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3aCTOCYBaHHS LIMX 3HaHb 3 METOI0 CTBOPEHHS CTabiIbHUX CYNEPIPOAYLIEHTIB Liei croayku. Pudodasin (BiTamin
B2, a6o nakrodaBsiH) Bifirpae BaKIUBY poJib Y META00JIi3Mi )KMBUX OpraHiamiB. BiH e nonepegHukom ¢paBiHOBUX
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IOPLKAXKI, SIK OGHOKJIITUHHI €yKapioTH, MalOTh BaroMi repeparu y 6i0TeXHOJIOTIYHUX [TPOoLiecax OPiBHSHO i3
rpubamu Ta 6akTepismu. Po3pobka meToniB TpaHcopmaliii Ta 3arpoBaIKeHHsT MeTabo ivHOi iHKeHepii ayis
mopu@ikanii reHoMy LMX OpraHismiB BKe JOBEJIM iCHYBaHHS L[iKaBOTO Ta II€PCIIEKTUBHOTO HANPSIMY JOCJiI KEHHSI.
Tomy MeToto Liei poboTu 6yna ineHTudikais Ta JOCIiIKEeHHS IPUHLIMIIB il HOBUX Y/HHMKIB, 3A/Iy4€HUX Y
npouecu 6iocuHTedy pubodiasiny dasiHoreHHUMHU Opixkmrkamu Candida famata. Hamu CKOHCTpPyIOBaHO MTaMu
opibxmkis C. famata i3 MomKogyKeHUM reHOM CUHTe3y cyboauHuLi BakyossipHoi AT®-a3u
(apeHosoHTpUdoOcdarasza). OTpUMaHHA JeJeLifHOro MyTaHTa 103BOJINJIO IPOJEMOHCTPYBATH, 110 reH VMAL
31iMICHIOE PEryJSITOPHUI BIJIMB Ha YTBOPEHHS pub0QIaBiHy JOCIiIPKyBaHUMU APDKIXKaMU. Y IepepaxyHKy Ha rpam
6iomacy, OTpUMaHU ITaM IPOAYKye y 27 pasis 6inbie pudodiaBiny, HiX BUXigHuil mram. Kpim Toro, i apixkmki
IIPOSIBJISLIIM Yy TJIMBUI 0 TemnepaTypu ¢peHotull. PicT Ta ¢piaBiHOreHes mramy 3HaYHO NOTipPLIMIKUCS IIPU
KyJIbTUBYBaHHi 3a Temnepatypu 35°C. OfiHaK, 0HOYaCHO BAAJIOCS 3'5ICyBaTH, 1[0 6aTbKiBchkuil mram C. famata e
OibLI TEPMOTOJIEPAHTHUM i, y BiINOBib Ha MiIBUILIEHH] TEMIIEPATypU, PO3IIOYNHAE CUHTE3yBaTH Giblle
pubodnasiny, HiX mpu pocTi 3a 28°C. Hamu BUBYEHO NNUTaHHS BILJIMBY IpoMoTopiB reHa SEF1 i3 pisHux,
(dy1aBiHOreHHUX Ta He(JIaBiHOreHHUX, IPLKIPKOBUX OPraHi3MmiB Ha iHilialiio yrTBopeHHs pubo@diasizy.
BcranosneHo, mo npomoropu SEF1 i3 ¢paBiHorennux npixmxis C. albicans ta, menmoro mipoio, C. tropicalis, 31uTi
3 BP3 rena SEF1i3 C. famata, BlyinBaioTh Ha 3TATHICTb IO BiHOBJIEHHS HanpoayKuii pubodasiny y seflA. Leit
METOJ, HaleKcIpecii reHa JONOMIr NifBUIIUTY PiBEHb CUHTE3y MeTabosiiTa y 20 pasiB. 3aBIsKU 10JATKOBOMY
nocusneHHio excnpecii rena GND1 Bganocs niBuImuTy BMicT pu6odasiHy y KyJabTypasbHiii pigusiy 2; 1,5 Ta 1,3
pasy, NOPiBHSHO i3 BuxinHuMU mrtamamu L20105, AF-4 Ta BRP. Mu Takox I1oKasanu, o HageKkcrpecis reHa ZWFI,
HaBIIaKy, iHribye 6iocrHTe3 pubodaBiHy Ta pOCTOBi Mpolecy 3arajaoMm. Y nucepraliiiHiil poboTi Briepiie oKa3aHo
NO3UTUBHUI epeKT nepenpecii reHa 6-(poc@oraoKoHaTIerifporeHasy Ha CUHTe3 Bitaminy B2 ¢aBiHoreHHUMU
Ipikaxamu. MyTaHTy, 0 Manu Hagekcnpeciio o6uasox rexis I[1OIII, a came L20105/ZWF1/GND1, AF-

4 /7ZWF1/GND1 ta BRP/ZWF1/GND1 xapakTepu3yBaaucs julle MiHOPHUM 301/IbIIeHHSIM KibKOCTi (py1aBiHiB (He
6inbine HiX y 1,05 pa3y, opiBHSHO i3 6aTbKiBCbKUMMU LITamMamu). BussieHo, o Hagekcnpecia reHa SOL3 Takox
3/1aTHA BIIJIMBATU HA HaICUHTE3 pubodasiny. Xoya Liel NO3UTUBHUM BIUIMB [y>K€ He3HAYHUH (30i7IbIIE€HHS BUXOLY
BiTaMiHy Ha ofuH rpam 6iomacu Bix 1,05 1o 1,5 pasiB), mpoTe po3KpHUBaE e MUPUINH TOTEHLiaa 06paHoro
HaMpsIMKY pociimkenHs. OTxe, Hagekcnpecis reHa SOL3 y komb6iHanii 3 GND1 Ta/a6o ZWF1 moxke nipuBecTu 1o
3HAYHO GiIBIIOr0 HAaKONWYEHHs pubodasiHoBoro nonepegHuka Py5®d, a oTxe, 1ie 6isblle CTUMYJIIOBATU
yTBOPEHHS pr60(dIIaBiHy. MU TaKOX MiATBEPAWUIIH, 110 MyTAHTaM i3 iHAYKOBAHOIO eKCIIpecielo reHa pepmeHTa 6-
docdormoKoHaTIeriTporeHasy BJIaCTUBO CUHTE3yBaTH e 6isibii KisbKoCTi pubodiaBiHy Ha cepenoBuii 3
JIaKTO3010 SIK €IMHUM Ipkepesiom Kap6oHny. Tak, BUpOIyBaHHS LITaMiB Ha MOJIOYHIN CUPOBATL, B 5IKiil JIJaKTO3a €
€IVHAM JPKEPEJIOM BYIJIEL0, CIIPUSIIO 1Iie 6ibIll iHTEHCMBHOMY YTBOPEHHIO BiTaminy B2. 3arasom 3miHa
cepenoBUIIa KyJbTUBYBAaHHS J03BOJIMIIA 30iMbIINTH piBeHb cuHTedy Yy 1,4; 1,7 ta 1,7 nis mramis L20105/GND1, AF-
4/GND1 ta BRP/GND], opiBHSIHO i3 CUHT€30M Ha MiHEpaJbHOMY CepeOBUII 3 TII0K03010. MU BIepile JOCiinuau
Jokanizauito 6inka-exkckperasu Rfel (RiboFlavin Excretase) y apixmxis C. famata. [IpukpinseHHs (pyopecleHTHOI
MITKY 70 1OTO 6isiKa 03BOJIMIIO BUSIBUTH, 110 Rfel 3HaxoguThes y miasamatuyHiil mem6pani. [Tokasany, mo e
nporein He PYHKLiOHYE Y sApi. BuKnameHi 1aHi eKkcriepuMeHTaNlbHUAX JOCIIKeHb € 3HAaYYIIUMU JJ151 PO3YMiHHS
IIeBHUX MEXaHi3MiB KOHTPOJIIO HaJ, 6iocuHTe30M pubodasiny. Ha macTs, y cydacHOMYy CBiTi Bii6yBaeTbCst
[IOCTYIIOBE BUSIBJIEHHS JOCJIiTHUKAaMU HOBUX PETryJISITOPHUX YMHHUKIB (pr1aBiHOreHe3y. Ham Bkiaf y e oCTyI €
BaXKJIMBUM Ta MOXe, B II0JIaJIbLIOMY, CIIPUSATH CTBOPEHHIO HOBUX CTabibHUX HAANIPOAYLEeHTiB pubodJiasiny, a
OT>Ke, MiIBULIUTYU PEHTA6eJIbHICTh BUPDOOHUYHUX [IPOLeCiB. 30KpeMa, BUKOPUCTAHHS CUPOBATKHU SIK CyOCTparTy AJisl
POCTY LITaMiB Jla€ MNP MOKJIMBOCTI 3DOOMTH NPOLIEC NEUIEBIIVM i CIPUSITIUBUM [1J151 30€PEKEHHS CTaHy

HAaBKOJIMIITHBOT'O CEPENOBUIIIA, OCKiJIbKU CHUPOBATKA, 383BH‘Iaﬁ, YTBOPIOETHCA AK Bi]_IXO,ILI/I MOJIOYHOI l'IpOMI/IC.TIOBOCTi.

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 VMA1 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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