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mwramiB Ogataea polymorpha 3 nigsuieHo0 eQpeKTUBHICTIO IPOAYKIii eTaHOJYy 3 Kcuio3u. Komagataella phaffii
(paHime Bizomi sk Pichia pastoris) € o6siraTHIMYU aepOGHUMEU METUIIOTPOPHUMU APIKIPKaMU, 31aTHUMU
BUKOPHCTOBYBATM METaHOJI 5K €IUHE JXKePeJio ByTJielio Ta eHeprii (Mastropietro et al., 2021). x BractusocrTi, Taxi
SIK 3IATHICTb O PeCNipaTOPHOro POCTY [10 Ay>K€ BUCOKOI KOHLIEHTpaLii KJIiTUH, e(peKTUBHA CeKpelis 6iKa Ta
crabinbHa eKcIpecisi peKOMOIHAHTHUX 6iJIKiB, KOHTPOJIbOBAHA CUJIbBHUMU iHAYLMOEIbHUMY TPOMOTOPAMHU, POOJISITH
K. phaffii nyxxe ninauMu y papmarieBTUMHOMY Ta 6i0T€XHOJIONYHOMY ceKTopax. Y Liil Aucepranii XiMivHUI MyTareH
N-meTtun-N'-HiTpo-N-HiTpo3oryaHinua (MNNG) 6yB BUKOpUCTaHUM [1J151 BiOOPY HOBUX MyTaHTHUX IITaMiB, 1110
IeMOHCTPYIOTh IOPYIIEHH Jerpajauii 0-rajakrosugasu. [lopymeHHs qerpagauii 1boro GepmMeHTy y BUOpaHUX
MYTaHTiB OLiHIOBAJIM HAa OCHOBI iX CHHBOTO KOJIbOPY Ha yamkax i3 YPD 3 X-gal micsis 3MiHM MEeTaHOJTy Ha IJII0KO3Y Y
SIKOCTi POCTOBOrO cyoCTpary. byso ineHTu(ikoBaHO YOTUPH MYTaHTH, 110 LEMOHCTPYIOTb MiJBUILEHY aKTUBHICTb O-
rajlakTO3U/1a3y Ha IJII0KO03i IOPIBHSIHO 3 6aThbKiBCHKUM IITaMOM. KpanesbHuil TECT Ta BU3HAUYEHHS KOHLEHTpalLii
¢diokcuHy B, npoBezieHi B ymoBax rosogyBaHHs 3a HitporeHoMm, BusiBUmm feeKTy pocTy LUx MyTaHTiB. Kpim Toro,
6ioMaca MyTaHTHUX LITaMiB OyJia 3HAYHO MEHIIIOI0 IIOPiBHSHO 3 6aThKiBChbKUM IITaMoM. Lli #aHi cBigyaTs npo Te, 1o
BHUOpaHi MyTaHTU MalOTh AedekTu aBTodarii. Takox, 106 HOCaiAUTH ekcodarilo, y BifliopaHux MyTaHTax Mics
[epeBeeHHs KIIITUH 3 METAHOJIy Ha [VIIOKO3Y BUMIPIOBAJIM 3aJIMIIKOBY aKTHMBHICTb KJII0OUOBOTO NIPOTEiHYy MAaTPUKCY
[IEPOKCUCOMMU — aJIKOTosboKcuaasu (AOX). PesysipTaTul mpogeMoHCTpyBany, mo mytantd MNNG-11i MNNG-3
MaloThb AedeKTH SIK CesIeKTUBHOI ayTodarii, Tak i nexkcodarii, Togi sk myrantu MNNG-2 i MNNG-4
XapaKTEePU3yBAJINCS BUKJIIOYHO Ae(eKTaMU CEJIEKTUBHOI ayTo@arii LUTO30JIbHOI 0-TaJIaKTO3U1a3u. TaKuM YMHOM, Lie
IOCJIiIKeHHS CTBOPIOE OCHOBY [1JIs ITOAA/IBIIOrO BUBYEHHS aBTodarii Ta nerpagapuii 6i1kiB, mpokianandy MIsX 10
nporpecy B 6ioTexHosiorii Ta papmaliii, 1e TOYHUI KOHTPOJIb aBTO(MAriyHUX MIPOLECIB € BAXKINBUM. TaKUM YHMHOM, Y
11ill po6OTi, MU OLIHWJIX [Ba NOTEHLiMHI JoMiHaHTHI MapKepu 1151 O. polymorpha: myroBanuii red AURI Ta
HaTtuBHUM reH IMH3, 1m0 3a6e3nevyioTs CTIKICTh 10 aBpeobasuagyHy Ta MiKopeHOJI0BOI KUCIOTH, BifnoBigHo. Li
Mapkepu OyJu IPOTECTOBaHi /J1s iX IOTEHIiITHOr0 BUKOPUCTAHHS Y MeTabosiuHil imkeHepii O. polymorpha. IIBi
MyTaHTHI Bepcii reny AURL 6ys10 cTBopeHo 11 po3po6ku mramis O. polymorpha, cTifikux 1o aBpeo6asuuay. B
TPETbOMY PO3iJi Liiei gucepralii MU B OCHOBHOMY 30C€PeIKyeMOCS Ha MifiBUIIEHI) NPOAyKLii 6ioeTaHOy 3
kcusosu B O. polymorpha. Takum unHOM, 1Sl JucepTalist 30cepeKeHa Ha JOCTiIKEeHH] poJli reHa FeKCO3HOTO
cencopa HXS1 ta rena AZF1, sikuil Kogye roMmosior TpaHCKpUILiiHoro ¢akTopa 3 S. cerevisiae i3 ceHCOpHUMU
BJIACTMBOCTSIMMY, Y CHMPTOBOMY OpOJiHHI Kcuio3u Ta rioko3u O. polymorpha. Jlani cBigyaTs 1po Te, 10
Hajzekcrnpecis reHiB AZF1 i HXS1 no3uTtuBHO BIJIMBaE Ha BUPOOHUIITBO €TAaHOJY 3 KCUo03U B mramax O. polymorpha.
BpaxoByioun, mo edpexTruBHE OPOLIiHHS KCHUIIO31 Ma€ BaKJIMBe 3HAYEHHS [IJIs1 ONTUMI3aLlii BUpOOHUITBA 6i0eTaHOIY
3 JIITHOLIEJII0JI03HOI 6ioMacH, PO3yMiHHS LIUX MEXaHi3MiB € HEOOXiTHMM [J1s1 BLOCKOHaJIEHHS [IPOMUCIIOBOTO
3aCTOCYBaHHS Ta MiIBUIIEHHS €KOHOMIYHOI epeKTUBHOCTI 6ionanusa. KpiM Toro, mramu, po3po6eHi B IbOMY

IOCJIiIPKEHHI, MOKYTb OYyTY BUKOPUCTAHI /1711 CTBOPEHHS CTabiIbHAX HAAPIIPOAYLIEHTIB €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 AUR1 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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