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1. Inceprarlist NpUCBsAY€HA OOCiIPKEHHIO HOBOTO TUITYy IIOCTTPAHCIILiHOI Moaudikalii KiHa3y puboCOMHOro 6iKa
S6 (S6K1) - KoAnmoBaHHIO Ta 10ro BIJIMBY Ha (PYHKIIOHAIbHY aKTUBHICTD L€l KiHa3u. S6K1 € ogHUM i3 KII040BUX
komroHeHTiB mMTOR /Aktl /S6K-3a1e>KHOro CUrHaJIbHOTO IIJISIXY, 110 PEeryJIloe KIITUHHUI picT, nposidepariiio,
MeTabos1i3M Ta gudepeHLianiio. [TopyieHHs B perysLii IbOro LJISIXY YaCTO acOLil0I0ThCS 3 PO3BUTKOM YMCEJIBHUX
MeTab0JIiYHMX 3aXBOPIOBaHb, TOMY BUBYEHHS MEXaHi3MiB KOHTPOJIIO aKTUBHOCTI p70S6K1 Mae 3HaYHMI HAYKOBUH i
npuknagHui inTepec. p70S6K1 3a3Hae psgy noctrpaHcasniiaux moaudikaniil, 3okpema KoAsoBaHHs, SiKe MOXe
BIJIMBATH Ha ii PyHKIiOHANBHICTB i CTabiNBHICTD. Y X0[Ii HOCiI)KEeHHS 0YJI0 0XapaKTepU30BaHO MOHOKJIOHAJIbHI
aHTuTiIa TpoTU KOA. AHTHUTi/Ia IPOAEMOHCTPYBAJIM BUCOKY criendivHicTh 10 KOANIbOBaHUX GiJIKiB i MOKYTh
HaJaJji CIyryBaTH MOTYKHUM iHCTPYMEHTOM IJ1s1 IeTeKil nyux Mmoaudikaniii B Hu3Li iMyHOIOTiYHUX MeTOZiB. 3a

nonomoroto PX-MC anaiisy cepej, 3arasibHOro nyiay KoAsboBaHuX Oi7KiB 6yJ10 BUSBIIEHO MENTUIHY [1OCIIiIOBHICTh



LTDFGLC*K, mo HanexxuTh poauHi S6K, a eqguHUM MO (iKOBaHUM aMiHOKMCJIOTHUM 3aJIMIIKOM € LJUCTEIH Y
MOJIOKEeHHi 217, 0 po3TamoBaHU B aKTUBALilHIN neti KiHa3u. [JocaimkenHs in cellular KoAmoBaHHs
IMyHOIIpELUIIITOBaHOI HajieKcnpecoBaHoi p70S6K1 miaTBepauiio, mo OKCULGATUBHUI CTPEC 3HAYHO IiIBUILYE PiBEHb
KoAsoBaHH$ KiHa31 MOPIBHSIHO 3 KJIITMHAMY, SIKi KYJIbTUBYBaJId B HOPMJIBHUX YMOBaX. BUKOPUCTOBYIOUM METOU
iMyHO(II00pPECLIEHTHOTO aHani3y Ta PLA, 6ys10 MpoieMOHCTPOBaHO, 10 KoAoBaHHS €HI0reHHOro 6inka p70S6K1
BifiOyBa€eThCs y BifIOBib HA META0OJIIUHMII Ta OKCUIATUBHUI CTpeC Pi3HOro noxompkeHHs. Lle nae nigcrasu
BBOKaTH, 10 KOAIIOBaHHS BUKOHYE IIPOTEKTOPHY POJIb, 3axuinanyu S6K1 Bil HAIMIpHOTO OKUCJIEHHS i IOJaIbLIO]
iHakTuBanii yu gerpaganii 3a ymos nigBumenHs piBHsg AOK y cepenosuii. IcnyBanHs gonatkosoro Cys231 B
KaTasiTH4HOMYy LieHTpi S6K1 nepend6ayae MOXKIINBICT YTBOPEHHS 3B'S13Ky MixkK HUM Ta Cys217, 1m0 Mosxe
IepeuKoIKaTu NpuegHaHHI0 MoJiekyu KoA no Cys217. [l 3'sicyBaHHS 1IbOI'O IIMTaHHS 0yJI0 BUKOPUCTAHO METO/]
CalT-CIpPsAMOBAHOIO MyTareHesy i gociuimkeHo 3Minu piBHA KoAmosannsa S6K1 B 3a7€KHOCTI Big, MyTallii OIHOrO 3
IIepepaxoBaHMX LUCTEIHIB Y aKTUBaLilHIN neTsi. 3a pe3ybTaTaMy €KCIIEPUMEHTIB 3 eKCIpecii MyTaHTHUX (popMm
S6K1 B xknitunax HEK293 /Pankln, mo mictunu BignosinHo C217A ta C231A 3aminuy, 6yJ10 IpoJeMOHCTPOBAHO, 10
BifcyTHiCTh caiTy KoAmoBanHs Cys217 3HuKye piBeHb KoAnmoBaHHs KiHasu Ha 30% MOPIBHAHO 3 HEMYTOBAHOIO
p70S6K1. BogHovac, myrauia Cys231 cipuse nigpuienHo pisHa KoAnoBanns p70S6K1 Ha 40%, MIMOBIpHO, 3a
PaxyHOK 3BinlbHEHHS TiosnbHOI rpynu Cys217 gjist monekyau KoA, y BUNaiKy iCHyBaHHS iHTPaMOJIEKYJISIPHOTO
nucynbdinHoro 38’13Ky Mix Cys217 Ta Cys231. OTpumaHi pesysibTaTi NinTBepikyoTb KoAmosanus Cys217 S6K1 i
BKa3YyIOTb HA MOXJIMBY PETyIITOPHY poiib Cys231 B iboMy npoueci. I3 BukopucranHam Bac-to-Bac cucremu
eKcIipecii 6yJ10 OTPMMaHO Ta 0XapaKTeprU30BaHO PEKOMOIHAHTHY (POPMYy KOHCTUTYTUBHO aKTUBHOI p70S6K1. ByB
BUKOPHUCTaHUM «IyaJIbHUI» BEKTOP, 110 03BOJIsIe iH(DiKOBaHiil KiiTuHI ekcripecyBaTu p70S6K1 B akTuBHIN popMmi 3a
PaxyHOK Ko-ekcnpecii 3 ii aktuBaTopom PDKI. Bysio BusiBieHo, 1o cTyniHb KOAJIOBaHHS peKOMOIHAaHTHOTO 6isKa €
I030- Ta Yaco3anaesxHUM. OCKiJIbKU BiJlOMO, 10 OCTTPaHCIIsLiiHI Mogudikauii S6K1 e Ki1040BUMU B peryJisii
aKTUBHOCTI KiHa3y, 6yJI0 OCIII>KeHO MOXKIINBICTD BILIMBY Ipoliecy KoAJoBaHHS Ha akKTUBHICTb peKOMOGIHAHTHOI
KiHa3u S6K1 B yMOBax in vitro Ta npogeMOHCTPOBAHO, 10 KOAIIOBaHHS 3HUXY€E aKTUBHICTh €H3UMY Ha 40%.
PesynbTaTy MOJIEKYJISIPHOTO JOKIHTY MiATBEPAXKYIOTb MOKJIMBICTb (POPMYBAHHS IACY/Ib(iHOTO KOBaJIEHTHOIO
3B'13Ky Mix —SH rpynamu KoA Tta Cys217 B aktuBauiiiHii netsi p70S6K1. Cra6inizauis AIQ 3anumky KoA
BiZOyBa€eThCs YHACIIIIOK BOAHEBOTO, YUCJIEHHUX rifpodoOHUX Ta HOHHUX B3aeMo[ill Bcepennni ATO-3B'13y1040]
KULIEHi. BHACTIIOK yTBOPEHHS TAKOrO KOMILJIEKCY BiIOyBa€ThCSl KOHKYPEHLis MixK MoJieKyioi0 KoA ta AT 3a
aKTUBHUU LIEHTP QEPMEHTY, L0 IPU3BOJAUTD N0 iHTiOyBaHHS KiHa3u. MeTOOM CUMYJIALIil MOJIEKYISIPHOI JUHAMIKU
0yJI0 BCTaHOBJIEHO, 1[0 KOMILIEKC KOA 3 akTnBoBaHOI0 GOPMOIO KiHa3y 6iblll CTAbiIbHUN y TOPIBHSIHHI 3
KOMILJIEKCOM 3 HepochopusboBaHoo popmoro pepmeHTy. OTpruMaHi AaHi CBig4aTh Ipo Te, 10 GocPopuIoBaHHs
€ KpUTUYHO BXJIMBUM JJ14 cTabinizauii B3aemopii Mmixk p70S6K1 i KoA, mo nigkpecioe 3HaueHHs1 KoAOBaHHS y
perymsii akTuBoBaHoi GopMmu KiHazu. PedynbraTy, OTpUMaHi BHACIIIIOK ITPOBENEeHOl poOOTH, CBinYaTh, 110
KoAsntoBanns S6K1 € BaxJIMBUM MeXaHi3MOM 3axXUCTy OiKa Bif HagMmipHOro okucyeHHs. OKpim Toro, KoAnoBaHHs
S6K1 3a Cys217 mae noteHujian 1o iHrioyBaHHsl akTuBHOCTI S6K1. Takuil MexaHi3m peryJsiilii 10B’13aHuM 3 TUIIOM
B3aemozii mosiekynu KoA 3 S6K1 nig yac npouecy KoAsnoBaHHS, afike, OKPiM YTBOPEHHSI JUCYIbQiIHOrO 3B'S13Ky
Mmix -SH rpynamu xBocta KoA ta nucreiny kinaszu, KoA Takox crtabisnizye cgiit ALI® ¢pparMeHT B KaTaliTUIHOMY
LIeHTpi, IepelKOoIKa4y 3B's13yBaHHIO MoJiekyau AT® ta nopanbuiil pyHKLiOHANbHIN aKTUBHOCTI pepmeHTy. Li
Pe3yJIbTaTU 3aKJIafaloTh OCHOBY AJ1s1 ocifkeHHs posi KoA ta KoAntoBaHHs y peryssii iHmmx 6inkiB Ta

BiIKpMBAIOTh HOBi MO>KJIMBOCTI /17151 PO3pOOKU €(PEKTUBHUX T€PANeBTUYHUX CTPATETiil KOPeKIii naTosoriil.

2. The dissertation is devoted to the study of a novel post-translational modification of ribosomal protein kinase S6
(S6K1) — CoAlation and its impact on the functional activity of this kinase. S6K1 is one of the key components of the
mTOR /Aktl/S6K-dependent signaling pathway, which regulates cell growth, proliferation, metabolism, and
differentiation. Dysregulation of this pathway is associated with the development of various metabolic diseases,
making the study of mechanisms controlling p70S6K1 activity of significant scientific and practical interest.
p70S6K1 undergoes several post-translational modifications, including CoAlation, which can affect its functionality
and stability. In the course of the study, monoclonal antibodies against CoA were characterized. These antibodies
demonstrated high specificity toward CoAlated proteins and can serve as powerful tools for detecting these



modifications using various immunological methods. Using LC-MS analysis, a peptide sequence LTDFGLC*K was
identified among the general pool of CoAlated proteins, which belongs to the S6K family, with cysteine at position
217 as the only modified amino acid residue, located in the kinase’s activation loop. In cellular studies, the
CoAlation of immunoprecipitated overexpressed p70S6K1 confirmed that oxidative stress significantly increases
the level of kinase CoAlation compared to cells cultured under normal conditions. Using immunofluorescence and
PLA methods, it was shown that the CoAlation of endogenous p70S6K1 occurs in response to various metabolic and
oxidative stresses. This suggests that CoAlation plays a protective role, shielding S6K1 from excessive oxidation and
subsequent inactivation or degradation in environments with elevated ROS levels. The existence of an additional
Cys231in the catalytic center of S6K1 suggests the potential for forming a bond between Cys231 and Cys217, which
could hinder CoA attachment to Cys217. To investigate this, site-directed mutagenesis was used to study changes
in S6K1 CoAlation levels depending on the mutation of one of the cysteines in the activation loop. Based on the
experimental results of expressing mutant forms of S6K1 containing C217A and C231A substitutions, it was
demonstrated that the absence of the Cys217 CoAlation site reduces the kinase’s CoAlation level by 30% compared
to the wild-type p70S6Kl. In contrast, the Cys231 mutation increases the CoAlation level of p70S6K1 by 40%, likely
due to the availability of the Cys217 -SH group for CoA attachment, if there is an intramolecular bond between
Cys217 and Cys231. These findings confirm the CoAlation of Cys217 in S6K1 and indicate a possible regulatory role
for Cys231in this process. Using the Bac-to-Bac expression system, a recombinant constitutively active form of
p70S6K1 was generated and characterized. A “dual” vector was employed, allowing infected cells to express
p70S6K1 in its active form through co-expression with its activator PDKI. It was discovered that the degree of
CoAlation of the recombinant protein is dose- and time-dependent. Since it is known that post-translational
modifications of S6K1 are crucial in regulating kinase activity, the potential influence of the CoAlation process on
the activity of recombinant S6K1 kinase was investigated in vitro, and it was demonstrated that CoAlation reduces
the enzyme’s activity by 40%. Molecular docking results confirm the possibility of forming a disulfide bond
between the —-SH groups of CoA and Cys217 of p70S6K1. The ADP moiety of CoA is stabilized through hydrogen,
multiple hydrophobic, and ionic interactions within the ATP-binding pocket. As a result of this formation,
competition occurs between CoA and ATP for the enzyme’s active site, leading to kinase inhibition. Molecular
dynamics simulations established that the CoA complex with the activated form of the kinase is more stable
compared to the complex with the non-phosphorylated enzyme. These data indicate that phosphorylation is
critically important for stabilizing the interaction between p70S6K1 and CoA, highlighting the importance of
CoAlation in regulating the activated form of the kinase. The results obtained from this study indicate that
CoAlation of S6K1 is an important mechanism for protecting the protein from excessive oxidation. Additionally,
CoAlation of S6K1 at Cys217 has the potential to inhibit S6K1 activity. This regulatory mechanism is associated with
the type of interaction between the CoA molecule and S6K1 during the CoAlation process, in addition to forming a
disulfide bond between the —-SH groups of the CoA tail and the kinase cysteine, CoA also stabilizes its ADP moiety
in the catalytic center, preventing ATP binding and further functional activity of the enzyme. These results lay the
foundation for further exploration of the role of CoAlation in the regulation of other proteins and open new
opportunities for developing effective therapeutic strategies for correcting related pathologies.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHM: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGILIbII
BaXXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOTr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY
CyCIIiIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTEeTHUH HaNPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: BrpoBa/KEeHHs HOBUX TEXHOJIOTIi

Ta 06JIaIHAHHS 1J1s IKICHOTO MEIUYHOI0 OOCIyrOByBaHHs, JIiKyBaHHS, (papMalleBTUKU

IlizcyMKu A0CIiAKEHHS: HoBuii HANPAMOK y HAyLi i TEXHiuj



Iy6sikaii:

e A.V.Bdzhola, V. V. Filonenko, I. T. Gout, and O. M. Malanchuk, ‘The use of the in situ proximity ligation assay
for validating S6 kinase 1 CoAlation under oxidative stress.’, Biopolym. Cell, vol. 39, no. 4, pp. 277-282, Dec.
2023, doi: 10.7124 /bc.000AAS5

¢ O. M. Malanchuk, A. V. Bdzhola, I. O. Tykhonkova, I. T. Gout, and V. V. Filonenko, ‘Monoclonal antibodies to
Coenzyme A’, Biopolym. Cell, vol. 38, no. 4, pp. 215-223, Dec. 2022, doi: 10.7124 /bc.000A7F

¢ O. Malanchuk*, A.Bdzhola* et al., ‘Investigating the Regulation of Ribosomal Protein S6 Kinase 1 by CoAlation’,
IIMS, vol. 25, no. 16, p. 8747, Aug. 2024, doi: 10.3390 /ijms25168747

HayKOBa (HaYKOBO-TEXHi‘{Ha) Hpo,uyKuiﬂ: Marepianu; MeTonu, Teopii, rinore3u; METOAUYHI JOKYMEHTU

ConiaJIbHO-€EKOHOMIYHa CI‘IpﬂMOBaHiCTb: TIOJIIIIEHHS SIKOCTI )XUTTS Ta 34,0POB'Sl HACEJIEHHS],

e EeKTUBHOCTI AiarHOCTUKY Ta JIiKyBaHHS XBOPUX

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBazkeHHS pe3yJIbTaTiB AHCePTalii: [nanyeTsbes 10 BIPOBaIKEHHS

3B's130K 3 HAYKOBUMH TeMaMH: 0110U000692 0121U109973

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mananyyk OkcaHa MukosiaiBHa

2. Oksana M. Malanchuk

KBastidikanis: . 6. u., crapmmuii HaykoBuii criiBpo6itHuK, 03.00.03
InenTudikarop ORCID ID: 0000-0002-2568-9014
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOM: [HCTUTYT MOJIEKYJIAPHOI 6i010Tii i reHeTnku HanjionanbHoi

akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: BYJ1. AKaziemika 3abosotHoro, 6ya. 150, Kuis, 03143, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinifiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Ipo6ort Jlionmuna BopuciBHa
2. Liudmyla B. Drobot



KBasigikamis: 1. 6. 1., mpodecop, 03.00.11
InenTudgikarop ORCID ID: 0000-0002-3711-2909
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOH: IHCTUTYT 6ioximii im. O. B. [annanina HaujonanbHoi akazgemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 05417288

Micue3HaxoO KeHHS: By JleonTtoBuya, 6y7. 9, Kuis, 01054, Vkpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I10-6aThKOBI:

1. F'apmanyyk Jlronmuia BacuiiBHa

2. Liudmyla V. Garmanchuk

KBasigikamis: 1. 6. 1., npodecop, 03.00.11
InenTudikarop ORCID ID: 0000-0002-1527-2346
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: KuiBCchKuil HaLioOHANbHMI YHiIBepCUTET iMeHi Tapaca

[leByeHka

Kog 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bomogumupcska, 6yz. 60, Kuis, 01033, YkpaiHa
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:

1. Herpynpkuit bopuc CepriiioBuy

2. Boris S. Negrutskii

KBasigikamis: 1. 6. 1., npodecop, 03.00.03
InenTudikarop ORCID ID: 0000-0001-5974-1629
JopaTrkoBa indpopmamnis:

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

akagemii Hayk YKpainu
Kopg 3a €IPIIOY: 05417101

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



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Kponiueko Cepriit BikropoBuy

2. Serhii V. Kropyvko

KBasigikanis: x. 6. u., crapmmii HaykoBuii criiBpo6iTHuK, 03.00.03
InenTudikarop ORCID ID: 0000-0002-2685-080X
JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: [HCTUTYT MOJIEKYIAPHOI 6ioJ10Tii i reHeTrkM HalioHasbHOi

akagemii HayK YKpainu

Kopg 3a € IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJI. AKaziemika 3a6osioTHoro, 6yz. 150, Kuis, 03143, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

VIII. 3akr04Hi BimoMocTi

BaacHe IlpizBuime Im's [10-6aTbKOBI Tenerees 'ennaziit IMUTpoBUY
rOJIOBH pagu

Bnacwue IpizBume Im's I1o-6aTbKOBI Tenerees 'enHaziit MuTpoBnd
rOJIOBYIOYOrO Ha 3acCifiaHHi

BinmoBigasbHUH 32 MiATOTOBKY Kpymncobka L.B.

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLio HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




