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1. Kommniexc dakropiB esonranii Tpancsuii eEF1B smonuHu: cTpyKTypHa opraHizauis i GyHKIiOHaNbHi B1aCTUBOCTI

2. The human translation elongation complex eEF1B: structural organization and functional features

Pedepar:

1. Incepraliito NpUCBSIYEHO JOCIIIKEHHIO CTPYKTYPHHUX i (QYHKIIIOHATIBHUX OCOOJIMBOCTEN KOMIIJIEKCY €JIOHTAlLii
tpaHcauii eEF1B monyau. Ilokazano, mo pekombinanTHa eEF1Bo e MoHOMepoM, eEF1Bo nepebysae y piBHOBa3i
MOHOMEP-IUMEDP NPU KOHLEeHTPaLil Hwk4e 1.8 MKM i ojsliroMepidyeTbcs py NinBullleHHi KOHLeHTpalii, eEF1Bo icHye
y BUIJISIAL CTabisIbHOTO TpUMeEDPY. Bei Bullle3a3HaueHi 6i7Iku MaloTh BULOBXEHY (POPMY MOJIEKYIU. JlOCIiIKeHO
CTPYKTYpHY Oprasizauito cyoonuHuui eEF1Bo i cTBopeHo aToMapHy MoZiesib TPUMEPY Liboro 6inka. Hamu 6yiio
3aIPOIIOHOBAHO MeXaHi3M mifcuiioodoi aii eEF1Bo Ha mBuakicTs 06MiHy I'yaHiHOBOTO HYKJIEOTUY CYOOIMHULIEIO
eEF1Bo. Mu Takox nokasany, o eEF1Bo moxe 3B’13yBatu He Tinibku €EFIAL ane 11 eEF1A2, Ta 06MiHIOBaTU ryaHiHOBUI
HYKJIEOTHU], Ha 000X (pakTopax. Mu nobyaysaau aToMapHy MOZEb IPOCTOPOBOI opraxisauii kommniexcy eEF1B. N-
KiHueBuil jomeH eEF1Bo B3aemogie onHovacHo 3 N-kiHneBumu gomeHamu eEF1Bo ta eEF1Bo. Cy6onunnus eEF1Bo, B

CBOIO 4epry, TPMMEPU3YEThCS 3a PAXYHOK MOTHUBY THUITy «JI€MIIMHOBA 3aCTiOKa», TAKUM YNHOM, YTBOPIOETHCS



komiekc tuny eEF1B(oon)3. Ockinbku 6inku eEF1Bo i eEF1Bo matoTh cTpykTypHO noaioHi GEF-gomMeHy, ix 3arasbHa
KiJIBKICTh B KOMILJIEKCi IOpiBHIOE mecTy. Mu fosesy, mo komiieke eEF1B(oo0)3 moxke 3B'13yBaTH 10 LECTHU MOJIEKYJI
eEF1A2. Take yHikaJbHe CTPYKTypHE 00’eiHaHHS (PaKTOPiB OOMiHYy HYKJI€OTUAY B OLHOMY KOMILJIIEKCI MOXKe
posrisgaTucs sk ceoepinHuil «GEF-xab6», sikuil 3abe3nedye epekTUBHE BifHOBIEHHS akTuBHOI ['TO-3B’13aH01
koH(popmalii eEFIA B nponeci esoHrauii Tpancauii y Bulux eykapior. Kiouosi cioBa: 6iocunTes 6iska, pakropu

eJIoHrallii TpaHcsLii eykapioT, 6i710K-611K0Bi B3aeMoii, CTabibHi 6i1KOBI KOMILJIEKCH.

2. This thesis describes the structural organization of recombinant eEF1Bn, eEF1Bo, eEF1Bo subunits, stoichiometry
and architecture of their complex, eEF1B, and functional activity of eEF1Bo and eEF1Bn as the guanine nucleotide
exchange factors of eEF1A. Protein biosynthesis in eukaryotic cell is spatially and structurally organized that

ensures high efficiency of this process. One of the distinguishing features of the eukaryotic cell is the presence of
the stable macromolecular complexes of aminoacyl-tRNA synthetases and translation elongation factors. Until

now, the structural organization of the eEF1B translation elongation factor complex, as well as its individual

subunits, remains unknown. Therefore, the aim of this thesis is to establish the structural organization of the

human eEF1B complex and characterize the structural features and functional properties of its individual subunits.
We determined that eEF1Bno is a monomeric protein with a moderately elongated shape in solution. It consists of

two rigidly structured domains (N-terminal and GEF) connected by a long structurally dynamic region. eEF1Bois a
stable trimer of a highly elongated shape in solution. Trimerization of eEF1Bo is mediated by its leucine-zipper

motif, which forms a compact supercoiled trimeric bundle. Three GEF domains are connected to this bundle via
unstructured regions and CAR domains on one side of this bundle; three N-terminal domains with a dynamic o-
helical organization are located on the other side. eEF1Bn is also a moderately elongated protein and its aggregation
state depends on the protein concentration. At a concentration below 1.8 uM, eEF1Bo forms monomer-dimer
equilibrium. Increasing protein concentration results in the formation of stable dimers and tetramers. We

explained a mechanism of the stimulatory effect of eEF1Bo on the rate of guanine nucleotide exchange reaction
mediated by eEF1Bo. We demonstrated that the N-terminal domain of eEF1Bo inhibits its nucleotide exchange
activity by interfering with eEFIA binding to the C-terminal domain of eEF1Bo. The formation of the eEF1Boo complex
confines the N-terminal domain of eEF1Bo in eEF1Bno that consequently eliminates this inhibitory effect. In contrast to
eEF1Bno, eEF1Bo did not affect functional activity of eEF1Bo. We found that the eEF1Bon and eEF1Bon complexes are formed
at an equimolar subunits ratio. Using the method of hydrogen deuterium exchange coupled to mass spectrometry,
we outlined the regions involved in the protein-protein interaction for each subunit. Amino acid residues 6-58 of

the eEF1Bo N-terminal domain acquire rigidly structured conformation when interacting with eEF1Bo. In turn, two
short regions of the eEF1Bno N-terminal domain (residues 144-161 and 170-190) are responsible for the interaction

with eEF1Bo. The N-terminal domains of eEF1Bo and eEF1Bn are responsible for the eEF1Bon complex formation as well,
particularly, amino acid residues 11-29 of eEF1Bo and the entire N-terminal domain of eEF1Bn, with the exception of
peptides interacting with eEF1Bn, display high protection in the complex. Using the molecular docking method, we
built an atomistic model of the eEF1B complex. The N-terminal domain of eEF1Bo interacts with the N-terminal
domains of eEF1Bo and eEF1Bo simultaneously. The eEF1Bo subunit is trimerized by the leucine-zipper motif
interaction, thus, forming the eEF1B(oono)3 complex. Since eEF1Bo and eEF1Bno proteins have structurally similar GEF-
domains, their total number in the complex is equal to six. Therefore, the eEF1B(no0)3 complex is able to bind up to six
molecules of eEF1A2. Such, so far, unique structural assembly of the guanine-nucleotide exchange factors within a
stable complex may be considered as a “GEF-hub” that provides efficient conversion of eEFIA from the GDP-bound
state to the active GTP-bound conformation in higher eukaryotes. Key words: protein biosynthesis, eukaryotic
translation elongation factors, protein-protein interactions, stable protein complexes.
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