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OTPUMAHHSA TA XAPAKTEPUCTHUKA NMPOTEIHA3M 3 ®1BPUH(OTEH)OJITUYHOIO
AKTHUBHICTIO 3 KYJbTYPAJIIBHOI'O CEPEJJOBUILIA BACILLUS SP. 1.9

€.A.TVCIIEBA"® O.B. 'VI[3EHKCO’, J1.JI. BAPFAHEI, €. M. CTOT' HIIT

"KuiBchkuii HauioHanbHuii yHiBepcutet imeni Tapaca Illesuenko, Kuis;
[HcTuryT MikpoGiosorii i Bipycomnorii imeni JI.K. 3a6onorsnoro HAH Vkpaiuu, Kuis;
S[nctuTyT Gioximii imeni O.B. IMannagina HAH Ykpainu, Kuis.

E-mail: guslevalal@gmail.com

Kurouosi ciioBa. [1poreinasa, ¢pidpun, GpibpuH(oreH)oniTniHa akTUBHICTb, (GidprHOTEH, Bacillus.
Beryn. [liguiienuii mpokoaryJisHTHUM MOTEHLiad KpoBi 30UIbLIYE PHU3MK BHYTPIilIHBOCYAMHHOTO
TpoMOoyTBOpeHHS. OTHUM i3 MEePCNeKTUBHNX TEPANeBTHYHUX MTiIXOMIB IS 3armo0iranHs Tpombo3am €
3acTocyBaHHs (iOpuH(oreH)-cneuu(piuHNX MpoTeiHA3, 3MATHUX BIUIMBAaTH Ha (OPMYBaHHSI TPOMOy.
®Oi6puH(OreH)oNiTUUHI eH3UMU OaKTepiaJibHOrO MOXOMKEHHs BUKIMKAOTh Neaali Oinbluuii iHTepec
3aBASKH 1X TOTEHLIfHOMY 3aCTOCYBaHHIO B MEJMLMHI (30KpeMa B aHTUTPOMOOTHYHIiT Tepanii), a Takox
B 6araTboX 6i0TEXHOJIOr YHUX MPOLECaXx.

Meta. Merolo 1pOro JOCHIMKEHHS OyJNO BHIUIMTH Ta OYUCTUTH TMPOTEIHA3y 3 CyMepHATaHTy
KyJnbTypanbHoi pinunu Bacillus sp. 1.9, oxapaktepusyBary i1 (izuko-XiMidHi BIaCTUBOCTi Ta BIUIMB Ha
MoreKyITy (ibpuHOTeHy.

Metoau. ®ibpuHoreH OyB OoTpuMaHuii 3 Ta3Mu KpoBi JwonuHu. Knitunu Bacillus sp. L9 Oynn
BiZJOKpeMJIeHi Bill KyJbTypallbHOrO cepeloBulla LeHTpudyryBaHHsM. [Ipoteinu 3 cynepHaTtanTy Oynu
oca/kKeHi 3 BAKOPUCTAHHSAM aMOHiI0 CyJb(aTy, MicJis 4oro oTpuMaHa (pakiis nporeiniB Oysa po3urHeHa
B Tris-HCl Oydepi Ta HaHeceHa Ha KONOHKY, 3allOBHEHY HeliTpasibHOI cmodioro TSK-Toyopearl HW-
65F, nns momanbmioro ounieHHs. MollekynsipHa Maca MpOTeTHIB BU3Ha4yajgach 3a mornomorot SDS-
PAGE, Ta mnpoTeofliTUuHa aKTHUBHICTb — METOJOM eH3uM-enekTpodopesy. [IpoaykTu rimponizy
(iOpuHOTEHY NOCHIIKYBaJINCh 32 JOMOMOrol0 BecTepH-0/0TY 3 BMKOPHCTaHHAM MOHOKJIOHAJBHHUOTO
antutina I1-5C (antu-Aa20-78). bynu nocnimkeHi edexkTy HU3KHU iOHIB METaliB Ha aKTHBHICTh €H3UMY,
9qyTIMBICTB 210 iHTi6iTOpiB MocmimkyBamm 3 Bukopuctanasm EDTA, o-¢penanrponiny, DTT, L-tmcreiny,
B-mepkanTtoeranony, PCMB, N-erunmasneiminy, EDC, Ta PMSF.

PesyabTraT pochaimkeHb, i iX oOrosopeHHsl. MonekyisipHa Maca NpOTeiHa3W, OTPUMAHOI 3
KyJbTypajibHOTO cepenoBuina Bacillus sp. L9 cranosurs mnpubmusno 40 k/la, cnenudivyna
(iopuHoreHosiTHUHA Ta PiOpUHOIITUYHA aKTUBHICTH cTaHOBUTH 483 Ta 383 U/Mr npoTeiHy BinnoBigHo.
En3uMm € kanbuili-3a1e:kHOI0 CepUHOBOIO TPOTEiHA3010, 1110 MPOsBIIe (iOpHH(OreH)OTiTHIHY aKTHBHICTh
Ta cneundiuno posueroe C-kiHieBi AingHku Aa-naditora GpidopruHoreHy. JlocnimkeHna nporeiHaza mae
JeKinbka calTiB rigpomizy Ha Ac-ynaHiro3i ¢ibprHOTeHy, pe3yNbTyIoUud MPOAYKTH 3 MOJIEKYJISIPHIMHU
mMacamu npubausHo 50, 40, ta 35 k/a.

BucHoBku. 3aBAsku 30aTHOCTI MpoTeiHa3u e(eKTUBHO PO3LICIIOBaTU MoJiekyy ¢(iOpuH(oreH)y, uei
€H3UM MO)XK€ MaTH TIOTeHLiajlbHe 3acTOCyBaHHS B aHTUTPoMOOTHMuHIN Tepanii. CneungivHo
PO3LIETUTIOIYY MOJIeKyIu (iOpruHOTeHy Ta (piOpUHOBI AEMO3UTH Y KPOBOTOLIi, €H3MM MOXE 3HWXKYBaTH
MPOKOATYJITHTHY aKTHBHICTb i 3a1100iraT TPOMOOTHYHNM YCKITaIHEHHSM.

doxepeno ¢inancyBaHHs. PoOOTYy BMKOHAHO B pamKax BiloMuoi TeMaTHkH «JlocmipkeHHs Ta MOUIyK
CMoco0iB  perynsmii  MONEKYJISIpHUX MeXaHi3MiB  BHYTPiIIHBOCYAWHHOTO Ta eKCTPaCyAMHHOTO
TpomboyTBOpeHHs» 0124U000251.
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EFFECT OF SULFUR DIOXIDE ON LIPID PEROXIDATION AND PROTEIN
NITROSYLATION IN SALIVARY GLANDS OF RATS UNDER THE CONDITIONS OF
GENERAL ADAPTATION SYNDROME
V. PLETNOV, A. MYKYTENKO

Poltava State Medical University
E-mail: vadym.pletnovi@pdmu.edu.ua

Keywords. Sulfur dioxide, stress syndrome, salivary glands, oxidative stress, nitrosative stress.
Introduction. Oxidative-nitrosative stress in the salivary glands, which occurs under conditions of general
adaptation syndrome, disrupts secretion and changes the composition of saliva, which negatively affects
the homeostasis of the oral cavity organs. Sulfur dioxide, as an endogenous gas transmitter with antioxidant
and anti-inflammatory properties, apparently contributes to the cytoprotection of acini and excretory ducts
of the salivary glands under conditions of stress syndrome.

Aim. Establish the effect of the SO2 donor on the production of superoxide anion radical, the content of
malondialdehyde, peroxynitrite, and 3-nitrotyrosine in the salivary glands of rats under conditions of
general adaptation syndrome.

Methods. The experiments were performed on 24 adult male Wistar rats weighing 210-295 g, which were
randomly assigned to four groups 6 rats in each. Group I — intact rats; Group II — rats that were daily
administered intraperitoneally with the SO, donor Na,SO;/NaHSO; (0.54 mmol/kg / 0.18 mmol/kg)
(Huang X.L., 2013); Group III — rats that on which the general adaptation syndrome according to G. Selye
was modeled; Group IV — rats that were intraperitoneally administered the SO, donor 30 min before
modeling the stress syndrome. The duration of the experiment was 5 days. The object of the study was the
submandibular and sublingual salivary glands, in which the production of superoxide anion radical
(Kostenko V.0O., 2000), the content of malondialdehyde (MDA) (Gerard Monnier, 1998), peroxynitrite
(Akimov O.Y ., 2016), 3-nitrotyrosine (3-NT) (Gopi A, 2014) were determined. Statistical processing was
carried out using a non-parametric method, namely, the Mann-Whitney test.

Results and Discussion. Under conditions of chronic immobilization stress modeling, the production of
superoxide anion radical in the salivary glands of rats increased by 74.42%, the content of MDA by
60.66%, peroxynitrites by 38.71% and 3-NT by 17.3% in relation to these indicators in animals of the
control group (P<0.05). The introduction of the SO, donor to the control animals for 5 days led to an
increase in the production of superoxide anion radical by 27.91% and a decrease in the content of
peroxynitrites by 20.43% and 3-NT by 19.62% in the salivary glands of rats compared to the control
(P<0.05). The use of inorganic SO, donor 30 min before general adaptation syndrome modeling
significantly reduced the production of superoxide anion radical in the salivary glands of rats by 14.67%,
the content of MDA by 13.21%, peroxynitrite by 20.54%, and 3-NT by 24.58% compared to the group of
rats on which general adaptation syndrome was modeled without correction (P<0.05).

Conclusions. Administration of the SO, donor Na,SO;/NaHSO; (0.54 mmol/kg / 0.18 mmol/kg) under
conditions of general adaptation syndrome prevents lipid peroxidation and protein nitrosylation in the
salivary glands of rats.
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BIJIUB AE®ILUATY TIAMIHY TA HOIO KOPEKLII BITAMIHOM B1 HA EKCITPECIIO
I'EHIB TA METABOJIIYHI IOKA3HUKHA B OPI'AHI3MI LI1YPIB

I P.CbOMKA , O.O.MEXKEHCHKA

IncTuTyT GioxiMmil im. O.B. [Nannanina HAH Ykpainu
E-mail: somkaillya03(@gmail.com

Karouosi cioBa. Tiamin, aBiramino3, ekcnpecis reHis, knacrep HAXP, LRP4, AGRN, MuSK, DVLI,
Wnt-curnanbHuii nuisx, [JIP y peansHOMy vaci, 1uwypu.

Beryn. [Jledginur Ttiaminy (BitamiHy Bl) € BaximBMM TaTOreHETHYHMM (AKTOPOM PO3BHUTKY
MeTa0oNiYHuX i HeHpoM’sI30BUX TOpYLIeHb. [TopylleHHs] eHepreTUUHOro oOMiHy Ta (yHKLiIOHYBaHHS
CUTHaJIbHUX LIAXiB, 30KkpeMa Wnt, MOXYTb NPU3BOAUTH 10 3MiH eKcrpecii reHiB, 1o OepyTh yyacTb y
(opMyBaHHI HEMPOHATPHIUX Ta HEMPOM’I30BUX CHHAICIB.

Mera. JlocninuTi BIUIMB HecTadi TiaMiHy Ta KOpeKwii boro ctaHy BitamiHoM B1 Ha ekcrpecito reHis,
NOB’sI3aHUX i3 HEHPOM’S30BOL0 MIepeiaueto Ta CUTHAILHUMM LLUIIXaMU, @ TAKOXK Ha 0i0XiMiuHi MOKa3HUKU
B TKAQHWHAX LIy piB.

MeTtoau. BukopucTtaHo ekcriepuMeHTaabHy MOJIeNb aBiTaMiHO3Y TiaMiHy Ha Itypax. TBapuH po3noinsiu
Ha KOHTPOJIbHY JediuuTHY Ipynu Ta rpymy 3 kopekuieto BiramiHom Bl. Buninenns PHK npoBoaunu 3
TKaHMH MO3KY 3 monansinM cuHTe3oM kKJIHK. PiBeHb excrpecii reHiB BU3HaYaIM METOIOM KilTbKiCHOT
[TJIP y peanbHOMy uaci, Ha mpunazi CX96 Biorad. B skocTi pedepeHCHUX BUKOPUCTOBYBAIM HACTYTIHI
renu: 18sRNA, TERT ta HPRT. Haiibinbi kOpekTHi pe3y/nbTaTu OTpUMalld MpU BUKOPUCTAHHI TeHiB
18sRNA i TERT. I1pu migpaxynkax 3 HPRT orpumanu ManonocToBipHi pe3ynbrary.

PesyabTaTn mociaimkeHb i ix o6roBopeHHsi. BcTaHoBieHO, 1O AedilMT TiaMiHy MpPU3BOAWUTH A0
3HmkeHHs1 ekcrpecii reHiB LRP4, AGRN, MuSK ta RAPSN, ski GepyTrb yuactb y ¢(opmyBaHHi
MOCTCHHANTHYHOrO amnapary. BomHowac crocrepiranocs minsummeHHs ekcmpecii rena DVLI (Ha
254,68%), 1110 CBiIUMTB PO aKTHUBALLIO BCi TUIIB CUTHAJBHOTO HUTAXY Wnt (KaHOHIYHWH, HeKaHOHIYHUI
Ta Kajblili-3anexHuii). Kopekuis TiamiHOM cripusijia HopMaltizallii ekcrpecii 6i1bIIOCTI 10CiaKy BaHUX
reHiB. Takox BiA3HaueHO TeHIEHLiI0 10 30iNblIeHHs Macu cepus npu Aediuuti TiamiHy (+15% Big
HOPMH), 110 MOKE CBiIYMTH MPO PO3BUTOK riNepTpodivHuX NpoIeciB.

BucnoBku. HemocTaTHicTs TiaMiHy CYNMpOBOMKYETBCS MOPYIIEHHSM eKCTpecii TeHiB, M0 PeryolTh
HelpoM’s30By Mepenady Ta CUTHANBHI NULIXM KINTuHU. Kopekiis TiaMiHOM crpuse HOpMatizamii Iux
MpOLIECiB, WO MiJKPECIOE BaXJWBY poJib TiaMiHy y MiATpUMAaHHI HOpPMalbHOTrO (DYHKILIOHYBaHHS
oprari3my, 30kpemMa BKa3ye Ha HeKOeH3MMHi (QyHKii BiTaminy Bl.
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BIOXIMIYHI MEXAHI3MM PETIYJISALIT OKCUJIOM A30TY OBMIHY KAJIIIO
B MITOXOHAPIAX I'N'TAJEHBKOI'O M’SA3Y MATKH

M.B. PY/IHHUI]BKA, I''B. JAHHJIOBHY, FO.B. JAHUJIOBHY

Inctutyt 6ioximil im. O.B. Tlannanina HAH Ykpainu, Kuis
E-mail: mariaaria@ukr.net

Kuaouogi cioBa. Okcup azory, o6min K, MiToxonapif, riaaeHbki M’s3u.

Beryn. Oxkcup azoty (NO) € yHiBepcalbHOK CUTHAJIBHOIO 1 PEryJIITOPHOI0 MOJIEKYJIOK B KJIITHHAX.
[oka3zano, mo NO perymoe oOMiH i0HIB Kaiito B MiTOXOHIpisx kapmiomiouwtiB. lonn K BimirparoTs
3HAYHY POJIb Y MATPUMILi €JIeKTPUUHOTO MOTEHIlialy MiTOXOHIPiii, BMIMBalOUM Ha nepebir MeTabomiuHuX
NPOLECIB B MaTPHKCi Ta OCMOPEryJIsLii, a TAKOXK BHYTPilIHLOKIITHHHOro Ca®’-romeocrasy, 3MiHU KOO
JIeXkaTh B OCHOBI MeXaHi3MiB CKOPOUSHHA-pO3CabeHHs TaleHbKNX M’ A3iB, 30KkpeMa, MiomeTpis. Hapasi
AKTyaJlbHUM € BCTAHOBJIEHHSI B3A€EMO3B’ 3Ky Mi>K aKTHBHICTIO TPAHCTIOPTHUX CUCTEM, LI0 3a0e3NeuyoTh
o6MmiH K y MITOXOHIPisIX r1aJieHbKOro M 3y MaTKH, Ta CHHTE30M OKCHJIY a30TYy.

Mera. [nentudikyBatu cucremu oominy K™ Ta 3’scyBaTé MOXKIMBICTD iX perylisilil OKCUIOM a3oTy Y
MIiTOXOHAPISIX TIaIEHBKOTO M 3y MaTKH.

Metoau. MirtoxoHpii oaepxkyBaau 3 MioMeTpis HeBariTHUX wypiB JiHii Bictap Metogom
mrdepentiiiHoro ueHTpudyrysanHs. Bei nporenypn Bigmosinani €BponeiichKiit KOHBEHIIT PO 3aXUCT
XpeOeTHUX TBapuH, L0 BUKOPUCTOBYIOTHCS Ul €KCINEpUMEHTaJbHUX Ta iHLIMX HayKOBUX Uinell. B
JOCIiAKEHHSIX 3aCTOCOBYBaM METOJ] crieKTpodiyopumerpii Ta cnexrpodayopumerp Quanta Master 40
(PTI, Kanana) 3 nporpamuum 3a6e3nedeHnsm FelixGX 4.1.0.3096 i ¢pnyopecuenTHi 30Hau: K -uyTnuBuii
- 10 MM PBFI-AM, pH-uyTnuswuii - 2,5 MmxM BCECF-AM, NO-uytnusuii — 5 MkM DAF-FM.
Pe3yabTaTH AociaigxkeHb i iX o0ropopeHHsi. 3 BUKOPUCTAHHAM HM3KM crneuu¢piyHux iHribitopiB Ta
aktuBaropiB K'-kaHasiB B MiTOXOHApisSIX MioMeTpist Oynu ineHTndikoBaHi moTeHLian-kepoBaHi (4yTauBi
1o 4-aminonipuauny), Ca?"-3anexHi (4yTivBi 10 XapibmoTokcuHy Ta makcuiiny) ta AT®-uyTnusi
(iuri0yrotbes raidenkaamigom) K -kananu. Takoxk nmpoaeMoHCTpoBaHo akTuBHicTh H'/K ' -anTunoprepa,
qyTauBoro 10 N,N'-nuumknorekcunkapOoniiMizy Ta XiHiHy, SKWif TIpUTHIUyBaBCS aHTHUTIIAMU TPOTH
nporeiny Letm1. Buxin K* 3 MmaTpukcy 36inbiryBaBcs npu 3akuciieHHi pH cepenosuiia B mexax 8,0-6,0.
HoBexneHo, mo MiToXoHApiT MiomeTpis edekTiBHO cuATe3yI0Th NO 3a HasBHOCTI 50 MkM L-aprininy, 100
MkM Ca*', 10 MkM terpariapoGionrepuny, 10 mkM NADPH ta 125 MM KCl. 3a yMOB 3HMmKeHHs
koHueHTpauil ioHiB K B cepenoBuuii Big 150 MM 1o 0 MM crnocTepiraiiv 3MeHIlIeHHsI iHTeHCUBHOCTI
CHHTE3y OKCHIY a30Ty B MiTOXOHApiAx. [IpurHideHns cunatesy NO crocTepirani Takox 3a IpHCyTHOCTI
inri6iropis K'-kaHaniB pisHuX 0iATHIIB — 4-aMiHOMIpUANHY, XapiOA0TOKCHHY Ta riideHk1aMiny. JloHopu
NO (100 mMkM) S-HiTpo3o-N-auerunneninuiamin (SNAP) ta S-HiTpo3orniyTaTioH cnpU4KMHIOBAIH
sumkennst aktuBHocTi Ca?’-3anexunx K'-kananis, ane tinekun SNAP npurniuyBas akrtusHicTs ATO-
uyytnuBux K'-kananis. [loreHuian-kepoBani K'-kaHaan BUSBUIMCS Pe3UCTEHTHUMHU 10 BUKOPUCTAHUX
noHopiB NO. BTiM, y IpuCyTHOCTi HITpOnpycuIy Ta HITPUTY HaTpito CrocTepiraiu cTumMyatoBaHHs ApH-
3anesxxHoro Buxony K* 3 Marpukcy MiTOXOHIpIH.

BucHoBku. BusBieHo (yHKIOHAIBHUM 3B’A30K MiXK OKCHIOM a30Ty Ta cucTemMamu oOMiHy K™ B
MITOXOHIPISIX TNIaJieHbKUX M’3iB MaTku. 30Kpema, OKCH a30Ty npurHidye tpancrnopt K kpise Ca?'-
zanexHi Ta AT®-uytnusi K -kananu, ane crumysmoe H'/K -anTunoprep.

dxepeno ¢inancyBanns. HaykoBa nporpama HAH Vkpainu “JlocnmimkeHHs MONEKyISIpHUX Ta
MeMOpaHHUX MeXaHi3MiB perynduii KaJbli€BOro CHUrHally B TJIaAeHbKOM SI30BUX KiIiTHUHaX” No
0124U000224.
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OINNOCEPEJKOBAHA P2X7-ITYPUHOPEIENITOPAMMU ATP-3AJIEXKHA MO YJIAUIA
CITIOHTAHHOI CKOPOUYBAJIbHOI AKTUBHOCTI MIOMETPIS

A. I IIAHYEHKO", O. B. IIHMBAJIIOK’, JI. I'. BABHUY', C. I'. IIIJIUKOB'

"Binain 6ioximii M's3iB [ucturyTy Gioximii iM. O.B. MNannagina HAH Ykpainu.

*HHI Bucokux TexHoJoriii KuiBchbKkoro HauioHanbHOro yHisepcurety imeni Tapaca llleBuenka
E-mail: alionnnaioannnoval@gmail.com

KmrouoBi cmoa. CrioHTaHHa CKOpoYyBallbHa aKTUBHICTh MiomeTpis, Mitoxouapii, Ca®*’, P2X7-
nypuHopeuenropu, ATP, UTP, A438079.

Beryn. AneHiHOBI HyKJIeOTMOM — KJIFOYOBi OpraHiuyHi MOJIEKyJW, 110 T[OCTa4aloTh EHEprito,
OTOCEePEIKOBYIOTh BHYTPIIIHBOKIITHHHUN CHUTHAJIHT Ta € TPOMDKHUMHU TPOIYKTaMU MeTadoIi3my.
Panime mu nokaszanu ATP-ingykoBaHe 306iblIeHHS KOHLEHTpawii ioHizosanoro Ca*" y matpukci
MITOXOHIpiii MiomeTpis 3a BimcyTHOCTi ek3oreHHoro Ca’'. Byllo BHCIOBJIEHO MPUIYLIECHHS, IO
uuro3zonbHa ATP Moske BifirpaBaTH pollb CHTHANBHOI MONIEKYJIH, sika perymoe oomin ionis Ca*" 'y
MIiTOXOHAPIsX.

Merta. [ocninutun cenektuBHiCTH edekriB  ATP, onocepemkoBanux aktuBamiero P2X7-
MypUHOpelenTopiB, Ha oOMiH ioHiB Ca y MITOXOHIpiAX Ta CHOHTaHHY CKOpPOUYYBaJlbHY aKTHBHICTh
MioMeTpist.

Metoan. MitoxoHapii 3 MioMeTpisi HeBariTHUX IIypiB BUAUISUIA METOAOM JudepeHiiaabHOro
uentpudyrysanns. Kouuenrpauito Ca?’ y MaTpukci BU3HAaYa u 3a JIOMOMOIOK CHEKTPOIyOpUMETpa
QuantaMaster™ 40 i 3ouaa Fluo-4, AM. [Nonspuzaiito MeMOpaH MiTOXOH/IPiil peecTpyBaau MPOTOUYHUM
muromerpoM DXFLEX. [lani anamizyBamm 3a momomoroto CytExpert. TeH3oMeTpnyHi ekcriepuMeHTH
MPOBOIMIIM Ha MYJIbTUKIITUHHHUX TpenapaTax MaTKOBUX TpyO; ()parMeHTH 3 iHTAKTHUM €HIOMETpieM
3abupayi 3 OBapiaNpHOTO KiHIM Ta Hapi3amnm Ha cMyXkd 2x10 mM. CKopodyBajJbHYy aKTHBHICTh
peecTpyBanu B i30MeTpUYHOMY PeKUMI 3a HaBaHTaKEHHS 10 MH.
PesyabTaTn nocainxenn i ix odropopennsi. JbnaBanua ATP abo MgATP no epenosuma 3 KCl
CYNPOBOIKYETLCS 301IbLIEHHAM 0a3anbHOi koHuenTpauii Ca’’ y Marpukci MiToxoHzpiii. BeranosneHo,
wo ionu K nocumorots edektt ATP. 3amina ATP na UTP ue 3miHroBana 6asanbHy KoHueHTpauio Ca’’,
1110 CBiTYMTH MPO CENEKTUBHICTH eekTiB. Binomo, mo ATP-axtuBoBani P2X7-perientopu nokamnisyroTscs
y Mia3MaTuy4Hiii MemOpani Ta MiToxoHapisx. [Ipore A438079 (10 MkM), cenekTuBHUit iHriGiTOp P2X7,
He BIUIMBAB Ha KoHUeHTpauio Ca?’ y marpukci. 3Minn Ca’’ MOXKyTb BIUIMBATH Ha MONSPU3ALLII0 MEMOpaH
i naBmaku. [lokazaHo, w0 iHkyOauis MiToxoHApik 3 MgATP cynpoBOIKYETbCS 3HUKEHHSIM
iHTeHcuBHOCTI (uryopecueHuii 3oH1a TMRM npu6nmsso Ha 50%. Beranoneno, mo 6mokysanas P2X7-
peuenTopiB A-438079 mpurHiuye ATP-akTvBOBaHI CKOpOUYEHHS MiOMeETpisi: 3MEHUIYIOThCS aMILTiTya,
TUIOMIA T CKOPOUSHHSMH Ta 3pOCTae MBHUIKICTE (a3u po3cnadienns. OnrodacHe GiokyBaHHs P2X7-
peuenTopiB i ¢ochoninazu C Mae aautuBHuit edext. JonasanHs A-438079 Ha Thi ONOKyBaHHS
nuxanbHoro naHutora (NaN;) ta docdoninazu C (U-73122) He BIUIMBaNO Ha napaMeTpu CKOpOUEHb, 11O
CBiIYMTH NPO HE3HAUHMI BHECOK MOMYJIALIT UX pPeleNnTopiB, pO3TAIIOBAHMUX Yy IUIA3MaTH4Hii MeMOpaHi.
BucHoBku. [TokazaHo, 110 MypUHOPELIENTOPU Y MiOMETpii HeBariTHUX L1y pPiB BillirpatoTh BaXKJIMBY POJb
y peryysmii ckopouyBanbHOi akTuBHOCTI. [lo3amiToxonnpiansHa ATP cnpusie 36inpimenHto 6a3anbHOT
koHuenTpauii Ca®>' Ta 3MeHLIEHHIO ToNsApu3alii MemMOpaH MiToXoHApii. Ockinbkyu OnokyBaHHs P2X7-
peLenTopiB Mpu akTMBHOMY (YHKIiOHyBaHHI MIiTOXOHZIpii BIIMBAE Ha IUBUAKICTH pO3CiabNeHHS Ta
MIoILy MiZi ckopoueHHs MU (i He Mae edekTy 3a ONOKYyBaHHSA AMXaJbHOTO JIAHIOTa), MOMYJIsLis UX
peLenTopiB y MiTOXOHAPIAX, HMOBipHO, Oepe yyacTh y MATPUMaHHI 3AaTHOCTI MiOMETpist 10 TPUBAITIX
TOHIYHUX CKOPOYEHb.
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APPLICATION OF EVERY-OTHER-DAY FEEDING REDUCES ADIPOSITY AND
CARBONYL STRESS IN THE LIVER OF CAFETERIA DIET-FED MICE

MV. IVANOCHKO, M.M. BAYLIAK, V.I. LUSHCHAK

Vasyl Stefanyk Carpathian National University, Ivano-Frankivsk, Ukraine
E-mail: marian.ivanochko.20(@pnu.edu.ua

Keywords. Cafeteria diet, protein carbonyls, obesity, intermittent fasting, liver, triacylglycerols.
Introduction. Excessive consumption of sweets, fast food, and the so-called “cafeteria diet” (CD) causes
metabolic disorders and obesity, accompanied by oxidative stress development. Intermittent fasting is used
to decrease body mass in obese adult humans and animals. However, the impact and effectiveness of
intermittent fasting or every-other-day feeding (EODF) on middle-aged animals with obesogenic CD was
under-researched.

Aim. This work aimed to study the effects of intermittent fasting on physiological, metabolic, and
antioxidant parameters of mice that consumed a high-calorie cafeteria diet.

Methods. Ten-month-old C57BL/6J males were divided into four groups with 3-5 mice each. The Control
group consumed a basal diet. The second, third, and fourth groups consumed a cafeteria diet (CD) which
consisted of chocolate, biscuits, waffles, crackers, cheese, sausages, crackers, corn sticks, cereals, and
peanuts. In the 8th week, the third group began to receive chow every other day (CD+EODF). The fourth
group began to receive access to chow only for three hours per day (CD+3HF). After the next six weeks,
all mice were euthanised according to bioethics norms. The murine liver was dissected for biochemical
analysis.

Results and Discussion. Consumption of the experimental diets did not affect the body mass of mice. All
three groups with CD consumed a lower amount of chow compared to the Control group. Notably, these
mice consumed more water compared to the Control mice. Accumulation of visceral adipose tissue was
the highest in CD and CD+3HF groups, indicating the development of a lean but obese phenotype of mice.
Mass of visceral fat was similar in the CD+EODF and the Control groups. In addition, the accumulation
of triacylglycerols was the highest in the liver of CD mice, suggesting pathological development of fatty
liver state, while the CD+EODF value was not different compared to the Control group. The content of
protein carbonyls, a marker of oxidative stress, was the highest in the CD group. This parameter was lower
in the CD+EODF and CD+3HF groups compared to the CD group. The activity of several antioxidant
enzymes, superoxide dismutase, catalase, glutathione S-transferase, and glutathione reductase, had a trend
to be lower in all CD-fed mice.

Conclusions. Consumption of a cafeteria diet caused visceral adiposity of the liver and carbonyl stress,
while application of every-other-day feeding modulated these parameters to values of the control group.
These findings indicate a selective positive effect of every-other-day feeding on metabolism and
elimination of oxidative stress in the murine liver.

Funding source. This research was supported by a grant from the Ministry of Education and Science of
Ukraine (#0122U000894) awarded to Volodymyr 1. Lushchak.

Acknowledgment. The authors are grateful to students I. Labych, 1. Yatskiv, V. Balatskyi, and V.
Derkachov for assistance during the work. The authors are grateful to the defenders of Ukraine, whose
heroic deeds made the preparation of this research possible.
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3ACTOCYBAHHS I'IMMOTOHIYHUX TA I'IEPTOHIYHUX PO3YHUHIB A5
JEUEJIOJISIPU3ALI KICTKOBOI TKAHUHU

O.I IIIEBYYK"?, K.B. KOT', B.B. KOPYEBA’, O.C. JIAXHO’, ]I.C. KPACHEHKOB’
"XapkiBcbkuii HatioHanbHUI yHiBepcuTeT imeni B.H. Kapasina, Xapkis;

IucruryT repontosorii imeni JI.®. YeboTapboBa, KuiB.
E-mail: olha.shevchuk(@karazin.ua

KarwuoBi caoBa. Jlenentonspusailisi, KicTkoBi ckad oy, 6i0CyMiCHICTb.

Beryn. Po3pobka Ta omruMmizaiis TPOTOKOIIB NEHENIONspu3alii KicTKOBOI TKAaHMHU € aKTyaJlbHUM
HanpsSMKOM JOCHI/DKeHb B Tayly3i TKaHMHHOI iHxeHepii. OTpuMaHi KicTKOBi ckadoiau TBapUHHOTO
MOXOMKEHHsI MalOTh Psil ETUUHUX Ta (PiHAHCOBUX MEpeBar, KpiM TOro Taki iMIIaHTH MatOTh EPCHEKTUBHI
CTPYKTypHi Ta OioxXimMiuHi BmacTuBOCTi. /[l OTpMMaHHS HeiMyHOTeHHMX Ta TMPHUIATHUX 10
KCeHOTpaHcIUIaHTallii ckadoniiB icHye moTpeda B MOKpalleHHi Ta ONTUMi3allii iCHYIOUUX TPOTOKOJIB
BUPOOHMUTBA. 3aCTOCYBaHHs TMNOTOHIYHMX Ta TiMEPTOHIYHMX PO3UYMHIB € OJHUM i3 MiAXOAIB (izuuHOT
JeLeTrosIpr3alLtii, o 3a0e3neuye OCMOTHYHMIA IOK Ta MiABUILY€ eeKTUBHICTH il AeTepreHTiB. Y naHiit
po0OOTi MpencTaBieHuit miaxin, mo nependavyae koMoOiHalir0 GizuIHOro (OCMOTHYHHUHI 1IOK) Ta XiMiYHOTO
Mmetony i3 3actocyBaHHAM TpuroH X-100 — akTHBHOI'O KOMIIOHEHTY, L0 YTBOPIOE€ MOPU B KIiTUHHIH
MeMOpaHi Ta MOJIETIIyBaTH BUNAICHHS KITITHHHOTO KOMIOHEHTY TKaHWH.

Mera. OuiHka SKOCTi KiCTKOBHX cKadoJiB, OTPUMaHMX TicCls ONTHMI3allii MOeJHAHWUX MPOTOKOiB
(i3uyHOT Ta XiMiYHOT AeueoApr3allii.

Metonu. ['yd4acTy 4acTHHY CTETHOBOI KiCTKHM BEITUKOI poratoi XymoOu po3dijeHO Ha 3pa3Ku 00’ €MOM
npubnuzHo 1 cM® Ta BigMHUTO y (ochaTHO-CONLOBOMY Oy(hepHOMY pO3UMHI MPOTArOM Houi (pu
temnepatypi +4°C) ta nocriliHomy mnomimyBaHHi Ha weiikepi (100 o6/xB). [licna npomuBku y
riMOTOHIYHOMY PO3UMHI (AeioHi30BaHa Boza), 3pa3ku mianasaiucs 12-rogunHiit 06pobui B 1% abo 0.5%
po3undi Tputon X-100 3 mnojmanbMM BiAMUBaHHSAM Yy TrineproHiuHoMmy posuuHi (3% NaCl).
EdexTuBHicTh BUAaNEHHs KIITUH 3 TKAHUHU OLIiHIOBAJIM METO/IOM KiJIbKiCHOTO BUMipHOBAHHS 3a1MUIKOBOT
JIHK Ha ocHOBi npoTokoy BHAiNeHHS (eHon-xaopopopmom. CTaHaapTOM, SKHil BKa3ye Ha e(heKTUBHY
JieleNToIspu3allito, BBaxkaeThes BMicT ek3oreHHoi JJHK mente 50 Hr/mr. s ouinku GiocymicHOCTi OyJio
B34TO CyOKyTaHHY MOJIENb IiIIWBKY 3pa3KiB camusaM BikoM 23-27 twkniB minii CD1. Ha 30/31 nexs
micis iMIUIaHTawLii MpoBeaeHO PO3THH Ta B3ATO Ma3K1 KPOBi Ha aHai3.

Pe3yabTaTh gociigkeHs i ix odoropopenHs. Pesynbsratu ouinku 3anuinkoBoi JIHK npoaemoHcTpyBanu,
o oOuIBa 3aMPOTIOHOBAHI MPOTOKOIH Neremonsapu3arii € epekrnaumE. Piens IHK micist 06po6ku
1% pozuuHom Tpuron X-100 ckinagas 5.22 Hr/mr, a micis iHkyOamii y 0.5% po3uuni nereprenry — 6.57
Hr/™Mr. JInsi TectyBaHHsl 6iocyMicHOCTI Oyno oOpaHO Miaxim, o mnepeadadyae HUKYY KOHIEHTpaLlito
JETEepre’ty, II0 MOXE KOpEeNoBaTH 3 KpalluM 30€peXeHHS M MO3aKJIITHHHOTO MaTpUKcy. 3a
pe3ynbTaraMM pO3THHY, Y BCiX TBapuH AOCTiAHOI rpynu OyJM BiICYTHi O3HAKM MiCIIEBOIO HEKpO3y Ta
3araJibHOrO 3aMnajieHHs, BHYTpilllHi opraHu He 30inbliueHi. [Toka3HUKHU KiIbKiICHOTO 3arajlbHOTO aHalizy
KpoBi (3abapBneHHst 3a PomaHOBChKOTO-I'iM3a) ¥y Ma3zkaXx B HOpMi. 3aranbHi MOKa3HUKH aKTHBHOCTI
TBapUH MicCJs iMIIaHTaliil 30epiranuce.

BuchoBku. [leuentonspusanisi KicTKOBOT TKAHMHUM HA OCHOBi OCMOTMYHOIO LIOKY Ta 3aCTOCYBaHHSAM
Tputon X-100 € mnepcrneKkTUBHOIW A MOJANbLIMX JOciimxkeHb. [IpoTOKOIM NpPOAEMOHCTPYBaIU
e(ekTHBHe BUIANICHHS KJITMHHOTO BMICTy Ta BiICyTHICTh TOCTpOi iMyHHOT BilMORBiAiI Ha cyOKyTaHHil
MuLIa4diii Moenti.
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A HIGH-THROUGHPUT SPATIAL SELECTION APPROACH FOR ISOLATING POLY-
RESISTANT MICROORGANISMS USING CONTINUOUS AGAR DIFFUSION

LP. KOSTIUK', V.M. HOVORUKHA '* , A.V. SACHKO*

'D.K. Zabolotny Institute of Microbiology and Virology of the National Academy of Sciences, Kyiv;
2 Institute of Environmental Engineering and Biotechnology, University of Opole, Opole, Poland;
3 Yuriy Fedkovych Chernivtsi National University: Chernivtsi.
E-mail: Kostiuk_Ilia(@nas.gov.ua

Keywords: spatial selection, soil microbiome, high-throughput screening, polymetallic stress, heavy
metals, bioremediation.

Introduction. Bioremediation requires resilient microbial strains capable of withstanding complex multi-
component pollution. Traditional screening methods are resource-intensive and often fail to replicate
synergistic polymetallic stress in situ. Developing rapid, ecologically relevant platforms to select poly-
resistant consortia is a critical biotechnological challenge.

Aim. To develop a continuous radial diffusion gradient platform as a High-Throughput Screening (HTS)
spatial selector for the rapid isolation of poly-resistant consortia directly from soil microbiomes.
Methods. A continuous concentration gradient of a citrate-chelated polymetallic mixture (PR6: Co?*, Ni?",
Cu?t, Zn*', Fe*, and CrO4+*") was established within a 1.5% agar matrix. Controlled radial diffusion from
a central well over 72 hours generated a stable chemical gradient, mathematically modeled using Fick's
second law and empirically validated via X-ray Fluorescence (XRF) spectrometry. A standardized
suspension of a native, unadapted chernozem microbiome was surface-inoculated. Biomass successfully
colonizing the maximal inhibition boundary was evaluated for extraction.

Results and Discussion. The customized radial agar well diffusion system effectively transcended a
standard toxicological assay, functioning as an automated spatial selector for biological resilience. To
maximize ecological fidelity, the PR6 mixture was deliberately stabilized via citrate chelation. This
formulation accurately replicates real-world soil conditions where heavy metals are frequently bound by
organic matter, providing a much more realistic representation of environmental toxicity than conventional
free-ion solutions. Crucially, XRF spatial scanning confirmed near-perfect alignment between the
theoretical predictive curve and the actual polymetallic distribution, ensuring precise localized dosimetry.
By exposing the intact soil community to this continuous 1000 ppm gradient, the system forced an acute
ecological selection on a single Petri dish. A dense, stabilized biological front formed at a calculated toxic
threshold of = 800-700 ppm. The microorganisms colonizing this absolute boundary are not merely
random survivors; they have bypassed a rigorous spatial selection process, demonstrating simultaneous
resistance to a synergistic attack by six different heavy metals. This physical separation effectively
eliminates the need for tedious, multi-step serial subculturing traditionally required to isolate poly-resistant
bacteria.

Conclusions. The validated platform serves as a rapid tool for determining multi-metal tolerance and
generating resistant cultures in a single step. This streamlines the isolation and characterization of strains
for targeted use in bioremediation technologies

Acknowledgement. The authors thank the Armed Forces of Ukraine (AFU) for ensuring the safety and
possibility of conducting research in Kyiv.
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EXTRACTION AND CHARACTERIZATION OF PROTEIN ISOLATES FROM SWEET
LUPIN (LUPINUS ALBUS)
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Lviv Polytechnic National University
E-mail: maksym.h.stets@Ipnu.ua

Keywords. Lupinus sp., protein isolate, functional properties.

Introduction. Lupin (Lupinus sp.) seeds have emerged as a high-protein, underutilized alternative for
functional ingredients in food and pharmaceutical formulations. Selecting an extraction strategy requires
a careful balance between maximizing protein yield and maintaining the structural attributes necessary for
specific functional properties such as solubility.

Aim. The aim of the study was to investigate the chemical composition and solubility properties of white
lupin seed protein isolates obtained through two preparation methods: alkaline extraction-isoelectric
precipitation, and micellization.

Methods. Lupinus albus (Rhapsody variety) seeds were treated by the method described in El-Adawy et
al. (2001). Isoelectric (ILP) and micellar (MLP) lupin protein isolates were produced according to Muraniy
et al. (2013). Final powders were treated to 60-mesh fineness. Nitrogen content was established using the
Dumas method. Protein yield was expressed as a percentage of total protein recovered from the defatted
flour. The spectra of all protein isolates were recorded using Fourier transform infrared spectroscopy
(FTIR). Solubility was measured using the Lowry method following the protocol by Bader et al. (2011).
Values were calculated as the ratio of soluble protein to total protein (solubilized in 1 M NaOH) and
expressed as a percentage.

Results and Discussion. Extraction yields were comparable between the two methods (42.03 + 1.31% for
ILP and 41.28 + 1.43% for MLP), though both require further optimization to maximize recovery. A
significant disparity in purity was observed, as protein content was: ILP 79.38 + 0.02% vs. MLP 98.75 +
0.04 %). According to the classification by Poji¢ et al. (2018), the ILP produced here is more accurately
defined as a protein concentrate. The superior purity of MLP likely stems from enhanced protein—protein
associations induced by the reduction in ionic strength during micellization [Muraniy et al., 2013]. The
FTIR spectra displayed typical protein absorption features, with distinct peak at 1640 cm™' confirming the
prevalence of P-sheet secondary structures. These findings align with the structural characteristics
commonly reported for legume-derived proteins [Carbonaro, Nucara, 2022]. Regarding functionality,
solubility for both samples (9.57 £ 0.66% for ILP, 7.92 £+ 0.67% for MLP) was lower than previously
reported values [El-Adawy et al., 2001]. This discrepancy is potentially attributable to the particle size of
the protein powder. Because standard protocols often omit post-drying mechanical treatments, such as
milling or sieving, due to equipment variations, the influence of secondary milling on enhancing the
solubility of these isolates warrants further investigation.

Conclusions. While salt extraction is the superior method for achieving high-purity lupin isolates, further
optimization of extraction parameters is required to maximize total yields. Future research should
specifically investigate the impact of post-drying mechanical processing on the solubility of lupin proteins.
Funding source. This research was funded by [HORIZON, EUROPA], grant number 101186662 —
Excel4Pro.
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JHIMTOCOMAJIBHA TPAHC®EKUIA KJIITUH FREESTYLE™ 293-F
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Hauionansunit Mennuanii yrisepentet iMeni O.0. boromosnbis, Kuis
E-mail: elena wwu@ukr.net

Kurouogi ciioBa: ninocomanbHa Tpancgexuis, kiaituan FreeStyle™ 293-F, uuromerprdHa oniHKa.
Beryn: Mertoa ninocomanbsHoi TpaHcdekuii kmiTuH FreeStyle™ 293-F Ga3yeTbcs Ha yTBOpEHHi
KoMmITIekciB Mix TasminHoro JIHK Tta mimimamm TpancdekmiliHum peareHTOM, o 3abe3MnedyroTh
e(eKTHBHE NePEeHeCeHHs! TeHETUYHOTO MaTepiaiy uepe3 KIiTHHHY MeMOpaHy Ta MOAaNbLly TPaH3i€HTHY
€KCIIPEecilo LiJIbOBOro reHa.

Merta: Po3pobutu MeToauky jinocomainbHol TpaHcdekuii kiaitun FreeStyle™ 293-F 3 nuromeTpryHOO
OLIIHKOIW TpaHCQekliliHOT eQeKTUBHOCTI Ta MKUTTE3JAATHOCTI KJIiTUH, a TaKOX IMyHO(EPMEHTHUM
BU3HAYCHHSIM KOHIIEHTpALii MUIIA4YOro iMyHOTIIO0YTiHY.

Metoan: Ilporouna uuromerpis, ¢ayopecuenuis GFP sk mapkep Tpancdekuii, 7-AAD — GapBHUK
’KUTTE3NATHOCTI, LUTO(IyopuMeTpis, imyHopepmenTHuii anani3 (ELISA).

Pe3yabTaTu 10CaiqKeHb i iX 06roBopenns: [IpoBeaeHa nonepeaHs niaroroska kiaitTuH FreeStyle™ 293-
F 1o npoBeneHHs TpaHc(eKkuil 3 MOAANBIINM KyJIbTUBYBaHHSIM Ta AOCATHEHHAM poO040i KOHLEHTpail.
[TinroroBneHo TpaHcdekuiitHuii peareHT Ta okpeMi po3unHu masMigHoi JJHK i nimigHoro peareHty asns
X 3MitmyBaHHs, 3()opMyBaHO TpaHcekuiitHi koMmmexcn. [licns npoBeaeHHs JinmocomManbHOT TpaHcheKil
e()eKTUBHICTb BBEJCHHS T'€HETHUYHOI KOHCTPYKLil Ta >XUTTE3NATHICTh KJIITHH OLIHIOBAJIM METOIOM
npotouHol uurometpii. [licns omiHkn epexTHBHOCTI TpaHCcheKUil Ta KUTTE3AATHOCTI KIIITHH METOIOM
MPOTOYHOT LIUTOMETPii MPOBOJAMIM KiJIbKiCHE BU3HAYEHHS MHULIAUOro iMmyHornoOyJiHy (mouse IgG) y
TOCHTITHUX 3pa3kax MeToIoM iMmyHopepMeHnTHoro aHami3y (ELISA).

BucnoBku: JlinocomanbHy TpaHcdexkiito kiiTuH FreeStyle™ 293-F npoBeny 3 BUKOPUCTaHHSAM peareHTy
FreeStyle™ MAX Transfection Reagent BinmoBigHo 10 pekOMEHIOBaHOTO MPOTOKOITY JUTS CycCTieH3iHHOT
KyJIbTYpH KIiTHH. [ToeiHaHHS MeTOMiB LuTOMETpii Ta iMyHodepmenTHoro aHanizy (ELISA) no3sonuio
BCEOIYHO OLIHWTH pe3yJbTaTh ekcrpecii TpaHC]ikoBaHOT KOHCTPYKIi Ta piBeHb MPOIYKIii IiTHOBOTO
Oinka.

Mxepeno ¢inancyBannsi: CraxyBaHHs B YHiBepcuteTi M. JlixkoH (®PpaHuis) 3a nporpaMor0 oOMiHy
CTYJEHTIB.
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OIIHKA BEKTOPHUX CUCTEM Y SACCHAROPOLYSPORA ERYTHRAEA TA
CTBOPEHHS HOBOTI'O PEINUIIKATUBHOI'O BEKTOPA

A P. HOTAY'?, B. O. ®EJJOPEHK(O’, IO. B. PEBEI]B"’

!JIbBiBCHKMIT HALlIOHABHUN YHIBepcuTeT iMeHi [BaHa Dpanka, JIbBiB, Ykpaina
2TOB "Excruiomxken”, JIbBiB, Ykpaina

E-mail: sidorko668(@gmail.com

Karouosi cnoBa. Saccharopolyspora erythraea, iHTeTpaTUBHI BEKTOPH, peIuTiKaTHBHI BekTopH, pYS191,
aKTUHOOAKTepil, epUTPOMIlIMH.

Beryn. Saccharopolyspora erythraea € BaXJIMBUM NPOMUCIOBUM MPOAYLIEHTOM EpPUTPOMIlIMHY Ta
MOZIENBHAM 00 €KTOM Ul JOCHTiIKeHHs OiocwHTe3y mosikeTnaiB. Hes3paxaroum Ha ne, reHeTHUHi
iHCTpyMeHTH JUis 1€l OakTepii 3anumaerbes ooMexxeHuM. Oco0IMBO HEJIOCTATHBO BUBUEHI BIACTUBOCTI
iHTerpaTUBHUX 1 perlikaTUBHUX BEKTOPiB, LIO YCKIAJHIOE TEHEeTUYHI MaHimyJsslii Ta CTBOPEHHs
pPEeKOMOiHAHTHUX IITaMiB.

Merta. OuiHuTH eeKTUBHICTh IHTETPATUBHUX 1 PeTTiKaTUBHUX BEKTOPiB Yy Sacch. erythraea Ta cTBOPUTH
HOBUI1 e(heKTUBHUIA perlikaTUBHUI BEKTOP AJ1sl FEHETUYHUX JNOCIiIKEHb.

MeTtoau. Bukopucrtano metoau knonyBanHs JIHK, mixkponoBoi koH 'torauii, I1JIP, cekBeHyBaHHS FeHOMY
Ta 6i0iHPOPMATUYHOTO aHAITi3Y.

Pe3yabTaTH gociixkenn i ix odropopeHHsi. [HTerpatuBHi BekTopu Ha ocHoBi ¢C31, oBT1 i VWB
e(PeKTHBHO TIEPEHOCAThCS Y Sacch. erythraea. Beranosneno, mo caiitu inrerpauii mis ¢BT1 i VWB €
yHiKaJbHUMH, HaToMicTh st @C31 — MHOKMHHUMU. BuUsiBNEHO, 10 iHTErpaTHBHi BEKTOPU MOXYThb
BUpi3aTUCA 3 TEHOMY, 1110 BUMArae CeJeKTUBHOIO TUCKY 1 CTaOlIbHOCTI.

PennikatuBHI BexTopu 3 mommpeHumu pertikonamu (plJ101, pSGS5) nokaszann HU3bKY e(eKTHBHICTh
nepeHocy. Jlyns BupilieHHs wiei mpoOdieMu CKOHCTPYHOBaHO HOBMIA perulikaTuBHUI BekTop pYS191 Ha
ocHoBi pemikoHy pJV1. Lleii pemnikoH e(eKTUBHO mepeHocuthesi y Sacch. erythraea Ta iHu
aKTUHOOAKTEpii, MiATPUMYETBCS 3 HU3BKOIO KOmMiliHiCTIO (2-3 Komii HAa XpOMOCOMY) Ta IIBUAKO
BTpayaeThbcs O3 ceneKuil.

He BusiBIIEHO CYTT€BOTO BIUIMBY MOCHTIIKEHHX BEKTOPIB Ha MPOAYKIIIO EPUTPOMIIIMHY, IO MiNTBEPIKYE
iX mpuAaTHiCTH i 0i0TEXHOJIOTIYHOTO 3aCTOCYBaHHSI.

BucHoBku. [HTerpaTuBHi BeKkTOpU € e(EeKTUBHUM iHCTPYMEHTOM JUis KIOHYBaHHA TeHiB y Sacch.
erythraea, ofHaK MOTPeOyOTh CeIeKTUBHOro TUCKy. CTBopeHuii BekTop pYSI91 € mepcrnekTUBHUM
{HCTpyMEHTOM JJisI THMYacoBOi eKcmpecii TeHiB i reHoMHoi imkeHepii. OTpuMaHi pe3ynbTaTtu
PO3LIMPIOIOTH F’eHETUYHUI IHCTpyMeHTapiit U1 akTHHOOAKTepiil.

Joxepeno ¢inancyBanus. Po6ora BukoHaHa B pamkax npoekty CENtR (BMBF, NeO1DK24009A) Ta
STCU (P810).

Moasika. Asropu BasiuHi John Innes Centre 3a HafaHi WITaMyU Ta KoJieram 3a HayKOBY MiATPUMKY .
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E-mail: mboroshko@gmail.com

Karouogi ciioBa. Tag-momiMepasa, miodinizaris, 3aXucHe cepeoBHIIe.

Beryn. Tag-nojimepasa € KpUTHUHO BaXIMBUM (epMeHTOM s npoBeneHHs [1JIP, mo mwmpoko
3aCTOCOBY€ETHCS Y iarHOCTHIII Ta HAYKOBHX JOCII[UKeHHSX. 3abe3nedeHns cTabinbHOCTi IbOTO (hepMeHTy
Npy TpUBAJIOMY 30€piraHHi € BaXJIMBOI OioTexHONOriuyHOW 3anadero. OnHUM 3 eQeKTHBHUX METO.iB
ctabinizauii € niodinizauis, ogHak il eeKTUBHICTh 3HAYHOIO MipOK 3aJIe)KUTh BiJl pEXKUMY CYIIiHHS Ta
CKJIaJly 3aXMCHOTO Cepe/OBHIIA, 110 BU3HAYAE CTPYKTYPHi Ta (pyHKIIOHANbHI BIACTUBOCTI OTPHMMAHOTO
nioginizary.

Merta. Po3pobka cxiamy 3axucHoro cepenosuina [uist siodimizauii Taq-monimepasn st GopMyBaHHS
CTPYKTYPHO cTabiIbHOTO JIiodinizaTy 3 onTUManibHUMU MOPQOJIOTIUHUMH XapaKTepUCTUKaMHU.

Metoau. [locnimkenns mpoBoauThes Ha 6a3i Jlaboparopii monekymspHoi niarsoctikn HHL «IEKBM».
Taq-nosniMepasy oTpyUMYBajM LUIAXOM KyJbTHBYBaHHS T€HETUUHO MOAM(ikoBaHOT KyIbTypu E. coli, 1o
MicTuna TasMin i3 reHoMm Qepmenty. [licas KynbTUBYBaHHS Ta iHAYKLIT excripecii KITHHA TMiggaBani
J3UCy 3 TIOAANBIIOK TepMiuHOW 00podkoro (~93 °C) i ueHTpUYTryBaHHAM M BUIiNIEHHS
TepmocTabineHoi (pakiii. EkcTpakt 3MimyBany i3 3axucHnM cepenosuuieM (Tperanosa 10%, mymryiaaH
1%, rninue 0,5%) y cniBBigHomenHi 1:1 (06’em 200 mxi). Jliodinizamito mMpoBOOWIN y NBa €TAIM:
nepBUHHE CyLiHHA npu Temmnepatypi Bia -50 °C no 0 °C npotsrom 12 roa, BTOpUHHE CyIUiHHA npu +28
°C npoTsarom 6 rof.

Pe3yabTaTu aocixkeHs i ix 00ropopeHHs. BcraHoBieHO, 1110 3aCTOCYBaHHsI KOMOiHOBAHOI'O 3aXUCHOTO
cepenoBuIna 3ade3nedye GOpMyBaHHS CTPYKTYPHO CTaOUTBHOTO JiOQisi3aTy 3 pO3BUHEHOI MOPUCTOO
CTpyKTyporo. Tperajio3a € KJIHOUOBUM JiONpoTekTopoM. BoHa (opmye BoAHEBi 3B’S3KU 3 MONSIPHUMMU
rpynmamMu OinkiB Ta 3amobirae meHarypamii mojliMepasw, CHpuse€ YTBOPEHHIO CKIIOMOMIOHOT MaTpHIIi.
[lyniaynan BUKOHY€E CTPYKTYpOYTBOpIOIOUY (YHKIiIO, MiJBUILYIOUYM MEXaHIYHY MIlHICTh «KeHKy».
I'minyH BruTMBaE Ha MPOLECH KpUCTasTi3alil Ta MaconepeHocy i MoKpalry€e MOpgoIoriuHi XapaKTepuCTHKN
nponykty. B pesyibrati orpuMaHo ofHopiaHui iodisizaT 6e3 03HaK Konarcy, ki 1eMOHCTPY€E BUCOKY
3MaTHICTB 0 periaparanii 3 yTBOPEHHSM OJHOPiTHOTO PO3UHHY.

BucHoBKH. 3anponoHOBaHe 3axXMCHE cepenoBuile 3adesneuye GopMyBaHHS MOP(OIOTiYHO CTA0UTLHOTO
nioginizaty Tag-monimepasu. [loganeiui gocnimkeHHs OyJAyTh CHOpPSAMOBaHi Ha OLIIHKY aKTMBHOCTI Ta
cTabinbpHOCTI epMeHTy npH 30epiranHi, a TAKOXK MOPIBHIHHS Pi3HUX PeLenTyp JiONPOTEKTOPIB.
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MOVIEKYJAPHO-TEHETUYHUA NMIAXIA 1O BUSABJEHHA CANDIDA ALBICANS IPU
MIA03PI HA TPUBKOBUI CETICUC

K. IIPOXOPEHKO, I.I I'PHHIOK

HTY VYkpainu «KniBcbkuii nonirexHiuauii iHctutyT iMeHi Irops Cikopcbkoro»
E-mail: pdmytro378@gmail.com

Karouosi cioBa: [1JIP B peanmbHOMY 9aci, MOJIEKYJISIpHA IiarHOCTHKA, CETICHC, O10TEXHOJIOTI.

Beryn. Cencuc 3anviuaeTbesl ONHUM i3 HAUTSOKUMX iH(eKLifiHO-iHAY KOBAaHUX CUHAPOMIB B OCHOBI KOO
JeXKUTh Peakiliss OpraHi3My y BUIJISII CHUCTEMHOTO 3alajieHHs, SKe CTAHOBUTH 3arpo3y Ui JKUTTS.
Oco0nuBy mpoOjeMy CTaHOBUTb Cerncuc rpuOKoBOI eTiofiorii, Hacammepen MOB’s3aHUi i3
npexactaBaukamu pony Candida albicans. Candida albicans ictopudno 30epirae mpoBimHe Micue y
CTPYKTYpi iHBa3MBHOIO KaHIMAO3Y Ta KaHAMAEMIl Ta BHM3HAYaeThCS 3JATHICTIO O MEPEeXOoAy Mixk
JOpiKmKOBOIO Ta TidansHOIO (hopMaMu, OiOMIIBKOYTBOPEHHS Ta afamnTallii A0 Pi3HMX MiKPOOTOUEHB.
TpaauuiliHa MeTOOM MAiarHOCTUKM KAaHIUAO3Y XapaKTepU3ylThCcd OOMEKEHOH 4YyTIHMBICTIO Ta
MOTpeOYIOTh TPUBAIOTO HYacy OTPUMAHHS pe3ylbTaTy, TOMY BaKJIMBOIO € pPO3poOKa MOJEKYJISpHO-
TeHeTUYHUX TiIXOMIB, 3MATHUX 3a0€3MeUNTH IIBUIKY Ta TOYHY JiarHOCTUKY KAaHIUIO3Y.

Meta po6oTH - BCTaHOBJICHHsI ONTUMAJILHOIO FeHETUYHOr0 Mapkepa A AudepeHuiitHol ineHTudikauii
Candida albicans metonom [1JIP y peansHOMy Haci.

Metoaun. bioiHpopMaTuuHuii aHaniz mpoBoaunu 3 BUKopucTaHHSAM pecypciB NCBI, GenBank i
nporpamHoro 3abe3neueHHs SnapGene; crienmdivHiCTh TpaiiMepiB OLiHIOBaNN in silico 3a JOMOMOTOO
BLAST. Ammnigikauiro JIHK 6ionoriunux 3pa3kiB 3 kKaHAMI030M 37ikicHIOoBa M 3a aomnomoroto T1JIP B
peansHOMy dHaci Ha cucremi Bio-Rad CFX96 Touch y nBodazoBomy pexxnmi TepMOLMKIyBaHHS i3
3arajibHOKO KiJIbKiCTIO 47 LMKIIIB.

PesyabTaTn pociimkensb i ix odroopennsi. [lani nporpamu SENTRY mpomemoncrpysanu, mo C.
albicans ctanoButh 46,9% cepen 20788 inBasuBHuUX i30yaTiB Candida, mo ninTepimxye i KIiHIYHY
3HAUYLLICTb y CTPYKTYpi iHBa3MBHOIO KaHIWIO3y 3 HAMOINBIIOI YAaCTKOK MO3UTHBHUX 3pa3KiB y
nocmimKyBaHiit Bubipui. 3a momomoroto [1JIP B peansHOMy baci Oynio BcTaHOBIEHO, IO cepen 29
no3uTuBHUX 3paskiB Candida spp. Haitbinbuy yactky (20 3pa3kiB) craHoBuiM came 3pasku C. albicans,
toni sk C. glabrata BusBneno y 7 3pa3kax, a C. parapsilosis y 4 3pa3kax. B pesymnbrari
OioiH(opMaTUYHOTO aHali3y K MOJEKYJIsApHY MilleHb Juisi BUAoBOI ineHtudikauii C. albicans Oyno
o6pano ITS1/ITS2-perion pubocomuoro knacrepa. Bukopucranns ITS-perioHy € HaitGinbIm qOMiTEHAM,
OCKIJIbKM 1151 MillleHb € 100pe BUBUEHOI, YHiBEPCAIbHOIO Il TPUOKOBUX 30yJHUKIB i MPUIATHOIO AJIS
BuzioBO1 audepermiarnii. s ammmigikanii nimposoi ginsaku [TS1/1TS2 metomom [1JIP y peansHOMY uaci
Oynu BukopucTani Taki cneumdivni npaiimepu: Forward: 5'-CGTCGTTTCTCCCTCAAACC-3'; Reverse:
5'-AGCCATTGTCAAAGCGATCC-3'. Jlerekuito mpogyKTy aMIuTipikariii mpoBOIMIH i3 3aCTOCYBaHHIM
rigponizHoro TagMan-3ou1a 5-FAM-ACCCAAGTCGTATTGCTCAACACCAAAC-BHQI-3’
OtpumaHi B xoji [1JIP B peanbHOMY uaci pe3ynbTaTu nepeBipku npaiiMepiB no ¢parmenra ITS1/ITS2
nokasanu creundivnicTs 10 npeacraBHukiB pony Candida albicans. Ananiz moporosux uukiis (Ct), a
TaKO MepeBipka CHHETUYHUX MO3UTUBHUX KOHTPOJIIB 3pa3KiB aa 3MOry BCTAHOBUTH 4y TJMBIiCTh AaHOT
cucremu Ha piBHi 10% koniit JIHK Ha 1 mn 3pasky, 10 J03BOJIs€ CTBEPAKYBATU MPO BUCOKY TOUHICTH
JOCTIIKEHB.

BucnoBku. OTxe, ONTUMAJFHAM TSHETHYHUM MapKepoM Ui audepenuiitnoi inearudikauii Candida
albicans € ITS-perion puOOCOMHOTO KiacTepa. 3acTOoCyBaHHS crHelM]iuHOro Mapkepa CHpHUsITHME
paHHBOMY BUABINeHHIO 30ymHuka Candida albicans y TauieHTiB i3 Migo3poro Ha rprHOKOBHiT cericwc,
CBO€YACHOMY MPU3HAUEHHIO aHTUTPUOKOBOT Teparii Ta 3MEHIIEHHIO PU3KKY JIeTalbHUX HACIiKiB.
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PEKOMBIHAHTHU OJTHOJIAHIIOTOBUN ®PATMEHT AHTUTLIA, CHELIU®IYHOI O
0 ®IBPUHY, SIK NPOTOTUII AHTUKOAT'YJIIHTHOTI'O 3ACOBY

L-M. M. KJIHMKOBHY, P. O. JEMYHHCHKA, K. B. BAH/IJAKOBA

Inctutyt 6ioximil imeni O.B. [Nannagina HAH Ykpainn
E-mail: ivanna-maria07@knu.ua

KmouoBi cioBa. ®ibpun, mnomimepusauis ¢iOprHy, MOHOKJIOHAJbHI aHTWTINA, OJHOJAHLIIOTOBE
aHTUTIN0, SCFV, pekoMOiHaHTHa eKcrpecis.

Beryn. Tpom003u 3anuinatoTbes OAHIEIO 3 MPOBIAHWX MPUYMH [HCYJIBTIB, iH(APKTIB Miokapaa Ta
TpoMOoeMOOiUHUX YycKiaaHeHb. CyyacHi aHTMTPOMOOTMYHI mpemapaTH CHOpsSMOBaHi Ha (akTopu
3cimaHHs KPOBi Ta TPOMOOIIMTH Ta CIPUYMHSIOTH CHCTEMHHI BIUIMB, MiABUIIYIOUM PH3UK KPOBOTEY.
HatomicTe, mpurHiueHHs mnofimepu3sauii (iOpuHy 103BOJISE€ BIJIMBAaTU Ha TPOMOOYTBOpEHHs 0Oe3
BTPYYaHHS y TOMEpenHi eTanu KoarymismdiiiHoro kackamy. ®@iOpuH-ciermgiuHi aHTHTINA, 30KpeMa
antutino [-3C, 3aaTHi iHribyBaTu nojimepusauito ¢iOpuHY Ta MOXKYTh MOTEHIIHHO CIyTyBaTH OCHOBOIO
JUTSL pO3pOOKH HOBHMX aHTUTPOMOOTHYHMX TIperaparis.

Merta. Otpumaru pekoMbiHaHTHUI oHONaHIoroBuii ¢pparMeHT antutina [-3C (scFv) ans noganeiioro
JIOCITiIKEHHS H0T0 aHTUKOATYJISHTHUX BJIACTHBOCTEH.

MeTtoau. T'iGpuIOMHI KIITUHHU, O MPOAYKYIOTh MOHOKIOHanmbHe aHTuTifio [-3C, KynbTHBYBamu y
noxuBHOMY cepenoBrili RPMI. HasBHiCTE aHTHTIN y KyJIbTypaJbHOMY CEpelOBHWILI TepeBipsiTu
iMyHOEH3MMHMM aHami3oM. [ KOHCTPYIOBaHHSI T'eHa OIHOJAHLIIOIOBOTO aHTUTiNA OyJlo OTpUMaHO
MOCJIiIOBHICTh Bapia®enbHUX NisSHOK aHTuTiNa. CKOHCTpyHoBaHui reH scFv kioHyBanu y mia3miaHuit
Bektop pET-28a 3 nmomaBanusM mocnmizoBHocTi His-tery. OtpumaHy pexkoMOiHaHTHy Mia3Migy
BUKOPUCTOBYBalM sl TpaHcopmauii komnereHTHUX kiituH E. coli BL21 (DE3) wmeromom
enekTpornopanii. TpancdopmoBaHi KIITHHM BinOupanu Ha CeleKTMBHOMY cepenoBuili. s excmpecii
peKoMOiHaHTHOro MpoTeiHy OakTepialbHi KyJbTypu KyJbTUBYBaJM 10 €KCHOHEHUilHOT da3u pocTy Ta
iHgyKkyBasmm i3ompomnin-B-D-rioranakrozunom (IPTG). [licns iHmykuii kniTHHM 30Mpany Ta MPOBOIMIH
aHaJliTUUHe BUAiJIeHHA. HasBHICTh pekoMOiHaHTHOTroO MpoTeiHy Bu3Hayanu MeToioM Western blot 3
BUKOPUCTAHHSM aHTUTiN 10 His-Tery.

Pe3yabTaTu 10CAiTKEHD i X 00roBOpeHHs. IMyHOSH3MMHUM aHali3oM 0yJ10 MiATBEpKEHO MPOIYKIIit0
riopngomamn anturina 1-3C, crneundiunoro o ¢ibpuny. Ilicns cexBeHyBaHHS MOHOKJIOHAIBEHOTO
antutina [-3C oTpuMaHO MOCiIOBHOCTI BapiabeibHUX TiIsTHOK BAKKOTO Ta JIETKOTO JIAHIIIOTiB, HA OCHOBI
SIKUX CKOHCTPYHOBaHO I'eH OTHOIAHIFOTOBOTO aHTHTINA (SCFV), yemimHo kioHoBaHwmit y BekTop pET-28a.
Ha cepenoBuiili 3 kaHaMilIMHOM OTpPUMaHO KOJIOHiT TpaHcopmoBaHux KkiiTuH E. coli. Western blot i3
BUKOPHCTaHHAM aHTHTIN 1o His-Tery minTBepans HasBHicTh pekombiHanTHOTO scFv I-3C y kmiTnHHOMY
Ji3ari.

BuchoBku. Briepuie orpumaHo pekomOiHaHTHUI onHofaHUtoroBuii gparmeHt anturina [-3C (scFv).
INopanemii  gocnmimkeHHs, cHOpsMOBaHI Ha TmepeBipky Horo crnemugiuHocti 1o ¢ibpuHy Ta
AHTUKOAryJSIHTHUX BJAacTUBOCTEH, HO3BOJIATb pO3MNAAATH HOro sK MNOTEHUiHHWH OpoTOTUN
AQHTUTPOMOOTHYHOTO TpemnapaTy CHpsIMOBaHOI Ail, kUi MepeBakaTMe aHAJOTW 3a e()eKTUBHICTIO Ta
Oe3neuHicTio.
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BMICT TOPMOHIB T;, T;, TTI, TECTOCTEPOHY TA ECTPOTEHY B 3AMOPOKEHII1
TA JIO®LII30BAHII CUPOBATILI KOPAOBOI KPOBI JIIOAUHU

B.C. TOHJIHA'?, O.A. HAKOHEYHA', B.IO. IIPOKOIIIOK”

Xapkiscpknit HalioHaIpHMI MeIUUHM yHiBepCHTET, Kadeapa Gionorianoi ximii
’IucruryT npobieM kpioGionorii Ta kpiomenuunn HAH Ykpainu, Biaain ekcrepuMeHTanbHOT
KpioMeInIuHA
E-mail: vs.hoidina@knmu.edu.ua

KarouoBi caoBa. Jlioginizanis, 3aMopokyBaHHs, CHpOBAaTKa KOPIOBOi KpOBi, 30epexkeHiCTb,
FOPMOHAJILHUI CIIEKTP.

Beryn. CydacHi nocnimkeHnst cupoBatkn kopaoBoi kposi (CKK) naroTe 3Mory OLiHWTH yBECh CTIEKTp
6i0J10TiYHO aKTUBHMX KOMIIOHEHTIB, 1110 MPUCYTHI Ta MalOTh AOBEAEHUI NO3UTHBHUIT edekT. Binomo, mo
CUpOBaTKa, SIK OE3KIIITUHHA piuHa, MOXKe OyTH 3aMOpoKkeHa 06e3 BUKOPUCTaHHS KpioMpoTeKTOpiB. AJe
TaKOX J0BEAEHO, 1[0 6araTopa3oByii MPOIEC 3aMOPOKYBAHHSA-PO3MOPOKYBAHHS Mae HeraTUBHUI BIJINB
Ha 30epexenicTb kommnoHeHTiB CKK. [loumryk HoBux nporokoniB Ta meroziB 30epiranHs CKK e
AKTYyaJbHUM IMHUTaHHSIM ChOTOICHHS B YMOBaX HeCTa0ilbHOT pOOOTH eNeKTPOMEpex.

Merta. Ominka 36epexxenHst BMicTy ropmoHiB Ts, Ts, TTI', TecTocTepoHy Ta ecTporeHy B 3aMOpOXKeHii
npu -20°C ta B miodinizosaniit CKK 3 nonepennim oxonomkenHsm 1o -20°C, no -80°C.

Mertoau. Jlns ananizy BukopuctoByBanu soacbky CKK, o 6yna B3sita 3 iHhOpMOBaHOI 3rou NOPO/IiJib,
miodimizamito mpoBoxamMnu Ha JiodineHi ycrawoBui Alpha 1-2 LD plus (Martin  Christ
Gefriertrocknungsanlagen GmbH, Himeuunna). [{ns nocnimkenns 3amopoxeny CKK pozmoposxyBani,
nioginizopany CKK noBoaunu no nomnepeaHboro o0’eMy IUCTUIATOM. BMICT ropMoHiB BU3Ha4aiu 3a
JIOTIOMOTOI0 iMyHO(EpPMEHTHOTO METOY 3 BUKOPHCTaHHSM HabopiB BupoOHuLTBa « XEMAY, YKpaiHa.
PesyabTaTn nocaimkeHb i ix odroeopenHsi. [Tpu aHanizi BMicTy ropmoHy T; Oyno mokasaHo, 11O
Haii0inbl1y 30epexeHicTh Mae rpyna JiodinizoBanoi CKK npu nonepenHroMy oxonomkeHHi 1o -20°C,
Toni sk 3amopoxkeHa CKK mana HaitHmkunii piBeHb TpuitonTuponiny. JlocmimkeHHs BMicTy ropMony T4
B CKK nano HecyTTeBi BiIMiHHOCTI MiX TpymamH, IO CBiTYWTh MPO Maiike ONHAKOBY 30epekKeHiCTh.
Busnauennss Bmicty ropmoHy TTIT mnokaszano Haiikpaly 30epexeHicTh y 3amopoxeHili CKK, a
JTiodinizaTh He MaaM CTAaTUCTUYHO 3HAYYIIUX BiMiHHOCTEH. AHAJOTiYHYy TEHACHIIO OIIHKU
30epexeHocTi OyJio orprmMaHno nipu aHaiizi CKK Ha BMicT TecTocTepoHy Ta ecTpaiiony.

BucHoBku. 3aranbHuii aHaniz 30epeKeHOCTI IOPMOHAJBLHOrO CHEKTpPY B 3aMOpOXeHid Ta B
miodimizoBaniit CKK nokasas BinHOCHO Kkpaii naHi y 3amopoxeHiit mpu -20°C cuposarui. Y Toif jxe yac
JloBeJieHUM € (akT BTpaTH 0i0J0TiYHOT aKTUBHOCTI KOMIIOHEHTIB MPH KOXKHOMY (aKTUUHOMY MOMEHTI
3aMOpPOKYBaHHS-PO3MOPOXKYBAHHS, IO € aKTyaJbHUM MpPU TPAHCHOPTYBAHHI YU 3HUWXKEHHI MOTYXKHOCTI
eNeKTponocTadanHs. Y niogini30BaHNX peyoBHHAX TAaKUX MPoOIeM He BUHMKAE Yepe3 Oifbll CripomIeHi
yMOBHM 30epiraHHsi. Takox € akTyaJbHUM TNOAanblle NOCHi[UKEHHS Ta MOPiBHSHHS BMICTY iHLIMX
OionoriuHo akTUBHUX kKomnoHeHTiB CKK.
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EFFECT OF CULTURE MEDIA ON LIPOPEPTIDE BIOSURFACTANT BIOSYNTHESIS
AND EMULSIFICATION ACTIVITY

YU 4. SKRIL, S. V. POLOVKOVYCH

Lviv Polytechnic National University, Lviv
E-mail: yuliva.a.skrill@lpnu.ua

Keywords. Biosurfactants, lipopeptides, fermentation, emulsification activity.

Introduction. Biosurfactants are environmentally safe alternative to synthetic surfactants. These
compounds can emulsify hydrophobic compounds, thereby increasing their bioavailability for microbial
degradation. Lipopeptide biosurfactants such as surfactin, iturin A, fengycin, and lichenysin D shown
strong activity and ability to reduce surface tension and enhance oil recovery. In comparison with synthetic
surfactants, they are biodegradable, nontoxic, and effective under various conditions such as vide pH and
temperature range, large-scale production is problematic, because of high production costs and low product
yields. The present study focuses on selection of a novel lipopeptide-producing bacterium and the
optimisation fermentation process using comprehensive strategies.

Aim. The present study was designed in order to determine effects of different culture media on
fermentation conditions and biosurfactant biosynthesis.

Methods. Fermentation was performed in flasks containing 1.5 L of medium on a shaker at 960 rpm and
30+

1 °C. The growth parameters of culture and biosurfactant production were controlled during seven days
period, samples were collected every 12 hours during the exponential growth phase and every 24 hours
during the stationary phase. In the collected samples, the rate of biomass accumulation was determined at
600 nm wavelength optical density. The emulsification index E24 was used as indicator for biosurfactant
levels.

Results and Discussion. Optical density analysis at 600 nm demonstrated that the highest biomass
accumulation was achieved in minimal salt medium, reaching over 1.6 units after 144 hours cultivation.
The yeast extract medium had lower biomass accumulation. The emulsification index E24 showed positive
trends in both types of media, but surfactant biosynthesis was more stable in minimal salt medium,
suggesting it to be more prospective for biosurfactant activity research. In the yeast extract medium, E24
was variable, likely due to natural biosurfactants present in yeast extract. Maximum emulsification index
was observed after 120 hours, corresponding to intensive biosynthesis.

Conclusions. Minimal salt medium is more favourable than yeast extract for fermentation to produce
biosurfactants. It ensures process stability and predictability and allows for emulsifying activity
assessment.

17



YK 543.556, 577.15, 621.314
PO3POBKA TA BAJIJAHIA KOHAYKTOMETPUYHOI'O BIOCEHCOPA HA OCHOBI
IMMOBLII30BAHOI KPEATUHIHAEIMIHA3HU JIJIS1 CEJIEKTUBHOIO BUSHAYEHHA
KPEATHUHIHY
B.A. BAXMAT, O.0. COJIJATKIH, B.M. APXUIIOBA, C.B. [[34J[EBHY

[HCcTUTYyT MOMeky sipHOT 6ionorii Ta reHeTuku HAH Ykpainu
E-mail: veronikab2406(@gmail.com

KawuoBi ciaoBa. KoHaykromeTpuuHuii OioceHcop, KpeaTWHiH, KpeaTuHiHIeiMiHa3za, iMmoOii3alis
€H3MMIB, KJIiHiYHA JiarHOCTHKA.

Beryn. KpearuHiH € kirodoBuM OioMapkepoM (yHKIIOHAJIBHOTO CTaHy HHUPOK, OCKIJIbKUM #oro
KOHIIEHTpaLlis y GiomorivHux pianHax BimoOpaxkae eeKTHBHICTH KiryOoukoBol ¢inerpauii. Tpagumiiii
MeToau Bu3HaueHHs (Meton Sdde, xpomaTorpadivuni Ta enektpodopeTHyHi migxoaun) 3ade3neuyroTh
BHCOKY TOYHICTh, ONHAK TOTPeOyIOTh CKIIAJHOTO OONamHAaHHA Ta KBaNi(hikOBAHOTO TepCoHATy Ta
TpUBasIoi TPOOOMIArOTOBKU. Y 3B A3KY 3 UMM TEpCNeKTUBHUM € po3pobka OGioceHCopiB, 30KpeMa
KOHJy KTOMETPUYHUX, SIKi XapaKTepu3yloThCsl IPOCTOTOO peatizalii, HU3bKOI BapTICTIO Ta MOXJIMBICTIO
MiHiaTIopu3alii 3 MEeTO0 NOPTATUBHOTO MOIBEOBOIO BUKOPHUCTAHHS.

Merta. Po3poOka Ta Basifallis KOHIYKTOMeTpuuHOro ¢QepmMeHTHOro OioceHcopa Ha OCHOBI
iMMOOisTi30BaHOl KpeaTHHiHACIMiHA3M IJ15 CENIEKTUBHOTO BU3HAYEHHS KpeaTHHiHy.

MeTtonu. /{1 cTBopeHHs GioceHcopiB B poOOTi BUKOPUCTOBYBAIM KOHIYKTOMETPUUHI MepeTBOpIOBayi 3
30JI0TIMH MiXnasnbleBnmu enektpoaamu. Kpearuninneiminazy (KJ) (EC 3.5.4.21) immobinizyBanm y
MaTpuli OMYayoro CHUpPOBATKOBOrO ajbOyMiHY LIISIXOM KOBAJE€HTHOrO 3IUMBAHHS [JyTapOBUM
anpzerinom Ta QotononiMepusanii 3 Qoromonimepom PVA-SbQ. BumiptoBaHHsS mnpoBoawin Y
nudepeHiiitHoMy pexumi y docdarHomy Oydepi. JlochmimkeHo BMIMB MapaMeTpiB cepelloBUIIa,
CeNIeKTHBHICTh Ta aHANITHUYHI XapaKTepHCTHKN OioceHcopa. Ampolariito 3ailicCHIOBamM Ha 3pa3kax
MTYYHOT ce4i METOJIOM CTaHAAPTHUX JOJaBaHb i TOPIBHAHHAM 3 TpaauliitHUM MeTonoM SAdde.
Pe3yabTaTh gocaigxeHs i ix o6ropopenns. B xoni pobotu gociinxkeHo pizHi METOAMKY iMMOOiTi3auii
KJI (Bxmrouaroun koBajieHTHE 3LIMBAHHSA i (oTomoniMepusaiiro) Ta mokasano, mo immobimizamis KJI y
KparJli IyTapoBOro ajbleriny 3abesnevye Halikpalily 4yTJIUBICTh Ta BiaTBoprtoBaHicTh (RSD < 2%) i
mBHUAKKN 6ioceHcopHMIt Binryk (~25 ¢ Ha 1 MM kpeaTuHiHy). bioceHcop XapakTepu3yeThesi HU3BKOO
Mexero (5 MkM) Ta IIMPOKUM JiHiHHUM Jiana3oHoM (5 MKM — 1 MM) BU3HAueHHS KpeaTHHIHY .
OntuMasibHi  YMOBH  poboTH  focsratoTeess mpu pH 7,3 Ta HM3bKil ioHHIN cuii cepemoBwWIna.
BioceHcop NeMOHCTpy€e BUCOKY CEJIEKTUBHICTh 10 KpEaTHHiHY, a came: BIUIMB OCHOBHMX KOMIIOHEHTIB
ceui He mepesmuye 10% Bix curHamy Ha kpeaTwHiH. [Ipym aHamizi mWTy4HOI cedi OTPUMAaHO BHCOKY
BinTBOproBaHicTh (RSD = 5%). [MopiBHsAHHA 3 MeTonoM Sdde, 10 cTaHIAPTHO BUKOPUCTOBYETHCS B
KITiHIYHOMY aHaJIi3i KpeaTHHiHy, Moka3ano BICOKy Kopensuito pe3ynbrariB (R = 0,98), mo minTBepmkye
TOYHiCTh BU3HAUEHHS KpeaTHHiHy B ceui po3pobiaeHnM 6ioceHcopoM. OKpiM 1IbOTO KOHAYKTOMETPUYHU I
OioceHcop Ha OcHOBiI iMMoOOGinizoBaHoi K]l 30epirae npaue3aaTHiCTh MPOTSAroM IlilOHaMEHIle OJHOIo
Micsinst 36epiranHsi.

BucHoBku. B po6oTi po3pobneHo Ta BajliloBaHO KOHAYKTOMETpUuHUii GioceHcop Ha ocHoBi K]l ans
CEJIEKTBHOTO BU3HAUEHHS KpeaTHHiHy. bioceHcop XapakTepu3yeThCsl BUCOKOI YYTIMBICTIO, IMUPOKAM
JiHiMHUM Jiana3oHOM, IIBUAKUMM Birykamu Ta JOOpOI BiATBOpIOBaHicTIO. Pe3ynsraTtu ampobarii
po3pobiieHoro GioceHcopa CBix4aTh MPO MOTEHMLiHHY MePCTIeKTUBHICTh HOro BUKOPUCTAHHS TS aHami3y
0i0JI0riuYHUX 3pa3KiB 3 METOK MOHITOPUHTY (PYHKIIiT HUPOK.

dxepeso pinancyBanns. Poboty Oyio BUKOHAaHO 3a miATpuUMKH HarioHanbHOrO (OHIY HOCTiIKEHB
VYkpainu B pamkax npoekty 2025.07/0161.
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N-STEAROYLETHANOLAMINE (NSE) MODULATES SURVIVAL, PROLIFERATION, AND
MIGRATION OF LEWIS LUNG CARCINOMA CELLS (LLC) AND REGULATES
PROINFLAMMATORY CYTOKINE LEVELS IN VITRO UNDER STRESS CONDITIONS
S.V. YAROSHENKO, T.D. SKATERNA, T.M. HORIDKO, O.S. TKACHENKO

Palladin Institute of Biochemistry of NAS of Ukraine, Kyiv
E-mail: yaroshenkolS8sofiia@knu.ua
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Introduction. The cell response to stress involves modulation of cellular functions and changes in the
microenvironment, accompanied by the development of inflammatory reactions. Under these conditions,
cells acquire characteristics typical of malignant neoplasms, such as enhanced proliferation, increased
survival, and metastatic potential, ultimately driving tumor progression. A promising avenue for
addressing this challenge lies in biologically active lipids, cannabimimetics, which exhibit notable anti-
inflammatory and cytoprotective properties.

Aim. To examine the biological responses of LLC cells subjected to LPS-induced stress in vitro.
Methods. Stress was induced using 5 pg/ml lipopolysaccharide (LPS). Metabolic activity was assessed by
the MTT assay after 24 h, following 24 h of LPS preincubation. Proliferative activity was evaluated by
direct cell counting. Cell migration was measured using the scratch assay. Proinflammatory cytokines in
the conditioned medium were assessed by ELISA.

Results and Discussion. NSE at concentrations of 10 and 10”7 M significantly suppressed the metabolic
activity, proliferation, and migration of LLC cells compared to the control, both under normal conditions
and under LPS-induced stress. NSE also modulated proinflammatory cytokine production, reducing I1L-6
levels and influencing TNF-a expression depending on incubation conditions: a) NSE reduced IL-6 in the
conditioned medium both in LPS-treated cells and following NSE preincubation; b) NSE pretreatment
increased TNF-o levels under LPS stress, whereas preincubation with 10® M NSE prevented the LPS-
induced rise in TNF-q; ¢) In samples without stress induction, NSE reduced IL-6 content in the conditioned
medium by approximately 50%.

Conclusions. The findings demonstrate that NSE exhibits antitumor and protective activity under LPS-
induced stress in vitro. Specifically, NSE inhibits cellular metabolism, suppresses proliferation, and slows
migration. In addition, NSE modulates the production of proinflammatory cytokines, reducing 1L-6 levels
and influencing TNF-a expression depending on incubation conditions. Collectively, these effects
highlight the biological significance of NSE and support its potential as a basis for developing novel
antitumor strategies. By targeting cellular regulatory networks, NSE may serve as an effective tool for the
prevention and treatment of stress-associated malignant neoplasms.

Funding source. The work was carried out of the theme «Creation and implementation of new methods
and biomedical tools for targeted therapy of pathological conditions caused by stress factors and/or combat
traumay (registration Ne 0125U000792), 2025-2026.

Acknowledgement. Authors gratefully acknowledge head departments Prof. DSci L.B. Drobot, DrSc
A.O. Thychomyrov, PhDH.V. Kosyakova.
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EFFECT OF N-STEAROYLETHANOLAMINE ON THE FATTY ACID COMPOSITION OF
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Introduction. Inflammation is currently considered an integral part of the pathogenesis of many diseases
and is viewed as a central link in the pathogenesis of psoriasis. Studies of the effects of N-
stearoylethanolamine (NSE) in experimental models of different pathological conditions have
demonstrated its anti-inflammatory properties, mediated by indirect influence on reducing key pro-
inflammatory cytokines (IL-1B, TNF-a), which in turn indicates inhibition of the pro-inflammatory phase
of inflammation.

Aim. The aim of our study was to determine the effect of NSE on the fatty acid composition of the blood
plasma of rats with imiquimod-induced psoriasis-like inflammation.

Methods. The model of psoriasis-like inflammation was reproduced in male Wistar rats (n = 30) over 15
days of exposure to 125 mg of imiquimod applied to a pre-prepared area of the rats’ skin. The rats were
divided into 6 groups (control, IMQ-7, IMQ-11, IMQ-15, NSE-11, NSE-15). Beginning on day 7, the
NSE-11 and NSE-15 groups received an application of an aqueous suspension of NSE to the area with
psoriasis-like inflammation at a dose of 1 mg/0.3 ml per rat, while the application of imiquimod was
continued in parallel. The animals were euthanized by decapitation under CO: anesthesia, and blood
plasma was collected for further analysis. Fatty acids were determined using a GC7890 Agilent gas
chromatograph (Agilent Technologies, USA) equipped with an Agilent 8987 mass detector and an HP-
SMS capillary column (30 m x 250 um x 0.25 pm), with helium as the carrier gas. Statistical analysis was
performed using Student’s t-test (P < 0.05).

Results. The development of psoriasis-like inflammation induced by imiquimod exposure was
accompanied by changes in the fatty acid composition of rat blood plasma, particularly in the ®-6/w-3
polyunsaturated fatty acid (FA) ratio. It was noted that on day 7 there was a significant decrease in both
the total fatty acid profile and the concentrations of saturated and unsaturated fatty acids, as well as a
decrease in the ®w-6/w-3 FA ratio, which indicates activation of the pro-inflammatory phase of
inflammation caused by imiquimod exposure. Similar fluctuations in fatty acid composition were also
observed on days 11 and 15 of exposure. In the group of rats that received NSE, normalization of the main
fatty acid components and of the w-6/®-3 FA ratio in blood plasma was observed on day 15 of imiquimod
exposure.

Conclusions. The experimental data indicate that the administration of NSE to rats with imiquimod-
induced psoriasis-like inflammation helps restore the fatty acid composition and the ®-6/®-3
polyunsaturated fatty acid ratio in blood plasma, and thus may act as a constellation factor in initiating the
resolution phase of inflammation.

Funding source. This work was funded by the National Academy of Sciences of Ukraine, projects Ne
0124U000342.

Acknowledgment. The authors thank Prof. N. Hula for the provided advisory assistance.
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CTPYKTYPHI OCOBJMBOCTI CEJEKTUBHOCTI HDAC KJIACY II: IN SILICO
PEKOHCTPYKIIA HDAC10 TA ®I3UKO-XIMIYHE ITPO®IJTIOBAHHSA IHT'IBITOPIB
KJIACY I11B
A. JI3bOBAK, I. BOHTEIIEHKO, JT CAMO®AJIOBA

HHI Bucokux TexHonoriii, KuiBcbkuii HallioHabHuUit yHiBepcuTeT iMeHi Tapaca llleBueHka
E-mail: andrii.dzobak(@gmail. com

Kawuoi caoa. HDACI0, iHri6itopu, romoJsioriuHe MOJENIOBAHHS, BipTyalbHUI CKPHUHIHT,
MOJeKyJIspHa ANHAMIKa.

Beryn. TicronoBi peanerunazu (HDAC) € kpuTUYHMMM peryisropamMu  ekcrpecii reHiB Ta
MEePCTIEKTUBHUMH TEPANIeBTUYHIMHU MIIICHIMU TIPU pakKy i HelipomereHepaTHBHUX 3aXBOPIOBAHHSIX.
OnHak po3pobka i30(popM-CeIeKTUBHUX iHTI0ITOpiB, ocoOnmBo Ans depmenti knacy IIb (HDACG,
HDACI10), 3anuiiaerbest CKJIaAHUM 3aBJaHHAM 4Yepe3 BUCOKY CTPYKTYPHY CXOXKiCTb BCEpelUHi POIUHU.
Panionanbuuit nmuzaiin inriditopie HDAC10 3HauHO YCKIaJAHEHUWM BiJICYTHICTIO eKCepuMEHTaIbLHO
OTPHUMAHOI KPUCTAIIYHOT CTPYKTYPU (PEPMEHTY JIFONUHM.

Merta. PexoHcrpytoBaru npoctopoBy cTpykrypy HDACI10 moauxu, npoBecTH NOpiBHAIBHMIT aHami3
nirann-6inkoux B3aemoniii cepen HDAC mnpencraBHukiB knacy Il Ta Bu3Hauutu ¢i3uko-ximiuHi
JIeTepPMiHAHTH CEJIEKTUBHOCTI iHTibiTopiB Kiacy IIb.

Metoan. CtpyktypHi Moneni HDAC10 6ynu 3reHepoBaHi 3a nornomoroto cepsepi [-TASSER ta Robetta.
Bipryaneanit ckpuninr 6i6miorekn LC HTS Stock Compounds (>500 000 momnexyis) mpoBOAMBCS 3
BUKOPUCTAHHSIM MOJIEKYJIIPHOIO JOKiHry B mporpami Vina AutoDock. Po3paxyHOK MonekyJsipHUX
JIECKPUTITOPIiB Ta CTaTUCTUYHNMIT aHasi3 Oyiio BUKOHaHO 3a gornoMororo RDKit Ta scipy.stats. Bizyanizauito
ximiuHOTO TMpocTopy Oyno 3ailicHeHo anroputMom UMAP. Baninauito pesynbTariB OyJio MpoBeAeHO
METOJIOM MoJieKyJsipHoi nuHaMikn (150 He) 3a momomororo iHcTpymeHTapito OpenMM 3 nonmanbsumm
poO3paxyHKOM TepMoauHaMmiyHoTo mpodinto MM-GBSA.

Pe3yabTaTu A0C/iIKEHD i IX 00roBopeHHs1. 3reHepoBaHa TPUBUMIpHa MOJIe/b POCTOPOBOI CTPYKTYpHU
HDACI10 6yna ycniHo BajigoBaHa 3a reOMeTPUYHIMHI METPUKAMHU. 3aBIsKH MOJIEKYJIIPHOMY IOKIiHTY
Oyno ineHtudikoBaHO 36 CHOJYK 3 BUCOKOH MependayeHor adiHHICTIO 10 JOCHiKyBaHUX i30(opM
HDAC. ®i3uko-xiMiuHe npoinioBaHHS BUSBWIO CTaTUCTUYHO NOCTOBIpHI BiIMiHHOCTI: CEJEKTHBHI
niranau knacy Ilb xapakTepusyroTbCs MEHILOH KiJIbKICTIO JIOHOPiB BOJHEBUX 3B'A3KIB Ta HUKYOIO
gacTkow Sp3-riOpuam3zoBanux aromiB Byrieiro (FSP3) mopiBHsHO 3 mirammamu wimacy lla. Awnamiz
XiMiYHOTO MPOCTOPY J03BOJIMB Bi3yasi3yBaTH XiMiuHi KJacTepu Ta BUIIAUTH crietudiuHi ckadonan aas
noaaneiioi ontumizauii inriditopis HDAC10 Ta HDAC6. MonekynsipHa TMHaMika miaTBepauia BUCOKY
cTabiIbHICTh OTPUMAHUX KOMIUIEKCIB: JIiFaHIM HaliliHO YTpUMYBaJIUCs B akTUBHOMY 1IeHTpi (RMSD 1.0—
2.0 A) nporarom 150 mc. Tpodimosanns MM-GBSA mokazano, mo xoua HDAC4 ta HDACI0
JIEMOHCTPYIOTh MOJIOHY 3araibHy BilbHY €Heprito 3B'a3yBaHHS (~ -69 kkan/Moiib), ixHi pyuriitHi cunu
(byHIaMeHTanbHO Binpi3HAOThHCs. MilleHi kiacy lla nepeBakHO MOKIaNAOTLCA Ha WMpILY riapodoOHy
MOBEPXHIO JJIsl 3aKpiMyIeHHs JiraHmy, Toai sk kiac [1b koMneHcye By)x4y KHMIIEHIO yTBOPEHHSM 3HAYHO
CWIbHILINX eeKTPOCTATUYHUX B3AEMOIM.

BucnoBku. CTBOpeHO Ta BanifioBaHO TPUBUMIipHY Moaesb pocTopoBoi ctpykrypu HDACI10 monunn.
BuzHaueHo kmouoBi ¢izuko-ximiuHi (HWk4i mokasHuku FSP3 Ta nmoHOpiB BoaHeBUX 3B'A3KiB) i
TEepPMOJMHAMIYHI (TiepeBara €NeKTPOCTATUYHUX B3a€MOJil) NETEpMIHAHTH CEIEKTUBHOCTI iHTiOITOpIB
knacy IIb. Li aaHi CTBOPIOIOTH KOMITJIEKCHY OCHOBY IJIsl pallioHaJIbHOTO AM3aliHy i30(hOpM-CeeKTUBHUX
inri6itopis HDAC HacTymHOro moKoJiHHSL.

xepeno ¢pinancyBanus. Po0oTy BUKOHaHO Ha 6a3i HAYKOBO-BUPOOHUYOTO MinnpuemMcTBa «Croiykay.
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Introduction. Human Leukocyte Antigen (HLA) is a key system of immune recognition responsible for
distinguishing “self” from “non-self”. High HLA polymorphism is critical in hematopoietic stem cell and
organ transplantation, as even minimal mismatches between donor and recipient may lead to severe
complications, including graft-versus-host disease and graft rejection. Rare HLA alleles are a challenge
for routine diagnostics, as they may not be detected by standard methods, making high-resolution HLA
typing essential for accurate identification and improved transplantation outcomes.

The aim of this study was to compare molecular typing methods with different resolution levels for
detection of rare HLA alleles.

Methods. Peripheral blood DNA was extracted using the Macherey-Nagel kit. DNA quality was assessed
by NanoDrop and Qubit. HLA typing was performed using sequence-specific oligonucleotides (SSO,
LABType, Luminex platform), Sanger sequencing-based typing (SBT, SeCore kit, capillary
electrophoresis), and next-generation sequencing (NGS, AllType FASTplex, lon S5 system). Data analysis
was performed using HLA Fusion (v4.6.1 and 6.0) and TSV 3.1 software.

Results and Discussion. Peripheral blood samples from patients undergoing preparation for hematopoietic
stem cell transplantation were analyzed in the Tissue Typing Department of SNCE «NCSH
«OKHMATDYT» MHU». HLA-A and HLA-C loci were studied using SSO, SBT, and NGS.

All methods showed concordant results at the allele group level; however, significant differences were
observed in high-resolution typing. Only NGS identified rare alleles A*11:21N, C*03:321, and C*07:248,
while SSO and SBT assigned them to common variants (A*11:01, C*03:03, C*07:01).

Limitations of SSO and SBT were related to low resolution and incomplete mutation coverage. A*11:21N,
caused by a cytosine insertion in exon 4, was missed by SBT, which primarily analyzes exons 2-3.
C*03:321 showed ambiguous signals due to database limitations, while C*07:248 was not detected by
SSO due to lack of specific probes.

NGS demonstrated high sequencing depth and reliable detection of rare variants. For C*07:248, allele-
specific nucleotide frequencies confirmed true variation. For A*11:2IN and C*03:321, no exact
IMGT/HLA matches were found, suggesting extremely rare or novel alleles.

SSO showed limited specificity due to probe restrictions, while SBT provided higher resolution but was
constrained by partial gene coverage and interpretation limitations. NGS demonstrated the highest
diagnostic accuracy due to full gene coverage and high read depth.

Conclusions. SBT provides higher resolution than SSO; however, both methods have significant
limitations in detecting rare HLA variants. Only NGS enables reliable identification of such alleles due to
its high resolution and sequencing depth, justifying its clinical use to optimize donor selection and reduce
post-transplant complications.

Funding source. SNCE “National Specialized Children's Hospital ‘OKHMATDYT’” of the Ministry of
Health of Ukraine.

Acknowledgement. The authors thank Dr. Natalia Olkhovych for support.
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