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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYOPHK: 34.27

Tema guceprauii:
1. KoHCTpyloBaHHS NOJIMNIIEHUX IPOAYLIEHTIB €TaHOJIy Ta IIIyTaTiony y Apixkmkis Ogataea polymorpha

2. Construction of improved ethanol and glutathione producers in yeast Ogataea polymorpha

Pedepar:

1. Inceprarnis npucBsYeHa OTPUMaHHIO mMTamiB Opixmkis O. polymorpha 3 nifsuieHUM piBHEM IPOAYKILii €TaHOTy
3 KCMUJIO3M Ta WITaMiB 3 MiJBULEHUM BMICTOM BHYTPIIIHbOKJIITUHHOTO IJIYTaTIOHY. 3 METOIO MifBUILEHHS TUTOMO]
IIBUJIKOCTI IIOIVIMHAHHS KCUJIO3U Ta 3HMKEHHSI CIIOPiHEHOCTI [10 IJ1I0KO3H, Blieplie 6yJI0 CTBOPEHO MoAU(iKoBaHy
¢dopmy TpaHcnoprepa Hxtl O. polymorpha misixom 3amiHy acrniapariny Ha ajsiaHiH B nojsioskeHHi 358. Kpim Toro,
3QJIMILIKY JIi3uHy Ha N-KiHLi Hxtl, o € noTeHUiiHMMY cailTamu y6iKBITMHYBaHHS, OyJIO 3aMiHEHO Ha 3aJIMIIKU
apridiny AJ1s 3anobiraHHs WBUAKOI Aerpajalii TpaHcrnopTepa. 34ifiCHeHO IOCUIIeHHS eKCIIPECii reHiB, o KOLyIoTh
IIepOKCUCOMHI pepMeHTU TpaHCKeTosa3y Dasl (murinpokcualeToHCMHTa3a) Ta TpaHcanbaosnasy Tal2 B reHoMi
pexkombinanTHOrOo mramy O. polymorpha 3 nokpameHrnMy NapameTpamu ajkoroybHOI (pepMeHTallil KCUI03MU.
BcraHOBIIEHO, 1110 BHACJIIIOK OCUIJIEHHS ekcnpecii reHiB DAS1 1 TAL2 nponyKuist eTaHOy 3 KCUJI03U 3pOCTa€e Ha

30%. 3aBIsKM LOIATKOBOMY ITOCUJIEHHIO eKcripecii reHa MET4 B monepegHb0 CKOHCTPYHOBAaHOMY IITaMi i3



[IOCUJIEHOIO eKcrpeciero rena GSH2, Branocs NifBUIIATYA BMICT BHYTPIIHbOKJITUHHOIO I71yTaTioHy B mramax O.
polymorpha B 5 pasiB [IOpiBHSHO i3 mTamMOM JUKOro Tumy. OTpuMaHi pe3yJibTaT CBifYaTh [IPO 3aIy4eHHs
TpaHCKpuILiiHoro ¢akropa Met4 B peryssuito 6iocuHTe3y IJ1yTaTioHy Y ApbkaxiB O. polymorpha.

2. The dissertation is devoted to the development and application of metabolic engineering approaches that
provide obtaining Ogataea polymorpha strains with improved efficiency of ethanol production from xylose and
increased glutathione production. To increase the specific xylose uptake rate and decrease affinity to glucose the
modified Hxtl was engineered in O. polymorpha by substitution of asparagine to alanine at position 358.
Furthermore, N-terminal lysine residues of Hxtl predicted to be the target of ubiquitination were replaced for
arginine residues [Nijland et al., 2014; Nijland et al., 2016]. The modified versions of Hxtl were overexpressed in
hxtlA O. polymorpha mutant and the efficiency of xylose and glucose co-utilization during high-temperature
xylose fermentation was studied. The kinetics of consumption of both sugars during mixed sugar fermentation
with different ratio of xylose and glucose was observed. The retention of the mutated Hxtl versions at the
cytoplasmic membrane was studied using fluorescent reporter GFP and compared to the native one. The modified
version of Hxtl able to improve efficiency of glucose and xylose co-consumption was integrated into genome of
the available O. polymorpha recombinant strain with improved ethanol production during high-temperature
alcoholic fermentation [Vasylyshyn et al., 2020]. In this study genes encoding the peroxisomal enzymes
transketolase Dasl and transaldolase Tal2 were overexpressed in the best obtained O. polymorpha recombinant
strain with improved parameters of xylose alcoholic fermentation. The productivity of ethanol synthesis in the
obtained strains was studied during alcoholic fermentation and it was shown that overexpression of DAS1 and
TAL2 genes leads to the improvement of ethanol production from xylose by 30%, reaching 16 g/L ethanol
[Kurylenko et al., 2018]. Thermotolerant methylotrophic yeast O. polymorpha with naturally high glutathione
content and resistance to various types of stress are also considered as promising strains for genetic modification
and construction of a competitive producer of this tripeptide. The GSH2 gene encodes the first enzyme of
glutathione biosynthesis in yeast O. polymorpha [Ubiyvovk et al., 2002]. The overexpression of GSH2 gene due to
multicopy integration or under control of a strongly regulated promoter of alcohol oxidase results in improvement
of glutathione production in the yeast O. polymorpha [Ubiyvovk et al., 2011a]. Additional expression of the MET4
gene, which is involved in the regulation of sulfate assimilation in sulfur-containing amino acids, led to increase of
the intracellular glutathione by 5 times as compared to the wild-type strain, reaching 2167 mg /L. A strain with
overexpressed GSH2 and MET4 genes was able to produce 5 times more glutathione as compared to a strain with
overexpression only of GSH2 gene during cultivation for 25 hours in a bioreactor. Data of this study show the
importance of MET4 gene coding for transcription activator involved in sulfur metabolism in yeasts for regulation
of glutathione biosynthesis in O. polymorpha [Yurkiv et al., 2018]. Obtained results are important for
understanding the genetic control of xylose metabolism in yeast, and can be used to further increase the efficiency
of alcoholic fermentation. In addition, the results show the construction of O. polymorpha strain, which is
characterized by one of the best level of glutathione production as compared to the known yeast producers of this
tripeptide and indicate the importance of glutathione for high-temperatures xylose alcoholic fermentation.
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