FRDs local adaption is akin of
colonization of novel environments. In both species, most mutations in coding
regions occurred in regulatory genes (e.g., transcription factors, receptors).

Maprine3 Coca @.1, [Tinor M.2

BIIVIUB ®PAKTOPIB HABKOJIMIIHBOI'O CEPEJIOBHIIIA HA
AJJAIITUBHY MIHJIMBICTD Y CIPUX BOBKIB (CANIS LUPUS) 1
COBAK, IO BUT'VJIIOIOTHCA HA BOJIT
(CANIS LUPUS FAMILIARIS)

I Myseti ma Incmumym 300n0¢ii [lonvcokoi akademii nayx, Ilonvwa
2 ['0ancovkuti Ynisepcumem, I 0ancok, Ilonvwa
e-mail: Francelly.martinez@bioplanet.edu.pl

AHoTauisi. byno sussneno n'ime wimkux npocmoposo CMpYKmypo8aHux
nonynayiu FRD i eicim nonynayiu eoexis. Ilonynayii 3 nocywiiusux 6iomie 0yuu
i0enmuiko8ani K HAUOIIbUWL ceHeMUYHO i301b06aHi. Beasicacmbcs, wo onaou
ma nr00CbKUll C1i0 cnpudunsioms eubipkoguii muck, wo oie Ha FDR. VYV FRD
JIOKANIbHA A0anmueHa esonioyisi 8i00y8aemvcs 8 2eHax, sKi bepymb yuacms y
penapayii JIHK i cunmesi 6ionociunux npooykmis. Y 606kie aoanmusHa
€800yl 8i00YBAEMBCS 8 MeNCAX 2€HI8, 3AIVYEHUX ) 8I0N0GI0b HA CMUMYIU
(HanpuKao, opeamié HIXy ma IMYHHOI cucmem), MemabONYHUX i KIIMUHHUX
npoyecis. Heszsadxcaiouu na me, wo 60HU 3aUMAlOmMb OOHAKOGI CEPeoosuUuid
icnysanus, FRD 3asnaioms 6inbuio2o 6ubipkosozo mucky. Jlokarpbha adanmayis
FRD cxooca na xonowizayiro Hosux cepedosuuwy. B obox eudis Oinvuticmo
Mymayii y KoOyrnuux oonacmsx 8i00ynucs 6 pe2yiimopHux 2eHax (Hanpukiao,
Gaxmopax mpanckpunyii, peyenmopax).

KawuoBi cioBa: adanmuena esonoyisi ncosux, cooaxku Ha GilbHOMY
sueyni (FRD), noxanvna aoanmayis 606Ka, 1anouagpmua cenomixa.
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Zaitsev A., Sinika V., Zinchenko O.

ANTIBIOTIC SUSCEPTIBILITY OF ABYSSAL SPORE-
FORMING BACTERIA FROM THE BLACK SEA

Odesa 1.1. Mechnikov National University,
Dvoryans'ka St, 2, Odesa, 65082, Ukraine

e-mail: zaitsevandriil @gmail.com

Abstract. Antibiotic susceptibility of spore-forming bacteria isolated
from bottom sediments of the Black Sea was studied. High level of resistance
was observed in all isolates. Resistance to f-lactam antibiotics was common for
most cultures.

Keywords: marine spore-forming bacteria, Bacillota, antibiotic
resistance, Black Sea.

Introduction. Microbial resistance to antibiotics has been remaining a
global threat for last decades [1]. Resistance genes are widely distributed not
only in clinical environment but also in different bacterial populations in nature.
These populations can serve as important reservoirs of resistance genes, on the
other hand, the presence of resistance mechanisms can be an indirect indicator
of antibiotic producers because determinants for self-resistance are often
clustered together with the antibiotic biosynthesis genes [2, 3]. Currently, there
is limited data about resistance profiles of microbial communities of marine
ecosystems.

The aim of our study was to investigate antimicrobial susceptibility of
bottom sediment spore-forming bacteria isolated from the Black Sea.

Materials and methods. Susceptibility of 22 strains to 30
antimicrobials was evaluated using disk-diffusion method, EUCAST breakpoint
and quality control tables were used for interpretation of results. Strains were
isolated from bottom sediments taken from 3 sampling points (888 m, 1499 m
and 1537 m). Multiple antibiotic resistance indices (MAR) were calculated for
studied cultures according to the standard method.

Results and discussion. As a result of our study, it was shown that
isolates demonstrated multiple resistance to beta-lactam antibiotics including
penicillins, cephalosporins and carbapenems. The highest level of resistance
(100% strains) was detected to oxacillin. Interestingly, 90% of isolates were
resistant to imipenem but no one showed resistance to meropenem. 95% of
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isolates were resistant to inhibitor-protected penicillin ampicillin/sulbactam.
Over 90% were resistant to levofloxacin. No resistance was observed to
teicoplanin, meropenem and vancomycin. Low resistance was detected to
rifampicin (9,1% resistant strains), enrofloxacin (9,5%) and amoxicillin/
clavulanate (13,6%).

We analyzed the prevalence of resistance depending on the sampling
location. Resistance to azlocillin, ampicillin/sulbactam, oxacillin, cefepime,
cefoperazone, cefuroxime was almost the same in each sampling point. At the
same time, resistance to many other f-lactam antibiotics was the highest in the
deepest point (1537 m). No resistance to amoxicillin/clavulanate, carbenicillin
and enrofloxacin was observed in strains isolated from the depth of 888 m.

We calculated MARs of studied cultures. There was no clear
correlation between the depth of sampling and MAR index. But at the same
time we could observe widening of the range of indices with the depth increase
(0,5-0,7 for 888 m, 0,4-0,9 for 1499 m, 0,6-0,9 for 1537 m).

Conclusions. When analyzing the literature, we found that MAR
indices of representatives of Bacillus genus are low in urban rivers, as well as in
some seas [1, 4]. However, the MAR indices obtained in our experiments are
higher than that of other studies which raises new questions for studying this
phenomenon.

Perhaps increased MAR indices are associated with the accumulation
of resistance mutations in sediment populations, taking into account higher
depth of the sea compared to rivers. Also, external factors such as industrial
pollution, livestock production and urban wastewater near the coastline and far
out to sea due to ship moorings or the activity of underwater currents may
contribute to resistance formation.

3aiinies, B. Cinika, O. 31HU€HKO

YYTJIUBICTb 10 AHTUBIOTHUKIB JOHHHUX
CIIOPOYTBOPIOIOYUX BAKTEPIN YOPHOI'O MOPA

Ooecvkutl HayioHanvHull yHigepcumem imeni 1.1. Meunuxosa,
syn. [eopsancoka, 2, Odeca, 65082,
e-mail: zaitsevandriil(@gmail.com

AHoTtanis. /locnioxceno uwymaugicms 00 AHMUOIOMUKIB
CHOpOYmMeopIoouux baxmepitl, 6UdileHuUx 3 OOHHUX ocadie Yopnozo mops. V
8CIX KYIbmyp CNoCmepi2ascs 6UCOKUl pieeHb pesucmenmuocmi. Hatuwacmiwe y
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Abstract. The article presents experimental data on the prospects of
using Diazobacterin in the cultivation of winter rye. The microbial preparation
helps to activate the production process of the crop, increase the yield by 11.3%
and improve the quality of products, in particular, increase the protein content
in the grain by 0.35%.

Keywords: winter rye, Diazobacterin, chlorophyll content, bacterization.

Introduction. Winter rye (Secale cereal L.) is a valuable agricultural
crop. One of its main characteristics is the protein content in the grain, which
ranges from 9 to 19%. Grain, grain waste and straw are used in production.
However, the peculiarities of the production process of winter rye plants,
including the effect of inoculation, have not been studied sufficiently. The yield
of grain crops largely depends on the productivity of photosynthesis. Therefore,
it is important to establish the regularities of photosynthetic apparatus
functioning with the use of a microbial preparation [1, 2, 3].

Material and methods. The study of the effectiveness of Diazobacteryn
application in the technology of winter rye cultivation was conducted in a small
plot field experiment on cultivated sod-podzolic dusty sandy loam soil of the
experimental field of the Institute of Agricultural Microbiology and
Agroindustrial Manufacture of NAAS. The experimental design included
variants without inoculation and with treatment with the microbial preparation
Diazobacteryn. The winter rye variety was Synthetic-38.

Planning and conducting of the field experiment, statistical processing of
experimental data were performed according to generally accepted methods.

Results and discussion. The content of photosynthetic pigments in the
leaves of plants is indicative of the effect of mineral fertilizers and, especially,
Diazobacteryn on the production process of winter rye. Bacterization increases
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the content of chlorophylls a+b (Table 1). The intensification of chlorophyll
synthesis may indirectly indicate a more active course of photosynthesis and,
accordingly, carbon metabolism in plants.

Table 1
Effect of Diazobacteryn on chlorophyll content, flowering phase, mg/100 g

Chlorophyll content, mg per 100 g
a b atb
Without inoculation, control 90,98+7,29  15,65+0,94 106,63+8,06
Inoculation with Diazobacteryn 113,64+4,39 20,23+1,39 133,87+5,78

Experimental variants

Intensification of plant growth and development, improvement of root
nutrition conditions, activation of photosynthesis process influenced the
formation of winter rye grain yield. When analyzing the data, we can note that
inoculation contributes to an increase in crop yield by 11.3% — 2.65 and 2.95 t/
ha.

Conclusions. In general, it can be noted that the effect of inoculation on
the state of agrobiocenosis contributes to an increase in the productivity of
winter rye. Bacterization has a positive effect on product quality - the protein
content in grain increases by 0.35%.

Conoxnenko P.!; Koporka [.2
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AHoTauniss. Y cmammi HagedeHo eKxcnepumeHmanibHi O0aHi w000
nepcnekmus BUKoOpucmauHs 0ionociynoco npenapamy /liazobakmepuny 6
MEexXHONO02IAX BUPOWYBAHHS dcuma o03umoeo. MikpobHuti npenapam cnpuse
akmusizayii npooyKyitiHo2o npoyecy Kyibmypu, Ni08UWEHHIO 8DONCALIHOCMI HA
11,3% ma nokpawennro skocmi npooykyii, 30kpema, 30i1bUeHHI0 eMicmy OLIKa
6 3epni Ha 0,35%.
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Abstract. Rho-associated coiled-coil protein kinases (ROCKI and
ROCK?2) are crucial regulators of cellular functions including motility,
proliferation, migration, and inflammation. Despite their high sequence
homology, particularly within the kinase domain, ROCKI and ROCK?2 exhibit
distinct actions in specific tissues. This study aimed to explore the potential
binding sites and effects of heme, a degradation product of hemoproteins that
accumulates under stress conditions, on ROCKI and ROCK2. Utilizing a
comprehensive in silico approach, sequences were obtained from Uniprot and
analyzed via NCBI BLASTP, with structural data derived from PDB and
visualized using ChimeraX. Docking simulations conducted with CB-DOCK2
and COACH-D identified putative heme binding sites, primarily within the
catalytic domains of both isoforms. Results revealed hydrophobic and
electrostatic interactions between heme and kinase domains, suggesting that
while direct heme binding is unlikely to be stable due to the absence of high-
specificity residues like histidine and cysteine, heme could influence ROCK
signaling indirectly. No significant differences were observed between ROCK]I
and ROCK?2 in terms of heme binding potential. This study provides
foundational insights for future investigations into hemes regulatory roles in
ROCK signaling pathways.

Keywords: Rho-kinases, heme binding, comparative analysis.

Introduction. Rho-associated coiled-coil protein kinases are expressed
throughout the body and are involved in the regulation of multiple cellular
functions such as cell motility, proliferation, migration, and inflammation [1, 2].
Two isoforms of these protein kinases ROCKI1 and ROCK2 are products of
different genes but share 65% overall identity in amino acid sequences with the
most homology in the kinase domain (92%). Enzymes have no difference in
catalytic activity in vitro but demonstrate distinct actions in specific tissues,
with some differences in their regulation by regulatory proteins or covalent
modifications [2, 3]. Both isoforms contain highly conserved cysteine-rich
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domain (CBD), however only ROCKI1 have Cys-Pro motif that is known to
bind heme in several regulatory proteins [4]. Heme as a product of
hemoproteins degradation accumulates under various stress conditions such as
hemolysis, trauma, hemorrhage, hypoxia. Heme has prooxidant and
proinflammatory action and is degraded in heme oxygenase reaction. Inhibitor
of ROCK1/2 fasudil was shown to enhance the heme oxygenase expression, but
direct heme effects on ROCK activity have not been investigated [5]. Therefore,
the aim of this study was to analyze in silico the putative heme binding sites in
both isoforms and the potential effect of heme on kinases functioning.

Materials and methods. Protein annotation and sequence were obtained
from Uniprot: Q13464 (ROCK1) and O75116 (ROCK2). Sequence pairwise
alignment was performed by NCBI BLASTP. Protein and heme structures were
taken from PDB (http://www.rcsb.org/), contact residues were analyzed by
PDBsum server. For pdb-files visualization ChimeraX was used [6]. TM-align
tool was used for structural alignment (https://zhanggroup.org/TM-align/). Blind
docking with heme as a ligand was performed using two docking servers: CB-
DOCK2 (https://cadd.labshare.cn/cb-dock2/) and COACH-D (http://
yanglab.qd.sdu.edu.cn/COACH-D/). Docking results from COACH-D were
analysed by PLIP web tool (https://plip-tool.biotec.tu-dresden.de/).

Results and discussion. Both enzymes have no full solved structures.
Structural alignment of total ROCK1 and 2 AlfaFold models showed low
similarity however high identity was shown for kinase domains. Docking with
heme revealed putative binding sites mostly in the catalytic domains of both
proteins particularly in ATP-binding pockets. Hydrophobic interactions with
heme were predicted in the regions analogous for both enzymes (I1€82-Val90 in
ROCKI and I1e98-Val106 in ROCK?2), ionic interaction was found respectively
for Lys105 and Lys121 in ROCKI1 and 2. Besides kinase domain heme tended
to bind to PH-domain in both enzymes including amino acid residues within
zinc fingers domains: 1228-1281 (ROCK1) and 1260-1315 (ROCK?2), however
Cys-Pro motif wasn’t near binding sites, due to its low surface accessibility.

PH-domains are located near phosphorylation sites and
autophosphorylation of ROCK1 at Ser1333 and of ROCK2 at Ser1366 is known
to correlate with the activation status. ROCK2 has additional sites of
phosphorylation comparing to ROCKI, including Thr967, Ser1099, Ser1133,
and Ser1374, all increase its activity [2]. But no additional sites of heme binding
were revealed by docking to this region.

Conclusions. In conclusion, no significant differences were found in
potential heme-binding sites for ROCK1 and ROCK2. Heme binding near the
ATP-pocket was based mostly on hydrophobic interactions with some portion of
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weak-hydrogen (Glu, Asp, Ser, Pro), hydrogen (Leu, Asp, Met, Asn) and
electrostatic (Lys, Arg). In both kinases amino acids with high specificity to
heme such as histidine and cysteine were not revealed in heme contact areas.
Therefore, heme binding could not be stable and direct action is not highly
probable. Potentially heme could affect ROCKI1/2 signalling through up-
regulatory protein RhoA that could be the subject for future investigation.

Comnory6-Moced M., Bapaunik T.

MNOPIBHAJBbHUM AHAJII3 HOTEHIIMHNUX T'EM-3B'SI3YBAJIBHUX
CAUTIB MPOTEIHKIHA3 ROCK1 TA ROCK2

Xaprkiecbkuii HayioHaabHuil yHieepcumem imeri B.H. Kapasina
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AHoTanisi. Rho-acouiiiosani npomeinkinasu (ROCKI i ROCK2) e
OOHUMU 3 KAIOHUOBUX Pe2YAAMOPI8 MAKUX KAIMUHHUX NPOUECI8, AK PYXAUBICMDb,
npoaigepauia, miepayia ma 3anasenua. Hezsaxcarouu Ha 6UCOKY 20MON02i10
M NOCAO0BHOCMAMU, 0C0OAUB0 8 KiHaznomy oOomeni, ROCKI i ROCK?2
OeMOHCMPYIOMb Pi3HI Oil 8 cneyu@iuHux mkanurax. Lle 0ocaiOxicenHa Maro Ha
Memi 8UBUUMU, NPOAHAAIZY8amMU | nopiéHamu in Silico nomeHyilHi caimu
36’A3YBAHHA MA BNAUB 2eMY, NPOOYKMY 0epadauii 2eMOnpomeitie, AKUIl
Hakonuwyemvca 3a ymos cmpecy, Ha akmusHicmb ROCKI i ROCK?2.
Pe3yabmamu nokasaau HaasHicmv 2i0pogoOHUX ma eAeKmPOCMAMUYHUX
B3AEMOOIU MINC 26 MOM MA KIHASHUMU OOMEHAMU, WO CBIOUUMb NPO MONCAUBULL
Henpamull enaug 2emy Ha cuenaavti waaxu ROCK. 3uaunux eiominHoCmeil y
nomenuyiani 38’azyseannsn 2emy min ROCKI i ROCK2 ue 6yao susnsaeno, wo
HAoae nepcnekmusy OAfs NOOAALUUX OOCAIONCEHb Pe2YAAMOPHOL POl 2eMy 8
cuzHaavHux wasxax ROCK.

KurouoBi cioBa: Rho-kinazu, eem-36’13y8auHs , NOPIGHANbHULU AHATL3.
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Abstract. A phylogenetic analysis of the gene cluster sequences
prmABCD of Rhodococcus genus representatives has been conducted using
bioinformatics methods.

Keywords: phylogenetic analysis, prmABCD, Rhodococcus.

Introduction. The possibilities of using the gene cluster sequences
prmABCD, which include genes associated with the oxidation of n-alkanes,
certain halogenated hydrocarbons, and ethers, as marker sequences for the
exploration of oil and gas fields using microbiological methods were
investigated. It was necessary to prove the high identity between the sequence
of this gene in microorganisms found in such ecotypes. Special attention was
given to representatives of the genus Rhodococcus, which have the ability to
degrade a wide range of organic compounds, including propane, through
enzymatic systems such as propane monooxygenase A (prmA).

Materials and methods. Multiple alignment was conducted in the
MEGA X program using the MUSCLE algorithm (GTR+G+I model).
Phylogenetic analysis was performed in the raxMLGUI2.0 program using the
Maximum Likelihood method. Additionally, the sequences of the prmA genes
and the protein sequence of propane monooxygenase A were analyzed. The
study used sequences from strains Rhodococcus opacus, Rhodococcus
wratislaviensis, Rhodococcus jostii, Rhodococcus sp., and the closest homologs
from the strains Mycobacterium goodii, Mycolicibacterium hodleri, and
Gordonia sp.

Results and discussion. High identity between them was
demonstrated, indicating the possibility of using the prmA gene as a marker for
propane-oxidizing bacteria in soils, with potential for the exploration of oil and
gas fields. It was also noted that the gene cluster sequence prmABCD could
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serve not only as a marker for oil and gas fields but also as a marker for
identifying the origin of oil derivatives.

Conclusions. From the above, it can be concluded that the quantitative
assessment of the prmA gene can help determine the relative abundance of
propane-oxidizing bacteria in soils and has potential for the exploration of oil
and gas fields.

[llyprin M., Bacuinesa H.

PHYLOGENETIC ANALYSIS OF PRMABCD GENE CLUSTERS IN
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AHoTanisi. Memooamu 6ioiHghopmamuru nposedeHo ¢hinocenemuyrull
ananiz xkiacmepuux nociioosnocmetl eenie prmABCD npedcmasnuxie pooy
Rhodococcus.
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Abstract. Probiotics, defined as “live microorganisms that, when
present in sufficient quantities, confer a health benefit on the host,” are
becoming increasingly in demand in the market. However, many products
labeled as probiotics do not meet these characteristics. In recent years, the
cosmetics industry has seen an increase in the number of products claiming to
be probiotic. Although probiotics may have several potential applications in
personal care products, it is still necessary to ensure proper manufacturing
practices to ensure that consumers actually receive probiotic products.

Keywords: probiotics, cosmetics, lysates, skin, microbiome.

Introduction. According to the U.S. Food and Drug Administration
(FDA), cosmetics are defined as “a product (excluding pure soap) intended to
be applied to the human body to cleanse, enhance attractiveness, or alter
appearance”. Increased interest in the microbes that colonize the human body
has led to numerous studies attempting to manipulate the microbiome in a
specific niche to benefit health. The use of beneficial microbes for this purpose
has led to a significant expansion of the probiotic field. Probiotics, defined as
“live microorganisms that, when administered in adequate quantities, confer a
health benefit on the host,” vary widely in type, amount, and use. This includes
cosmetic applications, where the probiotic market is projected to grow 12 % in
the next ten years. Research on probiotics for potential use in cosmetics and the
development of “probiotic cosmetics” is a fairly current scientific area [1].

Materials and methods. The increase in the number of products called
probiotics on the market does not necessarily indicate the successful
implementation of science in the consumer cosmetics market. Many products do
not meet the characteristics to be called probiotics. For a product to be
considered a probiotic, it must meet three basic characteristics: 1. The strain(s)
must be characterized, including genetically and phenotypically. 2. At the time
of use, the product must contain sufficient live microorganisms equivalent to
when the product was indicated in clinical studies to provide benefit to the
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desired target site. 3. The method of delivery, dosage and duration of use should
be based on human scientific data if the intended recipient is humans.

Results and discussion. Analysis of the composition of cosmetic
creams showed that the main probiotic strains for creams are Lactobacillus
ferment, Lactococcus ferment lysate, Bifida ferment lysate, Bacillus coagulans,
Lactobacillus, Streptococcus thermophilus ferment. There are numerous studies
supporting the benefits of specific probiotic strains for skin health. Additionally,
anti-aging mechanisms suggest that the strains may help regulate pH, reduce
oxidative stress, protect against photoaging, and improve skin barrier function.
Technological technique - microencapsulation is used to extend the shelf life
and viability of probiotics. It is difficult for the cosmetics industry to create
topical formulations that maintain the viability of probiotic bacteria from
production to consumer. The presence of moisture will allow the dried
organisms to hydrate and reproduce or die, so oil-based formulations are
necessary. The question is how easily microorganisms can escape from the oil
after it is applied to the skin and become metabolically active enough to provide
the necessary probiotic effect. Many creams are not produced under sterile
conditions, so they often add preservatives that have a bactericidal and/or
bacteriostatic effect. They could potentially not only affect the viability of the
probiotic strain, but also inadvertently change the microbiota of the recipient.
For safety reasons, cosmetic products are expected to have a low microbial
content (below 1000 CFU/g). It is not practical for them to contain live bacteria,
which means there can be no cosmetic product that is a true probiotic. However,
they may still contain components derived from probiotic strains that may be
beneficial. They can be bacterial lysates, enzymes and filtrates, sometimes
called postbiotics, defined as “a preparation of non-living microorganisms and/
or their components that provides a health benefit to the target host”. This
definition does not include purified metabolites or cell-free components, which
must instead be listed according to their chemical nomenclature. Leachates
without cellular components are not considered postbiotics. However, bacterial
lysates and enzymes may fall into this category depending on their composition

2].

Conclusions. To date, the identification of molecules responsible for
the beneficial properties of microbial products has not been sufficiently studied
and applied. More research will be needed to ensure that high-quality cosmetics
that meet the definitions (probiotic, prebiotic, etc.) can reach consumers.
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AHoTanist. /Ipobiomuku, 8usHaAYeHi K «HCUBL MIKDOOP2AHIZMU, SKI, AKUO
NPUCYMHI 68 O0CMAMHIU KIIbKOCMI, HPUHOCAMb KOPUCHb 051 300D08 51
2ocnodapsy, cmarwomo ece OiLibuw 3ampedysanumu Ha punxy. OOnax 6aeamo
npooyKmie, NO3HAYEHUX AK npobiomuxu, He GION08Ii0AOMb YUM
xapakmepucmukam. B ocmauni poxu 8 KOCMemuuHil NpoMUCIO80CMI 3POCid
KibKicmb NpoOyKmis, sKi npemeHnoylomv Hazueamucs npodiomuxamu. Xoua
NPOOIOMUKU MONCYMb MAMU 0eKiNbKa NOMEHYIUHUX 3aCMOCY8aHb y NPOOYKMax
ocobucmoi 2icienu, 6ce 00HO He0OXIOHO 3abe3neyumu HANeNHCH)Y HNPAKMUK)
BUPOOHUYMBA, WOO 2apaHmyeamu, wo CHONCUBAYI OILCHO OMPUMAIOMb
npobiomu4Hi npooyKmu.
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Abstract. Band 4.1 protein (EPB41) belongs to the FERM domain
protein family and is one of the key components of the erythrocyte cytoskeleton.
In erythrocytes, EPB41 interacts with several structural and transport
membrane proteins, including band 3 protein, glycophorin, and spectrin.
Protein kinase C (PKC) is one of the regulators of EPB41 and is activated by
reactive oxygen species. Heme is a prooxidant and is accumulated under
hemolysis. Molecular docking with heme revealed potential binding sites in the
active site of PKC, but in the modeled complex with EPB41, heme was bound
mainly to FERM domain of EPB41. Phosphorylation site of EPB41 protein had
low probability of heme binding. Increased phosphorylation of EPB41 due to
heme accumulation could lead to the cytoskeleton conformational changes and
destabilization of erythrocytes.

Keywords: EPB41, protein kinase C (PKC), hemolysis, FERM domain,
oxidative stress.

Introduction. Erythrocyte membrane protein band 4.1 (EPB41) belongs
to the FERM domain-containing family and is one of the key components of
erythrocyte cytoskeleton. It has erythroid and non-erythroid forms made by
alternative splicing. Erythroid form is much shorter and lacks three regions
including N-end 209 amino acids and two regions (616-648 and 772-805) close
to C-end. In erythrocytes EPB41 binds with several structural and transport
membrane proteins such as band 3, glycophorin and spectrin. Besides it’s
structural role EPB41 regulates ion and water transport important for
erythrocyte deformability. EPB41 could be phosphorylated by several protein
kinases. Protein kinase C (PKC) is one of the regulators of EPB41 and is known
to be activated by reactive oxygen species. Hemolysis is accompanied with
heme accumulation and oxidative stress development, therefore protein kinase
could be active in various tissues. But direct effect of hemolysis on PKC
activity in erythrocytes and it’s interaction with EPB41 has not been
investigated. The purpose of this study was to analyze the heme-binding sites in
EPB41, PKC and their complex.
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Materials and methods. The UniProt knowledge base (http://
www.uniprot.org/) was used to obtain sequences in *.fasta format and protein
annotations. Protein and heme structures were taken from PDB (http://
www.rcsb.org/). Protein docking was performed by GRAMM server (https://
gramm.compbio.ku.edu/). Post-translational modifications of EPB41 were
analyzed using PhosphoSitePlus (https://www.phosphosite.org). Blind docking
with heme as a ligand was performed by CB-DOCK2 server (https://
cadd.labshare.cn/cb-dock?2/).

Full structure of human EPB41 has not been experimentally solved for
this moment. Therefore partial experimental structures with FERM domain
1GG3, 3QIJ were used for docking. Alphafold model of EPB41 was manually
modified to remove regions not corresponding to the erythroid form. Protein
kinase C has several experimental structures, monomeric 4RA4 and oligomeric
31W4 were taken for docking studies.

Results and discussion. Heme docking to EPB41 predicted two binding
areas with high scores: a pocket with His401 in FERM domain and the region
out of FERM domain, close to the phosphorylation site Ser540. It is known that
two sites of EPB41 are phosphorylated by PKC: Ser521 and Ser540. They are
both located in 16kDa domain between FERM-domain and C-end.
Phosphorylation of EPB41 results in loss of its affinity to spectrin and actin and
reorganization of erythrocyte cytoskeleton.

PKC active site Asp463 also was predicted to be potential target for
heme. Docking to PKC monomer revealed several variants of heme binding
near the catalytic site within 5-6A from His428 in contact area. Histidine is
known to have high specific affinity to heme therefore it could form a stable
complex. Heme as prooxidant could enhance production of reactive oxygen
species and additional activate PKC.

Assembly of two protein chains (EPB41 and PKC) was modeled by
protein-protein docking with contact area between phosphorylation sites and
kinase active centre. Heme docking to this complex revealed EPB41 FERM
domain as the most probable binding site.

Conclusions. According to docking results heme could bind to both
FERM domain and phosphorylation sites of EPB41 through amino acid residues
with high affinity. This could be significant for modifying of the protein's
function during hemolysis. Protein kinase C could bind heme mostly in
unbound state when its catalytic site is not occupied. Heme could enhance
EPB41 phosphorylation under hemolysis that could lead to conformational
changes of cytoskeletal complex and erythrocytes stability.
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IN SILICO AHAJII3 ®OCP®OPUJIIOBAHHA EPB41
MPOTEIHKIHA3O0IO C 3A YMOB I'EMOJII3Y

Xapkiecvkuil HayioHaabHuil yHieepcumem imeri B.H. Kapasina
na. Ceoboou, 4, Xapkis, 61022, Y kpaina
e-mail: posunko.olya3010@gmail.com

AHoTauiss. binox cmyeu 4.1 (EPB41) nanexcums 00 poounu 0OiiKie 3
oomenom FERM i € oOHum i3 KIOYOBUX KOMHOHEHmMI8 YUumockeiemy
epumpoyumis. B epumpoyumax EPB41 63aemoldie 3 KilbKomMa CmpyKmypHUMU
ma mpaHCnOPMHUMU MeMOPaHHUMU OilKamu, 30Kpema i3 Oiikom cmyau 3,
enikogpopurnom ma cnekmpurom. Ilpomeinkinaza C (PKC) € o00Hum i3
peeynamopie EPB41 i akmugyemuvcs peakmusHuMu opmamu KUCH0. 3a ymos
2emMonizy 8i00y8aemvcsa HAKONUYEHHS 2eMy, WO € HNPOOKCUOAHMOM.
Monexkynapruii 0okiHe 3 2eMOM BuUsABUE NOMEHYIUHI 38'3V8anbHi catimu 6
akmusnomy yeumpi PKC, ane npu moodemosanni xomniaexcy 3 EPB41 2cem
36°s3y8as6cs nepesadicho 3 FERM-oomenom EPB41. YV caiimi ¢hocghopunrosanus
oinky EPB41 npukpinnenus cemy Oyno manogipocionum. Ilocunenns
Gocopunosanns EPB41 uepe3 nakonuwenus 2emy Mmodice Npu38ooumu 0o
KOH@OpMayitiHux 3MiH yumockeiemy i 0ecmaoinizayii epumpoyumis.

Kuwuosi cioBa: EPB41, npomeinxinasa C (PKC), cemoniz, FERM-
O00MeH, OKCUOAMUBHULL CIpec.
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Abstract. Influenza viruses are a constant threat, causing millions of flu
cases every year. Despite existing drugs the need for new ones is constant due to
the mutational potential of the virus. Fullerenes are unique carbon molecules
with great antiviral potential. Therefore, the goal of this work was to determine
the virucidal activity of hydrated fullerenes against the influenza A (HINI)
virus. For that, influenza virus was incubated with fullerenes of different
concentrations for 15, 30 and 60 minutes with subsequent determination of
infectious titer. Along with the low toxicity, fullerenols showed a pronounced
dose-dependent virucidal activity regardless of the time of contact with the
virus. The decrease in the infections titer was up to 8 orders of magnitude
compared to the virus control. The results indicate the potential of fullerenols in
the development of new antiviral agents.

Keywords: fullerenes, antivirals, HINI, nanotechnology.

Introduction. Influenza viruses are a constant health threat. Annual
regional epidemics lead to millions of flu cases and hospitalizations, despite
preventive measures and vaccination [1]. To date, the most common anti-
influenza agents are neuraminidase inhibitors (oseltamivir, zanamivir), but due
to the mutational potential of the virus, the need for new drugs is constant.

Fullerenes (C,) are completely carbon molecules of spherical or ellipsoid
shape. These molecules have unique chemical properties and are able to interact
with various atoms, molecules and complexes, which is the basis of their use in
the fields of biotechnology [2]. Various fullerene derivatives show pronounced
antiviral activity against RNA-viruses. Fullerenols - water-soluble hydrated
fullerenes - occupy a special place among derivatives, because they are
biocompatible [3].
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The goal of this work was to determine the virucidal activity of hydrated
fullerenes against the influenza A (HIN1) virus. The objectives of the study
were: to investigate the cytotoxic effect of the drug on cell culture and to
determine the effectiveness against the influenza virus.

Materials and methods. The preparation of a mixture of fullerenols with
a mass ratio of 78.1% Ceso/C70 and 21.9% C76/C78/Css (YMFNANO®, Ukraine)
was used for the study. Experiments were performed using MDCK cell culture
and influenza A (H1N1) virus strain A/FM/1/47.

Cytotoxicity was determined using the MTT-assay in the range of
concentrations from 0.5 to 3 mg/ml. Virucidal activity was determined by the
reduction of the virus titer (TCIDso/ml) relative to the control after contact with
fullerenols for 15, 30 and 60 min in the range of concentrations from 0.01 to 2
mg/ml.

Results and discussion. The obtained results of cytotoxicity evaluation
indicate the presence of dose-dependent activity: with increasing concentration,
the proportion of living cells becomes smaller. Based on cell viability data, the
half-maximal cytotoxic concentration was calculated, CCs0=2.89+0.14 mg/ml.
The results of the study of virucidal activity indicate a pronounced activity of
the fullerenols regardless of the time of contact with the virus. Thus, after
incubation of the virus with the drug for 60, 30 and 15 minutes, it was found
that at concentrations of 0.5, 1 and 2 mg/ml, fullerenols completely inactivate
the virus, leading to a complete loss of its infectivity. The decrease in titer
compared to the control was 8.19 orders of magnitude. At the lower studied
concentrations (0.1 and 0.01 mg/ml), a similar pattern was observed for all time
points: the decrease in the infectious titer was 2.5-3 orders of magnitude,
relative to the virus control.

Conclusions. Thus, taking into account the low cytotoxicity, the obtained
results about the pronounced virucidal activity of fullerenols can be an
important contribution to the development of new strategies to fight viral
infections.

Hwxenens A. 1.2, 3apemb6a I1.2, 3aropoans C.2

JOCIIIZKEHHA E@EKTUBHOCTI ®YJIEPEHIB
IIPOTH BIPYCY I'PUILY THUITLY A

IHHI] «Incmumym 6ionoz2ii ma meOuyuHu»
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AHoTauisg. Bipycu cpuny cmauoenamv NOCMIUHY 3a2po3y, WOPIYHO
CHNPUYUHAIOYU MIIbUOHU 8UNAOKIE 3axeoproeans. Hatiegpexmuesniwi npenapamu
2024 poxy — 3anamisip, ocerbmamisip, pumaHmaouH, AMaHmaouH i pubasipuH.
Qynepenu — YHIKANbHI Gy2neyesi MOAEKYIU 3 NPOMUGIPYCHOIO AKMUBHICMIO.
Mema pobomu 6yno 6usHaueHnusi GIPYLIYUOHOI AKMUBHOCMI 2I0PAMOBAHUX
@ynepenie npomu epuny HINI. Jlocniosxcenus 3 SUKOPUCMAHHAM KIIMUH
MDCK nokazanu 00303a1edxdcHy aKmMu@Hicmsv yrepeHonie, wo npu
konyenmpayisax 0,5, 1 ma 2 me/mn nosnicmio inakmusysanu eipyc. Pezynomamu
ceiduams Npo 3HAYHUU NOMeHYyial ¢QyrepeHonie O0as po3poOKU HOBUX
NpPOMUBIPYCHUX 3aC00I8.

KuawuoBi caoBa: sipyc, epun A, gpynepen, HINI.
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Abstract. Babesiosis in dogs is a tick-borne disease caused by
apicomplex hemoprotozoan parasites in red blood cells. According to recent
reports, the most well-known type of babesiosis found in Ukraine is the B. canis.
This study includes a retrospective investigation of clinical cases of babesia
infection in dogs. For this study, a complete hematological and biochemical
profile of 25 dogs with babesiosis submitted to the Peredovyi Veterinary
Complex, Dnipro, was obtained and analyzed.

Treatment of dogs infected with Babesia canis with imidopyran and
prednisone resulted in improvement of both biochemical and hematological
parameters. There was a decrease in the levels of liver enzymes, bilirubin and
alkaline phosphatase, as well as an increase in the number of red blood cells,
hemoglobin, hematocrit and platelets. This indicates a decrease in intoxication,
improvement of liver function and hematopoiesis, although most indicators have
not yet reached normal values. It is necessary to continue monitoring the dogs'
condition and apply supportive therapy to achieve full recovery of
hematological and biochemical parameters.

Keywords: babesiosis, Babesia canis, imidopyrine, prednisone.

Introduction. The protozoan parasite Babesia canis is the causative
agent of canine babesiosis, a severe disease characterized by red blood cell
destruction, hemolytic anemia, and significant systemic disorders. Canine
babesiosis is common in regions with high activity of Ixodes ticks, the main
vectors of Babesia canis. The disease can lead to serious consequences,
including organ failure and death, if not treated in a timely manner. The
hematologic and biochemical profiles of dogs infected with Babesia canis show
characteristic changes. Analysis of these parameters is critical for diagnosing
and monitoring the course of the disease. The aim of the study is to
comprehensively evaluate the hematological and biochemical profiles of dogs
infected with the protozoan parasite Babesia canis, as well as to determine the
effectiveness of treatment with imidopyran and prednisone.
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Materials and methods. 25 domestic dogs weighing 1-10 kg aged from
2 months to 17 years were used for the study. The detection of Babesia canis
parasites inside erythrocytes was performed using thin blood smears stained
with LEUCODIF 200 fast dyes (Erba Lachema, Czech Republic) and examined
under 100x magnification using a Leica DM4 optical microscope (Germany).
Hematologic analysis was performed using an automated analyzer MicroCC-20
Plus (HTI, USA). The study of biochemical parameters was performed using a
semi-automatic analyzer BS-3000M (SINNOWA, China).

The main period of treatment of babesiosis in dogs is the first 24 hours
with imidopyran (Arterium, Ukraine, dose 7 mg/kg) and prednisone (Darnitsa,
Ukraine, dose 2.2 mg/kg) with simultaneous injection. The parameters of the
study of the impact of the disease on the development of hemolytic anemia and
liver function were the parameters of complete blood count and liver
biochemical parameters. In addition, the effect of treatment with imidopyran
and prednisone on reducing the development of hemolytic anemia and
improving liver function was studied.

Results and discussion. The main indicator of the development of
anemia in animals is the number of erythrocytes, hemoglobin, hematocrit and
platelets. The number of red blood cells before treatment (3.59 million/mL) was
reduced compared to the norm (6.35 million/mL) and increased after treatment
(4.20 million/mL), which indicates an improvement in the dogs' condition.
However, this figure is still significantly lower than normal, which may indicate
the presence of residual anemia and that the recovery process is ongoing. The
hemoglobin level also improved after treatment (pre-treatment - 83.38 g/I; post-
treatment - 90.92 g/1), but remains below normal (158.00 g/I). This indicates an
improvement in tissue oxygenation, but the recovery process is not yet
complete. The increase in hematocrit after treatment (before treatment -
22.54%; after treatment - 26.92%) indicates an improvement in the
concentration of red blood cells in the blood. However, the index still remains
significantly lower than normal, which confirms the presence of residual
anemia. The increase in platelet count after treatment (before treatment - 38.00
thousand/mL; after treatment - 65.15 thousand/mL) indicates an improvement in
the process of thrombosis. However, the platelet count remained significantly
below normal (330.00 thousand/mL), which may indicate a prolonged recovery
from the acute condition and the presence of residual disorders in blood
coagulation.

The ALT level in dogs before treatment was below normal (40.76 U/I).
After the treatment, the index decreased (34.24 U/l) and remains below normal
values (52.00 U/l). This may indicate an improvement in liver function, but the
value is still below normal, which may be due to prolonged exposure to
infection. AST levels were elevated before treatment (51.22 U/l) and remained
above normal (36.00 U/l) after treatment (44.32 U/l), although the value
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decreased. This may indicate residual damage to the liver or other tissues
containing AST, but there is a gradual recovery. The level of total bilirubin was
significantly elevated before treatment (20.95 pmol/l) and remained elevated
after treatment (15.97 umol/l), although it decreased. This indicates a decrease
in the hemolytic process and improvement in liver function, but the values are
still significantly higher than normal. The level of alkaline phosphatase was
elevated before treatment (86.19 U/l) and remained elevated after treatment
(82.47 U/l), with a slight decrease. This may indicate some reduction in liver
stress, but the value remains above normal (66.50 U/1), possibly due to residual
damage.

Conclusions. Treatment of dogs infected with Babesia canis with
imidopyran and prednisone resulted in improvement of both biochemical and
hematological parameters. There was a decrease in the levels of liver enzymes,
bilirubin and alkaline phosphatase, as well as an increase in the number of red
blood cells, hemoglobin, hematocrit and platelets. This indicates a decrease in
intoxication, improvement in liver function and hematopoiesis, although many
indicators have not yet reached normal values. This indicates the need for
further monitoring and supportive therapy to achieve full recovery of the dogs'
hematological and biochemical status.

Hepinnuk-IIpasma A., Yirakosa I.

TEMATOJIOTTYHUM TA BIOXIMIYHUHA ITPO®LTb COBAK I3
3AXBOPIOBAHHSM, CHPHYMHEHUM TPOTO30MHUMHU
MMAPABUTAMMY BABESIA CANIS, TA 11 JIKYBAHHSI
IMIJONIPAHOM TA IPEJHI3O0JIOHOM

Jninposecokuii HayionanvHuti ynieepcumem imeni Onecs I onuapa,
e-mail: aaasssaaa079@gmail.com

AHotaunia. babezio3 y cobax — Kliwose 3ax80pPlOBAHHSA, SKe
BUKIUKAEMbCA  ANIKOMNIEKCHUMU 2eMONPOMO3Z0OUHUMY NAPASUMAMU 8
epumpoyumax. 3a OCMAaHHIMU OAHUMU HAUROWUPeHTwUM 8 YKpaini 30y0HuKom
babeziosy € Babesia canis. /lana pobomu 6KaHOHUAE pempocneKmugHe
00CNiOJCeHHA KINIHIUHUX 8unaodkieé iHgekyii b6abe3ii y cobak. /s yvoco oOyiu
OMPUMAaHi Mma NPOAHANI308AHI NOBHI 2eMamono2iuni ma oioximiuni npogini 25
cobak, xeopux Ha 0abe3io3, OdocmasieHux 00 Bemepunapnoco KomnlieKcy
«llepeoosuiiy, m. /{ninpo.

Jlixysanus inghikosanux cobax imioonipanom i npeoHi30OHOM NPU3BENLO
00 noninuwienHs AK OIOXIMIYHUX, MAK | 2emMamono2iuHux MNOKA3ZHUKIE.
Cnocmepieanocs 3HUICEHHS DiHSL NediHKosux ¢epmenmis, OinipyoOiny ma
JAYHCHOI  pocchamasu, a makodc nioBUWeHHS KIIbKOCMI epumpoyumis,
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2eMo2100iny, cemamoxpumy ma mpomooyumis. Xoua 6inbuicms NOKA3HUKIE HA
oanomy emani JIKY8AHHS He 00CA2NU HOPMATbHUX 3HAYEHb, MAKI pe3ylbmamu
CBIOUUNU NPO 3HUMNCEHHS [HMOKCcUKayii, noninuwieHus @YuKyii neuinku i
KpogomeopenHs. HeobxioHo npooosxcyeamu Ccnocmepexcenus 3a CHaHoM
cobakx ma npogooumu NiOMpUMYO4y mepanito 01 O0O0CSACHEHHS NOBHO20
BIOHOBNIEHHSL 2eMAMON02IYHUX | OIOXIMIYHUX NOKAZHUKIG.

KurouoBi caoBa: 6abezios, Babesia canis, imioonipan, npeoHizonoH.
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Abstract. The cell viability assay is an important method of toxicology
analysis. That is why the aim of this study was to investigate influence of
ethanol extracts of marigolds on the morphological and functional features of
cells. It was found that the viability results were dependent not only on the type
of marigold, but also on the part of the plant from which the extract was
obtained. Extracts from marigold flowers showed a lower toxic effect on both
the morphological and functional properties of Vero cells (CCso value was in
range 1:45-1:286). The obtained data are important for further studies for
antitumor and antiviral properties of marigold extracts.

Keywords: herpes simplex virus 1, plant extracts, cytotoxic effect.

Introduction. Natural products, such as plant extracts, have shown high
antiherpetic activity in vitro and in vivo and are an excellent source for the
discovery and isolation of new antiviral compounds [1, 2]. The urgent problem
of studying the effect of plant extracts is, first of all, the study of their toxic
effects and the impact on the course of cellular life processes. That is why the
aim of this study was to investigate influence of ethanol extracts of marigolds
on the morphological and functional features of cells.

Materials and methods. Extraction of biologically active substances
from fresh flowers and green mass of three types of marigolds was carried out
using 70% ethanol. Vero cells morphology after extracts exposure at various
doses was analyzed and documented using an inverted microscope
(magnification 70). The influence of extracts on mitochondrial and lysosomal
activity of cells were studied using MTT and neutral red assays [3, 4].
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Results and discussion. This study confirms that ethanol extracts of
marigolds induces changes in the cell morphology and functional features,
which were dose dependent and more pronounced with an increase of extracts
concentration. Extract isolated from the flowers of Tagetes patula marigolds
turned out to be the least toxic for the cells, because the cells functioned
normally (cell viability, depending on the concentration of the extract and the
research method, was 55-100%). On the other hand, with the use of 7. patula
green mass extracts in the same dilutions, a significant disruption of the cell
monolayer, cells rounding, granularity and destruction were observed, at the
same time their mitochondrial and lysosomal activity decreased by 85-93% and
33-61%, respectively. A similar pattern was found for extracts isolated from
other types of marigolds. Thus, extracts from marigold flowers showed a lower
toxic effect on both the morphological and functional properties of Vero cells
(CCso value was in range 1:45-1:286).

Conclusions. It was found that the cell viability results were dependent
not only on the type of marigold, but also on the part of the plant from which
the extract was obtained. The current in vitro cytotoxicity screening of various
marigolds offered important preliminary information for selection of plant
species and their extracts for further investigations in drug development
research involving their antitumor and antiviral properties.

JIngak O., Aptrox JI., [ToBauus O., 3aropoaus C.

BIIJIMB EKCTPAKTIB YOPHOBPUBIIB HA MOP®OJIOI'TYHI TA
OYHKIIOHAJIBHI XAPAKTEPUCTUKH KJIITHUH
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AHoTaniss. /{ocniodicenns Hcumme30amHocmi KAimuH € BadNCAUSUM
MemooomM moxcukonoeiunozo auanizy. Came momy memoio yici pooomu 6y10
00CIOUMU BNIUE eMAHONbHUX eKCMPAKMIE YOPHOOPUBYIE HA MOPEON0CIUHI ma
@yHKyionanbhi ocoorusocmi Kaimuh. Byno euseneno, wo Hcumme30amuicmo
3anexcums He milbKu 8i0 8UOY YOpHOOpUBYis, ane U 8i0 YACMUHU POCIUHU, 3
saKoi 6yno ompumano ekcmpakm. Excmpaxkmu 3 k6imok yopnobpusyie noxazanu
MEHWUL MOKCUYHUL BNIUB SIK HA MOP@ONO2IUHI, maK [ Ha @QYHKYIOHAIbHI
enacmusocmi kaimuu Vero (3nawenns CC50 3uaxoounocsa 6 0iana3oxi
1:45-1:286). Ompumani Oani € e6axcarueumu Ol NOOAIbUWUX OOCAIONCEHD
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NPOMUNYXIUHHUX MA RPOMUGIPYCHUX BIACMUBOCMEl eKCmpAaKmis
YOpHOOPUBYIS.

KarouoBi cioBa: gipyc npocmoeco cepnecy 1 muny, pociunui ekcmpaxkmu,
YUMOMOKCUYHA Oisl.
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Abstract. The study is dedicated to evaluating the activities of inducible
and constitutive isoforms of NO-synthase in the cytosolic and mitochondrial
fractions of rat liver under conditions of acetaminophen-induced injury and
partial hepatectomy. Partial hepatectomy after modeling a toxic injury in the
liver of rats is accompanied by a decrease in the activity of the constitutive
isoform of NO synthase at the initial stages of regeneration (24 and 48 hours)
and enhanced activation of the inducible isoform of NO synthase in the remote
period (168 hours).

Keywords. Nitric oxide, NO-synthase, partial hepatectomy,
acetaminophen, liver.

Introduction. Currently, the problem of the development and progression
of hepatic homeostatic imbalance under the influence of hepatotoxins,
particularly paracetamol (acetaminophen, APAP), remains relevant.
Compensatory proliferation of hepatocytes (hyperplasia or hypertrophy)
followed by liver regeneration and restoration of hepatostat in response to
segmental resection, infectious diseases, chronic and acute injuries by
xenobiotics, including APAP, plays a crucial role in restoring the homeostatic
capability of the organ [1]. At the initiation stage of the regenerative process, it
is important to maintain an optimal concentration of nitric oxide (NO) in liver
cells. NO 1is a universal messenger that exhibits cytoprotective effects under
physiological conditions, but in excessive amounts, it possesses cytotoxic
properties. The enzymatic synthesis of NO is provided by NO synthase through
the oxidation of the guanidine group of L-arginine. There are constitutive
(cNOS) and inducible (iINOS) isoforms of NO synthase [2, 3]. Therefore, the
aim of this study was to evaluate the activities of inducible and constitutive
isoforms of NO synthase in the cytosolic and mitochondrial fractions of rat liver

under conditions of acetaminophen-induced injury and partial hepatectomy
(PH).
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Materials and methods. Experimental animals were divided into two
groups: control rats that underwent partial hepatectomy of 2/3 of liver tissue (C/
PH) and rats that underwent resection of the organ after toxic injury by APAP
(TI/PH). The study was conducted at 24 (initiation phase), 48 (proliferative
phase), 72 (termination phase), and 168 (remote period) hours after PH.

Results and discussion. The research results indicate a multidirectional
trend in the changes of ¢cNOS activity in the cytosolic fraction of liver cells in
rats from the C/PH and TI/PH groups. If a significant increase in cNOS activity
is observed in the C/PH group during the initiation period and active cell
proliferation (24 and 48 hours), then a decrease in cNOS activity compared to
the control (0 hours) is recorded in the TI/PH group during the same periods. It
is likely that the activation of ¢ctNOS at the initial stages of regeneration in the C/
PH group i1s due to hemodynamic changes in the liver that occur after PH.
Considering that cNOS is characterized by basal NO production under
physiological conditions, a decrease in its activity during the initiation period of
the regenerative process in rats of the TI/PH group may lead to a disruption of
the implementation in the compensatory reaction involving NO in response to
liver damage [2, 3]. Evaluating the trend of changes in iNOS activity in the
cytosolic fraction of rat liver under the studied conditions, the C/PH group
recorded an increase in iNOS activity at 24 and 48 hours after PH. In return, in
the TI/PH group exhibited enhanced iNOS activation not only during the initial
stages of liver regeneration (24 and 48 hours) but also during the remote period
(168 hours). It is known that the release of pro-inflammatory cytokines (TNFa,
IL-6) during the initiation of the regenerative cascade of reactions leads to the
induction of iNOS [2, 3]. Accordingly, at the initial stages of regeneration, the
changes shown probably occur in response to the development of inflammatory
processes after surgical resection. In the remote period, the demonstrated
induction of iNOS in the TI/PH group may be mediated by the occurrence of
oxidative-nitrosative stress.

Regarding the changes in the activity of NO synthase isoforms in the
mitochondrial fraction of liver cells, it is worth noting that in the TI/PH group,
we observed an increase in both c¢cNOS and iNOS throughout the entire
experimental period. The maximum increase in iINOS activity under the
conditions of conducting PH after APAP-induced toxic injury is detected during
the initiation period and the remote period. Excessive generation of NO in
mitochondria at 168 hours after conducting PH, when interacting with O>*-, may
be accompanied by the production of highly toxic ONOO-. The latter is capable
of initiating mitochondrial dysfunction with increased apoptotic or necrotic cell
death [2].

Conclusions. Thus, performing partial hepatectomy after modeling a
toxic injury in the liver of rats is accompanied by a decrease in the activity of
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the constitutive isoform of NO synthase at the initial stages of regeneration (24
and 48 hours) and enhanced activation of the inducible isoform of NO synthase
in the remote period (168 hours).

Konunpuyk I'., Hukonanuyxk 1., Ypcarnii M.
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AHorauisi. Poboma npuceauena oyinyi akmugnocmetl iHOyyubenvHoi ma
KoHcmumymugnoi izogpopm NO-cunmasu 6 yumo3onvHil ma MimoxoHOPIaIbHill
@paxyiax nedinku wypie 3a ymMos8 ayemaminopeH-in0yKoBaHo20 YpariceHHs ma
yacmkoeoi ecenamexmomii. Ilposedennus uacmkosoi cenamexkmomii nicis
MOOEN08AHHS MOKCUYHO20 YPANCEHHs NEeYIHKU WYPI8 CYNPOBOOANCYEMbCS
SBHUNCEHHAM AKMUBHOCMI KOHCMUmymueHoi izogpopmu NO-cunmaszu Ha
nowamkosux emanax pezenepayii (24 ma 48 200) ma nocunenorw’ akmueayicro
iHOyyubenvHoi izoghopmu NO-cunmasu y giodanenuti nepioo (168 200).

KuaruoBi cioBa: Oxcuo azomy, NO-cunmasa, wacmkoga 2enamexkmomis,
ayemaminoghen, nevinka.
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Abstract. Parathyroid carcinoma (PC) is an uncommon malignancy
originated from parathyroid parenchymal cells [I]. The chief method of
treatment is surgery, including parathyroidectomy or block resection of the
parathyroid gland [2]. We represent a case of parathyroid carcinoma in a
patient with primary hyperparathyroidism.

Keywords: endocrine neoplasm, hypercalcaemia, parathyroid
carcinoma.

Introduction. Parathyroid carcinoma (PC) is a most rare endocrine
malignancy. It is a functional tumor that produces an excess of parathyroid
hormone (PTH), which leads to hypercalcemia with high ionised calcium serum
level. The main goal of this effort is to represent clinical manifestation,
diagnosing and treatment of patient with parathyroid carcinoma due to primary
hyperparathyroidism.

Materials and methods. We collected the patient's clinical data, the
results of imaging diagnostics, samples of pathological slides, and the
pathologist's report. We also got access to the notes about surgery course and
findings.

Results and discussion. The case was a 67-year-old male who suffering
from cough and joint pain for about three weeks. Ultrasound imaging of thyroid
(TG) and parathyroid glands (PTG) showed: a cystic lesion size 75 mm having
a septum in the cavity in the right thyroid lobe. Behind the dorsal surface of left
lobe, the hypoechoic mass with a size of 19 mm is detected. Blood test results:
PTH - 292,1 pg/mL, ionised calcium - 1,56 mmol/L, Vit D - 47,5 nmol/L,
Antithyroid peroxidase (ATPO) - 0.2 1U/ml, thyroglobulin antibody (TgAb) -
less than 0.9 ITU/ml.
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Fig. 1. Parathyroid tumor on the section.

The diagnosis was established: Primary hyperparathyroidism, visceral
form. Adenoma of the left lower parathyroid gland. Nodular goiter of the 2nd
grade, euthyroidism. The patient was referred for surgery. Surgery findings:
Right thyroid lobe nodule 80 mm in size. A PTG tumor 25 mm in size (Fig. 1.),
with visual signs of invasion into the tissue of TG, pretracheal tissue and
muscles, into the muscular layer of the oesophagus, into the trachea and into the
recurrent nerve. Surgery outcomes: Left-sided hemithyroidectomy with left
lower parathyroidectomy, right thyroid lobe resection. Pathology report:
Parathyroid carcinoma, signs of extraorganic invasion. Microfollicular thyroid
adenoma. (Fig. 2.)

Conclusions. We report a case of left lower parathyroid gland carcinoma
with primary hyperparathyroidism. The key clinical sighs of parathyroid
carcinoma in our patient were increased PTH and ionised calcium serum level,
invasion of the thyroid gland, surrounding tissue and recurrent nerve [3]. The
only efficient treatment way of PC is surgical removal of a parathyroid gland
tumor.
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Fig. 2. Extraorganic invasion by parathyroid carcinoma (H&E, x10).
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AHorauis. Kapyurnoma napawumonodionoi zanozu (I1IK) - ye piokicha

310AKICHA NYXAUHA, WO NOXO0UMb 3 NAPEHXIMAMO3HUX KIAIMUH
napawumonodionux 3ano3 [1]. OcHosnum memooom NiKY8aHHA € XipypeiuHe
BMPYUAHHA, BKIIOUAIOYU napamupeoioekmomilo abo 610K08Y pe3eKyiio
napawumonodionoi 3anozu [2]. Mu npezenmyemo 6unadox napamupeoionoi
KApYUHOMU Y NAYIEHMA 3 NePBUHHUM 2INepnapamupeo3om.

KnawuoBi cjoBa: enookpurnne HOB0YMBOpeHHS, 2inepKalbyieMisl,

KApYuHoMa napawjumonooionoi 3a103u.
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Abstract. The aim of the work was to investigate the effect of
irradiation with red (660 nm) and blue (450 nm) light on the
photomorphogenesis of the transplanted callus culture of soybean (Glycine max
(L.) Merr.) in vitro. It was shown that the growth of callus tissue is inhibited
during exposure to RL and BL. The prolonged effect of exposure to RL and BL is
expressed in RL inhibition of callus tissue growth and absence of BL exposure,
compared to the control, as well as in stimulation of various pathways of callus
culture morphogenesis in vitro.

Keywords: photobiotechnology, photomorphogenesis in vitro,
photoreceptors, selective light, soybean.

Introduction. Photobiotechnology is a modern branch of
biotechnology that studies the interaction of light with biological systems and
the use of unique properties of light to regulate biological processes. One of the
areas of research is photomorphogenesis - the process of vital activity and
development of plants under the influence of various spectral parameters of
light. Different ranges of light waves have different effects on morphogenetic
processes, and this effect depends individually on the species and variety of
plants. Due to growing demand for sustainable agricultural and biotechnological
products, the study of the main influencing factors - light - on plant
morphogenesis is relevant. The appearance of new lamps - LEDs, which
provide radiation of a certain wavelength - monochromatic (selective) light and
a combination of light lengths. This makes it possible to study the individual
influence of light on the morphogenesis of plants and provide optimal
conditions for their cultivation, became revolutionary [1, 3].

The connecting link between light and morphogenesis is the
photoreceptor system of plants, the components of which are photoreceptors -
specialized light-sensitive proteins. Photoreceptors participate in the initiation
of cascade reactions for the gene regulation of plant life processes [4].
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Nowadays five classes of photoreceptors have been identified: phytochromes,
cryptochromes, phototropins, F-box proteins, and UVRS8 protein.
Photoreceptors also have an influence on other regulatory mechanisms of
plants, which makes it difficult to study the molecular mechanism of their
actions [6, 7].

In vitro culture is the best model system for studying the processes of
plant growth and development. Cells of the callus tissue of higher plants in in
vitro culture, along with the acquisition of new specific properties, are able to
retain the properties characteristic of plants in in vivo conditions. It is known
that phytochrome and cryptochrome systems of plants are involved in the
perception of the photoperiodic signal, and therefore photoperiodically sensitive
groups of plants can be the best system for studying the processes of
photomorphogenesis. Also, the results of research on in vitro cultivation can be
applied to countries with unfavorable climatic conditions to increase the level of
agricultural production [2, 7].

Hence, the aim of our work was to investigate the processes of
photomorphogenesis of the callus culture of the short-day line of soybean under
in vitro conditions under the action of monochromatic blue (450 nm) and red
(660 nm) light spectra.

Materials and methods. The object of the study was a callus culture of
the isogenic line of Clark soybean with a genotype characterized by a short-day
photoperiodic response. Soybean primary callus was obtained through the stage
of aseptic seedlings cultured on Schenk-Hildebrandt hormone-free medium,
after which the explants were passivated on Murashige and Skoog (MS) callus
induction medium with the addition of 5 mg/l 2,4-D. The primary callus was
cultivated for 2 weeks in a thermostat at a temperature of 26 °C. During this
period, the callus was irradiated daily with red light (RL) and blue light (BL) for
15 minutes a day using LED matrices, simultaneously analyzing callus growth
indicators - area, growth rate, and growth. After that, the callus was passivated
on the MS regeneration medium containing 0.5 mg/l IAA and 0.5 mg/l BAP,
and cultivated in the light for a month, analyzing the manifestation of the
morphogenic potential of the control and experimental callus.

The obtained results were processed statistically using the method of
dispersion analysis.

Results and discussion. According to the results, the primary soybean
calluses cultivated in the darkness exhibit typical callus tissue characteristics:
yellowish, amorphous, highly hydrated, fast-growing. During the photoperiod of
RL and BL induction, we measured the growth response indicators of callus
tissue. In our studies, it was demonstrated that the growth and growth rate of
primary callus tissues under the influence of RL and BL were inhibited to the
same extent, compared to the control. Morphologically, the callus tissues after 2



51

weeks of irradiation did not differ from the control - typical, watery, amorphous
masses. The action of BL was distinguished from others, under the action of
which the appearance of centers of mixotrophic areas was observed in the
callus.

The study of the prolonged effect of irradiation was continued during
the passivation of callus tissues on the regeneration medium. During the study
of the effects of RL and BL irradiation on the morphogenetic potential of callus
tissues, we noted such characteristics such as color, the appearance of necrotic
spots, callusogenesis, the appearance of morphogenic structures, and
rhizogenesis. The analysis of the parameters of the growth response showed that
exposure to RL inhibits the growth of callus tissue, compared to the control, and
under the action of BL, the growth rate of callus tissue does not differ from the
control.

Mixotrophic callus was formed during the cultivation of soybean callus
tissue in the light. Activation of the cryptochrome system, which is known to
control the stages of chlorophyll synthesis, stimulated the formation of a bright
green callus, while exposure to RL leads to the appearance of a greenish-brown
color. Prolonged action of BL stimulated the manifestation of various types of
morphogenesis as much as possible. Irradiation of RL also stimulated
morphogenetic reactions of callus tissue, but with a predominance of
callusogenesis processes.

Conclusions. Thus, under in vitro conditions, the influence of
activation of red and blue light photoreceptors on the growth and
morphogenetic characteristics of callus cultures is observed. In the period of
irradiation of RL and BL, a decrease in growth and growth rate of primary
callus tissues is noted, compared to the control. After transfer to the regenerative
nutrient medium, the growth of callus tissue is inhibited due to the activation of
phytochromes under the action of the emergency system and remains at the
level of the control variant under the activation of cryptochromes under the
action of the BL. The prolonged effect of exposure to RL and BL is expressed in
stimulating the manifestation of various pathways of callus culture
morphogenesis in vitro.
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AHortauis. Memow pobomu 6yro oocnioumu 6nIUE8 ONPOMIHEHHS
yepsonum (660 um) ma cunim (450 um) ceéimiom Ha ¢homomopghocenes
nepecadkogoi KantocHoi Kynemypu coi kynomypnoi (Glycine max (L.) Merr.) 6
ymoeax in vitro. byno nokazano, wo npupicm KanoCHOi MKAHUHU 2ATbMYEMbCS
nio uac onpominenns YC i CC. Ilpononeosanuii eghpexm enaugy 4YC ma CC
supasicacmocs y 2anomysanni YC npupocmy KamoCHoOi MKAHUHU i 610CYMHOCMI
enaugy CC, nopieusano 3 KOHmMponem, d MakoxC y CIMUMYTIO8AHHI NPOSBY PIZHUX
WLAXI8 MOp@hoceHe3y KantoCHOI KYIbmypu 8 YMO8ax in Vitro.

KuawuoBi caoBa: gomobiomexnonocis, gomomopgocenes in vitro,
Gomopeyenmopu, cerekmugHe c8imio, cosi KyIbmypHd.
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Abstract. The ability of 60 cultures of marine spore-forming bacteria
to degrade polyethylene was studied. The activity of microorganisms was
evaluated preaccording to formation of clear zone around colonies on LB agar
containing bis(hydroxyethyl)terephthalate (BHET). A total of 24 active strains
were found with the prevalence of species Bacillus subtilis. Strains of Bacillus
reuszeri, Bacillus licheniformis and Priestia megaterium showed the highest
activity.

Keywords: polyethylene terephthalate, biodegradation, spore-forming
bacteria, Black Sea.

Introduction. The problem of plastic pollution is actual and requires
finding new solutions [Sadler et al., 2021]. It is known that microorganisms can
use waste from various industries as substrates for bioconversion and
decompose them into monomers. Therefore, marine spore-forming bacteria
were screened to determine their ability to degrade polyethylene terephthalate.

Materials and methods. The objects of the study were sixty cultures of
spore-forming bacteria isolated from the bottom sediments of the Black Sea. All
studied strains are represented by nine genera. The species affiliation of another
12 strains is unknown.

Cultivation of bacteria was carried out on an agarized LB nutrient
medium with the following composition (g/l): tryptone — 10; NaCl - 5; yeast
extract - 5; agar - 15. 5 mM bis(hydroxyethyl)terephthalate (BHET) was added
to the medium. BHET consists of terephthalic acid and ethylene glycol residues,
that are PET monomers. Therefore, it is convenient to use it to check the
presence of PET hydrolytic activity [Weber et al., 2021].

All cultures were plated in duplicate for each strain. Cultivation was
carried out in incubators with temperature regimes of 30 °C and 37 °C within 1
week.

The ability of the cultures to decompose polymer additive was
evaluated by the formation of a transparent zone around the colonies.
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Results and discussion. The strains were assigned numbers from B1 to
B60. A total of 24 strains showed a positive result. The most active were 6
strains (B1, B8, B10, B12, B16 and B19) with zones of 2 mm and more.
Average activity was shown by three strains (B26, B31 and B33) that formed
zones of 1.5 mm. All other strains showed low activity, forming zones 1 mm or
smaller.

No clear correlation between BHET decomposition and temperature
was found. Fifteen strains degraded BHET at both temperatures, four strains
only at 30 °C, and five strains only at 37 °C. In 10 strains, the activity increased
with increasing cultivation temperature, in 7 — on the contrary, it was higher at
30 °C, in 7 strains it did not depend on temperature.

A total of 21 strains out of 24 active ones belonged to seven species of
microorganisms: Priestia megaterium (3 strains), Shouchella clausii (1 strain),
Brevibacillus reuszeri (1 strain), Bacillus licheniformis (1 strains), Bacillus
subtilis (10 strains), Bacillus atrophaeus (2 strains), Sutcliffiella halmapala (1
strain). The species affiliation of three other strains is unknown.

The highest prevalence of the ability to decompose BHET was found
among representatives of the species B. subtilis and was equal to 83%. But they
showed low activity, the average size of transparent zones did not exceed 1 mm.

Strains belonging to the species B. reuszeri and B. licheniformis
showed an average prevalence of 43 and 50%, respectively. Among the B.
reuszeri strains, one strain (B8) showed high activity, and among the B.
licheniformis strains, two strains (B12 and B19) showed high activity.

P megaterium strains showed a reduced frequency of prevalence
(27%), but at the same time high activity (two active strains B1 and B16). This
bacterium was found in a consortium capable of degrading PET [Taniguchi et
al., 2019]. Results demonstrate that P megaterium decompose PET degradation
products such as BHET.

The species S. clausii, B. atrophaeus and S. halmapala, which were
each represented by one strain, did not show significant activity.

The genus Bacillus is the most widespread degrader among all studied
(3 species and 15 strains). The literature describes the ability of Bacillus to
decompose polyethylene terephthalate, but with low activity, which is
confirmed by experimental data.

Conclusions. The ability of marine spore-forming bacteria to
decompose polyethylene terephthalate was proven, activity was shown by 24
strains out of 60. Six strains showed high activity.

No clear dependence was found between the activity of enzymes that hydrolyze
BHT and the temperature regime.

Five genera of bacteria (Priestia, Shouchella, Bacillus, Sutcliffiella and

Brevibacillus) have been shown to be capable of degrading



55

bis(hydroxyethyl)terephthalate. Representatives of the Bacillus subtilis species
(ten strains) were most often found among the active cultures, but none of them
showed high activity.
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AHoTauia. /focnidoceno s30amuicms 60 Kyibmyp MOpPCbKUX
cnopoymeopioouux bakxmepiti 0o oecpadayii noriemunenmepegpmanamy (I1ET).
Axmuenicme MIKpOOpeaHizmie OYIHIOBANU 34 YMEOPEHHAM NpPO30pUX 30H
HABKONO KONOHIU Ha cepedosuwi LB 3 6Oic(eiopokciemun)mepedpmanamom
(PI'ET). Busgneno 24 axmusHux wmamu, Oilbuicms AKUX HALEHCAMb 00 8UOY
Bacillus subtilis. Hatieuwyy akxmusnicme npossunu xyremypu Bacillus reuszeri,
Bacillus licheniformis ma Priestia megaterium.

KawuoBi caoBa: noriemunenmepegpmanam, 6iodeepaoayis,
cnopoymeopioioui baxmepii, Yopne mope.
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Abstract. Epstein-Barr virus (EBV) is one of the most widespread
viruses in the human population. It is associated with many lymphoproliferative
disorders when it is in the latency state, but none of the drugs affect this state of
infection.

In this work was researched the cytotoxicity effect of nanocomposites
with silver on a model of EBV-associated B-cell lymphoma in the latent and
Iytic states. Besides this, we also analyzed the effect of the tested nanoparticles
on the mitochondrial activity and the state of the lysosomal system.

Cytotoxicity study showed the most inhibition of cell culture viability by
nanocomposites in the highest tested concentration as well as determination of
mitochondrial. A study of the lysosomal system showed increasing lysosomal
activity by nanocomposites in low concentrations. This effect was observed only
for nanocomposites with Ag from what can be concluded, that these
nanocomposites potentially can affect the EBV in vitro.

Keywords: Epstein-Barr virus, nanocomposites, cell culture,
cytotoxicity.

Introduction. Epstein—Barr virus (EBV) is a human y-herpesvirus that
infects up to 95% of the adult population. The latency state of EBV is associated
with lymphoproliferative disorders such as Burkitt’s lymphoma, Hodgkin’s
lymphoma, and other oncological diseases while the lytic cycle is needed for
virus replication.

Although some antiviral agents proved to be effective inhibitors of EBV
replication in vitro and were used experimentally, none of them received
approval by the FDA (Food and Drug Administration) or EMA (European
Medicines Agency) for the treatment of EBV infections [1]. Moreover, none of
the drugs affect latent infection, which is dependent upon persistent EBV
episomes [2].
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Materials and methods. This work aimed to study the cytotoxicity of
three nanocomposites based on La and Ce oxides alloyed by Ag (La;03-CeOo,
Ce02-Ag>5% and Lax03-Ag>5%) on a model of EBV-associated B-cell
lymphoma. Oxides synthesis was performed in Institute for Problems of
Materials Science NAS of Ukraine [3]. Cell line B95-8 was used in the
experiment as a model of the virus latency state. Sodium butyrate (BioFroxx,
Germany) was added to the same cell line for modeling the lytic cycle. Each
nanocomposite was irradiated with a bactericidal irradiator (BactoSfera,
Ukraine) with wavelength 253,7 nm for 15 and 30 minutes. Also, non-irradiated
nanocomposites were used as a control. In the course of the research, we
analyzed the effect of the tested nanoparticles on the proliferative activity of
cells with the detection of membrane permeability (0.4% trypan blue, BioFroxx,
Germany), determination of mitochondrial activity (MTT, Sigma, USA), and the
state of the lysosomal system (neutral red, Thermo Scientific, Germany).

Results and discussion. Cytotoxicity study (based on the trypan blue)
showed the most inhibition of cell culture viability by nanocomposites in the
highest tested concentration of 1000 ug/ml (cell viability ranged from 0,0 to
31,16%). The mitochondrial activity also was inhibited by nanocomposites in
concentration 1000 pg/ml and was equal from 5,84 to 27,25%. A study of the
lysosomal system showed increasing lysosomal activity by nanocomposites in
low concentrations (1-100 pg/ml). This effect was observed only for
nanocomposites with Ag that were irradiated for 30 minutes and non-irradiated
ones. It should also be noted that mitochondrial and lysosomal activities were
generally higher in the case of lytic infection compared to the latent one. Based
on the increasing of lysosomal activity, it can be assumed that the
nanocomposites with Ag can affect the virus, because of the possibility of the
EBYV to reduce autophagy [4].

Conclusions. Considering the results, it can be concluded that the
nanocomposites of La and Ce oxides alloyed by Ag potentially can affect the

EBV in vitro based on the results of the lysosomal activity study.
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Anoranisti. Bipyc Enwmeiina-bapp (BEB) € oonum i3 navnowupeHiuiux
gipycie cepeo nwodet. Lle nose’si3ano 3 6eAUKOW KIAbKICMIO
JimghonponichepamusHux po3nadis, AKi UKIUKAIOMBCSA GIPYCOM 8 NAMEeHMHOM)
CMaHi, OOHAK JHCOO€EH i3 npenapamis He NIUBAE HA Yell CMaH IHGeKyil.

Y pobomi 6yno oOocniodxceno yumomokcuyHy Oil0 HAHOKOMNO3UMIG 3i
cpibnom na mooeni BEB-acoyitiosanoi B-knimunnoi aimgomu 6 namenmuomy
ma aimuynomy cmauax. Kpim yvoco, mu makodic npoawanizyeaiu 6nius
00CNI0NCYBAHUX HAHOYACMUHOK HA AKMUBHICMb MIMOXOHOPI ma CmMaH
JI30COMANLHOIL cUCmeMmu.

Jocniooicenns yumomoxcuuHocmi NnOKa3zano Haubinbue NpUueSHiYeHHs
AHCUMMEZOAMHOCMI  KAIMUHHOT KYIbMYPU HAHOKOMNO3UMAMU YV HAUBUWTU
00CNIOJICeHIll KOHYeHmpayii, max camo 5K i NpucHideHHs MImoXOHOPIiaibHOI
akmueHocmi. J[oCniOdCeHHs Ni30COMANbHOL cucmemu NOKA3AN0 NiO8UUEeHHS
JII30COMANbHOI AKMUBHOCMI HAHOKOMNO3ZUMAMU Y HU3bKUX KOHYeHmpayisax. Lleu
epexm cnocmepicages uuie Ol HAHOKOMNO3UmMie 3 Ag, 3 4020 MOXMCHA
3poOUmMU BUCHOBOK, WO BOHU NOMEHYTUHO MOodCymb enaueamu Ha BEE in vitro.

Kurouosi caoBa: gipyc Enwumetina-bapp, nanokomnosumu, Kyismypa
KAIMUH, YUmomoKCUYHICMb.
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Abstract. This report provides an overview of the recent advances in
the study of biosurfactants (BSs), surface-active metabolites produced by
bacteria. These metabolites have gained significant attention due to their
biodegradability, low toxicity, and potential for production from renewable and
cheaper substrates. The report focuses on marine BSs, highlighting their
sources, characterization, and potential biotechnological applications. The
research on BSs is still evolving, with promising results obtained from marine
resources in terms of BS chemical diversity, effectiveness, and microbial
production capacity. The report concludes by highlighting the potential of
marine bioprospecting and blue biotechnology as promising areas for future
research and applications.

Keywords: biosurfactant, bacteria, biotechnology, aquatic
environment.

Introduction. Through the process of evolution, bacteria have adapted
to survive by creating and utilizing surface-active products that facilitate the
adsorption, emulsification, wetting, dispersal, and solubilization of water-
immiscible compounds. Because of their biodegradability, low toxicity, and
capacity to be synthesized from less expensive and renewable substrates,
surface active metabolites, or BSs, have drawn a lot of attention in this context.
As a result, they have gained an important ecological role due to their structural
and functional diversity as well as their potential for multidisciplinary
applications in the environmental and industrial fields [1].

Results and discussion. Bacterial secondary metabolic products, or
BSs, have hydrophobic end groups and hydrophilic water soluble ends that
allow them to show their surface and emulsifying properties. A range of yeasts,
bacteria, and filamentous fungi produce them either outside the cell or as a
component of the cell membrane from a number of substrates, including sugars,
oils, alkanes, and waste products [2]. There are three main steps to investigating
the production of BS from microorganisms: isolating potential BS producers;
screening for BS production; and extracting and purifying the product, which is
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occasionally enhanced by chemically characterizing molecules. These
investigations are becoming more and more common. Fish from the Indian
Ocean, sponges, sea pens, polychaetes in the Mediterranean Sea as sources of
BS producers with ideal potentialities have all been identified [3].

One common property shared by BSs is their ability to relax or
decrease surface tension, which promotes solubility and allows BSs to interact
with interfaces that regulate bacterial adhesion and detachment. Together with
the ability to remove contaminants, all of these characteristics give BS
antibacterial, antifungal, and antiviral effects [4].

The class of glycolipids has been extensively researched in the marine
environment because a large range of bacteria isolated from different marine
matrices, including fish gut, sea pen Pteroeides, and annelida, as well as
polluted soils (Arctic and Antarctic sediments), produce them [5].

The diverse roles that biosurfactants play are frequently exclusive to the
physiology and ecology of the microorganisms that create them. As previously
said, one of the most fascinating roles from an environmental perspective is
illustrated by the wvarious tactics used by microbes to improve their
bioavailability and accessibility to hydrophobic substances as a source of
carbon. A suggested mechanism for the incorporation of hydrocarbons into the
hydrophobic core of the BS micelles is presented. This process, known as
"micelle solubilization," was investigated using alkanes as model substrates [6].
It has been observed that strains of the Mediterranean Sea connected to
Rhodococcus spp. can lower surface tension when oily substrates are present.
The isolated beta-carotene synthases (BSs) have also been shown to be the best
enhancers for the biodegradation of n-hexadecane and tetradecane [7].

The best option for oil removal was found to be a glycolipidic
biosurfactant with a 45% removal capacity that is produced by the
Mediterranean Bacillus spp., a bacteria that is connected with coral. It has been
demonstrated that marine-derived lipopeptides and glycolipids are effective
against a variety of bacterial infections [8]. In fact, the lipopeptide generated by
N. alba that was isolated from the Indian Ocean shown antibacterial action
against B. subtilis, C. albicans, and E. faecalis. Certain microbes have the
ability to control the characteristics of their cell surface using their BS, allowing
them to adhere to or separate from surfaces as needed. It's interesting to note
that P. aeruginosa ATCC10145, which was isolated from the Gulf of Mannar,
exhibits suppression of biofilm formation; this appears to be related to BSs
generated by strains linked to coral mucus [3, 8].

Furthermore, it has been discovered that rhamnolipids play a new role
in the induction of defense responses in plants and animals. Specifically, it has
been shown that rhamnolipids directly operate as a biocide on bacteria and
fungus, and they also make some Gram-positive and Gram-negative bacteria
more vulnerable to certain antibiotics [2].
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Conclusions. The field of BS research is still developing and needs a
lot of improvement in a number of areas. The outcomes from marine resources
over the past few decades are highly promising in terms of microbiological
production capacity, BS effectiveness, and BS chemical diversity. Blue
biotechnology and marine bioprospecting are study fields that merit attention,
should be investigated, and have the potential to yield important discoveries and
practical uses for people [1].
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AHoOTaWis. ¥V oarnomy 38imi npedcmaesnierHo 02110 OCMAHHIX OOCACHEHb
V BUBYEHHI OION0BEpPXHeB80-AKMUBHUX peuosun (0io-I1IAP), nosepxneso-
aKmusHUx memabonimis, wjo eupoobnsaromvcsa Oaxmepiamu. L[i memabonimu
NPUBEPHYIU 3HAYHY Y8a2Y 3AB0AKU 30aMHOCMI 00 0ION02IUHO20 PO3KIAO0AHHS,
HU3bKOI MOKCUYHOCMI mMa NOMeHYIany 6upoOHUYmMea 3 GIOHOBIIOBAHUX |
Oeutesuiux cyocmpamis. [{onogiov npucssuena mopcokum 6io-11AP i euceimuaroe
ix Ooicepena, xapakmepucmuku ma HNOMeHYiUHe KONO 3aACMOCYBAHHSL.
Jocniooicenns 6io-IIAP 6ce we pozeusaromuvcs i maioms 6a2amoodiysroui
pesynomamu. Ocobnueo ye cmocyemvcs 0io-1IAP, ompumanux 3 MOpcoKux
pecypcie, ix XimiuHoeo pizHOMaHimms, e@ekmusHocmi ma MIKpoOHOT
npoodykmuernocmi. 36im 3asepulyemuvcs NIiOKPeCieHHAM 3HAYYUWOCmI
nomeHyiaily Mopcobkoi 0I0po38iOKU ma OraKxumuoi OiomexHonolii 5K
nepcnekmusHux ooracmeil 0t MAuOYmMHIx 00CIIONHCEHb | 3aCMOCYBAHD.

KurouoBi caoBa: biocypghakmanm, 6akmepii, 6iomexnonozis, 600ue
cepedosuuye.
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Abstract. The development of microbial preparations based on
antagonistically active strains of microorganisms is a very promising direction
in the fight against pathogens of fusarium head and grain of wheat and barley.
The aim of work was to study the effect of extracted secondary exometabolites
of Streptomyces ambofaciens ONU 561 on phytopathogenic micromycetes.
Extracted secondary exometabolites of strain S. ambofaciens ONU 561 in
concentrations of 25 ug/mli, 50 ug/mli, 100 ug/ml, 250 ug/mi, 500 ug/mi, 1000
ug/ml were applied in 5 ul on sterile discs. To study the effect of extracted
exometabolites on collection strains of micromycetes and Fusarium oxysporum
strains isolated from infected wheat and barley plants, Petri dishes with
Sabouraud's agar medium with glucose were inoculated. After that, disks
soaked extracted exometabolites, in working concentrations, were placed on the
inoculations. The results were recorded every day for 10 days, measuring the
sizes of the zones of no growth of micromycete strains around the disks. Both
collection strains of micromycetes and phytopathogenic strains of F. oxysporum
were sensitive to extracted secondary exometabolites of S. ambofaciens ONU
561. The zones of no growth of micromycete strains varied widely and depended
on the micromycete strain, the exometabolite concentration and the term of
registration of the results. The minimum inhibitory concentrations (MIC) of the
extracted secondary exometabolites, which inhibited the growth of the
micromycete collection strains, were 100 — 250 ug/ml, the phytopathogenic F.
oxysporum strains were higher and were at least 250 ug/ml. The presence of
compounds with antimycotic activity in the pool of extracted secondary
exometabolites allows to recommend strain S. ambofaciens ONU 561 for a more
detailed study of the possibility of its use to create antimycotic preparations for
agriculture.

Keywords: Streptomyces ambofaciens ONU 561, extracted secondary
exometabolites, phytopathogenic micromycetes, inhibitory influence.
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Introduction. Currently, among the diseases of cereal crops, the most
dangerous is fusarium head and grain blight. Despite the fact that a large
number of studies have been devoted to the study of this disease, this problem
still cannot be considered solved. Unlike other grain diseases, fusarium head
blight leads, in addition to a decrease in yield, to a change in grain quality. The
development of pathogens leads to the accumulation of mycotoxins in the grain,
which are dangerous to human and animal health [1, 2].

The disease is caused by a complex of fungi of the genus Fusarium,
which are characterized by high polymorphism, ecological plasticity and rapidly
developing resistance to fungicidal drugs [3].

Therefore, the development of strategies to combat fusarium pathogens
remains very relevant. One of the promising and perspective direction is the
biological method of control, which involves the development and creation of
microbial preparations based on strains of microorganisms antagonistically
active against Fusarium [4].

In this regard, the aim of this work was to study the effect of extracted
secondary exometabolites of Streptomyces ambofaciens ONU 561 on
phytopathogenic micromycetes.

Materials and methods. The object of investigation was the strain
Streptomyces ambofaciens ONU 561, isolated from mussel shells (Mytilus
galloprovincialis) in 2020. According to the results of determining the effect on
indicator gram-positive and gram-negative bacteria and the yeast-like fungus
Candida albicans ATCC 18804, this strain was selected as one of the most
antagonistically active [5, 6]. In addition, strain S. ambofaciens ONU 561
showed high activity against collection strains of micromycetes [6, 7] and
phytopathogenic micromycetes isolated from infected wheat and barley plants
[7].

For further research, including the study of antagonistic properties, this
strain of streptomycetes is supported on Gause 2 medium.

To obtain secondary exometabolites, S. ambofaciens ONU 561 was
grown in TSB medium on a rotary shaker at 180 rpm for 3 days at 28 °C. After
that, the SG medium was inoculated with the grown culture in a seed dose of 1
— 2 ml. Cultivated on a rotary shaker at 180 rpm at 28 °C for 7 days. Further
manipulations for the isolation (extraction) of secondary exometabolites were
carried out according to [6, 8].

The extracted secondary exometabolites were dissolved in
dimethylsulfoxide (DMSO, Gaylord Chemical Corp., USA) at a concentration
of 100 mg/ml to transfer from the dried state to the liquid state. Working
solutions in concentrations of 25 pg/ml, 50 pg/ml, 100 pug/ml, 250 pg/ml, 500
ug/ml, 1000 pg/ml were prepared using sterile distilled water. After that, they
were sterilized using membrane filters (pore diameter 0.22 um, Millex Syringe
Filter Unit, Millipore Corp.) and applied 5 pl to sterile discs (5 mm) to
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determine their inhibitory effect on micromycetes collection strains and on
Fusarium oxysporum strains (n=30) isolated from infected wheat and barley
plants. Micromycete strains were prepared for the experiment as described in
[7]. Disks soaked extracted exometabolites in working concentrations were
placed on Petri dishes with Sabouraud's glucose agar medium, inoculated with
the appropriate micromycetes strain. The study of the effect of extracted
exometabolites was carried out by cultivating inoculations at 28 °C. The results
were recorded every day for 10 days, measuring the sizes of the zones of no
growth of micromycetes strains around the disks. It was considered that the
concentration at which the growth of the studied micromycetes strain was not
observed is the minimum inhibitory (suppressive) concentration (MIC). The
controls were the inoculation of micromycetes strains on Sabouraud's glucose
agar medium, as well as the inoculation of these strains on the specified
medium, on which disks soaked DMSO at a concentration of 500 pg/ml were
placed.

The study was conducted three times. To analyze the obtained results,
descriptive statistics were carried out using the Microsoft Office Excel-2016
program.

Results and discussion. The S. ambofaciens ONU 561 strain exhibits
pronounced antagonistic activity against a wide range of proto- and eukaryotic
microorganisms when pre-cultivated on nutrient media of different composition
[5 — 7]. However, as evidenced by the data of many publications of specialized
scientists, extracts from the biomass of actinobacteria can show different
antagonistic activity, which is explained by the unequal composition of exo- and
endometabolites [9, 10]. Therefore, in this study determined the antagonistic
effect of extracted secondary exometabolites on micromycetes collection strains
and on Fusarium oxysporum strains isolated from infected plants.

Both collection strains and strains of F. oxysporum isolated from
infected plants were sensitive to extracted secondary metabolites of S.
ambofaciens ONU 561. The zones of no growth of micromycete strains varied
widely and depended primarily on the micromycetes strain, the exometabolite
concentration and the term of registration of the results, which does not
contradict the data of similar studies [11 — 13].

So, for example, the collection strain F. oxysporum UKM F-54201
showed sensitivity to streptomycete exometabolites at a concentration of 250
ug/ml already on the 3rd day of observation, the zone of no growth of its growth
was 6.33 = 0.02 mm. At the same time, increasing the concentration to 1000 pg/
ml did not lead to an earlier manifestation of the activity of exometabolites,
which is associated with the growth rate of this micromycete strain, but affected
the size of the zone of no growth, which was 7.66 + 0.02 mm per 3 days. At the
end of the observation period (10 days), under the influence of this
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concentration of exometabolites, the zone of no growth increased and reached
10.0 £ 0.01 mm.

Among the collection strains, the most sensitive to exometabolites of S.
ambofaciens ONU 561 was the strain Alternaria alternata UKM F-16866.
Already on the second day of observation, the zone of absence of its growth was
6.66 = 0.02 mm under the action of extracted substances at a concentration of
100 pg/ml.

The MIC of exometabolites of the studied streptomycete was 100 ug/ml
against Aspergillus flavus UKM F-3023, Alternaria alternata UKM F-16866
and Penicillium expansum UKM F-575. As for other collection strains of
micromycetes, this indicator was 250 pg/ml.

F. oxysporum strains isolated from infected wheat and barley plants also
showed different sensitivity to the extracted secondary metabolites of S.
ambofaciens ONU 561. As in the case of the collection strain F. oxysporum
UKM F-54201, the antagonistic effect of exometabolites was noted starting
from the 3rd day. Zones of no growth ranged from 6.33 £ 0.02 mm to 15.0 +
0.01 mm, depending on the strain of isolated fusarium, the concentration of
exometabolites, and the term of registration of the results.

Compared to the collection strains, the MICs that inhibited the growth
of phytopathogenic Fusarium were higher and amounted to at least 250 pg/ml.
For half of the isolated strains, the MIC was 500 pg/ml. In most cases, the best
inhibitory effect, manifested in the size of the zones of no growth, was recorded
on the 4th — 5th day of registration of the results without significant changes at
the end of the observation term.

Conclusions. The extracted secondary exometabolites of S.
ambofaciens ONU 561 show a pronounced inhibitory influence on
micromycetes of collection strains and F. oxysporum strains isolated from
infected wheat and barley plants, which indicates the presence of substances
with antimycotic activity in the pool of extracts. Strain S. ambofaciens ONU
561 can be recommended for further research on the possibility of using it to
create antimycotic preparations for agriculture.
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AHoTanisn. Po3pobrxa MmikpobHux npenapamié HA OCHOGI
AHMACOHICMUYHO AKMUBHUX WMAMIE MIKPOOpP2aAHI3Mi8 € 00CUMDb
NEePCHeKMUBHUM HANPAMKOM ) 60pombOi 3i 30yOHuUKamu gyzapio3y xKoroca ma
3epHa nweHuyi ma sAumento. Memorw pobomu 6yr0 6uguumu GniuU8
eKCmpazo8aHux 6MoOpUHHUX ex3omemabonimie Streptomyces ambofaciens ONU
561 ma Gimonamoecenni mikpomiyemu. Excmpacosani 8mopunHi
exzomemaobonimu wmamy S. ambofaciens ONU 561 y konyenmpayiax 25 mke/
ma, 50 mxe/mn, 100 mxe/mn, 250 mxe/mn, 500 mxe/mn, 1000 mxe/mn Hanocuau no
5 wmrn na cmepunvni Oucku. [ 00CAIOMNCEHHA 6NAUy eKCMmpaco8aHux
eK3oMemabonimié KoAeKYIUHUMU WmMmamMamu MIiKpomiyemie 1 wmamamu
Fusarium oxysporum, uointeHumu i3 ypax)ceHux pOoCiuH NuleHuyi i siUMeHio,
iHokynoeanu yawxu Ilempi i3 acapuzoeanum cepedosuwgem Cabypo 3
enwkosoro. llicna yvoco Ha nociéu Hakaaoaiu OUCKU, NPOCOYEHI
eKCmpazo8anumu exksomemaovonimamu y pobouux KoHyenmpayisx. QOnix
pe3yibmamis nposoounu wjooHs npomseom 10 0i6, eumipoouu po3mipu 30H
8IOCYMHOCMI pOCMY WMAMi8 MIKpoMiyemie HA8KoNO Ouckie. I Konekyitini
wmamu Mikpomiyemis, i ¢imonamoeenui wmamu F. oxysporum 6us8umucs
YYmMausUMu 00 eKCmpazo8aHux 8MOPUHHUX ek3omemabonimie S. ambofaciens
ONU 561. 3onu giocymuocmi pocmy wmamie MIKpOMiyemie KOIUBAIUCA )
wupokomy 0ianaszoni i 3anedxcaiu 6i0 wmamy MIKpomiyemy, KOHYeHmpayii
ekzomemabonimy i mepminy 001Ky pezyiomamis. Minimanvui iH2iOYIOUI
konyeumpayii (MIK) excmpacosanux 6mopunHux exk3zomemaobonimis, sKi
NPUSHIYY8AIU PICM KOLEKYIUHUX umamie mikpomiyemis, cmarnosuiu 100 — 250
MK2/M, pimonamozennux wmamie F. oxysporum O6ynu euwumu i cmaHo8uiu He
menwe 250 mxe/mn. Hasaeuwicmv y nyni ekcmpaco8anHux 6mMoOpPUHHUX
eK3omemaoonimie pevosuH 3 AHMUMIKOMUYHON AKMUBHICMIO 00360J5€
pexomenoyeamu wmam S. ambofaciens ONU 561 ons nooanvuux 00cniodiceHs
WOO0O MONCTUBOCMI BUKOPUCMAHHA 1020 Ol CMBOPEHH AHMUMIKOMUYHUX
npenapamis 0Jisl CIIbCbKO20 20CN00apCcmad.

KuawuoBi cioBa: Streptomyces ambofaciens ONU 561, excmpazcogatni
BMOPUHHI eK30Memabonimu, QimonamozenHi MiKpomiyemu, NpucHidy8anbHull
BNJIUG.
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Abstract. Culture liquids of marine lactobacteria containing organic
acids and CFS of Enterococcus italicus ONU 547 with bacteriocins were
obtained. The antiproliferative activity of the metabolic products of
lactobacteria isolated from the Black Sea was shown and it was found that all of
the studied strains, both from water and mussels, inhibited the growth of human
laryngeal adenocarcinoma Hep-2 cells in 25-65%.

Keywords: marine lactobacilli, metabolic products, bacteriocins,
antiproliferative activity.

Introduction. Cancer is currently one of the leading causes of death
worldwide, with 19.3 million new cases and nearly 10 million deaths in 2020
[4]. Conventional treatment includes surgery, radiation therapy, and drug
therapy, but they often damage healthy cells and organs [1]. Lactic acid bacteria
(LAB) are of considerable interest for research in the field of oncology for
development of alternative methods of cancer treatment. The aim of this work
was study of antiproliferative activity of marine lactobacteria with
biotechnological potential.

Materials and methods. The strains Enterococcus W1.1, Enterococcus
W2.3, Lactobacillus W2.4, and Enterococcus M7.2, which were isolated from
Black Sea water and mussels, were used. Hep-2 cell culture (human laryngeal
adenocarcinoma) was grown in DMEM medium. Bacterial cultural liquids
containing antiproliferetive metabolites were obtained by standard methods and
to test for the presence of bacteriocins in them the agar well diffusion assay was
used with Lactobacillus sakei subsp. sakei JCM1157 as an indicator strain [3].
Antiproliferative activity against Hep-2 was determined by the optimized
microplate calorimetric method [2].

Results and discussion. It was established that organic acids, but not
bacteriocins, were present in the culture liquids of marine lactobacteria when
tested by agar well diffusion assay. Using the optimized microplate method
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with 1:10 ratio of supernatants and cancerous cells we studied the
antiproliferative activity of supernatants of marine LAB with an initial pH value
(4.24-4.95) and adjusted to pH 7. Our results showed that both types of
supernatants of all the studied strains had an inhibitory effect on Hep-2 cells.
Indeed, supernatants metabolites with a neutral pH of Enterococcus W1.1 strain
reduced the number of cancerous cells in 47% compared to the control (MRS
medium), while Enterococcus W2.3 — in 36.7%, Enterococcus M7.2 — in 37.3%,
and Lactobacillus W2.4 — in 25%. According to the literature sources,
lactobacteria can secrete a wide range of antitumor compounds, including
bacteriocins, nucleic acids, and exopolysaccharides [1; 5; 6].

At the same time, the antiproliferative activity was more expressed by
supernatants with low pH due to the presence of organic acids. Thus, the
decrease of the cell number under the effect of supernatants with the initial
(acidic) pH of Enterococcus W1.1, Enterococcus W2.3, Enterococcus M7.2,
and Lactobacillus W2.4 strains was in 65%, 58.3%, 45.3%, and 40%,
respectively. The conducted studies have shown that among the microbiota of
the Black Sea there is a significant number of LAB strains with high
antiproliferative activity. Therefore, the Black Sea is a promising source of LAB
producing antitumor metabolites. These antiproliferative substances may have
the potential to be used for development of new antitumor drugs for modern
medicine.

Conclusions. All the tested strains, both from seawater and mussel
liquor, inhibited the growth of human laryngeal adenocarcinoma cells Hep-2
with activity ranging from 25% to 65%. The strains Enterococcus W1.1 and
Enterococcus W2.3 from the Black Sea water were the most effective.

[Terpenxo K., SApona Jl., LIeksosa O., ['opmikosa O., I'ynzenko T., Mepimiu A.
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MOJIOYHOKHUCJNX BAKTEPIH 13 BIOTEXHOJIOT TYHUM
HOTEHIIAJIOM

Ooecvruil nayionanvruil yrisepcumem imeni 1. 1. Meunukosa,
syn. [eopancvka, 2, m. Odeca, 65082, Vkpaina,
e-mail: andriymerlich@gmail.com
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aakmobdaxkmepil, wo micmams opeaniuni kuciomu ma HOP Enterococcus
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NpUSHiYyoms picm KIimuH adeHoKapyuHomu eopmani moounu Hep-2 na
25-65%.

KuarwuoBi caoBa: mopceki naxmobakmepii, npooykmu memabonizmy,
baxmepioyuru, aHmunpoighpepamueHa aKmueHicmb.

References

1. Abd El Ghany K.A. Potential role of Lactobacillus acidophilus L A1 and
its exopolysaccharides on cancer cells in male albino mice / K.A. Abd El
Ghany, R. Hamouda, E. Abd Elhafez, H. Mahrous // Biotechnol.
Biotechnol. Equip. —2015. — Vol. 29. — P. 977-983.

2. Abdelfattah M.S. Isolation and characterization of marine-derived
actinomycetes with cytotoxic activity from the Red Sea coast / M.S.
Abdelfattah, M.1.Y. Elmallah, U.W. Hawas, L.T.A. El-Kassema, M.A.G.
Eid // Asian Pacific Journal of Tropical Biomedicine. — 2016. — V. 6(8). —
P. 651 — 657.

3. H-Kittikun A. Bacteriocin-producing Enterococcus faecalis KT2W2G
isolated from mangrove forests in southern Thailand: Purification,
characterization and safety evaluation / A. H-Kittikun, B. Vanessa, El.
Shady et al. // Food Control. —2015. — V.54. — P. 126—134.

4. Sung H. Global cancer statistics 2020: GLOBOCAN Estimates of
incidence and mortality worldwide for 36 cancers in 185 countries / H.
Sung, J. Ferlay, R.L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal,
F. Bray // CA: A Cancer Journal for Clinicians. — 2021. — V. 71. — P. 209 —
249.

5. Paiva A.D. Toxicity of bovicin HC5 against mammalian cell lines and the
role of cholesterol in bacteriocin activity / A.D. Paiva, M.D. de Oliveira,
S. O. de Paula, M.C. Baracat-Pereira et al. / Microbiology. — 2019. — Vol.
158. — P. 2851-2858.

6. Zhang C. The effects of nucleic acids from lactobacillus fermented filtrate
on anti-tumor and immunological function in tumor-bearing mice / C.
Zhang, S. Wen, L. Tang // Chin. J. Microecol. — 2011. — Vol. 23. — P. 577
581.



73

UDC 579.262
Merlich A., Kalnytska O., Dema M., Matkovska A.

CHARACTERIZATION OF LACTIC ACID BACTERIA ISOLATED
FROM ODESA ESTUARY OF BLACK SEA

Odesa I. I. Mechnikov National University,
Dvorianska str., 2, Odesa 65082, Ukraine
e-mail: andriymerlich@gmail.com

Abstract. The number of lactobacteria in water and mussels of Black
Sea collected in the winter period was determined. Preliminary identification of
strains was carried out by studying cell morphology, Gram reaction, catalase
activity, and cultural characteristics. According to the results of the PCR
analysis, it was determined that 87.5% of the investigated strains of LAB of
marine origin belong to the genus Enterococcus. It was found that most of the
studied strains did not show inhibitory activity against each other, except for
Enterococcus W1.4, Enterococcus WI.5, which inhibited the growth of the
indicator strains.

Keywords: lactic acid bacteria, mussels, marine sources,
lactobacteria, Enterococcus.

Introduction. Lactic acid bacteria (LAB) are a diverse group of
industrially important and safe microorganisms [2]. Since marine lactobacteria
live in extreme and stressful conditions, they can become a rich source of new
antimicrobial peptides that can be effective drugs for medicine and veterinary
medicine [4].

The aim of the work was to characterize the strains of lactobacteria
isolated from the Odesa estuary of Black Sea.

Materials and methods. LAB were isolated from mussels (Mytilus
galloprovincialis Lam.) and water of Black Sea by inoculating on MRS
medium with a neutral and slightly acidic pH. Standard microbiological
methods were used to obtain pure cultures, to describe their cultural,
morphological, tinctorial, and biochemical characteristics [1]. Isolation of
DNA was performed by the heat lysis method and identification of the strains —
by genus-specific PCR [3, 5].

Results and discussion. Eight new strains of lactobacteria were
isolated from Black Sea: six strains from seawater and two — from mussels.
LAB were present in small quantities in the examined samples taken in the
winter. Thus, in 1 ml of mussel liquor, only 2x10 CFU of LAB were found,
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which made up 0.4% from the total microbiota, while in 1 ml of water —
4.8x102 CFU.

The growth ability of seven studied strains in the presence of 6.5%
NaCl, as well as the established other cultural and morphological
characteristics, suggested their belonging to the genus Enterococcus, which
was further confirmed by genus-specific classical PCR.

We also studied the interactions of the selected strains with each other
and with the indicator strain L. sakei subsp. sakei JCM1157. It was established
that the isolated strains Enterococcus W1.1, Enterococcus W1.2 and
Enterococcus W1.3 showed antagonistic activity only against L. sakei subsp.
sakei JCM1157, which can indicate their ability to produce bacteriocins.
Bacteria of Enterococcus W1.5 and Enterococcus W 1.4 strains showed a high
level of antagonistic activity against many other LAB strains, which can be a
consequence of production of organic acids as factors of  non-specific
antagonism [1].

Conclusions. Water of Black Sea contained 4.8x102 CFU/ml of
bacteria of the LAB group, and the liquor of mussels — 2x10 CFU/ml. Seven
out of eight strains (87.5%) were identified as members of the genus
Enterococcus.

Mepmiu A., Kanpaunpka O., Jlema M., MaTkoBcbka A.
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Abstract. The Bacillus subtilis 200 strain, isolated from a sample of
bottom sediments of the anaerobic zomne of the Black Sea, demonstrated
antagonistic activity against Pseudomonas aeruginosa, Escherichia coli,
Salmonella enterica, Klebsiella pneumoniae and Bacillus subtilis, especially
high against Proteus vulgaris, Staphylococcus aureus, Bacillus cereus and
Candida albicans. After analyzing the genome of Bacillus subtilis 200 on the
antiSMASH server, 15 regions were identified in which secondary metabolites
are produced. Most of the clusters belong to the NRPS and PKS type. This
strain is capable of synthesizing a variety of secondary metabolites such as
terpenes, glycocins, metallophores, subtylosin-A, taililanstatin A, bacillisin, and
surfactin.

Thus, the Bacillus subtilis 200 strain produces many secondary
metabolites with a wide spectrum of biological activity, which can be used in the
production of new drugs.

Keywords: biosynthetic gene clusters, secondary metabolites, Bacillus
subtilis.

Introduction. It is known that bacilli produce a wide range of different
secondary metabolites, including polyketides, lipopeptides, fatty acids,
macrolactones, lipoamides, polypeptides, isocoumarins and carotenoids. Due to
this diversity, secondary metabolites of marine bacilli can be used in many areas
of human activity.

However, some of the gene clusters that produce secondary metabolites
can be activated only under extreme conditions, such as high salinity and pH, or
at low temperatures. That is why marine bacilli are currently one of the most
interesting objects for research in the field of biotechnology.

Materials and methods. Strain Bacillus subtilis 200 was isolated from
a sample of bottom sediments from the anaerobic zone of the Black Sea at a
depth of 1537 metres and demonstrated antagonistic activity against
Pseudomonas aeruginosa, Escherichia coli, Salmonella enterica, Klebsiella
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pneumoniae and Bacillus subtilis, with particularly high activity against Proteus
vulgaris, Staphylococcus aureus, Bacillus cereus and Candida albicans.

Results and discussion. After analysing the Bacillus subtilis 200
genome, the antiSMASH server identified 15 regions in which secondary
metabolites are produced.

It was found that most of the clusters belong to the NRPS (regions 2, 3,
7, 10, 12, 14 and 15) and PKS (regions 2 and 7) types. This strain is also
capable of synthesising sactipeptide, ranthipeptide, epipeptide, sactipeptide,
CDPS, transAT-PKS, PKS-like, T3PKS and betalactone. The products encoding
regions 1 and 4 were identified as terpenes.

Region 2 contains mainly T3PKS-type peptidases, non-ribosomal
peptidases and trans-acyltransferase polyketide synthases, a group of enzymes
involved in the biosynthesis of polyketides, complex organic molecules with a
wide range of biological activities. In Region 3, beta-lactates were identified,
which in themselves have attracted considerable attention for their antimicrobial
and anticancer properties. In region 5, glycocins, post-translationally
glycosylated bacteriocins with antimicrobial activity, were found. Based on the
results of the antiSMASH analysis, this bacteriocin was identified as sublancin
168. This bacteriocin was also identified by the BAGEL4 server (bacteriocin
AOI 2) as a homologue of the bacteriocin sublancin produced by Bacillus
subtilis 168 (P68577.1 prophage-derived bacteriocin sublancin-168) with an
identity score of 100.0%.

Clusters of genes encoding metallophores were identified in region 7.
Microbes often compete for a limited pool of trace elements. In response to
metal deficiencies, many bacteria produce metallophores, low-molecular-weight
organic compounds that bind ions with high affinity and selectivity

A gene cluster responsible for subtilosin-A was identified in region 9. It
i1s active against a variety of Gram-positive bacteria, including Listeria and
other pathogens. The production of mature subtilosin is based on the expression
of the sbo-alb gene cluster, which includes the structural subtilosin gene sbo and
genes involved in post-translational modification and processing of
presubtilosin and immunity. The sequence found in the Bacillus subtilis 200
genome is 100.0% identical to O07623.1 (Bacillus subtilis 168), which encodes
subtilisin-A, as a result of the BAGEL4 server and designated as bacetriocin
AOI 5 Listeria.

Region 10 encodes thailanstatin A, a promising lead compound for drug
discovery and development. It demonstrates cytotoxicity against a variety of
human cancer cell lines. The mechanism of action (MOA) of thailanstatin A is
to inhibit splicosome assembly. Interestingly, it was previously thought that this
secondary metabolite could only be obtained from Thailandensis burkholderia
MSMBA43.
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Region 11 encodes bacilysin, a dipeptide antibiotic active against a
wide range of bacteria and Candida albicans.

Regions 12, 14, and 15 encode surfactin, which is a cyclic lipopeptide
commonly used as an antibiotic due to its surfactant ability.

In region 13, we found the sporulation killing factor (SKF), a
ribosomally assembled and post-translationally modified sactypeptide of 26
residues. It was identified by the BAGEL4 server as bacteriocin AOI 1.
Additionally, two more gene regions of the secondary metabolite gene clusters
that were not identified by antiSMASH were found using the BAGEL4 server.

Bacteriocin AOI 3, predicted by BAGEL4, was identified as ComX
with 100.0% identity to the sequence Q9KSKS8.1 of Bacillus mojavensis strain.

The following sequence (AOI 4) refers to choline-like peptides (BhlA/
UviB family holin-like peptide) encoded in bacteria with similarities to
bacteriocin. They demonstrate antibacterial action against gram-positive
bacteria.

Conclusions. Thus, strain Bacillus subtilis 200 produces many

secondary metabolites with a wide range of biological activities that can be used
in the production of new drugs.
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Awnoranist. [IImam Bacillus subtilis 200, i3onvo6anuti 3 npoou 0OHHUX
8i0K1a0eHb anaepobHOoi 30HU YopHo20 MoOpsa, NpOOeMOHCMPY8aAs
anmazoHicmu4Hy axmusHicmes 00 Pseudomonas aeruginosa, Escherichia coli,
Salmonella enterica, Klebsiella pneumoniae i Bacillus subtilis, ocoonuso eucoxy
0o Proteus vulgaris, Staphylococcus aureus, Bacillus cereus ma Candida
albicans. Ilicnsa ananizy eemomy Bacillus subtilis 200 na cepsepi antiSMASH
oyno eusgneHo 15 pe2ionis, 8 AKUX NPOOVKYIOMbCS 6MOPUHHI Memaboiimu.
binvwicmes rknacmepis 6ionocumvca 0o muny NRPS ma PKS. Ieii wmam
30amHUtl 00 CUHME3Y PIZHOMAHIMHUX BMOPUHHUX Memabonimis, maxkux sK
mepnenu, 2nikoyuumu, memanogopu, cyomunosun-A, mainancmamun A,
bayunizun ma cyppaxmun.
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Taxum uunom, wmam Bacillus subtilis 200 npooyxye 6acamo
BMOPUHHUX Memabonimie 3 WUPOKUM CNeKMpoM Oi0N02IYHOI aKMUBHOCMI, 5K
MOJHCYMb OYMU BUKOPUCNAHT NPU BUPOOHUYMEE HOBUX JIIKAPCLKUX 3aC0018.

KawuoBi caoBa: xracmepu Oiocunmemuunux 2eemis, GMOPUHHI
memabonimu, Bacillus subtilis.
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Abstract. Actinomycetes are the most powerful source for the
production of secondary metabolites, antibiotics and other bioactive
compounds. Analysis of the literature showed that marine actinomycetes have a
significant effect on the proliferative activity of tumor cells and can be potential
sources of new anticancer drugs.
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Introduction. The annual increase in the level of oncological
morbidity in the world, and in particular in Ukraine, prompts scientists to search
for new and effective solutions for the treatment of oncological diseases. Today,
actinobacteria are a promising source of clinically useful anticancer drugs.

The purpose of the work was to analyze the literature devoted to the
study of the antitumor activity of actinobacteria.

Results and discussion. Actinobacteria represent one of the largest
groups of prokaryotic microorganisms, which includes gram-positive bacteria
with a content of more than fifty-five percent guanine and cytosine, aerobic or
anaerobic, filamentous, spore-forming bacteria that are widely distributed in
aquatic and terrestrial environments. Actinomycetes are the most powerful
source for the production of secondary metabolites, antibiotics and other
bioactive compounds. Analysis of the literature showed that actinomycetes are
potential sources of new anticancer drugs [1].

Recently, much attention has been paid to the isolation of rare
actinomycetes from various extreme environments. It was established that each
strain of actinomycetes has the ability to produce up to 20 secondary
metabolites. Along with significant antimicrobial activity, secondary metabolites
of marine actinobacteria also exhibit cytotoxic effects. For example,
exometabolites of Black Sea strains of actinobacteria Streptomyces sp. Lim 9.2
and Streptomyces sp. Lim 10 at a concentration of 25.0 - 500.0 ug/ml showed a
pronounced cytotoxic antiproliferative effect on tumor cultures of human cells -
rhabdomyosarcoma (RD) and adenocarcinoma of the larynx (Hep-2). The
antitumor activity of marine bacteria can be associated with campechic acid,
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cyanophycin and mirabilite found in the metabolome. Campechic acid belongs
to antitumor agents and is an inhibitor of tumor cell metastasis. Cyanophycin,
due to its ability to inhibit the growth of tumors, has attracted attention for a
long time, since one type of cyanobacterial compounds, dolastatin, has already
proven itself well in clinical practice. Cytotoxic activity of exometabolites of
Streptomyces sp. Lim 10 can be explained by the action of the apoptosis inducer
staurosporine together with its structural homologues [1].

The actinomycete strain S. bingchenggensis ULS14 isolated from the
Lagos lagoon showed cytotoxic activity. Two purified bioactive compounds
were isolated from it - ULDF4 and ULDFS5. The antitumor activity of ULDFS
against the HeLa cell line was higher than that of ULDF4. Cytotoxicity of 5-
(2,4-dimethylbenzyl)pyrrolidin-2-one (DMBPO) extracted from marine bacteria
Streptomyces VITSVKS spp. was established on Hep G2 and HEP-2 cell lines.
isolated from samples collected on the Marakkanam coast of the Bay of Bengal
[2].

Cytostatic compounds of marine origin are extremely diverse in
chemical structure. Among them are known alkaloids, terpenes, amino
carbohydrates, polyketides, non-ribosomal peptides and nucleoside compounds,
etc. [3]. A number of metabolites of representatives of marine microbiota are
unique in their structure. In the strain Streptomyces sp. KMM 9048 revealed
specific variants of antitumor antibiotics of the aureolic acid group [4].

A representative of the genus Streptomonospora from the group of
"rare actinomycetes" from the littoral of the Wadden Sea revealed new cytotoxic
bacteriocins from the group of thiopeptides - litoralimycins [5]. Among
microbial exometabolites of marine origin, they are unique not only in structure,
but also in mechanism of action. For example, polyketide compounds of the
salinisporamide group are known for representatives of the genus Salinispora,
native to the sea, which are capable of antitumor action through specific
inhibition of the proteasome. In the polyketides of the group of manumycins,
produced by marine representatives of the genus Streptomyces, an extremely
rare mechanism of action based on the type of "molecular glue" was found.
They act by forming a covalent bridge between UBR7 ligase molecules and an
abnormal variant of the TP53 protein characteristic of breast cancer cells, which
leads to tumor cell apoptosis [6].

Conclusions. According to the literature, exometabolites of marine
actinobacteria show antitumor activity in in vitro experiments and may be
promising for the development of medicinal antitumor drugs.
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AHoOTaWisA. AKmuHOMiyemu € HAUNOMYHCHIUUM OHCEPENLOM BMOPUHHUX
Memabonimis, anmubiomuxie ma iHWux OI0N02IYHO AKMUBHUX peyo8uH. AHani3
JIMepamypHux OaHux noxa3as, w0 MOPCbKI aKmMuHOMiyemu Maroms 3HAYHI
ehexmu Ha nponighepamueny aKmuHiCmv NYXJAUHHUX KIIMUH | MOXCYmMb Oymu
NOMEHYIUHUMU NPOOYYECHMAMU HOBUX NPOMUNYXTUHHUX NPEenapamis.

Kaw4oBi caoBa: mopcwvki axminobaxkmepii, exzomemabonimu,
NPOMUNYXAUHHA AKMUEHICMb.

References

1. Ivanytsia V.O. et al. Exometabolites of streptomycetes isolated from the
Odesa bayexhibit a toxic effect against human cancer cell lines. Ukr.
Biochem. J.2023.95 (6):97 — 104.

2. Saurav K. et al. Cytotoxicity and antioxidant activity of 5-(2,4-
dimethylbenzyl) pyrrolidin-2-one extracted from marine Streptomyces
VITSVKS spp. Saudi Journal of Biological Sciences.2012.19(1):81-86.

3. Ruiz-Torres V. et al. "An updated review on marine anticancer compounds:
The use of virtual screening for the discovery of small-molecule cancer
drugs. Molecules 22.7 (2017): 1037.

4. Kalinovskaya N. et al. The Antitumor Antibiotics Complex of Aureolic
Acids from the Marine Sediment-associated Strain of Streptomyces sp.
KMM 9048. Natural Product Communications 12.4 (2017):
1934578X1701200427.

5. Khodamoradi S. et al. Litoralimycins A and B, New Cytotoxic Thiopeptides
from Streptomonospora sp. M2. Marine Drugs 18.6 (2020): 280.

6. Isobe Y. et al. Manumycin polyketides act as molecular glues between
UBRY7 and P53. Naturechemicalbiology 16.11 (2020): 1189-1198.


mailto:tgudzenko@ukr.net

&3

UDC 579.2

Ruzhanskiy B., Galkin M.

SYMBIOTIC INTERACTIONS BETWEEN
PLANTS AND BACILLUS SPP.

Odesa 1.1. Mechnikov National University,
Dvorianska str., 2, Odesa, 65082, Ukraine
e-mail: rbp.onu(@gmail.com

Abstract. The interaction of various bacteria with plants is an integral
part of biogeocenoses and sustainable ecosystems. As a result of such symbiotic
interactions, bacteria receive organic carbon from plants in the form of sugars,
and bacteria, in turn, provide a certain number of plant life mechanisms that
improve plant stress resistance to both abiotic and biologically created adverse
conditions. It was investigated that such PGPR as bacteria of the genus Bacillus
spp. enhance the plant defense system through induced systemic resistance and
thus participate in biocontrol not only by directly inhibiting phytopathogenic
fungi and bacteria, but also indirectly through ISR. Bacillus spp. are able to
form a stable biofilm in the rhizosphere of plants within 24 hours, and
sporulation only increases the chances of storage of preparations based on
these bacteria in the soil around plants with further competition with
phytopathogenic microbiota. The growth-stimulating properties of these
bacteria are also known due to the increase in the synthesis of a number of
phytohormones in plants. Bacillus subtilis, one of the species of rhizobacteria,
turned out to be very promising for use in agriculture. Its ability to increase
plant resistance to stress and protect against pathogens makes it a valuable tool
for increasing yields. Despite the advantages of biological preparations, their
use in field conditions remains a difficult task.

Keywords: PGPR, Bacillus spp., ISR, biocontrol, rhizobacteria, biofilm.

Introduction. Bacteria are the basis of the cycle of substances, especially
in the cycle of carbon and nitrogen, influence the existence of living things in
various ways. The interaction of plants with them promotes healthy
development, and disruption of the microbiome can lead to serious problems
with metabolism [4]. The role of bacteria in interaction with plants has been
known for more than 100 years [7]! Rhizobacteria promote the growth of plants
and increase their yield. PGPRs, particularly Bacillus subtilis, have shown
promising applications in agriculture, particularly due to their ability to increase
plant resistance to stress and protect against pathogens. However, the use of
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biological preparations in field conditions remains problematic, which requires
a deeper understanding of the interaction between bacteria and plants [2, 8].

Results and discussion. B. subtilis plays an important role in fixing and
mobilizing nutrients. This bacterium also produces compounds that affect the
homeostasis of plant growth hormones, promoting their development [5]. B.
subtilis can help plants become more resistant to stress, particularly drought and
soil salinity, by modulating plant genes and increasing their osmotic resistance.
These properties make it important for crop support in conditions of changing
climate and limited water resources [6]. Chemotaxis and biofilm formation on
plant roots are important for rhizosphere colonization. These processes help to
efficiently colonize roots and contribute to plant resistance under adverse
environmental conditions [1]. Biofilms consist mainly of cells embedded in a
matrix containing the exopolysaccharide EPS and the protein TasA, which are
essential for successful root colonization. Biofilm formation is initiated by the
expression of the Sinl gene, which is activated at intermediate levels of
Spo0A~P. KinC and KinD kinases in B. subtilis play a key role in colonization
of plant roots by forming biofilm in response to signals originating from the
host plant. L-malic acid and plant polysaccharides promote biofilm formation
[9].

In addition, B. subtilis affects the expression of genes in the plant, which
contributes to its colonization. Interaction with plants leads to the production of
defense compounds and stimulates plant growth, making B. subtilis an
important agent for improving the quality and yield of agricultural crops. Most
studies were conducted under sterile conditions, which may not reflect real
conditions in natural environments. It is important to consider the influence of
natural plant microbiomes on the effectiveness of using B. subtilis in biocontrol
and plant growth stimulation [3]. A positive effect on disease control and plant
growth was observed in the interaction of nodule bacteria with B. subtilis, which
can stimulate the synthesis of phytohormones in host plants. Studies have
shown that these bacteria can promote biofilm formation and stimulate plant
growth by producing phytohormones and other compounds that increase
enzyme production, antioxidants, phosphorus solubilization, biocontrol activity,
root nodulation, and nitrogen fixation [5].

B. subtilis, in addition to directly suppressing pathogens, can enhance
plant defense by inducing ISR. This process involves ultrastructural and
cytochemical changes in host cells in response to pathogen attack. This process
is associated with the degradation of the cell wall, the production of glucanases
and chitinases de novo, as well as with the synthesis of phytoalexins, which
increase resistance to diseases. Different strains of B. subtilis have also shown
the ability to induce the secretion of defense responses in plants, such as the
synthesis of jasmonic acid (JA), ethylene, and the NPRI- regulatory gene,
which promote disease resistance. Some strains produce phenylalanine-
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ammonialyase (PAL), peroxidase (POD), and other proteins that help plants
become more resistant to viruses. In addition, B. subtilis can reduce the intensity
of disease caused by Botrytis cinerea in tomato leaves and beans, as evidenced
by a reduction in the level of disease symptoms. These results emphasize the
importance of research on B. subtilis and other Bacillus strains for further use in
biological control of plant diseases [10].

Conclusions. A deeper understanding of the interaction between bacteria
and plants in uncontrolled conditions will help to use these drugs more
rationally and efficiently.

The relevance of the study of symbiotic interactions of Bacillus spp. is
growing more and more, and the problem of successful inoculation of bacterial
preparations in vivo still remains unresolved, which especially attracts attention
to further research.
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AHoTanis. Bzaemoolis piznomaunimHux Oaxmepiu i3 POCIUHAMU €
HeBi0 '€EMHOI0 4acmunow bioceoyenosie ma cmitikux exocucmem. B pezynomami
MAKUX CUMOIOMUYHUX 83AEMOOIU bakmepii OMmpumMyoms 8i0 pOCIUH OP2AHIYHUL
KapOoH y euensadi yykpie, a bakxmepii, 8 c6oto uepey, 3a6e3neuyroms negHull pso
MEXAHIZMI8 HCUMMEOIATLHOCMI POCAUH WO NOKPAWYE CMPEecoCMIiUKicmy
POCNUH 00 AK abiomuyHuX, max i OIoN02IYHO CMBOPEHUX HECNPUAMIUBUX YMOB.
Hocniooceno, wo maxi PGPR sax 6axmepii pody Bacillus spp. niosuugyromo
3GXUCHY cucmemy pOCIUH uYepe3 IHOYKOBAHY CUCMEMH) De3UCMEeHMHICMb |
MaKkum YUHOM NPULUMAOMb Y4acmsv y OIOKOHMPONL He MIilbKU 0e3nocepeoHbo
npucHiyyouu @gimonamocenui epubu ma Oaxkmepii, anre U 0nocepeoKo8aHO
yepes ISR. Bacillus spp. 30amui ymeoproeamu cmiuky 0ionniexy y puzocgepi
pocnun npomsazom 24 200uH, a CNOpOYMBOPEHHsA MINbKU NIOBUWYE UIAHCU
30epieants npenapamié Ha OCHOBI yux bakmepiu y IPYHMI HABKOLO POCIUH i3
nOOAIbULOI0 KOHKYPEHYIEI 3 (himonamozenHoio Mikpobiomoro. Bioomi makooic
POCMCMUMYIOOUL 81ACMUBOCMI YUuX Oakmepiti 4epe3 NiOBUUJEHHS CUHME3Y
paoy gimozopmonis y pocaunax. Bacillus subtilis, ooun i3 eudie puzobaxmepiti,
BUABUBCA O0YdHCe NepPCNeKMUBHUM 0N 3ACMOCYBAHHA 8 CilbCbKOMY
eocnooapcmei. Hozo 30amuicmu niosuufyeamu cmitikicms pociun 00 cmpecy
ma 3axuwamu ix 8i0 Namo2eHié pobumv U020 YIHHUM [HCMPYMEHMOM OJis
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30inbuenns epodcatinocmi. Hezeaoswcarouu na nepesacu oionpenapamis, ixue
3acmocy8anHs 8 NONbOBUX YMOBAX 3ATUULAEMBCSL CKAAOHUM 3a80anHAM. I iubuie
PO3YMIHHA 63A€MO0Ii Oakmepiti ma pOCIuH y HEKOHMPOIbOBAHUX YMOBAX
oonomodice OLbW payioHo ma egheKmusHoO BUKOPUCIOBY8AMU Yi Npenapamu.
Axmyanvhicms  0ocniodceHHs cumbiomuyHux 63aemooii Bacillus spp. ece
Oinbuwe 3pocmae, a npobiemamuxa YCRiwHOI IHOKYIAYIi GakmepianbHUx
npenapamié in Vvivo 00Ci 3aIUWAEMbC He BUPIUeH0l, WO 0coOaUBO
npugepmac yeazy 00 noo0aIbUux 00CHIONCEHb.

KawuoBi caoBa. Pocmcmumynroroui puzobaxkmepii, Bacillus sp.,
IHOYKOBAHA cucmemMHa pe3ucmeHmuicms, OIOKOHMPOAb, puzobaxkmepii,
bionniexa.
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Abstract. The potential of marine microorganisms, in particular
actinobacteria and bacteria of the Black Sea, as producers of keratinase and
proteolytic enzymes, has been investigated. Analysis of literature showed
promising directions of development and search of new enzymes of marine
bacteria in Ukraine.

Keywords: marine bacteria, keratinases, proteolytic enzymes.

Introduction. The marine environment opens up ample opportunities
for the detection of unique bacteria-producers of enzymes with specific
properties. Marine bacteria enzymes open up new possibilities for
biotechnological use due to their uniqueness and potential of use in various
fields. The aim of the work was to analyse the literature data on the study of
enzymes of marine bacteria, with an emphasis on their specificity, activity and
potential practical application.

Results and discussion. Data from the literature indicate that marine
microorganisms are able to produce a wide range of unique enzymes with
different specificity. It has been found that sea strains of actinobacteria are able
to synthesize enzymes with keratinolytic activity, which opens the prospect of
their use for the biodegradation of feathers by a cost-effective bioconversion of
feather waste into a nutritious, balanced and easily digestible product containing
free amino acids, peptides and ammonium [1]. Due to keratinolytic
microorganisms, a very important environmental problem can be solved,
because about 2 million tons of feathers are produced annually worldwide as a
by-product of poultry farming. Due to the lack of funds and the laboriousness
of processing, they have become one of the main environmental pollutants.
Keratinase is a specific type of proteolytic enzymes for hydrolysis (splitting) of
insoluble keratin with the release of the free amino acid oxyproline [2]. The
decomposition of feathers by keratinolytic microorganisms is an effective,
environmentally safe and profitable method of converting waste feathers into
nutritious products. However, most of the described producers of keratinase
were found among bacteria and fungi, and the number of such enzymes in
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actinobacteria is much smaller. Analysis of the literature showed that of the 10
strains of actinobacteria isolated from bottom sediments in the area of the
Dnieper Trench of the Black Sea shelf, hydrolytic activity toward keratin was
detected in five cultures. The highest keratinase activity is found in the strain
Acty 9 (12 units/ml), which allows it to be a potential producer of extracellular
keratinase, due to the fact that the enzyme synthesized by it is marked by pH
and thermostability [2].

The interest in the Black Sea bacteria is increasing also because they are
promising producers of proteolytic enzymes. In recent years, interest in
peptidase has increased, which are able to break down elastin as a specific
substrate [3-6]. Streptomyces fradiae, Bacillus thermopoltoteolyticus are the
most powerful producers of elastolic proteinase discovered to date, as they are
4-8 times more effective than pancreatic elastases. The disadvantages of these
strains-producers include the fact that most of them are pathogenic to humans,
and elastase is directly involved in the initiation of the pathogenetic process,
which complicates their practical use. In 4 of the 10 studied isolates of Black
Sea bacteria the activity of elastase was detected. The most active producer of
elastase was the strain Bacillus sp. 051, isolated from the Black Sea [3]. Due to
the absence of highly active elastase producers in Ukraine, a search for new
microorganisms 1s being carried out.  Different levels of enzymatic activity
among ten isolated cultures have been identified. Several isolates showed
significant caseinolytic, elastase, fibrinolytic and fibrinogenolytic activity, while
others had less significant or did not show these properties at all. For example,
Bacillus sp. 051 complex enzyme preparation is able to hydrolyze elastin,
casein and fibrinogen, but the highest is elastase activity [3].

Conclusions. Data from the literature indicate a significant diversity of
enzymatic properties of marine microorganisms, which confirms the prospects
of using marine microorganisms as efficient producers of enzymes.

Pynnenko A., I'yazenko T.
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8y1. /leopancovka, 2, Odeca, 65082, Vkpaiua,
e-mail: anastasiarudnenko 14@gmail.com

AHoTaWisA. [Jocniodceno nomenyianl MOpCbKUX MIiKpoopeaHizmie, a came
akmunodoaxkmepit ma 6axmepiu Yoproeo mops 5K npooyyenmie Kkepamunasz ma
npomeonimuyHux @epmenmis. Aunaniz nimepamyprHux OAaHUX MNOKA3AB
nepcnekmusy po3eUmMKy NOOANbUUX OO0CAIOHNCEeHb Ma NOWYKIE HOBUX
Gepmenmis y mopcvkux baxmepiil 6 YkpaiHi.
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Abstract. Studies of representatives of the Actinobacteria phylum
remain relevant as the largest and most promising source of new antibiotic
compounds. The aim of the study was to investigate the antagonistic activity of
actinobacteria isolated from Haliclona sp. sponges against indicator strains of
pro- and eukaryotic microorganisms. The antagonistic activity of 14 isolated
strains of actinobacteria was determined by the block method after their
preliminary cultivation on agarized medium Gauze 2. The antagonistic effect of
actinobacteria was determined against 12 strains of indicator pro- and
eukaryotic microorganisms. Almost all of the studied strains of isolated
actinobacteria inhibited the growth of at least one strain of the indicator
microorganism. The most sensitive to secondary metabolites of actinobacteria
were indicator strains of all gram-positive bacteria, as well as Pseudomonas
aeruginosa ATCC 27853 and Candida albicans ATCC 18804. Strains
Actinobacteria Hal 2, Hal 4 and Hal 14 showed the best antagonistic activity
against indicator microorganisms, which were selected for further studies.

Keywords: antagonistic activity, actinobacteria, Haliclona sp.
sponges, indicator pro- and eukaryotic microorganisms.

Introduction. Today, resistance to antibiotic substances and the
emergence of multidrug-resistant microorganisms is a problem of global
importance in both medicine and biology [4]. Various strategies are proposed to
solve this problem, one of which is the isolation and screening of strains of
microorganisms producing antimicrobial substances [3].

The main source of antibiotic substances with a diverse spectrum and
mechanisms of action are representatives of the Actinobacteria phylum [1].

The aim of the study was to investigate the antagonistic activity of
actinobacteria isolated from Haliclona sp. sponges against strains of indicator
pro- and eukaryotic microorganisms.
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Materials and methods. The object of the study was 14 strains of
actinobacteria isolated from Haliclona sp. sponges collected in the waters of the
Odesa Bay of the Black Sea in 2022.

The antagonistic activity of the isolated strains of actinobacteria was
carried out by the block method after their preliminary cultivation on nutrient
agarized medium Gause 2 at 30 °C for 12 days [2].

Activity was determined against indicator strains of gram-positive
bacteria (Staphylococcus aureus ATCC 25923, Micrococcus luteus ATCC 4698,
Enterococcus faecalis ATCC 29212, Bacillus subtilis ATCC 6633, Kocuria
rhizophila DSM 348) and gram-negative bacteria (Escherichia coli ATCC
25922, Proteus vulgaris ATCC 6896, Salmonella enterica NCTC 6017,
Klebsiella pneumoniae ATCC 10031, Pseudomonas aeruginosa ATCC 27853,
Pseudomonas putida KT 2440), as well as the yeast-like fungus Candida
albicans ATCC 18804. Daily cultures of indicator microorganisms were used,
which were used to inoculate the semi-liquid LB medium. After that, blocks of
actinobacteria were placed on inoculations of indicator microorganisms.
Cultivated at the temperature optimal for each indicator strain. The results were
recorded after 24 hours and 48 hours.

All studies were conducted in triplicate. The results were processed in
Microsoft Office Exel-2010.

Results and discussion. The obtained data showed that all investigated
strains, except Actinobacteria Hal 8, were active against at least one indicator
microorganism. Sensitive to the tested strains of actinobacteria were the
following indicator strains B. subtilis, K. rhizophila, E. faecalis, M. luteus, S.
aureus, P. aeruginosa and C. albicans. The zones of growth inhibition of
indicator microorganisms ranged from 13.2 = 0.1 mm to 27.4 + 0.2 mm and
depended on the specific strain of both actinobacteria and the indicator strain.

In view of the obtained results, the indicator strains of gram-positive
bacteria showed better sensitivity to the metabolites of the investigated strains
of actinobacteria, which does not contradict the data of literary sources [2].
However, it is noteworthy that the sensitivity of strain P. aeruginosa ATCC
27853, which was inhibited by 10 studied strains of actinobacteria, was found.
The greatest inhibitory effect was found in the Actinobacteria Hal 2 strain,
under the influence of which the zone of no growth of P. aeruginosa ATCC
27853 was 27.4 + 0.2 mm.

Actinobacteria Hal 2, Hal 4, Hal 5, Hal 6 showed antagonistic activity
against the eukaryotic microorganism C. albicans ATCC 18804.

Among the tested strains of actinobacteria, there were those that
inhibited the growth of more than 4 indicator strains. These are strains
Actinobacteria Hal 2, Hal 4 and Hal 14, but the range of susceptibility of
indicator strains to their metabolites was different.
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Conclusions. Almost all of the studied strains of actinobacteria showed
antagonistic activity to indicator strains of pro- and eukaryotic microorganisms.
The most sensitive to secondary metabolites of actinobacteria were indicator
strains of all gram-positive bacteria, as well as Pseudomonas aeruginosa ATCC
27853 and Candida albicans ATCC 18804. The best antagonistic activity
against indicator microorganisms was shown by strains Actinobacteria Hal 2,
Hal 4 and Hal 14, which inhibited the growth of a large number of indicator
microorganisms with significant the zones of no growth. Strains Actinobacteria
Hal 2, Hal 4 and Hal 14 were selected for further studies of the activity of their
secondary metabolites.

Maikosa A., CtpaiiHosa I.

AHTATOHICTUYHMM BILIUB AKTUHOBAKTEPIN, BUAIJIEHUX
I3 I'YBOK HALICLONA SP. HA THAUKATOPHI IITAMU
ITPO- TA EYKAPIOTUYHUX MIKPOOPI'AHI3MIB

Ooecvkutl HayioHanvHull yHigepcumem imeni 1. 1. Meunuxoasa,
syn. [eopsancoka, 2, Odeca, 65082, Vxpaina,
e-mail: nastyamashkova21082002@gmail.com

AHoTaniss. /[ocnioxcennsi npeocmasHukie ¢inymy Actinobacteria ne
emMpauaoms C80€I AKMyaibHOCMi SAK HAUOLIbWL 6eluKe i NnepcnekmusHe
ooicepeno Ho8ux ammubiomuunux cnoiayk. Memoiw pobomu 60yn0 Odocaioumu
AHMA2OHICMUYHY AKMUBHICMb akmuHobakxmepit, sudintenux 3 2ybox Haliclona
Sp., 00 I[HOUKAMOPHUX WMAMIE NpPO- Ma eyKapiomuyHux MIKpooOpeaHizmis.
Anmaeonicmuuny axmuenicms 1[4 eudinenux wmamie axmuHobaxmepiil
BUSHAYANU MeMOOOM ONIOKI8 NiClsl NOnepeoHbo20 iX KYIbMUY8aHHs Ha
azapuzoganomy cepedosuwi l'ayze 2. AnmacoHicmu4yHui 6NIU8
akmuHobakmepii 6uzHayaiu 0o 12 wmamie IHOUKAMOPHUX Npo- ma
eykapiomuuynux Mikpoopzanizmie. Maiidce yci oOocnidoceni wmamu
NPUSHIYY8anu picm xoua 6 00HO020 WMAMY IHOUKAMOPHO2O MIKDOOP2AHI3MY.
Hatiuymnusiwuumu 0o emopunnHux memabonimie axmuumobaxmepiti Oyiu
IHOUKAMOPHI WmMamu 8Cix epamno3umueHux baxkmepii, a maxoxc Pseudomonas
aeruginosa ATCC 27853 ma Candida albicans ATCC 18804. Haiikpawy
AHMA2OHICMUYHY AKMUBHICIb U000 ITHOUKAMOPHUX MIKPOOP2AHI3MIE NPOSBUNU
wmamu Actinobacteria Hal 2, Hal 4 ma Hal 14, axi 6idibpani 01 nooanbuiux
00CNI0MHCEND.

KuarwuoBi caoBas: awmaconicmuuna axmugHicms, axmuHobaxmepii,
eyoxu Haliclona sp., inouxamopui npo- ma eykapiomuyuri MikpoOp2aHizmu.
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CORRELATION ANALYSIS OF INDICATORS OF ANTAGONISTIC
ACTIVITY OF STREPTOMYCES SP. ONU 64

Odesa 1. I. Mechnikov National University,
Dvorianska str., 2, Odesa, 65082, Ukraine
e-mail: tatkamic@onu.edu.ua

Abstract. A study of the antagonistic activity of actinomycete strains
isolated from the bottom sediments of the Black Sea was conducted. Strain
Streptomyces sp. ONU 64 showed the maximum antagonistic activity against
conditionally pathogenic indicator strains. Correlation analysis showed the
existence of a linear relationship between the manifestation of antagonistic
activity of this strain and the composition of nutrient media used for preliminary
cultivation.

Keywords: antagonistic activity, correlation analysis.

Introduction. The search for previously unknown microbial strains is an
effective approach for obtaining new biologically active substances [1].
However, in addition, there is a problem of obtaining the maximum amount of
the active substances, that is, optimizing the cultivation conditions of the
producer strain and the technology of obtaining the active substances. The
solution of this scientific and practical task is implemented using statistical data
processing [2, 3]. A “natural” measurement associations between variables in
biological systems is the correlation coefficient. The purpose of this work was
carried out in the process of study the antagonistic activity of Streptomyces sp.
ONU 64, isolated from the bottom sediments of the Black Sea, correlation
analysis of the dependences of the level of antagonistic activity and the
composition of nutrient media used for preliminary cultivation of the strain. The
revealed correlational dependences are planned to be used in the future for
mathematical modeling and optimization of the conditions of cultivation of the
strain.

Materials and methods. To study the antagonistic activity of strain
Streptomyces sp. ONU 64, it was grown superficially on agar nutrient media of
varying composition. Antagonistic activity was determined on LB medium
(0.7% agar) using the block method. To carry out statistical analysis, we used
the R 4.3.3 program and additional packages “corrplot”, “RColorBrewer”,
“cluster” and “fastcluster” [Principal Component ...., Introduction to Color
Palettes...., fastcluster: Fast Hierarchical...., An Introduction to corrplot] [4, 5].
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Results and discussion. It was shown that the manifestation of
antagonistic activity of the strain Streptomyces sp. ONU 64 depends on many
factors and, above all, is determined by the antagonist strain, the indicator
strain, and the composition of the medium used.

The studied strain showed a high level of antagonistic activity against the
indicator strains (Table 1). The maximum manifestation of antagonistic activity
was recorded when using Gause 2, SCA and 79 media.

Table 1
Antagonistic activity of Streptomyces sp. ONU 64, after cultivation on
different media, against indicator strains

Growth inhibition zone, mm
Nutrient media Bacillus | Escherichia | Pseudomona Candida Kucoria
subtilis coli ATCC | s putida KT albicans rhizophila
ATCC 6633 25922 2440 ATCC 18804 | DSM 348
media 10 0,0+0,0 0,0+0,0 0,0+0,0 8.0+0.9 0,0+0,0
media 15 0,0+0,0 0,0+0,0 0,0+0,0 0,0+0,0 0,0+0,0
media Gause 2 0,0+0,0 8.0+0.4 7,0+0.8 10.0+£0.9 7.5+0,3
media Gause 1 6.0+£0.9 0,0+0,0 0,0+0,0 10.0+0.7 6.5+0,8
media SCA 5.0+0.2 6.0+0.3 3,0+0.5 0,0+0,0 4.5+0,4
media 79 7.5£0.2 9.0+0.5 8,0+0.5 8.0+0.5 10.0+0,9

A correlation analysis between indicators of the antagonistic activity of the
strain Streptomyces sp. ONU 64 against indicator strains and components of the
nutrient medium was conducted. It was shown that the presence of a nitrogen
source in the medium in the form of (NH4)2SO4 (1=0.42) and Hottinger's broth
(r=0.48), peptone (r=0.46) and casein (r=0.37) contributes to inhibition of the
growth of the Bacillus subtilis ATCC 6633 strain. Ammonium nitrate
(NH4NO:s3), yeast extract and calcium carbonate (CaCOs), on the contrary,
reduced the antagonistic activity of this strain against B. subtilis ATCC 6633

(Fig. 1).
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Fig. 1. Graphic representation of the correlation analysis between the
composition of the nutrient medium and the indicator of the antagonistic
activity of the strain Streptomyces sp. ONU 64 against Bacillus subtilis
ATCC 6633 (CFU - indicator of antagonistic activity)

The manifestation of the antagonistic activity of the strain Streptomyces
sp. ONU 64 against Candida albicans ATCC 18804, Escherichia coli ATCC
25922, Pseudomonas putida KT 2440 and Kucoria rhizophila DSM 348 was
positively influenced by the following factors - potassium phosphate (r=0.41),
water-soluble starch (r=0.51) and magnesium sulfate (= 0.52) (Fig. 2).

However, organic extracts (corn extract, yeast extract) and casein, which
act as sources of nitrogen, proteins and amino acids, inhibited the antimicrobial
activity of Streptomyces sp. ONU 64 against these indicator strains (Fig. 2).
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Fig. 2. Graphic representation of the correlation analysis between the
composition of the nutrient medium and the indicator of the antagonistic
activity of the strain Streptomyces sp. ONU 64 against Candida albicans
ATCC 18804 (CFU - indicator of antagonistic activity)

Conclusions

1. Strain Streptomyces sp. ONU 64 showed high antagonistic activity
against all opportunistic strains of the indicators. Its activity against Candida
albicans ATCC 18804 should be noted in particular

2. The highest level of antagonistic activity was registered with the
previous cultivation of the strain Streptomyces sp. ONU 64 on Gauze 2, SCA
and 79 nutrient media.

3. Correlation analysis showed the linear dependence between the
presence of combinations of nitrogen sources in the nutrient media and the
antagonistic activity of the strain. The presence of glucose, corn extract, and

yeast extract more often inhibits the antagonistic activity of Streptomyces sp.
ONU 64.
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KOPEJISIIHHUN AHAJI3 TOKA3HUKIB AHTATOHICTUYHOI
AKTUBHOCTI LLITAMY STREPTOMYCES SP. ONU 64
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AHotaniss. Ilposedeno 00cCniodiceHHs aHMA2OHICMUYHOI AKMUBHOCMI
wmamie aKmuHoMiyemis, i301b08AHUX 3 OOHHUX Bi0KIadeHb YHopHnozco mops.
lmam 64 npoasue MAKCUMAIbHY AHMASOHICMUYHY AKMUGHICMb NO
BIOHOUWIEHHIO 00 YMOBHO-NAMOEHHUX wmamie iHoukamopie. Kopensayivinuil
aHani3 NoKa3aeé HAABHICMb JIHIUHOL 3ANeHCHOCMI MINC NPOAGOM
AHMA2OHICMUYHOI AKMUBHOCMI UYb020 WIMAMY MA CKAAOOM NONCUBHUX
cepedosully, BUKOPUCIAHUX OJi1 NONEPEOHbO20 KYIbMUBYBAHHS.

Kuro4oBi ciioBa: anmaeonicmuuna akmugHicmo, KOpeaayiuHu aais.
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STUDY OF THE COMPATIBILITY OF TRICHODERMA AND
BACILLUS STRAINS FOR THE DEVELOPMENT OF A
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Abstract. A4 study of the antimicrobial activity of Trichoderma strains
against Bacillus strains to determine the possibility of their compatibility in a
biotechnological preparation was conducted. It was found that Trichoderma
strains inhibited the growth of Bacillus strains with antimicrobial activity that
were isolated from environmental objects, however, towards commercial strains
(B. amyloliquefaciens QST 713 and B. subtilis M-22 VIZR), Trichoderma strains
were neutral. Based on the obtained results, a combination of strains for the
development of a new drug to protect plants from phytopathogenic fungi is
proposed.

Keywords: antagonistic activity, strains compatibility, consortium,
biotechnological preparation.

Introduction. To create a modern biotechnological drug, a consortium is
most often used. Consortium is a microbial association of two or more
microorganisms, which can be archaea, fungi, bacteria, viruses or algae [7].

A combination of Trichoderma spp. and Bacillus spp. is one of the most
commonly used for biological control of phytopathogens [2, 4, 5]. However, in
this case, direct or indirect interactions between different biological agents may
occur, which may lead to a negative or positive effect on the effectiveness of the
biopreparation [6].

Therefore, we investigated the antagonistic activity of Trichoderma
strains against different strains of the genus Bacillus obtained from different
sources.

Materials and methods. To study the antagonistic activity of strains of
Trichoderma against strains of microorganisms, some Bacillus strains obtained
from different sources were used. Bacillus megaterium 1LBX.001, Bacillus
circulans LBX-003, Bacillus subtilis LBX-288, Trichoderma viride 1LBX-174
(working name Trichoderma viride No. 8) and Trichoderma harzianum
LBX-181 (working name Trichoderma harzianum No. 9) from the museum of
enterprise «Scientific production association "Agrobioinovatika"y; Bacillus
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megaterium MV B-7168 from the preparation "Biophosphorin"; Bacillus
amyloliquefaciens QST 713 from the fungicide "Serenada ASO SC" ; Bacillus
subtilis M-22 VIZR from the drug "Ghamair"; Bacillus subtilis ONU 559 from
collection of the Department of Microbiology, Virology and Microbiology of
Odesa I.I. Mechnikov National University.

Bacillus strains were cultivated on MPA medium. Trichoderma strains
were cultivated on Sabouraud's and MPA media.

To evaluate the antagonistic activity of micromycetes, the method of mixed
(counter) cultures was used [3]. Petri plates with Sabouro and MPA nutrient
media were inoculated with microorganisms at the opposite poles: 7. viride No.
8 and 7. harzianum No. 9 against Bacillus strains.

The results were calculated on the 5th day of cultivation at a temperature
of 28 °C.

Results and discussion. According to the results shown in Table 1, we
can see that the tested Trichoderma strains showed high antagonistic activity
against B. megaterium LBX.001 and B. circulans LBX-003 strains. It should be
noted that when MPA medium was used, the level of antagonistic activity of
Trichoderma strains was somewhat lower (Table 1).

Table 1

Antagonistic activity of 7. viride No. 8 and T. harzianum No. 9 strains
against Bacillus strains

Medium MPA Medium Sabouro
Test strai
o5t SHais T. viride T. harzianum T. viride T. harzianum

Ne 8 Ne 9 Ne & Ne 9
B. megaterium ++ ++ +++ +++
B. subtilis M-22 B3P n n n n
B. subtilis ONU 559 ++ ++ +++ 44+
B. amyloliquefaciens n n n n
QST 713
B. megaterium MB n ++ +++ +++
B-7168
B. subtilis LBX-288 n ++ et A+
B. circulans LBX-003 ++ ++ ++ ++

Note: n — neutralism; ++ weak antagonism; +++ strong antagonism

A similar pattern was observed when studying the effect of Trichoderma
strains on B. subtilis LBX-288 (Table 1).
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The strain B. subtilis ONU 559, isolated from the bottom sediments of the
Black Sea, showed high antimicrobial activity against conditionally pathogenic
microorganisms [1]. However, in co-cultivation with strains of 7. viride No. 8
and 7. harzianum No. 9, the antagonistic effect of fungi against B. subtilis ONU
559 was recorded (Table 1).

Towards the B. circulans LBX-003 strain, the level of antagonistic
activity of strains 7. viride No. 8 and T. harzianum No. 9 was defined as "weak
antagonistic activity" (Table 1).

Towards B. amyloliquefaciens QST 713 and B. subtilis M-22 VIZR
strains, both Trichoderma strains demonstrated neutrality (Table 1).

The B. megaterium MV B-7168 strain is sensitive to the antagonistic
activity of 7 viride No. 8 and T. harzianum No. 9 strains under the conditions of
their co-cultivation on Sabouraud's medium (Table 1).

When conducting this series of experiments, we also investigated the
presence of mutual antagonistic activity of Bacillus strains. The obtained results

are shown in the table 2.
Table 2

Mutual antagonistic activity of Bacillus strains

St Strains Marking:
n - neutralism
2 3 4 5 6 + - antagonism
++ ++ - antagonism with admiration
// - bilateral antagonism

rai

ns

Strains

1. B. megaterium LBX.001

2. B. subtilis M-22 BU3P

3. B. subtilis ONU 559

4. B. amyloliquefaciens QST 713
5

6

B. megaterium MB B-7168
. B. subtilis LBX-288

As we can see, according to the above results, the strain B. subtilis ONU
559 was neutral to most strains, as were the strains B. megaterium MV B-7168
and B. subtilis LBX-288 (Table 2). The strain B. amyloliquefaciens QST 713
showed bilateral antagonism when it was co-cultivated with the strain B. subtilis
LBX-288. The strain B. subtilis M-22 VIZR showed antagonistic activity
against the strain B. subtilis ONU 559 and antagonism with capture against the
strain B. megaterium LBX.001 (Table 2).
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Conclusions

1. T viride No. 8 and T. harzianum No. 9 strains showed strong
antagonistic activity against microorganisms of the genus Bacillus. Strains
isolated from natural sources (B. subtilis ONU 559, B. megaterium LBX.001, B.
subtilis LBX-288 and B. circulans LBX-003) were not resistant to the
antimicrobial activity of Trichoderma strains, unlike commercial strains (5.
amyloliquefaciens QST 713 and B. subtilis M-22 VIZR).

2. The proposed consortium for the creation of a new biotechnological
drug is T. viride No. 8 or T harzianum No. 9 + B. amyloliquefaciens QST 713.

Amnariii B., [llep6akoBa M., Bacunbera H.

JOCIIIZKEHHA CYMICHOCTI IHTAMIB TRICHODERMA TA
BACILLUS JJIAA PO3POBKU BIOTEXHOJIOI'TYHOI'O ITPEITAPATY

Ooecvruil nayionanvhuil yrisepcumem imeni 1. 1. Meunukosa,
8y [leopsncoka, 2, Odeca, 65058, Vkpaina
e-mail: tatkamic@onu.edu.ua

AHoTanifn. [Ilposedeno oocniodcenus aHMUMIKPOOHOI aKMUBHOCMI
wmamie Trichoderma no ioHowenno 00 wmamié Bacillus 3 memor
BUSHAYEHHSL MONCIUBOCMI IX cyMicHOCmI 8 biomexHono2iuHom)y npenapami. byno
BCMAHOBIEHO, WO WMAMU MPUXooepmu npueHivysaiu picm wmamis Bacillus 3
AHMUMIKDOOHOK aKmMuHicmio, sKi 01U i301b08aHi 3 00 €KMI68 HABKOIUUUHbO2O
cepedoguwa, OOHAK NO BIOHOWEHHIO 00 KomepyiuHux wmamie (B.
amyloliquefaciens QST 713 ma B. subtilis M-22 BU3P) wmamu mpuxodepmu
oynu netimpanoHumu. Ha ocHosi ompumaHux pesyivmamié 3anponoHOBAHO
KOMOIHaYi0 wmamie 0Jisi po3poOKu HO8020 npenapamy OJisl 3aXUCmy pOCiuH 8i0
Gimonamozennux epuois.

Kurw4oBi cioBa: anmaeonicmuuna axkmueHicms, CYMICHICMb UWMAMIE,
KOHCOpYiyM, OI0MexXHON02IYHULL npenapam.
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