O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0821U101024
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 28-05-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I3anaeBa Jlio60B CepriiBHa

2. Dzanajeva Lubov S.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HaykoBOi crieniaIbHOCTI: 091

Ha3zBa HayKoOBOIi CcIleniaJbHOCTI: Biosoris. Biosoris

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucrTy: 11-05-2021

CrneniaJbHICTh 3a OCBITOIO: DapmaneBTUYHA 6iOTEXHOIOTIS

Micue po6oTH 3400yBaya: lncrutyt 6iosorii kiitnan HanjionasnsHoi akaziemii Hayk YkpaiHu

Kopg, 3a €IPIIOY: 25255758

Micue3HaxoaKeHHS: ByJI. lparomaHoOBa, 6y7. 14 /16, M. JIbBiB, JIbBiBCbKa 00671., 79005, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi crieniaai3oBaHOi BYE€HOI pazu):. 1O 35.246.001
IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: IHCTUTYT Giosorii KiiTHN HaijionanbHoi akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 25255758

Micue3HaxoaKeHHS: ByJI. [IparomaHoBa, 6yx. 14 /16, m. JIbBiB, JIbBiBCbKa 0671., 79005, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI OPHUAHUYHOI 0COOH: IHCTUTYT 6iosorii KiTnHN HanjionanbHoi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 25255758

Micue3HaxoaKeHHS: ByJL. [IparomaHoBa, 6y1. 14 /16, m. JIbBiB, JIbBiBCbKa 0611., 79005, YKpaiHa

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYOPHK:

Tema guceprauii:
1. Inentudikaris rexis, 3ay4eHNX B PETryJsiLilo ajJKOrojbHOI pepMeHTallii KCrUio3yu y peKOMOIHAHTHUX LITaMiB

Saccharomyces cerevisiae.

2. Identification of genes involved in the regulation of alcoholic fermentation of xylose in recombinant strains of
Saccharomyces cerevisiae.

Pedepar:

1. OmHUM 3 OCHOBHUX IPiOPUTETIB ChOTOIEHHS € PO3p06Ka e(DEKTUBHOI TEXHOJIOTIi OTPUMAaHHS aJbTE€PHATUBHUX
Ipkepes eHeprii. Jlo ckyany rigposiizatiB JirHOLE0J103U BXOISTh IBa OCHOBHI LIyKPH: IJII0K034, sIKa 30POJI)KYETHCS B
nepury 4epry, Ta KCUuo3a. [neHTu@ikaliss HOBUX IeHiB, SIKi MOXKYTb OyTH MIII€HSIMU Y PETYJIsALii aJIKOTOJIbHOL
dbepmeHTalii KCUII031 3 METOIO TI0JIAJIbIIO] iX iH)KeHepii € akTyaslbHUM 3aBIaHHSIM. 3a JOIIOMOIOI0
dyyoprMeTpUYHOro Ta (PIyopecleHTHOTO aHali3iB [10Ka3aHo, 110 epokcucoMu Saccharomyces cerevisiae nosie
30epiranucs nif yac pepMeHTallii KCHUI03U HiXK Ha IJ1I0K03i. 3 METOI0 OCIIKEHHS POJli He OKPEMUX
IepoOKCUCOMHMX (EPMEHTIB a LiNX IUX OpraHes 34iliCHEHO feenio reHa PEX3, mo Kogye nepokCucoOMHUM

MeMOpaHHui 6iy10K. Briepie 6ys10 okazaHo, 1o AediuuTt nepoKCUucoM MpU3BOAUTD IO 3HMKEHHS! HAaKOITUYEHHS



€TaHOoJIy 3 KCriio3u mramoM pex3A B 1,5 paza nopiBHSIHO 3 BUXiZHUM mTaMmoM. JocrigkeHo piBeHb AQK B kiriTuHax
mramy GSO010 nig yac pepmeHTalLil IJ1I0KO3U Ta KCUJIO3H, Ta II0KA3aHO 110 KaTaboJli3M KCUJI03U CYIIPSIKEHUI 3
re"epaujeto nigsuineHoi KinbkocTi AQK. [Tpu pepmenTanii came kcuosu 3adikcosaHo y 1,7-1,8 pasa Bumuil piBeHb
AOK. Briepiie BCTaHOBJIEHO POJIb IEPOKCUCOMHO] Katasa3u Ctal B mpoueci ankorosipHOi pepMeHTalii Kennosu y
pexkombiHaHTHOTO mTamy S. cerevisiae. [lenenis rena CTAl npusBoguia 10 06MeKeHHs PUPOCTy Hiomacy Ta
3HVDKEHHS IPOAYKLii €TaHoJy B 2 pa3u IIPU NOPIBHAHHI 3 BUXiTHAM IITAMOM. 32 PaXyHOK aKTUBHOCTI LIUTO30JIbHO]
i3opopmu aKTUBHICTb KaTasasu y mrami ctalA 6ysa y 6 pasiB HUKUYOIO NOPIBHSIHO 3 PELMITIEHTHUM HITAMOM.
BcraHoBieHO, 0 nocuyieHHs ekcnpecii rena PEX34, mo kojye NepoKCUCOMHUI iHTerpasbHUi MEMOpPaHHUI 610K,
IIPUBOAUTH N0 POPMYBaHHS [1IEPOKCUCOM OinbLIoro po3Mipy Ta migsuinye B 1,4 paza mponyKIiilo €TaHOJY 3 KCUJI03U
3a YMOB aJIKOroJibHOi pepmeHnTauii. [1if yac BUKOHaHHS JaHOi pOOOTH Ha OCHOBI KCHJI030-(EPMEHTYIOYOTO HITAMY
S. cerevisiae CKOHCTPYMOBAaHO KOJIEKLIO IITaMiB 3 IeJIELi€l0 Ta IOCUJIEHOI0 eKcrpeciero Hu3ku reniB ADR1, CATS,
ASGl, HAP4, SIP4, TUP1 ta ZNF1, m0 KOAyIoTbh TPAaHCKPUILilHi (paKTOPH Ta AOCTIIKEHO iX BIIJIMB HA aJIKOTOJIbHY
depmenTarto kcunosu. Tpanckpuniirinuii pakrop Znfl S. cerevisiae HaseKUTb OO0 POJUHU TPAHCKPUTIIIHHUX
aKTUBATOPiB LIMHKOBOTO KJIACTEPY Ta 3B'I3y€ThCSI 3 IPOMOTOPAMHU I'eHiB, IPOAYKTH SIKUX OEPYTb y4acCThb y
KJIITUHHOMY JIMXaHHI, [JIIOKOHEOreHe3i, UMKJIi TPMKapOOHOBUX KUCJIOT Ta ITIIOKCUIATHOMY IIYHTI. BCTaHOBJEHO, 1110
Znfl He BIIMBa€ Ha aJIKOroJIbHY GepMeEHTAlLiI0 KCUJIO3H Y S. cerevisiae, OCKJIbKY, SIK AeJieLlis TaK i TOCUJIeHHS
excnpecii ZNF1 He 3MiHI0OBanu piBeHb NPOAYKLii eTaHOy IpU PpepmMenTallii el neHTo3u. TpaHCKpUNLINHUNA
¢dakTop LMHKOBOrO KacTepy Sip4, skuii € cybcTpaToM nporeinkinasu Snfl, B3aemomie 3 CSREs (cell type-specific
regulatory elements) eleMeHTamMU i € aKTUBATOPOM T€HiB, 110 KOLYIOTh (PEPMEHTU [JIIOKOHEOreHe3y. [IponyKiis
€TaHOoJIy HafieKCIlpecyouruM mramom SIP4 Oysia 3HMKeHa 6iJbll HiXK BABiYi, IOPIBHSIHO 3 6aTbKiBCbKUM, i CTAHOBUJIA
2,8 /1. Tpanckpunuiiizi peryagropu Adrl ta Cat8 3anexats Big, Snfl-onocepeaxoBaHoi iHAyKIii Ta 31ilICHIOIOTh
IepeNpecilo HU3KU IeHiB, 3aJTy4€HUX Y ITIIOKOHEOT€He3 Ta 0-OKUCJIEHHS. BCTaHOBIIEHO, 1O SIK fesewis Tak i
nocusieHa ekcnpeciss ADR] npusBoauiu 1o 3HUKEHHS IPOAYKLil eTaHOJy 3 KCUJIO3H, 1o cTaHoBua 4,3 r/71 115
adrlA ta 4,25 r/n pnst ADR], Toni sik BuxigHuit mram GS010 npoaykysas 5,85 /11 etaHosy. Opep>KaHul MyTaHT
cat8A meMOHCTPYBaB MiABUILIEHHS NPOLYKLii €TaHOJY 3 KCUJI031 Ha 9,5% MOPIBHSIHO i3 6aTbKiBCbKMM IITAMOM.
[Tocunenns exkcrpecii CAT8 HanpoTH, NPU3BEJIO 10 3HWKEHHS IIPOAYKLii €TaHoIy Ha 7,3% MOPIBHSHO 3 BUXITHUM
mramoM GS010. TpaHckpunuiiHuil pakTop Asgl Tex HaIeXXUTb N0 POAVHYU LIUHKOBOTO KJIACTEPY Ta € PETyIITOPOM
TeHiB KiJIbKOX METa0O0JIiUHMX UIJIXiB: 0-OKACJIEHHS], [JIOKCUJIATHOTO LIUKJTY, [JIIOKOHEOT€He3y, Ta iIMIIOPTY AOBro-
JIAHIIOTOBUX KUPHUX KUCJIOT N0 nepokeucom. Jemnenis ASG1 y mrami GS010 npussesna 10 3HUKEHHS TPOAYKLi
eTaHoy 3 Kcuiosu y 1,23 paza. Tupl - 3aranbpHuil pernpecop TpaHCKpUILii, yrBopioe kommiekc 3 Cyc8, 6epe yyactb
y CTBOPEHHI PelIpecUBHOi CTPYKTYPY XpPOMaTUHY Yepe3 B3aeMo[lito 3 ricronamu H3 ta H4. [Ipu ¢pepmeHTaliii
KCUJIO3U ITaMoM tuplA npomyKiist eTaHosy 6ysa HIK4OoIo B 1,58 pasa. [IpoayKilis eTaHoJly 3 TJ1I0KO3U 6yJ1a
HIDKY0I0 B 1,26 pasa. ¥ S. cerevisiae ineHTH(ikoBaHO TPaHCKPUINILiMHMI akTUBaTOp Hap4, 1o Bifirpae Kiao4yoBy
POJIb Y KOHTPOJIi €KCIIPEeCii reHiB MiTOXOHIpiaJIbHOrO IUXaHHA. BusasieHo, mo neneuis HAP4 cyrteBo nosinmye
IIPOAYKIil0 €eTaHoJy IpU pepMeHTalii keuno3u. MyTtanT npogykye 10,4 r /11 eTaHoJly, IIPU LIbOMY BUXiJ] €TaHOJY
carae 0,414 r /r keunosu. Haromicts nocuneHHs ekcnpecii HAP4 npu3Boaniio 10 3HVKEHHS POAYKLil €TaHOJy IIPU
depmenTauii kcunosu. Y peaynbrati po6oTH ineHTr(diKoBaHO HOBI MillleHi /1J1s1 CTBOPEHHS IPOAYLIEHTIB [aJIMBHOTO
€TaHOJIy Ha OCHOBI KCHJ1030-(QepPMEHTYIOUMX TaMiB IpDKIKIB S. cerevisiae. 3acTocoBaHi y pob0Ti reHHO-
imKeHepHi Nigxoau MOXYTb OYTH €KCTPaIloIbOBaHi Ha iHIIII NepCIeKTHUBHI APDKAXKOBI IPOAYLEHTH NIaTMBHOTO

era”oJ1y. CKOHCTPYNOBaHi IITaMU MOXYTb CIYI'yBaTA OCHOBOIO 1S ITOJAJIbIINX T€HHO-IH)KEHEPHUX MaHIIyJIALii.

2. One of the main priorities today is to develop efficient technology for alternative energy sources. The
composition of lignocellulose hydrolysates includes two main sugars: glucose, which ferments first, and xylose.
Identification of new genes that may be targets in the regulation of alcoholic fermentation of xylose for further
engineering is an urgent task. Saccharomyces cerevisiae fluorimetric and fluorescence analyzes showed that
peroxisomes persisted longer during xylose fermentation than on glucose. To study the role not just individual
peroxisomal enzymes but whole organelles, deletion of the PEX3 gene encoding a peroxisomal membrane protein
was performed. For the first time it was shown that peroxisome deficiency leads to a decrease in the accumulation
of ethanol from xylose in strain pex3A for 1,5 times as compared to the original strain. The ROS level in GS010



strain cells during glucose and xylose fermentation was studied, and it was shown that xylose is more actively
involved in the generation of ROS. Namely, 1,7-1,8 times higher ROS levels were recorded during the fermentation
of xylose. For the first time, the role of peroxisomal catalase in the process of alcoholic fermentation of xylose in a
recombinant strain of S. cerevisiae was revealed. The CTA1 gene deletion led to a limitation of biomass growth and
a 2 fold decrease in ethanol production compared to the original strain. The catalase activity in the ctalA strain
was 6 times lower compared to the recipient strain. It was found that the overexpression of the PEX34 gene,
encoding a peroxisomal integral membrane protein, leads to the formation of larger peroxisomes and increases by
1,4 times the ethanol accumulation level from xylose under alcoholic fermentation conditions. During this work, a
collection of strains with deletion and enhanced expression of ADR1, CATS8, ASG1, HAP4, SIP4, TUP1, and ZNF1
genes encoding transcription factors was constructed based on the xylose-fermenting strain of S. cerevisiae and
the mechanisms of regulation of alcoholic fermentation of xylose in the constructed strains were investigated. The
transcription factor Znfl S. cerevisiae belongs to the family of transcriptional activators of the zinc cluster and
binds to the promoters of the genes whose products are involved in cellular respiration, gluconeogenesis, the
tricarboxylic acid cycle and the glyoxylate shunt. It was found that Znfl does not affect the alcoholic fermentation
of xylose in S. cerevisiae, since both ZNF1 deletion and overexpression did not alter ethanol production during
fermentation of this pentose. The transcription factor of the zinc cluster Sip4 is a substrate of the protein kinase
Snfl, and interacts with CSREs elements and is an activator of genes encoding enzymes of gluconeogenesis. The
production of ethanol by strain SIP4 was reduced more than twice compared to the parent strain and reached 2,8
g/1. Adrl and Cat8 are transcriptional regulators that depend on Snfl-mediated induction and derepress a number
of genes involved in gluconeogenesis and o-oxidation. We found that both deletion and overexpression of ADR1 led
to a decrease in ethanol production from xylose, which was 4,3 g/1 for adrlA and 4,25 g/1 for ADR1, whereas strain
GS010 showed 5,85 g/1 of ethanol. The obtained cat8A mutant showed an increase in ethanol production from
xylose by 9,5% compared to the parental strain GS010. Overexpression of CATS, in contrast, led to a decrease in
ethanol production by 7,3%. The transcription factor Asgl also belongs to the Zn-cluster family and is a regulator
of the genes of several metabolic pathways: o-oxidation, glyoxylate cycle, gluconeogenesis, and import of long-
chain fatty acids to peroxisomes. Deletion of ASGl led to a decrease in ethanol production from xylose by 1,23
times. Transcriptional repressor Tupl forming a complex with Cyc8p, is involved in the creation of the repressive
structure of chromatin through interaction with histones H3 and H4. During xylose fermentation ethanol
production tuplA was 1,58 times lower, ethanol production from glucose was 1,26 times lower. In S. cerevisiae
transcriptional activator Hap4 was identified, which plays a key role in controlling mitochondrial respiration gene
expression. Deletion of HAP4 was found to significantly improve ethanol production during xylose fermentation.
The mutant produces 10,4 g/1 of ethanol, while the yield of ethanol reaches 0,414 g/g. Instead, increased
expression of HAP4 led to the opposite effect, namely a decrease in ethanol production during xylose
fermentation. As a result, new targets were identified to construct fuel ethanol producers based on xylose-
fermenting S. cerevisiae yeast strains. The genetically engineered approaches used in the work can be extrapolated
to other promising yeast producers of fuel ethanol. The engineered strains can serve as a basis for further genetic
engineering manipulations.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
ITiZCcyMKH JOCTiI>KEHHS:

Iyo6sikarrii:

HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:

Comnia;ibHO-€KOHOMIYHA CIIPSIMOBaHiCTh:



OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHs pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Imutpyk KoctauTtun BacunboBuy

2. Dmytruk Kostiantyn Vasyliovych

KBasigikamis: 1. 6. 1., 03.00.07
InenTudikarop ORCID ID: He 3acrocosyetscs
JonaTkoBa iHdopmais:

IloBHe HaliIMEeHYBaHHS IOPHAHYHOI OCOOH:
Kop 3a €IIPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

VII. BizomocTi npo odinifiHHX ONIOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Ocrtam borman OMenssHOBUY

2. Ostash Bohdan O.

KBasnigikamis: 1. 6. 1., 03.00.22
ImenTudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmanis:

TloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma By1acHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:



1. flneBa Onpra JopogiiBHa

2. Yanieva Olha D.

KBasmigikamis: . 6. 1., 03.00.07
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasitiHHS:

Inentugikarop ROR: He zacrocosyerscs

PeuenseHTu

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. ®egoposuy Iapis BacuniBHa

2. Fedorovych Dariya Vasylivna

KBasigikanis: 1.6.1., 03.00.07
InenTudikarop ORCID ID: He 3acrocosyetses
JopaTrkoBa inHpopmanist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg, 3a €IPITIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImentTudikarop ROR: He zacrocoyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cracuk Ozer Bosogumuposuy

2. Stasyk Oleh V.

KBasigikamis: 1. 6. 1., 03.00.11
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoo KeHHS:

dopma ByracHoCTI:



Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

F'onuyap Muxaino BacuiboBud

F'onuyap Muxaiino BacunboBud

IOpuenko T.A.



