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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA JOCIIKEHHIO BIACTUBOCTEN HOBUX €(PEKTUBHUX iHTiGITOPIB IJ1yTaTioH-S-
TpaHcdepas cepef Kanikc[4]apenmeTunen6icochoHoBux, Kanikc[4]apeHdpocdinopux i kanikc[4]apeHdocopHux
KUCJIOT, & TAKOXK cepel POTOaKTUBHUX O-KeTOHOCHOHOBUX KUCTIOT 3 alipaTUYHUM, aDOMATUYHUM i
MaKpOLUKJIIYHUM cKadoiioM. Briepiie BCTaHOBIEHO 3aKOHOMIPHOCTI BILIMBY aMidinbHUX
KaJlikc[4]|apeHMeTuneH6icpoCcPOHOBUX, KaIiKc[4 |apeH-0-TiTpoKCUMeTuIeH6ic~(pOoCchHOHOBUX i Kanlikc[4]apeH-0-
KeTo(OoCHOHOBUX KUCJIOT HAa aKTUBHICTb IIyTaTioH-S-TpaHcdepas. [IpoaHanizoBaHO 3a1€KHICTh AKTUBHOCTI HOBUX
iHriGiTOPIB Bif iX CTPYKTYpH, 30KpEMA Bifi IPUPOAU 3aMiCHHMKIB Ta MAKPOLIMKJIIYHOTO ckadomy.
[IponeMOHCTPOBAaHO CEJIEKTUBHUI BIIMB iHTiOITOPiB HA aKTUBHICTb €H3UMIB ntoguHn GSTAIL-1y nopiBHSHHI 3
inrioyBanHsiMm GSTP1-1. Ha 0CHOBi KiHETUYHUX JOCTIIKEHb i MOJIEKYJISIPHOTO JOKIHTY 3a[IPOIIOHOBAHO MEXaHi3Mu

iHribyBasbpHOI Aii pocPoHOBUX KMCIIOT i iX NOXiNHUX HA aKTUBHICTb IJIyTaTioH-S-TpaHcdepas. Briepiie BCTaHOBIEHO



(POTO3a/IEKHMN BIJIMB MOXiAHUX O-KETOPOCHOHOBUX KUCIIOT 3 anipaTUIHMM, APOMATUYHUM i MAKPOLUKIIYHUM
ckadoIoM SIK iHTi6ITOPIB rayTaTioH-S-TpaHcdepas, 3'sICOBaHO 0COOIMBOCTI Ta BUBYEHO KiHETHKY iHaKTHBallii
€H3UMIB 3 Pi3HUX IpKepesl. Ha ocHOBI poro nigxony 6yso 3HaiAeHO HOBi MiKpomoJispHi iHribitopu GSTas i3
IJIaLEHTH JIIOAVHU. Briepie 6ys10 onucaHo e(eKTUBHOCTD KaliKC[4]apeH-0-KeTo(pOCHOHOBUX KUCIIOT SIK
(oTo3anexxHUX iHri6iTOpiB rayTation-S-TpaHcdepas. [Ipolec iHakTUBaLii XX €H3UMIB IPYU Pi3HMX KOHLIEHTpALLisiX
iHribiropa 6yB IpeAcTaBjIeHUN KOHCTAaHTAMU IIBUJIKOCTI IICEBIOTEPIIOTO MOPSAIKY | KOHCTaHTaMU LIBUIKOCTI
Ipyroro nopsaky. [lpogeMoHcTpoBaHo, 110 Ha nepe6ir ¢poTtoiHakTusalii GSTas MOXYTh BIUIMBATU [IPUPOAA
3aMiCHUKIB Ha HDKHBOMY BiHIIi, @ TAKOX KiJIbKiCTb O-KETO(POCHOHATHUX IPYIl HA BEPXHbOMY BiHIli MaKPOLIUKILY.
3anpononosaHo MexaHiamu iHakTusauii GSTA1-11i GSTP1-1 npu onpoMiHeHHi, 1110 BKJIIOYAIOTh 3B'SI3yBaHHS
Kaslikc[4]apeH-0-KeTodocdoHaTiB B 0671aCTi aKTUBHOTO LIEHTPY €H3UMY Ta pajiuKajlbHy Mogudikaliiio oro
aMiHOKUCJIOTHUX 3a/IMLIKIB, CYyTTEBUX 7151 KaTasi3y. Pe3ysbTaTi IUcCepTaLiiHOi po60TH OOIPYHTOBYIOTh 3B'130K MiX
CTPYKTYPOIO Ta iHTiOyBaJbHOIO 3[]aTHICTIO HOBUX (POCHOPOBMICHUX iHTIOITOPIB riyTaTioH-S-TpaHcdepas i
$hopMyIOTh NiAXOAM JO CTBOPEHHS HOBUX e(EeKTUBHUX i CeJIeKTUBHUX iHTi6ITOPIB ry1yTaTioH-S-TpaHcdepas cepen
noxigHux meTtuneH6icpocdonoBux, pocdinoBux i PochHoOpHUX KUCIIOT 3 KasliKc[4]apeHoBUM cKadOoIoM, a TaKOXK
(OTOAKTUBHUX O-KETOPOCPOHOBUX KUCIOT. OTPUMaHI aHi MOXYTb OyTH KOPUCHUMU IIPU PO3POOLI HOBUX

MIOTEHL{HO 6i0aKTUBHMX CIIOJIYK i JTIKapChKUX 32CO0IB.

2. The dissertation is devoted to the investigation of the properties of new effective inhibitors of glutathione-S-
transferases among calix[4]arene methylenebisphosphonic, calix[4]arene phosphinic and calix[4]arene phosphoric
acids, as well as among photoactive o-ketophosphonic acids with aliphatic, aromatic, and macrocyclic scaffolds. For
the first time, the laws of influence of amphiphilic calix[4]arene methylenebisphosphonic, calix[4]arene o-
hydroxymethylenebisphosphonic and calix[4]arene o-ketophosphonic acids on the activity of glutathione-S-
transferases were established. The dependence of the activity of the new inhibitors on their structure, in particular
on the nature of the substituents and the macrocyclic scaffold, was analyzed. The selective effect of inhibitors on
the activity of human GSTA1-1 compared to inhibition of GSTP1-1 was demonstrated. On the basis of kinetic studies
and molecular docking, the mechanisms of the inhibitory effect of phosphonic acids and their derivatives on the
activity of glutathione-S-transferases was proposed. For the first time, the photodependent effect of o-
ketophosphonic acids with aliphatic, aromatic, and macrocyclic scaffolds as inhibitors of glutathione-S-
transferases was established, the peculiarities were clarified, and the kinetics of enzyme inactivation from various
sources was studied. Based on this approach, new micromolar GSTase inhibitors from human placenta were found.
The effectiveness of calix[4]arene o-ketophosphonic acids as photodependent inhibitors of glutathione-S-
transferases was described for the first time. The process of inactivation of these enzymes at different inhibitor
concentrations was represented by pseudo-first-order rate constants and second-order rate constants. It was
demonstrated that the course of photoinactivation of GSTase can be influenced by the nature of the substituents
on the lower ring, as well as the number of o-ketophosphonate groups on the upper ring of the macrocycle. The
mechanisms of inactivation of GSTA1-1 and GSTP1-1 upon irradiation were proposed, which included the binding of
calix[4]arene-o-ketophosphonates at the active center of the enzyme and the radical modification of its amino acid
residues essential for catalysis. The results of the dissertation substantiate the relationship between the structure
and inhibitory capacity of new phosphorus-containing inhibitors of glutathione-S-transferases and form
approaches to the creation of new effective and selective inhibitors of glutathione-S-transferases among
derivatives of methylenebisphosphonic, phosphinic and phosphoric acids with a calix[4]arene scaffold, as well as
among photoactive o-ketophosphonic acids. The obtained data can be useful in the development of new potentially
bioactive compounds and drugs.

Jep>kaBHH peecTpaniiiHuii Homep JiP:
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CrpareriyHuii NpiopUTETHUH HaNIPSIM iIHHOBALLiHHOI Ais1JIbHOCTI: OCBOECHHS HOBMX TEXHOJIOTIIA
TPaHCIIOPTYBaHHS €HEPTii, BIPOBAI)KEHHS €eHEProePeKTUBHUX, PeCypCco30epiralourx TeXHOJIOTl, OCBOEHHS

aJIbTEPHATUBHUX IpKEPeEJl eHeprii
I'Ii,ucyMKI/I IOCJIiAKEHHSI: TeopeTUyHe y3arajabHEHHs i BUPillEHHs BAXJIMBOI HayKOBOI TpoGieMu
Iyo6sikaii:

e 1. Kobzar O.L., Shulha Yu.V., Buldenko V.M., Mrug G.P., Kolotylo M.V., Stanko O.V., Onysko P.P., Vovk A.L.. Alkyl
and aryl o-ketophosphonate derivatives as photoactive compounds targeting glutathione S-transferases.
Phosphorus, Sulfur, and Silicon and the Related Elements. 2021. 196 (7). 672-678

¢ 2. Kobzar O., Shulha Y., Buldenko V., Cherenok S., Kalchenko V., Vovk A.. Inhibition of glutathione S-
transferases by photoactive calix[4]arene o-ketophosphonic acids. Bioorganic and Medicinal Chemistry
Letters. 2022. 77: 129019

¢ 3. Silenko O., Cherenok S., Shulha Y., Kobzar O., Rusanov E., Karpichev Y., Vovk A., Kalchenko V.
Thiacalix[4]arene phosphoric acids. synthesis, structure, and inhibition of glutathione S-transferases.
Phosphorus, Sulfur, and Silicon and the Related Elements, 2022. 197 (5-6). 538-541

¢ 4. Kobzar O., Shulha Y., Buldenko V., Drapailo A., Kalchenko V., Vovk A. Inhibition of glutathione S-
transferases by calix[4]arene-based phosphinic acids. Ukrainica Bioorganica Acta. 2022. 17 (1). 86-91

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBAaHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBazKeHHS pe3yJIbTaTiB AHCEPTaLii: [liaHyeTbCst 10 BIPOBAIKEHHS

3B'SI30K 3 HayKOBHMH TeMaMH.: 01150002593, 0112U002657, 01170000096

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. BoBk Anppiit IBaHOBUY

2. Andriy I. Vovk

KBasidikanis: 1. x. u., npodecop, unen-kop., 02.00.10
InenTudgikarop ORCID ID: He 3acrocosyerncs
JoparkoBa iHdpopmamuist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: [HCTUTYT 6ioOpraHivHoOi Ximii Ta HadTOXiMii im. B. TT. Kyxaps

HanionansHOI akasemii Hayk YKpainu

Kopg 3a €IPIIOY: 03563790

Micuesnaxo;perHﬂ: ByJI. Akazemika Kyxaps, 6yn. 1, Kuis, 02094, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Coepa ynpaBiHHS: HaujoHanbHa akazieMist HayK YKpaiHu

InenTudikarop ROR:



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. ly6eii Irop SlpocnaBoBrY

2.Igor Y. Dubey

KBasigikanis: 1. x. 1., c.H.c., 02.00.10
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa inpopmamnist:

IToBHe HaiMEeHYBaHHSI IOPHUAHUYHOI O0COOH: [HCTUTYT MOJIEKYJIAPHOI Giosorii i renetrkn HanionanbHoi

akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJI. AKazemika 3a6osotHoro, 6yz. 150, Kuis, 03143, Vkpaina
dopma ByracHoOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist Hayk Ykpainu

InenTudgikarop ROR: He zacrocosyerscs

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Bekuniu TetsaHa OsnekcanapiBHa

2. Tetiana O. Veklich

KBasidikamis: 1. 6. 1., crapmmit HayKoBuii criiBpo6iTHuK, 03.00.04
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indpopmamnist:

ITloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: IHCTHTYT 6ioximii im. O. B. ITananina HaujonanbHoi akazemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 05417288

Micue3HaxoaKeHHS: ByJ1. JleonTOBMYa, 6y7. 9, Kuis, 01054, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudgikarop ROR: He zacrocosyerscs

PeueHnzeHTn

BiacHe Ilpi3Bue Im'sa I1o-6aTbKOBI:
1. Cmomiit Oner bopucosuy

2. Oleh B. Smolii

KBasigikanis: n.x.1., npodecop, 02.00.10



InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT GioopraHiuHOi ximii Ta HadTOXiMil iM. B. TT. Kyxaps

HaujonanbHoi akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 03563790

Micuesnaxo;pxeuuu: ByJI. AKagemika Kyxaps, 6yn. 1, Kuis, 02094, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KonogsxkHa AHacracig OseriBHa

2. Anastasiya O. Kolodiazhna

KBasigikanis: 1. x. u., cr.n.c., 02.00.10
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHUYHOL 0COOH: [HCTUTYT GioopraniyHoi ximii Ta HadToxiMii im. B. I1. Kyxaps

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03563790

Micue3HaxoaKeHHS: ByJI. AKagemika Kyxaps, 6yn. 1, Kuis, 02094, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's I10-6aTbKOBI Kaukoscpkuit Osnexciit IMUTpOBHY
rOJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI Kaukoscpkutt Osiekciit IMUTpOBHY
rOJIOBYIOYOrO Ha 3acigaHHi

BiagmoBizasibHHU 32 MiATOTOBKY [Tyrko M.M

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




