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Pedepar:

1. KoponasipycHa xBopob6a (COVID-19), mo BukiukaHa Bipycom SARS-CoV-2, npussesia 10 CTPiMKOTO MOMKPEHHS
3aXBOPIOBaHH4 Ta NnaHpaeMii Ha nodatky 2020 poky. Cepiio3Hi BUKJIMKY, 0 cIpuYnHmMiIa nanaemis COVID-19,
BUSIBWJIM BiJICyTHICTb €(DEKTHMBHUX JIiKiB Ta aKTHUBi3yBaJIy OLUIYK HOBUX aHTUBIPyCHUX IIPENaparTib.
[lInpokomacmTabHi MDKHAPOIHI TOCIIPKEHHS NO3BOJIMIA BCTAHOBUATH KJIIOYOBI [IapaMeTPH Y MOCIIiLOBHOCTI
6ioxiMiUHUX MIPOLECiB XXUTTENIsIBHOCTI Bipycy SARS-CoV-2, 1110 BiiKpuBae MOXJINBOCTI BUIIIUTY KIIIOYOBI JIaHKU
17151 BUOOPY 6ioJioriyHuX MoJiekys-mileHel. HaykoBa jsliTepaTypa MiCTUTB BilOMOCTi IIPO TEHOMHY IOCJIiIOBHICTb
Ta TPUBUMIPHY KPUCTAJIYHYy CTPYKTYPY KJIIOUOBUX MTPOTEA3 KOPOHABIPYCY, TAaKUX 5K rojloBHA (Mpro) Ta
nanainononioHa (PLpro) nporeasu. [Iporeasa Mpro mae KaTayliTUYHY Jiafy 3 aMiHOKMCIOTHUX 3anuLIKiB His41-
Cys145, po3raioBaHy y KUILIEHi /1151 pOo3Ii3HaBaHHS MOJIeKyau-cyoctpaty. CTpyKTypa Liei kuiieHi € nyxe
KOHCEPBATUBHOIO CEPE], YCiX KOPOHABIPYCiB, TOMY BOHA € NEPCIEKTMBHUM KaHAUAATOM-MilI€HHIO 1711 PO3POOKU
HOBUX iHTi6GITOPIB Ta JliKapChbKUX 3aCO06iB IIMPOKOT0 CHEKTPY. [HIIMM KaHIMUIATOM € NamnaiHonozioHa mporeasa

PLpro, sixa € ki11040BUM (PEepMEHTOM [1JIs perlikaLiii Bipycy, BiAOBigaibHUM 32 06POOKY HECTPYKTYPHUX OiJIKiB



Nspl, Nsp2 i Nsp3 muisgxom posuenseHHs N-KiHIs perliKaTUBHOTO NMoJInpoTeiny. IHribitoBanHs npoteasu PLpro
MOXe BiOyBaTHUCS 5K IIPSIMUM iHTi6iI0BaHHSM aKTUBHUH LIEeHTP PEepMEHTY, TaK i aJlbTEpHATUBHUM MeXaHi3MOM
aJIOCTEPUYHOTrO iHTibil0BaHHS, 110 Nepeabdadae BIVIUB MOJIEKYJIU JIraHIy Ha iHIIi PEryySTOPHI HifsiHKY OijKa.
3arasibHOI0 METOI0 NMCEPTALiMHOI pOOOTH € MOJIEKYJISIPHUN OU3aliH, PELENTOP-OPi€HTOBAaHNI MOIIYK,
KOMITIOTEpHE MOJIEJIIOBAHHS1, MOJIEKYJISIPHUI JOKIHT Ta 3D-dapmakodOpHUII CKPHUHIHT HOBUX iHTri6iTOPiB IpoTeas
Mpro ta PLpro koponasipycy SARS-CoV-2, cTBopeHHs BipTyaslbHUX 6i671i0T€K HOBUX CIIOJIYK, CTPYKTypHa
onTUMi3allis MOJIEKyJI-XiTiB Ta in silico onjiHKa ix iHriOyI040i aKTUBHOCTI. MOJIEKYISIPHO-IMHAMiYHE MOJIEJII0BAaHHS
Oy[IOBU Ta CTPYKTYPHO-MHAMIYHUX BJIACTUBOCTEN KOMILJIEKCIB MOJIEKYJI-JIiAEPiB 3 KIIOYOBMMU IIPOTE€A3aMU Bipycy
SARSCoV-2" € 0CHOBOIO 17151 OLIIHKM CTabiNbHOCTI KOMILTIEKCiB y ¢isiosioriyHnx ymosax. O6’eKTaMu AOCTiIKEHHS €
B3a€MO/Iisl JliraH] -pPeLeNTopP, KOMITIOTEPHI MOJieJli JliraHi-peLleNTop, CTPYKTYPHO-€HEPreTUYHI XapaKTepUCTUKU
sirangis, 3D mopei 6iKiB-penenTopis nporea3 Mpro ta PLpro, MoseKy/sipHO-IMHaMiuHi Mozei, papmMakodopHi
MOJeJIi 1715 OLiHIOBaHHS JliraHA-peLenTOPHOro 38'13yBaHHs. [IpeiMeToM OCiIKeHHS € MOJIeKyJISIPHUI AU3aliH,
IOKIHT Ta BipTyaJbHUI CKPUHIHT HOBUX MOJIEKYJI-iHTi6iTOpiB BipycHUX npoTeas Mpro Ta PLpro kopoHasipycy SARS-
CoV-2. [locimkeHHs ITPYHTYETbCS Ha KOMIIJIEKCHOMY BUKOPUCTaHHI IEKiJIbKOX KOMII'TOTEPHUX METOIB, SKi
IIO3BOJISIIOTh BUKOHATU TEOPETUYHE KOHCTPYIOBAaHHS HOBUX CKa(OJIiB Ta MPOTrHO3yBaHHS (i3MKO-XiMiYHUX Ta
(apmMako-KiHETUYHUX BIACTUBOCTEN HOBUX OPTaHiYHUX JIraHIiB - iHri6iTOPiB rosioBHOI mpoTeasu Mpro Ta
nanaino-nogioHoi nporteasu PLpro Bipycy SARS-CoV-2. BukopucTaHHS MOJIEKYJISIPHOTO JOKIHTY 1a€ MOKJIMBICTb
BUSIBUTHU MOJIEKYJIM-JIiIEPY 3 aHTMKOPOHABIPYCHOIO aKTUBHICTIO Ta 4O3BOJISIE IOPIBHATY TEOPETHUYHI pe3yabTaTu 3
ICHYIOUMMU MOJEJISIMUA Ta €KCIIEPMMEHTAIbHUMU JAHUMU 00 BiJOMUX CIIOJIYK 3 BUCOKOIO CIIOPIIHEHICTIO 1O
3B'SI3yBaHHS 3 aKTUBHUM LIEHTPOM KJIIOYOBUX IIPOTea3 Bipycy. TakuM YMHOM, Pe3ysbTaTh TeOPETUIHUX
IOOCJiIKEeHHS € MiAIPYHTSIM IJIs1 CUHTE3Yy HOBUX HU3bKOMOJIEKYJISIPHUX CIIOJIYK, SIKi CKEpOBaHi Ha CTBOPEHHS
MOTEHIiHUX iHTi6iTOPIB 3a3Ha4eHUX pepMeHTiB. [IpakTUYHA LIiHHICTb Oflep>)KaHUX Pe3yJbTaTiB pOOOTHU MOJIATaE Y
IIPOTIOHYBAaHHI HANPSIMKIB I10JIaJIbIIO] CTPYKTYPHOI ONTUMI3allil HipMaTpesBipy Ta eHCIiTpenBipy, K iHri6iTOpiB
rosioBHoi nporeasu Mpro Bipycy SARS-CoV-2 Ha oCHOBI aHasizy Mogesti iX 38'13yBaHHs 3 aKTUBHUM LIEHTPOM
nporeasu. TeOpeTUYHO PO3Pax0OBaHO CTPYKTYPHO-€HEPreTUYHI XapaKTePUCTUKUY JiiraHg-peyentop Mpro ta PLpro
Ta BU3HaY€Hi e(PeKTUBHI MOJIEKYJIIPHi ckad(osay 3 BUCOKOI0 aHTUKOPOHABIPYyCHOIO aKTUBHICTIO JO3BOJISTh
IIpeJCTaBUTH JIiHiIKYy IPOJYKTIB, NepCIeKTUBHUX NJIs1 OaJIblIoil papMalleBTUYHOI po3po6ku. HamaHo npakTuyHi
peKoMeHpaii 1151 ONTUMa/IbHUX YMOB IIPOBEJ€HHS MOJIEKYJISIPHO-IMHAMIYHOTO MOJIE/IIOBaHHSI KOMILJIEKCIB

iHri6irop-npoteasa Mpro ta PLpro y BoZHOMY po34MHi 32 (i3i0s0riyHUX YMOB.

2. The coronavirus disease (COVID-19), caused by the SARS-CoV-2 virus, led to a rapid global spread of the disease
and resulted in a pandemic that began in early 2020. The significant challenges posed by the COVID-19 pandemic
have highlighted the lack of effective treatments and intensified the search for new antiviral drugs. Extensive
international research has identified key parameters in the biochemical processes of the SARS-CoV-2 virus, which
provides opportunities to pinpoint crucial links for selecting biological target molecules. The scientific literature
provides essential information about the genomic sequence and three-dimensional crystal structure of key
proteases found in coronaviruses, specifically the main protease (Mpro) and the papain-like protease (PLpro). The
Mpro protease features a catalytic dyad consisting of the amino acids His41 and Cys145, located within a pocket
responsible for substrate recognition. This structural pocket is highly conserved across all coronaviruses, making it
a promising candidate for the development of new inhibitors and broad-spectrum drugs. Another important target
is the papain-like protease PLpro, which plays a vital role in viral replication. It is responsible for processing non-
structural proteins Nspl, Nsp2, and Nsp3 by cleaving the N-terminus of the replicative polyprotein. Inhibition of
PLpro can occur through two mechanisms: direct inhibition of the enzyme's active site or allosteric inhibition,
where the binding of a ligand affects other regulatory regions of the protein. The main objective of this dissertation
is to design new molecules and conduct a receptor-based search, along with computer modeling, molecular
docking, and 3D pharmacophore screening of potential inhibitors for the Mpro and PLpro proteases of the SARS-
CoV-2 coronavirus. This includes creating virtual libraries of new compounds, optimizing the structures of
promising molecules, and evaluating their inhibitory activity through in silico methods. Additionally, molecular
dynamics modeling will be employed to analyze the structural and dynamic properties of the complexes formed



between lead molecules and the key proteases of the SARS-CoV-2 virus, which is essential for assessing the
stability of these complexes under physiological conditions. The object of this research is on ligand-receptor
interactions and the development of computer models for these interactions. The study will examine the structural
and energetic characteristics of ligands, as well as create 3D models of the receptor proteins for the Mpro and
PLpro proteases. It will also involve molecular dynamics simulations and pharmacophore models to assess ligand-
receptor binding. The subject of the study is the molecular design, docking and virtual screening of new
molecules-inhibitors of the viral proteases Mpro and PLpro of the SARS-CoV-2 coronavirus. The study utilizes an
integrated approach that combines various computational methods to theoretically design new scaffolds and
predict the physicochemical and pharmacokinetic properties of organic ligands that act as inhibitors for the main
protease Mpro and papain-like protease PLpro of the SARS-CoV-2 virus. By employing molecular docking
techniques, we can identify leading molecules with antiviral activity and compare theoretical results with existing
models and experimental data on known compounds that exhibit high affinity for binding to the active sites of the
virus's spike proteases. Consequently, the findings from this theoretical study provide a foundation for the
synthesis of new low molecular weight compounds aimed at developing potential inhibitors of these enzymes. The
practical value of the results obtained lies in providing directions for further structural optimization of the
inhibitors, nirmatrelvir and ensitrelvir, targeting the main protease Mpro of the SARS-CoV-2 virus. This is based on
the analysis of their binding model to the active site of the protease. Theoretical calculations of the structural and
energetic characteristics of the ligands and their interactions with Mpro and PLpro, along with the identification of
effective molecular scaffolds exhibiting high anticoronavirus activity, will enable us to develop a range of products
that show promise for future pharmaceutical development. Additionally, practical recommendations for optimal
conditions for molecular dynamics modeling of Mpro and PLpro inhibitor-protease complexes in aqueous
solutions under physiological conditions are provided.
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KBasidikanis: k. x. ., nouenr, 02.00.04

Imentudikarop ORCID ID: 0000-0003-0265-1264

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: XapKiBChbKuil HAL[OHAJIBHUMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

Micuesnaxomxeunﬂ: MamgaH CBob6onu, 4, XapkiB, XapKiBCbKuUil p-H., 61022, YkpaiHna

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi



BsiacHe Hpianme IMm's [To-6aTBLKOBI YepaHoBcbkuil Biagucaas Onerosuy
roJIOBH pagu

Biiacue IlpisBume Im's ITo-6aTbKOBI Yepanoscbkui Biagucnaas Onerosud
rOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBizasnbHUI 32 IIi,Z;I‘OTOBKy [lleByenko AHnpin OsieKCaHgpOBUY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




