O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHI HOMeP: 0419U004659
Oco006J1uBi TO3HAYKH: BinKpura

Jata peectpaunii: 31-10-2019

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. PaeBcrkuii Osekciit Bonogyumuposud

2. Raievskyi Oleksii volodymyrovych
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HaykoBOi cneniaabHOCTI: 03.00.03

Ha3Ba HayKoOBOIi CcIeniaJIbHOCTI: MosekyJispHa 6iosoris

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 22-10-2019

CnenianbHICTB 32 OCBIiTOO: Marictp Giosorii

Micue po6oTH 34,00yBayva: [lepskasHa ycTaHOBa "THCTUTYT Xap4oBoi 6ioTexHosorii Ta reaomiku HAH Ykpainn"

Kopg 3a €IPIIOY: 02128514

Micqesnaxo,szeHHa: Ocunoscekoro, 2A, m. Kuis, KuiBcbka 0651., 04123, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHOi BYEHOI pagH (pa30Boi CIeliagai30BaHOi BYE€HOI pagH): [ 26.237.01

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI O0COOH: [HCTUTYT MOJIEKYJIAPHOI Gioorii i renetrkn HanionanbHoi

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJI. AKag. 3a6osioTHoro, 150, M. Kuis, KuiBceka 061., 03143, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL OCOOM: [HCTUTYT MOJIEKYJIAPHOI 6io1oTii i reHeTnku HanjionasnbHoi
akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJ. Akajl. 3a6osoTtHoro, 150, M. KuiB, KuiBcbka 06i1., 03143, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHYHHUX PYOPHK: 34.15.17, 34.15.23

Tema guceprauii:
1. MonexysnsipHa puHamika KomIekcis jeinnn-TPHK-crHTeTas 6akTepiajlbHOTO Ta apXeiHOro IOXOAKEHHS i3

ITIOMUJIKOBO CMHTE€30BaHMMU NIPOILYKTAMU PeaKlii aMiHOALMIIOBaHHS

2. Molecular dynamics of leucyl-tRNA synthetase complexes of bacterial and archaeal types with erroneously
synthesized products of aminoacylation reaction

Pedepar:

1. YV pesyznbTaTi JOCHIIKEHHS CTPYKTYPHUX OCHOB CEJIEKTUBHOCTI aMiHOKHMCJIOT Y aMiHOALMIIOBAaJIbHOMY CaMTi
LeuRS i3 T. thermophilus mu rnokasanu KapTrUHy 3B'3yBaHHS CyOCTpaTiB aMiHOALMIIOBAHHS, aMiHOKMCIIOT Ta AMP,
1110 0OYMOBJIIOTh IMOBIPHICTb YTBOPEHHS aMiHOalMafeHinaTiB. Byso nokasaHo, o eKpaHyBaHHS 6iYHUM
pagukasnom Tyr43 € MexaHi3MOM 3aXKCTy BKe YTBOPEHMX aMHOALMJIaTeHiaTiB (pe-TpaHcpepHux cyoCcTpaTiB) Bif,
rigpoJiizy B poteci nperpancdepHoro pefaryBaHHs IOMUJIKOBO CUHTE30BaHUX MPOAYKTIB. [y11 MOZ€JII0BaHHS
npolecy nocr-rpaincepHoro pegarysanns y CP1-nomeni LeuRS 6ys10 nini6paHo Ta nepesipeHo anroputm R.E.D.III
006paxyHKY TOUYKOBUX 3aps/iB IIpYU reHepyBaHHi TOMOJIOTII A4J1s1 cTpyKTyp amiHoaunn-TPHK. [IpoTokom migroToBky,

3aIyCKy Ta aHasi3y pe3yJbTaTiB MOJIEKYJISIPHOI IMHaMiKK OyJI0 BiAIIpalbOBaHO, CIIMPAIOYNCh HA Pe3yJyIbTaTh



6ioximiuHnx excriepumeHTiB 1151 cucteM LeuRS 3 T.thermophilus (I ki1ac cunTteras) Ta ProRS 3 E.faecalis (II knac
cuHTeTas). B peaysbrati aHani3 TpaekTopiil 6akTepianbHOi Ta apxeiiHoi LeuRS nigTBepaus, mwo cydctpat Nva-A76
3B's13y€ThCs MilHilIe, HiX [le-A76. 3 iHmoro 60Ky, Halla CUMYJISLis IToKazasa 1o NPUYMHOIO Pi3HUL B IIBUIKOCTI
rigpoidy st Nva-tRNALeu Ta lle-tRNALeu y CP1-nomenax LeuRS T.thermophilus Ta P. Horikoshii € 6iqynuit
sanuor lle-A76, 0 cTepUYHO NepeIKoIpKae HAGIVDKEHHIO aTaKylo4oi MOJIEKYJ BOIY i IPU3BOILUTE 10 3HAYHOTO
3HKEHHS IBUJIKOCTI rifposisy. MosnekyssipHa gyuHaMika MyTaHTHOI Gopmu LeuRSTt i3 KpuTn4HOIO 17151 peakiiii
penaryBaHHs 3aMmiHoI0 Asp347Ala npopeMoHcTpyBasa BaxnsicTs 3'-OH rpynu A76 tRNALeu ta OH-rpynu 6idHOoro
sanuora Thr247, mo Binpi3HA€eTbCS Bifl pe3y/bTaTiB Oy0OJIiKOBaHMX PO3paxyHKiB. Ha OCHOBI OTpUMaHUX JaHUX
HaMU TaKOXX 3aIIPOIIOHOBAHMI MeXaHi3M rigpoisy Nva-A76 B LeuRSPh, cxoxxuii Ha nipeficTaBieHUI MeXaHi3M 117151
LeuRSTt, i3 pisHHULIEI0 Y IPOCTOPOBIiN OpieHTallii MOJIEKYJI BOAU.

2. We engaged molecular docking and molecular dynamics techniques to study the structural basis of amino acid
selectivity by aminoacylation site of LeuRS from T.thermophilus and to describe the binding of pre-transfer
substrates. The simulation results showed some differences in the behavior of a number of aminoacylation
substrates, amino acids and AMP, which determine the probability of aminoacyladenylate formation. In particular,
Tyr43 radical’s shielding could be a mechanism to protect already formed amnoacyladenylates from hydrolysis
during pre-transfer editing of erroneously synthesized products. To simulate the post-transfer editing process in
CP1 domain of the LeuRS, the R.E.D.III algorithm of partial charges fitting for aminoacyl-tRNA structures was
generated and validated. The protocol of the preparation, run and the analysis of molecular dynamics results was
refined based on the results of biochemical experiments for LeuRS systems from T.thermophilus (class I
synthetase) and ProRS from E.faecalis (class II synthetase). The substrate's ability to be bound with the
posttransfer editing site was estimated by comparing the interaction energies of the ligand with the amino acids of
the site and estimation of the number of intermolecular hydrogen bonds. In the case of R.E.D. III algorithm
application the conformation and water accessibility of the ester bond in leucyl-tRNA fragment significantly
depends on the residue in 252 position of CP1 domain. In the WT protein the molecule of leucyl-tRNA is weakly
interact with Asp347 and rarely with Thr247, a side chain of leucine is exposure out of the binding site. At the same
time T252A mutation creates an additional space, which is sufficient for location of leucine and appropriate
orientation of the ester’s bond plane. H-bond interactions with Thr247 and Thr248 increase the probability of
nucleophilic attack on the carbonyl carbon of the ligand due to stabilization of the geometry and pulling of the
electron cloud density. At the same time Asp347 forms a strong interaction with amino group of leucyl-tRNA with
decrease in the number of degrees of freedom. Similar study was conducted for Ala-tRNAPro from bacterial ProRS
E.faecalis to confirm the quality of the simulation results. To run the simulation, a ProRS structure from E.faecalis
in complex with tRNA in the editing conformation was modeled, which is significantly different from the existing
crystal structures. The trajectory analysis provided an information to determine the pre-reaction coordinates in
the editing site. As a result, the 2'-OH group of terminal adenosine (76) of AlatRNAPro has been identified as the
most important functional element of this mechanism. The group forms a hydrogen bond with the carbonyl group
of the alanine residue, which greatly facilitates the hydrolysis reaction in the presence of two water molecules and
a strong hydrogen molecule network between all participants in the reaction. Thus, we demonstrated the
mechanism of the post-transfer editing in ProRS and the differences in this process between aminoacyl-tRNA
synthetases of class I and II. A constrained and free molecular dynamics technique have been combined to
determine the factor that causes faster hydrolysis of Nva-tRNALeu compared to lletRNALeu in the CP1 domain of
bacterial and archaeal LeuRSs. For this purpose, four models were constructed and relaxed via MD simulations of
100 ns. The analysis of MD trajectories showed that Nva-A76 substrate binds more strongly than Ile-A76 and the
number of H-bonds and its stability, including Thr247 and Asp347 interactions, is significantly different. On the
other hand, our simulation showed another possible cause of the difference in the rate of hydrolysis for Nva-
tRNALeuand Ile-tRNALeucin the CP1 domains of LeuRS T.thermophilus and P.horikoshii. The simulation showed
that the branched Ile-A76 side chain sterically hinders the approach of the attacking water molecules, resulting in
a significant reduction in the rate of hydrolysis. The molecular dynamics of the LeuRSTt mutant form Asp347Ala,
which is critical for the inactivation of the editing function, revealed a number of structural differences in the



binding of Nva- and Ile-tRNALeuin the active site of the editing domain, which may affect the selectivity during
substrate hydrolysis. In our model, there are hydrogen bonds between the norvaline’s carbonyl group and 3'-OH
group of the A76 tRNALeu and side chain OH group of Thr247. Thus, the obtained results indicated that new
quantum-mechanical calculations of the mechanism of posttransferring LeuRSTt editing in ensemble of two water
molecules are needed to extend our knowledgebase. Based on the data obtained, we also suggested a mechanism
of hydrolysis of Nva-A76 in LeuRSPh, which is similar to the mechanism presented for LeuRSTt, with the only
difference in the spatial orientation of the water molecules.

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:

IIpiopuTeTHHH HANIPSIM PO3BHTKY HayKH i TEXHIKH:
CrpareriyHu# NpiopHTETHHUI HAIIPSIM iHHOBaLiMHOI AigJILHOCTI:
ITizcyMKH JOCTiI>KEeHHS:

Iyo6sikaii:

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

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEpPTalii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Tykano Muxaitno ApCeHTINoBUY

2. Tukalo Mykhailo A.

KBasigikamis: 1. 6. 1., 03.00.03
ImenTudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmarist:

TloBHe HaliMEeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BimomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB

OdiuiiiHi OTIOHEHTH



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. BoBK Anppii1 IBaHOBUY

2. Vovk Andriy 1.

KBasigikamis: 1. x. 1., 02.00.10
Imentudikarop ORCID ID: He zacrocoyerbcs
JoparkoBa iHdopmamist:

TloBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. CuB0os106 AHpPilt Bosogumuposud

2. Sivolob Andriy V.

KBasigikanis: 1. 6. 1., 03.00.02
InenTudikarop ORCID ID: He 3acrocosyetses
JopaTrkoBa inHpopmanist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg, 3a €IPITIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImentTudikarop ROR: He zacrocoyerbcs

PeuenseHTu

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. CaBunpkuir Onekcanap BayeciaBoBud

2. Savytskyi Oleksandr V.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa iHdpopmamnis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:

Kop 3a €IPIIOY:



Micue3HaxoaKeHHS:
dopma ByracHoCTI:
Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CuBono6 Aumpiit BomogumupoBud

2. Sivolob Andriy V.

KBasigikanis: 1. 6. 1., 03.00.02
InenTudikarop ORCID ID: He 3acrocosyerncs
JoparkoBa iHdpopmamnist:

IloBHE HaHMEHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoAKeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

ByiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JI1iKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiJaJIbHUM 3a PEECTpalLilo HayKoBoOi

OisIJIbHOCTI

€nbcoka ['aHHa BaneHTuHIBHA

€nbcbka 'anHa BaneHTuHiBHA

FOpuenko T.A.



