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Tomy metolo Liiei poboTu Oysa ineHTudikalis Ta JOCHiIKeHHSs MPUHIUIIIB Ail HOBUX YNHHUKIB, 3aJIyY€HUX Y
npouecu 6iocuHTe3y pubodasiny dyasiHoreHHUMHU Opixkmkamu Candida famata. Hamu CKOHCTpPyIOBaHO MTaMu
opixmkis C. famata i3 NomKogyKeHUM reHOM CUHTe3y cyboauHuLi BakyossipHoi AT®-a3u
(apeHnosoHTpudocdarasa). OTpuMaHHS JeJeLifHOr0 MyTaHTa 103BOJINJIO IPOJEMOHCTPYBATY, 10 reH VMAL
31iMICHIOE PETryJISITOPHUI BIJIMB Ha YTBOPEHHS pub0QIaBiHy JOCIiIPKyBaHUMU APDKIKaMU. Y IepepaxyHKy Ha rpam
6iomacy, OTpUMaHUM WITaM PoAyKye y 27 pasis 6inbie pudodiaBiny, HixX BuxigHuil mram. Kpim Toro, i apixkmki
IIPOSIBJISLIIM UYTJIMBUI 1O TeMmnepaTypu ¢peHotull. PicT Ta (paBiHOreHes mramy 3HaYHO NOTiPLIMINUCS IIPU
KyJIbTUBYBaHHi 3a Temnepatypu 35°C. OfiHaK, 04HOYaCHO BAAJIOCS 3'5ICyBaTH, 1[0 6aTbKiBchkuil mtam C. famata e
6iyIbII TEPMOTOJIEPAHTHUM i, Y BiANIOBiZb HA MiABUILEHHI TEMIIEPATypU, PO3IIOYMHAE CUHTE3yBaTU Oijiblle
pubodnasiny, HiX mpu pocTi 3a 28°C. Hamu BUBYEHO NIUTaHHS BILJIMBY NpoMoTopiB reHa SEF1 i3 pisHux,
(py1aBiHOreHHUX Ta He(JIaBiHOreHHUX, IPLKIPKOBUX OPraHi3MiB Ha iHillialilo yTBOpeHHs pubodiasiHy.
BcranosseHo, mo npomoropu SEF1 i3 ¢praBiHorennux npixmpxkis C. albicans ta, meHmoro mipoto, C. tropicalis, 37uTi
3 BP3 rena SEF1i3 C. famata, BlyinBaioTh Ha 3JaTHICTb [10 BilHOBJIEHHS HanIpoayKuii pubodasiny y seflA. et
METOJ, HaleKcIIpecii reHa JONnoMmir nigBUIIUTY piBeHb CUHTE3y MeTaboJiiTa y 20 pasiB. 3aBIsKU 10JATKOBOMY
nocuyieHHIo ekcrpecii rena GNDI1 Bganocs nigBumuTy BMicT pubodiaBiny y KyJbTypasbHil piguni y 2; 1,5 ta 1,3
pasu, nopiBHAHO i3 Buxinuumu mramamu L20105, AF-4 Ta BRP. Mu TakoX nokasanu, mo Hagekcrpecis reHa ZWF1,
HaBIIaKy, iHribye 6iocrHTe3 pubodaBiHy Ta pOCTOBi Npouecy 3arajaoMm. Y nucepraliiiHiil poboTi Brieplie oKa3aHo
NO3UTUBHUI epeKT nepenpecii reHa 6-(pocormoKoHaTIeriIporeHasy Ha CUHTE3 BiTaMiny B2 ¢yaBiHoreHHUMEI
Ipibkmkamu. MyTaHTH, 1o Maju Hagekcrpeciio o6unsox rexis [TOII a came L20105/ZWF1/GND1, AF-
4/7ZWF1/GND1 ta BRP/ZWF1/GND1 xapakTepu3yBanaucs jullie MiHOpHUM 301/IbIIeHHSIM KiflbKOCTi (ps1aBiHiB (He
6inbiie HX y 1,05 pasy, MOPiBHSHO i3 6aTbKiBCbKMMU IITaMaMU). BusiBIeHO, 0 HageKcnpecis reHa SOL3 Takox
37laTHA BIIJINBATH Ha HaJCUHTE3 pubodiaBiny. Xoua 1iell IO3UTUBHUII BIJIUB AY>KE HE3HAYHU (30i7IbIIE€HHS BUXOLY
BiTaMiHy Ha ofuH rpam 6iomacu Bin 1,05 1o 1,5 pasiB), mpoTe pPO3KpHUBaE e MUPUINH TOTEHLiax 06paHoro
HaMNpsIMKY pociigkenHs. OTxe, Hagekcnpecis reHa SOL3 y komb6iHanii 3 GND1 Ta/a6o ZWF1 moxe npuBecTu 1o
3HAYHO 6iNbIIOTO HAKOMMYEHHs1 pubodaBiHOBOro nonepegHuka Pys5®, a oTxe, 1ie 6isible CTUMYIIOBATU
yTBOPEHHS prb0(IIaBiHy. MU TaKOX MiATBEPAUIIH, 10 MyTAHTaM i3 iHAYKOBAHOIO eKCIIpecielo reHa pepmeHTa 6-
docdormoKoHaTIerigporeHasy BJIacTMBO CUHTE3yBaTH e Oiybli KislbKoCTi pubodiaBiHy Ha cepeoBuli 3
JIAaKTO3010 SIK €IMHUM TpKkepesiom Kap6oHy. Tak, BUpOIyBaHHS LITaMiB Ha MOJIOYHIN CUPOBATL, B 5IKiil JIaKTO3a €
€JIMHUM JDKEPEJIOM BYTJIELI0, CIIPUSIIO e 6isbll iHTEeHCHMBHOMY YTBOPEHHIO BiTaMiHy B2. 3arasom 3miHa
cepenoBuIa KyJIbTUBYBAaHHS J03BOJIMIIA 30iMbIINTH piBeHb cuHTedy y 1,4; 1,7 ta 1,7 nist mrramis L20105/GND1, AF-
4/GND1 Ta BRP/GND], 1opiBHSIHO i3 CUHTE30M Ha MiHEpaJIbHOMY CEpEeLOBUIL 3 TII0K03010. MU Bieplle JOCinuau
Jlokasiszauiio 6inka-ekckperasu Rfel (RiboFlavin Excretase) y npixxmxis C. famata. [TpukpinsieHHs: ¢payopecLieHTHOI
MITKY 70 1bOTO 6i/IKa O3BOJINIIO BUSBUTH, 110 Rfel 3HaxoguThecs y nmaamatnyHiil mem6pani. [Tokazany, mo e
npotein He PYHKLIOHYE Y sApi. BuKnaseHi 1aHi ekcriepuMeHTalbHUAX JOCIIKeHb € 3HaYYIUMU 17151 PO3YMiHHS
[IeBHUX MEXaHi3MiB KOHTPOJIIO HaJ, 6iocuHTe30M prubodasiny. Ha macTs, y cydacHOMYy CBiTi Bii6yBaeTbCst
MIOCTYTIOBE BUSBJIEHHS AOCIiIHUKaMU HOBUX PETYJISITOPHUX YMHHUKIB (yiaBiHOreHe3y. Hai Bkiaf y 1ei ocTyI €
BaXKJIMBUM Ta MOXe, B IIOJIaJIbIIOMY, CIIPUSITY CTBOPEHHIO HOBUX CTab1IbHUX HAANIPOAYLEHTiB pubodJiasiny, a
OT>Ke, MiJBULIUTYU PEHTA6EJIbHICTh BUPOOHUYHUX IIPOLECiB. 30KpeMa, BUKOPUCTAaHHS CUPOBATKU K CyOCTpaTy AJis
POCTY LITaMiB Jlae MNP MOKJIMBOCTI 3pOOMTH NIPOLIEC NEUIEBIIMM i CIPUSTIUBUM [J11 30€PEXKEHHS CTaHy

HaBKOJIUIIHbOTO CEPENOBUIA, OCKIJIBKM CUPOBATKA, 3a3BUYAl, YTBOPIOETHCS SIK BiAXOLY MOJIOYHOI IIPOMUCIIOBOCTI.

2. This dissertation clarifies metabolic engineering applications to reveal new correlations of regulation in
riboflavin synthesis by flavinogenic yeasts Candida famata. The data can be further applied to create stable
superproducers of riboflavin. Riboflavin (vitamin B2, or lactoflavin) plays a crucial role in the metabolism of living
organisms. It is a precursor of flavin cofactors flavin mononucleotide (FMN) and flavinadine dinucleotide (FAD).
Decreased concentration of vitamin B2 in cells leads to inhibition of their proliferation, inflammatory diseases such
as infectious skin inflammation, cheilitis, glossitis, sepsis, cataracts, and migraines. Yeasts, as unicellular
eukaryotes, have significant prerogatives in biotechnological processes compared to fungi and bacteria. The
genome modification of these organisms by using metabolic engineering has already shown the existence of an



interesting and promising area of research. Thus, the aim of this work is to identify and study the principles of
action of new factors involved in the biosynthesis of riboflavin by the flavinogenic yeast C. famata. We have
constructed the C. famata strains with a damaged gene for the synthesis of the vacuolar ATPase subunit. Obtaining
deletion mutants allowed us to demonstrate that the VMAI gene has a regulatory effect on the formation of
riboflavin by them. The resulting strain produces 27 times more riboflavin than the original strain by one gram of
cells. These yeasts showed a temperature-sensitive phenotype. The growth and flavinogenesis of the strain
deteriorated significantly when cultivated at 35°C. It was found that the parental strain of C. famata is more
thermotolerant and, in response to increasing temperature, starts to synthesize more riboflavin than when grown
at 28 °C. We also examine the influence of SEF1 gene promoters from flavinogenic and non-flavinogenic yeasts on
the initiation of riboflavin formation. We found that SEF1 promoters from the flavinogenic yeast C. albicans and, to
a lesser extent, the non-flavinogenic yeast C. tropicalis, fused to the ORF of the SEF1 gene from C. famata, affect
the ability to restore riboflavin overproduction in seflA. This method of overexpression of the gene allowed to
increase in the level of metabolite synthesis by 20 times. We have discovered that due to additional enhancement
of GNDI1 gene expression it is possible to increase the content of riboflavin in the culture fluid by 2, 1.5 and 1.3-fold,
compared to the original strains L20105, AF-4 and BRP. We have shown that overexpression of the ZWF1 gene
inhibits riboflavin biosynthesis and growth processes of mutants. For the first time we describe the positive effect
of derepression of the 6-phosphogluconate dehydrogenase gene on the synthesis of riboflavin by flavinogenic
yeast was shown. Mutants that overexpressed both genes of PPP, namely L20105/ZWF1/GND1, AF-4 /ZWF1/GND1
and BRP /ZWF1/GND1 were characterized only by a minor increase in the content of flavins (no more than 1.05
times compared to the parent strains). We found that overexpression of the SOL3 gene can also affect riboflavin
oversynthesis. The increase in vitamin yield per gram of biomass from 1.05 to 1.5 times. This data suggests that
overexpression of the SOL3 gene in combination with GND1 and /or ZWF1 may lead to significantly greater
accumulation of the riboflavin precursor Ru5P, and thus further stimulate riboflavin production. We also
confirmed that mutants with induced gene expression of the enzyme 6-phosphogluconate dehydrogenase tend to
synthesize even greater amounts of riboflavin on a medium with lactose as a single source of carbon. Thus, the
cultivation of strains on milk whey, in which lactose is the only source of carbon, contributed to an even more
intense formation of vitamin B2. In general, changes in the culture medium allowed to increase the level of
synthesis by 1.4, 1.7 and 1.7 for strains L20105/GND1, AF-4/GND1 and BRP /GND1, compared to synthesis on
mineral medium with glucose. We were first, who investigated the localization of the transporter protein Rfel
(RiboFlavin Excretase) in the yeast C. famata. Binding a fluorescent label to this protein revealed that Rfel is located
in the plasma membrane. We have proven that Rfel does not function in the nucleus. The presented experimental
data are important for understanding certain mechanisms of control over riboflavin biosynthesis. Fortunately, in
the modern world, researchers are gradually discovering new regulatory factors of flavinogenesis. Our
contribution to this progress is important and may, in the future, contribute to the creation of new stable
overproducers of riboflavin, and thus increase the profitability of production processes. In particular, the
application of whey as a substrate for the growth of strains provides greater opportunities to make the process
cheaper and more environmentally friendly as the whey is usually disposed of as waste from the dairy industry.
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