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1. Incepraliist rOJIOBHUM YMHOM 30C€peIKeHa Ha TPbOX Po3Ziiax: Nepluil nependavae BUIieHHs] MyTaHTIB 3
IedeKTamy LUTO30JIbHOI Jlerpaallii 0-rajakTo3ngasy y MeTUIoTpopHux apixmkis Komagataella phaffii 3a
IOTIOMOTroI0 XiMidHOTO MyTareHy N-metus-N'-HiTpo-N-HiTpo3oryaninuny (MNNG); MeTo10 Ipyroro € po3pobtka
HOBUX JOMIHAaHTHUX CEJIEKTUBHUX MapKepiB M1 3aCTOCYBaHHS y MalOyTHbOMY B MeTab0JIiYHiN iHXeHepii ZpDKIKiB
O. polymorpha; TpeTiii cTocyeTbCst pO3pOOKH Ta BIIPOBAIPKEHHS CTpaTeriit MeTabo 1iuHOi iHXKeHepii 1711 OTpUMaHHS
mwrtaMiB Ogataea polymorpha 3 nigsuieHo0 epeKTUBHICTIO NPOAYKLil eTaHoIy 3 Keuno3u. Komagataella phaffii
(panime Bigomi sik Pichia pastoris) € o6siraTHIMN a€POOGHUMU METUIOTPOHUMHU APDKIKAMU, 3TATHUMU

BHMKOPHCTOBYBaT/ METAHOJI SIK €JMHE IPKEPeJIo ByrJielio Ta eHeprii (Mastropietro et al., 2021). [x BacTuBOCTi, TaKi



SIK 30ATHICTb 0O PECNipaTOPHOro POCTY [0 Iy>K€ BUCOKOiI KOHLIEHTpaLii KJIiTUH, e(peKTUBHA CeKpelis 6inKa Ta
cTabisibHa eKCIIpecist peKOMOIHAaHTHUX O1JIKiB, KOHTPOJIbOBaHA CUJIbHUMU iHIYLIUOEIbHUMU IIPOMOTOPaMHU, POOJISITH
K. phaffii nyxe niHHuMu y papmalLieBTUMHOMY Ta 6i0T€XHOJIONIYHOMY CeKTopax. Y Liil Aucepralii XiMiyHUI MyTareH
N-meTtun-N'-HiTpo-N-HiTpo3oryaniguH (MNNG) 6yB BUKOpUCTAaHUH /17151 BiIOOPY HOBMX MyTaHTHUX IITAaMiB, 110
IE€MOHCTPYIOTb NOPYIIEHHS Aerpajalii o-ranakro3unasu. [lopymeHHs gerpagaii Lboro GepMeHTy y BUOpaHUX
MYTaHTIB OLIiHIOBaJId HA OCHOBI IX CUHBOT'O KOJIbOPY Ha yamKax i3 YPD 3 X-gal nicsist 3MiHM MeTaHOJIy Ha [JII0KO3Y Y
SIKOCTi POCTOBOrO cyoCTpary. Byso ineHTu(iKoBaHO YOTMPU MYTaHTH, 110 LEMOHCTPYIOTb MifBUILEHY aKTUBHICTb O-
rajlakTo31/1a3| Ha IJI0KO03i MOPIBHSIHO 3 6aTbKiBCbKUM IITaMOM. KpamnesibHuUil TECT Ta BU3HAUYE€HHS KOHLEHTPaLlii
(diokcuHy B, npoBezeHi B ymoBax rosogysaHHs 3a HitporeHowm, BusiBumm geekty pocTy LUx MyTaHTiB. Kpim Toro,
6iomaca MyTaHTHUX LITaMiB OyJia 3HAUHO MEHIIOIO IIOPiBHSHO 3 6aThKiBCbKUM IITaMoM. Lli Aani cBigyaTs npo Te, o
BMOpaHi MyTaHTU MaIOTh AedeKkTu aBTodarii. Takox, 06 HOCAiAUTY eKcoarilo, y BiliopaHUX MyTaHTax Mics
[epeBeEeHHs KIIITUH 3 METAHOJIy Ha [VIIOKO3Yy BUMIPIOBAJIM 3aJIMIIKOBY aKTMBHICTb KJIIOUOBOT'O NIPOTEiHY MAaTPUKCY
[IEPOKCUCOMMU — aJKorosibokcuaasu (AOX). PesyspbTaTu NpogeMoHCTpyBany, mo mytantd MNNG-11i MNNG-3
MaloThb Ae(EKTH SIK CeJIeKTUBHOI ayTodarii, Tak i nekcodarii, Togi sk myrantu MNNG-2 i MNNG-4
XapaKTEePU3YBAINCS BUKIIIOYHO Ae(eKTaMU CEJIEKTUBHOI ayTo(arii HIUTO30JIbHOI 0-TaJIaKTO3U 1231, TaKuM YMHOM, Lie
IOCJIiIKeHHS CTBOPIOE OCHOBY [1JIsl [TOA/IBIIOrO BUBYEHHS apTodarii Ta nerpamapuii 6i1kiB, Mpokianandy IJIsIX 10
nporpecy B 6ioTexHosiorii Ta papmaliii, e TOYHUI KOHTPOJIb aBTOMAriyHUX [IPOLECIB € BAXKINBUM. TaKUM YMHOM, Y
11iil po6OTi, MU OLiHWJIN ABa NOTEHLiMHI JOMiHaHTHI Mapkepu 1711 O. polymorpha: myroBanuii red AURI Ta
HaTUBHUM reH IMH3, mo 3a6e31euyioTh CTIMKICTh 10 aBpeoba3ninHy Ta MikodeHO0JI0BOI KUCIO0TH, BifnoBigHo. Lli
MapKepu Oy IIPOTECTOBaHi [1JIs iX IOTEHLIIHOr0 BUKOPUCTaHHS y MeTabosliuHil iHxeHepii O. polymorpha. [IBi
MyTaHTHI Bepcii reHy AURI1 6ys10 cTBopeHo 11 po3po6ku mramis O. polymorpha, cTifikux 1o aBpeo6asuvny. B
TPETbOMY PO3LiJi Liel gucepralii MU B OCHOBHOMY 30C€PEIKYyEeMOCS Ha MifBUIIEHIN NPOAYKLii 6i0eTaHOIy 3
kcusosu B O. polymorpha. Takum YrMHOM, LSl JucepTallis 30cepepKeHa Ha JOCiIKeHHi poJii reHa TeéKCO3HOTo
cencopa HXS1 ta rena AZF1, sikuiil KoJye roMoJIor TpaHCKpUIILiiHOTrO (pakTopa 3 S. cerevisiae i3 ceHCOpHUMU
BJIACTMBOCTSIMY, Y CIMPTOBOMY OpOJiHHI KCuio3u Ta rioko3u O. polymorpha. Jlani cBigyaTs po Te, 1o
Hazekcrnpecis reHiB AZF1 i HXS1 nosuTuBHO BIJIMBae HAa BUPOOHUIITBO €TAaHOJIy 3 KCMJI03U B mTamax O. polymorpha.
BpaxoBytouy, mo edpekTuBHE OPOLiHHS KCUIIO31 Ma€ BayKJIMBe 3HAaY€HHSI [J1s1 ONTUMI3aLlii BUpOOHUIITBA 6i0eTaHOIy
3 JIITHOLIEJII0JIO3HOI 6ioMacH, PO3yMiHHS IUX MEXaHi3MiB € HEOOXiTHMM [J1s1 BIOCKOHaJIEHHS [IPOMUCIIOBOTO
3aCTOCYBAHHS Ta MiIBULIEHHS! €KOHOMIYHOI epeKTUBHOCTI 6ionanusa. Kpim Toro, mramu, po3po6iieHi B LbOMY

IOCJIiIKeHHI, MOXXYTb OyTH BUKOPUCTAHI 1715 CTBOPEHHS CTabiJIbHUX HATPIPOLYLIEHTIB €TaHOIy.

2. This dissertation primarily focuses on three topics: the first involves isolating mutants with defects in cytosolic o-
galactosidase degradation in the methylotrophic yeast Komagataella phaffii through the use of the chemical
mutagen N-methyl-N'-nitro-N-nitrosoguanidine (MNNG); The second is to develop new dominant selectable
markers for future applications in metabolic engineering of the yeast O. polymorpha; the third addresses the
development and implementation of metabolic engineering strategies to produce Ogataea polymorpha strains with
enhanced efficiency of ethanol production from xylose. Komagataella phaffii (previously known as Pichia pastoris)
is an obligate aerobic, methylotrophic yeast capable of using methanol as sole carbon and energy source
(Mastropietro et al., 2021). In this dissertation, the chemical mutagen N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG) was utilized to select new mutant strains exhibiting impaired degradation of o-galactosidase. The
impairment of this enzyme’s degradation in the selected mutants was assessed based on their blue color on YPD
with X-gal plates following the shift from methanol to glucose. Four mutants displaying elevated o-galactosidase
activity on glucose compared to the parental strain were identified. Viability assays and phloxine B assays
conducted under nitrogen starvation conditions revealed growth defects in these mutants. Furthermore, the
biomass of the mutant strains was significantly diminished relative to that of the parental strain, indicating an
impairment in autophagy. These findings suggest that the selected mutants possess defects in autophagy.
Additionally, to investigate pexophagy, residual activity of the key peroxisomal matrix protein alcohol oxidase
(AOX) was measured in the selected mutants after shifting cells from methanol to glucose. The results
demonstrated that mutants MNNG-1 and MNNG-3 exhibited defects in both selective autophagy and pexophagy,



while mutants MNNG-2 and MNNG-4 were characterized exclusively by defects in selective autophagy of cytosolic
o-galactosidase. This study thus establishes a foundational basis for further investigations into autophagy and
protein degradation, paving the way for advances in biotechnology and pharmaceutical applications where precise
control of autophagic processes is essential. In another topic of this dissertation, novel dominant selectable
markers were developed for the nonconventional yeast Ogataea polymorpha. Therefore, in this study, we
evaluated two potential dominant selective markers for O. polymorpha: the mutated AURI gene and the native
IMH3 gene, which confer resistance to aureobasidin and mycophenolic acid, respectively. These markers were
tested for their potential application in metabolic engineering of O. polymorpha. Two mutant versions of the AUR1
gene were created to develop aureobasidin-resistant O. polymorpha strains. In the third topic in this dissertation,
we primarily focus on elevated bioethanol production from xylose in O. polymorpha. Therefore, this dissertation
focuses on investigating the roles of the hexose sensor gene HXS1 and the AZF1 gene, which encodes the O.
polymorpha homolog of the S. cerevisiae transcription factor with sensing properties, in the alcoholic
fermentation of xylose and glucose by O. polymorpha. The data suggest that overexpressing the AZF1 and HXS1
genes has a positive impact on ethanol production from xylose in O. polymorpha strains. Given that efficient xylose
fermentation is essential for optimizing bioethanol production from lignocellulosic biomass, understanding these
mechanisms is necessary for advancing industrial applications and enhancing the economic viability of biofuels.
Besides, the strains developed in this study can be further utilized to establish stable ethanol superproducers.
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