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1. CTpyKTypHO-(QYHKLIiOHAJIbHA OpraHi3aliisi MAaKpOMOJIEKYJIIPHUX KOMILJIEKCIB i iXx KOMIIOHEHTIB anapary eJyIoHraLlii
TPaHCJIALii y CCaBLiB.

2. Structural and functional organization of the macromolecular complexes and their components of the

mammalian translation elongation apparatus.

Pedepar:

1. Incepranist Ha 3006YTTSI HAYKOBOTO CTYyIIEHs JOKTOpa 6i0JIoriYHMX Hayk 3a crienianbHicTio 03.00.03 —
MOJIEeKyJIsIpHA 6i0J10Tisl. — IHCTUTYT MoJIeKyJIsIpHOi 6iosorii i reHeTuku HAH Ykpainu. Kuis, 2025. ¥ guceprauiiiHii
PO6OTI MpeCTaBIEHO IMMPOKOMACHITA0H] JOCTIIKEHHS IPOCTOPOBOI CTPYKTYPU i 0COOIMBOCTEN (QYHKIIOHYBaHHS
KOMIIOHEHTIB IBOX OCHOBHMX MaKPOMOJIEKYJISIPHMX KOMILJIEKCIB, IO MPALI0I0Th Ha JOPUOOCOMHOMY eTarti
TpaHcILii ccaBliB. OTpMMaHi €KCIIEPUMEHTAJIBbHI PE3YJIbTaTH BUSBUJIN HU3KY HOBUX ACIIEKTIB CTPYKTYPHO-
(yHKLiOHAIBHOI OpraHisalii KOMIIOHEHTIB anapaTy TPaHCJISILii ccaBliB 30Kpema BiIMiHHOCTi IPOCTOPOBOIi
opraHisatii BUCOKO roMoJIoTiqHUX 6isnkiB-napanoris eEF1Al Ta eEF1A2, HekaHOHIUHKX B3aeMogiil (pakTopa eJIoHrallii
eEF1Al, yeTBepTHHHOI opraHizauii komniekcy eEF1B, nonsiiiHoi ¢yHKIiOHaNBHOI poi 6inka p43



MaKpOMOJIEKYJIIPHOro Komekcy aminoanun-TPHK cunTteras. BctaHoBeHO, o GakTop esoHTalii TpaHCasii
eEF1A1 B I'1®-3B'13anii1 popmi Mae BUIOBXKEeHY KOH(POPMaLLilo B po34ynHi 3 paniycom ripauii 5.2+0.2 HM, 1m0 6ibIn
HIK B 2 pa3u nepesullye o6paxoBaHuil pajiycy ripatii kpucranorpadiyHoi CTpyKTypH ioro 6inka-napasnora eEF1A2
B komIwiekci 3 I'Z1®. Po3mudpoBaHo KpucTanidyHy CTpYKTypy (paxkTtopa esonrauii Tpancasuii eEF1A2, sxuit
CKJIQIAE€THCS 3 TPbOX JIOMEHIB i Mae 6/1M3bKY 10 cpepUIHOI TPOCTOPOBY KOH(POPMALLil0. BcTaHOBIEHO, 1110 iOHK

Mg2+ He BIJIMBAIOTh Ha peakliiilo 0OMiHy I'yaHiHOBOro HykyeoTUuy Ha MoJiekyJsi eEF1A2. [TokasaHo, mo eEF1Al y
I'I®-3B’g3aHiit GopMi MOKe YTBOPIOBATM HEKAHOHIYHUI NTOTPiMHUI KOMILIEKC 3 feaunyibBaHoo TPHK i
4YETBEPTMHHUM KOMILIEKC 3 ¢peHinananin-TPHK cuHTeTa3010, a TakoX 361/1blIye I0YaTKOBY MIBUAKICTb peaklii, Ky
karasnizye meTioHin-TPHK cunTeTasa. BusiBieHO B3aEMOiI0 TPAHCSILIIHO-KOHTPOJIbOBaHOTO 6isika myxyuH (TCTP)

3 pakropamu esnoHrauii Tpancisauii eEF1A1 i cybonununeto eEF1Bo. 3p’a3yBanns TCTP 3 eEF1Al npusBoguTh 10
3HIDKEHHSI IIBUJIKOCTI peakliii K CIIOHTAHHOrO, Tak i eEF1Bo-onocepekoBaHOro 06MiHy I'yaHiHOBOTO HYKJIEOTUIY Ha
mosnekyni eEF1AL Briepiue geTanbHO JOCIIIKEHO CTPYKTYPHY opranisaiiito ¢akropis enonrauii eEF1Bno, eEF1Bo i
eEF1Bn, siKi yTBOPIOIOTh MaKpOMOJIEKYJIsIpHUiL KoMIlsiekc eEF1B. BusHaueHo caiiTy B3aeMogii MK cy6oIMHULISIMU
eEF1Boi eEF1Bo, eEF1Bo i eEF1Bn, i BcTaHOB/IEHO, 1110 MOTUB «JIEWLIMHOBUI 3acTioka» eEF1Bo BinnoBinae 3a Tpumepusariiio
1bOro 6isIka, a TakoxX Bcboro komiekey eEF1B, sikuit Mae CTpyKTypHY oprasizauito tuny (ooo)3. [TokasaHo, mo eEF1B(ooo)3
371aTeH 3B's13yBaTH [0 mecTy Mosekys eEF1A2, BinnosigHo 1o KinbkocTi GEF-gomeHiB B HboMy. Take yHiKasbHe
CTPYKTypHE 00’eJHAaHHS (PaKTOPiB 0OMiHY I'yaHiHOBOTO HYKJIEOTHAY B OZHOMY KOMILJIEKCI MOXKe 3a0€e3I1e4yBaTi
edeKTuBHE BiHOBJIeHHS akTUBHOI ['TO-38"13aH0i KoHPopMauii eEFI1A B npoueci enoHrauii TpaHcsLii y BUIIUX
eyKapioT. Briepie po3KpuTo MexaHi3m cTumyJisLii aktuBHOCTI eEF1Bo cy6onununero eEF1Bo npu yTBopeHHi
KomIuiekcy Mk Humu. Kondopmauis N-kinnesoro nomeny eEF1Bo yacTkoBo nepemkozkae B3aemoii eEF1A 3 GEF-
IIOMEHOM, 110 3HIDKY€E MIBUMKICTb OOMIHY I'yaHiHOBOTO HyKJeoTuay. 3B's13yBaHHs N-KiHLeBux gomeHiB eEF1Bo i eEF1Bo
ycyBae Lei iHribitopuuil epexT. BctaHoBIEHO, 0 N-KiHLeBUM JOMEH 6i/Ka p43 MaKpOMOJIEKYJISIPHOTO KOMILJIEKCY
aminoanun-TPHK cunTtetas B3aemogie 3 aprinin-TPHK cunTtetasomn. [TokazaHo, mo p43 He BIUIMBA€ Ha KaTaJliTUYHi
napametpu aprinin-TPHK cunTteTasu i He 36inbuiye ii cnopinHenicTs 1o BignosinHoi TPHK. OTxe, 6iy10K p43 He €
KO(aKTOPOM JJ151 1bOTO (pePMEHTY. JloBe[leHO, 110 iHKyOallisi MAaKPOMOJIEKYJISIPHOTO KOMILIEKey aMmiHoanun-TPHK
CHMHTETa3 3 Kacnasolo 7 in vitro mpu3BOAMTD [0 PO3LIETIEHHS HOTO p43 KOMIIOHEHTY Ha 1Ba ¢pparmenTu. Voro C-
KiHLIeBUI (QparMeHT, SIKUI BUBLIbHIETHCS 3 KOMILIEKCY, € ineHTnyHUM EMAPII i 3maTeH BUKIMKATH XeMOTaKCUC
MOHOUUTIB. Po3menyienHs p43 npus3BoguTh A0 BTpaTu ioro TPHK-3B’13yBasnibHOI Bi1acTUBOCTI. BusiBieHo, 110
iHIYKLisl allONTO3Y B KJIITUHAX IPU3BOJUTH [0 MOSIBY i BUBIJIbHEHHS 3 KJITHH iHIIOTO NPOTEOITUYHOTO (PPAarMEHTY
6inka p43, HazBaHoro p43(ARF), sxuii Ha 40 aminokucyoT posmui Hixk EMAPIIL. [TokazaHo, mo o6uasa p43(ARF) i
EMAPII He ingyKyBanu exkcrnpecito E-cenexkruny Ha enpoTesnianbaux kiaitnHax (HUVEC), Togi sk TOBHOpPO3MipHUIA
P43 TaKy iHOyKLi0 BUKIMKaB. [IpoTeois 6iska p43 [03BOJIsSI€ YHUKHYTH aKTUBALlil €eHA0Te liaIbHUX KIITYH i, 1K
HACJIi0K, MOKJIMBOTO PO3BUTKY 3alajibHOI peaklii B opraHismi. Bniepiie ineHTr(ikoBaHO HOBUI1 TPAHCIISALINHUI
IIPOJYKT I'eHa, KUl Konye 6110k p43. Lleit nponyKT Mae MiTOXOHApiaslbHY JloKali3aljio i € Ha 9 aMiHOKUCIIOT
IOBIIMM HDK LMTOIIa3MaTh4Ha i3odopma p43. KinbkicTb MiTOXOHAPiasbHOI i30popMu cKilafae NpU6aAU3HO 2% Bif

3arajibHoi KiJIbKOCTI p43 B KJITUHI.

2. Thesis submitted for the degree of Doctor of Biological Sciences in Biology, specialty 03.00.03 - Molecular
Biology. - Institute of Molecular Biology and Genetics, National Academy of Sciences of Ukraine. Kyiv, 2025. This
thesis presents a large-scale study of structural organization and functional properties of the components of two
major macromolecular complexes that operate at the pre-ribosomal stage of mammalian translation. The obtained
experimental results revealed a number of new aspects of the structural and functional organization of the
components of mammalian translation apparatus, including differences in the spatial organization of the highly
homologous eEF1A] and eEF1A2 protein-paralogs, non-canonical interactions of the elongation factor eEF1A1,
quaternary organization of the eEFIB complex, and the dual functional role of the p43 protein involved into
macromolecular complex of aminoacyl-tRNA synthetases. We have found that the translation elongation factor
eEF1Al in the GDF-bound form has an elongated conformation in solution with a radius of gyration 5.2+0.2 nm,
which is more than 2 times larger than the radius of gyration of its paralog, the eEF1IA20GDF complex, in a crystal.
We have deciphered the crystal structure of eEF1A2, which has a three-domain fold and a spherical-like



conformation. We have also found that Mg2+ ions do not affect the guanine-nucleotide exchange reaction on the
eEF1A2 molecule. We have demonstrated that eEFIAl in the GDP-bound state can form a non-canonical ternary
complex with deacylated tRNA and a quaternary complex with phenylalanyl-tRNA synthetase, and it also increases
the initial rate of reaction catalyzed by methionyl-tRNA synthetase. We have revealed the interaction of the
translationally controlled tumor protein (TCTP) with the translation elongation factors eEF1A1 and eEF1Bno. The
binding of TCTP to eEFI1Al leads to a decrease of the reaction rate of both spontaneous and eEF1Bo-mediated
guanine-nucleotide exchange on the eEFIAl molecule. For the first time, we have studied in detail the structural
organization of the elongation factors eEF1Bn, eEF1Bo and eEF1Bo involved into eEF1B macromolecular complex. We
have identified the sites of interaction between eEF1Bo and eEF1Bno, eEF1Bo and eEF1Bo, and we established that the
“leucine zipper” motif of eEF1Bn is responsible for the trimerization of this protein, as well as the entire eEF1B
complex, which has a structural organization of the (oon)3 type. We have shown that eEF1B(oon)3 is able to bind up to six
eEF1A2 molecules, according to the number of GEF domains in the complex. Such, so far, unique structural
assembly of the guanine-nucleotide exchange factors within a stable complex may ensure an efficient conversion
of eEF1A from the GDP-bound state to the active GTP-bound conformation in higher eukaryotes. For the first time,
we have revealed the mechanism of eEF1Bo-mediated stimulation of eEF1Bn activity upon a complex formation
between them. The conformation of the N-terminal domain of eEF1Bn partially prevents the interaction of eEFI1A
with the GEF domain, which reduces the rate of guanine-nucleotide exchange. Binding of the N-terminal domains
of eEF1Bo and eEF1Bn eliminates this inhibitory effect. We have established that the N-terminal domain of p43
interacts with arginyl-tRNA synthetase. We have shown that p43 does not affect the catalytic parameters of
arginyl-tRNA synthetase and does not increase its affinity for the cognate tRNA. Thus, the p43 protein is not a
cofactor for this enzyme. We have shown that incubation of the macromolecular complex of aminoacyl-tRNA
synthetases with caspase 7 in vitro leads to cleavage of its p43 component into two fragments. The resulting C-
terminal fragment, identified as EMAPII, is released from the complex and exhibits cytokine-like activity in a
monocyte chemotaxis assay, while the N-terminal fragment remains within the complex. Cleavage of p43 leads to
the loss of its tRNA-binding property. We have demonstrated, for the first time, that the induction of apoptosis in
U937 cells leads to the appearance and release of another proteolytic fragment of p43 protein, named p43(ARF),
which is 40 amino acids longer than EMAPII. We have shown that both p43(ARF) and EMAPII do not induce E-
selectin expression in endothelial cells (HUVEC), whereas full-length p43 does. Proteolysis of p43 protein in
apoptotic cells prevents activation of endothelial cells and, consequently, avoids possible development of an
inflammatory response in organism. We have identified, for the first time, a new translational product of the p43-
encoding gene. This product has mitochondrial localization and is 9 amino acids longer than the cytoplasmic
isoform of p43. The amount of the mitochondrial isoform is approximately 2% of the total amount of p43 in the
cell.
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