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Homon J.C. Moapyasimis TpaHCKpHUNUii TreHiB, BiINOBIiZaJbLHHUX 3a
peryJsinio MeTadoJi3My, peakiii Ha cTpec i 3anajeHHs, Yepe3 TPABMATHYHUI
JHOCBI i Ti€TYy, JOMOBHEHY MAPOCTKAMM OPOKOJIL.

JumnomHa po6oTa Ha 3100y TTsI APYroro (MaricTepchbKoro) piBHS BUILIOT OCBITH
3a cnemiajpHICTIO 091 «biomoria Ta O1oxiMisy.

Bumnyckna poGota marictpa: ¢. 77, Tabnuup — 3, rpadiunux 300paxeHb — 6,
mxepen — 187.

JurnmomHa pobOoTa mpucBsiueHa BUMIiproBaHHIO piBHSA MartpuuHoi PHK i
BIUIMBOM pI3HUX THIMIB JII€T Ta CTPEeCOBUX (pakTopiB. JOCTIIHKEHO Takl KaTeropii
TeHIB, SKi KOJIYIOTb KOMIIOHEHTH aHTHOKCHUIAHTHOTO 3aXHCTYy, CHUCTEMHU
JIETOKCHUKAIIT KCeHOOI0THKIB, & TaKOXK OLIKH, 3aJyu4eHl B PETYJISIII0 METa0o13MYy,
3amajieHHd Ta aBTogartii.

Kuro4oBi cioBa: reH, excrpecis reHiB, MHIIA, 0-KETOTNII0Tapar, MPOPOCTKU

opoxkodi, [TTCP.
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AHoOTaLisA
Jladuu 1. 51. BioximMiuHi Ta TricTOJIOriYHi 3MiHM y MHIIed 32 CHOKHBAHHS
NMPOPOCTKIB OPOKOJIi Ta BUCOKOKAJIOPINHOI Ai€TH.
JlutuiomHa po0oTa Ha 3100YTTS ApYyroro (MariCTepchKOro) piBHS BHUIOI OCBITH 3a
cnenianbHicTIO 091 «bionoris Ta bioximis (ocBiTHS nporpama bioximis)».
B po0oTi AoCHimKEeHO MOOKPEMHI Ta CyMICHHUM BIUIMB IPOPOCTKIB OpOKOJl Ta
BHUCOKOKAJIOPIMHOI 7K1 HA OCHOBI TakK 3BaHUX Ka(eTepidiHUX MPOAYKTIB 3 BUCOKHUM
BMICTOM JKHPIB Ta JITKOJIOCTYITHUX BYTJIEBOJIIB (Tak 3BaHa «KadeTepiiiHa aieTay) Ha
MeTa0oIYHl TIOKa3HUKU Yy camiiB wmumied miHli C57BL6/J. BcraHoBieHO, MO
CHOKMBaHHS KaQeTepiHOl II€TH MPU3BOIUTH 0 3MIH META0OIYHUX MOKA3HUKIB Y
€KCIIEpUMEHTAILHUX TBAapWH, 30KpeMa JI0: BHINOTO pPIBHS TJIOKO3H, TJIIKOTEHY,
TPUALMITIIIEPUAIB Ta HIXKYOTO PIBHS MEPOKCUAIB JIMIJAIB B MEYIHII Ta BHUIIOI
AKTUBHOCTI MapaoKCOHAa3M y Mia3Mi KpoBl. ['icTONOTIYHUN aHaNI3 TKAHUHU TEYIHKU
BUSBUB CTPYKTYPHI 3MIHM Y MUIIEH, 110 CHOXXMBAJIM KaeTepiiHy €Ty, 30KpeMa
HasIBHICTh IMyHHHMX KJIITHH, IO MOX€ BKa3yBaTH Ha PO3BUTOK 3alajieHHs. 3araiom,
pe3yJbTaTH CBig4aTh MPO Te, 10 KaderepiiiHa Jie€Ta MPU3BOAUTH J0 HeOaKaHUX
METa0OJIYHUX 3MIH y TICUiHI[l Ta KPOB1 MUIIIEH, a MPOPOCTKU OPOKOJIIT JEMOHCTPYIOTh
3/IaTHICTh KOPUTYBATH OKPEM1 METa0O0IIIuHI 3MIHU, CIIPUIMHEH] KaQeTepiiHOT T1€TOTO.
KurouoBi cioBa: kaderepiitHa mieTa, TpOPOCTKH OPOKOIi, METabOIIYHI TOKa3HUKH,
TICTOJIOT1YHI 3MIiHHU, ICYIHKA, MHIIII.

Labych I. Y. Biochemical and histological changes in mice consuming broccoli
sprouts and a high-calorie diet.

Master’s Thesis for obtaining the second (master's) level of higher education in the
specialty 091 "Biology and Biochemistry (Educational Program Biochemistry)".

The study investigated the individual and combined effects of broccoli sprouts and a
high-calorie diet based on so-called cafeteria products rich in fats and easily accessible
carbohydrates (the so-called "cafeteria diet") on metabolic indicators in male C57BL6/J
mice. It was found that the consumption of a cafeteria diet leads to changes in the
metabolic parameters of experimental animals, specifically: higher levels of glucose,
glycogen, and triacylglycerides; lower levels of lipid peroxides in the liver; and
increased paraoxonase activity in blood plasma. Histological analysis of liver tissue
revealed structural changes in mice fed the cafeteria diet, including the presence of
immune cells, which may indicate the development of inflammation. Overall, the
results suggest that the cafeteria diet leads to undesirable metabolic changes in the liver
and blood of mice, while broccoli sprouts show the ability to correct certain metabolic
changes induced by the cafeteria diet.

Keywords: cafeteria diet, broccoli sprouts, metabolic indicators, histological changes,
liver, mice.
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AHOTANIA
Heuyuraitio. H.O. PoJub nporeasu CLPP y nogos1aHHi IPOTEOTOKCHYHOIO CTPeECy
y PaKy rpyjaeu.
JlunimomHa po0OoTa Ha 3100yTTS APYroro (MariCTepchbKOro) piBHSI BHUILOI OCBITH 3a

cnenianbHicTiO 091 «bionoris (ocBiTHS mporpama bioximis)y.

VY nunnomu1A poOOTI JOCHIIXKY€ETHCS pOJb MITOXOHApianbHOI poTea3zu CLPP
y BIANOBIAb HA MNPOTEOTOKCUYHUN cTpec. MITOXOHApialbHA CHUCTEMa SIKOCTI
KOHTPOJIIO OLIKIB CKJIQJA€ThCS 13 MIANIEPOHIB Ta MPOTEa3, Cepell SKUX BAKIUBUMU Y
3a0€3MeUeHH] MITOXOHpialbHOro OULIKOBOro romeocrasy € mnporeasu CLPP Ta
LONPI. PakoBi KJIITHHU ICHYIOTh y CTaHl MOCTIHHOTO NMPOTEOTOKCHYHOIO CTpPECY
CIPUYMHEHOI0 aHEYIUIOil€r0. MoAeIbHUM 00’ €KTOM Y JOCIIIJKEHH] € KIITUHHI JIHIi
paky MoaouHoi 3ano3u MCF7.

3rimHo aHanmi3zy AaHuxX Ha noptam DepMap, kuibkocTi komiit reHiB CLPP Ta
LONP1 no3uTUBHO KOPENIOIOTh y KIITUHHUX JIIHISIX PaKy MOJOYHOI 3aJ103U. 3T1THO
npoaHaiizoBaHux janux 13 moptany TCGA, oOuaBa reHu yacTiilie BUAAISIOTHCS Y
pI3HUX BHAaX paky, HDK ammiidikyroTbes. Moaens MCF7 3 nanekcnpeciero CLPP
(MCF7-OE®"P) mana Bumy wymmsicts o axtusatopa CLPP — ONC201, mix
koHTponbHa niHig. OxpiM Toro, MCF7-OE®P Gyna 6insln pe3HCTEHTHOI 10
IHIYKyBaHHST ~ IPOTEOTOKCUYHOTO  CTpecy  ramiTpiHiO  Tpudenuidoconiym
rekcadgayopodocharom (G-TPP). Ile moxe CBIAUUTH MpO Te, MO HaJEKCHpecis
npoteasu CLPP mokpamye 3patnicte MCF7 chnpaBasitucs 13 TPOTEOTOKCUYHUM
crpecom. Okpim Toro, MCF7-OE""P Gyna mennr uytnusa 10 inridysanns LONP1, mo
MOX€ CBIIYUTHU MPO B3AEMOJIII0 000X MpOTEas.

3umkeHHs piBHa CLPP meTonom Hoknayny y knituHHUX JdiHIAX MCF7 Oyno
MOxBUM Juiine A0 30% Bi KOHTPOJbHOTO. Byib-sKi 1HIIII Bapiailii B KOHIIEHTpAIlii
peareHTIB YU Yacl HOKJIayHy IPU3BOIWIIN 0 KIITUHHOI 3arubeni. [103uTUBHMI BITUB
Hagekcrnpecii CLPP 1 BUCOKa 4yTJIMBICTh 10 MOHM)KE€HHS PIBHS MPOTEA3U, MOXKYTh
cBiguuTH 1po 3anexHicte MCF7 Big piBast CLPP.

[H1yKyBaHHS aHEYIUIOiJli PEBEPCMHOM CHPUYMHSE 3MIHY KIITHHHOI

JoKami3amli MITOXOHAPIN, COPUYMHSIOUHN 1X MPOCTOpOBE HaOMKeHHS A0 snapa. Lle



MOX€ OyTH MPUCTOCYBAHHSIM KIITUH 1O MNPOTEOTOKCUYHOTO CTPECY, SKUUA MIT
nporea3 1 iX cyOcTpaTiB Micisd IHAyKyBaHHA aHeyIuloinii OyB BapiaOelbHHM, IO
YHEMOXJIMBHIIO (POPMYBAHHSI YITKUX BUCHOBKIB.

3aranoM pe3ysibTaTH CBig4aTh npo Te, mo nporeaza CLPP wMoxe Oytu
BAXJIMBOIO Yy TpHUCTOCYBaHHI KiiTuHHOI JiHIT MCF7 paky MOJOYHOI 3aJI03U 10

IIPOTEOTOKCUYHOTO CTPECY.

Kiaro4osi ciioBa:

Miroxonapis, CLPP, LONP1, pak, aneymnoizis



ANNOTATION
Nechytailo N.O. Role of CLPP protease in coping with proteotoxic stress in breast
cancer.
Master’s Thesis for obtaining the second (master’s) level of higher education in the

specialty 091 “Biology (educational program Biochemistry)”.

This study investigated the role of mitochondrial protease CLPP in response to
proteotoxic stress. The mitochondrial protein quality control system comprises
chaperones and proteases, among which are crucial in sustaining mitochondrial protein
homeostasis are proteases CLPP and LONPI1. Cancer cells exist under a constant
proteotoxic stress state due to aneuploidy. The model system in this study is the MCF7
breast cancer cell line.

Based on DepMap portal data, CLPP and LONP1 copy numbers positively
correlated in breast cancer cell lines. According to analyzed data from the TCGA
portal, both genes are more significantly deleted than amplified in different cancer
types. MCF7 model with CLPP overexpression (MCF7-OE®"P) had higher sensitivity
to CLPP activator ONC201 than the control line. Besides that, MCF7-OEClpp was
more resistant to proteotoxic stress induction with Gamitrinib triphenylphosphonium
hexafluorophosphate (G-TPP). This can suggest that overexpression of CLPP can
increase the MCF7 cell line's ability to cope with proteotoxic stress. Moreover, MCF7-
OE®"P was less sensitive to inhibition of LONP1, which can suggest interplay between
proteases.

Decrease of CLPP levels by knockdown method in MCF7 cell line was
possible only to 30% out of control level. Any other variations in reagents
concentrations or knockdown time led to cell death. The positive impact of CLPP
overexpression and high sensitivity to protease downregulation may suggest MCF7
decency on CLPP levels.

Aneuploidy induction with reversine caused changes in the cellular
localization of mitochondria, leading to their spatial closeness to the nucleus. This can
suggest that cellular adaptation to proteotoxic stress may arise from aneuploidy

induction. Protein levels of mitochondrial proteases and their substrates after



aneuploidy induction were variable which made it impossible to from clear
conclusions.
In conclusion, acquired results suggest a potentially important role of CLPP in

cellular adaptation to proteotoxic stress in the MCF7 breast cancer cell line.

Key words:
Mitochondria, CLPP, LONP1, cancer, aneuploidy
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AHOTALIA

Xapyk C.B. [locaigkeHHsI TeXHIYHUX Bapialiil eKCIEPUMEHTY Ta JMHAMIKHI
PO3BUTKY KJITHH Yy KuHIIeYHUKY Drosophila melanogaster 3a 101momMoror
mBuaAKocTi PHK oxkpeMux kiiTun

JunnomHa poboTa Ha 3100yTTs APYTroro (MariCTepChbKoro) piBHS BUIOT OCBITH

3a cnenianbHicTio 091 «bionoris Ta 6ioximist (ocBiTHS porpama bioximis)».
Jlane mocniKeHHs COpsIMOBAaHE Ha BUBYEHHSI BIUIMBY MIJIXOIB IJI IHTErpallii JaHUX
Ta JUHAMIKY PO3BUTKY KJIITUH Yy KUIIEYHUKY APO30(1IH 3a 10MIOMOTOI0 CEKBEHYBaHHS
PHK noomumHokmx kmTuH Ta BusHaueHds Buakocti PHK. VYV  mocmimxenHi
MOPIBHIOBAJIUCS] METOAM JIBOX THUIIIB CEKBEHYBaHHs JJisi BU3HaueHHs mBuakocTi PHK
MOOJMHOKHUX KJIITUH, 30KpeMa cekBeHyBaHHs 5’- ta 3’-kiHuiB PHK. Bymna 3po0nena
omiHka sikoctTl maHux mBuakocti PHK Ta gx BoHa BIuiMBae Ha 34aTHICTH MOJIENL
MpaBWIbHO 3MiMCHIOBaTH aHami3. Takok OyB MpEeACTaBICHUN MiAXiJ 10 aHamizy
mBuakocTi PHK Ta mokaszaHo BIJIMB 1HTErpaiii JaHWMX Ha BUBEICHHHS MOJEII
mBuakocTi PHK. Okpim Toro, Oyino nokasaHo, 1110 BUKOPUCTaHHS IEBHUX TUIIIB KJIITHH
JUTSL MOJIEN1 BIUIMBA€E HA BUBEACHHS TPAEKTOPIM, a TAKOXK MOKA3aHO SIK HOKAyT reHa
Notch B KMIIIEUHUKY TJIOZI0OBOI MYXH BIUIMBAE Ha AU EpEeHIiallito KIITHH.

OCHOBHI pe3ylnbTaTd ILOTO JOCIIPKEHHSI CBiA4aTh mpo Te, mo JnaHi 3'-
CEeKBEHYBAaHHS JalOTh 3HAYHO Kpally 1 HaAlfHINIY KIacH(IKalilo 34YUTyBaHb IS
mBuakocti PHK. Buxoasuum 3 1poro, Mu MNpPONOHYEMO BUKOPUCTOBYBatu 3'
ceKkBeHOBaH1 aani Ais aHanizy mBuakocti PHK. Tliaxia 3 po3aiieHHsIM JaHUX Ta TXHS
00poOKa OKpeMO BIUIUBAE HA PO3JTIEHHS YMOB y ¢a3oBux noprperax. OmaHak, MOKU
10 HE3PO3YMLIO, YU MOKPAIly€e BiH iXHIO SIKICTh, OCKIJIbKM HaM OpaKye HaJEHKHOTO
€TaJIOHy JJISl OI[IHKM PE3yJbTaTiB Mojieli. BUKOpUCTAaHHS NMEBHUX THUIMIB KIITUH JIS
BUBEACHHS MOJIeNIl TPU3BEJIIO N0 TPAEKTOPIA, IO BIJAMNOBIAAIOTH MOMEPEIHIM
010JIOT1YHUM 3HAHHAM. BpemTi-penir, mokazaHo, 1o HOKayT reHa Notch npusBiB 10
3HAYHUX 3MIH Yy MOLIUPEHOCTI TUIIIB KIIITHH, HAJAI0UU MepeBary eHTepOCHI0KPUHHIN
JIHII.

KurouoBi caoBa: cexkBenyBanHs PHK moomunokux xiituH, mBuakicte PHK

nooauHokux kimituH, cuctema CRISPR-Cas9, TexHiun1 Bapiallii eKCiepuMeHTY, rpad



3
HaWOMMKUUX CYCiIB, TeH Notch, cTOBOYypOB1 KIIITUHU, EHTEPOCHIOKPUHHI KIITHUHH,
cepenHit kumeuyHuk Drosophila melanogaster.
ANNOTATION

Kharuk S.V. Investigating batch effect and cell fate dynamics in the
Drosophila melanogaster intestine using single-cell RNA velocity

Master's Thesis for obtaining the second (masters) level of higher education in
the specialty 091 "Biology and biochemistry (Educational Program Biochemistry)"
The study aims to investigate the impact of data integration approaches and cell
dynamics in the Drosophila intestine using single-cell RNA sequencing and RNA
velocity. The study compared two types of sequencing for single-cell RNA velocity, in
particular, sequencing of the 5'- and 3'- ends of RNA. The quality of the RNA velocity
data was assessed and how it affects the ability of the model to perform the analysis
correctly. We also presented an approach to RNA velocity analysis and showed the
impact of data integration on the output of the RNA velocity model. In addition, it was
shown that the use of certain cell types for the model affects the trajectory inference,
and it was shown how knocking out the Notch gene in the fruit fly gut affects cell
differentiation.

The main results of this study indicate that 3'-sequencing data provide a much
better and more reliable classification of reads for RNA velocity. Based on this, we
propose to use 3' sequenced data for RNA velocity analysis. The approach of separating
the data and processing them independently affects the distinction of conditions in the
phase portraits. However, it is not yet clear whether it improves their quality, as we
lack a proper reference to evaluate the model results. Using specific cell types for
model inference resulted in trajectories that are consistent with previous biological
knowledge. Finally, it was shown that knockdown of the Notch gene led to significant
changes in the abundance of cell types favoring the enteroendocrine lineage.

Keywords: single-cell RNA sequencing, RNA velocity of single cells, CRISPR-
Cas9 system, batch effect, k-nearest-neighbor graph (KNN), gene Nofch, stem cells,

enteroendocrine cells, Drosophila melanogaster midgut.
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AHOTANIA

IItypmak A. B. Kpoc/iHKIHT 0-CHHYKJIEIHY MOJi(peHoI1aMu OPOKOJIi.
JlumomHa po6oTta Ha 3400yTTS Apyroro (MaricTepchbKOro) piBHs BHUIIOI OCBITH 3a
cnemianbHicTio 091 “Bionoria ta bioximist (ocBiTHS mporpama bioximis)”.
B po6oti mocaipkeHo YyTBOPEHHs TUMEPIB Ta OJIIrOMEpiB aMiJIoioreHHOro OiKa o-
CHUHYKJIEIHY BHACHIIJIOK Jii moJi()eHomiB, KBEPIETHHY Ta TajJoBOi KHUCIOTH. bymo
B1JIOMO, 1110 IPUCYTHICTh IIUX MOJII(PEHOTIB IPUTHIYYE YTBOPEHHS aMUIOTTHUX (h10pwT
In vitro. B miit poOoTi moka3aHo, 110 Taka iHri0yr4Ya akTUBHICTh BUHUKAE 32 PaXyHOK
KPOCIIHKIHTY 0.-CHHYKJICTHY TIPOIyKTaMU OKUCIICHHS MOTI(EHOIIIB B JUMEPH Ta BUIII
OJIITOMEPH, SIK1 37aTHI 3B'SI3yBaTUCA 3 KIHIIMUA aMUIOiTHUX (10pHIT 3 HAHOMOJIIPHOIO
a(1HHICTIO Ta OJIOKYBATH X BUAOBKEHHS.
KirouoBi cjioBa: o-cuHYKJETH, MomideHoNn OpOKOdi, OJIrOMEpH, KPOCIIHKIHT,
aMUJIO1T, THT101TOPH.

Annotation
Shturmak A. V. Crosslinking of a-synuclein by broccoli polyphenols.
Diploma thesis for obtaining the second (master’s) level of higher education in
specialty 091 “Biology and Biochemisty (Education Program Biochemistry)”.
The study investigates the formation of dimers and oligomers of the amyloidogenic
protein a-synuclein under the influence of polyphenols, quercetin and gallic acid.
These polyphenols were known to inhibit the growth of amyloid fibrils in vitro. In this
study, we show that this inhibitory activity is a result of a-synuclein crosslinking by
polyphenol oxidation products into dimers and higher oligomers. The oligomers bind
to the ends of amyloid fibrils with nanomolar affinity and block their elongation.
Keywords: a-synuclein, broccoli polyphenols, oligomers, crosslinking, amyloids,

inhibitors.



