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nonepegHrkamu — ['T® ta pubynoso-5-doctarom. Byzae onpariboBaHO HOBHI METO, CeNeKLlii CTOHTaHHUX
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1. 3aBpanus npoekTty (00 0,5 cmopinku A4, 12pt) (mym i dani — 06°em 6Kazyembcsi 051 meKcmy YKpaiHCbKOK MOBOI0; 00°eM meKcmy aHenilicbKol MOBOI0 8
3anexcHocmi id nepeknady) / Project objectives (up to half A4 size sheet, 12pt)

Mema: 3‘acyeanns eniugy Hadnpodykyii pubogaasiny (eimaminyB2) y ¢pnasinozenHux Opisxcdxcie Candida famata ma nekapcbkux Opidcoicie Saccharomyces
cerevisiae Ha Jcumme3damHicmb 3a ymoe deziopamayii ma peziopamayii

Jns yiei memu mu naaHyemo sukopucmamu CKOHCmpyUo8aHi HaMu 3a 00NOMOo20t0 Memodie KAacu4HOi 2eHemuKU md 3 3aCmocy8aHHSIM 2eHemuy4HOl iHoceHepil
wmamu Opixcoxcie C. famata, 30amui 0o npodykyii pizHoi Kinbkocmi pubognasity, a makodxic onpayrogamu Hoguil Memoo cenekyii CHOHMAHHUX MymaHmie S.
cerevisiae, 30amHux do nidguwjeHoi npodykyii pubognasiny. Lleii Memod 6azyembcs Ha 00820MpuUBAAOMY KyAbmueyeaHHi Opixcodicie y cepedosuwyi 3i
3pocmaroyuMu KOHYeHmpayismu ceaekmueHo20 azeHma —npupooHo20 aHanoza pubognasivy — pozeocpaasimy (7-memun-8-oumemunamin-(11-D-)-i30an0kcazuny.

Ocobnuea ysaza byde 38epHeHa Ha HUMME30AMHICMb PeKOMOIHAHMHUX WMAMie ma CnoHmMaHHUx Mymanmie 3a ymos oeziopamayii- peziopamayii 3a pisHux
YMO8 Ky/bmueyeaHHs1, 30kpema npu degiyumi dzcepen kapboHy ma HimpozeHy. Bnaue HadcuHme3sy pubognagiHy Ha 8UNHCUBAHHS KAIMUH OpidcOXici8-CuUHmMemuKise
pubocpaasiny 3a ymoe deziopamayii-peziopamayii He docaidcysaecs. Ocobnueo yikasum ye € 045 S. cerevisiae, IKi Maiomb WUPOKe NPOMUCA08e 3ACMOCYBAHHS,
30Kpema 0/151 OMpUMAHHA x1iba 3 nidguwyeHuM emicmom gimaminy B2. YcniwHa peaniszayis ybozo npoeknty noguHHa damu Moxcaugicms po3pobumu egpekmueHy
Memodonozito, sika modice Gymu nepeHeceHa Ha iHwi GiomexHon02iuHO 8axcausi wmamu Opixcadicie 045 nidsuwjeHHs ix cmabinbHocmi npu mpuganomy 36epieaHHi
8 CyXOMy CMAHi, a maxodic 051 NPOMUC08020 BUKOPUCMAHHS AKMUBHUX CYXUX OPIdCOHCOBUX WMAMie-npodyyeHmie pi3HuX Cnoyk.

Aim:: Elucidation of the effect of overproduction of riboflavin (vitamin B2) in flavinogenic yeast Candida famata and baker's yeast Saccharomyces cerevisiae on
vitality under dehydration and rehydration

For this purpose, we plan to use C. famata yeast strains capable to produce different amounts of riboflavin constructed by us using methods of classical genetics
or with the application of genetic engineering, as well as to develop a new method for selection of spontaneous S. cerevisiae mutants capable of increased
riboflavin production.This methods is based on the long-term cultivation of yeast in a medium supplemented with increasing concentrations of a selective agent -
a natural riboflavin analogue - roseoflavin (7-methyl-8-dimethylamine-(1'-D-ribityl)-isoalloxazine).

Special attention will be paid to the viability of recombinant strains and spontaneous mutants to dehydration-rehydration under different cultivation conditions,
in particular, in the case of a deficiency of carbon and nitrogen sources. The the effect of overproduction of riboflavin on the survival of yeast cells riboflavin
producers riboflavin under dehydration-rehydration conditions was not tested. This is especially interesting for S. cerevisiae, which has wide industrial
applications, in particular for the production of bread with an increased content of vitamin B2. Successful implementation of this project, should give the
possibility to develop the efficient methodology that may be transferred to other biotechnologically important yeast strains for the improvement of their stability
during long-term storage in dry state as well as for the industrial production of such active dry yeast stains-producers of various compounds.

2. Onuc noTouHoi cutyanii (do 2 cmopiHok A4, 12pt) / Description of the current situation (up to 2 A4 size sheets, 12pt)

Zpidnc0icosi KAIMUHU € ONMUMAIbHOI0 MOO/II0 eyKapiomuyHoi KAIMUHU, SIKa 8ce uacmilie UKOPUCMOBYEMbCS 8 MONEKYIAPHill bionoeii, eeHemuyi,
¢apmakonoeii ma 6iomeduuHux 0ocaioxiceHHsx. Li docaioceHHss makodc gaxcausi 015 6iomeduyuHu. Po3yMiHHA MexaHi3mig i cnoayk, wjo 3abe3neuyomb
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cmilikicmb KAimuH 8 yMogax cmpecy, MoXce 00NOMO2Mu Wy4HO Ni08UWUMU CMILIKiCMb H#CUBUX 0p2aHi3Mie 00 CKAadHux MeOuyHux npoyedyp i nikyeavHs. Kpim
mo2o, 3a2anbHO8IOOMO, WO OPINHCONHCI WIUPOKO BUKOPUCMOBYIOMbCS Y 6iomexHon02il 0151 BUPOOHUYMBA pi3HOMAHIMHUX HA038UUALIHO BANCAUBUX 0151 MEOUYUHU
ma iHwux 2anyujeli peuosuH. BoHu eKaouawmb iHCyniH, 8aKYUHU 8U20MO8/eHi 3 peKoMBiHaHMHO20 aHmuezeHy gipycy eenamumy B (HBsAg), pekombiHaHmHuil
2paHynoyumapHo-makpocpazanbHull kononiecmumymorouuii pakmop (GM-CSF), sikuil € 8axcaueum 2emonoemuvHum pakmopom pocnmy ma iMyHOMOOynsimopom,
2ipyQuH, sikuli € 00HUM i3 HalibibW NOMYXCHUX NPUPOOHUX iH2ibimopie mpombiHy, Oesiki eimamiHu epynu B, 3okpema pubocnasin (Abbas, Sibirny, 2011),
eimamin D, 6ema-kapomuH, 6ema-21o0KaHu ma iH.

Jesiki gudu Opidcdoicie , 30Kpema npomuca0eo 8adicaugi Saccharomyces cerevisiae, Ogataea polymorpha, 30amui nepedcumu ucyuly8aHHs, nepexoosiuu 8 CmaH
aHe2iopobio3y — mumuacoeozo 060pomHo20 npusynuHeHHs KaimuiHozo memaboniamy (Rapoport, 2017; Rapoport et al., 2019, Sek et al., 2023). L]s eracmugicmb
3apas WUpoOKO BUKOPUCMOBYEMBCS 04151 YCNIWHO20 MPU8ano2o niompuMaHHs #cumme30amHocmi MiKpoOp2aHiamie i nomyxicHo20 8upobHUYMea Cyxux
xnibonekapcbKux Opidcoicie. AkmugHi npenapamu cyxux OpincOHCie MOXCHA BUKOPUCMOBYBAMU MAKOMC y BUHOPOOCMEi, 6UpobHUYMEi emaHony ma Ha
nueosapHux 3aeodax. Bonu makodic moxcymb 6ymu eukopucmati 0415 6iomexHono2iuHo20 8upobHuUYmMeda pisHux YyiHHux cnonyk. Ilpomsizom ocmauHix decsamuaims
deziopamayis Opidxcdicie npueepmac 8ce binbwiuli iHmepec 00 desiKux 0ocuMb HecnodiBaHux 6ioMexHON02IUHUX 3a80aHb, HANPUKAAO, CyLeHi OPIHCOHCI MOKHCYmb
6ymu eukopucmani ik e¢pekmueHi 6iocopbeHmu pizHux 3abpyOHIOOUUX PeUOBUH, 8KaOUaloUU eadxcki memanu (Rapoport et al., 2016). Y moti xce uac 6bazamo
wmamig Opixcaicie, HeobxioHux 015 Yyux mexHonozill, Hecmiliki do npoyecie deziopamayii-peziopamayi.

Hamaczarouuch nosicHumu cymb cmaHy axeiopobio3y i 3'acysamu mexaiamu tio2o nepebizy, ueHi onucanu pizHi KAIMuHHI CnoayKu i cmpykmypu, siKi 3a Hb020
sionogioaromp. L]i cmpykmypu exaouaromb KAimuHHy CmiHKy ma niasmamuyHy MemOpaHy, 8akyoni, MimoxoHOpii ma nizocomu, nepenix iHwux Haiieaxcausiwux
CNoNyK 8KIH0UAEL Mpe2anosy, enikozeH, 21ymamiod ma kpanii ainidig. 3a npoyec aHziopobiozy makodxic gionogioaroms pisni 6inku i 2eHu. Koswcen ¢pakmop mae
negHy ¢yHkyiro (Sek et al., 2023). [Ipiscoxcosi knimuHu weuodko U echeKMuHO peazytoms Ha npoyec deeiopamayii, peanizyrouu mMexaHiamu, siKi 8xce Ha tio2o
PaHHix cmadisx npu3e00simb 00 HAKONUYEHHS! 6HYMPIWHbOKAIMUHHO20 21iyepuHy, siKull die sk ocmonpomekmop. IIpoyec pezidpamayii makoxc noe'asaHuti 3
akmueayiero desiKux 2eHig ui1sxy 6podiHHs ma HeOKUCM08aIbHOI ha3u neHmMo30¢ocamHozo WXy, a MAKo}C 2eHis, nog'a3aHux 3 biozeHezom pubocom i
cuHme3som 6inka. BusHaHo, wjo nowKoOiceHHst OpiHcANHCO8UX KAimuH nid uac npoyecy de2iopamayii ma nodanbwoi peziopamayii makoxc MoxcHa gioHecmu 0o
okucHozo cmpecy (Dupont et al. 2014). L]eli cmpec micHo noe’s3aHutl 3 akmusHumu ¢opmamu KucHio (ADK), siki ymeoprorombcs sk nobiuHi npodykmu
supobHuymea AT®D nid uac okucHo20 ocgpopuniogants 8 duxaabHomy AaHyro3i. Iepexio y cmaH aHziopo6iosy He npu3eodumsb 00 ceplio3HUX NOWKOOHCeHb
2eHomy Opiscoxcosux kKaimuH. IIleudwe 3a ece, ys cmabinbHicmb nos’s3axa 3i cneyugiuHuMu 6HympiwHbOKAIMUHHUMU peakyismu, siKi 3abe3neuyoms
HeobXiOHull 3axucm eaxcaueux cmpykmyp i makpomonekyn (Sek et al., 2023).Baxcaugo npodogcysamu 00CnioiceHHs: 0151 biblu 21u60K020 pO3yMiHHSL
MexaHi3mie aHziopobio3y, susieneHHs HOBUX (hakmopie, 3anyueHux y npoyecu deziopamayii-peziopamayii, a makodxc niodasamu ybomy npoyecy pisHi
MIKpOOp2aHi3MU OCKINbKU, He38aXHCaloUU Ha 3HAYHULI Npoepec Ha Cb02OOHIWHIl OeHb OemasnbHi MeXaHizmu Yybo2o 060pOMHO20 Npoyecy 3a1uwjaromscs

He3 ‘SICOBaHUMU .

OO0HUM i3 yikasux i nepcnekmMueHUX HanpsIMKie 0o0CAi0XdCceHb € BUKOPUCMAHHS Opidcddicie 015 36azaueHHs Xapuosux npodyKmie i Kopmie 0151 meapuH eimamiHom
B2. Modicaugicmb ompumaHHst KaimuHamu pubocnasivy 3 nozakaimuHHo2o cepedosuwya 6yﬂa docaidicena Ha S. cerevisiae (Paalme et al., 2014; Abbas, Sibirny,
2011), i mpaxcnopmep naazmamuyHoi membparu Mch5p 6ye idenmucikoeaHuil sk ocHosHull 6in0k, 8i0nogidanbHUll 3a NO2AUHAHHS puﬁoqbﬂaemy i3
cepedosuwya pocmy (Reihl, Stolz, 2005). OdHak mexaHizmu, 3adisiHi 8 ymunizayii ek302eHHo20 pubognagiy abo pezyasiyii mpaHcnopmepa, 00ci Hegidomi.
BoodHouac supobHuymeo pubognaginy wasixom mikpobHoi pepmenmayii € napaduzmoro 6iomexHon02iuHO20 npoyecy, AKUll npuliiog Ha 3MiHy XiMiuHOMY cuHme3sy
8 npomucaogocmi. Pubognasin (8imamin B2) € 6000po3uuHHUM 8imamiHOM, nonepedHukomM aagiHadeHiHOuHykneomudy (FAD) i ¢pnagiHmoHoHYKneomudy
(FMN), siki € Koghepmenmamu 8 6azambox Npoyecax OKUCHeHHs-8i0HO8/1eHHsl ma 8i0iepaomb 8axcAugy posb 8 eHepeemuuHoMy Memaboniami KAimuH. , i momy €
eadicuguM 051 300p08°s ma po3eumky MoouHu. Pubognagiq He CuHMe3yembCsl Op2aHizMoM MoOUHL, i 1020 HeobxiOHo ompumyeamu 3 ixceto. Jediyum
pubocpaasiny abo nowkodsiceHull mpaHcnopm puboghaasiy Modice 8UKAUKAMU Kamapakmy, Heposo2iuHi poanaou, cepyego-cyOuHHi aHomanii ma Hasimp pax. Y
Oanuii uac degpiyum pubohpnasiHy BUKAUKAE 3aHENOKOEHHSA 5K Y KPAIHAX, WO PO3BUSAIOMbCS, MAK i 8 po38uHeHuX Kpainax. IIpubauszHo 70% npomucnoeo
supobneHozo pubochpaasiny sukopucmosyembcs sk kopmoga 0obaska, modi sik 30% eukopucmosyembCs K yHcoemuti 6APeHUK y Xapuoeill npoMucaoeocmi ma siK
nikapebkuii 3acié (Abbas and Sibirny, 2011; Kato and Park, 2012). PiuHuil puHok ybozo 8imamiHy e 2024 poyi oyiHoembcs 8 451,57 minvliona donapie CIILIA.
Ha cb0200Hi ximiuHe supobHUYmMeo pubognagiHy 3amiHeHo MIKPOOHUM CUHMEe30M, OCKiAbKU OCMAHHILl € 00HOemanHow GepmeHMAayiero, Wo 3HUNCYE uMpamu
8UPODOHUYMEA, 3MeHuULye 8i0Xo0u, nompebu 6 eHepeil , a makodic € Oinbl CNPUAMAUBUM 3 €KON02IUHOT MOUKU 30py, NOPIBHSAHO 3 XIMIUHUM CUHME30M.

Apisncdici € npomompogamu 3a pubognagiHom i 30ebibLuo20 8UPOBASIOMb HeeeNUKI KiIbKOCMi Yb020 8imamiHy, siki gionogioaroms ixHim nompebam. OOHaK
icHye epyna Opidcodicia, 8i0omMux sIK ¢pasiHozeHHI opaaHizmu, siKi 30amHi eupobasimu eenuuesHy Kinbkicmb pubocpaasiny (Dmytruk and Sibirny 2012). Ipiocdsici
Candida famata Hanesxcamb 0o HalleghpekmueHiluux gidomux npodyyenmie pubocaaginy. LLImam-Hadnpodyyenm pubogpnagiHy 6y8 ckoHcmpyliogaHull WisiXom
odHouacHoi Hadekcnpecii eeHig SEF1, RIB1 ma RIB7 y Haonpodyyexmi C. famata AF-4, ujo ompumanuii knacuuHoio cenekyieto (Dmytruk et al., 2014). famata
AF-4 (Dmytruk et al., 2014). ITid uac nepioduutoi ¢pepmenmayii @ 7-nimpogomy nabopamopHomy biopeakmopi ckoHcmpytiogaHuii wmam Hakonuuue 0o 16,4 2/n
pubocpaasiny 8 onmumizoeaHomy cepedosuiyi, o 30 c8iduUmb, Wo 8iH € 00HUM 3 Halikpawjux npodyyexmie. Kpim mozo, konu 0ea modugpikosaHux 2eHu PRS3
(xodye PRPP-cunmemasy) i ADE4 (kodye PRPP-amidompaHcgepasy) 3 Debaryomyces hansenii 6yau 0o0HouacHo ekcnpecogaHi 8 yboMy CKOHCmpyliogaHomy
wmami, cnocmepieanoch 080Kpamue 36iblueHHs npodykyii pubognaginy (Dmytruk et al., 2020). HewjooaeHo 6yn0 gusieneHo, wjo Hadekcnpecis 2eHie RIB1 i
RIB6, wjo kodytomb ¢pepmenmu GTP yuknozioponasy II i 3,4-0ueiopokcu2-6ymaHoH-4-¢pocchamcunmasy, siki kamanazyromb NOUAMKO8i emanu CuHme3sy
pubocpaasiny, nidsuugye npodykyiro pubognaginy Ha 13-28% gioHocHo bambkiecbkux wmamie ([lemposcbka ma iH., 2022). Hadauwoxk pubocpaasiny
HaKonuuyembCs 8 Ky1bmypanbHoOMy cepe0osulyi, a He 8 KAIMUHAX, Wo ceiouumb npo iCHy8aHHs cneyianbHUX MexaHismie, 3anyyeHux 0o eugedeHHs pubopnasiHy.
BionogioHutl 6i10k i 2eH He 6yau idenmugpikogaHi 8 Opiscoxcax. Byno susueHo eniue Hadekcnpecii OpixcOHc08020 2omonoza binka ekckpeyii pubognaginy
moduHu BCRP Ha npodykuyito pubocpaasiny y ¢pnasinozeHHux opisxcocax. BcmanoeneHo, wjo Hadekcnpecis eeHa D. hansenii RFE1 y paHiwe ckoHcmpyliogaHOMy
Haonpodyyenmi pubocpaasiny C. famata (Dmytruk et al., 2014) npueoduna 36inbuenHst npodykyii pubonasiny edeiui (Tsyrulnyk et al., 2020). Akmugayist
cuHmesy pubogpaasiny e C.famata makodic 6yna ompumaHa eHacaiook nocunenHs ekcnpecii eeha GND1, wjo kodye 6-¢pocgpoeniokonamoeziopozeHasy, sika
nepemeopioe 6-¢pocpoznokoHam Ha pubyno3o-5-cpoccpam, anipamuunuii nonepedHux pubognasiny (Ruchala et al. 2022).

Ockinbku Opiscddxici S. cerevisiae npodyKylomb He3HauHI Kiibkocmi eimamiHy B2, 015 nouamkogo2o 00caixceHHs eniugy pubognagiHy Ha npoyecu
deziopamayii-peziopamayii Mu n1aHyemo 8ukopucmamu CKOHCmpyliosaHi Hamu 3a OONOMO2010 Memo0i8 KAACUYHOI 2eHemuKu ma i3 3acmocy8aHHAM 2eHemuyHol
iHdHceHepii wmamu Opixcoxcie C. famata, 30amui 0o npodykyii pizHoT Kibkocmi pubognagiHy, a makoxc onpayroeamu HoO8uil Memood ceneKyii CnOHMAHHUX
MymaHmig S. cerevisiae, 30amHux do nidguwjeHoi npodykyii eimaminy B2. L]eil Memod 6azyembcs Ha 00820MpuUBAAOMY Ky/AbmueyeaHHi Opincodicie y cepedosuwyi
3i 3pocmarouuMu KOHYeHmpayisimu cenekmueHo20 azeHma —npupooHo20 aHanoza pubogaasiny — pozeogpnasimy (7-memun-8-oumemunamin-(11-D-)-
i30an0kcasuHy). Sk 6ambkiecbKull 6yO0e 8UKOPUCMAHO NPOMUCAO0BUL WMam NekapcbKux opidxcoicie. Memoou eeHHOI iH)ceHepii 00360a510mb CKOHCMpylogamu
wmamu nekapcbKux opiscodicie, 30amui 00 HadcuHme3y pubogagiy, npome 8 psidi KpaiH icHylomb 0bMediceHHs1 Ha BUKOPUCMAHHS1 2eHemMU4HO MOOUDIKOBAHUX
Opidcdaicie 05 8UpobHUYMEa x1iba.

BUKOHAHHS! 3an1aHO8aHux 00CAi0xHceHb 0aCMb MOXCAUBICMb He MiAbKU 3 ‘scysamu eniug pubogpaasivy Ha dezidpamayito-peziopamayiro kaimuH y opixcodicis, a U
docnidumu siK 3MiHIOEMbCS 6Micm pubognagiHy ma 11020 NOXiOHUX y KiHYeeoMy NnpooyKmi-xnibi.

The yeast cell is the optimal model of eukaryotic cell that is more and more used in molecular biology, genetics, pharmacological and biomedicine studies this
research is important also for the goals of biomedicine. Understanding of mechanisms and substances that provide cells stability in stress conditions can help to
increase artificially the resistance of live organisms at complicated medical procedures and treatments. In addition, it is common knowledge that yeast is widely
used in biotechnology for the production of various extremely important medicinal and other substances.They include insulin, vaccines are made

from recombinant antigen of the hepatitis B virus (HBsAg), recombinant Granulocyte-macrophage colony-stimulating factor (GM-CSF) which is an important
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hematopoietic growth factor and immune modulator, hirudin that is one of the most potent natural thrombin inhibitors, some vitamins of B group including
riboflavin (Abbas, Sibirny, 2011), vitamin D, beta-carotene, beta-glucans and others

A lot of last decades studies were devoted to the understanding of the reasons of such different resistance of yeasts to dehydration processes and to the attempts to
find the ways for the essential improvement of this their resistance. The main results of these studies were described in a number of recent reviews (Rapoport et
al., 2016, 2017. 2019, Sek et al., 2023)1. It was shown that practically all intracellular structures are influenced by dehydration-rehydration treatments and may
be at least partially responsible for yeasts stability in these conditions.Yeasts, including industrially important species Saccharomyces cerevisiae, Ogataea
polymorpha and others, are able to survive dessication by entering a state of anhydrobiosis — a temporary reversible suspension of cell metabolism (Rapoport et
al., 2019). This property is widely used now for the successful long-term maintenance of viability of microorganisms and large-capacity production of active dry
baker’s yeast. Active dry yeast preparations may be used also in winemaking, ethanol production and in breweries. They can be used also for the
biotechnological production of various valuable compounds. During last decades the dehydration of yeast has attracted an increasing interest in some rather
unexpected biotechnological tasks, for example dried yeasts can be used as efficient biosorbents of different pollutants, including heavy metals (Rapoport et al.,
2016). At the same time a lot of the yeast strains necessary for these technologies are not resistant at dehydration-rehydration processes.

In an attempt to explain the essence of the state of anhydrobiosis and clarify the mechanisms responsible for its course, scientists have described various cellular
compounds and structures that are responsible for it. These structures include the cell wall and plasma membrane, vacuoles, mitochondria, and lysosomes,
among others, while the most important compounds include trehalose, glycogen, glutathione, and lipid droplets. Various proteins and genes are also responsible
for the process of anhydrobiosis. Each factor has a specifc function (Sek et al., 2023).Yeast cells respond rapidly and efciently to the dehydration process,
implementing mechanisms that already at its early stages lead to the accumulation of intracellular glycerol, which acts as an osmoprotectant.. The rehydration
process is also related to the activation of some genes of the fermentation pathway and the non-oxidative phase of the pentose-phosphate pathway, as well as
genes related to ribosome biogenesis and protein synthesis. It is recognized that damage incurred by yeast cells during the process of dehydration and subsequent
rehydration can also be attributed to oxidative stress (Dupont et al. 2014). This stress is closely associated with reactive oxygen species (ROS), which are
generated as by-products of ATP production during oxidative phosphorylation within the respiratory chain. Consequently, mitochondria emerge as a primary
source of ROS. The transition into the state of anhydrobiosis does not lead to serious damage to the genome of yeast cells. Most likely, this stability is related to
specifc intracellular reactions that provide the necessary protection of important structures and macromolecules (Sek et al., 2023). It is important to continue
research for a deeper understanding of the mechanisms of anhydrobiosis, to identify new factors involved in dehydration-rehydration processes, as well as to
expose various microorganisms to this process, since, despite significant progress, the detailed mechanisms of this reversible process remain unclear.

One of the interesting and promising areas of research is the use of yeast to enrich food and animal feed with vitamin B2. The possibility of cells obtaining
riboflavin from the extracellular environment has been examined in S. cerevisiae (Paalme et al., 2014; Abbas, Sibirny, 2011) and the plasma membrane
transporter Mch5p has been identified as the main protein in charge of the riboflavin uptake from the growth medium (Reihl, Stolz, 2005). However, the
mechanisms involved in the utilization of exogenous riboflavin in the pathway or the transporter regulation are still unknown. At the same time, riboflavin
production by microbial fermentation is a paradigm of a biotechnological process that has replaced chemical synthesis in the industry. Riboflavin (vitamin B2) is
a water-soluble vitamin, the precursor of both flavin adenine dinucleotide (FAD) and flavin mononucleotide (FMN), which are essential coenzymes in many
oxidation—reduction processes and play an important role in cell energy metabolism, and therefore is an essential micronutrient for human health and
development. Riboflavin is not synthetized by the human body, and it must be obtained from ingested food. Riboflavin deficiency or defective transport of
riboflavin has the ability to cause cataracts, neurological disorders, cardiovascular abnormalities, and even cancers. Currently, riboflavin deficiency raises
concerns in both developing and developed countries. Approximately 70% of industrially produced riboflavin is used as a feed additive, while 30% is used as a
yellow colorant in the food industry and as a drug for treatment (Abbas and Sibirny, 2011; Kato and Park, 2012). The annual market for this vitamin is estimated
at USD 451.57 million in 2024. Currently chemical riboflavin production has been replaced by microbial synthesis because the last one is single step
fermentation, diminishes production costs, reduces waste, energy requirements also is favorable relative to the chemical synthesis from the ecologic point of
view.

.Yeasts is prototrophs for riboflavin and mostly produce small amounts of this vitamin, which correspond to their needs. However, there is a group of yeasts
known as flavinogenic organisms, which are able to produce huge amounts of riboflavin and accumulate it in the culture medium and in the cells (Dmytruk and
Sibirny 2012).The yeast Candida famata belong to the most effective riboflavin overproducers known.

A riboflavin overproducing strain has been constructed by co-overexpression of the genes SEF1, RIB1, and RIB7 in a non-reverting riboflavin producing C.
famata AF-4 strain (Dmytruk et al. , 2014). Under a fed-batch fermenation in a 7 L laboratory bioreactor, the constructed strain accumulated up to 16.4 g/L of
riboflavin in optimized medium, representing one of the most known active riboflavin producers. Furthermore, when the two modified genes PRS3 (encoding
PRPP synthetase) and ADE4 (encoding PRPP amidotransferase) from Debaryomyces hansenii were introduced and co-expressed in this constructed strain, a
two-fold increase in riboflavin production is observed (Dmytruk et al., 2020). Recently it was found that overexpression of RIB1 and RIB6 genes coding for
enzymes GTP cyclohydrolase II and 3,4-dihydroxy2-butanone-4-phosphate synthase, which catalase the initial steps of riboflavin synthesis, elevated riboflavin
production by 13-28% relative to the parental riboflavin-overproducing strains (Petrovska et al., 2022). Overproduced riboflavin accumulates in the cultural
medium rather than in the cells suggesting existence of the special mechanisms involved in riboflavin excretion. The corresponding protein and gene have not
been identified in yeasts. The effects of overexpression of the yeast homolog of the human riboflavin efflux protein BCRP on riboflavin production in the
flavinogenic yeast have been studied. It was found that overexpression of D. hansenii RFE1 gene in previously constructed riboflavin overproducer C. famata
(Dmytruk et al., 2011, 2014) led to near twice increase of riboflavin production (Tsyrulnyk et al., 2020). Activation of riboflavin synthesis in C.famata was also
obtained after overexpression of the GND1 gene coding for 6-phosphogluconate dehydrogenase which converts 6-phosphogluconate to ribulose-5-phosphate, the
aliphatic precursor of riboflavin ( Ruchala et al. 2022).

Since S. cerevisiae yeast produces small amounts of vitamin B2, for the initial study of the effect of riboflavin on dehydration-rehydration processes, we plan to
use C. famata yeast strains constructed by us using the methods of classical genetics and with the use of genetic engineering, capable of producing different
amounts of riboflavin, and also develop a new method of selection of spontaneous S. cerevisiae mutants capable of increased production of vitamin B2. This
method is based on the long-term cultivation of yeast in an environment with increasing concentrations of a selective agent - a natural analog of riboflavin -
roseoflavin (7-methyl-8-dimethylamine-(11-D-)-isoalloxazine. Genetic engineering methods make it possible to construct baker's yeast strains capable of
oversynthesis of riboflavin. However, in a number of countries there are restrictions on the use of genetically modified yeast for the production of bread.

Carrying out the planned research will make it possible not only to find out the effect of riboflavin on the dehydration-rehydration of yeast cells, but also to
investigate how the content of riboflavin and its derivatives changes in the final product - bread.

3. HoBu3Ha npoekTy (0o 1 cmopinku A4, 12pt) / Novelty of the project (up to 1 A4 size sheet, 12 pt)

Ocobaugicmio nponoHO8aHO20 HAYKOBO20 NPOEKNTY € NOEOHAHHS (PyHOAMeHMAAbHUX HAYKOBUX 00CAi0diCeHb i3 npukaadHoro biomexHonoeieio. Lleli npoekm €
npoooeXiceHHIM nonepedHbOI cnigpayi i Mu naaHyemo 0ocaioumu enaug Hosux YUHHUKI8 Ha npoyecu deziopamayii-peziopamayii y opixcooicis. 3okpema, ye
CcMocyembCs 8naugy 8UCOKUX KOHYeHmpayiti pubochaasimy, sikuil npodykyembcsi pekoMbiHaHmMHuMU wmamamu Opisxcoxcie C.famata eHacidok nocuneHHs
ekcnpecii OKpeMux CmpyKmypHUX ma pe2yasimopHuXx 2eHie wisxy biocunmesy ybo2o eimamity. Byoe onpayboeaHo Hogull Memo0 ompumMaHHs wmamie opisicooicie
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S. cerevisiae 3 nidguwjeHoto 30amHicmio 0o cunme3y pubognasiHy ma docniddxiceHo ix monepaHmticms 00 Oezidpamayii ma peziopamayii. SIkujo
JrcummesoamHicms 0e2idpamoeaHux KaimuH S. cerevisiae 3 niosuwjeHoro npodykyieto pubogpaagiHy 6yoe 3miHeHa NOPIBHSHO 3 KAIMUHAMU 8UXIOHO20 Wmamy, yi
8LCHOBKU Oy0ymb Mamu eenuxe 3HaueHHs 051 mux OpincOxHcie, AKi BUKOPUCMOBYIOMbCS 8 NpoMucnogux macwmabax. CenekyioHOBaHI WmMamu Marko*c MOX#cHa
8UKOpUCMOBYBAMU SIK Xap4osy 000aeKy 0151 CiIbCbK020CN0oO0apChKUX | 0OMAWHiX meapuH.

A feature of the proposed scientific project is the combination of fundamental scientific research with applied biotechnology. This project is a continuation of the
previous collaboration and we plan to investigate new aspects of the influence on dehydration-rehydration in yeast. In particular, this concerns the effect on
dehydration-rehydration processes of high concentrations of riboflavin, which is produced by recombinant strains of C.famata yeast as a result of increased
expression of some structural and regulatory genes of the biosynthesis pathway of this vitamin. A new method of obtaining S. cerevisiae yeast strains with an
increased ability to synthesize riboflavin will be developed and their tolerance to dehydration and rehydration will be investigated. If the viability of dehydrated
S. cerevisiae cells with an elevated content of riboflavin will be altered compared to the cells of parental strain, these findings would be of high importance for
those yeast strains that are produced on an industrial scale. The selected straini can be also used as a food additive for farm and domestic animals.

4. OuikyBaHi HaCJIi/JKH Bif{ pe3y/IbTaTiB NPOEKTY, BK/IIOYAYH IPOJOBKEHHS CIIBIpaLi B iHIIKMX MPOEKTaX MDKHAPOAHOr0 CHiBpoGiTHUIITBA (00 1
cmopinku A4, 12pt) / Expected impacts of project results, including continuation of cooperation in other international cooperation projects (up to 1 A4 size
sheet, 12pt)

YeniwHa peanizayist 0CHOBHUX Yinell Yb020 NpoeKkmy € 8axcugoio 015 yHoamenmanbHoi bionoeii ma mikpobionoeii. Ouikyeai Hayko8i pe3yabmamu, OmpumaHi 8
YboMy 00CNI0NHCEHHI, 3HAUHOI MipOIO CNpUsMUMYMb PO3yMiHHIO MO20, U MoXce pubognagiH enaueamu Ha cmitikicmb Opidcodicie do cmpecy, 30Kpema
8UKAUKAHO20 OeziOpamayieio-peziopamayieio. Byde po3apobneHo Memod ma ompumaHo wiisxom 1abopamopHoi egomoyii wmamu neKapcbKux Opiscdxicie, 30ammi
0o nidsuwjeHoi npodykyii pubognasiy, ki Moxcymb 6ymu sukopucmati 045 36azaueHHs x1iba yum 8imamiHOM, a Makoxc ik 000amoK 00 KOpMy MeapuH.

CninbHa peanizayis ybo2o Npoeknty cnpusimume po3eUmKy HaQyKosozo cnigpobimHuymea mixc Ykpainoro ma Jlameielo e 2any3i Hayk npo xcumms ma
6iomexHonoziti. O6udei komaHou, ki bepymb yuacms y ybomy npoekmi, 3acHyeanu y 2019 poyi neputy CninbHy MijcHapoOHy AameiticbKo-yKpaiHCbKy
nabopamopito 6ionozii MikpobHOT KaimuHu 015 po38uUMKy akademiuHol ma oc8imHbOI cnienpayi ma cnpusiHHs 63AEMOPO3YMIHHIO Midc 08oma yCmaHogamu.
Peanizayist 3anponoHOBAHO20 CNibHO20 0OCAIOHUYLKO2O NPOEKNy CYMMEBO NOKPALUMb MONKCAUBOCMI 011 NOOA/NbUIO20 PO3BUMKY CNigpobiMHUYmMea Midxc
Ykpainoio ma Jlamsieio.

Pesynbmamu ybo2o npoekmy 6y0ymb ony6iKoeaHi npuHaliMHi y 2 cniibHUX HAYKOGUX CMAMMmsiX y JCypHAAax, iHOeKCo8aHux y Scopus, i cnilbHo npedcmaegeHi
NPUHAliMHi Ha 3 MiXCHapoOHUX HayKosux koHgpepeHyisx. I1i0 uac peanizayii ybo2o npoekmy naaHyembcs cnpobygamu 3Halimu memy ma KOHCOpYiym y npoepami
€C HORIZON EURORPE, siki 6 gionogidanu 0ocaioHuybKum inmepecam i npiopumemam o60ox Kpai i HAQWuUX ycmaHos, ma cnifbHo nidzomyeamu 3aseKy Ha
npoekm y pamkax yiei npoepamu. Takoxc wyKkamumembcsi MOXCAUBICMb CNiAbHOT yuacmi @ iHwux 8i0noeioHUX NPO2pamax MiXcHapoOHo20 cnigpobimHuymea.

The successful implementation of this project main goals is important for the basic biology and microbiology. The expected scientific results obtained in this study
will greatly contribute to the understanding of whether riboflavin can dffect the resistance of yeast to stress, in particular, caused by dehydration-rehydration. A
method will be developed and obtained by laboratory evolution of baker's yeast strains capable of increased production of riboflavin, which can be used to enrich
bread with this vitamin, as well as as an addition to animal feed.

Joint implementation of this project will promote the development of the research cooperation between Ukraine and Latvia in life sciences and biotechnology.
Both teams participating in this project founded in 2019 first Joint International Latvian - Ukrainian Laboratory of Microbial Cell Biology for the development of
academic and educational cooperation and promotion of mutual understanding between the two institutions. Implementation of proposed joint research project
will essentially improve the possibilities for further development of the cooperation between Ukraine and Latvia.

Results of this project will be published in at least 2 joint scientific papers in Scopus indexed journals and jointly presented at least at 3 international scientific
conferences. It is planned during realization of this project to try to find the topic and consortium in EU Programme HORIZON EUROPE suitable for the research
interests and priorities of both countries and our institutions and jointly prepare the application for the project in the frame of this Programme.

The possibility to participate jointly also in other suitable international cooperation programs also will be searched.

5. ILnan po6otu (podoui eramu) (aasi — ITP) (0o 1 cmopinku A4, das koscHoeo IIP, 12pt) / Work plan (work packages) (hereafter - WP) (up to 1 A4 size
sheet, 12 pt, for each WP)

3annanoBaHi 3aBjanns ITIP Ta ix pe3nojin cepex

I
Ne| P Hazga ITP i ITP .
Ne NapTHepiB MPOEKTY

TIpoBecTH CKpUHIHT CKOHCTPYHOBaHMX HaMH paHillie
mramiB C. famata 1mjozo0 iX 37aTHOCTI 10 HaZACHHTE3Y
pubodaBiHy 3a ONTUMaNbHUX YMOB BUPOLLYBaHHS Ta B
cepeZioBUIIAX 3 feilluTOM MyKepesia KapOoHy Ta
HiTporeHy. BifnoBizfanbHicTh Hece rpyna yKpaiHCbKMX

ITpoBecTH CKPUHIHT CKOHCTPYHOBAaHUX HAMHU
panime mramiB C. famata mwjogo ix 3garHocTi
[0 HaZicMHTe3y pubodraBiHy 3a ONTUMaTbHUX
YMOB BUPOLIIYBaHHS Ta B CepeZlOBUIIIAX 3
JedinuToM mKepena KapboHy Ta HITpOreHy

®dr1aBiHOreHHa aKTUBHICTb IITaMiB-TIDOAYLIeHTIB
pubodnaginy C. famata

JIOC/IiTHUKIB

L . [Tixibpary mWTaMy Ta ONTUMAbHI YMOBHU 1X TTigibpaTy mwTamu Ta ONTUMAJIbHI YMOBH X

ITiz6ip yMOB [y1s1 JOC/IiPKEHHS BIUIUBY . . .
. Ky/IbTUBYBaHHS [JIs1 OC/Ti[PKeHHS BIUIUBY Ky/BTUBYBAHHS 151 JOC/T/PKeHHs BIUVIUBY Pi3HHX
HagcuHTe3y prbodasiny mramamu C. famata Ha | 3 £ . o . .
2(1.2 - . pi3HMX KOHLIeHTpaLiii pubodyiaBiHy Ha KOHLIeHTpaL|iii pubodraBiHy Ha BIKUBaHHS KJIiTHH 3a

BIDKMBAHHSI K/TiTHH 32 YMOB Zlerifparariii- . . . e A . .

PR—— BIJKMBaHHA KJIITHH 3a YMOB feTifipaTarlii- YMOB Jierigpararii-perigpararii. BignosiganeHicTs Hece
periaparan perigparanii rpyna naTBiiCbKUX AOC/IIHUKIB

3‘sacyBaru ur MOXke pubo(IaBiH BIIMBATH HA 3‘sicyBaTu U MoXke prboGIaBiH BIIUBATH Ha CTiHKiCTh

OC/TiPKeHHS BIVIMBY HaJICUHTe3y pubodiaBiH o . : ; . . .
Hocnia Y Hal Y prbod Y| crifiicTs kiTHH npixmkis C. famata z1o aii kitan gpikmpkis C. famata 10 Aii cTpecy, BUK/IMKaHOTO

3| 1.3| Ha BWKUBAHHS KJTiTHH 1ITaMiB-HaZICUHTeTHKIB C.

. o CTpecy, BUK/IUKAHOTO Jieri/iparaLieto- erinparatiieto-perigparatiieto. BianoiganbHicTb Hece
famata 3a ymoB ferizpararii-perigparariii Pecy, BUK Aenparan ACTIIDATANIEE0-ETIADATAINEIO. BHITIOBYL
perizparariieto. rpyra JIaTBiCbKUX JO0CIiJHUKIB
. . Po3pobUTH MeTOZ OTPUMAaHHS IITaMiB- Po3pobuTH METOZ OTPUMAHHSI IITaMiB-TIPOAYLIEHTIB
Po3pobka MeToly afanTUBHOI 1abopaTopHOi . . . .
. npozyLieHTiB pubodiaBiHy y Saccharomyces | puboduaBiny y Saccharomyces cerevisiae 6e3
4| 1.4 eBommoLiil fy1s1 cenekuil mramiB Saccharomyces - . . .
. . cerevisiae 6e3 3aCcTOCyBaHHsI METOZIB 3aCTOCYBAHHS METO/|iB TeHeTHYHOI iHKeHepil.
cerevisiae, 31aTHUX /10 HaJiCUHTe3y prUbOdIaBiHY by - . . . . .
reHeTHYHOT iHKeHepii BiznoBijabHiCTL Hece rpymna yKpaiHChbKUX [JOC/TiAHNKIB
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[II/151X0M [OBrOTPHBAIOTO KY/IETUBYBaHHS [I151X0M [JOBrOTPUBAJIOrO KY/IBTUBYBAaHHS JPIKKIB S.
JOPLKIDKIB S. cerevisiae y cepezjoBulLi 3i cerevisiae y cepezloBMILIi 3i 3pOCTarOYUMU
. . . . 3pPOCTaOUYMMH KOHL|eHTPAL|isIMU IIPUPOAHOIO | KOHLIEHTpALisIMU ITPUPOJHOTO aHasiora pubodriasiny-
CeiekLiisi IITaMiB 3 MiIBULLIEHO TPOAYKLI€r0 P HeHTpan pPrpo HEHTpaAN pPrpor 'b ¢ y
5(2.1 . - . L anasora pubodrasiny-po3eodasiny (7- po3seodainy (7-metun-8-srmetunamin-(11-D)-
pubodrasiny y ApiKIpKiB S. cerevisiae . : .
MeTu-8-Brmetunamin-(11-D)- i30a/1/10KCa3MHOM OTPUMATH LUTaMH 3 Ii/IBUILIEHUM
i30a/1/1I0KCa3MHOM OTPUMATH LITaMU 3 piBHeM ripoayKLii pubodiasidy. BifmnosifaneHicTs Hece
TiZIBUIIIEHNM PiBHeM NpoAyKuii pubodrasiHy. |rpymna yKpaiHCBKUX [JOC/IiHUKIB
OLiHUTY 3[aTHICTh 10 aKyMY/ISLIii OLiHUTH 3[aTHICTh ZI0 aKyMyJisiLii pubodriaBiHy B
pubodriaBiHy B K/IiTHHAX Ta B Ky/bTypalbHOMY | K/TITUHAX Ta B KY/JIBTypPalbHOMY CepeJOBHUIL
s CepeZIOBUILi CeJIeKI[iOHOBaHMMH ILTaMaMy, CeJIeK1[iOHOBaHUMH IITaMaMH, BU3HAUUTH aKTUBHICTb
BioximiuHa Ta reHeTHUYHa XapaKTepHUCTHKa . . . . .
622 . . BU3HAYNUTH aKTHUBHICTb JieKUX (hepMeHTiB neskux QepmeHTiB 1UIXy 6iocuHTe3y puboduasiny Ta
CceJIeKL[iOHOBaHHUX LITaMiB . . . . e .
Xy 6iocuHTe3y pubodriaBiHy Ta piBeHb piBeHB eKCITpecii reHiB, 1J0 KOAYIOTb K/TIOUOBi
eKkcrpecii reHis, 1110 KOLYIOTb K/IHOYOBI ¢depmeHTH. BiAmoBiganpHiCTh Hece rpyma yKpaiHCBKIX
(hepmeHTH. JOCIIIIHUKIB
. . 3‘sacyBary uM Moxke pubodaBiH BIMBaTi Ha | 3‘siCyBaTH 4u MOke prbodyIaBiH BIUIMBATH Ha CTilKiCTh
[HocimpkeHHs BIVIMBY HazicuHTe3y pubodiaBiny o . . : .. . . . -
. . . CTiliKicTh KIITHH APDKIKIB S. cerevisiae fo il | kiiTuH ApDKIXKIB S. cerevisiae fo aii crpecy,
7 | 2.3| Ha BWKUBaHHS KJIITUH IITaMiB--HaZICUHTETUKIB S. . - . . . .
s . AN CTpecy, BUK/IMKAHOTO Jieri/jparatji€to- BUKJ/IMKAHOTO JierifipaTaljieto-perizipararieto.
cerevisiae 3a yMOB JerifipaTaiii-perigparariii ) . . . . i~ . .
perigparariiero. BiamnoBifanpHicTh Hece rpyma JaTBifICBKUX JOCTIAHNKIB
Cunre3 pubodraBiHy Ta BIDKUBaHHS K/TiTHH 3a
Ky/IETUBYBAaHHs IITaMiB - Ha/ICHHTETHKIB Y BusHauuTy BMicT pubodraBiny y KyabTypi BusHauuTy BMicT pubodraBiHy y Ky/lbTypi lTamiB-
TIPOMHCJ/IOBOMY CEPe/[OBHILI /1151 IeKapChKUX LITaMiB-HaJICHHTETHKIB, BUPOLIEHNUX Y Ha/ICHHTETHKIB, BUPOIL|EHNX Y TIPOMHCIOBOMY
8 | 2.4| ppbKmKIB Ta JOCIIZKEHHS MOXK/IUBOCTL MPOMUC/IOBOMY CepeZloBULLi Ta B 3pasKax CepeZIOBULLi Ta B 3pa3Kax X/1iba, BUTOTOB/IEHOTO 3
BUKODUCTaHHsI Ce/IeKI[iOHOBaHUX IITaMiB xJ1i6a, BUTOTOB/IEHOTO 3 BUKOPUCTAHHSM LIUX | BUKOPHUCTAHHSIM LiMX LITaMiB. BifnoBifansHicTh HeCyTh
S.cerevisiae mics ferigparatii-perigparaiii A1 | lTamis. yKpalHChbKi Ta JIaTBiMChbKi foCTiAHUKI
oTpuMaHHst xs1iba, 36araueroro PO.
w
P . —_— WP planned tasks and their distribution among the
Ne WP title WP objectives P . g
No Project Partners
To screen our previously constructed C. famata | To screen our previously constructed C. famata strains
. . . . . strains for their ability to oversynthesize for their ability to oversynthesize riboflavin under
Flavinogenic activity of riboflavin overproducers . . . . . . : o - o -
1111 . riboflavin under optimal growing conditions | optimal growing conditions and in media with a deficit
strains of C. famata . L . - -
and in media with a deficit of carbon and of carbon and nitrogen sources. Responsible group of
nitrogen sources. Ukrainian researchers
Select strains and optimal conditions for their Select strains and optimal conditions for their
Selection of conditions for the study of the effect of L P . cultivation to study the effect of different
. . - . cultivation to study the effect of different - . . .
2| 1.2 | oversynthesis of riboflavin by C. famata strains on - . - . concentrations of riboflavin on cell survival under
. . . concentrations of riboflavin on cell survival o . . .
cell survival under dehydration-rehydration o - - conditions of dehydration-rehydration. Responsible
under conditions of dehydration-rehydration. .
group of Latvian researchers
Study of the effect of oversynthesis of riboflavin on | To find out whether riboflavin can affect the | To find out whether riboflavin can affect the resistance
3| 1.3 | the survival of cells of overproducers of C. famata |resistance of C. famata yeast cells to stress of C. famata yeast cells to stress caused by dehydration-
under conditions of dehydration-rehydration caused by dehydration-rehydration. rehydration.Responsible group of Latvian researchers
Development of a method of adaptive laborato R . To develop a method for obtaining riboflavin-producin
op . P Yo 1To develop a method for obtaining riboflavin- evelop 118 ribe P! 8
evolution for the selection of Saccharomyces - A . . |strains in Saccharomyces cerevisiae without using
414 .. . ’ producing strains in Saccharomyces cerevisiae : < . .
cerevisiae strains capable of oversynthesis of . . . . . genetic engineering methods. Responsible group of
. . without using genetic engineering methods .
riboflavin Ukrainian researchers
Obtain strains with an increased level of Obtain strains with an increased level of riboflavin
riboflavin production by long-term cultivation |production by long-term cultivation of yeast in the
5021 Selection of strains with increased production of of yeast in the medium with increasing medium with increasing concentrations of the natural
"~ | riboflavin in the yeast S. cerevisiae concentrations of the natural analogue of analogue of riboflavin-roseoflavin (7-methyl-8-f3-
riboflavin-roseoflavin (7-methyl-8-- methylamine-(11-D)-isoalloxazine). Responsible group
methylamine-(11-D)-isoalloxazine). of Ukrainian researchers.
To evaluate the ability to accumulate riboflavin | To evaluate the ability to accumulate riboflavin in cells
in cells and in the culture medium of selected |and in the culture medium of selected strains. to
622 Biochemical and genetic characteristics of selected |strains. to determine the activity of some determine the activity of some enzymes of the
| strains enzymes of the riboflavin biosynthesis riboflavin biosynthesis pathway and the expression
pathway and the expression level of genes level of genes encoding key enzymes. Responsible
encoding key enzymes. group of Ukrainian researchers
Study of the effect of oversynthesis of riboflavin on . . . To find out whether riboflavin can affect the resistance
. To find out whether riboflavin can affect the .
the survival of cells of overproducers of S. . .. of S.cerevisiae yeast cells to stress caused by
7123 .. - . resistance of S.cerevisiae yeast cells to stress . . . .
cerevisiae under conditions of dehydration- . - dehydration-rehydration. Responsible group of Latvian
. caused by dehydration-rehydration.
rehydration researchers
Synthesis of riboflavin and cell survival during the
cultivation of overproducers in an industrial To determine the content of riboflavin in the | To determine the content of riboflavin in the culture of
gloa medium for baker's yeast and investigation of the | culture of overproducers grown in an industrial | overproducers grown in an industrial medium and in
"7 | possibility of using selected strains of S.cerevisiae |medium and in samples of bread made using |samples of bread made using these strains. Both groups
after dehydration-rehydration to obtain bread these strains. of researchers are responsible: Ukrainian and Latvian.
enriched with riboflavin

6. I'pacdik BUKOHaHHA NpoeKTy / Project implementation time schedule
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Bi;(r10311112222
ipaneH| pi| pi| pi| pi| pi| pi| pi| .
Ne BipnosigHe 3aBpanns ITP / Corresponding WP task (UA and EN) i/ K1/k2/ k3 k4 klk2Kk3 ]?:‘
Respo | KB| KB| KB| KB| KB | KB| KB
msible | . | .| .| ... . ™
1 TIP 1.1 ®naBiHOreHHA aKTHBHICTh MITaMiB-TIpoAy1ieHTiB puboduasiny C. famata/ WP 1.1. Flavinogenic activity of UA U PR I A A
riboflavin overproducers strains of C. famata
ITP 1.2 ITig6ip ymMOB /151 AOC/IipKeHHs BIVIMBY HazcuHTe3y pubodiaBiny mramamu C. famata Ha BIXKUBAHHS KJIITHH
2 | 3a ymoB ferigparariii-periziparanii / WP1.2. Selection of conditions for the study of the effect of oversynthesis of LV S R N R R .
riboflavin by C. famata strains on cell survival under dehydration-rehydration
ITP 1.3 JocnifpKeHHs BIVIMBY HaJiCHHTe3y pubo¢yiaBiHy Ha BI)KUBaHHS K/TiTHH [iTaMiB-HazcuHTeTrKiB C. famata 3a
3 | ymoB ferigparanii-perigpararii / WP 1.3. Study of the effect of oversynthesis of riboflavin on the survival of cells of | LV EE I S R N
overproducers of C. famata under conditions of dehydration-rehydration
TIP 1.4 Po3pobKa MeTOAly a/janTHUBHOI J1abopaToOpHOI eBOIOLIii /j/ist cestekLyii iTamiB Saccharomyces cerevisiae,
4 | 3paTtHEX [0 HagcuHTe3y pubodnasiny / WP 1.4 Development of a method of adaptive laboratory evolution for the UA EE I S R N
selection of Saccharomyces cerevisiae strains capable of oversynthesis of riboflavin
5 ITP 2.1 Cenekuist [ITaMiB 3 MiZIBUILIEHOIO TIPOAYKLi€r0 pubodriaBiny y ApikmxkiB S. cerevisiae / WP 2.1 Selection of UA R PR P P P P A
strains with increased production of riboflavin in the yeast S. cerevisiae
6 ITP 2.2 bioximiyHa Ta reHeTUYHA XapaKTepUCTHKA cesleKLlioHOBaHUX wmTamiB / WP 2.2 Biochemical and genetic UA N R P I PR I PP Y
characteristics of selected strains
TIP 2.3 [TocsipKeHHs BIVIMBY Ha/icuHTe3y prbodiaBiHy Ha BIDKMBAHHS K/TITHH LITaMiB--Ha/[CHHTETHKIB S. cerevisiae
7 | 3a ymoB perigpararii-perigpararii / WP 2.3 Study of the effect of oversynthesis of riboflavin on the survival of cells |LV e O
of overproducers of S. cerevisiae under conditions of dehydration-rehydration
TIP 2.4 Cunre3 pubodyiaBiHy Ta BI)KMBAHHS KJIITHH 3a KY/IbTUBYBaHHsI IITaMiB - Ha/ICHHTETHKIB Y TIPOMKC/IOBOMY
cepeZioBUILIi /AJIs1 TeKapChKUX APDKKIB Ta A0C/IiPKeHHSI MOXX/TMBOCTI BUKOPUCTAHHS Ce/IeKL[iOHOBaHUX LLITaMiB
8 S.cerevisiae micns geriapararii-periaparatii gns orpumanns xni6a, 36arauenoro P® / WP 2.4 Synthesis of riboflavin |{UAand| | | | | | + |+
and cell survival during the cultivation of overproducers in an industrial medium for baker's yeast and investigation of | LV
the possibility of using selected strains of S.cerevisiae after dehydration-rehydration to obtain bread enriched with
riboflavin

7. Ponb/ExcniepTu3sa naptHepiB / Role/Expertise of the partners

YkpaiHceKuil napTHep (0o 1,5 cmopinku A4, 12pt) / Ukrainian partner (up to 1,5 A4 size sheet, 12 pt):

YkpaiHcbka docaioHuybKa epyna:

* AnOpiil CubipHutl — yKpaiHcbKull KepigHuk npoekmy, 0.6.H., npogecop, akademik HAH Ykpainu, dupexmop Incmumymy 6ionoeii knimunu HAH Ykpainu (JIbgie);
» Kocmsinmun Jmumpyk 0.6.H., , un.-kop. HAH YkpaiHu, c.H.c

* Jlapis @edoposuu — 0.6.H., npoghecop, nposioHuil HayKosull cnigpoBimHuK

* JTroboe Patopa — K.0.H., HayKosuli cniepobimHuK

* Pomanos Cepeili — acnipanm

KepisHuk ykpaiHcbko2o konekmugy — npog., 0.6.H. AuOpill CubipHuil € 0OHUM i3 npogioHux ceimosux OOCAIOHUKI8 OpiXHcOXHCO080i KaimuHHOI 6ionoeii ma
6iomexHonoeil, IKull npayroe nepesaxdcHo 3 HempaouyiliHumu Opixcoxcamu. Y eanysi bionoeii knimuH Opisxicodicie 8iH bepe yuacmb y susueHHi aymogazii ma 8iokpus
mpu Hoei 2eHu, wo bepymb yuacmb y ybomy npoyeci, 00CAiOHCy8a8 MexaHizmu ceHciHzy 2moko3u. Y 2aysi 6iomexHonozii Opisxcoxicie 8iH gidomuli pobomamu no
CMBOpeHHI0 akmueHux Haonpodyyenmig pubognasiny, FMN i FAD y Opisxcoxcie Candida famata. Bin makoxc cmeopug cyuacHi npodyyeHmu emaHosny 3 2a10ko3u (S.
cerevisiae) i kcuno3u (mepmomonepanmi Opisxcoxci Ogataea polymorpha), nepwiuil aHaepobHuii npodyyeHm 2iiyepuHy ma npodyyeHm 2aymamioHy (makodic Ha O.
polymorpha). A. CubipHuli e asmopom noHad 250 peyeH3zo8aHux Haykosux nybnikayiti, nonad 190 3 Hux ony6aikoeaHo 8 MiHCHapoOHUX KHcypHanax. Imnakm-gpakmop
lioeo nybnikayili 3a ocmauHi 5 pokie nepeguwjye 163, h-indekc — 37, Kiabkicmb yumysanb — 14750. Aemop 4 moHoepacpiii ma 27 po3dinie y monoepagisx, 2
MemoOuuHux nocibHukie ma nonad 30 asmopcbkux cgidoyme ma namenmie Ykpainu, CPCP, CLIIA, SInonii ma ITie0enHoi Kopei. Mae geaukuti doceid 8 ynpaeniHHi
ma KoopouHayii pi3HOMAHIMHUX 8IMUU3HAHUX MA MIXCHAPOOHUX O0CAIOHUYbKUX npoekmie. AHOpili CubipHutl pasom 3 OnekcaHopom Panonopmcom opeaHizylomb
3a2a1bHe KepigHUYMEO NpoeKmoM.

YKkpaiHcbKi 0ocniOHUKU Maromb 3HaUHULl 00C8i0 8usUeHHs mpaduyiliHux i pi3HUX HempaoduyiliHux Opixcodxcie. Jmumpyk K.B. - ¢axigeyb y 2any3i memaboniuHoi
inotcenepii Opiswcdacie. Floeo docnidxnceMnsi 30cepeddeHO HA KOHCMPYIOBAHHI peKoMGIHaHMHUX wmamie Opixcdxcie, ski maiomb 30amuicmb npodykyeamu
pizHomaHimHi cnonyku: eimamin B2, FMN ma Uio2o noxioHi 3 aHmubiomuyuHolo akmueHicmio, 21iyepuH, 21ymamioH, a makoxc emaHon ma iHwi cnupmu 3 pisHux
cybcmpamis, 8kaouaryu OCHOBHI UyKpu jigHoyentonosHoi biomacu. dedoposuu /I.B. - ¢axigeyb y eanysi Gioximii, 2eHemuku ma 6iomexHonozii HempaduyitiHux
Opixcodcie. OcHogHa memamuka HayKoeoi OisibHocmi: cuHme3s pubognasiHy ma ¢aasivosux Hykneomudie. TpaHcnopm i peaynayis 3aniza i xpomy, biopemediayis
sadickux memanie. @aropa JI.P. — ¢axigeyb y 2any3i Gioximii, GiomexHonozii ma mikpobionoeaii. JJocnioxiceHHs1 30cepeddceHi Ha ouuCMyi BUCOKOMOAEKYISIPHUX ma
HU3bKOMO/IEKYASIPHUX CNOAYK, CMBOPeHHI aKmueHux npoodyyenmig 6ionoeiuHo akmueHux cnonyk Pomanoe Cepeili — acnipaum, ducepmayilina poboma sikoeo
npucesiueHa 0ocnidxiceHHI0 pezyaayii Giocunmesy pubognaginy y opisxicodicie.

Joceid yuacHukie ykpaiHcbkoi KoMaHou 0608’s3koeo byde 0odamkogo nokpawjeHuil y cnignpayi 3 1ameilicbkolo KomMaHoot. Yeecb 00C8i0 YUacHUKie yKpaiHCbKol
komaHOu 0606°13Kk080 by0e 000amKo80 NOKpawjeHull y cnienpayi 3 1ameiticbkor KOMaHook.

Jlabopamopis yKkpaiHcbko2o napmuepa 0obpe ocHaujeHa 045 peanizayii 3anponoHo8aHo20 Npoekmy, éKalouarouu make 061adHaHHs, K YyeHmpugyeu Sorvall ma
Eppendorf, cnekmpogomomemp Helios; ¢roopumemp Turner Quantech, cucmemu eaekmpogopezy JHK ma 6inka, ¢ryopecyenmuuii mikpockon Carl Zeiss Axio
Imager Al, cucmema HPLC PerkinElmer, cepis 2000, enexmpoHHuii ma KoHgokanbHull mikpockonu, niocumosau Applied Biosystem 9700 PCR, nabopamopHuli
c¢epmenmep Applicon, enekmpuuti eaeu Brutor, pH-mempu, naminapHi eumsdxicHi wagu, cmepuabHi 60KCU, agmokaagu ma mepmocmamu, d makoxic yci HeobxioHi
Ximikamu ma mamepianu.

Komanada cnienpaytoe 3 konezamu 3 CLLIA, Illeeyii, @panyii, beaveii, Aecmpii, CrosauuuHu, Iloavwi, I3paino, /Iameii, /lumsu, binopyci, Tainandy, Kumato

Ukrainian research team consists of 5 scientists. One of them is young researcher (Sergij Romanov)
He is PhD-student

Ukrainian research team:

* Andriy Sibirny — Ukrainian team project leader, Dr. habil. Biol., Member of National Academy of Sciences of Ukraine, Director of the Institute of Cell Biology,
NAS of Ukraine (Lviv);

« Kostiantyn Dmytruk PhD, DrSci,
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, Corresponding Member of National Academy of Sciences of Ukraine, Senior Scientist
« Dariya Fedorovych — Dr.Sci. Professor — leader scientist

* Lubov Fayura — PhD, scientist

« Sergiy Romanov —PhD student

Ukrainian team leader - Prof., Dr.habil.biol. Andriy Sibirny is one of world leading researchers in yeast cell biology and biotechnology, working mostly with non-
conventional yeasts. In the yeast cell biology field, he is involved in studying autophagy and discovered three new genes involved in this process, studied glucose
sensing In the field of yeast biotechnology, he is known for the works on construction of the robust riboflavin, FMN and FAD overproducers in the yeast Candida
famata. He also constructed advanced ethanol producers from glucose (S. cerevisiae) and xylose (thermotolerant yeast Ogataea polymorpha), the first anaerobic
glycerol producer and overproducer of glutathione (also on O. polymorpha). A. Sibirny is author of over 250 peer-reviewed scientific publications, more than 190 of
them have been published in international journals. His impact factor of publications over the past 5 years exceeds 163, his h-index is 37 and number of citations
without self-citations is 14750. Author of 4 monographs and 27 chapters in monographs, 2 methodical manuals and more than 30 copyright certificates and patents of
Ukraine, USSR, USA, Japan and South Korea.. He has big experience in the management and coordination of various local and international research projects.
Andriy Sibirny together with Aleksandrs Rapoports will arrange general project management.

Ukrainian researchers have profound experience in studying conventional and different non-conventional yeasts. Dmytruk K.V. — specialist in the field of metabolic
engineering of yeast. His research is focused on the construction of recombinant yeast strains that have the ability to produce various voluble compounds, such as
vitamin B2, FMN and its derivatives with antibiotic activity, glycerol, glutathione as well as ethanol and other alcohols from different substrates including main
sugars of lignocellulosic biomass. Fedorovych D.V. - specialist in the field of biochemistry, genetics and biotechnology of non-conventional yeasts. The main topics
of research activities: riboflavin and flavin nucleotide synthesis. Transport and regulation of iron and chromium, bioremediation of heavy metals. Fayura L.R. -
specialist in the field of biochemistry, biotechnology and microbiology. Research is focused on the purification of high-molecular and low-molecular compounds, the
creation of active producers of biologically active compounds.Serhiy Romanov is a PhD student whose dissertation is devoted to research on the regulation of
riboflavin biosynthesis in yeast.

Based on the provided information, it could be concluded that the team of the project is highly qualified and prepared for successful work on the current proposal. All
the experience of Ukrainian team members will definitely be additionally improved in their cooperation with Latvian team.

The laboratory of the Ukrainian partner is well equipped to implement the proposed project, including such equipment as Sorvall and Eppendorf centrifuges, Helios
spectrophotometer; Turner Quantech fluorimeter, DNA and protein electrophoresis systems, Carl Zeiss Axio Imager A1 fluorescence microscope, HPLC PerkinElmer
system, Series 2000, electron and confocal microscopes, Applied Biosystem 9700 PCR amplifier, Applicon laboratory fermenter, Brutor electric rollers scales, pH
meters, laminar flow cabinets, sterile boxes, autoclaves and thermostats, as well as all necessary chemicals and materials.

The team has world-wide cooperation with colleagues from USA, Sweden, France, Belgium, Austria, Slovakia, Poland, Israel, Latvia, Lithuania, Belarus, Thailand,
China

OcHoBHi my6tiKaLiii HAyKOBL{iB, sIKi 6epyTh yuacThb y MPOEKTI {00 TeMu TIPOeKTY (5 nybaikayiii) / Major publications of the researchers involved in the project on the
subject of the project (specify 5 publications):

1. Dmytruk, K. V., V. Y. Yatsyshyn, N. O. Sybirna, D. V. Fedorovych and A. A. Sibirny (2011). Metabolic engineering and classic selection of the yeast Candida
famata (Candida flareri) for construction of strains with enhanced riboflavin production. Metab Eng 13(1): 82-88. https:// doi: 10.1016/j.ymben.2010.10.005

2. Dmytruk KV, Ruchala J, Fedorovych DV, Ostapiv RD, Sibirny AA. Modulation of the purine pathway for riboflavin production in flavinogenic recombinant strain
of the Yeast Candida famata. Biotechnol J. 2020.

https:// doi. org/ 10. 1002/ biot. 20190 0468

3. Tsyrulnyk AO, Andreieva YA, Ruchala J, Fayura LR, Dmytruk KV, Fedorovych

DV, Sibirny AA. Expression of yeast homolog of the mammal BCRP gene

coding for riboflavin efflux protein activates vitamin B2 production in the

flavinogenic yeast Candida famata. Yeast. 2020; 37:467-73. https:// doi.

org/ 10. 1002/ yea. 3470

4. Ruchala J., Andreieva Y. A., Tsyrulnyk A.O., Sobchuk S. M., Najdecka A., Wen, Liu, Kang Yingqian, Dmytruk O. V., Dmytruk K. V., Fedorovych D. V, Sibirny A.
A. (2022). Cheese whey supports high riboflavin synthesis by the engineered strains of the flavinogenic yeast Candida famata. J. Microbial Cell Factories, 21,161.
https://doi.org/10.1186/s12934-022-01888-0

5. Dmytruk, K. V., Ruchala, J., Fayura, L. R., Chrzanowski, G., Dmytruk, O. V., Tsyrulnyk, A. O., Andreieva, Y. A., Fedorovych, D. V., Motyka, O. 1., Mattanovich,
D., Marx, H., & Sibirny, A. A. Efficient production of bacterial antibiotics aminoriboflavin and roseoflavin in eukaryotic microorganisms, yeasts// Microb Cell Fact. —
2023. — 22(1), 132. https://doi.org/10.1186/s12934-023-02129-8

6. Fedorovych, D. V., Tsyrulnyk, A. O., Ruchala, J., Sobchuk, S. M., Dmytruk, K. V., Fayura, L. R., & Sibirny, A. A. Construction of the advanced flavin
mononucleotide producers in the flavinogenic yeast Candida famata// Yeast (Chichester, England), 2023. 40(8):360-366. doi: 10.1002/yea.3843

7. . Dzanaeva L.S., Wojdyla D., Fedorovych D. V, Ruchala J., Dmytruk K. V, Sibirny A. A. Riboflavin overproduction on lignocellulose hydrolysate by the
engineered yeast Candida famata FEMS Yeast Research, , 2024, 24, foae020, https://doi.org/10.1093/femsyr/foae020

JlarBiticekuii maptHep (0o 1,5 cmopinku A4, 12pt) / Latvian partner (up to 1,5 A4 size sheet, 12 pt):

JlarBilicbKa AOC/TiAHAULIBKA TPyTa CKIAAEThCs 3 4 HaykKoBLiB. OfuH i3 HUX Moozt mocnifnuk (JliHga Po3eHdenbae 3axucTiia JOKTOPCHKY AucepTatito y 2018
poui), a inmmii (Earapc [laycc) 3apa3 roTye KaHAU/aTChKY JucepTallito, siKy MiaHye 3axXucTuTu y 2025 poui.

JlarBiiicbKa AOC/TiIHALIBKA TPyTIa:

» Anekcanzipc Paronoprc — /1aTBiliCbKWI KepiBHUK IPOEKTY, AOKTOp Xabin. 6ion., gificHui uneH JlaTBilicbkol akaZeMmii Hayk, uieH €BpomeicbKol akajemil
Mikpobiosiorii, kepiBHUK /1abopatopii KiTHHHOI Giosorii [HCcTUTYTY Mikpobiosorii Ta 6iotexHosiorii JIaTBifiCEKOr0 yHiBEpCUTETY.

« lannina XpycranboBa — ZOKTOP 6ios1., MPOBiAHKI HAYKOBU CMiBPOOiTHUK;

« JTinga PoseHdesnne — goktop 6i01., HAYKOBU#A CriiBPOGITHHK (MOIOAMIL AOCTiAHKK);

» Edgars Dauss — MSc, gocnigauk (PhD Oyze 3axuiiieHo)

KepiBHUK /1aTBilicbKOI rpynu — npod., A-p xabin.6ion. Onekcanap PamonopT € ofHUM i3 MPOBiAHMX CBITOBUX [JOC/IJHMKIB y BUBUYEHHI Jerifgpararii-perigparauii
(aHrigpobiosy) y apibxmkiB. Onekcanzap PamoropTc mparfoe B Ifii ramy3i Bke 0arato JecATWITH i € aBTOPOM Psifly OIVISIZIB, TIPUCBSYEHUX y3araJbHEHHIO HAIIUX
CyuaCHHMX YVsB/IeHb PO OCHOBHI MexaHi3MM, TOB's3aHi 3 TIEPEXOAOM eyKapiOTWYHOI K/IITWHM B CTaH aHrizpobiosy. BiH Mae Bequkuid [OCBif yrpaBiiHHS Ta
KOOp/iMHaLlil pi3HOMaHITHUX MiCl[eBUX Ta MDKHapOAHUX (ABOCTOPOHHIX, TPUCTOPOHHIX, a Takoxk €C FP) gocnigHuupkux npoekriB. Onekcanap Panonoprc opraHisye
3ara/ibHUN MeHe/KMEHT MpOoeKTy. HayKoBHii KOJIEKTHB CK/IaIa€ThCs 3 JOCBiJUeHUX JOC/IfHUKIB — MiKpobiosiorie i 6ioxiMiKiB, siKi Mparjfol0Th 3 Pi3HUMHU acreKTamu
¢hisiosorii MikpoopraHi3MiB i 37laTHi BUKOHATH BCi 3aBZjaHHsI 3al/IaHOBaHUX JoC/ipKeHb. [JokTop ['anHa XpycranbsoBa Mae nioHaz, 30 pokiB #ocBify poboTu B ramysi
¢isionorii, Gioximii Ta GioTexHonorii mikpoopranismis. Ii KanauzaTceKa AucepTaris 6y/a MOB’sA3aHa 3 BUBYEHHAM aHTifpo6iosy Apikmpkis. ITpoiiiia cTaxyBaHHs B
iHctutyTax ®panuii, [Ieenii Ta CIIA. Jokrtop JliHga Po3seHdenbie 3706yna ocBity 3 mepuunol ¢isvku Ta 6Giosorii ta B 2018 poui ycmimHo 3axuctuia
KaHWJATChKy JUCEPTALlifo Ha TeMY, OB’ si3aHy i3 3aXUCHUMHM PeakKL{isiMU K/ITHH i 6i0TeXHO/IOriUHNM 3aCTOCYBaHHSIM APDKIKIB. BOHa TakoXK rpoiuia MiKHapogHe
HaBuaHHA. MSc Edgars Dauss mouaB mpaljtoBaTi B KOMaH7i BXXe 3 IOYaTKy MiJFOTOBKM CBO€EI Auceprallil OakanaBpa. oro JIOKTOpPCbKa poboTa TpHCBsueHa
MOJa/bIIOMy DPO3BUTKY HAlllMX 3HaHb NP0 BHYTPILIHBOK/IITUHHI 3aXMCHiI MeXaHi3MM IpU Jerifpartauii-perigpatauii ApbDKIKIB i Ba)KIMBOCTI [esKUX paHilile
HeZJI0OLliHeHUX KI/IITMHHUX OpraHea B LIMX yMOBaX. YBecb /IOCBij JIaTBiMCHKMX TpaBL{iB OJHO3HAauHO Oyze JOJATKOBO IOKpalljeHWH y CHiBmpalji 3 yKpaiHCHKOHO
KOMaHz0r0. UJieHu J1aTBifiChbKOi KOMaH/H MPaLFO0Th ¥ CyyacHHUX Jiaboparopisix ByauHky ripupogu AkazieMiuHoro 1eHTpy JIaTBiiiChbKOro yHIBepCUTETY, SIKHi BiKPHB
cBoi zaBepi B 2015 poui. Jlabopatopisi Mae Bce HeoOxifHe oOmafHaHHS /1 TIPOBeJieHHsl 3allJIAHOBAHMX [OC/i/PKeHb, BKJ/IFOYAOUM IIeiKepu-iHKybaTtopu ass
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Ky/IBTUBYBaHHsI MIiKpOO6iB, criekTpodoToMeTpH, LieHTpudyru , obnagHaHHs /s eyiekTpodope3y Ta BecTepH-Oi0TTUHTY, ra3oBa xpomarorpadis, HPLC, RT-qPCR,
pi3Hi MiKpOCKONH, BKJIFOYarour (UIyopecLieHTHi Ta CKaHyHoUi e/IeKTPOHHI MiKPOCKOIH, MaroTh MOXX/IMBICTh BUKOPHCTOBYBATH aTOMHO-CHJIOBUI Mikpockor, FTIR Ta
iHme obmagHanHs. KoMaHzia CriBrparjtoe 1mo BcboMy CBiTy 3 koseramu 3i CILA, IIserii, ®paniii, ITanii, Benukobputanii, [Topryranii, Yexii, CroBauunny, [Tosbii,
Xopgaril, Ykpainy, JIuteuy, EcroHnil, TaiiBaHto, Inowii.

Latvian research team consists from 4 scientists. One of them is young researcher (Linda Rozenfelde defended her PhD thesis in 2018) and another one (Edgars
Dauss) is preparing now his PhD thesis which he plans to defend in 2025.

Latvian research team:

» Aleksandrs Rapoports — Latvian team project leader, Dr. habil. Biol.,, Full Member of Latvian Academy of Sciences, Member of European Academy of
Microbiology, Head of Laboratory of Cell Biology, Institute of Microbiology and Biotechnology, University of Latvia.

« Galina Hrustalova — Dr. biol., leading researcher;

« Linda Rozenfelde — Dr. biol., researcher (young researcher);

» Edgars Dauss — MSc, researcher (PhD will be defended)

Latvian team leader - Prof., Dr.habil.biol. Aleksandrs Rapoports is one of world leading researchers in the studies of dehydration-rehydration (anhydrobiosis) in
yeasts. Aleksandrs Rapoports works in this area already for many decades and is an author of a number of reviews devoted to the summary of our current
understanding of main mechanisms that are linked with eukaryotic cell transfer into the state of anhydrobiosis. He has big experience in the management and
coordination of various local and international (bilateral, trilateral as well as EU FP) research projects. Aleksandrs Rapoports will arrange general project
management. Scientific team consists from the experienced researchers — microbiologists and biochemists which are working with different aspects of
microorganisms physiology and are able to fulfill all the tasks of the planned studies. Dr. Galina Khroustalyova has more than 30 years of the experience in
physiology, biochemistry and biotechnology of microorganisms. Her PhD thesis was linked with the studies of yeast anhydrobiosis. She has got training in the
institutes of France, Sweden and USA. Dr. Linda Rozenfelde has got education in medical physics and biology and in 2018 successfully defended her PhD thesis on
the topic that was connected with cells protective reactions and biotechnological applications of yeasts. She also has got an international training. MSc Edgars Dauss
started to work in the team already from the beginning of the preparation of his BSc thesis. His PhD study is devoted to further development of our knowledge on
intracellular protective mechanisms at dehydration-rehydration of yeasts and importance of some earlier underestimated cellular organellas in these conditions. All
the experience of Latvian team members definitely will be additionally improved in their cooperation with Ukrainian team. Latvian team members are working in the
modern laboratories of the House of Nature of Academic Centre of University of Latvia that opened its doors in 2015. The laboratory has all necessary equipment for
the implementation of planned research including microbial cultivation shakers-incubators, spectrophotometers, centrifuges, electrophoresis and western blotting
equipment, gas chromatography, HPLC, RT-qPCR, various microscopes, including fluorescense and scanning electron microscopes, have possibility to use atom
force microscope, FTIR and other equipment. The team has world-wide cooperation with colleagues from USA, Sweden, France, Italy, UK, Portugal, Czech
Republic, Slovakia, Poland, Croatia, Ukraine, Lithuania, Estonia, Taiwan, Japan.

OcHoBHI my0/tiKallii HAyKOBL{iB, sIKi GepyTh yuacThb y MPOEKTI 100 TeMu TPOeKTY (5 nybaikayiil) / Major publications of the researchers involved in the project on the
subject of the project (specify 5 publications):

* Guzhova I, Krallish I, Khroustalyova G, Margulis B, Rapoport A. Dehydration of yeast: changes in the intracellular content of Hsp 70 family proteins. Proc
Biochem 2008; 43(10): 1138-1141

* Dupont S, Rapoport A, Gervais P, Beney L. The survival kit of Saccharomyces cerevisiae for anhydrobiosis (Review). Appl Microbiol Biotechnol 2014; 98 (21):
8821-8834

» Rapoport A, Turchetti B, Buzzini P. Application of anhydrobiosis and dehydration of yeasts for non-conventional biotechnological goals (Review). World J
Microbiol Biotechnol. 2016; 32(6):104

» Rapoport A. Anhydrobiosis and dehydration of yeasts (Review). In: Biotechnology of Yeasts and Filamentous Fungi (Ed. A.Sibirny). Springer International
Publishing, 2017, 87-116

 Kulikova-Borovikova D, Khroustalyova G, Chang C-R, Daugelavicius R, Yurkiv M, Ruchala J, Sibirny A, Rapoport A. Anhydrobiosis in yeast: glutathione
overproduction improves resistance to dehydration of a recombinant Ogataea (Hansenula) polymorpha strain. Process Biochem. 2018; 71:41-44.

8. Biapsamxenns / Business trips

Bigpsimpkenns o Jlatsii / Business trips to Latvia

. IIIB, nocapa / Name, . .. Pix / | TpuBasictsb Bisuty (g0 30 gHiB 3a
Ne surname, position Mera pisury / Purpose of the visit Year pik) / Duration of the visit
Cubipuuit A.A., gupekrop / | O6MiH pe3ysibTaTaMu TIPOEKTY, 0OroBOPEHHS TUIaHIB MOJAbIINX JOC/TiKeHb / 2025 |4
Sibirny A.A. director Exchange with project results, discussions of further research plans
Cubipnuii A.A., gupekrop / | O6MmiH pe3ynsratamu npoekty / Exchange with project results, training in Riga
2| cos R 2026 |4
Sibirny A.A. director laboratory
Bigpsimkenssi B Ykpainy / Business trips to Ukraine
Ne Im’s, npi3BHILe, HOC%\/:‘[EI / Name, surname, Mera Bisury / Purpose of the visit Pik / Tpl«[Ba.JIlCTL BBP[’I")" /
position Year | Duration of the visit
1 Onekcanzip Panornopt, KepiBHuK npoekry / OO6MiH pe3ysbTaTamu Ta 0O6roBOpeHHs MOAAMBIINX HAyKOBUX IUIaHIB / 2025 |5
Aleksandrs Rapoports, Project leader Exchange with project results, discussions of further research plans
Jlinga Pozencdens, nocmignuk / Linda O6MiH pe3y/bTaTamMu, CTaXyBaHHs Y JIbBIBChKilt slaboparopii / Exchange with
2 . RO - 2025 |5
Rozenfelde, Researcher project results, training in Lviv laboratory
lanuna XpycransoBa, gocaigHuk / Galina CTa)XyBaHHs Y JIbBiBChKi 1aboparopii / Exchange with project results, training
3 . . g 2026 |5
Khroustalyova, Leading researcher in Lviv laboratory
4 Earapc Jaycc, npocnigauk / Edgars Dauuss, O6MiH pe3y/bTaTamMu, CTaXYBaHHs Y JIbBIBChKilt slaboparopii / Exchange with 2026 |5
Researcher project results, training in Lviv laboratory
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[9. Burparu na peasizaniro npoekTy /s yKpaiHCHKOro mapTHepa, rpH / Project implementation costs for Ukrainian partner, UAH

Burparu Pik 1, UAH Pik 2, UAH
1. Ilpsmi Butparu / Direct costs: 169150 169150
1.1. Bwurpatm Ha onnaTy Tpaii, BK/IIOYAlOUM TOZaTKU / 99500 99500

Remuneration of the research staff employed in the project,
including Compulsory State Social Insurance Contributions

1.2. Marepiasu, HeobXiHi /1711 BUKOHAHHST POBIT, KpiM 53650 50650
criellycTaTKyBaHHs / Materials, consumables supplies and similar

products

1.3. Burpatu Ha cayxO6oBi  BigpsmkeHHs — (3rigHO 3 16000 19000

3arUlaHOBaHUMU  BiZIpsi/pkeHHsIMK)  (BigmoBigHo m0 IloctaHoBU
KMY gig 02.02.2011 Ne98) / Travel expenses (Specify planned
business trips):

2. Henpsami Burparu (#e Ginbine 15 % Bif 3arambHOro obcsry 29850 29850
Butpar) / Indirect costs (up to 15% of the total direct costs of the

project)

Paszom*, rpu / Total, UAH 199000 199000

* - pO3paxyHKOBa CyMa Ha (hiHaHCYBaHHS TTPOEKTY 3aJIeXKUTh BiJ| 3aTBePPKEHOT0 OIOPKETy Ha BiJTIOBi[HUI PiK i OPIEHTOBHO CTaHOBUTHL MpHO/MM3HO 199 THC. TPH Ha
pik

Hi/No
10. Yn HajaBasioch paHile 1o TeMi NPOEKTY /iep)KaBHe
¢inancyBanns? / Has the topic of the project previously received | Poku / years:
state funding?

Axmo «Tak», T0O BKa3aTu Ha HeOOXiAHICTh Ta BiAMIHHICTH
JOCIIipKeHb, siKi mpononywThes / If "Yes", then indicate necessity
and differences of proposed project

IHTe/IeKTya/IbHA BIAcHiCTh: Ko)kKHa CTOpOHA Hece BiJIOBiJa/TbHICTh 32 MOHITOPHUHT 3aXKCTY iHTe/eKTyalbHOI BIaCHOCTI, CTBOpeHOI B Mexxax [IpoekTy BifmoBigHO
10 MDKHapOoHUX yrog, nignucanux CTopoHaMu.

Intellectual property: Each party is responsible for monitoring the protection of the intellectual property created under the Project in accordance with international
agreements signed by the Parties.

YkpaiHCbKa CTOpOHA MiATBEPAKYE, 110 AOC/IPKEHHS 3a L{i€I0 TeMaTHKOIO MPOEKTY He (iHAHCYBaTUMYThCS 3 [ep)KaBHOro OromkeTy mpoTsrom 2025-2026 pokie B
Me)Kax iHILIOro/-uX KOHKYypCiB. Y pasi oTpuMaHHs (piHaHCYBaHHS LIbOTO MPOEKTY 3 [lep’KaBHOTO OIO/PKeTY — 3asBKM Ha NPOBeZeHHs 0CTiZKeHb 3 i€l TeMaTUKU He
OyyThb MOABATHCS HA iHII KOHKYPCH TIPOTSTOM Tepiofy peasisarjii poeKTY.

The Ukrainian side confirms that research on this topic of the project will not be funded from the state budget during 2025-2026 within the framework of other call/(-
s). In case of receiving funding for this project from the state budget — applications for research on this topic will not be submitted to other calls during the project
implementation period.

Mu norozpKyemocs, 10 MiHicTepcTBo ocBiTH i Hayku Ykpainu (MiHicrepcTBo) Ta Jlatitickka Pagia Hayku (Pazga) Oyze 06po6/sTi mepcoHastbHi JjaHi, 110 MiCTSThCS B
MPOEKTI, IIJITXOM aJAMiHICTPAaTHBHOI OLIIHKM TPOEKTY Ta My0/IiKyBaTHMe TPOEKTH, 3aTBEPDKEHI [yist peastisarii Ha Bebcaiitax Minicrepcrsa Ta Pazu.

We agree that the Ministry of Education and Science of Ukraine (Ministry) and the Latvian Council of Science (LZP) will process personal data contained in the
project through the administrative evaluation of the project and the publication of the supported projects on the Ministry’s and the LZP's website.

[Hopatku / Attachments:
a) CynpoBifHui ucT / a cover letter;

https:/ntd.nauka.gov.ua/uk/form/file/38/b008ecd071645437b28b541484b6e70767115503a574b95e23d41adc03b013dd.pdf
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https://ntd.nauka.gov.ua/uk/form/file/38/b008ecd071645437b28b541484b6e70767115503a574b95e23d41adc03b013dd.pdf

b) nucT-mifTBEp/KEHHSsT Bif /aTBifiCbKOro mapTHepa-KepiBHUKA MpoekTy / a confirmation letter from the Latvian Team Leader of mutual cooperation in English

language (scanned copy of the letter is allowed);

https://ntd.nauka.gov.ua/uk/form/file/38/51c0a4df6600f8007177a5a498995fd04ae55f366b77445f047286498ffd0c4e.pdf

C) IOKYMEHT TIpO Bi/ICyTHICTB B 3asiBL{i Ta ZofaTkax g0 Hei iHdopmatiii 3 obmexxenum goctyrnom / Document on the absence of restricted information in the application

and its annexes;

https://ntd.nauka.gov.ua/uk/form/file/38/821b21510e2c0e138d8cf81ed6a5fc85d94e520e35dd04784e009597d09515f7.pdf

d) CV yKpaiHCBKOTO Ta 1aTBiiCbKOr0 HAayKOBUX KepiBHUKIB MpoekTy / CV of Ukrainian and Latvian Team Leader.

https://ntd.nauka.gov.ua/uk/form/file/38/c8ddccfc4d574de7e33ecfed4aefb4f47ac3c6b91dfaadbeccch8dad078aa299e.pdf

Jlarsilicbkuii naptHep (LV) / Latvian partner (LV):

HaykoBuii kepiBHuUK / Principal investigator

IIIb / Name and surname

JMara / Date

Iignuc / Signature

KepiBHuk ycranoBu / Legal representative of the
institution

III6 / Name and surname

[Mara / Date

Iignuc / Signature

ITeuaTrka / Stamp

Ykpaincekuii naptaep (UA) / Ukrainian Partner (UA):

HaykoBuii KepiBHuK / Principal investigator

III6 / Name and surname

Jara / Date

Iianuc / Signature

KepiBuuk ycranosu / Legal representative of the
institution

IIIB / Name and surname

JMara / Date

IMignuc / Signature

KepiBHuk 1aboparopii kiTrHHOI 6iosorii [HcTuTy Ty Mikpobiosorii Ta GioTexHosorii
JlaTBilickKoro yHiBepcureTy, criiBgupekTop CriibHOI Mi>KHapOAHOI J1aTBiAChKO-YKPaiHCHKOT
naboparopii Mikpo6Hoi kniTuHHOI 6iosorii / Head of Laboratory of Cell Biology, Institute of

Microbiology and Biotechnology, University of Latvia, Co-director of Joint International
Latvian-Ukrainian Laboratory of Microbial Cell Biology

(nocada / position)
Onexcanyip Panonopr / Alexander Rapoport

TIpopekTop 3 HaykoBoi pobotu / Vice-Rector for Research

(nocada / position)

T'yurapc Kitenbeprce / Guntars Kitenbergs

Mupexrop IacturyTy Giomorii kiitnan HAH Ykpainu / Director of Institute of
Cell Biology NAS of Ukraine

(nocaoa / position)

Cubipuuit AHapiit AuapiiioBuu / Andriy Sibirny

Mupexkrop IHcturyTy 6Giomorii knitnan HAH Ykpainu / Director of Institute of
Cell Biology NAS of Ukraine

(nocada / position)

CunbipHunii AHApin AHgpirioBuny / Andriy Sibirny
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https://ntd.nauka.gov.ua/uk/form/file/38/51c0a4df6600f8007177a5a498995fd04ae55f366b77445f047286498ffd0c4e.pdf
https://ntd.nauka.gov.ua/uk/form/file/38/821b21510e2c0e138d8cf81ed6a5fc85d94e520e35dd04784e009597d09515f7.pdf
https://ntd.nauka.gov.ua/uk/form/file/38/c8ddccfc4d574de7e33ecfed4aefb4f47ac3c6b91dfaa9bcccb8dad078aa299e.pdf

ITeuaTka / Stamp
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