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Pedepar:

1. O6’exTOM HIOCTiA)KEHHS Oy MOJIEKYJISIPHI MEXaHi3MU PEryJislii eKCIpecii reHiB CUHTe3y CeprHy 3a YMOB
npurHiveHHs1 aktuBHOCTI ERN1, a Takox 3a rinokcii, gediunty riayraminy Ta riaokosu. Meta po6otu — gocaiautu
€KCIIPEeCilo reHiB CUHTEe3y CEpUHY Y HOPMaJIbHUX aCTPOLUTAX Ta KJiTHHAX [J1i00J1aCTOMU 3 IIPUTHIYEHOIO
aktuBHicTi0O ERN1, a Takox 3a [ii rinokcii i gediuuty riyraminy Ta Iroko3u. byay BUKOPUCTaHi cyyacHi MeToau
6ioximii i MosiekysIpHOi 6iosorii, KinbKicHui [1JIP, caiiyieHCiHT, BeCTepH-0JI0T Ta FeHETUYHO MOAM(DIKOBaHI KIIITUHU
riio6aactomu. Briepine 6ysia BUsIBIeHa 3ayI€5KHICTh PiBHS €KCIIpecii reHiB CUHTEe3y CepUHY Bif, IPUrHIYeHHS
curnasnbHoro nporeiny ERNI, npuuyomy 3MiHM B ixX eKcIipecii AJ1s 6i/1bIIOCTi reHiB 6yJIu pisHUMH Y KJITUHAX 6e3 000X
€H3uMaTU4YHuX aktuBHOCTel ERN1 i kiiTHHax 6e3 loro eHpopruboHykiaeasHoi aktuBHocTi ERNI, 1m0 Bkasye Ha pi3Hi
MEeXaHi3MU iX peryssiii. BusBieHo 3HKEHHS €KCIPECii TeHIB CUHTE3Y CEPUHY Y KIIITUHAX 3 IIPUTHIYEHOI0

dyHKUioHaNMBHOW aKkTHUBHICTI0O ERNI, 1m0 106pe y3romKyeThCs 3 iX 3HMKEHUM MPoJliepaTHBHUM [I0TEHIIIaJIOM,



OCKIJIbKM IIOCUJIEHHS €KCIIPECii €H3UMIB CUHTE3Y CEPUHY € BaXKJIMBOI YMOBOIO ITOCUJIEHOTO POCTY 3JIOSAKICHUX
nyxyinH. OTpUMaHi pe3yJsbTaTy IPOeMOHCTPYBAJM BKJIMBY PoJib eHopubdonykueasyu ERN1 y peryssuii ekcripecii
rena ATF4, OCKisIbKY 5K y KJIITUHAX IJIiOMU 3 IPUTHIYE€HOI0 €HJJOPUOOHYKII€a3HOI0 aKTUBHICTIO CUTHAJIBHOTO
nporeiny ERNI, Tak i y kiiTUHax 6e3 060X eH3umaTu4HuX akTuBHOCTeN ERN1 piBeHb eKkcrpecii 1boro rena iCTOTHO
He BiApi3HABCS 32 BEJIMYMHOMW0. Briepie rokasaHo, 1o came NpoTeiHKiHasHa akTuBHICTb ERN1 € BaxximBum
peryasitopoM ekcnpecii reHiB PHGDH, SHMT1 ta SHMT2, ockinbky iHribyBaHHSI € HIOPUOOHYKJI€a3HOI aKTUBHOCTI
LIbOTO CUTHAJILHOTO NPOTEIHY iCTOTHO HE BIUIMBAJIO Ha PiBEHD iX €KCIIpeCii, i Juiie 3a YMOB [IPUTHIYEHHS
IpOTeiHKiHA3HOI i eHIOpUbOHYKIIea3HoI akTuBHOCTEN npoTteiny ERN1 piBeHb ekcripecii [ux reHiB 3MiHIOBaBCSl.
Briepie BCTaHOBJIEHO, 110 €KCIIPECis BCiX HOCIIIPKEHNX TeHiB € YyTJIMBOIO [0 Tinokcii y KiTuHax riiobiactomuy,
asie 3MiHIOBasIacs IO-Pi3HOMY $K 32 BEJIMYMHOIO e(eKTy, TaK i 32 HallpsSIMKOM 3MiH. BusiBieHo, 1110 NPUTHiY€HHS
000X €H3MMaTUYHUX aKTUBHOCTEN CUTHaIbHOro npoteiny ERN1 sminoe yyrnusicts renis PHGDH, PSAT1, PSPH Tta
ATF4 no rinokcii, a ue cBiguuTh Ipo 3anexHui Big, ERN1 KOHTPOJIb rinOKCUYHOI peryJsisuii piBHS eKCIIpecii ux
reHiB. OTpUMaHi pe3ysIbTaTH € MiAIPYHTAM JJIs1 PO3KPUTTS ME€XaHi3MiB PE3UCTEHTHOCTI yXJIMHHUX KJIITUH, Y TOMY
yucsi i KITHH r1io61acToMu, 10 TOKCUYHUX €(EKTIB TiloKcii 3a yMOB cTpecy eHI0IIa3MaTUYHOTO PETUKYIyMa.
[IpakTUyHe 3HaUYE€HHS OTPMMAHMX PE3YJIbTATIB NOJISITA€ Y BUSIBJIEHHI POJIi IPOTEiHKIHA3Y Ta eHIOPUOOHYKIIea3n
ERN1 y 3MeHIIeHHi eKcIipecii reHiB CUHTe3y CepyuHy i IpUrHiYeHHi nposidgepauii kiniTuH raiomu. [nenTndikoBaHi
MikpoPHK, ski koHTposo10Th ekcripeciio MPHK PSAT1, PSPH i SHMT1 Ha nnocT-TpaHCaALiMHOMY PiBHi, MOXYTb
OyTy MOTEHUiHNMU MilleHSIMU 1J1s1 IPUTHiYeHHs npoJtidpepalii KiTuH raiobsactoMu. BusisineHi Hamu
MOJIEKYJISIPHI MeXaHi3MM CTIMKOCTI KJTHH I71i06J1aCTOMU 10 TOKCUYHUX e(deKTiB rinokcii 3a crpecy
€HJIOIUIA3MaTUYHOTO PETUKYJIYMa BaKJINBI J7151 JIIKyBaHHS 3JI05IKiICHUX ITyXJIMH. Pe3ybTaTy LIbOTO NOCJiIKEHHS
BKJIIOUEH] J10 po6040i IporpamMu HaBYaJIbHOI JucuUIIiHA: «CydacHi HayKoBi Nigxonu 6ioxiMii Ta 6i0TeXHOJIOTII» nj1s
3100yBadiB BUIIOI OCBIiTH CTyIEHS JOKTOPA (Pinocodii (TpeTbOro 0CBITHLO-HAYKOBOTO PiBHS) 3a crenianbHicTio 091

Biosorisa Ta 6ioximis.

2. The object of the study was the molecular mechanisms of regulation of the expression of serine synthesis genes
under conditions of inhibition of ERN1 activity, as well as under hypoxia, glutamine, and glucose deficiency. The
work aims to investigate the expression of serine synthesis genes in normal astrocytes and glioblastoma cells with
suppressed ERN1 activity and under the influence of hypoxia and glutamine and glucose deficiency. Modern
biochemistry and molecular biology methods, quantitative PCR, silencing, Western blot, and genetically modified
glioblastoma cells were used. For the first time, the dependence of the expression level of serine synthesis genes
on the inhibition of the ERNI1 signaling protein was revealed, and changes in their expression for most genes were
different in cells without both enzymatic activities of ERN1 and cells without its endoribonuclease activity of ERNI,
which indicates different mechanisms of their regulation. A decrease in the expression of serine synthesis genes
was found in cells with suppressed ERN1 functional activity, which is in good agreement with their reduced
proliferative potential since increased expression of serine synthesis enzymes is an important condition for
enhanced growth of malignant tumors. The results obtained demonstrated the important role of the
endoribonuclease ERN1 in regulating ATF4 gene expression since the expression level of this gene did not differ
significantly in magnitude in both glioma cells with suppressed endoribonuclease activity of the signaling protein
ERN1 and in cells without both enzymatic activities of ERNL. It was shown for the first time that the protein kinase
activity of ERN1is an important regulator of the expression of the PHGDH, SHMT1, and SHMT2 genes since
inhibition of the endoribonuclease activity of this signaling protein did not significantly affect their expression
level, and only under conditions of inhibition of the protein kinase and endoribonuclease activities of the ERN1
protein did the expression level of these genes change. For the first time, it was established that the expression of
all the studied genes is sensitive to hypoxia in glioblastoma cells, but changed differently in both the magnitude of
the effect and the direction of the changes. It was found that inhibition of both enzymatic activities of the signaling
protein ERN1 changes the sensitivity of the PHGDH, PSAT1, PSPH, and ATF4 genes to hypoxia, which indicates
ERN1-dependent control of hypoxic regulation of the expression level of these genes. These results provide the
basis for revealing the molecular mechanisms of glioblastoma cell resistance to hypoxia toxicity under
endoplasmic reticulum stress. The practical significance of these results lies in elucidating the role of protein



kinase and endoribonuclease ERN1 in decreasing the expression of serine synthesis genes and inhibiting glioma cell
proliferation. The identified miRNAs that control the expression of PSAT1, PSPH, and SHMT1 mRNAs at the post-
translational level may be potential targets for inhibiting glioblastoma cell proliferation. The molecular
mechanisms we have identified for the resistance of glioblastoma cells to the toxic effects of hypoxia during
endoplasmic reticulum stress are important for cancer treatment. The results of this study are included in the
working program of the academic discipline: "Modern scientific approaches to biochemistry and biotechnology"
for higher education applicants for the degree of Doctor of Philosophy (third educational and scientific level) in the
specialty 091 Biology and Biochemistry.
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