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1. MoJsiekyssipHi M€XaHi3MU ByTIJIeLleBOi KaTabOoJIiTHOI peryJisLii Ta roMeoCcTa3y IEPOKCUCOM Y METUJIOTPOPHUX
IPIKIKIB

2. Molecular mechanisms of carbon catabolite regulation and peroxisome homeostasis in methylotrophic yeasts

Pedepar:

1. Ha mpaBax pykonucy. JlucepTalist Ha 300yTTsI HAyKOBOTO CTYIIEHSI JOKTOpa 6i0JIOriYHUX HAayK 3a CIeLiaJIbHICTIO
03.00.11 - umTooris, KAITUHHA 6i0JI0ris, ricTosorisd. — IHctutyt 6iosorii kiaituau HAH Ykpainy, JIbsis, 2019.
JucepTauiiiHa po60oTa npucBsiYeHa igeHTudikalii HoBUX MOJIEKYJISIPHUX KOMIIOHEHTIB MEXaHi3MiB IJTI0KO3HOI
KaTaboJliTHOI peryssuii Ta ceseKTUBHOI nekcodarii Ha Mozesi MeTuI0TpoHUX IPDKIKIB. BcTaHOBIEHO, 1110
CHTHaJIi3yBaHHS [VIIOKO3UM Y MEXaHi3Mi TpaHCKpuMnuiiHoi iHaykuii y H. polymorpha onocepenkoByeTbcs
HETPaHCIOPTYIOYUM ceHCOpoM Hxsl, a MexaHi3M KaTaboJIiTHOI pernpecii 3ay1eKuTh Bill €(pEKTUBHOCTI TPAHCIIOPTY
IJIIOKO3U Ta NoTeHIirioro TpaHcuentopa Gerl. AHasoru TpaHCKpUILIMHUX PAKTOPIB rOJIOBHOTO LUIJISIXY penpeciiy S.
cerevisiae, Migl, Mig2 ta Tupl, He € KOMIIOHEHTaMU MeXaHi3My I71I0K03HOi penpecii y H. polymorpha, ane €
HeoOximHUMHU 17151 PisiosioriyHoi peryssuii Tuiy nexkcodarii. Po3pobyieHo epekTUBHUI METO[, KJIOHYBaHHS ATG
reHiB nekcodarii. BcranosneHo, mo GyHKUis npoaykTy reny ATG26 —eprocreposrioko3uarpancdepasi, €

CeJIEKTMBHO HeoOXiHO 1J1s1 riekcodarii, ajsie He 3arasibHOi aBTodarii, i € KoHCepBaTUBHOIO Y MeTUIOTPOdiB. Takox



[IOKa3aHo, o NpoaykT reny ATG28 e onHuM i3 crien ngivyHUX KOMIIOHEHTIB aBTO(AriltHOTO anapary,
BiZITOBiaIbHUX 3a CEJIEKTUBHE PO3ITi3HABAHHS NepokcrcoM. HoBuii 610Kk nepokcrucoMHux meMmbpan, Pex36, e
HeoOXiIHUM [17151 IPOLIECiB sIK 6ioreHesy, Tax i ferpanauii nepokcucom y P. pastoris Ta H. polymorpha. Takox
BCTAHOBJIEHO KOHCEPBAaTHBHY POJib KOMIIOHEHTA BaKyOJISIPHOTO COPTUHTY 6iikiB Vps15 y aBTOdariiiHux rnpouecax.
Po3spo6ieHa HoBa nnatdopma [j1sl MyJIbTUKOMINHOI iHTerpauii BektopiB y reHoM H. polymorpha Ha ocHOBi mapkepiB
cesiekuii ADE1 ta FLD1. Basyounch Ha MyTaHTHHUX LITaMax 3 MOLIKOJKEHOIO IJII0KO3HOIO perpecieto, 6yiu

CKOHCTpPY10BaHi €(peKTUBHI IPOAYLIEHTH PsAY OiJIKiB MEUYHOTO Ta 6i0TEXHOJIOTIYHOrO 3HaU€HHSI.

2. The main topic of this dissertation work concerns elucidating molecular components involved in regulation of
peroxisome biogenesis and autophagic degradation, signaling mechanisms that maintain their homeostasis,
sensing of hexose compounds and related catabolite regulation. Yeasts are convenient eukaryotic models for such
cell biology research. It is of a significant fundamental and practical interest as some aspects of the obtained
knowledge can be translated to human health and various biotechnological processes. 43 Methylotrophic yeasts
have a number of advantages for studies on catabolite regulation. Like most other so-called "non-conventional
yeasts", they are obligatory aerobes whose signaling mechanisms are not adapted to fermentative growth.
Synthesis of peroxisomal and cytosolic enzymes of methanol utilization as well as peroxisome prollifgeration are
induced by methanol but is strictly repressed by sugars and ethanol, - effector molecules that rely on distinct
catabolic pathways. Catabolite inactivation of peroxisomal enzymes by glucose or ethanol involves degradation of
organelles in vacuoles via pexophagy. Signaling and structural mechanisms providing selectivity for autophagy,
pexophagy in particular, still remaine not fully elucidated. We demonstrated that glucose signaling in the
mechanism of transcriptional induction of glucose transporters in H. polymropha is mediated by a non-
transporting sensor Hxsl (Hexose sensor), whereas the signaling for transcriptional repression in H. pylymorpha is
rather "non-conventional" and depends on glucose transport and on the unique to this species protein Gerl
(Glucose catabolite repression), - a potential transceptor (transporting receptor), which also possesses a
regulatory function in the absence of glucose. It has also been established that putative homologs of
transcriptional factors of the main repression pathway in S. cerevisiae: Migl, Mig2 and Tupl, are not the essential
components of glucose repression mechanism in H. polymorpha. It was also observed that Gerl and Hxsl do not
directly participate in the signaling for pexophagy. However, the MIG1, MIG2 and TUP1 gene products are
necessary for the physiological regulation of the autophagy type in response to exogenous stimuli. Based on the H.
polymorpha mutants with aberrant glucose regulation and developed new approaches for multicopy vector
integration, producers of a number of recombinant proteins of medical and biotechnological significance have
been constructed. The proposed modified expression platform relies only on sugar substartes for regulation of
recombinant protein production. Another goal was to identify new genetic elements controlling pexophagy, paying
main atention on those not involved in general autophagy. A collection of P. pastoris pexophagy-deficient mutants
has been isolated and a positive selection method for the cloning of the affected genes by functional
complemetation elaborated. By functional analysis of mutants in several newly identified pexophagy genes in P.
pastoris and H. polymorpha it has been established that function of the product of the ATG26 gene -
ergosterolglucosyl transferase, is selectively required only for pexophagy, but not for the general autophagy, and is
conserved in these two methylotrophs. It was also found that the product of the P. pastoris ATG28 gene is one of
the components of the autophagic apparatus responsible for selective recognition of peroxisomes. A novel
peroxisome membrane protein Pex36 has been identified as necessary for both peroxisome biogenesis and
degradation in P. pastoris and H. polymorpha. Our data highlight the importance of comparative studies on
signaling mechanisms in different yeast species from the point of view of both, fundamental science and
biotechnological applications.
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